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Module: arrayutil


6 Functions


	
hexrd.arrayutil.getMem(shape, asOnes=False, asZeros=False, typeInt=False)[source]

	




	
hexrd.arrayutil.toArray(a)[source]

	




	
hexrd.arrayutil.writeArray(fid, *args, **dargs)[source]

	Print to file, pasting arrays together;
eventually replace with numpy.savetxt?






	
hexrd.arrayutil.arrayToString(a)[source]

	




	
hexrd.arrayutil.structuredSort(order, things)[source]

	sort things by order, return sorted things






	
hexrd.arrayutil.histoFit(data, nBins, plot=False)[source]

	Fit data using histogramming;
useful for stuff pulled in using DataThief
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Module: fileutil


5 Classes


	
class hexrd.fileutil.Log(logFileName=None, toScreen=True)[source]

	for logging


	
__init__(logFileName=None, toScreen=True)[source]

	








	
class hexrd.fileutil.FileDescr(*args)[source]

	base class


	
__init__(*args)[source]

	








	
class hexrd.fileutil.FileLink(fileName)[source]

	Bases: hexrd.fileutil.FileDescr


	
__init__(fileName)[source]

	








	
class hexrd.fileutil.FileLinkWild(fileNameWild)[source]

	Bases: hexrd.fileutil.FileDescr

must be given an absolute path


	
__init__(fileNameWild)[source]

	








	
class hexrd.fileutil.FileForm(fileName, formFile=None, form=None, dictForDefs=None)[source]

	Bases: hexrd.fileutil.FileDescr


	
__init__(fileName, formFile=None, form=None, dictForDefs=None)[source]

	










22 Functions


	
hexrd.fileutil.resolveWild(fname)[source]

	might be better to go to glob.glob() call here






	
hexrd.fileutil.catList(lines, sep='')[source]

	




	
hexrd.fileutil.fileToForm(fname)[source]

	




	
hexrd.fileutil.readFloatDataA(fname)[source]

	This is definitely faster than readFloatData when it is appropriate,
which is pretty much any time the data can be interpreted as an array and
numpy is available






	
hexrd.fileutil.readFloatData(fname=None)[source]

	




	
hexrd.fileutil.readDataFlat(fname)[source]

	




	
hexrd.fileutil.archiveDir(dirName)[source]

	




	
hexrd.fileutil.archiveFile(fileName)[source]

	




	
hexrd.fileutil.getFromPipe(command, werr=False)[source]

	




	
hexrd.fileutil.getSysType()[source]

	




	
hexrd.fileutil.getNCorePerNode()[source]

	




	
hexrd.fileutil.getHostName()[source]

	




	
hexrd.fileutil.getBankNames()[source]

	




	
hexrd.fileutil.rmSafe(fileName)[source]

	




	
hexrd.fileutil.rmDirF(dirName)[source]

	




	
hexrd.fileutil.rmWorkDir(workdir)[source]

	




	
hexrd.fileutil.listFiles(filename)[source]

	most useful if filename contains a wildcard






	
hexrd.fileutil.rmWild(filename)[source]

	




	
hexrd.fileutil.getScratchBaseDir()[source]

	




	
hexrd.fileutil.argListToStr(argv)[source]

	




	
hexrd.fileutil.dictToDefs(d)[source]

	




	
hexrd.fileutil.readFLT(fname, structured=False)[source]

	Read a Fable-style .flt file

JVB 2011/03/24
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Module: gridutil


7 Functions


	
hexrd.gridutil.cellIndices(edges, points_1d)[source]

	get indices in a 1-d regular grid.

edges are just that:


	point:            x (2.5)

	







	edges:   |1    |2    |3    |4    |5

	

	indices: |  0  |  1  |  2  |  3  |

	



above the deltas are + and the index for the point is 1


	point:                  x (2.5)

	







	edges:   |5    |4    |3    |2    |1

	

	indices: |  0  |  1  |  2  |  3  |

	



here the deltas are - and the index for the point is 2


	can handle grids with +/- deltas

	be careful when using with a cyclical angular array!  edges and points
must be mapped to the same branch cut, and
abs(edges[0] - edges[-1]) = 2*pi








	
hexrd.gridutil.cellConnectivity(m, n, p=1, origin='ul')[source]

	p x m x n (layers x rows x cols)

origin can be upper left – ‘ul’ <default> or lower left – ‘ll’

choice will affect handedness (cw or ccw)






	
hexrd.gridutil.cellCentroids(crd, con)[source]

	con.shape = (nele, 4)
crd.shape = (ncrd, 2)

con.shape = (nele, 8)
crd.shape = (ncrd, 3)






	
hexrd.gridutil.computeArea(polygon)[source]

	must be ORDERED and CONVEX!






	
hexrd.gridutil.computeIntersection(line1, line2)[source]

	compute intersection of two-dimensional line intersection

this is an implementation of two lines:

line1 = [ [x0, y0], [x1, y1] ]
line1 = [ [x3, y3], [x4, y4] ]


<http://en.wikipedia.org/wiki/Line-line_intersection>







	
hexrd.gridutil.isinside(point, boundary, ccw=True)[source]

	Assumes CCW boundary ordering






	
hexrd.gridutil.sutherlandHodgman(subjectPolygon, clipPolygon)[source]
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Module: matrixutil


22 Functions


	
hexrd.matrixutil.columnNorm(a)[source]

	normalize array of column vectors (hstacked, axis = 0)






	
hexrd.matrixutil.rowNorm(a)[source]

	normalize array of row vectors (vstacked, axis = 1)






	
hexrd.matrixutil.unitVector(a)[source]

	normalize array of column vectors (hstacked, axis = 0)






	
hexrd.matrixutil.nullSpace(A, tol=1e-14)[source]

	computes the null space of the real matrix A






	
hexrd.matrixutil.blockSparseOfMatArray(matArray)[source]

	Constructs a block diagonal sparse matrix (csc format) from a
(p, m, n) ndarray of p (m, n) arrays

...maybe optional args to pick format type?






	
hexrd.matrixutil.symmToVecMV(A)[source]

	convert from symmetric matrix to Mandel-Voigt vector
representation (JVB)






	
hexrd.matrixutil.vecMVToSymm(A)[source]

	convert from Mandel-Voigt vector to symmetric matrix 
representation (JVB)






	
hexrd.matrixutil.vecMVCOBMatrix(R)[source]

	GenerateS array of 6 x 6 basis transformation matrices for the
Mandel-Voigt tensor representation in 3-D given by:


	[A] = [[A_11, A_12, A_13],

	[A_12, A_22, A_23],
[A_13, A_23, A_33]]



{A} = [A_11, A_22, A_33, sqrt(2)*A_23, sqrt(2)*A_13, sqrt(2)*A_12]

where the operation \(R*A*R.T\) (in tensor notation) is obtained by
the matrix-vector product [T]*{A}.

USAGE


T = vecMVCOBMatrix(R)


INPUTS



	R is (3, 3) an ndarray representing a change of basis matrix






OUTPUTS



	T is (6, 6), an ndarray of transformation matrices as
described above






NOTES



	Compoments of symmetric 4th-rank tensors transform in a
manner analogous to symmetric 2nd-rank tensors in full
matrix notation.






SEE ALSO

symmToVecMV, vecMVToSymm, quatToMat






	
hexrd.matrixutil.nrmlProjOfVecMV(vec)[source]

	Gives vstacked p x 6 array to To perform n’ * A * n as [N]*{A} for
p hstacked input 3-vectors using the Mandel-Voigt convention.

Nvec = normalProjectionOfMV(vec)

*) the input vector array need not be normalized; it is performed in place






	
hexrd.matrixutil.rankOneMatrix(vec1, *args)[source]

	Create rank one matrices (dyadics) from vectors.


r1mat = rankOneMatrix(vec1)
r1mat = rankOneMatrix(vec1, vec2)

vec1 is m1 x n, an array of n hstacked m1 vectors
vec2 is m2 x n, (optional) another array of n hstacked m2 vectors


	r1mat is n x m1 x m2, an array of n rank one matrices

	formed as c1*c2’ from columns c1 and c2



With one argument, the second vector is taken to
the same as the first.

Notes:


	*)  This routine loops on the dimension m, assuming this 

	is much smaller than the number of points, n.











	
hexrd.matrixutil.skew(A)[source]

	skew-symmetric decomposition of n square (m, m) ndarrays.  Result
is a (squeezed) (n, m, m) ndarray






	
hexrd.matrixutil.symm(A)[source]

	symmetric decomposition of n square (m, m) ndarrays.  Result
is a (squeezed) (n, m, m) ndarray.






	
hexrd.matrixutil.skewMatrixOfVector(w)[source]

	given a (3, n) ndarray, w,  of n hstacked axial vectors, computes
the associated skew matrices and stores them in an (n, 3, 3)
ndarray.  Result is (3, 3) for w.shape = (3, 1) or (3, ).

See also: vectorOfSkewMatrix






	
hexrd.matrixutil.vectorOfSkewMatrix(W)[source]

	given an (n, 3, 3) or (3, 3) ndarray, W, of n stacked 3x3 skew
matrices, computes the associated axial vector(s) and stores them
in an (3, n) ndarray.  Result always has ndim = 2.

See also: skewMatrixOfVector






	
hexrd.matrixutil.multMatArray(ma1, ma2)[source]

	multiply two 3-d arrays of 2-d matrices






	
hexrd.matrixutil.uniqueVectors(v, tol=1e-12)[source]

	Sort vectors and discard duplicates.


USAGE:


uvec = uniqueVectors(vec, tol=1.0e-12)





v   – 
tol – (optional) comparison tolerance


	
	Boyce 2010-03-18












	
hexrd.matrixutil.findDuplicateVectors(vec, tol=1e-14, equivPM=False)[source]

	Find vectors in an array that are equivalent to within
a specified tolerance


USAGE:


eqv = DuplicateVectors(vec, *tol)


INPUT:




	
	vec is n x m, a double array of m horizontally concatenated

	n-dimensional vectors.













	*2) tol is 1 x 1, a scalar tolerance.  If not specified, the default

	tolerance is 1e-14.



*3) set equivPM to True if vec and -vec are to be treated as equivalent




OUTPUT:



	eqv is 1 x p, a list of p equivalence relationships.






NOTES:


Each equivalence relationship is a 1 x q vector of indices that
represent the locations of duplicate columns/entries in the array
vec.  For example:



1     2     2     2     1     2     7 |







	vec = |                                       |

	
2     3     5     3     2     3     3 |







eqv = [[1x2 double]    [1x3 double]], where

eqv[0] = [0  4]
eqv[1] = [1  3  5]












	
hexrd.matrixutil.normvec(v)[source]

	




	
hexrd.matrixutil.normvec3(v)[source]

	




	
hexrd.matrixutil.normalized(v)[source]

	




	
hexrd.matrixutil.cross(v1, v2)[source]

	




	
hexrd.matrixutil.determinant3(mat)[source]
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Module: orientations


8 Classes


	
class hexrd.orientations.RotationParameterization(args)[source]

	template for rotation parameterization class


	
__init__(args)[source]

	




	
toMatrix()[source]

	use matrix as common representation
all classes should have a constructor that works using this


**  Construct [C] matrix (Kocks convention)
**         {a}      = [C] {a}
**            sm             cr











	
class hexrd.orientations.RotInv(*args)[source]

	Bases: hexrd.orientations.RotationParameterization

rotation invariants


	
__init__(*args)[source]

	








	
class hexrd.orientations.CanovaEuler(*args)[source]

	Bases: hexrd.orientations.RotationParameterization


	
__init__(*args)[source]

	








	
class hexrd.orientations.KocksEuler(*args)[source]

	Bases: hexrd.orientations.RotationParameterization

Kocks Euler angles see equation 6 page 65 of koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)


	
__init__(*args)[source]

	




	
toBunge()[source]

	trusting Table 1a of koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)










	
class hexrd.orientations.BungeEuler(*args)[source]

	Bases: hexrd.orientations.RotationParameterization

Bunge Euler angles
see koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)


	
__init__(*args)[source]

	




	
toKocks()[source]

	trusting Table 1a of koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)










	
class hexrd.orientations.Quat(*args)[source]

	Bases: hexrd.orientations.RotationParameterization

quaternions, normalized; parameterization of SO(3); do not bother making unique (is 2-to-1)


	
__init__(*args)[source]

	




	
T()[source]

	return transposed quaternion






	
static getRandQuat(n=1)[source]

	sample uniform orientation distribution to get quaternion parameters






	
misorAng(other)[source]

	compute the misorientation angle, in radians, in [0,2*pi]






	
normalize()[source]

	normalize the quaternion






	
static normalizeQuat(q)[source]

	normalize in place






	
normalized()[source]

	return normalize quaternion






	
transpose()[source]

	transpose the quaternion in place; retains metadata






	
transposed()[source]

	return transposed quaternion










	
class hexrd.orientations.SymmGroup(*args)[source]

	symmetry group


	
__init__(*args)[source]

	




	
findDistinct(qList)[source]

	given a list of quaternions, find those which are distinct under the symmetry group










	
class hexrd.orientations.Fiber(latVec, recipVec)[source]

	Like John Edmiston’s MakeFiber class, but with the implementation more tightly coupled to the rest of the code base


	
__init__(latVec, recipVec)[source]

	




	
distBetweenFibers(other)[source]

	Compute the distance between two fibers using the polar decomposition of the projection operator taking one geodesic plane to the other.
input: instance of MakeFiber class
output: (max_eigenvalue, Rotation at max_eigenvalue), intersecting fibers would have max_eigenvalue ~ 1. Rotation at max_eigenvalue would be the ‘closest’ Rotation which would relate the two fibers.












25 Functions


	
hexrd.orientations.arccosSafe(temp)[source]

	




	
hexrd.orientations.orthogonalize(rMatIn)[source]

	




	
hexrd.orientations.traceToAng(tr)[source]

	given trace of a rotation matrix find the angle or rotation






	
hexrd.orientations.matToCanova(r)[source]

	




	
hexrd.orientations.invToRodr(inv)[source]

	do not check for divide-by-zero






	
hexrd.orientations.rodrToInv(rodr)[source]

	do not check for divide-by-zero






	
hexrd.orientations.rodrToQuat(rodr)[source]

	




	
hexrd.orientations.invToM(theta, n0, n1, n2)[source]

	




	
hexrd.orientations.invToQuat(inv)[source]

	




	
hexrd.orientations.bungeToMat(euler)[source]

	




	
hexrd.orientations.matToQuat(r)[source]

	based on Spurrier’s algorithm for quaternion extraction, as
described in cite{sim-vuq-85a}

returns a 4-vector, not a Quat instance

BibTeX:
@TechReport{sim-vuq-85a,
author      = {J. C. Simo and L. {Vu Quoc}},
title       = {Three dimensional finite strain rod model part


{II}: computational aspects, Memorandum
No. {UCB/ERL M85/31}},



	institution = {Electronics Research Laboratory, College of

	Engineering, University of California, Berkeley},



year        = {1985}
}






	
hexrd.orientations.matToThetaN(r)[source]

	2nd order tensor => angle/axis

to see that angle is right take R in a basis so that R11=1;
get tr(R) = 1 + 2 cos(theta), solve for theta and use argument
about invariance of tr(R)

references:
1) box 4 in Simo and VuQuoc, 1985, ERL Berkeley memorandum
no. UCB/ERL M85/31
2) Marin and Dawson 98 part 1,
equation for update d_rstar (exponential mapping)

n is in vector notation of a skew tensor according to
w_i = 1/2 epsilon_jik W_jk






	
hexrd.orientations.quatToInv(q)[source]

	




	
hexrd.orientations.quatToMat(quat)[source]

	Take an array of n quats (numpy ndarray, 4 x n) and generate an
array of rotation matrices (n x 3 x 3)

Uses the truncated series expansion for the exponential map;
divide-by-zero is checked using the global ‘tinyRotAng’






	
hexrd.orientations.quatToProdMat(quat, mult='right')[source]

	Form 4 x 4 arrays to perform the quaternion product


	USAGE

	qmats = quatToProdMat(quats, mult=’right’)

	INPUTS

	
	quats is (4, n), a numpy ndarray array of n quaternions
horizontally concatenated



	mult is a keyword arg, either ‘left’ or ‘right’, denoting
the sense of the multiplication:


/ quatToProdMat(h, ‘right’) * q





	q * h  –> <

	quatToProdMat(q, ‘left’) * h











	OUTPUTS

	
	qmats is (n, 4, 4), the left or right quaternion product
operator





	NOTES

	
	*) This function is intended to replace a cross-product based

	routine for products of quaternions with large arrays of
quaternions (e.g. applying symmetries to a large set of
orientations).












	
hexrd.orientations.sampleToLatticeT2(A_sm, C)[source]

	
T


[A_sm]=[C][A_lat][C]






	
hexrd.orientations.latticeToSampleT2(A_lat, C)[source]

	
T


[A_sm]=[C][A_lat][C]






	
hexrd.orientations.latticeToSampleV(V_lat, C)[source]

	




	
hexrd.orientations.rotMatrixFromCrystalVectors(cvs1=None, cvs2=None, cvs3=None)[source]

	Make a rotation matrix in the RotationParameterization convention
from components of crystal vectors that are along given sample directions






	
hexrd.orientations.transposeQuats(qList)[source]

	




	
hexrd.orientations.stripQuatList(qList)[source]

	




	
hexrd.orientations.writeQuats(qList, f)[source]

	




	
hexrd.orientations.makeQuatsBall(qRef, thetaScale, n)[source]

	make n quaternions in a ball around qRef, with ball size scaled by thetaScale






	
hexrd.orientations.makeQuatsComponents(nGrain, scale=None)[source]

	




	
hexrd.orientations.millerBravais2Normal(invec, *args)[source]

	
	Generate the normal(s) for a plane(s) given in

	the Miller-Bravais convention for the
hexagonal basis {a1, a2, a3, c}.  The
basis for the output {o1, o2, o3}
is chosen such that:

o1 || a1
o3 || c
o2 = o3 ^ o1





returns a (3, n) array of horizontally concatenated
unit vectors
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Module: pfigutil


6 Functions


	
hexrd.pfigutil.sph2n(coords_sph)[source]

	convert from chi/eta spherical coordinates to normal vectors;
can use with coords from femODF.FemHemisphere






	
hexrd.pfigutil.n2sph(nVectors)[source]

	




	
hexrd.pfigutil.n2eap(nVectors, flip=True)[source]

	unit vectors to equal-area projection






	
hexrd.pfigutil.renderEAProj(nVecs, vals, n, patch=False, sum=False, nzByContrib=True, northernOnly=False)[source]

	render an equal-area projects of general pole values, on an n-by-n grid;
if sum=True, then sum contributions, otherwise average them;
returns a masked array






	
hexrd.pfigutil.fromSouthern(nVecs, invert)[source]

	




	
hexrd.pfigutil.drawLines(pw, pointLists=, []netStyle=None, netNDiv=12, netAlpha=0.5, rMat=None, southern=False, invertFromSouthern=True, origin=(0.0, 0.0), r=1.0)[source]
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Module: plotwrap

***
For now, plotwrap is hardwired for TkAgg
this is not great, but also not a high priority to fix for now;
PlotWinP might be the start of a decent fix

but plotwrap was built with the idea that you could have a plot without a window, and pyplot relies on the new_figure_manager functions in the backends, which always make a window;
what we need is something to make the figure and the canvas without the figure manager
... but FigureCanvasMac

... how does one get a drawable figure that is not necessarily drawn?!


4 Classes


	
class hexrd.plotwrap.PlotWin(numRows=1, numCols=-1, title='PlotWin window', figure=None, relfigsize=(3, 3), axesList=None, noAutoAxesList=False, dpi=100)[source]

	
	
__init__(numRows=1, numCols=-1, title='PlotWin window', figure=None, relfigsize=(3, 3), axesList=None, noAutoAxesList=False, dpi=100)[source]

	If pass negative numCols, then numRows is the number of plots
and the layout is done automatically






	
getAxes(plotNum, rect=None, withPW=False, **axprops)[source]

	careful: plotNum is from 0, not 1 as is the case for subplot
axprops is useful for this like setting sharex and sharey










	
class hexrd.plotwrap.PlotWinLite(canvas, figure, axes)[source]

	Lightweight PlotWin substitute for when windows are being controlled by code outside of plotwrap


	
__init__(canvas, figure, axes)[source]

	




	
haveXLabels()[source]

	may want to turn off any functionality in this method






	
haveYLabels()[source]

	may want to turn off any functionality in this method










	
class hexrd.plotwrap.PlotWinP(axes=None, as3D=False, title=None, **kwargs)[source]

	Just wrap pyplot


	
__init__(axes=None, as3D=False, title=None, **kwargs)[source]

	




	
haveXLabels()[source]

	may want to turn off any functionality in this method






	
haveYLabels()[source]

	may want to turn off any functionality in this method






	
pwList = None

	for now, punt on setting a title










	
class hexrd.plotwrap.PlotWrap(**keyArgs)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
__init__(**keyArgs)[source]

	




	
colorbar(rect=(0.8, 0.1, 0.05, 0.8), adjustPos=True, thing=None, **kwargs)[source]

	if set rect to None, then colorbar steals self.a






	
destroy()[source]

	does not clean up self.a, just kills the window if this plot owns the window






	
ownCanvas = None

	checking self.showByDefault here causes trouble because it is hard to attach a figure to a window later for a general backend ***






	
save(**keyArgs)[source]

	make hardcopy of the current figure;
specify filename or prefix keyword argument












6 Functions


	
hexrd.plotwrap.autoTicks(x, n, format='%0.2e')[source]

	




	
hexrd.plotwrap.argToPW(arg)[source]

	




	
hexrd.plotwrap.hist2D(xVals, yVals, bins, hRange=None, weights=None, **kwArgs)[source]

	Plot 2D histogram of data yVals versus xVals, with number of bins given by bins (int or 2-tuple)






	
hexrd.plotwrap.plotHist2D(xedges, yedges, H, hRange=None, logScale=False, minCount=1, win=None, xlabel=None, ylabel=None, xformat=None, yformat=None, nXTics=0, nYTics=0, winArgs={})[source]

	winArgs can include things like title, relfigsize, dpi






	
hexrd.plotwrap.makeHist2D(xVals, yVals, bins, hRange=None, weights=None)[source]

	




	
hexrd.plotwrap.main()[source]

	









          

      

      

    


    
         Copyright 2014, Joel Bernier, et. al..
      Last updated on Mar 10, 2015.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	hexrd 0.2.3.dev documentation 

          	The HEXRD API 
 
      

    


    
      
          
            
  
Module: quadrature.q1db


7 Functions


	
hexrd.quadrature.q1db.qloc1()[source]

	




	
hexrd.quadrature.q1db.qloc2()[source]

	




	
hexrd.quadrature.q1db.qloc3()[source]

	




	
hexrd.quadrature.q1db.qloc4()[source]

	




	
hexrd.quadrature.q1db.qloc5()[source]

	




	
hexrd.quadrature.q1db.qloc8()[source]

	




	
hexrd.quadrature.q1db.qLoc(quadr, promote=False)[source]
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Module: quadrature.q2db


5 Functions


	
hexrd.quadrature.q2db.qloc1()[source]

	




	
hexrd.quadrature.q2db.qloc4()[source]

	




	
hexrd.quadrature.q2db.qloc9()[source]

	




	
hexrd.quadrature.q2db.qLocFrom1D(quadr1d)[source]

	product of 1d quadrature rules;
given accuracy may be available with fewer quadrature points
using a native 3D rule






	
hexrd.quadrature.q2db.qLoc(quadr)[source]
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Module: quadrature.q3db


5 Functions


	
hexrd.quadrature.q3db.qloc1()[source]

	




	
hexrd.quadrature.q3db.qloc8()[source]

	




	
hexrd.quadrature.q3db.qloc27()[source]

	3x3x3 quadrature, product of qloc1d03 in three directions






	
hexrd.quadrature.q3db.qLocFrom1D(quadr1d)[source]

	product of 1d quadrature rules;
given accuracy may be available with fewer quadrature points
using a native 3D rule






	
hexrd.quadrature.q3db.qLoc(quadr)[source]
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Module: tens


4 Classes


	
class hexrd.tens.T2Symm(args)[source]

	template for symmetric second order tensor components


	
__init__(args)[source]

	








	
class hexrd.tens.T2Vecds(vecds)[source]

	Bases: hexrd.tens.T2Symm


	
__init__(vecds)[source]

	








	
class hexrd.tens.T2Svec(val)[source]

	Bases: hexrd.tens.T2Symm


	
__init__(val)[source]

	








	
class hexrd.tens.T2SvecP(svecp)[source]

	Bases: hexrd.tens.T2Symm


	
__init__(svecp)[source]

	










23 Functions


	
hexrd.tens.vecdvToVecds(vecdv)[source]

	convert from [t1,...,t5,v] to vecds[:] representation,
where v is the relative volume






	
hexrd.tens.vecdsToSymm(vecds)[source]

	convert from vecds representation to symmetry matrix






	
hexrd.tens.traceToVecdsS(Akk)[source]

	




	
hexrd.tens.vecdsSToTrace(vecdsS)[source]

	




	
hexrd.tens.trace3(A)[source]

	




	
hexrd.tens.symmToVecds(A)[source]

	convert from symmetry matrix to vecds representation






	
hexrd.tens.matxToSkew(A)[source]

	




	
hexrd.tens.skewOfMatx(A)[source]

	




	
hexrd.tens.matxToSymm(A)[source]

	




	
hexrd.tens.symmOfMatx(A)[source]

	




	
hexrd.tens.symmToMVvec(A)[source]

	convert from symmetric matrix to Mandel-Voigt vector
representation (JVB)






	
hexrd.tens.MVvecToSymm(A)[source]

	convert from Mandel-Voigt vector to symmetric matrix
representation (JVB)






	
hexrd.tens.MVCOBMatrix(R)[source]

	GenerateS array of 6 x 6 basis transformation matrices for the
Mandel-Voigt tensor representation in 3-D given by:


	[A] = [[A_11, A_12, A_13],

	
[A_12, A_22, A_23],
[A_13, A_23, A_33]]











V





{A} = [A_11, A_22, A_33, sqrt(2)*A_23, sqrt(2)*A_13, sqrt(2)*A_12]

where the operation R * A *R.T (in tensor notation) is obtained by
the matrix-vector product [T]*{A}.

USAGE


T = MVCOBMatrix(R)


INPUTS



	R is (3, 3) an ndarray representing a change of basis matrix






OUTPUTS



	T is (6, 6), an ndarray of transformation matrices as
described above






NOTES



	Compoments of symmetric 4th-rank tensors transform in a
manner analogous to symmetric 2nd-rank tensors in full
matrix notation.






SEE ALSO

symmToMVvec, quatToMat






	
hexrd.tens.NormalProjectionOfMV(vec)[source]

	




	
hexrd.tens.svecToVecds(svec)[source]

	convert from svec to vecds representation






	
hexrd.tens.symmPlusI(Ain)[source]

	add the identity to a symmetric matrix






	
hexrd.tens.svecpToSvec(svecp)[source]

	




	
hexrd.tens.symmToSvec(symm)[source]

	




	
hexrd.tens.matxToSvec(matx)[source]

	




	
hexrd.tens.svecToMatx(svec)[source]

	




	
hexrd.tens.svecToSymm(svec)[source]

	




	
hexrd.tens.dAiAoH_svecList(aInv)[source]

	derivative of inverse of symmetric matrix wrt svec components of that matrix; aInv is the inverse of the matrix






	
hexrd.tens.svecToSvecP(svec)[source]
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Module: valunits

Module for associating units with scalar quantities

This module has been modified from its original form
by removing the call to the “units” executable and restricting
the units to only those used by the heXRD package.


2 Classes


	
class hexrd.valunits.UNames[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Units used in this module






	
class hexrd.valunits.valWUnit(name, unitType, value, unit)[source]

	Value with units


	
__init__(name, unitType, value, unit)[source]

	Initialization

INPUTS
name


(str) name of the item



	unitType

	(str) class of units, e.g. ‘length’, ‘angle’

	value

	(float) numerical value

	unit

	(str) name of unit








	
getVal(toUnit)[source]

	Return value in requested units

INPUTS


	toUnit

	(str) requested unit for output








	
isAngle()[source]

	Return true if quantity is an angle






	
isEnergy()[source]

	Return true if quantity  is an energy






	
isLength()[source]

	Return true if quantity is a length












2 Functions


	
hexrd.valunits.toFloat(val, unitName)[source]

	Return the raw value of the object

INPUTS


	val

	(float|valWUnit) object with value

	unitName

	(str) name of unit



This function returns the raw value of the object, ignoring the
unit, if it is numeric or converts it to the requested units and
returns the magnitude if it is a valWUnit instance.

For example:

>>> print toFloat(1.1, 'radians')
1.1
>>> v = valWUnit('vee', 'angle', 1.1, 'radians')
>>> print toFloat(v, 'degrees')
63.0253574644










	
hexrd.valunits.valWithDflt(val, dflt, toUnit=None)[source]

	Return value or default value
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Module: xrd.crystallography


1 Class


	
class hexrd.xrd.crystallography.PlaneData(hkls, *args, **kwargs)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Careful with ordering: Outputs are ordered by the 2-theta for the
hkl unless you get self.__hkls directly, and this order can change
with changes in lattice parameters (lparms); setting and getting
exclusions works on the current hkl ordering, not the original
ordering (in self.__hkls), but exclusions are stored in the
original ordering in case the hkl ordering does change with
lattice parameters

if not None, tThWidth takes priority over strainMag in setting
two-theta ranges; changing strainMag automatically turns off
tThWidth


	
__init__(hkls, *args, **kwargs)[source]

	




	
getDD_tThs_lparms()[source]

	derivatives of tThs with respect to lattice parameters;
have not yet done coding for analytic derivatives, just wimp out and finite difference






	
getHKLID(hkl)[source]

	can call on a single hkl or list of hkls






	
getHKLs(asStr=False, thisTTh=None, allHKLs=False)[source]

	if pass thisTTh, then only return hkls overlapping the specified 2-theta;
if set allHKLs to true, the ignore exlcusions, tThMax, etc






	
getLatticeOperators()[source]

	gets lattice vector operators as a new (deepcopy)






	
getLatticeType()[source]

	This is the lattice type






	
getLaueGroup()[source]

	This is the Schoenflies tag






	
getNhklRef()[source]

	does not use exclusions or the like






	
getPhaseID()[source]

	may return None if not set






	
getPlaneNormals()[source]

	gets both +(hkl) and -(hkl) normals






	
getPlaneSpacings()[source]

	gets plane spacings






	
getSymHKLs(asStr=False, indices=None)[source]

	new function that returns all symmetric hkls






	
getTThRanges(strainMag=None, lparms=None)[source]

	Return 2-theta ranges for included hkls

return array is n x 2






	
get_hkls()[source]

	do not do return self.__hkls, as everywhere else hkls are returned in 2-theta order;
transpose is to comply with lparm convention






	
hkls

	do not do return self.__hkls, as everywhere else hkls are returned in 2-theta order;
transpose is to comply with lparm convention






	
latVecOps

	gets lattice vector operators as a new (deepcopy)






	
static makePlaneData(hkls, lparms, qsym, symmGroup, strainMag, wavelength)[source]

	hkls       : need to work with crystallography.latticePlanes
lparms     : need to work with crystallography.latticePlanes
laueGroup  : see symmetry module
wavelength : wavelength
strainMag  : swag of strian magnitudes






	
static makeScatteringVectors(hkls, rMat_c, bMat, wavelength, chiTilt=None)[source]

	modeled after QFromU.m












13 Functions


	
hexrd.xrd.crystallography.hklToStr(x)[source]

	




	
hexrd.xrd.crystallography.tempSetOutputDegrees(val)[source]

	




	
hexrd.xrd.crystallography.revertOutputDegrees()[source]

	




	
hexrd.xrd.crystallography.cosineXform(a, b, c)[source]

	Spherical trig transform to take alpha, beta, gamma to expressions
for cos(alpha*).  See ref below.


	[1] R. J. Neustadt, F. W. Cagle, Jr., and J. Waser, ``Vector algebra and

	the relations between direct and reciprocal lattice quantities’‘. Acta
Cryst. (1968), A24, 247–248








	
hexrd.xrd.crystallography.processWavelength(arg)[source]

	Convert an energy value to a wavelength.  If argument has units of length or energy,
will convert to globally specified unit type for wavelength (dUnit).  If argument
is a scalar, assumed input units are keV.






	
hexrd.xrd.crystallography.latticeParameters(lvec)[source]

	Generates direct and reciprocal lattice vector components in a
crystal-relative RHON basis, X. The convention for fixing X to the
lattice is such that a || x1 and c* || x3, where a and c* are
direct and reciprocal lattice vectors, respectively.






	
hexrd.xrd.crystallography.latticePlanes(hkls, lparms, ltype='cubic', wavelength=1.54059292, strainMag=None)[source]

	Generates lattice plane data in the direct lattice for a given set
of Miller indices.  Vector components are written in the
crystal-relative RHON basis, X. The convention for fixing X to the
lattice is such that a || x1 and c* || x3, where a and c* are
direct and reciprocal lattice vectors, respectively.

USAGE:

planeInfo = latticePlanes(hkls, lparms, **kwargs)

INPUTS:


	hkls (3 x n float ndarray) is the array of Miller indices for
the planes of interest.  The vectors are assumed to be
concatenated along the 1-axis (horizontal).



	lparms (1 x m float list) is the array of lattice parameters,
where m depends on the symmetry group (see below).



	The following optional keyword arguments are recognized:


	*) ltype=(string) is a string representing the symmetry type of

	the implied Laue group.  The 11 available choices are shown
below.  The default value is ‘cubic’. Note that each group
expects a lattice parameter array of the indicated length
and order.

latticeType      lparms
———–      ————
‘cubic’          a
‘hexagonal’      a, c
‘trigonal’       a, c
‘rhombohedral’   a, alpha (in degrees)
‘tetragonal’     a, c
‘orthorhombic’   a, b, c
‘monoclinic’     a, b, c, beta (in degrees)
‘triclinic’      a, b, c, alpha, beta, gamma (in degrees)



	*) wavelength=<float> is a value represented the wavelength in

	Angstroms to calculate bragg angles for.  The default value
is for Cu K-alpha radiation (1.54059292 Angstrom)





*) strainMag=None





OUTPUTS:


	planeInfo is a dictionary containing the following keys/items:


	normals   (3, n) double array    array of the components to the

	unit normals for each {hkl} in
X (horizontally concatenated)



	dspacings (n,  ) double array    array of the d-spacings for

	each {hkl}



	2thetas   (n,  ) double array    array of the Bragg angles for

	each {hkl} relative to the
specified wavelength









NOTES:


	*) This function is effectively a wrapper to ‘latticeVectors’.

	See ‘help(latticeVectors)’ for additional info.

	*) Lattice plane d-spacings are calculated from the reciprocal

	lattice vectors specified by {hkl} as shown in Appendix 1 of
[1].



REFERENCES:


	[1] B. D. Cullity, ``Elements of X-Ray Diffraction, 2

	ed.’‘. Addison-Wesley Publishing Company, Inc., 1978. ISBN
0-201-01174-3








	
hexrd.xrd.crystallography.latticeVectors(lparms, tag='cubic', radians=False, debug=False)[source]

	Generates direct and reciprocal lattice vector components in a
crystal-relative RHON basis, X. The convention for fixing X to the
lattice is such that a || x1 and c* || x3, where a and c* are
direct and reciprocal lattice vectors, respectively.

USAGE:

lattice = LatticeVectors(lparms, <symmTag>)

INPUTS:


	lparms (1 x n float list) is the array of lattice parameters,
where n depends on the symmetry group (see below).



	symTag (string) is a case-insensitive string representing the
symmetry type of the implied Laue group.  The 11 available choices
are shown below.  The default value is ‘cubic’. Note that each
group expects a lattice parameter array of the indicated length
and order.

latticeType      lparms
———–      ————
‘cubic’          a
‘hexagonal’      a, c
‘trigonal’       a, c
‘rhombohedral’   a, alpha (in degrees)
‘tetragonal’     a, c
‘orthorhombic’   a, b, c
‘monoclinic’     a, b, c, beta (in degrees)
‘triclinic’      a, b, c, alpha, beta, gamma (in degrees)





OUTPUTS:


	lattice is a dictionary containing the following keys/items:


	F         (3, 3) double array    transformation matrix taking

	componenents in the direct
lattice (i.e. {uvw}) to the
reference, X



	B         (3, 3) double array    transformation matrix taking

	componenents in the reciprocal
lattice (i.e. {hkl}) to X



	BR        (3, 3) double array    transformation matrix taking

	componenents in the reciprocal
lattice to the Fable reference
frame (see notes)



	U0        (3, 3) double array    transformation matrix

	(orthogonal) taking
componenents in the
Fable reference frame to X





vol       double                 the unit cell volume


	dparms    (6, ) double list      the direct lattice parameters:

	[a b c alpha beta gamma]



	rparms    (6, ) double list      the reciprocal lattice

	parameters:
[a* b* c* alpha* beta* gamma*]









NOTES:


	*) The conventions used for assigning a RHON basis,

	X -> {x1, x2, x3}, to each point group are consistent with
those published in Appendix B of [1]. Namely: a || x1 and
c* || x3.  This differs from the convention chosen by the Fable
group, where a* || x1 and c || x3 [2].

	*) The unit cell angles are defined as follows:

	alpha=acos(b’*c/|b||c|), beta=acos(c’*a/|c||a|), and
gamma=acos(a’*b/|a||b|).

	*) The reciprocal lattice vectors are calculated using the

	crystallographic convention, where the prefactor of 2*pi is
omitted. In this convention, the reciprocal lattice volume is
1/V.

	*) Several relations from [3] were employed in the component

	calculations.



REFERENCES:


	[1] J. F. Nye, ``Physical Properties of Crystals: Their

	Representation by Tensors and Matrices’‘. Oxford University
Press, 1985. ISBN 0198511655

	[2] E. M. Lauridsen, S. Schmidt, R. M. Suter, and H. F. Poulsen,

	``Tracking: a method for structural characterization of grains
in powders or polycrystals’‘. J. Appl. Cryst. (2001). 34,
744–750

	[3] R. J. Neustadt, F. W. Cagle, Jr., and J. Waser, ``Vector

	algebra and the relations between direct and reciprocal
lattice quantities’‘. Acta Cryst. (1968), A24, 247–248








	
hexrd.xrd.crystallography.hexagonalIndicesFromRhombohedral(hkl)[source]

	converts rhombohedral hkl to hexagonal indices






	
hexrd.xrd.crystallography.rhombohedralIndicesFromHexagonal(HKL)[source]

	converts hexagonal hkl to rhombohedral indices






	
hexrd.xrd.crystallography.rhombohedralParametersFromHexagonal(a_h, c_h)[source]

	converts hexagonal lattice parameters (a, c) to rhombohedral
lattice parameters (a, alpha)






	
hexrd.xrd.crystallography.getFriedelPair(tth0, eta0, *ome0, **kwargs)[source]

	Get the diffractometer angular coordinates in degrees for
the Friedel pair of a given reflection (min angular distance).

AUTHORS:


	
	Bernier – 10 Nov 2009







USAGE:


	ome1, eta1 = getFriedelPair(tth0, eta0, *ome0,

	display=False,
units=’degrees’,
convention=’hexrd’)



INPUTS:


	tth0 is a list (or ndarray) of 1 or n the bragg angles (2theta) for
the n reflections (tiled to match eta0 if only 1 is given).

	eta0 is a list (or ndarray) of 1 or n azimuthal coordinates for the n
reflections  (tiled to match tth0 if only 1 is given).

	ome0 is a list (or ndarray) of 1 or n reference oscillation
angles for the n reflections (denoted omega in [1]).  This argument
is optional.

	Keyword arguments may be one of the following:



Keyword             Values|{default}        Action
————–      ————–          ————–
‘display’           True|{False}            toggles display info to cmd line
‘units’             ‘radians’|{‘degrees’}   sets units for input angles
‘convention’        ‘fable’|{‘hexrd’}         sets conventions defining


the angles (see below)



	‘chiTilt’           None                    the inclination (about Xlab) of

	the oscillation axis



OUTPUTS:


	ome1 contains the oscialltion angle coordinates of the
Friedel pairs associated with the n input reflections, relative to ome0
(i.e. ome1 = <result> + ome0).  Output is in DEGREES!

	eta1 contains the azimuthal coordinates of the Friedel
pairs associated with the n input reflections.  Output units are
controlled via the module variable ‘outputDegrees’



NOTES:


	JVB) The ouputs ome1, eta1 are written using the selected convention, but the

	units are alway degrees.  May change this to work with Nathan’s global...

	JVB) In the ‘fable’ convention [1], {XYZ} form a RHON basis where X is

	downstream, Z is vertical, and eta is CCW with +Z defining eta = 0.

	JVB) In the ‘hexrd’ convention [2], {XYZ} form a RHON basis where Z is upstream,

	Y is vertical, and eta is CCW with +X defining eta = 0.



REFERENCES:


	[1] E. M. Lauridsen, S. Schmidt, R. M. Suter, and H. F. Poulsen,

	``Tracking: a method for structural characterization of grains in
powders or polycrystals’‘. J. Appl. Cryst. (2001). 34, 744–750

	[2] J. V. Bernier, M. P. Miller, J. -S. Park, and U. Lienert,

	``Quantitative Stress Analysis of Recrystallized OFHC Cu Subject
to Deformed In Situ’‘, J. Eng. Mater. Technol. (2008). 130.
DOI:10.1115/1.2870234








	
hexrd.xrd.crystallography.getDparms(lp, lpTag, radians=True)[source]

	Utility routine for getting dparms, that is the lattice parameters without symmetry – ‘triclinic’
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Module: xrd.detector


24 Classes


	
class hexrd.xrd.detector.FmtCoordIdeal(planeData, workDist)[source]

	
	
__init__(planeData, workDist)[source]

	








	
class hexrd.xrd.detector.ThreadReadFrame(img, readArgs, castArgs)[source]

	Bases: threading.Thread [http://docs.python.org/library/threading.html#threading.Thread]


	
__init__(img, readArgs, castArgs)[source]

	








	
class hexrd.xrd.detector.Framer2DRC(ncols, nrows, dtypeDefault='int16', dtypeRead='uint16', dtypeFloat='float64')[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Base class for readers.

You can make an instance of this class and use it for most of the
things a reader would do, other than actually reading frames


	
__init__(ncols, nrows, dtypeDefault='int16', dtypeRead='uint16', dtypeFloat='float64')[source]

	




	
getDark()[source]

	needed in findSpotsOmegaStack






	
getDeltaOmega()[source]

	needed in findSpotsOmegaStack






	
getEmptyMask()[source]

	convenience method for getting an emtpy mask or bin frame






	
getFrameOmega(iFrame=None)[source]

	needed in findSpotsOmegaStack






	
getNFrames()[source]

	number of total frames with real data, not number remaining
needed in findSpotsOmegaStack






	
classmethod maxVal(dtypeRead)[source]

	maximum value that can be stored in the image pixel data type;
redefine as desired






	
read(nskip=0, nframes=1, sumImg=False)[source]

	needed in findSpotsOmegaStack










	
class hexrd.xrd.detector.FrameWriter(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Framer2DRC


	
__init__(*args, **kwargs)[source]

	








	
class hexrd.xrd.detector.ReadGeneric(filename, ncols, nrows, *args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Framer2DRC

may eventually want ReadGE to inherit from this, or pull common things
off to a base class


	
__init__(filename, ncols, nrows, *args, **kwargs)[source]

	




	
getDark()[source]

	no dark yet supported






	
getFrameOmega(iFrame=None)[source]

	if iFrame is none, use internal counter






	
makeNew()[source]

	return a clean instance for the same data files
useful if want to start reading from the beginning






	
read(nskip=0, nframes=1, sumImg=False)[source]

	sumImg can be set to True or to something like numpy.maximum






	
subtractDark = None

	keep things for makeNew convenience










	
class hexrd.xrd.detector.ReadGE(fileInfo, *args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Framer2DRC

Read in raw GE files; this is the class version of the foregoing functions

NOTES


	*) The flip axis (‘v’ertical) was verified on 06 March 2009 by

	JVB and UL.  This should be rechecked if the configuration of the GE
changes or you are unsure.

	*) BE CAREFUL! nframes should be < 10 or so, or you will run out of

	memory in the namespace on a typical machine.



*) The header is currently ignored


	*) If a dark is specified, this overrides the use of empty frames as

	background; dark can be a file name or frame

	*) In multiframe images where background subtraction is requested but no

	dark is specified, attempts to use the
empty frame(s).  An error is returned if there are not any specified.
If there are multiple empty frames, the average is used.




	
__init__(fileInfo, *args, **kwargs)[source]

	meant for reading a series of frames from an omega sweep, with fixed delta-omega
for each frame

omegaStart and omegaDelta can follow fileInfo or be specified in whatever order by keyword

fileInfo: string, (string, nempty), or list of (string, nempty) for multiple files

for multiple files and no dark, dark is formed only from empty
frames in the first file






	
classmethod display(thisframe, roi=None, pw=None, **kwargs)[source]

	this is a bit ugly in that it sidesteps the dtypeRead property






	
getFrameOmega(iFrame=None)[source]

	if iFrame is none, use internal counter






	
getFrameUseMask()[source]

	this is an optional toggle to turn the mask on/off






	
getNFrames()[source]

	number of total frames with real data, not number remaining






	
indicesToMask(indices)[source]

	Indices can be a list of indices, as from makeIndicesTThRanges






	
makeNew()[source]

	return a clean instance for the same data files
useful if want to start reading from the beginning






	
classmethod maxVal(dummy)[source]

	maximum value that can be stored in the image pixel data type






	
rawRead(*args, **kwargs)[source]

	wrapper around readRaw that does the same flipping as the reader instance from which it is called






	
read(nskip=0, nframes=1, sumImg=False, mask=None)[source]

	sumImg can be set to True or to something like numpy.maximum






	
readBBox(bbox, raw=True, doFlip=None)[source]

	with raw=True, read more or less raw data, with bbox = [(iLo,iHi),(jLo,jHi),(fLo,fHi)]

careful: if raw is True, must set doFlip if want frames
potentially flipped; can set it to a reader instance to pull
the doFlip value from that instance






	
classmethod readDark(darkFile, nframes=1)[source]

	dark subtraction is done before flipping, so do not flip when reading either






	
classmethod readRaw(fname, mode='raw', headerlen=0)[source]

	read a raw binary file;
if specified, headerlen is in bytes;
does not do any flipping






	
useThreading[source]

	turn threading on or off










	
class hexrd.xrd.detector.ReadMar165(mode)[source]

	Bases: hexrd.xrd.detector.Framer2DRC

placeholder; not yet really implemented


	
__init__(mode)[source]

	








	
class hexrd.xrd.detector.ReadMar165NB1(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.ReadMar165


	
__init__(*args, **kwargs)[source]

	








	
class hexrd.xrd.detector.ReadMar165NB2(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.ReadMar165


	
__init__(*args, **kwargs)[source]

	








	
class hexrd.xrd.detector.ReadMar165NB3(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.ReadMar165


	
__init__(*args, **kwargs)[source]

	








	
class hexrd.xrd.detector.ReadMar165NB4(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.ReadMar165


	
__init__(*args, **kwargs)[source]

	








	
class hexrd.xrd.detector.LineStyles(lt=None)[source]

	do not want to just cycle through default plot line colors, as end up with black lines


	
__init__(lt=None)[source]

	








	
class hexrd.xrd.detector.Peak1DAtLoc(centers, xVecDflt=None)[source]

	base class for 1D peak shapes at fixed location;
fixed that is unless newCenter is passed to the __call__ method


	
__init__(centers, xVecDflt=None)[source]

	If __init__ is called with a list, then put one peak at each location






	
d_dCenters(xVec, p)[source]

	derivative of call with respect to centers






	
d_dp(xVec, p)[source]

	derivative of call with respect to p
assuming each eval depends only on its own point!






	
d_dx(xVec, p)[source]

	derivative of call with respect to xVec






	
eval(xVec, p)[source]

	xVec is parameters, p is positions






	
fitFloatingCenter(tThVals, intensityVals, xVecGuess=None, centersGuess=None, weights=4, tThWidth=None, fitGoodnessTol=0.5)[source]

	Note that centers are kept as they are – if you want to
actually change the centers of the function you need to call
setCenters(cFit) after calling this function










	
class hexrd.xrd.detector.PeakPV1DAtLoc(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Peak1DAtLoc

the pseudo-Voigt:
f = A*( n*fl + (1 - n)*fg )


	
__init__(*args, **kwargs)[source]

	




	
d_dx(xVec, p)[source]

	allow p to be general shape










	
class hexrd.xrd.detector.PeakLorentzian1DAtLoc(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Peak1DAtLoc


	
__init__(*args, **kwargs)[source]

	




	
d_dx(xVec, p)[source]

	allow p to be general shape






	
getNParams()[source]

	2 parameters for background, 2 for intensity and width of each peak










	
class hexrd.xrd.detector.PeakGauss1DAtLoc(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Peak1DAtLoc


	
__init__(*args, **kwargs)[source]

	




	
d_dCenters(xVec, p)[source]

	allow p to be general shape






	
d_dx(xVec, p)[source]

	allow p to be general shape






	
getNParams()[source]

	2 parameters for background, 2 for intensity and width of each peak










	
class hexrd.xrd.detector.MultiRingBinned(detectorGeom, planeData, dataFrame, funcType='pv', refineParamsDG=True, refineParamsL=False, targetNRho=None, polarRebinKWArgs={}, quadr=4, npdivMax=8, samplingFactor=1, singleRebin=True, distortionFreeRefDG=False, log=None)[source]

	like MultiRingEval, but works with polar rebinned (or ‘caked’) images

no funcXVecList to init because expectation is that always pulled from dataFrame

should work fine whether or not corrected is True in polarRebinKWArgs;
but note that default is changed to True

if etaRange is not specified in polarRebinKWArgs (or is None),
then the etaRange is calculated based on numEta so that the first
eta bin is centered around an angle of zero

note that this works by matching intesities for binned 1D
functions in a least sqaures problem; one could probably instead
form a residual on the two-theta values of the image frame
positions for the peak centers found with independtly floating
centers (on the output of the getTThErrors method)

KEYWORD ARGS

funcType = funcTypeDflt,
refineParamsDG = True,
refineParamsL = False,
targetNRho = 30,
polarRebinKWArgs = {},
quadr = 4,
npdivMax = 4,
samplingFactor = 0.25,
singleRebin = True,
distortionFreeRefDG = False,
log=None:  if not None, then a file-like object with a “write” method;


	
__init__(detectorGeom, planeData, dataFrame, funcType='pv', refineParamsDG=True, refineParamsL=False, targetNRho=None, polarRebinKWArgs={}, quadr=4, npdivMax=8, samplingFactor=1, singleRebin=True, distortionFreeRefDG=False, log=None)[source]

	




	
doFit(xVec0=None, **lsKWArgs)[source]

	lsKWArgs can have things like ftol and xtol for leastsq






	
eval(xVec)[source]

	careful: this updates the settings in detectorGeom and planeData






	
floatingCentersIJ = None

	make a reference detector geom






	
getTThErrors(plot=False, units='strain', outputFile=None)[source]

	convenient way of looking at the errors, though not how the
errors are actually measured in the fitting procedure;
get the tTh values at the image frame locations deemed to be
the centers with the floating-center fits

units can be:  ‘mm’ <radius>, ‘d-spacing’, ‘strain’, ‘radians’ <tTh>, ‘degrees’ <tTh>






	
logfile

	file for log messages






	
plotByRingEta(iRingSet, iEta, win=None, sqrtIntensity=True, alpha=0.25)[source]

	may have redundant work here, but assume this is not a big deal if doing plots






	
polImg = None

	tth values for figuring out where the rings fall






	
prbkw = None

	things from the user






	
rhoPxRange = None

	and now compute number of rho bins across all ring sets






	
ticMethod = None

	defaults which want different from those for polarRebin’s defaults






	
wQP = None

	leastsq to do fit, with floating center










	
class hexrd.xrd.detector.MultiRingEval(detectorGeom, planeData, indicesList=None, iHKLLists=None, dataFrame=None, funcType='pv', refineParamsDG=True, refineParamsL=False, funcXVecList=None, copyFrame=False, quadr=3)[source]

	For working with data as rings, particularly for fitting detector geometry or lattice parameters.


	
__init__(detectorGeom, planeData, indicesList=None, iHKLLists=None, dataFrame=None, funcType='pv', refineParamsDG=True, refineParamsL=False, funcXVecList=None, copyFrame=False, quadr=3)[source]

	Mostly meant for use with DetectorGeomGE.fit

If funcXVecList is passed, then entries in this list are used for peak
function forms, and these peak function forms do not appear in the
degrees of freedom

Note that ranges for 2-thetas from planeData need to be such that
rings are adequately covered

Can optionally pass indicesList and iHKLLists if they are already handy

if copyFrame is True, then data in dataFrame is copied






	
deval(xVec)[source]

	useful to pass, for example, as Dfun to leastsq;
bit of a misnomer in that deval is the derivative of __call__, not eval






	
doFit(xVec0=None, **lsKWArgs)[source]

	lsKWArgs can have things like ftol and xtol for leastsq






	
eval(xVec, thisframe=None)[source]

	if thisframe is passed, the put values on the frame






	
jQP = None

	do not worry about dvQP kinds of contributions for now






	
radialFitXVec(dataFrame=None, plot=False, plotTitlePrefix='', quadr1d=None)[source]

	if dataFrame is not provided, use self.dataFrame

if quadr1d is not specified, use quadr specified in init






	
radialPlotData(dataFrame=None, plotTitlePrefix='')[source]

	for simple radial plotting, useful if other things are mysteriously breaking






	
setFuncXVecList(funcXVecList)[source]

	only okay if funcXVecList set on init










	
class hexrd.xrd.detector.DetectorBase(reader)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

base class for a detector


	
__init__(reader)[source]

	




	
getPVecScaling()[source]

	scaling, suitable for scaling perturbations for finite differencing






	
getParamScalings()[source]

	scalings, suitable for scaling perturbations for finite differencing










	
class hexrd.xrd.detector.Detector2DRC(ncols, nrows, pixelPitch, vFactorUnc, vDark, reader, *args, **kwargs)[source]

	Bases: hexrd.xrd.detector.DetectorBase

base class for 2D row-column detectors


	
__init__(ncols, nrows, pixelPitch, vFactorUnc, vDark, reader, *args, **kwargs)[source]

	




	
angOnDetector(tTh, eta, *args)[source]

	note: returns a scalar if tTh and eta have single entries






	
angToXYO(x0, y0, *args, **kwargs)[source]

	convert Cartesian to polar

uses blocking to call vectorized version






	
angToXYOBBox(*args, **kwargs)[source]

	given either angBBox or angCOM (angular center) and angPM (+-values), compute the bounding box on the image frame

if forSlice=True, then returned bbox is appropriate for use in array slicing

if reader or omegas is passed, then convert from omegas to frames;
and if doWrap=True, then frames may be a list for an omega range that spans the branch cut






	
angToXYO_V(tth, eta_l, *args, **kwargs)[source]

	opposite of xyoToAng






	
cartesianCoordsOfPixelIndices(row, col, ROI=None)[source]

	converts [i, j] pixel array indices to cartesian spatial coords
where the lower left corner of the image is (0, 0)

Output units are in the pixel pitch units (see self.pixelPitch)

Will optionally take the upper left-hand corner (min row, min col) of
a ROI when dealing with subregions on the detector as in when zooming in on
diffraction spots...

*) explicitly enforce this to be self-consistent with radial distortion correction, etc...






	
display(thisframe, planeData=None, **kwargs)[source]

	wrap reader display method;
display coordinates as 2-theta and eta given that self knows how to do this

if pass planeData, then it is used to list HKLs overlapping the given 2-theta location

...*** option for drawing lab-frame glyph






	
displayIdeal(thisframe, planeData=None, workDist=None, nlump=None, **kwargs)[source]

	render and display frame on ideal detector plane;
if workDist is not specified, then use self.workDist






	
drawRings(drawOn, planeData, withRanges=False, legendLoc=(0.05, 0.5), legendMaxLen=10, ideal=None, range=None, lineType=None, lineWidth=1.0)[source]

	If drawOn is a PlotWrap instance, draw on the existing instance,
otherwise pass drawOn to display and return the resulting
PlotWrap instance

planeData.exclusions can be used to work with a subset of rings;

set legendLoc to None or False to skip making the legend

removes any existing lines in the axes

if pass ideal, then display rings on an ideal detector with the working distance taken from the value of the ideal argument






	
drawRingsGUI(thisframe, planeData, displayKWArgs={}, sliderRangeFactor=1.0, funcType='pv')[source]

	a simple GUI






	
getAngPixelSize(xyo, delta_omega)[source]

	get pixel size in angular coordinates at a given cartesian coordinate position






	
getPRBOverlay(polarRebinKWArgs)[source]

	Return plottable coordinates of rebinning sector.

Takes in dictionary of keyword args for polarRebin

for etas, right now assumes stopEta > startEta, CCW






	
getParamScalings()[source]

	scalings, suitable for scaling perturbations for finite differencing






	
getRings(planeData, ranges=False)[source]

	Return a list of rings for the given hkls

Already filters on the exclusions.






	
getVScale(vThese)[source]

	get scale factors for use in uncertainty quantification






	
makeIndicesTThRanges(planeData, cullDupl=False)[source]

	return a list of indices for sets of overlaping two-theta ranges;
to plot, can do something like:



mask = self.reader.getEmptyMask()


mask[indices] = True




With cullDupl set true, eliminate HKLs with duplicate 2-thetas






	
makeMaskTThRanges(planeData)[source]

	Mask in the sense that reader with the mask will exclude all else






	
pixelIndicesOfCartesianCoords(x, y, ROI=None)[source]

	converts [i, j] pixel array indices to cartesian spatial coords
where the lower left corner of the image is (0, 0)

Output units are in the pixel pitch units (see self.pixelPitch)

Will optionally take the upper left-hand corner (min row, min col) of
a ROI when dealing with subregions on the detector as in when zooming in on
diffraction spots...

*) explicitly enforce this to be self-consistent with radial distortion correction, etc...






	
polarRebin(thisFrame, npdiv=2, rhoRange=[100, 1000], numRho=1200, etaRange=array([-0.08726646,  6.19591884]), numEta=36, ROI=None, corrected=False, verbose=True, log=None)[source]

	Caking algorithm

INPUTS

thisFrame
npdiv=2, pixel subdivision (n x n) to determine bin membership
rhoRange=[100, 1000] - radial range in pixels
numRho=1200 - number of radial bins
etaRange=num.pi*num.r_[-5, 355]/180. – range of eta
numEta=36 - number of eta subdivisions
ROI=None - region of interest (four vector)
corrected=False - uses 2-theta instead of rho
verbose=True,






	
renderIdeal(thisframe, nlump=None, workDist=None)[source]

	render the frame on an ideal detector plane;
returns interpolated frame data zi on a regular grid xi, yi;
suitable for use with pcolormesh(xim, yim, zi), with xim, yim = num.meshgrid(xi, yi);
note that pcolormesh is used instead of pcolor because zi may be a masked array






	
xyoToAng(x0, y0, *args, **kwargs)[source]

	convert Cartesian to polar

uses blocking to call vectorized version






	
xyoToAngAll()[source]

	get angular positions of all pixels






	
xyoToAngCorners()[source]

	get angular positions of corner pixels






	
xyoToAngMap(x0, y0, *args, **kwargs)[source]

	eta by default is in [-pi,pi]
if all data are in the left quadrants, remap eta into [0,2*pi]






	
xyoToAng_V(x0, y0, *args, **kwargs)[source]

	Convert radial spectra obtained from polar
rebinned powder diffraction images to angular spectra.

USAGE:
mappedData = XFormRadialSpectra(t, D, tilt, xydata, azim, tthRange, radDistFuncHandle, radDistArgs)

INPUTS:

1) t is 2 x 1 (double), the origin translation.
The convention is from `true’ to `estimated’ centers.
2) D is 1 x 1 (double), the sample-to-detector distance in mm.
3) gammaYprime is 1 x 1 (double), the angle between the `ideal’
and `experimental’ X-axes (horizontal).
4) gammaXhatPrime is 1 x 1 (double), the angle between the
`ideal’ and `experimental’ Y-axes (vertical).
5) xydata is 1 x n (cell), the cell array of data
6) azim
7) tthRange
8) radDistFuncHandle

OUTPUT:

1) mappedData is 1 x n (cell), the cell array of mapped radial
data corresponding to the input `xydata’.










	
class hexrd.xrd.detector.DetectorGeomMar165(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Detector2DRC


	
__init__(*args, **kwargs)[source]

	




	
radialDistortion(xin, yin, invert=False)[source]

	no distortion correction










	
class hexrd.xrd.detector.DetectorGeomGE(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Detector2DRC

handle geometry of GE detector, such as geometric and radial distortion corrections;
x and y are in pixels, as is rho;
pixels are numbered from (0,0);


	
__init__(*args, **kwargs)[source]

	




	
radialDistortion(xin, yin, invert=False)[source]

	Apply radial distortion to polar coordinates on GE detector

xin, yin are 1D arrays or scalars, assumed to be relative to self.xc, self.yc
Units are [mm, radians].  This is the power-law based function of Bernier.

Available Keyword Arguments :

invert = True or >False< :: apply inverse warping










	
class hexrd.xrd.detector.DetectorGeomFrelon(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.Detector2DRC

handle geometry of GE detector, such as geometric and radial distortion corrections;
x and y are in pixels, as is rho;
pixels are numbered from (0,0);


	
__init__(*args, **kwargs)[source]

	




	
radialDistortion(xin, yin, invert=False)[source]

	Apply radial distortion to polar coordinates on GE detector

xin, yin are 1D arrays or scalars, assumed to be relative to self.xc, self.yc
Units are [mm, radians].  This is the power-law based function of Bernier.

(p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) +          p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) +          p[2]*(ri/rx)**p[5] + 1)*ri


1 +          p[0]*(ri/rx)**p[2] * num.cos(p[4] * ni) +          p[1]*(ri/rx)**p[3]


Available Keyword Arguments :

invert = True or >False< :: apply inverse warping










	
class hexrd.xrd.detector.DetectorGeomQuadGE(*args, **kwargs)[source]

	Bases: hexrd.xrd.detector.DetectorBase

No global parameters – all detector parameters hang off of the sub-detectors;
although some data are stored off of this higher level class for convenience


	
__init__(*args, **kwargs)[source]

	pass ReadGE instance as the reader for now; perhaps make a ReadQuadGE class later if it turns out to be needed






	
dgDummy = None

	cleanup after auto-parsing of keyword args






	
displayIdeal(framesQuad, planeData=None, workDist=None, nlump=None, doFmtCoord=True, **kwargs)[source]

	display all sub-detectors on an idealized detector plane

If matplotlib gets around to enabling the transform argument
to imshow, that might be a much faster approach than what is
currently done here, although what is done here is nice in
that it takes account of all of the distortions, not just the
in-plane rotation. The idea would be that the in-plane
rotation would be, by far, the biggest effect.  import
matplotlib.transforms as mtransforms
tr = mtransforms.Affine2D()
tr.rotate(self.zTilt)
imshow( , transform=tr)






	
displaySub(iQuad, thisframe, planeData=None, **kwargs)[source]

	convenience for displaying a sub-detector
...*** need to code labAxesGlyph support in display






	
drawRings(drawOn, planeData, workDist=None, **kwargs)[source]

	assumes ideal geometry, as from displayIdeal






	
fitProcedureA(planeData, framesQuad, iRefQuad=0, funcType='pv', funcXVecList=None, quadr=1, doGUI=0, doMRingPlot=False)[source]

	A procedure for fitting the set of detectors;
do not need to click ‘fit’ button in GUI – done inside the procedure.

Watch out – MultiRingEval instances a memory hogs, especially while creating Jacobian matrices!

If want to just refine detector geometry and not the functional forms for the rings,
pass funcXVecList as True or as something like a list of arrays from MultiRingEval.getFuncXVecList()






	
classmethod getRefineFlagsDflt()[source]

	no parameters to refine for this detector;
call fitProcedureA for a procedure to refine individual sub-detectors






	
getTThMax()[source]

	min over sub-detectors, where for each sub-detector max two-theta is evaluated as
the max over points checked in getTThMax for the sub-detector






	
setCentersFromRef(iRefQuad=0)[source]

	this assumes all of the tilts are the same






	
setQuadOffsets(iRefQuad=0)[source]

	this assumes all of the tilts are the same












13 Functions


	
hexrd.xrd.detector.angToXYIdeal(tTh, eta, workDist)[source]

	




	
hexrd.xrd.detector.mapAngs(eta, doMap=None)[source]

	




	
hexrd.xrd.detector.getCentered(vmin, vmax)[source]

	




	
hexrd.xrd.detector.getCMap(spec)[source]

	




	
hexrd.xrd.detector.omeRangeToFrameRange(omeA, omeB, omegaStart, omegaDelta, nFrames, checkWrap=True, slicePad=1)[source]

	assumes omegas are evenly spaced
omegaDelta may be negative






	
hexrd.xrd.detector.frameInRange(iFrame, frameRange)[source]

	for use with output from omeRangeToFrameRange;
trust that slicePad=1 was used in omeRangeToFrameRange






	
hexrd.xrd.detector.getNFramesFromBytes(fileBytes, nbytesHeader, nbytesFrame)[source]

	




	
hexrd.xrd.detector.mar165IDim(mode)[source]

	




	
hexrd.xrd.detector.getOmegaMMReaderList(readerList, overall=False)[source]

	get omega min/max information from a list of readers






	
hexrd.xrd.detector.detectorList()[source]

	




	
hexrd.xrd.detector.newDetector(detectorType, *args, **kwargs)[source]

	Return a detector of the requested type

INPUTS

detectorType - a string in the detector type list [see detectorList()]






	
hexrd.xrd.detector.newGenericReader(ncols, nrows, *args, **kwargs)[source]

	currently just returns a Framer2DRC






	
hexrd.xrd.detector.newGenericDetector(ncols, nrows, pixelPitch, *args, **kwargs)[source]

	If reader is passed as None, then a generic reader is created


	Keyword Arguments:

	vFactorUnc
vDark
reader
readerKWArgs
getDParamDflt
setDParamZero
getDParamScalings
getDParamRefineDflt
radialDistortion



If *args is an existing detector geometry, then
additional keyword arguments may include:


pVec


If *args is (xc, yc, workDist, xTilt, yTilt, zTilt) detector parameters, then
additional keyword arguments may include:


distortionParams
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Module: xrd.distortion


2 Functions


	
hexrd.xrd.distortion.dummy(xy_in, params, invert=False)[source]

	




	
hexrd.xrd.distortion.GE_41RT(xy_in, params, invert=False)[source]

	Apply radial distortion to polar coordinates on GE detector

xin, yin are 1D arrays or scalars, assumed to be relative to self.xc, self.yc
Units are [mm, radians].  This is the power-law based function of Bernier.

Available Keyword Arguments :

invert = True or >False< :: apply inverse warping
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Module: xrd.experiment

Module for wrapping the main functionality of the xrd package.

The Experiment class is the primary interface.  Other classes
are helpers.


9 Classes


	
class hexrd.xrd.experiment.FitModes[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Indicators for single-frame or multiframe data files






	
class hexrd.xrd.experiment.ImageModes[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Indicators for single-frame or multiframe data files






	
class hexrd.xrd.experiment.Experiment(cfgFile='/home/docs/checkouts/readthedocs.org/user_builds/hexrd/envs/0.2.x/local/lib/python2.7/site-packages/hexrd/data/materials.cfg', matFile='/home/docs/checkouts/readthedocs.org/user_builds/hexrd/envs/0.2.x/local/lib/python2.7/site-packages/hexrd/data/all_materials.cfg')[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Wrapper for xrd functionality


	
__init__(cfgFile='/home/docs/checkouts/readthedocs.org/user_builds/hexrd/envs/0.2.x/local/lib/python2.7/site-packages/hexrd/data/materials.cfg', matFile='/home/docs/checkouts/readthedocs.org/user_builds/hexrd/envs/0.2.x/local/lib/python2.7/site-packages/hexrd/data/all_materials.cfg')[source]

	Constructor for Experiment

INPUTS


	cfgFile – name of the config file to use for initialization;

	an empty string indicates that default values for
options are used

	matFile – name of the materials data file; a real file name

	is required here








	
activeImage[source]

	Active image






	
activeMaterial

	Active Material

Can be set by number (index in material list) or by name.

On output, it is always a material instance.






	
activeReader

	Get method for activeReader

Reader is set by using index in reader list or by name.






	
active_img[source]

	Current image






	
add_to_img_list(name)[source]

	Append the active image to the image list






	
calInput[source]

	(read only) Calibration input data






	
calibrate(log=None)[source]

	Calibrate the detector

Currently, uses polar rebin only.






	
clear_reader()[source]

	Close current reader






	
clear_spots()[source]

	Reset the list of spots






	
curFrameNumber[source]

	Current frame number






	
detector[source]

	(read only) detector






	
dump_grainList(f)[source]

	dump grainList to cPickle






	
export_grainList(f, dspTol=None, etaTol=None, omeTol=None, doFit=False, sort=True)[source]

	export method for grainList






	
find_raw_spots()[source]

	find spots using current reader and options






	
fitRMats[source]

	(get-only) Rotation matrices from indexing






	
getSavedReader(which)[source]

	Get a specified reader






	
get_spots_ind()[source]

	Select spots for indexing






	
hydra[source]

	(read only) hydra image class






	
img_list[source]

	(get only) List of saved images (get only)






	
img_names[source]

	(get-only) List of names for saved images






	
index_opts[source]

	(get-only) Options for indexing






	
loadDetector(fname)[source]

	Load the detector information from a file

INPUTS
fname – the name of the file to load from






	
loadMaterialList(fname)[source]

	Load the pickled material list from a file

INPUTS
fname – the name of the file to load from






	
loadRawSpots(fname)[source]

	Load the detector information from a file

INPUTS
fname – the name of the file to load from






	
loadReaderList(fname)[source]

	Load the reader list from a file

INPUTS
fname – the name of the file to load from






	
matDict[source]

	(read only) Dictionary mapping material names to material






	
matList

	List of materials






	
matNames[source]

	(read only) List of material names






	
newDetector(gp, dp)[source]

	Create a new detector with given geometry and distortion parameters

gp - initial geometric parameters
dp - initial distortion parameters






	
newMaterial()[source]

	Create a new material and add it to the list






	
newReader()[source]

	Add new reader to the list and make it active

Changes name if necessary.






	
numFramesTotal[source]

	Number of frames available for reading






	
raw_spots[source]

	(get-only) spots from image before culling and association with rings






	
readImage(frameNum=1)[source]

	Read and return an image

DESCRIPTION

This reads an image according to the active reader
specification, saving it in the activeImage attribute.






	
readerListAddCurrent()[source]

	Add current list to list of saved readers






	
readerNames[source]

	Return list of saved readers






	
refineFlags[source]

	(read only) refinement flags for calibration






	
refine_grains(minCompl, nSubIter=3, doFit=False, etaTol=valWUnit("etaTol", "ANGLE", 1.0, "degrees"), omeTol=valWUnit("etaTol", "ANGLE", 1.0, "degrees"), fineDspTol=0.005, fineEtaTol=valWUnit("etaTol", "ANGLE", 0.5, "degrees"), fineOmeTol=valWUnit("etaTol", "ANGLE", 0.5, "degrees"))[source]

	refine a grain list






	
run_indexer()[source]

	Run indexer






	
saveDetector(fname)[source]

	Save the detector information to a file

INPUTS
fname – the name of the file to save in






	
saveRMats(f)[source]

	save rMats to npy file






	
saveRawSpots(fname)[source]

	Save the detector information to a file

INPUTS
fname – the name of the file to save in






	
saveReaderList(fname)[source]

	Save the reader list to a file

INPUTS
fname – the name of the file to save in






	
savedReaders[source]

	Return list of saved readers






	
Experiment.simulateGrain(rMat=array([[ 1.,  0.,  0.],

	
[ 0.,  1.,  0.],

	
[ 0.,  0.,  1.]]), vMat=array([ 1.,  1.,  1.,  0.,  0.,  0.]), planeData=None, detector=None, omegaRanges=[(-3.141592653589793, 3.141592653589793)], output=None)

	Simulate a grain with choice of active material






	
spotOpts[source]

	(get-only) spot finding options






	
spot_readers[source]

	(get-only) list of readers used to generate spots






	
spots_for_indexing[source]

	(get-only) spots associated with rings










	
class hexrd.xrd.experiment.ReaderInput(name='reader', desc='no description')[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

ReaderInput

This class is for holding input required to
instantiate a reader object.  Currently, only
GE reader is supported.


	
__init__(name='reader', desc='no description')[source]

	Constructor for ReaderInput

INPUT
name – [optional] (str) name
desc – [optional] (str) description

NOTES
* currently only GE reader is supported






	
RC

	alias of ReadGE






	
aggMode[source]

	Mode identifier for frame aggregation






	
aggModeOp[source]

	(read only) option to pass to GE reader instances for aggregation mode






	
darkFile

	Full pathname of dark file






	
getNumberOfFrames()[source]

	Return number of frames available in data files






	
hasImages[source]

	(get only) true if list of images has been set






	
imageNames

	Get method for imageNames






	
makeReader()[source]

	Return a reader instance based on self






	
setOmegaInfo(imgName, omin, omax, odel)[source]

	Set omega info for the specified image










	
class hexrd.xrd.experiment.CalibrationInput(mat, xtol=1e-06)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

CalibrationInput


	
__init__(mat, xtol=1e-06)[source]

	Constructor for CalibrationInput






	
cakeArgs[source]

	(get only) Keyword arguments for polar rebinning






	
calData[source]

	(get only) Lattice parameter data for calibrant

This provides a deepcopy with wavelength, strain magnitude and
two-theta width set.






	
calMat

	Calibration material (calibrant)






	
fitType

	fit type:  direct or caked










	
class hexrd.xrd.experiment.DetectorInfo(gParms=, []dParms=[])[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Class for detector and associated data


	
__init__(gParms=, []dParms=[])[source]

	Constructor for detectorInfo






	
calibrate(calInp, rdrInp, mat, log=None)[source]

	Calibrate this detector using specified reader and options










	
class hexrd.xrd.experiment.PolarRebinOpts[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Options for polar rebinning


	
__init__()[source]

	Constructor for PolarRebinOpts

This routine sets default values for caking options.


	The following attributes (with initial values) can be modified directly.

	etaMin  =    0
etaMax  =  360
rhoMin  =  100
rhoMax  = 1000
numEta  =   36
numRho  =  500
correct = True








	
kwArgs[source]

	(get only) Return keyword args to pass to polarRebin










	
class hexrd.xrd.experiment.SpotOptions[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Manage options available for spot finding and analysis

Mainly, this manages the keyword options to the findSpotsOmegaStack()
static method in the Spots class.


	
__init__()[source]

	SpotOptions Constructor










	
class hexrd.xrd.experiment.IndexOptions[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

indexOptions


	
__init__()[source]

	Constructor for indexOptions












5 Functions


	
hexrd.xrd.experiment.newName(name, nlist)[source]

	return a name not in the list, but based on name input






	
hexrd.xrd.experiment.saveExp(e, f)[source]

	save experiment to file






	
hexrd.xrd.experiment.loadExp(inpFile, matFile='/home/docs/checkouts/readthedocs.org/user_builds/hexrd/envs/0.2.x/local/lib/python2.7/site-packages/hexrd/data/materials.cfg')[source]

	Load an experiment from a config file or from a saved exp file


	inpFile – the name of either the config file or the saved exp file;

	empty string means start new experiment



matFile – name of the materials file






	
hexrd.xrd.experiment.refineDetector(grainList, scl=None, gtol=1e-06)[source]

	




	
hexrd.xrd.experiment.objFunc(x, grainList, scl)[source]
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Module: xrd.fitting


7 Functions


	
matchOmegas(xyo_det, hkls_idx, chi, rMat_c, bMat, wavelength, vInv=array([ 1.,  1.,  1.,  0.,  0.,  0.]), beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]), omePeriod=None)

	For a given list of (x, y, ome) points, outputs the index into the results from
oscillAnglesOfHKLs, including the calculated omega values.






	
hexrd.xrd.fitting.geomParamsToInput(tiltAngles, chi, expMap_c, tVec_d, tVec_s, tVec_c, dParams)[source]

	




	
hexrd.xrd.fitting.inputToGeomParams(p)[source]

	




	
calibrateDetectorFromSX(xyo_det, hkls_idx, bMat, wavelength, tiltAngles, chi, expMap_c, tVec_d, tVec_s, tVec_c, vInv=array([ 1.,  1.,  1.,  0.,  0.,  0.]), beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]), distortion=(<function GE_41RT at 0x7fd68264b230>, [0.0, 0.0, 0.0, 2.0, 2.0, 2], array([False, False, False, False, False, False], dtype=bool), array([ 1.,  1.,  1.,  1.,  1.,  1.])), pFlag=array([ True,  True,  True,  True,  True,  True, False, False, False,

	
False, False, False, False, False, False, False], dtype=bool), pScl=array([1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1]), omePeriod=None, factor=0.1, xtol=0.0001, ftol=0.0001)

	




	
hexrd.xrd.fitting.objFuncSX(pFit, pFull, pFlag, dFunc, dFlag, xyo_det, hkls_idx, bMat, vInv, wavelength, bVec, eVec, omePeriod, simOnly=False, returnScalarValue=False)[source]

	




	
fitGrain(xyo_det, hkls_idx, bMat, wavelength, detectorParams, expMap_c, tVec_c, vInv, beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]), distortion=(<function GE_41RT at 0x7fd68264b230>, [0.0, 0.0, 0.0, 2.0, 2.0, 2]), gFlag=array([ True,  True,  True,  True,  True,  True,  True,  True,  True,

	
True,  True,  True], dtype=bool), gScl=array([ True,  True,  True,  True,  True,  True,  True,  True,  True,

	
True,  True,  True], dtype=bool), omePeriod=None, factor=0.1, xtol=0.0001, ftol=0.0001)

	




	
hexrd.xrd.fitting.objFuncFitGrain(gFit, gFull, gFlag, detectorParams, xyo_det, hkls_idx, bMat, wavelength, bVec, eVec, dFunc, dParams, omePeriod, simOnly=False, returnScalarValue=False)[source]

	gFull[0]  = expMap_c[0]
gFull[1]  = expMap_c[1]
gFull[2]  = expMap_c[2]
gFull[3]  = tVec_c[0]
gFull[4]  = tVec_c[1]
gFull[5]  = tVec_c[2]
gFull[6]  = vInv_MV[0]
gFull[7]  = vInv_MV[1]
gFull[8]  = vInv_MV[2]
gFull[9]  = vInv_MV[3]
gFull[10] = vInv_MV[4]
gFull[11] = vInv_MV[5]

detectorParams[0]  = tiltAngles[0]
detectorParams[1]  = tiltAngles[1]
detectorParams[2]  = tiltAngles[2]
detectorParams[3]  = tVec_d[0]
detectorParams[4]  = tVec_d[1]
detectorParams[5]  = tVec_d[2]
detectorParams[6]  = chi
detectorParams[7]  = tVec_s[0]
detectorParams[8]  = tVec_s[1]
detectorParams[9]  = tVec_s[2]
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Module: xrd.grain


1 Class


	
class hexrd.xrd.grain.Grain(spots, refineFlags=None, pVec=None, grainData=None, **kwargs)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

A (maybe) indexed grain

method to fit: centroid, orientation, strain, strain+orientation;
small and large-strain versions indices into spots a reference to
spots?  reference lattice parameters – not planeData in case it
gets changed with pressure

fitting methods for orientation, stretch, and centroid?

what happens if fit a spot and the fit is bad? what if decide to
refine the spot into two spots for clear cases of modest overlap?
does that happen often enough that we need to worry about it?
should Spots class handle a change in spot numbers: NO can Spot
fit methods easily be generalized?  Spot should probably barf if
asked for fit center if multiple peaks found unless an index is
given for which peak set claimbedBy for spots that are found to be
bad?  – yes, and then if another grain wants to claim the spot,
it can ask the claiming grain to hand over the spot or tell it
whether there are multiple peaks or whatever


	
__init__(spots, refineFlags=None, pVec=None, grainData=None, **kwargs)[source]

	




	
bMat

	Returns the reciprocal lattice vector components consistent with the stretch tensor.
components are written in the CRYSTAL FRAME.






	
checkClaims()[source]

	useful if have not done claims yet and want to check and see if spots
are still available;
updates completeness too






	
claimSpots(asMaster=None)[source]

	claim spots; particularly useful if claimingSpots was False on init;
assume conflicts are handled elsewhere or ignored if want to claim spots
using this method;






	
fMat

	Returns the lattice vector components consistent with the stretch tensor.
Components are written in the CRYSTAL FRAME.






	
fit(xtol=1e-12, ftol=1e-12, fitPVec=True, display=True, fout=None)[source]

	Fits the cell distortion and orientation with respect to the reference in terms
of the deformation gradient F = R * U where R is proper orthogonal and U is
symmetric positive-definite; i.e. the right polar decomposition factors.






	
fitPrecession(weighting=False, display=True, xtol=1e-12, ftol=1e-12, fout=None)[source]

	Fit the Center-Of-Mass coordinates of the grain in the sample frame






	
getAlignmentRotation()[source]

	num.dot(q, num.eye(3) - 2 * num.diag(num.diag(num.dot(r.T, fMat)) < 0))






	
getCellVolume()[source]

	Returns the volume of the direct lattice consistent with the stretch tensor.






	
getFitResid(fitPVec=True, norm=None)[source]

	returns as shape (n,3), so that len of return value is number of vectors






	
getLatticeParams()[source]

	Returns the lattice parameters consistent with stretch tensor






	
getLatticeVectors()[source]

	Returns the lattice vector components consistent with the stretch tensor.
Components are written in the CRYSTAL FRAME.






	
getReciprocalAlignmentRotation()[source]

	




	
getReciprocalLatticeVectors()[source]

	Returns the reciprocal lattice vector components consistent with the stretch tensor.
components are written in the CRYSTAL FRAME.






	
getReferenceLatticeParams()[source]

	Return the reference lattice parameters stored on self






	
getRightStretchTensor()[source]

	Returns the components of the right stretch tensor, which is symmetric positive-definite.
Components are written in the CRYSTAL FRAME.  The output is calculated as:
U = R^T * V * R
This is for convenience and cannot be set independently to preserve self-consistency.






	
getStretchTensor()[source]

	Returns the components of the left stretch tensor, which is symmetric positive-definite.
Components are written in the SAMPLE FRAME.  This is the primary representation of
the stretch tensor in the code base






	
latticeParameters

	Returns the lattice parameters consistent with stretch tensor






	
minimizeFiberDistance(xtol=1e-12, ftol=1e-12)[source]

	find orientation by minimizing distance to all fibers






	
newGrain(newSpots, claimingSpots=False, lineage=None, phaseID=None, rMatTransf=None, vMat=None, omeTol=None, etaTol=None, **kwargs)[source]

	return a new grain instance without changing self;
the new instance will use newSpots;

NOTE: claimingSpots is False by default, so if a grain is to be kept, may
want to call claimSpots() method

phaseID and rMatTransf are useful for twins or phase transformations






	
referenceLatticeParameters

	Return the reference lattice parameters stored on self






	
setStretchTensor(vVec)[source]

	Sets stretch tensor properly from a 6-vector in the Mandel-Voigt notation.

SEE ALSO: matrixutil.vecMVToSymm()






	
set_pVec(pVec)[source]

	sets pVec properly






	
strip()[source]

	meant for multiprocessing, to strip out things that do not really need to be pickled and sent






	
uMat

	Returns the components of the right stretch tensor, which is symmetric positive-definite.
Components are written in the CRYSTAL FRAME.  The output is calculated as:
U = R^T * V * R
This is for convenience and cannot be set independently to preserve self-consistency.






	
updateGVecs(rMat=None, bMat=None, chiTilt=None)[source]

	special routine for updating the predicted G-vector angles for subsequent fitting
*) need to do this after updating chiTilt, or fixed bMat, etc...
*) assumption is that the changes are SMALL so that the existing list of


valid reflection is still valid...







	
vMat

	Returns the components of the left stretch tensor, which is symmetric positive-definite.
Components are written in the SAMPLE FRAME.  This is the primary representation of
the stretch tensor in the code base






	
vol

	Returns the volume of the direct lattice consistent with the stretch tensor.
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Module: xrd.hydra

Hydra detector tools

This is just a first pass at laying out a class for the hydra reader.
Needs much more development.


1 Class


	
class hexrd.xrd.hydra.Hydra[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Hydra image processing


	
__init__()[source]

	Constructor for Hydra.






	
loadImages()[source]

	Load the four hydra images
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Module: xrd.indexer


1 Class


	
class hexrd.xrd.indexer.GrainSpotter[source]

	Interface to grain spotter, which must be in the user’s path


	
__init__()[source]

	










9 Functions


	
hexrd.xrd.indexer.convertUToRotMat(Urows, U0, symTag='Oh', display=False)[source]

	Takes GrainSpotter gff ouput in rows

U11 U12 U13 U21 U22 U23 U13 U23 U33

and takes it into the hexrd/APS frame of reference

Urows comes from grainspotter’s gff output
U0 comes from xrd.crystallography.latticeVectors.U0






	
convertRotMatToFableU(rMats, U0=array([[ 1.,  0.,  0.],

	
[ 0.,  1.,  0.],

	
[ 0.,  0.,  1.]]), symTag='Oh', display=False)

	Makes GrainSpotter gff ouput

U11 U12 U13 U21 U22 U23 U13 U23 U33

and takes it into the hexrd/APS frame of reference

Urows comes from grainspotter’s gff output
U0 comes from xrd.crystallography.latticeVectors.U0






	
hexrd.xrd.indexer.testThisQ(thisQ)[source]

	NOTES:
(*) doFit is not done here – in multiprocessing, that would end


up happening on a remote process and then different processes
would have different data, unless spotsArray were made to be
fancier


(*) kludge stuff so that this function is outside of fiberSearch






	
hexrd.xrd.indexer.fiberSearch(spotsArray, hklList, iPhase=0, nsteps=120, minCompleteness=0.6, minPctClaimed=0.95, preserveClaims=False, friedelOnly=True, dspTol=None, etaTol=0.025, omeTol=0.025, etaTolF=0.00225, omeTolF=0.00875, nStdDev=2, quitAfter=None, doRefinement=True, debug=True, doMultiProc=True, nCPUs=None, outputGrainList=False)[source]

	This indexer finds grains by performing 1-d searches along the fibers under
the valid spots associated with each reflection order specified in hklList.
The set of spots used to generate the candidate orientations may be
restricted to Friedel pairs only.

hklList must have length > 0;
Dach hkl entry in hklList must be a tuple, not a list

the output is a concatenated list of orientation matrices ((n, 3, 3)
numpy.ndarray).






	
hexrd.xrd.indexer.pgRefine(x, etaOmeMaps, omegaRange, threshold)[source]

	




	
hexrd.xrd.indexer.paintGrid(quats, etaOmeMaps, threshold=None, bMat=None, omegaRange=None, etaRange=None, omeTol=0.017453292519943295, etaTol=0.017453292519943295, omePeriod=(-3.141592653589793, 3.141592653589793), doMultiProc=False, nCPUs=None, debug=False)[source]

	do a direct search of omega-eta maps to paint each orientation in
quats with a completeness

bMat is in CRYSTAL frame

etaOmeMaps is instance of xrd.xrdutil.CollapseOmeEta

omegaRange=([-num.pi/3., num.pi/3.],) for example

*) lifted mainly from grain.py


	*) self.etaGrid, self.omeGrid = num.meshgrid(self.etaEdges, self.omeEdges)

	this means that ETA VARIES FASTEST!



...make a new function that gets called by grain to do the g-vec angle
computation?






	
hexrd.xrd.indexer.paintGridThis(quat)[source]

	




	
hexrd.xrd.indexer.writeGVE(spotsArray, fileroot, **kwargs)[source]

	write Fable gve file from Spots object

fileroot is the root string used to write the gve and ini files

Outputs:

No return value, but writes the following files:

<fileroot>.gve
<fileroot>_grainSpotter.ini (points to –> <fileroot>_grainSpotter.log)

Keyword arguments:

Mainly for GrainSpotter .ini file, but some are needed for gve files

‘sgNum’:       <225>
‘phaseID’:     <None>
‘cellString’:  <F>
‘omeRange’:    <-60, 60, 120, 240>  the oscillation range(s)


**currently pulls from spots



	‘deltaOme’:    <0.25, 0.25>         the oscillation delta(s)

	**currently pulls from spots



‘minMeas’:     <24>
‘minCompl’:    <0.7>
‘minUniqn’:    <0.5>
‘uncertainty’: <[0.10, 0.25, .50]>  the min [tTh, eta, ome] uncertainties


in degrees


‘eulStep’:     <2>
‘nSigmas’:     <2>
‘minFracG’:    <0.90>
‘nTrials’:     <100000>
‘positionfit’: <True>

Notes:


	*) The omeRange is currently pulled from the spotsArray input; the kwarg

	has no effect as of now.  Will change this to ‘override’ the spots info
if the user, say, wants to pare down the range.

	*) There is no etaRange argument yet, but presumably GrainSpotter knows

	how to deal with this.  Pending feature...
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Module: xrd.material

Module for XRD material class

Use the Material class directly for new materials.  Known
materials are defined by name in materialDict.


1 Class


	
class hexrd.xrd.material.Material(name='material', cfgP=None)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Simple class for holding lattice parameters, accessible by name.

The class references materials by name and contains lattice and
space group data.


	
__init__(name='material', cfgP=None)[source]

	Constructor for Material

name – (str) name of material
cfgP – (instance) configuration file parser with


– the material name as a section







	
beamEnergy

	Beam energy in keV






	
hklMax

	Max sum of squares for HKLs






	
latticeParameters

	Lattice parameters

On output, all six paramters are returned.

On input, either all six or a minimal set is accepted.

The values have units attached, i.e. they are valWunit instances.






	
name

	Name of material






	
planeData[source]

	(read only) Return the planeData attribute (lattice parameters)






	
sgnum

	Space group number






	
spaceGroup[source]

	(read only) Space group












1 Function


	
hexrd.xrd.material.loadMaterialList(cfgFile)[source]

	Load a list of materials from a file

The file uses the config file format.  See ConfigParser module.
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Module: xrd.rotations


20 Functions


	
hexrd.xrd.rotations.arccosSafe(temp)[source]

	Protect against numbers slightly larger than 1 in magnitude due to round-off






	
hexrd.xrd.rotations.fixQuat(q)[source]

	flip to positive q0 and normalize






	
hexrd.xrd.rotations.invertQuat(q)[source]

	silly little routine for inverting a quaternion






	
hexrd.xrd.rotations.misorientation(q1, q2, *args)[source]

	sym is a tuple (crystal_symmetry, *sample_symmetry)
generally coded, may split up special cases for no symmetry or crystal/sample only...






	
hexrd.xrd.rotations.quatProduct(q1, q2)[source]

	Product of two unit quaternions.

qp = quatProduct(q2, q1)


	q2, q1 are 4 x n, arrays whose columns are

	quaternion parameters

	qp is 4 x n, an array whose columns are the

	quaternion parameters of the product; the
first component of qp is nonnegative



If R(q) is the rotation corresponding to the
quaternion parameters q, then

R(qp) = R(q2) R(q1)






	
hexrd.xrd.rotations.quatProductMatrix(quats, mult='right')[source]

	Form 4 x 4 arrays to perform the quaternion product


	USAGE

	qmats = quatProductMatrix(quats, mult=’right’)

	INPUTS

	
	quats is (4, n), a numpy ndarray array of n quaternions
horizontally concatenated



	mult is a keyword arg, either ‘left’ or ‘right’, denoting
the sense of the multiplication:


/ quatProductMatrix(h, mult=’right’) * q





	q * h  –> <

	quatProductMatrix(q, mult=’left’) * h











	OUTPUTS

	
	qmats is (n, 4, 4), the left or right quaternion product
operator





	NOTES

	
	*) This function is intended to replace a cross-product based

	routine for products of quaternions with large arrays of
quaternions (e.g. applying symmetries to a large set of
orientations).












	
hexrd.xrd.rotations.quatOfAngleAxis(angle, rotaxis)[source]

	make an hstacked array of quaternions from arrays of angle/axis pairs






	
hexrd.xrd.rotations.quatOfExpMap(expMap)[source]

	




	
hexrd.xrd.rotations.quatOfRotMat(R)[source]

	




	
hexrd.xrd.rotations.rotMatOfExpMap_opt(expMap)[source]

	Optimized version of rotMatOfExpMap






	
hexrd.xrd.rotations.rotMatOfExpMap_orig(expMap)[source]

	Original rotMatOfExpMap, used for comparison to optimized version






	
hexrd.xrd.rotations.rotMatOfQuat(quat)[source]

	Take an array of n quats (numpy ndarray, 4 x n) and generate an
array of rotation matrices (n x 3 x 3)

Uses the truncated series expansion for the exponential map;
didvide-by-zero is checked using the global ‘tinyRotAng’






	
hexrd.xrd.rotations.angleAxisOfRotMat(R)[source]

	




	
hexrd.xrd.rotations.distanceToFiber(c, s, q, qsym, **kwargs)[source]

	




	
discreteFiber(c, s, B=array([[ 1.,  0.,  0.],

	
[ 0.,  1.,  0.],

	
[ 0.,  0.,  1.]]), ndiv=120, invert=False, csym=None, ssym=None)

	




	
hexrd.xrd.rotations.mapAngle(ang, *args, **kwargs)[source]

	Utility routine to map an angle into a specified period






	
hexrd.xrd.rotations.angularDifference_orig(angList0, angList1, units='radians')[source]

	Do the proper (acute) angular difference in the context of a branch cut.

*) Default angular range in the code is [-pi, pi]
*) ... maybe more efficient not to vectorize?






	
hexrd.xrd.rotations.angularDifference_opt(angList0, angList1, units='radians')[source]

	Do the proper (acute) angular difference in the context of a branch cut.

*) Default angular range in the code is [-pi, pi]






	
hexrd.xrd.rotations.printTestName(num, name)[source]

	




	
hexrd.xrd.rotations.testRotMatOfExpMap(numpts)[source]

	Test rotation matrix from axial vector
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Module: xrd.spacegroup

Interface with sglite for hkl generation and Laue group determination

This module contains mappings from space group number to either
Hall or Hermann-Mauguin notation, as well as the inverse notations.

Space groups can be mapped to crystal class (one of 32 point groups)
and then to crystal system .

NOTES:


	Laue group is the cyrstal class if you add a center of symmetry.
There are 11 Laue groups, determined directly from the point group.

	This module avoids the use of numpy and uses math module instead.
That means the hkl lists are not numpy arrays, but simple lists of
tuples.

	Rhombohedral lattices:



REFERENCES

1.  Mappings among space group number, Hall symbols and Hermann-Mauguin symbols.
http://cci.lbl.gov/sginfo/hall_symbols.html


	For mapping space group number to point group (crystal class in Schonflies
notation)



http://en.wikipedia.org/wiki/Space_group


	Crystallography and crystal defects By Anthony Kelly, G. W. Groves, P. Kidd



4.  Contains point group from sgnum.
http://en.wikipedia.org/wiki/Space_group#Classification_systems_for_space_groups

5.  Point group to laue group
http://www.ruppweb.org/Xray/tutorial/32point.htm

6.  For discussion of rhombohedral lattice and “obverse”
and “reverse” settings for lattice parameters.
Crystal structure determination (book) By Werner Massa

TESTING

Run this module as main to generate all space groups and test
the HKL evaluation.


1 Class


	
class hexrd.xrd.spacegroup.SpaceGroup(sgnum)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Wrapper on sglite


	
__init__(sgnum)[source]

	Constructor for SpaceGroup

INPUTS
sgnum – (int) space group number (between 1 and 230)






	
HallSymbol[source]

	(read only) Hall symbol






	
SgOps[source]

	(read only) An sglite.SgOps instance






	
getHKLs(ssmax)[source]

	Return a list of HKLs with a cutoff sum of square

INPUTS
ssmax – cutoff sum of squares

OUTPUTS
hkls – a list of all HKLs with sum of squares less than


or equal to the cutoff, excluding systematic
absences and symmetrically equivalent hkls


DESCRIPTION






	
hermannMauguin[source]

	(read only) Hermann-Mauguin symbol






	
latticeType[source]

	Lattice type

Possible values are ‘cubic’, ‘hexagonal’, ‘trigonal’,
‘tetragonal’, ‘orthorhombic’, ‘monoclinic’ and ‘triclinic’

Rhombohedral lattices are treated as trigonal using the
“obverse” setting.






	
laueGroup[source]

	Schonflies symbol for Laue group (read only)






	
pointGroup[source]

	Schonflies symbol for point group (read only)






	
reqParams[source]

	(read only) Zero-based indices of required lattice parameters






	
sgnum

	Space group number






	
sixLatticeParams(lparams)[source]

	Return the complete set of six lattice parameters from the abbreviated set

INPUTS
lparams – (tuple) the abbreviated set of lattice parameters

OUTPUTS
sparams – (tuple) the complete set of lattice parameters;


(a, b, c, alpha, beta, gamma)


DESCRIPTION
* Output angles are in degrees












1 Function


	
hexrd.xrd.spacegroup.testHKLs()[source]
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Module: xrd.spotfinder


12 Classes


	
class hexrd.xrd.spotfinder.IntensityFunc3D(*args, **kwargs)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

This is just a template for intensity distribution functions in 3D


	
__init__(*args, **kwargs)[source]

	




	
eval(xVec, x, y, z, w=None, vSub=None, vScale=None, diff=False, noBkg=False)[source]

	if w is None: x, y, and z are 1D;
if w has 1D weights: x, y, and z are 2D

if vSub is present, it is subtracted from results – useful
for forming least-squares residuals; and vScale is used to scale the results
if it is present










	
class hexrd.xrd.spotfinder.IntensityFuncGauss3D[source]

	Bases: hexrd.xrd.spotfinder.IntensityFunc3D


	8 parameters:

	centers (3)
FWHMs   (3)
scaling  (1)
background (1)




	
__init__()[source]

	








	
class hexrd.xrd.spotfinder.IntensityFuncGauss3DGenEll[source]

	Bases: hexrd.xrd.spotfinder.IntensityFunc3D

generalization of IntensityFuncGauss3D to have principal axes generally aligned
11 parameters:


centers (3)
diagonal “fwhm” (3)
scaling  (1)
off-diagonal (3)
background (1)



	
__init__()[source]

	




	
classmethod get2DFunc()[source]

	if drop to 2D, also drop back to aligned ellipsoid






	
guessXVec(x, y, z, w=None, v=None, noBkg=False)[source]

	guess is for aligned ellipsoid










	
class hexrd.xrd.spotfinder.IntensityFuncMulti3D(subFuncClass, nSubFuncs, minWidth=None)[source]

	Bases: hexrd.xrd.spotfinder.IntensityFunc3D

combination of multiple overlapped functions


	
__init__(subFuncClass, nSubFuncs, minWidth=None)[source]

	




	
guessXVecPureNDImage(x, y, z, pxlCenterList, w=None, v=None, pxl=None, gaussFilterSigma=None, noBkg=False)[source]

	for now, rely on specified centers;
assumes that v can be made into integers without too much loss of precision










	
class hexrd.xrd.spotfinder.IntensityFunc2D(*args, **kwargs)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

This is just a template for intensity distribution functions in 2D;
It could be unified with the 3D version, but that would potentially make the
interface harder to understand


	
__init__(*args, **kwargs)[source]

	




	
eval(xVec, x, y, w=None, vSub=None, vScale=None, diff=False, noBkg=False)[source]

	if w is None: x and y are 1D;
if w has 1D weights: x and y are 2D

if vSub is present, it is subtracted from results – useful
for forming least-squares residuals; and vScale is used to scale the results
if it is present










	
class hexrd.xrd.spotfinder.IntensityFuncGauss2D[source]

	Bases: hexrd.xrd.spotfinder.IntensityFunc2D


	6 parameters:

	centers (2)
FWHMs   (2)
scaling  (1)
background (1)




	
__init__()[source]

	








	
class hexrd.xrd.spotfinder.IntensityFuncMulti2D(subFuncClass, nSubFuncs)[source]

	Bases: hexrd.xrd.spotfinder.IntensityFunc2D

combination of multiple overlapped functions


	
__init__(subFuncClass, nSubFuncs)[source]

	




	
guessXVec(x, y, pxlCenterList, w=None, v=None, pxl=None, gaussFilterSigma=None, noBkg=False, minWidth=None, wtrshd=None)[source]

	for now, rely on specified centers;
assumes that v can be made into integers without too much loss of precision










	
class hexrd.xrd.spotfinder.UnfitableError(err, msg)[source]

	Bases: exceptions.Exception [http://docs.python.org/library/exceptions.html#exceptions.Exception]


	
__init__(err, msg)[source]

	








	
class hexrd.xrd.spotfinder.FitFailedError(err, msg)[source]

	Bases: exceptions.Exception [http://docs.python.org/library/exceptions.html#exceptions.Exception]


	
__init__(err, msg)[source]

	








	
class hexrd.xrd.spotfinder.Spot(key, delta_omega, data=None, omega=None, iFrame=None, detectorGeom=None)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]


	
__init__(key, delta_omega, data=None, omega=None, iFrame=None, detectorGeom=None)[source]

	key should be unique among all spots in the collection;
can call with initial data or not

if have tuple from getDataMinimal call, should be able to init directly with that tuple






	
angCOM(useFit=True, detectorGeom=None, getUncertainties=False, iSubSpot=None)[source]

	Get center-of-mass in twotheta, eta, omega coordinates.
If useFit, then return value from function fit instead of simple estimate

Could look at detectorGeom to see if it has a pVec and do something
more elaborate if detectorGeom is already set without a pVec, but
that is probably asking for trouble






	
append(dataDict, omega, iFrame)[source]

	dataDict should be like one of the entries in spotDataList coming back from spotFinderSingle






	
cleanFit()[source]

	clean up data associated with having done fit()






	
static cullSpots(spots, tests)[source]

	Apply a list of tests to spots and return a list with spots that fail culled

spots is a list of Spot instances;
tests is a list of tests to be applied;


For convenience, some tests have been defined as static methods off of the
Spot class.
If a test is tests has a length, then the non-first entries are
used as arguments.







	
display(cmap=None, relfigsize=(1, 1), vAll=None, markersize=2, xyoPointsList=[([], {})], **kwargs)[source]

	vAll, if present, is used instead of self.vAll;
useful for results from fitting






	
displayFlat(vAll=None, cmap=None, markersize=2, **kwargs)[source]

	Flatten in Omega for display, no loss of x-y resolution






	
displayFrames(reader, nFramesPad=0, sumImg=<ufunc 'maximum'>, **kwargs)[source]

	display the frame(s) from which a spot came






	
doMap

	centralize this decision so that it does not change with the use of quadrature and the like






	
exceptionOnFit()[source]

	return the exception if stored on fit;
note that not all exceptions get stored






	
finalize(flatten=False, modifyDeltaOmega=False, cullDupl=True)[source]

	Could potentially get rid of self.data once finalize is called,
but leave it around just in case it is useful for subsequent operations.
It might, for example, be needed if we go back and read more intensity data
in the vicinity of the spot.






	
fit(funcType=None, quadr='auto', full_output=False, uncertainties=False, confidence_level=0.95, debug=None, detectorGeom=None, fout=<open file '<stdout>', mode 'w' at 0x7fd692552150>)[source]

	fit a distribution to a spot;

may throw a UnfitableError Exception if it is not possible to fit
the spot with the given function

if want to re-fit a spot, call the cleanFit method first

if just want to make sure an attempt was made to fit the spot, call fitWrap






	
fitWrap(*args, **kwargs)[source]

	useful if just want to make sure an attempt was made to fit the spot;
only lets exceptions through if the spot is suspect






	
flattenOmega(modifyDeltaOmega=False)[source]

	flatten spot in Omega;

unless modifyDeltaOmega is set, do not change delta_omega,
under the assumption that the spot is being flattened if it
does not significantly spill across multiple omega frames






	
getDoMap()[source]

	centralize this decision so that it does not change with the use of quadrature and the like






	
getFrames(reader=None)[source]

	if have self.data, do not need reader






	
isMarked(marks)[source]

	return true of spot has been marked as indicated; marks can be an integer or list;
if marks is a list, returns true if any of marks are true






	
static loadSpots(f, minimal=True, closeLocal=True)[source]

	load spots stored with storeSpots

note that is a detectorGoem was stored by storeSpots, then
all spots loaded here will have it attached to them






	
merge(other)[source]

	merge in other’s data






	
setupMulti(xyoList, wtrshd=None)[source]

	for now, rely on candidate centers having been provided; probably want to do a fit






	
setupQuardFromFWHM(fwhm, fout=<open file '<stdout>', mode 'w' at 0x7fd692552150>)[source]

	so far, written only for withOmega being True






	
static spotFromDataList(key, delta_omega, dataList)[source]

	useful for merging data from spots that have already been finalized






	
static storeSpots(f, spotList, closeLocal=True)[source]

	store spots to f, which can be a filename or
something which behaves like a shelve instance

stores a somewhat minimal set of data

all spots must have the same detectorGeom

consider changing to something like:
import cPickle as pickle
s = open(f,’w’)
pickle.dump(stuff, f)
f.close()






	
xyoCOM(useFit=True, iSubSpot=None)[source]

	Get center-of-mass in x, y, omega coordinates on the image stack.
If useFit, then return value from function fit instead of simple estimate










	
class hexrd.xrd.spotfinder.Spots(planeData, data, detectorGeom, omegaMM, **kwargs)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Meant for holding spot data in a form useful for indexing


	
__init__(planeData, data, detectorGeom, omegaMM, **kwargs)[source]

	planeData : an instance or list (for multiple phases) of the PlaneData class
data : can any of:


spots : list of Spot instances, all of which must have been finalized
spotAngCoords : spot positions in angular coordinates
None


detectorGeom : an instance of DetectorGeomGE or the like
omegaMM : (min, max) of omega range, or list of such min/max tuples






	
checkClaim(index)[source]

	careful: unlike claimSpots, does not check grain association






	
checkClaims(indices=None)[source]

	careful: unlike claimSpots, does not check grain association;
careful: indices should not be a boolean array






	
claimSpots(indices, newClaimedBy, checkOnly=False, asMaster=False)[source]

	careful: indices should not be a boolean array;

returns bool of same length as indices, with True entries for indices
that are in conflict;
if checkOnly, then do not actaully claim the spots






	
cleanMulti()[source]

	clean up spots for which split fitting was done, as they might
need to change to single spots






	
static enslaveSpotData(d, dMaster)[source]

	ends up, after potentially doing recursive calls,
slaving master of d to master of dMaster






	
static findSpotsOmegaStack(reader, nFrames, threshold, minPx, discardAtBounds=True, keepWithinBBox=True, overlapPixelDistance=None, nframesLump=1, padOmega=True, padSpot=True, debug=False, pw=None, fout=None, sumImg=None)[source]

	... if merge at bounds, would need to do that before culling based on size
(*) spots from beginning would have already been finalized – can merge with them without trouble? 
(*) add comments here about what happens when reader.wrapsAround

This method does not necessarily need to hang off of the Spots class,
but Spots is a convenient place to put it.

If nFrames == 0, read all frames.

if pass overlapPixelDistance, then overlap is determined based
on centroid distances in pixel units; with
overlapPixelDistance being set to the tolerance for overlap;
probably most useful when omega steps are large


	reader has been created by doing something like:

	fileInfo = [(‘RUBY_4537.raw’, 2), (‘RUBY_4538.raw’, 2)]
reader = detector.ReadGE(fileInfo, subtractDark=True)



if go to parallel processing, perhaps return first and last lables for doing merges






	
fitHasFailed(index, subSpotOnly=False)[source]

	if subSpotOnly the only return true if it was a subspot that failed to fit






	
fitSpots(indices, *args, **kwargs)[source]

	fit spots with given indices and update spotAngCoords;
for indices is None, all spots are considered for fitting;
indices may be a single integer instead of a list of spot indices

set claimsBased if want to base method on spots that have been claimed






	
fitSpotsMulti(indices, threshold, *args, **kwargs)[source]

	like fitSpots, but consider splitting up spots with multiple peaks






	
getAngCoords(indices=None)[source]

	... make returned thing unwritable even if it is a slice






	
getHKLSpots(hkl, phaseID=None, unclaimedOnly=False, disallowMasterWhenSplit=True)[source]

	get boolean array that is True for spots associated with a
given hkl (and optionally phase)






	
getIntegratedIntensity(index, **kwargs)[source]

	wrapper that takes care of subspot details






	
getIterHKL(hkl, phaseID=None, unclaimedOnly=True, friedelOnly=False, iSpotLo=0, returnBothCoordTypes=False)[source]

	Returns an iterator over a given set of spots






	
getIterPhase(phaseID=None, unclaimedOnly=True, friedelOnly=False, iSpotLo=0, returnBothCoordTypes=False)[source]

	Returns an iterator over a given set of spots






	
getPixelIsInSpots(indices, xyo, pixelDist=0)[source]

	find spots that are within pixelDist of containing a given pixel;
indices may be a single integer, a list of spot indices, or a boolean array;

may want to use pixelDist of 1 or 2 to protect against dead pixels






	
getXYOCoords(indices)[source]

	... make returned thing unwritable even if it is a slice






	
static mergeSpotsOmegaStack(spotsA, spotsB, readerA, readerB, keepWithinBBox=True, overlapPixelDistance=None, padOmega=True, logger=None)[source]

	see findSpotsOmegaStack (documentation in header and in the body) for comments about padOmega and overlapPixelDistance

spotsB and readerB can be None if this is for wrap-around

A and B can be the same – as would be the case for omega wrapping all the way around






	
resetDetectorGeom(detectorGeom, doFits=False, fitArgs=, []fitKWArgs={})[source]

	update detector geometry;
also fits all spots;
probably only want to call this for a single-grain data set or the like;
updates angular and cartesian coordinates, but not 2-theta associations
or other meta-data










	
class hexrd.xrd.spotfinder.SpotsIterator(spots, hkl, phaseID, unclaimedOnly, friedelOnly, iSpotLo, returnBothCoordTypes)[source]

	iterator over a given set of spots in a Spots instance, note that the iterator ignores relations among split spots


	
__init__(spots, hkl, phaseID, unclaimedOnly, friedelOnly, iSpotLo, returnBothCoordTypes)[source]

	










18 Functions


	
hexrd.xrd.spotfinder.getBin(thisframe, threshold, padSpot)[source]

	




	
hexrd.xrd.spotfinder.dilateObj(obj, shape, nDilate=1)[source]

	




	
hexrd.xrd.spotfinder.emptyBox(obj, dtype)[source]

	




	
hexrd.xrd.spotfinder.getDtype(this)[source]

	




	
hexrd.xrd.spotfinder.copyBox(inpt, obj)[source]

	deepcopy does not seem to do what we want with masked arrays






	
hexrd.xrd.spotfinder.getSpot(inpt, labels, objs, index, keepWithinBBox, padSpot, darkframe=None)[source]

	labels is from ndimage.label;
objs is from ndimage.find_objects






	
hexrd.xrd.spotfinder.getSpotFromPixels(inpt, xThese, yThese, index, keepWithinBBox, padSpot, darkframe=None)[source]

	this is a bit of an oddball function, mostly for data uniformity of data structures;






	
hexrd.xrd.spotfinder.cullSpotUsingBin(spot, bin)[source]

	remove data for pixels where bin is true;
vbox does not change, just change the locations that are marked as belonging with the spot






	
hexrd.xrd.spotfinder.getValuesOnly(inpt, labels, objs, index)[source]

	labels is from ndimage.label;
objs is from ndimage.find_objects






	
hexrd.xrd.spotfinder.getIndices(inpt, labels, obj, index, mode='default', minlabel=0)[source]

	




	
hexrd.xrd.spotfinder.getImCOM(inpt, labels, objs, index, floor=None, getVSum=False)[source]

	labels is from ndimage.label;
objs is from ndimage.find_objects

set floor for a minimum intensity to use in intensity weighted COM

return sum of intensity as well if getVSum is True






	
hexrd.xrd.spotfinder.getObjSize(labels, objs, index)[source]

	labels is from ndimage.label;
objs is from ndimage.find_objects






	
hexrd.xrd.spotfinder.spotFinderSingle(thisframe, threshold, minPx, keepWithinBBox, padSpot, weightedCOM=True, pw=None, debug=False, darkframe=None)[source]

	find spots in thisframe;
threshold can be a scalar or defined over of same dimension as thisframe;
minPx is the minimum number of pixels to be kept as a spot;
weightedCOM is true to use thisframe data for weighting center-of-mass position;
if pw is present, it is used for plotting (assumed to be plotwrap.PlotWrap instance)






	
hexrd.xrd.spotfinder.getWtrShd(inp, threshold, gaussFilterSigma=None, footPrint=None, fpi=5, numPeaks=None)[source]

	fpi only used if footPrint is None






	
hexrd.xrd.spotfinder.doSpotThis(iSpot)[source]

	meant for use with multiprocessing






	
hexrd.xrd.spotfinder.testSingle(fileInfo)[source]

	




	
hexrd.xrd.spotfinder.testSpotFinder(fileInfo, delta_omega, omega_low, howMuch=0.1)[source]

	




	
hexrd.xrd.spotfinder.main(argv=[])[source]
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Module: xrd.symmetry


4 Functions


	
hexrd.xrd.symmetry.toFundamentalRegion(q, crysSym='Oh', sampSym=None)[source]

	




	
hexrd.xrd.symmetry.ltypeOfLaueGroup(tag)[source]

	See quatOfLaueGroup






	
hexrd.xrd.symmetry.quatOfLaueGroup(tag)[source]

	Generate quaternion representation for the specified Laue group.

USAGE:


qsym = quatOfLaueGroup(schoenfliesTag)


INPUTS:


1) schoenfliesTag 1 x 1, a case-insensitive string representing the
Schoenflies symbol for the desired Laue group.  The 14 available
choices are:



Class           Symbol      n



Triclinic       Ci (S2)     1
Monoclinic      C2h         2
Orthorhombic    D2h (Vh)    4
Tetragonal      C4h         4


D4h         8



	Trigonal        C3i (S6)    3

	D3d         6

	Hexagonal       C6h         6

	D6h         12

	Cubic           Th          12

	Oh          24












OUTPUTS:


1) qsym is (4, n) the quaterions associated with each element of the
chosen symmetry group having n elements (dep. on group – see INPUTS
list above).


NOTES:


*) The conventions used for assigning a RHON basis, {x1, x2, x3}, to
each point group are consistent with those published in Appendix B
of [1].


REFERENCES:


[1] Nye, J. F., ``Physical Properties of Crystals: Their
Representation by Tensors and Matrices’‘, Oxford University Press,
1985. ISBN 0198511655







	
hexrd.xrd.symmetry.applySym(vec, qsym, csFlag=False, cullPM=False, tol=1e-08)[source]

	apply symmetry group to a single 3-vector (columnar) argument

csFlag : centrosymmetry flag
cullPM : cull +/- flag
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Module: xrd.transforms


22 Functions


	
hexrd.xrd.transforms.makeGVector(hkl, bMat)[source]

	take a CRYSTAL RELATIVE B matrix onto a list of hkls to output unit
reciprocal lattice vectors (a.k.a. lattice plane normals)

Required Arguments:
hkls – (3, n) ndarray of n hstacked reciprocal lattice vector component


triplets



	bMat – (3, 3) ndarray representing the matirix taking reciprocal lattice

	vectors to the crystal reference frame



Output:
gVecs – (3, n) ndarray of n unit reciprocal lattice vectors


(a.k.a. lattice plane normals)


To Do:
* might benefit from some assert statements to catch improperly shaped


input.







	
hexrd.xrd.transforms.anglesToGVec(angs, bHat_l, eHat_l, rMat_s=None, rMat_c=None)[source]

	from ‘eta’ frame out to lab (with handy kwargs to go to crystal or sample)






	
gvecToDetectorXY(gVec_c, rMat_d, rMat_s, rMat_c, tVec_d, tVec_s, tVec_c, beamVec=array([[-0.],

	
[-0.],

	
[-1.]]))

	Takes a list of unit reciprocal lattice vectors in crystal frame to the
specified detector-relative frame, subject to the conditions:


	the reciprocal lattice vector must be able to satisfy a bragg condition

	the associated diffracted beam must intersect the detector plane



Required Arguments:
gVec_c – (3, n) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
rMat_d – (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
rMat_s – (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
rMat_c – (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
tVec_d – (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
tVec_s – (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
tVec_c – (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

Outputs:
(3, m) ndarray containing the intersections of m <= n diffracted beams
associated with gVecs






	
detectorXYToGvec(xy_det, rMat_d, rMat_s, tVec_d, tVec_s, tVec_c, distortion=(<function GE_41RT at 0x7fd68264b230>, [0.0, 0.0, 0.0, 2.0, 2.0, 2]), beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]))

	Takes a list cartesian (x, y) pairs in the detector coordinates and calculates
the associated reciprocal lattice (G) vectors and (bragg angle, azimuth) pairs
with respect to the specified beam and azimth (eta) reference directions

Required Arguments:
xy_det – (n, 2) ndarray or list-like input of n detector (x, y) points
rMat_d – (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
rMat_s – (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
tVec_d – (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
tVec_s – (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
tVec_c – (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

Optional Keyword Arguments:
beamVec – (3, 1) mdarray containing the incident beam direction components in the LAB FRAME
etaVec  – (3, 1) mdarray containing the reference azimuth direction components in the LAB FRAME

Outputs:
(n, 2) ndarray containing the (tTh, eta) pairs associated with each (x, y)
(3, n) ndarray containing the associated G vector directions in the LAB FRAME
associated with gVecs






	
oscillAnglesOfHKLs(hkls, chi, rMat_c, bMat, wavelength, vInv=array([[ 1.],

	
[ 1.],

	
[ 1.],

	
[ 0.],

	
[ 0.],

	
[ 0.]]), beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]))

	Takes a list of unit reciprocal lattice vectors in crystal frame to the
specified detector-relative frame, subject to the conditions:


	the reciprocal lattice vector must be able to satisfy a bragg condition

	the associated diffracted beam must intersect the detector plane



Required Arguments:
hkls       – (3, n) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
chi        – float representing the inclination angle of the oscillation axis (std coords)
rMat_c     – (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
bMat       – (3, 3) ndarray, the COB taking RECIPROCAL LATTICE components to CRYSTAL FRAME
wavelength – float representing the x-ray wavelength in Angstroms

Optional Keyword Arguments:
beamVec – (3, 1) ndarray containing the incident beam direction components in the LAB FRAME
etaVec  – (3, 1) ndarray containing the reference azimuth direction components in the LAB FRAME
vInv    – (6, 1) ndarray containing the indep. components of the inverse left stretch tensor


in the SAMPLE FRAME in the Mandel-Voigt notation


Outputs:
ome0 – (3, n) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (first solution)
ome1 – (3, n) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (second solution)

The reciprocal lattice vector, G, will satisfy the the Bragg condition
when:


b.T * G / ||G|| = -sin(theta)


where b is the incident beam direction (k_i) and theta is the Bragg
angle consistent with G and the specified wavelength. The components of
G in the lab frame in this case are obtained using the crystal
orientation, Rc, and the single-parameter oscillation matrix, Rs(ome):


Rs(ome) * Rc * G / ||G||


The equation above can be rearranged to yeild an expression of the form:


a*sin(ome) + b*cos(ome) = c


which is solved using the relation:


a*sin(x) + b*cos(x) = sqrt(a**2 + b**2) * sin(x + alpha)

> sin(x + alpha) = c / sqrt(a**2 + b**2)




where:



alpha = arctan2(b, a)


The solutions are:



/
|       arcsin(c / sqrt(a**2 + b**2)) - alpha



	x = <

	
pi - arcsin(c / sqrt(a**2 + b**2)) - alpha













There is a double root in the case the reflection is tangent to the
Debye-Scherrer cone (c**2 = a**2 + b**2), and no solution if the
Laue condition cannot be satisfied (filled with NaNs in the results
array here)






	
polarRebin(thisFrame, npdiv=2, mmPerPixel=(0.2, 0.2), convertToTTh=False, rMat_d=array([[ 1.,  0.,  0.],

	
[ 0.,  1.,  0.],

	
[ 0.,  0.,  1.]]), tVec_d=array([    0.,     0., -1000.]), beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]), rhoRange=array([ 20, 200]), numRho=1000, etaRange=array([-0.08726646,  6.19591884]), numEta=36, verbose=True, log=None)

	Caking algorithm

INPUTS

thisFrame
npdiv=2, pixel subdivision (n x n) to determine bin membership
rhoRange=[100, 1000] - radial range in pixels
numRho=1200 - number of radial bins
etaRange=np.pi*np.r_[-5, 355]/180. – range of eta
numEta=36 - number of eta subdivisions
ROI=None - region of interest (four vector)
corrected=False - uses 2-theta instead of rho
verbose=True,






	
hexrd.xrd.transforms.arccosSafe(temp)[source]

	Protect against numbers slightly larger than 1 in magnitude due to round-off






	
hexrd.xrd.transforms.angularDifference(angList0, angList1, units='radians')[source]

	Do the proper (acute) angular difference in the context of a branch cut.

*) Default angular range is [-pi, pi]






	
hexrd.xrd.transforms.mapAngle(ang, *args, **kwargs)[source]

	Utility routine to map an angle into a specified period






	
hexrd.xrd.transforms.reg_grid_indices(edges, points_1d)[source]

	get indices in a 1-d regular grid.

edges are just that:


	point:            x (2.5)

	







	edges:   |1    |2    |3    |4    |5

	

	indices: |  0  |  1  |  2  |  3  |

	



above the deltas are + and the index for the point is 1


	point:                  x (2.5)

	







	edges:   |5    |4    |3    |2    |1

	

	indices: |  0  |  1  |  2  |  3  |

	



here the deltas are - and the index for the point is 2


	can handle grids with +/- deltas

	be careful when using with a cyclical angular array!  edges and points
must be mapped to the same branch cut, and
abs(edges[0] - edges[-1]) = 2*pi








	
hexrd.xrd.transforms.columnNorm(a)[source]

	normalize array of column vectors (hstacked, axis = 0)






	
hexrd.xrd.transforms.rowNorm(a)[source]

	normalize array of row vectors (vstacked, axis = 1)






	
hexrd.xrd.transforms.unitVector(a)[source]

	normalize array of column vectors (hstacked, axis = 0)






	
hexrd.xrd.transforms.makeDetectorRotMat(tiltAngles)[source]

	Form the (3, 3) tilt rotations from the tilt angle list:

tiltAngles = [gamma_Xl, gamma_Yl, gamma_Zl] in radians






	
hexrd.xrd.transforms.makeOscillRotMat(oscillAngles)[source]

	oscillAngles = [chi, ome]






	
hexrd.xrd.transforms.makeRotMatOfExpMap(expMap)[source]

	




	
hexrd.xrd.transforms.makeBinaryRotMat(axis)[source]

	




	
hexrd.xrd.transforms.makeEtaFrameRotMat(bHat_l, eHat_l)[source]

	make eta basis COB matrix with beam antiparallel with Z

takes components from ETA frame to LAB






	
hexrd.xrd.transforms.validateAngleRanges(angList, startAngs, stopAngs, ccw=True)[source]

	A better way to go.  find out if an angle is in the range
CCW or CW from start to stop

There is, of course, an ambigutiy if the start and stop angle are
the same; we treat them as implying 2*pi having been mapped






	
hexrd.xrd.transforms.rotate_vecs_about_axis(angle, axis, vecs)[source]

	Rotate vectors about an axis

INPUTS
angle - array of angles (len == 1 or n)
axis  - array of unit vectors (shape == (3, 1) or (3, n))
vec   - array of vectors to be rotated (shape = (3, n))

Quaternion formula:
if we split v into parallel and perpedicular components w.r.t. the
axis of quaternion q,


v = a + n


then the action of rotating the vector dot(R(q), v) becomes


v_rot = (q0**2 - |q|**2)(a + n) + 2*dot(q, a)*q + 2*q0*cross(q, n)







	
hexrd.xrd.transforms.quat_product_matrix(q, mult='right')[source]

	Form 4 x 4 array to perform the quaternion product


	USAGE

	qmat = quatProductMatrix(q, mult=’right’)

	INPUTS

	
	quats is (4,), an iterable representing a unit quaternion
horizontally concatenated



	mult is a keyword arg, either ‘left’ or ‘right’, denoting
the sense of the multiplication:


/ quatProductMatrix(h, mult=’right’) * q





	q * h  –> <

	quatProductMatrix(q, mult=’left’) * h











	OUTPUTS

	
	qmat is (4, 4), the left or right quaternion product
operator





	NOTES

	
	*) This function is intended to replace a cross-product based

	routine for products of quaternions with large arrays of
quaternions (e.g. applying symmetries to a large set of
orientations).












	
hexrd.xrd.transforms.quat_distance(q1, q2, qsym)[source]
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Module: xrd.transforms_CAPI


19 Functions


	
hexrd.xrd.transforms_CAPI.makeGVector(hkl, bMat)[source]

	take a CRYSTAL RELATIVE B matrix onto a list of hkls to output unit
reciprocal lattice vectors (a.k.a. lattice plane normals)

Required Arguments:
hkls – (3, n) ndarray of n hstacked reciprocal lattice vector component


triplets



	bMat – (3, 3) ndarray representing the matirix taking reciprocal lattice

	vectors to the crystal reference frame



Output:
gVecs – (3, n) ndarray of n unit reciprocal lattice vectors


(a.k.a. lattice plane normals)


To Do:
* might benefit from some assert statements to catch improperly shaped


input.







	
gvecToDetectorXY(gVec_c, rMat_d, rMat_s, rMat_c, tVec_d, tVec_s, tVec_c, beamVec=array([[-0.],

	
[-0.],

	
[-1.]]))

	Takes a list of unit reciprocal lattice vectors in crystal frame to the
specified detector-relative frame, subject to the conditions:


	the reciprocal lattice vector must be able to satisfy a bragg condition

	the associated diffracted beam must intersect the detector plane



Required Arguments:
gVec_c – (n, 3) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
rMat_d – (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
rMat_s – (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
rMat_c – (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
tVec_d – (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
tVec_s – (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
tVec_c – (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

Outputs:
(m, 2) ndarray containing the intersections of m <= n diffracted beams
associated with gVecs






	
detectorXYToGvec(xy_det, rMat_d, rMat_s, tVec_d, tVec_s, tVec_c, beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]))

	Takes a list cartesian (x, y) pairs in the detector coordinates and calculates
the associated reciprocal lattice (G) vectors and (bragg angle, azimuth) pairs
with respect to the specified beam and azimth (eta) reference directions

Required Arguments:
xy_det – (n, 2) ndarray or list-like input of n detector (x, y) points
rMat_d – (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
rMat_s – (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
tVec_d – (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
tVec_s – (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
tVec_c – (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

Optional Keyword Arguments:
beamVec – (3, 1) mdarray containing the incident beam direction components in the LAB FRAME
etaVec  – (3, 1) mdarray containing the reference azimuth direction components in the LAB FRAME

Outputs:
(n, 2) ndarray containing the (tTh, eta) pairs associated with each (x, y)
(n, 3) ndarray containing the associated G vector directions in the LAB FRAME
associated with gVecs






	
oscillAnglesOfHKLs(hkls, chi, rMat_c, bMat, wavelength, vInv=None, beamVec=array([[-0.],

	
[-0.],

	
[-1.]]), etaVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]))

	Takes a list of unit reciprocal lattice vectors in crystal frame to the
specified detector-relative frame, subject to the conditions:


	the reciprocal lattice vector must be able to satisfy a bragg condition

	the associated diffracted beam must intersect the detector plane



Required Arguments:
hkls       – (n, 3) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
chi        – float representing the inclination angle of the oscillation axis (std coords)
rMat_c     – (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
bMat       – (3, 3) ndarray, the COB taking RECIPROCAL LATTICE components to CRYSTAL FRAME
wavelength – float representing the x-ray wavelength in Angstroms

Optional Keyword Arguments:
beamVec – (3, 1) mdarray containing the incident beam direction components in the LAB FRAME
etaVec  – (3, 1) mdarray containing the reference azimuth direction components in the LAB FRAME

Outputs:
ome0 – (n, 3) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (first solution)
ome1 – (n, 3) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (second solution)

The reciprocal lattice vector, G, will satisfy the the Bragg condition
when:


b.T * G / ||G|| = -sin(theta)


where b is the incident beam direction (k_i) and theta is the Bragg
angle consistent with G and the specified wavelength. The components of
G in the lab frame in this case are obtained using the crystal
orientation, Rc, and the single-parameter oscillation matrix, Rs(ome):


Rs(ome) * Rc * G / ||G||


The equation above can be rearranged to yield an expression of the form:


a*sin(ome) + b*cos(ome) = c


which is solved using the relation:


a*sin(x) + b*cos(x) = sqrt(a**2 + b**2) * sin(x + alpha)

> sin(x + alpha) = c / sqrt(a**2 + b**2)




where:



alpha = atan2(b, a)


The solutions are:



/
|       arcsin(c / sqrt(a**2 + b**2)) - alpha



	x = <

	
pi - arcsin(c / sqrt(a**2 + b**2)) - alpha













There is a double root in the case the reflection is tangent to the
Debye-Scherrer cone (c**2 = a**2 + b**2), and no solution if the
Laue condition cannot be satisfied (filled with NaNs in the results
array here)






	
hexrd.xrd.transforms_CAPI.arccosSafe(temp)[source]

	Protect against numbers slightly larger than 1 in magnitude due to round-off






	
hexrd.xrd.transforms_CAPI.angularDifference(angList0, angList1, units='radians')[source]

	Do the proper (acute) angular difference in the context of a branch cut.

*) Default angular range is [-pi, pi]






	
hexrd.xrd.transforms_CAPI.mapAngle(ang, *args, **kwargs)[source]

	Utility routine to map an angle into a specified period






	
hexrd.xrd.transforms_CAPI.columnNorm(a)[source]

	normalize array of column vectors (hstacked, axis = 0)






	
hexrd.xrd.transforms_CAPI.rowNorm(a)[source]

	normalize array of row vectors (vstacked, axis = 1)






	
hexrd.xrd.transforms_CAPI.unitRowVector(vecIn)[source]

	




	
hexrd.xrd.transforms_CAPI.makeDetectorRotMat(tiltAngles)[source]

	Form the (3, 3) tilt rotations from the tilt angle list:

tiltAngles = [gamma_Xl, gamma_Yl, gamma_Zl] in radians






	
hexrd.xrd.transforms_CAPI.makeOscillRotMat(oscillAngles)[source]

	oscillAngles = [chi, ome]






	
hexrd.xrd.transforms_CAPI.makeRotMatOfExpMap(expMap)[source]

	make a rotation matrix from an exponential map






	
hexrd.xrd.transforms_CAPI.makeRotMatOfQuat(quat)[source]

	make rotation matrix from a unit quaternion

...check to set if input is unit magnitude?






	
hexrd.xrd.transforms_CAPI.makeBinaryRotMat(axis)[source]

	




	
hexrd.xrd.transforms_CAPI.makeEtaFrameRotMat(bHat_l, eHat_l)[source]

	




	
hexrd.xrd.transforms_CAPI.validateAngleRanges(angList, angMin, angMax, ccw=True)[source]

	




	
hexrd.xrd.transforms_CAPI.rotate_vecs_about_axis(angle, axis, vecs)[source]

	




	
hexrd.xrd.transforms_CAPI.quat_distance(q1, q2, qsym)[source]

	qsy coming from hexrd.xrd.crystallogray.PlaneData.getQSym() is C-contiguous
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Module: xrd.xrdbase


2 Functions


	
hexrd.xrd.xrdbase.dataToFrame(data, sumImg=True)[source]

	utility function to allow flexibility in input

data can be:
(*) an instance of ReadGE or the like, which is already set up, in which


case all frames are used and flattened


(*) a frame






	
hexrd.xrd.xrdbase.getGaussNDParams(xList, w=None, v=None)[source]
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Module: xrd.xrdutil


6 Classes


	
class hexrd.xrd.xrdutil.FormatEtaOme(etas, omes, A, T=False, debug=False)[source]

	for plotting data as a matrix, with ijAsXY=True


	
__init__(etas, omes, A, T=False, debug=False)[source]

	








	
class hexrd.xrd.xrdutil.OmeEtaPfig(omeEdges, etaEdges, cmap=None, vMM=None, doRot=False, invertFromSouthern=True, netStyle=None, netNDiv=12, netAlpha=0.5, pointLists=, []drawColorbar=True)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

works with data from with CollapseOmeEta


	
__init__(omeEdges, etaEdges, cmap=None, vMM=None, doRot=False, invertFromSouthern=True, netStyle=None, netNDiv=12, netAlpha=0.5, pointLists=, []drawColorbar=True)[source]

	




	
clearLines()[source]

	get rid of any existing lines and legends






	
display(data, tTh, nP=True, opacity=[None], rangeVV_w=None, winKWArgs={})[source]

	if want to do interpolated results, matplotlib.delaunay
has some triangulation and interpolation stuff, but have
not sorted that out yet






	
drawLines(nP, rMat=None, pointLists=None)[source]

	if specify a pointLists argument then it replaces self.pointLists










	
class hexrd.xrd.xrdutil.CollapseOmeEta(readerList, planeData, hklList, detectorGeom, strainMag=None, nEtaBins=480, mask=None, threshold=None, applyLorenz=True, nframesLump=1, debug=False, computeMeanTwoTheta=False)[source]

	Bases: object [http://docs.python.org/library/functions.html#object]

Can pass a mask to use in addition to whatever the readers are already
set up to do; with frames set zero where mask is True

If pass pw: after plot is made, can do calls on self.pw to plot other things
on top of the image

while this takes a list of readers, it is not yet really coded for disjoint omega ranges


	
__init__(readerList, planeData, hklList, detectorGeom, strainMag=None, nEtaBins=480, mask=None, threshold=None, applyLorenz=True, nframesLump=1, debug=False, computeMeanTwoTheta=False)[source]

	




	
display(iData=0, rangeVV=None, cmap=None, pw=None, debug=False, pfig=False, comment='', tTh=False, rangeVV_w=None, winKWArgs={}, pfigKWArgs={})[source]

	iData is index into hklList passed on initialization, NOT into
planeData

pointList, if specified is a list of tuples of the form (3xn
ndarray, style) where style gets passed to plotwrap

can set tTh to ‘withOpacity’ if the 2-theta plot should be
made with opacity (alpha) constructed from the intensity
weights; so far this only works for pfig=False






	
etas = None

	count frames






	
iEtaBin = None

	protect against numerical silliness






	
indices = None

	make valsThese into float so that do not overrun max int value






	
tThRanges = None

	set up data










	
class hexrd.xrd.xrdutil.GrainPoles(omeEtaPfigs)[source]

	
	
__init__(omeEtaPfigs)[source]

	








	
class hexrd.xrd.xrdutil.MultiSlopeFunc(m1, m2, xcrit, power=0.2)[source]

	function that transitions smoothly from slope of m1 to slope of m2 in the vacinity of xcrit, with the smoothness of the transition dictated by a specified power;
for large values of power, might eventually want to put in code to protect against numerical overflow


	
__init__(m1, m2, xcrit, power=0.2)[source]

	








	
class hexrd.xrd.xrdutil.MultiSlopeFuncSmooth(m1, w1, p1, m2, xcrit, power=0.2)[source]

	function that transitions smoothly from slope of m1 to slope of m2 in the vacinity of xcrit, with the smoothness of the transition dictated by a specified power;


	
__init__(m1, w1, p1, m2, xcrit, power=0.2)[source]

	










48 Functions


	
hexrd.xrd.xrdutil.fitLParm(data, detectorGeom, planeData, funcType='pv', lParm0=None, funcXVecList=None, quadr1d=8, debug=False)[source]

	fit lattice parameters to data; using dataToFrame to map the data to a frame

input planeData is not changed






	
hexrd.xrd.xrdutil.fitDG(data, detectorGeom, planeData, funcType='pv', funcXVecList=None, quadr1d=8, debug=False)[source]

	fit detector geometry parameters to data; using dataToFrame to map the data to a frame

pass funcXVecList as True or as something like detectorGeom.fitRingsFunc.getFuncXVecList()
if want to just refine detector geometry and not the functional forms for the rings

input detectorGeom is used to guess parameters and is not modified – a new
detectorGeom is returned






	
hexrd.xrd.xrdutil.fitDGX(data, detectorGeom, planeData, funcType='pv', quadr1d=8, debug=False, nGlIter=2, xFuncs=None, xDG=None)[source]

	fit detector geometry parameters to data; using dataToFrame to map the data to a frame

uses a procedure that might end up being more robust than fitDG

input detectorGeom is used to guess parameters and is not modified – a new
detectorGeom is returned






	
hexrd.xrd.xrdutil.textureToSpots(texture, planeData, detectorGeom, omeMM=None, etaMM=None, pVecs=None)[source]

	take texture as returned from pyMps and make spots






	
hexrd.xrd.xrdutil.makeSynthSpots(rMats, pVecs, bMats, planeData, detectorGeom, omeMM=[-3.141592653589793, 3.141592653589793], etaMM=None, hklList=None, beamSize=None)[source]

	make synthetic spots






	
hexrd.xrd.xrdutil.makePathVariantPoles(rMatRef, fromPhase, pathList, planeDataDict, hklID)[source]

	




	
hexrd.xrd.xrdutil.displayPathVariants(data, rMatRef, fromPhase, pathList, planeDataDict, detectorGeom, omeMin, omeMax, phaseForDfltPD=None, markerList=['D', 'o', 'p', 's', 'v', 'x', '+', '*', '<', '>', '1', '2', '3', '4', '^'], hklList=None, color=None, pointKWArgs={}, hklIDs=None, pw=None)[source]

	




	
hexrd.xrd.xrdutil.makeRMatList(pathList, fromPhase)[source]

	




	
hexrd.xrd.xrdutil.findGrainsNewSpots(grainList0, spots, doFitting=True, minCompleteness=None, pathList=, []eosDict=None, refPDDict=None, tK=300.0, debug=True, indepFitPVec=False, findByPixelDist=1, maxIterRefit=3, pVecTol=None)[source]

	see if grains in grainList0 show up in spots;
meant to be useful for taking existing grains from a load step
and looking for them in a new load step;
returns a new list of the same length, with None wherever a
grain near the existing one was not found, and a list of grains for
each path in pathList; grains in
grainList0 are not modified;
spots should be a Spots instance






	
hexrd.xrd.xrdutil.stretchToLV(V, fMat)[source]

	from stretch V in crystal frame and fMat, compute
new lattice parameters; fMat can be the ‘F’ from
lparms.latticeVectors

V = B + I, where B is the Biot strain






	
hexrd.xrd.xrdutil.calculateBiotStrain(initLP, finalLP, display=False)[source]

	




	
hexrd.xrd.xrdutil.makeMNConn(m, n, tri=True)[source]

	m and n are number of edges, so 1 more than number of zones






	
hexrd.xrd.xrdutil.makeNVecs(tth, etaIn, omeIn, asGrid=False)[source]

	




	
hexrd.xrd.xrdutil.omeEtaGridToNVecs(tTh, omegas, etas)[source]

	




	
hexrd.xrd.xrdutil.roty90(v)[source]

	




	
hexrd.xrd.xrdutil.makeMeasuredScatteringVectors(tTh, eta, ome, convention='hexrd', frame='sample')[source]

	Construct scattering vectors from angles (2theta, eta, ome)
will do HEXRD/APS and Fable frames, sample or lab.

for fable frame geomtery, see:

http://sourceforge.net/apps/trac/fable/attachment/wiki/WikiStart/Geometry_version_1.0.8.pdf






	
hexrd.xrd.xrdutil.doItMP(nSkip)[source]

	




	
hexrd.xrd.xrdutil.readFrameStack_multiproc(reader, func, nPerChunk=None, nCPUs=None, debug=False)[source]

	read the full frame stack using multiprocessing, applying fund
to each frame to obtain the result;

use makeNew for each chunk; if reader.dark is a shared memory
array then it remains so






	
hexrd.xrd.xrdutil.thresholdStackDisplay(data, threshold, cmap=None, pw=None, detectorGeom=None, planeData=None, displayKWArgs={}, drawRingsKWArgs={})[source]

	passes sumImg=num.maximum to dataToFrame so that if data is a
reader then frame ends up being the maximum over the image stack






	
hexrd.xrd.xrdutil.grainPolesGUI(omeEtaPfigs)[source]

	GUI with sliders for rotating a grain’s spots

execfile(‘examples/feSynthSpotsPfig.py’)
gui = grainPolesGUI([pwSB])






	
hexrd.xrd.xrdutil.darkFromStack(reader, nFrames=0, nChunk=4, medianSize=None, medianRange=(-15, 15), cutMinFactor=None, checkIntensityResolution=False)[source]

	If nFrames == 0, read all frames.

If medianSize is specified then a median filter of the given size is used to find
dead pixels, with pixels outside of medianRange marked as dead.






	
hexrd.xrd.xrdutil.tryFromShelf(shelfFileName, thingName)[source]

	try to pull the thing from the shelf and return None if it does not work






	
hexrd.xrd.xrdutil.putInShelf(shelfFileName, thingName, thing)[source]

	




	
hexrd.xrd.xrdutil.pullFromStack(reader, detectorGeom, tThMM, angWidth, angCen, threshold=20, distInAng=False, padSpot=True, mask3D=None, exitOnFail=False)[source]

	angWidth is distance from angCen, so actually half-width

do not yet deal with wrap-around (eg, reader that spans 2*pi)






	
hexrd.xrd.xrdutil.grainSpotsFromStack(g, reader, detectorGeom, angWidth, threshold, **kwargs)[source]

	wrapper around spotFromStack; takes a grain and
returns a dictionary of spots for the grain, with
keys (hklID, iThisHKL)

angWidth is for orientation spread; for 2-theta, g.planeData
2-theta ranges are used

can specify hklIDs to look for just a subset of spots

set distInAng=False if want the spots to have to contain the predicted angles,
otherwise, the closest spots in the bounding boxes will be returned






	
hexrd.xrd.xrdutil.spotFromStack(reader, detectorGeom, tThMM, angWidth, angCen, threshold, fullBackground=False, asFrame=False, exitOnFail=True, distInAng=False, debug=True)[source]

	if asFrame, then omegas come out as frame indices; note that
angCen should still be specified as omega, not a frame index






	
hexrd.xrd.xrdutil.collapse(vAll, eta, ome, nOme=None, nEta=None, weightedList=, []averagedList=, []auxList=, []debug=False)[source]

	Returns a sparse matrix, with zeros where no intensity falls;

pass nEta and nOme to control the number of eta and omega bins,
otherwise they are determined automatically, with the omega
binning assuming that omegas fall on frames at regular intervals
with no gaps

for each entry in weightedList, also returns that data collapsed and
weighted by vAll; similarly for averagedList






	
hexrd.xrd.xrdutil.displaySparse(a, vmin=None, vmax=None, cmap=None, fmt=None, markersize=3, colorUnder=None, ijNZ=None, **kwargs)[source]

	




	
hexrd.xrd.xrdutil.displayEtaOme(eta, ome, vAll, nEta=None, nOme=None, **kwargs)[source]

	




	
hexrd.xrd.xrdutil.getLorenz(detectorGeom, *args)[source]

	




	
hexrd.xrd.xrdutil.getEtaResolution(detectorGeom, tTh)[source]

	angular resolution along eta






	
hexrd.xrd.xrdutil.getTThResolution(detectorGeom, tTh)[source]

	




	
hexrd.xrd.xrdutil.drEtaOme(angCen, dEta, dOme)[source]

	compute true angular changes and dA corresponding to steps in eta and omega






	
hexrd.xrd.xrdutil.omeEtaGridToDA(tThNominal, etaEdges, omeEdges)[source]

	get grid patch areas, in the sense of solid angle (pole figure) coverage;






	
hexrd.xrd.xrdutil.bboxIntersect3D(b1, b2)[source]

	0-tolerance bounding box intersection in 3d






	
hexrd.xrd.xrdutil.pfigFromSpots(spots, iHKL, phaseID=None, nOme=None, nEta=None, tThTol=None, etaExcl=0.1, plot=False, plotPrefix=None, debug=False)[source]

	probably want to have collected spots without discarding those at boundaries (discardAtBounds=False)

depending on the context, may need to have done something like iHKL = hklIDs.index(hklID)

if nEta is negative, it is treated as the target lumping of pixels

etaExcl is in radians – etas within this range of +-pi/2 degrees are left out;
can set to None to turn this behavior off

can use tThTol to tighten down the two-theta tolerance






	
hexrd.xrd.xrdutil.mapAngCen(ang, angCen)[source]

	map angle ang into equivalent value that is closest to angCen






	
hexrd.xrd.xrdutil.makeSynthFrames(spotParamsList, detectorGeom, omegas, intensityFunc=<hexrd.xrd.spotfinder.IntensityFuncGauss3D object at 0x7fd683311690>, asSparse=None, output=None, cutoffMult=4.0, debug=1)[source]

	intensityFunc is an instance of a class that works as an intensity
fuction.

spotParamsList should be a list with each entry being a list of
arguments appropriate to the intensityFunc.constructParams
function. For intensityFunc=spotfinder.IntensityFuncGauss3D(),
each spotParamsList entry should be (center, fwhm, A), with center
being the 3D spot center in angular coordinates (radians), fwhm
being the (2-theta, eta, omega) widths in 3D, and A being an
intensity scaling.

If output is specified as a string, then the frames with the given
prefix are dumped to files instead of being accumulated in
memory. If output is callable then frames are passed to output().

If asSparse is true then sparse matrices are used to reduce memory
footprint. The asSparse option is currently not coded for the case
of output having been specied.

cutoffMult is the multiplier on the FWHM to determine the angular
cutoff range for evaluating intensity for each spot.






	
hexrd.xrd.xrdutil.validateAngleRanges(angList, startAngs, stopAngs, ccw=True)[source]

	A better way to go.  find out if an angle is in the range
CCW or CW from start to stop

There is, of course an ambigutiy if the start and stop angle are
the same; we treat them as implying 2*pi






	
hexrd.xrd.xrdutil.tVec_d_from_old_parfile(old_par, detOrigin)[source]

	




	
hexrd.xrd.xrdutil.objFun_tVec_d(tvd_xy, rMat_d, beamXYD, detOrigin, bHat_l)[source]

	




	
hexrd.xrd.xrdutil.beamXYD_from_tVec_d(rMat_d, tVec_d, bVec_ref, detOrigin)[source]

	




	
hexrd.xrd.xrdutil.write_old_parfile(filename, results)[source]

	




	
simulateOmeEtaMaps(omeEdges, etaEdges, planeData, expMaps, chi=0.0, etaTol=None, omeTol=None, etaRanges=None, omeRanges=None, bVec=array([[-0.],

	
[-0.],

	
[-1.]]), eVec=array([[ 1.],

	
[ 0.],

	
[ 0.]]), vInv=array([[ 1.],

	
[ 1.],

	
[ 1.],

	
[ 0.],

	
[ 0.],

	
[ 0.]]))

	all angular info is entered in degrees

quats are (4, n)

...might want to creat module-level angluar unit flag
...might want to allow resvers delta omega






	
hexrd.xrd.xrdutil.simulateGVecs(pd, detector_params, grain_params, ome_range=[(-3.141592653589793, 3.141592653589793)], ome_period=(-3.141592653589793, 3.141592653589793), eta_range=[(-3.141592653589793, 3.141592653589793)], panel_dims=[(-204.8, -204.8), (204.8, 204.8)], pixel_pitch=(0.2, 0.2), distortion=(<function dummy at 0x7fd68264b938>, []))[source]

	simulate the monochormatic scattering for a specified



	space group

	wavelength

	orientation

	strain

	position

	detector parameters

	oscillation axis tilt (chi)






subject to



	omega (oscillation) ranges (list of (min, max) tuples)

	eta (azimuth) ranges






pd................a hexrd.xrd.crystallography.PlaneData instance
detector_params...a (10,) ndarray containing the tilt angles (3), translation (3),


chi (1), and sample frame translation (3) parameters



	grain_params......a (12,) ndarray containing the exponential map (3),

	translation (3), and inverse stretch tensor compnents
in Mandel-Voigt notation (6).




	currently only one panel is supported, but this will likely change very soon








	
hexrd.xrd.xrdutil.angularPixelSize(xy_det, xy_pixelPitch, rMat_d, rMat_s, tVec_d, tVec_s, tVec_c, distortion=(<function dummy at 0x7fd68264b938>, []))[source]

	
	choices to beam vector and eta vector specs have been supressed

	assumes xy_det in UNWARPED configuration








	
hexrd.xrd.xrdutil.pullSpots(pd, detector_params, grain_params, reader, ome_period=(-3.141592653589793, 3.141592653589793), eta_range=[(-3.141592653589793, 3.141592653589793)], panel_dims=[(-204.8, -204.8), (204.8, 204.8)], panel_buff=[20, 20], pixel_pitch=(0.2, 0.2), distortion=(<function dummy at 0x7fd68264b938>, []), tth_tol=0.15, eta_tol=1.0, ome_tol=1.0, npdiv=1, threshold=10, doClipping=False, filename=None, save_spot_list=False, use_closest=False)[source]

	




	
hexrd.xrd.xrdutil.validateQVecAngles(*args, **kwargs)[source]
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  Source code for hexrd.pfigutil

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
from math import atan2, sqrt
import copy

from hexrd import arrayutil
from hexrd.arrayutil import getMem
from hexrd.arrayutil import num # import numpy as num
from hexrd import matrixutil
import hexrd.orientations as ors

[docs]def sph2n(coords_sph):
    '''convert from chi/eta spherical coordinates to normal vectors;
    can use with coords from femODF.FemHemisphere
    '''

    assert coords_sph.shape[0] == 2, 'shape[0] not 2'

    z   = num.cos(coords_sph[0,:])
    rho = num.sin(coords_sph[0,:])
    x = rho * num.cos(coords_sph[1,:])
    y = rho * num.sin(coords_sph[1,:])

    # nVectors = arrayutil.toArray(num.vstack((x,y,z)))
    nVectors = getMem((3,coords_sph.shape[1]))
    nVectors[0,:] = x
    nVectors[1,:] = y
    nVectors[2,:] = z

    return nVectors


[docs]def n2sph(nVectors):
    assert nVectors.shape[0] == 3, 'shape[0] not 3'
    sph = arrayutil.getMem((2,nVectors.shape[1]))
    for iVector in range(nVectors.shape[1]):
        x = nVectors[0,iVector]
        y = nVectors[1,iVector]
        z = nVectors[2,iVector]
        r = sqrt(x*x+y*y)
        sph[0,iVector] = atan2(r,z)
        sph[1,iVector] = atan2(y,x)
    return sph


[docs]def n2eap(nVectors, flip=True):
    """
    unit vectors to equal-area projection
    """
    nVecs = copy.deepcopy(nVectors)
    nPnts = nVectors.shape[1]
    retval = getMem((2,nPnts))
    
    belowEquator, = num.where(nVecs[2,:] < -1e-4)
    if len(belowEquator) > 0:
        if flip:
            nVecs[:,belowEquator] = -nVecs[:,belowEquator]
        else:
            'put on the equator'
            nVecs[2,belowEquator] = 0.
            # num.apply_along_axis(num.linalg.norm, 0, nVecs[0:2,belowEquator])
            norms = num.sqrt( nVecs[0,belowEquator]*nVecs[0,belowEquator] + nVecs[1,belowEquator]*nVecs[1,belowEquator] )
            nVecs[0:2,belowEquator] = nVecs[0:2,belowEquator] / norms
    
    r2    = nVecs[0,:]*nVecs[0,:] + nVecs[1,:]*nVecs[1,:]
    r2pos = num.where(r2 > 0.)

    n31 = 1.0 - num.abs(nVecs[2,:])

    den        = num.ones(nPnts)
    den[r2pos] = num.sqrt(2.0*r2[r2pos])

    dist_np = num.zeros(nPnts)
    dist_np = num.sqrt(r2 + n31*n31) / den

    retval = num.vstack((nVecs[0,:] * dist_np, nVecs[1,:] * dist_np)) # .T

    return retval


[docs]def renderEAProj(nVecs, vals, n, patch=False, sum=False, nzByContrib=True, northernOnly=False):
    """
    render an equal-area projects of general pole values, on an n-by-n grid;
    if sum=True, then sum contributions, otherwise average them;
    returns a masked array
    """

    if northernOnly:
        bNVecsN = nVecs[2,:] >= 0
        nVecs = nVecs[:,bNVecsN]
        vals  = vals.flatten()[bNVecsN]
        eaProj = n2eap(nVecs, flip=False)
    else:
        vals  = vals.flatten()
        eaProj = n2eap(nVecs, flip=True)

    eaProjX, eaProjY = eaProj[0,:], eaProj[1,:]
    if patch:
        xyd = 0.5 * max(eaProjX.max() - eaProjX.min(), eaProjY.max() - eaProjY.min())
        xMid = 0.5 * (eaProjX.max() + eaProjX.min())
        yMid = 0.5 * (eaProjY.max() + eaProjY.min())
        rng = ((xMid-xyd,xMid+xyd),(yMid-xyd,yMid+xyd))
    else:
        rng = ((-1.,1.),(-1.,1.))
    H, xedges, yedges = num.histogram2d(
        eaProjX, eaProjY,
        weights=vals,
        bins=n, range=rng)
    nH, xedges, yedges = num.histogram2d(
        eaProjX, eaProjY,
        bins=n, range=rng)
    nonz = nH > 0
    if not sum:
        H[nonz] = H[nonz] / nH[nonz]
    if not nzByContrib:
        nonz = H > 0
    retval = num.ma.masked_array(H, mask=-nonz, fill_value=0., hard_mask=False)
    return retval


[docs]def fromSouthern(nVecs, invert):
    if invert:
        'invert through origin'
        retval = -nVecs
    else:
        'rotate about vertical axis in plane of pole figure'
        retval = num.vstack((-nVecs[0,:], nVecs[1,:], -nVecs[2,:]))
    return retval


[docs]def drawLines(pw, pointLists=[],
              netStyle = None, netNDiv = 12, netAlpha = 0.5, rMat=None,
              southern=False, invertFromSouthern=True,
              origin=(0.,0.), r=1.0):

    x0, y0 = origin

    lines = pw.a.get_lines()
    for line in lines:
        line.remove()

    ringAngs = num.linspace(0,num.pi*2.,181)
    if netStyle:
        arcAngsM  = num.linspace(-num.pi/2.,num.pi/2.,91)
        arcAngsL  = num.linspace(0, num.pi, 181)
        rMat_yDiv = ors.RotInv(-num.pi/netNDiv, [0,1,0]).toMatrix()
    pw(r*num.cos(ringAngs)+x0,r*num.sin(ringAngs)+y0,style='k-')

    if netStyle:
        nVMerid = num.vstack( ( num.cos(arcAngsM), num.sin(arcAngsM), num.zeros(len(arcAngsM)) ) )
        for iDiv in range(netNDiv-1):
            nVMerid = num.dot(rMat_yDiv, nVMerid)
            eaProj = n2eap(nVMerid, flip=False)
            pw(r*eaProj[0,:]+x0, r*eaProj[1,:]+y0, alpha=netAlpha, style=netStyle)
        for latAng in num.pi/netNDiv*num.arange(1,netNDiv):
            polZ = num.cos(latAng)
            polR = num.sin(latAng)
            nVLat = num.vstack( ( polR*num.cos(arcAngsL), polZ*num.ones(len(arcAngsL)), polR*num.sin(arcAngsL)) )
            eaProj = n2eap(nVLat, flip=False)
            pw(r*eaProj[0,:]+x0, r*eaProj[1,:]+y0, alpha=netAlpha, style=netStyle)
    'done with drawing net'

    for points, pwKWArgs in pointLists:
        nVecs  = matrixutil.unitVector(points)
        if rMat is not None:
            'rotate as did elsewhere'
            nVecs = num.dot(rMat, nVecs)
        bNVecsS = nVecs[2,:] < 0
        if southern:
            nVecsS = nVecs[:,bNVecsS]
            nVecsS = fromSouthern(nVecsS, invertFromSouthern)
            eaProj = n2eap(nVecsS, flip=False)
            pw(r*eaProj[0,:]+x0, r*eaProj[1,:]+y0, **pwKWArgs)
        else:
            nVecsN = nVecs[:,num.logical_not(bNVecsS)]
            eaProj = n2eap(nVecsN, flip=False)
            pw(r*eaProj[0,:]+x0, r*eaProj[1,:]+x0, **pwKWArgs)
    'done with pointLists'

    return
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  Source code for hexrd.fileutil

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC. 
# Produced at the Lawrence Livermore National Laboratory. 
# Written by Joel Bernier <bernier2@llnl.gov> and others. 
# LLNL-CODE-529294. 
# All rights reserved.
# 
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
# 
# Please also see the file LICENSE.
# 
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
# 
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY 
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the 
# GNU General Public License for more details.
# 
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import re
import sys
import os
import subprocess
import time
import string
import re

[docs]class Log:
    """for logging"""
[docs]    def __init__(self,logFileName=None,toScreen=True):
        self.logFile  = None
        self.toScreen = toScreen
        if logFileName:
            self.logFile = open(logFileName, 'w')
            self('for more information, see log file: %s' % logFileName )
        return

    def __call__(self, toLog, suppressToScreen=False):
        if self.logFile:
            #if isinstance(toLog,str):
            #    self.logFile.write(toLog)
            #elif hasattr(toLog,'__repr__'):
            #    self.logFile.write(toLog.__repr__())
            #else:
            #    raise RuntimeError, 'do not know how to write '
            self.logFile.write('\n'+str(toLog))
            self.logFile.flush()
        if self.toScreen and not suppressToScreen:
            print >> sys.stdout, str(toLog)
    def close(self):
        if self.logFile: self.logFile.close()
        return
    

[docs]class FileDescr:
    """base class"""
[docs]    def __init__(self, *args):
        raise RuntimeError, "need implementation"

    def __call__(self, **args):
        raise RuntimeError, "need implementation"
    def __str__(self):
        return str(self.__dict__)
    def __repr__(self):
        'this is not really a good implementation of this method'
        return str(self.__class__) + "(" + str(self.__dict__) + ")"
    def filename(self):
        raise RuntimeError, "need implementation"
        

[docs]class FileLink(FileDescr):
[docs]    def __init__(self, fileName):
        self.fileName = fileName
        if os.path.isfile(os.path.join('/',fileName)):
            # assume is absolute path
            self.absFileName = os.path.join('/',fileName)
        else:
            # assume is relative path
            self.absFileName = os.path.join(os.getcwd(),fileName)
        return

    def __call__(self, **args):
        os.system('ln -s %s' % self.absFileName)
        return
    def filename(self):
        return self.fileName


[docs]class FileLinkWild(FileDescr):
    """must be given an absolute path"""
[docs]    def __init__(self, fileNameWild):
        # assume is absolute path
        self.absFileNameWild = fileNameWild
        return

    def __call__(self, **args):
        '''
        might be better to go to glob.glob() call here
        '''
        pLs = os.popen('ls %s' % self.absFileNameWild)
        files = pLs.readlines()
        pLs.close()
        for file in files:
            os.system('ln -s %s' % file)
        return


[docs]def resolveWild(fname):
    '''
    might be better to go to glob.glob() call here
    '''
    pipe = os.popen('ls %s' % (fname))
    tmp = pipe.read()
    pipe.close()
    return (string.split(tmp)[0])


[docs]def catList(lines,sep=''):
    val = ""
    for line in lines[:-1]:
        val = val + line + sep
    val = val + lines[-1]
    return val


[docs]def fileToForm(fname):
    f = open(fname,'r')
    fLines = f.readlines()
    f.close()
    form = catList(fLines)
    return form


[docs]class FileForm(FileDescr):
[docs]    def __init__(self, fileName, formFile=None, form=None, dictForDefs=None):
        self.fileName = fileName
        self.dictForDefs = dictForDefs
        if form:
            self.form = form
        elif formFile:
            self.form = fileToForm(formFile)
        else:
            self.form = fileToForm(fileName)
            # raise RuntimeError, 'need form or formFile'
        return

    def filename(self):
        return self.fileName
    def __call__(self, **args):
        f = open(self.fileName,'w')
        if self.dictForDefs is not None:
            print >> f, dictToDefs(self.dictForDefs)
        if args.has_key('dict'):
            valDict = args['dict']
            print >> f, self.form % valDict,
        else:
            valDict = None
            print >> f, self.form, # essentially just a copy
        f.close()
        return
    def __str__(self):
        dictTemp = {}
        dictTemp.update(self.__dict__)
        form = dictTemp.pop('form') # pop so that do not print what may be a long form
        return str(self.__class__) + "(" + str(self.__dict__) + ")"
    def __repr__(self):
        return str(self)


[docs]def readFloatDataA(fname):
    '''
    This is definitely faster than readFloatData when it is appropriate,
    which is pretty much any time the data can be interpreted as an array and
    numpy is available
    '''
    import numpy as num
    if hasattr(num, 'loadtxt'):
        data = num.loadtxt(fname, dtype=float, comments='#')
    else:
        data = readFloatData(fname)
    return data
#

[docs]def readFloatData(fname=None):
    data = []
    if fname:
      f = open(fname)
    else:
      f = sys.stdin
    line = f.readline()
    while line:

        # strip off end of line
        temp = re.split("\n",line)
        line = temp[0]

        # strip off trailing comment
        temp = re.split("#",line)
        line = temp[0]

        fields = re.split("[ \t]+",line)
        if len(fields[0]) == 0:
            # had some leading white space
            iFieldFirst = 1
        else:
            iFieldFirst = 0
        if len(fields[len(fields)-1]) == 0:
            # had some trailing white space
            iFieldLast = len(fields)-1
        else:
            iFieldLast = len(fields)

        if (iFieldLast >= iFieldFirst):
            dataLine = []
            for field in fields[iFieldFirst:iFieldLast] :
                dataLine.append(float(field))
            data.append(dataLine)

        line = f.readline()

    if fname:
      f.close()
    return data


[docs]def readDataFlat(fname):
    data = []
    f = open(fname)
    line = f.readline()
    while line:

        # strip off end of line
        temp = re.split('\n',line)
        line = temp[0]

        # strip off trailing comment
        temp = re.split('#',line)
        line = temp[0]

        fields = re.split('[ \t]+',line)
        if len(fields[0]) == 0:
            # had some leading white space
            iFieldFirst = 1
        else:
            iFieldFirst = 0
        if len(fields[len(fields)-1]) == 0:
            # had some trailing white space
            iFieldLast = len(fields)-1
        else:
            iFieldLast = len(fields)

        if (iFieldLast >= iFieldFirst):
            #dataLine = []
            for field in fields[iFieldFirst:iFieldLast] :
                #dataLine.append(eval(field))
                data.append(eval(field))
            #data.append(dataLine)

        line = f.readline()

    f.close()
    return data


[docs]def archiveDir(dirName):
    timeStamp = time.strftime('%Y_%m_%d__%H_%M_%S')
    newDir = dirName+"-"+timeStamp
    os.rename(dirName,newDir)
    # logger not necessarily set up yet
    #logger('moved directory %s to %s' % (dirName,newDir))
    print 'moved directory %s to %s' % (dirName,newDir)
    return


[docs]def archiveFile(fileName):
    timeStamp = time.strftime('%Y_%m_%d__%H_%M_%S')
    newFile = fileName+"-"+timeStamp
    os.rename(fileName,newFile)
    # logger not necessarily set up yet
    #logger('moved fileectory %s to %s' % (fileName,newFile))
    print 'moved file %s to %s' % (fileName,newFile)
    return


[docs]def getFromPipe(command, werr=False):
    if werr:
        # pipei, pipeo = os.popen4(command)
        p = subprocess.Popen(command,
                             shell=True,
                             stdin=subprocess.PIPE,
                             stdout=subprocess.PIPE,
                             stderr=subprocess.STDOUT,
                             close_fds=True)
        pipei, pipeo = (p.stdin, p.stdout)
        val = pipeo.readline()[:-1] # [:-1] drops end-of-line character
        pipeo.close()
        pipei.close()
    else:
        pipe = os.popen(command)
        val = pipe.readline()[:-1] # [:-1] drops end-of-line character
        pipe.close()
    return val


[docs]def getSysType():
    if (os.environ.has_key('SYS_TYPE')):
        sysType = os.environ['SYS_TYPE']
    else:
        # raise RuntimeError, 'need SYS_TYPE environment variable'
        sysType = getFromPipe('babel-config --query-var=target')
    return sysType


[docs]def getNCorePerNode():
    sysType = getSysType()
    if sysType == 'aix_5_64_fed':
       return 8
    else: 
       pipe = os.popen('grep processor /proc/cpuinfo | wc --lines')
       tmp = pipe.readline()
       nCores = int((string.split(tmp))[0])
       pipe.close()
       return nCores


[docs]def getHostName():
    return re.split('[0-9]', os.environ['HOSTNAME'])[0]


[docs]def getBankNames():
    pMdiag = os.popen('mdiag -u %s' % (os.environ['USER']))
    line = pMdiag.readline()
    bankNames = []
    while line:
        splitLine = line.split('ALIST=')
        if len(splitLine) > 1:
            bankNames += splitLine[1].split(',')
        line = pMdiag.readline()
    pMdiag.close()
    return bankNames


[docs]def rmSafe(fileName):
    if os.access(fileName, os.F_OK) : os.remove(fileName)
    return


[docs]def rmDirF(dirName):
    for root, dirs, files in os.walk(dirName, topdown=False):
        for file in files: os.remove(os.path.join(root,file)) # os.remove(file)
        for dir  in dirs:  os.rmdir(os.path.join(root,dir))
    os.removedirs(dirName)
    return


[docs]def rmWorkDir(workdir):
    #os.rmdir(workdir)
    os.system('/bin/rm -rf %s' % (workdir))
    return


[docs]def listFiles(filename):
    'most useful if filename contains a wildcard'
    pLs = os.popen('ls '+filename)
    files = pLs.readlines()
    pLs.close()
    return [fTemp.split()[0] for fTemp in files]
    

[docs]def rmWild(filename):
    p = os.popen('ls %s*' % (filename))
    line = p.readline()
    while line:
      os.remove(line.split()[0])
      line = p.readline()
    return


[docs]def getScratchBaseDir():
    
    sysType = getSysType()
    resourceName = None
    #
    if sysType == 'chaos_3_x86_elan3':
        hostName = getHostName()
        if hostName == 'ingot':
            scratchBaseDir = '/nfs/petasim/' + os.environ['USER']
        elif hostName == 'alc':
            scratchBaseDir = '/p/lscratchb/' + os.environ['USER']
            resourceName = 'lscratchb'
        else:
            raise RuntimeError, 'unknown HOSTNAME environment variable  '
    elif sysType == 'chaos_3_x86_64_ib' or sysType == 'chaos_4_x86_64_ib':
        hostName = getHostName()
        if hostName[0:2] == 'rz':
            scratchBaseDir = '/nfs/tmp2/' + os.environ['USER']
            resourceName = 'tmp2'
        else:
            scratchBaseDir = '/p/lscratchb/' + os.environ['USER']
            resourceName = 'lscratchb'
    elif sysType == 'aix_5_64_fed':
        scratchBaseDir = '/p/gscratcha/' + os.environ['USER']
        resourceName = 'gscratcha'
    elif sysType.count('i386-apple-darwin'):
        scratchBaseDir = '/tmp'
    else:
        raise RuntimeError, 'getting scratch base directory: unknown SYS_TYPE environment variable  '
    return scratchBaseDir, resourceName


[docs]def argListToStr(argv):
    if len(argv) > 0:
        argsString = reduce(lambda a,b : str(a)+' '+str(b), argv)
    else:
        argsString = ''
    return argsString



[docs]def dictToDefs(d):
    s = ''
    for key, val in d.iteritems():
        if isinstance(val,float) or isinstance(val,int):
            s += 'def %s {%s}\n' % (key,val)
    return s



[docs]def readFLT(fname, structured=False):
    """
    Read a Fable-style .flt file

    JVB 2011/03/24
    """
    import numpy as num
    fid = open(fname, 'r')
    hdr = fid.readline().strip().split()
    nFields = len(hdr) - 1
    tmp = num.fromfile(fid, dtype=float, sep=" ")
    nRecords = len(tmp) / nFields
    tmp = tmp.reshape(nRecords, nFields)
    if structured:
        flt_dtype = [[hdr[i+1], 'f8'] for i in range(nFields)]
        intCols = [3,13,14,15,16,17,19,20,21,22,27,28,29]
        for i in intCols:
            flt_dtype[i][1] = 'i4'
        flt_dtype = [tuple(flt_dtype[i]) for i in range(nFields)]
        retval = num.empty(nRecords, dtype=flt_dtype)
        for i in range(nRecords):
            thisRow = list(tmp[i, :])
            thisRowInts = num.array(tmp[i, intCols], dtype='i4')
            jj = 0
            for j in intCols:
                thisRow[j] = thisRowInts[jj]
                jj+=1
            retval[i] = tuple(thisRow)
    else:
        retval = tmp
    fid.close()
    return retval
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  Source code for hexrd.gridutil

from numpy        import array, c_, r_, hstack, vstack, tile, \
                         cross, dot, diff, \
                         ceil, floor, \
                         ones, zeros
from numpy        import sum as asum
from numpy.linalg import det

[docs]def cellIndices(edges, points_1d):
    """
    get indices in a 1-d regular grid.

    edges are just that:

    point:            x (2.5)
                      |
    edges:   |1    |2    |3    |4    |5
             -------------------------
    indices: |  0  |  1  |  2  |  3  |
             -------------------------

    above the deltas are + and the index for the point is 1

    point:                  x (2.5)
                            |
    edges:   |5    |4    |3    |2    |1
             -------------------------
    indices: |  0  |  1  |  2  |  3  |
             -------------------------

    here the deltas are - and the index for the point is 2

    * can handle grids with +/- deltas
    * be careful when using with a cyclical angular array!  edges and points
      must be mapped to the same branch cut, and
      abs(edges[0] - edges[-1]) = 2*pi
    """
    ztol = 1e-12

    assert len(edges) >= 2, "must have at least 2 edges"

    points_1d = r_[points_1d].flatten()
    delta     = float(edges[1] - edges[0])

    on_last_rhs = points_1d >= edges[-1] - ztol
    points_1d[on_last_rhs] = points_1d[on_last_rhs] - ztol

    if delta > 0:
        on_last_rhs = points_1d >= edges[-1] - ztol
        points_1d[on_last_rhs] = points_1d[on_last_rhs] - ztol
        idx = floor( (points_1d - edges[0]) / delta )
    elif delta < 0:
        on_last_rhs = points_1d <= edges[-1] + ztol
        points_1d[on_last_rhs] = points_1d[on_last_rhs] + ztol
        idx = ceil( (points_1d - edges[0]) / delta ) - 1
    else:
        raise RuntimeError, "edges array gives delta of 0"
    # ...will catch exceptions elsewhere... 
    # if np.any(np.logical_or(idx < 0, idx > len(edges) - 1)):
    #     raise RuntimeWarning, "some input points are outside the grid"
    return array(idx, dtype=int)


[docs]def cellConnectivity(m, n, p=1, origin='ul'):
    """
    p x m x n (layers x rows x cols)

    origin can be upper left -- 'ul' <default> or lower left -- 'll'

    choice will affect handedness (cw or ccw)
    """
    nele = p*m*n
    con  = zeros((nele, 4), dtype=int)
    i_con = 0
    for k in range(p):
        for j in range(m):
            for i in range(n):
                con[i_con, :] = array([ i + j*(n + 1) + 1, 
                                        i + j*(n + 1), 
                                        i + j + n*(j + 1) + 1,
                                        i + j + n*(j + 1) + 2 ]) + k*(n + 1)*(m + 1)
                i_con += 1
    if p > 1:
        nele = m*n*(p-1)
        tmp_con3 = con.reshape(p, m*n, 4)
        hex_con = []
        for layer in range(p - 1):
            hex_con.append(hstack([tmp_con3[layer], tmp_con3[layer + 1]]))
        con = vstack(hex_con)
        pass
    if origin.lower().strip() == 'll':
        con = con[:, ::-1]
    return con


[docs]def cellCentroids(crd, con):
    """
    con.shape = (nele, 4)
    crd.shape = (ncrd, 2)

    con.shape = (nele, 8)
    crd.shape = (ncrd, 3)
    """
    nele = con.shape[0]
    dim  = crd.shape[1]
    centroid_xy = zeros((nele, dim))
    for i in range(len(con)):
        el_crds = crd[con[i, :], :] # (4, 2)
        centroid_xy[i, :] = (el_crds).mean(axis=0)
    return centroid_xy


[docs]def computeArea(polygon):
    """
    must be ORDERED and CONVEX!
    """
    n_vertices = len(polygon)
    polygon = array(polygon)
    
    triv = array([ [ [0, i-1], [0, i] ] for i in range(2, n_vertices) ])
             
    area = 0
    for i in range(len(triv)):
        tvp = diff( hstack([ polygon[triv[i][0], :], 
                             polygon[triv[i][1], :] ]), axis=0).flatten()
        area += 0.5 * cross(tvp[:2], tvp[2:])
    return area


[docs]def computeIntersection(line1, line2):
    """
    compute intersection of two-dimensional line intersection

    this is an implementation of two lines:

    line1 = [ [x0, y0], [x1, y1] ]
    line1 = [ [x3, y3], [x4, y4] ]

    
     <http://en.wikipedia.org/wiki/Line-line_intersection>
    """
    intersection = zeros(2)

    l1 = array(line1)
    l2 = array(line2)
     
    det_l1 = det(l1)
    det_l2 = det(l2)

    det_l1_x = det( vstack([ l1[:, 0], ones(2) ]).T )
    det_l1_y = det( vstack([ l1[:, 1], ones(2) ]).T )

    det_l2_x = det( vstack([ l2[:, 0], ones(2) ]).T )
    det_l2_y = det( vstack([ l2[:, 1], ones(2) ]).T )

    denominator = det( vstack([ [det_l1_x, det_l1_y], [det_l2_x, det_l2_y] ]) )

    if denominator == 0:
        intersection = []
    else:
        intersection[0] = det( vstack([ [det_l1, det_l1_x], [det_l2, det_l2_x] ]) ) / denominator
        intersection[1] = det( vstack([ [det_l1, det_l1_y], [det_l2, det_l2_y] ]) ) / denominator
    return intersection


[docs]def isinside(point, boundary, ccw=True):
    """
    Assumes CCW boundary ordering
    """
    pointPositionVector = hstack([         point - boundary[0, :], 0.])
    boundaryVector      = hstack([boundary[1, :] - boundary[0, :], 0.])
    
    crossVector = cross(pointPositionVector, boundaryVector)

    inside = False
    if crossVector[2] > 0:
        if ccw:
            inside = True
    elif crossVector[2] < 0:
        if not ccw:
            inside = True
    else:
        inside = True
    
    return inside


[docs]def sutherlandHodgman(subjectPolygon, clipPolygon):
    """
    """
    subjectPolygon = array(subjectPolygon)
    clipPolygon    = array(clipPolygon)
    
    numClipEdges = len(clipPolygon)

    prev_clipVertex = clipPolygon[-1, :]
 
    # loop over clipping edges
    outputList = array(subjectPolygon)
    for iClip in range(numClipEdges):
         
        curr_clipVertex = clipPolygon[iClip, :]

        clipBoundary = vstack([ curr_clipVertex, 
                                prev_clipVertex ])
 
        inputList  = array(outputList)
        if len(inputList) > 0:
            prev_subjectVertex = inputList[-1, :]            

        outputList = []
        
        for iInput in range(len(inputList)):

            curr_subjectVertex = inputList[iInput, :]
            
            if isinside(curr_subjectVertex, clipBoundary):
                if not isinside(prev_subjectVertex, clipBoundary):
                    subjectLineSegment = vstack([ curr_subjectVertex,
                                                  prev_subjectVertex ])
                    outputList.append(computeIntersection(subjectLineSegment, clipBoundary))
                    pass
                outputList.append(curr_subjectVertex)
            elif isinside(prev_subjectVertex, clipBoundary):
                subjectLineSegment = vstack([ curr_subjectVertex,
                                              prev_subjectVertex ])
                outputList.append(computeIntersection(subjectLineSegment, clipBoundary))
                pass
            prev_subjectVertex = curr_subjectVertex
            prev_clipVertex = curr_clipVertex
            pass            
        pass
    return outputList
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  Source code for hexrd.arrayutil

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
haveSidl = True
try:
  import sidlPyArrays
  if sidlPyArrays.type == "numpy":
    import numpy as num
  else:
    if sidlPyArrays.type == "numeric":
      import numeric as num
except:
  haveSidl = False
  import numpy as num

if haveSidl:

   import warnings
   warnings.simplefilter('ignore',DeprecationWarning)

   def getMem(shape,asOnes=False,asZeros=False,typeInt=False):
     if typeInt:
       if asOnes:
         mem = sidlPyArrays.createInt(shape, ordering='column', value=1)
       elif asZeros:
         mem = sidlPyArrays.createInt(shape, ordering='column', value=0)
       else:
         mem = sidlPyArrays.createInt(shape, ordering='column')
     else:
       if asOnes:
         mem = sidlPyArrays.createDouble(shape, ordering='column', value=1.0e0)
       elif asZeros:
         mem = sidlPyArrays.createDouble(shape, ordering='column', value=0.0e0)
       else:
         mem = sidlPyArrays.createDouble(shape, ordering='column')
     return mem
else:
[docs]   def getMem(shape,asOnes=False,asZeros=False,typeInt=False):
     if typeInt:
       dtype = 'i'
     else:
       dtype = 'float64'
     if asOnes:
       mem = num.ones(shape, dtype=dtype)
     elif asZeros:
       mem = num.zeros(shape, dtype=dtype)
     else:
       mem = num.empty(shape, dtype=dtype)
     return mem


dtypeI = getMem([1],typeInt=True).dtype.name
dtypeF = getMem([1],typeInt=False).dtype.name
[docs]def toArray(a):
  numa = num.array(a) # wasteful?
  kind = numa.dtype.kind
  if kind == 'i':
    #mem = num.array(a,dtype=dtypeI)
    #numa.dtype = dtypeI
    mem = num.array(numa, order='F', dtype=dtypeI)
  elif kind == 'f':
    #mem = num.array(a,dtype=dtypeF)
    #numa.dtype = dtypeF
    mem = num.array(numa, order='F', dtype=dtypeF)
  else:
    raise RuntimeError, 'unknown data type'

  return mem


[docs]def writeArray(fid, *args, **dargs):
  '''
  Print to file, pasting arrays together;
  eventually replace with numpy.savetxt?
  '''
  f = open(fid,'w')
  if dargs.has_key('format'):
    format = dargs['format']
  else:
    format='%24.16e'
  if dargs.has_key('sep'):
    sep = dargs['sep']
  else:
    sep=' '
  if dargs.has_key('layout'):
    layout = dargs['layout']
  else:
    layout = 'C'
  if layout == 'C' or layout == 'c':
    for iLine in range(args[0].shape[1]):
      for iArg in range(len(args)):
        arg = args[iArg]
        for iArgCol in range(arg.shape[0]):
          print >> f, format % (arg[iArgCol,iLine]),
          print >> f, sep,
      print >> f, "" # to end line
  elif layout == 'F' or layout == 'f':
    for iLine in range(args[0].shape[0]):
      for iArg in range(len(args)):
        arg = args[iArg]
        if len(arg.shape) > 1:
          for iArgCol in range(arg.shape[1]):
            print >> f, format % (arg[iLine,iArgCol]),
            print >> f, sep,
        else:
            print >> f, format % (arg[iLine]),
            print >> f, sep,
      print >> f, "" # to end line
  else:
    raise RuntimeError, 'bad layout specification, try C or F'
  f.close()
  return


[docs]def arrayToString(a):
  import StringIO
  s = StringIO.StringIO()
  num.savetxt(s, a)
  return s.getvalue().replace('\n',' ')


[docs]def structuredSort(order, things):
  '''
  sort things by order, return sorted things
  '''
  assert len(order) == len(things), 'order and things must have same length'
  orderType = type(order[0])
  if hasattr(things,'dtype') and len(things.dtype) > 0:
    'this is realy ugly'
    dtype = [('order', orderType)] + things.dtype.descr
    a = num.array([ tuple( [order[i]] + list(things[i]) ) for i in range(len(order))], dtype=dtype)
    aSorted = num.sort(a, order='order')
    retval = aSorted
  elif hasattr(things[0],'lower'):
    thingType = object
    dtype = [('order', orderType), ('thing', thingType)]
    a = num.array([(order[i], things[i]) for i in range(len(order))], dtype=dtype)
    aSorted = num.sort(a, order='order')
    retval = aSorted['thing']
  else:
    thingType = type(things[0])
    dtype = [('order', orderType), ('thing', thingType)]
    a = num.array([(order[i], things[i]) for i in range(len(order))], dtype=dtype)
    aSorted = num.sort(a, order='order')
    retval = aSorted['thing']
  return retval


[docs]def histoFit(data, nBins, plot=False):
  '''
  Fit data using histogramming;
  useful for stuff pulled in using DataThief
  '''
  xVals = data[:,0]
  xMin = xVals.min()
  xMax = xVals.max()
  # nBins = 700
  delX = (xMax-xMin)/nBins
  xBins = num.arange(xMin, xMax+0.5*delX, delX)
  xCen  = 0.5*(xBins[1:]+xBins[:-1])
  dataHistO, edges = num.histogram(data[:,0],bins=xBins)
  dataHistW, edges = num.histogram(data[:,0],bins=xBins,weights=data[:,1])
  dataHist = dataHistW/dataHistO
  # take care of empty bins
  notNan = num.logical_not(num.isnan(dataHist))
  xCen = xCen[notNan]
  dataHist = dataHist[notNan]

  if plot:
    import hexrd.plotwrap as plotwrap
    pw = plotwrap.PlotWrap()
    pw(data[:,0],data[:,1],style='rx')
    pw(xCen, dataHist, style='k-')

  return xCen, dataHist
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  Source code for hexrd.plotwrap

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
'''
***
For now, plotwrap is hardwired for TkAgg
this is not great, but also not a high priority to fix for now;
PlotWinP might be the start of a decent fix

but plotwrap was built with the idea that you could have a plot without a window, and pyplot relies on the new_figure_manager functions in the backends, which always make a window;
what we need is something to make the figure and the canvas without the figure manager
... but FigureCanvasMac

... how does one get a drawable figure that is not necessarily drawn?!



'''
import numpy as num
import matplotlib
matplotlib.use('WXAgg')
#matplotlib.use('TkAgg')
import math

# from matplotlib.backend_bases import Event
# class MyResizeEvent(Event):
#     def __init__(self, name, canvas, width, height):
#         Event.__init__(self, name, canvas)
#         self.width  = width
#         self.height = height
#         return

[docs]def autoTicks(x, n, format='%0.2e'):
    xmin = num.array(x).min()
    xmax = num.array(x).max()
    delta = (xmax-xmin)/n
    xticks = num.arange(xmin, xmax+delta*0.5, delta)
    if format is not None:
        # xticksFormatted = num.array(map(lambda x: float(format % (x)), xticks))
        xticksFormatted = map(lambda x: float(format % (x)), xticks)
        return xticksFormatted
    return xticks


[docs]def argToPW(arg):
    local = True
    if hasattr(arg, 'callXY'): # isinstance(arg, plotwrap.PlotWrap):
        retval = arg
        local = False
    elif hasattr(arg, 'getNextAxes'): # isinstance(arg, plotwrap.PlotWin):
        retval = PlotWrap(window=arg)
    elif arg is None:
        retval = PlotWrap()
    else:
        raise RuntimeError, 'do not know what to do with arg of type : '+str(type(arg))
    return retval, local


[docs]class PlotWin:
    __provideToolbarDflt = True
    __debug = False
    __maxAutoFigSize = (7,7)
    __softDestroy = False
[docs]    def __init__(self,
                 numRows=1, numCols=-1,
                 title='PlotWin window',
                 figure=None,
                 relfigsize=(3,3),
                 axesList=None,
                 noAutoAxesList=False,
                 dpi=100
                 ):
        '''
        If pass negative numCols, then numRows is the number of plots
        and the layout is done automatically
        '''

        self.dpi = dpi
        self.f = None
        self.iaCur = 0
        if axesList is not None:
            self.axesList = axesList
        else:
            self.axesList = []
        if self.__debug:
            print 'len(axesList): %g' % (len(self.axesList))
        #self.autoAxes = False # not necessary
        self.pwList = [ None for iaCur in range(len(self.axesList)) ]
        self.iaCur = len(self.axesList)

        if numCols <= 0:
            if numRows <= 0:
                #self.autoAxes = True
                self.nc = 0
                self.nr = 0
            else:
                self.__autoNRC(numRows)
            self.figsize = (
                min(max(1,self.nc)*relfigsize[0],self.__maxAutoFigSize[0]),
                min(max(1,self.nr)*relfigsize[1],self.__maxAutoFigSize[1])
                )
        else:
            self.nr = numRows
            self.nc = numCols
            self.figsize = (
                max(1,self.nc)*relfigsize[0],
                max(1,self.nr)*relfigsize[1]
                )
        #
        self.title = title
        self.root = None # dead = True

        self.provideToolbar = self.__provideToolbarDflt

        self.f = figure
        self.__checkWin()

        if self.__debug:
            print 'nr, nc, len(axesList): %g %g %g' % (self.nr, self.nc, len(self.axesList))
        if len(self.axesList) == 0 and not noAutoAxesList:
            ia = 0
            for ir in range(1,self.nr+1):
                for ic in range(1,self.nc+1):
                    ia += 1
                    a = self.f.add_subplot(self.nr, self.nc, ia)
                    a.clear()
                    a.axis('off')
                    self.axesList.append(a)
                    self.pwList.append(None)
        self.__checkAutoNRAxes()

        return

    def __autoNRC(self, n, resizeFig=False):
        self.nc = int(math.ceil(math.sqrt(float(n))))
        self.nr = int(math.ceil(float(n)/self.nc))
        if resizeFig and hasattr(self.root, 'wm_geometry'):
            import Tkinter as Tk
            self.__checkWin()
            wInch = max(1,self.nc)*3
            hInch = max(1,self.nr)*3
            w = wInch*self.dpi
            h = hInch*self.dpi
            self.f.set_size_inches((wInch,hInch))
            curGeom = self.root.wm_geometry()
            hxw, xp, yp = curGeom.split('+')
            newGeom = str(w)+'x'+str(h)+'+'+xp+'+'+yp
            self.root.wm_geometry(newGeom)
            self.canvas.get_tk_widget().pack(side=Tk.TOP, fill=Tk.BOTH, expand=1)
            self.canvas.show()

            # wInch = max(1,self.nc)*3
            # hInch = max(1,self.nr)*3
            # # self.f.set_size_inches((wInch,hInch))
            # #self.canvas.resize(wInch*self.dpi, hInch*self.dpi)
            # #self.canvas.show()
            # myResizeEvent = MyResizeEvent('autoNRC_resize', self.canvas,
            #                               wInch*self.dpi, hInch*self.dpi)
            # self.canvas.resize(myResizeEvent)
        return
    def __checkAutoNRAxes(self):
        if self.__debug:
            print 'nr, nc, len(axesList): %g %g %g' % (self.nr, self.nc, len(self.axesList))
        if len(self.axesList) == 0: return
        assert len(self.axesList) <= self.nr*self.nc, \
            'axesList is wrong length'
        for ia in range(len(self.axesList)):
            axes = self.axesList[ia]
            if hasattr(axes,'change_geometry'):
                axes.change_geometry(self.nr, self.nc, ia+1)
        return
    def __checkWin(self):
        '''
        This is pretty ugly in how it is hardwired for tk;
        consider going to something like PlotWinP
        '''
        import sys

        if self.root is not None: return  # if not self.dead: return

        useTkAgg = True
        if 'matplotlib.backends' in sys.modules:
            if matplotlib.get_backend() != 'TkAgg':
                useTkAgg = False
        if not useTkAgg:
            #self.root = matplotlib.get_backend()
            # assert len(self.axesList) == 1, 'plotwrap case note coded, axesList len : %d' % (len(self.axesList))
            # self.root = PlotWinP(axes=self.axesList, figsize=self.figsize, dpi=self.dpi,
            #                     title=self.title)
            assert self.f is None, 'self.f is not None'
            self.root = PlotWinP(axes=self.axesList, figsize=self.figsize, dpi=self.dpi)
            self.canvas = self.root.getCanvas()
            self.f = self.root.f
        else:
            # matplotlib.use('TkAgg') # moved this back to above
            from matplotlib.backends.backend_tkagg import FigureCanvasTkAgg, NavigationToolbar2TkAgg

            import Tkinter as Tk

            self.root = root = Tk.Tk() # pops up a little window
            root.wm_title(self.title)
            root.wm_resizable(width=True, height=True)
            #self.dead = False

            if self.__softDestroy:
                def destroy(e):
                    self.root = None # self.dead = True
                root.bind("<Destroy>", destroy)

            # a tk.DrawingArea
            if self.f is None: # if figure is None:
                from matplotlib.figure import Figure
                self.f = Figure(figsize=self.figsize,
                                dpi=self.dpi)

            self.canvas = canvas = FigureCanvasTkAgg(self.f, master=root)
            #if self.showByDefault:
            canvas.show()
            canvas.get_tk_widget().pack(side=Tk.TOP, fill=Tk.BOTH, expand=1) # actually displays something now!

            #if self.showByDefault: canvas.show() # updates display
            canvas.show() # updates display

            if self.provideToolbar:
                toolbar = NavigationToolbar2TkAgg( self.canvas, root )
                toolbar.update()
                canvas._tkcanvas.pack(side=Tk.TOP, fill=Tk.BOTH, expand=1)

        return
    def fillPW(self):
        for iPW in range(len(self.pwList)):
            if self.pwList[iPW] is None:
                self.pwList[iPW] = PlotWrap(window=self)
        return
    def haveXLabels(self):
        self.f.subplots_adjust(bottom=0.2,hspace=0.3)
        return
    def haveYLabels(self):
        self.f.subplots_adjust(left=0.2,wspace=0.3)
        return
    def destroy(self):
        if self.root is not None: # not self.dead:
            if not self.__softDestroy:
                self.axesList = []
                # for pw in self.pwList:
                #     if pw is not None:
                #         pw.destroy()
                self.pwList = []
            if hasattr(self.root,'destroy'):
                self.root.destroy()
    def savePWList(self, prefix, suff='png', **keyArgs):
        for iPW, pw in enumerate(self.pwList):
            filename = prefix+'_%02d.'%(iPW)+suff
            extent = pw.a.get_window_extent().transformed(pw.f.dpi_scale_trans.inverted())
            self.f.savefig(filename, bbox_inches=extent, **keyArgs)
        return
    def save(self, **keyArgs):
        if keyArgs.has_key('filename'):
            filename = keyArgs.pop('filename')
            #self.canvas.print_figure(filename, **keyArgs)
            self.f.savefig(filename, **keyArgs)
        else:
            raise RuntimeError, 'need filename entry in keyArgs'
        return
    def isDead(self):
        return self.root is None # self.dead
    def getCanvas(self):
        return self.canvas
    def show(self):
        self.__checkWin()
        if hasattr(self.f, 'show'):
            self.f.show()
        elif hasattr(self.canvas, 'show'):
            self.canvas.show()
        else:
            raise RuntimeError, 'do not know how to do show'
    def getFigure(self):
        return self.f
    def getNextAxes(self, rect=None, attachPW=None, **axprops):
        aCur = self.getAxes(self.iaCur, rect=rect, **axprops)
        self.pwList[self.iaCur] = attachPW
        self.iaCur += 1
        return aCur
[docs]    def getAxes(self, plotNum, rect=None, withPW=False, **axprops):
        '''careful: plotNum is from 0, not 1 as is the case for subplot
        axprops is useful for this like setting sharex and sharey'''
        #if plotNum+1 > self.nr*self.nc:
        if plotNum+1 > len(self.axesList) or len(axprops) > 0:
            #if not self.autoAxes:
            #    raise RuntimeError, 'not more axes available'
            if rect is not None:
                aCur = self.f.add_axes(rect, **axprops)
                self.axesList.append(aCur)
                self.pwList.append(None)
            else:
                if plotNum < len(self.axesList):
                    'replacing existing'
                    aCur = self.f.add_subplot(self.nr, self.nc, plotNum+1, **axprops)
                else:
                    'just add more axes, instead of fussing!'
                    self.__autoNRC(plotNum+1, resizeFig=True)
                    aCur = self.f.add_subplot(self.nr, self.nc, self.iaCur+1, **axprops)
                    self.axesList.append(aCur)
                    self.pwList.append(None)
                self.__checkAutoNRAxes()
            if self.__debug:
                print 'length of axesList is now %d' % len(self.axesList)
            retval = aCur
        else:
            aCur = self.axesList[plotNum]
            pw = self.pwList[plotNum]
            if withPW:
                retval = aCur, pw
            else:
                retval = aCur
        return retval



[docs]class PlotWinLite:
    '''
    Lightweight PlotWin substitute for when windows are being controlled by code outside of plotwrap
    '''
[docs]    def __init__(self, canvas, figure, axes):
        self.c = canvas
        self.f = figure
        self.a = axes
        return

    def getAxes(self, plotNum):
        assert plotNum == 0, \
               'plotNum must be 0 for PlotWinLite instances'
        return self.axes
[docs]    def haveXLabels(self):
        'may want to turn off any functionality in this method'
        self.f.subplots_adjust(bottom=0.2,hspace=0.3)
        return

[docs]    def haveYLabels(self):
        'may want to turn off any functionality in this method'
        self.f.subplots_adjust(left=0.2,wspace=0.3)
        return

    def destroy(self):
        raise RuntimeError, 'should not call destroy on PlotWinLite instances'
        return


[docs]class PlotWinP:
    '''
    Just wrap pyplot
    '''
[docs]    def __init__(self, axes=None, as3D=False,
                 title=None,
                 **kwargs):
        import matplotlib.pyplot as plt

        self.iaCur = 0

        figsize = None
        dpi = None
        if kwargs.has_key('figsize'):
            figsize = kwargs.pop('figsize')
        if kwargs.has_key('dpi'):
            dpi = kwargs.pop('dpi')
        self.f = plt.figure(figsize=figsize, dpi=dpi)
        self.c = self.f.canvas

        if axes is None:
            if as3D:
                import mpl_toolkits.mplot3d.axes3d as p3
                self.a = p3.Axes3D(self.f, **kwargs)
            else:
                self.a = [self.f.add_subplot(1,1,1, **kwargs)]
                self.iaCur += 1
        else:
            if hasattr(axes,'__len__'):
                self.a = axes
            else:
                self.a = [axes]
        self.pwList = [None for a in self.a]

        'for now, punt on setting a title'
        # if title is not None:
        #     'not sure how to set title on window, so settle for axes title'
        #     self.a.set_title(title)

        return

    def getNextAxes(self, rect=None, attachPW=None, **axprops):
        if self.iaCur < len(self.a):
            aCur = self.a[self.iaCur]
            self.pwList[self.iaCur] = attachPW
        else:
            aCur = self.f.add_axes(rect, **axprops)
            self.pwList.append(attachPW)
        self.iaCur += 1
        return aCur
    def getCanvas(self):
        return self.c
    def getFigure(self):
        return self.f
    def getAxes(self, plotNum):
        assert plotNum < len(self.a), \
               'plotNum must be 0 for PlotWinLite instances'
        return self.a[plotNum]
[docs]    def haveXLabels(self):
        'may want to turn off any functionality in this method'
        self.f.subplots_adjust(bottom=0.2,hspace=0.3)
        return

[docs]    def haveYLabels(self):
        'may want to turn off any functionality in this method'
        self.f.subplots_adjust(left=0.2,wspace=0.3)
        return

    def destroy(self):
        import matplotlib.pyplot as plt
        plt.close(self.f)
        self.a = None
        self.pwList = None
        self.c = None
        self.f = None
        return




[docs]class PlotWrap(object):
    __debug = False
    __keyArgDict =  {
        'title' : None,
        'winTitle' : None,
        'xlabel' : None,
        'xticks' : None,
        'ylabel' : None,
        'yticks' : None,
        'ylog' : False,
        'xlog' : False,
        'ybound' : (None,None),
        'xbound' : (None,None),
        'legend' : None,
        'style' : None,
        'aging' : None,
        'alphaMin' : 0.02,
        'agingCull' : True,
        'bball' : None,
        'accum' : False,
        'showByDefault' : True,
        'makeWinByDefault': True,
        'axes' :  None,
        'axesRect' :  None,
        'axprops' :  {},
        'figsize' : (5,4),
        'dpi' : 100,
        'window' :  None,
        'as3D' : False,
        }
[docs]    def __init__(self,
                 **keyArgs
                 ):

        # defaults
        for parm, val in self.__keyArgDict.iteritems():
            self.__setattr__(parm, val)
        #
        # parse keyword args
        for keyArg in self.getKeyArgList():
            if keyArgs.has_key(keyArg):
                self.__setattr__(keyArg, keyArgs.pop(keyArg))
        if len(keyArgs) > 0:
            raise RuntimeError, 'unparsed keyword args : '+str(keyArgs)
        #
        window = self.window
        del self.window
        #
        self.x_accum = self.accum
        del self.accum
        #
        axes = self.axes
        del self.axes

        self.x_prev = None
        self.x_store = [[],[]]

        self.win = None
        self.a   = None
        self.canvas = None

        self.ownCanvas = True
        if window is None:
            self.ownCanvas = True
            'checking self.showByDefault here causes trouble because it is hard to attach a figure to a window later for a general backend ***'
            if self.showByDefault or self.makeWinByDefault:
                # 'go ahead and make a window, using PlotWinP to increase backend flexibility'
                # self.win    = ...PlotWinP(as3D=self.as3D, figsize=self.figsize, dpi=self.dpi)
                # self.a      = self.win.getAxes(0)
                # self.f      = self.win.getFigure()
                # self.canvas = self.win.getCanvas()
                # self.a.set_autoscale_on(True)
                self.__checkWin()
                self.f = self.win.f
            else:
                from matplotlib.figure import Figure
                self.f = Figure(figsize=self.figsize, dpi=self.dpi)
            if self.as3D:
                import mpl_toolkits.mplot3d.axes3d as p3
                self.a = p3.Axes3D(self.f)
            else:
                if self.axesRect is None:
                    self.a = self.f.add_subplot(1, 1, 1, **self.axprops)
                else:
                    self.a = self.f.add_axes(self.axesRect, **self.axprops)

            if axes is not None:
                raise RuntimeError, 'do not specify axes when have not passed a window'
        else:
            self.ownCanvas = False
            self.win = window
            self.canvas = self.win.getCanvas()
            self.f = self.win.getFigure()
            if axes is None:
                if self.__debug: print 'using axprops: '+str(self.axprops)
                self.a = self.win.getNextAxes(rect=self.axesRect, attachPW=self, **self.axprops)
            elif isinstance(axes, int):
                self.a = self.win.getAxes(axes, **self.axprops)
            else:
                self.a = axes
        #
        self.clear() # sets labels and so forth

        # self.style = style # can be None
        # self.bball = bball # can be None
        #
        #self.aging = aging
        #self.agingCull = agingCull
        #self.alphaMin = alphaMin
        self.agingNumAge = -1
        if self.aging is not None:
            from math import log
            self.agingNumAge = max(int(log(self.alphaMin)/log(self.aging)),1)
        self.plotProps = {}
        # self.lineListList = [] # not needed, can, and should, use a.lines

        self.asImIJ = False
        # self.transform = None
        self.axIm = None
        self.__colorbar = None

        return

    def add_axes(self, arect, kwAddAxes={}, **kwarg):
        aNew = self.f.add_axes(arect, **kwAddAxes)
        # self.a.set_position((0.05, 0.05, 0.45, 0.9))
        new = self.__class__(window=self.win, axes=aNew, **kwarg)
        return new
    @classmethod
    def popKeyArgs(cls, kwargs):
        retval = {}
        for key in cls.getKeyArgList():
            if kwargs.has_key(key):
                retval[key] = kwargs.pop(key)
        return retval
    @classmethod
    def getKeyArgList(cls):
        return cls.__keyArgDict.keys()
    def __checkCanvas(self):
        'leave dead True, not checking for window, just for canvas'
        #from matplotlib.backends.backend_tkagg import FigureCanvasTkAgg
        if self.win is not None: return
        if self.canvas is not None: return

        from matplotlib.backends.backend_tkagg import FigureCanvasAgg

        self.canvas = FigureCanvasAgg(self.f)
        if hasattr(self.a,'mouse_init'):
            self.a.mouse_init()
        return

    def __checkWin(self):
        if self.win is not None: return
        winTitle = self.winTitle
        if winTitle is None : winTitle = self.title
        if winTitle is None : winTitle = 'plotWin'
        if hasattr(self,'f'):
            self.win = PlotWin(1,1,title=winTitle, relfigsize=self.figsize, figure=self.f, axesList=[self.a])
        else:
            self.win = PlotWin(1,1,title=winTitle, relfigsize=self.figsize, axesList=[self.a])
        #self.win = PlotWinP(title=winTitle, figure=self.f, axes=self.a)
        self.canvas = self.win.getCanvas()
        return
    def removeLines(self):
        lines = self.a.get_lines()
        for line in lines:
            line.remove()
        if self.showByDefault:
            self.show() # self.canvas.show()
        return
    def show(self):
        self.__checkWin()
        if self.legend is not None:
            pass # do not yet have this right
            # if isinstance(self.legend, str) or isinstance(self.legend, int): #  or hasattr(self.legend,'__len__')
            #     self.a.legend(loc=self.legend)
            # elif isinstance(self.legend, bool):
            #     self.a.legend()
            # elif isinstance(self.legend, list):
            #     self.a.legend(*self.legend)
            # elif isinstance(self.legend, dict):
            #     self.a.legend(**self.legend)
            # else:
            #     raise RuntimeError, 'do not know what to do with legend specification: '+str(self.legend)
        if hasattr(self.a,'mouse_init'):
            self.a.mouse_init()
        if hasattr(self.f, 'show'):
            self.f.show()
        elif hasattr(self.canvas, 'show'):
            self.canvas.show()
        else:
            raise RuntimeError, 'do not know how to do show'
        return
    def clear(self):
        self.asImIJ = False
        self.axIm = None
        # self.transform = None
        self.x_prev = None
        self.__colorbar = None
        self.x_store = [[],[]]
        if self.showByDefault:
            self.__checkWin()
        if self.a is not None:
            if hasattr(self.a,'mouse_init'):
                'doing a.clear() seems like it causes trouble with plotting collections?'
                self.a.clear() # self.a.cla()
                self.a.set_autoscale_on(True)
            else:
                self.a.clear() # self.a.cla()
                self.a.set_autoscale_on(True)
        if self.xticks is not None:
            self.a.set_xticks(self.xticks)
        if self.title is not None:
            self.a.set_title(self.title)
        if self.xlabel is not None:
            self.a.set_xlabel(self.xlabel)  # r'X axis label $\mu\mbox{lentz}$'
            if self.win is not None:
                'make some room for the label'
                self.win.haveXLabels()
        if self.yticks is not None:
            self.a.set_yticks(self.yticks)
        if self.xlog: self.a.set_xscale('log')
        if self.ylog: self.a.set_yscale('log')
        #self.a.set_ybound(self.ybound)
        self.a.set_ylim(ymin=self.ybound[0], ymax=self.ybound[1])
        self.a.set_xlim(xmin=self.xbound[0], xmax=self.xbound[1])
        if self.ylabel is not None:
            self.a.set_ylabel(self.ylabel)
            if self.win is not None:
                'make some room for the label'
                self.win.haveYLabels()
        if self.legend is not None:
            pass # do not yet have this right
            # if isinstance(self.legend, str) or isinstance(self.legend, int): #  or hasattr(self.legend,'__len__')
            #     self.a.legend(loc=self.legend)
            # elif isinstance(self.legend, bool):
            #     self.a.legend()
            # elif isinstance(self.legend, list):
            #     self.a.legend(*self.legend)
            # elif isinstance(self.legend, dict):
            #     self.a.legend(**self.legend)
            # else:
            #     raise RuntimeError, 'do not know what to do with legend specification: '+str(self.legend)
        if self.a is not None:
            self.a.set_autoscale_on(True)
        if self.showByDefault:
            self.show() # self.canvas.show()
        return
    def setLegend(self, val=True):
        # if self.legend is None:
        #     self.legend = True
        # if val is not None:
        #     self.legend = val
        self.legend = val
        return
[docs]    def save(self, **keyArgs):
        '''make hardcopy of the current figure;
        specify filename or prefix keyword argument
        '''
        import numpy as num

        filename = None
        prefix = None
        if keyArgs.has_key('filename'):
            filename = keyArgs.pop('filename')
        if keyArgs.has_key('prefix'):
            prefix = keyArgs.pop('prefix')
            filename = prefix+'.pdf' # .eps

        if prefix is not None:
            'export data'
            if len(self.x_store[0]) > 0:
                dataFilename = prefix+'.data'
                from hexrd import arrayutil
                try:
                    arrayutil.writeArray(dataFilename, num.array(self.x_store))
                except:
                    import sys
                    print 'problem writing to '+dataFilename+' : '+str(self.x_store)
                    sys.exit(1)

        if not self.ownCanvas:
            if self.__debug:
                print 'skipping print_figure because this plot does not own its canvas'
        else:
            self.__checkCanvas()
            if filename is None:
                raise RuntimeError, 'need filename or prefix entry in keyArgs'
            #dpi = self.f.get_dpi()
            #self.canvas.print_figure(filename, dpi=dpi, **keyArgs)
            self.f.savefig(filename, **keyArgs)

        return

[docs]    def destroy(self):
        'does not clean up self.a, just kills the window if this plot owns the window'
        if self.ownCanvas and self.win is not None:
            self.win.destroy()
        return

    def drawBBox(self, bbox, **kwargs):
        import numpy as num
        bbox_x = bbox[0]
        bbox_y = bbox[1]
        xBBox = num.array([ bbox_x[0], bbox_x[1], bbox_x[1], bbox_x[0], bbox_x[0] ])
        yBBox = num.array([ bbox_y[0], bbox_y[0], bbox_y[1], bbox_y[1], bbox_y[0] ])
        'go through call, instead of callXY, in case of asImIJ'
        self.__call__(xBBox, yBBox, **kwargs)
        return
    def __call__(self, *args, **keyArgs):
        import numpy as num
        noShow = False
        retVal = None
        # if keyArgs.has_key('transform'):
        #     'pop transform so that can keep it for other (overlaid) plots'
        #     self.transform = keyArgs.pop('transform')
        if keyArgs.has_key('noShow'):
            noShow = keyArgs.pop('noShow')
        if len(args) == 2:
            alphas = None
            if self.asImIJ:
                x = args[1]
                y = args[0]
            else:
                x = args[0]
                y = args[1]
            if keyArgs.has_key('alphas'):
                alphas = keyArgs.pop('alphas')
                assert len(args) == 2, 'len(args) != 2'
                assert len(alphas) == len(y), 'len(alphas) != len(y)'
                self.x_prev = None
                for iX in range(len(x)):
                    self.callXY([x[iX]],[y[iX]],alpha=alphas[iX],**keyArgs)
            else:
                self.callXY(x, y, **keyArgs)
        elif len(args) == 3:
            X = args[0]; Y = args[1]; data = args[2];
            cont = self.callContour(X, Y, data, **keyArgs)
            retVal = cont
        elif len(args) == 1 and isinstance(args[0],str):
            'interpret string as name of a file to plot in axes'
            filename = args[0]
            im = self.callImage(filename, **keyArgs)
            retVal = im
        elif len(args) == 1 and isinstance(args[0],num.ndarray):
            im = self.callIm(args[0], **keyArgs)
            retVal = im
        else:
            raise RuntimeError, 'do not know what to do with args'
        self.a.set_ylim(ymin=self.ybound[0], ymax=self.ybound[1])
        self.a.set_xlim(xmin=self.xbound[0], xmax=self.xbound[1])
        if not noShow:
            if self.showByDefault:
                self.show()
        return retVal
    def callImage(self, filename,
                  **keyArgs):
        import Image
        im = Image.open(filename)
        s = im.tostring() # convert PIL image -> string
        import numpy as num
        rgb = num.fromstring(s, dtype=num.uint8).astype(num.float)/255.0 # convert string -> array of floats
        rgb = num.resize(rgb, (im.size[1], im.size[0], 3)) # resize to RGB array
        retval = self.callIm(rgb, **keyArgs)
        return retval
    def callIm(self, im,
               interpolation='nearest', aspect='equal',
               ijAsXY=False,
               clear=True, **keyArgs):
        if clear:
            self.clear()
        self.a.axis('off')
        # self.a.set_autoscale_on(True)
        if ijAsXY:
            self.asImIJ = False
            'imshow does not yet really support transform'
            if len(im.shape) == 3:
                imT = im.transpose(1,0,2)
            else:
                imT = im.T
            axIm = self.a.imshow(imT,
                                 interpolation=interpolation, aspect=aspect, origin='lower',
                                 # transform=self.transform,
                                 **keyArgs)
            self.a.format_coord = lambda x,y: 'i=%d; j=%d; val=%s' % \
                (round(x), round(y), str(im[round(x),round(y)]))
        else:
            self.asImIJ = True
            'imshow does not yet really support transform'
            axIm = self.a.imshow(im,
                                 interpolation=interpolation, aspect=aspect,
                                 # transform=self.transform,
                                 **keyArgs)
            self.a.format_coord = lambda x,y: 'i=%d; j=%d; val=%s' % \
                (round(y), round(x), str(im[round(y),round(x)]))
        'turn off autoscale so that axis limits do not get reset on replots'
        self.axIm = axIm
        self.mappable = axIm
        self.a.set_autoscale_on(False)
        return axIm
    def callContour(self, X, Y, data,
                    interpolation=None, aspect=None,
                    **keyArgs):
        pp = {}
        pp.update(self.plotProps)
        pp.update(keyArgs) # plotProps
        #cont = self.a.contourf(X, Y, data, 200, **keyArgs)
        'imshow does not yet really support transform'
        # self.a.set_autoscale_on(True)
        cont = self.a.imshow(data, origin='lower',
                             extent=(X[0,0],X[0,-1],Y[0,0],Y[-1,0]),
                             interpolation=interpolation,
                             aspect=aspect,
                             # transform=self.transform,
                             **keyArgs)
        self.a.set_autoscale_on(False)
        self.mappable = cont
        return cont
    def discontXY(self):
        self.x_prev = None
        return
    def callXY(self, x, y, style=None, **keyArgs):
        assert len(x) == len(y), \
               'x and y must be same length'

        xUse = x
        yUse = y
        if len(x) == 1:
            if self.x_prev is not None:
                xUse = []; xUse.append(self.x_prev[0]); xUse.append(x)
                yUse = []; yUse.append(self.x_prev[1]); yUse.append(y)

        pp = {}
        pp.update(self.plotProps)
        pp.update(keyArgs) # plotProps
        if self.bball is not None:
            'first, get rid of last bball'
            lenCur = len(self.a.lines)
            if lenCur>0:
                self.a.lines = self.a.lines[0:lenCur-1]
        if self.aging is not None:
            #for lineList in self.lineListList[:-1]:
            #    for line in lineList:
            lenCur = len(self.a.lines)
            for line in self.a.lines[max(0,lenCur-self.agingNumAge):lenCur]:
                alphaCur = line.get_alpha()
                line.set_alpha(alphaCur*self.aging)
            if self.agingCull:
                if lenCur > self.agingNumAge:
                    self.a.lines = self.a.lines[lenCur-self.agingNumAge:lenCur]
        if style is not None:
            'passing transform of None can cause trouble'
            lines = self.a.plot(xUse, yUse, style,
                                # transform=self.transform,
                                **pp)
        elif self.style is not None:
            #self.lineListList.append(self.a.plot(x,y,self.style,**pp))
            lines = self.a.plot(xUse, yUse, self.style,
                                # transform=self.transform,
                                **pp)
        else:
            #self.lineListList.append(self.a.plot(x,y,**pp))
            lines = self.a.plot(xUse, yUse,
                                # transform=self.transform,
                                **pp)
        if self.bball is not None:
            'add bball at end'
            self.a.plot([x[-1]],[y[-1]], self.bball)
            # transform=self.transform
        if len(x) == 1:
            if self.x_accum:
                self.x_prev = [x, y]
            self.x_store[0] = self.x_store[0] + list(x)
            self.x_store[1] = self.x_store[1] + list(y)
        else:
            self.x_prev = None
            if len(x) == len(self.x_store[0]):
                'assume called with the same x values'
                self.x_store.append(list(y))
            else:
                self.x_store[0] = list(x)
                self.x_store[1] = list(y)
        return
    def setVMM(self, vMM):
        if type(vMM) == int:
            iCol = vMM
            vMM = self.a.collections[iCol].get_clim()
        for col in self.a.collections:
            col.set_clim(vmin=vMM[0],vmax=vMM[1])
        return
[docs]    def colorbar(self, rect=(0.80,0.1,0.05,0.8), adjustPos=True, thing=None, **kwargs):
        '''
        if set rect to None, then colorbar steals self.a
        '''
        self.__checkWin()
        w = self.win
        f = self.f
        if len(self.a.collections) > 0:
            self.setVMM(0)
        if thing is None:
            if len(self.a.collections) > 0:
                thing = self.a.collections[0]
            elif hasattr(self, 'mappable'):
                thing = self.mappable
            else:
                raise RuntimeError, 'do not know what to colobar, pass in a thing'
        if rect is None:
            self.__colorbar = f.colorbar(thing, cax=self.a, **kwargs)
        else:
            cax = w.getNextAxes(rect=rect)
            self.__colorbar = f.colorbar(thing, cax=cax, **kwargs)
            if adjustPos:
                'adjust existing position to make room for colorbar'
                bbox = self.a.get_position().get_points()
                arect = (bbox[0,0], # left
                         bbox[0,1], # bottom
                         rect[0]-bbox[0,0]-0.02, # width
                         bbox[1,1]-bbox[0,1], # height
                         )
                self.a.set_position(arect)
        self.show()
        return



[docs]def hist2D(xVals, yVals, bins, hRange = None, weights = None,
           **kwArgs
           ):
    '''
    Plot 2D histogram of data yVals versus xVals, with number of bins given by bins (int or 2-tuple)
    '''
    xedges, yedges, H = makeHist2D(xVals, yVals, bins, hRange=hRange, weights=weights)
    window, a, cax = plotHist2D(xedges, yedges, H, hRange=hRange, **kwArgs)
    return window, a, cax


[docs]def plotHist2D(
    xedges, yedges, H,
    hRange=None,
    logScale = False,
    minCount=1,
    win=None,
    xlabel=None,
    ylabel=None,
    xformat=None,
    yformat=None,
    nXTics=0,
    nYTics=0,
    winArgs = {}
    ):
    '''
    winArgs can include things like title, relfigsize, dpi
    '''
    if win is None:
        window = PlotWin(-1, **winArgs) # dummy=True
        a      = window.getNextAxes(rect=(0.1,0.15,0.6,0.8))
        cax    = window.getNextAxes(rect=(0.80,0.15,0.05,0.8))
    else:
        window = win
        a      = window.getNextAxes()
        cax    = window.getNextAxes()
    if xlabel is not None:
        a.set_xlabel(xlabel)
    if ylabel is not None:
        a.set_ylabel(ylabel)
    if nXTics:
        assert hRange is not None, 'need hRange to do nXTics'
        a.set_xticks(autoTicks(hRange[0],nXTics,format=xformat))
    if nYTics:
        assert hRange is not None, 'need hRange to do nYTics'
        a.set_yticks(autoTicks(hRange[1],nYTics,format=yformat))
    if logScale:
        #pColor = a.pcolor(xedges, yedges, num.log(H+1))
        pColor = a.pcolor(xedges, yedges, H.T, norm=matplotlib.colors.LogNorm(vmin=minCount))
    else:
        pColor = a.pcolor(xedges, yedges, H.T)
    f = window.getFigure()
    f.colorbar(pColor, cax=cax)
    #win.haveXLabels()
    #win.haveYLabels()

    window.show()
    #win.save(filename=fname+'.eps')
    #win.save(filename=fname+'.png')
    return window, a, cax


[docs]def makeHist2D(xVals, yVals, bins, hRange = None, weights = None):
    import numpy as num

    if hRange is None:
        hR = ((xVals.min(), xVals.max()), (yVals.min(), yVals.max()))
    else:
        hR = hRange
    H, xedges, yedges = num.histogram2d(
        xVals,
        yVals,
        weights=weights,
        bins=bins, range=hR)
    return xedges, yedges, H


[docs]def main():
    import numpy as num
    import math
    inBits = True
    withPoints = False
    interactive = False

    t = num.arange(0.0,2.0+0.01,0.01)
    s = num.sin(2*math.pi*t)
    c = num.cos(2*math.pi*t)

    if withPoints:
        pw = PlotWrap(style='ro',aging=0.75)
        if inBits:
            for iSub in range(len(t)):
                pw([t[iSub]],[s[iSub]])
        else:
            pw(t, s)
    else:
        pw = PlotWrap(style='r-',aging=0.75,alphaMin=0.2,agingCull=False,bball='ro')
        if inBits:
            #for iSub in range(len(t)-1):
                #pw(t[iSub:iSub+2],s[iSub:iSub+2])
            for iSub in range(len(t)):
                pw([t[iSub]],[s[iSub]])
        else:
            pw(t, s)
    
    pWin = PlotWin(2,1,title='test PlotWin')
    p1 = PlotWrap(window=pWin,ylabel='s')
    p2 = PlotWrap(window=pWin,ylabel='c')
    p1(t,s,label='sin')
    p2(t,c,label='cos')

    if interactive:
        import pylab as p
        p.ion()
        p.show()
    else:
        pw.save(filename='pw_test_1.eps')
        pw.destroy()
        pWin.save(filename='pw_test_2.eps')
        pWin.destroy()


if __name__ == '__main__':
    main()
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  Source code for hexrd.tens

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2007-2013, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
# stuff for representations of tensor components: tens.py
import sys
from math import sqrt
from numpy import dtype, tile, matrix, math, place, rank, array, size, \
     zeros, copy, where, float64, sqrt, identity, source, add, log, ndarray
import numpy as num

# this section replaces former hexrd.constants module

sqr6i = 1./sqrt(6.)
sqr3  = sqrt(3.)
sqr3i = 1./sqrt(3.)
sqr2i = 1./sqrt(2.)
sqr2  = sqrt(2.)
sqr2b3 = sqrt(2./3.)
sqr3b2 = sqrt(3./2.)
halfsqr3 = sqrt(3.)/2.


[docs]def vecdvToVecds(vecdv):
    """convert from [t1,...,t5,v] to vecds[:] representation,
    where v is the relative volume"""
    vecds = zeros(6,dtype='float64')
    vecds[:-1] = vecdv[:-1]
    vecds[-1] = log(vecdv[-1])
    return vecds


[docs]def vecdsToSymm(vecds):
    """convert from vecds representation to symmetry matrix"""
    A = zeros([3,3],dtype='float64')
    Akk_by_3 = sqr3i * vecds[5] # -p
    t1 = sqr2i*vecds[0]
    t2 = sqr6i*vecds[1]

    A[0, 0] =    t1 - t2 + Akk_by_3
    A[1, 1] =   -t1 - t2 + Akk_by_3
    A[2, 2] = sqr2b3*vecds[1] + Akk_by_3
    A[1, 0] = vecds[2] * sqr2i
    A[2, 0] = vecds[3] * sqr2i
    A[2, 1] = vecds[4] * sqr2i

    A[0, 1] = A[1, 0]
    A[0, 2] = A[2, 0]
    A[1, 2] = A[2, 1]
    return A


[docs]def traceToVecdsS(Akk):
    return sqr3i * Akk


[docs]def vecdsSToTrace(vecdsS):
    return vecdsS * sqr3


[docs]def trace3(A):
    return A[0,0]+A[1,1]+A[2,2]


[docs]def symmToVecds(A):
    """convert from symmetry matrix to vecds representation"""
    vecds = zeros(6,dtype='float64')
    vecds[0] = sqr2i * (A[0,0] - A[1,1])
    vecds[1] = sqr6i * (2. * A[2,2] - A[0,0] - A[1,1])
    vecds[2] = sqr2 * A[1,0]
    vecds[3] = sqr2 * A[2,0]
    vecds[4] = sqr2 * A[2,1]
    vecds[5] = traceToVecdsS(trace3(A))
    return vecds


[docs]def matxToSkew(A):
    return skewOfMatx(A)

[docs]def skewOfMatx(A):
    W = zeros([3,3],dtype='float64')
    W[0,1] =  0.5*(A[0,1] - A[1,0])
    W[0,2] =  0.5*(A[0,2] - A[2,0])
    W[1,2] =  0.5*(A[1,2] - A[2,1])
    W[1,0] = -W[0,1]
    W[2,0] = -W[0,2]
    W[2,1] = -W[1,2]
    return W


[docs]def matxToSymm(A):
    return symmOfMatx(A)

[docs]def symmOfMatx(A):
    D = zeros([3,3],dtype='float64')
    D = 0.5*(A + A.T)
    return D


[docs]def symmToMVvec(A):
    """
    convert from symmetric matrix to Mandel-Voigt vector
    representation (JVB)
    """
    mvvec = zeros(6, dtype='float64')
    mvvec[0] = A[0,0]
    mvvec[1] = A[1,1]
    mvvec[2] = A[2,2]
    mvvec[3] = sqr2 * A[1,2]
    mvvec[4] = sqr2 * A[0,2]
    mvvec[5] = sqr2 * A[0,1]
    return mvvec


[docs]def MVvecToSymm(A):
    """
    convert from Mandel-Voigt vector to symmetric matrix
    representation (JVB)
    """
    symm = zeros((3, 3), dtype='float64')
    symm[0, 0] = A[0]
    symm[1, 1] = A[1]
    symm[2, 2] = A[2]
    symm[1, 2] = A[3]/sqr2
    symm[0, 2] = A[4]/sqr2
    symm[0, 1] = A[5]/sqr2
    symm[2, 1] = A[3]/sqr2
    symm[2, 0] = A[4]/sqr2
    symm[1, 0] = A[5]/sqr2
    return symm


[docs]def MVCOBMatrix(R):
    """
    GenerateS array of 6 x 6 basis transformation matrices for the
    Mandel-Voigt tensor representation in 3-D given by:

    [A] = [[A_11, A_12, A_13],
           [A_12, A_22, A_23],
           [A_13, A_23, A_33]]
        |
        |
        V
    {A} = [A_11, A_22, A_33, sqrt(2)*A_23, sqrt(2)*A_13, sqrt(2)*A_12]

    where the operation R * A *R.T (in tensor notation) is obtained by
    the matrix-vector product [T]*{A}.

    USAGE

        T = MVCOBMatrix(R)

    INPUTS

        1) R is (3, 3) an ndarray representing a change of basis matrix

    OUTPUTS

        1) T is (6, 6), an ndarray of transformation matrices as
           described above

    NOTES

        1) Compoments of symmetric 4th-rank tensors transform in a
           manner analogous to symmetric 2nd-rank tensors in full
           matrix notation.

    SEE ALSO

    symmToMVvec, quatToMat
    """
    T = zeros((6, 6), dtype='float64')

    T[0, 0] = R[0, 0]**2;
    T[0, 1] = R[0, 1]**2;
    T[0, 2] = R[0, 2]**2;
    T[0, 3] = sqr2 * R[0, 1] * R[0, 2];
    T[0, 4] = sqr2 * R[0, 0] * R[0, 2];
    T[0, 5] = sqr2 * R[0, 0] * R[0, 1];
    T[1, 0] = R[1, 0]**2;
    T[1, 1] = R[1, 1]**2;
    T[1, 2] = R[1, 2]**2;
    T[1, 3] = sqr2 * R[1, 1] * R[1, 2];
    T[1, 4] = sqr2 * R[1, 0] * R[1, 2];
    T[1, 5] = sqr2 * R[1, 0] * R[1, 1];
    T[2, 0] = R[2, 0]**2;
    T[2, 1] = R[2, 1]**2;
    T[2, 2] = R[2, 2]**2;
    T[2, 3] = sqr2 * R[2, 1] * R[2, 2];
    T[2, 4] = sqr2 * R[2, 0] * R[2, 2];
    T[2, 5] = sqr2 * R[2, 0] * R[2, 1];
    T[3, 0] = sqr2 * R[1, 0] * R[2, 0];
    T[3, 1] = sqr2 * R[1, 1] * R[2, 1];
    T[3, 2] = sqr2 * R[1, 2] * R[2, 2];
    T[3, 3] = R[1, 2] * R[2, 1] + R[1, 1] * R[2, 2];
    T[3, 4] = R[1, 2] * R[2, 0] + R[1, 0] * R[2, 2];
    T[3, 5] = R[1, 1] * R[2, 0] + R[1, 0] * R[2, 1];
    T[4, 0] = sqr2 * R[0, 0] * R[2, 0];
    T[4, 1] = sqr2 * R[0, 1] * R[2, 1];
    T[4, 2] = sqr2 * R[0, 2] * R[2, 2];
    T[4, 3] = R[0, 2] * R[2, 1] + R[0, 1] * R[2, 2];
    T[4, 4] = R[0, 2] * R[2, 0] + R[0, 0] * R[2, 2];
    T[4, 5] = R[0, 1] * R[2, 0] + R[0, 0] * R[2, 1];
    T[5, 0] = sqr2 * R[0, 0] * R[1, 0];
    T[5, 1] = sqr2 * R[0, 1] * R[1, 1];
    T[5, 2] = sqr2 * R[0, 2] * R[1, 2];
    T[5, 3] = R[0, 2] * R[1, 1] + R[0, 1] * R[1, 2];
    T[5, 4] = R[0, 0] * R[1, 2] + R[0, 2] * R[1, 0];
    T[5, 5] = R[0, 1] * R[1, 0] + R[0, 0] * R[1, 1];
    return T


[docs]def NormalProjectionOfMV(vec):
    #
    # To perform n' * A * n as [N]*{A}
    #

    # normalize in place... col vectors!
    v2 = vec**2
    n  = vec / sqrt(tile(v2.sum(0), (vec.shape[0], 1)))

    nmat = array([
        n[0, :]**2,
        n[1, :]**2,
        n[2, :]**2,
        sqr2*n[1, :]*n[2, :],
        sqr2*n[0, :]*n[2, :],
        sqr2*n[0, :]*n[1, :]])

    nmat = nmat.T
    return nmat


[docs]def svecToVecds(svec):
    """convert from svec to vecds representation"""
    vecds = zeros(6,dtype='float64')
    vecds[0] = sqr2i * (svec[0] - svec[1])
    vecds[1] = sqr6i * (2. * svec[2] - svec[0] - svec[1])
    vecds[2] = sqr2 * svec[5]
    vecds[3] = sqr2 * svec[4]
    vecds[4] = sqr2 * svec[3]
    vecds[5] = traceToVecdsS(svec[0]+svec[1]+svec[2])
    return vecds


[docs]def symmPlusI(Ain):
    """add the identity to a symmetric matrix"""
    A = zeros([3,3],dtype='float64')
    A[:,:] = Ain[:,:]
    A[0,0] = A[0,0] + 1.
    A[1,1] = A[1,1] + 1.
    A[2,2] = A[2,2] + 1.
    return A


[docs]def svecpToSvec(svecp):
    svec = zeros(6,dtype='float64')
    svec[0:6] = svecp[0:6]
    p         = svecp[6]
    svec[0] = svec[0] - p
    svec[1] = svec[1] - p
    svec[2] = svec[2] - p
    return svec


[docs]def symmToSvec(symm):
    svec = zeros(6,dtype='float64')
    svec[0] = symm[0,0]
    svec[1] = symm[1,1]
    svec[2] = symm[2,2]
    svec[3] = symm[1,2]
    svec[4] = symm[2,0]
    svec[5] = symm[0,1]
    return svec


[docs]def matxToSvec(matx):
    svec = zeros(6,dtype='float64')
    svec[0] = matx[0,0]
    svec[1] = matx[1,1]
    svec[2] = matx[2,2]
    svec[3] = (matx[1,2]+matx[2,1])*0.5
    svec[4] = (matx[2,0]+matx[0,2])*0.5
    svec[5] = (matx[0,1]+matx[1,0])*0.5
    return svec


svecGam = array([ 1.,  1.,  1.,  2.,  2.,  2.])

[docs]def svecToMatx(svec):
    return svecToSymm(svec)

[docs]def svecToSymm(svec):
    matx = zeros([3,3],dtype='float64')
    matx[0,0] = svec[0]
    matx[1,1] = svec[1]
    matx[2,2] = svec[2]
    matx[1,2] = svec[3]
    matx[2,0] = svec[4]
    matx[0,1] = svec[5]
    matx[2,1] = svec[3]
    matx[0,2] = svec[4]
    matx[1,0] = svec[5]
    return matx


[docs]def dAiAoH_svecList(aInv):
    """
    derivative of inverse of symmetric matrix wrt svec components of that matrix; aInv is the inverse of the matrix
    """
    retval = []
    for iSvec in range(6):
        svec = num.zeros(6)
        svec[iSvec] = 1.
        hMatx = svecToSymm(svec)
        retval.append(
            - num.dot( num.dot(aInv, hMatx), aInv )
              )
    return retval


[docs]def svecToSvecP(svec):
    svecp = zeros(7,dtype='float64')
    p          = -(svec[0]+svec[1]+svec[2])/3.0
    svecp[6]   = p
    svecp[0:3] = array(svec[0:3]) + p
    svecp[3:6] = svec[3:6]
    return svecp



[docs]class T2Symm:
    'template for symmetric second order tensor components'
[docs]    def __init__(self, args):
        raise RuntimeError, "need implementation"

    def toSymm(self):
        raise RuntimeError, "need implementation"


[docs]class T2Vecds(T2Symm):
[docs]    def __init__(self, vecds):
        self.vecds = num.array(vecds)
        return

    def toSymm(self):
        return vecdsToSymm(self.vecds)
    def toVecds(self):
        return self # self.vecds
    def toUnit(self):
        mag = sqrt(num.sum(self.vecds[:] * self.vecds[:]))
        return T2Vecds(self.vecds / mag)


[docs]class T2Svec(T2Symm):
[docs]    def __init__(self, val):
        # self.svec = num.array(svec)
        if hasattr(val,'toSymm'):
            self.svec = symmToSvec(val.toSymm())
        elif hasattr(val, '__len__'):
            if len(val) == 7:
                self.svec = svecpToSvec(val)
            elif len(val) == 6:
                self.svec = num.array(val)
            elif len(val.shape) == 2:
                self.svec = matxToSvec(val)
            else:
                print >> sys.stderr, "bad size "+str(val)
                raise RuntimeError, "unrecoverable error"
        else:
            raise RuntimeError, 'do not know what to do with '+str(val)
        return

    def toSymm(self):
        return svecToMatx(self.svec)
    def toVecds(self):
        return T2Vecds(svecToVecds(self.svec))
    def toSvec(self):
        return self.svec

# class TCompSvec:
#     def __init__(self, val):
#         if len(val) == 7:
#             self.c = svecpToSvec(val)
#         elif len(val) == 6:
#             self.c = array(val)
#         elif len(val.shape) == 2:
#             self.c = matxToSvec(val)
#         else:
#             print >> sys.stderr, "bad size"
#             raise RuntimeError, "unrecoverable error"
#         return
#     def __call__(self):
#         return self.c

[docs]class T2SvecP(T2Symm):
[docs]    def __init__(self, svecp):
        self.svecp = num.array(svecp)
        return

    def toSymm(self):
        return svecToMatx(svecpToSvec(self.svecp))
    def toVecds(self):
        return T2Vecds(svecToVecds(svecpToSvec(self.svecp)))


sProj = {}
sProj['sxxDev'] = T2Svec(num.array([ 2.0,-1.0,-1.0,0.,0.,0.])/3.0)
sProj['syyDev'] = T2Svec(num.array([-1.0, 2.0,-1.0,0.,0.,0.])/3.0)
sProj['szzDev'] = T2Svec(num.array([-1.0,-1.0, 2.0,0.,0.,0.])/3.0)
sProj['sxx']    = T2Svec(num.array([ 1.0, 0.0, 0.0,0.,0.,0.]))
sProj['syy']    = T2Svec(num.array([ 0.0, 1.0, 0.0,0.,0.,0.]))
sProj['szz']    = T2Svec(num.array([ 0.0, 0.0, 1.0,0.,0.,0.]))
sProj['p']      = T2Svec(num.array([-1.0,-1.0,-1.0,0.,0.,0.])/3.0)
#
sProj['sxxDevUnit'] = sProj['sxxDev'].toVecds().toUnit()
sProj['syyDevUnit'] = sProj['syyDev'].toVecds().toUnit()
sProj['szzDevUnit'] = sProj['szzDev'].toVecds().toUnit()
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  Source code for hexrd.valunits

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC. 
# Produced at the Lawrence Livermore National Laboratory. 
# Written by Joel Bernier <bernier2@llnl.gov> and others. 
# LLNL-CODE-529294. 
# All rights reserved.
# 
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
# 
# Please also see the file LICENSE.
# 
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
# 
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY 
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the 
# GNU General Public License for more details.
# 
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
#
"""Module for associating units with scalar quantities

This module has been modified from its original form
by removing the call to the "units" executable and restricting
the units to only those used by the heXRD package.

"""

import math

__all__ = ['valWUnit', 'toFloat', 'valWithDflt']

# centralized unit types; chosen to have a match in the units command
energyUN = "ENERGY"
lengthUN = "LENGTH"
angleUN = "ANGLE"
#
# mapping to centralized unit types, for convenience
#
uTDict = {
    "length"     : lengthUN,
    "angle"      : angleUN,
    "energy"     : energyUN,
    }


[docs]class UNames(object):
    """Units used in this module"""
    degrees = 'degrees'
    radians = 'radians'

    m = 'm'
    mm = 'mm'
    meter = 'meter'
    angstrom = 'angstrom'

    keV = 'keV'
    J = 'J'
    
    pass


cv_dict = {
    (UNames.degrees, UNames.radians): math.pi/180.0,
    (UNames.radians, UNames.degrees): 180/math.pi,
    
    (UNames.m, UNames.mm):  1.0e3,
    (UNames.m, UNames.meter):  1.0,
    (UNames.m, UNames.angstrom):  1.0e10,
    
    (UNames.meter, UNames.mm):  1.0e3,
    (UNames.meter, UNames.m):  1.0,
    (UNames.meter, UNames.angstrom):  1.0e10,
    
    (UNames.mm, UNames.m):  1.0e-3,
    (UNames.mm, UNames.meter):  1.0e-3,
    (UNames.mm, UNames.angstrom):  1.0e7,
    
    (UNames.angstrom, UNames.m):  1.0e-10,
    (UNames.angstrom, UNames.meter):  1.0e-10,
    (UNames.angstrom, UNames.mm):  1.0e-7,

    (UNames.keV, UNames.J): 1.60217646e-16,
    (UNames.J, UNames.keV): (1/1.60217646e-16)
    }

[docs]class valWUnit:
    "Value with units"""
[docs]    def __init__(self, name, unitType, value, unit):
        """Initialization

        INPUTS
        name
           (str) name of the item
        unitType
           (str) class of units, e.g. 'length', 'angle'
        value
           (float) numerical value 
        unit
           (str) name of unit
"""
        self.name = name
        if uTDict.has_key(unitType):
            self.uT   = uTDict[unitType]
        else:
            # trust that unitType is correct -- may be a combined type
            self.uT   = unitType
            
        self.value = value
        self.unit = unit
        #
        #  Original checked if unit is of unitType
        #
        pass # end init
            

    def __str__(self):
        tmpl = """item named "%s" representing %g %s""" 
        return tmpl % (self.name, self.value, self.unit)
    
    def __repr__(self):
        tmpl = 'valWUnit("%s","%s",%s,"%s")' 
        return tmpl % (self.name, self.uT, self.value, self.unit)
    
    def __mul__(self, other):
        if isinstance(other, float):
            new = valWUnit(self.name, self.uT, self.value*other, self.unit)
            return new
        elif isinstance(other, valWUnit):
            new = valWUnit('%s_times_%s' % (self.name,other.name),
                           '%s %s' % (self.uT,other.uT),
                           self.value*other.value,
                           '(%s)*(%s)' % (self.unit,other.unit)
                           )
            # really need to put in here something to resolve new.uT
            return new
        else:
            raise RuntimeError("mul with unsupported operand")
        
    def __add__(self, other):
        if isinstance(other, float):
            new = valWUnit(self.name, self.uT, self.value + other, self.unit)
            return new
        elif isinstance(other, valWUnit):
            new = valWUnit(self.name, self.uT, self.value + other.getVal(self.unit), self.unit)
            return new
        else:
            raise RuntimeError("add with unsupported operand")
        
    def __sub__(self, other):
        if isinstance(other, float):
            new = valWUnit(self.name, self.uT, self.value - other, self.unit)
            return new
        elif isinstance(other, valWUnit):
            new = valWUnit(self.name, self.uT, self.value
                           - other.getVal(self.unit), self.unit)
            return new
        else:
            raise RuntimeError("add with unsupported operand")

    def _convert(self, toUnit):
        """Convert unit"""
        if self.unit == toUnit:
            return self.value
        #
        #  Needs conversion
        #
        from_to = (self.unit, toUnit)
        try:
            return cv_dict[from_to]*self.value
        except:
            msg = "Unit conversion not recognized\n   from %s to %s" % from_to
            raise RuntimeError(msg)
        
[docs]    def isLength(self):
        """Return true if quantity is a length"""
        retval = self.uT == uTDict['length']
        return retval

[docs]    def isAngle(self):
        """Return true if quantity is an angle"""
        retval = self.uT == uTDict['angle']
        return retval

[docs]    def isEnergy(self):
        """Return true if quantity  is an energy"""
        retval = self.uT == uTDict['energy']
        return retval
    

[docs]    def getVal(self, toUnit):
        """Return value in requested units

        INPUTS
        
        toUnit
           (str) requested unit for output
"""
        return self._convert(toUnit)
    


[docs]def toFloat(val, unitName):
    """Return the raw value of the object

    INPUTS
    
    val
       (float|valWUnit) object with value
    unitName
       (str) name of unit

    This function returns the raw value of the object, ignoring the
    unit, if it is numeric or converts it to the requested units and
    returns the magnitude if it is a valWUnit instance.

    For example:
    
    >>> print toFloat(1.1, 'radians')
    1.1
    >>> v = valWUnit('vee', 'angle', 1.1, 'radians')
    >>> print toFloat(v, 'degrees')
    63.0253574644
        
    """
    toFloatScalar = lambda v, u: v.getVal(u) if hasattr(v, 'getVal') else v
    
    if hasattr(val, '__len__'):
        retval = map(lambda x: toFloatScalar(x, unitName), val)
    else:
        retval = toFloatScalar(val, unitName)
    return retval


[docs]def valWithDflt(val, dflt, toUnit=None):
    """Return value or default value"""
    
    retval = val
    if retval is None:
        retval = dflt
    if not toUnit is None:
        retval = toFloat(retval, toUnit)
    return retval
    

if __name__ == '__main__':
    #
    #  doc testing
    #
    import doctest
    print "running doctest"
    doctest.testmod()
    #
    #  other tests
    #
    def testConversions():
        print '===== Testing unit conversions ...'
        print '..... angles:'
        v = valWUnit('180d', 'angle', 180.0, 'degrees')
        print v
        print '   in degrees:', v.getVal('degrees')
        print '   in radians: ', v.getVal('radians')

        print '..... lengths:'
        ulist = ['m', 'mm', 'meter', 'angstrom']
        v = valWUnit('one meter', 'length', 1.0, 'meter')
        print v
        for u in ulist:
            print '   in ', u, ': ', v.getVal(u)
        return

    testConversions()
    
    pass # end of tests
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  Source code for hexrd.orientations

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
# orientation space stuff: orientations.py

import sys
import copy
import math
from math import sqrt

from numpy import all, indices, dtype, eye, tan, sin, mat,\
     arctan2, math, transpose, place, arccos,\
     array, size, zeros, short, std, double, trace,\
     exp, sum, dot, random, copy, ones, where, argmax, cos, float64, pi, arcsin,\
     fabs, reshape, cross, sqrt, shape, source, around, unique, mod,\
     ndarray

import numpy as num
import scipy.linalg

import hexrd.matrixutil as mU
from hexrd.matrixutil import normvec3, normalized, cross, normvec

if __name__ != '__main__':
    debug = 0

# some parameters
# machAr = num.MachAr()
epsHedge     = 10.*num.finfo(float).eps
epsSqrt      = math.sqrt(num.finfo(float).eps)
tinyRotAng   = num.finfo(float).eps # 2e-16
nearPiRotMod = pi - epsSqrt # 1.0e-7
skewSymmMeth = 0.95 * pi
piby2 = pi * 0.5
piby3 = pi / 3.0
I3 = eye(3, dtype='float64')

[docs]def arccosSafe(temp):
    # protect against numbers slightly larger than 1 in magnitude
    # due to round-off
    if temp > 1.00001:
        print >> sys.stderr, "attempt to take arccos of %s" % temp
        raise RuntimeError, "unrecoverable error"
    elif temp < -1.00001:
        print >> sys.stderr, "attempt to take arccos of %s" % temp
        raise RuntimeError, "unrecoverable error"
    elif temp >= 1.:
        ang = 0.
    elif temp <= -1.:
        ang = pi
    else:
        ang = math.acos(temp)
    return ang


[docs]def orthogonalize(rMatIn):
    UU = num.matrix(num.dot(rMatIn.T, rMatIn))
    U = scipy.linalg.sqrtm(UU).real
    rMat = num.array(scipy.linalg.solve(U.T, rMatIn.T), dtype=float).T
    return rMat


[docs]def traceToAng(tr):
    "given trace of a rotation matrix find the angle or rotation"
    temp = (tr-1.)*0.5
    return arccosSafe(temp)


[docs]def matToCanova(r):
    euler = zeros(3, dtype='float64')

    euler[1] = arccosSafe(r[2,2])

    if (abs(abs(r[2,2]) - 1.0) > epsHedge):
        sth = sin(euler[1])
        euler[2] = arctan2(r[0,2]/sth,  r[1,2]/sth)
        euler[0] = arctan2(r[2,0]/sth, -r[2,1]/sth)
    else:
        euler[2] = 0.
        euler[0] = arctan2(r[0,1],r[0,0])
    return euler


[docs]def invToRodr(inv):
    'do not check for divide-by-zero'
    vect = False
    if hasattr(inv, 'shape'):
        if len(inv.shape) == 2: vect = True
    if vect:
        r = zeros((3,inv.shape[1]), dtype='float64')
        r[:] = num.tan(inv[0,:] * 0.5) * inv[1:,:]
    else:
        r = zeros(3, dtype='float64')
        r[:] = tan(inv[0] * 0.5) * inv[1:]
    return r


[docs]def rodrToInv(rodr):
    'do not check for divide-by-zero'
    vect = False
    sqr3i = 1./sqrt(3.)
    if hasattr(rodr, 'shape'):
        if len(rodr.shape) == 2: vect = True
    if vect:
        inv = num.zeros((4,rodr.shape[1]), dtype='float64')
        inv[1,:] = 1. # for cases really close to the identity
        #factor = num.apply_along_axis(normvec, 0, rodr)
        factor = num.apply_along_axis(num.linalg.norm, 0, rodr)
        inv[0,:] = 2.0 * num.arctan(factor[:])
        b = num.abs(factor) > tinyRotAng
        indices = b.nonzero()[0]
        inv[1:,indices] = rodr[:,indices] / factor[indices]
    else:
        inv = num.zeros(4, dtype='float64')
        factor = num.sqrt(num.sum(rodr[:] * rodr[:]))
        inv[0] = 2.0 * num.arctan(factor)
        if abs(inv[0]) <= tinyRotAng:
            inv[1:] = sqr3i
        else:
            inv[1:] = rodr[:] / factor
    return inv


[docs]def rodrToQuat(rodr):
    return invToQuat(rodrToInv(rodr))


[docs]def invToM(theta, n0, n1, n2):
    mat = zeros([3,3], dtype='float64')
    a = cos(theta)
    b = sin(theta)
    am1 = (1. - a)
    mat[0,0] = am1 * n0 * n0 + a
    mat[0,1] = am1 * n0 * n1 - n2 * b
    mat[0,2] = am1 * n0 * n2 + n1 * b
    mat[1,0] = am1 * n0 * n1 + n2 * b
    mat[1,1] = am1 * n1 * n1 + a
    mat[1,2] = am1 * n1 * n2 - n0 * b
    mat[2,0] = am1 * n0 * n2 - n1 * b
    mat[2,1] = am1 * n1 * n2 + n0 * b
    mat[2,2] = am1 * n2 * n2 + a
    return mat


[docs]def invToQuat(inv):
    vect = False
    if hasattr(inv, 'shape'):
        if len(inv.shape) == 2: vect = True
    if vect:
        q = num.zeros((4,inv.shape[1]), dtype='float64')
        q[0,:]   = num.cos(inv[0,:] * 0.5)
        sth      = num.sin(inv[0,:] * 0.5)
        q[1:4,:] = sth * inv[1:,:]
    else:
        q = num.zeros(4, dtype='float64')
        q[0]   = cos(inv[0] * 0.5)
        sth    = sin(inv[0] * 0.5)
        q[1:4] = sth * inv[1:]
    return q


[docs]def bungeToMat(euler):

    mat = zeros([3,3], dtype='float64')

    c = num.cos(euler[:])
    s = num.sin(euler[:])

    mat[0, 0]  =  c[0]*c[2] - s[0]*c[1]*s[2]
    mat[1, 0]  =  s[0]*c[2] + c[0]*c[1]*s[2]
    mat[2, 0]  =  s[1]*s[2]
    mat[0, 1]  = -c[0]*s[2] - s[0]*c[1]*c[2]
    mat[1, 1]  = -s[0]*s[2] + c[0]*c[1]*c[2]
    mat[2, 1]  =  s[1]*c[2]
    mat[0, 2]  =  s[0]*s[1]
    mat[1, 2]  = -c[0]*s[1]
    mat[2, 2]  =  c[1]

    return mat


[docs]def matToQuat(r):
    """
    based on Spurrier's algorithm for quaternion extraction, as
    described in \cite{sim-vuq-85a}

    returns a 4-vector, not a Quat instance

    BibTeX:
    @TechReport{sim-vuq-85a,
    author      = {J. C. Simo and L. {Vu Quoc}},
    title       = {Three dimensional finite strain rod model part
                   {II}: computational aspects, Memorandum
                   No. {UCB/ERL M85/31}},
    institution = {Electronics Research Laboratory, College of
                   Engineering, University of California, Berkeley},
    year        = {1985}
    }
    """
    quat = zeros(4, dtype='float64')

    tr  = r[0,0]+r[1,1]+r[2,2]
    rDiag = array([r[0,0],r[1,1],r[2,2]])
    maxDiag = rDiag.max()

    if tr > maxDiag:
        quat[0] = 0.5 * sqrt(1 + tr)
        temp = 4.0 * quat[0]
        quat[1] = (r[2,1] - r[1,2]) / temp
        quat[2] = (r[0,2] - r[2,0]) / temp
        quat[3] = (r[1,0] - r[0,1]) / temp
    else:
        mIndex = where(rDiag == rDiag.max())
        mi = mIndex[0][0]
        mj = mi+1
        mk = mi+2
        if mj > 2: mj = mj - 3
        if mk > 2: mk = mk - 3
        miq = mi+1
        mjq = mj+1
        mkq = mk+1
        quat[miq] = sqrt(r[mi,mi]*0.5 + (1.0 - tr)*.25)
        temp = 4.0*quat[miq]
        quat[0]   = (r[mk,mj] - r[mj,mk])/temp
        quat[mjq] = (r[mj,mi] + r[mi,mj])/temp
        quat[mkq] = (r[mk,mi] + r[mi,mk])/temp

    return quat


[docs]def matToThetaN(r):
    """2nd order tensor => angle/axis

    to see that angle is right take R in a basis so that R11=1;
    get tr(R) = 1 + 2 cos(theta), solve for theta and use argument
    about invariance of tr(R)

    references:
    1) box 4 in Simo and VuQuoc, 1985, ERL Berkeley memorandum
    no. UCB/ERL M85/31
    2) Marin and Dawson 98 part 1,
    equation for update d_rstar (exponential mapping)

    n is in vector notation of a skew tensor according to
    w_i = 1/2 epsilon_jik W_jk"""

    theta = 0.
    n     = zeros(3, dtype='float64')

    sqr3i = 1./sqrt(3.)

    ra = zeros(3, dtype='float64')

    #REAL(idp) :: factor, trR1, ra(DIMS), temp
    #LOGICAL :: sign_pos
    #INTEGER :: max_ax

    trR1  = r[0,0]+r[1,1]+r[2,2]
    theta = traceToAng(trR1)
    trR1  = trR1 - 1.

    if theta <= tinyRotAng:
        # R is or is nearly the identity
        n[:] = sqr3i

    elif theta <= skewSymmMeth:
        # determine axis of R from skew part of R

        factor = 1.0 / sin(theta)
        n[0] = 0.5 * (r[2,1] - r[1,2]) * factor
        n[1] = 0.5 * (r[0,2] - r[2,0]) * factor
        n[2] = 0.5 * (r[1,0] - r[0,1]) * factor

    else:
        # determine magnitude of axis components from symm part of R
        #
        # have already ruled out the identity and small rotations
        # (close to identity) handled by theta .LE. skew_symm_meth
        # case above, so this factor is okay
        factor = 1./(2.- trR1) # 1/(3-tr(R))

        # protect against taking sqrt of a -zero number
        temp = (2.*r[0,0] - trR1)*factor
        if temp < 1e-8:
            n[0] = 0.
        else:
            n[0] = sqrt(temp)

        temp = (2.*r[1,1] - trR1)*factor
        if temp < 1e-8:
            n[1] = 0.
        else:
            n[1] = sqrt(temp)

        temp = (2.*r[2,2] - trR1)*factor
        if temp < 1e-8:
            n[2] = 0.
        else:
            n[2] = sqrt(temp)

        # determine sign of components of axis, use skew(R) if large
        # enough, otherwise assume that rotation is by pi and thus
        # the direction of the axis is arbitrary so set the largest
        # component of the axis positive
        ra[0] = (r[2,1] - r[1,2])
        ra[1] = (r[0,2] - r[2,0])
        ra[2] = (r[1,0] - r[0,1])

        max_ax = argmax(abs(ra))
        if abs(ra[max_ax]) > tinyRotAng:
            if ra[max_ax] < 0.:
                n[max_ax] = -n[max_ax]
                sign_pos = 0
            else:
                sign_pos = 1
        else:
            max_ax = argmax(n)
            sign_pos = 1

        # will have a nonzero symmetric part of R for use below unless R=I
        # which has already been taken care of or R is a rotation by
        # pi about one of the coordinate directions in which case
        # only one of the axis components should be nonzero and the
        # sign of it does not matter anyway
        if (max_ax != 0) and (n[0] > 0.):
            # get sign for axis(1)
            if sign_pos != (r[max_ax,0]+r[0,max_ax] > 0.) :
                n[0] = -n[0]
        if (max_ax != 1) and (n[1] > 0.):
            # get sign for axis(2)
            if sign_pos != (r[max_ax,1]+r[1,max_ax] > 0.) :
                n[1] = -n[1]
        if (max_ax != 2) and (n[2] > 0.):
            # get sign for axis(3)
            if sign_pos != (r[max_ax,2]+r[2,max_ax] > 0.) :
                n[2] = -n[2]

    return theta, n


[docs]def quatToInv(q):
    invParams = zeros(4, dtype='float64')
    invParams[1:] = q[1:4]
    period = num.pi * 2.
    mag = sqrt(sum(invParams[1:] * invParams[1:]))
    if abs(q[0]) > 0.9:
        theta = 2.0 * arcsin(mag)
    else:
        theta = 2.0 * arccosSafe(q[0])
    theta = mod(theta + 0.5*period, period) - 0.5*period # put in -pi to pi, useful if have thetaScale stuff going on
    invParams[0] = theta
    if mag > 0:
        invParams[1:] = invParams[1:] / mag
    else:
        invParams[1:] = [1., 0., 0.]
    return invParams


[docs]def quatToMat(quat):
    """
    Take an array of n quats (numpy ndarray, 4 x n) and generate an
    array of rotation matrices (n x 3 x 3)

    Uses the truncated series expansion for the exponential map;
    divide-by-zero is checked using the global 'tinyRotAng'
    """
    if quat.shape[0] != 4:
        raise RuntimeError, "input is the wrong shape"

    n    = quat.shape[1]
    rmat = zeros((n, 3, 3), dtype='float64')

    for i in range(n):
        theta = 2. * arccosSafe(quat[0, i])

        # find axial vector
        if (theta > tinyRotAng):
            a = sin(theta) / theta
            b = (1. - cos(theta)) / (theta*theta)
            w = (theta / sin(0.5 * theta)) * quat[1:4, i]

            wskew = array([[   0., -w[2],  w[1]],
                           [ w[2],    0., -w[0]],
                           [-w[1],  w[0],    0.]])

            rmat[i, :, :] = I3 + a * wskew + b * dot(wskew, wskew)
        else:
            rmat[i, :, :] = I3

    return rmat


[docs]def quatToProdMat(quat, mult='right'):
    """
    Form 4 x 4 arrays to perform the quaternion product

    USAGE
        qmats = quatToProdMat(quats, mult='right')

    INPUTS
        1) quats is (4, n), a numpy ndarray array of n quaternions
           horizontally concatenated
        2) mult is a keyword arg, either 'left' or 'right', denoting
           the sense of the multiplication:

                      / quatToProdMat(h, 'right') * q
           q * h  --> <
                      \ quatToProdMat(q, 'left') * h

    OUTPUTS
        1) qmats is (n, 4, 4), the left or right quaternion product
           operator

    NOTES
       *) This function is intended to replace a cross-product based
          routine for products of quaternions with large arrays of
          quaternions (e.g. applying symmetries to a large set of
          orientations).
    """

    if quats.shape[0] != 4:
        raise RuntimeError, "input is the wrong size along the 0-axis"

    nq = quats.shape[1]

    q0 = quats[0, :].copy()
    q1 = quats[1, :].copy()
    q2 = quats[2, :].copy()
    q3 = quats[3, :].copy()

    if mult == 'right':
        qmats = array([[ q0], [ q1], [ q2], [ q3],
                       [-q1], [ q0], [-q3], [ q2],
                       [-q2], [ q3], [ q0], [-q1],
                       [-q3], [-q2], [ q1], [ q0]])
    elif mult == 'left':
        qmats = array([[ q0], [ q1], [ q2], [ q3],
                       [-q1], [ q0], [ q3], [-q2],
                       [-q2], [-q3], [ q0], [ q1],
                       [-q3], [ q2], [-q1], [ q0]])

    # some fancy reshuffling:
    qmats = transpose(reshape(qmats.T, (nq, 4, 4)), (0, 2, 1))

    return qmats


[docs]def sampleToLatticeT2(A_sm, C):
    '''
                        T
    [A_sm]=[C][A_lat][C]
    '''
    A_lat = num.matrix(C).T * num.matrix(A_sm) * num.matrix(C)
    return A_lat


[docs]def latticeToSampleT2(A_lat, C):
    '''
                        T
    [A_sm]=[C][A_lat][C]
    '''
    A_sm = num.matrix(C) * num.matrix(A_lat) * num.matrix(C).T
    return A_sm


[docs]def latticeToSampleV(V_lat, C):
    V_sm = num.dot(C, V_lat)
    return V_sm


[docs]class RotationParameterization:
    "template for rotation parameterization class"
[docs]    def __init__(self, args):
        raise RuntimeError, "need implementation"

[docs]    def toMatrix(self):
        """use matrix as common representation
        all classes should have a constructor that works using this

            **  Construct [C] matrix (Kocks convention)
            **         {a}      = [C] {a}
            **            sm             cr
            """
        raise RuntimeError, "need implementation"



[docs]def rotMatrixFromCrystalVectors(cvs1=None, cvs2=None, cvs3=None):
    """\
    Make a rotation matrix in the RotationParameterization convention
    from components of crystal vectors that are along given sample directions
    """
    mat = zeros([3,3], dtype='float64')
    if cvs1 == None:
        if ((cvs2 == None) or (cvs3 == None)):
            print >> sys.stderr, "need more inputs"
            raise RuntimeError, "unrecoverable error"
        cvs1 = cross(cvs2,cvs3)
        cvs1 = normalized(cvs1)
    if cvs2 == None:
        if ((cvs1 == None) or (cvs3 == None)):
            print >> sys.stderr, "need more inputs"
            raise RuntimeError, "unrecoverable error"
        cvs2 = cross(cvs1,cvs3)
        cvs2 = normalized(cvs2)
    if cvs3 == None:
        if ((cvs1 == None) or (cvs2 == None)):
            print >> sys.stderr, "need more inputs"
            raise RuntimeError, "unrecoverable error"
        cvs3 = cross(cvs1,cvs2)
        cvs3 = normalized(cvs3)
    mat[0,:] = cvs1[:]
    mat[1,:] = cvs2[:]
    mat[2,:] = cvs3[:]
    det = determinant3(mat)
    if (abs(det-1.0) < 1e-12):
        return mat
    elif (abs(det+1.0) < 1e-12):
        mat = -mat
        return mat
    else:
        print >> sys.stderr, "vectors not close enough to orthonormal"
        raise RuntimeError, "unrecoverable error"


[docs]class RotInv(RotationParameterization):
    "rotation invariants"
    #__rvNorm = stats.norm().rsv # scipy
    __rvNorm = random.normal # numpy
[docs]    def __init__(self, *args):
        if isinstance(args[0], str):
            a = args[0]
            if a == 'rand':
                if len(args) > 1:
                    if hasattr(args[1], '__len__'):
                        thetaScale = args[1]
                        if len(thetaScale) == 3:
                            self.n    = zeros(3, dtype='float64')
                            self.n[0] = RotInv.__rvNorm() * thetaScale[0]
                            self.n[1] = RotInv.__rvNorm() * thetaScale[1]
                            self.n[2] = RotInv.__rvNorm() * thetaScale[2]
                            mag = normvec3(self.n)
                            if mag > 0.:
                                self.n[:] = self.n[:] / mag
                                self.theta = mag
                            else:
                                newInv = Quat('rand').toInv()
                                self.n[:] = newInv.n[:]
                                self.theta = mag
                        else:
                            raise RuntimeError, "unrecoverable error: bad thetaScale length"
                    else:
                        newInv = Quat('rand').toInv()
                        self.n     = newInv.n
                        thetaScale = float(args[1])
                        self.theta = RotInv.__rvNorm() * thetaScale
                else:
                    newInv = Quat('rand').toInv()
                    self.n     = newInv.n
                    self.theta = newInv.theta
            elif a == 'align':
                # align given crystal vector with given sample vector
                vl = num.array(args[1],dtype=float)
                vs = num.array(args[2],dtype=float)
                # normalize
                mag = normvec3(vl)
                vl /= mag
                mag = normvec3(vs)
                vs /= mag
                self.theta = math.acos(num.dot(vs,vl)) # arccosine
                w = cross(vl,vs)
                mag = normvec3(w)
                if mag > 1e-14:
                    self.n = w / mag
                else:
                    sqr3i = 1./sqrt(3.)
                    self.n = num.array([sqr3i, sqr3i, sqr3i])
            else:
                print >> sys.stderr, "bad string"
                raise RuntimeError, "unrecoverable error"
        elif len(args) == 1:
            a = args[0]
            if (hasattr(a,"toInv")):
                "use direct conversion, assuming it is more efficient"
                newInv = a.toInv()
                self.theta = newInv.theta
                self.n     = newInv.n
            elif isinstance(a,RotationParameterization):
                "from 3x3 matrix of components"
                (self.theta, self.n) = matToThetaN(a.toMatrix())
            else:
                a = num.atleast_1d(args[0])
                if size(shape(a)) == 2:
                    "from 3x3 matrix of components"
                    assert a.shape[0] == 3 and a.shape[1] == 3, 'wrong shape for matrix'
                    (self.theta, self.n) = matToThetaN(a)
                elif size(shape(a)) == 1:
                    "exponential map parameters"
                    assert a.shape[0] == 3, 'wrong shape for exp map parameters'
                    self.n     = a
                    self.theta = sqrt(sum(self.n[:] * self.n[:]))
                    if self.theta > 0.:
                        self.n     = self.n / self.theta
                    else:
                        self.n     = num.array([1.,0.,0.]) # n not really well defined
                else:
                    print >> sys.stderr, "wrong shape of args[0]", shape(a)
                    raise RuntimeError, "unrecoverable error"
        elif len(args) == 2:
            "from theta and normal vector (not necessarily normalized)"
            self.theta = float(args[0])
            self.n     = zeros(3, dtype='float64')
            self.n[:]  = args[1]
            mag = sqrt(sum(self.n[:] * self.n[:]))
            self.n[:] = self.n[:] / mag
        elif len(args) == 4:
            "from theta and normal vector (not necessarily normalized)"
            self.theta = float(args[0])
            self.n     = zeros(3, dtype='float64')
            self.n[:]  = args[1:4]
            mag = sqrt(sum(self.n[:] * self.n[:]))
            self.n[:] = self.n[:] / mag
        else:
            print >> sys.stderr, "wrong number of args %g" % len(args)
            raise RuntimeError, "unrecoverable error"

    def __repr__(self):
        return "RotInv(%s,[%s,%s,%s])" % (self.theta,self.n[0],self.n[1],self.n[2])
    def __str__(self):
        return "(%g, [%g, %g, %g])" % (self.theta,self.n[0],self.n[1],self.n[2])
    def toQuat(self):
        q = Quat(invToQuat(num.hstack((self.theta, self.n)))) # [self.theta]+list(self.n)
        if debug > 1: print "from theta, n:", self.theta, self.n
        if debug > 1: print "q:", q
        return q
    def toMatrix(self):
        mat = invToM(self.theta, *self.n)
        return mat


[docs]class CanovaEuler(RotationParameterization):
[docs]    def __init__(self, *args):
        if len(args) == 3:
            self.euler = zeros(3, dtype='float64')
            self.euler[:] = args[:]
        elif len(args) == 1:
            a = args[0]
            self.euler = zeros(3, dtype='float64')
            if isinstance(a,RotationParameterization):
                if hasattr(a, 'toCanova'):
                    self.euler = a.toCanova()
                else:
                    "from 3x3 matrix of components"
                    self.euler[:] = CanovaEuler(a.toMatrix())
            if size(shape(args[0])) == 2:
                "from 3x3 matrix of components"
                self.euler[:] = matToCanova(args[0])
            else:
                print >> sys.stderr, "wrong shape of args[0]", shape(args[0])
                raise RuntimeError, "unrecoverable error"
        else:
            print >> sys.stderr, "wrong number of args %g" % len(args)
            raise RuntimeError, "unrecoverable error"

    def __repr__(self):
        return "CanovaEuler(%s,%s,%s)" % (self.euler[0],self.euler[1],self.euler[2])
    def __str__(self):
        return "(%g %g %g)" % (self.euler[0],self.euler[1],self.euler[2])
    def toKocks(self):
        e_k1 = piby2 - self.euler[2]
        e_k2 = self.euler[1]
        e_k3 = self.euler[0] - piby2
        kocks = KocksEuler(e_k1, e_k2, e_k3)
        return kocks
    def toMatrix(self):
        return (self.toKocks()).toMatrix()


[docs]class KocksEuler(RotationParameterization):
    "Kocks Euler angles see equation 6 page 65 of koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)"
[docs]    def __init__(self, *args):
        if len(args) == 3:
            self.euler = zeros(3, dtype='float64')
            self.euler[:] = args[:]
        elif len(args) == 1:
            a = args[0]
            if isinstance(a,RotationParameterization):
                self.euler = zeros(3, dtype='float64')
                if hasattr(a, 'toKocks'):
                    self.euler[:] = a.toKocks()
                else:
                    "from 3x3 matrix of components"
                    canova = CanovaEuler(a.toMatrix())
                    kocks = canova.toKocks()
                    self.euler[:] = kocks.euler
            elif size(shape(a)) == 2:
                "from 3x3 matrix of components"
                self.euler = zeros(3, dtype='float64')
                canova = CanovaEuler(a)
                kocks = canova.toKocks()
                self.euler = kocks.euler
            else:
                print >> sys.stderr, "wrong shape of args[0]", shape(a)
                raise RuntimeError, "unrecoverable error"
        else:
            print >> sys.stderr, "wrong number of args %g" % len(args)
            raise RuntimeError, "unrecoverable error"

    def __repr__(self):
        return "KocksEuler(%s,%s,%s)" % (self.euler[0],self.euler[1],self.euler[2])
    def __str__(self):
        return "(%g %g %g)" % (self.euler[0],self.euler[1],self.euler[2])
[docs]    def toBunge(self):
        'trusting Table 1a of koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)'
        e_b1 =  self.euler[0] + piby2 # phi1
        e_b2 =  self.euler[1] # Phi
        e_b3 = -self.euler[2] + piby2 # phi2
        bunge = BungeEuler(e_b1, e_b2, e_b3)
        return bunge

    def toMatrix(self):
        mat = zeros([3,3], dtype='float64')

        sps = sin(self.euler[0])
        cps = cos(self.euler[0])
        sth = sin(self.euler[1])
        cth = cos(self.euler[1])
        sph = sin(self.euler[2])
        cph = cos(self.euler[2])

        mat[0,0] = -sps * sph - cps * cph * cth
        mat[1,0] =  cps * sph - sps * cph * cth
        mat[2,0] =  cph * sth
        mat[0,1] =  cph * sps - sph * cps * cth
        mat[1,1] = -cps * cph - sps * sph * cth
        mat[2,1] =  sph * sth
        mat[0,2] =  cps * sth
        mat[1,2] =  sps * sth
        mat[2,2] =  cth

        return mat


[docs]class BungeEuler(RotationParameterization):
    '''Bunge Euler angles
    see koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)
    '''
[docs]    def __init__(self, *args):
        if len(args) == 3:
            self.euler = zeros(3, dtype='float64')
            self.euler[:] = args[:]
        elif len(args) == 1:
            a = args[0]
            if isinstance(a,RotationParameterization):
                self.euler = zeros(3, dtype='float64')
                if hasattr(a, 'toBunge'):
                    self.euler[:] = a.toBunge()
                else:
                    "from 3x3 matrix of components"
                    bunge = CanovaEuler(a.toMatrix()).toKocks().toBunge()
                    self.euler[:] = bunge.euler
            elif size(shape(a)) == 2:
                "from 3x3 matrix of components"
                self.euler = zeros(3, dtype='float64')
                bunge = CanovaEuler(a).toKocks().toBunge()
                self.euler = bunge.euler
            else:
                print >> sys.stderr, "wrong shape of args[0]", shape(a)
                raise RuntimeError, "unrecoverable error"
        else:
            print >> sys.stderr, "wrong number of args %g" % len(args)
            raise RuntimeError, "unrecoverable error"

    def __repr__(self):
        return "BungeEuler(%s,%s,%s)" % (self.euler[0],self.euler[1],self.euler[2])
    def __str__(self):
        return "%24.16e %24.16e %24.16e" % (self.euler[0],self.euler[1],self.euler[2])
[docs]    def toKocks(self):
        'trusting Table 1a of koc-tom-wen-98a (Kocks, Tome, & Wenk; Texture and Anisotropy)'
        e_k1 = self.euler[0] - piby2
        e_k2 = self.euler[1]
        e_k3 = piby2         - self.euler[2]
        kocks = KocksEuler(e_k1, e_k2, e_k3)
        return kocks

    def toMatrix(self):
        #return self.toKocks().toMatrix()
        mat = bungeToMatrix(self.euler)
        return mat

# // Find the quaternion for this q vector and its canonical representation
# Quaternion rot = quatFinder.find(qhat, L);
# rot = findCanonical(rot);
#
# // Quaternion components are (r, i, j, k).  A Vector is a standard
# // vector in 3-space.
# Vector v(rot.i(), rot.j(), rot.k());
# v /= rot.r();
# double alpha = 2.0* std::atan(v.length());
# v.normalize();
# v *= alpha *0.5;
#
# v += Vector(0.5, 0.5, 0.5);
#
# PIX color;
#
# color.r = short( 255*fabs(v[0]*v[0]) );
# color.g = short( 255*fabs(v[1]*v[1]) );
# color.b = short( 255*fabs(v[2]*v[2]) );

[docs]class Quat(RotationParameterization):
    "quaternions, normalized; parameterization of SO(3); do not bother making unique (is 2-to-1)"
    #__rvNorm = stats.norm().rsv # scipy
    __rvNorm = random.normal # numpy
[docs]    def __init__(self, *args):
        self.q = zeros(4, dtype='float64')
        # self.symmPath = []
        self.symmVariant = []
        self.symmVariantPath = []
        if len(args) == 4:
            self.q[0] = float(args[0])
            self.q[1] = float(args[1])
            self.q[2] = float(args[2])
            self.q[3] = float(args[3])
            self.normalize()
        elif len(args) == 1:
            a = args[0]
            if isinstance(a,RotationParameterization):
                if (hasattr(a,"toQuat")):
                    "use direct conversion, assuming it is more efficient"
                    newQ = a.toQuat()
                    self.q = newQ.q
                else:
                    "from 3x3 matrix of components"
                    #inv = RotInv(a.toMatrix())
                    #newQ = inv.toQuat()
                    #self.q = newQ.q
                    self.q = matToQuat(a.toMatrix())
            elif isinstance(a, str):
                if a == 'rand':
                    "generate a random quaternion -- a sample from a uniform distribution in SO(3)"
                    self.q = Quat.getRandQuat()
                    #self.q = Quat.__rvNorm(size=4)
                    # #self.q[0] = float(Quat.__rvNorm.rvs())
                    # #self.q[1] = float(Quat.__rvNorm.rvs())
                    # #self.q[2] = float(Quat.__rvNorm.rvs())
                    # #self.q[3] = float(Quat.__rvNorm.rvs())
                else:
                    print >> sys.stderr, "bad string"
                    raise RuntimeError, "unrecoverable error"
            else:
                if size(a) == 4:
                    self.q[0] = float(a[0])
                    self.q[1] = float(a[1])
                    self.q[2] = float(a[2])
                    self.q[3] = float(a[3])
                elif size(shape(a)) == 2:
                    # assume 3x3 matrix of components
                    inv = RotInv(a)
                    if debug > 1: print "got: ",inv
                    newQ = inv.toQuat()
                    self.q = newQ.q
                else:
                    print >> sys.stderr, "bad size"
                    raise RuntimeError, "unrecoverable error"
            self.normalize()
        elif len(args) == 0:
            self.q[0] = 1.
            self.q[1] = 0.
            self.q[2] = 0.
            self.q[3] = 0.
        else:
            print >> sys.stderr, "wrong number of args"
            raise RuntimeError, "unrecoverable error"

    @staticmethod
[docs]    def normalizeQuat(q):
        'normalize in place'
        temp = q[:] * q[:]
        mag = sqrt(sum(temp))
        if (mag < 1e-6):
            print >> sys.stderr, "quat magnitude too small"
            raise RuntimeError, "unrecoverable error"
        q = q / mag
        return q

    @staticmethod
[docs]    def getRandQuat(n=1):
        'sample uniform orientation distribution to get quaternion parameters'
        if n == 1:
            q = Quat.__rvNorm(size=4)
            retval = Quat.normalizeQuat(q)
        else:
            retval = []
            for iN in range(n):
                q = Quat.__rvNorm(size=4)
                q = Quat.normalizeQuat(q)
                retval.append(q)
            retval = num.array(retval)
        return retval

    def __repr__(self):
        return "Quat(%s,%s,%s,%s)" % (self.q[0],self.q[1],self.q[2],self.q[3])
    def __str__(self):
        #qString = "(%g, %g, %g, %g)" % (self.q[0],self.q[1],self.q[2],self.q[3])
        #qString = "%s %s %s %s" % (self.q[0],self.q[1],self.q[2],self.q[3])
        qString = "%24.16e %24.16e %24.16e %24.16e" % (self.q[0],self.q[1],self.q[2],self.q[3])
        if len(self.symmVariant) > 0:
            qString += " symmVariant: " + self.symmVariant.__str__()
        if len(self.symmVariantPath) > 0:
            qString += " symmVariantPath: " + self.symmVariantPath.__str__()
        return qString
    def __mul__(self,other):
        "multiplication; if multiply a list of Quats then list keeps metadata"
        if isinstance(other, Quat):
            new = Quat()
            new.q[0] = self.q[0]*other.q[0] - self.q[1]*other.q[1] - self.q[2]*other.q[2] - self.q[3]*other.q[3]
            new.q[1] = self.q[0]*other.q[1] + self.q[1]*other.q[0] + self.q[2]*other.q[3] - self.q[3]*other.q[2]
            new.q[2] = self.q[0]*other.q[2] - self.q[1]*other.q[3] + self.q[2]*other.q[0] + self.q[3]*other.q[1]
            new.q[3] = self.q[0]*other.q[3] + self.q[1]*other.q[2] - self.q[2]*other.q[1] + self.q[3]*other.q[0]
            return new
        elif isinstance(other, SymmGroup):
            return other.__rmul__(self)
        elif hasattr(other, '__len__'):
            if ((len(self.symmVariant) > 0) or (len(self.symmVariantPath) > 0)):
                print >> sys.stderr, "quat multiplying list and quat has metadata"
                raise RuntimeError, "unrecoverable error"
            result = copy.deepcopy(other)
            for iR in range(len(other)):
                tempQuat = self * result[iR]
                result[iR].q[:] = tempQuat.q[:]
            return result
        else:
            raise RuntimeError, "mul with unsupported operand"
    def __coerce__(self, other):
        if isinstance(other, Quat):
            return self, other
        if hasattr(other, '__len__'):
            if len(other) == 4:
                return self,Quat(other[0],other[1],other[2],other[3])
            else:
                # do not know what else to do
                return self, other
        else:
            # do not know what else to do
            return self, other
    def strip(self):
        self.symmVariant = []
        self.symmVariantPath = []
[docs]    def T(self):
        "return transposed quaternion"
        return Quat(self.q[0],-self.q[1],-self.q[2],-self.q[3])

[docs]    def transposed(self):
        "return transposed quaternion"
        return self.T()

[docs]    def transpose(self):
        "transpose the quaternion in place; retains metadata"
        self.q[1:4] = -self.q[1:4]
        return

[docs]    def normalized(self):
        "return normalize quaternion"
        temp = self.q[:] * self.q[:]
        mag = sqrt(sum(temp))
        if (mag < 1e-6):
            print >> sys.stderr, "quat magnitude too small"
            raise RuntimeError, "unrecoverable error"
        new = Quat()
        new.q = self.q[:] / mag
        return new

[docs]    def normalize(self):
        "normalize the quaternion"
        #temp = self.normalized()
        #self.q[:] = temp.q[:]
        self.q = Quat.normalizeQuat(self.q)
        return

[docs]    def misorAng(self, other):
        "compute the misorientation angle, in radians, in [0,2*pi]"
        oT = other.T()
        q0 = self.q[0]*oT.q[0] - self.q[1]*oT.q[1] - self.q[2]*oT.q[2] - self.q[3]*oT.q[3]
        ang = 2.0 * arccosSafe(q0)
        return ang

    def toInv(self):
        invParams = quatToInv(self.q)
        return RotInv(*invParams)
    def toMatrix(self):
        mat = zeros([3,3], dtype='float64')

        x0sq = self.q[0]*self.q[0]
        x1sq = self.q[1]*self.q[1]
        x2sq = self.q[2]*self.q[2]
        x3sq = self.q[3]*self.q[3]

        x0x1 = self.q[0]*self.q[1]
        x0x2 = self.q[0]*self.q[2]
        x0x3 = self.q[0]*self.q[3]

        x1x2 = self.q[1]*self.q[2]
        x1x3 = self.q[1]*self.q[3]

        x2x3 = self.q[2]*self.q[3]

        mat[0,0] = x0sq+x1sq-x2sq-x3sq
        mat[0,1] = 2.0*(x1x2-x0x3)
        mat[0,2] = 2.0*(x1x3+x0x2)
        mat[1,0] = 2.0*(x1x2+x0x3)
        mat[1,1] = x0sq-x1sq+x2sq-x3sq
        mat[1,2] = 2.0*(x2x3-x0x1)
        mat[2,0] = 2.0*(x1x3-x0x2)
        mat[2,1] = 2.0*(x2x3+x0x1)
        mat[2,2] = x0sq-x1sq-x2sq+x3sq

        return mat


[docs]class SymmGroup:
    "symmetry group"
    __misorZeroTol = 1e-6
[docs]    def __init__(self, *args):
        if len(args) == 1:
            a = args[0]
            if isinstance(a, str):
                if a == 'cubic':
                    self.nSymm = int(24)
                    self.qSymm = [ Quat() for i in range(self.nSymm)]

                    self.setQuatI(0,  (  1.,  0.,  0.,  0.  )  ) #  11
                    self.setQuatI(1,  (  1.,  1.,  1.,  1.  )  ) #  12
                    self.setQuatI(2,  ( -1.,  1.,  1.,  1.  )  ) #  13
                    self.setQuatI(3,  (  1.,  0.,  0.,  1.  )  ) #  21
                    self.setQuatI(4,  (  0.,  0.,  1.,  1.  )  ) #  22
                    self.setQuatI(5,  ( -1.,  0.,  1.,  0.  )  ) #  23
                    self.setQuatI(6,  (  0.,  0.,  0.,  1.  )  ) #  31
                    self.setQuatI(7,  ( -1., -1.,  1.,  1.  )  ) #  32
                    self.setQuatI(8,  ( -1., -1.,  1., -1.  )  ) #  33
                    self.setQuatI(9,  ( -1.,  0.,  0.,  1.  )  ) #  41
                    self.setQuatI(10, ( -1., -1.,  0.,  0.  )  ) #  42
                    self.setQuatI(11, (  0., -1.,  0., -1.  )  ) #  43
                    self.setQuatI(12, (  0.,  1.,  1.,  0.  )  ) #  51
                    self.setQuatI(13, ( -1.,  1.,  0.,  0.  )  ) #  52
                    self.setQuatI(14, (  1.,  0.,  1.,  0.  )  ) #  53
                    self.setQuatI(15, (  0.,  0., -1.,  0.  )  ) #  61
                    self.setQuatI(16, (  1., -1., -1.,  1.  )  ) #  62
                    self.setQuatI(17, (  1., -1.,  1.,  1.  )  ) #  63
                    self.setQuatI(18, (  0.,  1., -1.,  0.  )  ) #  71
                    self.setQuatI(19, (  0.,  0., -1.,  1.  )  ) #  72
                    self.setQuatI(20, (  0., -1.,  0.,  1.  )  ) #  73
                    self.setQuatI(21, (  0.,  1.,  0.,  0.  )  ) #  81
                    self.setQuatI(22, ( -1.,  1., -1.,  1.  )  ) #  82
                    self.setQuatI(23, ( -1., -1., -1.,  1.  )  ) #  83

                    self.symmName = "cubic"

                elif a == 'hexag':
                    self.nSymm = int(12)
                    self.qSymm = [ Quat() for i in range(self.nSymm)]

                    halfsqr3 = sqrt(3.)*0.5

                    self.setQuatI(0,  ( 1.,     0.,      0.,      0.      )  ) #  00
                    self.setQuatI(1,  ( 0.,     1.,      0.,      0.      )  ) #  20
                    self.setQuatI(2,  ( 0.,     halfsqr3,  0.5,   0.      )  ) #  21
                    self.setQuatI(3,  ( 0.,     0.5,   halfsqr3,  0.      )  ) #  22
                    self.setQuatI(4,  ( 0.,     0.,      1.,      0.      )  ) #  23
                    self.setQuatI(5,  ( 0.,    -0.5,   halfsqr3,  0.      )  ) #  24
                    self.setQuatI(6,  ( 0.,    -halfsqr3,  0.5,   0.      )  ) #  25
                    self.setQuatI(7,  ( halfsqr3, 0.,      0.,      0.5   )  ) #  60
                    self.setQuatI(8,  ( 0.5,  0.,      0.,      halfsqr3  )  ) #  61
                    self.setQuatI(9,  ( 0.,    0.,      0.,      1.       )  ) #  62
                    self.setQuatI(10, ( halfsqr3, 0.,      0.,     -0.5   )  ) #  63
                    self.setQuatI(11, ( 0.5,  0.,      0.,     -halfsqr3  )  ) #  64

                    self.symmName = "hexag"

                else:
                    print >> sys.stderr, "unknown symmetry type"
                    raise RuntimeError, "unrecoverable error"
            else:
                self.nSymm = int(a)
                self.qSymm = [ Quat() for i in range(a)]
                self.symmName = "unInit"
        else:
            print >> sys.stderr, "wrong number of args"
            raise RuntimeError, "unrecoverable error"

    def setQuatI(self,i,a):
        self.qSymm[i].q[:] = a[:]
        self.qSymm[i].normalize()
    def __rmul__(self, q):
        "post-multiply a quaternion or list of quaternions by all symmetry elements"
        if hasattr(q, '__len__'):
            result = [ Quat() for i in range(self.nSymm*len(q))]
            i = 0
            for iSymm in range(self.nSymm):
                qSymmi = self.qSymm[iSymm]
                for qi in q:
                    result[i] = qi * qSymmi
                    # result[i].symmPath.append([(self, iSymm)])
                    if (len(qi.symmVariant)>0):
                        result[i].symmVariantPath.append((qi.symmVariant[-1:][0], iSymm))
                    i += 1
            return result
        else:
            result = [ Quat() for i in range(self.nSymm)]
            for iSymm in range(self.nSymm):
                result[iSymm] = q * self.qSymm[iSymm]
                # result[iSymm].symmPath.append([(self, iSymm)])
                if (len(q.symmVariant)>0):
                    result[iSymm].symmVariantPath.append((q.symmVariant[-1:][0], iSymm))
            return result
[docs]    def findDistinct(self, qList):
        "given a list of quaternions, find those which are distinct under the symmetry group"
        distinct =  ones(len(qList), dtype='i')
        slavedTo = zeros(len(qList), dtype='i')
        for i in range(len(qList)):
            if not distinct[i]: continue
            for j in range(i+1,len(qList)):
                if not distinct[j]: continue
                for k in range(self.nSymm):
                    # if not distinct[j]: break # not needed
                    """
                    tempa = qList[j] * self.qSymm[k]
                    tempb = qList[i] # * self.qSymm[l]
                    misAng = tempb.misorAng(tempa)
                    if debug :
                        #print "misAng between %g and %g with symms %g,%g: %g" % (i, j, k, l, misAng)
                        print "misAng between %g and %g with symm %g: %g" % (i, j, k, misAng)
                    if misAng < SymmGroup.__misorZeroTol:
                        distinct[j] = 0
                        slavedTo[j] = i
                        break
                    """
                    for l in range(self.nSymm):
                        tempa = qList[j] * self.qSymm[k]
                        tempb = qList[i] * self.qSymm[l]
                        misAng = tempb.misorAng(tempa)
                        if debug :
                            print "misAng between %g and %g with symms %g,%g: %g" % (i, j, k, l, misAng)
                        if misAng < SymmGroup.__misorZeroTol:
                            distinct[j] = 0
                            slavedTo[j] = i
                            break
        result = []
        if debug >= 0:
            print "distinct: ", distinct
        for i in range(len(qList)):
            if distinct[i]:
                distinct[i] = len(result)
                result.append(copy.deepcopy(qList[i]))
                result[distinct[i]].symmVariant.append(distinct[i])
            else:
                # should already have changed distinct[slavedTo[i]] to have mapping
                if len(qList[i].symmVariantPath) == 1:
                    result[distinct[slavedTo[i]]].symmVariantPath.append(qList[i].symmVariantPath[0])
                elif len(qList[i].symmVariantPath) == 0:
                    pass # nothing to do
                else:
                    # do not know what to do with this case
                    print >> sys.stderr, "internal error"
                    raise RuntimeError, "unrecoverable error"
        return result

    def getQArray(self):
        retval = num.array(map(lambda x:x.q, self.qSymm))
        return retval
    def checkForBinary(self, qList):
        binaryRelatedTo = zeros((len(qList),len(qList)), dtype=bool)
        for iQ, q_i in enumerate(qList):
            for jQ in range(iQ+1,len(qList)):
                q_j = qList[jQ]
                for k in range(self.nSymm):
                    for l in range(self.nSymm):
                        tempa = q_j * self.qSymm[k]
                        tempb = q_i * self.qSymm[l]
                        misAng = tempb.misorAng(tempa)
                        'misAng is in range [0,2*pi]'
                        if abs(misAng - math.pi) < epsSqrt:
                            binaryRelatedTo[iQ,jQ] = binaryRelatedTo[jQ,iQ] = True
        return binaryRelatedTo


[docs]def transposeQuats(qList):
    for qTemp in qList:
        qTemp.transpose()


[docs]def stripQuatList(qList):
    for qTemp in qList:
        qTemp.strip()


[docs]def writeQuats(qList, f):
    for q in qList:
        print >> f, "%s %s %s %s" % (q.q[0],q.q[1],q.q[2],q.q[3])
#
# from mmod_set_texture_evppg:
#    CALL mat_x_mat_3(state%c, sc_rel%B_matx(:,:,i_cnst), c_cnst)
#    CALL tensor_to_quat(texture(:,i_cnst), c_cnst)
# texture(:,i_cnst) then has texture quat for the constituent
#
# from setup_pt_wsymm:
#        CALL mat_x_mat_3(&
#             & symm%rsymm(:,:,i_symm), &
#             & lat_OR, &
#             & sc_rel%B_matx(:,:,i_cnst))
# lat_OR one of PT_lat_rel
# symm is for reference crystal, i_symm is in a subset of total symm


[docs]def makeQuatsBall(qRef, thetaScale, n):
    """make n quaternions in a ball around qRef, with ball size scaled by thetaScale
    """
    result = []
    for i in range(n):
        qRand = Quat(RotInv('rand',thetaScale))
        qCur = qRand * qRef
        result.append(qCur)
    return result


didSeedSet = False
[docs]def makeQuatsComponents(nGrain, scale=None):
    global didSeedSet
    if not didSeedSet:
        num.random.seed(0) # for reproducable results
        didSeedSet = True
    quatsBall = num.ones([nGrain,4])
    if scale is not None:
        quatsBall[:,1:] = num.random.normal(loc=0.0, scale=scale, size=[nGrain,3])
    else:
        'ignore set of measure zero over which mag will be zero'
        quatsBall[:,:] = num.random.normal(loc=0.0, scale=1.0, size=[nGrain,4])
    for iQ in range(quatsBall.shape[0]):
        mag = math.sqrt(num.sum(quatsBall[iQ,:]*quatsBall[iQ,:]))
        quatsBall[iQ,:] = quatsBall[iQ,:] / mag
    return quatsBall


[docs]def millerBravais2Normal(invec, *args):
    """
    Generate the normal(s) for a plane(s) given in
       the Miller-Bravais convention for the
       hexagonal basis {a1, a2, a3, c}.  The
       basis for the output {o1, o2, o3}
       is chosen such that:

       o1 || a1
       o3 || c
       o2 = o3 ^ o1

    returns a (3, n) array of horizontally concatenated
    unit vectors
    """
    aspect = 1.
    if len(args) > 0:
        aspect = args[0]

    r1 = invec[0]
    r2 = (2*invec[1] + invec[0]) / sqrt(3.)
    r3 = invec[3]/aspect

    outvec = num.array([r1,r2,r3])
    outvec = outvec / math.sqrt(num.dot(outvec,outvec))

    return outvec


[docs]class Fiber:
    """
    Like John Edmiston's MakeFiber class, but with the implementation more tightly coupled to the rest of the code base
    """
[docs]    def __init__(self, latVec, recipVec):

        self.latVec   = mU.normalized(latVec)
        self.recipVec = mU.normalized(recipVec)

        self.qBase  = q1  = Quat(RotInv('align',
                                                self.latVec,
                                                self.recipVec)
                                     )
        e1 = q1.q
        rFiber = RotInv(0.5, self.recipVec) # 0.5 is a very arbitary distance along the fiber
        q2 = Quat(rFiber)
        q12 = (q2*q1).q
        e2 = mU.normalized(q12 - num.dot(q12,e1) * e1)
        #
        self.e1 = e1
        self.e2 = e2

        return

    def __sub__(self,other):
        return self.distBetweenFibers(other)
[docs]    def distBetweenFibers(self,other):
        """
Compute the distance between two fibers using the polar decomposition of the projection operator taking one geodesic plane to the other.
input: instance of MakeFiber class
output: (max_eigenvalue, Rotation at max_eigenvalue), intersecting fibers would have max_eigenvalue ~ 1. Rotation at max_eigenvalue would be the 'closest' Rotation which would relate the two fibers.
        """

        e1,e2 = self.e1,self.e2
        e1_,e2_ = other.e1,other.e2
        F11 = num.dot(e1,e1_);F12 = num.dot(e1,e2_);
        F21 = num.dot(e2,e1_);F22 = num.dot(e2,e2_);
        #not guaranteed to be non singular... most of the time seems to work though
        F = num.array([[F11,F12],[F21,F22]])
        #want to use F = R.U for F non singular
        #eigenvalues of U give measure of fiber distance
        #R*eigenvector(U) gives quaternion at min/max fiber distance on e1,e2 (self's) basis
        C = num.dot(F.T,F)
        eigval,eigvec = num.linalg.eig(C)
        l1,l2 = map(float,eigval);
        u1,u2 = eigvec[:,0],eigvec[:,1]
        if(l1>l2):
            max_eigval = l1
            max_eigvec = u1
        else:
            max_eigval = l2
            max_eigvec = u2
        #had non orthogonal u1,u2 once with C++ implementation using lapack::geev which is probably what scipy uses, so keep this "if ..." safeguard unless there is a better safeguard against finding non orthogonal eigenvectors
        if num.dot(u1,u2)>1.0e-4:
            tmp = num.zeros(3)
            tmp[0] = u1[0]
            tmp[1] = u1[1]
            tmp[2] = 0.
            tmp2 = num.cross(num.array([0.,0.,1.]),tmp)
            u2[0] = tmp2[0]
            u2[1] = tmp2[1]
        #polar composition F = R.U, F^TF = U^2 = C, R = F.U^-1
        #U = sqrt(abs(l1))*num.outer(u1,u1)+sqrt(abs(l2))*num.outer(u2,u2)
        U_inv = (1./sqrt(abs(l1)))*num.outer(u1,u1) + (1./sqrt(abs(l2)))*num.outer(u2,u2)
        R = num.dot(F,U_inv)
        Ru1 = num.dot(R,max_eigvec)
        q_min_dist = Ru1[0]*e1 + Ru1[1]*e2
        #check for consistency
        q1_ = num.dot(q_min_dist,e1_)
        q2_ = num.dot(q_min_dist,e2_)
        #max_eigval = max(l1,l2)
        #just for initial testing of the fiber method, trying to understand the properties
        if(abs(sqrt(q1_*q1_+q2_*q2_) - mU.normvec(q_min_dist))>1.0e-3 and max_eigval>=.9999):
            raise Exception, 'min dist quaternion is not in both planes'

        R_min_dist = Quat(q_min_dist) # da.quaternion_map(q_min_dist)
        return max_eigval,R_min_dist


    def constructOrientation(self, angle):
        qAxis = Quat(ors.RotInv(angle, self.latVec))
        qCur  = self.qBase * qAxis
        return qCur.q
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  Source code for hexrd.matrixutil

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC. 
# Produced at the Lawrence Livermore National Laboratory. 
# Written by Joel Bernier <bernier2@llnl.gov> and others. 
# LLNL-CODE-529294. 
# All rights reserved.
# 
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
# 
# Please also see the file LICENSE.
# 
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
# 
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY 
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the 
# GNU General Public License for more details.
# 
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================

import math

from scipy import \
     array, asarray, ndarray, \
     append, compress, \
     sqrt, sum, dot, sparse, \
     concatenate, c_, r_, ix_, hstack, vstack, \
     squeeze, tile, reshape, \
     ones, zeros, int_, \
     setxor1d, sort, union1d, unique, \
     finfo
from scipy.linalg import svd
import numpy as num

# module variables
sqr6i  = 1./sqrt(6.)
sqr3i  = 1./sqrt(3.)
sqr2i  = 1./sqrt(2.)
sqr2   = sqrt(2.)
sqr2b3 = sqrt(2./3.)

fpTol = finfo(float).eps                # ~2.2e-16
vTol  = 1.0e-14


[docs]def columnNorm(a):
    """
    normalize array of column vectors (hstacked, axis = 0)
    """
    if len(a.shape) > 2:
        raise RuntimeError, "incorrect shape: arg must be 1-d or 2-d, yours is %d" %(len(a.shape))
    
    cnrma = sqrt(sum(asarray(a)**2, 0))
    
    return cnrma


[docs]def rowNorm(a):
    """
    normalize array of row vectors (vstacked, axis = 1)
    """
    if len(a.shape) > 2:
        raise RuntimeError, "incorrect shape: arg must be 1-d or 2-d, yours is %d" %(len(a.shape))
    
    cnrma = sqrt(sum(asarray(a)**2, 1))
    
    return cnrma


[docs]def unitVector(a):
    """
    normalize array of column vectors (hstacked, axis = 0)
    """
    assert a.ndim in [1, 2], "incorrect arg shape; must be 1-d or 2-d, yours is %d-d" % (a.ndim)
    
    ztol = 1.0e-14
    
    m = a.shape[0]; n = 1
    
    nrm = tile(sqrt(sum(asarray(a)**2, 0)), (m, n))
    
    # prevent divide by zero
    zchk = nrm <= ztol
    nrm[zchk] = 1.0
    
    nrma = a/nrm
    
    return nrma


[docs]def nullSpace(A, tol=vTol):
    """
    computes the null space of the real matrix A
    """
    assert A.ndim is 2, 'input must be 2-d; yours is %d-d' % (A.ndim)
    
    n, m = A.shape

    if n > m :
        return nullSpace(A.T, tol).T

    U, S, V = svd(A)
    
    S = hstack([S, zeros(m-n)])

    null_mask  = (S <= tol)
    null_space = V[null_mask, :]

    return null_space


[docs]def blockSparseOfMatArray(matArray):
    """
    blockSparseOfMatArray

    Constructs a block diagonal sparse matrix (csc format) from a
    (p, m, n) ndarray of p (m, n) arrays
    
    ...maybe optional args to pick format type?
    """

    # if isinstance(args[0], str):
    #    a = args[0]
    # if a == 'csc': ...
        
    if len(matArray.shape) != 3:
        raise RuntimeError, "input array is not the correct shape!"
    
    l = matArray.shape[0]
    m = matArray.shape[1]
    n = matArray.shape[2]
    
    mn   = m*n;
    jmax = l*n;
    imax = l*m;
    ntot = l*m*n;
    
    rl    = asarray(range(l), 'int') 
    rm    = asarray(range(m), 'int')
    rjmax = asarray(range(jmax), 'int')
    
    sij = matArray.transpose(0, 2, 1).reshape(1, ntot).squeeze()
    j   = reshape(tile(rjmax, (m, 1)).T, (1, ntot))
    i   = reshape(tile(rm, (1, jmax)), (1, ntot)) + reshape(tile(m*rl, (mn, 1)).T, (1, ntot))
    
    ij  = concatenate((i, j), 0)
    
    smat = sparse.csc_matrix((sij, ij), shape=(imax, jmax)) # syntax as of scipy-0.7.0
    
    return smat


[docs]def symmToVecMV(A):
    """
    convert from symmetric matrix to Mandel-Voigt vector
    representation (JVB)
    """ 
    mvvec = zeros(6, dtype='float64')
    mvvec[0] = A[0,0]
    mvvec[1] = A[1,1]
    mvvec[2] = A[2,2]
    mvvec[3] = sqr2 * A[1,2]
    mvvec[4] = sqr2 * A[0,2]
    mvvec[5] = sqr2 * A[0,1] 
    return mvvec


[docs]def vecMVToSymm(A):
    """
    convert from Mandel-Voigt vector to symmetric matrix 
    representation (JVB) 
    """ 
    symm = zeros((3, 3), dtype='float64')
    symm[0, 0] = A[0]
    symm[1, 1] = A[1]
    symm[2, 2] = A[2]
    symm[1, 2] = A[3] / sqr2
    symm[0, 2] = A[4] / sqr2
    symm[0, 1] = A[5] / sqr2 
    symm[2, 1] = A[3] / sqr2
    symm[2, 0] = A[4] / sqr2
    symm[1, 0] = A[5] / sqr2 
    return symm


[docs]def vecMVCOBMatrix(R):
    """
    GenerateS array of 6 x 6 basis transformation matrices for the
    Mandel-Voigt tensor representation in 3-D given by: 
    
    [A] = [[A_11, A_12, A_13],
           [A_12, A_22, A_23],
           [A_13, A_23, A_33]]
    
    {A} = [A_11, A_22, A_33, sqrt(2)*A_23, sqrt(2)*A_13, sqrt(2)*A_12]
              
    where the operation :math:`R*A*R.T` (in tensor notation) is obtained by
    the matrix-vector product [T]*{A}.
    
    USAGE
    
        T = vecMVCOBMatrix(R)
    
    INPUTS
    
        1) R is (3, 3) an ndarray representing a change of basis matrix
    
    OUTPUTS
    
        1) T is (6, 6), an ndarray of transformation matrices as
           described above
    
    NOTES
    
        1) Compoments of symmetric 4th-rank tensors transform in a
           manner analogous to symmetric 2nd-rank tensors in full
           matrix notation. 

    SEE ALSO

    symmToVecMV, vecMVToSymm, quatToMat
    """
    rdim = len(R.shape)
    if rdim == 2:
        nrot = 1
        R = tile(R, (1, 1, 1))
    elif rdim == 3:
        nrot = R.shape[0]
    else:
        raise RuntimeError, \
            "R array must be (3, 3) or (n, 3, 3); input has dimension %d" \
            % (rdim)
    
    T = zeros((nrot, 6, 6), dtype='float64')
    
    T[:, 0, 0] = R[:, 0, 0]**2    
    T[:, 0, 1] = R[:, 0, 1]**2
    T[:, 0, 2] = R[:, 0, 2]**2
    T[:, 0, 3] = sqr2 * R[:, 0, 1] * R[:, 0, 2]
    T[:, 0, 4] = sqr2 * R[:, 0, 0] * R[:, 0, 2]
    T[:, 0, 5] = sqr2 * R[:, 0, 0] * R[:, 0, 1]
    T[:, 1, 0] = R[:, 1, 0]**2
    T[:, 1, 1] = R[:, 1, 1]**2
    T[:, 1, 2] = R[:, 1, 2]**2
    T[:, 1, 3] = sqr2 * R[:, 1, 1] * R[:, 1, 2]
    T[:, 1, 4] = sqr2 * R[:, 1, 0] * R[:, 1, 2]
    T[:, 1, 5] = sqr2 * R[:, 1, 0] * R[:, 1, 1]
    T[:, 2, 0] = R[:, 2, 0]**2
    T[:, 2, 1] = R[:, 2, 1]**2
    T[:, 2, 2] = R[:, 2, 2]**2
    T[:, 2, 3] = sqr2 * R[:, 2, 1] * R[:, 2, 2]
    T[:, 2, 4] = sqr2 * R[:, 2, 0] * R[:, 2, 2]
    T[:, 2, 5] = sqr2 * R[:, 2, 0] * R[:, 2, 1]
    T[:, 3, 0] = sqr2 * R[:, 1, 0] * R[:, 2, 0]
    T[:, 3, 1] = sqr2 * R[:, 1, 1] * R[:, 2, 1]
    T[:, 3, 2] = sqr2 * R[:, 1, 2] * R[:, 2, 2]
    T[:, 3, 3] = R[:, 1, 2] * R[:, 2, 1] + R[:, 1, 1] * R[:, 2, 2]
    T[:, 3, 4] = R[:, 1, 2] * R[:, 2, 0] + R[:, 1, 0] * R[:, 2, 2]
    T[:, 3, 5] = R[:, 1, 1] * R[:, 2, 0] + R[:, 1, 0] * R[:, 2, 1]
    T[:, 4, 0] = sqr2 * R[:, 0, 0] * R[:, 2, 0]
    T[:, 4, 1] = sqr2 * R[:, 0, 1] * R[:, 2, 1]
    T[:, 4, 2] = sqr2 * R[:, 0, 2] * R[:, 2, 2]
    T[:, 4, 3] = R[:, 0, 2] * R[:, 2, 1] + R[:, 0, 1] * R[:, 2, 2]
    T[:, 4, 4] = R[:, 0, 2] * R[:, 2, 0] + R[:, 0, 0] * R[:, 2, 2]
    T[:, 4, 5] = R[:, 0, 1] * R[:, 2, 0] + R[:, 0, 0] * R[:, 2, 1]
    T[:, 5, 0] = sqr2 * R[:, 0, 0] * R[:, 1, 0]
    T[:, 5, 1] = sqr2 * R[:, 0, 1] * R[:, 1, 1]
    T[:, 5, 2] = sqr2 * R[:, 0, 2] * R[:, 1, 2]
    T[:, 5, 3] = R[:, 0, 2] * R[:, 1, 1] + R[:, 0, 1] * R[:, 1, 2]
    T[:, 5, 4] = R[:, 0, 0] * R[:, 1, 2] + R[:, 0, 2] * R[:, 1, 0]
    T[:, 5, 5] = R[:, 0, 1] * R[:, 1, 0] + R[:, 0, 0] * R[:, 1, 1]
    
    if nrot == 1:
        T = T.squeeze()

    return T


[docs]def nrmlProjOfVecMV(vec):
    """
    Gives vstacked p x 6 array to To perform n' * A * n as [N]*{A} for
    p hstacked input 3-vectors using the Mandel-Voigt convention.

    Nvec = normalProjectionOfMV(vec)

    *) the input vector array need not be normalized; it is performed in place
    
    """
    # normalize in place... col vectors!
    n = unitVector(vec)
    
    nmat = array([n[0, :]**2, 
                  n[1, :]**2, 
                  n[2, :]**2, 
                  sqr2 * n[1, :] * n[2, :], 
                  sqr2 * n[0, :] * n[2, :], 
                  sqr2 * n[0, :] * n[1, :]], 
                 dtype='float64')
    
    return nmat.T


[docs]def rankOneMatrix(vec1, *args):
    """
    Create rank one matrices (dyadics) from vectors.
      
      r1mat = rankOneMatrix(vec1)
      r1mat = rankOneMatrix(vec1, vec2)
    
      vec1 is m1 x n, an array of n hstacked m1 vectors
      vec2 is m2 x n, (optional) another array of n hstacked m2 vectors
    
      r1mat is n x m1 x m2, an array of n rank one matrices
                   formed as c1*c2' from columns c1 and c2
    
      With one argument, the second vector is taken to
      the same as the first.
    
      Notes:
    
      *)  This routine loops on the dimension m, assuming this 
          is much smaller than the number of points, n.
    """
    if len(vec1.shape) > 2:
        raise RuntimeError, "input vec1 is the wrong shape"
        
    if (len(args) == 0):
        vec2 = vec1.copy()
    else:
        vec2 = args[0]
        if len(vec1.shape) > 2:
            raise RuntimeError, "input vec2 is the wrong shape"
        
    m1, n1 = asmatrix(vec1).shape
    m2, n2 = asmatrix(vec2).shape
    
    if (n1 != n2):
        raise RuntimeError, "Number of vectors differ in arguments."
    
    m1m2 = m1 * m2
    
    r1mat = zeros((m1m2, n1), dtype='float64')
    
    mrange = asarray(range(m1), dtype='int')
    
    for i in range(m2):
        r1mat[mrange, :] = vec1 * tile(vec2[i, :], (m1, 1))
        mrange = mrange + m1
    
    r1mat = reshape(r1mat.T, (n1, m2, m1)).transpose(0, 2, 1)
    return squeeze(r1mat)


[docs]def skew(A):
    """
    skew-symmetric decomposition of n square (m, m) ndarrays.  Result
    is a (squeezed) (n, m, m) ndarray
    """
    if not isinstance(A, ndarray):
        raise RuntimeError, "input argument is of incorrect type; should be numpy ndarray."

    if A.ndim == 2:
        m = A.shape[0]
        n = A.shape[1]
        if m != n:
            raise RuntimeError, "this function only works for square arrays; " \
                  + "yours is (%d, %d)" %(m, n)
        A.resize(1, m, n)  
    elif A.ndim == 3:
        m = A.shape[1]
        n = A.shape[2]
        if m != n:
            raise RuntimeError, "this function only works for square arrays"
    else:
        raise RuntimeError, "this function only works for square arrays"
    
    return squeeze(0.5*(A - A.transpose(0, 2, 1)))
    

[docs]def symm(A):
    """
    symmetric decomposition of n square (m, m) ndarrays.  Result
    is a (squeezed) (n, m, m) ndarray.  
    """
    if not isinstance(A, ndarray):
        raise RuntimeError, "input argument is of incorrect type; should be numpy ndarray."

    if A.ndim == 2:
        m = A.shape[0]
        n = A.shape[1]
        if m != n:
            raise RuntimeError, "this function only works for square arrays; " \
                  + "yours is (%d, %d)" %(m, n)
        A.resize(1, m, n)  
    elif A.ndim == 3:
        m = A.shape[1]
        n = A.shape[2]
        if m != n:
            raise RuntimeError, "this function only works for square arrays"
    else:
        raise RuntimeError, "this function only works for square arrays"
    
    return squeeze(0.5*(A + A.transpose(0, 2, 1)))


[docs]def skewMatrixOfVector(w):
    """
    skewMatrixOfVector(w)

    given a (3, n) ndarray, w,  of n hstacked axial vectors, computes
    the associated skew matrices and stores them in an (n, 3, 3)
    ndarray.  Result is (3, 3) for w.shape = (3, 1) or (3, ).

    See also: vectorOfSkewMatrix
    """
    dims = w.ndim
    stackdim = 0
    if dims == 1:
        if len(w) != 3:
            raise RuntimeError, 'input is not a 3-d vector'
        else:
            w = vstack(w)
            stackdim = 1
    elif dims == 2:
        if w.shape[0] != 3:
            raise RuntimeError, 'input is of incorrect shape; expecting shape[0] = 3'
        else:
            stackdim = w.shape[1]
    else:
        raise RuntimeError, 'input is incorrect shape; expecting ndim = 1 or 2'
    
    zs = zeros((1, stackdim), dtype='float64')
    W = vstack([ zs,
                -w[2, :],
                 w[1, :],
                 w[2, :],
                 zs,
                -w[0, :],
                -w[1, :],
                 w[0, :],
                 zs ])
    
    return squeeze(reshape(W.T, (stackdim, 3, 3)))
    

[docs]def vectorOfSkewMatrix(W):
    """
    vectorOfSkewMatrix(W)

    given an (n, 3, 3) or (3, 3) ndarray, W, of n stacked 3x3 skew
    matrices, computes the associated axial vector(s) and stores them
    in an (3, n) ndarray.  Result always has ndim = 2.

    See also: skewMatrixOfVector
    """
    stackdim = 0
    if W.ndim == 2:
        if W.shape[0] != 3 or W.shape[0] != 3:
            raise RuntimeErrorl, 'input is not (3, 3)'
        stackdim = 1
        W.resize(1, 3, 3)
    elif W.ndim == 3:
        if W.shape[1] != 3 or W.shape[2] != 3:
            raise RuntimeError, 'input is not (3, 3)'
        stackdim = W.shape[0]
    else:
        raise RuntimeError, 'input is incorrect shape; expecting (n, 3, 3)'
    
    w = zeros((3, stackdim), dtype='float64')
    for i in range(stackdim):
        w[:, i] = r_[-W[i, 1, 2], W[i, 0, 2], -W[i, 0, 1]]
        
    return w


[docs]def multMatArray(ma1, ma2):
    """
    multiply two 3-d arrays of 2-d matrices
    """
    shp1 = ma1.shape
    shp2 = ma2.shape
    
    if len(shp1) is not 3 or len(shp2) is not 3:
        raise RuntimeError, 'input is incorrect shape; ' \
              + 'expecting len(ma1).shape = len(ma2).shape = 3'

    if shp1[0] != shp2[0]:
        raise RuntimeError, 'mismatch on number of matrices'

    if shp1[2] != shp2[1]:
        raise RuntimeError, 'mismatch on internal matrix dimensions'
    
    prod = zeros((shp1[0], shp1[1], shp2[2]))
    for j in range(shp1[0]):
        prod[j, :, :] = dot( ma1[j, :, :], ma2[j, :, :] )

    return prod


[docs]def uniqueVectors(v, tol=1.0e-12):
    """
    Sort vectors and discard duplicates.

      USAGE:
    
          uvec = uniqueVectors(vec, tol=1.0e-12)

    v   -- 
    tol -- (optional) comparison tolerance

    D. E. Boyce 2010-03-18
    """
        
    vdims = v.shape
    
    iv    = zeros(vdims)
    iv2   = zeros(vdims, dtype="bool")
    bsum  = zeros((vdims[1], ), dtype="bool")
    for row in range(vdims[0]):
        tmpord = num.argsort(v[row, :]).tolist()
        tmpsrt = v[ix_([row], tmpord)].squeeze()
        tmpcmp = abs(tmpsrt[1:] - tmpsrt[0:-1])
        indep  = num.hstack([True, tmpcmp > tol]) # independent values 
        rowint = indep.cumsum()
        iv[ix_([row], tmpord)] = rowint
        pass
    
    #
    #  Dictionary sort from bottom up
    #
    iNum = num.lexsort(iv)
    ivSrt = iv[:, iNum]
    vSrt = v[:, iNum]
    
    ivInd = zeros(vdims[1], dtype='int')
    nUniq = 1; ivInd[0] = 0
    for col in range(1, vdims[1]):
        if any(ivSrt[:, col] != ivSrt[:, col -1]):
            ivInd[nUniq] = col
            nUniq += 1
            pass
        pass
     
    return vSrt[:, ivInd[0:nUniq]]


[docs]def findDuplicateVectors(vec, tol=vTol, equivPM=False):
    """
    Find vectors in an array that are equivalent to within
    a specified tolerance
      
      USAGE:
    
          eqv = DuplicateVectors(vec, *tol)
    
      INPUT:
    
          1) vec is n x m, a double array of m horizontally concatenated
                           n-dimensional vectors.
         *2) tol is 1 x 1, a scalar tolerance.  If not specified, the default
                           tolerance is 1e-14.
         *3) set equivPM to True if vec and -vec are to be treated as equivalent
    
      OUTPUT:
    
          1) eqv is 1 x p, a list of p equivalence relationships.
    
      NOTES:
    
          Each equivalence relationship is a 1 x q vector of indices that
          represent the locations of duplicate columns/entries in the array
          vec.  For example:
    
                | 1     2     2     2     1     2     7 |
          vec = |                                       |
                | 2     3     5     3     2     3     3 |
    
          eqv = [[1x2 double]    [1x3 double]], where
    
          eqv[0] = [0  4]
          eqv[1] = [1  3  5]
    """
        
    vlen  = vec.shape[1]
    vlen0 = vlen
    orid  = asarray(range(vlen), dtype="int")

    torid = orid.copy()
    tvec  = vec.copy()
    
    eqv    = []
    eqvTot = 0
    uid    = 0
    
    ii = 1
    while vlen > 1 and ii < vlen0:
        dupl = tile(tvec[:, 0], (vlen, 1))
        
        if not equivPM:
            diff  = abs(tvec - dupl.T).sum(0)
            match = abs(diff[1:]) <= tol    # logical to find duplicates
        else:
            diffn  = abs(tvec - dupl.T).sum(0)
            matchn = abs(diffn[1:]) <= tol
            diffp  = abs(tvec + dupl.T).sum(0)
            matchp = abs(diffp[1:]) <= tol
            match = matchn + matchp
    
        kick = hstack([True, match])    # pick self too
        
        if kick.sum() > 1:
            eqv    += [torid[kick].tolist()]
            eqvTot  = hstack( [ eqvTot, torid[kick] ] )
            uid     = hstack( [ uid, torid[kick][0] ] )
        
        cmask       = ones((vlen,))
        cmask[kick] = 0
        cmask       = cmask != 0 
    
        tvec  = tvec[:, cmask]

        torid = torid[cmask]
        
        vlen = tvec.shape[1]

        ii += 1 

    if len(eqv) == 0:
        eqvTot = []
        uid    = []
    else:
        eqvTot = eqvTot[1:].tolist()
        uid    = uid[1:].tolist()
        
    # find all single-instance vectors
    singles = sort( setxor1d( eqvTot, range(vlen0) ) )

    # now construct list of unique vector column indices
    uid = int_( sort( union1d( uid, singles ) ) ).tolist()
    # make sure is a 1D list
    if not hasattr(uid,'__len__'):
        uid = [uid]
    
    return eqv, uid


[docs]def normvec(v):
    #mag = math.sqrt(num.sum(v[:]*v[:]))
    mag = num.linalg.norm(v)
    return mag


[docs]def normvec3(v):
    mag = math.sqrt(v[0]*v[0] + v[1]*v[1] + v[2]*v[2])
    return mag


[docs]def normalized(v):
    mag = normvec(v) # normvec3(v)
    n = v / mag
    return n


[docs]def cross(v1,v2):
    # return the cross product of v1 with another vector
    # return a vector
    newv3 = zeros(3,dtype='float64')
    newv3[0] = v1[1]*v2[2]-v1[2]*v2[1]
    newv3[1] = v1[2]*v2[0]-v1[0]*v2[2]
    newv3[2] = v1[0]*v2[1]-v1[1]*v2[0]
    return newv3


[docs]def determinant3(mat):
    v = cross(mat[0,:],mat[1,:])
    det = sum(mat[2,:] * v[:])
    return det
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  Source code for hexrd.xrd.distortion

import numpy as np
from scipy import optimize as opt

[docs]def dummy(xy_in, params, invert=False):
    """
    """
    return xy_in


[docs]def GE_41RT(xy_in, params, invert=False):
    """
    Apply radial distortion to polar coordinates on GE detector

    xin, yin are 1D arrays or scalars, assumed to be relative to self.xc, self.yc
    Units are [mm, radians].  This is the power-law based function of Bernier.

    Available Keyword Arguments :

    invert = True or >False< :: apply inverse warping
    """
    if params[0] == 0 and params[1] == 0 and params[2] == 0:
        return xy_in
    else:
        # canonical max radius based on perfectly centered beam
        rhoMax = 204.8

        x0 = xy_in[:, 0].flatten()
        y0 = xy_in[:, 1].flatten()

        npts = len(x0)

        # detector relative polar coordinates
        #   - this is the radius that gets rescaled
        rho0 = np.sqrt( x0*x0 + y0*y0 )
        eta0 = np.arctan2( y0, x0 )

        if invert:
            # in here must do nonlinear solve for distortion
            # must loop to call fsolve individually for each point
            rhoOut = np.zeros(npts, dtype=float)
            
            rhoSclFuncInv = lambda ri, ni, ro, rx, p: \
                (p[0]*(ri/rx)**p[3] * np.cos(2.0 * ni) + \
                 p[1]*(ri/rx)**p[4] * np.cos(4.0 * ni) + \
                 p[2]*(ri/rx)**p[5] + 1)*ri - ro

            rhoSclFIprime = lambda ri, ni, ro, rx, p: \
                p[0]*(ri/rx)**p[3] * np.cos(2.0 * ni) * (p[3] + 1) + \
                p[1]*(ri/rx)**p[4] * np.cos(4.0 * ni) * (p[4] + 1) + \
                p[2]*(ri/rx)**p[5] * (p[5] + 1) + 1

            for iRho in range(len(rho0)):
                rhoOut[iRho] = opt.fsolve(rhoSclFuncInv, rho0[iRho],
                                          fprime=rhoSclFIprime,
                                          args=(eta0[iRho], rho0[iRho], rhoMax, params) )
                pass
        else:
            # usual case: calculate scaling to take you from image to detector plane
            # 1 + p[0]*(ri/rx)**p[2] * np.cos(p[4] * ni) + p[1]*(ri/rx)**p[3]
            rhoSclFunc = lambda ri, rx=rhoMax, p=params, ni=eta0: \
                         p[0]*(ri/rx)**p[3] * np.cos(2.0 * ni) + \
                         p[1]*(ri/rx)**p[4] * np.cos(4.0 * ni) + \
                         p[2]*(ri/rx)**p[5] + 1

            rhoOut = np.squeeze( rho0 * rhoSclFunc(rho0) )
            pass

        xout = rhoOut * np.cos(eta0) 
        yout = rhoOut * np.sin(eta0) 
    return np.vstack([xout, yout]).T
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  Source code for hexrd.xrd.fitting

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================

import numpy as np

# try:
#     from scipy.optimize import basinhopping
# except:
#     from scipy.optimize import leastsq
from scipy.optimize import leastsq
returnScalarValue = False

from hexrd import matrixutil as mutil

from hexrd.xrd import transforms      as xf
from hexrd.xrd import transforms_CAPI as xfcapi
from hexrd.xrd import distortion      as dFuncs

import pdb

# ######################################################################
# Module Data
d2r = np.pi/180.
r2d = 180./np.pi

bVec_ref    = xf.bVec_ref
eta_ref     = xf.eta_ref
vInv_ref    = np.r_[1., 1., 1., 0., 0., 0.]

# for distortion
dFunc_ref   = dFuncs.GE_41RT
dParams_ref = [0., 0., 0., 2., 2., 2]
dFlag_ref   = np.array([0, 0, 0, 0, 0, 0], dtype=bool)
dScl_ref    = np.array([1, 1, 1, 1, 1, 1], dtype=float)

# for sx detector cal
pFlag_ref   = np.array([1, 1, 1,
                        1, 1, 1,
                        0,
                        0, 0, 0,
                        0, 0, 0,
                        0, 0, 0], dtype=bool)
pScl_ref    = np.array([1, 1, 1,
                        1, 1, 1,
                        1,
                        1, 1, 1,
                        1, 1, 1,
                        1, 1, 1])

# for grain parameters
gFlag_ref   = np.ones(12, dtype=bool)
gScl_ref    = np.ones(12, dtype=bool)

"""
######################################################################
##############            UTILITY FUNCTIONS             ##############
######################################################################
"""

def matchOmegas(xyo_det, hkls_idx, chi, rMat_c, bMat, wavelength,
                vInv=vInv_ref, beamVec=bVec_ref, etaVec=eta_ref,
                omePeriod=None):
    """
    For a given list of (x, y, ome) points, outputs the index into the results from
    oscillAnglesOfHKLs, including the calculated omega values.
    """
    # get omegas for rMat_s calculation
    if omePeriod is not None:
        meas_omes = xf.mapAngle(xyo_det[:, 2], omePeriod)
    else:
        meas_omes = xyo_det[:, 2]

    oangs0, oangs1 = xfcapi.oscillAnglesOfHKLs(hkls_idx.T, chi, rMat_c, bMat, wavelength,
                                               vInv=vInv,
                                               beamVec=beamVec,
                                               etaVec=etaVec)
    if np.any(np.isnan(oangs0)):
        nanIdx = np.where(np.isnan(oangs0[:, 0]))[0]
        errorString = "Infeasible parameters for hkls:\n"
        for i in range(len(nanIdx)):
            errorString += "%d  %d  %d\n" % tuple(hkls_idx[:, nanIdx[i]])
        raise RuntimeError, errorString
    else:
        # CAPI version gives vstacked angles... must be (2, nhkls)
        calc_omes = np.vstack([oangs0[:, 2], oangs1[:, 2]])
    if omePeriod is not None:
        calc_omes  = np.vstack([xf.mapAngle(oangs0[:, 2], omePeriod),
                                xf.mapAngle(oangs1[:, 2], omePeriod)])
    # do angular difference
    diff_omes  = xf.angularDifference(np.tile(meas_omes, (2, 1)), calc_omes)
    match_omes = np.argsort(diff_omes, axis=0) == 0
    calc_omes  = calc_omes.T.flatten()[match_omes.T.flatten()]

    return match_omes, calc_omes

[docs]def geomParamsToInput(tiltAngles, chi, expMap_c,
                      tVec_d, tVec_s, tVec_c,
                      dParams):
    """
    """
    p = np.zeros(16)

    p[0]  = tiltAngles[0]
    p[1]  = tiltAngles[1]
    p[2]  = tiltAngles[2]
    p[3]  = tVec_d[0]
    p[4]  = tVec_d[1]
    p[5]  = tVec_d[2]
    p[6]  = chi
    p[7]  = tVec_s[0]
    p[8]  = tVec_s[1]
    p[9]  = tVec_s[2]
    p[10] = expMap_c[0]
    p[11] = expMap_c[1]
    p[12] = expMap_c[2]
    p[13] = tVec_c[0]
    p[14] = tVec_c[1]
    p[15] = tVec_c[2]

    return np.hstack([p, dParams])


[docs]def inputToGeomParams(p):
    """
    """
    retval = {}

    retval['tiltAngles'] = (p[0], p[1], p[2])
    retval['tVec_d']     = np.c_[p[3], p[4], p[5]].T
    retval['chi']        = p[6]
    retval['tVec_s']     = np.c_[p[7], p[8], p[9]].T
    retval['expMap_c']   = np.c_[p[10], p[11], p[12]].T
    retval['tVec_c']     = np.c_[p[13], p[14], p[15]].T
    retval['dParams']    = p[16:]

    return retval


"""
######################################################################
##############               CALIBRATION                ##############
######################################################################
"""

def calibrateDetectorFromSX(xyo_det, hkls_idx, bMat, wavelength,
                            tiltAngles, chi, expMap_c,
                            tVec_d, tVec_s, tVec_c,
                            vInv=vInv_ref,
                            beamVec=bVec_ref, etaVec=eta_ref,
                            distortion=(dFunc_ref, dParams_ref, dFlag_ref, dScl_ref),
                            pFlag=pFlag_ref, pScl=pScl_ref,
                            omePeriod=None,
                            factor=0.1, xtol=1e-4, ftol=1e-4):
    """
    """
    if omePeriod is not None:
        xyo_det[:, 2] = xf.mapAngle(xyo_det[:, 2], omePeriod)

    dFunc   = distortion[0]
    dParams = distortion[1]
    dFlag   = distortion[2]
    dScl    = distortion[3]

    # p = np.zeros(16)
    #
    # p[0]  = tiltAngles[0]
    # p[1]  = tiltAngles[1]
    # p[2]  = tiltAngles[2]
    # p[3]  = tVec_d[0]
    # p[4]  = tVec_d[1]
    # p[5]  = tVec_d[2]
    # p[6]  = chi
    # p[7]  = tVec_s[0]
    # p[8]  = tVec_s[1]
    # p[9]  = tVec_s[2]
    # p[10] = expMap_c[0]
    # p[11] = expMap_c[1]
    # p[12] = expMap_c[2]
    # p[13] = tVec_c[0]
    # p[14] = tVec_c[1]
    # p[15] = tVec_c[2]
    #
    # pFull = np.hstack([p, dParams])

    pFull = geomParamsToInput(tiltAngles, chi, expMap_c,
                              tVec_d, tVec_s, tVec_c,
                              dParams)

    refineFlag = np.hstack([pFlag, dFlag])
    scl        = np.hstack([pScl, dScl])
    pFit       = pFull[refineFlag]
    fitArgs    = (pFull, pFlag, dFunc, dFlag, xyo_det, hkls_idx,
                  bMat, vInv, wavelength, beamVec, etaVec, omePeriod)

    results = leastsq(objFuncSX, pFit, args=fitArgs, diag=1./scl[refineFlag].flatten(),
                      factor=factor, xtol=xtol, ftol=ftol)

    pFit_opt = results[0]

    retval = pFull
    retval[refineFlag] = pFit_opt
    return retval

[docs]def objFuncSX(pFit, pFull, pFlag, dFunc, dFlag,
              xyo_det, hkls_idx, bMat, vInv, wavelength,
              bVec, eVec, omePeriod,
              simOnly=False, returnScalarValue=returnScalarValue):
    """
    """
    npts   = len(xyo_det)

    refineFlag = np.hstack([pFlag, dFlag])

    # pFull[refineFlag] = pFit/scl[refineFlag]
    pFull[refineFlag] = pFit

    dParams = pFull[-len(dFlag):]
    xy_unwarped = dFunc(xyo_det[:, :2], dParams)

    # detector quantities
    rMat_d = xf.makeDetectorRotMat(pFull[:3])
    tVec_d = pFull[3:6].reshape(3, 1)

    # sample quantities
    chi    = pFull[6]
    tVec_s = pFull[7:10].reshape(3, 1)

    # crystal quantities
    rMat_c = xf.makeRotMatOfExpMap(pFull[10:13])
    tVec_c = pFull[13:16].reshape(3, 1)

    gVec_c = np.dot(bMat, hkls_idx)
    vMat_s = mutil.vecMVToSymm(vInv)                # stretch tensor comp matrix from MV notation in SAMPLE frame
    gVec_s = np.dot(vMat_s, np.dot(rMat_c, gVec_c)) # reciprocal lattice vectors in SAMPLE frame
    gHat_s = mutil.unitVector(gVec_s)               # unit reciprocal lattice vectors in SAMPLE frame
    gHat_c = np.dot(rMat_c.T, gHat_s)               # unit reciprocal lattice vectors in CRYSTAL frame

    match_omes, calc_omes = matchOmegas(xyo_det, hkls_idx, chi, rMat_c, bMat, wavelength,
                                        vInv=vInv, beamVec=bVec, etaVec=eVec, omePeriod=omePeriod)

    calc_xy = np.zeros((npts, 2))
    for i in range(npts):
        rMat_s = xfcapi.makeOscillRotMat([chi, calc_omes[i]])
        calc_xy[i, :] = xfcapi.gvecToDetectorXY(gHat_c[:, i],
                                                rMat_d, rMat_s, rMat_c,
                                                tVec_d, tVec_s, tVec_c,
                                                beamVec=bVec).flatten()
        pass
    if np.any(np.isnan(calc_xy)):
        print "infeasible pFull: may want to scale back finite difference step size"

    # return values
    if simOnly:
        retval = np.hstack([calc_xy, calc_omes.reshape(npts, 1)])
    else:
        diff_vecs_xy = calc_xy - xy_unwarped[:, :2]
        diff_ome     = xf.angularDifference( calc_omes, xyo_det[:, 2] )
        retval = np.hstack([diff_vecs_xy,
                            diff_ome.reshape(npts, 1)
                            ]).flatten()
        if returnScalarValue:
            retval = sum( retval )
    return retval


"""
######################################################################
##############              GRAIN FITTING               ##############
######################################################################
"""

def fitGrain(xyo_det, hkls_idx, bMat, wavelength,
             detectorParams,
             expMap_c, tVec_c, vInv,
             beamVec=bVec_ref, etaVec=eta_ref,
             distortion=(dFunc_ref, dParams_ref),
             gFlag=gFlag_ref, gScl=gScl_ref,
             omePeriod=None,
             factor=0.1, xtol=1e-4, ftol=1e-4):
    """
    """
    if omePeriod is not None:
        xyo_det[:, 2] = xf.mapAngle(xyo_det[:, 2], omePeriod)

    dFunc   = distortion[0]
    dParams = distortion[1]

    gFull = np.hstack([expMap_c.flatten(),
                       tVec_c.flatten(),
                       vInv.flatten()])

    gFit  = gFull[gFlag]

    fitArgs = (gFull, gFlag,
               detectorParams,
               xyo_det, hkls_idx, bMat, wavelength,
               beamVec, etaVec,
               dFunc, dParams,
               omePeriod)

    results = leastsq(objFuncFitGrain, gFit, args=fitArgs, diag=1./gScl[gFlag].flatten(),
                      factor=0.1, xtol=xtol, ftol=ftol)

    gFit_opt = results[0]

    retval = gFull
    retval[gFlag] = gFit_opt
    return retval

[docs]def objFuncFitGrain(gFit, gFull, gFlag,
                    detectorParams,
                    xyo_det, hkls_idx, bMat, wavelength,
                    bVec, eVec,
                    dFunc, dParams,
                    omePeriod,
                    simOnly=False, returnScalarValue=returnScalarValue):
    """
    gFull[0]  = expMap_c[0]
    gFull[1]  = expMap_c[1]
    gFull[2]  = expMap_c[2]
    gFull[3]  = tVec_c[0]
    gFull[4]  = tVec_c[1]
    gFull[5]  = tVec_c[2]
    gFull[6]  = vInv_MV[0]
    gFull[7]  = vInv_MV[1]
    gFull[8]  = vInv_MV[2]
    gFull[9]  = vInv_MV[3]
    gFull[10] = vInv_MV[4]
    gFull[11] = vInv_MV[5]

    detectorParams[0]  = tiltAngles[0]
    detectorParams[1]  = tiltAngles[1]
    detectorParams[2]  = tiltAngles[2]
    detectorParams[3]  = tVec_d[0]
    detectorParams[4]  = tVec_d[1]
    detectorParams[5]  = tVec_d[2]
    detectorParams[6]  = chi
    detectorParams[7]  = tVec_s[0]
    detectorParams[8]  = tVec_s[1]
    detectorParams[9]  = tVec_s[2]
    """
    npts   = len(xyo_det)

    gFull[gFlag] = gFit

    xy_unwarped = dFunc(xyo_det[:, :2], dParams)

    rMat_d = xfcapi.makeDetectorRotMat(detectorParams[:3])
    tVec_d = detectorParams[3:6].reshape(3, 1)
    chi    = detectorParams[6]
    tVec_s = detectorParams[7:10].reshape(3, 1)

    rMat_c = xfcapi.makeRotMatOfExpMap(gFull[:3])
    tVec_c = gFull[3:6].reshape(3, 1)
    vInv_s = gFull[6:]
    vMat_s = mutil.vecMVToSymm(vInv_s)              # NOTE: Inverse of V from F = V * R

    gVec_c = np.dot(bMat, hkls_idx)                 # gVecs with magnitudes in CRYSTAL frame
    gVec_s = np.dot(vMat_s, np.dot(rMat_c, gVec_c)) # stretched gVecs in SAMPLE frame
    gHat_c = mutil.unitVector(
        np.dot(rMat_c.T, gVec_s)) # unit reciprocal lattice vectors in CRYSTAL frame

    match_omes, calc_omes = matchOmegas(xyo_det, hkls_idx, chi, rMat_c, bMat, wavelength,
                                        vInv=vInv_s, beamVec=bVec, etaVec=eVec,
                                        omePeriod=omePeriod)

    calc_xy = np.zeros((npts, 2))
    for i in range(npts):
        rMat_s = xfcapi.makeOscillRotMat([chi, calc_omes[i]])
        calc_xy[i, :] = xfcapi.gvecToDetectorXY(gHat_c[:, i],
                                                rMat_d, rMat_s, rMat_c,
                                                tVec_d, tVec_s, tVec_c,
                                                beamVec=bVec).flatten()
        pass
    if np.any(np.isnan(calc_xy)):
        print "infeasible pFull"

    # return values
    if simOnly:
        retval = np.hstack([calc_xy, calc_omes.reshape(npts, 1)])
    else:
        diff_vecs_xy = calc_xy - xy_unwarped[:, :2]
        diff_ome     = xf.angularDifference( calc_omes, xyo_det[:, 2] )
        retval = np.hstack([diff_vecs_xy,
                            diff_ome.reshape(npts, 1)
                            ]).flatten()
        if returnScalarValue:
            retval = sum( retval )
    return retval

# def accept_test(f_new=f_new, x_new=x_new, f_old=fold, x_old=x_old):
#     """
#     """
#     return not np.any(np.isnan(f_new))
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  Source code for hexrd.xrd.grain

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import sys, os
import copy

import numpy as num

from scipy                 import optimize
from scipy.linalg          import inv, qr, svd
from scipy.linalg.matfuncs import logm

from hexrd import valunits

import hexrd.matrixutil as mUtil
from hexrd import xrd

import hexrd.xrd.rotations       as rot
import hexrd.xrd.symmetry        as sym
import hexrd.xrd.crystallography as xtl # latticeParameters, latticeVectors, getFriedelPair

from hexrd.xrd.xrdutil import calculateBiotStrain, makeMeasuredScatteringVectors
from hexrd.matrixutil  import columnNorm

from hexrd.xrd import transforms as xf

# constants
r2d = 180./num.pi
d2r = 1./r2d

[docs]class Grain(object):
    """
    A (maybe) indexed grain

    method to fit: centroid, orientation, strain, strain+orientation;
    small and large-strain versions indices into spots a reference to
    spots?  reference lattice parameters -- not planeData in case it
    gets changed with pressure

    fitting methods for orientation, stretch, and centroid?

    what happens if fit a spot and the fit is bad? what if decide to
    refine the spot into two spots for clear cases of modest overlap?
    does that happen often enough that we need to worry about it?
    should Spots class handle a change in spot numbers: NO can Spot
    fit methods easily be generalized?  Spot should probably barf if
    asked for fit center if multiple peaks found unless an index is
    given for which peak set claimbedBy for spots that are found to be
    bad?  -- yes, and then if another grain wants to claim the spot,
    it can ask the claiming grain to hand over the spot or tell it
    whether there are multiple peaks or whatever

    """
    __dummyIdxSpotM = -999
    __faildIdxSpotM = -888
    __rejctIdxSpotM = -777
    __conflIdxSpotM = -666
    __etaMinDflt = None
    __etaMaxDflt = None
    __etaTolDflt = 0.05*d2r
    __omeTolDflt = 0.25*d2r
    __inParmDict = {
        'rMat':None, # num.eye(3),
        'vMat':num.r_[1.,1.,1.,0.,0.,0.],
        'phaseID':None,
        'claimingSpots':True,
        'lineageList':[],
        'etaMin':__etaMinDflt,
        'etaMax':__etaMaxDflt,
        'etaTol':__etaTolDflt,
        'omeTol':__omeTolDflt,
        'findByPixelDist':None,
        'uncertainties':False,
        'confidence_level':0.95,
        }
    __debugDflt = False
    __fp_dtype = [
        ('idx0', int),
        ('idx1', int),
        ('tth', float),
        ]
    __reflInfo_dtype = [
        ('iRefl', int),
        ('iHKL', int),
        ('hkl', (int, 3)),
        ('predAngles', (float, 3)),
        ('measAngles', (float, 3)),
        ('diffAngles', (float, 3)),
        ('predQvec', (float, 3)),
        ('measXYO', (float, 3)),
        ('measAngles_unc', (float, 3)),
        ]
[docs]    def __init__(self, spots,
                 refineFlags=None,   # default is complicated
                 pVec=None, # [0., 0., 0.]  # not in kwargs because does not hang off of self
                 grainData=None,
                 **kwargs):

        chiTilt=spots.detectorGeom.chiTilt # need to grab this off of spots

        kwHasVMat = kwargs.has_key('vMat')
        for parm, val in self.__inParmDict.iteritems():
            if kwargs.has_key(parm):
                val = kwargs.pop(parm)
            self.__setattr__(parm, val)
        if grainData is not None:
            'will not call findMatches'
            findMatchesKWArgs = {}
            if len(kwargs) > 0:
                raise RuntimeError, 'have unparsed keyword arguments with keys: ' + str(kwargs.keys())
        else:
            findMatchesKWArgs = kwargs

        # convert units as necessary
        self.omeTol = valunits.valWithDflt(self.omeTol, self.__omeTolDflt, 'radians')
        self.etaTol = valunits.valWithDflt(self.etaTol, self.__etaTolDflt, 'radians')

        self.detectorGeom  = spots.detectorGeom.makeNew(pVec=pVec, chiTilt=chiTilt)
        self.planeData     = spots.getPlaneData(self.phaseID)
        self.spots         = spots

        # process ome range(s)
        self.omeMin        = spots.getOmegaMins()
        self.omeMax        = spots.getOmegaMaxs()

        # reference maxTTh for complete rings (for completeness calc)
        self.refTThMax     = spots.detectorGeom.getTThMax()

        # lattice operators
        self.__latticeOperators = self.planeData.getLatticeOperators()

        self.__latticeParameters           = self.__latticeOperators['dparms']
        self.__reciprocalLatticeParameters = self.__latticeOperators['rparms']

        self.__fMat = self.__latticeOperators['F']
        self.__bMat = self.__latticeOperators['B']

        self.__vol  = self.__latticeOperators['vol']

        # set refineFlags for fitPrecession on centered grains
        if refineFlags is None:
            self.__refineFlagsFPC = num.array(
                #(  xc,    yc,     D,    xt,    yt,    zt )
                [ True,  True, False, False, False,  True ] + \
                [False for iDP in range(len(self.detectorGeom.getDParamRefineDflt()))]
                )
        else:
            print "living dangerously and manually setting detector refinement flags"
            self.__refineFlagsFPC = refineFlags

        self.debug = self.__debugDflt

        if grainData is None:
            if self.rMat is not None:
                reflInfo, fPairs, completeness = self.findMatches(
                    claimingSpots=False, **findMatchesKWArgs
                    )
                self.grainSpots   = reflInfo
                self.friedelPairs = fPairs
                self.completeness = completeness
                if self.claimingSpots:
                    self.claimSpots()
            else:
                self.grainSpots   = None
                self.friedelPairs = None
                self.completeness = None
        else:
            assert self.rMat is None,\
                'if specify grainData, do not also specify rMat'
            if grainData.has_key('pVec'):
                assert self.detectorGeom.pVec is None,\
                    'if specify pVec in grainData, do not also specify pVec as an argument'
            if grainData.has_key('pVec'):
                assert not kwHasVMat, \
                    'if specify vMat in grainData, do not also specify vMat as an argument'
            self.setGrainData(grainData)

            if self.claimingSpots:
                self.claimSpots()


        self.centered = False

        self.didRefinement = False

        return

    def __repr__(self):
        format = "%20s = %s\n"
        retval = str(self.__class__.__name__)+"(\n"
        thingList = self.__inParmDict.keys()
        thingList += [
            'latticeParameters',
            ('pVec', self.detectorGeom.pVec),
            'completeness',
            ('# spots', len(self.grainSpots)),
            ('# friedel pairs', len(self.friedelPairs)),
            'didRefinement',
            ]
        #
        for thing in thingList:
            if hasattr(thing,'__iter__'):
                thing, val = thing
                retval += format % (thing, str(val))
            else:
                retval += format % (thing, str(eval("self."+thing)))
        nAll, nHit, nConf, nFail, nMiss = self.getSpotCounts()
        retval += format % ('# conflicted spots', nConf)
        retval += format % ('# failed spots', nFail)
        #
        retval += ")"
        return retval
    def getGrainData(self):
        grainData = {}
        grainData['rMat'        ] = copy.deepcopy(self.rMat)
        grainData['vMat'        ] = copy.deepcopy(self.vMat)
        grainData['pVec'        ] = copy.deepcopy(self.detectorGeom.pVec)
        grainData['grainSpots'  ] = copy.deepcopy(self.grainSpots)
        grainData['friedelPairs'] = copy.deepcopy(self.friedelPairs)
        grainData['completeness'] = self.completeness
        grainData['omeTol'      ] = self.omeTol
        grainData['etaTol'      ] = self.etaTol
        return grainData
    def setGrainData(self, grainData):
        self.rMat         = copy.deepcopy(grainData['rMat'        ])
        self.grainSpots   = copy.deepcopy(grainData['grainSpots'  ])
        self.friedelPairs = copy.deepcopy(grainData['friedelPairs'])
        self.completeness =               grainData['completeness']
        if grainData.has_key('omeTol'):
            self.omeTol =  grainData['omeTol']
        if grainData.has_key('etaTol'):
            self.etaTol =  grainData['etaTol']
        if grainData.has_key('pVec'):
            self.detectorGeom.pVec = grainData['pVec']
        if grainData.has_key('pVec'):
            vMat = grainData['vMat']
            assert len(vMat.shape) == 2,\
                'vMat is not 2D'
            self.__vMat = vMat
        return
[docs]    def newGrain(self, newSpots, claimingSpots=False,
                 lineage=None, phaseID=None,
                 rMatTransf=None, vMat=None,
                 omeTol=None, etaTol=None,
                 **kwargs):
        """
        return a new grain instance without changing self;
        the new instance will use newSpots;

        NOTE: claimingSpots is False by default, so if a grain is to be kept, may
        want to call claimSpots() method

        phaseID and rMatTransf are useful for twins or phase transformations
        """
        # get defaults from __inParmDict and self
        inParmDict = {}
        inParmDict.update(self.__inParmDict)
        for key in self.__inParmDict.keys():
            inParmDict[key] = eval("self."+key)
        # newSelf = self.__class__(*args, **inParmDict)

        if  rMatTransf is None and \
                omeTol is None and \
                etaTol is None and \
                vMat   is None and \
                newSpots is self.spots:
            """
            assume want to transfer data grain and avoid the work of
            an extra call to findMatches
            """
            grainData = self.getGrainData()
            "leave inParmDict['rMat'] = None"
        else:
            grainData = None
            if rMatTransf is None:
                assert phaseID is None,\
                    'do not specify phaseID without rMatTransf'
                rMat    = copy.deepcopy(self.rMat)
            else:
                # see, for example, hcpVariants and bccVariants
                # in fe/orientRelations.py
                rMat    = num.dot(self.rMat, rMatTransf)
            inParmDict['rMat'] = rMat

        if not phaseID is None:
            inParmDict['phaseID'] = phaseID

        newLineage  = copy.copy(self.lineageList)
        if lineage is not None:
            newLineage.append(lineage)
        inParmDict['lineageList'] = newLineage

        inParmDict['pVec'] = copy.deepcopy(self.detectorGeom.pVec)
        if vMat is not None:
            inParmDict['vMat'] = vMat
        else:
            if self.vMat is not None:
                inParmDict['vMat'] = mUtil.symmToVecMV(self.vMat)

        inParmDict['claimingSpots'] = claimingSpots # do not default to self.claimingSpots on purpose!

        inParmDict['omeTol'] = omeTol or self.omeTol or inParmDict['omeTol']
        inParmDict['etaTol'] = etaTol or self.etaTol or inParmDict['etaTol']

        inParmDict.update(**kwargs)
        newGrain = self.__class__(newSpots, grainData=grainData, **inParmDict)

        return newGrain

    # COM coordinates

[docs]    def set_pVec(self, pVec):
        """
        sets pVec properly
        """
        self.detectorGeom.pVec = pVec
        return

    # lattice parameters

[docs]    def getReferenceLatticeParams(self):
        """
        Return the reference lattice parameters stored on self
        """
        return self.__latticeParameters

    referenceLatticeParameters = property(getReferenceLatticeParams, None, None)

    # lattice munging
[docs]    def getLatticeParams(self):
        """
        Returns the lattice parameters consistent with stretch tensor
        """
        return xtl.latticeParameters(num.dot(self.uMat, self.__fMat))

    latticeParameters = property(getLatticeParams, None, None)

[docs]    def getLatticeVectors(self):
        """
        Returns the lattice vector components consistent with the stretch tensor.
        Components are written in the CRYSTAL FRAME.
        """
        return num.dot(self.uMat, self.__fMat)

    fMat = property(getLatticeVectors, None, None)

[docs]    def getCellVolume(self):
        """
        Returns the volume of the direct lattice consistent with the stretch tensor.
        """
        Fc = self.fMat
        return num.dot(Fc[:, 0], num.cross(Fc[:, 1], Fc[:, 2]))

    vol = property(getCellVolume, None, None)

[docs]    def getReciprocalLatticeVectors(self):
        """
        Returns the reciprocal lattice vector components consistent with the stretch tensor.
        components are written in the CRYSTAL FRAME.
        """
        a = self.fMat[:, 0]; b = self.fMat[:, 1]; c = self.fMat[:, 2]
        retval = (1. / self.vol) * num.vstack([num.cross(b, c),
                                               num.cross(c, a),
                                               num.cross(a, b)]).T
        return retval

    bMat = property(getReciprocalLatticeVectors, None, None)

    # stretch tensor munging
[docs]    def getStretchTensor(self):
        """
        Returns the components of the left stretch tensor, which is symmetric positive-definite.
        Components are written in the SAMPLE FRAME.  This is the primary representation of
        the stretch tensor in the code base
        """
        return self.__vMat

[docs]    def setStretchTensor(self, vVec):
        """
        Sets stretch tensor properly from a 6-vector in the Mandel-Voigt notation.

        SEE ALSO: matrixutil.vecMVToSymm()
        """
        uVec = num.atleast_1d(vVec).flatten()
        assert len(vVec) == 6, 'wrong length U vector'

        self.__vMat = mUtil.vecMVToSymm(vVec)
        return

    vMat = property(getStretchTensor, setStretchTensor, None)

[docs]    def getRightStretchTensor(self):
        """
        Returns the components of the right stretch tensor, which is symmetric positive-definite.
        Components are written in the CRYSTAL FRAME.  The output is calculated as:
        U = R^T * V * R
        This is for convenience and cannot be set independently to preserve self-consistency.
        """
        R = self.rMat
        if R is None:
            R = num.eye(3)
        return num.dot( R.T, num.dot( self.vMat, R ) )

    uMat = property(getRightStretchTensor, None, None)

    def getPredAngles(self, validOnly=False, iHKL=None):
        theseSpots = num.ones(len(self.grainSpots), dtype=bool)
        if validOnly:
            theseSpots = theseSpots & (self.grainSpots['iRefl'] >= 0)
        if iHKL is not None:
            theseSpots = theseSpots & (self.grainSpots['iHKL'] == iHKL)
        predAngs = self.grainSpots['predAngles'][theseSpots]
        return predAngs

    # special orientation matrices
[docs]    def getAlignmentRotation(self):
        """
        num.dot(q, num.eye(3) - 2 * num.diag(num.diag(num.dot(r.T, fMat)) < 0))

        """
        rStar, fStar = qr(self.fMat)
        flipMe = num.eye(3) - 2 * num.diag(
            num.diag(
                num.dot(fStar.T, self.fMat)
                ) < 0
            )
        # fix sign flips that might be present in QR factorization
        rStar = num.dot(rStar, flipMe)
        fStar = num.dot(flipMe, fStar)
        return rStar, fStar

[docs]    def getReciprocalAlignmentRotation(self):
        """
        """
        tStar, bStar = qr(self.bMat)
        flipMe = num.eye(3) - 2 * num.diag(
            num.diag(
                num.dot(bStar.T, self.bMat)
                ) < 0
            )
        # fix sign flips that might be present in QR factorization
        tStar = num.dot(tStar, flipMe)
        bStar = num.dot(flipMe, bStar)
        return tStar, bStar

    """
    ########################################################
    #          BEGIN HIGHER-ORDER FUNCTIONALITY            #
    ########################################################
    """
    def findMatches(self,
                    rMat=None,
                    vMat=None,
                    strainMag=None,
                    etaTol=None,
                    etaMin=None,
                    etaMax=None,
                    omeTol=None,
                    omeMin=None,
                    omeMax=None,
                    findByPixelDist=None,
                    updateSelf=False,
                    claimingSpots=True,
                    testClaims=False,
                    doFit=False,
                    filename=None,
                    ):

        writeOutput=False

        if self.uncertainties:
            'need to do fits to have uncertainties'
            doFit = True

        # overwrite rMat, vMat if present
        if rMat is not None:
            self.rMat = rMat
        if vMat is not None:
            self.vMat = vMat

        # handle tolerances
        if etaTol is None:
            etaTol = self.etaTol
        if hasattr(etaTol, 'getVal'):
            etaTol = etaTol.getVal('radians')
        if omeTol is None:
            omeTol = self.omeTol
        if hasattr(omeTol, 'getVal'):
            omeTol = omeTol.getVal('radians')
        if findByPixelDist is None:
            findByPixelDist = self.findByPixelDist

        'handle eta ranges, if any specified'
        # min
        if etaMin is None:
            etaMin = self.etaMin
        if etaMin is not None:
            if hasattr(etaMin,'__len__'):
                tmp = []
                for i in range(len(etaMin)):
                    if hasattr(etaMin[i], 'getVal'):
                        tmp.append(etaMin[i].getVal('radians'))
                    else:
                        tmp.append(etaMin[i])
                etaMin = tmp
            else:
                if hasattr(etaMin, 'getVal'):
                    etaMin = [etaMin.getVal('radians')]
        # max
        if etaMax is None:
            etaMax = self.etaMax
        if etaMax is not None:
            if hasattr(etaMax,'__len__'):
                tmp = []
                for i in range(len(etaMax)):
                    if hasattr(etaMax[i], 'getVal'):
                        tmp.append(etaMax[i].getVal('radians'))
                    else:
                        tmp.append(etaMax[i])
                etaMax = tmp
            else:
                if hasattr(etaMax, 'getVal'):
                    etaMax = [etaMax.getVal('radians')]
            # by here, etaMin and etaMax should be lists of angles in radians
            assert len(etaMin) == len(etaMax), \
                   'azimuthal angle ranges are not the same length'
            pass

        'handle ome ranges'
        # min
        if omeMin is None:
            omeMin = self.omeMin
        if hasattr(omeMin,'__len__'):
            tmp = []
            for i in range(len(omeMin)):
                if hasattr(omeMin[i], 'getVal'):
                    tmp.append(omeMin[i].getVal('radians'))
                else:
                    tmp.append(omeMin[i])
            omeMin = tmp
        else:
            if hasattr(omeMin, 'getVal'):
                omeMin = [omeMin.getVal('radians')]
        # max
        if omeMax is None:
            omeMax = self.omeMax
        if hasattr(omeMax,'__len__'):
            tmp = []
            for i in range(len(omeMax)):
                if hasattr(omeMax[i], 'getVal'):
                    tmp.append(omeMax[i].getVal('radians'))
                else:
                    tmp.append(omeMax[i])
            omeMax = tmp
        else:
            if hasattr(omeMax, 'getVal'):
                omeMax = [omeMax.getVal('radians')]

        assert len(omeMin) == len(omeMax), \
               'oscillation angle ranges are not the same length'

        # handle output request
        if filename is not None:
            assert isinstance(filename, str) or isinstance(filename, file), 'Output filename must be a string!'
            writeOutput=True

        # make all theoretical scattering vectors
        predQvec, predQAng0, predQAng1 = \
                  self.planeData._PlaneData__makeScatteringVectors(self.rMat, bMat=self.bMat,
                                                                   chiTilt=self.detectorGeom.chiTilt)

        # for control of tolerancing
        symHKLs   = self.planeData.getSymHKLs()
        tThRanges = self.planeData.getTThRanges(strainMag=strainMag)
        tThTols   = tThRanges[:, 1] - tThRanges[:, 0]

        # if no pVec, then can use measQAng out of spots
        measQAngAll = None
        if self.detectorGeom.pVec is None:
            measQAngAll = self.spots.getAngCoords()

        nPredRefl = 0
        nMeasRefl = 0
        reflInfoList = []
        dummySpotInfo = num.nan * num.ones(3)
        for iHKL, tThTol in enumerate(tThTols):

            # filter using ome ranges
            reflInRange0 = xf.validateAngleRanges(predQAng0[iHKL][2, :], omeMin, omeMax)
            reflInRange1 = xf.validateAngleRanges(predQAng1[iHKL][2, :], omeMin, omeMax)

            # DEBUGGING # import pdb;pdb.set_trace()

            # now eta (if applicable)
            if etaMin is not None:
                reflInRange0 = num.logical_and( reflInRange0, xf.validateAngleRanges(predQAng0[iHKL][1, :], etaMin, etaMax) )
                reflInRange1 = num.logical_and( reflInRange1, xf.validateAngleRanges(predQAng1[iHKL][1, :], etaMin, etaMax) )

            if num.any(predQAng0[iHKL][0, :] > self.refTThMax):
                # now test if it falls on the detector in "corners"
                iRow0, jCol0, ome0_scr = self.detectorGeom.angToXYO(predQAng0[iHKL][0, :], predQAng0[iHKL][1, :], predQAng0[iHKL][2, :])
                iRow1, jCol1, ome1_scr = self.detectorGeom.angToXYO(predQAng1[iHKL][0, :], predQAng1[iHKL][1, :], predQAng1[iHKL][2, :])
                del(ome0_scr)
                del(ome1_scr)
                inCorners0 = num.logical_and(num.logical_and(iRow0 >= 0, iRow0 <= self.detectorGeom.nrows),
                                             num.logical_and(jCol0 >= 0, jCol0 <= self.detectorGeom.ncols))
                inCorners1 = num.logical_and(num.logical_and(iRow1 >= 0, iRow1 <= self.detectorGeom.nrows),
                                             num.logical_and(jCol1 >= 0, jCol1 <= self.detectorGeom.ncols))

                reflInRange0 = num.logical_and( reflInRange0, inCorners0 )
                reflInRange1 = num.logical_and( reflInRange1, inCorners1 )

            # get culled angle and hkl lists for predicted spots
            culledTTh = num.r_[ predQAng0[iHKL][0, reflInRange0], predQAng1[iHKL][0, reflInRange1] ]
            culledEta = num.r_[ predQAng0[iHKL][1, reflInRange0], predQAng1[iHKL][1, reflInRange1] ]
            culledOme = num.r_[ predQAng0[iHKL][2, reflInRange0], predQAng1[iHKL][2, reflInRange1] ]

            culledHKLs = num.hstack( [
                symHKLs[iHKL][:, reflInRange0],
                symHKLs[iHKL][:, reflInRange1] ] )

            culledQvec = num.c_[ predQvec[iHKL][:, reflInRange0], predQvec[iHKL][:, reflInRange1] ]

            nThisPredRefl = len(culledTTh)

            # DEBUG # print 'nThisPredRefl = '+str(nThisPredRefl)

            nPredRefl += nThisPredRefl  # running count of total number of prepdicted reflections

            idxSpotM = self.spots.getHKLSpots(iHKL, phaseID=self.phaseID, disallowMasterWhenSplit=True)
            if len(idxSpotM) > 0:
                if measQAngAll is not None:
                    measQAng = measQAngAll[idxSpotM,:]
                else:
                    if self.debug:
                        print 'calling xyoToAng in findMatches, pVec is : '+str(self.detectorGeom.pVec)
                    measXYO  = self.spots.getXYOCoords( idxSpotM )
                    measQAng = self.detectorGeom.xyoToAng( measXYO[:, 0],
                                                           measXYO[:, 1],
                                                           measXYO[:, 2] )
                    measQAng = num.asarray(measQAng).T # sucks, but need it as an array with cols
            else:
                measQAng = num.zeros((0,3))

            # loop over culled reflections for this HKL
            for iPredSpot in range(nThisPredRefl):
                thisSpotInfo = [
                    self.__dummyIdxSpotM,                 # spot index
                    iHKL,                                 # HKL index
                    culledHKLs[:, iPredSpot],             # [h, k, l]
                    num.hstack([ culledTTh[iPredSpot],    # [predTTh, predEta, predOme]
                                 culledEta[iPredSpot],    #
                                 culledOme[iPredSpot] ]), #
                    dummySpotInfo,                        # [measTTh, measEta, measOme]
                    dummySpotInfo,                        # [diffTTh, diffEta, diffOme]
                    culledQvec[:, iPredSpot],             # predQvec
                    dummySpotInfo,                        # xyoCOM
                    dummySpotInfo,                        # measAng_unc
                    ]

                if len(measQAng) > 0:
                    tthDiff = rot.angularDifference( culledTTh[iPredSpot], measQAng[:, 0] )
                    etaDiff = rot.angularDifference( culledEta[iPredSpot], measQAng[:, 1] )
                    omeDiff = rot.angularDifference( culledOme[iPredSpot], measQAng[:, 2] )

                    if findByPixelDist is None:
                        hitRefl = ( tthDiff <= tThTols[iHKL] ) & \
                                  ( etaDiff <= etaTol ) & \
                                  ( omeDiff <= omeTol )
                    else:
                        xPixel, yPixel, oPixel = self.detectorGeom.angToXYO( # need to pass ome in case pVec is set
                            culledTTh[iPredSpot], culledEta[iPredSpot], culledOme[iPredSpot] )
                        hitRefl = self.spots.getPixelIsInSpots( idxSpotM,
                                                                (xPixel, yPixel, culledOme[iPredSpot] ),
                                                                pixelDist=findByPixelDist )

                    if hitRefl.any(): # found at least one match
                        nMeasRefl += 1
                        if hitRefl.sum() > 1: # grab the closest
                            # ... use minimum column norm of angular difference vector to choose?
                            angNorm = columnNorm( num.vstack( [ tthDiff, etaDiff, omeDiff ] ) )

                            # for this, just grab first index if there are identical entries
                            bestMatch = num.argmin(angNorm)

                            # contribute to results table
                            thisSpotInfo[0] = num.asscalar(num.where(idxSpotM)[0][bestMatch])
                            thisSpotInfo[4] = measQAng[bestMatch, :].squeeze()
                            thisSpotInfo[5] = num.hstack( [
                                tthDiff[bestMatch],
                                etaDiff[bestMatch],
                                omeDiff[bestMatch] ] )
                            thisSpotInfo[7] = self.spots.getXYOCoords( thisSpotInfo[0] )
                        else: # grab the one guy
                            thisSpotInfo[0] = num.asscalar(num.where(idxSpotM)[0][hitRefl])
                            thisSpotInfo[4] = measQAng[hitRefl, :].squeeze()
                            thisSpotInfo[5] = num.hstack( [
                                tthDiff[hitRefl],
                                etaDiff[hitRefl],
                                omeDiff[hitRefl] ] )
                            thisSpotInfo[7] = self.spots.getXYOCoords( thisSpotInfo[0] )
                        # end if hit multiple
                    else:
                        # ... use minimum column norm of angular difference vector to choose?
                        angNorm = columnNorm( num.vstack( [ tthDiff, etaDiff, omeDiff ] ) )

                        # for this, just grab first index if there are identical entries
                        bestMatch = num.argmin(angNorm)

                        # contribute to results table
                        thisSpotInfo[5] = num.hstack( [
                            tthDiff[bestMatch],
                            etaDiff[bestMatch],
                            omeDiff[bestMatch] ] )
                    # end if hit any
                # end if any measured
                """
                go ahead and fit the spot now that likely to do something with it
                update spot position in case it has changed
                """
                iSpot = thisSpotInfo[0]
                if iSpot >= 0:
                    if doFit:
                        spotIsOkay = True
                        try:
                            if self.uncertainties:
                                angCOM, angCOM_unc = self.spots.fitSpots(iSpot,
                                                                         uncertainties=self.uncertainties,
                                                                         confidence_level=self.confidence_level)
                                thisSpotInfo[8] = angCOM_unc
                            else:
                                angCOM = self.spots.fitSpots(iSpot)
                        except:
                            print 'fit failed badly, spot is suspect'
                            spotIsOkay = False
                            pass
                        pass
                        if spotIsOkay:
                            """
                            have xyo coords in spots, updated from fit; use those here to get angCOM
                            in case have local pvec
                            """
                            thisSpotInfo[7] = self.spots.getXYOCoords( iSpot )
                            thisSpotInfo[4] = self.detectorGeom.xyoToAng( *thisSpotInfo[7].flatten().tolist() )
                            thisSpotInfo[5] = rot.angularDifference(thisSpotInfo[4], thisSpotInfo[3])
                        else:
                            """mark as bad"""
                            thisSpotInfo[0] = self.__faildIdxSpotM
                            pass
                        pass
                    elif self.spots.fitHasFailed(iSpot, subSpotOnly=True):
                        """mark as bad"""
                        thisSpotInfo[0] = self.__faildIdxSpotM
                        pass
                reflInfoList.append(thisSpotInfo)
            # close predicted spot loop for iHKL
        # close loop over HKLs

        # output to structured array
        reflInfo = num.array([tuple(i) for i in reflInfoList], dtype=self.__reflInfo_dtype)

        # check for conflicts
        boolValidIRefl = reflInfo['iRefl'] >= 0
        reducedIRefl = num.where(reflInfo['iRefl'] >= 0)[0]
        validSpotIdx = reflInfo['iRefl'][reducedIRefl]
        if claimingSpots or testClaims:
            if not claimingSpots:
                conflicts = self.spots.claimSpots(validSpotIdx, self, checkOnly=True)
            else:
                conflicts = self.spots.claimSpots(validSpotIdx, self)
            conflictIRefl = reducedIRefl[conflicts]
            if len(conflictIRefl) > 0:
                if self.debug:
                    print 'in findMatches, %d spots in conflict' % (len(conflictIRefl))
                reflInfo['iRefl'][conflictIRefl] = self.__conflIdxSpotM

        ##
        ## grab Friedel pairs here off of hkls
        ##
        ## *) may eventually move FP markings to planeData rather than
        ##    having to search for them here
        #
        # index to valid reflections
        reducedIRefl = num.where(reflInfo['iRefl'] >= 0)[0]
        validSpotID  = reflInfo['iRefl'][reducedIRefl]
        zTol = 1e-12
        if len(reducedIRefl) > 0:
            # 'parent' angles
            pTTh = reflInfo['predAngles'][:, 0]
            pEta = reflInfo['predAngles'][:, 1]
            pOme = reflInfo['predAngles'][:, 2]

            # 'daughter' angles
            dOme, dEta = xtl.getFriedelPair(pTTh[reducedIRefl],
                                            pEta[reducedIRefl],
                                            pOme[reducedIRefl],
                                            units='radians', chiTilt=self.detectorGeom.chiTilt)

            # lump into arrays of [eta, ome] vectors
            #   - must make deepcoopy of slice into reflInfo, cuz we're gonna chop it
            fpAngles0 = copy.deepcopy(reflInfo['predAngles'][reducedIRefl, 1:]).T
            fpAngles1 = num.c_[dEta.flatten(), dOme.flatten()].T

            # Here's the idea:
            # we pop pairs of the parent and daughter lists (and index list) and
            # accumulate them in fPairs as we find them
            # Pop unpaired reflections as well.
            fpListG = []
            fpListL = []
            iSpotG  = copy.deepcopy(validSpotID)
            iSpotL  = copy.deepcopy(reducedIRefl)
            while len(iSpotG) > 1:
                fpMask    = num.ones(len(iSpotG), dtype='bool') # resize mask
                fpMask[0] = False       # always pop top entry

                fp0 = num.tile(fpAngles0[:, 0], (fpAngles1.shape[1], 1)).T
                fpd = rot.angularDifference(fp0, fpAngles1)

                # find matching pairs here
                dupl = num.where( abs( num.sum(fpd, axis=0 ) ) < zTol)[0]

                if len(dupl) == 1:
                    dID = dupl[0]

                    fpListG.append( [ iSpotG[0], iSpotG[dID] ] )
                    fpListL.append( [ iSpotL[0], iSpotL[dID] ] )

                    fpMask[dID] = False # pop the daughter of the top entry
                elif len(dupl) > 1:
                    raise RuntimeError, "There may be duplicated spots in the list"

                # apply masks to our args
                iSpotG    = iSpotG[fpMask]
                iSpotL    = iSpotL[fpMask]
                fpAngles0 = fpAngles0[:, fpMask]
                fpAngles1 = fpAngles1[:, fpMask]
                pass

            fPairs = num.empty(len(fpListL), dtype=self.__fp_dtype)
            for iFP, rFP in enumerate(fpListL):
                fPairs[iFP] = ( rFP[0],
                                rFP[1],
                                reflInfo['predAngles'][rFP[0], 0] )
        else:
            fPairs = []

        completeness = len(reducedIRefl)/max(1.0, float(nPredRefl))

        if updateSelf:
            self.grainSpots   = reflInfo
            self.friedelPairs = fPairs
            self.completeness = completeness

        if writeOutput:
            if isinstance(filename, file):
                fid = filename
            elif isinstance(filename, str):
                fid = open(filename, 'w')
            convMeasXYO = num.array([1,1,r2d])
            # useful locals
            B    = self.planeData.latVecOps['B']
            wlen = self.planeData.wavelength
            q    = rot.quatOfRotMat(self.rMat)
            R    = self.rMat
            V    = self.vMat
            FnT  = inv(num.dot(V, R)).T
            E    = logm(V)
            Es   = logm(self.uMat)
            lp   = self.latticeParameters
            p    = self.detectorGeom.pVec
            if p is None:
                p = num.zeros(3)
            #
            # the output
            print >> fid, '#\n# *******crystallography data*******\n' + \
              '#\n#  wavelength:\n#\n#    lambda = %1.12e\n' % (wlen) + \
              '#\n#  reference B matrix:\n#\n' + \
              '#    B = [[%1.7e, %1.7e, %1.7e],\n' % (B[0, 0], B[0, 1], B[0, 2]) + \
              '#         [%1.7e, %1.7e, %1.7e],\n' % (B[1, 0], B[1, 1], B[1, 2]) + \
              '#         [%1.7e, %1.7e, %1.7e]]\n' % (B[2, 0], B[2, 1], B[2, 2]) + \
              '#\n#  orientation:\n#\n' + \
              '#    q = [%1.6e, %1.6e, %1.6e, %1.6e]\n#\n' % (q[0], q[1], q[2], q[3]) + \
              '#    R = [[%1.7e, %1.7e, %1.7e],\n' % (R[0, 0], R[0, 1], R[0, 2]) + \
              '#         [%1.7e, %1.7e, %1.7e],\n' % (R[1, 0], R[1, 1], R[1, 2]) + \
              '#         [%1.7e, %1.7e, %1.7e]]\n' % (R[2, 0], R[2, 1], R[2, 2]) + \
              '#\n#  left stretch tensor:\n#\n' + \
              '#    V = [[%1.7e, %1.7e, %1.7e],\n' % (V[0, 0], V[0, 1], V[0, 2]) + \
              '#         [%1.7e, %1.7e, %1.7e],\n' % (V[1, 0], V[1, 1], V[1, 2]) + \
              '#         [%1.7e, %1.7e, %1.7e]]\n' % (V[2, 0], V[2, 1], V[2, 2]) + \
              '#\n#  logarithmic strain tensor (log(V) --> sample frame):\n#\n' + \
              '#    E_s = [[%1.7e, %1.7e, %1.7e],\n' % (E[0, 0], E[0, 1], E[0, 2]) + \
              '#           [%1.7e, %1.7e, %1.7e],\n' % (E[1, 0], E[1, 1], E[1, 2]) + \
              '#           [%1.7e, %1.7e, %1.7e]]\n' % (E[2, 0], E[2, 1], E[2, 2]) + \
              '#\n#  logarithmic strain tensor (log(U) --> crystal frame):\n#\n' + \
              '#    E_c = [[%1.7e, %1.7e, %1.7e],\n' % (Es[0, 0], Es[0, 1], Es[0, 2]) + \
              '#           [%1.7e, %1.7e, %1.7e],\n' % (Es[1, 0], Es[1, 1], Es[1, 2]) + \
              '#           [%1.7e, %1.7e, %1.7e]]\n' % (Es[2, 0], Es[2, 1], Es[2, 2]) + \
              '#\n#  F^-T ( hkl --> (Xs, Ys, Zs), reciprocal lattice to sample frame ):\n#\n' + \
              '#    F^-T = [[%1.7e, %1.7e, %1.7e],\n' % (FnT[0, 0], FnT[0, 1], FnT[0, 2]) + \
              '#            [%1.7e, %1.7e, %1.7e],\n' % (FnT[1, 0], FnT[1, 1], FnT[1, 2]) + \
              '#            [%1.7e, %1.7e, %1.7e]]\n' % (FnT[2, 0], FnT[2, 1], FnT[2, 2]) + \
              '#\n#  lattice parameters:\n#\n' + \
              '#    %g, %g, %g, %g, %g, %g\n' % tuple(num.hstack([lp[:3], r2d*num.r_[lp[3:]]])) + \
              '#\n#  COM coordinates (Xs, Ys, Zs):\n' +\
              '#\n#    p = (%1.4e, %1.4e, %1.4e)\n' % (p[0], p[1], p[2]) + \
              '#\n#  reflection table:'
            print >> fid, '# spotID\thklID' + \
                          '\tH \tK \tL ' + \
                          '\tpredTTh \tpredEta \tpredOme ' + \
                          '\tmeasTTh \tmeasEta \tmeasOme ' + \
                          '\tdiffTTh \tdiffEta \tdiffOme ' + \
                          '\tpredQx  \tpredQy  \tpredQz ' + \
                          '\t\tmeasX   \tmeasY   \tmeasOme'
            for i in range(len(reflInfo)):
                if reflInfo['iRefl'][i] == self.__dummyIdxSpotM:
                    measAnglesString = '%f       \t%f       \t%f       \t' % tuple(r2d*reflInfo['measAngles'][i])
                    measXYOString    = '%f       \t%f       \t%f' % tuple(reflInfo['measXYO'][i]*convMeasXYO)
                else:
                    measAnglesString = '%1.12e\t%1.12e\t%1.12e\t' % tuple(r2d*reflInfo['measAngles'][i])
                    measXYOString    = '%1.12e\t%1.12e\t%1.12e' % tuple(reflInfo['measXYO'][i]*convMeasXYO)

                print >> fid, '%d\t' % (reflInfo['iRefl'][i]) + \
                              '%d\t' % (reflInfo['iHKL'][i]) + \
                              '%d\t%d\t%d\t' % tuple(reflInfo['hkl'][i]) + \
                              '%1.12e\t%1.12e\t%1.12e\t' % tuple(r2d*reflInfo['predAngles'][i]) + \
                              measAnglesString + \
                              '%1.12e\t%1.12e\t%1.12e\t' % tuple(r2d*reflInfo['diffAngles'][i]) + \
                              '%1.12e\t%1.12e\t%1.12e\t' % tuple(reflInfo['predQvec'][i]) + \
                              measXYOString

        return reflInfo, fPairs, completeness #, (nMeasRefl, nPredRefl)
    def getValidSpotIdx(self, ignoreClaims=False):
        masterReflInfo = self.grainSpots
        if ignoreClaims:
            forWhere = num.logical_or(masterReflInfo['iRefl'] >= 0, masterReflInfo['iRefl'] == self.__conflIdxSpotM)
        else:
            forWhere = masterReflInfo['iRefl'] >= 0
        hitReflId, = num.where(forWhere)
        validSpotIdx   = masterReflInfo['iRefl'][hitReflId]
        return validSpotIdx, hitReflId
[docs]    def updateGVecs(self, rMat=None, bMat=None, chiTilt=None):
        """
        special routine for updating the predicted G-vector angles for subsequent fitting
        *) need to do this after updating chiTilt, or fixed bMat, etc...
        *) assumption is that the changes are SMALL so that the existing list of
           valid reflection is still valid...
        """
        if rMat is None:
            rMat = self.rMat
        if bMat is None:
            bMat = self.bMat
        if chiTilt is None:
            chiTilt = self.detectorGeom.chiTilt
        wavelength = self.planeData.wavelength

        for ihkl, hkl in enumerate(self.grainSpots['hkl']):
            predQvec, predQAng0, predQAng1 = \
                      self.planeData.makeScatteringVectors(hkl.reshape(3, 1),
                                                           rMat, bMat,
                                                           wavelength,
                                                           chiTilt=chiTilt)
            diff0 = self.grainSpots['predAngles'][ihkl, :].reshape(3, 1) - predQAng0
            diff1 = self.grainSpots['predAngles'][ihkl, :].reshape(3, 1) - predQAng1
            if sum(diff0**2) < sum(diff1**2):
                angles = predQAng0.flatten()
            else:
                angles = predQAng1.flatten()
            self.grainSpots['predAngles'][ihkl, :] = angles
            self.grainSpots['predQvec']   = predQvec.flatten()
        return

[docs]    def checkClaims(self):
        """
        useful if have not done claims yet and want to check and see if spots
        are still available;
        updates completeness too
        """

        validSpotIdx, hitReflId = self.getValidSpotIdx(ignoreClaims=True)
        conflicts = self.spots.claimSpots(validSpotIdx, self, checkOnly=True)
        conflictIRefl = hitReflId[conflicts]
        if len(conflictIRefl) > 0:
            self.grainSpots['iRefl'][conflictIRefl] = self.__conflIdxSpotM

        nPredRefl = len(self.grainSpots)
        nIRefl    = len(validSpotIdx) - num.sum(num.array(conflicts, dtype=bool))
        self.completeness = float(nIRefl)/float(nPredRefl)
        return

    def getSpotCounts(self):
        masterReflInfo = self.grainSpots
        nAll  = len(masterReflInfo)
        nHit  = num.sum(masterReflInfo['iRefl'] >= 0)
        nConf = num.sum(masterReflInfo['iRefl'] == self.__conflIdxSpotM)
        nFail = num.sum(masterReflInfo['iRefl'] == self.__faildIdxSpotM)
        nMiss = num.sum(masterReflInfo['iRefl'] == self.__dummyIdxSpotM)
        assert nAll == nHit+nConf+nFail+nMiss, \
            'failed sanity check for counts of spot types'
        return (nAll, nHit, nConf, nFail, nMiss)
[docs]    def claimSpots(self, asMaster=None):
        """
        claim spots; particularly useful if claimingSpots was False on init;
        assume conflicts are handled elsewhere or ignored if want to claim spots
        using this method;
        """
        validSpotIdx, hitReflId = self.getValidSpotIdx()

        conflicts = self.spots.claimSpots(validSpotIdx, self, checkOnly=False, asMaster=asMaster)
        return
    #
    # FITTING ROUTINES
    #

    def _fitPrecession_objFunc(self, pVec):
        """
        fit precession or alternately do detector calibration
        """
        # make local copy of detector geometry
        tmpDG = self.detectorGeom.makeNew()
        retval = None
        if self.centered:
            # set things in tmpDG
            tmpDG.pVec = None

            tmpDG.setupRefinement(self._Grain__refineFlagsFPC)
            tmpDG.updateParams(pVec)    # note that pVec are dg params in this case!

            # grab wavelength
            wlen = self.planeData.wavelength

            # grab all valid spots for residual contribution
            validSpots = num.where(self.grainSpots['iRefl'] >= 0)[0]
            for ii, iRow in enumerate(validSpots):
                ## In this case, the predicted angles in self.grainSpots come from
                ## the lattice, which is fixed; altering the detector geometry helps to
                ## bring the predicted and measured angles into coincidence.
                ##
                ## The 'measXYO' *should* be immutable enough depite the fact the spots
                ## are fit in angular space using the unrefined detector geometry.
                ##
                ## without uncertainties accounted for, the relatively large omega
                ## uncertainty adversely affects the solution
                measAngs = tmpDG.xyoToAng( *( self.grainSpots['measXYO'][iRow] ) )
                predAngs = self.grainSpots['predAngles'][iRow]
                figOfMerit = ( rot.angularDifference( measAngs[0], predAngs[0] ),
                               rot.angularDifference( measAngs[1], predAngs[1] ) )
                if ii == 0:
                    retval = figOfMerit
                else:
                    retval = num.hstack([retval, figOfMerit])
        else:
            # reset precession vector with current trial
            tmpDG.pVec = pVec
            # first try to  die gracefully if no friedel pairs are attached by
            # artificially 'converging'
            nFP = len(self.friedelPairs)
            if nFP < 3:
                print "Warning: insufficient data for fit!"
                if nFP == 0:
                    retval = num.zeros(3)
                else:
                    retval = num.zeros(3*len(self.friedelPairs))
            else:
                # loop over Friedel pairs only
                for iFP, fPairList in enumerate(self.friedelPairs):
                    if len(fPairList) > 3:
                        # first find + and - vectors
                        # ... need to implement this; should munge indices and continue below
                        raise NotImplementedError
                    else:
                        # grab angles with new detector geom
                        # remember angs are (tTh, eta, ome)
                        fpAng0 = tmpDG.xyoToAng( *( self.grainSpots['measXYO'][fPairList[0]] ) )
                        fpAng1 = tmpDG.xyoToAng( *( self.grainSpots['measXYO'][fPairList[1]] ) )

                        # figure of merit on measured tTh and eta
                        figOfMerit = num.vstack(
                            [ rot.angularDifference(fpAng0[0], fpAng1[0]),
                              rot.angularDifference(fpAng0[1], fpAng1[1]) - num.pi ] )
                        pass
                    if iFP == 0:
                        retval = figOfMerit.T.flatten()
                    else:
                        retval = num.hstack([retval, figOfMerit.T.flatten()])
                        pass
                    pass
                pass
            pass
        if retval is None:
            print "No data to fit!"
            retval = num.zeros(3)
        return retval
    def _fitPrecessionWeighting_objFunc(self, pVec, weighting=False):
        """
        """
        def __fitPrecession_model_func(params, _tempDG, _xyoCOM0, _xyoCOM1):
            """need to encode this sequence in a function in order to propagating uncertainties in
            the spot to get weights for the leastsq solution"""
            # old # xyoCOM_0 = num.array(self.spots.detectorGeom.angToXYO(*params[0:3])).flatten()
            # old # xyoCOM_1 = num.array(self.spots.detectorGeom.angToXYO(*params[3:6])).flatten()
            _fpAng0 = _tempDG.xyoToAng(*_xyoCOM0)
            _fpAng1 = _tempDG.xyoToAng(*_xyoCOM1)
            qxy0 = num.array([num.cos(_fpAng0[1])*num.cos(0.5*_fpAng0[0]),
                              num.sin(_fpAng0[1])*num.cos(0.5*_fpAng0[0])])
            qxy1 = num.array( [num.cos(_fpAng1[1])*num.cos(0.5*_fpAng1[0]),
                               num.sin(_fpAng1[1])*num.cos(0.5*_fpAng1[0])])
            return num.sqrt(num.dot(qxy0+qxy1,qxy0+qxy1))

        tmpDG = self.detectorGeom.makeNew()
        if self.centered:
            tmpDG.xc = pVec[0]
            tmpDG.yc = pVec[1]
        else:
            tmpDG.pVec = pVec

        retval = []
        ufs = []
        for iFP, fPairList in enumerate(self.friedelPairs):
            if len(fPairList) > 3:
                # first find + and - vectors
                # ... need to implement this; should munge indices and continue below
                raise NotImplementedError
            else:
                # grab angles with new detector geom
                """
                angCOM are potentially calculdated with precessions already, so rely on xyo;
                assume that angCOM do not change enough that uncertainties need to be modified,
                and fitPrecession is probably being done before a pVec was obtained, so that
                xyo are computed without a pVec anyway!
                """
                angCOM_0_unc = self.grainSpots['measAngles_unc'][ fPairList[0] ]
                xyoCOM_0     = self.grainSpots['measXYO'][        fPairList[0] ]
                angCOM_0     = tmpDG.xyoToAng( *( xyoCOM_0 ) )
                #
                angCOM_1_unc = self.grainSpots['measAngles_unc'][ fPairList[1] ]
                xyoCOM_1     = self.grainSpots['measXYO'][        fPairList[1] ]
                angCOM_1     = tmpDG.xyoToAng( *( xyoCOM_1 ) )

                mus     = num.hstack(angCOM_0, angCOM_1).flatten()
                mu_uncs = num.hstack(angCOM_0_unc, angCOM_1_unc).flatten()
                extraArgs = (tmpDG, xyoCOM_0, xyoCOM_1)
                try:
                    raise NotImplementedError('uncertainties not implemented')
                    #uf = uncertainty_analysis.propagateUncertainty(
                    #    __fitPrecession_model_func, mu_uncs, 1e-8, mus, *extraArgs)
                    #ufs.append(uf)
                    #print 'uf',uf
                except AssertionError:
                    print 'AssertionError, skipping pair',fPairList[0],fPairList[1]
                    continue
                except IndexError:
                    print 'IndexError, skipping pair',fPairList[0],fPairList[1]
                    continue
            if weighting == False:
                uf = 1.
            ufs.append(1./uf)
            retval.append(__fitPrecession_model_func(mus, *extraArgs))
            #print retval
            #print ufs
        maxuf = max(ufs)
        print 'maxuf',maxuf,'minuf',min(ufs)
        print'retval',retval
        ufs_ = num.array(ufs)
        #print len(retval),len(ufs_)
        return (num.array(retval)*ufs_)*maxuf
[docs]    def fitPrecession(self, weighting=False, display=True, xtol=1e-12, ftol=1e-12, fout=None):
        """
        Fit the Center-Of-Mass coordinates of the grain in the sample frame
        """
        fout = fout or sys.stdout

        if self.centered:
            self.detectorGeom.pVec = None # zero out any existing pVec
            pVec0 = self.detectorGeom.getParams(allParams=True)[self._Grain__refineFlagsFPC]
        else:
            if self.detectorGeom.pVec is None:
                pVec0 = num.zeros(3)
            else:
                pVec0 = self.detectorGeom.pVec

        if self.uncertainties:
            #the cov_matrix is huge... giving large uncertainty, in progress
            optResults = optimize.leastsq(self._fitPrecessionWeighting_objFunc,
                                          pVec0,
                                          args=weighting,
                                          xtol=xtol,
                                          ftol=ftol,
                                          full_output=1)
            pVec1 = optResults[0]
            cov_x = optResults[1]
            print >> fout, 'cov,solution',cov_x,pVec1
            raise NotImplementedError('uncertainties not implemented')
            #u_is = uncertainty_analysis.computeAllparameterUncertainties(pVec1, cov_x, confidence_level)
            self.detectorGeom.pVecUncertainties = u_is

            pVec1 = optResults[0]
        else:
            optResults = optimize.leastsq(self._fitPrecession_objFunc,
                                          pVec0,
                                          xtol=xtol,
                                          ftol=ftol)
            pVec1 = optResults[0]
            ierr  = optResults[1]

        if self.centered:
            # reset pVec in self
            self.detectorGeom.setupRefinement(self._Grain__refineFlagsFPC)
            self.detectorGeom.updateParams(pVec1)
            self.detectorGeom.setupRefinement([False for iRF in self._Grain__refineFlagsFPC])

            refParams = self.detectorGeom.getParams(allParams=True)
            print >> fout, "refined beam position:\t\t(%g, %g)" % (refParams[0], refParams[1])
            print >> fout, "refined working distance:\t%g" % (refParams[2])
            print >> fout, "refined tilt angles:\t\t(%g, %g, %g)\n" % (refParams[3], refParams[4], refParams[5])

            # we have altered the detector geometry; must update in spots
            print >> fout, "resetting detector geometry in spots"
            "send a copy to resetDetectorGeom as self.detectorGeom may change"
            assert self.detectorGeom.pVec is None,\
                   'something is badly wrong'
            dgForSpots = self.detectorGeom.makeNew()
            self.spots.resetDetectorGeom(dgForSpots)
            self.findMatches(updateSelf=True)
        else:
            if display:
                print >> fout, "refined COM coordinates: (%g, %g, %g)\n" % (pVec1[0], pVec1[1], pVec1[2])
            # reset pVec in self
            self.detectorGeom.pVec = pVec1
        self.didRefinement = True
        return

    def _fitF_objFunc(self, rVec, fitPVec=True):
        """
        Objective function for fitting R and U, the right polar decomposition of the
        deformation gradient F = R * U that takes the reference cell to the current.

        There are 9 degrees of freedom in rVec: rVec[:3] are the exponential map parameters
        of R; rVec[3:] are the 6 components of the biot strain, V - I,  in the Mandel-Voigt
        notation.  The fit is performed on V - I to keep the degrees of freedom on the same
        relative scale.
        """
        # grab relevant data from the results of self.findMatches
        masterReflInfo = self.grainSpots
        hitReflId      = num.where(masterReflInfo['iRefl'] >= 0)[0]
        nRefl          = len(hitReflId)


        # wavelength (for normalization)
        wlen = self.planeData.wavelength

        # we write the deformation gradient F in terms of its
        # left polar decomposition: F = U * V
        R = rot.rotMatOfExpMap(num.c_[rVec[:3]])
        V = mUtil.vecMVToSymm(rVec[3:9]) + num.eye(3)
        # U = num.dot(R.T, num.dot(V, R))

        if fitPVec:
            p = rVec[9:]
            # make local copy of detector geometry as reset pVec
            tmpDG = self.detectorGeom.makeNew()
            tmpDG.pVec = p
        else:
            tmpDG = self.detectorGeom

        # augment reference lattice vectors in place to get their components
        # in the SAMPLE FRAME
        fMat = num.dot(V, num.dot(R, self.__fMat))

        # the bMat is by definition the components of the reciprocal lattice
        # vectors written in the crystal frame; we can define it here from the
        # deformed cell in the SAMPLE FRAME
        vol   = num.dot(fMat[:, 0], num.cross(fMat[:, 1], fMat[:, 2]))
        astar = num.cross(fMat[:, 1], fMat[:, 2])
        bstar = num.cross(fMat[:, 2], fMat[:, 0])
        cstar = num.cross(fMat[:, 0], fMat[:, 1])
        bMat  = (1. / vol) * num.vstack([astar, bstar, cstar]).T

        # measured data
        #   - measAngs = [tTh, eta, ome]
        #   - Q-vectors (i.e. G-vectors) normalized to have length of 1/d
        measHKLs = masterReflInfo['hkl'][hitReflId, :]
        measXYO  = masterReflInfo['measXYO'][hitReflId, :]
        # measAngs = self.detectorGeom.xyoToAng(measXYO[:, 0], measXYO[:, 1], measXYO[:, 2])
        measAngs = tmpDG.xyoToAng(measXYO[:, 0], measXYO[:, 1], measXYO[:, 2])
        measQvec = makeMeasuredScatteringVectors(measAngs[0], measAngs[1], measAngs[2])
        measQvec = num.tile(2*num.sin(0.5*measAngs[0])/wlen, (3, 1)) * measQvec

        # predicted Q
        predQvec = num.dot(bMat, measHKLs.T)

        # return value is concatenated vector differences between
        # measured and predicted Q (i.e. G)
        retVal = ( measQvec - predQvec ).T.flatten()

        return retVal
    def __fitGetX0(self, fitPVec=True):
        angl, axxx = rot.angleAxisOfRotMat(self.rMat)
        R0 = angl * axxx
        E0 = mUtil.symmToVecMV(self.vMat) - [1,1,1,0,0,0] # num.zeros(6)
        if self.detectorGeom.pVec is None:
            p0 = num.zeros(3)
        else:
            p0 = self.detectorGeom.pVec
        if fitPVec:
            x0 = num.r_[R0.flatten(), E0, p0]
        else:
            x0 = num.r_[R0.flatten(), E0]
        return x0

[docs]    def fit(self, xtol=1e-12, ftol=1e-12, fitPVec=True, display=True, fout=None):
        """
        Fits the cell distortion and orientation with respect to the reference in terms
        of the deformation gradient F = R * U where R is proper orthogonal and U is
        symmetric positive-definite; i.e. the right polar decomposition factors.
        """
        # quit if there aren't enough parameters to have it over determined
        fout = fout or sys.stdout

        if len(num.where(self.grainSpots['iRefl'] >= 0)[0]) < 14:
            print >> fout, 'Not enough data for fit, exiting...'
            return

        x0 = self.__fitGetX0(fitPVec=fitPVec)
        if fitPVec:
            lsArgs = ()
        else:
            lsArgs = (False)

        # do least squares

        x1, cov_x, infodict, mesg, ierr = \
            optimize.leastsq(self._fitF_objFunc,
                             x0, args=lsArgs,
                             xtol=xtol,
                             ftol=ftol,
                             full_output=1)

        # strip results
        #   - map rotation to fundamental region... necessary?
        q1 = rot.quatOfExpMap(x1[:3].reshape(3, 1))
        # q1 = sym.toFundamentalRegion(q1, crysSym=self.planeData.getLaueGroup() )
        R1 = rot.rotMatOfQuat( q1 )
        E1 = mUtil.vecMVToSymm(x1[3:9])

        if fitPVec:
            p1 = x1[9:]

        self.rMat = R1
        self.vMat = mUtil.symmToVecMV(E1 + num.eye(3))
        if fitPVec:
            self.detectorGeom.pVec = p1

        # print results
        if display:
            lp = num.array(self.latticeParameters)
            print >> fout, 'final objective function value: %1.4e\n' % (sum(infodict['fvec']**2))
            print >> fout, 'refined orientation: \n' + \
                  '[%1.12e, %1.12e, %1.12e, %1.12e]\n' % (q1[0], q1[1], q1[2], q1[3])
            print >> fout, 'refined biot strain matrix: \n' + \
                  '%1.3e, %1.3e, %1.3e\n' % (E1[0, 0], E1[0, 1], E1[0, 2]) + \
                  '%1.3e, %1.3e, %1.3e\n' % (E1[1, 0], E1[1, 1], E1[1, 2]) + \
                  '%1.3e, %1.3e, %1.3e\n' % (E1[2, 0], E1[2, 1], E1[2, 2])
            print >> fout, 'refined cell parameters: \n' + \
                  '%g\t%g\t%g\t%g\t%g\t%g\n' % tuple(num.r_[lp[:3], r2d*lp[3:]])
            if fitPVec:
                print >> fout, "refined COM coordinates: (%g, %g, %g)\n" % (p1[0], p1[1], p1[2])

        return

[docs]    def getFitResid(self, fitPVec=True, norm=None):
        "returns as shape (n,3), so that len of return value is number of vectors"
        x0 = self.__fitGetX0(fitPVec=fitPVec)
        retval = self._fitF_objFunc(x0, fitPVec=fitPVec)
        nVec = len(retval)/3
        retval = retval.reshape(nVec,3)
        if norm is not None:
            retval = num.apply_along_axis(norm, 1, retval)
        return retval

    def rejectOutliers(self, fitResidStdMult=2.5):
        nReject = 0

        masterReflInfo = self.grainSpots
        hitReflId      = num.where(masterReflInfo['iRefl'] >= 0)[0]
        nRefl          = len(hitReflId)

        fitResid = self.getFitResid(norm=num.linalg.norm)
        assert len(fitResid) == nRefl, 'nRefl mismatch'

        rMean = fitResid.mean()
        rStd  = fitResid.std()
        if rStd > 0:
            indxOutliers, = num.where( num.abs(fitResid - fitResid.mean()) > 2.5*rStd )
            nReject += len(indxOutliers)
            masterReflInfo['iRefl'][hitReflId[indxOutliers]] = self.__rejctIdxSpotM

        return nReject
    def displaySpots(self):
        grain = self
        masterReflInfo = grain.grainSpots
        iRefl = masterReflInfo['iRefl']
        these = num.where(iRefl >= 0)
        predAngs = masterReflInfo['predAngles'][these]
        xyoPointsListBase = (
            [ map(float, self.detectorGeom.angToXYO(*predAng)) for predAng in predAngs ] ,
            {'marker':'o','mec':'r'},
            )
        retval = []
        for iSpot, iHKL, predAng in zip(iRefl[these], masterReflInfo['iHKL'][these], predAngs):
            spot = self.spots.getSpotObj(iSpot)
            xyoThis = map(float, self.detectorGeom.angToXYO(*predAng))
            xyoPointsThis = (
                [ xyoThis ],
                {'marker':'x','mec':'r'},
                )
            retvalThis = spot.display(xyoPointsList=[ xyoPointsListBase, xyoPointsThis ],
                                      title="spot %d"%(iSpot))
            retval.append(retvalThis)
        return retval
    def _minFiberDistance_obj(self, rVec):
        """
        given an orientation computes the distance from that point to all fibers
        associated with the grain.  used to refine orientation.
        """
        masterReflInfo = self.grainSpots
        hitReflId      = num.where(masterReflInfo['iRefl'] >= 0)[0]
        nRefl          = len(hitReflId)

        # wavelength (for normalization)
        wlen = self.planeData.wavelength
        bMat = self.bMat

        q = rot.quatOfRotMat(rot.rotMatOfExpMap(num.c_[rVec]))

        # mesured data
        #   - measAngs = [tTh, eta, ome]
        #   - normalized to have length of 1/d
        measHKLs = masterReflInfo['hkl'][hitReflId, :]
        measXYO  = masterReflInfo['measXYO'][hitReflId, :]
        measAngs = self.detectorGeom.xyoToAng(measXYO[:, 0], measXYO[:, 1], measXYO[:, 2])

        # measured Q vectors
        measQvec = makeMeasuredScatteringVectors(measAngs[0], measAngs[1], measAngs[2])
        measQvec = num.tile(2*num.sin(0.5*measAngs[0])/wlen, (3, 1)) * measQvec

        # predicted Q vectors
        predQvec = num.dot( bMat, measHKLs.T )

        dist = num.empty(nRefl, dtype=float)
        for i in range(nRefl):
            dist[i] = rot.distanceToFiber(predQvec[:, i].reshape(3, 1),
                                        measQvec[:, i].reshape(3, 1),
                                        q, self.planeData.getQSym())
            pass
        return dist
[docs]    def minimizeFiberDistance(self, xtol=1e-12, ftol=1e-12):
        """
        find orientation by minimizing distance to all fibers
        """
        angl, axxx = rot.angleAxisOfRotMat(self.rMat)
        x0 = angl * axxx

        optResults = optimize.leastsq(self._minFiberDistance_obj, x0.flatten(), xtol=xtol, ftol=ftol)

        x1 = optResults[0]
        r1 = rot.rotMatOfExpMap(x1)
        q1 = rot.quatOfRotMat(r1)
        print 'refined orientation: ' + \
              '[%1.4e, %1.4e, %1.4e, %1.4e]\n' % (q1[0], q1[1], q1[2], q1[3])
        self.rMat = r1
        return

[docs]    def strip(self):
        """
        meant for multiprocessing, to strip out things that do not really need to be pickled and sent
        """
        self.spots     = None
        self.planeData = None
        return

    def restore(self, other):
        self.spots     = other.spots
        self.planeData = other.planeData
        return
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  Source code for hexrd.xrd.experiment

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HExrd. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
#
######################################################################
## TOP-LEVEL MODULES AND SOME GLOBALS
##
"""Module for wrapping the main functionality of the xrd package.

The Experiment class is the primary interface.  Other classes
are helpers.
"""
import sys, os, copy
import cPickle
import numpy

numpy.seterr(invalid='ignore')

from scipy.linalg          import inv
from scipy.linalg.matfuncs import logm
from scipy                 import optimize

from hexrd import matrixutil
from hexrd import valunits

from hexrd import data
from hexrd.xrd import detector
from hexrd.xrd import grain      as G
from hexrd.xrd import indexer
from hexrd.xrd import rotations  as ROT
from hexrd.xrd import spotfinder as SPT
from hexrd.xrd import xrdutil

from hexrd.xrd.hydra    import Hydra
from hexrd.xrd.material import Material, loadMaterialList

from math import pi
r2d = 180. / pi
d2r = pi / 180.

#
#  Defaults (will eventually make to a config file)
#
HERE = os.path.dirname(__file__)
toMatFile    = os.path.join(HERE, '..', 'data', 'materials.cfg')
DFLT_MATFILE = os.path.normpath(toMatFile) # check whether it exists
matfileOK    = os.access(DFLT_MATFILE, os.F_OK)
if not matfileOK:  # use relative path
    DFLT_MATFILE = os.path.join('data', 'materials.cfg')
    pass
matfileOK = os.access(DFLT_MATFILE, os.F_OK)
if not matfileOK:  # set to null
    DFLT_MATFILE = ''
    pass
#
#
__all__ = ['Experiment',
           'FitModes', 'ImageModes',
           'ReaderInput', 'CalibrationInput', 'PolarRebinOpts',
           'saveExp', 'loadExp']
#
# ---------------------------------------------------CLASS:  FitModes
#
[docs]class FitModes(object):
    """Indicators for single-frame or multiframe data files"""
    #
    DIRECT    = 0
    MULTIRING = 1
    #
    DEFAULT = MULTIRING
    #
    pass  # end class
#
# -----------------------------------------------END CLASS:FitModes
# ---------------------------------------------------CLASS:  ImageModes
#

[docs]class ImageModes(object):
    """Indicators for single-frame or multiframe data files"""
    #
    SINGLE_FRAME = 0
    MULTI_FRAME  = 1
    #
    pass  # end class
#
# -----------------------------------------------END CLASS:  ImageModes
# ---------------------------------------------------CLASS:  Experiment
#

[docs]class Experiment(object):
    """Wrapper for xrd functionality"""
[docs]    def __init__(self, cfgFile=data.materials, matFile=data.all_materials):
        """Constructor for Experiment

        INPUTS

        cfgFile -- name of the config file to use for initialization;
                   an empty string indicates that default values for
                   options are used
        matFile -- name of the materials data file; a real file name
                   is required here
        """
        #
        #  Reader inputs and info
        #
        self.__active_rdr   = ReaderInput()
        self.__savedReaders = [self.__active_rdr]
        #
        self.__active_img = None
        self.__curFrame = 0
        self.__numFrame = 0
        #
        #  Load material lists
        #
        self.matList = loadMaterialList(matFile)
        self.activeMaterial = 0
        #
        #  Detector and calibration information.
        #
        self._detInfo  = DetectorInfo()
        self._calInput = CalibrationInput(self.matList[0])
        #
        #  Spots information.
        #
        self._spotOpts = SpotOptions()
        self._spots = []
        self._spots_ind = []
        self._spot_readers = []
        #
        #  Index Information
        #
        self._index_opts = IndexOptions()
        self._fitRMats = []
        #
        #  Image Lists
        #
        self._img_list = []
        self._img_names = []
        #
        #  Add hydra interface (not really functional)
        #
        self._hydra = Hydra()

        return


    def __str__(self):
        """Description"""
        s = 'Experiment instance'
        #
        return s
    #
    # ============================== API
    #
    # ==================== Image List
    #
    # property:  active_img

    @property
    def active_img(self):
        """Current image"""
        return self.__active_img

    @active_img.setter
[docs]    def active_img(self, v):
        """Set active image from list by number or name"""
        if v is None:
            self.__active_img = None
        elif isinstance(v, int):
            self.__active_img = self.img_list[v]
        else:
            # v is a string
            istar = 0
            for i in range(len(self.img_list)):
                if v == self.img_names[i]:
                    istar = i
                    break

            self.__active_img = self.img_list[istar]
            pass

    # property:  img_list


    @property
[docs]    def img_list(self):
        """(get only) List of saved images (get only)"""
        if not hasattr(self, '_img_list'):
            self._img_list = []
            self._img_names = []

        return self._img_list


[docs]    def add_to_img_list(self, name):
        """Append the active image to the image list"""
        # NEED TO: check names for duplication
        self.img_names.append(name)
        self.img_list.append(self.active_img)

        return

    # property:  img_names


    @property
[docs]    def img_names(self):
        """(get-only) List of names for saved images"""
        if not hasattr(self, '_img_names'):
            self._img_names = []

        return self._img_names
    #
    # ==================== Indexing
    #
    # property:  fitRMats


    @property
[docs]    def fitRMats(self):
        """(get-only) Rotation matrices from indexing"""
        if not hasattr(self, '_fitRMats'):
            self._fitRMats = []
        return self._fitRMats

    # property:  index_opts


    @property
[docs]    def index_opts(self):
        """(get-only) Options for indexing"""
        if not hasattr(self, '_index_opts'):
            self._index_opts = IndexOptions()
        return self._index_opts


[docs]    def refine_grains(self,
                      minCompl,
                      nSubIter=3,
                      doFit=False,
                      etaTol=valunits.valWUnit('etaTol', 'angle', 1.0, 'degrees'),
                      omeTol=valunits.valWUnit('etaTol', 'angle', 1.0, 'degrees'),
                      fineDspTol=5.0e-3,
                      fineEtaTol=valunits.valWUnit('etaTol', 'angle', 0.5, 'degrees'),
                      fineOmeTol=valunits.valWUnit('etaTol', 'angle', 0.5, 'degrees')):
        """
        refine a grain list
        """
        # refine grains formally using a multi-pass refinement
        nGrains    = self.rMats.shape[0]
        grainList = []
        for iG in range(nGrains):
            #indexer.progress_bar(float(iG) / nGrains)
            grain = G.Grain(self.spots_for_indexing,
                                rMat=self.rMats[iG, :, :],
                                etaTol=etaTol,
                                omeTol=omeTol,
                                claimingSpots=False)
            if grain.completeness > minCompl:
                for i in range(nSubIter):
                    grain.fit()
                    s1, s2, s3 = grain.findMatches(etaTol=etaTol, omeTol=omeTol, strainMag=fineDspTol,
                                                   updateSelf=True, claimingSpots=False, doFit=doFit,
                                                   testClaims=True)
                if grain.completeness > minCompl:
                    grainList.append(grain)
                    pass
                pass
            pass
        self.grainList = grainList
        self._fitRMats = numpy.array([self.grainList[i].rMat for i in range(len(grainList))])
        return


[docs]    def saveRMats(self, f):
        """save rMats to npy file"""
        numpy.save(f, self.rMats)
        return


[docs]    def dump_grainList(self, f):
        """dump grainList to cPickle"""
        if isinstance(f, file):
            fid = f
        elif isinstance(f, str) or isinstance(f, unicode):
            fid = open(f, 'w')
            pass
        cPickle.dump(self.grainList, fid)
        fid.close()
        return


[docs]    def export_grainList(self, f,
                         dspTol=None,
                         etaTol=None,
                         omeTol=None,
                         doFit=False,
                         sort=True):
        """
        export method for grainList
        """
        if isinstance(f, file):
            fid = f
        elif isinstance(f, str) or isinstance(f, unicode):
            fid = open(f, 'w')
            pass
        if dspTol is None:
            dspTol = self.index_opts.dspTol
        if etaTol is None:
            etaTol = self.index_opts.etaTol * d2r
        if omeTol is None:
            omeTol = self.index_opts.omeTol * d2r

        if sort:
            loop_idx = numpy.argsort([self.grainList[i].completeness
                                      for i in range(len(self.grainList))])[::-1]
        else:
            loop_idx = range(len(self.grainList))
            pass

        for iG in loop_idx:
            #
            # this grain
            #
            grain = self.grainList[iG]
            print >> fid, '#####################\n# grain %d\n#' % (iG)
            s1, s2, s3 = grain.findMatches(etaTol=etaTol, omeTol=omeTol, strainMag=dspTol,
                                           updateSelf=True, claimingSpots=True, doFit=doFit, filename=fid)
            print >> fid, '#\n#  final completeness for grain %d: %g%%\n' % (iG, grain.completeness*100) + \
                  '#####################\n'
            pass

        fid.close()

        return


    def simulateGrain(self,
                      rMat=numpy.eye(3),
                      vMat=numpy.r_[1., 1., 1., 0., 0., 0.],
                      planeData=None,
                      detector=None,
                      omegaRanges=[(-pi, pi),],
                      output=None):
        """
        Simulate a grain with choice of active material
        """
        if planeData is None:
            planeData = self.activeMaterial.planeData
        if detector is None:
            detector = self.detector
        dummySpots = SPT.Spots(planeData, None, detector, omegaRanges)
        sg = G.Grain(dummySpots, rMat=rMat, vMat=vMat)
        if output is not None:
            if isinstance(output, file):
                fid = output
            elif isinstance(output, str):
                fid = open(output, 'w')
            else:
                raise RuntimeError, "output must be a file object or string"
            sg.findMatches(filename=output)
        return sg

    def _run_grainspotter(self):
        return

    def _run_fiber_search(self):

        iopts = self.index_opts
        fsearch = indexer.fiberSearch
        myspots = self.spots_for_indexing
        print 'my spots: ', myspots
        retval = fsearch(myspots, iopts.fsHKLs,
                         nsteps=iopts.nsteps,
                         minCompleteness=iopts.minCompleteness,
                         minPctClaimed=iopts.minPctClaimed,
                         preserveClaims=iopts.preserveClaims,
                         friedelOnly=iopts.friedelOnly,
                         dspTol=iopts.dspTol,
                         etaTol=iopts.etaTol * d2r,
                         omeTol=iopts.omeTol * d2r,
                         doRefinement=iopts.doRefinement,
                         doMultiProc=iopts.doMultiProc,
                         nCPUs=iopts.nCPUs,
                         quitAfter=iopts.quitAfter,
                         outputGrainList=True)
        iopts._fitRMats = retval[0] # HUH?!
        self.rMats = retval[0]
        self.grainList = retval[1]
        return

[docs]    def run_indexer(self):
        """Run indexer"""
        iopts = self.index_opts

        if iopts.index_method == iopts.IND_FIBER:
            self._run_fiber_search()
        else:
            self._run_grainspotter()

        return
    #
    # ==================== Spots
    #

[docs]    def clear_spots(self):
        """Reset the list of spots"""
        self._spots = []
        self._spots_ind = []

        return
    # property:  spot_readers


[docs]    def saveRawSpots(self, fname):
        """Save the detector information to a file

        INPUTS
        fname -- the name of the file to save in
        """
        f = open(fname, 'w')
        cPickle.dump(self._spots, f)
        f.close()

        return


[docs]    def loadRawSpots(self, fname):
        """Load the detector information from a file

        INPUTS
        fname -- the name of the file to load from

        """
        # should check the loaded file here
        f = open(fname, 'r')
        self._spots = cPickle.load(f)
        f.close()

        return


    @property
[docs]    def spot_readers(self):
        """(get-only) list of readers used to generate spots"""
        if not hasattr(self, '_spot_readers'):
            self._spot_readers = []
        return self._spot_readers

    # property:  spots_for_indexing


    @property
[docs]    def spots_for_indexing(self):
        """(get-only) spots associated with rings"""
        if not hasattr(self, '_spots_ind'):
            self._spots_ind = []
        return self._spots_ind

    # property:  raw_spots


    @property
[docs]    def raw_spots(self):
        """(get-only) spots from image before culling and association with rings"""
        if not hasattr(self, '_spots'):
            self._spots = []
        return self._spots

    # property:  spotOpts


    @property
[docs]    def spotOpts(self):
        """(get-only) spot finding options"""
        # in case of loading an old pickle without spot options
        if not hasattr(self, '_spotOpts'):
            self._spotOpts = SpotOptions()
        return self._spotOpts


[docs]    def find_raw_spots(self):
        """find spots using current reader and options"""
        findSOS = SPT.Spots.findSpotsOmegaStack
        opts = self.spotOpts
        #
        newspots = findSOS(self.activeReader.makeReader(),
                           opts.nframes,
                           opts.thresh,
                           opts.minPix,
                           discardAtBounds=opts.discardAtBounds,
                           keepWithinBBox=opts.keepWithinBBox,
                           overlapPixelDistance=opts.overlap,
                           nframesLump=opts.nflump,
                           padOmega=opts.padOmega,
                           padSpot=opts.padSpot,
                           )
        self._spots += newspots
        self._spot_readers.append(self.activeReader.name)

        return


[docs]    def get_spots_ind(self):
        """Select spots for indexing"""
        # cull spots that have integrated intensity <= 0
        spots_get_II = SPT.Spot.getIntegratedIntensity
        integIntensity = numpy.array(map(spots_get_II, self.raw_spots))
        rspots = numpy.array(self.raw_spots)
        culledSpots = rspots[integIntensity > 0.]

        pd = self.activeMaterial.planeData
        readerInpList = [self.getSavedReader(rn) for rn in self._spot_readers]
        readerList = [ri.makeReader() for ri in readerInpList]
        ominfo = [reader.getOmegaMinMax() for reader in readerList]
        self._spots_ind = SPT.Spots(pd, culledSpots, self.detector, ominfo)
        return
    #
    # ==================== Detector
    #
    # property:  detector


    @property
[docs]    def detector(self):
        """(read only) detector"""
        return self._detInfo.detector


    @property
[docs]    def refineFlags(self):
        """(read only) refinement flags for calibration"""
        return self._detInfo.refineFlags


[docs]    def newDetector(self, gp, dp):
        """Create a new detector with given geometry and distortion parameters

        *gp* - initial geometric parameters
        *dp* - initial distortion parameters

        """
        self._detInfo  = DetectorInfo(gParms=gp, dParms=dp)

        return


[docs]    def saveDetector(self, fname):
        """Save the detector information to a file

        INPUTS
        fname -- the name of the file to save in
        """
        f = open(fname, 'w')
        # self._detInfo.mrbImages = [] # remove images before saving
        # cPickle.dump(self._detInfo, f)
        det_class = self.detector.__class__
        det_plist = self.detector._Detector2DRC__makePList()
        det_rflag = self.detector.refineFlags
        print >> f, "# DETECTOR PARAMETERS"
        print >> f, "# \n# %s\n#" % (det_class)
        for i in range(len(det_plist)):
            print >> f, "%1.8e\t%d" % (det_plist[i], det_rflag[i])
        f.close()

        return


[docs]    def loadDetector(self, fname):
        """Load the detector information from a file

        INPUTS
        fname -- the name of the file to load from

        """
        # should check the loaded file here
        f = open(fname, 'r')
        #
        lines = f.readlines()
        # self._detInfo = cPickle.load(f)
        det_class_str = None
        for i in range(len(lines)):
            if 'class' in lines[i]:
                det_class_str = lines[i]
        f.seek(0)
        if det_class_str is None:
            raise RuntimeError, "detector class label not recongined in file!"
        else:
            plist_rflags = numpy.loadtxt(f)
            plist = plist_rflags[:, 0]
            rflag = numpy.array(plist_rflags[:, 1], dtype=bool)

            exec_str = "DC = detector." + det_class_str.split('.')[-1].split("'")[0]
            exec(exec_str)

            gp = plist[:6].tolist()
            if len(plist[6:]) == 0:
                dp = None
            else:
                dp = plist[6:].tolist()
            self._detInfo  = DetectorInfo(gParms=gp, dParms=dp)
            self.detector.setupRefinement(rflag)
            self._detInfo.refineFlags = rflag
        f.close()

        return


    #
    # ==================== Calibration Input
    #
    # property:  calInput


    @property
    def calInput(self):
        """(get only) Calibration input instance"""
        return self._calInput

    # ==================== Hydra
    #
    # property:  hydra

    @property
[docs]    def hydra(self):
        """(read only) hydra image class"""
        return self._hydra

    # ==================== Materials
    #
    # property:  activeMaterial


    def _get_activeMaterial(self):
        """Get method for activeMaterial"""
        return self._active_mat

    def _set_activeMaterial(self, v):
        """Set method for activeMaterial"""
        if isinstance(v, int):
            self._active_mat = self.matList[v]
        else:
            # v is a string
            self._active_mat = self.matDict[v]
            pass

        return

    _amdoc = r"""Active Material

    Can be set by number (index in material list) or by name.

    On output, it is always a material instance.
    """
    activeMaterial = property(_get_activeMaterial, _set_activeMaterial, None,
                              _amdoc)

    # property:  matList

    def _get_matList(self):
        """Get method for matList"""
        return self._matList

    def _set_matList(self, v):
        """Set method for matList"""
        self._matList = v
        self.activeMaterial = 0
        # On initialization, this is called before calInput exists
        try:
            self.calInput.calMat = self.matList[0]
        except:
            pass

        return

    matList = property(_get_matList, _set_matList, None,
                                "List of materials")

    @property
[docs]    def matNames(self):
        """(read only) List of material names"""
        return [m.name for m in self.matList]


    @property
[docs]    def matDict(self):
        """(read only) Dictionary mapping material names to material"""
        return dict(zip(self.matNames, self.matList))


[docs]    def newMaterial(self):
        """Create a new material and add it to the list"""
        self._active_mat = Material()

        # find name not already in list
        n  = self._active_mat.name
        self._active_mat.name = newName(n, self.matNames)
        #
        self._matList.append(self.activeMaterial)

        return


[docs]    def loadMaterialList(self, fname):
        """Load the pickled material list from a file

        INPUTS
        fname -- the name of the file to load from
        """
        # should check the loaded file here
        f = open(fname, 'r')
        self.matList = cPickle.load(f)
        f.close()

        return
    #
    # ==================== Readers
    #
    # property:  activeReader


    def _get_activeReader(self):
        """Get method for activeReader

        Reader is set by using index in reader list or by name.
        """
        return self.__active_rdr

    def _set_activeReader(self, v):
        """Set method for activeReader"""
        if isinstance(v, int):
            self.__active_rdr = self.__savedReaders[v]
        else:
            # v is a string
            for r in self.__savedReaders:
                if r.name == v:
                    self.__active_rdr = r
                    return
                pass
            pass

        return

    _ardoc = r"""
    Active Material

    Can be set by number (index in saved readers list) or by name.

    On output, it is always a ReaderInput instance.
    """

    activeReader = property(_get_activeReader, _set_activeReader,
                            _ardoc)

[docs]    def saveReaderList(self, fname):
        """Save the reader list to a file

        INPUTS
        fname -- the name of the file to save in
        """
        f = open(fname, 'w')
        cPickle.dump(self.__savedReaders, f)
        f.close()

        return


[docs]    def loadReaderList(self, fname):
        """Load the reader list from a file

        INPUTS
        fname -- the name of the file to load from
        """
        # should check the loaded file here
        f = open(fname, 'r')
        self.__savedReaders = cPickle.load(f)
        self.activeReader = 0
        f.close()

        return


[docs]    def newReader(self):
        """Add new reader to the list and make it active

        Changes name if necessary.
        """
        self.__active_rdr   = ReaderInput()
        # find name not already in list
        n  = self.__active_rdr.name
        nl = [r.name for r in self.__savedReaders]
        self.__active_rdr.name = newName(n, nl)
        #
        self.__savedReaders.append(self.__active_rdr)

        return


[docs]    def getSavedReader(self, which):
        """Get a specified reader"""
        if isinstance(which, int):
            return self.__savedReaders[v]
        else:
            # which is a string
            for r in self.__savedReaders:
                if r.name == which:
                    return r
                pass
            pass
        return r


[docs]    def clear_reader(self):
        """Close current reader"""
        self.__active_reader = None
        self.__curFrame = 0
        return


    @property
[docs]    def savedReaders(self):
        """Return list of saved readers"""
        return self.__savedReaders


    @property
[docs]    def readerNames(self):
        """Return list of saved readers"""
        return [r.name for r in self.__savedReaders]
    #
    # ==================== Image Info
    #

    @property
[docs]    def curFrameNumber(self):
        """Current frame number"""
        return self.__curFrame


    @property
[docs]    def numFramesTotal(self):
        """Number of frames available for reading"""
        return self.__numFrame


    @property
[docs]    def activeImage(self): # to be removed (use active_img instead)
        """Active image"""
        return self.active_img
    #
    # ==================== Calibration
    #
    # property:  calInput


    @property
[docs]    def calInput(self):
        """(read only) Calibration input data"""
        return self._calInput
    #
    #                     ========== Public Methods
    #

[docs]    def readerListAddCurrent(self):
        """Add current list to list of saved readers"""

        return


[docs]    def readImage(self, frameNum=1):
        """Read and return an image

        DESCRIPTION

        This reads an image according to the active reader
        specification, saving it in the activeImage attribute.
        """
        #
        # Now read the current frame
        #
        aggMode = self.activeReader.aggModeOp
        nrFrame = self.activeReader.getNumberOfFrames() # number of reader frames
        if aggMode:
            rdFrames = nrFrame
            self.__numFrame = 1
        else:
            rdFrames = 1
            self.__numFrame = nrFrame
            pass
        #
        #  If current frame is 0, no reader has yet been instantiated.
        #
        haveReader = (self.__curFrame > 0)
        #
        #  Check frameNum
        #
        if (frameNum > nrFrame) or (frameNum < 1):
            msg = 'frame number out of range: requesting frame %d (max = %d)' \
                  % (frameNum, nrFrame)
            raise ValueError(msg)

        #if (frameNum == self.__curFrame): return
        # NOTE:  instantiate new reader even when requested frame is current
        # frame because reader properties may have changed

        if haveReader and (frameNum > self.__curFrame):
            nskip = frameNum - self.__curFrame - 1
            self.__active_img = self.__active_reader.read(nframes= rdFrames,
                                                          nskip  = nskip,
                                                          sumImg = aggMode)
        else:
            # instantiate new reader
            self.__active_reader = self.activeReader.makeReader()
            nskip = frameNum - 1
            self.__active_img = self.__active_reader.read(nframes= rdFrames,
                                                          nskip  = nskip,
                                                          sumImg = aggMode)

            pass

        self.__curFrame = frameNum
        print 'frame:  (exp) %d, (rdr) %s' % (self.__curFrame,
                                              str(self.__active_reader.iFrame))

        return


[docs]    def calibrate(self, log=None):
        """Calibrate the detector

        Currently, uses polar rebin only.
        """
        try:
            self._detInfo.calibrate(self.calInput,
                                    self.activeReader,
                                    self.activeMaterial, log=log)
        except Exception as e:
            if log:
                log.write(str(e) + '\n')
                raise
            else:
                raise
            pass

        if log:
            log.write('done')

        return
        #
        # ==================== Polar Rebinning (Caking)
        #
        def polarRebin(self, opts):
            """Rebin the image according to certain parameters

            opts -- an instance of PolarRebinOpts
            """

            img_info = det.polarRebin(self.activeImage, opts.kwArgs)

            return img_info
    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  Experiment
# ---------------------------------------------------CLASS:  geReaderInput
#

[docs]class ReaderInput(object):
    """ReaderInput

This class is for holding input required to
instantiate a reader object.  Currently, only
GE reader is supported.
"""
    # Class data
    DFLT_NAME = 'unnamed reader'
    #
    DARK_MODES = (DARK_MODE_NONE,
                  DARK_MODE_FILE,
                  DARK_MODE_ARRAY,
                  DARK_MODE_EMPTY,
                  DARK_MODE_FRAME) = range(5)
    #
    AGG_MODES = (AGG_FUN_NONE, AGG_FUN_SUM, AGG_FUN_MAX, AGG_FUN_MIN) = range(4)
    AGG_DICT = {
        AGG_FUN_NONE: False,
        AGG_FUN_SUM : True,  # or (1/nframes)*numpy.add
        AGG_FUN_MAX : numpy.maximum,
        AGG_FUN_MIN : numpy.minimum
        }
    #
    FLIP_MODES = (FLIP_NONE, FLIP_VERT, FLIP_HORIZ, FLIP_180, FLIP_M90, FLIP_P90) \
                 = range(6)
    FLIP_STRS  = ('',        'v',       'h',        'hv',     'cw90',   'ccw90')
    FLIP_DICT  = dict(zip(FLIP_MODES, FLIP_STRS))
    #
    RC = detector.ReadGE        # HARD CODED DETECTOR CHOICE!!!

[docs]    def __init__(self, name='reader', desc='no description'):
        """Constructor for ReaderInput

        INPUT
        name -- [optional] (str) name
        desc -- [optional] (str) description

        NOTES
        * currently only GE reader is supported
"""
        self.name = name
        self.desc = desc
        # Image Mode
        # . imageDict contains tuple of (#empty, o-min, o-max, o-del)
        self.imageMode = ImageModes.SINGLE_FRAME
        self.imageDir = ''
        self.imageNames = []
        self.imageNameD = dict()
        # Dark file
        self.darkMode = ReaderInput.DARK_MODE_NONE
        self.darkDir  = ''
        self.darkName = ''
        # File aggregation
        self.aggFun = ReaderInput.AGG_FUN_NONE
        # Flip options
        self.flipMode = ReaderInput.FLIP_NONE
        #
        return


    def _check(self):
        """Check that input is ok for making a reader instance
"""
        # * Empty frames = 0 for single frame mode
        return
    #
    # ============================== API
    #
    #                     ========== Properties
    #
    # property:  hasImages

    @property
[docs]    def hasImages(self):
        """(get only) true if list of images has been set """
        return len(self.imageNames) > 0

    # property:  imageNames


    def _get_imageNames(self):
        """Get method for imageNames"""
        return self._imageNames

    def _set_imageNames(self, v):
        """Set method for imageNames"""
        self._imageNames = v
        # Set up dictionary for each file
        #     value is:  (numEmpty, o-min, o-max, o-del)
        for fn in v:
            self.imageNameD[fn] = (0, None, None, None)
            pass

        return

    imageNames = property(_get_imageNames, _set_imageNames,
                                "List of file image file names")
    # property:  "darkFile"

    def _get_darkFile(self):
        """Get method for darkFile"""
        if self.darkMode == ReaderInput.DARK_MODE_NONE:
            s = '<no dark subtraction>'
        elif self.darkMode == ReaderInput.DARK_MODE_FILE or self.darkMode == ReaderInput.DARK_MODE_ARRAY:
            s = os.path.join(self.darkDir, self.darkName)
        else:
            s = '<using empty frames>'
        return s

    darkFile = property(_get_darkFile, None, None,
                                "Full pathname of dark file" )

    @property
[docs]    def aggMode(self):
        """Mode identifier for frame aggregation"""
        return self.aggFun

    # property:  aggModeOp


    @property
[docs]    def aggModeOp(self):
        """(read only) option to pass to GE reader instances for aggregation mode"""
        return ReaderInput.AGG_DICT[self.aggFun]
    #
    #                     ========== Public Methods
    #  Omega Info
    #

[docs]    def setOmegaInfo(self, imgName, omin, omax, odel):
        """Set omega info for the specified image"""
        if imgName not in self.imageNameD:
            raise KeyError('image not in image list')

        info = self.imageNameD[imgName]
        self.imageNameD[imgName] = (info[0], omin, omax, odel)

        return
    #

[docs]    def getNumberOfFrames(self):
        """Return number of frames available in data files"""
        try:
            r = self.makeReader()
            n = r.getNFrames()
        except Exception:
            raise
            n = 0
            pass

        return n


[docs]    def makeReader(self):
        """Return a reader instance based on self
"""
        # check validity of input
        self._check()
        #
        # Set up image names in right format
        #
        fullPath = lambda fn: os.path.join(self.imageDir, fn)
        numEmpty = lambda fn: self.imageNameD[fn][0]
        imgInfo = [(fullPath(f), numEmpty(f)) for f in self.imageNames]

        ref_reader = self.RC(imgInfo)
        #
        # Check for omega info
        #
        nfile = len(imgInfo)
        dinfo = [self.imageNameD[f] for f in self.imageNames]
        omin = dinfo[0][1]
        if omin is not None:
            odel = dinfo[nfile - 1][3]
            print "omega min and delta: ", omin, odel
            omargs = (valunits.valWUnit('omin', 'angle', float(omin), 'degrees'),
                      valunits.valWUnit('odel', 'angle', float(odel), 'degrees'))
        else:
            omargs = ()
            pass
        print 'omargs:  ', omargs
        #
        # Dark file
        #
        subDark = not (self.darkMode == ReaderInput.DARK_MODE_NONE)
        if (self.darkMode == ReaderInput.DARK_MODE_FILE):
            drkFile = os.path.join(self.darkDir, self.darkName)
        elif (self.darkMode == ReaderInput.DARK_MODE_ARRAY):
            drkFileName = os.path.join(self.darkDir, self.darkName)
            drkFile     = ref_reader.frame(
                buffer=numpy.fromfile(drkFileName,
                                      dtype=ref_reader.dtypeRead
                                      )
                )
        else:
            drkFile = None
            pass
        #
        # Flip options
        #
        doFlip  = not (self.flipMode == ReaderInput.FLIP_NONE)
        flipArg = ReaderInput.FLIP_DICT[self.flipMode]
        #
        # Make the reader
        #
        print 'reader:  \n', imgInfo, subDark, drkFile, doFlip, flipArg
        r = self.RC(imgInfo, *omargs,
                    subtractDark = subDark,
                    dark         = drkFile,
                    doFlip       = doFlip,
                    flipArg      = flipArg)

        return r
    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  geReaderInput
# ---------------------------------------------------CLASS:  CalibrationInput
#

[docs]class CalibrationInput(object):
    """CalibrationInput"""
[docs]    def __init__(self, mat, xtol=1e-6):
        """Constructor for CalibrationInput"""
        #
        self.numRho = 20 # for multiring binned image
        self.numEta = 36

        self.corrected = False
        #
        self.calMat = mat
        self._xtol  = xtol
        return
    #
    # ============================== API
    #
    # property:  fitType


    @property
    def xtol(self):
        return self._xtol
    @xtol.setter
    def xtol(self, val):
        self._xtol = val

    def _get_fitType(self):
        """Get method for fitType"""
        if not hasattr(self, '_fitType'):
            self._fitType = FitModes.DEFAULT
            pass

        return self._fitType

    def _set_fitType(self, v):
        """Set method for fitType"""
        self._fitType = v
        return

    fitType = property(_get_fitType, _set_fitType, None,
                       "fit type:  direct or caked")
    # property:  calMat

    def _get_calMat(self):
        """Get method for calMat"""
        return self._calMat

    def _set_calMat(self, v):
        """Set method for calMat"""
        self._calMat = v
        return

    calMat = property(_get_calMat, _set_calMat, None,
                                "Calibration material (calibrant)")

    # property:  calData

    @property
[docs]    def calData(self):
        """(get only) Lattice parameter data for calibrant

        This provides a deepcopy with wavelength, strain magnitude and
        two-theta width set.
"""
        return self.calMat.planeData

    # property:  cakeArgs


    @property
[docs]    def cakeArgs(self):
        """(get only) Keyword arguments for polar rebinning"""

        return {'verbose':True,
                'numEta': self.numEta,
                'etaRange':numpy.array([0., 2. * numpy.pi]),
                'corrected':self.corrected}
    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  CalibrationInput
# ---------------------------------------------------CLASS:  DetectorInfo
#

[docs]class DetectorInfo(object):
    """Class for detector and associated data"""
    # refinement-specific things
    #  ---------------> (   xc,    yc,     D,    xt,    yt,    zt,
    #                      dp1,   dp2,   dp3,   dp4,   dp5,   dp6)
    DFLT_REFINE_FLAGS = ( True,  True,  True,  True,  True, False,
                          True,  True,  True, False, False, False)
[docs]    def __init__(self, gParms=[], dParms=[]):
        """Constructor for detectorInfo"""
        #
        if gParms:              # maintain this keyword for compatability with Don's usage
            self.detector  = detector.newDetector('ge', gParms=gParms, dParms=dParms)
        else:
            self.detector  = detector.newDetector('ge')
        self.mrbImages = []
        self.fitParams = []
        #
        # Refinement variables
        #
        self.refineFlags = list(DetectorInfo.DFLT_REFINE_FLAGS)
        #
        self.calInp = self.rdrInp = None
        #
        return
    #
    # ============================== API
    #

[docs]    def calibrate(self, calInp, rdrInp, mat, log=None):
        """Calibrate this detector using specified reader and options"""
        #
        #  Save inputs for the record
        #
        self.calInp = calInp
        self.rdrInp = rdrInp
        self.mat    = mat
        #
        self.detector.setupRefinement(tuple(self.refineFlags))
        #
        #  Set calibrant properties
        #
        calDat = mat.planeData
        #
        #  Generate images
        #
        self.fitParams = []
        self.mrbImages = []
        #
        reader = rdrInp.makeReader()
        nf = reader.getNFrames()
        for i in range(nf):
            msg = '*** fitting frame %d of %d\n' %(i+1, nf) + \
                  '*** detector x, y, D = (%g, %g, %g)\n' \
                  %(self.detector.xc, self.detector.yc, self.detector.workDist) + \
                  '*** material name:\t%s\n' %(mat.name) + \
                  '*** target num rho:\t%d\n' %(calInp.numRho) + \
                  'using the following HKLs:\n' \
                  + mat.planeData.hkls.__repr__()
            #
            #  Reset tthmax here in case detector geometry pushes
            #  a ring off the detector.
            #
            # NO!!! # calDat.tThMax = self.detector.getTThMax()

            cFrame = reader()
            if log:
                log.write(msg)
            else:
                print msg
                pass

            if calInp.fitType == FitModes.MULTIRING:
                mrb = detector.MultiRingBinned(self.detector, calDat, cFrame,
                                               targetNRho=calInp.numRho,
                                               polarRebinKWArgs=calInp.cakeArgs,
                                               log=log)
                tmp = mrb.doFit()
                self.mrbImages.append(mrb)
            else:
                print '... using direct fit mode'

                self.detector.fitRings(cFrame, calDat, xtol=calInp.xtol)
                tmp = self.detector.xFitRings
                pass

            self.fitParams.append(self.detector.getParams(allParams=True))

            print 'fit parameters(%d):\n' % i, self.fitParams[-1]

            pass

        # mean and std dev of geometric parameters
        meanParams = numpy.mean(numpy.array(self.fitParams), 0).tolist()
        stdvParams = numpy.std(numpy.array(self.fitParams), 0).tolist()


        # make detector object from mean of phi = 0-180 scans
        self.detector._Detector2DRC__updateFromPList(meanParams)

        return
    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  DetectorInfo
# ---------------------------------------------------CLASS:  PolarRebinOpts
#

[docs]class PolarRebinOpts(object):
    """Options for polar rebinning"""
    #
    cakeMethods = [CAKE_IMG, CAKE_RNG, CAKE_SPH] = ['standard', 'multiring', 'spherical']

[docs]    def __init__(self):
        """
        Constructor for PolarRebinOpts

        This routine sets default values for caking options.

        The following attributes (with initial values) can be modified directly.
            etaMin  =    0
            etaMax  =  360
            rhoMin  =  100
            rhoMax  = 1000
            numEta  =   36
            numRho  =  500
            correct = True
        """
        #
        self.type = cakeMethods[0]
        #
        #  Standard (whole image) rebinning
        #
        etaMin  =    0
        etaMax  =  360
        rhoMin  =  100
        rhoMax  = 1000
        numEta  =   36
        numRho  =  500
        correct = True
        #
        return
    #
    # ============================== API
    #
    # property:  kwArgs


    @property
[docs]    def kwArgs(self):
        """(get only) Return keyword args to pass to polarRebin"""
        kwa = dict()
        #
        if self.type == CAKE_IMG:
            kwa = {
                'etaRange' : [self.etaMin, self.etaMax],
                'numEta'   : self.numEta,
                'rhoRange' : [self.rhoMin, self.rhoMax],
                'numRho'   : self.numRho,
                'corrected': self.correct
                }
            pass

        return kwa

    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  PolarRebinOpts
# ---------------------------------------------------CLASS:  SpotOptions
#

[docs]class SpotOptions(object):
    """Manage options available for spot finding and analysis

    Mainly, this manages the keyword options to the findSpotsOmegaStack()
    static method in the Spots class.
    """
    #
    # call to findSpotsOmegaStack for reference:
    #
    ### def findSpotsOmegaStack(reader,
    ###                         nFrames,
    ###                         threshold, minPx,
    ###                         discardAtBounds=True,
    ###                         keepWithinBBox=True,
    ###                         overlapPixelDistance=None,  # float, if specified
    ###                         nframesLump=1,              # probably get rid of this eventually
    ###                         padOmega=True,
    ###                         padSpot=True,
    ###                         debug=False, pw=None):

[docs]    def __init__(self):
        """SpotOptions Constructor"""
        #
        self.nframes = 0   # means use all
        self.thresh = 1000 # need reasonable initial value
        self.minPix = 4    # reasonable initial value
        self.discardAtBounds = True
        self.keepWithinBBox = True
        self.overlap = None
        self.nflump = 1
        self.padOmega = True
        self.padSpot = True
        #
        # Keep debug=False, pw=None
        #
        return
    #
    # ============================== API
    #

    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  SpotOptions
# ---------------------------------------------------CLASS:  indexOptions
#

[docs]class IndexOptions(object):
    """indexOptions"""
    #
    # Class data
    #
    INDEX_CHOICES = ['Fiber Search', 'GrainSpotter']
    INDEX_CHOICE_IDS = [IND_FIBER, IND_GSPOT] = range(2)

[docs]    def __init__(self):
        """Constructor for indexOptions"""
        self.index_method = self.IND_FIBER

        self.fsHKLs=[]
        self.preserveClaims=False
        self.friedelOnly=False
        self.doRefinement=True
        self.doMultiProc=True
        self.etaTol=1.0
        self.omeTol=1.0
        self.minCompleteness=0.51
        self.minPctClaimed=0.70
        self.nsteps=360
        self.nCPUs=None
        self.dspTol=None
        self.quitAfter=None,

        return
    #

    pass

# -----------------------------------------------END CLASS:  indexOptions
# ================================================== Utility Functions
#

[docs]def newName(name, nlist):
    """return a name not in the list, but based on name input"""
    if name not in nlist: return name

    i=1
    while i:
        name_i = '%s %d' % (name, i)
        if name_i not in nlist:
            break

        i += 1
        pass

    return name_i


[docs]def saveExp(e, f):
    """save experiment to file"""
    fobj = open(f, 'w')
    e.clear_reader() # close open files inside exp
    cPickle.dump(e, fobj)
    fobj.close()

    return


[docs]def loadExp(inpFile, matFile=DFLT_MATFILE):
    """Load an experiment from a config file or from a saved exp file

    inpFile -- the name of either the config file or the saved exp file;
               empty string means start new experiment
    matFile -- name of the materials file
"""
    #
    if not matFile:
        print >> sys.stderr, 'no material file found'
        sys.exit(1)
        pass

    root, ext = os.path.splitext(inpFile)
    #
    if ext == '.cfg' or not inpFile:
        #  Instantiate from config file
        exp = Experiment(inpFile, matFile)
    elif ext == '.exp':
        #  Load existing experiment
        try:
            print 'loading saved file:  %s' % inpFile
            f = open(inpFile, 'r')
            exp = cPickle.load(f)
            f.close()
            print '... load succeeded'
        except:
            print '... load failed ... please check your data file'
            raise
            sys.exit()
            pass
    else:
        #  Not recognized
        print 'file is neither .cfg or .exp', inpFile
        sys.exit(1)
        pass

    return exp

## test utilities

[docs]def refineDetector(grainList, scl=None, gtol=1.0e-6):
    """
    """
    if scl is None:
        scl = numpy.r_[0.005, 200., 1000.]

    # need to grab initial guess for xc, zTilt
    # use first grain by default (they all have the same parameters)
    xc      = grainList[0].detectorGeom.xc
    zTilt   = grainList[0].detectorGeom.zTilt
    chiTilt = grainList[0].detectorGeom.chiTilt
    if chiTilt is None:
        chiTilt = 0.
    x0 = scl * numpy.r_[xc, zTilt, chiTilt]

    # call to optimization routine
    xopt = optimize.fmin_bfgs(objFunc, x0, args=(grainList, scl), gtol=gtol)

    # recall objective to set detector geometries properly with solution
    objFunc(xopt, grainList, scl)

    return xopt / scl


[docs]def objFunc(x, grainList, scl):
    """
    """
    x = x / scl                         # remove scaling
    xc      = x[0]                        # beam x-center
    zTilt   = x[1]                        # zTilt --> inclination of oscill. axis on detector
    chiTilt = x[2]                        # zTilt --> inclination of oscill. axis on detector

    for i in range(len(grainList)):
        grainList[i].detectorGeom.xc      = xc
        grainList[i].detectorGeom.zTilt   = zTilt
        grainList[i].detectorGeom.chiTilt = chiTilt
    # need a fresh detector object to hand to spots
    # use first grain by default (any will do)
    tmpDG      = grainList[0].detectorGeom.makeNew()
    tmpDG.pVec = None

    # reset the detector used by all spots
    # each grain currently carried th
    # ...PRIME CANDIDATE FOR OPTIMIZATION/CLEANUP/GENERALIZATION...
    # ...perhaps loop over only the spots used by the grains in grainList?...
    # grainList[0].spots.resetDetectorGeom(tmpDG)

    # strip out quantities to hand off to the fit objective fuction to get residual contribution
    resd = []
    for i in range(len(grainList)):
        spotIDs = grainList[i].grainSpots['iRefl']
        spotIDs = spotIDs[spotIDs >= 0]
        for j in range(len(spotIDs)):
            spot = grainList[i].spots._Spots__spots[spotIDs[j]]
            spot.setDetectorGeom(tmpDG, clobber=True)
            angCOM = spot.angCOM()
            grainList[i].spots._Spots__spotAngCoords[spotIDs[j]] = angCOM
            grainList[i].spots._Spots__spotXYOCoords[spotIDs[j]] = grainList[i].spots.detectorGeom.angToXYO( *angCOM )
            pass
        # refit grains to new detector -- mainly for fixing pVecs
        grainList[i].updateGVecs()
        grainList[i].fit(display=False)

        angAxs = ROT.angleAxisOfRotMat(grainList[i].rMat)
        biotT  = matrixutil.symmToVecMV(grainList[i].vMat - numpy.eye(3))
        pVec   = grainList[i].detectorGeom.pVec

        x = numpy.vstack([angAxs[0]*angAxs[1], biotT.reshape(6, 1), pVec.reshape(3, 1)])
        resd.append(grainList[i]._fitF_objFunc(x))
        pass
    resd = numpy.hstack(resd).flatten()
    return sum(resd**2)
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  Source code for hexrd.xrd.crystallography

# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
# -*-python-*-
import re
import copy
from math import pi
import warnings

import numpy as num
from scipy import constants as C
from scipy.linalg import inv

from hexrd.matrixutil import sort, num, array, unique, sqrt, math, unitVector,\
     ndarray, columnNorm, sum
from hexrd.xrd.rotations import angleAxisOfRotMat, rotMatOfExpMap, arccosSafe, mapAngle
from hexrd.xrd import symmetry
from hexrd import valunits
from hexrd.valunits import toFloat

# module vars
r2d = 180./pi
d2r = pi/180.

dUnit = 'angstrom'

outputDegrees = False
outputDegrees_bak = outputDegrees

[docs]def hklToStr(x):
    return re.sub('\[|\]|\(|\)','',str(x))


[docs]def tempSetOutputDegrees(val):
    global outputDegrees, outputDegrees_bak
    outputDegrees_bak = outputDegrees
    outputDegrees = val
    return

[docs]def revertOutputDegrees():
    global outputDegrees, outputDegrees_bak
    outputDegrees = outputDegrees_bak
    return


[docs]def cosineXform(a, b, c):
    """
    Spherical trig transform to take alpha, beta, gamma to expressions
    for cos(alpha*).  See ref below.

    [1] R. J. Neustadt, F. W. Cagle, Jr., and J. Waser, ``Vector algebra and
        the relations between direct and reciprocal lattice quantities''. Acta
        Cryst. (1968), A24, 247--248

    """
    cosar = ( num.cos(b)*num.cos(c) - num.cos(a) ) / ( num.sin(b)*num.sin(c) )
    sinar = num.sqrt(1 - cosar**2)
    return cosar, sinar


[docs]def processWavelength(arg):
    """
    Convert an energy value to a wavelength.  If argument has units of length or energy,
    will convert to globally specified unit type for wavelength (dUnit).  If argument
    is a scalar, assumed input units are keV.
    """
    if hasattr(arg, 'getVal'):
        if arg.isLength():
            retval = arg.getVal(dUnit)
        elif arg.isEnergy():
            try:
                speed  = C.c
                planck = C.h
            except:
                raise NotImplementedError, 'scipy does not have constants'
                # speed  = ...
                # planck = ...
            e = arg.getVal('J')
            retval = valunits.valWUnit('wavelength', 'length', planck*speed/e, 'm').getVal(dUnit)
        else:
            raise RuntimeError, 'do not know what to do with '+str(arg)
    else:
        keV2J = 1.e3*C.e
        e = keV2J * arg
        retval = valunits.valWUnit('wavelength', 'length', C.h*C.c/e, 'm').getVal(dUnit)

    return retval


[docs]def latticeParameters(lvec):
    """
    Generates direct and reciprocal lattice vector components in a
    crystal-relative RHON basis, X. The convention for fixing X to the
    lattice is such that a || x1 and c* || x3, where a and c* are
    direct and reciprocal lattice vectors, respectively.
    """
    lnorm = num.sqrt(num.sum(lvec**2, 0))

    a = lnorm[0]
    b = lnorm[1]
    c = lnorm[2]

    ahat = lvec[:, 0]/a
    bhat = lvec[:, 1]/b
    chat = lvec[:, 2]/c

    gama = num.arccos(num.dot(ahat, bhat))
    beta = num.arccos(num.dot(ahat, chat))
    alfa = num.arccos(num.dot(bhat, chat))
    if outputDegrees:
        gama = r2d*gama
        beta = r2d*beta
        alfa = r2d*alfa

    return [a, b, c, alfa, beta, gama]


[docs]def latticePlanes(hkls, lparms, ltype='cubic', wavelength=1.54059292, strainMag=None):
    """
    Generates lattice plane data in the direct lattice for a given set
    of Miller indices.  Vector components are written in the
    crystal-relative RHON basis, X. The convention for fixing X to the
    lattice is such that a || x1 and c* || x3, where a and c* are
    direct and reciprocal lattice vectors, respectively.

    USAGE:

    planeInfo = latticePlanes(hkls, lparms, **kwargs)

    INPUTS:

    1) hkls (3 x n float ndarray) is the array of Miller indices for
       the planes of interest.  The vectors are assumed to be
       concatenated along the 1-axis (horizontal).

    2) lparms (1 x m float list) is the array of lattice parameters,
       where m depends on the symmetry group (see below).

    3) The following optional keyword arguments are recognized:

       *) ltype=(string) is a string representing the symmetry type of
          the implied Laue group.  The 11 available choices are shown
          below.  The default value is 'cubic'. Note that each group
          expects a lattice parameter array of the indicated length
          and order.

          latticeType      lparms
          -----------      ------------
          'cubic'          a
          'hexagonal'      a, c
          'trigonal'       a, c
          'rhombohedral'   a, alpha (in degrees)
          'tetragonal'     a, c
          'orthorhombic'   a, b, c
          'monoclinic'     a, b, c, beta (in degrees)
          'triclinic'      a, b, c, alpha, beta, gamma (in degrees)

       *) wavelength=<float> is a value represented the wavelength in
          Angstroms to calculate bragg angles for.  The default value
          is for Cu K-alpha radiation (1.54059292 Angstrom)

       *) strainMag=None

    OUTPUTS:

    1) planeInfo is a dictionary containing the following keys/items:

       normals   (3, n) double array    array of the components to the
                                        unit normals for each {hkl} in
                                        X (horizontally concatenated)

       dspacings (n,  ) double array    array of the d-spacings for
                                        each {hkl}

       2thetas   (n,  ) double array    array of the Bragg angles for
                                        each {hkl} relative to the
                                        specified wavelength

    NOTES:

    *) This function is effectively a wrapper to 'latticeVectors'.
       See 'help(latticeVectors)' for additional info.

    *) Lattice plane d-spacings are calculated from the reciprocal
       lattice vectors specified by {hkl} as shown in Appendix 1 of
       [1].

    REFERENCES:

    [1] B. D. Cullity, ``Elements of X-Ray Diffraction, 2
        ed.''. Addison-Wesley Publishing Company, Inc., 1978. ISBN
        0-201-01174-3

    """
    location = 'latticePlanes'

    assert hkls.shape[0] == 3, "hkls aren't column vectors in call to '%s'!" % (location)

    tag = ltype
    wlen = wavelength

    # get B
    L = latticeVectors(lparms, tag)

    # get G-vectors -- reciprocal vectors in crystal frame
    G = num.dot(L['B'], hkls)

    # magnitudes
    d = 1 / num.sqrt(num.sum(G**2, 0))

    angConv = 1.
    if outputDegrees:
        angConv = r2d
    # two thetas
    tth = angConv * 2 * num.arcsin(wlen / 2 / d)

    p = {'normals':unitVector(G),
         'dspacings':d,
         'tThetas':tth}

    if strainMag is not None:
        p['tThetasLo'] = angConv * 2 * num.arcsin(wlen / 2 / (d*(1.+strainMag)))
        p['tThetasHi'] = angConv * 2 * num.arcsin(wlen / 2 / (d*(1.-strainMag)))

    return p


[docs]def latticeVectors(lparms, tag='cubic', radians=False, debug=False):
    """
    Generates direct and reciprocal lattice vector components in a
    crystal-relative RHON basis, X. The convention for fixing X to the
    lattice is such that a || x1 and c* || x3, where a and c* are
    direct and reciprocal lattice vectors, respectively.

    USAGE:

    lattice = LatticeVectors(lparms, <symmTag>)

    INPUTS:

    1) lparms (1 x n float list) is the array of lattice parameters,
       where n depends on the symmetry group (see below).

    2) symTag (string) is a case-insensitive string representing the
       symmetry type of the implied Laue group.  The 11 available choices
       are shown below.  The default value is 'cubic'. Note that each
       group expects a lattice parameter array of the indicated length
       and order.

       latticeType      lparms
       -----------      ------------
       'cubic'          a
       'hexagonal'      a, c
       'trigonal'       a, c
       'rhombohedral'   a, alpha (in degrees)
       'tetragonal'     a, c
       'orthorhombic'   a, b, c
       'monoclinic'     a, b, c, beta (in degrees)
       'triclinic'      a, b, c, alpha, beta, gamma (in degrees)

    OUTPUTS:

    1) lattice is a dictionary containing the following keys/items:

       F         (3, 3) double array    transformation matrix taking
                                        componenents in the direct
                                        lattice (i.e. {uvw}) to the
                                        reference, X

       B         (3, 3) double array    transformation matrix taking
                                        componenents in the reciprocal
                                        lattice (i.e. {hkl}) to X

       BR        (3, 3) double array    transformation matrix taking
                                        componenents in the reciprocal
                                        lattice to the Fable reference
                                        frame (see notes)

       U0        (3, 3) double array    transformation matrix
                                        (orthogonal) taking
                                        componenents in the
                                        Fable reference frame to X

       vol       double                 the unit cell volume


       dparms    (6, ) double list      the direct lattice parameters:
                                        [a b c alpha beta gamma]

       rparms    (6, ) double list      the reciprocal lattice
                                        parameters:
                                        [a* b* c* alpha* beta* gamma*]

    NOTES:

    *) The conventions used for assigning a RHON basis,
       X -> {x1, x2, x3}, to each point group are consistent with
       those published in Appendix B of [1]. Namely: a || x1 and
       c* || x3.  This differs from the convention chosen by the Fable
       group, where a* || x1 and c || x3 [2].

    *) The unit cell angles are defined as follows:
       alpha=acos(b'*c/|b||c|), beta=acos(c'*a/|c||a|), and
       gamma=acos(a'*b/|a||b|).

    *) The reciprocal lattice vectors are calculated using the
       crystallographic convention, where the prefactor of 2*pi is
       omitted. In this convention, the reciprocal lattice volume is
       1/V.

    *) Several relations from [3] were employed in the component
       calculations.

    REFERENCES:

    [1] J. F. Nye, ``Physical Properties of Crystals: Their
        Representation by Tensors and Matrices''. Oxford University
        Press, 1985. ISBN 0198511655

    [2] E. M. Lauridsen, S. Schmidt, R. M. Suter, and H. F. Poulsen,
        ``Tracking: a method for structural characterization of grains
        in powders or polycrystals''. J. Appl. Cryst. (2001). 34,
        744--750

    [3] R. J. Neustadt, F. W. Cagle, Jr., and J. Waser, ``Vector
        algebra and the relations between direct and reciprocal
        lattice quantities''. Acta Cryst. (1968), A24, 247--248


    """

    # build index for sorting out lattice parameters
    lattStrings = [
        'cubic'       ,
        'hexagonal'   ,
        'trigonal'    ,
        'rhombohedral',
        'tetragonal'  ,
        'orthorhombic',
        'monoclinic'  ,
        'triclinic'
        ]

    if radians:
        angConv = 1.
    else:
        angConv = pi/180. # degToRad
    deg90  = pi/2.
    deg120 = 2.*pi/3.
    #
    if tag == lattStrings[0]:   # cubic
        cellparms = num.r_[num.tile(lparms[0], (3,)), deg90*num.ones((3,))]
    elif tag == lattStrings[1] or tag == lattStrings[2]: # hexagonal | trigonal (hex indices)
        cellparms = num.r_[lparms[0], lparms[0], lparms[1], deg90, deg90, deg120]
    elif tag == lattStrings[3]: # rhombohedral
        cellparms = num.r_[num.tile(lparms[0], (3,)), num.tile(angConv*lparms[1], (3,))]
    elif tag == lattStrings[4]: # tetragonal
        cellparms = num.r_[lparms[0], lparms[0], lparms[1], deg90, deg90, deg90]
    elif tag == lattStrings[5]: # orthorhombic
        cellparms = num.r_[lparms[0], lparms[1], lparms[2], deg90, deg90, deg90]
    elif tag == lattStrings[6]: # monoclinic
        cellparms = num.r_[lparms[0], lparms[1], lparms[2], deg90, angConv*lparms[3], deg90]
    elif tag == lattStrings[7]: # triclinic
        cellparms = lparms
    else:
        raise RuntimeError('lattice tag \'%s\' is not recognized' % (tag))

    if debug:
        print str(cellparms[0:3]) + ' ' + str(r2d*cellparms[3:6])
    alfa = cellparms[3]
    beta = cellparms[4]
    gama = cellparms[5]

    cosalfar, sinalfar = cosineXform(alfa, beta, gama)

    a = cellparms[0]*num.r_[1, 0, 0]
    b = cellparms[1]*num.r_[num.cos(gama), num.sin(gama), 0]
    c = cellparms[2]*num.r_[num.cos(beta), -cosalfar*num.sin(beta), sinalfar*num.sin(beta)]

    ad = num.sqrt(sum(a**2))
    bd = num.sqrt(sum(b**2))
    cd = num.sqrt(sum(c**2))

    # Cell volume
    V = num.dot(a, num.cross(b, c))

    # F takes components in the direct lattice to X
    F = num.c_[a, b, c]

    # Reciprocal lattice vectors
    astar = num.cross(b, c)/V
    bstar = num.cross(c, a)/V
    cstar = num.cross(a, b)/V

    # and parameters
    ar = num.sqrt(sum(astar**2))
    br = num.sqrt(sum(bstar**2))
    cr = num.sqrt(sum(cstar**2))

    alfar = num.arccos(num.dot(bstar, cstar)/br/cr)
    betar = num.arccos(num.dot(cstar, astar)/cr/ar)
    gamar = num.arccos(num.dot(astar, bstar)/ar/br)

    # B takes components in the reciprocal lattice to X
    B = num.c_[astar, bstar, cstar]

    cosalfar2, sinalfar2 = cosineXform(alfar, betar, gamar)

    afable = ar*num.r_[1, 0, 0]
    bfable = br*num.r_[num.cos(gamar), num.sin(gamar), 0]
    cfable = cr*num.r_[num.cos(betar), -cosalfar2*num.sin(betar), sinalfar2*num.sin(betar)]

    BR = num.c_[afable, bfable, cfable]
    U0 = num.dot(B, num.linalg.inv(BR))
    if outputDegrees:
        dparms = num.r_[ad, bd, cd, r2d*num.r_[ alfa,  beta,  gama]]
        rparms = num.r_[ar, br, cr, r2d*num.r_[alfar, betar, gamar]]
    else:
        dparms = num.r_[ad, bd, cd, num.r_[ alfa,  beta,  gama]]
        rparms = num.r_[ar, br, cr, num.r_[alfar, betar, gamar]]

    L = {'F':F,
         'B':B,
         'BR':BR,
         'U0':U0,
         'vol':V,

         'dparms':dparms,
         'rparms':rparms}

    return L


[docs]def hexagonalIndicesFromRhombohedral(hkl):
    """
    converts rhombohedral hkl to hexagonal indices
    """
    HKL = num.zeros((3, hkl.shape[1]), dtype='int')

    HKL[0, :] = hkl[0, :] - hkl[1, :]
    HKL[1, :] = hkl[1, :] - hkl[2, :]
    HKL[2, :] = hkl[0, :] + hkl[1, :] + hkl[2, :]

    return HKL


[docs]def rhombohedralIndicesFromHexagonal(HKL):
    """
    converts hexagonal hkl to rhombohedral indices
    """
    hkl = num.zeros((3, HKL.shape[1]), dtype='int')

    hkl[0, :] = 2 * HKL[0, :] +     HKL[1, :] + HKL[2, :]
    hkl[1, :] =    -HKL[0, :] +     HKL[1, :] + HKL[2, :]
    hkl[2, :] =    -HKL[0, :] - 2 * HKL[1, :] + HKL[2, :]

    hkl = hkl / 3.
    return hkl


[docs]def rhombohedralParametersFromHexagonal(a_h, c_h):
    """
    converts hexagonal lattice parameters (a, c) to rhombohedral
    lattice parameters (a, alpha)
    """
    a_r    = num.sqrt(3 * a_h**2 + c_h**2) / 3.
    alfa_r = 2 * num.arcsin( 3. / (2 * num.sqrt(3 + (c_h / a_h)**2)))
    if outputDegrees:
        alfa_r = r2d * alfa_r
    return a_r, alfa_r


[docs]class PlaneData(object):
    """
    Careful with ordering: Outputs are ordered by the 2-theta for the
    hkl unless you get self.__hkls directly, and this order can change
    with changes in lattice parameters (lparms); setting and getting
    exclusions works on the current hkl ordering, not the original
    ordering (in self.__hkls), but exclusions are stored in the
    original ordering in case the hkl ordering does change with
    lattice parameters

    if not None, tThWidth takes priority over strainMag in setting
    two-theta ranges; changing strainMag automatically turns off
    tThWidth
    """

[docs]    def __init__(self,
                 hkls,
                 *args,
                 **kwargs):

        self.phaseID = None
        self.__doTThSort = True
        self.__exclusions = None
        self.__tThMax = None
        #
        if len(args) == 4:
            lparms, laueGroup, wavelength, strainMag = args
            tThWidth = None
            self.__wavelength = processWavelength(wavelength)
            self.__lparms = self.__parseLParms(lparms)
        elif len(args) == 1 and hasattr(args[0],'getParams'):
            other = args[0]
            lparms, laueGroup, wavelength, strainMag, tThWidth = other.getParams()
            self.__wavelength = wavelength
            self.__lparms = lparms
            self.phaseID = other.phaseID
            self.__doTThSort = other.__doTThSort
            self.__exclusions = other.__exclusions
            self.__tThMax = other.__tThMax
            if hkls is None:
                hkls = other.__hkls
        else:
            raise NotImplementedError, 'args : '+str(args)

        self.__laueGroup = laueGroup
        self.__qsym = symmetry.quatOfLaueGroup(self.__laueGroup)
        self.__hkls = copy.deepcopy(hkls)
        self.__strainMag = strainMag
        self.tThWidth = tThWidth

        # ... need to implement tThMin too
        if kwargs.has_key('phaseID'):
            self.phaseID = kwargs.pop('phaseID')
        if kwargs.has_key('doTThSort'):
            self.__doTThSort = kwargs.pop('doTThSort')
        if kwargs.has_key('exclusions'):
            self.__exclusions = kwargs.pop('exclusions')
        if kwargs.has_key('tThMax'):
            self.__tThMax = toFloat(kwargs.pop('tThMax'), 'radians')
        if kwargs.has_key('tThWidth'):
            self.tThWidth = kwargs.pop('tThWidth')
        if len(kwargs) > 0:
            raise RuntimeError, 'have unparsed keyword arguments with keys: '+str(kwargs.keys())

        self.__calc()

        return


    def __calc(self):
        symmGroup = symmetry.ltypeOfLaueGroup(self.__laueGroup)
        latPlaneData, latVecOps, hklDataList = PlaneData.makePlaneData(
            self.__hkls, self.__lparms, self.__qsym, symmGroup, self.__strainMag, self.wavelength)
        'sort by tTheta'
        tThs = num.array([hklDataList[iHKL]['tTheta'] for iHKL in range(len(hklDataList))])
        if self.__doTThSort:
            self.tThSort = num.argsort(tThs) # sorted hkl -> __hkl
            self.tThSortInv = num.empty(len(hklDataList), dtype=int) # __hkl -> sorted hkl
            self.tThSortInv[self.tThSort] = num.arange(len(hklDataList))
            self.hklDataList = [hklDataList[iHKL] for iHKL in self.tThSort]
        else:
            self.tThSort = num.arange(len(hklDataList))
            self.tThSortInv = num.arange(len(hklDataList))
            self.hklDataList = hklDataList
        self.__latVecOps = latVecOps
        self.nHKLs = len(self.getHKLs())
        return

    def __str__(self):
        s  = '========== plane data ==========\n'
        s += 'lattice parameters:\n   ' + str(self.lparms) +'\n'
        s += 'two theta width: (%s)\n'  % str(self.tThWidth)
        s += 'strain magnitude: (%s)\n' % str(self.strainMag)
        s += 'beam energy (%s)\n' % str(self.wavelength)
        s += 'hkls: (%d)\n' % self.nHKLs
        s += str(self.getHKLs())
        return s

    def getNHKLs(self):
        return self.nHKLs
[docs]    def getPhaseID(self):
        'may return None if not set'
        return self.phaseID


    def getParams(self):
        return (self.__lparms, self.__laueGroup, self.__wavelength, self.__strainMag, self.tThWidth)

[docs]    def getNhklRef(self):
        'does not use exclusions or the like'
        retval = len(self.hklDataList)
        return retval

[docs]    def get_hkls(self):
        """do not do return self.__hkls, as everywhere else hkls are returned in 2-theta order;
        transpose is to comply with lparm convention"""
        return self.getHKLs().T

    def set_hkls(self, hkls):
        raise RuntimeError,\
            'for now, not allowing hkls to be reset'
        #self.__exclusions = None
        #self.__hkls = hkls
        #self.__calc()
        return
    hkls = property(get_hkls, set_hkls, None)

    def get_tThMax(self):
        return self.__tThMax
    def set_tThMax(self, tThMax):
        self.__tThMax = toFloat(tThMax, 'radians')
        # self.__calc() # no need to redo calc for tThMax
        return
    tThMax = property(get_tThMax, set_tThMax, None)

    def get_exclusions(self):
        retval = num.zeros(self.getNhklRef(), dtype=bool)
        if self.__exclusions is not None:
            'report in current hkl ordering'
            retval[:] = self.__exclusions[self.tThSortInv]
        if self.__tThMax is not None:
            for iHKLr, hklData in enumerate(self.hklDataList):
                if hklData['tTheta'] > self.__tThMax:
                    retval[iHKLr] = True
        return retval
    def set_exclusions(self, exclusions):
        excl = num.zeros(len(self.hklDataList), dtype=bool)
        if exclusions is not None:
            exclusions = num.atleast_1d(exclusions)
            if len(exclusions) == len(self.hklDataList):
                assert exclusions.dtype == 'bool', 'exclusions should be bool if full length'
                'convert from current hkl ordering to __hkl ordering'
                excl[:] = exclusions[self.tThSort]
            else:
                if len(exclusions.shape) == 1:
                    'treat exclusions as indices'
                    excl[self.tThSort[exclusions]] = True
                elif len(exclusions.shape) == 2:
                    raise NotImplementedError, 'have not yet coded treating exclusions as two-theta ranges'
                else:
                    raise RuntimeError, \
                        'do not now what to do with exclusions with shape '+str(exclusions.shape)
        self.__exclusions = excl
        self.nHKLs = num.sum(num.logical_not(self.__exclusions))
        return
    exclusions = property(get_exclusions, set_exclusions, None)

    def get_lparms(self):
        return self.__lparms
    def __parseLParms(self, lparms):
        lparmsDUnit = []
        for lparmThis in lparms:
            if hasattr(lparmThis, 'getVal'):
                if lparmThis.isLength():
                    lparmsDUnit.append(lparmThis.getVal(dUnit))
                elif lparmThis.isAngle():
                    'plumbing set up to default to degrees for lattice parameters'
                    lparmsDUnit.append(lparmThis.getVal('degrees'))
                else:
                    raise RuntimeError, 'do not know what to do with '+str(lparmThis)
            else:
                lparmsDUnit.append(lparmThis)
        return lparmsDUnit
    def set_lparms(self, lparms):
        self.__lparms = self.__parseLParms(lparms)
        self.__calc()
        return
    lparms = property(get_lparms, set_lparms, None)

    def get_strainMag(self):
        return self.__strainMag
    def set_strainMag(self, strainMag):
        self.__strainMag = strainMag
        self.tThWidth = None
        self.__calc()
        return
    strainMag = property(get_strainMag, set_strainMag, None)

    def get_wavelength(self):
        return self.__wavelength
    def set_wavelength(self, wavelength):
        self.__wavelength = processWavelength(wavelength)
        self.__calc()
        return
    wavelength = property(get_wavelength, set_wavelength, None)

    @staticmethod
[docs]    def makePlaneData(hkls, lparms, qsym, symmGroup, strainMag, wavelength): # spots
        """
        hkls       : need to work with crystallography.latticePlanes
        lparms     : need to work with crystallography.latticePlanes
        laueGroup  : see symmetry module
        wavelength : wavelength
        strainMag  : swag of strian magnitudes
        """

        tempSetOutputDegrees(False)
        latPlaneData = latticePlanes(hkls, lparms,
                                     ltype=symmGroup,
                                     strainMag=strainMag,
                                     wavelength=wavelength)

        latVecOps = latticeVectors(lparms, symmGroup)

        hklDataList = []
        for iHKL in range(len(hkls.T)): # need transpose because of convention for hkls ordering

            # JVB # latVec = latPlaneData['normals'][:,iHKL]
            # JVB # # ... if not spots, may be able to work with a subset of these
            # JVB # latPlnNrmlList = symmetry.applySym(num.c_[latVec], qsym, csFlag=True, cullPM=False)

            # returns UN-NORMALIZED lattice plane normals
            latPlnNrmls = symmetry.applySym(
                num.dot(latVecOps['B'], hkls[:,iHKL].reshape(3, 1)),
                qsym,
                csFlag=True,
                cullPM=False)

            # check for +/- in symmetry group
            latPlnNrmlsM = symmetry.applySym(
                num.dot(latVecOps['B'], hkls[:,iHKL].reshape(3, 1)),
                qsym,
                csFlag=False,
                cullPM=False)

            csRefl = latPlnNrmls.shape[1] == latPlnNrmlsM.shape[1]

            # added this so that I retain the actual symmetric integer hkls as well
            symHKLs = num.array( num.round( num.dot(latVecOps['F'].T, latPlnNrmls) ), dtype='int' )

            hklDataList.append({
                'hklID'       : iHKL                           ,
                'hkl'         : hkls[:,iHKL]                   ,
                'tTheta'      : latPlaneData['tThetas'][iHKL]  ,
                'dSpacings'   : latPlaneData['dspacings'][iHKL],
                'tThetaLo'    : latPlaneData['tThetasLo'][iHKL],
                'tThetaHi'    : latPlaneData['tThetasHi'][iHKL],
                'latPlnNrmls' : unitVector(latPlnNrmls)        ,
                'symHKLs'     : symHKLs,
                'centrosym'   : csRefl
                })

        revertOutputDegrees()
        return latPlaneData, latVecOps, hklDataList

[docs]    def getLatticeType(self):
        """This is the lattice type"""
        return symmetry.ltypeOfLaueGroup(self.__laueGroup)

[docs]    def getLaueGroup(self):
        """This is the Schoenflies tag"""
        return self.__laueGroup

    def getQSym(self):
        return self.__qsym # symmetry.quatOfLaueGroup(self.__laueGroup)
[docs]    def getPlaneSpacings(self):
        """
        gets plane spacings
        """
        dspacings = []
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not self.__thisHKL(iHKLr): continue
            dspacings.append(hklData['dSpacings'])
        return dspacings

[docs]    def getPlaneNormals(self):
        """
        gets both +(hkl) and -(hkl) normals
        """
        plnNrmls = []
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not self.__thisHKL(iHKLr): continue
            plnNrmls.append(hklData['latPlnNrmls'])
        return plnNrmls


[docs]    def getLatticeOperators(self):
        """
        gets lattice vector operators as a new (deepcopy)
        """
        return copy.deepcopy(self.__latVecOps)

    def setLatticeOperators(self, val):
        raise RuntimeError, 'do not set latVecOps directly, change other things instead'
    latVecOps = property(getLatticeOperators, setLatticeOperators, None)

    def __thisHKL(self,iHKLr):
        retval = True
        hklData   = self.hklDataList[iHKLr]
        if self.__exclusions is not None:
            if self.__exclusions[self.tThSortInv[iHKLr]]:
                retval = False
        if self.__tThMax is not None:
            # if hklData['tThetaHi'] > self.__tThMax: continue
            if hklData['tTheta'] > self.__tThMax:
                retval = False
        return retval
    def __getTThRange(self,iHKLr):
        hklData = self.hklDataList[iHKLr]
        if self.tThWidth is not None: # tThHi-tThLo < self.tThWidth
            tTh   = hklData['tTheta']
            tThHi = tTh + self.tThWidth * 0.5
            tThLo = tTh - self.tThWidth * 0.5
        else:
            tThHi = hklData['tThetaHi']
            tThLo = hklData['tThetaLo']
        return (tThLo, tThHi)

[docs]    def getTThRanges(self, strainMag=None, lparms=None):
        """Return 2-theta ranges for included hkls

        return array is n x 2
        """
        if lparms is None:
            tThRanges = []
            for iHKLr, hklData in enumerate(self.hklDataList):
                if not self.__thisHKL(iHKLr): continue
                #tThRanges.append([hklData['tThetaLo'], hklData['tThetaHi']])
                if strainMag is None:
                    tThRanges.append(self.__getTThRange(iHKLr))
                else:
                    hklData = self.hklDataList[iHKLr]
                    d = hklData['dSpacings']
                    tThLo = 2.0 * num.arcsin(self.__wavelength / 2.0 / (d*(1.+strainMag)))
                    tThHi = 2.0 * num.arcsin(self.__wavelength / 2.0 / (d*(1.-strainMag)))
                    tThRanges.append((tThLo, tThHi))
        else:
            new = self.__class__(self.__hkls, self)
            new.lparms = lparms
            tThRanges = new.getTThRanges(strainMag=strainMag)
        return num.array(tThRanges)

    def makeNew(self):
        new = self.__class__(None, self)
        return new
    def getTTh(self, lparms=None):
        if lparms is None:
            tTh = []
            for iHKLr, hklData in enumerate(self.hklDataList):
                if not self.__thisHKL(iHKLr): continue
                tTh.append(hklData['tTheta'])
        else:
            new = self.makeNew()
            new.lparms = lparms
            tTh = new.getTTh()
        return num.array(tTh)
[docs]    def getDD_tThs_lparms(self):
        """
        derivatives of tThs with respect to lattice parameters;
        have not yet done coding for analytic derivatives, just wimp out and finite difference
        """
        pert = 1.0e-5 # assume they are all around unity
        pertInv = 1.0/pert

        lparmsRef = copy.deepcopy(self.__lparms)
        tThRef    = self.getTTh()
        ddtTh     = num.empty((len(tThRef), len(lparmsRef)))

        for iLparm in range(len(lparmsRef)):
            self.__lparms = copy.deepcopy(lparmsRef)
            self.__lparms[iLparm] += pert
            self.__calc()

            iTTh = 0
            for iHKLr, hklData in enumerate(self.hklDataList):
                if not self.__thisHKL(iHKLr): continue
                ddtTh[iTTh, iLparm] = (hklData['tTheta'] - tThRef[iTTh]) * pertInv
                iTTh += 1

        'restore'
        self.__lparms = lparmsRef
        self.__calc()

        return ddtTh


    def getMultiplicity(self):          # ... JVB: is this incorrect?
        multip = []
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not self.__thisHKL(iHKLr): continue
            multip.append( hklData['symHKLs'].shape[1] )
        return num.array(multip)

[docs]    def getHKLID(self, hkl):
        'can call on a single hkl or list of hkls'
        if hasattr(hkl,'__setitem__'): # tuple does not have __setitem__
            if hasattr(hkl,'shape'):
                'if is ndarray, assume is 3xN'
                retval = map(self.__getHKLID, hkl.T)
            else:
                retval = map(self.__getHKLID, hkl)
        else:
            retval = self.__getHKLID(hkl)
        return retval

    def __getHKLID(self, hkl):
        """
        for hkl that is a tuple, return externally visible hkl index
        """
        if isinstance(hkl,int):
            retval = hkl
        else:
            hklList = self.getHKLs().tolist()
            dHKLInv   = dict([[tuple(hklThis),iHKL] for iHKL, hklThis in enumerate(hklList)])
            retval = dHKLInv[tuple(hkl)]
        return retval
[docs]    def getHKLs(self, asStr=False, thisTTh=None, allHKLs=False):
        """
        if pass thisTTh, then only return hkls overlapping the specified 2-theta;
        if set allHKLs to true, the ignore exlcusions, tThMax, etc
        """
        hkls = []
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not allHKLs:
                if not self.__thisHKL(iHKLr):
                    continue
            if thisTTh is not None:
                tThLo, tThHi = self.__getTThRange(iHKLr)
                if thisTTh < tThHi and thisTTh > tThLo:
                    hkls.append(hklData['hkl'])
            else:
                hkls.append(hklData['hkl'])
        if asStr:
            retval = map(hklToStr, num.array(hkls))
        else:
            retval = num.array(hkls)
        return retval

[docs]    def getSymHKLs(self, asStr=False, indices=None):
        """
        new function that returns all symmetric hkls
        """
        retval = []
        iRetval = 0
        if indices is not None:
            indB = num.zeros(self.nHKLs,dtype=bool)
            indB[num.array(indices)] = True
        else:
            indB = num.ones(self.nHKLs,dtype=bool)
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not self.__thisHKL(iHKLr): continue
            if indB[iRetval]:
                hkls = hklData['symHKLs']
                if asStr:
                    myStr = lambda x: re.sub('\[|\]|\(|\)','',str(x))
                    retval.append(map(myStr, num.array(hkls).T))
                else:
                    retval.append(num.array(hkls))
            iRetval += 1
        return retval

    def getCentroSymHKLs(self):
        retval = []
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not self.__thisHKL(iHKLr): continue
            retval.append( hklData['centrosym'] )
        return retval
    def makeTheseScatteringVectors(self, hklList, rMat, bMat=None, wavelength=None, chiTilt=None):
        iHKLList = num.atleast_1d(self.getHKLID(hklList))
        fHKLs = num.hstack(self.getSymHKLs(indices=iHKLList))
        if bMat is None:
            bMat = self.__latVecOps['B']
        if wavelength is None:
            wavelength = self.__wavelength
        retval = PlaneData.makeScatteringVectors(fHKLs, rMat, bMat, wavelength, chiTilt=chiTilt)
        return retval
    def makeAllScatteringVectors(self, rMat, bMat=None, wavelength=None, chiTilt=None):
        fHKLs = num.hstack(self.getSymHKLs())
        if bMat is None:
            bMat = self.__latVecOps['B']
        if wavelength is None:
            wavelength = self.__wavelength
        retval = PlaneData.makeScatteringVectors(fHKLs, rMat, bMat, wavelength, chiTilt=chiTilt)
        return retval
    @staticmethod
[docs]    def makeScatteringVectors(hkls, rMat_c, bMat, wavelength, chiTilt=None):
        """
        modeled after QFromU.m
        """

        # basis vectors
        bHat_l = num.c_[ 0.,  0., -1.].T
        eHat_l = num.c_[ 1.,  0.,  0.].T

        zTol = 1.0e-7                       # zero tolerance for checking vectors

        gVec_s = []
        oangs0 = []
        oangs1 = []

        # these are the reciprocal lattice vectors in the CRYSTAL FRAME
        # ** NOTE **
        #   if strained, assumes that you handed it a bMat calculated from
        #   strained [a, b, c]
        gVec_c = num.dot( bMat, hkls )
        gHat_c = unitVector(gVec_c)

        dim0, nRefl = gVec_c.shape
        assert dim0 == 3, "Looks like something is wrong with your lattice plane normals son!"

        # extract 1/dspacing and sin of bragg angle
        dSpacingi = columnNorm(gVec_c).flatten()
        sintht    = 0.5 * wavelength * dSpacingi

        # move reciprocal lattice vectors to sample frame
        gHat_s = num.dot(rMat_c.squeeze(), gHat_c)

        if chiTilt is None:
            cchi = 1.
            schi = 0.
            rchi = num.eye(3)
        else:
            cchi = num.cos(chiTilt)
            schi = num.sin(chiTilt)
            rchi = num.array([[   1.,    0.,    0.],
                              [   0.,  cchi, -schi],
                              [   0.,  schi,  cchi]])
            pass

        a =  cchi * gHat_s[0, :]
        b = -cchi * gHat_s[2, :]
        c =  schi * gHat_s[1, :] - sintht

        # form solution
        abMag    = num.sqrt(a*a + b*b); assert num.all(abMag > 0), "Beam vector specification is infealible!"
        phaseAng = num.arctan2(b, a)
        rhs      = c / abMag; rhs[abs(rhs) > 1.] = num.nan
        rhsAng   = num.arcsin(rhs)

        # write ome angle output arrays (NaNs persist here)
        ome0 =          rhsAng - phaseAng
        ome1 = num.pi - rhsAng - phaseAng

        goodOnes_s = -num.isnan(ome0)

        eta0 = num.nan * num.ones_like(ome0)
        eta1 = num.nan * num.ones_like(ome1)

        # mark feasible reflections
        goodOnes   = num.tile(goodOnes_s, (1, 2)).flatten()

        numGood_s  = sum(goodOnes_s)
        numGood    = 2 * numGood_s
        tmp_eta    = num.empty(numGood)
        tmp_gvec   = num.tile(gHat_c, (1, 2))[:, goodOnes]
        allome     = num.hstack([ome0, ome1])

        for i in range(numGood):
            come = num.cos(allome[goodOnes][i])
            some = num.sin(allome[goodOnes][i])
            rome = num.array([[ come,    0.,  some],
                              [   0.,    1.,    0.],
                              [-some,    0.,  come]])
            rMat_s = num.dot(rchi, rome)
    	    gVec_l = num.dot(rMat_s,
                       num.dot(rMat_c, tmp_gvec[:, i].reshape(3, 1)
                       ) )
            tmp_eta[i] = num.arctan2(gVec_l[1], gVec_l[0])
            pass
        eta0[goodOnes_s] = tmp_eta[:numGood_s]
        eta1[goodOnes_s] = tmp_eta[numGood_s:]

        # make assoc tTh array
        tTh  = 2.*num.arcsin(sintht).flatten()
        tTh0 = tTh; tTh0[-goodOnes_s] = num.nan

        gVec_s = num.tile(dSpacingi, (3, 1)) * gHat_s
        oangs0 = num.vstack([tTh0.flatten(), eta0.flatten(), ome0.flatten()])
        oangs1 = num.vstack([tTh0.flatten(), eta1.flatten(), ome1.flatten()])

        return gVec_s, oangs0, oangs1


    def __makeScatteringVectors(self, rMat, bMat=None, chiTilt=None):
        """
        modeled after QFromU.m
        """

        if bMat is None:
            bMat = self.__latVecOps['B']

        Qs_vec  = []
        Qs_ang0 = []
        Qs_ang1 = []
        for iHKLr, hklData in enumerate(self.hklDataList):
            if not self.__thisHKL(iHKLr): continue

            thisQs, thisAng0, thisAng1 = \
                    PlaneData.makeScatteringVectors(hklData['symHKLs'], rMat, bMat,
                                                    self.__wavelength, chiTilt=chiTilt)

            Qs_vec.append( thisQs )
            Qs_ang0.append( thisAng0 )
            Qs_ang1.append( thisAng1 )

        return Qs_vec, Qs_ang0, Qs_ang1


[docs]def getFriedelPair(tth0, eta0, *ome0, **kwargs):
    """
    Get the diffractometer angular coordinates in degrees for
    the Friedel pair of a given reflection (min angular distance).

    AUTHORS:

    J. V. Bernier -- 10 Nov 2009

    USAGE:

    ome1, eta1 = getFriedelPair(tth0, eta0, *ome0,
                                display=False,
                                units='degrees',
                                convention='hexrd')

    INPUTS:

    1) tth0 is a list (or ndarray) of 1 or n the bragg angles (2theta) for
       the n reflections (tiled to match eta0 if only 1 is given).

    2) eta0 is a list (or ndarray) of 1 or n azimuthal coordinates for the n
       reflections  (tiled to match tth0 if only 1 is given).

    3) ome0 is a list (or ndarray) of 1 or n reference oscillation
       angles for the n reflections (denoted omega in [1]).  This argument
       is optional.

    4) Keyword arguments may be one of the following:

    Keyword             Values|{default}        Action
    --------------      --------------          --------------
    'display'           True|{False}            toggles display info to cmd line
    'units'             'radians'|{'degrees'}   sets units for input angles
    'convention'        'fable'|{'hexrd'}         sets conventions defining
                                                the angles (see below)
    'chiTilt'           None                    the inclination (about Xlab) of
                                                the oscillation axis

    OUTPUTS:

    1) ome1 contains the oscialltion angle coordinates of the
       Friedel pairs associated with the n input reflections, relative to ome0
       (i.e. ome1 = <result> + ome0).  Output is in DEGREES!

    2) eta1 contains the azimuthal coordinates of the Friedel
       pairs associated with the n input reflections.  Output units are
       controlled via the module variable 'outputDegrees'

    NOTES:

    JVB) The ouputs ome1, eta1 are written using the selected convention, but the
         units are alway degrees.  May change this to work with Nathan's global...

    JVB) In the 'fable' convention [1], {XYZ} form a RHON basis where X is
         downstream, Z is vertical, and eta is CCW with +Z defining eta = 0.

    JVB) In the 'hexrd' convention [2], {XYZ} form a RHON basis where Z is upstream,
         Y is vertical, and eta is CCW with +X defining eta = 0.

    REFERENCES:

    [1] E. M. Lauridsen, S. Schmidt, R. M. Suter, and H. F. Poulsen,
        ``Tracking: a method for structural characterization of grains in
        powders or polycrystals''. J. Appl. Cryst. (2001). 34, 744--750

    [2] J. V. Bernier, M. P. Miller, J. -S. Park, and U. Lienert,
        ``Quantitative Stress Analysis of Recrystallized OFHC Cu Subject
        to Deformed In Situ'', J. Eng. Mater. Technol. (2008). 130.
        DOI:10.1115/1.2870234
    """

    dispFlag  = False
    fableFlag = False
    chi       = None
    c1        = 1.
    c2        = pi/180.
    zTol      = 1.e-7

    # cast to arrays (in case they aren't)
    if num.isscalar(eta0):
        eta0 = [eta0]

    if num.isscalar(tth0):
        tth0 = [tth0]

    if num.isscalar(ome0):
        ome0 = [ome0]

    eta0 = num.asarray(eta0)
    tth0 = num.asarray(tth0)
    ome0 = num.asarray(ome0)

    if eta0.ndim != 1:
        raise RuntimeError, 'your azimuthal input was not 1-D, so I do not know what you expect me to do'

    npts = len(eta0)

    if tth0.ndim != 1:
        raise RuntimeError, 'your Bragg angle input was not 1-D, so I do not know what you expect me to do'
    else:
        if len(tth0) != npts:
            if len(tth0) == 1:
                tth0 = tth0*num.ones(npts)
            elif npts == 1:
                npts = len(tth0)
                eta0 = eta0*num.ones(npts)
            else:
                raise RuntimeError, 'the azimuthal and Bragg angle inputs are inconsistent'

    if len(ome0) == 0:
        ome0 = num.zeros(npts)                  # dummy ome0
    elif len(ome0) == 1 and npts > 1:
        ome0 = ome0*num.ones(npts)
    else:
        if len(ome0) != npts:
            raise RuntimeError('your oscialltion angle input is inconsistent; ' \
                               + 'it has length %d while it should be %d' % (len(ome0), npts) )

    # keyword args processing
    kwarglen = len(kwargs)
    if kwarglen > 0:
        argkeys = kwargs.keys()
        for i in range(kwarglen):
            if argkeys[i] == 'display':
                dispFlag = kwargs[argkeys[i]]
            elif argkeys[i] == 'convention':
                if kwargs[argkeys[i]].lower() == 'fable':
                    fableFlag = True
            elif argkeys[i] == 'units':
                if kwargs[argkeys[i]] == 'radians':
                    c1 = 180./pi
                    c2 = 1.
            elif argkeys[i] == 'chiTilt':
                if kwargs[argkeys[i]] is not None:
                    chi = kwargs[argkeys[i]]

    # a little talkback...
    if dispFlag:
        if fableFlag:
            print '\nUsing Fable angle convention\n'
        else:
            print '\nUsing image-based angle convention\n'

    # mapped eta input
    #   - in DEGREES, thanks to c1
    eta0 = mapAngle(c1*eta0, [-180, 180], units='degrees')
    if fableFlag:
        eta0  = 90 - eta0

    # must put args into RADIANS
    #   - eta0 is in DEGREES,
    #   - the others are in whatever was entered, hence c2
    eta0  = d2r*eta0
    tht0  = c2*tth0/2
    if chi is not None:
        chi = c2*chi
    else:
        chi = 0

    # ---------------------
    # SYSTEM SOLVE
    #
    #
    # cos(chi)cos(eta)cos(theta)sin(x) - cos(chi)sin(theta)cos(x) = sin(theta) - sin(chi)sin(eta)cos(theta)
    #
    #
    # Identity: a sin x + b cos x = sqrt(a**2 + b**2) sin (x + alfa)
    #
    #       /
    #       |      atan(b/a) for a > 0
    # alfa <
    #       | pi + atan(b/a) for a < 0
    #       \
    #
    # => sin (x + alfa) = c / sqrt(a**2 + b**2)
    #
    # must use both branches for sin(x) = n: x = u (+ 2k*pi) | x = pi - u (+ 2k*pi)
    #
    cchi = num.cos(chi);     schi = num.sin(chi)
    ceta = num.cos(eta0);    seta = num.sin(eta0)
    ctht = num.cos(tht0);    stht = num.sin(tht0)

    nchi = num.c_[0., cchi, schi].T

    gHat0_l = num.vstack([ceta * ctht,
                          seta * ctht,
                          stht])

    a = cchi*ceta*ctht
    b = cchi*schi*seta*ctht + schi*schi*stht - stht
    c = stht + cchi*schi*seta*ctht + schi*schi*stht

    # form solution
    abMag    = num.sqrt(a*a + b*b); assert num.all(abMag > 0), "Beam vector specification is infealible!"
    phaseAng = num.arctan2(b, a)
    rhs      = c / abMag; rhs[abs(rhs) > 1.] = num.nan
    rhsAng   = num.arcsin(rhs)

    # write ome angle output arrays (NaNs persist here)
    ome1 =          rhsAng - phaseAng
    ome2 = num.pi - rhsAng - phaseAng

    ome1 = mapAngle(ome1, [-num.pi, num.pi], units='radians')
    ome2 = mapAngle(ome2, [-num.pi, num.pi], units='radians')

    ome_stack = num.vstack([ome1, ome2])

    min_idx = num.argmin(abs(ome_stack), axis=0)

    ome_min = ome_stack[min_idx, range(len(ome1))]
    eta_min = num.nan * num.ones_like(ome_min)

    # mark feasible reflections
    goodOnes = -num.isnan(ome_min)

    numGood  = sum(goodOnes)
    tmp_eta  = num.empty(numGood)
    tmp_gvec = gHat0_l[:, goodOnes]
    for i in range(numGood):
        come = num.cos(ome_min[goodOnes][i])
        some = num.sin(ome_min[goodOnes][i])
        rchi = rotMatOfExpMap( num.tile(ome_min[goodOnes][i], (3, 1)) * nchi )
        gHat_l = num.dot(rchi, tmp_gvec[:, i].reshape(3, 1))
        tmp_eta[i] = num.arctan2(gHat_l[1], gHat_l[0])
        pass
    eta_min[goodOnes] = tmp_eta

    # everybody back to DEGREES!
    #     - ome1 is in RADIANS here
    #     - convert and put into [-180, 180]
    ome1 = mapAngle( mapAngle(r2d*ome_min, [-180, 180], units='degrees') + c1*ome0, [-180, 180], units='degrees')

    # put eta1 in [-180, 180]
    eta1 = mapAngle(r2d*eta_min, [-180, 180], units='degrees')

    if not outputDegrees:
        ome1 = d2r * ome1
        eta1 = d2r * eta1

    return ome1, eta1


[docs]def getDparms(lp, lpTag, radians=True):
    """
    Utility routine for getting dparms, that is the lattice parameters without symmetry -- 'triclinic'
    """
    latVecOps = latticeVectors(lp, tag=lpTag, radians=radians)
    return latVecOps['dparms']
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  Source code for hexrd.xrd.material

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
#
"""Module for XRD material class

Use the Material class directly for new materials.  Known
materials are defined by name in materialDict.
"""
from ConfigParser import SafeConfigParser as Parser
import numpy

from hexrd.xrd.crystallography import PlaneData as PData
from hexrd.xrd.spacegroup      import SpaceGroup as SG

from hexrd.valunits   import valWUnit
#
__all__ = ['Material', 'loadMaterialList']
#
# ================================================== Module Data
#
angstroms = lambda x: valWUnit('lp', 'length',  x, 'angstrom')
degrees   = lambda x: valWUnit('lp', 'angle',   x, 'degrees')
#
# ---------------------------------------------------CLASS:  Material
#
[docs]class Material(object):
    """Simple class for holding lattice parameters, accessible by name.

    The class references materials by name and contains lattice and
    space group data.
    """
    DFLT_NAME   = 'material'
    DFLT_SGNUM  = 230
    DFLT_LPARMS = [angstroms(1.0), angstroms(1.0), angstroms(1.0),
                   degrees(90.0), degrees(90.0), degrees(90.0)]
    DFLT_SSMAX  = 50

    DFLT_KEV    = valWUnit('wavelength', 'energy', 80.725e0, 'keV')
    DFLT_STR    = 0.002
    DFLT_TTH    = 0.002
    #
[docs]    def __init__(self, name=DFLT_NAME, cfgP=None):
        """Constructor for Material

        name -- (str) name of material
        cfgP -- (instance) configuration file parser with
             -- the material name as a section
        """
        #
        self.name = name
        self.description = ''
        #
        if cfgP:
            # Get values from configuration
            self._readCfg(cfgP)
            pass
        else:
            # Use default values
            self._lparms     = Material.DFLT_LPARMS
            self._hklMax     = Material.DFLT_SSMAX
            #
            self._beamEnergy = Material.DFLT_KEV
            #
            self.description = ''
            #
            self.sgnum       = Material.DFLT_SGNUM
            #
            pass
        return


    def __str__(self):
        """String representation"""
        s  = 'Material:  %s\n' % self.name
        if self.description:
            s  += '   description:  %s\n' % self.description
            pass
        s += '   plane Data:  %s' % str(self.planeData)
        return s

    def _readCfg(self, p):
        """Read values from config parser"""

        # Lattice parameters

        lpStrings = (
            ('a-in-angstroms', angstroms),
            ('b-in-angstroms', angstroms),
            ('c-in-angstroms', angstroms),
            ('alpha-in-degrees', degrees),
            ('beta-in-degrees',  degrees),
            ('gamma-in-degrees', degrees)
            )

        sgnum = p.getint(self.name, 'space-group')
        tmpSG = SG(sgnum)

        try:
            hklMax = p.getint(self.name, 'hkls-ssmax')
        except:
            hklMax = Material.DFLT_SSMAX

        try:
            beamEnergy = p.getfloat(self.name, 'beam-energy')
        except:
            beamEnergy = Material.DFLT_KEV

        lparams = []
        for ind in tmpSG.reqParams:
            param, unit = lpStrings[ind]
            lparams.append(unit(p.getfloat(self.name, param)))
            pass

        # Initialize
        self._hklMax     = hklMax
        self._beamEnergy = beamEnergy
        self._lparms     = self._toSixLP(sgnum, lparams)
        #
        self.sgnum      = sgnum
        #
        self.description = p.get(self.name, 'description')

        return

    def _newPdata(self):
        """Create a new plane data instance"""
        hkls = numpy.array(self.spaceGroup.getHKLs(self.hklMax)).T
        lprm = [self._lparms[i] for i in self.spaceGroup.reqParams]
        laue = self.spaceGroup.laueGroup
        self._pData = PData(hkls, lprm, laue,
                            self._beamEnergy, Material.DFLT_STR,
                            tThWidth=Material.DFLT_TTH)
        #
        #  Set default exclusions
        #
        dflt_excl = numpy.array(
            [1 for i in range(len(self._pData.exclusions))], dtype=bool)
        dflt_excl[:5] = False
        self._pData.exclusions = dflt_excl

        return

    def _toSixLP(self, sgn, lp):
        """Generate all six lattice parameters, making sure units are attached."""

        tmpSG = SG(sgn)
        lp6 = list(tmpSG.sixLatticeParams(lp))

        for i in range(6): # make sure angles have attached units
            if not hasattr(lp6[i], 'getVal'):
                if i in range(3):
                    lp6[i] = angstroms(lp6[i])
                else:
                    lp6[i] = degrees(lp6[i])
                    pass
                pass
            pass

        return lp6
    #
    # ============================== API
    #
    #  ========== Properties
    #

    # property:  spaceGroup

    @property
[docs]    def spaceGroup(self):
        """(read only) Space group"""
        return self._spaceGroup

    # property:  sgnum


    def _get_sgnum(self):
        """Get method for sgnum"""
        return self._sgnum

    def _set_sgnum(self, v):
        """Set method for sgnum"""
        self._sgnum = v
        self._spaceGroup = SG(self._sgnum)
        self._newPdata()

        return

    sgnum = property(_get_sgnum, _set_sgnum, None,
                                "Space group number")
    # property:  beamEnergy

    def _get_beamEnergy(self):
        """Get method for beamEnergy"""
        return self._beamEnergy

    def _set_beamEnergy(self, keV):
        """
        Set method for beamEnergy

        * note that units are assumed to be keV for
          float arguments.  Also can take a valWUnit
          instance
        """
        self._beamEnergy = keV
        self.planeData.wavelength = keV

        return

    beamEnergy = property(_get_beamEnergy, _set_beamEnergy, None,
                          "Beam energy in keV")

    # property:  hklMax

    def _get_hklMax(self):
        """Get method for hklMax"""
        return self._hklMax

    def _set_hklMax(self, v):
        """Set method for hklMax"""
        self._hklMax = v
        self._newPdata() # update planeData
        return

    hklMax = property(_get_hklMax, _set_hklMax, None,
                                "Max sum of squares for HKLs")
    # property:  planeData

    @property
[docs]    def planeData(self):
        """(read only) Return the planeData attribute (lattice parameters)"""
        return self._pData

    # property:  latticeParameters


    def _get_latticeParameters(self):
        """Get method for latticeParameters"""
        return self._lparms

    def _set_latticeParameters(self, v):
        """Set method for latticeParameters"""
        self._lparms = self._toSixLP(self.sgnum, v)
        #self._newPdata()
        self.planeData.lparms = v

        return

    lpdoc = r"""Lattice parameters

On output, all six paramters are returned.

On input, either all six or a minimal set is accepted.

The values have units attached, i.e. they are valWunit instances.
"""
    latticeParameters = property(_get_latticeParameters, _set_latticeParameters,
                                 None, lpdoc)

    # property:  "name"

    def _get_name(self):
        """Set method for name"""
        return self._name

    def _set_name(self, v):
        """Set method for name"""
        self._name = v

        return

    name = property(_get_name, _set_name, None,
                    "Name of material" )
    #
    #  ========== Methods
    #
    #
    pass  # end class
#
#  -----------------------------------------------END CLASS:  Material
#
#  Utility Functions
#

[docs]def loadMaterialList(cfgFile):
    """Load a list of materials from a file

    The file uses the config file format.  See ConfigParser module.
"""
    p = Parser()
    p.read(cfgFile)
    #
    #  Each section defines a material
    #
    names = p.sections()
    matList = [Material(n, p) for n in names]
    # Sort the list
    matList = sorted(matList, key = lambda x: x.name)

    return matList
#
#  ============================== Executable section for testing
#

if __name__ == '__main__':
    #
    #  For testing
    #
    import sys

    if len(sys.argv) == 1:
        print "need argument:  materials.cfg"
        sys.exit()
        pass

    ml = loadMaterialList(sys.argv[1])

    print 'MATERIAL LIST\n'
    print '   from file:  ', sys.argv[1]
    for m in ml: print m

    pass





          

      

      

    


    
        © Copyright 2014, Joel Bernier, et. al..
      Last updated on Mar 10, 2015.
      Created using Sphinx 1.2.2.
    

  

_modules/hexrd/xrd/hydra.html


    
      Navigation


      
        		
          index


        		
          modules |


        		hexrd 0.2.3.dev documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for hexrd.xrd.hydra

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
#
"""Hydra detector tools

This is just a first pass at laying out a class for the hydra reader.
Needs much more development.
"""
#
# ---------------------------------------------------CLASS:  Hydra
#
[docs]class Hydra(object):
    """Hydra image processing"""
[docs]    def __init__(self):
        """Constructor for Hydra."""
        #
        #  These arrays need four entries
        #
        self.readers = 4*[None]
        self.images  = 4*[None]
        #
        return
    #
    # ============================== API
    #
    #                     ========== Properties
    #
    #                     ========== Public Methods
    #

[docs]    def loadImages(self):
        """Load the four hydra images"""
        print 'loading images'
        reader1 = self.readers[0]
        aggMode = reader1.aggModeOp
        nrFrame = reader1.getNumberOfFrames() # number of reader frames
        if aggMode:
            rdFrames = nrFrame
        else:
            rdFrames = 1
            pass

        for i in range(4):
            ri = self.readers[i].makeReader()
            self.images[i] = ri.read(nframes= rdFrames,
                                     sumImg = aggMode)
            print 'done %d' % i
            pass

        return
    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  Hydra
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  Source code for hexrd.xrd.detector

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================

import math
import copy
import os
import time
import sys

try:
    import Image
    haveImageModule = True
except:
    haveImageModule = False

haveThreading = True
try:
    import threading
except:
    haveThreading = False

import numpy as num
from scipy import sparse
from scipy.optimize import fsolve
from scipy.optimize import leastsq
import matplotlib
from matplotlib import cm, colors
from matplotlib import mlab
from matplotlib.widgets import Slider, Button, RadioButtons

from hexrd import xrd
from hexrd.xrd.xrdbase import getGaussNDParams, dataToFrame
from hexrd.xrd.crystallography import processWavelength
from hexrd.xrd.rotations import mapAngle
from hexrd.xrd.rotations import rotMatOfExpMap
from hexrd.xrd.rotations import rotMatOfExpMap, arccosSafe
from hexrd.quadrature import q1db
from hexrd.quadrature import q2db
from hexrd.matrixutil import unitVector
from hexrd import valunits

havePlotWrap = True
try:
    from hexrd import plotwrap
except:
    havePlotWrap = False

d2r = piby180 = num.pi/180.
r2d = 1.0/d2r

bsize = 25000
ztol  = 1e-10

DFLT_XTOL = 1e-6

[docs]def angToXYIdeal(tTh, eta, workDist):
    rho = num.tan(tTh) * workDist
    x   = rho * num.cos(eta)
    y   = rho * num.sin(eta)
    return x, y


[docs]def mapAngs(eta, doMap=None):
    if doMap is None:
        doMap = num.all(num.cos(eta) < 0)
    if doMap:
        eta = mapAngle(eta, (0, 2*num.pi), units='radians')
    return eta


[docs]class FmtCoordIdeal:
[docs]    def __init__(self, planeData, workDist):
        self.planeData = planeData
        self.workDist  = workDist
        self.dataList  = []
        return

    def addDetectorData(self, iDetector, *data):
        self.dataList.append((iDetector,copy.deepcopy(data)))
    def __call__(self, x, y):
        rho = num.sqrt(x*x + y*y)
        eta = num.arctan2(y, x)
        tTh = num.arctan2(rho, self.workDist)
        for iDetector, data in self.dataList:
            xedges, yedges, h, mask = data
            ix = xedges.searchsorted(x)
            iy = yedges.searchsorted(y)
            if ix == 0 or ix == len(xedges) or iy == 0 or iy == len(yedges):
                intens = None
            elif mask[ix-1,iy-1]:
                intens = None
            else:
                intens = h[ix-1,iy-1]
            if intens is not None:
                if self.planeData is None:
                    retval = "detector %d : tth=%g eta=%g int=%g" \
                        % (iDetector, r2d*tTh, r2d*eta, intens)
                else:
                    dsp    = 0.5 * self.planeData.wavelength / num.sin(0.5*tTh)
                    HKLs   = str(self.planeData.getHKLs(asStr=True, allHKLs=True, thisTTh=tTh))
                    retval = "detector %d : d=%g tth=%g eta=%g int=%g \n HKLs=%s" \
                        % (iDetector, dsp, r2d*tTh, r2d*eta, intens, HKLs)
                return retval
        retval = 'off-detector'
        return retval


[docs]class ThreadReadFrame(threading.Thread):
[docs]    def __init__(self, img, readArgs, castArgs):
        threading.Thread.__init__(self)

        self.img   = img
        # self.dtype = dtype
        # self.count = count
        self.readArgs = readArgs
        self.castArgs = castArgs

        self.data = None
        # self.success  = None

        return


    def run(self):
        try:
            readData = num.fromfile(self.img, **self.readArgs)
            self.data = num.array(readData, **self.castArgs)
            self.success = True
        except:
            self.success = False
        return

# if readGE gets a base class, perhaps hang this there

[docs]def getCentered(vmin, vmax):
    centered = bool(-vmin > 0.4*vmax) # vmin < 0
    return centered

[docs]def getCMap(spec):
    if isinstance(spec, bool):
        if spec:
            cmap = cm.RdBu
        else:
            cmap = cm.bone
    elif isinstance(spec, str):
        if spec == 'hotAndCold':
            cdict = {'red'   : ((0.0,   0., 0.),
                                (0.457, 0., 0.),
                                (0.5,   1., 1.),
                                (0.542, 1., 1.),
                                (1.0,   1., 1.),
                                ),
                     'green' : ((0.0,   0., 0.),
                                (0.457, 1., 1.),
                                (0.5,   1., 1.),
                                (0.542, 1., 1.),
                                (1.0,   0., 0.),
                                ),
                     'blue'  : ((0.0,   1., 1.),
                                (0.457, 1., 1.),
                                (0.5,   1., 1.),
                                (0.542, 0., 0.),
                                (1.0,   0., 0.),
                                ),
                     }
            cmap = colors.LinearSegmentedColormap('hotAndCold',cdict,256)
        else:
            raise RuntimeError, 'unknown: '+str(spec)
    else:
        raise RuntimeError, 'unknown: '+str(spec)
    return cmap



[docs]class Framer2DRC(object):
    """
    Base class for readers.

    You can make an instance of this class and use it for most of the
    things a reader would do, other than actually reading frames
    """
[docs]    def __init__(self,
                 ncols, nrows,
                 dtypeDefault='int16', dtypeRead='uint16', dtypeFloat='float64'):
        self.__ncols = ncols
        self.__nrows = nrows
        self.__frame_dtype_dflt  = dtypeDefault
        self.__frame_dtype_read  = dtypeRead
        self.__frame_dtype_float = dtypeFloat

        self.__nbytes_frame  = num.nbytes[dtypeRead]*nrows*ncols

        return


    def get_ncols(self):
        return self.__ncols
    ncols = property(get_ncols, None, None)

    def get_nbytesFrame(self):
        return self.__nbytes_frame
    nbytesFrame = property(get_nbytesFrame, None, None)

    def get_nrows(self):
        return self.__nrows
    nrows = property(get_nrows, None, None)

    def get_dtypeDefault(self):
        return self.__frame_dtype_dflt
    dtypeDefault = property(get_dtypeDefault, None, None)
    def get_dtypeRead(self):
        return self.__frame_dtype_read
    dtypeRead = property(get_dtypeRead, None, None)
    def get_dtypeFloat(self):
        return self.__frame_dtype_float
    dtypeFloat = property(get_dtypeFloat, None, None)

    def getOmegaMinMax(self):
        raise NotImplementedError
[docs]    def getDeltaOmega(self):
        'needed in findSpotsOmegaStack'
        raise NotImplementedError

[docs]    def getNFrames(self):
        """
        number of total frames with real data, not number remaining
        needed in findSpotsOmegaStack
        """
        raise NotImplementedError

[docs]    def read(self, nskip=0, nframes=1, sumImg=False):
        'needed in findSpotsOmegaStack'
        raise NotImplementedError

[docs]    def getDark(self):
        'needed in findSpotsOmegaStack'
        raise NotImplementedError

[docs]    def getFrameOmega(self, iFrame=None):
        'needed in findSpotsOmegaStack'
        raise NotImplementedError



    @classmethod
[docs]    def maxVal(cls, dtypeRead):
        """
        maximum value that can be stored in the image pixel data type;
        redefine as desired
        """
        maxInt = num.iinfo(dtypeRead).max
        return maxInt


[docs]    def getEmptyMask(self):
        """
        convenience method for getting an emtpy mask or bin frame
        """
        # this used to be a class method
        mask = num.zeros([self.nrows, self.ncols], dtype=bool)
        return mask


    def getSize(self):
        retval = (self.nrows, self.ncols)
        return retval

    def frame(self, nframes=None, dtype=None, buffer=None, mask=None):
        if buffer is not None and dtype is None:
            if hasattr(buffer,'dtype'):
                dtype = buffer.dtype
        if dtype is None:
            dtype = self.__frame_dtype_dflt
        if nframes is None:
            shape = (self.nrows, self.ncols)
        else:
            assert mask is None,\
                'not coded: multiframe with mask'
            shape = (nframes, self.nrows, self.ncols)
        if buffer is None:
            retval = num.zeros(shape, dtype=dtype)
        else:
            retval = num.array(buffer, dtype=dtype).reshape(shape)
        if mask is not None:
            retval = num.ma.masked_array(retval, mask, hard_mask=True, copy=False)
        return retval

    @classmethod
    def display(cls,
                thisframe,
                roi = None,
                pw  = None,
                **kwargs
                ):
        # ... interpolation method that looks like max() so that do not miss peak pixels?

        if roi is not None:
            dROI   = thisframe[ roi[0][0]:roi[0][1], roi[1][0]:roi[1][1] ]
        else:
            dROI = thisframe
        vmin, vmax, cmap = cls.getDisplayArgs(dROI, kwargs)

        if havePlotWrap:
            if pw is None:
                p = plotwrap.PlotWrap(**kwargs)
                kwargs = {}
            else:
                p = pw
            p(dROI, vmin=vmin, vmax=vmax, cmap=cmap, **kwargs)
            # 'turn off format_coord because have not made this one report correctly'
            # p.a.format_coord = lambda x,y: ''
        # elif havePylab:
        #     assert pw is None, 'do not specify pw without plotwrap'
        #     retval = pylab.imshow(dROI, vmin=vmin, vmax=vmax, cmap=cm.bone)
        else:
            raise RuntimeError, 'no plotting pacakge available'

        retval = p
        return retval

    @classmethod
    def getDisplayArgs(cls, dROI, kwargs):
        range     = kwargs.pop('range',None)
        cmap      = kwargs.pop('cmap',None)
        dtypeRead = kwargs.pop('dtypeRead','uint16')

        roiMin = dROI.min()
        roiMax = dROI.max()
        #
        centered = getCentered(roiMin, roiMax)
        if dROI.dtype == 'bool' and range is None:
            centered = False
            vmin = 0
            vmax = 1
        elif dROI.dtype == 'float64' and \
                centered and \
                range is None:
            range = 2.0*num.max(num.abs(dROI))
            thr   = 0.0
            vmin = thr-range/2
            vmax = thr+range/2
        else:
            centered = False
            vmin, vmax = cls.getVMM(dROI, range=range, dtypeRead=dtypeRead)
        #
        if cmap is None:
            cmap = getCMap(centered)

        return vmin, vmax, cmap

    @classmethod
    def getVMM(cls, dROI, range=None, dtypeRead='uint16'):
        if range is None:
            range = 200.
        if hasattr(range,'__len__'):
            assert len(range) == 2, 'wrong length for value range'
            vmin = range[0]
            vmax = range[1]
        else:
            thr    = dROI.mean()
            vmin = max(0,            thr-range/2) # max(dROI.min(), thr-range/2)
            vmax = min(cls.maxVal(dtypeRead), thr+range/2)
        return vmin, vmax


[docs]def omeRangeToFrameRange(omeA, omeB, omegaStart, omegaDelta, nFrames, checkWrap=True, slicePad=1):
    """
    assumes omegas are evenly spaced
    omegaDelta may be negative
    """
    retval = None

    wrapsAround = abs( ( nFrames * abs(omegaDelta) ) - ( 2.0 * num.pi ) ) < 1.0e-6
    iFA = int((omeA - omegaStart) / omegaDelta)
    iFB = int((omeB - omegaStart) / omegaDelta)

    if checkWrap and wrapsAround:
        iFAW = iFA % nFrames
        shift = iFAW - iFA
        iFBW = iFB + shift
        if iFBW < 0:
            retval = [ (iFBW+nFrames, nFrames-1 + slicePad), (0, iFAW + slicePad) ]
            # print '...*** making split range ...*** %g %g %g %g ' % (iFA, iFB, iFAW, iFBW) +str(retval)
        elif iFBW >= nFrames:
            retval = [ (iFA, nFrames-1 + slicePad), (0, iFBW-nFrames + slicePad) ]
            # print '...*** making split range ...*** %g %g %g %g ' % (iFA, iFB, iFAW, iFBW) +str(retval)
        else:
            iFA = iFAW
            iFB = iFBW
            retval = None

    if retval is None:
        rawFrameRange = num.sort(num.hstack( (iFA, iFB) ))
        retval = (
            num.hstack( (rawFrameRange, 0) )[0],
            num.hstack( (nFrames-1, rawFrameRange ) )[-1] + slicePad,
            )
    return retval
#

[docs]def frameInRange(iFrame, frameRange):
    """
    for use with output from omeRangeToFrameRange;
    trust that slicePad=1 was used in omeRangeToFrameRange
    """
    retval = False
    if hasattr(frameRange[0],'index'):
        for frameRangeThis in frameRange:
            if iFrame >= frameRangeThis[0] and iFrame < frameRangeThis[1]:
                retval = True
                # print '...*** found in range for split range ...***'
                break
    else:
        if iFrame >= frameRange[0] and iFrame < frameRange[1]:
            retval = True
    return retval


[docs]def getNFramesFromBytes(fileBytes, nbytesHeader, nbytesFrame):
    assert (fileBytes - nbytesHeader) % nbytesFrame == 0,\
        'file size not correct'
    nFrames = int((fileBytes - nbytesHeader) / nbytesFrame)
    if nFrames*nbytesFrame + nbytesHeader != fileBytes:
        raise RuntimeError, 'file size not correctly calculated'
    return nFrames


[docs]class FrameWriter(Framer2DRC):
[docs]    def __init__(self, *args, **kwargs):
        self.filename        = kwargs.pop('filename')
        self.__nbytes_header = kwargs.pop('nbytesHeader', 0)
        self.__nempty        = kwargs.pop('nempty', 0)
        self.__nempty        = kwargs.pop('nempty', 0)

        Framer2DRC.__init__(self, *args, **kwargs)

        self.nFrame = 0
        self.img = open(self.filename, mode='wb')

        # skip header for now
        self.img.seek(self.__nbytes_header, 0)
        if self.__nempty > 0:
            self.img.seek(self.nbytesFrame*self.__nempty, 1)

        return

    def write(self, data, doAllChecks=True):

        # if nskip > 0:
        #     self.img.seek(self.__nbytes_frame*nskip, 1)

        assert len(data.shape) == 2, 'data is not 2D'
        assert data.shape[0] == self.nrows, 'number of rows is wrong'
        assert data.shape[1] == self.ncols, 'number of rows is wrong'

        intType = False

        if   num.result_type(self.dtypeRead).kind == 'u':
            intType = True
            if data.dtype.kind == 'u':
                'all set'
            else:
                if num.any(data < 0):
                    raise RuntimeError, 'trying to write negative data to unsigned type'
                data = data.astype(self.dtypeRead)
        elif num.result_type(self.dtypeRead).kind == 'i':
            intType = True
            data = data.astype(self.dtypeRead)
        else:
            data = data.astype(self.dtypeRead)

        if doAllChecks and intType:
            dataMax = data.max()
            readMax = num.iinfo(self.dtypeRead).max
            if dataMax > readMax :
                raise RuntimeError, 'max of %g greater than supported value of %g' % (dataMax, readMax)

        data.tofile(self.img)

        return
    def __call__(self, *args, **kwargs):
        return self.write(*args, **kwargs)
    def close(self):
        self.img.close()
        return


[docs]class ReadGeneric(Framer2DRC):
    '''
    may eventually want ReadGE to inherit from this, or pull common things
    off to a base class
    '''
[docs]    def __init__(self, filename, ncols, nrows, *args, **kwargs):
        self.filename        = filename
        self.__nbytes_header = kwargs.pop('nbytes_header', 0)
        self.__nempty        = kwargs.pop('nempty', 0)
        doFlip               = kwargs.pop('doFlip', False)
        self.subtractDark    = kwargs.pop('subtractDark', False)

        'keep things for makeNew convenience'
        self.__args   = args
        self.__kwargs = kwargs

        if doFlip is not False:
            raise NotImplementedError, 'doFlip not False'
        if self.subtractDark is not False:
            raise NotImplementedError, 'subtractDark not False'

        Framer2DRC.__init__(self, ncols, nrows, **kwargs)

        self.dark = None
        self.dead = None
        self.mask = None

        self.__wrapsAround       = False # default

        self.omegaStart = None
        self.omegaDelta = None
        self.omegas = None
        #
        if len(args) == 0:
            pass
        elif len(args) == 2:
            self.omegaStart = omegaStart = args[0]
            self.omegaDelta = omegaDelta = args[1]
        else:
            raise RuntimeError, 'do not know what to do with args: '+str(args)
        self.omegas = None
        if self.omegaStart is not None:
            if hasattr(omegaStart, 'getVal'):
                omegaStart = omegaStart.getVal('radians')
            if hasattr(omegaDelta, 'getVal'):
                omegaDelta = omegaDelta.getVal('radians')
            nFramesTot = self.getNFrames()
            self.omegas = \
                num.arange(omegaStart, omegaStart+omegaDelta*(nFramesTot-0.5), omegaDelta) + \
                0.5 * omegaDelta # put omegas at mid-points of omega range for frame
            omegaEnd = omegaStart+omegaDelta*(nFramesTot)
            self.omegaMin = min(omegaStart, omegaEnd)
            self.omegaMax = max(omegaStart, omegaEnd)
            self.omegaDelta = omegaDelta
            self.omegaStart = omegaStart
            self.__wrapsAround = abs( ( nFramesTot * abs(omegaDelta) ) / ( 2.0 * num.pi ) - 1.0 ) < 1.0e-6

        if len(kwargs) > 0:
            raise RuntimeError, 'unparsed kwargs : %s' + str(kwargs.keys())

        self.iFrame = -1 # counter for last global frame that was read

        self.img = None
        if self.filename is not None:
            if self.filename.split('.') == 'bz2':
                self.img = bz2.BZ2File(self.filename, mode='rb')
            else:
                self.img = open(self.filename, mode='rb')
            # skip header for now
            self.img.seek(self.__nbytes_header, 0)
            if self.__nempty > 0:
                self.img.seek(self.nbytesFrame*self.__nempty, 1)

        return


[docs]    def makeNew(self):
        """return a clean instance for the same data files
        useful if want to start reading from the beginning"""
        newSelf = self.__class__(self.filename, self.ncols, self.nrows, *self.__args, **self.__kwargs)
        return newSelf

    def get_wrapsAround(self):
        return self.__wrapsAround
    wrapsAround = property(get_wrapsAround, None, None)

    def getFrameUseMask(self):
        return False
    def __flip(self, thisframe):
        return thisframe

    '''
    def read(self, nskip=0, nframes=1, sumImg=False):

        if not nframes == 1:
            raise NotImplementedError, 'nframes != 1'
        if not sumImg == False:
            raise NotImplementedError, 'sumImg != False'

        data = self.__readNext(nskip=nskip)

        self.iFrame += nskip + 1

        return data
    '''
    def __call__(self, *args, **kwargs):
        return self.read(*args, **kwargs)
[docs]    def read(self, nskip=0, nframes=1, sumImg=False):
        """
        sumImg can be set to True or to something like numpy.maximum
        """

        if self.img is None:
            raise RuntimeError, 'no image file open'

        'get iFrame ready for how it is used here'
        self.iFrame = num.atleast_1d(self.iFrame)[-1]
        iFrameList = []
        multiframe = nframes > 1

        nFramesInv = 1.0 / nframes
        doDarkSub = self.subtractDark # and self.dark is not None

        if doDarkSub:
            assert self.dark is not None, 'self.dark is None'

        # assign storage array
        if sumImg:
            sumImgCallable = hasattr(sumImg,'__call__')
            imgOut = self.frame(dtype=self.dtypeFloat, mask=self.dead)
        elif multiframe:
            imgOut = self.frame(nframes=nframes, dtype=self.dtypeDflt, mask=self.dead)


        # now read data frames
        for i in range(nframes):

            #data = self.__readNext(nskip=nskip)
            #thisframe = data.reshape(self.__nrows, self.__ncols)
            data = self.__readNext(nskip=nskip) # .reshape(self.__nrows, self.__ncols)
            self.iFrame += nskip + 1
            nskip=0 # all done skipping once have the first frame!
            iFrameList.append(self.iFrame)
            # dark subtraction
            if doDarkSub:
                'used to have self.dtypeFloat here, but self.dtypeDflt does the trick'
                thisframe = self.frame(buffer=data,
                                       dtype=self.dtypeDflt, mask=self.dead) - self.dark
            else:
                thisframe = self.frame(buffer=data,
                                       mask=self.dead)

            # flipping
            thisframe = self.__flip(thisframe)

            # masking (True get zeroed)
            if self.mask is not None:
                if self.getFrameUseMask():
                    thisframe[self.mask] = 0

            # assign output
            if sumImg:
                if sumImgCallable:
                    imgOut = sumImg(imgOut, thisframe)
                else:
                    imgOut = imgOut + thisframe * nFramesInv
            elif multiframe:
                imgOut[i, :, :] = thisframe[:, :]
        'end of loop over nframes'

        if sumImg:
            # imgOut = imgOut / nframes # now taken care of above
            pass
        elif not multiframe:
            imgOut = thisframe

        if multiframe:
            'make iFrame a list so that omega or whatever can be averaged appropriately'
            self.iFrame = iFrameList
        return imgOut


    def getNFrames(self, lessEmpty=True):
        fileBytes = os.stat(self.filename).st_size
        nFrames = getNFramesFromBytes(fileBytes, self.__nbytes_header, self.nbytesFrame)
        if lessEmpty:
            nFrames -= self.__nempty
        return nFrames

    def getOmegaMinMax(self):
        assert self.omegas is not None,\
            """instance does not have omega information"""
        return self.omegaMin, self.omegaMax
    def getDeltaOmega(self, nframes=1):
        assert self.omegas is not None,\
            """instance does not have omega information"""
        return self.omegaDelta * nframes
    def getDark(self):
        'no dark yet supported'
        return 0
    def frameToOmega(self, frame):
        scalar = num.isscalar(frame)
        frames = num.asarray(frame)
        if frames.dtype == int:
            retval = self.omegas[frames]
        else:
            retval = (frames + 0.5) * self.omegaDelta + self.omegaStart
        if scalar:
            retval = num.asscalar(retval)
        return retval
    def getFrameOmega(self, iFrame=None):
        """if iFrame is none, use internal counter"""
        assert self.omegas is not None,\
            """instance does not have omega information"""
        if iFrame is None:
            iFrame = self.iFrame
        if hasattr(iFrame, '__len__'):
            'take care of case nframes>1 in last call to read'
            retval = num.mean(self.omegas[iFrame])
        else:
            retval = self.omegas[iFrame]
        return retval

    def __readNext(self, nskip=0):
        if self.img is None:
            raise RuntimeError, 'no image file open'

        if nskip > 0:
            self.img.seek(self.nbytesFrame*nskip, 1)
        data = num.fromfile(self.img,
                            dtype=self.dtypeRead,
                            count=self.nrows*self.ncols)
        return data

    def getNFrames(self, lessEmpty=True):
        fileBytes = os.stat(self.filename).st_size
        nFrames = getNFramesFromBytes(fileBytes, self.__nbytes_header, self.nbytesFrame)
        if lessEmpty:
            nFrames -= self.__nempty
        return nFrames

    def getOmegaMinMax(self):
        assert self.omegas is not None,\
            """instance does not have omega information"""
        return self.omegaMin, self.omegaMax
    def getDeltaOmega(self, nframes=1):
        assert self.omegas is not None,\
            """instance does not have omega information"""
        return self.omegaDelta * nframes
[docs]    def getDark(self):
        'no dark yet supported'
        return 0

[docs]    def getFrameOmega(self, iFrame=None):
        """if iFrame is none, use internal counter"""
        assert self.omegas is not None,\
            """instance does not have omega information"""
        if iFrame is None:
            iFrame = self.iFrame
        if hasattr(iFrame, '__len__'):
            'take care of case nframes>1 in last call to read'
            retval = num.mean(self.omegas[iFrame])
        else:
            retval = self.omegas[iFrame]
        return retval


    def getWriter(self, filename):
        # if not self.doFlip is False:
        #     raise NotImplementedError, 'doFlip true not coded'
        new = FrameWriter(self.ncols, self.nrows,
                          filename=filename,
                          dtypeDefault=self.dtypeDefault,
                          dtypeRead=self.dtypeRead,
                          dtypeFloat=self.dtypeFloat,
                          nbytesHeader=self.__nbytes_header)
        return new


[docs]class ReadGE(Framer2DRC):
    """
    Read in raw GE files; this is the class version of the foregoing functions

    NOTES

    *) The flip axis ('v'ertical) was verified on 06 March 2009 by
       JVB and UL.  This should be rechecked if the configuration of the GE
       changes or you are unsure.

    *) BE CAREFUL! nframes should be < 10 or so, or you will run out of
       memory in the namespace on a typical machine.

    *) The header is currently ignored

    *) If a dark is specified, this overrides the use of empty frames as
       background; dark can be a file name or frame

    *) In multiframe images where background subtraction is requested but no
       dark is specified, attempts to use the
       empty frame(s).  An error is returned if there are not any specified.
       If there are multiple empty frames, the average is used.

    """
    """
    It is likely that some of the methods here should be moved up to a base class
    """
    __nbytes_header    = 8192
    __idim             = 2048
    __nrows = __idim
    __ncols = __idim
    __frame_dtype_dflt = 'int16' # good for doing subtractions
    __frame_dtype_read = 'uint16'
    __frame_dtype_float = 'float64'
    __nbytes_frame     = num.nbytes[num.uint16]*__nrows*__ncols # = 2*__nrows*__ncols
    __debug = False
    __useThreading = True and haveThreading
    __location = '  ReadGE'
    __readArgs = {
        'dtype' : __frame_dtype_read,
        'count' : __nrows*__ncols
        }
    __castArgs = {
        'dtype' : __frame_dtype_dflt
        }
    __inParmDict = {
        'omegaStart':None,
        'omegaDelta':None,
        'subtractDark':False,
        'mask':None,
        'useMask':None,
        'dark':None,
        'dead':None,
        'nDarkFrames':1,
        'doFlip':True,
        'flipArg':'v',
        }
    # 'readHeader':False
[docs]    def __init__(self,
                 fileInfo,
                 *args,
                 **kwargs):
        """
        meant for reading a series of frames from an omega sweep, with fixed delta-omega
        for each frame

        omegaStart and omegaDelta can follow fileInfo or be specified in whatever order by keyword

        fileInfo: string, (string, nempty), or list of (string, nempty) for multiple files

        for multiple files and no dark, dark is formed only from empty
        frames in the first file
        """

        Framer2DRC.__init__(self,
                            self.__nrows, self.__ncols,
                            dtypeDefault = self.__frame_dtype_dflt,
                            dtypeRead    = self.__frame_dtype_read,
                            dtypeFloat   = self.__frame_dtype_float,
                            )

        # defaults
        self.__kwPassed = {}
        for parm, val in self.__inParmDict.iteritems():
            self.__kwPassed[parm] = kwargs.has_key(parm)
            if kwargs.has_key(parm):
                val = kwargs.pop(parm)
            self.__setattr__(parm, val)
        if len(kwargs) > 0:
            raise RuntimeError, 'unparsed keyword arguments: '+str(kwargs.keys())
        if len(args) == 0:
            pass
        elif len(args) == 2:
            self.omegaStart = args[0]
            self.omegaDelta = args[1]
        else:
            raise RuntimeError, 'do not know what to do with args : '+str(args)

        # initialization
        self.omegas = None
        self.img = None
        self.th  = None
        self.fileInfo      = None
        self.fileInfoR     = None
        self.nFramesRemain = None # remaining in current file
        self.iFrame = -1 # counter for last global frame that was read
        self.__wrapsAround = False # default

        if self.dark is not None:
            if not self.__kwPassed['subtractDark']:
                'subtractDark was not explicitly passed, set it True'
                self.subtractDark = True
            if isinstance(self.dark, str):
                darkFile = self.dark
                self.dark = ReadGE.readDark(darkFile, nframes=self.nDarkFrames)
                self.__log('got dark from %d frames in file %s' % (self.nDarkFrames, darkFile))
            elif isinstance(self.dark, num.ndarray):
                assert self.dark.size == self.__nrows * self.__ncols, \
                    'self.dark wrong size'
                self.dark.shape = (self.__nrows, self.__ncols)
                if self.dark.dtype.name == self.__frame_dtype_read:
                    'protect against unsigned-badness when subtracting'
                    self.dark = self.dark.astype(self.__frame_dtype_dflt)
                self.__log('got dark from ndarray input')
            else:
                raise RuntimeError, 'do not know what to do with dark of type : '+str(type(self.dark))

        if fileInfo is not None:
            self.__setupRead(fileInfo, self.subtractDark, self.mask, self.omegaStart, self.omegaDelta)

        return

    # property:  useThreading


    @property
    def useThreading(self):
        """turn threading on or off"""
        return self.__useThreading

    @useThreading.setter
[docs]    def useThreading(self, v):
        """Set method for useThreading"""
        self.__useThreading = haveThreading and v
        return


    @classmethod
[docs]    def display(cls,
                thisframe,
                roi = None,
                pw  = None,
                **kwargs
                ):
        'this is a bit ugly in that it sidesteps the dtypeRead property'
        retval = Framer2DRC.display(thisframe, roi=roi, pw=pw, dtypeRead=cls.__frame_dtype_read)
        return retval


    @classmethod
[docs]    def readRaw(cls, fname, mode='raw', headerlen=0):
        '''
        read a raw binary file;
        if specified, headerlen is in bytes;
        does not do any flipping
        '''
        print cls
        if hasattr(cls, 'doFlip'):
            print 'has doFlip'
        img = open(fname, mode='rb')
        if headerlen > 0:
            img.seek(headerlen, 0)
        if mode == 'raw' or mode == 'avg':
            dtype = cls.__frame_dtype_read
        elif mode == 'sum':
            dtype = 'float32'
        else:
            raise RuntimeError, 'unknown mode : '+str(mode)
        thisframe = num.fromfile(img, dtype=dtype, count=cls.__nrows*cls.__ncols).reshape(cls.__nrows, cls.__ncols)
        return thisframe

[docs]    def rawRead(self, *args, **kwargs):
        '''
        wrapper around readRaw that does the same flipping as the reader instance from which it is called
        '''
        thisframe = self.__flip(self.readRaw(*args, **kwargs))
        return thisframe

    @classmethod
[docs]    def readDark(cls, darkFile, nframes=1):
        'dark subtraction is done before flipping, so do not flip when reading either'
        darkReader = ReadGE(darkFile, doFlip=False)
        dark = darkReader.read(nframes=nframes, sumImg=True).astype(cls.__frame_dtype_dflt)
        darkReader.close()
        return dark

[docs]    def makeNew(self):
        """return a clean instance for the same data files
        useful if want to start reading from the beginning"""
        inParmDict = {}
        inParmDict.update(self.__inParmDict)
        for key in self.__inParmDict.keys():
            inParmDict[key] = eval("self."+key)
        newSelf = self.__class__(self.fileInfo, **inParmDict)
        return newSelf

    def getRawReader(self, doFlip=False):
        new = self.__class__(self.fileInfo, doFlip=doFlip)
        return new

    def get_nbytes_header(self):
        return self.__nbytes_header
    nbytesHeader = property(get_nbytes_header, None, None)

    def getWriter(self, filename):
        if not self.doFlip is False:
            raise NotImplementedError, 'doFlip true not coded'
        new = FrameWriter(self.ncols, self.nrows,
                          filename=filename,
                          dtypeDefault=self.dtypeDefault,
                          dtypeRead=self.dtypeRead,
                          dtypeFloat=self.dtypeFloat,
                          nbytesHeader=self.nbytesHeader)
        return new

    def __setupRead(self, fileInfo, subtractDark, mask, omegaStart, omegaDelta):

        self.fileInfo = fileInfo
        self.fileListR = self.__convertFileInfo(self.fileInfo)
        self.fileListR.reverse() # so that pop reads in order

        self.subtractDark = subtractDark
        self.mask         = mask

        if self.dead is not None:
            self.deadFlipped = self.__flip(self.dead)

        assert (omegaStart is None) == (omegaDelta is None),\
            'must provide either both or neither of omega start and delta'
        if omegaStart is not None:
            if hasattr(omegaStart, 'getVal'):
                omegaStart = omegaStart.getVal('radians')
            if hasattr(omegaDelta, 'getVal'):
                omegaDelta = omegaDelta.getVal('radians')
            nFramesTot = self.getNFrames()
            self.omegas = \
                num.arange(omegaStart, omegaStart+omegaDelta*(nFramesTot-0.5), omegaDelta) + \
                0.5 * omegaDelta # put omegas at mid-points of omega range for frame
            omegaEnd = omegaStart+omegaDelta*(nFramesTot)
            self.omegaMin = min(omegaStart, omegaEnd)
            self.omegaMax = max(omegaStart, omegaEnd)
            self.omegaDelta = omegaDelta
            self.omegaStart = omegaStart
            self.__wrapsAround = abs( ( nFramesTot * abs(omegaDelta) ) / ( 2.0 * num.pi ) - 1.0 ) < 1.0e-6

        self.__nextFile()

        return

    def get_wrapsAround(self):
        return self.__wrapsAround
    wrapsAround = property(get_wrapsAround, None, None)

[docs]    def getNFrames(self):
        """number of total frames with real data, not number remaining"""
        nFramesTot = self.getNFramesFromFileInfo(self.fileInfo)
        return nFramesTot

    def getDeltaOmega(self, nframes=1):
        assert self.omegas is not None,\
            """instance does not have omega information"""
        return self.omegaDelta * nframes
    def getOmegaMinMax(self):
        assert self.omegas is not None,\
            """instance does not have omega information"""
        return self.omegaMin, self.omegaMax
    def frameToOmega(self, frame):
        scalar = num.isscalar(frame)
        frames = num.asarray(frame)
        if frames.dtype == int:
            retval = self.omegas[frames]
        else:
            retval = (frames + 0.5) * self.omegaDelta + self.omegaStart
        if scalar:
            retval = num.asscalar(retval)
        return retval
[docs]    def getFrameOmega(self, iFrame=None):
        """if iFrame is none, use internal counter"""
        assert self.omegas is not None,\
            """instance does not have omega information"""
        if iFrame is None:
            iFrame = self.iFrame
        if hasattr(iFrame, '__len__'):
            'take care of case nframes>1 in last call to read'
            retval = num.mean(self.omegas[iFrame])
        else:
            retval = self.omegas[iFrame]
        return retval

    def omegaToFrame(self, omega, float=False):
        assert self.omegas is not None,\
            'instance does not have omega information'
        if self.__wrapsAround:
            'need to map omegas into range in case omega spans the branch cut'
            omega = self.omegaMin + omega % (2.0*num.pi)
        if float:
            assert omega >= self.omegaMin and omega <= self.omegaMax,\
                'omega %g is outside of the range [%g,%g] for the reader' % (omega, self.omegaMin, self.omegaMax)
            retval = (omega - self.omegaStart)/self.omegaDelta - 0.5*self.omegaDelta
        else:
            # temp = num.where(self.omegas == omega)[0]
            temp = num.where( num.abs(self.omegas - omega) < 0.1*abs(self.omegaDelta) )[0]
            assert len(temp) == 1, 'omega not found, or found more than once'
            retval = temp[0]
        return retval
[docs]    def getFrameUseMask(self):
        """this is an optional toggle to turn the mask on/off"""
        assert isinstance(self.iFrame, int), \
            'self.iFrame needs to be an int for calls to getFrameUseMask'
        if self.useMask is None:
            retval = True
        else:
            assert len(self.useMask) == self.getNFrames(),\
                   "len(useMask) must be %d; yours is %d" % (self.getNFrames(), len(self.useMask))
            retval = self.useMask[self.iFrame]
        return retval

    @classmethod
    def __getNFrames(cls, fileBytes):
        retval = getNFramesFromBytes(fileBytes, cls.__nbytes_header, cls.__nbytes_frame)
        return retval
    def __nextFile(self):

        # close in case already have a file going
        self.close()

        fname, nempty = self.fileListR.pop()

        # open file
        fileBytes = os.stat(fname).st_size
        self.img = open(fname, mode='rb')

        # skip header for now
        self.img.seek(self.__nbytes_header, 0)

        # figure out number of frames
        self.nFramesRemain = self.__getNFrames(fileBytes)

        if nempty > 0:  # 1 or more empty frames
            if self.dark is None:
                scale = 1.0 / nempty
                self.dark = self.frame(dtype=self.__frame_dtype_float)
                for i in range(nempty):
                    self.dark = self.dark + num.fromfile(
                        self.img, **self.__readArgs
                        ).reshape(self.__nrows, self.__ncols) * scale
                self.dark.astype(self.__frame_dtype_dflt)
                self.__log('got dark from %d empty frames in file %s' % (nempty, fname))
            else:
                self.img.seek(self.nbytesFrame*nempty, 1)
            self.nFramesRemain -= nempty

        if self.subtractDark and self.dark is None:
            raise RuntimeError, "Requested dark field subtraction, but no file or empty frames specified!"

        return
    @staticmethod
    def __convertFileInfo(fileInfo):
        if isinstance(fileInfo,str):
            fileList = [(fileInfo, 0)]
        elif hasattr(fileInfo,'__len__'):
            assert len(fileInfo) > 0, 'length zero'
            if hasattr(fileInfo[0],'__iter__'): # checking __len__ bad because has len attribute
                fileList = copy.copy(fileInfo)
            else:
                assert len(fileInfo) == 2, 'bad file info'
                fileList = [fileInfo]
        else:
            raise RuntimeError, 'do not know what to do with fileInfo '+str(fileInfo)
        # fileList.reverse()
        return fileList
[docs]    def readBBox(self, bbox, raw=True, doFlip=None):
        """
        with raw=True, read more or less raw data, with bbox = [(iLo,iHi),(jLo,jHi),(fLo,fHi)]

        careful: if raw is True, must set doFlip if want frames
        potentially flipped; can set it to a reader instance to pull
        the doFlip value from that instance
        """

        if raw:
            if hasattr(doFlip,'doFlip'):
                'probably a ReadGe instance, pull doFlip from it'
                doFlip = doFlip.doFlip
            doFlip = doFlip or False # set to False if is None
            reader = self.getRawReader(doFlip=doFlip)
        else:
            assert doFlip is None, 'do not specify doFlip if raw is True'
            reader = self.makeNew()

        nskip = bbox[2][0]
        bBox = num.array(bbox)
        sl_i = slice(*bBox[0])
        sl_j = slice(*bBox[1])
        'plenty of performance optimization might be possible here'
        if raw:
            retval = num.empty( tuple(bBox[:,1] - bBox[:,0]), dtype=self.__frame_dtype_read )
        else:
            retval = num.empty( tuple(bBox[:,1] - bBox[:,0]), dtype=self.__frame_dtype_dflt )
        for iFrame in range(retval.shape[2]):
            thisframe = reader.read(nskip=nskip)
            nskip = 0
            retval[:,:,iFrame] = copy.deepcopy(thisframe[sl_i, sl_j])
        if not raw and self.dead is not None:
            'careful: have already flipped, so need deadFlipped instead of dead here'
            mask = num.tile(self.deadFlipped[sl_i, sl_j].T, (retval.shape[2],1,1)).T
            retval = num.ma.masked_array(retval, mask, hard_mask=True, copy=False)
        return retval

    def __flip(self, thisframe):
        if self.doFlip:
            if self.flipArg == 'v':
                thisframe = thisframe[:, ::-1]
            elif self.flipArg == 'h':
                thisframe = thisframe[::-1, :]
            elif self.flipArg == 'vh' or self.flipArg == 'hv':
                thisframe = thisframe[::-1, ::-1]
            elif self.flipArg == 'cw90':
                thisframe = thisframe.T[:, ::-1]
            elif self.flipArg == 'ccw90':
                thisframe = thisframe.T[::-1, :]
            else:
                raise RuntimeError, "unrecognized flip token."
        return thisframe
    def getDark(self):
        if self.dark is None:
            retval = 0
        else:
            retval = self.dark
        return retval
[docs]    def read(self, nskip=0, nframes=1, sumImg=False, mask=None):
        """
        sumImg can be set to True or to something like numpy.maximum
        """

        'get iFrame ready for how it is used here'
        self.iFrame = num.atleast_1d(self.iFrame)[-1]
        iFrameList = []
        multiframe = nframes > 1

        nFramesInv = 1.0 / nframes
        doDarkSub = self.subtractDark # and self.dark is not None

        if doDarkSub:
            assert self.dark is not None, 'self.dark is None'

        # assign storage array
        if sumImg:
            sumImgCallable = hasattr(sumImg,'__call__')
            imgOut = self.frame(dtype=self.__frame_dtype_float, mask=self.dead)
        elif multiframe:
            imgOut = self.frame(nframes=nframes, dtype=self.__frame_dtype_dflt, mask=self.dead)


        # now read data frames
        for i in range(nframes):

            #data = self.__readNext(nskip=nskip)
            #thisframe = data.reshape(self.__nrows, self.__ncols)
            data = self.__readNext(nskip=nskip) # .reshape(self.__nrows, self.__ncols)
            self.iFrame += nskip + 1
            nskip=0 # all done skipping once have the first frame!
            iFrameList.append(self.iFrame)
            # dark subtraction
            if doDarkSub:
                'used to have self.__frame_dtype_float here, but self.__frame_dtype_dflt does the trick'
                thisframe = self.frame(buffer=data,
                                       dtype=self.__frame_dtype_dflt, mask=self.dead) - self.dark
            else:
                thisframe = self.frame(buffer=data,
                                       mask=self.dead)

            # flipping
            thisframe = self.__flip(thisframe)

            # masking (True get zeroed)
            if self.mask is not None:
                if self.getFrameUseMask():
                    thisframe[self.mask] = 0
            elif self.mask is None and mask is not None:
                thisframe[mask] = 0

            # assign output
            if sumImg:
                if sumImgCallable:
                    imgOut = sumImg(imgOut, thisframe)
                else:
                    imgOut = imgOut + thisframe * nFramesInv
            elif multiframe:
                imgOut[i, :, :] = thisframe[:, :]
        'end of loop over nframes'

        if sumImg:
            # imgOut = imgOut / nframes # now taken care of above
            pass
        elif not multiframe:
            imgOut = thisframe

        if multiframe:
            'make iFrame a list so that omega or whatever can be averaged appropriately'
            self.iFrame = iFrameList
        return imgOut

    def __log(self, message):
        if self.__debug:
            print self.__location+' : '+message
        return
    def __thWait(self):
        if self.__useThreading:
            if self.th is not None:
                if self.th.isAlive():
                    self.__log('wait for existing thread to finish')
                    tic = time.time()
                    self.th.join()
                    toc = time.time(); dt = toc - tic;
                    self.__log('--- existing thread has finished (%g seconds)' % (dt))
                else:
                    self.__log('existing thread already finished')
            # if done:
            #    self.th = None
        return
    def __thCheck(self):
        data = None
        if self.__useThreading:
            self.__thWait()
            if self.th is not None:
                if not self.th.success:
                    raise RuntimeError, 'failed to get image data'
                data = self.th.data
                self.nFramesRemain -= 1
                self.th = None
        return data
    def __readNext(self, nskip=0):

        if self.img is None:
            raise RuntimeError, 'no image file set'

        nHave = 0
        if self.__useThreading:
            data = self.__thCheck()

        nskipThis = nskip
        if nskipThis > 0 and data is not None:
            nskipThis = nskipThis - 1
            data = None
        if data is not None : nHave = 1
        #
        while self.nFramesRemain+nHave - nskipThis < 1:
            'not enough frames left in this file'
            nskipThis = nskipThis - self.nFramesRemain
            self.nFramesRemain = 0 # = self.nFramesRemain - self.nFramesRemain
            self.__nextFile()
        if nskipThis > 0:
            # advance counter past empty frames
            self.img.seek(self.nbytesFrame*nskipThis, 1)
            self.nFramesRemain -= nskipThis

        if data is None:
            # grab current frame
            data = num.fromfile(self.img, **self.__readArgs)
            data = num.array(data, **self.__castArgs)
            self.nFramesRemain -= 1

        if self.__useThreading:
            'try to get next frame'
            if self.nFramesRemain < 1:
                try:
                    self.__nextFile()
                except:
                    'if len((self.fileListR) == 0 then at end of files'
                    assert len(self.fileListR) == 0, \
                        'problem opening next file'
                    self.img = None
            if self.img is not None:
                self.th = ThreadReadFrame(self.img, self.__readArgs, self.__castArgs)
                self.th.start()
        return data
    def __call__(self, *args, **kwargs):
        return self.read(*args, **kwargs)
    def close(self):
        # if already have a file going, close it out
        self.__thWait()
        if self.img is not None:
            self.img.close()
        return
    """
    getReadDtype function replaced by dtypeRead property
    """
    @classmethod
[docs]    def maxVal(cls, dummy):
        'maximum value that can be stored in the image pixel data type'
        # dtype = reader._ReadGE__frame_dtype
        # maxInt = num.iinfo(cls.__frame_dtype_read).max # bigger than it really is
        maxInt = 2 ** 14
        return maxInt

    @classmethod
    def getNFramesFromFileInfo(cls, fileInfo, lessEmpty=True):
        fileList = cls.__convertFileInfo(fileInfo)
        nFramesTot = 0
        for fname, nempty in fileList:
            fileBytes = os.stat(fname).st_size
            nFrames = cls.__getNFrames(fileBytes)
            if lessEmpty:
                nFrames -= nempty
            nFramesTot += nFrames
        return nFramesTot

[docs]    def indicesToMask(self, indices):
      """
      Indices can be a list of indices, as from makeIndicesTThRanges
      """
      mask = self.getEmptyMask()
      if hasattr(indices,'__len__'):
        for indThese in indices:
          mask[indThese] = True
      else:
        mask[indices] = True
      return mask



[docs]class ReadMar165(Framer2DRC):
    """
    placeholder; not yet really implemented

    """
    __frame_dtype_read = 'uint16'
    __frame_dtype_dflt = 'int16' # good for doing subtractions
[docs]    def __init__(self, mode):
        if not isinstance(mode, int) or not [1,2,4,8].count(mode):
            raise RuntimeError, 'unknown mode : '+str(mode)

        self.__mode = mode
        self.__idim = mar165IDim(mode)
        return

    def __call__(self, filename):
        if not haveImageModule:
            msg = "PIL Image module is required for this operation, "\
                "but not loaded\n"
            raise NameError(msg)

        i = Image.open(filename, mode='r')
        a = num.array(i, dtype=self.__frame_dtype_read)
        frame = num.array(a, dtype=self.__frame_dtype_dflt)
        return frame



[docs]class ReadMar165NB1(ReadMar165):
[docs]    def __init__(self, *args, **kwargs):
        ReadMar165.__init__(self, 1, *args, **kwargs)
        return


[docs]class ReadMar165NB2(ReadMar165):
[docs]    def __init__(self, *args, **kwargs):
        ReadMar165.__init__(self, 2, *args, **kwargs)
        return


[docs]class ReadMar165NB3(ReadMar165):
[docs]    def __init__(self, *args, **kwargs):
        ReadMar165.__init__(self, 3, *args, **kwargs)
        return


[docs]class ReadMar165NB4(ReadMar165):
[docs]    def __init__(self, *args, **kwargs):
        ReadMar165.__init__(self, 4, *args, **kwargs)
        return



[docs]class LineStyles:
    """
    do not want to just cycle through default plot line colors, as end up with black lines
    """
[docs]    def __init__(self, lt=None):
        self.iStyle = 0
        if lt is None:
            lt = '-'
        self.styleList = ['r'+lt,'g'+lt,'b'+lt,'c'+lt,'m'+lt,'y'+lt]
        self.nStyle = len(self.styleList)
        return

    def __call__(self):
        style = self.styleList[self.iStyle % self.nStyle]
        self.iStyle += 1
        return style


funcTypeDflt = 'pv'

[docs]class Peak1DAtLoc:
  """
  base class for 1D peak shapes at fixed location;
  fixed that is unless newCenter is passed to the __call__ method
  """
[docs]  def __init__(self, centers, xVecDflt=None):
    """
    If __init__ is called with a list, then put one peak at each location
    """
    self.setCenters(centers)
    self.bRef = num.mean(self.centers) # does not change even if centers changed later
    self.setXVecDflt(xVecDflt)
    return

  def setXVecDflt(self, xVecDflt):
      if hasattr(xVecDflt, '__len__'):
          assert len(xVecDflt) == self.getNParams(),\
              'xVecDflt wrong length'
          self.xVecDflt = copy.deepcopy(xVecDflt)
      else:
          self.xVecDflt = xVecDflt
      return
  def getNParams(self):
    raise NotImplementedError
  def guessXVec(self, xs, vals, w=None):
      raise NotImplementedError
  def getNPeaks(self):
    return len(self.centers)
  def setCenters(self, centers):
    if hasattr(centers, '__len__'):
      self.centers = centers
    else:
      self.centers = [centers]
    return
  def __call__(self, xVec, p):
      # if newCenters is not None:
      #     self.setCenters(newCenters)
      if xVec is None or len(xVec) == 0:
          assert self.xVecDflt is not None,\
              'xVec is empty and xVecDflt is None'
          retval = self.eval(self.xVecDflt, p)
      else:
          retval = self.eval(xVec, p)
      return retval
[docs]  def eval(self, xVec, p):
    """
    xVec is parameters, p is positions
    """
    raise NotImplementedError

[docs]  def d_dx(self, xVec, p):
    'derivative of call with respect to xVec'
    raise NotImplementedError

[docs]  def d_dp(self, xVec, p):
    """derivative of call with respect to p
    assuming each eval depends only on its own point!
    """
    raise NotImplementedError

[docs]  def d_dCenters(self, xVec, p):
    'derivative of call with respect to centers'
    raise NotImplementedError

[docs]  def fitFloatingCenter(self, tThVals, intensityVals,
                        xVecGuess=None, centersGuess=None,
                        weights=4, tThWidth=None,
                        fitGoodnessTol=0.5):
      '''
      Note that centers are kept as they are -- if you want to
      actually change the centers of the function you need to call
      setCenters(cFit) after calling this function
      '''

      func = self

      if isinstance(weights, int):
          'interpret weights as number of quadrature points, need tThWidth'
          assert tThWidth is not None, \
              'need tThWidht for doing internal quadrature'
          assert len(tThVals.shape) == 1,\
              'tThVals wrong shape : '+str(tThVals.shape)
          quadr = weights
          xi1d, w1d = q1db.qLoc(quadr)
          'xi are in [0,1], so need to be centered'
          xi1d = xi1d - 0.5
          'and now make the right width for tTh bin sizes'
          xi1d = xi1d * tThWidth
          tThQP = num.tile(tThVals, (len(w1d),1)).T + num.tile(xi1d[:], (len(tThVals),1))
          w2d = num.tile(w1d, (len(tThVals),1))
      elif hasattr(weights, 'shape'):
          assert len(tThVals.shape) == 2,\
              'tThVals wrong shape : '+str(tThVals.shape)
          assert len(weights.shape) == 2,\
              'weights wrong shape'
          w2d = weights
          tThQP = tThVals
      else:
          raise RuntimeError, 'do not know what to do with weights of type '+str(type(weights))

      nPeaks = func.getNPeaks()

      if xVecGuess is None:
          #xVecGuess = func.xVecDflt
          xVecGuess = func.guessXVec(tThQP, intensityVals, w=w2d)
      if centersGuess is None:
          centersGuess = func.centers
      assert nPeaks == len(centersGuess), 'failed sanity check'
      xVec0 = num.hstack( (xVecGuess, centersGuess) )

      'keep centers so that can restore them later'
      centersRef = copy.deepcopy(func.centers)

      if len(xVec0) > len(intensityVals):
          raise RuntimeError, 'more DOF than equations'

      def _f_leastsq(x):
          # retval = num.empty(nBins)
          xFit = x[:-nPeaks]
          cFit = x[-nPeaks:] # copy.deepcopy(func.centers)
          func.setCenters(cFit)
          # evalIntensity = func(xFit, tThVals)
          funcQP = func(xFit, tThQP)
          evalIntensity = num.sum(funcQP * w2d, axis=1)
          retval = evalIntensity - intensityVals
          return retval
      def _df_leastsq(x):
          # retval = num.empty(nBins)
          xFit = x[:-nPeaks]
          cFit = x[-nPeaks:] # copy.deepcopy(func.centers)
          func.setCenters(cFit)
          retval = num.empty((len(intensityVals),len(x)))
          # funcQP = func(xFit, tThQP)
          d_evalQP_d_x       = func.d_dx(xFit, tThQP)
          d_evalQP_d_centers = func.d_dCenters(xFit, tThQP)
          for iX in range(0,len(xFit)):
              retval[:,iX]           = num.sum(d_evalQP_d_x[:,:,iX] * w2d, axis=1)
          for iC in range(0,len(cFit)):
              retval[:,len(xFit)+iC] = num.sum(d_evalQP_d_centers[:,:,iC] * w2d, axis=1)
          return retval

      x, ier = \
          leastsq(_f_leastsq, xVec0, Dfun=_df_leastsq)
      if not [1,2,3,4].count(ier):
          print >> sys.stderr, \
              'error code %d from leastsq' % (ier)
          raise RuntimeError, 'error from leastsq'

      xFit = x[:-nPeaks]
      cFit = x[-nPeaks:] # copy.deepcopy(func.centers)
      'return evalIntensity so caller does not have to monkey with changing centers back and forth'
      func.setCenters(cFit)
      residual = _f_leastsq(x)
      residNorm = num.linalg.norm(residual, ord=num.inf)
      fitTol = num.linalg.norm(intensityVals)*fitGoodnessTol
      if residNorm > fitTol :
          print 'fit might not be good enough : %g > %g' % (residNorm, fitTol)
          # raise RuntimeError, 'fit is not good enough : %g > %g' % (residNorm, fitTol)
      evalIntensity = residual + intensityVals # func(xFit, tThVals)
      func.setCenters(centersRef)
      return xFit, cFit, evalIntensity



[docs]class PeakPV1DAtLoc(Peak1DAtLoc):
    """
    the pseudo-Voigt:
    f = A*( n*fl + (1 - n)*fg )
    """
[docs]    def __init__(self, *args, **kwargs):
        Peak1DAtLoc.__init__(self, *args, **kwargs)
        self.C0 = 4.0*math.log(2.0)
        self.C1 = 4.0
        self.Al = num.sqrt(self.C1)/num.pi
        self.Ag = num.sqrt(self.C0/num.pi)
        return

    def getNParams(self):
        nParams = 2 + len(self.centers) * 3
        return nParams
    def guessXVec(self, xs, vals, w=None):
        xVec = num.empty(self.getNParams())
        if len(self.centers) == 1:
            xGauss = getGaussNDParams([xs], v=vals, w=w)
            xVec[0] = xGauss[3]
            xVec[1] = 0.0e0
            iPeak = 0
            H = xGauss[1] # FWHM
            xVec[2+iPeak*3]   = xGauss[2] * H / self.Ag
            xVec[2+iPeak*3+1] = H
            xVec[2+iPeak*3+2] = 0.0 # xn
        else:
            maxV = vals.max()
            minV = vals.min()
            width = (xs.max()-xs.min())/len(self.centers)
            xVec[0] = minV
            xVec[1] = 0.0e0
            for iPeak in range(len(self.centers)):
                xVec[2+iPeak*3]   = maxV * width # A
                xVec[2+iPeak*3+1] = 0.25 * width # H
                xVec[2+iPeak*3+2] = 0.0 # xn
        return xVec
    def eval(self, xVec, p):
        B  = xVec[0]
        dB = xVec[1]
        retval =  num.tile(B, num.shape(p))
        retval += dB * (p - self.bRef)
        for iPeak, center in enumerate(self.centers):
            A  = xVec[2+iPeak*3]
            H  = xVec[2+iPeak*3+1]
            xn = xVec[2+iPeak*3+2]
            n  = 0.5 + 0.5 * num.tanh(xn)
            delx = (p - center)

            fl = self.Al/H * 1 / (1 + self.C1*delx**2 / H**2)
            fg = self.Ag/H * num.exp(-self.C0*delx**2 / H**2)

            retval += A * (n*fl + (1.0 - n)*fg)
        return retval
[docs]    def d_dx(self, xVec, p):
        'allow p to be general shape'
        ps = p.shape
        p = p.reshape(p.size)
        retval = num.zeros((p.size, len(xVec)))

        # B  = xVec[0]
        # retval =  num.tile(B, num.shape(p))
        retval[:,0] = 1.0e0

        # dB = xVec[1]
        # retval += dB * (p - self.bRef)
        retval[:,1] = p - self.bRef

        for iPeak, center in enumerate(self.centers):
            A  = xVec[2+iPeak*3]
            H  = xVec[2+iPeak*3+1]
            xn = xVec[2+iPeak*3+2]
            n  = 0.5 + 0.5 * num.tanh(xn)
            delx = (p - center)

            fl = self.Al/H * 1 / (1 + self.C1*delx**2 / H**2)
            fg = self.Ag/H * num.exp(-self.C0*delx**2 / H**2)

            #####################
            # some intermediate partials
            dfl_dH = ( 2.0 * self.C1 * delx**2 * fl/(self.Al*H) - 1.0 ) * (fl / H)
            dfg_dH = ( 2.0 * self.C0 * delx**2 / H**2 - 1.0 ) * (fg / H)

            dfl_dx0 = 2.0 * self.C1 * delx * fl**2 / (self.Al * H)
            dfg_dx0 = 2.0 * self.C0 * delx * fg / H**2

            # mixing parm
            dn_dxn = 0.5 * (1.0/num.cosh(xn)**2)
            #####################

            # amplitude
            df_dA = (n*fl + (1.0 - n)*fg)

            # FWHM
            df_dH = A * ( n*dfl_dH + (1.0 - n)*dfg_dH )

            # mixing parm
            df_dxn = A * ( fl - fg ) * dn_dxn

            # assign jacobian vals
            retval[:,2+iPeak*3]   = df_dA
            retval[:,2+iPeak*3+1] = df_dH
            retval[:,2+iPeak*3+2] = df_dxn

        retval = retval.reshape(num.hstack((ps,len(xVec))))
        return retval

    def d_dp(self, xVec, p):
        retval = num.zeros(p.shape)

        # B  = xVec[0]
        dB = xVec[1]
        # retval =  num.tile(B, num.shape(p))
        # retval += dB * (p - self.bRef)
        retval = dB

        for iPeak, center in enumerate(self.centers):
            A  = xVec[2+iPeak*3]
            H  = xVec[2+iPeak*3+1]
            xn = xVec[2+iPeak*3+2]
            n  = 0.5 + 0.5 * num.tanh(xn)
            delx = (p - center)

            fl = self.Al/H * 1 / (1 + self.C1*delx**2 / H**2)
            fg = self.Ag/H * num.exp(-self.C0*delx**2 / H**2)

            dfl_dp = -(2.0 * self.C1) * delx * fl**2 / (self.Al*H)
            dfg_dp = -(2.0 * self.C0) * delx * fg / H**2

            retval += A * ( n*dfl_dp + (1.0 - n)*dfg_dp )
        return retval
    def d_dCenters(self, xVec, p):
        ps = p.shape
        retval = num.zeros((p.size,len(self.centers)))

        for iPeak, center in enumerate(self.centers):
            A  = xVec[2+iPeak*3]
            H  = xVec[2+iPeak*3+1]
            xn = xVec[2+iPeak*3+2]
            n  = 0.5 + 0.5 * num.tanh(xn)
            delx = (p - center).flatten()

            fl = self.Al/H * 1 / (1 + self.C1*delx**2 / H**2)
            fg = self.Ag/H * num.exp(-self.C0*delx**2 / H**2)

            dfl_dc = (2.0 * self.C1) * delx * fl**2 / (self.Al*H)
            dfg_dc = (2.0 * self.C0) * delx * fg / H**2

            retval[:,iPeak] = A * ( n*dfl_dc + (1.0 - n)*dfg_dc )

        retval = retval.reshape(num.hstack((ps,len(self.centers))))
        return retval


[docs]class PeakLorentzian1DAtLoc(Peak1DAtLoc):
[docs]    def __init__(self, *args, **kwargs):
        Peak1DAtLoc.__init__(self, *args, **kwargs)
        return

[docs]    def getNParams(self):
        """2 parameters for background, 2 for intensity and width of each peak"""
        nParams = 2 + len(self.centers) * 2
        return nParams

    def guessXVec(self, xs, vals, w=None):
        # guessXVec(self, widths, mins, maxs)
        xVec = num.empty(self.getNParams())
        xVec[0] = num.min(vals) # num.mean(mins)
        xVec[1] = 0.0e0
        width = (xs.max()-xs.min())/len(self.centers)
        for iPeak in range(len(self.centers)):
            xVec[2+iPeak*2]   = num.max(vals) # maxs[iPeak]
            xVec[2+iPeak*2+1] = 0.24 * width # 0.25 * widths[iPeak]
        return xVec
    def eval(self, xVec, p):
        B  = xVec[0]
        dB = xVec[1]
        retval =  num.tile(B, num.shape(p))
        retval += dB * (p - self.bRef)
        for iPeak, center in enumerate(self.centers):
            A = xVec[2+iPeak*2]
            w = xVec[2+iPeak*2+1]
            dist = (p - center)
            retval += A * (0.5*w) / ( dist*dist + (0.5*w)**2  )
        return retval
[docs]    def d_dx(self, xVec, p):
        'allow p to be general shape'
        ps = p.shape
        p = p.reshape(p.size)
        retval = num.zeros((p.size, len(xVec)))

        # B  = xVec[0]
        # retval =  num.tile(B, num.shape(p))
        retval[:,0] = 1.0e0

        # dB = xVec[1]
        # retval += dB * (p - self.bRef)
        retval[:,1] = p - self.bRef

        for iPeak, center in enumerate(self.centers):
            A = xVec[2+iPeak*2]
            w = xVec[2+iPeak*2+1]
            dist = (p - center)

            # retval += A * num.exp( self.expFact * ( dist * dist) )
            evalLtz = (0.5*w) / ( dist*dist + (0.5*w)**2  )
            retval[:,2+iPeak*2]   =  evalLtz
            retval[:,2+iPeak*2+1] = A * (evalLtz / w - evalLtz * evalLtz)

        retval = retval.reshape(num.hstack((ps,len(xVec))))
        return retval

    def d_dp(self, xVec, p):
        retval = num.zeros(p.shape)

        # B  = xVec[0]
        dB = xVec[1]
        # retval =  num.tile(B, num.shape(p))
        # retval += dB * (p - self.bRef)
        retval = dB

        for iPeak, center in enumerate(self.centers):
            A = xVec[2+iPeak*2]
            w = xVec[2+iPeak*2+1]
            dist = (p - center)
            evalLtz = (0.5*w) / ( dist*dist + (0.5*w)**2  )
            # retval += A * num.exp( self.expFact * ( dist * dist) )
            retval += -1.0 * A * 4.0 * evalLtz * evalLtz * dist * (1/w)
        return retval
    def d_dCenters(self, xVec, p):
        ps = p.shape
        retval = num.zeros((p.size,len(self.centers)))

        for iPeak, center in enumerate(self.centers):
            A = xVec[2+iPeak*2]
            w = xVec[2+iPeak*2+1]
            dist = (p - center).flatten()
            evalLtz = (0.5*w) / ( dist*dist + (0.5*w)**2  )
            retval[:,iPeak] = A * 4.0 * evalLtz * evalLtz * dist * (1/w)
        retval = retval.reshape(num.hstack((ps,len(self.centers))))
        return retval


[docs]class PeakGauss1DAtLoc(Peak1DAtLoc):

[docs]    def __init__(self, *args, **kwargs):
        linBG=True
        if kwargs.has_key('linBG'):
            linBG = kwargs.pop('linBG')
        self.linBG = linBG
        self.nPBG = 1
        if self.linBG: self.nPBG += 1
        Peak1DAtLoc.__init__(self, *args, **kwargs)
        self.expFact  = -4.0 * math.log(2.0)
        return

[docs]    def getNParams(self):
        """2 parameters for background, 2 for intensity and width of each peak"""
        nParams = self.nPBG + len(self.centers) * 2
        return nParams

    def guessXVec(self, xs, vals, w=None):
        xVec = num.empty(self.getNParams())
        if len(self.centers) == 1:
            xGauss = getGaussNDParams([xs], v=vals, w=w)
            xVec[0] = xGauss[3]
            width = (xs.max()-xs.min())/len(self.centers)
            if self.linBG :
                xVec[1] = 0.0e0
            iPeak = 0
            xVec[self.nPBG+iPeak*2]   = xGauss[2]
            xVec[self.nPBG+iPeak*2+1] = xGauss[1]
        else:
            xVec[0] = num.min(vals)
            width = (xs.max()-xs.min())/len(self.centers)
            if self.linBG :
                xVec[1] = 0.0e0
            for iPeak in range(len(self.centers)):
                xVec[self.nPBG+iPeak*2]   = num.max(vals) # maxs[iPeak]
                xVec[self.nPBG+iPeak*2+1] = 0.25 * width # 0.25 * widths[iPeak]
        return xVec
    def eval(self, xVec, p):
        B  = xVec[0]
        if self.linBG:
            dB = xVec[1]
        retval =  num.tile(B, num.shape(p))
        if self.linBG:
            retval += dB * (p - self.bRef)
        for iPeak, center in enumerate(self.centers):
            A = xVec[self.nPBG+iPeak*2]
            w = xVec[self.nPBG+iPeak*2+1]
            dist = (p - center) / w
            retval += A * num.exp( self.expFact * ( dist * dist) )
        return retval
[docs]    def d_dx(self, xVec, p):
        'allow p to be general shape'
        ps = p.shape
        p = p.reshape(p.size)
        retval = num.zeros((p.size, len(xVec)))

        # B  = xVec[0]
        # retval =  num.tile(B, num.shape(p))
        iXBase = 0
        retval[:,iXBase] = 1.0e0
        iXBase += 1

        if self.linBG:
            # dB = xVec[1]
            # retval += dB * (p - self.bRef)
            retval[:,iXBase] = p - self.bRef
            iXBase += 1

        for iPeak, center in enumerate(self.centers):
            A = xVec[self.nPBG+iPeak*2]
            w = xVec[self.nPBG+iPeak*2+1]
            dist = (p - center) / w

            # retval += A * num.exp( self.expFact * ( dist * dist) )
            evalExp = num.exp( self.expFact * ( dist * dist) )
            retval[:,iXBase+iPeak*2]   = evalExp
            retval[:,iXBase+iPeak*2+1] = A * evalExp * self.expFact * 2.0e0 * dist * (-1.0*dist/w)
        iXBase += len(self.centers)*2
        assert iXBase == len(xVec), 'bookkeeping error'

        retval = retval.reshape(num.hstack((ps,len(xVec))))
        return retval

    def d_dp(self, xVec, p):
        retval = num.zeros(p.shape)

        # B  = xVec[0]
        # retval =  num.tile(B, num.shape(p))
        # retval += dB * (p - self.bRef)
        if self.linBG:
            dB = xVec[1]
            retval = dB

        for iPeak, center in enumerate(self.centers):
            A = xVec[self.nPBG+iPeak*2]
            w = xVec[self.nPBG+iPeak*2+1]
            dist = (p - center) / w
            # retval += A * num.exp( self.expFact * ( dist * dist) )
            retval += A * num.exp( self.expFact * ( dist * dist) ) * self.expFact * 2.0e0 * dist * (1/w)
        return retval
[docs]    def d_dCenters(self, xVec, p):
        'allow p to be general shape'
        ps = p.shape
        #retval = num.zeros(num.hstack((p.shape,len(self.centers))))
        retval = num.zeros((p.size,len(self.centers)))

        for iPeak, center in enumerate(self.centers):
            A = xVec[self.nPBG+iPeak*2]
            w = xVec[self.nPBG+iPeak*2+1]
            dist = ((p - center) / w).flatten()
            retval[:,iPeak] = -A * num.exp( self.expFact * ( dist * dist) ) * self.expFact * 2.0e0 * dist * (1/w)
        retval = retval.reshape(num.hstack((ps,len(self.centers))))
        return retval



[docs]class MultiRingBinned:
    """
    like MultiRingEval, but works with polar rebinned (or 'caked') images

    no funcXVecList to init because expectation is that always pulled from dataFrame

    should work fine whether or not corrected is True in polarRebinKWArgs;
    but note that default is changed to True

    if etaRange is not specified in polarRebinKWArgs (or is None),
    then the etaRange is calculated based on numEta so that the first
    eta bin is centered around an angle of zero

    note that this works by matching intesities for binned 1D
    functions in a least sqaures problem; one could probably instead
    form a residual on the two-theta values of the image frame
    positions for the peak centers found with independtly floating
    centers (on the output of the getTThErrors method)

    KEYWORD ARGS

    funcType = funcTypeDflt,
    refineParamsDG = True,
    refineParamsL = False,
    targetNRho = 30,
    polarRebinKWArgs = {},
    quadr = 4,
    npdivMax = 4,
    samplingFactor = 0.25,
    singleRebin = True,
    distortionFreeRefDG = False,
    log=None:  if not None, then a file-like object with a "write" method;

    """

    __debug = True
    __print = True
    __location = '  MultiRingBinned'
[docs]    def __init__(self, detectorGeom, planeData,
                 dataFrame,
                 funcType = funcTypeDflt,
                 refineParamsDG = True,
                 refineParamsL = False,
                 targetNRho = None,
                 polarRebinKWArgs = {},
                 quadr = 4,
                 npdivMax = 8,
                 samplingFactor = 1,
                 singleRebin = True,
                 distortionFreeRefDG = False,
                 log=None
                 ):

        if log is not None:
            self.logfile = log
        else:
            log = sys.stdout

        ticMethod = time.time()

        # if copyFrame:
        #     self.dataFrame = copy.deepcopy(dataFrame)
        # else:
        #     self.dataFrame = dataFrame
        #
        "defaults which want different from those for polarRebin's defaults"
        prbkw = {
            'corrected' : False,
            'ROI'       : None,
            'etaRange'  : None,
            'numEta'    : 36,
            'verbose'   : False,
            'npdiv'     : None,
            'log'       : self.logfile
            }
        "things from the user"
        prbkw.update(polarRebinKWArgs)
        "keep track of the actual values for subsequent manipulations"
        self.corrected = prbkw['corrected']
        self.ROI       = prbkw['ROI']
        self.etaRange  = prbkw['etaRange']
        self.numEta    = prbkw['numEta']
        if prbkw['etaRange'] is None:
            prbkw['etaRange'] = num.array([0.,2*num.pi]) - num.pi/self.numEta

        '''groupings of rings could change if planeData.lparms is changing, but
        need to keep fixed number of degrees of freedom so just use initial values'''
        iHKLLists = detectorGeom.makeTThRanges(planeData, cullDupl=True)
        tThs = planeData.getTTh()
        tThRanges = planeData.getTThRanges()
        iRingToHKL = reduce(lambda x, y: x+y, iHKLLists)
        iHKLToRing = -1 * num.ones(planeData.getNHKLs(), dtype=int)
        iHKLToRing[iRingToHKL] = num.arange(len(iRingToHKL))
        self.floatingCentersTTh = num.zeros([self.numEta, len(iRingToHKL)])
        self.floatingCentersIJ  = num.zeros([self.numEta, len(iRingToHKL), 2])

        'make a reference detector geom'
        self.refDG   = detectorGeom.makeNew()
        if distortionFreeRefDG:
            'make the reference detector geom be distortion free'
            self.refDG.setDParamZero()

        nParamCur = 0
        if refineParamsDG:
            nParamDG = detectorGeom.getNParams()
        else:
            nParamDG = 0
        self.xIndDG = range(nParamCur, nParamCur+nParamDG)
        nParamCur += nParamDG

        if refineParamsL:
            nParamL = len(planeData.lparms)
        else:
            nParamL = 0
        self.xIndL = range(nParamCur, nParamCur+nParamL)
        nParamCur += nParamL

        def computeBinning_l(iRingSet, npdivDflt):
            iHKLList = iHKLLists[iRingSet]
            tThMin   = num.min(tThRanges[iHKLList,0])
            tThMax   = num.max(tThRanges[iHKLList,1])
            nPeaks   = len(iHKLList)

            rhoMin     = num.tan(tThMin) * self.refDG.workDist
            rhoMax     = num.tan(tThMax) * self.refDG.workDist
            rhoPxRange = num.array([rhoMin, rhoMax])/self.refDG.pixelPitch
            rhoPxEff   = int((rhoPxRange[1] - rhoPxRange[0]) / samplingFactor)
            npdiv      = npdivDflt

            if targetNRho is None:
                numRho = rhoPxEff
            else:
                numRho = targetNRho*nPeaks

            if numRho <= rhoPxEff:
                if npdiv == None:
                    npdiv = 1
            else:
                if npdiv == None:
                    "user did not set npdiv in polarRebinKWArgs, so assume we can do what we like"
                    npdivCalc = round(float(numRho)/rhoPxEff)
                    if npdivCalc > 2*npdivMax:
                        raise RuntimeError, 'npdiv wants to be %d, substantially more than max of %d' % (npdiv, npdivMax)
                    else:
                        npdiv = npdivCalc
                else:
                    if rhoPxEff < numRho * 0.5:
                        raise RuntimeError, 'rhoPx %d for %d peaks is less than half of target' % (rhoPx, nPeaks)

            return numRho, npdiv, rhoPxRange

        polImgSingle = None
        if singleRebin:
            prbkwThis = {}
            prbkwThis.update(prbkw)

            'use innermost ring set to figure out how many rho bins are wanted across the whole range'
            iRingSet = 0
            numRhoRS0, prbkwThis['npdiv'], rhoPxRangeRS0 = computeBinning_l(iRingSet, prbkw['npdiv'])

            tThMin     = num.min(tThRanges)
            tThMax     = num.max(tThRanges)
            rhoMin     = num.tan(tThMin) * self.refDG.workDist
            rhoMax     = num.tan(tThMax) * self.refDG.workDist
            rhoPxRange = num.array([rhoMin, rhoMax])/self.refDG.pixelPitch
            'and now compute number of rho bins across all ring sets'
            numRho     = int(numRhoRS0 * (rhoPxRange[1]-rhoPxRange[0]) / (rhoPxRangeRS0[1]-rhoPxRangeRS0[0]))
            if self.__print:
                self.__log(' for ring set %d have %d peak(s) and %d rho bins' % (iRingSet, len(iHKLLists[iRingSet]), numRhoRS0))
                self.__log(' for all rings have %d peak(s) and %d rho bins' % (len(iRingToHKL), numRho))

            prbkwThis['rhoRange'] = rhoPxRange; prbkwThis['numRho'] = numRho;
            if self.__print:
                self.__log('  doing polar rebin of frame data, with npdiv %d' % (prbkwThis['npdiv']))
                self.__log('  single polar rebin call keyword arguments : %s' % (str(prbkwThis)))
            tic = time.time()
            polImgSingle = self.refDG.polarRebin(dataFrame, **prbkwThis)
            if num.any(num.isnan(polImgSingle['intensity'])):
                raise RuntimeError, 'got NaNs in rebinned image'
            toc = time.time(); dt = toc - tic;
            if self.__print:
                self.__log(' single polar rebin call took %g seconds' % (dt))

        ringDataList = [] # funcDataList = []
        nPoints = 0
        dtPRTot = 0.e0
        for iRingSet in range(len(iHKLLists)):
            iHKLList = iHKLLists[iRingSet]
            nPeaks   = len(iHKLList)
            tThMin   = num.min(tThRanges[iHKLList,0])
            tThMax   = num.max(tThRanges[iHKLList,1])

            if singleRebin:
                polImg = polImgSingle

                'tth values for figuring out where the rings fall'
                tThVals      = num.arctan2(polImg['radius'], self.refDG.workDist)

                deltaRho = polImgSingle['deltaRho']
                rhoBinIndices = num.where(num.logical_and(
                        tThVals > tThMin, tThVals < tThMax
                        ))[0]

            else:
                prbkwThis = {}
                prbkwThis.update(prbkw)

                prbkwThis['numRho'], prbkwThis['npdiv'], prbkwThis['rhoRange'] = computeBinning_l(iRingSet, prbkw['npdiv'])
                if self.__print:
                    self.__log('  doing polar rebin of frame data, with npdiv %d' % (prbkwThis['npdiv']))
                    self.__log('  polar rebin call keyword arguments : %s' % (str(prbkwThis)))
                tic = time.time()
                polImg = self.refDG.polarRebin(dataFrame, **prbkwThis)
                if num.any(num.isnan(polImg['intensity'])):
                    raise RuntimeError, 'got NaNs in rebinned image'
                toc = time.time(); dt = toc - tic; dtPRTot += dt;
                if self.__print:
                    self.__log(' polar rebin call took %g seconds' % (dt))

                deltaRho = polImg['deltaRho']
                rhoBinIndices = range(0, prbkwThis['numRho'])

            etaVals           = num.array(polImg['azimuth'])
            rhoVals           = num.array(polImg['radius'])
            dataFrameRebinned = num.array(polImg['intensity']) # (numEta, numRho)

            xi, w = q1db.qLoc(quadr)
            'xi are in [0,1], so need to be centered'
            xi = (xi - 0.5) * deltaRho # to cover rho bin size
            nQP = len(w)

            etaList = []
            for iEta, etaThis in enumerate(etaVals):

                xVecDflt = None
                if funcType is 'pv':
                    func = PeakPV1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt)
                elif funcType is 'gauss' or funcType is 'normal':
                    func = PeakGauss1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt)
                elif funcType is 'gaussFlatBG':
                    func = PeakGauss1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt, linBG=False)
                elif funcType is 'lorentz':
                    func = PeakLorentzian1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt)
                else:
                    raise RuntimeError,  'unknown funcType : '+str(funcType)

                # fold quadrature in to get pixel locations
                nPx = len(rhoBinIndices)
                etaQP = etaThis * num.ones((nPx, nQP))
                rhoQP = num.tile(rhoVals[rhoBinIndices], (nQP,1)).T + num.tile(xi, (nPx,1))
                # binEtas, binRhos = num.meshgrid(self.etaVals, self.rhoVals)
                # binEtas = binEtas.T; binRhos = binRhos.T;
                # nope # iQP, jQP = self.refDG.polarToPixel(rhoQP, etaQP, ROI=self.ROI, corrected=self.corrected)
                iQP, jQP = self.refDG.polarToPixel(rhoQP, etaQP, corrected=self.corrected)
                wQP = num.tile(w, (nPx,1))

                'leastsq to do fit, with floating center'
                binnedIntensity = dataFrameRebinned[iEta,rhoBinIndices]
                tThQP, etaQP_temp = self.refDG.xyoToAng(iQP, jQP)
                if self.__print:
                    self.__log('   fitting function for iRingSet %d iEta %d' % (iRingSet, iEta))
                xFit, cFit, evalIntensity = func.fitFloatingCenter(
                    tThQP, binnedIntensity, weights=wQP)
                func.setXVecDflt(xFit)
                'keep tThc and (i,j) enters for reference fits, in case want to know how far off they were'
                iCFit, jCFit = self.refDG.angToXYO(cFit, etaThis * num.ones(nPeaks))
                self.floatingCentersTTh[iEta, iHKLToRing[iHKLList]]    = cFit
                self.floatingCentersIJ [iEta, iHKLToRing[iHKLList], 0] = iCFit
                self.floatingCentersIJ [iEta, iHKLToRing[iHKLList], 1] = jCFit

                normalization = 1.0/num.mean(dataFrameRebinned[iEta,rhoBinIndices])

                nPoints += nPx
                etaList.append((func, iQP, jQP, wQP, rhoBinIndices, normalization))
            'done with iEta'
            ringDataList.append({
                    'etaFuncData'       : etaList,
                    'etaVals'           : etaVals,
                    'rhoVals'           : rhoVals,
                    'dataFrameRebinned' : dataFrameRebinned,
                 })
        'done with iRingSet'
        if not singleRebin:
            if self.__print:
                self.__log(' all together polar rebin calls took %g seconds' % (dtPRTot))


        'store stuff'
        self.detectorGeom = detectorGeom
        self.planeData    = planeData
        self.nParamDG     = nParamDG
        self.nParamL      = nParamL
        self.ringDataList = ringDataList
        self.nParam       = nParamCur
        self.nPoints      = nPoints
        self.iHKLLists    = iHKLLists
        self.iRingToHKL   = iRingToHKL
        self.iHKLToRing   = iHKLToRing

        assert self.nParam > 0, \
            'do not have any free parameters'

        # do not yet have analytic derivatives for detector, so do not bother with Dfun
        self.useDFun = False

        tocMethod = time.time(); dt = tocMethod - ticMethod;
        if self.__print:
            self.__log(' init method took %g seconds' % (dt))


        return

    # property:  logfile


    def _get_logfile(self):
        """Get method for logfile"""
        return self._logfile

    def _set_logfile(self, v):
        """Set method for logfile"""
        self._logfile = v
        return

    logfile = property(_get_logfile, _set_logfile, None,
                                "file for log messages")

    def __log(self, message):
        """Logging facility for this class"""
        if self.logfile:
            self.logfile.write(self.__location + ': ' + message + '\n')
            pass

        return

    def guessXVec(self):
        xVec = num.zeros(self.nParam)
        if self.nParamDG > 0:
            xVec[self.xIndDG] = self.detectorGeom.getParams()
        if self.nParamL > 0:
            xVec[self.xIndL]  = self.planeData.lparms
        return xVec
    def getNParam(self):
        return self.nParam
    def deval(self, xVec):
        raise NotImplementedError, 'deval not coded yet'
        return retval
[docs]    def eval(self, xVec):
        """
        careful: this updates the settings in detectorGeom and planeData
        """

        retval = num.empty(self.nPoints)

        'first update the detector geometry'
        if self.nParamDG > 0:
            self.detectorGeom.updateParams(*xVec[self.xIndDG])

        if self.nParamL > 0:
            self.planeData.lparms = xVec[self.xIndL] # property, calls set_lparms
            tThs = self.planeData.getTTh()
            for iRingSet in range(len(self.iHKLLists)):
                iHKLList = self.iHKLLists[iRingSet]
                for iEta, etaFuncData in enumerate(self.ringDataList[iRingSet]['etaFuncData']):
                    #func, iQP, jQP, wQP, rhoBinIndices, normalization = etaFuncData
                    func = etaFuncData[0]
                    func.setCenters(tThs[(iHKLList)])

        nPoints = 0
        for iRingSet in range(len(self.iHKLLists)):
            for iEta, etaFuncData in enumerate(self.ringDataList[iRingSet]['etaFuncData']):
                func, iQP, jQP, wQP, rhoBinIndices, normalization = etaFuncData
                nPointsThis = wQP.shape[0] # len(data)

                tThQP, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)
                evalQP       = func(None, tThQP)
                evalP        = num.sum(evalQP * wQP, axis=1)
                retval[nPoints:nPoints+nPointsThis] = evalP

                nPoints += nPointsThis

        return retval


    def __call__(self, xVec, makePlots=False, etaPlotIndices=None):
        'meant for call in leastsq type algorithm, see doFit'

        retval = num.empty(self.nPoints)

        evalAllRings = self.eval(xVec)

        if makePlots:
            if isinstance(etaPlotIndices, bool):
                plotEta = num.ones(self.numEta, dtype=bool)
                plotEta[:] = etaPlotIndices
            else:
                etaPlotIndices = num.atleast_1d(etaPlotIndices)
                plotEta = num.array(
                    [num.any(etaPlotIndices == iEta) for iEta in range(self.numEta) ],
                    dtype=bool)

            plotTitlePrefix = ''
            if not num.any(plotEta):
                plotTitlePrefix='eta with worse errors'
            plotWinRadial = self.makePlotWin(sqrtIntensity=True,
                                             plotTitlePrefix=plotTitlePrefix)

        nPoints = 0
        errsByEta = num.zeros(self.numEta)
        for iRingSet, ringData in enumerate(self.ringDataList): # range(len(self.iHKLLists)):
            dataFrameRebinned = ringData['dataFrameRebinned']
            for iEta, etaFuncData in enumerate(ringData['etaFuncData']):
                func, iQP, jQP, wQP, rhoBinIndices, normalization = etaFuncData
                nPointsThis = wQP.shape[0] # len(data)

                evalThisEta  = evalAllRings[nPoints:nPoints+nPointsThis]
                dataThisEta = dataFrameRebinned[iEta, rhoBinIndices]
                diff  = evalThisEta - dataThisEta
                retval[nPoints:nPoints+nPointsThis] = normalization * diff
                errsByEta[iEta] += num.linalg.norm(retval[nPoints:nPoints+nPointsThis])

                if makePlots and plotEta[iEta]:
                    self.plotByRingEta(iRingSet, iEta,
                                       sqrtIntensity=True, win=plotWinRadial)

                nPoints += nPointsThis
            'iEta'
        'iRingSet'
        if makePlots:
            'plot maximum error eta'
            iEta = num.argmax(errsByEta)
            if not plotEta[iEta]:
                for iRingSet, ringData in enumerate(self.ringDataList):
                    self.plotByRingEta(iRingSet, iEta,
                                       sqrtIntensity=True, win=plotWinRadial)

            plotWinRadial.show()
        if self.__print:
            self.__log(' norm : '+str(num.linalg.norm(retval)))
        return retval

    def makePlotWin(self, sqrtIntensity=True, plotTitlePrefix=''):
        plotWinRadial = plotwrap.PlotWin(2,1, relfigsize=(8,3),
                                         title=plotTitlePrefix+'ring evaluation results')
        'using twinx() might be better, but not plumbed for that'
        if sqrtIntensity:
            ylabel='sqrt(intensity)'
        else:
            ylabel='intensity'
        pwREval = plotwrap.PlotWrap(window=plotWinRadial, ylabel=ylabel,
                                    showByDefault=False)
        pwRDiff = plotwrap.PlotWrap(window=plotWinRadial, ylabel='relative error',
                                    showByDefault=False, axprops={'sharex':pwREval.a})
        return plotWinRadial
[docs]    def plotByRingEta(self, iRingSet, iEta, win=None, sqrtIntensity=True, alpha=0.25):
        'may have redundant work here, but assume this is not a big deal if doing plots'

        if win is None:
            win = self.makePlotWin(sqrtIntensity=sqrtIntensity)
            retval = win
        else:
            retval = None
        aEval, pwREval = win.getAxes(0, withPW=True)
        aDiff, pwRDiff = win.getAxes(1, withPW=True)

        etaFuncData = self.ringDataList[iRingSet]['etaFuncData'][iEta]
        func, iQP, jQP, wQP, rhoBinIndices, normalization = etaFuncData

        tThQP, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)
        evalQP       = func(None, tThQP)
        evalP        = num.sum(evalQP * wQP, axis=1)
        tThCen = num.sum(tThQP * wQP, axis=1)
        width = num.mean(tThCen[1:] - tThCen[:-1])

        dataThisEta = self.ringDataList[iRingSet]['dataFrameRebinned'][iEta, rhoBinIndices]

        if sqrtIntensity:
            def mapData(v):
                return num.sqrt(num.maximum(0, v))
        else:
            def mapData(v):
                return v

        pwREval.a.bar(tThCen, mapData(dataThisEta), width=width, align='center', alpha=alpha)
        '''have not set things up to match line styles with drawRings, so make all lines black;
        might be able to fix this if switch drawRings to do something like cullDupl too
        '''
        pwREval(tThCen, mapData(evalP), style='kx-')
        scaling = dataThisEta
        scaling[num.where(scaling==0)] = 1.0
        pwRDiff(tThCen, (evalP - dataThisEta) / scaling, style='kx-')

        if retval is not None:
            retval.show()
        return retval

[docs]    def doFit(self, xVec0=None, **lsKWArgs):
        """
        lsKWArgs can have things like ftol and xtol for leastsq
        """

        if xVec0 is None:
            xVec0 = self.guessXVec()
        tic = time.time()
        if self.useDFun:
            x, ier = leastsq(self, xVec0, Dfun=self.deval, **lsKWArgs)
        else:
            x, ier = leastsq(self, xVec0, **lsKWArgs)
        toc = time.time()
        dt = toc - tic
        self.__log('leastsq took %g seconds to run' % (dt))
        if not [1,2,3,4].count(ier):
            msg = 'error code %d from leastsq' % (ier)
            self.__log(msg)
            print >> sys.stderr, msg
            raise RuntimeError, 'error from leastsq'

        # must update detector geometry with solution
        fitParams = num.atleast_1d(x)
        pList = self.detectorGeom._Detector2DRC__makePList()
        pList[num.atleast_1d(self.detectorGeom.refineFlags)] = fitParams
        self.detectorGeom._Detector2DRC__updateFromPList(pList)

        return fitParams


[docs]    def getTThErrors(self, plot=False, units='strain', outputFile=None):
        """
        convenient way of looking at the errors, though not how the
        errors are actually measured in the fitting procedure;
        get the tTh values at the image frame locations deemed to be
        the centers with the floating-center fits

        units can be:  'mm' <radius>, 'd-spacing', 'strain', 'radians' <tTh>, 'degrees' <tTh>
        """
        # beam energy (jay s. wants this
        beamEnergy = processWavelength(1.) / self.planeData.wavelength

        # baseline ("ideal") tTh values
        tThs = self.planeData.getTTh()[self.iRingToHKL]

        # need these to reconstruct azimuths
        #   - Are in mm (self.detectorGeom.pixelPitchUnit)
        xFl, yFl = self.detectorGeom.cartesianCoordsOfPixelIndices(
            self.floatingCentersIJ[:,:,0], self.floatingCentersIJ[:,:,1])

        # azimuthal angles from xyoToAng
        tThFloating, etaFloating = self.detectorGeom.xyoToAng(
                self.floatingCentersIJ[:,:,0], self.floatingCentersIJ[:,:,1] )

        if units == 'mm':
            rho = num.sqrt((xFl - self.detectorGeom.xc)**2 +
                           (yFl - self.detectorGeom.yc)**2)
            x0, y0 = self.detectorGeom.angToXYO(num.tile(tThs, (self.numEta, 1)),
                                                etaFloating,
                                                units=self.detectorGeom.pixelPitchUnit)
            rho0 = num.sqrt((x0 - self.detectorGeom.xc)**2 +
                            (y0 - self.detectorGeom.yc)**2)
            ylabel = '(rho - rho0)'
            errs = rho - rho0
        elif units == 'd-spacing' or units == 'strain':
            dspFloating = self.planeData.wavelength / ( 2. * num.sin(0.5 * tThFloating) )
            dsp         = self.planeData.getPlaneSpacings()
            print len(dspFloating)
            print len(dsp)
            dspErrs     = dspFloating - num.tile(dsp, (self.numEta, 1) )
            if units == 'strain':
                ylabel = '(d - d0) / d0'
                errs = dspErrs / dsp
            else:
                ylabel = 'angstroms'
                errs = dspErrs
        elif units == 'radians' or units == 'degrees':
            tThErrs = tThFloating - num.tile(tThs, (self.numEta,1) )
            if units == 'degrees':
                ylabel = 'tTh - tTh0  [deg]'
                errs = tThErrs * r2d
            else:
                ylabel = 'tTh - tTh0  [deg]'
                errs = tThErrs
        else:
            raise RuntimeError, "units keyword '%s' is not recognized" % units

        if plot:
            if hasattr(plot, '__call__'):
                'assume is a PlotWrap instance or the like'
                pwTThE = plot
            else:
                pwTThE = plotwrap.PlotWrap(title='line position errors', xlabel='eta index', ylabel=ylabel)
                retval = [errs, pwTThE]

            for iTTh in range(errs.shape[1]):
                pwTThE(num.arange(self.numEta), errs[:,iTTh], noShow=True)
            pwTThE.show()
        else:
            retval = errs

        if outputFile is not None:
            lp = self.planeData.latVecOps['dparms'].reshape(6, 1)
            lp = num.dot( num.diag( num.hstack([num.ones(3,), 180*num.ones(3,)/num.pi]) ), lp )
            laueGrp = self.planeData.getLaueGroup()
            numTTh = len(tThs)
            rhoMax = 204.8
            hklIDs = self.planeData.getHKLID(self.planeData.getHKLs().T)
            hklStr = self.planeData.getHKLs(asStr=True)

            rho = num.sqrt((xFl - self.detectorGeom.xc)**2 +
                           (yFl - self.detectorGeom.yc)**2)
            x0, y0 = self.detectorGeom.angToXYO(num.tile(tThs, (self.numEta, 1)),
                                                etaFloating,
                                                units=self.detectorGeom.pixelPitchUnit)
            rho0 = num.sqrt((x0 - self.detectorGeom.xc)**2 +
                            (y0 - self.detectorGeom.yc)**2)

            # make output for nutonian
            idsOut  = num.tile(hklIDs, (2*self.numEta, 1)).T.flatten()
            etaOut  = num.vstack([etaFloating, 2*num.pi + etaFloating]).T.flatten()
            rho0Out = num.vstack([rho0, rho0]).T.flatten()/rhoMax
            rhoOut  = num.vstack([rho, rho]).T.flatten()/rhoMax

            dataList = ["%d, %1.6e, %1.6e, %1.6e, %1.6e"
                        % (idsOut[i], etaOut[i], rho0Out[i], rhoOut[i], beamEnergy)
                        for i in range(len(idsOut))]

            if isinstance(outputFile, file):
                fid = outputFile
            else:
                fid = open(outputFile, 'w')
            print >> fid, '# Lattice Parameters: (%.4f, %.4f, %.4f, %.1f, %.1f, %.1f)' % (lp[0],lp[1],lp[2],lp[3],lp[4],lp[5])
            print >> fid, '# Laue Group: %s' % (laueGrp)
            print >> fid, '# Wavelength: %f' % (self.planeData.wavelength)
            print >> fid, '# \n# xc, yc = (%.3f, %.3f)' % (self.detectorGeom.xc, self.detectorGeom.yc)
            print >> fid, '# D = %.3f' % (self.detectorGeom.workDist)
            print >> fid, '# xTilt, yTilt, zTilt = (%1.3e, %1.3e, %1.3e)\n# ' % (self.detectorGeom.xTilt, self.detectorGeom.yTilt, self.detectorGeom.zTilt)
            print >> fid, '\n'.join(['# ' + str(hklIDs[i]) + ' --> ' + hklStr[i] for i in range(len(hklIDs))])
            print >> fid, '# '
            print >> fid, '# ID, azimuth, ideal, measured, energy\n# '
            print >> fid, 'id, a, r0, r, e'
            print >> fid, '\n'.join(dataList)
            fid.close()
        return retval



[docs]class MultiRingEval:
    """
    For working with data as rings, particularly for fitting detector geometry or lattice parameters.
    """
    __debug = False
    __print = True

    '''
    check_func in minpack.py calls atleast_1d on the output from Dfun, which hoses the shape output
    (and probably plenty of other things) with sparse matrices
    '''
    __dSparse = False

[docs]    def __init__(self, detectorGeom, planeData,
                 indicesList = None, iHKLLists = None,
                 dataFrame = None,
                 funcType = funcTypeDflt,
                 refineParamsDG = True,
                 refineParamsL = False,
                 funcXVecList = None,
                 copyFrame = False,
                 quadr = 3):
      """
      Mostly meant for use with DetectorGeomGE.fit

      If funcXVecList is passed, then entries in this list are used for peak
      function forms, and these peak function forms do not appear in the
      degrees of freedom

      Note that ranges for 2-thetas from planeData need to be such that
      rings are adequately covered

      Can optionally pass indicesList and iHKLLists if they are already handy

      if copyFrame is True, then data in dataFrame is copied
      """

      refineParamsXVec = funcXVecList is None

      if dataFrame is not None:
          self.setupForCall = True
          if copyFrame:
              self.dataFrame = copy.deepcopy(dataFrame)
          else:
              self.dataFrame = dataFrame
      else:
          self.setupForCall = False
          self.dataFrame = None

      self.quadr = quadr
      xi, w = q2db.qLoc(quadr)
      'xi are in [0,1], so need to be centered'
      xi = xi - 0.5
      self.xi = xi
      self.w  = w
      nQP = len(w)

      assert (indicesList is None) == (iHKLLists is None), 'inconsistent arguments for indicesList and iHKLLists'
      if indicesList is None:
          '''groupings of rings could change if planeData.lparms is changing, but
          need to keep fixed number of degrees of freedom so just use initial values'''
          indicesList, iHKLLists = detectorGeom.makeIndicesTThRanges(planeData, cullDupl=True)
      tThs = planeData.getTTh()
      tThRanges = planeData.getTThRanges()

      guessFXVL = False
      if not refineParamsXVec:
          if hasattr(funcXVecList,'__len__'):
              assert len(funcXVecList) == len(iHKLLists),\
                  'funcXVecList needs to have length '+str(len(iHKLLists))
          else:
              guessFXVL = True

      nParamCur = 0
      if refineParamsDG:
          nParamDG = detectorGeom.getNParams()
      else:
          nParamDG = 0
      self.xIndDG = range(nParamCur, nParamCur+nParamDG)
      nParamCur += nParamDG

      if refineParamsL:
          nParamL = len(planeData.lparms)
      else:
          nParamL = 0
      self.xIndL = range(nParamCur, nParamCur+nParamL)
      nParamCur += nParamL

      funcDataList = []
      nPoints = 0
      for iRingSet in range(len(iHKLLists)):
        iHKLList = iHKLLists[iRingSet]
        frameIndices  = indicesList[iRingSet]

        xVecDflt = None
        if not refineParamsXVec and not guessFXVL:
            xVecDflt = funcXVecList[iRingSet]
        if funcType is 'pv':
            func = PeakPV1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt)
        elif funcType is 'gauss' or funcType is 'normal':
            func = PeakGauss1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt)
        elif funcType is 'gaussFlatBG':
            func = PeakGauss1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt, linBG=False)
        elif funcType is 'lorentz':
            func = PeakLorentzian1DAtLoc(tThs[(iHKLList)], xVecDflt=xVecDflt)
        else:
            raise RuntimeError,  'unknown funcType : '+str(funcType)
        if not refineParamsXVec and guessFXVL:
            if self.dataFrame is None:
                'used to have something here, but not sure still need to support this'
                raise RuntimeError, 'no way to init 1D function'
            else:
                tThIJ, etaIJ = detectorGeom.xyoToAng(frameIndices[0], frameIndices[1])
                'histogram with floats so that do not overflow int16 data types'
                hist, bin_edges = num.histogram(tThIJ,
                                                weights=num.array(self.dataFrame[frameIndices], dtype=float),
                                                bins=10)
                binCenters = (bin_edges[1:] + bin_edges[:1])*0.5
                func.setXVecDflt(func.guessXVec(binCenters, hist))

        if refineParamsXVec:
            nParam   = func.getNParams()
            xIndices = range(nParamCur, nParamCur+nParam)
        else:
            nParam   = 0
            xIndices = [] # slice(-1,-1,1)
        if self.dataFrame is not None:
            #data = copy.deepcopy(dataFrame[frameIndices])
            normalization = 1.0/num.mean(self.dataFrame[frameIndices])
        else:
            #data = None
            normalization = 1.0

        nPx = len(frameIndices[0])
        iQP = num.tile(frameIndices[0], (nQP,1)).T + num.tile(xi[:,0], (nPx,1))
        jQP = num.tile(frameIndices[1], (nQP,1)).T + num.tile(xi[:,1], (nPx,1))
        'do not worry about dvQP kinds of contributions for now'
        wQP = num.tile(w, (nPx,1))
        #funcDataList.append((func, xIndices, iQP, jQP, wQP, data, indices, normalization))
        funcDataList.append((func, xIndices, iQP, jQP, wQP, frameIndices, normalization))
        nPoints += nPx
        nParamCur += nParam

      'store stuff'
      self.detectorGeom = detectorGeom
      self.planeData    = planeData
      self.nParamDG     = nParamDG
      self.nParamL      = nParamL
      self.funcDataList = funcDataList
      self.nParam       = nParamCur
      self.nPoints      = nPoints
      self.iHKLLists    = iHKLLists

      if self.nParam == 0:
          print >> sys.stderr, 'WARNING: have 0 free parameters in '+str(self.__class__.__name__)

      self.useDFun = True
      if refineParamsDG and not refineParamsL and not refineParamsXVec:
          'only doing dg params, derivatives are by finite differencing, so do not bother with Dfun'
          self.useDFun = False

      xVec = num.zeros(self.nParam)
      if self.nParam > 0:
          'go ahead and set xVecGuess too'
          if self.nParamDG > 0:
              xVec[self.xIndDG] = self.detectorGeom.getParams()
          if self.nParamL > 0:
              xVec[self.xIndL]  = self.planeData.lparms
          for iRingSet in range(len(iHKLLists)):
            iHKLList = iHKLLists[iRingSet]
            func, xIndices, iQP, jQP, wQP, frameIndices, normalization = self.funcDataList[iRingSet]
            if len(xIndices) > 0:
                if self.dataFrame is None:
                    # 'set up something in case want to make synthetic data'
                    # widths = (tThRanges[iHKLList,1] - tThRanges[iHKLList,0])/8.
                    # mins   = num.tile(1.0,   len(iHKLList))
                    # maxs   = num.tile(200.0, len(iHKLList))
                    pass
                else:
                    tThIJ, etaIJ = detectorGeom.xyoToAng(frameIndices[0], frameIndices[1])
                    'histogram with floats so that do not overflow int16 data types'
                    hist, bin_edges = num.histogram(tThIJ,
                                                    weights=num.array(self.dataFrame[frameIndices], dtype=float),
                                                    bins=10)
                    binCenters = (bin_edges[1:] + bin_edges[:1])*0.5
                    xVec[(xIndices)] = func.guessXVec(binCenters, hist)
      self.xVecGuess = xVec

      return

    def getFuncXVecList(self, xVec):
        funcXVecList = []
        for func, xIndices, iQP, jQP, wQP, frameIndices, normalization in self.funcDataList:
            if len(xIndices) > 0:
                funcXVecList.append(xVec[(xIndices)])
            else:
                funcXVecList.append(func.xVecDflt)
        return funcXVecList
[docs]    def setFuncXVecList(self, funcXVecList):
        """
        only okay if funcXVecList set on init
        """
        for iFunc, funcData in enumerate(self.funcDataList):
            func, xIndices, iQP, jQP, wQP, frameIndices, normalization = funcData
            assert len(xIndices) == 0, \
                'setting funcXVecList for instance with DOF for funcs'
            func.setXVecDflt(funcXVecList[iFunc])
        return

    def guessXVec(self):
      return self.xVecGuess
    def getNParam(self):
      return self.nParam
    def __dgfd(self, xVec, dGScalings, iQP, jQP):
        # J is 3D, b/c tThQP_ref is 2D
        assert self.nParamDG > 0,\
            'do not have detector geometry parameter degrees of freedom'
        xVecDG = xVec[self.xIndDG]
        self.detectorGeom.updateParams(*xVecDG)
        tThQP_ref, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)
        assert len(tThQP_ref.shape) == 2, \
            'have not gotten around to generalizing'
        pert = 1.0e-5
        J = num.empty(num.hstack((tThQP_ref.shape,len(xVecDG))))
        for iX, xVal in enumerate(xVecDG):
            xVecDG_p = copy.deepcopy(xVecDG)
            thisPert = pert * dGScalings[iX]
            xVecDG_p[iX] = xVal + thisPert
            self.detectorGeom.updateParams(*xVecDG_p)
            tThQP_p, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)
            J[:,:,iX] = (tThQP_p - tThQP_ref) / thisPert
        return tThQP_ref, J
[docs]    def deval(self, xVec):
      '''
      useful to pass, for example, as Dfun to leastsq;
      bit of a misnomer in that deval is the derivative of __call__, not eval
      '''

      retvalShape = (self.nPoints,len(xVec))
      if self.__dSparse:
          # retval = sparse.dok_matrix(retvalShape)
          # retval = sparse.lil_matrix(retvalShape)
          retval = sparse.coo_matrix(retvalShape)
      else:
          retval = num.zeros(retvalShape)

      if self.nParamDG > 0:
          if self.__debug: print 'xIndDG : '+str(self.xIndDG)
          self.detectorGeom.updateParams(*xVec[self.xIndDG])
          dGScalings = self.detectorGeom.getParamScalings() # for finite differencing
      else:
          dGScalings = None
      if self.nParamL > 0:
          if self.__debug: print 'xIndL : '+str(self.xIndL)
          self.planeData.lparms = xVec[self.xIndL] # property, calls set_lparms
          d_tThs_d_lparms = self.planeData.getDD_tThs_lparms()
          tThs = self.planeData.getTTh()
          d_centers_d_lparms = []
          for iRingSet in range(len(self.iHKLLists)):
              iHKLList = self.iHKLLists[iRingSet]
              func, xIndices, iQP, jQP, wQP, frameIndices, normalization = self.funcDataList[iRingSet]
              func.setCenters(tThs[(iHKLList)])
              d_centers_d_lparms.append(d_tThs_d_lparms[(iHKLList)])

      nPoints = 0
      for iRingSet in range(len(self.iHKLLists)):
        func, xIndices, iQP, jQP, wQP, frameIndices, normalization = self.funcDataList[iRingSet]
        nPointsThis = wQP.shape[0] # len(data)
        if self.__debug: print 'xIndices : '+str(xIndices)

        if self.nParamDG > 0:
            tThQP, d_tThQP_d_xVecDG = self.__dgfd(xVec, dGScalings, iQP, jQP)
        else:
            tThQP, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)

        if len(xIndices) > 0:
            #evalQP       = func(xVec[(xIndices)], tThQP)
            d_evalQP_d_x = func.d_dx(xVec[(xIndices)], tThQP)
            d_evalQP_d_p = func.d_dp(xVec[(xIndices)], tThQP)

            if self.nParamL > 0:
                d_evalQP_d_centers = func.d_dCenters(xVec[(xIndices)], tThQP)

            #eval          = normalization * num.sum(evalQP * wQP, axis=1)
            for iXInd, xInd in enumerate(xIndices):
                temp = normalization * num.sum(d_evalQP_d_x[:,:,iXInd] * wQP, axis=1)
                if self.__dSparse:
                    i = num.mgrid[nPoints:nPoints+nPointsThis,xInd:xInd+1]
                    retval = retval + sparse.coo_matrix(
                        (temp.flatten(), (i[0].flatten(), i[1].flatten())),
                        shape=retvalShape)
                else:
                    retval[nPoints:nPoints+nPointsThis,xInd] = temp
        else:
            'not len(xIndices) > 0'
            if self.nParamDG > 0:
                d_evalQP_d_p       = func.d_dp(func.xVecDflt, tThQP)
            if self.nParamL > 0:
                d_evalQP_d_centers = func.d_dCenters(func.xVecDflt, tThQP)

        for iXInd, xInd in enumerate(self.xIndDG):
            'should only end up in here if self.nParamDG > 0'
            temp = normalization * num.sum((d_evalQP_d_p * d_tThQP_d_xVecDG[:,:,iXInd]) * wQP, axis=1)
            if self.__dSparse:
                i = num.mgrid[nPoints:nPoints+nPointsThis,xInd:xInd+1]
                retval = retval + sparse.coo_matrix(
                    (temp.flatten(), (i[0].flatten(), i[1].flatten())),
                    shape=retvalShape)
            else:
                retval[nPoints:nPoints+nPointsThis,xInd] = temp
        for iXInd, xInd in enumerate(self.xIndL):
            'should only end up in here if self.nParamL > 0'
            temp = normalization * num.sum((num.dot(d_evalQP_d_centers, d_centers_d_lparms[iRingSet][:,iXInd])) * wQP, axis=1)
            if self.__dSparse:
                i = num.mgrid[nPoints:nPoints+nPointsThis,xInd:xInd+1]
                retval = retval + sparse.coo_matrix(
                    (temp.flatten(), (i[0].flatten(), i[1].flatten())),
                    shape=retvalShape)
            else:
                retval[nPoints:nPoints+nPointsThis,xInd] = temp

        nPoints += nPointsThis

      if self.__dSparse:
          retval = retval.tocsr() # or tocsr would be better?
      return retval


[docs]    def eval(self, xVec, thisframe=None):
      'if thisframe is passed, the put values on the frame'

      retval = num.empty(self.nPoints)

      'first update the detector geometry'
      if self.nParamDG > 0:
          self.detectorGeom.updateParams(*xVec[self.xIndDG])

      if self.nParamL > 0:
          self.planeData.lparms = xVec[self.xIndL] # property, calls set_lparms
          tThs = self.planeData.getTTh()
          for iRingSet in range(len(self.iHKLLists)):
              iHKLList = self.iHKLLists[iRingSet]
              func, xIndices, iQP, jQP, wQP, frameIndices, normalization = self.funcDataList[iRingSet]
              func.setCenters(tThs[(iHKLList)])

      nPoints = 0
      for func, xIndices, iQP, jQP, wQP, frameIndices, normalization in self.funcDataList:
        nPointsThis = wQP.shape[0] # len(data)

        tThQP, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)
        evalQP       = func(xVec[(xIndices)], tThQP) # if xVec ends up being [], xVecDflt gets used
        eval         = num.sum(evalQP * wQP, axis=1)
        retval[nPoints:nPoints+nPointsThis] = eval
        if thisframe is not None:
          thisframe[frameIndices] = eval

        nPoints += nPointsThis

      return retval

    def __call__(self, xVec, makePlots=False, plotTitlePrefix=''):
        'meant for call in leastsq type algorithm'

        assert self.setupForCall, 'not setup for call'

        retval = num.empty(self.nPoints)

        evalAllRings = self.eval(xVec)

        if makePlots:
            frameData = self.detectorGeom.frame()
            frameEval = self.detectorGeom.frame()
            frameDiff = self.detectorGeom.frame(dtype='float')

            plotWinRadial = plotwrap.PlotWin(2,1, relfigsize=(8,3),
                                             title=plotTitlePrefix+'ring evaluation results')
            'using twinx() might be better, but not plumbed for that'
            pwREval = plotwrap.PlotWrap(window=plotWinRadial, showByDefault=False)
            pwRDiff = plotwrap.PlotWrap(window=plotWinRadial, showByDefault=False, axprops={'sharex':pwREval.a})

        nPoints = 0
        for iFunc, funcData in enumerate(self.funcDataList):
          func, xIndices, iQP, jQP, wQP, frameIndices, normalization = funcData
          nPointsThis = wQP.shape[0] # len(data)

          data = self.dataFrame[frameIndices]

          eval  = evalAllRings[nPoints:nPoints+nPointsThis]
          diff  = eval - data

          retval[nPoints:nPoints+nPointsThis] = normalization * diff

          if makePlots:

            frameData[frameIndices] = data
            frameEval[frameIndices] = eval
            frameDiff[frameIndices] = diff

            histTThCen, histIntensity, width = self.__radialBinData(iFunc, data)
            evalIntensity = func(xVec[(xIndices)], histTThCen)
            pwREval.a.bar(histTThCen, histIntensity, width=width, align='center', alpha=0.5)
            '''have not set things up to match line styles with drawRings, so make all lines black;
            might be able to fix this if switch drawRings to do something like cullDupl too
            '''
            pwREval(histTThCen, evalIntensity, style='k-')
            pwRDiff(histTThCen, (evalIntensity - histIntensity) / histIntensity, style='k-')

          nPoints += nPointsThis
        if makePlots:

          plotWinFrames = plotwrap.PlotWin(1,3,title='ring evaluation results')
          #
          pwData  = plotwrap.PlotWrap(window=plotWinFrames,
                                      title='data; max() = %g' % (num.max(frameData))
                                      )
          axprops = {'sharex':pwData.a, 'sharey':pwData.a}
          pwEval  = plotwrap.PlotWrap(window=plotWinFrames,
                                      title='eval',
                                      axprops=axprops)
          pwDiff  = plotwrap.PlotWrap(window=plotWinFrames,
                                      title='diff; max(abs()) = %g' % (num.max(num.abs(frameDiff))),
                                      axprops=axprops)
          #
          ReadGE.display(frameData, pw=pwData)
          ReadGE.display(frameEval, pw=pwEval)
          ReadGE.display(frameDiff, pw=pwDiff, cmap=None)
          self.detectorGeom.drawRings(pwData, self.planeData, legendLoc=None)
          self.detectorGeom.drawRings(pwEval, self.planeData, legendLoc=None)
          self.detectorGeom.drawRings(pwDiff, self.planeData, legendLoc=None)

          plotWinFrames.show()
          plotWinRadial.show()
        if self.__print:
          print ' norm : '+str(num.linalg.norm(retval))
        return retval
[docs]    def doFit(self, xVec0=None, **lsKWArgs):
        """
        lsKWArgs can have things like ftol and xtol for leastsq
        """
        if xVec0 is None:
            xVec0 = self.guessXVec()
        tic = time.time()
        if self.useDFun:
            x, ier = leastsq(self, xVec0, Dfun=self.deval, **lsKWArgs)
        else:
            x, ier = leastsq(self, xVec0, **lsKWArgs)
        toc = time.time()
        dt = toc - tic
        print 'leastsq took %g seconds to run' % (dt)
        if not [1,2,3,4].count(ier):
          print >> sys.stderr, 'error code %d from leastsq' % (ier)
          raise RuntimeError, 'error from leastsq'
        return num.atleast_1d(x)

[docs]    def radialPlotData(self, dataFrame=None, plotTitlePrefix=''):
        'for simple radial plotting, useful if other things are mysteriously breaking'
        if dataFrame is None:
            dataFrame = self.dataFrame
        assert dataFrame is not None, 'need data to work with'

        pwREval = plotwrap.PlotWrap(showByDefault=False, title=plotTitlePrefix+'ring evaluation results')
        for iFunc, funcData in enumerate(self.funcDataList):
            func, xIndices, iQP, jQP, wQP, frameIndices, normalization = funcData
            histTThCen, histIntensity, width = self.__radialBinData(iFunc, dataFrame[frameIndices])
            pwREval.a.bar(histTThCen, histIntensity, width=width, align='center', alpha=0.5)
        pwREval.show()
        return pwREval

[docs]    def radialFitXVec(self, dataFrame=None, plot=False, plotTitlePrefix='', quadr1d=None):
        """
        if dataFrame is not provided, use self.dataFrame

        if quadr1d is not specified, use quadr specified in init
        """
        if dataFrame is None:
            dataFrame = self.dataFrame
        assert dataFrame is not None, 'need data to work with'

        quadr = self.quadr
        if quadr1d is not None:
            quadr = quadr1d
        funcXVecList = []
        cFitList = []
        pw = None
        if plot > 1:
            plotList = []
            plotRetval = plotList
        elif plot:
            pw = plotWinRadial = plotwrap.PlotWin(2,1, relfigsize=(8,3),
                                             title=plotTitlePrefix+'ring evaluation results')
            #pw = plotwrap.PlotWrap(title=plotTitlePrefix+'radial fit results', showByDefault=False,
            #                       figsize=(8,2))
            pwREval = plotwrap.PlotWrap(window=plotWinRadial, showByDefault=False)
            pwRDiff = plotwrap.PlotWrap(window=plotWinRadial, showByDefault=False, axprops={'sharex':pwREval.a})
            plotRetval = plotWinRadial
        hkls = self.planeData.getHKLs(asStr=True)
        for iFunc, funcData in enumerate(self.funcDataList):
            func, xIndices, iQP, jQP, wQP, frameIndices, normalization = funcData
            data = self.dataFrame[frameIndices]
            assert self.quadr, \
                'self.quadr does not evaluate to True'
            histTThCen, histIntensity, width, xFit, cFit, evalIntensity = \
                self.__radialBinData(iFunc, data, fitFuncXVec=quadr)
            funcXVecList.append(xFit)
            cFitList.append(cFit)
            if plot:
                iHKLList = self.iHKLLists[iFunc]
                if plot > 1:
                    pw = plotwrap.PlotWrap(title=plotTitlePrefix+str(hkls[(iHKLList)]))
                    pw.a.bar(histTThCen, histIntensity, width=width, align='center', alpha=0.5)
                    pw(histTThCen, evalIntensity, style='k-')
                    plotList.append(pw)
                    pw = None
                else:
                    pwREval.a.bar(histTThCen, histIntensity, width=width, align='center', alpha=0.5)
                    pwREval(histTThCen, evalIntensity, style='k-')
                    pwRDiff(histTThCen, evalIntensity-histIntensity, style='k-')
        if plot:
            if pw is not None:
                pw.show()
            retval = funcXVecList, cFitList, plotRetval
        else:
            retval = funcXVecList, cFitList
        return retval

    def __radialBinData(self, iFunc, data,
                        nBinsPerPeak = 30,
                        fitFuncXVec=False):
        """
        useful for checking on ring positions, and for fitting funcXVec

        data needs to be collected for the iFunc in question, as by doing
        self.dataFrame[frameIndices]
        """

        func, xIndices, iQP, jQP, wQP, frameIndices, normalization = self.funcDataList[iFunc]
        assert len(data) == len(frameIndices[0]),\
            'data is wrong length for iFunc'

        tThQP, etaQP = self.detectorGeom.xyoToAng(iQP, jQP)

        """
        NOTE: if wQP is made to have dv contributions, then may
        need to change the following;
        though the following is not quite consistent with the least
        squares system anyway, it is just to have something more
        to look at
        """
        #
        weights = wQP * num.tile(data, (wQP.shape[1],1)).T
        #
        'Do not do the following because need to renormalize'
        # histIntensity, histTThBins, histPatches = \
        #     pwREval.a.hist(tThQP.flatten(), weights=weights.flatten(),
        #                    bins=60,
        #                    histtype='bar', alpha=0.5)
        range = (tThQP.min(), tThQP.max())
        nBins = nBinsPerPeak*func.getNPeaks()
        width = (range[1]-range[0])/nBins
        bins  = num.arange(range[0], range[1]+width*0.5, width)
        histIW, bin_edges = num.histogram(tThQP.flatten(), range=range, bins=bins, weights=weights.flatten())
        histW,  bin_edges = num.histogram(tThQP.flatten(), range=range, bins=bins, weights=wQP.flatten())
        histTThCen   = 0.5 * (bins[:-1] + bins[1:]) # bin centers
        histIntensity = histIW / histW

        if fitFuncXVec:

            quadr = 1
            if isinstance(fitFuncXVec,int):
                quadr = int(fitFuncXVec)

            if len(xIndices) > 0:
                xVecGuess = self.xVecGuess[(xIndices)]
            else:
                xVecGuess = func.xVecDflt

            tThs = self.planeData.getTTh()
            iHKLList = self.iHKLLists[iFunc]

            xFit, cFit, evalIntensity = func.fitFloatingCenter(
                histTThCen, histIntensity, xVecGuess, tThs[(iHKLList)], weights=quadr, tThWidth=width)

        retval = [histTThCen, histIntensity, width]
        if fitFuncXVec:
            retval += xFit, cFit, evalIntensity

        return retval


[docs]class DetectorBase(object):
    """
    base class for a detector
    """

    # basis vectors
    Xl = num.vstack([1, 0, 0])                      # X in the lab frame
    Yl = num.vstack([0, 1, 0])                      # Y in the lab frame
    Zl = num.vstack([0, 0, 1])                      # Z in the lab frame

[docs]    def __init__(self, reader):
        self.__reader = reader
        self.refineFlags = self.getRefineFlagsDflt()
        return


    def get_reader(self):
        return self.__reader
    reader = property(get_reader, None, None)

    def frame(self, *args, **kwargs):
        retval = self.reader.frame(*args, **kwargs)
        return retval

    @classmethod
    def getRefineFlagsDflt(cls):
        raise NotImplementedError

    def setupRefinement(self, flags):
        assert len(flags) == len(self.refineFlags), 'flags wrong length, do you know what you are doing?'
        self.refineFlags = num.array(flags, dtype='bool')
        return
    def getNParams(self):
        return num.sum(self.refineFlags)
    def updateParams(self, *args):
        raise NotImplementedError
        return
    def getParams(self, allParams=False):
        retval = None
        raise NotImplementedError
        return retval
[docs]    def getParamScalings(self):
        'scalings, suitable for scaling perturbations for finite differencing'
        retval = None
        raise NotImplementedError
        return retval

[docs]    def getPVecScaling(self):
        'scaling, suitable for scaling perturbations for finite differencing'
        retval = None
        raise NotImplementedError
        return retval



[docs]class Detector2DRC(DetectorBase):
    """
    base class for 2D row-column detectors
    """

    __pixelPitchUnit = 'mm'

    tilt = num.zeros(3)   # must initialize tilt to ndarray

    chiTilt = None

[docs]    def __init__(self,
                 ncols, nrows, pixelPitch,
                 vFactorUnc, vDark,
                 reader, *args, **kwargs):

        if reader is None:
            readerKWArgs = kwargs.pop('readerKWArgs', {})
            reader = newGenericReader(ncols, nrows, **readerKWArgs)

        """
        The following is meant to facilitate creation of generic detector types
        """
        optionalFuncs = ('getDParamDflt',
                         'setDParamZero',
                         'getDParamScalings',
                         'getDParamRefineDflt',
                         'radialDistortion')
        for optFunc in optionalFuncs:
            if kwargs.has_key(optFunc):
                self.__setattr__(optFunc, kwargs.pop(optFunc))

        DetectorBase.__init__(self, reader)

        self.__ncols = ncols
        self.__nrows = nrows
        self.__vFactorUnc = vFactorUnc
        self.__vDark = vDark
        self.__pixelPitch = pixelPitch

        if len(args) == 0:
            self.__initWithDefault(**kwargs)
        elif hasattr(args[0], 'xyoToAng'): # this should work ok (JVB)
            self.__initFromDG(*args, **kwargs)
        elif len(args) == 1:
            if hasattr(args[0], '__len__'):
                assert len(args[0]) is 6, "your initial parameters list is the wrong length"
                xc, yc, workDist, xTilt, yTilt, zTilt = args[0]
                self.__initFromParams(xc, yc, workDist, xTilt, yTilt, zTilt, **kwargs)
            else:
                raise RuntimeError, "don't know what to do with your initialization argument "+str(args)
        else:
            self.__initFromParams(*args, **kwargs)
        self.pVecUncertainties = None

        return


    def set_ncols(self, ncols):
        raise RuntimeError, 'set of ncols not allowed'
    def get_ncols(self):
        return self.__ncols
    ncols = property(get_ncols, set_ncols, None)

    def set_pixelPitch(self, pixelPitch):
        raise RuntimeError, 'set of pixelPitch not allowed'
    def get_pixelPitch(self):
        return self.__pixelPitch
    pixelPitch = property(get_pixelPitch, set_pixelPitch, None)

    def set_pixelPitchUnit(self, pixelPitchUnit):
        raise RuntimeError, 'set of pixelPitchUnit not allowed'
    def get_pixelPitchUnit(self):
        return self.__pixelPitchUnit
    pixelPitchUnit = property(get_pixelPitchUnit, set_pixelPitchUnit, None)

    def set_nrows(self, nrows):
        raise RuntimeError, 'set of nrows not allowed'
    def get_nrows(self):
        return self.__nrows
    nrows = property(get_nrows, set_nrows, None)

    def getSize(self):
        retval = self.ncols * self.nrows
        return retval
    def __len__(self):
        return self.getSize()

    def getShape(self):
        return (self.ncols, self.nrows)
    def setShape(self):
        raise RuntimeError, 'what are you thinking'
    shape = property(getShape, setShape, None)

    def getExtent(self):
        return num.array([self.ncols, self.nrows]) * self.pixelPitch
    def setExtent(self):
        raise RuntimeError, 'what are you thinking'
    extent = property(getExtent, setExtent, None)

    # methods that a specific detector geometry needs to implement:
    def getDParamDflt(self):
        raise NotImplementedError
    def setDParamZero(self):
        raise NotImplementedError
    def getDParamScalings(self):
        raise NotImplementedError
    def getDParamRefineDflt(self):
        raise NotImplementedError
    def radialDistortion(self, xin, yin, invert=False):
        raise NotImplementedError

    def getNewReader(self, filename, *args, **kwargs):
        newR = self.reader.__class__(filename, self.ncols, self.nrows, *args, **kwargs)
        return newR

    # methods that may want to override for a specific detector geometry
    def getParamDflt(self):
        xc        = 0.5*self.ncols*self.pixelPitch
        yc        = 0.5*self.nrows*self.pixelPitch
        workDist  = 1000.0
        xTilt     = 0.0
        yTilt     = 0.0
        zTilt     = 0.0
        dparms    = self.getDParamDflt()
        return (xc, yc, workDist, xTilt, yTilt, zTilt, dparms)

    def __initFromParams(self, xc, yc, workDist, xTilt, yTilt, zTilt, distortionParams=None):
        """
        inputs:
        xc, yc : beam center, relative to pixel centers, so that
                 (xc, yc) = (0,0) puts the beam center in the
                 _center_ of the corner pixel
        workDist : working distance, as valWUnit instance, eg:
        workDist = valunits.valWUnit('workDist', 'length', 1.9365, 'meter')
        distortionParams : distortion parameters

        eventually, may want to have this be able to determine
        geometric parameters from other input data
        """

        if hasattr(xc, 'getVal'):
            self.xc        = xc.getVal(self.pixelPitchUnit)
            self.yc        = yc.getVal(self.pixelPitchUnit)
            self.workDist  = workDist.getVal(self.pixelPitchUnit)
            xTilt     = xTilt.getVal('radians')
            yTilt     = yTilt.getVal('radians')
            zTilt     = zTilt.getVal('radians')
        else:
            self.xc        = xc
            self.yc        = yc
            self.workDist  = workDist
        self.setTilt((xTilt, yTilt, zTilt))
        dParamDflt = self.getDParamDflt()
        if distortionParams is None:
            distortionParams = dParamDflt
        self.dparms    = copy.deepcopy(distortionParams)
        assert len(self.dparms) == len(dParamDflt), 'wrong length for distortion parameters'

        self.__initBase()

        return

    def getRefineFlagsDflt(cls):
        # for refinement
        # --------------->       (   xc,    yc,     D,    xt,    yt,    zt)
        retval = num.atleast_1d(
            tuple( [True,  True,  True,  True,  True, False] +
                   list(cls.getDParamRefineDflt())
                   ) )
        return retval
    def __makePList(self, flatten=True):
        pList = [self.xc, self.yc, self.workDist, self.xTilt, self.yTilt, self.zTilt, self.dparms]
        if flatten:
            pList = num.hstack(pList)
        return pList
    def __updateFromPList(self, plist):
        self.xc, self.yc, self.workDist, self.xTilt, self.yTilt, self.zTilt = plist[0:6]
        if hasattr(plist[6],'__len__'):
            assert len(plist) >= 6, 'plist of wrong length : '+str(plist)
            self.dparms = plist[6]
        else:
            self.dparms = plist[6:]
        assert len(self.dparms) == len(self.getDParamDflt()), \
            'dparms wrong length : '+str(self.dparms)
        return plist
    def updateParams(self, *args): # xc, yc, workDist, xTilt, yTilt, zTilt, *dparms
        if len(args) == 1:
            args = num.atleast_1d(args[0])
        assert len(args) == self.getNParams(), 'wrong length for distortion parameters'
        plist = self.__makePList()
        plist[num.array(self.refineFlags)] = args
        self.__updateFromPList(plist)
        return
    def getParams(self, allParams=False):
        plist = num.array(self.__makePList())
        if allParams:
            retval = plist
        else:
            idx = num.array(self.refineFlags)
            retval = plist[idx]
        return retval
[docs]    def getParamScalings(self):
        'scalings, suitable for scaling perturbations for finite differencing'
        plistScalings = num.array([
                self.pixelPitch*self.__nrows, self.pixelPitch*self.__ncols, # self.xc, self.yc
                1000.0,                 # self.workDist
                1.0, 1.0, 1.0,          # self.xTilt, self.yTilt, self.zTilt
                ] + list(self.getDParamScalings()) )
        return plistScalings[num.array(self.refineFlags)]

    def getPVecScaling(self):
        return 0.01
    def __initBase(self):

        ' no precession or chiTilt by default init'
        self.pVec    = None
        self.chiTilt = None

        self.refineFlags = self.getRefineFlagsDflt()

        'stuff for drawing and fitting rings'
        self.withRanges = True
        self.asMasked = False
        self.withTThWidth = True
        self.nEta = 180
        self.xFitRings = None
        # self.fitRingsFunc = None # potential for circular references if keep this
        self.lineArgs = {
            'antialiased' : True, # False is faster, but uglier
            'linewidth' : 0.5
            }
        return

    def __initWithDefault(self):

        self.__updateFromPList(self.getParamDflt())
        self.__initBase()

        return
    def __initFromDG(self, detectorGeomOther, pVec=None, chiTilt=None):
        """...not sure we'll keep chiTilt here as is"""
        self.__initFromParams( *detectorGeomOther.__makePList(flatten=False) )
        self.refineFlags = copy.deepcopy(detectorGeomOther.refineFlags)
        self.pVec = copy.deepcopy(pVec)
        self.chiTilt = copy.deepcopy(chiTilt)
        return

    def setTilt(self, tilt):
        self.tilt = num.array(tilt)

        # tilt angles
        gX = self.tilt[0]
        gY = self.tilt[1]
        gZ = self.tilt[2]

        # rotation 1: gX about Xl
        ROTX = rotMatOfExpMap(gX * self.Xl)

        # the transformed Yl axis (Yd)
        Yd = num.dot(ROTX, self.Yl)

        # rotation 2: gY about Yd
        ROTY = rotMatOfExpMap(gY * Yd)

        # the transformed Zl axis (Zd)
        Zd = num.dot(num.dot(ROTY, ROTX), self.Zl)

        # rotation 3: gZ about Zd
        ROTZ = rotMatOfExpMap(gZ * Zd)

        # change of basis matrix from hatPrime to Prime
        self.ROT_l2d = num.dot(ROTZ, num.dot(ROTY, ROTX))

        # tilted X-Y plane normal
        self.N = Zd

        return
    def getXTilt(self):
        return self.tilt[0]
    def setXTilt(self, xTilt):
        self.tilt[0] = xTilt
        self.setTilt(self.tilt)
        return
    xTilt = property(getXTilt, setXTilt, None)
    #
    def getYTilt(self):
        return self.tilt[1]
    def setYTilt(self, yTilt):
        self.tilt[1] = yTilt
        self.setTilt(self.tilt)
        return
    yTilt = property(getYTilt, setYTilt, None)
    #
    def getZTilt(self):
        return self.tilt[2]
    def setZTilt(self, zTilt):
        self.tilt[2] = zTilt
        self.setTilt(self.tilt)
        return
    zTilt = property(getZTilt, setZTilt, None)

    def getVDark(self):
        return self.__vDark

[docs]    def getVScale(self, vThese):
        """
        get scale factors for use in uncertainty quantification
        """
        vScale      = self.__vFactorUnc * (vThese)
        vScaleFloor = 0.1 * (vScale[vScale > 0].mean())
        assert vScaleFloor > 0, \
            'vScaleFloor <= 0'
        vScale[vScale < vScaleFloor] = vScaleFloor
        vScale = 1.0 / vScale
        return vScale


[docs]    def getAngPixelSize(self, xyo, delta_omega):
        'get pixel size in angular coordinates at a given cartesian coordinate position'
        xyoCorners = num.tile(xyo, (8,1)).T + \
            num.array([[[[i,j,k] for i in [-0.5,0.5]] for j in [-0.5,0.5]] for k in [-0.5*delta_omega, 0.5*delta_omega]]).reshape(8,3).T
        angCorners = num.array(self.xyoToAngMap(*xyoCorners))
        unc = num.max(angCorners, axis=1) - num.min(angCorners, axis=1)
        return unc


[docs]    def cartesianCoordsOfPixelIndices(self, row, col, ROI=None):
        """
        converts [i, j] pixel array indices to cartesian spatial coords
        where the lower left corner of the image is (0, 0)

        Output units are in the pixel pitch units (see self.pixelPitch)

        Will optionally take the upper left-hand corner (min row, min col) of
        a ROI when dealing with subregions on the detector as in when zooming in on
        diffraction spots...

        *) explicitly enforce this to be self-consistent with radial distortion correction, etc...
        """

        # properly offset in case
        if ROI is not None:
            assert len(ROI) is 2, 'wrong length for ROI; should be 2 integers representing the UL corner'
            row = row + ROI[0]
            col = col + ROI[1]

        xout = self.pixelPitch*(col + 0.5)
        yout = self.pixelPitch*(self.__nrows - (row + 0.5))

        return xout, yout


[docs]    def pixelIndicesOfCartesianCoords(self, x, y, ROI=None):
        """
        converts [i, j] pixel array indices to cartesian spatial coords
        where the lower left corner of the image is (0, 0)

        Output units are in the pixel pitch units (see self.pixelPitch)

        Will optionally take the upper left-hand corner (min row, min col) of
        a ROI when dealing with subregions on the detector as in when zooming in on
        diffraction spots...

        *) explicitly enforce this to be self-consistent with radial distortion correction, etc...
        """

        row = (self.__nrows - 0.5) - y/self.pixelPitch
        col = x/self.pixelPitch - 0.5

        # properly offset in case
        if ROI is not None:
            assert len(ROI) is 2, 'wrong length for ROI; should be 2 integers representing the UL corner'
            row = row - ROI[0]
            col = col - ROI[1]

        return row, col

    #
    # Real geometric stuff below -- proceed at own risk
    #

[docs]    def angToXYO_V(self, tth, eta_l, *args, **kwargs):
        """
        opposite of xyoToAng
        """

        outputDV              = False
        outputForGve          = False
        rhoRange              = ()
        toPixelUnits          = True
        applyRadialDistortion = True

        outputShape = num.shape(tth)
        tth         = num.asarray(tth).flatten()
        eta_l       = num.asarray(eta_l).flatten()

        numPts = len(tth)                # ... no check for y0 or omega
        ome = ()
        if len(args) is not 0:
            ome = num.atleast_1d(args[0])

        nzeros = num.zeros(numPts)

        # argument handling
        kwarglen = len(kwargs)
        if kwarglen > 0:
            argkeys = kwargs.keys()
            for i in range(kwarglen):
                if argkeys[i] is 'outputGve':
                    outputForGve = kwargs[argkeys[i]]
                elif argkeys[i] is 'outputDV':
                    outputDV = kwargs[argkeys[i]]
                elif argkeys[i] is 'units':
                    if kwargs[argkeys[i]] is 'pixels':
                        toPixelUnits = True
                    elif kwargs[argkeys[i]] is self.pixelPitchUnit:
                        toPixelUnits = False
                    else:
                        raise RuntimeError, 'Output units \'%s\'not understood!' % (str(kwargs[argkeys[i]]))
                elif argkeys[i] is 'rhoRange':
                    tthRange = kwargs[argkeys[i]]
                    assert len(tthRange) is 2, 'Radial range should have length 2'
                elif argkeys[i] is 'rdist':
                    if not isinstance(kwargs[argkeys[i]], bool):
                        raise RuntimeError, 'Expecting boolean for rdist kewyord argument; got' \
                              + str(applyRadialDistortion)
                    else:
                        applyRadialDistortion = kwargs[argkeys[i]]
                else:
                    raise RuntimeError, 'Unrecognized keyword argument: ' + str(argkeys[i])

        # make center-based cartesian coord's
        #   - SHOULD BE IN PIXEL PITCH UNITS (MM)
        #   ... maybe add hard check on this in future
        #
        if self.pVec is None:
            XC = nzeros
            YC = nzeros

            D  = num.tile(self.workDist, numPts)
        else:
            assert len(ome) == numPts, 'with precession, omega argument consistent with ' \
                   + 'x and y (or i and j) is required'
            # if here, we have a precession vector and must deal with it
            #
            #   - ome is taken as a CCW (+) rotation of the SAMPLE FRAME about Y
            #   - when the BASIS is transformed by R, vector comp's must transform by R'
            R_s2l = rotMatOfExpMap( num.tile(ome, (3, 1)) * num.tile(self.Yl, (1, numPts)) )

            # array of rotated precession vector components
            if not hasattr(self.pVec, '__len__'):
                raise RuntimeError, 'pVec must be array-like'

            self.pVec = num.asarray(self.pVec)

            grainCM_l = num.dot(R_s2l, self.pVec.reshape(3, 1))
            if grainCM_l.ndim == 3:
                grainCM_l = grainCM_l.squeeze().T

            XC = grainCM_l[0, :]
            YC = grainCM_l[1, :]

            D  = self.workDist + grainCM_l[2, :] # now array of D's

        # make radii
        rho_l = D * num.tan(tth)

        #
        # ------- ASSIGN POINT COORD'S AND FORM ROTATION
        #
        # origins of the scattering (P1) and lab (P2) frames
        #   - the common frame for arithmatic is the scattering frame
        P1 = num.vstack([XC, YC, D])
        P2 = num.zeros((3, numPts))

        # tilt calculations moved into setTilt

        # Convert to cartesian coord's in lab frame
        P3 = num.vstack( [ rho_l * num.cos(eta_l) + XC, rho_l * num.sin(eta_l) + YC, nzeros ] )

        #
        # ------- SOLVE FOR RAY-PLANE INTERSECTION
        #
        u = num.tile( num.dot(self.N.T, (P2 - P1)) / num.dot(self.N.T, P3 - P1), (3, 1) )

        P4_l = P1 + u * (P3 - P1)

        P4_d = num.dot(self.ROT_l2d.T, P4_l)

        if applyRadialDistortion:
            X_d, Y_d = self.radialDistortion(P4_d[0, :], P4_d[1, :], invert=True)
            # note that the Z comps should all be zeros anyhow
            P4_d = num.vstack( [X_d, Y_d, nzeros] )

        if len(rhoRange) is 2:
            rhoMin = min(rhoRange)
            rhoMax = max(rhoRange)
            #
            minidx = P4_d[0, :] >= rhoMin
            maxidx = P4_d[0, :] <= rhoMax
            #
            arein  = minidx and maxidx
            #
            P4_d = P4_d[:, arein]

        # full comps in ref cartesian frame on image (origin in lower left)
        P4_i  = P4_d + num.tile( [self.xc, self.yc, 0], (numPts, 1) ).T

        if toPixelUnits:
            xout, yout = self.pixelIndicesOfCartesianCoords(P4_i[0, :], P4_i[1, :], ROI=None)
        else:
            xout, yout = (P4_i[0, :], P4_i[1, :])

        # assign the return value here
        retval = [xout.reshape(outputShape), yout.reshape(outputShape)]
        if len(ome) > 0:
            retval.append(ome.reshape(outputShape))
        if outputDV:
            dv = num.ones(outputShape)
            retval.append(dv)
        if outputForGve:
            risoeCOB = num.dot(rotMatOfExpMap( 0.5*num.pi*num.c_[0,0,1].T ),
                               rotMatOfExpMap( 0.5*num.pi*num.c_[0,1,0].T ))
            risoeLabGvec = num.dot(risoeCOB.T, num.dot(self.ROT_l2d, P4_d)) \
                           + num.vstack([D, num.zeros((2, numPts))])
            retval = 1e3 * risoeLabGvec # these have to be in microns (Soeren)
        return retval


[docs]    def xyoToAngMap(self, x0, y0, *args, **kwargs):
        """
        eta by default is in [-pi,pi]
        if all data are in the left quadrants, remap eta into [0,2*pi]
        """
        doMap = kwargs.pop('doMap',None)
        angs = self.xyoToAng(x0, y0, *args, **kwargs)
        angs[1] = mapAngs(angs[1], doMap=doMap)
        return angs

    def makeNew(self, *args, **kwargs):
        kwargs.setdefault('getDParamDflt', self.getDParamDflt)
        kwargs.setdefault('setDParamZero', self.setDParamZero)
        kwargs.setdefault('getDParamScalings', self.getDParamScalings)
        kwargs.setdefault('getDParamRefineDflt', self.getDParamRefineDflt)
        kwargs.setdefault('radialDistortion', self.radialDistortion)
        newDG = self.__class__(self.__ncols, self.__nrows, self.__pixelPitch,
                               self.__vFactorUnc, self.__vDark, self.reader,
                               self,
                               *args, **kwargs)
        return newDG

[docs]    def angToXYO(self, x0, y0, *args, **kwargs):
        """convert Cartesian to polar

        uses blocking to call vectorized version
        """
        #
        # Block the data if a 1D array, otherwise just call the old one.
        #
        haveOme = False
        wantDV  = False
        inShape = None
        try:
            ndim = x0.ndim
            if ndim == 2:
                inShape = x0.shape
                x0 = x0.flatten()
                y0 = y0.flatten()
            elif ndim == 0:
                return self.angToXYO_V(x0, y0, *args, **kwargs)
            lenx0 = len(x0)
        except:
            # case of nonarray as arg
            return self.angToXYO_V(x0, y0, *args, **kwargs)

        # don't forget about the pass-through ome arg
        if len(args) is not 0:
            haveOme = True
            ome = num.atleast_1d(args[0])
            if ome.ndim >= 2:
                ome = ome.flatten()
                pass
            pass

        # need this in case something asks for the dV values...
        if kwargs.has_key('outputDV'):
            wantDV = kwargs['outputDV']

        extraRows = sum([haveOme, wantDV])

        sofar = 0; tmpRetv = num.zeros((2+extraRows, lenx0))
        while lenx0 > sofar:
            #
            #  Find out how many to do
            #
            somany   = min(lenx0 - sofar, bsize)
            newsofar = sofar + somany
            x0i = x0[sofar:newsofar]
            y0i = y0[sofar:newsofar]
            if haveOme:
                rvi = self.angToXYO_V(x0i, y0i, ome[sofar:newsofar], **kwargs)
            else:
                rvi = self.angToXYO_V(x0i, y0i, **kwargs)
            for j in range(len(rvi)):
                tmpRetv[j, sofar:newsofar] = rvi[j]
                pass
            sofar = newsofar
            pass

        # ... inShape should be set properly from above
        return [tmpRetv[i, :].reshape(inShape) for i in range(tmpRetv.shape[0])]


[docs]    def xyoToAng(self, x0, y0, *args, **kwargs):
        """convert Cartesian to polar

        uses blocking to call vectorized version
        """
        #
        # Block the data if a 1D array, otherwise just call the old one.
        #
        haveOme = False
        wantDV  = False
        inShape = None
        try:
            ndim = x0.ndim
            if ndim == 2:
                inShape = x0.shape
                x0 = x0.flatten()
                y0 = y0.flatten()
            elif ndim == 0:
                return self.xyoToAng_V(x0, y0, *args, **kwargs)
            lenx0 = len(x0)
        except:
            # case of nonarray as arg
            return self.xyoToAng_V(x0, y0, *args, **kwargs)

        # don't forget about the pass-through ome arg
        if len(args) is not 0:
            haveOme = True
            ome = num.atleast_1d(args[0])
            if ome.ndim >= 2:
                ome = ome.flatten()
                pass
            pass

        # need this in case something asks for the dV values...
        if kwargs.has_key('outputDV'):
            wantDV = kwargs['outputDV']

        extraRows = sum([haveOme, wantDV])

        sofar = 0; tmpRetv = num.zeros((2+extraRows, lenx0))
        while lenx0 > sofar:
            #
            #  Find out how many to do
            #
            somany   = min(lenx0 - sofar, bsize)
            newsofar = sofar + somany
            x0i = x0[sofar:newsofar]
            y0i = y0[sofar:newsofar]
            if haveOme:
                rvi = self.xyoToAng_V(x0i, y0i, ome[sofar:newsofar], **kwargs)
            else:
                rvi = self.xyoToAng_V(x0i, y0i, **kwargs)
            for j in range(len(rvi)):
                tmpRetv[j, sofar:newsofar] = rvi[j]
                pass
            sofar = newsofar
            pass

        # ... inShape should be set properly from above
        return [tmpRetv[i, :].reshape(inShape) for i in range(tmpRetv.shape[0])]


[docs]    def xyoToAng_V(self, x0, y0, *args, **kwargs):
        """
        Convert radial spectra obtained from polar
        rebinned powder diffraction images to angular spectra.

        USAGE:
        mappedData = XFormRadialSpectra(t, D, tilt, xydata, azim, tthRange, radDistFuncHandle, radDistArgs)

        INPUTS:

        1) t is 2 x 1 (double), the origin translation.
        The convention is from `true' to `estimated' centers.
        2) D is 1 x 1 (double), the sample-to-detector distance in mm.
        3) gammaYprime is 1 x 1 (double), the angle between the `ideal'
        and `experimental' X-axes (horizontal).
        4) gammaXhatPrime is 1 x 1 (double), the angle between the
        `ideal' and `experimental' Y-axes (vertical).
        5) xydata is 1 x n (cell), the cell array of data
        6) azim
        7) tthRange
        8) radDistFuncHandle

        OUTPUT:

        1) mappedData is 1 x n (cell), the cell array of mapped radial
        data corresponding to the input `xydata'.

        """

        outputDV              = False
        tthRange              = ()
        inputPixelUnits       = True
        applyRadialDistortion = True

        outputShape = num.shape(x0)
        x0          = num.asarray(x0).flatten()
        y0          = num.asarray(y0).flatten()

        numPts = len(x0)                # ... no check for y0 or omega
        ome = ()
        if len(args) is not 0:
            ome = num.atleast_1d(args[0])

        nzeros = num.zeros(numPts)

        # argument handling
        kwarglen = len(kwargs)
        if kwarglen > 0:
            argkeys = kwargs.keys()
            for i in range(kwarglen):
                if argkeys[i] is 'outputDV':
                    outputDV = kwargs[argkeys[i]]
                elif argkeys[i] is 'units':
                    if kwargs[argkeys[i]] is 'pixels':
                        inputPixelUnits = True
                    elif kwargs[argkeys[i]] is self.pixelPitchUnit:
                        inputPixelUnits = False
                    else:
                        raise RuntimeError, 'Input units \'%s\' not understood!' % (str(kwargs[argkeys[i]]))
                elif argkeys[i] is 'tthRange':
                    tthRange = kwargs[argkeys[i]]
                    assert len(tthRange) is 2, 'Two-theta range should have length 2'
                elif argkeys[i] is 'rdist':
                    if not isinstance(kwargs[argkeys[i]], bool):
                        raise RuntimeError, 'Expecting boolean for rdist kewyord argument; got' \
                              + str(applyRadialDistortion)
                    else:
                        applyRadialDistortion = kwargs[argkeys[i]]
                else:
                    raise RuntimeError, 'Unrecognized keyword argument: ' + str(argkeys[i])

        # make center-based cartesian coord's
        #   - SHOULD BE IN PIXEL PITCH UNITS (MM)
        #   ... maybe add hard check on this in future
        #   - x0, y0 are now written in the cartesian coords
        #     where [0, 0] is the lower left corner of detector
        if inputPixelUnits:
            x0, y0 = self.cartesianCoordsOfPixelIndices(x0, y0)

        if self.pVec is None:
            X_d = x0 - self.xc              # is 1-d!
            Y_d = y0 - self.yc              # is 1-d!

            XC = nzeros
            YC = nzeros

            D = num.tile(self.workDist, numPts)
        else:
            assert len(ome) == numPts, 'with precession, omega argument consistent with ' \
                   + 'x and y (or i and j) is required'
            # if here, we have a precession vector and must deeal with it
            #
            #   - ome is taken as a CCW (+) rotation of the SAMPLE FRAME about Y
            #   - when the BASIS is transformed by R, vector comp's must transform by R'
            R_s2l = rotMatOfExpMap( num.tile(ome, (3, 1)) * num.tile(self.Yl, (1, numPts)) )

            if not hasattr(self.pVec, '__len__'):
                raise RuntimeError, 'pVec must be array-like'

            self.pVec = num.asarray(self.pVec)

            # array of rotated precession vector components
            grainCM_l = num.dot(R_s2l, self.pVec.reshape(3, 1))
            if grainCM_l.ndim == 3:
                grainCM_l = grainCM_l.squeeze().T

            # precession-corrected polar detector coord's
            # X_d = x0 - (self.xc + grainCM_l[0, :]) # is 1-d!
            # Y_d = y0 - (self.yc + grainCM_l[1, :]) # is 1-d!
            X_d = x0 - self.xc          # is 1-d!
            Y_d = y0 - self.yc          # is 1-d!

            XC = grainCM_l[0, :]
            YC = grainCM_l[1, :]

            D = self.workDist + grainCM_l[2, :] # now array of D's

        if applyRadialDistortion:
            # apply distortion
            X_d, Y_d = self.radialDistortion(X_d, Y_d, invert=False)

        #
        # ------- ASSIGN POINT COORD'S AND FORM ROTATION
        #
        # origins of the scattering (P1) and lab (P2) frames
        #   - the common frame for arithmatic is the scattering frame
        P1 = num.vstack([XC, YC, D])
        # P2 = num.vstack([XC, YC, nzeros])
        P2 = num.zeros((3, numPts))

        # tilt calculations moved into setTilt

        # full 3-d components in tilted the detector frame
        P4_d = num.vstack( (X_d, Y_d, nzeros) )

        # rotate components into the lab frame
        P4_l = num.dot(self.ROT_l2d, P4_d)

        # apply translation to get equations of diffracted rays in lab frame
        rays = P4_l - P1

        # solve for P3 coord's in lab frame
        u = num.tile( num.dot(self.N.T, (P2 - P1)) / num.dot(self.N.T, rays), (3, 1) )


        P3 = P1 + u * rays

        # X-Y components of P3 in lab frame
        X_l = P3[0, :] - XC
        Y_l = P3[1, :] - YC

        # polar coords in lab frame
        rho_l = num.sqrt(X_l*X_l + Y_l*Y_l)
        eta_l = num.arctan2(Y_l, X_l)

        # get two-theta from dot products with lab-frame beam direction
        dotProds = num.dot(-self.Zl.T, unitVector(rays)).squeeze()

        # two-theta
        measTTH = arccosSafe(dotProds)

        # transform data
        tmpData = num.vstack( [measTTH, eta_l] )

        if len(tthRange) is 2:
            tthMin = min(tthRange)
            tthMax = max(tthRange)

            minidx = r2d*tmpData[0, :] >= tthMin
            maxidx = r2d*tmpData[0, :] <= tthMax

            arein  = minidx and maxidx

            tmpData = tmpData[:, arein]

        retval = [tmpData[0, :].reshape(outputShape), tmpData[1, :].reshape(outputShape)]
        if len(ome) > 0:
            retval.append(ome.reshape(outputShape))

        if outputDV:
            dv = num.ones(outputShape)
            retval.append(dv)

        return retval


[docs]    def makeMaskTThRanges(self, planeData):
        """
        Mask in the sense that reader with the mask will exclude all else
        """
        indicesList, iHKLLists = self.makeIndicesTThRanges(planeData)
        mask = -self.reader.indicesToMask(indicesList)
        return mask

[docs]    def xyoToAngAll(self):
        """
        get angular positions of all pixels
        """
        jVals = num.tile(num.arange(self.__ncols),(self.__nrows,1))
        iVals = jVals.T
        twoTheta, eta = self.xyoToAng(iVals, jVals)
        return twoTheta, eta

[docs]    def xyoToAngCorners(self):
        """
        get angular positions of corner pixels
        """
        iVals = num.array([0, self.__nrows-1, 0, self.__nrows-1])
        jVals = num.array([0, 0, self.__ncols-1, self.__ncols-1])
        twoTheta, eta = self.xyoToAng(iVals, jVals)
        return twoTheta, eta

[docs]    def angOnDetector(self, tTh, eta, *args):
        '''
        note: returns a scalar if tTh and eta have single entries
        '''
        i, j = self.angToXYO(tTh, eta)
        retval = num.logical_and (
            num.logical_and( i >= 0, i <= self.nrows-1 ),
            num.logical_and( j >= 0, j <= self.ncols-1 ) )
        retval = num.atleast_1d(retval)
        return retval

    def makeTThRanges(self, planeData, cullDupl=False):
        tThs      = planeData.getTTh()
        tThRanges = planeData.getTThRanges()

        nonoverlapNexts = num.hstack((tThRanges[:-1,1] < tThRanges[1:,0], True))
        iHKLLists = []
        hklsCur = []
        for iHKL, nonoverlapNext in enumerate(nonoverlapNexts):
          if not nonoverlapNext:
            if cullDupl and abs(tThs[iHKL] - tThs[iHKL+1]) < 1e-8:
              'do not append, is a duplicate'
              pass
            else:
              hklsCur.append(iHKL)
          else:
            hklsCur.append(iHKL)
            iHKLLists.append(hklsCur)
            hklsCur = []

        return iHKLLists
[docs]    def makeIndicesTThRanges(self, planeData, cullDupl=False):
        """
        return a list of indices for sets of overlaping two-theta ranges;
        to plot, can do something like:
                mask = self.reader.getEmptyMask()
          mask[indices] = True

        With cullDupl set true, eliminate HKLs with duplicate 2-thetas
        """
        tThs      = planeData.getTTh()
        tThRanges = planeData.getTThRanges()

        iHKLLists = self.makeTThRanges(planeData, cullDupl=cullDupl)

        indicesList = []
        twoTheta, eta = self.xyoToAngAll()
        for iHKLList in iHKLLists:
            'for some reason, this does not work well when made into a one-liner'
            #indices = num.where(num.logical_and(twoTheta > tThRanges[iHKLList[0],0], twoTheta < tThRanges[iHKLList[-1],1]))
            b1 = twoTheta > tThRanges[iHKLList[0],0]
            b2 = twoTheta < tThRanges[iHKLList[-1],1]
            b = num.logical_and(b1,b2)
            indices = num.where(b)
            indicesList.append(indices)
        return indicesList, iHKLLists

    def getTThMax(self, func=num.min):
        x0_max = self.ncols-1;   y0_max = self.nrows-1;
        x0_mid = 0.5 * x0_max;   y0_mid = 0.5 * y0_max;
        x0_test = num.array([     0., x0_max, x0_mid, x0_mid, 0., x0_max,     0., x0_max ])
        y0_test = num.array([ y0_mid, y0_mid,     0., y0_max, 0., y0_max, y0_max,     0. ])
        tTh_test, eta_test = self.xyoToAng(x0_test, y0_test)
        return func(tTh_test)

[docs]    def getRings(self, planeData, ranges=False):
        """
        Return a list of rings for the given hkls

        Already filters on the exclusions.
        """
        rList = []
        nEta = self.nEta
        dEta = 2*math.pi/nEta

        etaRing = num.arange(0., 2.0*math.pi+dEta/2., dEta)
        nEta    = len(etaRing) # why this?

        excl   = num.array(planeData.exclusions)

        # grab full tThs and tile if ranges are desired
        tThs = planeData.getTTh()
        if ranges:
            tThs = planeData.getTThRanges().flatten()

        # grab the relevant hkls and loop
        for i in range(len(tThs)):
            tThRing = num.tile(tThs[i], nEta)
            r = self.angToXYO(tThRing, etaRing) # omegaRing
            rList.append(r)
            pass
        return rList


[docs]    def getPRBOverlay(self, polarRebinKWArgs):
        """
        Return plottable coordinates of rebinning sector.

        Takes in dictionary of keyword args for polarRebin

        for etas, right now assumes stopEta > startEta, CCW
        """
        startEta = polarRebinKWArgs['etaRange'][0]
        stopEta  = polarRebinKWArgs['etaRange'][1]
        numEta   = polarRebinKWArgs['numEta']

        startRho = polarRebinKWArgs['rhoRange'][0]*self.pixelPitch
        stopRho  = polarRebinKWArgs['rhoRange'][1]*self.pixelPitch

        nrows = self.nrows   # total number of rows in the full image
        ncols = self.ncols   # total number of columns in the full image

        nEtaRing = round(self.nEta * abs(stopEta - startEta) / (2*num.pi))
        dEta     = abs(stopEta - startEta) / nEtaRing

        # DEBUGGING # print 'nEtaRing: %d' %(nEtaRing)
        # DEBUGGING # print 'dEta: %f' %(dEta * 180. / num.pi)

        # this is the generic ring segment
        etaRing = num.arange(startEta, stopEta + 0.5*dEta, dEta)
        # print etaRing, startRho, stopRho

        # arc segments as [rho, eta] pairs (vstacked)
        innerArc_pol = num.vstack([startRho * num.ones(len(etaRing)), etaRing])
        outerArc_pol = num.vstack([stopRho  * num.ones(len(etaRing)), etaRing])
        innerArc_pixI, innerArc_pixJ = self.polarToPixel(innerArc_pol[0, :],
                                                         innerArc_pol[1, :],
                                                         corrected=polarRebinKWArgs['corrected'])
        outerArc_pixI, outerArc_pixJ = self.polarToPixel(outerArc_pol[0, :],
                                                         outerArc_pol[1, :],
                                                         corrected=polarRebinKWArgs['corrected'])
        # print innerArc_pol, outerArc_pol
        del(innerArc_pol)
        del(outerArc_pol)

        sector_dEta = abs(stopEta - startEta) / numEta
        sectorEtas = num.arange(startEta, stopEta + 0.5*sector_dEta, sector_dEta).tolist()
        # sector edges
        if numEta == 1:
            edge_pixI, edge_pixJ = self.polarToPixel([startRho,  stopRho, startRho, stopRho],
                                                     [startEta, startEta,  stopEta, stopEta],
                                                     corrected=polarRebinKWArgs['corrected'])
            edge_pixL = zip(edge_pixI.reshape(2,2).tolist(),
                            edge_pixJ.reshape(2,2).tolist())
        else:
            edge_pixI = []
            edge_pixJ = []
            for isec in range(numEta+1):
                tEta  = sectorEtas[isec]
                tmpI, tmpJ = self.polarToPixel([startRho,  stopRho],
                                               [    tEta,     tEta],
                                               corrected=polarRebinKWArgs['corrected'])
                edge_pixI = edge_pixI + tmpI.tolist()
                edge_pixJ = edge_pixJ + tmpJ.tolist()
                pass
            edge_pixI = num.array(edge_pixI).reshape(numEta+1, 2)
            edge_pixJ = num.array(edge_pixJ).reshape(numEta+1, 2)
            edge_pixL = zip(edge_pixI.tolist(),
                            edge_pixJ.tolist())
            pass

        # DEBUGGING # import pdb; pdb.set_trace()
        # pixI = innerArc_pixI.tolist() + outerArc_pixI.tolist() + edge_pixI
        # pixJ = innerArc_pixJ.tolist() + outerArc_pixJ.tolist() + edge_pixJ
        retval = [edge_pixL[i] for i in range(len(edge_pixL))]
        retval.append([innerArc_pixI.tolist(), innerArc_pixJ.tolist()])
        retval.append([outerArc_pixI.tolist(), outerArc_pixJ.tolist()])
        return retval


[docs]    def angToXYOBBox(self, *args, **kwargs):
        """
        given either angBBox or angCOM (angular center) and angPM (+-values), compute the bounding box on the image frame

        if forSlice=True, then returned bbox is appropriate for use in array slicing

        if reader or omegas is passed, then convert from omegas to frames;
        and if doWrap=True, then frames may be a list for an omega range that spans the branch cut
        """

        units    = kwargs.setdefault('units', 'pixels')
        #
        reader   = kwargs.pop('reader', None)
        omegas   = kwargs.pop('omegas', None)
        doWrap   = kwargs.pop('doWrap', False)
        forSlice = kwargs.pop('forSlice', True)
        #
        slicePad = 0
        if forSlice:
            slicePad = 1

        if len(args) == 1:
            angBBox = args[0]
        elif len(args) == 2:
            angCOM, angPM = args
            angBBox = (
                (angCOM[0]-angPM[0], angCOM[0]+angPM[0]),
                (angCOM[1]-angPM[1], angCOM[1]+angPM[1]),
                (angCOM[2]-angPM[2], angCOM[2]+angPM[2]),
                )
        else:
            raise RuntimeError, 'specify either angBBox or angCOM, angPM'

        'along eta, try multiple points if the spread is wide enough so that do not mis apex of arc'
        delAng = 0.1 # about 6 degrees
        nTest = max(int(math.ceil((angBBox[1][1]-angBBox[1][0]) / delAng)), 1) + 1
        etas = num.hstack( (num.linspace(angBBox[1][0], angBBox[1][1], nTest), angBBox[1][0], angBBox[1][1] ) )
        tths = num.hstack( (num.tile(angBBox[0][1],                    nTest), angBBox[0][0], angBBox[0][0] ) )
        x, y = self.angToXYO(tths, etas, **kwargs)

        xyoBBox = [
            ( x.min(), x.max() ),
            ( y.min(), y.max() ),
            angBBox[2],
            ]
        if units == 'pixels':
            'make into integers'
            xyoBBox[0] = ( max( int(math.floor(xyoBBox[0][0])), 0),
                           min( int(math.floor(xyoBBox[0][1])), self.nrows-1)+slicePad,
                           )
            xyoBBox[1] = ( max( int(math.floor(xyoBBox[1][0])), 0),
                           min( int(math.floor(xyoBBox[1][1])), self.ncols-1)+slicePad,
                           )
        if (reader is not None) or (omegas is not None):
            if reader is not None:
                omegaDelta = reader.omegaDelta
                omegaStart = reader.omegaStart
                nFrames    = reader.getNFrames()
            else:
                'omegas is not None'
                omegaDelta = num.mean(omegas[1:]-omegas[:-1]) # assumes uniform omegas
                omegaStart = omegas[0]-omegaDelta*0.5
                nFrames    = len(omegas)
            frameRange = omeRangeToFrameRange(xyoBBox[2][0], xyoBBox[2][1],
                                              omegaStart, omegaDelta, nFrames,
                                              checkWrap=doWrap, slicePad=slicePad)
            xyoBBox[2] = frameRange
            'try using frameInRange(iFrame, xyoBBox[2])'

        return xyoBBox


[docs]    def drawRings(self, drawOn, planeData, withRanges=False, legendLoc=(0.05,0.5), legendMaxLen=10,
                  ideal=None, range=None, lineType=None, lineWidth=1.0):
        """
        If drawOn is a PlotWrap instance, draw on the existing instance,
        otherwise pass drawOn to display and return the resulting
        PlotWrap instance

        planeData.exclusions can be used to work with a subset of rings;

        set legendLoc to None or False to skip making the legend

        removes any existing lines in the axes

        if pass ideal, then display rings on an ideal detector with the working distance taken from the value of the ideal argument
        """
        nEta = self.nEta
        dEta = 2*math.pi/nEta

        if ideal is None:
            workDist = self.workDist
            angToXY = self.angToXYO
        else:
            workDist = ideal
            angToXY = lambda tTh_l, eta_l: angToXYIdeal(tTh_l, eta_l, workDist)

        if isinstance(drawOn, plotwrap.PlotWrap):
            pw = drawOn
            retval = None
        else:
            if ideal is None:
                pw = self.display(drawOn, planeData=planeData, range=range)
                retval = pw
            else:
                pw = self.displayIdeal(drawOn, planeData=planeData, workDist=workDist, range=range)
                retval = pw

        'get rid of any existing lines and legends'
        pw.removeLines()

        tThs      = planeData.getTTh()
        hkls      = planeData.getHKLs(asStr=True)

        if lineType is not None:
            lineStyles = LineStyles(lt=lineType)
        else:
            lineStyles = LineStyles()

        etaRing   = num.arange(0., 2.0*math.pi+dEta/2., dEta)
        nEta      = len(etaRing)
        # omegaRing = num.zeros([nEta]) # 'omega is arbitrary'
        pw.showByDefault = False
        linesForLegend = []
        for tTh in tThs:
            tThRing = num.tile(tTh, nEta)
            x,y = angToXY(tThRing, etaRing)
            pw(x,y, style=lineStyles(), **self.lineArgs)
            linesForLegend.append(pw.a.get_lines()[-1])
        if withRanges:
          tThRanges = planeData.getTThRanges()
          for tTh in tThRanges.flatten():
            tThRing = num.tile(tTh, nEta)
            x,y = angToXY(tThRing, etaRing)
            pw(x,y, ls='-', color='1.0', **self.lineArgs)
        if legendLoc:
            'remove of legends not supported'
            # for legend in pw.f.legends:
            #     legend.remove()
            #
            #pw.a.legend(linesForLegend, hkls, loc=legendLoc)
            if legendMaxLen and len(linesForLegend) > legendMaxLen:
                linesForLegend = linesForLegend[0:legendMaxLen]
                hkls           = hkls[0:legendMaxLen]
                hkls[-1]       = "..."
            pw.f.legend(linesForLegend, hkls, legendLoc,
                        handlelength=1, handletextpad=0.4, borderaxespad=1, labelspacing=0.1,
                        borderpad=0.1, numpoints=1)
        pw.showByDefault = True
        pw.show()
        return retval

[docs]    def renderIdeal(self, thisframe, nlump=None,
                    workDist=None):
        """
        render the frame on an ideal detector plane;
        returns interpolated frame data zi on a regular grid xi, yi;
        suitable for use with pcolormesh(xim, yim, zi), with xim, yim = num.meshgrid(xi, yi);
        note that pcolormesh is used instead of pcolor because zi may be a masked array
        """

        nlump = nlump or 4
        workDist = workDist or self.workDist
        assert nlump >= 2,\
            'due to histogram2d based method, this make not work well for nlump < 2'

        nx = float(self.shape[0])/float(nlump)+1
        ny = float(self.shape[1])/float(nlump)+1

        # 'figure out the range for plotting, assuming the corners bound things well enough'
        # tthBox, etaBox = self.xyoToAngCorners()

        'create data on the ideal plane, ends up being irregularly spaced'
        tTh, eta = self.xyoToAngAll()
        x, y = angToXYIdeal(tTh, eta, workDist)
        xmin, xmax = x.min(), x.max()
        ymin, ymax = y.min(), y.max()
        nx = int(nx * (xmax-xmin)/self.extent[0])
        ny = int(ny * (ymax-ymin)/self.extent[1])

        'Generate a regular grid to interpolate the data.'
        xi = num.linspace(xmin, xmax, nx)
        yi = num.linspace(ymin, ymax, ny)

        'interpolate'
        # have tried other things, like interpolate.interp2d and mlab.griddata without much luck
        # xim, yim = num.meshgrid(xi, yi)
        # zi = mlab.griddata(x.flatten(),y.flatten(),thisframe.flatten(),xim,yim)
        h, xedges, yedges = num.histogram2d(
            x.flatten(), y.flatten(), bins=[xi,yi], weights=thisframe.flatten())
        c, xedges, yedges = num.histogram2d(x.flatten(), y.flatten(), bins=[xi,yi])
        mask = c == 0
        h[-mask] = h[-mask] / c[-mask]

        return h, xedges, yedges, mask


[docs]    def displayIdeal(self, thisframe, planeData=None,
                     workDist=None, nlump=None,
                     **kwargs):
        """
        render and display frame on ideal detector plane;
        if workDist is not specified, then use self.workDist
        """

        h, xedges, yedges, mask = self.renderIdeal(thisframe, workDist=workDist, nlump=nlump)
        workDist = workDist or self.workDist

        if kwargs.has_key('pw'):
            pw = kwargs.pop('pw')
        else:
            pwKWArgs = plotwrap.PlotWrap.popKeyArgs(kwargs)
            pw = plotwrap.PlotWrap(**pwKWArgs)
        retval = pw

        vmin, vmax, cmap = self.reader.getDisplayArgs(h, kwargs)
        pw.a.set_axis_bgcolor('white')
        cmap.set_under(color='white', alpha=0.0)
        norm = matplotlib.colors.Normalize(clip=False, vmin=vmin, vmax=vmax)
        if True:
            '''
            hack around to make for better plotting;
            needed due to tolerancing in cmap for when a color is under?
            '''
            h[h < 0] =  vmin
            h[mask]  = -vmax
        pw.a.pcolor(xedges, yedges, h.T, cmap=cmap, norm=norm, **kwargs)
        pw.a.set_aspect('equal')
        pw.a.set_autoscale_on(False)
        pw.show()

        fmtCoord = FmtCoordIdeal(planeData, workDist)
        fmtCoord.addDetectorData(1, xedges, yedges, h, mask)
        pw.a.format_coord = fmtCoord

        return retval


[docs]    def display(self, thisframe, planeData=None, **kwargs):
        """
        wrap reader display method;
        display coordinates as 2-theta and eta given that self knows how to do this

        if pass planeData, then it is used to list HKLs overlapping the given 2-theta location

        ...*** option for drawing lab-frame glyph
        """
        pw = self.reader.display(thisframe, **kwargs)
        # pw.a is same as pw.win.getAxes(0)
        if planeData is None:
            def fmtCoord(x,y):
                tTh, eta = num.array(self.xyoToAng(y, x))
                return "tth=%g eta=%g int=%g" \
                    % (r2d*tTh, r2d*eta, thisframe[round(y), round(x)])
            pw.a.format_coord = fmtCoord
        else:
            def fmtCoord(x,y):
                tTh, eta = num.array(self.xyoToAng(y, x))
                cartX, cartY = self.cartesianCoordsOfPixelIndices(y, x)
                cx = (cartX - self.xc)/self.pixelPitch
                cy = (cartY - self.yc)/self.pixelPitch
                rho      = num.sqrt(cx*cx + cy*cy)
                dsp      = 0.5 * planeData.wavelength / num.sin(0.5*tTh)
                HKLs     = str(planeData.getHKLs(asStr=True, allHKLs=True, thisTTh=tTh))
                return "d=%g tth=%g eta=%g int=%g \n HKLs=%s" \
                       % (dsp, r2d*tTh, r2d*eta, thisframe[round(y), round(x)], HKLs)
            pw.a.format_coord = fmtCoord
        return pw


[docs]    def drawRingsGUI(self, thisframe, planeData, displayKWArgs={}, sliderRangeFactor=1.0, funcType=funcTypeDflt):
        """
        a simple GUI
        """
        doDragging = True
        sliderYArea = 0.18+0.03
        buttonsXArea = 0.15
        'pass planeData to display so that HKLs for the 2-theta at the cursor position are shown'
        pw = self.display(thisframe, figsize=(7,7), planeData=planeData, **displayKWArgs)
        pw.a.set_position([buttonsXArea, sliderYArea, 1.0-buttonsXArea, 1.0-sliderYArea], which='original')

        delxy = min(self.__nrows, self.__ncols) * 0.1 * sliderRangeFactor * self.pixelPitch
        axcolor = 'lightgoldenrodyellow'
        #
        rect_cur   = [0.125, sliderYArea-0.03,  0.75, 0.02]
        rect_dy    = -0.03
        #
        ax_xc    = pw.f.add_axes(rect_cur, axisbg=axcolor)
        s_xc     = Slider(ax_xc, 'xc', self.xc-delxy, self.xc+delxy, valinit=self.xc, dragging=doDragging)
        rect_cur[1] = rect_cur[1] + rect_dy
        #
        ax_yc    = pw.f.add_axes(rect_cur, axisbg=axcolor)
        s_yc     = Slider(ax_yc, 'yc', self.yc-delxy, self.yc+delxy, valinit=self.yc, dragging=doDragging)
        rect_cur[1] = rect_cur[1] + rect_dy
        #
        ref      = self.workDist
        delwd    = 2.0*sliderRangeFactor
        ax_wd    = pw.f.add_axes(rect_cur, axisbg=axcolor)
        s_wd     = Slider(ax_wd, 'D ', ref/delwd, ref*delwd, valinit=ref, dragging=doDragging)
        rect_cur[1] = rect_cur[1] + rect_dy
        #
        deltilt  = max(0.2*sliderRangeFactor, abs(self.xTilt)*1.2, abs(self.yTilt)*1.2)
        #
        ref      = 0.
        ax_xt    = pw.f.add_axes(rect_cur, axisbg=axcolor)
        s_xt     = Slider(ax_xt, 'xt', ref-deltilt, ref+deltilt, valinit=ref, dragging=doDragging)
        s_xt.set_val(self.xTilt)
        rect_cur[1] = rect_cur[1] + rect_dy
        #
        ref      = 0.
        ax_yt    = pw.f.add_axes(rect_cur, axisbg=axcolor)
        s_yt     = Slider(ax_yt, 'yt', ref-deltilt, ref+deltilt, valinit=ref, dragging=doDragging)
        s_yt.set_val(self.yTilt)
        rect_cur[1] = rect_cur[1] + rect_dy
        #
        if planeData.tThWidth is None:
            self.withTThWidth = False
            ref = planeData.strainMag
        else:
            self.withTThWidth = True
            ref = planeData.tThWidth
            if hasattr(ref, 'getVal'):
                ref = ref.getVal('radians')
        deltw    = 10.0*sliderRangeFactor
        ax_tw    = pw.f.add_axes(rect_cur, axisbg=axcolor)
        s_tw     = Slider(ax_tw, 'width', ref/deltw, ref*deltw, valinit=ref, dragging=doDragging)
        rect_cur[1] = rect_cur[1] + rect_dy
        #
        ax_reset = pw.f.add_axes([0.03, 0.9, buttonsXArea-0.02, 0.04])
        b_reset  = Button(ax_reset, 'Reset')
        #
        ax_range = pw.f.add_axes([0.03, 0.8, buttonsXArea-0.02, 0.09])
        b_range  = RadioButtons(ax_range, ['Off','Ranges'], active=int(self.withRanges), activecolor='blue')
        #
        ax_stw   = pw.f.add_axes([0.03, 0.7, buttonsXArea-0.02, 0.09])
        b_stw    = RadioButtons(ax_stw, ['Off','tThWidth'], active=int(self.withTThWidth), activecolor='blue')
        #
        self.asMasked = False
        ax_mask  = pw.f.add_axes([0.03, 0.65, buttonsXArea-0.02, 0.04])
        #b_mask   = RadioButtons(ax_mask, ['Off','Mask'], active=int(self.asMasked), activecolor='blue')
        b_mask   = Button(ax_mask, 'Mask')
        #
        ax_fit   = pw.f.add_axes([0.03, 0.6, buttonsXArea-0.02, 0.04])
        b_fit    = Button(ax_fit, 'Fit')
        #
        legendLoc = (0.03, sliderYArea+0.02) # 'center left'

        def undo_mask():
            self.asMasked = False
            self.display(thisframe,  pw=pw, **displayKWArgs)
            self.drawRings(pw, planeData,
                           withRanges=self.withRanges, legendLoc=None)
        def update_self(val):
            if self.asMasked:
              undo_mask()
            self.xc = s_xc.val
            self.yc = s_yc.val
            self.workDist = s_wd.val
            self.xTilt = s_xt.val
            self.yTilt = s_yt.val
            self.drawRings(pw, planeData,
                           withRanges=self.withRanges, legendLoc=None)
            pw.show()
        def update_range(val):
            if val == 'Off':
              self.withRanges = False
            else:
              self.withRanges = True
            self.drawRings(pw, planeData,
                           withRanges=self.withRanges, legendLoc=None)
            pw.show()
        def update_stw(val):
            if val == 'Off':
              self.withTThWidth = False
            else:
              self.withTThWidth = True
            'call update_tw to redo everything needed'
            update_tw(None)
        def do_mask(event):
            self.asMasked = True
            mask = -self.makeMaskTThRanges(planeData)
            maskedframe = copy.deepcopy(thisframe)
            maskedframe[mask] = 0
            self.display(maskedframe, pw=pw, **displayKWArgs)
            self.drawRings(pw, planeData,
                           withRanges=self.withRanges, legendLoc=None)
            pw.show()
        def update_tw(val):
            if self.withTThWidth:
                planeData.tThWidth  = s_tw.val
            else:
                planeData.strainMag = s_tw.val
            if self.asMasked:
              'call do_mask so that masking is redone'
              do_mask(None)
            self.drawRings(pw, planeData,
                           withRanges=self.withRanges, legendLoc=None)
            pw.show()
        def do_fit(event):
            """ ... consider only allowing fit if b_range is 'Ranges', so that know
            the user at least could have done the sanity check to see that rings are
            covered;
            or could code 'smart' adjustment of strainMag -- increase until stuff that
            is being added looks like background
            """
            self.fitRings(thisframe, planeData, funcType=funcType)
            '''calling set_val on the sliders causes trouble;
            inside of set_val they call their observers, so update_self
            which do not want called before slide values are set;
            but the following is not ideal either in that it sets the
            values in the sliders without using a method on them'''
            s_xc.val = self.xc # s_xc.set_val(self.xc)
            s_yc.val = self.yc # s_yc.set_val(self.yc)
            s_wd.val = self.workDist # s_wd.set_val(self.workDist)
            s_xt.val = self.xTilt # s_xt.set_val(self.xTilt)
            s_yt.val = self.yTilt # s_yt.set_val(self.yTilt)
            update_self(None)
        def do_reset(event):
            if self.asMasked:
              undo_mask()
            s_xc.reset()
            s_yc.reset()
            s_wd.reset()
            s_xt.reset()
            s_yt.reset()
            s_tw.reset()

        s_xc.on_changed(update_self)
        s_yc.on_changed(update_self)
        s_wd.on_changed(update_self)
        s_xt.on_changed(update_self)
        s_yt.on_changed(update_self)
        s_tw.on_changed(update_tw)
        b_range.on_clicked(update_range)
        b_stw.on_clicked(update_stw)
        b_mask.on_clicked(do_mask)
        b_reset.on_clicked(do_reset)
        b_fit.on_clicked(do_fit)

        'only draw legend the first time as legend.remove does not currently work'
        self.drawRings(pw, planeData,
                       withRanges=self.withRanges, legendLoc=legendLoc)

        pw.show()
        matplotlib.interactive(True)
        return pw

    def clean(self):
        # self.fitRingsFunc = None
        self.xFitRings = None
        return
    def fitRings(self, thisframe, planeData, xtol=DFLT_XTOL, xVec0=None,
                 funcType=funcTypeDflt, quadr=1, makePlots=False):

      # 'free up memory'
      # self.fitRingsFunc = None

      func = MultiRingEval(self, planeData, dataFrame=thisframe,
                           funcType=funcType, quadr=quadr)

      if xVec0 is None:
          if self.xFitRings is not None and len(self.xFitRings) == func.getNParam():
              'use previous fit as starting point'
              xVec0 = copy.deepcopy(self.xFitRings)
          else:
              xVec0 = func.guessXVec()
      self.xFitRings = None

      x = func.doFit(xtol=xtol)

      self.xFitRings = x
      # self.fitRingsFunc = func
      'call func one more time to make sure that parameters are set to values from x solution'
      if makePlots:
          funcEval = func(x, makePlots=makePlots,
                          plotTitlePrefix='(auxiliary, not of prime importance for fits!) ') # self.updateParams(x[range(func.nParamBase)])
      print 'fit detector parameters : ' + str(self.getParams()) + '\n'

      return

    def pixelToPolar(self, rowInd, colInd, corrected=False, startEta=None):

        # WTF?! # if ROI is None:
        # WTF?! #     ROI = [0, 0, self.nrows, self.ncols]  # integer pixels indices
        # WTF?! #
        # WTF?! # rowInd = ROI[0] + num.arange(ROI[2])
        # WTF?! # colInd = ROI[1] + num.arange(ROI[3])

        pixelGrid = num.meshgrid( num.atleast_1d(rowInd),
                                  num.atleast_1d(colInd) )
        pixelIs = pixelGrid[0].T.flatten()
        pixelJs = pixelGrid[1].T.flatten()

        # convert to cartesian frame
        #     - ouput is in self.pixelPitchUnit
        #     - origin is LOWER LEFT CORNER
        # WTF ?! # x0, y0 = self.cartesianCoordsOfPixelIndices(pixelIs, pixelJs, ROI=ROI[:2])
        x0, y0 = self.cartesianCoordsOfPixelIndices(pixelIs, pixelJs)


        if corrected:

            # do conversion to tTh
            tTh, eta = self.xyoToAng(x0, y0, units=self.pixelPitchUnit)

            # get rho in ideal frame
            rho = self.workDist * num.tan(tTh.flatten())
            eta = eta.flatten()
            if startEta is not None:
                eta = mapAngle(eta, [startEta, 2*num.pi + startEta], units='radians')


            x = rho * num.cos(eta)
            y = rho * num.sin(eta)
        else:
            # move to center
            x = (x0 - self.xc).flatten()
            y = (y0 - self.yc).flatten()

            # convert to polar
            #   - map eta into specified monotonic range
            rho = num.sqrt( x*x + y*y )
            eta = num.arctan2(y, x)
            if startEta is not None:
                eta = mapAngle(eta, [startEta, 2*num.pi + startEta], units='radians')

        return rho, eta, x, y
    def polarToPixel(self, rho, eta, corrected=False):
        # WTF ?! # if not ROI is None:
        # WTF ?! #     ROI = ROI[:2]
        if corrected:
            tth = num.arctan2(rho, self.workDist)
            x, y = self.angToXYO(tth, eta, units=self.pixelPitchUnit)
        else:
            x = rho * num.cos(eta) + self.xc
            y = rho * num.sin(eta) + self.yc
        # WTF ?! # pixelI, pixelJ = self.pixelIndicesOfCartesianCoords(x, y, ROI=ROI)
        pixelI, pixelJ = self.pixelIndicesOfCartesianCoords(x, y)
        return pixelI, pixelJ

[docs]    def polarRebin(self, thisFrame,
                   npdiv=2,
                   rhoRange=[100, 1000],
                   numRho=1200,
                   etaRange=num.pi*num.r_[-5, 355]/180.,
                   numEta=36,
                   ROI=None,
                   corrected=False,
                   verbose=True,
                   log=None
                   ):
        """
        Caking algorithm

        INPUTS

        thisFrame
        npdiv=2, pixel subdivision (n x n) to determine bin membership
        rhoRange=[100, 1000] - radial range in pixels
        numRho=1200 - number of radial bins
        etaRange=num.pi*num.r_[-5, 355]/180. -- range of eta
        numEta=36 - number of eta subdivisions
        ROI=None - region of interest (four vector)
        corrected=False - uses 2-theta instead of rho
        verbose=True,

        """

        startEta = etaRange[0]
        stopEta  = etaRange[1]

        startRho = rhoRange[0]*self.pixelPitch
        stopRho  = rhoRange[1]*self.pixelPitch

        nrows = self.nrows   # total number of rows in the full image
        ncols = self.ncols   # total number of columns in the full image

        subPixArea = 1/float(npdiv)**2 # areal rescaling for subpixel intensities

        # import pdb;pdb.set_trace()

        if ROI is None:
            ROI = [0, 0, nrows, ncols]  # integer pixels indices

        # MASTER COORDINATES
        #   - in pixel indices, UPPER LEFT PIXEL is [0, 0] --> (row, col)
        #   - in fractional pixels, UPPER LEFT CORNER is [-0.5, -0.5] --> (row, col)
        #   - in cartesian frame, the LOWER LEFT CORNER is [0, 0] --> (col, row)

        rowInd = ROI[0] + num.arange(ROI[2])
        colInd = ROI[1] + num.arange(ROI[3])

        # ROI data in proper shape
        roiData = thisFrame[num.ix_(rowInd, colInd)].flatten()

        rho, eta, x, y = self.pixelToPolar(rowInd, colInd, corrected=corrected, startEta=startEta)

        # MAKE POLAR BIN CENTER ARRAY
        deltaEta = (stopEta - startEta) / numEta
        deltaRho = (stopRho - startRho) / numRho

        rowEta = startEta + deltaEta * ( num.arange(numEta) + 0.5 )
        colRho = startRho + deltaRho * ( num.arange(numRho) + 0.5 )
        colTTh = num.arctan2(colRho, self.workDist)
        if corrected:
            colOut = colTTh
        else:
            colOut = colRho

        # initialize output dictionary
        polImg = {}
        polImg['corrected']   = corrected
        polImg['radius']      = colOut
        polImg['azimuth']     = rowEta
        polImg['deltaRho']    = deltaRho
        polImg['intensity']   = num.empty( (numEta, numRho) )

        if verbose:
            msg = "INFO: Masking pixels\n"
            if log:
                log.write(msg)
            else:
                print msg
                pass

        rhoI = startRho - 1
        rhoF = stopRho + 1
        inAnnulus = num.where( (rho >= rhoI) & (rho <= rhoF) )[0]
        for i in range(numEta):
            if verbose:
                msg = "INFO: Processing sector %d of %d\n" % (i+1, numEta)
                if log:
                    log.write(msg)
                else:
                    print msg
                    pass

            # import pdb;pdb.set_trace()
            etaI = rowEta[i] - 0.5*deltaEta
            etaF = rowEta[i] + 0.5*deltaEta

            tmpEta = eta[ inAnnulus ]
            inSector = num.where( (tmpEta >= etaI) & (tmpEta <= etaF) )[0]

            nptsIn = len(inSector)

            tmpX = x[ inAnnulus[inSector] ]
            tmpY = y[ inAnnulus[inSector] ]
            tmpI = roiData[ inAnnulus[inSector] ]

            # import pdb;pdb.set_trace()
            # subdivide pixels
            #   - note that these are in fractional pixel coordinates (centered)
            #   - must convert to working units (see 'self.pixelPitchUnits')
            subCrds    = (num.arange(npdiv) + 0.5) / npdiv

            intX, intY = num.meshgrid(subCrds, subCrds)

            intX = num.tile(intX.flatten(), (nptsIn, 1)).T
            intY = num.tile(intY.flatten(), (nptsIn, 1)).T

            # expand coords using pixel subdivision
            tmpX = num.tile(tmpX, (npdiv**2, 1)) + (intX - 0.5)*self.pixelPitch
            tmpY = num.tile(tmpY, (npdiv**2, 1)) + (intY - 0.5)*self.pixelPitch
            tmpI = num.tile(tmpI, (npdiv**2, 1)) / subPixArea

            # import pdb;pdb.set_trace()
            # if corrected:
            #     # do conversion to tTh instead
            #     tempTTh, tmpEta = self.xyoToAng(tmpX+self.xc, tmpY+self.yc, units=self.pixelPitchUnit)
            #
            #     # can get rho in ideal frame
            #     tmpRho = self.workDist * num.tan(tempTTh)
            #     tmpEta = mapAngle(tmpEta, [startEta, 2*num.pi + startEta], units='radians')
            # else:
            # convert to polar
            #   - map eta into specified monotonic range
            tmpRho = num.sqrt( tmpX*tmpX + tmpY*tmpY )
            tmpEta = mapAngle(num.arctan2(tmpY, tmpX), [startEta, 2*num.pi + startEta], units='radians')

            inSector2 = ( (tmpRho >= startRho) & (tmpRho <= stopRho) ) \
                        & ( (tmpEta >= etaI) & (tmpEta <= etaF) )

            # import pdb;pdb.set_trace()
            tmpRho = tmpRho[inSector2]
            tmpI   = tmpI[inSector2]

            binId = num.floor( ( tmpRho - startRho ) / deltaRho )
            nSubpixelsIn = len(binId)

            # import pdb;pdb.set_trace()
            tmpI  = sparse.csc_matrix( \
                ( tmpI, (binId, num.arange(nSubpixelsIn)) ), shape=(numRho, nSubpixelsIn) )
            binId = sparse.csc_matrix( \
                ( num.ones(nSubpixelsIn), (binId, num.arange(nSubpixelsIn)) ), shape=(numRho, nSubpixelsIn) )

            # Normalized contribution to the ith sector's radial bins
            binIdSum = binId.sum(1)
            if num.any(binIdSum <= 0):
                import string
                raise RuntimeError, 'got binId sum of '+string.join(num.array(binIdSum).flatten().astype(str), ',')
            polImg['intensity'][i, :] = (tmpI.sum(1) / binIdSum).T

        return polImg




[docs]def mar165IDim(mode):
    if not isinstance(mode, int) or not [1,2,4,8].count(mode):
        raise RuntimeError, 'unknown mode : '+str(mode)
    idim = 4096 / mode
    return idim


[docs]class DetectorGeomMar165(Detector2DRC):
    __vfu = 0.2 # made up
    __vdk = 1800 # made up
[docs]    def __init__(self, *args, **kwargs):

        mode = 1
        if kwargs.has_key('mode'):
            mode = kwargs.pop('mode')
        readerClass = eval('ReadMar165NB%d' % (mode))
        idim = mar165IDim(mode)
        nrows = ncols = idim
        pixelPitch = 165.0 / idim # mm
        reader = readerClass()

        self.mode = mode

        Detector2DRC.__init__(self,
                              nrows, ncols, pixelPitch,
                              self.__vfu, self.__vdk,
                              reader,
                              *args, **kwargs)
        return


    def getDParamDflt(self):
        return []
    def setDParamZero(self):
        return
    def getDParamScalings(self):
        return []
    def getDParamRefineDflt(self):
        return []
    #
[docs]    def radialDistortion(self, xin, yin, invert=False):
        'no distortion correction'
        return xin, yin



[docs]class DetectorGeomGE(Detector2DRC):
    """
    handle geometry of GE detector, such as geometric and radial distortion corrections;
    x and y are in pixels, as is rho;
    pixels are numbered from (0,0);
    """

    __vfu            = 0.2 # made up
    __vdk            = 1800 # made up
    # 200 x 200 micron pixels
    __pixelPitch     = 0.2      # in mm
    __idim           = ReadGE._ReadGE__idim
    __nrows          = ReadGE._ReadGE__nrows
    __ncols          = ReadGE._ReadGE__ncols
    __dParamDflt     = [   0.0,       0.0,       0.0,      2.0,      2.0,      2.0]
    __dParamZero     = [   0.0,       0.0,       0.0,      2.0,      2.0,      2.0]
    __dParamScalings = [   1.0,       1.0,       1.0,      1.0,      1.0,      1.0]
    __dParamRefineDflt = (True,      True,      True,    False,    False,    False)

[docs]    def __init__(self, *args, **kwargs):

        reader = kwargs.pop('reader', None)
        if reader is None:
            readerKWArgs = kwargs.pop('readerKWArgs', {})
            reader = ReadGE(None, **readerKWArgs)

        Detector2DRC.__init__(self,
                              self.__nrows, self.__ncols, self.__pixelPitch,
                              self.__vfu, self.__vdk,
                              reader,
                              *args, **kwargs)
        return


    def getNewReader(self, filename, *args, **kwargs):
        # newR = self.reader.__class__(filename, self.ncols, self.nrows, *args, **kwargs)
        newR = ReadGE(filename, *args, **kwargs)
        return newR
    def makeNew(self, *args, **kwargs):
        kwargs.setdefault('reader',self.reader)
        newDG = self.__class__(self, *args, **kwargs)
        return newDG

    def getDParamDflt(self):
        return self.__dParamDflt
    def setDParamZero(self):
        self.dparm = self.__dParamZero
        return
    def getDParamScalings(self):
        return self.__dParamScalings
    def getDParamRefineDflt(self):
        return self.__dParamRefineDflt
[docs]    def radialDistortion(self, xin, yin, invert=False):
        """
        Apply radial distortion to polar coordinates on GE detector

        xin, yin are 1D arrays or scalars, assumed to be relative to self.xc, self.yc
        Units are [mm, radians].  This is the power-law based function of Bernier.

        Available Keyword Arguments :

        invert = True or >False< :: apply inverse warping
        """
        if self.dparms[0] == 0 and self.dparms[1] == 0 and self.dparms[2] == 0:
            xout = xin
            yout = yin
        else:
            # canonical max radius based on perfectly centered beam
            #   - 204.8 in mm or 1024 in pixel indices
            rhoMax = self.__idim * self.__pixelPitch / 2

            # make points relative to detector center
            x0 = (xin + self.xc) - rhoMax
            y0 = (yin + self.yc) - rhoMax

            # detector relative polar coordinates
            #   - this is the radius that gets rescaled
            rho0 = num.sqrt( x0*x0 + y0*y0 )
            eta0 = num.arctan2( y0, x0 )

            if invert:
                # in here must do nonlinear solve for distortion
                # must loop to call fsolve individually for each point
                rho0   = num.atleast_1d(rho0)
                rShape = rho0.shape
                rho0   = num.atleast_1d(rho0).flatten()
                rhoOut = num.zeros(len(rho0), dtype=float)

                eta0   = num.atleast_1d(eta0).flatten()

                rhoSclFuncInv = lambda ri, ni, ro, rx, p: \
                    (p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) + \
                     p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) + \
                     p[2]*(ri/rx)**p[5] + 1)*ri - ro

                rhoSclFIprime = lambda ri, ni, ro, rx, p: \
                    p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) * (p[3] + 1) + \
                    p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) * (p[4] + 1) + \
                    p[2]*(ri/rx)**p[5] * (p[5] + 1) + 1

                for iRho in range(len(rho0)):
                    rhoOut[iRho] = fsolve(rhoSclFuncInv, rho0[iRho],
                                          fprime=rhoSclFIprime,
                                          args=(eta0[iRho], rho0[iRho], rhoMax, self.dparms) )
                    pass

                rhoOut = rhoOut.reshape(rShape)
            else:
                # usual case: calculate scaling to take you from image to detector plane
                # 1 + p[0]*(ri/rx)**p[2] * num.cos(p[4] * ni) + p[1]*(ri/rx)**p[3]
                rhoSclFunc = lambda ri, rx=rhoMax, p=self.dparms, ni=eta0: \
                             p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) + \
                             p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) + \
                             p[2]*(ri/rx)**p[5] + 1

                rhoOut = num.squeeze( rho0 * rhoSclFunc(rho0) )
                pass

            xout = rhoOut * num.cos(eta0) + rhoMax - self.xc
            yout = rhoOut * num.sin(eta0) + rhoMax - self.yc

        return xout, yout



[docs]class DetectorGeomFrelon(Detector2DRC):
    """
    handle geometry of GE detector, such as geometric and radial distortion corrections;
    x and y are in pixels, as is rho;
    pixels are numbered from (0,0);
    """

    # 50 X 50 micron pixels
    __pixelPitch     = 0.05      # in mm
    __idim           = ReadGE._ReadGE__idim
    __nrows          = ReadGE._ReadGE__nrows
    __ncols          = ReadGE._ReadGE__ncols
    __dParamDflt     = [   0.0,      0.0,     0.0,      2.0,      2.0,      2.0]
    __dParamZero     = [   0.0,      0.0,     0.0,      2.0,      2.0,      2.0]
    __dParamScalings = [   1.0,      1.0,     1.0,      1.0,      1.0,      1.0]
    __dParamRefineDflt = (True,     True,    True,    False,    False,    False)

[docs]    def __init__(self, *args, **kwargs):

        Detector2DRC.__init__(self,
                              self.__nrows, self.__ncols, self.__pixelPitch,
                              ReadGE,
                              *args, **kwargs)
        return


    def getDParamDflt(self):
        return self.__dParamDflt
    def setDParamZero(self):
        self.dparm = self.__dParamZero
        return
    def getDParamScalings(self):
        return self.__dParamScalings
    def getDParamRefineDflt(self):
        return self.__dParamRefineDflt
[docs]    def radialDistortion(self, xin, yin, invert=False):
        """
        Apply radial distortion to polar coordinates on GE detector

        xin, yin are 1D arrays or scalars, assumed to be relative to self.xc, self.yc
        Units are [mm, radians].  This is the power-law based function of Bernier.

        (p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) + \
         p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) + \
         p[2]*(ri/rx)**p[5] + 1)*ri

         1 + \
         p[0]*(ri/rx)**p[2] * num.cos(p[4] * ni) + \
         p[1]*(ri/rx)**p[3]

        Available Keyword Arguments :

        invert = True or >False< :: apply inverse warping
        """
        if self.dparms[0] == 0 and self.dparms[1] == 0 and self.dparms[2] == 0:
            xout = xin
            yout = yin
        else:
            # canonical max radius based on perfectly centered beam
            #   - 204.8 in mm or 1024 in pixel indices
            rhoMax = self.__idim * self.__pixelPitch / 2

            # make points relative to detector center
            x0 = (xin + self.xc) - rhoMax
            y0 = (yin + self.yc) - rhoMax

            # detector relative polar coordinates
            #   - this is the radius that gets rescaled
            rho0 = num.sqrt( x0*x0 + y0*y0 )
            eta0 = num.arctan2( y0, x0 )

            if invert:
                # --> in here must do nonlinear solve for distortion
                # must loop to call fsolve individually for each point
                rho0   = num.atleast_1d(rho0)
                rShape = rho0.shape
                rho0   = num.atleast_1d(rho0).flatten()
                rhoOut = num.zeros(len(rho0), dtype=float)

                eta0   = num.atleast_1d(eta0).flatten()

                rhoSclFunc = lambda ri, ni, ro, p=self.dparms, rx=rhoMax: \
                    (p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) + \
                     p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) + \
                     p[2]*(ri/rx)**p[5] + 1)*ri - ro

                for iRho in range(len(rho0)):
                    rhoOut[iRho] = fsolve(rhoSclFunc, rho0[iRho], args=(eta0[iRho], rho0[iRho]))
                    pass
                rhoOut = rhoOut.reshape(rShape)
            else:
                # usual case: calculate scaling to take you from image to detector plane
                # 1 + p[0]*(ri/rx)**p[2] * num.cos(p[4] * ni) + p[1]*(ri/rx)**p[3]
                rhoSclFunc = lambda ri, p=self.dparms, rx=rhoMax, ni=eta0: \
                             p[0]*(ri/rx)**p[3] * num.cos(2.0 * ni) + \
                             p[1]*(ri/rx)**p[4] * num.cos(4.0 * ni) + \
                             p[2]*(ri/rx)**p[5] + 1

                rhoOut = num.squeeze( rho0 * rhoSclFunc(rho0) )

            xout = rhoOut * num.cos(eta0) + rhoMax - self.xc
            yout = rhoOut * num.sin(eta0) + rhoMax - self.yc
        return xout, yout



[docs]class DetectorGeomQuadGE(DetectorBase):
    """
    No global parameters -- all detector parameters hang off of the sub-detectors;
    although some data are stored off of this higher level class for convenience
    """

    __inParmDict = {
        'quadAngle'   : -53.0*(num.pi/180.), # 53 degrees, converted to radians
        'quadPad'     : 20., # in-plane distance between active surfaces of detectors; in pixelPitchUnit
        'quadShift'   : 100., # in-plane shift of detectors to allow for central opening; in pixelPitchUnit
        'quadOffsets' : 'hydra',
        }

    # order by diagram numbering
    __quadHydraLQuad    = [0,3,1,2] # draw ones in front first
    __quadHydraPush     = [0.,98.,0.,98.] # offset in working distance to overlap detector frames; in pixelPitchUnit
    __quadHydraIOffsets = [ [0,0], [1,0], [0,-1], [1,-1] ]
    __quadHydraIPad     = [ [0,0], [1,0], [0,-1], [1,-1] ]
    __quadHydraIXShift  = [ 0,  0,  1,  1 ]
    __quadHydraIYShift  = [ 0,  1,  0,  1 ]

[docs]    def __init__(self, *args, **kwargs):

        'pass ReadGE instance as the reader for now; perhaps make a ReadQuadGE class later if it turns out to be needed'
        reader = ReadGE(None)
        DetectorBase.__init__(self, reader)

        # defaults and kwargs parsing
        for parm, val in self.__inParmDict.iteritems():
            if kwargs.has_key(parm):
                val = kwargs.pop(parm)
            self.__setattr__(parm, val)

        dgDummy = DetectorGeomGE()

        'cleanup after auto-parsing of keyword args'
        self.quadAngle = valunits.toFloat(self.quadAngle, 'radians')
        self.quadPad   = valunits.toFloat(self.quadPad,   dgDummy.pixelPitchUnit)
        self.quadShift = valunits.toFloat(self.quadShift, dgDummy.pixelPitchUnit)
        # self.quadPush  = valunits.toFloat(self.quadPush,  dgDummy.pixelPitchUnit)

        iRefQuad = 0

        if len(args) == 1:
            if hasattr(args[0], 'xyoToAng'):
                dgIn = args[0]
                dRef = dgIn.makeNew(**kwargs)
                dRef.zTilt = self.quadAngle
            else:
                raise RuntimeError, 'do not know how to parse arguments'
            self.detectors = [dRef]
            self.detectors.append(dRef.makeNew())
            self.detectors.append(dRef.makeNew())
            self.detectors.append(dRef.makeNew())
        elif len(args) == 4:
            'assume these whould be used more or less as they are, so do not set zTilt'
            self.detectors = []
            for iQuad in range(4): # not self.lQuad, because doing append below!
                dgIn = args[iQuad]
                assert hasattr(dgIn, 'xyoToAng'),\
                    'argument does not appear to be a detector geometry'
                self.detectors.append(dgIn.makeNew(**kwargs))
        else:
            raise RuntimeError, 'do not know how to parse arguments'
        dRef = self.detectors[iRefQuad]

        if self.quadOffsets == 'hydra':
            'do not do quadAngle rotation in centers, as rotation happens _after_ translation'
            self.lQuad = self.__quadHydraLQuad
            # assert len(self.quadPush) == 4,\
            #     'quadPush wrong length, should be 4 and is : '+str(self.quadPush)
            translations = [None, None, None, None]
            for iQuad in self.lQuad:
                x0 = dRef.extent[0] * self.__quadHydraIOffsets[iQuad][0] + \
                    self.quadPad * self.__quadHydraIPad[iQuad][0] + \
                    self.quadShift * self.__quadHydraIXShift[iQuad]
                y0 = dRef.extent[1] * self.__quadHydraIOffsets[iQuad][1] + \
                    self.quadPad * self.__quadHydraIPad[iQuad][1] + \
                    self.quadShift * self.__quadHydraIYShift[iQuad]
                translations[iQuad] = [
                        x0, # x0 * num.cos(self.quadAngle) - y0 * num.sin(self.quadAngle),
                        y0, # x0 * num.sin(self.quadAngle) + y0 * num.cos(self.quadAngle),
                        self.__quadHydraPush[iQuad],
                        ]
            self.quadOffsets = num.array(translations)
            dRef.xc =  dRef.extent[0]*1.0 + (self.quadShift - self.quadPad)*0.5 + self.quadPad
            dRef.yc =  dRef.extent[1]*0.0 + (self.quadShift - self.quadPad)*0.5
        else:
            'might want to order based on workDist offsets'
            self.lQuad = [0,1,2,3]
            self.quadOffsets = num.atleast_2d(self.quadOffsets)
            assert self.quadOffsets.shape == (4,3), \
                'quadOffsets wrong shape, should be (4,3) and is : '+str(self.quadOffsets)

        self.setCentersFromRef(iRefQuad=iRefQuad)

        return


    @classmethod
[docs]    def getRefineFlagsDflt(cls):
        '''
        no parameters to refine for this detector;
        call fitProcedureA for a procedure to refine individual sub-detectors
        '''
        retval = []
        return retval


[docs]    def getTThMax(self):
        '''
        min over sub-detectors, where for each sub-detector max two-theta is evaluated as
        the max over points checked in getTThMax for the sub-detector
        '''
        tThMaxList = [ self.detectors[iQuad].getTThMax(func=num.max) for iQuad in self.lQuad ]
        tThMax = num.min(num.array(tThMaxList))
        return tThMax


[docs]    def setCentersFromRef(self, iRefQuad=0):
        'this assumes all of the tilts are the same'
        lQuad = copy.copy(self.lQuad)
        lQuad.remove(iRefQuad)
        dRef = self.detectors[iRefQuad]
        for iQuad in lQuad:
            dg = self.detectors[iQuad]
            dg.xc       = dRef.xc       + ( self.quadOffsets[iRefQuad][0] - self.quadOffsets[iQuad][0] )
            dg.yc       = dRef.yc       + ( self.quadOffsets[iRefQuad][1] - self.quadOffsets[iQuad][1] )
            dg.workDist = dRef.workDist + ( self.quadOffsets[iRefQuad][2] - self.quadOffsets[iQuad][2] )
        return


[docs]    def setQuadOffsets(self, iRefQuad=0):
        'this assumes all of the tilts are the same'
        lQuad = copy.copy(self.lQuad)
        lQuad.remove(iRefQuad)
        dRef = self.detectors[iRefQuad]
        self.quadOffsets[iRefQuad][:] = num.zeros(3)
        for iQuad in lQuad:
            dg = self.detectors[iQuad]
            self.quadOffsets[iQuad][0] = self.quadOffsets[iRefQuad][0]  + dRef.xc        - dg.xc
            self.quadOffsets[iQuad][1] = self.quadOffsets[iRefQuad][1]  + dRef.yc        - dg.yc
            self.quadOffsets[iQuad][2] = self.quadOffsets[iRefQuad][2]  + dRef.workDist  - dg.workDist
        return


[docs]    def drawRings(self, drawOn, planeData, workDist=None, **kwargs):
        """
        assumes ideal geometry, as from displayIdeal
        """
        workDist = workDist or self.detectors[0].workDist
        dg = self.detectors[0]
        dg.drawRings(drawOn, planeData, ideal=workDist, **kwargs)
        return

[docs]    def displaySub(self, iQuad, thisframe, planeData=None, **kwargs):
        """
        convenience for displaying a sub-detector
        ...*** need to code labAxesGlyph support in display
        """
        dg = self.detectors[iQuad]
        retval = dg.display(thisframe, planeData=planeData, labAxesGlyph=True, **kwargs)
        return retval


[docs]    def displayIdeal(self, framesQuad, planeData=None, workDist=None, nlump=None,
                     doFmtCoord=True, **kwargs):
        """
        display all sub-detectors on an idealized detector plane

        If matplotlib gets around to enabling the transform argument
        to imshow, that might be a much faster approach than what is
        currently done here, although what is done here is nice in
        that it takes account of all of the distortions, not just the
        in-plane rotation. The idea would be that the in-plane
        rotation would be, by far, the biggest effect.  import
        matplotlib.transforms as mtransforms
        tr = mtransforms.Affine2D()
        tr.rotate(self.zTilt)
        imshow( , transform=tr)
        """
        pwKWArgs = plotwrap.PlotWrap.popKeyArgs(kwargs)
        pw = plotwrap.PlotWrap(**pwKWArgs)
        pw.a.set_axis_bgcolor('white')
        pw.a.set_aspect('equal')
        retval = pw

        'unless specified, use working distance of 0th sub-detector'
        workDist = workDist or self.detectors[0].workDist

        nlump = nlump or 4

        cmap = None; vmin = None; vmax = None; norm = None;

        if doFmtCoord:
            fmtCoord = FmtCoordIdeal(planeData, workDist)
        for iQuad in self.lQuad:
            dg = self.detectors[iQuad]
            thisframe = framesQuad[iQuad]

            h, xedges, yedges, mask = dg.renderIdeal(thisframe, workDist=workDist, nlump=nlump)

            if cmap is None:
                vmin, vmax, cmap = dg.reader.getDisplayArgs(h, kwargs)
                cmap.set_under(color='white', alpha=0.0)
                norm = matplotlib.colors.Normalize(clip=False, vmin=vmin, vmax=vmax)
            if True:
                '''
                hack around to make for better plotting;
                needed due to tolerancing in cmap for when a color is under?
                '''
                h[h < 0] =  vmin + (vmax-vmin)*0.001
                h[mask]  = -vmax

            pw.a.pcolor(xedges, yedges, h.T, cmap=cmap, norm=norm, **kwargs)

            if doFmtCoord:
                iDetector = iQuad+1 # people like things numbered from 1
                fmtCoord.addDetectorData(iDetector, xedges, yedges, h, mask)

            del thisframe

        if doFmtCoord:
            pw.a.format_coord = fmtCoord
        pw.a.set_autoscale_on(False)
        pw.show()
        return retval


[docs]    def fitProcedureA(self, planeData, framesQuad, iRefQuad=0,
                      funcType=funcTypeDflt, funcXVecList = None, quadr=1,
                      doGUI=0, doMRingPlot=False):
        """
        A procedure for fitting the set of detectors;
        do not need to click 'fit' button in GUI -- done inside the procedure.

        Watch out -- MultiRingEval instances a memory hogs, especially while creating Jacobian matrices!

        If want to just refine detector geometry and not the functional forms for the rings,
        pass funcXVecList as True or as something like a list of arrays from MultiRingEval.getFuncXVecList()
        """

        assert len(framesQuad) == 4,\
            'need len(framesQuad) to be 4'

        if funcXVecList:
            if hasattr(funcXVecList,'__len__'):
                funcXVecListList = funcXVecList
            else:
                funcXVecListList = [funcXVecList for iQuad in self.lQuad]
        else:
                funcXVecListList = [None for iQuad in self.lQuad]
        assert len(funcXVecListList) == len(self.lQuad), \
            'funcXVecListList wrong length'

        lQuad = copy.copy(self.lQuad)
        lQuad.remove(iRefQuad)
        #dRef = self.detectors[iRefQuad]
        # refPos = num.array([dRef.xc, dRef.yc, dRef.workDist])
        'set quadOffsets from current centers, gets used in setCentersFromRef below'
        self.setQuadOffsets(iRefQuad)

        iQuad = iRefQuad
        dg = self.detectors[iQuad]
        frame = dataToFrame(framesQuad[iQuad])
        if doGUI:
            'offer GUI to let the user twiddle parameters'
            displayKWArgs={'winTitle':'detector %d'%(iQuad+1)}
            pw    = dg.drawRingsGUI(frame, planeData, displayKWArgs=displayKWArgs)
            raw_input('Enter to continue (will destroy GUI and proceed with fit)')
            pw.destroy()
            del pw
        #
        'now go ahead and do fit'
        mRing  = MultiRingEval(dg, planeData, frame, funcType=funcType,
                               funcXVecList=funcXVecListList[iQuad])
        xFit   = mRing.doFit()
        if doGUI > 1 or doMingPlot:
            mRing(xFit, makePlots=True)
            if doGUI > 1:
                raw_input('Enter to continue (close mRing windows manually)')
        # params = dg.getParams(allParams=True)
        del mRing, frame
        #
        'update centers and working distances of others to correspond to results from fit of iRefQuad'
        self.setCentersFromRef(iRefQuad=iRefQuad)
        #
        'now fit everyone else'
        for iQuad in lQuad:
            dg = self.detectors[iQuad]
            frame = dataToFrame(framesQuad[iQuad])
            if doGUI > 1:
                'offer GUI to let the user twiddle parameters'
                displayKWArgs={'winTitle':'detector %d'%(iQuad+1)}
                pw    = dg.drawRingsGUI(frame, planeData, displayKWArgs=displayKWArgs)
                raw_input('Enter to continue (will destroy GUI and proceed with fit)')
                pw.destroy()
                del pw
            #
            'now go ahead and do fit'
            mRing  = MultiRingEval(dg, planeData, frame, funcType=funcType,
                                   funcXVecList=funcXVecListList[iQuad])
            xFit   = mRing.doFit()
            if doGUI > 1 or doMRingPlot:
                mRing(xFit, makePlots=True)
                if doGUI > 1:
                    raw_input('Enter to continue (close mRing windows manually)')
            # params = dg.getParams(allParams=True)
            del mRing, frame

        self.setQuadOffsets(iRefQuad)
        return



[docs]def getOmegaMMReaderList(readerList, overall=False):
    """
    get omega min/max information from a list of readers
    """
    retval = []
    for reader in num.atleast_1d(readerList):
        omegaMin, omegaMax = reader.getOmegaMinMax()
        retval.append((omegaMin,omegaMax))
    if overall:
        retval = (min(zip(*retval)[0]), max(zip(*retval)[1]))
    return retval

# ============================== Utility functions for instantiating detectors
#

[docs]def detectorList():
    return ["ge", "mar165", "generic"]


[docs]def newDetector(detectorType, *args, **kwargs):
    """Return a detector of the requested type

    INPUTS

    detectorType - a string in the detector type list [see detectorList()]
    """
    if len(args) == 0:
        if kwargs.has_key('gParms'):
            args = kwargs.pop('gParms')
        if kwargs.has_key('dParms'):
            dp = kwargs.pop('dParms')
            if dp:
                kwargs['distortionParams'] = dp
                pass
            pass
        pass

    dt = detectorType.lower()
    if dt == "ge":
        d = DetectorGeomGE(*args, **kwargs)
    elif dt == "mar165":
        d = DetectorGeomMar165(*args, **kwargs)
    elif dt == "generic":
        ncols = kwargs.pop('ncols')
        nrows = kwargs.pop('nrows')
        pixelPitch = kwargs.pop('pixelPitch')
        d = newGenericDetector(ncols, nrows, pixelPitch, *args, **kwargs)
    else:
        #d = None
        emsg = 'No such detector:  "%s"' % dt
        raise ValueError(emsg)

        pass


    return d


[docs]def newGenericReader(ncols, nrows, *args, **kwargs):
    '''
    currently just returns a Framer2DRC
    '''

    # retval = Framer2DRC(ncols, nrows, **kwargs)
    filename = kwargs.pop('filename', None)
    retval = ReadGeneric(filename, ncols, nrows, *args, **kwargs)

    return retval


[docs]def newGenericDetector(ncols, nrows, pixelPitch, *args, **kwargs):
    """
    If reader is passed as None, then a generic reader is created

    Keyword Arguments:
        vFactorUnc
        vDark
        reader
        readerKWArgs
        getDParamDflt
        setDParamZero
        getDParamScalings
        getDParamRefineDflt
        radialDistortion

    If *args is an existing detector geometry, then
    additional keyword arguments may include:
        pVec

    If *args is (xc, yc, workDist, xTilt, yTilt, zTilt) detector parameters, then
    additional keyword arguments may include:
        distortionParams

    """

    vFactorUnc   = kwargs.pop('vFactorUnc',0.2)
    vDark        = kwargs.pop('vDark',1800)
    reader       = kwargs.pop('reader',None)
    readerKWArgs = kwargs.pop('readerKWArgs',{})

    'default functions corresponding to no distortion'
    def getDParamDflt_dflt():
        return []
    def setDParamZero_dflt():
        return
    def getDParamScalings_dflt():
        return []
    def getDParamRefineDflt_dflt():
        return []
    def radialDistortion_dflt(xin, yin, invert=False):
        'no distortion correction'
        return xin, yin

    getDParamDflt        = kwargs.setdefault('getDParamDflt', getDParamDflt_dflt)
    setDParamZero        = kwargs.setdefault('setDParamZero', setDParamZero_dflt)
    getDParamScalings    = kwargs.setdefault('getDParamScalings', getDParamScalings_dflt)
    getDParamRefineDflt  = kwargs.setdefault('getDParamRefineDflt', getDParamRefineDflt_dflt)
    radialDistortion     = kwargs.setdefault('radialDistortion', radialDistortion_dflt)

    if reader is None:
        reader = newGenericReader(ncols, nrows, **readerKWArgs)

    detector = Detector2DRC(ncols, nrows, pixelPitch,
                            vFactorUnc, vDark,
                            reader, *args, **kwargs)

    return detector
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  Source code for hexrd.xrd.transforms

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================

import os, sys, warnings
import numpy as np
#np.seterr(invalid='ignore')

import scipy.sparse as sparse

from hexrd import matrixutil as mutil

from numpy import float_ as nFloat
from numpy import int_ as nInt

from hexrd.xrd import distortion as dFuncs

# ######################################################################
# Module Data

epsf      = np.finfo(float).eps      # ~2.2e-16
ten_epsf  = 10 * epsf                # ~2.2e-15
sqrt_epsf = np.sqrt(epsf)            # ~1.5e-8

periodDict   = {'degrees': 360.0, 'radians': 2*np.pi}
angularUnits = 'radians'        # module-level angle units
d2r          = np.pi/180.0

# basis vectors
I3 = np.eye(3)                                 # (3, 3) identity
Xl = np.array([[1., 0., 0.]], order='C').T     # X in the lab frame
Yl = np.array([[0., 1., 0.]], order='C').T     # Y in the lab frame
Zl = np.array([[0., 0., 1.]], order='C').T     # Z in the lab frame

zeroVec = np.zeros(3, order='C')

# reference beam direction and eta=0 ref in LAB FRAME for standard geometry
bVec_ref = -Zl
eta_ref  =  Xl

# reference stretch
vInv_ref = np.array([[1., 1., 1., 0., 0., 0.]], order='C').T

# distortion for warping detector coords
dFunc_ref   = dFuncs.GE_41RT
dParams_ref = [0., 0., 0., 2., 2., 2]

#
# ######################################################################

# ######################################################################
# Funtions

[docs]def makeGVector(hkl, bMat):
    """
    take a CRYSTAL RELATIVE B matrix onto a list of hkls to output unit
    reciprocal lattice vectors (a.k.a. lattice plane normals)

    Required Arguments:
    hkls -- (3, n) ndarray of n hstacked reciprocal lattice vector component
            triplets
    bMat -- (3, 3) ndarray representing the matirix taking reciprocal lattice
            vectors to the crystal reference frame

    Output:
    gVecs -- (3, n) ndarray of n unit reciprocal lattice vectors
             (a.k.a. lattice plane normals)

    To Do:
    * might benefit from some assert statements to catch improperly shaped
      input.
    """
    assert hkl.shape[0] == 3, 'hkl input must be (3, n)'
    return unitVector(np.dot(bMat, hkl))


[docs]def anglesToGVec(angs, bHat_l, eHat_l, rMat_s=None, rMat_c=None):
    """
    from 'eta' frame out to lab (with handy kwargs to go to crystal or sample)
    """
    if rMat_s is None:
        rMat_s = I3
    if rMat_c is None:
        rMat_c = I3

    rMat_e = makeEtaFrameRotMat(bHat_l, eHat_l)
    gVec_e = np.vstack([[np.cos(0.5*angs[:, 0]) * np.cos(angs[:, 1])],
                        [np.cos(0.5*angs[:, 0]) * np.sin(angs[:, 1])],
                        [np.sin(0.5*angs[:, 0])]])
    return np.dot(rMat_c.T, np.dot(rMat_s.T, np.dot(rMat_e, gVec_e)))


def gvecToDetectorXY(gVec_c,
                     rMat_d, rMat_s, rMat_c,
                     tVec_d, tVec_s, tVec_c,
                     beamVec=bVec_ref):
    """
    Takes a list of unit reciprocal lattice vectors in crystal frame to the
    specified detector-relative frame, subject to the conditions:

    1) the reciprocal lattice vector must be able to satisfy a bragg condition
    2) the associated diffracted beam must intersect the detector plane

    Required Arguments:
    gVec_c -- (3, n) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
    rMat_d -- (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
    rMat_s -- (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
    rMat_c -- (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
    tVec_d -- (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
    tVec_s -- (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
    tVec_c -- (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

    Outputs:
    (3, m) ndarray containing the intersections of m <= n diffracted beams
    associated with gVecs
    """
    ztol = epsf

    nVec_l = np.dot(rMat_d, Zl)                # detector plane normal
    bHat_l = unitVector(beamVec.reshape(3, 1)) # make sure beam vector is unit
    P0_l   = tVec_s + np.dot(rMat_s, tVec_c)   # origin of CRYSTAL FRAME
    P3_l   = tVec_d                            # origin of DETECTOR FRAME


    # form unit reciprocal lattice vectors in lab frame (w/o translation)
    gVec_l = np.dot(rMat_s, np.dot(rMat_c, unitVector(gVec_c)))

    # dot with beam vector (upstream direction)
    bDot   = np.dot(-bHat_l.T, gVec_l).squeeze()

    # see who can diffract; initialize output array with NaNs
    canDiffract = np.atleast_1d( np.logical_and( bDot >= ztol, bDot <= 1. - ztol ) )
    npts        = sum(canDiffract)
    retval      = np.nan * np.ones_like(gVec_l)
    if np.any(canDiffract):
        # subset of admissable reciprocal lattice vectors
        adm_gVec_l = gVec_l[:, canDiffract].reshape(3, npts)

        # initialize diffracted beam vector array
        dVec_l = np.empty((3, npts))
        for ipt in range(npts):
            dVec_l[:, ipt] = np.dot(makeBinaryRotMat(adm_gVec_l[:, ipt]), -bHat_l).squeeze()
            pass

        # ###############################################################
        # displacement vector calculation

        # first check for non-instersections
        denom = np.dot(nVec_l.T, dVec_l).flatten()
        dzero = abs(denom) < ztol
        denom[dzero] = 1.          # mitigate divide-by-zero
        cantIntersect = denom > 0. # index to dVec_l that can't hit det

        # displacement scaling (along dVec_l)
        u = np.dot(nVec_l.T, P3_l - P0_l).flatten() / denom

        # filter out non-intersections, fill with NaNs
        u[np.logical_or(dzero, cantIntersect)] = np.nan

        # diffracted beam points IN DETECTOR FRAME
        P2_l = P0_l + np.tile(u, (3, 1)) * dVec_l
        P2_d = np.dot(rMat_d.T, P2_l - tVec_d)

        # put feasible transformed gVecs into return array
        retval[:, canDiffract] = P2_d
        pass
    return retval[:2, :].T

def detectorXYToGvec(xy_det,
                     rMat_d, rMat_s,
                     tVec_d, tVec_s, tVec_c,
                     distortion=(dFunc_ref, dParams_ref),
                     beamVec=bVec_ref, etaVec=eta_ref):
    """
    Takes a list cartesian (x, y) pairs in the detector coordinates and calculates
    the associated reciprocal lattice (G) vectors and (bragg angle, azimuth) pairs
    with respect to the specified beam and azimth (eta) reference directions

    Required Arguments:
    xy_det -- (n, 2) ndarray or list-like input of n detector (x, y) points
    rMat_d -- (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
    rMat_s -- (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
    tVec_d -- (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
    tVec_s -- (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
    tVec_c -- (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

    Optional Keyword Arguments:
    beamVec -- (3, 1) mdarray containing the incident beam direction components in the LAB FRAME
    etaVec  -- (3, 1) mdarray containing the reference azimuth direction components in the LAB FRAME

    Outputs:
    (n, 2) ndarray containing the (tTh, eta) pairs associated with each (x, y)
    (3, n) ndarray containing the associated G vector directions in the LAB FRAME
    associated with gVecs
    """
    npts   = len(xy_det)                       # number of input (x, y) pairs
    bHat_l = unitVector(beamVec.reshape(3, 1)) # make sure beam direction is a unit vector
    eHat_l = unitVector(etaVec.reshape(3, 1))  # make sure eta=0 direction is a unit vector

    xy_det = distortion[0](xy_det, distortion[1])

    # form in-plane vectors for detector points list in DETECTOR FRAME
    P2_d = np.hstack([np.atleast_2d(xy_det), np.zeros((npts, 1))]).T

    # in LAB FRAME
    P2_l = np.dot(rMat_d, P2_d) + tVec_d
    P0_l = tVec_s + np.dot(rMat_s, tVec_c)   # origin of CRYSTAL FRAME

    # diffraction unit vector components in LAB FRAME
    dHat_l = unitVector(P2_l - P0_l)

    # ###############################################################
    # generate output

    # DEBUGGING
    assert abs(np.dot(bHat_l.T, eHat_l)) < 1. - sqrt_epsf, "eta ref and beam cannot be parallel!"

    rMat_e = makeEtaFrameRotMat(bHat_l, eHat_l)
    dHat_e = np.dot(rMat_e.T, dHat_l)

    tTh = np.arccos(np.dot(bHat_l.T, dHat_l)).flatten()
    eta = np.arctan2(dHat_e[1, :], dHat_e[0, :]).flatten()

    # get G-vectors by rotating d by 90-theta about b x d (numpy 'cross' works on row vectors)
    n_g = unitVector(np.cross(bHat_l.T, dHat_l.T).T)

    gVec_l = rotate_vecs_about_axis(0.5 * (np.pi - tTh), n_g, dHat_l)

    return (tTh, eta), gVec_l

def oscillAnglesOfHKLs(hkls, chi, rMat_c, bMat, wavelength,
                       vInv=vInv_ref, beamVec=bVec_ref, etaVec=eta_ref):
    """
    Takes a list of unit reciprocal lattice vectors in crystal frame to the
    specified detector-relative frame, subject to the conditions:

    1) the reciprocal lattice vector must be able to satisfy a bragg condition
    2) the associated diffracted beam must intersect the detector plane

    Required Arguments:
    hkls       -- (3, n) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
    chi        -- float representing the inclination angle of the oscillation axis (std coords)
    rMat_c     -- (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
    bMat       -- (3, 3) ndarray, the COB taking RECIPROCAL LATTICE components to CRYSTAL FRAME
    wavelength -- float representing the x-ray wavelength in Angstroms

    Optional Keyword Arguments:
    beamVec -- (3, 1) ndarray containing the incident beam direction components in the LAB FRAME
    etaVec  -- (3, 1) ndarray containing the reference azimuth direction components in the LAB FRAME
    vInv    -- (6, 1) ndarray containing the indep. components of the inverse left stretch tensor
                      in the SAMPLE FRAME in the Mandel-Voigt notation
    Outputs:
    ome0 -- (3, n) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (first solution)
    ome1 -- (3, n) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (second solution)

    Notes:
    ------------------------------------------------------------------------
    The reciprocal lattice vector, G, will satisfy the the Bragg condition
    when:

        b.T * G / ||G|| = -sin(theta)

    where b is the incident beam direction (k_i) and theta is the Bragg
    angle consistent with G and the specified wavelength. The components of
    G in the lab frame in this case are obtained using the crystal
    orientation, Rc, and the single-parameter oscillation matrix, Rs(ome):

        Rs(ome) * Rc * G / ||G||

    The equation above can be rearranged to yeild an expression of the form:

        a*sin(ome) + b*cos(ome) = c

    which is solved using the relation:

        a*sin(x) + b*cos(x) = sqrt(a**2 + b**2) * sin(x + alpha)

        --> sin(x + alpha) = c / sqrt(a**2 + b**2)

    where:

        alpha = arctan2(b, a)

     The solutions are:

                /
                |       arcsin(c / sqrt(a**2 + b**2)) - alpha
            x = <
                |  pi - arcsin(c / sqrt(a**2 + b**2)) - alpha
                \

    There is a double root in the case the reflection is tangent to the
    Debye-Scherrer cone (c**2 = a**2 + b**2), and no solution if the
    Laue condition cannot be satisfied (filled with NaNs in the results
    array here)
    """
    gVec_c = np.dot(bMat, hkls)                     # reciprocal lattice vectors in CRYSTAL frame
    vMat_s = mutil.vecMVToSymm(vInv)                # stretch tensor in SAMPLE frame
    gVec_s = np.dot(vMat_s, np.dot(rMat_c, gVec_c)) # reciprocal lattice vectors in SAMPLE frame
    gHat_s = unitVector(gVec_s)                     # unit reciprocal lattice vectors in SAMPLE frame
    gHat_c = np.dot(rMat_c.T, gHat_s)               # unit reciprocal lattice vectors in CRYSTAL frame
    bHat_l = unitVector(beamVec.reshape(3, 1))      # make sure beam direction is a unit vector
    eHat_l = unitVector(etaVec.reshape(3, 1))       # make sure eta=0 direction is a unit vector
    sintht = 0.5 * wavelength * columnNorm(gVec_s)  # sin of the Bragg angle assoc. with wavelength
    cchi = np.cos(chi); schi = np.sin(chi)          # sin and cos of the oscillation axis tilt

    # coefficients for harmonic equation
    a = gHat_s[2, :]*bHat_l[0] + schi*gHat_s[0, :]*bHat_l[1] - cchi*gHat_s[0, :]*bHat_l[2]
    b = gHat_s[0, :]*bHat_l[0] - schi*gHat_s[2, :]*bHat_l[1] + cchi*gHat_s[2, :]*bHat_l[2]
    c =                -sintht - cchi*gHat_s[1, :]*bHat_l[1] - schi*gHat_s[1, :]*bHat_l[2]

    # should all be 1-d: a = a.flatten(); b = b.flatten(); c = c.flatten()

    # form solution
    abMag    = np.sqrt(a*a + b*b); assert np.all(abMag > 0), "Beam vector specification is infealible!"
    phaseAng = np.arctan2(b, a)
    rhs      = c / abMag; rhs[abs(rhs) > 1.] = np.nan
    rhsAng   = np.arcsin(rhs) # verified will give NaN for abs(rhs) >  1. + 0.5*epsf

    # write ome angle output arrays (NaNs persist here)
    ome0 =         rhsAng - phaseAng
    ome1 = np.pi - rhsAng - phaseAng

    goodOnes_s = -np.isnan(ome0)

    # DEBUGGING
    assert np.all(np.isnan(ome0) == np.isnan(ome1)), "infeasible hkls do not match for ome0, ome1!"

    # do etas -- ONLY COMPUTE IN CASE CONSISTENT REFERENCE COORDINATES
    if abs(np.dot(bHat_l.T, eHat_l)) < 1. - sqrt_epsf and np.any(goodOnes_s):
        eta0 = np.nan * np.ones_like(ome0)
        eta1 = np.nan * np.ones_like(ome1)

        # make eta basis COB with beam antiparallel with Z
        rMat_e = makeEtaFrameRotMat(bHat_l, eHat_l)

        goodOnes   = np.tile(goodOnes_s, (1, 2)).flatten()

        numGood_s  = sum(goodOnes_s)
        numGood    = 2 * numGood_s
        tmp_eta    = np.empty(numGood)
        tmp_gvec   = np.tile(gHat_c, (1, 2))[:, goodOnes]
        allome     = np.hstack([ome0, ome1])

        for i in range(numGood):
            rMat_s = makeOscillRotMat([chi, allome[goodOnes][i]])
    	    gVec_e = np.dot(rMat_e.T,
                np.dot(rMat_s,
                       np.dot(rMat_c, tmp_gvec[:, i].reshape(3, 1)
                       ) ) )
            tmp_eta[i] = np.arctan2(gVec_e[1], gVec_e[0])
            pass
        eta0[goodOnes_s] = tmp_eta[:numGood_s]
        eta1[goodOnes_s] = tmp_eta[numGood_s:]

        # make assoc tTh array
        tTh  = 2.*np.arcsin(sintht).flatten()
        tTh0 = tTh; tTh0[-goodOnes_s] = np.nan
        retval = (np.vstack([tTh0.flatten(), eta0.flatten(), ome0.flatten()]),
                  np.vstack([tTh0.flatten(), eta1.flatten(), ome1.flatten()]),)
    else:
        retval = (ome0.flatten(), ome1.flatten())
        pass
    return retval

def polarRebin(thisFrame,
               npdiv        = 2,
               mmPerPixel   = (0.2, 0.2),
               convertToTTh = False,
               rMat_d       = I3,
               tVec_d       = np.r_[0., 0., -1000.],
               beamVec      = bVec_ref,
               etaVec       = eta_ref,
               rhoRange     = np.r_[20, 200],
               numRho       = 1000,
               etaRange     = (d2r*np.r_[-5, 355]),
               numEta       = 36,
               verbose      = True,
               log          = None
               ):
    """
    Caking algorithm

    INPUTS

    thisFrame
    npdiv=2, pixel subdivision (n x n) to determine bin membership
    rhoRange=[100, 1000] - radial range in pixels
    numRho=1200 - number of radial bins
    etaRange=np.pi*np.r_[-5, 355]/180. -- range of eta
    numEta=36 - number of eta subdivisions
    ROI=None - region of interest (four vector)
    corrected=False - uses 2-theta instead of rho
    verbose=True,

    """

    startEta = etaRange[0]
    stopEta  = etaRange[1]

    startRho = rhoRange[0]
    stopRho  = rhoRange[1]

    nrows = thisFrame.shape[0]   # total number of rows in the full image
    ncols = thisFrame.shape[1]   # total number of columns in the full image

    subPixArea = 1/float(npdiv)**2 # areal rescaling for subpixel intensities

    # MASTER COORDINATES
    #   - in pixel indices, UPPER LEFT PIXEL is [0, 0] --> (row, col)
    #   - in fractional pixels, UPPER LEFT CORNER is [-0.5, -0.5] --> (row, col)
    #   - in cartesian frame, the LOWER LEFT CORNER is [0, 0] --> (col, row)
    x       = thisFrame[0, :, :].flatten()
    y       = thisFrame[1, :, :].flatten()
    roiData = thisFrame[2, :, :].flatten()

    # need rhos (or tThs) and etas)
    if convertToTTh:
        dAngs = detectorXYToGvec(np.vstack([x, y]).T,
                                 rMat_d, I3,
                                 tVec_d, zeroVec, zeroVec,
                                 beamVec=beamVec, etaVec=etaVec)
        rho = dAngs[0][0]       # this is tTh now
        eta = dAngs[0][1]
    else:
        # in here, we are vanilla cartesian
        rho = np.sqrt(x*x + y*y)
        eta = np.arctan2(y, x)
    eta = mapAngle(eta, [startEta, 2*np.pi + startEta], units='radians')

    # MAKE POLAR BIN CENTER ARRAY
    deltaEta = (stopEta - startEta) / float(numEta)
    deltaRho = (stopRho - startRho) / float(numRho)

    rowEta = startEta + deltaEta * ( np.arange(numEta) + 0.5 )
    colRho = startRho + deltaRho * ( np.arange(numRho) + 0.5 )

    # initialize output dictionary
    polImg = {}
    polImg['radius']    = colRho
    polImg['azimuth']   = rowEta
    polImg['intensity'] = np.zeros( (numEta, numRho) )
    polImg['deltaRho']  = deltaRho

    if verbose:
        msg = "INFO: Masking pixels\n"
        if log:
            log.write(msg)
        else:
            print msg
            pass

    rhoI = startRho - 10*deltaRho
    rhoF = stopRho  + 10*deltaRho
    inAnnulus = np.where( (rho >= rhoI) & (rho <= rhoF) )[0]
    for i in range(numEta):
        if verbose:
            msg = "INFO: Processing sector %d of %d\n" % (i+1, numEta)
            if log:
                log.write(msg)
            else:
                print msg
                pass

        # import pdb;pdb.set_trace()
        etaI1 = rowEta[i] - 10.5*deltaEta
        etaF1 = rowEta[i] + 10.5*deltaEta

        tmpEta = eta[ inAnnulus ]
        inSector = np.where( (tmpEta >= etaI1) & (tmpEta <= etaF1) )[0]

        nptsIn = len(inSector)

        tmpX = x[ inAnnulus[inSector] ]
        tmpY = y[ inAnnulus[inSector] ]
        tmpI = roiData[ inAnnulus[inSector] ]

        # subdivide pixels
        #   - note that these are in fractional pixel coordinates (centered)
        #   - must convert to working units (see 'self.pixelPitchUnits')
        subCrds    = (np.arange(npdiv) + 0.5) / npdiv

        intX, intY = np.meshgrid(subCrds, subCrds)

        intX = np.tile(intX.flatten(), (nptsIn, 1)).T.flatten()
        intY = np.tile(intY.flatten(), (nptsIn, 1)).T.flatten()

        # expand coords using pixel subdivision
        tmpX = np.tile(tmpX, (npdiv**2, 1)).flatten() + (intX - 0.5)*mmPerPixel[0]
        tmpY = np.tile(tmpY, (npdiv**2, 1)).flatten() + (intY - 0.5)*mmPerPixel[1]
        tmpI = np.tile(tmpI, (npdiv**2, 1)).flatten() / subPixArea

        if convertToTTh:
            dAngs = detectorXYToGvec(np.vstack([tmpX, tmpY]).T,
                                     rMat_d, I3,
                                     tVec_d, zeroVec, zeroVec,
                                     beamVec=beamVec, etaVec=etaVec)
            tmpRho = dAngs[0][0]       # this is tTh now
            tmpEta = dAngs[0][1]
        else:
            tmpRho = np.sqrt( tmpX*tmpX + tmpY*tmpY )
            tmpEta = np.arctan2(tmpY, tmpX)
        tmpEta = mapAngle(tmpEta, [startEta, 2*np.pi + startEta], units='radians')

        etaI2 = rowEta[i] - 0.5*deltaEta
        etaF2 = rowEta[i] + 0.5*deltaEta

        inSector2 = ( (tmpRho >= startRho) & (tmpRho <= stopRho) ) \
                    & ( (tmpEta >= etaI2) & (tmpEta <= etaF2) )

        tmpRho = tmpRho[inSector2]
        tmpI   = tmpI[inSector2]

        binId = np.floor( ( tmpRho - startRho ) / deltaRho )
        nSubpixelsIn = len(binId)

        if ( nSubpixelsIn > 0 ):
            tmpI  = sparse.csc_matrix( \
                    ( tmpI, (binId, np.arange(nSubpixelsIn)) ), shape=(numRho, nSubpixelsIn) )
            binId = sparse.csc_matrix( \
                    ( np.ones(nSubpixelsIn), (binId, np.arange(nSubpixelsIn)) ), shape=(numRho, nSubpixelsIn) )

            # Normalized contribution to the ith sector's radial bins
            binIdSum = np.asarray(binId.sum(1)).flatten()
            #if np.any(binIdSum <= 0):
            #    import string
            #    raise RuntimeError, 'got binId sum of '+string.join(np.array(binIdSum).flatten().astype(str), ',')
            #polImg['intensity'][i, :] = (tmpI.sum(1) / binIdSum).T
            whereNZ = np.asarray(np.not_equal(polImg['intensity'][i,:],binIdSum))
            polImg['intensity'][i,whereNZ] = np.asarray(tmpI.sum(1))[whereNZ].flatten()/binIdSum[whereNZ]

    return polImg

"""
#######################################################################
######                  Utility Functions                        ######
#######################################################################

"""

[docs]def arccosSafe(temp):
    """
    Protect against numbers slightly larger than 1 in magnitude due to round-off
    """
    temp = np.atleast_1d(temp)
    if np.any(abs(temp) > 1.00001):
        print >> sys.stderr, "attempt to take arccos of %s" % temp
        raise RuntimeError, "unrecoverable error"

    gte1 = temp >=  1.
    lte1 = temp <= -1.

    temp[gte1] =  1
    temp[lte1] = -1

    ang = np.arccos(temp)

    return ang


[docs]def angularDifference(angList0, angList1, units=angularUnits):
    """
    Do the proper (acute) angular difference in the context of a branch cut.

    *) Default angular range is [-pi, pi]
    """
    period = periodDict[units]
    # take difference as arrays
    diffAngles = np.atleast_1d(angList0) - np.atleast_1d(angList1)

    return abs(np.remainder(diffAngles + 0.5*period, period) - 0.5*period)


[docs]def mapAngle(ang, *args, **kwargs):
    """
    Utility routine to map an angle into a specified period
    """
    units  = angularUnits
    period = periodDict[units]

    kwargKeys = kwargs.keys()
    for iArg in range(len(kwargKeys)):
        if kwargKeys[iArg] == 'units':
            units = kwargs[ kwargKeys[iArg] ]
        else:
            raise RuntimeError, "Unknown keyword argument: " + str(kwargKeys[iArg])

    try:
        period = periodDict[units.lower()]
    except:
        raise RuntimeError, "unknown angular units: " + str( kwargs[ kwargKeys[iArg] ] )

    ang = np.atleast_1d(nFloat( ang ) )

    # if we have a specified angular range, use that
    if len(args) > 0:
        angRange = np.atleast_1d(nFloat( args[0] ) )

        # divide of multiples of period
        ang = ang - nInt(ang / period) * period

        lb = angRange.min()
        ub = angRange.max()

        if abs(ub - lb) != period:
            raise RuntimeError, 'range is incomplete!'

        lbi = ang < lb
        while lbi.sum() > 0:
            ang[lbi] = ang[lbi] + period
            lbi = ang < lb
            pass
        ubi = ang > ub
        while ubi.sum() > 0:
            ang[ubi] = ang[ubi] - period
            ubi = ang > ub
            pass
        retval = ang
    else:
        retval = np.mod(ang + 0.5*period, period) - 0.5*period
    return retval


[docs]def reg_grid_indices(edges, points_1d):
    """
    get indices in a 1-d regular grid.

    edges are just that:

    point:            x (2.5)
                      |
    edges:   |1    |2    |3    |4    |5
             -------------------------
    indices: |  0  |  1  |  2  |  3  |
             -------------------------

    above the deltas are + and the index for the point is 1

    point:                  x (2.5)
                            |
    edges:   |5    |4    |3    |2    |1
             -------------------------
    indices: |  0  |  1  |  2  |  3  |
             -------------------------

    here the deltas are - and the index for the point is 2

    * can handle grids with +/- deltas
    * be careful when using with a cyclical angular array!  edges and points
      must be mapped to the same branch cut, and
      abs(edges[0] - edges[-1]) = 2*pi
    """
    ztol = 1e-12

    assert len(edges) >= 2, "must have at least 2 edges"

    points_1d = np.r_[points_1d].flatten()
    delta     = float(edges[1] - edges[0])

    on_last_rhs = points_1d >= edges[-1] - ztol
    points_1d[on_last_rhs] = points_1d[on_last_rhs] - ztol

    if delta > 0:
        on_last_rhs = points_1d >= edges[-1] - ztol
        points_1d[on_last_rhs] = points_1d[on_last_rhs] - ztol
        idx = np.floor( (points_1d - edges[0]) / delta )
    elif delta < 0:
        on_last_rhs = points_1d <= edges[-1] + ztol
        points_1d[on_last_rhs] = points_1d[on_last_rhs] + ztol
        idx = np.ceil( (points_1d - edges[0]) / delta ) - 1
    else:
        raise RuntimeError, "edges array gives delta of 0"
    # if np.any(np.logical_or(idx < 0, idx > len(edges) - 1)):
    #     raise RuntimeWarning, "some input points are outside the grid"
    return np.array(idx, dtype=int)


[docs]def columnNorm(a):
    """
    normalize array of column vectors (hstacked, axis = 0)
    """
    if len(a.shape) > 2:
        raise RuntimeError, "incorrect shape: arg must be 1-d or 2-d, yours is %d" %(len(a.shape))

    cnrma = np.sqrt(sum(np.asarray(a)**2, 0))

    return cnrma


[docs]def rowNorm(a):
    """
    normalize array of row vectors (vstacked, axis = 1)
    """
    if len(a.shape) > 2:
        raise RuntimeError, "incorrect shape: arg must be 1-d or 2-d, yours is %d" %(len(a.shape))

    cnrma = np.sqrt(sum(np.asarray(a)**2, 1))

    return cnrma


[docs]def unitVector(a):
    """
    normalize array of column vectors (hstacked, axis = 0)
    """
    assert a.ndim in [1, 2], "incorrect arg shape; must be 1-d or 2-d, yours is %d-d" % (a.ndim)

    m = a.shape[0]; n = 1

    nrm = np.tile(np.sqrt(sum(np.asarray(a)**2, 0)), (m, n))

    # prevent divide by zero
    zchk = nrm <= epsf
    nrm[zchk] = 1.

    nrma = a/nrm

    return nrma


[docs]def makeDetectorRotMat(tiltAngles):
    """
    Form the (3, 3) tilt rotations from the tilt angle list:

    tiltAngles = [gamma_Xl, gamma_Yl, gamma_Zl] in radians
    """
    # form rMat_d from parameter list
    cos_gX = np.cos(tiltAngles[0]); sin_gX = np.sin(tiltAngles[0])
    cos_gY = np.cos(tiltAngles[1]); sin_gY = np.sin(tiltAngles[1])
    cos_gZ = np.cos(tiltAngles[2]); sin_gZ = np.sin(tiltAngles[2])
    rotXl = np.array([[     1.,      0.,      0.],
                      [     0.,  cos_gX, -sin_gX],
                      [     0.,  sin_gX,  cos_gX]])
    rotYl = np.array([[ cos_gY,      0.,  sin_gY],
                      [     0.,      1.,      0.],
                      [-sin_gY,      0.,  cos_gY]])
    rotZl = np.array([[ cos_gZ, -sin_gZ,      0.],
                      [ sin_gZ,  cos_gZ,      0.],
                      [     0.,      0.,      1.]])
    return np.dot(rotZl, np.dot(rotYl, rotXl))


[docs]def makeOscillRotMat(oscillAngles):
    """
    oscillAngles = [chi, ome]
    """
    cchi = np.cos(oscillAngles[0]); schi = np.sin(oscillAngles[0])
    come = np.cos(oscillAngles[1]); some = np.sin(oscillAngles[1])
    rchi = np.array([[   1.,    0.,    0.],
                     [   0.,  cchi, -schi],
                     [   0.,  schi,  cchi]])
    rome = np.array([[ come,    0.,  some],
                     [   0.,    1.,    0.],
                     [-some,    0.,  come]])
    return np.dot(rchi, rome)


[docs]def makeRotMatOfExpMap(expMap):
    """
    """
    expMap = np.asarray(expMap).flatten()
    phi = np.sqrt(expMap[0]*expMap[0] + expMap[1]*expMap[1] + expMap[2]*expMap[2])
    if phi > epsf:
        wMat = np.array([[        0., -expMap[2],  expMap[1]],
                         [ expMap[2],         0., -expMap[0]],
    	                 [-expMap[1],  expMap[0],         0.]])
    	rMat = \
          I3 \
          + ( np.sin(phi) / phi ) * wMat \
          + ( (1. - np.cos(phi)) / (phi*phi) ) * np.dot(wMat, wMat)
    else:
    	rMat = I3
    return rMat


[docs]def makeBinaryRotMat(axis):
    """
    """
    n = np.asarray(axis).flatten()
    assert len(n) == 3, 'Axis input does not have 3 components'
    return 2*np.dot(n.reshape(3, 1), n.reshape(1, 3)) - I3


[docs]def makeEtaFrameRotMat(bHat_l, eHat_l):
    """
    make eta basis COB matrix with beam antiparallel with Z

    takes components from ETA frame to LAB
    """
    Ze = -unitVector(np.atleast_2d(bHat_l).reshape(3, 1))
    Xe = unitVector(np.dot(I3 - np.dot(Ze, Ze.T), np.atleast_2d(eHat_l).reshape(3, 1)))
    Ye = np.cross(Ze.flatten(), Xe.flatten()).reshape(3, 1)
    return np.hstack([Xe, Ye, Ze])


[docs]def validateAngleRanges(angList, startAngs, stopAngs, ccw=True):
    """
    A better way to go.  find out if an angle is in the range
    CCW or CW from start to stop

    There is, of course, an ambigutiy if the start and stop angle are
    the same; we treat them as implying 2*pi having been mapped
    """
    angList   = np.atleast_1d(angList).flatten()   # needs to have len
    startAngs = np.atleast_1d(startAngs).flatten() # needs to have len
    stopAngs  = np.atleast_1d(stopAngs).flatten()  # needs to have len

    n_ranges = len(startAngs)
    assert len(stopAngs) == n_ranges, "length of min and max angular limits must match!"

    # to avoid warnings in >=, <= later down, mark nans;
    # need these to trick output to False in the case of nan input
    nan_mask = np.isnan(angList)

    reflInRange = np.zeros(angList.shape, dtype=bool)

    # anonynmous func for zProjection
    zProj = lambda x, y: np.cos(x) * np.sin(y) - np.sin(x) * np.cos(y)

    # bin length for chunking
    binLen = np.pi / 2.

    # in plane vectors defining wedges
    x0 = np.vstack([np.cos(startAngs), np.sin(startAngs)])
    x1 = np.vstack([np.cos(stopAngs), np.sin(stopAngs)])

    # dot products
    dp = np.sum(x0 * x1, axis=0)
    if np.any(dp >= 1. - sqrt_epsf) and n_ranges > 1:
        # ambiguous case
        raise RuntimeError, "Improper usage; at least one of your ranges is alread 360 degrees!"
    elif dp[0] >= 1. - sqrt_epsf and n_ranges == 1:
        # trivial case!
        reflInRange = np.ones(angList.shape, dtype=bool)
        reflInRange[nan_mask] = False
    else:
        # solve for arc lengths
        # ...note: no zeros should have made it here
        a   = x0[0, :]*x1[1, :] - x0[1, :]*x1[0, :]
        b   = x0[0, :]*x1[0, :] + x0[1, :]*x1[1, :]
        phi = np.arctan2(b, a)

        arclen = 0.5*np.pi - phi          # these are clockwise
        cw_phis = arclen < 0
        arclen[cw_phis] = 2*np.pi + arclen[cw_phis]   # all positive (CW) now
        if not ccw:
            arclen= 2*np.pi - arclen

        if sum(arclen) > 2*np.pi:
            raise RuntimeWarning, "Specified angle ranges sum to > 360 degrees, which is suspect..."

        # check that there are no more thandp = np.zeros(n_ranges)
        for i in range(n_ranges):
            # number or subranges using 'binLen'
            numSubranges = int(np.ceil(arclen[i]/binLen))

            # check remaider
            binrem = np.remainder(arclen[i], binLen)
            if binrem == 0:
                finalBinLen = binLen
            else:
                finalBinLen = binrem

            # if clockwise, negate bin length
            if not ccw:
                 binLen      = -binLen
                 finalBinLen = -finalBinLen

            # Create sub ranges on the fly to avoid ambiguity in dot product
            # for wedges >= 180 degrees
            subRanges = np.array(\
                [startAngs[i] + binLen*j for j in range(numSubranges)] + \
                    [startAngs[i] + binLen*(numSubranges - 1) + finalBinLen])

            for k in range(numSubranges):
                zStart = zProj(angList, subRanges[k])
                zStop  = zProj(angList, subRanges[k + 1])
                if ccw:
                    zStart[nan_mask] =  999.
                    zStop[nan_mask]  = -999.
                    reflInRange = reflInRange | np.logical_and(zStart <= 0, zStop >= 0)
                else:
                    zStart[nan_mask] = -999.
                    zStop[nan_mask]  =  999.
                    reflInRange = reflInRange | np.logical_and(zStart >= 0, zStop <= 0)
    return reflInRange


[docs]def rotate_vecs_about_axis(angle, axis, vecs):
    """
    Rotate vectors about an axis

    INPUTS
    *angle* - array of angles (len == 1 or n)
    *axis*  - array of unit vectors (shape == (3, 1) or (3, n))
    *vec*   - array of vectors to be rotated (shape = (3, n))

    Quaternion formula:
    if we split v into parallel and perpedicular components w.r.t. the
    axis of quaternion q,

        v = a + n

    then the action of rotating the vector dot(R(q), v) becomes

        v_rot = (q0**2 - |q|**2)(a + n) + 2*dot(q, a)*q + 2*q0*cross(q, n)

    """
    angle   = np.atleast_1d(angle)
    nvecs   = vecs.shape[1]                  # assume column vecs

    # quaternion components
    q0 = np.cos(0.5*angle)
    q1 = np.sin(0.5*angle)
    qv = np.tile(q1, (3, 1)) * axis

    # component perpendicular to axes (inherits shape of vecs)
    vp0 = vecs[0, :] - axis[0, :]*axis[0, :]*vecs[0, :] - axis[0, :]*axis[1, :]*vecs[1, :] - axis[0, :]*axis[2, :]*vecs[2, :]
    vp1 = vecs[1, :] - axis[1, :]*axis[1, :]*vecs[1, :] - axis[1, :]*axis[0, :]*vecs[0, :] - axis[1, :]*axis[2, :]*vecs[2, :]
    vp2 = vecs[2, :] - axis[2, :]*axis[2, :]*vecs[2, :] - axis[2, :]*axis[0, :]*vecs[0, :] - axis[2, :]*axis[1, :]*vecs[1, :]

    # dot product with components along; cross product with components normal
    qdota   = \
      ( axis[0, :]*vecs[0, :] + axis[1, :]*vecs[1, :] + axis[2, :]*vecs[2, :] ) * \
      ( axis[0, :] * qv[0, :] + axis[1, :] * qv[1, :] + axis[2, :] * qv[2, :] )
    qcrossn = np.vstack([qv[1, :]*vp2 - qv[2, :]*vp1,
                         qv[2, :]*vp0 - qv[0, :]*vp2,
                         qv[0, :]*vp1 - qv[1, :]*vp0])

    # quaternion formula
    v_rot = np.tile(q0*q0 - q1*q1, (3, 1)) * vecs \
      + 2. * np.tile(qdota, (3, 1)) * qv \
      + 2. * np.tile(q0, (3, 1)) * qcrossn
    return v_rot


[docs]def quat_product_matrix(q, mult='right'):
    """
    Form 4 x 4 array to perform the quaternion product

    USAGE
        qmat = quatProductMatrix(q, mult='right')

    INPUTS
        1) quats is (4,), an iterable representing a unit quaternion
           horizontally concatenated
        2) mult is a keyword arg, either 'left' or 'right', denoting
           the sense of the multiplication:

                       / quatProductMatrix(h, mult='right') * q
           q * h  --> <
                       \ quatProductMatrix(q, mult='left') * h

    OUTPUTS
        1) qmat is (4, 4), the left or right quaternion product
           operator

    NOTES
       *) This function is intended to replace a cross-product based
          routine for products of quaternions with large arrays of
          quaternions (e.g. applying symmetries to a large set of
          orientations).
    """
    if mult == 'right':
        qmat = np.array([[ q[0], -q[1], -q[2], -q[3]],
                         [ q[1],  q[0],  q[3], -q[2]],
                         [ q[2], -q[3],  q[0],  q[1]],
                         [ q[3],  q[2], -q[1],  q[0]],
                         ])
    elif mult == 'left':
        qmat = np.array([[ q[0], -q[1], -q[2], -q[3]],
                         [ q[1],  q[0], -q[3],  q[2]],
                         [ q[2],  q[3],  q[0], -q[1]],
                         [ q[3], -q[2],  q[1],  q[0]],
                         ])
    return qmat


[docs]def quat_distance(q1, q2, qsym):
    """
    """
    # qsym from PlaneData objects are (4, nsym)
    # convert symmetries to (4, 4) qprod matrices
    nsym = qsym.shape[1]
    rsym = np.zeros((nsym, 4, 4))
    for i in range(nsym):
        rsym[i, :, :] = quat_product_matrix(qsym[:, i], mult='right')

    # inverse of q1 in matrix form
    q1i = quat_product_matrix( np.r_[ 1, -1, -1, -1] * np.atleast_1d(q1).flatten(), mult='right' )

    # Do R * Gc, store as vstacked equivalent quaternions (nsym, 4)
    q2s = np.dot(rsym, q2)

    # Calculate the class of misorientations for full symmetrically equivalent
    # q1 and q2: (4, ) * (4, nsym)
    eqv_mis = np.dot(q1i, q2s.T)

    # find the largest scalar component
    q0_max = np.argmax(abs(eqv_mis[0, :]))

    # compute the distance
    qmin  = eqv_mis[:, q0_max]

    return 2 * arccosSafe( qmin[0] * np.sign(qmin[0]) )
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  Source code for hexrd.xrd.xrdbase

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC. 
# Produced at the Lawrence Livermore National Laboratory. 
# Written by Joel Bernier <bernier2@llnl.gov> and others. 
# LLNL-CODE-529294. 
# All rights reserved.
# 
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
# 
# Please also see the file LICENSE.
# 
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
# 
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY 
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the 
# GNU General Public License for more details.
# 
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
from math import sqrt, log

import numpy as num

try:
    import multiprocessing
    haveMultiProc = True
except:
    haveMultiProc = False

if haveMultiProc:
    dfltNCPU = int(multiprocessing.cpu_count()/2)
    if dfltNCPU > 3: 
        dfltNCPU = dfltNCPU/2
else:
    #
    dfltNCPU = 1


[docs]def dataToFrame(data, sumImg=True):
    """
    utility function to allow flexibility in input
    
    data can be:
    (*) an instance of ReadGE or the like, which is already set up, in which
        case all frames are used and flattened
    (*) a frame
    """
    if hasattr(data, 'getNFrames'):
        reader = data.makeNew()
        nFrames = reader.getNFrames()
        frame = reader.read(nframes=nFrames, sumImg=sumImg)
    elif hasattr(data, 'shape') and len(data.shape) == 2:
        'assume the data is a frame'
        frame = data
    else:
        raise RuntimeError, 'do not know what to do with data : '+str(type(data))
    return frame


[docs]def getGaussNDParams(xList, w=None, v=None):
    
    nDim = len(xList)
    
    xVec = num.empty(nDim+nDim+2)
    
    if w is not None:
         assert xList[0].shape == w.shape,\
             'w not the same shape as other arguments; %s != %s' % (str(x.shape), str(w.shape))
    
    if v is None:
        bg   = 0.0e0
        vNbg = num.ones(x.shape)
    else:
        bg   = num.min(v)
        vNbg = v - bg
    if w is None:
        vwNbg = vNbg
    else:
        if len(w.shape) == 2:
            nQP = w.shape[1]
            vwNbg = num.tile(vNbg, (nQP,1)).T * w
        elif len(w.shape) == 1:
            vwNbg = vNbg * w
        else:
            raise NotImplementedError,\
                'shape of w has length %d' % (len(shape(w)))
    vwSum = float(num.sum(vwNbg))
    
    if vwSum <= 0:
        'just swag something'
        # raise RuntimeError, 'vwSum <= 0'
        vwNbg = num.ones_like( vwNbg )
        vwSum = float(num.sum(vwNbg))

    com = []
    for iDim, xThis in enumerate(xList):
        mu = num.sum(xThis * vwNbg) / vwSum
        com.append(mu)
    #
    for iDim, xThis in enumerate(xList):
        diffs = xThis - com[iDim]
        sigma = sqrt(num.sum(vwNbg*diffs*diffs)/vwSum)
        xVec[iDim]      = com[iDim]
        xVec[iDim+nDim] = sqrt(8.0 * log(2.0)) * sigma # FWHM
    xVec[nDim+nDim]   = vwNbg.max()
    xVec[nDim+nDim+1] = bg
    
    return xVec
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  Source code for hexrd.xrd.symmetry

# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
# -*-python-*-
#
# Module containing functions relevant to rotations

from numpy import array, cos, sin, sqrt, pi, \
     vstack, hstack, c_, r_, ix_, tile, dot, \
     sort, argmin, argmax, argsort
from hexrd.matrixutil import multMatArray, unitVector, findDuplicateVectors

sq3by2 = sqrt(3.)/2.
piby2  = pi/2.
piby3  = pi/3.
piby4  = pi/4.
piby6  = pi/6.

[docs]def toFundamentalRegion(q, crysSym='Oh', sampSym=None):
    """
    """
    qdims = q.ndim
    if qdims == 3:
        l3, m3, n3 = q.shape
        assert m3 == 4, 'your 3-d quaternion array isn\'t the right shape'
        q = q.transpose(0, 2, 1).reshape(l3*n3, 4).T

    qsym_c = quatProductMatrix( quatOfLaueGroup(crysSym), 'right' ) # crystal symmetry operator

    n = q.shape[1]              # total number of quats
    m = qsym_c.shape[0]         # number of symmetry operations

    #
    # MAKE EQUIVALENCE CLASS
    #
    # Do R * Gc, store as
    # [q[:, 0] * Gc[:, 0:m], ..., 2[:, n-1] * Gc[:, 0:m]]
    qeqv = dot(qsym_c, q).transpose(2, 0, 1).reshape(m*n, 4).T

    if sampSym is None:
        # need to fix quats to sort
        qeqv = fixQuat(qeqv)

        # Reshape scalar comp columnwise by point in qeqv
        q0 = qeqv[0, :].reshape(n, m).T

        # Find q0 closest to origin for each n equivalence classes
        q0maxColInd = argmax(q0, 0) + [x*m for x in range(n)]

        # store representatives in qr
        qr = qeqv[:, q0maxColInd]
    else:
        qsym_s = quatProductMatrix( quatOfLaueGroup(sampSym), 'left'  ) #  sample symmetry operator

        p = qsym_s.shape[0]         # number of sample symmetry operations

        # Do Gs * (R * Gc), store as
        # [Gs[:, 0:p] * q[:,   0] * Gc[:, 0], ... , Gs[:, 0:p] * q[:,   0] * Gc[:, m-1], ...
        #  Gs[:, 0:p] * q[:, n-1] * Gc[:, 0], ... , Gs[:, 0:p] * q[:, n-1] * Gc[:, m-1]]
        qeqv = fixQuat(
            dot(qsym_s, qeqv).transpose(2, 0, 1).reshape(p*m*n, 4).T )

        raise NotImplementedError

    # debug
    assert qr.shape[1] == n, 'oops, something wrong here with your reshaping'

    if qdims == 3:
        qr = qr.T.reshape(l3, n3, 4).transpose(0, 2, 1)

    return qr


[docs]def ltypeOfLaueGroup(tag):
    """
    See quatOfLaueGroup
    """

    if not isinstance(tag, str):
        raise RuntimeError, "entered flag is not a string!"

    if tag.lower() == 'ci' or tag.lower() == 's2':
        ltype = 'triclinic'
    elif tag.lower() == 'c2h':
        ltype = 'monoclinic'
    elif tag.lower() == 'd2h' or tag.lower() == 'vh':
        ltype = 'orthorhombic'
    elif tag.lower() == 'c4h' or tag.lower() == 'd4h':
        ltype = 'tetragonal'
    elif tag.lower() == 'c3i' or tag.lower() == 's6' or tag.lower() == 'd3d':
        ltype = 'trigonal'
    elif tag.lower() == 'c6h' or tag.lower() == 'd6h':
        ltype = 'hexagonal'
    elif tag.lower() == 'th' or tag.lower() == 'oh':
        ltype = 'cubic'
    else:
        raise RuntimeError, "unrecognized symmetry group.  " \
            + "See ''help(quatOfLaueGroup)'' for a list of valid options.  " \
            + "Oh, and have a great day ;-)"

    return ltype


[docs]def quatOfLaueGroup(tag):
    """
    Generate quaternion representation for the specified Laue group.

    USAGE:

         qsym = quatOfLaueGroup(schoenfliesTag)

    INPUTS:

         1) schoenfliesTag 1 x 1, a case-insensitive string representing the
         Schoenflies symbol for the desired Laue group.  The 14 available
         choices are:

              Class           Symbol      n
             -------------------------------
              Triclinic       Ci (S2)     1
              Monoclinic      C2h         2
              Orthorhombic    D2h (Vh)    4
              Tetragonal      C4h         4
                              D4h         8
              Trigonal        C3i (S6)    3
                              D3d         6
              Hexagonal       C6h         6
                              D6h         12
              Cubic           Th          12
                              Oh          24

    OUTPUTS:

         1) qsym is (4, n) the quaterions associated with each element of the
         chosen symmetry group having n elements (dep. on group -- see INPUTS
         list above).

    NOTES:

         *) The conventions used for assigning a RHON basis, {x1, x2, x3}, to
         each point group are consistent with those published in Appendix B
         of [1].

    REFERENCES:

         [1] Nye, J. F., ``Physical Properties of Crystals: Their
         Representation by Tensors and Matrices'', Oxford University Press,
         1985. ISBN 0198511655
    """

    if not isinstance(tag, str):
        raise RuntimeError, "entered flag is not a string!"

    if tag.lower() == 'ci' or tag.lower() == 's2':
        # TRICLINIC
        angleAxis = vstack([0., 1, 0, 0]) # identity
    elif tag.lower() == 'c2h':
        # MONOCLINIC
        angleAxis = c_[
            [0.,   1,   0,   0], # identity
            [pi,   0,   1,   0], # twofold about 010 (x2)
            ]
    elif tag.lower() == 'd2h' or tag.lower() == 'vh':
        # ORTHORHOMBIC
        angleAxis = c_[
            [0.,   1,   0,   0], # identity
            [pi,   1,   0,   0], # twofold about 100
            [pi,   0,   1,   0], # twofold about 010
            [pi,   0,   0,   1], # twofold about 001
            ]
    elif tag.lower() == 'c4h':
        # TETRAGONAL (LOW)
        angleAxis = c_[
            [0.0,       1,    0,    0], # identity
            [piby2,     0,    0,    1], # fourfold about 001 (x3)
            [pi,        0,    0,    1], #
            [piby2*3,   0,    0,    1], #
            ]
    elif tag.lower() == 'd4h':
        # TETRAGONAL (HIGH)
        angleAxis = c_[
            [0.0,       1,    0,    0], # identity
            [piby2,     0,    0,    1], # fourfold about 0  0  1 (x3)
            [pi,        0,    0,    1], #
            [piby2*3,   0,    0,    1], #
            [pi,        1,    0,    0], # twofold about  1  0  0 (x1)
            [pi,        0,    1,    0], # twofold about  0  1  0 (x2)
            [pi,        1,    1,    0], # twofold about  1  1  0
            [pi,       -1,    1,    0], # twofold about -1  1  0
            ]
    elif tag.lower() == 'c3i' or tag.lower() == 's6':
        # TRIGONAL (LOW)
        angleAxis = c_[
            [0.0,       1,    0,    0], # identity
            [piby3*2,   0,    0,    1], # threefold about 0001 (x3, c)
            [piby3*4,   0,    0,    1], #
            ]
    elif tag.lower() == 'd3d':
        # TRIGONAL (HIGH)
        angleAxis = c_[
            [0.0,       1,     0,    0],    # identity
            [piby3*2,   0,     0,    1],    # threefold about 0001 (x3, c)
            [piby3*4,   0,     0,    1],    #
            [pi,        1,     0,    0],    # twofold about  2 -1 -1  0 (x1, a1)
            [pi,       -0.5,   sq3by2,  0], # twofold about -1  2 -1  0 (a2)
            [pi,       -0.5,  -sq3by2,  0], # twofold about -1 -1  2  0 (a3)
            ]
    elif tag.lower() == 'c6h':
        # HEXAGONAL (LOW)
        angleAxis = c_[
            [0.0,       1,     0,    0], # identity
            [piby3,     0,     0,    1], # sixfold about 0001 (x3, c)
            [piby3*2,   0,     0,    1], #
            [pi,        0,     0,    1], #
            [piby3*4,   0,     0,    1], #
            [piby3*5,   0,     0,    1], #
            ]
    elif tag.lower() == 'd6h':
        # HEXAGONAL (HIGH)
        angleAxis = c_[
            [0.0,       1,       0,       0], # identity
            [piby3,     0,       0,       1], # sixfold about  0  0  1 (x3, c)
            [piby3*2,   0,       0,       1], #
            [pi,        0,       0,       1], #
            [piby3*4,   0,       0,       1], #
            [piby3*5,   0,       0,       1], #
            [pi,        1,       0,       0], # twofold about  2 -1  0 (x1, a1)
            [pi,       -0.5,     sq3by2,  0], # twofold about -1  2  0 (a2)
            [pi,       -0.5,    -sq3by2,  0], # twofold about -1 -1  0 (a3)
            [pi,        sq3by2,  0.5,     0], # twofold about  1  0  0
            [pi,        0,       1,       0], # twofold about -1  1  0 (x2)
            [pi,       -sq3by2,  0.5,     0], # twofold about  0 -1  0
            ]
    elif tag.lower() == 'th':
        # CUBIC (LOW)
        angleAxis = c_[
            [0.0,       1,    0,    0], # identity
            [pi,        1,    0,    0], # twofold about    1  0  0 (x1)
            [pi,        0,    1,    0], # twofold about    0  1  0 (x2)
            [pi,        0,    0,    1], # twofold about    0  0  1 (x3)
            [piby3*2,   1,    1,    1], # threefold about  1  1  1
            [piby3*4,   1,    1,    1], #
            [piby3*2,  -1,    1,    1], # threefold about -1  1  1
            [piby3*4,  -1,    1,    1], #
            [piby3*2,  -1,   -1,    1], # threefold about -1 -1  1
            [piby3*4,  -1,   -1,    1], #
            [piby3*2,   1,   -1,    1], # threefold about  1 -1  1
            [piby3*4,   1,   -1,    1], #
            ]
    elif tag.lower() == 'oh':
        # CUBIC (HIGH)
        angleAxis = c_[
            [0.0,       1,    0,    0], # identity
            [piby2,     1,    0,    0], # fourfold about   1  0  0 (x1)
            [pi,        1,    0,    0], #
            [piby2*3,   1,    0,    0], #
            [piby2,     0,    1,    0], # fourfold about   0  1  0 (x2)
            [pi,        0,    1,    0], #
            [piby2*3,   0,    1,    0], #
            [piby2,     0,    0,    1], # fourfold about   0  0  1 (x3)
            [pi,        0,    0,    1], #
            [piby2*3,   0,    0,    1], #
            [piby3*2,   1,    1,    1], # threefold about  1  1  1
            [piby3*4,   1,    1,    1], #
            [piby3*2,  -1,    1,    1], # threefold about -1  1  1
            [piby3*4,  -1,    1,    1], #
            [piby3*2,  -1,   -1,    1], # threefold about -1 -1  1
            [piby3*4,  -1,   -1,    1], #
            [piby3*2,   1,   -1,    1], # threefold about  1 -1  1
            [piby3*4,   1,   -1,    1], #
            [pi,        1,    1,    0], # twofold about    1  1  0
            [pi,       -1,    1,    0], # twofold about   -1  1  0
            [pi,        1,    0,    1], # twofold about    1  0  1
            [pi,        0,    1,    1], # twofold about    0  1  1
            [pi,       -1,    0,    1], # twofold about   -1  0  1
            [pi,        0,   -1,    1], # twofold about    0 -1  1
            ]
    else:
        raise RuntimeError, "unrecognized symmetry group.  " \
            + "See ``help(quatOfLaueGroup)'' for a list of valid options.  " \
            + "Oh, and have a great day ;-)"

    angle = angleAxis[ 0, ]
    axis  = angleAxis[1:, ]

    #  Note: Axis does not need to be normalized in call to quatOfAngleAxis
    #  05/01/2014 JVB -- made output a contiguous C-ordered array
    qsym = array(quatOfAngleAxis(angle, axis).T, order='C').T

    return qsym


[docs]def applySym(vec, qsym, csFlag=False, cullPM=False, tol=1e-8):
    """
    apply symmetry group to a single 3-vector (columnar) argument

    csFlag : centrosymmetry flag
    cullPM : cull +/- flag
    """
    nsym  = qsym.shape[1]
    Rsym  = rotMatOfQuat(qsym)

    allhkl = multMatArray(Rsym, tile(vec, (nsym, 1, 1))).swapaxes(1, 2).reshape(nsym, 3).T

    if csFlag:
        allhkl = hstack([allhkl, -1*allhkl])
    eqv, uid = findDuplicateVectors(allhkl, tol=tol, equivPM=cullPM)

    return allhkl[ix_(range(3), uid)]

#######################################################
# Module containing functions relevant to rotations
#   - must place here to enforce circular import

from rotations import quatOfAngleAxis, rotMatOfQuat, quatProductMatrix, fixQuat
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  Source code for hexrd.xrd.transforms_CAPI

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================

import numpy as np
import sys

from hexrd.xrd import _transforms_CAPI

from numpy import float_ as nFloat
from numpy import int_ as nInt

# ######################################################################
# Module Data
epsf      = np.finfo(float).eps      # ~2.2e-16
ten_epsf  = 10 * epsf                # ~2.2e-15
sqrt_epsf = np.sqrt(epsf)            # ~1.5e-8

periodDict   = {'degrees': 360.0, 'radians': 2*np.pi}
angularUnits = 'radians'        # module-level angle units

# basis vectors
I3 = np.eye(3)                                        # (3, 3) identity
Xl = np.ascontiguousarray(I3[:, 0].reshape(3, 1))     # X in the lab frame
Yl = np.ascontiguousarray(I3[:, 1].reshape(3, 1))     # Y in the lab frame
Zl = np.ascontiguousarray(I3[:, 2].reshape(3, 1))     # Z in the lab frame

# reference stretch
vInv_ref = np.array([[1., 1., 1., 0., 0., 0.]], order='C').T

# reference beam direction and eta=0 ref in LAB FRAME for standard geometry
bVec_ref = -Zl
eta_ref  =  Xl

# ######################################################################
# Funtions

[docs]def makeGVector(hkl, bMat):
    """
    take a CRYSTAL RELATIVE B matrix onto a list of hkls to output unit
    reciprocal lattice vectors (a.k.a. lattice plane normals)

    Required Arguments:
    hkls -- (3, n) ndarray of n hstacked reciprocal lattice vector component
            triplets
    bMat -- (3, 3) ndarray representing the matirix taking reciprocal lattice
            vectors to the crystal reference frame

    Output:
    gVecs -- (3, n) ndarray of n unit reciprocal lattice vectors
             (a.k.a. lattice plane normals)

    To Do:
    * might benefit from some assert statements to catch improperly shaped
      input.
    """
    assert hkl.shape[0] == 3, 'hkl input must be (3, n)'
    return unitVector(np.dot(bMat, hkl))


def gvecToDetectorXY(gVec_c,
                     rMat_d, rMat_s, rMat_c,
                     tVec_d, tVec_s, tVec_c,
                     beamVec=bVec_ref):
    """
    Takes a list of unit reciprocal lattice vectors in crystal frame to the
    specified detector-relative frame, subject to the conditions:

    1) the reciprocal lattice vector must be able to satisfy a bragg condition
    2) the associated diffracted beam must intersect the detector plane

    Required Arguments:
    gVec_c -- (n, 3) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
    rMat_d -- (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
    rMat_s -- (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
    rMat_c -- (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
    tVec_d -- (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
    tVec_s -- (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
    tVec_c -- (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

    Outputs:
    (m, 2) ndarray containing the intersections of m <= n diffracted beams
    associated with gVecs
    """
    gVec_c  = np.ascontiguousarray( np.atleast_2d( gVec_c ) )
    tVec_d  = np.ascontiguousarray( tVec_d.flatten()  )
    tVec_s  = np.ascontiguousarray( tVec_s.flatten()  )
    tVec_c  = np.ascontiguousarray( tVec_c.flatten()  )
    beamVec = np.ascontiguousarray( beamVec.flatten() )
    return _transforms_CAPI.gvecToDetectorXY(gVec_c,
                                             rMat_d, rMat_s, rMat_c,
                                             tVec_d, tVec_s, tVec_c,
                                             beamVec)

def detectorXYToGvec(xy_det,
                     rMat_d, rMat_s,
                     tVec_d, tVec_s, tVec_c,
                     beamVec=bVec_ref, etaVec=eta_ref):
    """
    Takes a list cartesian (x, y) pairs in the detector coordinates and calculates
    the associated reciprocal lattice (G) vectors and (bragg angle, azimuth) pairs
    with respect to the specified beam and azimth (eta) reference directions

    Required Arguments:
    xy_det -- (n, 2) ndarray or list-like input of n detector (x, y) points
    rMat_d -- (3, 3) ndarray, the COB taking DETECTOR FRAME components to LAB FRAME
    rMat_s -- (3, 3) ndarray, the COB taking SAMPLE FRAME components to LAB FRAME
    tVec_d -- (3, 1) ndarray, the translation vector connecting LAB to DETECTOR
    tVec_s -- (3, 1) ndarray, the translation vector connecting LAB to SAMPLE
    tVec_c -- (3, 1) ndarray, the translation vector connecting SAMPLE to CRYSTAL

    Optional Keyword Arguments:
    beamVec -- (3, 1) mdarray containing the incident beam direction components in the LAB FRAME
    etaVec  -- (3, 1) mdarray containing the reference azimuth direction components in the LAB FRAME

    Outputs:
    (n, 2) ndarray containing the (tTh, eta) pairs associated with each (x, y)
    (n, 3) ndarray containing the associated G vector directions in the LAB FRAME
    associated with gVecs
    """
    xy_det  = np.ascontiguousarray( np.atleast_2d(xy_det) )
    tVec_d  = np.ascontiguousarray( tVec_d.flatten() )
    tVec_s  = np.ascontiguousarray( tVec_s.flatten() )
    tVec_c  = np.ascontiguousarray( tVec_c.flatten() )
    beamVec = np.ascontiguousarray( beamVec.flatten() )
    etaVec  = np.ascontiguousarray( etaVec.flatten() )
    return _transforms_CAPI.detectorXYToGvec(xy_det,
                                             rMat_d, rMat_s,
                                             tVec_d, tVec_s, tVec_c,
                                             beamVec, etaVec)

def oscillAnglesOfHKLs(hkls, chi, rMat_c, bMat, wavelength,
                       vInv=None, beamVec=bVec_ref, etaVec=eta_ref):
    """
    Takes a list of unit reciprocal lattice vectors in crystal frame to the
    specified detector-relative frame, subject to the conditions:

    1) the reciprocal lattice vector must be able to satisfy a bragg condition
    2) the associated diffracted beam must intersect the detector plane

    Required Arguments:
    hkls       -- (n, 3) ndarray of n reciprocal lattice vectors in the CRYSTAL FRAME
    chi        -- float representing the inclination angle of the oscillation axis (std coords)
    rMat_c     -- (3, 3) ndarray, the COB taking CRYSTAL FRAME components to SAMPLE FRAME
    bMat       -- (3, 3) ndarray, the COB taking RECIPROCAL LATTICE components to CRYSTAL FRAME
    wavelength -- float representing the x-ray wavelength in Angstroms

    Optional Keyword Arguments:
    beamVec -- (3, 1) mdarray containing the incident beam direction components in the LAB FRAME
    etaVec  -- (3, 1) mdarray containing the reference azimuth direction components in the LAB FRAME

    Outputs:
    ome0 -- (n, 3) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (first solution)
    ome1 -- (n, 3) ndarray containing the feasible (tTh, eta, ome) triplets for each input hkl (second solution)

    Notes:
    ------------------------------------------------------------------------
    The reciprocal lattice vector, G, will satisfy the the Bragg condition
    when:

        b.T * G / ||G|| = -sin(theta)

    where b is the incident beam direction (k_i) and theta is the Bragg
    angle consistent with G and the specified wavelength. The components of
    G in the lab frame in this case are obtained using the crystal
    orientation, Rc, and the single-parameter oscillation matrix, Rs(ome):

        Rs(ome) * Rc * G / ||G||

    The equation above can be rearranged to yield an expression of the form:

        a*sin(ome) + b*cos(ome) = c

    which is solved using the relation:

        a*sin(x) + b*cos(x) = sqrt(a**2 + b**2) * sin(x + alpha)

        --> sin(x + alpha) = c / sqrt(a**2 + b**2)

    where:

        alpha = atan2(b, a)

     The solutions are:

                /
                |       arcsin(c / sqrt(a**2 + b**2)) - alpha
            x = <
                |  pi - arcsin(c / sqrt(a**2 + b**2)) - alpha
                \

    There is a double root in the case the reflection is tangent to the
    Debye-Scherrer cone (c**2 = a**2 + b**2), and no solution if the
    Laue condition cannot be satisfied (filled with NaNs in the results
    array here)
    """
    hkls = np.array(hkls, dtype=float, order='C')
    if vInv is None:
        vInv = np.ascontiguousarray(vInv_ref.flatten())
    else:
        vInv = np.ascontiguousarray(vInv.flatten())
    beamVec = np.ascontiguousarray(beamVec.flatten())
    etaVec  = np.ascontiguousarray(etaVec.flatten())
    bMat = np.ascontiguousarray(bMat)
    return _transforms_CAPI.oscillAnglesOfHKLs(
        hkls, chi, rMat_c, bMat, wavelength, vInv, beamVec, etaVec
        )

"""
#######################################################################
######                  Utility Functions                        ######
#######################################################################

"""

[docs]def arccosSafe(temp):
    """
    Protect against numbers slightly larger than 1 in magnitude due to round-off
    """

    # Oh, the tricks we must play to make this overloaded and robust...
    if type(temp) is list:
        temp = nd.asarray(temp)
    elif type(temp) is ndarray:
        if len(temp.shape) == 0:
            temp = temp.reshape(1)

    if (temp > 1.00001).any():
        print >> sys.stderr, "attempt to take arccos of %s" % temp
        raise RuntimeError, "unrecoverable error"
    elif (temp < -1.00001).any():
        print >> sys.stderr, "attempt to take arccos of %s" % temp
        raise RuntimeError, "unrecoverable error"

    gte1 = temp >=  1.
    lte1 = temp <= -1.

    temp[gte1] =  1
    temp[lte1] = -1

    ang = arccos(temp)

    return ang


[docs]def angularDifference(angList0, angList1, units=angularUnits):
    """
    Do the proper (acute) angular difference in the context of a branch cut.

    *) Default angular range is [-pi, pi]
    """
    period = periodDict[units]
    # take difference as arrays
    diffAngles = np.atleast_1d(angList0) - np.atleast_1d(angList1)

    return abs(np.remainder(diffAngles + 0.5*period, period) - 0.5*period)


[docs]def mapAngle(ang, *args, **kwargs):
    """
    Utility routine to map an angle into a specified period
    """
    units  = angularUnits
    period = periodDict[units]

    kwargKeys = kwargs.keys()
    for iArg in range(len(kwargKeys)):
        if kwargKeys[iArg] == 'units':
            units = kwargs[ kwargKeys[iArg] ]
        else:
            raise RuntimeError, "Unknown keyword argument: " + str(kwargKeys[iArg])

    try:
        period = periodDict[units.lower()]
    except:
        raise RuntimeError, "unknown angular units: " + str( kwargs[ kwargKeys[iArg] ] )

    ang = np.atleast_1d(nFloat( ang ) )

    # if we have a specified angular range, use that
    if len(args) > 0:
        angRange = np.atleast_1d(nFloat( args[0] ) )

        # divide of multiples of period
        ang = ang - nInt(ang / period) * period

        lb = angRange.min()
        ub = angRange.max()

        if abs(ub - lb) != period:
            raise RuntimeError, 'range is incomplete!'

        lbi = ang < lb
        while lbi.sum() > 0:
            ang[lbi] = ang[lbi] + period
            lbi = ang < lb
            pass
        ubi = ang > ub
        while ubi.sum() > 0:
            ang[ubi] = ang[ubi] - period
            ubi = ang > ub
            pass
        retval = ang
    else:
        retval = np.mod(ang + 0.5*period, period) - 0.5*period
    return retval


[docs]def columnNorm(a):
    """
    normalize array of column vectors (hstacked, axis = 0)
    """
    if len(a.shape) > 2:
        raise RuntimeError, "incorrect shape: arg must be 1-d or 2-d, yours is %d" %(len(a.shape))

    cnrma = np.sqrt(np.sum(np.asarray(a)**2, 0))

    return cnrma


[docs]def rowNorm(a):
    """
    normalize array of row vectors (vstacked, axis = 1)
    """
    if len(a.shape) > 2:
        raise RuntimeError, "incorrect shape: arg must be 1-d or 2-d, yours is %d" %(len(a.shape))

    cnrma = np.sqrt(np.sum(np.asarray(a)**2, 1))

    return cnrma


[docs]def unitRowVector(vecIn):
    if vecIn.ndim == 1:
        return _transforms_CAPI.unitRowVector(vecIn)
    elif vecIn.ndim == 2:
        return _transforms_CAPI.unitRowVectors(vecIn)
    else:
        assert vecIn.ndim in [1,2], "incorrect arg shape; must be 1-d or 2-d, yours is %d-d" % (a.ndim)


[docs]def makeDetectorRotMat(tiltAngles):
    """
    Form the (3, 3) tilt rotations from the tilt angle list:

    tiltAngles = [gamma_Xl, gamma_Yl, gamma_Zl] in radians
    """
    arg = np.ascontiguousarray(np.r_[tiltAngles].flatten())
    return _transforms_CAPI.makeDetectorRotMat(arg)


[docs]def makeOscillRotMat(oscillAngles):
    """
    oscillAngles = [chi, ome]
    """
    arg = np.ascontiguousarray(np.r_[oscillAngles].flatten())
    return _transforms_CAPI.makeOscillRotMat(arg)


[docs]def makeRotMatOfExpMap(expMap):
    """
    make a rotation matrix from an exponential map
    """
    arg = np.ascontiguousarray(expMap.flatten())
    return _transforms_CAPI.makeRotMatOfExpMap(arg)


[docs]def makeRotMatOfQuat(quat):
    """
    make rotation matrix from a unit quaternion

    ...check to set if input is unit magnitude?
    """
    arg = np.ascontiguousarray(quat.flatten())
    return _transforms_CAPI.makeRotMatOfQuat(arg)


[docs]def makeBinaryRotMat(axis):
    arg = np.ascontiguousarray(axis.flatten())
    return _transforms_CAPI.makeBinaryRotMat(arg)


[docs]def makeEtaFrameRotMat(bHat_l, eHat_l):
    arg1 = np.ascontiguousarray(bHat_l.flatten())
    arg2 = np.ascontiguousarray(eHat_l.flatten())
    return _transforms_CAPI.makeEtaFrameRotMat(arg1, arg2)


[docs]def validateAngleRanges(angList, angMin, angMax, ccw=True):
    return _transforms_CAPI.validateAngleRanges(angList,angMin,angMax,ccw)


[docs]def rotate_vecs_about_axis(angle, axis, vecs):
    return _transforms_CAPI.rotate_vecs_about_axis(angle, axis, vecs)


[docs]def quat_distance(q1, q2, qsym):
    """
    qsy coming from hexrd.xrd.crystallogray.PlaneData.getQSym() is C-contiguous
    """
    q1 = np.ascontiguousarray(q1.flatten())
    q2 = np.ascontiguousarray(q2.flatten())
    return _transforms_CAPI.quat_distance(q1, q2, qsym)

#def rotateVecsAboutAxis(angle, axis, vecs):
#    return _transforms_CAPI.rotateVecsAboutAxis(angle, axis, vecs)
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  Source code for hexrd.xrd.rotations

# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
# -*-python-*-
#
# Module containing functions relevant to rotations
#
import sys, os, time
import numpy
from numpy import \
     arange, array, asarray, atleast_1d, ndarray, diag, empty, ones, zeros, \
     cross, dot, pi, arccos, arcsin, cos, sin, sqrt, \
     sort, squeeze, tile, vstack, hstack, r_, c_, ix_, \
     abs, mod, sign, \
     finfo, isscalar
from numpy import float_ as nFloat
from numpy import int_ as nInt

from scipy.optimize import leastsq

from hexrd.matrixutil import columnNorm, unitVector, skewMatrixOfVector, \
    multMatArray, nullSpace
#
#  Module Data
tinyRotAng   = finfo(float).eps         # ~2e-16
angularUnits = 'radians'                # module-level angle units
I3           = array([[1., 0., 0.],     # (3, 3) identity
                      [0., 1., 0.],
                      [0., 0., 1.]])
#
periodDict = {'degrees': 360.0, 'radians': 2*numpy.pi}
#
#  ================================================== Functions
#
[docs]def arccosSafe(temp):
    """
    Protect against numbers slightly larger than 1 in magnitude due to round-off
    """
    temp = atleast_1d(temp)
    if (abs(temp) > 1.00001).any():
        print >> sys.stderr, "attempt to take arccos of %s" % temp
        raise RuntimeError, "unrecoverable error"

    gte1 = temp >=  1.
    lte1 = temp <= -1.

    temp[gte1] =  1
    temp[lte1] = -1
    
    ang = arccos(temp)
    
    return ang
#
#  ==================== Quaternions
#

[docs]def fixQuat(q):
    """
    flip to positive q0 and normalize
    """
    qdims = q.ndim
    if qdims == 3:
        l, m, n = q.shape
        assert m is 4, 'your 3-d quaternion array isn\'t the right shape'
        q = q.transpose(0, 2, 1).reshape(l*n, 4).T

    qfix = unitVector(q)

    q0negative = qfix[0, ] < 0
    qfix[:, q0negative] = -1*qfix[:, q0negative]

    if qdims == 3:
        qfix = qfix.T.reshape(l, n, 4).transpose(0, 2, 1)

    return qfix


[docs]def invertQuat(q):
    """
    silly little routine for inverting a quaternion
    """
    numq = q.shape[1]

    imat = tile(vstack([-1, 1, 1, 1]), (1, numq))

    qinv = imat * q

    return fixQuat(qinv)


[docs]def misorientation(q1, q2, *args):
    """
    sym is a tuple (crystal_symmetry, *sample_symmetry)
    generally coded, may split up special cases for no symmetry or crystal/sample only...
    """
    if not isinstance(q1, ndarray) or not isinstance(q2, ndarray):
        raise RuntimeError, "quaternion args are not of type `numpy ndarray'"

    if q1.ndim is not 2 or q2.ndim is not 2:
        raise RuntimeError, "quaternion args are the wrong shape; must be 2-d (columns)"

    if q1.shape[1] is not 1:
        raise RuntimeError, "first argument should be a single quaternion"

    if len(args) is 0:
        # no symmetries; use identity
        sym = (c_[1., 0, 0, 0].T, c_[1., 0, 0, 0].T)
    else:
        sym = args[0]
        if len(sym) is 1:
            if not isinstance(sym[0], ndarray):
                raise RuntimeError, "symmetry argument is not an numpy array"
            else:
                # add triclinic sample symmetry (identity)
                sym += (c_[1., 0, 0, 0].T,)
        elif len(sym) is 2:
            if not isinstance(sym[0], ndarray) or not isinstance(sym[1], ndarray):
                raise RuntimeError, "symmetry arguments are not an numpy arrays"
        elif len(sym) > 2:
            raise RuntimeError, "symmetry argument has %d entries; should be 1 or 2" % (len(sym))

    # set some lengths
    n = q2.shape[1]             # length of misorientation list
    m = sym[0].shape[1]         # crystal (right)
    p = sym[1].shape[1]         # sample  (left)

    # tile q1 inverse
    q1i = quatProductMatrix( invertQuat( q1 ), mult='right' ).squeeze()

    # convert symmetries to (4, 4) qprod matrices
    rsym = quatProductMatrix(sym[0], mult='right')
    lsym = quatProductMatrix(sym[1], mult='left')

    # Do R * Gc, store as
    # [q2[:, 0] * Gc[:, 0:m], ..., q2[:, n-1] * Gc[:, 0:m]]
    q2 = dot(rsym, q2).transpose(2, 0, 1).reshape(m*n, 4).T

    # Do Gs * (R * Gc), store as
    # [Gs[:, 0:p] * q[:,   0] * Gc[:, 0], ... , Gs[:, 0:p] * q[:,   0] * Gc[:, m-1], ...
    #  Gs[:, 0:p] * q[:, n-1] * Gc[:, 0], ... , Gs[:, 0:p] * q[:, n-1] * Gc[:, m-1]]
    q2 = dot(lsym, q2).transpose(2, 0, 1).reshape(p*m*n, 4).T

    # Calculate the class misorientations for full symmetrically equivalent
    # classes for q1 and q2.  Note the use of the fact that the application
    # of the symmetry groups is an isometry.
    eqvMis = fixQuat( dot(q1i, q2) )

    # Reshape scalar comp columnwise by point in q2 (and q1, if applicable)
    sclEqvMis = eqvMis[0, :].reshape(n, p*m).T

    # Find misorientation closest to origin for each n equivalence classes
    #   - fixed quats so garaunteed that sclEqvMis is nonnegative
    qmax = sclEqvMis.max(0)

    # remap indices to use in eqvMis
    qmaxInd = ( sclEqvMis == qmax ).nonzero()
    qmaxInd = c_[ qmaxInd[0], qmaxInd[1] ]

    eqvMisColInd = sort( qmaxInd[:, 0] + qmaxInd[:, 1]*p*m )

    # store Rmin in q
    mis = eqvMis[ix_(range(4), eqvMisColInd)]

    angle = 2 * arccosSafe( qmax )

    return angle, mis


[docs]def quatProduct(q1, q2):
    """
    Product of two unit quaternions.

    qp = quatProduct(q2, q1)

    q2, q1 are 4 x n, arrays whose columns are
           quaternion parameters

    qp is 4 x n, an array whose columns are the
       quaternion parameters of the product; the
       first component of qp is nonnegative

    If R(q) is the rotation corresponding to the
    quaternion parameters q, then

    R(qp) = R(q2) R(q1)
    """
    n1 = q1.shape[1]
    n2 = q2.shape[1]

    nq = 1
    if n1 == 1 or n2 == 1:
        if n2 > n1:
            q1 = tile(q1, (1, n2))
            nq = n2
        else:
            q2 = tile(q2, (1, n1))
            nq = n1

    a = q2[0, ]; a3 = tile(a, (3, 1))
    b = q1[0, ]; b3 = tile(b, (3, 1))

    avec = q2[1:, ]
    bvec = q1[1:, ]

    axb = zeros((3, nq))
    for i in range(nq):
        axb[:, i] = cross(avec[:, i], bvec[:, i])

    qp = vstack([a*b - diag(dot(avec.T, bvec)),
                 a3*bvec + b3*avec + axb])

    return fixQuat(qp)


[docs]def quatProductMatrix(quats, mult='right'):
    """
    Form 4 x 4 arrays to perform the quaternion product

    USAGE
        qmats = quatProductMatrix(quats, mult='right')

    INPUTS
        1) quats is (4, n), a numpy ndarray array of n quaternions
           horizontally concatenated
        2) mult is a keyword arg, either 'left' or 'right', denoting
           the sense of the multiplication:

                       / quatProductMatrix(h, mult='right') * q
           q * h  --> <
                       \ quatProductMatrix(q, mult='left') * h

    OUTPUTS
        1) qmats is (n, 4, 4), the left or right quaternion product
           operator

    NOTES
       *) This function is intended to replace a cross-product based
          routine for products of quaternions with large arrays of
          quaternions (e.g. applying symmetries to a large set of
          orientations).
    """

    if quats.shape[0] != 4:
        raise RuntimeError, "input is the wrong size along the 0-axis"

    nq = quats.shape[1]

    q0 = quats[0, :].copy()
    q1 = quats[1, :].copy()
    q2 = quats[2, :].copy()
    q3 = quats[3, :].copy()

    if mult == 'right':
        qmats = array([[ q0], [ q1], [ q2], [ q3],
                       [-q1], [ q0], [-q3], [ q2],
                       [-q2], [ q3], [ q0], [-q1],
                       [-q3], [-q2], [ q1], [ q0]])
    elif mult == 'left':
        qmats = array([[ q0], [ q1], [ q2], [ q3],
                       [-q1], [ q0], [ q3], [-q2],
                       [-q2], [-q3], [ q0], [ q1],
                       [-q3], [ q2], [-q1], [ q0]])

    # some fancy reshuffling...
    qmats = qmats.T.reshape(nq, 4, 4).transpose(0, 2, 1)

    return qmats


[docs]def quatOfAngleAxis(angle, rotaxis):
    """
    make an hstacked array of quaternions from arrays of angle/axis pairs
    """
    if isinstance(angle, list):
        n = len(angle)
        angle = asarray(angle)
    elif isinstance(angle, float) or isinstance(angle, int):
        n = 1
    elif isinstance(angle, ndarray):
        n = angle.shape[0]
    else:
        raise RuntimeError, "angle argument is of incorrect type.  " \
            "must be a list, int, float, or ndarray."

    if rotaxis.shape[1] == 1:
        rotaxis = tile(rotaxis, (1, n))
    else:
        if rotaxis.shape[1] != n:
            raise RuntimeError, "rotation axes argument has incompatible shape"

    halfangle = 0.5*angle
    cphiby2 = cos(halfangle)
    sphiby2 = sin(halfangle)

    quat = vstack([cphiby2, tile(sphiby2, (3, 1)) * unitVector(rotaxis)])

    return fixQuat(quat)


[docs]def quatOfExpMap(expMap):
    """
    """
    angles = columnNorm(expMap)
    axes   = unitVector(expMap)

    quats = quatOfAngleAxis(angles, axes)
    return quats


[docs]def quatOfRotMat(R):
    """
    """
    angs, axxs = angleAxisOfRotMat(R)
    quats = vstack( [
        cos(0.5 * angs),
        tile(sin(0.5 * angs), (3, 1)) * axxs ] )
    return quats


def quatAverage(q_in, qsym):
    """
    """
    assert q_in.ndim == 2, 'input must be 2-s hstacked quats'

    # renormalize
    q_in = unitVector(q_in)

    # check to see num of quats is > 1
    if q_in.shape[1] < 3:
        if q_in.shape[1] == 1:
            q_bar = q_in
        else:
            ma, mq = misorientation(q_in[:, 0].reshape(4, 1),
                                    q_in[:, 1].reshape(4, 1), (qsym,))
            q_bar = quatProduct(q_in[:, 0].reshape(4, 1),
                                quatOfExpMap(0.5*ma*unitVector(mq[1:].reshape(3, 1))))
    else:
        # use first quat as initial guess
        phi = 2. * arccos(q_in[0, 0])
        if phi <= finfo(float).eps:
            x0 = zeros(3)
        else:
            n = unitVector(q_in[1:, 0].reshape(3, 1))
            x0 = phi*n.flatten()
        results = leastsq(quatAverage_obj, x0, args=(q_in, qsym))
        phi = sqrt(sum(results[0]*results[0]))
        if phi <= finfo(float).eps:
            q_bar = c_[1., 0., 0., 0.].T
        else:
            n     = results[0] / phi
            q_bar = hstack([cos(0.5*phi), sin(0.5*phi)*n]).reshape(4, 1)
    return q_bar

def quatAverage_obj(xi_in, quats, qsym):
    phi = sqrt(sum(xi_in.flatten()*xi_in.flatten()))
    if phi <= finfo(float).eps:
        q0 = c_[1., 0., 0., 0.].T
    else:
        n   = xi_in.flatten() / phi
        q0 = hstack([cos(0.5*phi), sin(0.5*phi)*n])
    resd = misorientation(q0.reshape(4, 1), quats, (qsym, ))[0]
    return resd

[docs]def rotMatOfExpMap_opt(expMap):
    """Optimized version of rotMatOfExpMap
    """
    if expMap.ndim == 1:
        expMap = expMap.reshape(3, 1)
    phi = atleast_1d(columnNorm(expMap)) # angles of rotation from exponential maps
    W   = skewMatrixOfVector(expMap)     # skew matrices of exponential maps

    # Find tiny angles to avoid divide-by-zero and apply limits in expressions
    zeroIndex = phi < tinyRotAng
    phi[zeroIndex] = 1


    # first term
    C1 = sin(phi) / phi
    C1[zeroIndex] = 1  # is this right?  might be OK since C1 multiplies W

    # second term
    C2 = (1 - cos(phi)) / phi**2
    C2[zeroIndex] = 0.5 # won't matter because W^2 is small

    numObjs = expMap.shape[1]
    if numObjs == 1: # case of single point
        W = numpy.reshape(W, [1, 3, 3])
        pass

    C1 = numpy.tile(numpy.reshape(C1, [numObjs, 1]), [1, 9]).reshape([numObjs,3,3])
    C2 = numpy.tile(numpy.reshape(C2, [numObjs, 1]), [1, 9]).reshape([numObjs,3,3])

    W2 = numpy.zeros([numObjs, 3, 3])

    for i in range(3):
        for j in range(3):
            W2[:, i, j] = numpy.sum(W[:, i, :]*W[:, :, j], 1)
            pass
        pass

    rmat = C1*W + C2 * W2
    rmat[:, 0, 0] += 1.
    rmat[:, 1, 1] += 1.
    rmat[:, 2, 2] += 1.

    return rmat.squeeze()


[docs]def rotMatOfExpMap_orig(expMap):
    """Original rotMatOfExpMap, used for comparison to optimized version
    """
    if isinstance(expMap, ndarray):
        if expMap.ndim is not 2:
            if expMap.ndim is 1 and len(expMap) is 3:
                numObjs = 1
                expMap = expMap.reshape(3, 1)
            else:
                raise RuntimeError, "input is the wrong dimensionality"
        elif expMap.shape[0] is not 3:
            raise RuntimeError("input is the wrong shape along the 0-axis.  Yours is %d when is should be 3" \
                               % (expMap.shape[0]) )
        else:
            numObjs = expMap.shape[1]
    elif isinstance(expMap, list) or isinstance(expMap, tuple):
        if len(expMap) is not 3:
            raise RuntimeError, "for list/tuple input only one exponential map vector is allowed"
        else:
            if not isscalar(expMap[0]) or not isscalar(expMap[1]) or not isscalar(expMap[2]):
                raise RuntimeError, "for list/tuple input only one exponential map vector is allowed"
            else:
                numObjs = 1
                expMap = asarray(expMap).reshape(3, 1)

    phi = columnNorm(expMap)            # angles of rotation from exponential maps
    W    = skewMatrixOfVector(expMap)   # skew matrices of exponential maps

    # Find tiny angles to avoid divide-by-zero and apply limits in expressions
    zeroIndex = phi < tinyRotAng
    phi[zeroIndex] = 1

    # first term
    C1 = sin(phi) / phi
    C1[zeroIndex] = 1

    # second term
    C2 = (1 - cos(phi)) / phi**2
    C2[zeroIndex] = 1

    if numObjs is 1:
        rmat = I3 + C1 * W + C2 * dot(W, W)
    else:
        rmat = zeros((numObjs, 3, 3))
        for i in range(numObjs):
            rmat[i, :, :] = I3 + C1[i] * W[i, :, :] + C2[i] * dot(W[i, :, :], W[i, :, :])

    return rmat

# Donald Boyce's

rotMatOfExpMap = rotMatOfExpMap_opt

[docs]def rotMatOfQuat(quat):
    """
    Take an array of n quats (numpy ndarray, 4 x n) and generate an
    array of rotation matrices (n x 3 x 3)

    Uses the truncated series expansion for the exponential map;
    didvide-by-zero is checked using the global 'tinyRotAng'
    """
    if quat.ndim == 1:
        if len(quat) != 4:
            raise RuntimeError, "input is the wrong shape"
        else:
            quat = quat.reshape(4, 1)
    else:
        if quat.shape[0] != 4:
            raise RuntimeError, "input is the wrong shape"

    n    = quat.shape[1]
    rmat = zeros((n, 3, 3), dtype='float64')

    a = quat[0, :].reshape(n, 1)
    b = quat[1, :].reshape(n, 1)
    c = quat[2, :].reshape(n, 1)
    d = quat[3, :].reshape(n, 1)

    R = c_[a**2 + b**2 - c**2 - d**2,
           2*b*c - 2*a*d,
           2*a*c + 2*b*d,
           2*a*d + 2*b*c,
           a**2 - b**2 + c**2 - d**2,
           2*c*d - 2*a*b,
           2*b*d - 2*a*c,
           2*a*b + 2*c*d,
           a**2 - b**2 - c**2 + d**2]

    if n > 1:
        rmat = R.reshape(n, 3, 3)
    else:
        rmat = R.reshape(3, 3)

    # for i in range(n):
    #     theta = 2. * arccosSafe(quat[0, i])
    #
    #     # find axial vector
    #     if (theta > tinyRotAng):
    #         a = sin(theta) / theta
    #         b = (1. - cos(theta)) / theta**2
    #         w = (theta / sin(0.5 * theta)) * quat[1:4, i]
    #
    #         wskew = array([[   0., -w[2],  w[1]],
    #                        [ w[2],    0., -w[0]],
    #                        [-w[1],  w[0],    0.]])
    #
    #         rmat[i, :, :] = I3 + a * wskew + b * dot(wskew, wskew)
    #     else:
    #         rmat[i, :, :] = I3

    return rmat


[docs]def angleAxisOfRotMat(R):
    """
    """
    if not isinstance(R, ndarray):
        raise RuntimeError, 'Input must be a 2 or 3-d ndarray'
    else:
        rdim = R.ndim
        if rdim is 2:
            nrot = 1
            R = tile(R, (1, 1, 1))
        elif rdim is 3:
            nrot = R.shape[0]
        else:
            raise RuntimeError, \
                  "R array must be (3, 3) or (n, 3, 3); input has dimension %d" \
                  % (rdim)

    #
    #  Find angle of rotation.
    #
    ca = 0.5*(R[:, 0, 0] + R[:, 1, 1] + R[:, 2, 2] - 1)

    angle = arccosSafe(ca)

    #
    #  Three cases for the angle:
    #
    #  *   near zero -- matrix is effectively the identity
    #  *   near pi   -- binary rotation; need to find axis
    #  *   neither   -- general case; can use skew part
    #
    tol = 1.0e-4

    anear0 = angle < tol

    angle[anear0] = 0

    raxis = vstack( [
        R[:, 2, 1] - R[:, 1, 2],
        R[:, 0, 2] - R[:, 2, 0],
        R[:, 1, 0] - R[:, 0, 1] ] )
    raxis[:, anear0] = 1

    special = angle > pi - tol
    nspec   = special.sum()
    if nspec > 0:
        tmp  = R[special, :, :] + tile(I3, (nspec, 1, 1))
        tmpr = tmp.transpose(0, 2, 1).reshape(nspec*3, 3).T

        tmpnrm = (tmpr*tmpr).sum(0).reshape(3, nspec)
        mx     = tmpnrm.max(0)

        # remap indices
        maxInd = ( tmpnrm == mx ).nonzero()
        maxInd = c_[ maxInd[0], maxInd[1] ]

        tmprColInd = sort( maxInd[:, 0] + maxInd[:, 1]*nspec )

        saxis = tmpr[:, tmprColInd]

        raxis[:, special] = saxis

    return angle, unitVector(raxis)
#
#  ==================== Fiber
#

[docs]def distanceToFiber(c, s, q, qsym, **kwargs):
    """
    """
    csymFlag = False
    B = I3

    arglen = len(kwargs)

    if len(c) != 3 or len(s) != 3:
        raise RuntimeError, 'c and/or s are not 3-vectors'

    # argument handling
    if arglen > 0:
        argkeys = kwargs.keys()
        for i in range(arglen):
            if argkeys[i] == 'centrosymmetry':
                csymFlag = kwargs[argkeys[i]]
            elif argkeys[i] == 'bmatrix':
                B = kwargs[argkeys[i]]
            else:
                raise RuntimeError('keyword arg \'%s\' is not recognized' \
                                   % (argkeys[i]))

    c = unitVector( dot(B, asarray(c)) )
    s = unitVector( asarray(s).reshape(3, 1) )

    nq    = q.shape[1]                  # number of quaternions
    rmats = rotMatOfQuat(q)             # (nq, 3, 3)

    csym = applySym(c, qsym, csymFlag)  # (3, m)
    m    = csym.shape[1]                # multiplicity

    if nq == 1:
        rc = dot(rmats, csym)           # apply q's to c's

        sdotrc = dot( s.T, rc ).max()
    else:
        rc = multMatArray( rmats, tile(csym, (nq, 1, 1)) ) # apply q's to c's

        sdotrc = dot( s.T, rc.swapaxes(1, 2).reshape(nq*m, 3).T ).reshape(nq, m).max(1)

    d = arccosSafe( array(sdotrc) )

    return d


def discreteFiber(c, s, B=I3, ndiv=120, invert=False, csym=None, ssym=None):
    """
    """
    import symmetry as S

    ztol = 1.e-8

    # arg handling for c
    if hasattr(c, '__len__'):
        if hasattr(c, 'shape'):
            assert c.shape[0] == 3, \
                   'scattering vector must be 3-d; yours is %d-d' \
                   % (c.shape[0])
            if len(c.shape) is 1:
                c = c.reshape(3, 1)
            elif len(c.shape) > 2:
                raise RuntimeError, \
                      'incorrect arg shape; must be 1-d or 2-d, yours is %d-d' \
                      % (len(c.shape))
        else:
            # convert list input to array and transpose
            if len(c) is 3 and isscalar(c[0]):
                c = asarray(c).reshape(3, 1)
            else:
                c = asarray(c).T
    else:
        raise RuntimeError, 'input must be array-like'

    # arg handling for s
    if hasattr(s, '__len__'):
        if hasattr(s, 'shape'):
            assert s.shape[0] == 3, \
                   'scattering vector must be 3-d; yours is %d-d' \
                   % (s.shape[0])
            if len(s.shape) is 1:
                s = s.reshape(3, 1)
            elif len(s.shape) > 2:
                raise RuntimeError, \
                      'incorrect arg shape; must be 1-d or 2-d, yours is %d-d' \
                      % (len(s.shape))
        else:
            # convert list input to array and transpose
            if len(s) is 3 and isscalar(s[0]):
                s = asarray(s).reshape(3, 1)
            else:
                s = asarray(s).T
    else:
        raise RuntimeError, 'input must be array-like'

    nptc = c.shape[1]
    npts = s.shape[1]

    c = unitVector(dot(B, c))        # turn c hkls into unit vector in crys frame
    s = unitVector(s)                # convert s to unit vector in samp frame

    retval = []
    for i_c in range(nptc):
        dupl_c = tile(c[:, i_c], (npts, 1)).T

        ax   = s + dupl_c
        anrm = columnNorm(ax).squeeze() # should be 1-d

        okay = anrm > ztol
        nokay = okay.sum()
        if nokay == npts:
            ax = ax / tile(anrm, (3, 1))
        else:
            nspace = nullSpace(c[:, i_c].reshape(3, 1))
            hperp = nspace[:, 0].reshape(3, 1)
            if nokay is 0:
                ax = tile(hperp, (1, npts))
            else:
                ax[:,     okay] = ax[:, okay] / tile(anrm[okay], (3, 1))
                ax[:, not okay] = tile(hperp, (1, npts - nokay))

        q0 = vstack( [ zeros(npts), ax ] )

        # find rotations
        # note: the following line fixes bug with use of arange with float increments
        phi = arange(0, ndiv) * (2*pi/float(ndiv))
        qh  = quatOfAngleAxis(phi, tile(c[:, i_c], (ndiv, 1)).T)

        # the fibers, arraged as (npts, 4, ndiv)
        qfib = dot( quatProductMatrix(qh, mult='right'), q0 ).transpose(2, 1, 0)
        if csym is not None:
            retval.append(S.toFundamentalRegion(qfib.squeeze(),
                                                crysSym=csym,
                                                sampSym=ssym))
        else:
            retval.append(fixQuat(qfib).squeeze())
    return retval
#
#  ==================== Utility Functions
#
[docs]def mapAngle(ang, *args, **kwargs):
    """
    Utility routine to map an angle into a specified period
    """
    period   = 2.*pi                    # radians
    units    = angularUnits             # usually

    kwargKeys = kwargs.keys()
    for iArg in range(len(kwargKeys)):
        if kwargKeys[iArg] == 'units':
            units = kwargs[ kwargKeys[iArg] ]
        else:
            raise RuntimeError, "Unknown keyword argument: " + str(kwargKeys[iArg])

    if units.lower() == 'degrees':
        period = 360.
    elif units.lower() != 'radians':
        raise RuntimeError, "unknown angular units: " + str( kwargs[ kwargKeys[iArg] ] )

    ang = atleast_1d(nFloat( ang ) )

    # if we have a specified angular range, use that
    if len(args) > 0:
        angRange = atleast_1d(nFloat( args[0] ) )

        # divide of multiples of period
        ang = ang - nInt(ang / period) * period

        lb = angRange.min()
        ub = angRange.max()

        if abs(ub - lb) != period:
            raise RuntimeError, 'range is incomplete!'

        lbi = ang < lb
        while lbi.sum() > 0:
            ang[lbi] = ang[lbi] + period
            lbi = ang < lb
            pass
        ubi = ang > ub
        while ubi.sum() > 0:
            ang[ubi] = ang[ubi] - period
            ubi = ang > ub
            pass
        retval = ang
    else:
        retval = mod(ang + 0.5*period, period) - 0.5*period
    return retval


[docs]def angularDifference_orig(angList0, angList1, units=angularUnits):
    """
    Do the proper (acute) angular difference in the context of a branch cut.

    *) Default angular range in the code is [-pi, pi]
    *) ... maybe more efficient not to vectorize?
    """
    if units == 'radians':
        period = 2*pi
    elif units == 'degrees':
        period = 360.
    else:
        raise RuntimeError, \
              "'%s' is an unrecognized option for angular units!" \
              % (units)

    # take difference as arrays
    diffAngles = asarray(angList0) - asarray(angList1)

    return abs(mod(diffAngles + 0.5*period, period) - 0.5*period)


[docs]def angularDifference_opt(angList0, angList1, units=angularUnits):
    """
    Do the proper (acute) angular difference in the context of a branch cut.

    *) Default angular range in the code is [-pi, pi]
    """
    period = periodDict[units]
    d = abs(angList1 - angList0)
    return numpy.minimum(d, period - d)


angularDifference = angularDifference_opt

#######################################################
# Module containing functions relevant to symmetry ops
#   - must place here to enforce circular import
from symmetry import applySym
#######################################################
#
#  Tests
#
[docs]def printTestName(num, name): print '==================== Test %d:  %s' % (num, name)

[docs]def testRotMatOfExpMap(numpts):
    """Test rotation matrix from axial vector"""

    print '* checking case of 1D vector input'
    map = numpy.zeros(3)
    rmat_1 = rotMatOfExpMap_orig(map)
    rmat_2 = rotMatOfExpMap_opt(map)
    print 'resulting shapes:  ', rmat_1.shape, rmat_2.shape
    #
    #
    map = numpy.random.rand(3, numPts)
    map = numpy.zeros([3, numPts])
    map[0, :] = numpy.linspace(0, numpy.pi, numPts)
    #
    print '* testing rotMatOfExpMap with %d random points' % numPts
    #
    t0 = time.clock()
    rmat_1 = rotMatOfExpMap_orig(map)
    et1 = time.clock() - t0
    #
    t0 = time.clock()
    rmat_2 = rotMatOfExpMap_opt(map)
    et2 = time.clock() - t0
    #
    print '   timings:\n   ... original ', et1
    print '   ... optimized', et2
    #
    drmat = numpy.absolute(rmat_2 - rmat_1)
    print 'maximum difference between results'
    print numpy.amax(drmat, 0)

    return
#

if __name__ == '__main__':
    #
    #  Simple tests.
    #
    #  1. Exponential map.
    #
    printTestName(1, 'rotMatOfExpMap')
    numPts = 10000
    testRotMatOfExpMap(numPts)
    #
    #  2.  Angular difference
    #
    num = 2; name = 'angularDifference'
    printTestName(num, name)
    units  = 'radians'
    numPts = 1000000
    a1 = 2*numpy.pi * numpy.random.rand(3, numPts) - numpy.pi
    a2 = 2*numpy.pi * numpy.random.rand(3, numPts) - numpy.pi
    print '* testing %s with %d random points' % (name, numPts)
    #
    t0 = time.clock()
    d1 = angularDifference_orig(a1, a2)
    et1 = time.clock() - t0
    #
    t0 = time.clock()
    d2 = angularDifference_opt(a1, a2)
    et2 = time.clock() - t0
    #
    print '   timings:\n   ... original ', et1
    print '   ... optimized', et2
    #
    dd = numpy.absolute(d2 - d1)
    print 'maximum difference between results'
    print numpy.max(dd, 0).max()

    pass
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  Source code for hexrd.xrd.spacegroup

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
#
"""Interface with sglite for hkl generation and Laue group determination

This module contains mappings from space group number to either
Hall or Hermann-Mauguin notation, as well as the inverse notations.

Space groups can be mapped to crystal class (one of 32 point groups)
and then to crystal system .

NOTES:

* Laue group is the cyrstal class if you add a center of symmetry.
  There are 11 Laue groups, determined directly from the point group.
* This module avoids the use of numpy and uses math module instead.
  That means the hkl lists are not numpy arrays, but simple lists of
  tuples.
* Rhombohedral lattices:

REFERENCES

1.  Mappings among space group number, Hall symbols and Hermann-Mauguin symbols.
http://cci.lbl.gov/sginfo/hall_symbols.html

2.  For mapping space group number to point group (crystal class in Schonflies
    notation)
http://en.wikipedia.org/wiki/Space_group

3.  Crystallography and crystal defects By Anthony Kelly, G. W. Groves, P. Kidd

4.  Contains point group from sgnum.
http://en.wikipedia.org/wiki/Space_group#Classification_systems_for_space_groups

5.  Point group to laue group
http://www.ruppweb.org/Xray/tutorial/32point.htm

6.  For discussion of rhombohedral lattice and "obverse"
and "reverse" settings for lattice parameters.
Crystal structure determination (book) By Werner Massa

TESTING

Run this module as main to generate all space groups and test
the HKL evaluation.
"""
#
from math import sqrt, floor

import hexrd.xrd.sglite as sglite
#
__all__ = ['SpaceGroup']
#
# ---------------------------------------------------CLASS:  SpaceGroup
#
[docs]class SpaceGroup(object):
    """Wrapper on sglite
"""
[docs]    def __init__(self, sgnum):
        """Constructor for SpaceGroup


        INPUTS
        sgnum -- (int) space group number (between 1 and 230)
"""
        self.sgnum  = sgnum  # call before sglite (sets Hall symbol)
        #
        # Do not include SgOps type as target, as that will make
        # this class unpicklable.
        #
        # self._verifySGNum() # test passed on all symmetry groups
        #
        return


    def __str__(self):
        """Print information about the space group"""
        ind = 5*' '
        s  = 'space group number:  %d\n' % self.sgnum
        s += '       Hall Symbol:  %s\n' % self.HallSymbol
        s += '   Hermann-Mauguin:  %s\n' % self.hermannMauguin
        s += '       Point Group:  %s\n' % self.pointGroup
        s += '        Laue Group:  %s\n' % self.laueGroup
        s += '      Lattice Type:  %s\n' % self.latticeType

        return s

    def _verifySGNum(self):
        """verify that sglite agrees with space group number"""
        sgops = self.SgOps
        d = sgops.getSpaceGroupType()
        if not d['SgNumber'] == self.sgnum:
            raise ValueError('space group number failed consistency check')

        return
    #
    # ============================== API
    #
    #                     ========== Properties
    #
    # property:  sgnum

    def _get_sgnum(self):
        """Get method for sgnum"""
        return self._sgnum

    def _set_sgnum(self, v):
        """Set method for sgnum"""
        self._sgnum = v
        self._Hall  = lookupHall[v]
        #
        # Set point group and laue group
        #
        # * Point group dictionary maps a range of space group numbers
        #   to a Schoenflies string for the point group
        #
        for k in _pgDict.keys():
            if v in k:
                pglg = _pgDict[k]
                self._pointGroup = pglg[0]
                self._laueGroup  = pglg[1]
                pass
            pass

        return

    sgnum = property(_get_sgnum, _set_sgnum, None,
                                "Space group number")

    @property
[docs]    def laueGroup(self):
        """Schonflies symbol for Laue group (read only)"""
        return self._laueGroup


    @property
[docs]    def pointGroup(self):
        """Schonflies symbol for point group (read only)"""
        return self._pointGroup


    @property
[docs]    def latticeType(self):
        """Lattice type

        Possible values are 'cubic', 'hexagonal', 'trigonal',
        'tetragonal', 'orthorhombic', 'monoclinic' and 'triclinic'

        Rhombohedral lattices are treated as trigonal using the
        "obverse" setting.
"""
        return _ltDict[self.laueGroup]


    @property
[docs]    def reqParams(self):
        """(read only) Zero-based indices of required lattice parameters"""
        return _rqpDict[self.latticeType][0]


    @property
[docs]    def hermannMauguin(self):
        """(read only) Hermann-Mauguin symbol"""
        return lookupHM[self.sgnum]


    @property
[docs]    def HallSymbol(self):
        """(read only) Hall symbol"""
        return self._Hall

    # property:  SgOps


    @property
[docs]    def SgOps(self):
        """(read only) An sglite.SgOps instance"""
        tmpSG = sglite.SgOps()
        tmpSG.__init__(HallSymbol=self._Hall)
        return tmpSG

    #                     ========== Public Methods
    #

[docs]    def sixLatticeParams(self, lparams):
        """Return the complete set of six lattice parameters from the abbreviated set


        INPUTS
        lparams -- (tuple) the abbreviated set of lattice parameters

        OUTPUTS
        sparams -- (tuple) the complete set of lattice parameters;
                           (a, b, c, alpha, beta, gamma)

        DESCRIPTION
        * Output angles are in degrees
"""
        return _rqpDict[self.latticeType][1](lparams)


[docs]    def getHKLs(self, ssmax):
        """Return a list of HKLs with a cutoff sum of square

        INPUTS
        ssmax -- cutoff sum of squares

        OUTPUTS
        hkls -- a list of all HKLs with sum of squares less than
                or equal to the cutoff, excluding systematic
                absences and symmetrically equivalent hkls

        DESCRIPTION
"""
        #
        # Not sure what the cut parameters are, but they seem
        # to involve octants to look for equivalent HKLs.
        # For sg(1), they are (-1, -1, -1) and for sg(230)
        # they are (0, 0, 0).  The argument to getCutParameters()
        # is 'FriedelSymmetry'---guessing this is an on/off switch.
        #
        sgops = self.SgOps
        cutp  = sgops.getCutParameters(0)
        myHKLs = []
        for ssm in range(1, ssmax + 1):
            #
            #  Find all HKLs of a given magnitude (ssm)
            #
            for hkl in _getHKLsBySS(ssm):
                if sgops.isSysAbsMIx(hkl):
                    continue
                master, mate = sgops.get_MasterMIx_and_MateID(cutp, hkl)
                if master == hkl:
                    myHKLs.append(hkl)
                    pass
                pass
            pass # ssm loop

        return myHKLs
    #

    pass  # end class
#
# -----------------------------------------------END CLASS:  SpaceGroup
#
# Hall Symbols copied from:
#

_hallStr = r"""
     1         P 1
     2        -P 1
     3:b       P 2y
     3:c       P 2
     3:a       P 2x
     4:b       P 2yb
     4:c       P 2c
     4:a       P 2xa
     5:b1      C 2y
     5:b2      A 2y
     5:b3      I 2y
     5:c1      A 2
     5:c2      B 2
     5:c3      I 2
     5:a1      B 2x
     5:a2      C 2x
     5:a3      I 2x
     6:b       P -2y
     6:c       P -2
     6:a       P -2x
     7:b1      P -2yc
     7:b2      P -2yac
     7:b3      P -2ya
     7:c1      P -2a
     7:c2      P -2ab
     7:c3      P -2b
     7:a1      P -2xb
     7:a2      P -2xbc
     7:a3      P -2xc
     8:b1      C -2y
     8:b2      A -2y
     8:b3      I -2y
     8:c1      A -2
     8:c2      B -2
     8:c3      I -2
     8:a1      B -2x
     8:a2      C -2x
     8:a3      I -2x
     9:b1      C -2yc
     9:b2      A -2yac
     9:b3      I -2ya
     9:-b1     A -2ya
     9:-b2     C -2ybc
     9:-b3     I -2yc
     9:c1      A -2a
     9:c2      B -2bc
     9:c3      I -2b
     9:-c1     B -2b
     9:-c2     A -2ac
     9:-c3     I -2a
     9:a1      B -2xb
     9:a2      C -2xbc
     9:a3      I -2xc
     9:-a1     C -2xc
     9:-a2     B -2xbc
     9:-a3     I -2xb
    10:b      -P 2y
    10:c      -P 2
    10:a      -P 2x
    11:b      -P 2yb
    11:c      -P 2c
    11:a      -P 2xa
    12:b1     -C 2y
    12:b2     -A 2y
    12:b3     -I 2y
    12:c1     -A 2
    12:c2     -B 2
    12:c3     -I 2
    12:a1     -B 2x
    12:a2     -C 2x
    12:a3     -I 2x
    13:b1     -P 2yc
    13:b2     -P 2yac
    13:b3     -P 2ya
    13:c1     -P 2a
    13:c2     -P 2ab
    13:c3     -P 2b
    13:a1     -P 2xb
    13:a2     -P 2xbc
    13:a3     -P 2xc
    14:b1     -P 2ybc
    14:b2     -P 2yn
    14:b3     -P 2yab
    14:c1     -P 2ac
    14:c2     -P 2n
    14:c3     -P 2bc
    14:a1     -P 2xab
    14:a2     -P 2xn
    14:a3     -P 2xac
    15:b1     -C 2yc
    15:b2     -A 2yac
    15:b3     -I 2ya
    15:-b1    -A 2ya
    15:-b2    -C 2ybc
    15:-b3    -I 2yc
    15:c1     -A 2a
    15:c2     -B 2bc
    15:c3     -I 2b
    15:-c1    -B 2b
    15:-c2    -A 2ac
    15:-c3    -I 2a
    15:a1     -B 2xb
    15:a2     -C 2xbc
    15:a3     -I 2xc
    15:-a1    -C 2xc
    15:-a2    -B 2xbc
    15:-a3    -I 2xb
    16         P 2 2
    17         P 2c 2
    17:cab     P 2a 2a
    17:bca     P 2 2b
    18         P 2 2ab
    18:cab     P 2bc 2
    18:bca     P 2ac 2ac
    19         P 2ac 2ab
    20         C 2c 2
    20:cab     A 2a 2a
    20:bca     B 2 2b
    21         C 2 2
    21:cab     A 2 2
    21:bca     B 2 2
    22         F 2 2
    23         I 2 2
    24         I 2b 2c
    25         P 2 -2
    25:cab     P -2 2
    25:bca     P -2 -2
    26         P 2c -2
    26:ba-c    P 2c -2c
    26:cab     P -2a 2a
    26:-cba    P -2 2a
    26:bca     P -2 -2b
    26:a-cb    P -2b -2
    27         P 2 -2c
    27:cab     P -2a 2
    27:bca     P -2b -2b
    28         P 2 -2a
    28:ba-c    P 2 -2b
    28:cab     P -2b 2
    28:-cba    P -2c 2
    28:bca     P -2c -2c
    28:a-cb    P -2a -2a
    29         P 2c -2ac
    29:ba-c    P 2c -2b
    29:cab     P -2b 2a
    29:-cba    P -2ac 2a
    29:bca     P -2bc -2c
    29:a-cb    P -2a -2ab
    30         P 2 -2bc
    30:ba-c    P 2 -2ac
    30:cab     P -2ac 2
    30:-cba    P -2ab 2
    30:bca     P -2ab -2ab
    30:a-cb    P -2bc -2bc
    31         P 2ac -2
    31:ba-c    P 2bc -2bc
    31:cab     P -2ab 2ab
    31:-cba    P -2 2ac
    31:bca     P -2 -2bc
    31:a-cb    P -2ab -2
    32         P 2 -2ab
    32:cab     P -2bc 2
    32:bca     P -2ac -2ac
    33         P 2c -2n
    33:ba-c    P 2c -2ab
    33:cab     P -2bc 2a
    33:-cba    P -2n 2a
    33:bca     P -2n -2ac
    33:a-cb    P -2ac -2n
    34         P 2 -2n
    34:cab     P -2n 2
    34:bca     P -2n -2n
    35         C 2 -2
    35:cab     A -2 2
    35:bca     B -2 -2
    36         C 2c -2
    36:ba-c    C 2c -2c
    36:cab     A -2a 2a
    36:-cba    A -2 2a
    36:bca     B -2 -2b
    36:a-cb    B -2b -2
    37         C 2 -2c
    37:cab     A -2a 2
    37:bca     B -2b -2b
    38         A 2 -2
    38:ba-c    B 2 -2
    38:cab     B -2 2
    38:-cba    C -2 2
    38:bca     C -2 -2
    38:a-cb    A -2 -2
    39         A 2 -2c
    39:ba-c    B 2 -2c
    39:cab     B -2c 2
    39:-cba    C -2b 2
    39:bca     C -2b -2b
    39:a-cb    A -2c -2c
    40         A 2 -2a
    40:ba-c    B 2 -2b
    40:cab     B -2b 2
    40:-cba    C -2c 2
    40:bca     C -2c -2c
    40:a-cb    A -2a -2a
    41         A 2 -2ac
    41:ba-c    B 2 -2bc
    41:cab     B -2bc 2
    41:-cba    C -2bc 2
    41:bca     C -2bc -2bc
    41:a-cb    A -2ac -2ac
    42         F 2 -2
    42:cab     F -2 2
    42:bca     F -2 -2
    43         F 2 -2d
    43:cab     F -2d 2
    43:bca     F -2d -2d
    44         I 2 -2
    44:cab     I -2 2
    44:bca     I -2 -2
    45         I 2 -2c
    45:cab     I -2a 2
    45:bca     I -2b -2b
    46         I 2 -2a
    46:ba-c    I 2 -2b
    46:cab     I -2b 2
    46:-cba    I -2c 2
    46:bca     I -2c -2c
    46:a-cb    I -2a -2a
    47        -P 2 2
    48:1       P 2 2 -1n
    48:2      -P 2ab 2bc
    49        -P 2 2c
    49:cab    -P 2a 2
    49:bca    -P 2b 2b
    50:1       P 2 2 -1ab
    50:2      -P 2ab 2b
    50:1cab    P 2 2 -1bc
    50:2cab   -P 2b 2bc
    50:1bca    P 2 2 -1ac
    50:2bca   -P 2a 2c
    51        -P 2a 2a
    51:ba-c   -P 2b 2
    51:cab    -P 2 2b
    51:-cba   -P 2c 2c
    51:bca    -P 2c 2
    51:a-cb   -P 2 2a
    52        -P 2a 2bc
    52:ba-c   -P 2b 2n
    52:cab    -P 2n 2b
    52:-cba   -P 2ab 2c
    52:bca    -P 2ab 2n
    52:a-cb   -P 2n 2bc
    53        -P 2ac 2
    53:ba-c   -P 2bc 2bc
    53:cab    -P 2ab 2ab
    53:-cba   -P 2 2ac
    53:bca    -P 2 2bc
    53:a-cb   -P 2ab 2
    54        -P 2a 2ac
    54:ba-c   -P 2b 2c
    54:cab    -P 2a 2b
    54:-cba   -P 2ac 2c
    54:bca    -P 2bc 2b
    54:a-cb   -P 2b 2ab
    55        -P 2 2ab
    55:cab    -P 2bc 2
    55:bca    -P 2ac 2ac
    56        -P 2ab 2ac
    56:cab    -P 2ac 2bc
    56:bca    -P 2bc 2ab
    57        -P 2c 2b
    57:ba-c   -P 2c 2ac
    57:cab    -P 2ac 2a
    57:-cba   -P 2b 2a
    57:bca    -P 2a 2ab
    57:a-cb   -P 2bc 2c
    58        -P 2 2n
    58:cab    -P 2n 2
    58:bca    -P 2n 2n
    59:1       P 2 2ab -1ab
    59:2      -P 2ab 2a
    59:1cab    P 2bc 2 -1bc
    59:2cab   -P 2c 2bc
    59:1bca    P 2ac 2ac -1ac
    59:2bca   -P 2c 2a
    60        -P 2n 2ab
    60:ba-c   -P 2n 2c
    60:cab    -P 2a 2n
    60:-cba   -P 2bc 2n
    60:bca    -P 2ac 2b
    60:a-cb   -P 2b 2ac
    61        -P 2ac 2ab
    61:ba-c   -P 2bc 2ac
    62        -P 2ac 2n
    62:ba-c   -P 2bc 2a
    62:cab    -P 2c 2ab
    62:-cba   -P 2n 2ac
    62:bca    -P 2n 2a
    62:a-cb   -P 2c 2n
    63        -C 2c 2
    63:ba-c   -C 2c 2c
    63:cab    -A 2a 2a
    63:-cba   -A 2 2a
    63:bca    -B 2 2b
    63:a-cb   -B 2b 2
    64        -C 2bc 2
    64:ba-c   -C 2bc 2bc
    64:cab    -A 2ac 2ac
    64:-cba   -A 2 2ac
    64:bca    -B 2 2bc
    64:a-cb   -B 2bc 2
    65        -C 2 2
    65:cab    -A 2 2
    65:bca    -B 2 2
    66        -C 2 2c
    66:cab    -A 2a 2
    66:bca    -B 2b 2b
    67        -C 2b 2
    67:ba-c   -C 2b 2b
    67:cab    -A 2c 2c
    67:-cba   -A 2 2c
    67:bca    -B 2 2c
    67:a-cb   -B 2c 2
    68:1       C 2 2 -1bc
    68:2      -C 2b 2bc
    68:1ba-c   C 2 2 -1bc
    68:2ba-c  -C 2b 2c
    68:1cab    A 2 2 -1ac
    68:2cab   -A 2a 2c
    68:1-cba   A 2 2 -1ac
    68:2-cba  -A 2ac 2c
    68:1bca    B 2 2 -1bc
    68:2bca   -B 2bc 2b
    68:1a-cb   B 2 2 -1bc
    68:2a-cb  -B 2b 2bc
    69        -F 2 2
    70:1       F 2 2 -1d
    70:2      -F 2uv 2vw
    71        -I 2 2
    72        -I 2 2c
    72:cab    -I 2a 2
    72:bca    -I 2b 2b
    73        -I 2b 2c
    73:ba-c   -I 2a 2b
    74        -I 2b 2
    74:ba-c   -I 2a 2a
    74:cab    -I 2c 2c
    74:-cba   -I 2 2b
    74:bca    -I 2 2a
    74:a-cb   -I 2c 2
    75         P 4
    76         P 4w
    77         P 4c
    78         P 4cw
    79         I 4
    80         I 4bw
    81         P -4
    82         I -4
    83        -P 4
    84        -P 4c
    85:1       P 4ab -1ab
    85:2      -P 4a
    86:1       P 4n -1n
    86:2      -P 4bc
    87        -I 4
    88:1       I 4bw -1bw
    88:2      -I 4ad
    89         P 4 2
    90         P 4ab 2ab
    91         P 4w 2c
    92         P 4abw 2nw
    93         P 4c 2
    94         P 4n 2n
    95         P 4cw 2c
    96         P 4nw 2abw
    97         I 4 2
    98         I 4bw 2bw
    99         P 4 -2
   100         P 4 -2ab
   101         P 4c -2c
   102         P 4n -2n
   103         P 4 -2c
   104         P 4 -2n
   105         P 4c -2
   106         P 4c -2ab
   107         I 4 -2
   108         I 4 -2c
   109         I 4bw -2
   110         I 4bw -2c
   111         P -4 2
   112         P -4 2c
   113         P -4 2ab
   114         P -4 2n
   115         P -4 -2
   116         P -4 -2c
   117         P -4 -2ab
   118         P -4 -2n
   119         I -4 -2
   120         I -4 -2c
   121         I -4 2
   122         I -4 2bw
   123        -P 4 2
   124        -P 4 2c
   125:1       P 4 2 -1ab
   125:2      -P 4a 2b
   126:1       P 4 2 -1n
   126:2      -P 4a 2bc
   127        -P 4 2ab
   128        -P 4 2n
   129:1       P 4ab 2ab -1ab
   129:2      -P 4a 2a
   130:1       P 4ab 2n -1ab
   130:2      -P 4a 2ac
   131        -P 4c 2
   132        -P 4c 2c
   133:1       P 4n 2c -1n
   133:2      -P 4ac 2b
   134:1       P 4n 2 -1n
   134:2      -P 4ac 2bc
   135        -P 4c 2ab
   136        -P 4n 2n
   137:1       P 4n 2n -1n
   137:2      -P 4ac 2a
   138:1       P 4n 2ab -1n
   138:2      -P 4ac 2ac
   139        -I 4 2
   140        -I 4 2c
   141:1       I 4bw 2bw -1bw
   141:2      -I 4bd 2
   142:1       I 4bw 2aw -1bw
   142:2      -I 4bd 2c
   143         P 3
   144         P 31
   145         P 32
   146:H       R 3
   146:R       P 3*
   147        -P 3
   148:H      -R 3
   148:R      -P 3*
   149         P 3 2
   150         P 3 2"
   151         P 31 2c (0 0 1)
   152         P 31 2"
   153         P 32 2c (0 0 -1)
   154         P 32 2"
   155:H       R 3 2"
   155:R       P 3* 2
   156         P 3 -2"
   157         P 3 -2
   158         P 3 -2"c
   159         P 3 -2c
   160:H       R 3 -2"
   160:R       P 3* -2
   161:H       R 3 -2"c
   161:R       P 3* -2n
   162        -P 3 2
   163        -P 3 2c
   164        -P 3 2"
   165        -P 3 2"c
   166:H      -R 3 2"
   166:R      -P 3* 2
   167:H      -R 3 2"c
   167:R      -P 3* 2n
   168         P 6
   169         P 61
   170         P 65
   171         P 62
   172         P 64
   173         P 6c
   174         P -6
   175        -P 6
   176        -P 6c
   177         P 6 2
   178         P 61 2 (0 0 -1)
   179         P 65 2 (0 0 1)
   180         P 62 2c (0 0 1)
   181         P 64 2c (0 0 -1)
   182         P 6c 2c
   183         P 6 -2
   184         P 6 -2c
   185         P 6c -2
   186         P 6c -2c
   187         P -6 2
   188         P -6c 2
   189         P -6 -2
   190         P -6c -2c
   191        -P 6 2
   192        -P 6 2c
   193        -P 6c 2
   194        -P 6c 2c
   195         P 2 2 3
   196         F 2 2 3
   197         I 2 2 3
   198         P 2ac 2ab 3
   199         I 2b 2c 3
   200        -P 2 2 3
   201:1       P 2 2 3 -1n
   201:2      -P 2ab 2bc 3
   202        -F 2 2 3
   203:1       F 2 2 3 -1d
   203:2      -F 2uv 2vw 3
   204        -I 2 2 3
   205        -P 2ac 2ab 3
   206        -I 2b 2c 3
   207         P 4 2 3
   208         P 4n 2 3
   209         F 4 2 3
   210         F 4d 2 3
   211         I 4 2 3
   212         P 4acd 2ab 3
   213         P 4bd 2ab 3
   214         I 4bd 2c 3
   215         P -4 2 3
   216         F -4 2 3
   217         I -4 2 3
   218         P -4n 2 3
   219         F -4c 2 3
   220         I -4bd 2c 3
   221        -P 4 2 3
   222:1       P 4 2 3 -1n
   222:2      -P 4a 2bc 3
   223        -P 4n 2 3
   224:1       P 4n 2 3 -1n
   224:2      -P 4bc 2bc 3
   225        -F 4 2 3
   226        -F 4c 2 3
   227:1       F 4d 2 3 -1d
   227:2      -F 4vw 2vw 3
   228:1       F 4d 2 3 -1cd
   228:2      -F 4cvw 2vw 3
   229        -I 4 2 3
   230        -I 4bd 2c 3
"""
# Hermann-Mauguin notation
_hmStr = r"""
     1        P 1
     2        P -1
     3:b      P 1 2 1
     3:c      P 1 1 2
     3:a      P 2 1 1
     4:b      P 1 21 1
     4:c      P 1 1 21
     4:a      P 21 1 1
     5:b1     C 1 2 1
     5:b2     A 1 2 1
     5:b3     I 1 2 1
     5:c1     A 1 1 2
     5:c2     B 1 1 2
     5:c3     I 1 1 2
     5:a1     B 2 1 1
     5:a2     C 2 1 1
     5:a3     I 2 1 1
     6:b      P 1 m 1
     6:c      P 1 1 m
     6:a      P m 1 1
     7:b1     P 1 c 1
     7:b2     P 1 n 1
     7:b3     P 1 a 1
     7:c1     P 1 1 a
     7:c2     P 1 1 n
     7:c3     P 1 1 b
     7:a1     P b 1 1
     7:a2     P n 1 1
     7:a3     P c 1 1
     8:b1     C 1 m 1
     8:b2     A 1 m 1
     8:b3     I 1 m 1
     8:c1     A 1 1 m
     8:c2     B 1 1 m
     8:c3     I 1 1 m
     8:a1     B m 1 1
     8:a2     C m 1 1
     8:a3     I m 1 1
     9:b1     C 1 c 1
     9:b2     A 1 n 1
     9:b3     I 1 a 1
     9:-b1    A 1 a 1
     9:-b2    C 1 n 1
     9:-b3    I 1 c 1
     9:c1     A 1 1 a
     9:c2     B 1 1 n
     9:c3     I 1 1 b
     9:-c1    B 1 1 b
     9:-c2    A 1 1 n
     9:-c3    I 1 1 a
     9:a1     B b 1 1
     9:a2     C n 1 1
     9:a3     I c 1 1
     9:-a1    C c 1 1
     9:-a2    B n 1 1
     9:-a3    I b 1 1
    10:b      P 1 2/m 1
    10:c      P 1 1 2/m
    10:a      P 2/m 1 1
    11:b      P 1 21/m 1
    11:c      P 1 1 21/m
    11:a      P 21/m 1 1
    12:b1     C 1 2/m 1
    12:b2     A 1 2/m 1
    12:b3     I 1 2/m 1
    12:c1     A 1 1 2/m
    12:c2     B 1 1 2/m
    12:c3     I 1 1 2/m
    12:a1     B 2/m 1 1
    12:a2     C 2/m 1 1
    12:a3     I 2/m 1 1
    13:b1     P 1 2/c 1
    13:b2     P 1 2/n 1
    13:b3     P 1 2/a 1
    13:c1     P 1 1 2/a
    13:c2     P 1 1 2/n
    13:c3     P 1 1 2/b
    13:a1     P 2/b 1 1
    13:a2     P 2/n 1 1
    13:a3     P 2/c 1 1
    14:b1     P 1 21/c 1
    14:b2     P 1 21/n 1
    14:b3     P 1 21/a 1
    14:c1     P 1 1 21/a
    14:c2     P 1 1 21/n
    14:c3     P 1 1 21/b
    14:a1     P 21/b 1 1
    14:a2     P 21/n 1 1
    14:a3     P 21/c 1 1
    15:b1     C 1 2/c 1
    15:b2     A 1 2/n 1
    15:b3     I 1 2/a 1
    15:-b1    A 1 2/a 1
    15:-b2    C 1 2/n 1
    15:-b3    I 1 2/c 1
    15:c1     A 1 1 2/a
    15:c2     B 1 1 2/n
    15:c3     I 1 1 2/b
    15:-c1    B 1 1 2/b
    15:-c2    A 1 1 2/n
    15:-c3    I 1 1 2/a
    15:a1     B 2/b 1 1
    15:a2     C 2/n 1 1
    15:a3     I 2/c 1 1
    15:-a1    C 2/c 1 1
    15:-a2    B 2/n 1 1
    15:-a3    I 2/b 1 1
    16        P 2 2 2
    17        P 2 2 21
    17:cab    P 21 2 2
    17:bca    P 2 21 2
    18        P 21 21 2
    18:cab    P 2 21 21
    18:bca    P 21 2 21
    19        P 21 21 21
    20        C 2 2 21
    20:cab    A 21 2 2
    20:bca    B 2 21 2
    21        C 2 2 2
    21:cab    A 2 2 2
    21:bca    B 2 2 2
    22        F 2 2 2
    23        I 2 2 2
    24        I 21 21 21
    25        P m m 2
    25:cab    P 2 m m
    25:bca    P m 2 m
    26        P m c 21
    26:ba-c   P c m 21
    26:cab    P 21 m a
    26:-cba   P 21 a m
    26:bca    P b 21 m
    26:a-cb   P m 21 b
    27        P c c 2
    27:cab    P 2 a a
    27:bca    P b 2 b
    28        P m a 2
    28:ba-c   P b m 2
    28:cab    P 2 m b
    28:-cba   P 2 c m
    28:bca    P c 2 m
    28:a-cb   P m 2 a
    29        P c a 21
    29:ba-c   P b c 21
    29:cab    P 21 a b
    29:-cba   P 21 c a
    29:bca    P c 21 b
    29:a-cb   P b 21 a
    30        P n c 2
    30:ba-c   P c n 2
    30:cab    P 2 n a
    30:-cba   P 2 a n
    30:bca    P b 2 n
    30:a-cb   P n 2 b
    31        P m n 21
    31:ba-c   P n m 21
    31:cab    P 21 m n
    31:-cba   P 21 n m
    31:bca    P n 21 m
    31:a-cb   P m 21 n
    32        P b a 2
    32:cab    P 2 c b
    32:bca    P c 2 a
    33        P n a 21
    33:ba-c   P b n 21
    33:cab    P 21 n b
    33:-cba   P 21 c n
    33:bca    P c 21 n
    33:a-cb   P n 21 a
    34        P n n 2
    34:cab    P 2 n n
    34:bca    P n 2 n
    35        C m m 2
    35:cab    A 2 m m
    35:bca    B m 2 m
    36        C m c 21
    36:ba-c   C c m 21
    36:cab    A 21 m a
    36:-cba   A 21 a m
    36:bca    B b 21 m
    36:a-cb   B m 21 b
    37        C c c 2
    37:cab    A 2 a a
    37:bca    B b 2 b
    38        A m m 2
    38:ba-c   B m m 2
    38:cab    B 2 m m
    38:-cba   C 2 m m
    38:bca    C m 2 m
    38:a-cb   A m 2 m
    39        A b m 2
    39:ba-c   B m a 2
    39:cab    B 2 c m
    39:-cba   C 2 m b
    39:bca    C m 2 a
    39:a-cb   A c 2 m
    40        A m a 2
    40:ba-c   B b m 2
    40:cab    B 2 m b
    40:-cba   C 2 c m
    40:bca    C c 2 m
    40:a-cb   A m 2 a
    41        A b a 2
    41:ba-c   B b a 2
    41:cab    B 2 c b
    41:-cba   C 2 c b
    41:bca    C c 2 a
    41:a-cb   A c 2 a
    42        F m m 2
    42:cab    F 2 m m
    42:bca    F m 2 m
    43        F d d 2
    43:cab    F 2 d d
    43:bca    F d 2 d
    44        I m m 2
    44:cab    I 2 m m
    44:bca    I m 2 m
    45        I b a 2
    45:cab    I 2 c b
    45:bca    I c 2 a
    46        I m a 2
    46:ba-c   I b m 2
    46:cab    I 2 m b
    46:-cba   I 2 c m
    46:bca    I c 2 m
    46:a-cb   I m 2 a
    47        P m m m
    48:1      P n n n:1
    48:2      P n n n:2
    49        P c c m
    49:cab    P m a a
    49:bca    P b m b
    50:1      P b a n:1
    50:2      P b a n:2
    50:1cab   P n c b:1
    50:2cab   P n c b:2
    50:1bca   P c n a:1
    50:2bca   P c n a:2
    51        P m m a
    51:ba-c   P m m b
    51:cab    P b m m
    51:-cba   P c m m
    51:bca    P m c m
    51:a-cb   P m a m
    52        P n n a
    52:ba-c   P n n b
    52:cab    P b n n
    52:-cba   P c n n
    52:bca    P n c n
    52:a-cb   P n a n
    53        P m n a
    53:ba-c   P n m b
    53:cab    P b m n
    53:-cba   P c n m
    53:bca    P n c m
    53:a-cb   P m a n
    54        P c c a
    54:ba-c   P c c b
    54:cab    P b a a
    54:-cba   P c a a
    54:bca    P b c b
    54:a-cb   P b a b
    55        P b a m
    55:cab    P m c b
    55:bca    P c m a
    56        P c c n
    56:cab    P n a a
    56:bca    P b n b
    57        P b c m
    57:ba-c   P c a m
    57:cab    P m c a
    57:-cba   P m a b
    57:bca    P b m a
    57:a-cb   P c m b
    58        P n n m
    58:cab    P m n n
    58:bca    P n m n
    59:1      P m m n:1
    59:2      P m m n:2
    59:1cab   P n m m:1
    59:2cab   P n m m:2
    59:1bca   P m n m:1
    59:2bca   P m n m:2
    60        P b c n
    60:ba-c   P c a n
    60:cab    P n c a
    60:-cba   P n a b
    60:bca    P b n a
    60:a-cb   P c n b
    61        P b c a
    61:ba-c   P c a b
    62        P n m a
    62:ba-c   P m n b
    62:cab    P b n m
    62:-cba   P c m n
    62:bca    P m c n
    62:a-cb   P n a m
    63        C m c m
    63:ba-c   C c m m
    63:cab    A m m a
    63:-cba   A m a m
    63:bca    B b m m
    63:a-cb   B m m b
    64        C m c a
    64:ba-c   C c m b
    64:cab    A b m a
    64:-cba   A c a m
    64:bca    B b c m
    64:a-cb   B m a b
    65        C m m m
    65:cab    A m m m
    65:bca    B m m m
    66        C c c m
    66:cab    A m a a
    66:bca    B b m b
    67        C m m a
    67:ba-c   C m m b
    67:cab    A b m m
    67:-cba   A c m m
    67:bca    B m c m
    67:a-cb   B m a m
    68:1      C c c a:1
    68:2      C c c a:2
    68:1ba-c  C c c b:1
    68:2ba-c  C c c b:2
    68:1cab   A b a a:1
    68:2cab   A b a a:2
    68:1-cba  A c a a:1
    68:2-cba  A c a a:2
    68:1bca   B b c b:1
    68:2bca   B b c b:2
    68:1a-cb  B b a b:1
    68:2a-cb  B b a b:2
    69        F m m m
    70:1      F d d d:1
    70:2      F d d d:2
    71        I m m m
    72        I b a m
    72:cab    I m c b
    72:bca    I c m a
    73        I b c a
    73:ba-c   I c a b
    74        I m m a
    74:ba-c   I m m b
    74:cab    I b m m
    74:-cba   I c m m
    74:bca    I m c m
    74:a-cb   I m a m
    75        P 4
    76        P 41
    77        P 42
    78        P 43
    79        I 4
    80        I 41
    81        P -4
    82        I -4
    83        P 4/m
    84        P 42/m
    85:1      P 4/n:1
    85:2      P 4/n:2
    86:1      P 42/n:1
    86:2      P 42/n:2
    87        I 4/m
    88:1      I 41/a:1
    88:2      I 41/a:2
    89        P 4 2 2
    90        P 42 1 2
    91        P 41 2 2
    92        P 41 21 2
    93        P 42 2 2
    94        P 42 21 2
    95        P 43 2 2
    96        P 43 21 2
    97        I 4 2 2
    98        I 41 2 2
    99        P 4 m m
   100        P 4 b m
   101        P 42 c m
   102        P 42 n m
   103        P 4 c c
   104        P 4 n c
   105        P 42 m c
   106        P 42 b c
   107        I 4 m m
   108        I 4 c m
   109        I 41 m d
   110        I 41 c d
   111        P -4 2 m
   112        P -4 2 c
   113        P -4 21 m
   114        P -4 21 c
   115        P -4 m 2
   116        P -4 c 2
   117        P -4 b 2
   118        P -4 n 2
   119        I -4 m 2
   120        I -4 c 2
   121        I -4 2 m
   122        I -4 2 d
   123        P 4/m m m
   124        P 4/m c c
   125:1      P 4/n b m:1
   125:2      P 4/n b m:2
   126:1      P 4/n n c:1
   126:2      P 4/n n c:2
   127        P 4/m b m
   128        P 4/m n c
   129:1      P 4/n m m:1
   129:2      P 4/n m m:2
   130:1      P 4/n c c:1
   130:2      P 4/n c c:2
   131        P 42/m m c
   132        P 42/m c m
   133:1      P 42/n b c:1
   133:2      P 42/n b c:2
   134:1      P 42/n n m:1
   134:2      P 42/n n m:2
   135        P 42/m b c
   136        P 42/m n m
   137:1      P 42/n m c:1
   137:2      P 42/n m c:2
   138:1      P 42/n c m:1
   138:2      P 42/n c m:2
   139        I 4/m m m
   140        I 4/m c m
   141:1      I 41/a m d:1
   141:2      I 41/a m d:2
   142:1      I 41/a c d:1
   142:2      I 41/a c d:2
   143        P 3
   144        P 31
   145        P 32
   146:H      R 3
   146:R      R 3
   147        P -3
   148:H      R -3
   148:R      R -3
   149        P 3 1 2
   150        P 3 2 1
   151        P 31 1 2
   152        P 31 2 1
   153        P 32 1 2
   154        P 32 2 1
   155:H      R 32
   155:R      R 32
   156        P 3 m 1
   157        P 3 1 m
   158        P 3 c 1
   159        P 3 1 c
   160:H      R 3 m
   160:R      R 3 m
   161:H      R 3 c
   161:R      R 3 c
   162        P -3 1 m
   163        P -3 1 c
   164        P -3 m 1
   165        P -3 c 1
   166:H      R -3 m
   166:R      R -3 m
   167:H      R -3 c
   167:R      R -3 c
   168        P 6
   169        P 61
   170        P 65
   171        P 62
   172        P 64
   173        P 63
   174        P -6
   175        P 6/m
   176        P 63/m
   177        P 6 2 2
   178        P 61 2 2
   179        P 65 2 2
   180        P 62 2 2
   181        P 64 2 2
   182        P 63 2 2
   183        P 6 m m
   184        P 6 c c
   185        P 63 c m
   186        P 63 m c
   187        P -6 m 2
   188        P -6 c 2
   189        P -6 2 m
   190        P -6 2 c
   191        P 6/m m m
   192        P 6/m c c
   193        P 63/m c m
   194        P 63/m m c
   195        P 2 3
   196        F 2 3
   197        I 2 3
   198        P 21 3
   199        I 21 3
   200        P m -3
   201:1      P n -3:1
   201:2      P n -3:2
   202        F m -3
   203:1      F d -3:1
   203:2      F d -3:2
   204        I m -3
   205        P a -3
   206        I a -3
   207        P 4 3 2
   208        P 42 3 2
   209        F 4 3 2
   210        F 41 3 2
   211        I 4 3 2
   212        P 43 3 2
   213        P 41 3 2
   214        I 41 3 2
   215        P -4 3 m
   216        F -4 3 m
   217        I -4 3 m
   218        P -4 3 n
   219        F -4 3 c
   220        I -4 3 d
   221        P m -3 m
   222:1      P n -3 n:1
   222:2      P n -3 n:2
   223        P m -3 n
   224:1      P n -3 m:1
   224:2      P n -3 m:2
   225        F m -3 m
   226        F m -3 c
   227:1      F d -3 m:1
   227:2      F d -3 m:2
   228:1      F d -3 c:1
   228:2      F d -3 c:2
   229        I m -3 m
   230        I a -3 d
"""
def _buildDict(hstr):
    """build the dictionaries from the notation string

    Returns two dictionaries:  one taking sg number to string
    and the inverse

    Takes the first Hall symbol it finds.  This is desired
    for the rhombohedral lattices so that they use the hexagonal
    convention.
"""
    d  = dict()
    di = dict()
    hs = hstr.split('\n')
    for l in hs:
        li = l.strip()
        if li:
            nstr, hstr = li.split(None, 1)
            nstr = nstr.split(':', 1)[0]
            n = int(nstr)
            if n not in d:
                d[n] = hstr
                pass
            di[hstr] = n
            pass
        pass

    return d, di

lookupHall, Hall_to_sgnum = _buildDict(_hallStr)
lookupHM,   HM_to_sgnum   = _buildDict(_hmStr)

# ==================== Point Groups/Laue Groups
laue_1  = 'ci'
laue_2  = 'c2h'
laue_3  = 'd2h'
laue_4  = 'c4h'
laue_5  = 'd4h'
laue_6  = 's6'
laue_7  = 'd3d'
laue_8  = 'c6h'
laue_9  = 'd6h'
laue_10 = 'th'
laue_11 = 'oh'

_sgrange = lambda min, max: tuple(range(min, max + 1)) # inclusive range
_pgDict = {
    _sgrange(  1,   1): ('c1', laue_1),  # Triclinic
    _sgrange(  2,   2): ('ci', laue_1),  #                    laue 1
    _sgrange(  3,   5): ('c2', laue_2),  # Monoclinic
    _sgrange(  6,   9): ('cs', laue_2),
    _sgrange( 10,  15): ('c2h',laue_2),  #                    laue 2
    _sgrange( 16,  24): ('d2', laue_3),  # Orthorhombic
    _sgrange( 25,  46): ('c2v',laue_3),
    _sgrange( 47,  74): ('d2h',laue_3),  #                    laue 3
    _sgrange( 75,  80): ('c4', laue_4),  # Tetragonal
    _sgrange( 81,  82): ('s4', laue_4),
    _sgrange( 83,  88): ('c4h',laue_4),  #                    laue 4
    _sgrange( 89,  98): ('d4', laue_5),
    _sgrange( 99, 110): ('c4v',laue_5),
    _sgrange(111, 122): ('d2d',laue_5),
    _sgrange(123, 142): ('d4h',laue_5),  #                    laue 5
    _sgrange(143, 146): ('c3', laue_6),  # Trigonal
    _sgrange(147, 148): ('s6', laue_6),  #                    laue 6 [also c3i]
    _sgrange(149, 155): ('d3', laue_7),
    _sgrange(156, 161): ('c3v',laue_7),
    _sgrange(162, 167): ('d3d',laue_7),  #                    laue 7
    _sgrange(168, 173): ('c6', laue_8),  # Hexagonal
    _sgrange(174, 174): ('c3h',laue_8),
    _sgrange(175, 176): ('c6h',laue_8),  #                    laue 8
    _sgrange(177, 182): ('d6', laue_9),
    _sgrange(183, 186): ('c6v',laue_9),
    _sgrange(187, 190): ('d3h',laue_9),
    _sgrange(191, 194): ('d6h',laue_9),   #                    laue 9
    _sgrange(195, 199): ('t',  laue_10),  # Cubic
    _sgrange(200, 206): ('th', laue_10),  #                    laue 10
    _sgrange(207, 214): ('o',  laue_11),
    _sgrange(215, 220): ('td', laue_11),
    _sgrange(221, 230): ('oh', laue_11),  #                    laue 11
    }
#
# Lattice type dictionary on Laue Group
# .  to replace Symmetry.ltypeOfLaueGroup()
# .  see also lparm.latticeVectors()
#
ltype_1 = 'triclinic'
ltype_2 = 'monoclinic'
ltype_3 = 'orthorhombic'
ltype_4 = 'tetragonal'
ltype_5 = 'trigonal'
ltype_6 = 'hexagonal'
ltype_7 = 'cubic'

_ltDict = {
    laue_1 : ltype_1,
    laue_2 : ltype_2,
    laue_3 : ltype_3,
    laue_4 : ltype_4,
    laue_5 : ltype_4,
    laue_6 : ltype_5,
    laue_7 : ltype_5,
    laue_8 : ltype_6,
    laue_9 : ltype_6,
    laue_10: ltype_7,
    laue_11: ltype_7
    }

# Required parameters by lattice type
# * dictionary provides list of required indices with
#   a function that takes the reduced set of lattice parameters
#   to the full set
# * consistent with lparm.latticeVectors
#
_rqpDict = {
    ltype_1: (tuple(range(6)), lambda p: p), # all 6
    ltype_2: ((0,1,2,4), lambda p: (p[0], p[1], p[2], 90, p[3], 90)), # note beta
    ltype_3: ((0,1,2),   lambda p: (p[0], p[1], p[2], 90, 90,   90)),
    ltype_4: ((0,2),     lambda p: (p[0], p[0], p[1], 90, 90,   90)),
    ltype_5: ((0,2),     lambda p: (p[0], p[0], p[1], 90, 90,  120)),
    ltype_6: ((0,2),     lambda p: (p[0], p[0], p[1], 90, 90,  120)),
    ltype_7: ((0,),      lambda p: (p[0], p[0], p[0], 90, 90,   90)),
    }
#
# ================================================== HKL Enumeration
#

def _getHKLsBySS(ss):
    """Return a list of HKLs with a given sum of squares'

    ss - (int) sum of squares

"""
    #
    #  NOTE:  the loop below could be speeded up by requiring
    #         h >= k > = l, and then applying all permutations
    #         and sign changes.  Could possibly save up to
    #         a factor of 48.
    #
    pmrange = lambda n: range(n, -(n+1), -1) # plus/minus range
    iroot   = lambda n: int(floor(sqrt(n)))  # integer square root

    hkls = []
    hmax = iroot(ss)
    for h in pmrange(hmax):
        ss2 = ss - h*h
        kmax = iroot(ss2)
        for k in pmrange(kmax):
            rem   = ss2 - k*k
            if rem == 0:
                hkls.append((h, k, 0))
            else:
                l = iroot(rem)
                if l*l == rem:
                    hkls += [(h, k, l), (h, k, -l)]
                    pass
                pass
            pass
        pass

    return hkls
#
# ================================================== Test Functions
#
[docs]def testHKLs():
    #
    #  Check reduced HKLs
    #
    #  1. Titanium (sg 194)
    #
    sg = SpaceGroup(194)
    print '==================== Titanium (194)'
    ssmax = 20
    myHKLs = sg.getHKLs(ssmax)
    print 'Number of HKLs with sum of square %d or less:  %d' % (ssmax, len(myHKLs))
    for hkl in myHKLs:
        ss = hkl[0]**2 + hkl[1]**2 + hkl[2]**2
        print hkl, ss
        pass

    #
    #  2. Ruby (sg 167)
    #
    sg = SpaceGroup(167)
    print '==================== Ruby (167)'
    ssmax = 10
    myHKLs = sg.getHKLs(ssmax)
    print 'Number of HKLs with sum of square %d or less:  %d' % (ssmax, len(myHKLs))
    for hkl in myHKLs:
        ss = hkl[0]**2 + hkl[1]**2 + hkl[2]**2
        print hkl, ss
        pass
    #
    #  Test Generic HKLs
    #
    for ss in range(1, 10):
        print '==================== ss = %d' % ss
        hkls = _getHKLsBySS(ss)
        print '                     number of hkls:  ', len(hkls)
        print hkls
        pass

    return


if __name__ == '__main__':
    #
    import sys
    #
    if 'testHKLs' in sys.argv:
        testHKLs()
        sys.exit()
    #
    #  Test Space groups:
    #
    for n in range(1, 231):
        try:
            sg = SpaceGroup(n)
            sg.getHKLs(10)
            print sg
            print '\n'
        except:
            print 'failed for space group number: ', n
            print 'Hall symbol:  ', lookupHall[n]
            pass
        pass
    #
    pass
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  Source code for hexrd.xrd.spotfinder

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import sys
import os
import copy
import time
import math
import shelve
import exceptions
import StringIO
import ctypes
import multiprocessing
import logging

import numpy as num
from matplotlib import cm
from scipy import ndimage
from scipy import optimize
from scipy import sparse
try:
    import scikits.image
    haveSciKits = True
except:
    haveSciKits = False

from hexrd import arrayutil
from hexrd.quadrature import q3db, q2db
from hexrd import tens
from hexrd import matrixutil as mUtil
from hexrd.matrixutil import rowNorm
from hexrd import plotwrap
from hexrd import valunits
from hexrd.valunits import toFloat

from hexrd.xrd import crystallography
from hexrd.xrd import detector
from hexrd.xrd import xrdbase
from hexrd.xrd.xrdbase import getGaussNDParams
from hexrd.xrd import rotations
from hexrd.xrd.rotations import mapAngle

try:
    from progressbar import ProgressBar, Bar, ETA, ReverseBar
    have_progBar = True
except:
    have_progBar = False

# from hexrd import uncertainty_analysis

debugDflt = False
debugMulti = True
debugFit = False
debugMasked = False
debugFrameRefs = False

structureNDI_label = num.array([
    [0,1,0],
    [1,1,1],
    [0,1,0]
    ])
structureNDI_dilate = num.array([
    [1,1,1],
    [1,1,1],
    [1,1,1]
    ])

spotFitFuncDflt = 'gauss'

[docs]def getBin(thisframe, threshold, padSpot):
    bin = num.zeros(thisframe.shape, dtype=bool)
    bin[thisframe > threshold] = True
    if hasattr(thisframe, 'mask'):
        'for some reason, this seems to be necessary'
        bin[thisframe.mask] = False
        if debugMasked:
            nBin = num.sum(bin)
            print 'bin has %d pixels' % (nBin)
            if nBin > 0.1 * thisframe.size:
                print 'going very badly wrong'
    if padSpot:
        ''' do padding out here instead of passing padSpot=True to
        getSpot and dilate after mask application so that dilation
        will fill across rows of dead pixels; '''
        structure=ndimage.generate_binary_structure(thisframe.ndim, thisframe.ndim) # structureNDI_dilate
        bin = ndimage.morphology.binary_dilation(bin, structure=structure, iterations=int(padSpot))
    return bin


[docs]def dilateObj(obj, shape, nDilate=1):
    newObj = (
        slice(
            max(0, obj[0].start-nDilate),
            min(obj[0].stop+nDilate, shape[0]-1),
            ),
        slice(
            max(0, obj[1].start-nDilate),
            min(obj[1].stop+nDilate, shape[1]-1),
            ),
        )
    return newObj


[docs]def emptyBox(obj, dtype):
    # dtype = dtype or inpt.dtype
    vbox = num.empty(
        (obj[0].stop-obj[0].start, obj[1].stop-obj[1].start),
        dtype=dtype
        )
    return vbox

[docs]def getDtype(this):
    if hasattr(this, 'dtype'):
        retval = this.dtype
    else:
        retval = num.dtype(type(this))
    return retval


[docs]def copyBox(inpt, obj):
    'deepcopy does not seem to do what we want with masked arrays'
    # vbox   = copy.deepcopy(inpt[useObj])
    vbox = emptyBox( obj, getDtype(inpt) ) # num.min_scalar_type(inpt)
    if num.isscalar(inpt):
        vbox[:,:] = inpt
    elif num.size(inpt) == 1:
        vbox[:,:] = num.asscalar(inpt)
    else:
        vbox[:,:] = inpt[obj]
    return vbox


[docs]def getSpot(inpt, labels, objs, index, keepWithinBBox, padSpot, darkframe=None):
    """
    labels is from ndimage.label;
    objs is from ndimage.find_objects
    """

    spot = {}

    iSpot = int(index) - 1
    obj = objs[iSpot]
    objDilated = dilateObj(obj, labels.shape)

    'use objDilated instead of obj for atBoundary in case of masked pixels or odd boundary effects'
    atBoundary = (objDilated[0].start == 0) or (objDilated[1].start == 0) or (objDilated[0].stop == labels.shape[0]) or (objDilated[1].stop == labels.shape[1])

    if padSpot:
        useObj = objDilated
    else:
        useObj = obj
    'do not want to modify original labels'
    useLabels = copy.deepcopy(labels[useObj]) # do not want to modify original labels!

    if padSpot:
        dilatedBool = ndimage.morphology.binary_dilation(useLabels, structure=structureNDI_dilate)
        useLabels[dilatedBool] = index

    if hasattr(inpt, 'mask'):
        'make sure mask is respected'
        if debugMasked:
            print 'number of masked pixels : %d' % (num.sum(inpt.mask[useObj]))
        useLabels[inpt.mask[useObj]] = -1

    'spot-local x and y values:'
    if keepWithinBBox:
        xl, yl = num.where(useLabels >= 0) # should give all unmasked pixels in bbox
    else:
        xl, yl = num.where(useLabels == index) # labels[useObj] > 0
    vbox = copyBox(inpt, useObj)
    if darkframe is None:
        raise RuntimeError, 'darkframe is None'
    else:
        darkbox = copyBox(darkframe, useObj)
    # v = vbox[xl,yl] # = inpt[x,y]
    x = xl + useObj[0].start
    y = yl + useObj[1].start

    spot['index'] = index
    spot['obj']   = useObj
    spot['xl']    = xl
    spot['yl']    = yl
    spot['vbox']  = vbox
    spot['x']     = x
    spot['y']     = y
    spot['atBoundary'] = atBoundary
    spot['darkbox']=darkbox
    #spot['v']    = v # careful if put this back in -- look for where 'vbox' is used everywhere
    return spot


[docs]def getSpotFromPixels(inpt, xThese, yThese, index, keepWithinBBox, padSpot, darkframe=None):
    """
    this is a bit of an oddball function, mostly for data uniformity of data structures;
    """
    spot = {}
    
    assert index > 0, 'need index to be > 0'

    obj = ( slice(xThese.min(), xThese.max()+1), slice(yThese.min(), yThese.max()+1) )
    objDilated = dilateObj(obj, inpt.shape)

    'use objDilated instead of obj for atBoundary in case of masked pixels or odd boundary effects'
    atBoundary = (objDilated[0].start == 0) or (objDilated[1].start == 0) or (objDilated[0].stop == inpt.shape[0]) or (objDilated[1].stop == inpt.shape[1])

    if padSpot:
        useObj = objDilated
    else:
        useObj = obj
    
    useLabels = num.zeros_like(inpt[useObj], dtype=int)
    uesLabels[ xThese - useObj[0].start, yThese - useObj[1].start ] = index

    if padSpot:
        dilatedBool = ndimage.morphology.binary_dilation(useLabels, structure=structureNDI_dilate)
        useLabels[dilatedBool] = index

    if hasattr(inpt, 'mask'):
        'make sure mask is respected'
        if debugMasked:
            print 'number of masked pixels : %d' % (num.sum(inpt.mask[useObj]))
        useLabels[inpt.mask[useObj]] = -1

    'spot-local x and y values:'
    if keepWithinBBox:
        xl, yl = num.where(useLabels >= 0) # should give all unmasked pixels in bbox
    else:
        xl, yl = num.where(useLabels == index) # labels[useObj] > 0
    vbox = copyBox(inpt, useObj)
    if darkframe is None:
        raise RuntimeError, 'darkframe is None'
    else:
        darkbox = copyBox(darkframe, useObj)
    # v = vbox[xl,yl] # = inpt[x,y]
    x = xl + useObj[0].start
    y = yl + useObj[1].start
    
    spot['index'] = index
    spot['obj']   = useObj
    spot['xl']    = xl
    spot['yl']    = yl
    spot['vbox']  = vbox
    spot['x']     = x
    spot['y']     = y
    spot['atBoundary'] = atBoundary
    spot['darkbox']=darkbox
    #spot['v']    = v # careful if put this back in -- look for where 'vbox' is used everywhere
    return spot


[docs]def cullSpotUsingBin(spot, bin):
    '''
    remove data for pixels where bin is true;
    vbox does not change, just change the locations that are marked as belonging with the spot
    '''

    useObj = spot['obj']
    xl     = spot['xl']
    yl     = spot['yl']

    binSpot = emptyBox( useObj, bool )
    binSpot[:,:] = False
    binSpot[xl,yl] = True
    binSpot[bin[useObj]] = False
    xl, yl = num.where(binSpot)
    x = xl + useObj[0].start
    y = yl + useObj[1].start
    spot['xl']    = xl
    spot['yl']    = yl
    spot['x']     = x
    spot['y']     = y
    return


[docs]def getValuesOnly(inpt, labels, objs, index):
    """
    labels is from ndimage.label;
    objs is from ndimage.find_objects
    """
    iSpot = int(index) - 1
    obj = objs[iSpot]

    xl, yl = num.where(labels[obj] == index)
    # want to avoid keeping a reference to inpt array, hope deepcopy does the trick
    v = copy.deepcopy(inpt[obj][xl,yl])

    return v


[docs]def getIndices(inpt, labels, obj, index, mode='default', minlabel=0):

    if obj is None:
        obj = tuple([slice(0,labels.shape[iDim]) for iDim in range(len(labels.shape))])

    indices = None
    if inpt is not None:
        if hasattr(inpt, 'mask'):
            'make sure mask is respected'
            useLabels = copy.deepcopy(labels[obj]) # do not want to modify original labels!
            useLabels[inpt.mask[obj]] = -1
            if mode == 'default':
                indices = num.where(useLabels == index)
            elif mode == 'exclude':
                indices = num.where(num.logical_and(useLabels >= minlabel, useLabels != index))
            else:
                raise RuntimeError, 'unknown mode : '+str(mode)
            if debugMasked:
                print 'number of masked pixels : %d' % (num.sum(inpt.mask[obj]))
                print 'number of non-masked pixels : %d' % (len(indices[0]))
    if indices is None:
        if mode == 'default':
            indices = num.where(labels[obj] == index) # xl, yl =
        elif mode == 'exclude':
            indices = num.where(num.logical_and(labels[obj] >= minlabel, labels[obj] != index))
        else:
            raise RuntimeError, 'unknown mode : '+str(mode)
    return indices


[docs]def getImCOM(inpt, labels, objs, index, floor=None, getVSum=False):
    """
    labels is from ndimage.label;
    objs is from ndimage.find_objects

    set floor for a minimum intensity to use in intensity weighted COM

    return sum of intensity as well if getVSum is True
    """

    iSpot = int(index) - 1
    obj = objs[iSpot]

    indices = getIndices(inpt, labels, objs[index-1], index)

    if inpt is None:
        v = num.ones(len(indices[0]))
        assert not getVSum, \
            'really want to get vSum when inpt is None?'
    else:
        v = inpt[obj][indices]
        if floor is not None:
            v[v < floor] = floor
    vSum = float(num.sum(v))
    if vSum <= 0:
        print 'vSum is %g, from v array %s' % (vSum, str(v))
        raise RuntimeError, 'vSum <= 0'

    com = []
    for xL, slc in zip(indices, obj):
        x = xL + slc.start
        # coordsList.append(x)
        com.append( float(num.dot(x, v)) / vSum )
    com = num.array(com)

    if getVSum:
        retval = com, vSum
    else:
        retval = com
    return retval


[docs]def getObjSize(labels, objs, index):
    """
    labels is from ndimage.label;
    objs is from ndimage.find_objects
    """
    if len(objs) == 0:
        objSize = 0
    else:
        iSpot = int(index) - 1
        obj = objs[iSpot]
        
        objSize = num.sum(labels[obj] == index)
    return objSize


[docs]def spotFinderSingle(
    thisframe, threshold,
    minPx,
    keepWithinBBox, padSpot,
    weightedCOM=True,
    pw=None, debug=False, darkframe=None
    ):
    """
    find spots in thisframe;
    threshold can be a scalar or defined over of same dimension as thisframe;
    minPx is the minimum number of pixels to be kept as a spot;
    weightedCOM is true to use thisframe data for weighting center-of-mass position;
    if pw is present, it is used for plotting (assumed to be plotwrap.PlotWrap instance)
    """

    needCOM = debug or pw is not None

    bin = getBin(thisframe, threshold, padSpot)
    labels, numSpots = ndimage.label(bin, structureNDI_label)

    # find objects gives slices which are like bounding boxes
    objs = ndimage.find_objects(labels)

    if needCOM:
        com = num.empty([numSpots,2])
    nPx = num.empty([numSpots],dtype=int)
    for iSpot in range(numSpots):
        index = int(iSpot) + 1
        if debug:
            print 'ojbect %d : %s' % (iSpot, str(thisframe[objs[iSpot]]))

        """sum on bin gives number of pixels in the spot
        take advantage of objs instead of doing ndimage.sum"""
        # nPx[iSpot] = ndimage.sum(bin, labels=labels, index=index)
        # nPx[iSpot] = len(getValuesOnly(bin, labels, objs, index))
        nPx[iSpot] = getObjSize(labels, objs, index)

        if needCOM:
            if weightedCOM:
                # com[iSpot,:] = ndimage.center_of_mass(thisframe, labels=labels, index=index) # slow
                com[iSpot,:] = getImCOM(thisframe, labels, objs, index)
            else:
                com[iSpot,:] = getImCOM(None, labels, objs, index)
        if debug:
            print '    center of mass : '+str(com[iSpot,:])

    keepers = nPx >= minPx

    # pw.a.axis('on')
    if pw is not None:
        notKeepers = num.ones([numSpots],dtype=bool) - keepers
        lines = pw.a.get_lines()
        for line in lines:
            line.remove()
        pw(   com[keepers,0],    com[keepers,1], marker='o', ls='None', mec='r', mfc='None')
        pw(com[notKeepers,0], com[notKeepers,1], marker='o', ls='None', mec='b', mfc='None')
        pw.show()

    # make output data for kept spots
    spotDataList = []
    for iSpot in range(numSpots):
        if not keepers[iSpot]: continue
        index = int(iSpot) + 1
        spot = getSpot(thisframe, labels, objs, index, keepWithinBBox, False, darkframe=darkframe) # padSpot
        spotDataList.append(spot)
    return labels, objs, spotDataList, bin


[docs]class IntensityFunc3D(object):
    """
    This is just a template for intensity distribution functions in 3D
    """
[docs]    def __init__(self, *args, **kwargs):
        self.debug = False
        raise NotImplementedError

    def guessXVec(self, x, y, z, w=None, v=None, noBkg=False):
        raise NotImplementedError
    def getCenter(self, xVec):
        raise NotImplementedError
    def getFWHM(self, xVec):
        raise NotImplementedError
    def getNParams(self, noBkg=False):
        raise NotImplementedError
[docs]    def eval(self, xVec, x, y, z, w=None, vSub=None, vScale=None, diff=False, noBkg=False):
        """
        if w is None: x, y, and z are 1D;
        if w has 1D weights: x, y, and z are 2D

        if vSub is present, it is subtracted from results -- useful
        for forming least-squares residuals; and vScale is used to scale the results
        if it is present
        """
        raise NotImplementedError

    def deval(self, xVec, x, y, z, w=None, vSub=None, vScale=None, noBkg=False):
        return self.eval(xVec, x, y, z, w=w, vSub=vSub, vScale=vScale, diff=True,  noBkg=noBkg)
    def __call__(self, xVec, x, y, z, w=None, vSub=None, vScale=None, noBkg=False, **kwargs):
        return self.eval(xVec, x, y, z, w=w, vSub=vSub, vScale=vScale, diff=False, noBkg=noBkg, **kwargs)
#

[docs]class IntensityFuncGauss3D(IntensityFunc3D):
    """
    8 parameters:
        centers (3)
        FWHMs   (3)
        scaling  (1)
        background (1)

    """
    __nParams = 8
[docs]    def __init__(self):
        self.debug = False
        self.expFact  = -4.0 * math.log(2.0)
        return

    def guessXVec(self, x, y, z, w=None, v=None, noBkg=False):
        nX = self.getNParams(noBkg=noBkg)
        'leave the following check for elsewhere -- useful to be able to guess parameters regardless'
        # assert num.size(x) >= nX,\
        #     'not enough data to reasonably guess at parameters'
        xList = [x, y, z]
        xVec = getGaussNDParams(xList, w=w, v=v)
        if noBkg:
            'last entry from getGaussNDParams is background'
            xVec = xVec[:-1]
        return xVec
    def getCenter(self, xVec):
        return xVec[0:3]
    def getFWHM(self, xVec):
        return xVec[3:6]
    def getNParams(self, noBkg=False):
        retval = self.__nParams
        if noBkg:
            retval -= 1
        return retval
    def constructParams(self, center, fwhm, A, B=0.0):
        xVec = num.zeros(self.getNParams())
        xVec[0:3] = center[:]
        xVec[3:6] = fwhm[:]
        xVec[6]   = A
        xVec[7]   = B
        return xVec
    @classmethod
    def get2DFunc(cls):
        instance = IntensityFuncGauss2D()
        return instance
    def eval(self, xVec, x, y, z, w=None, vSub=None, vScale=None, diff=False, noBkg=False, minWidth=None):

        unscaledNorm = None

        if w is not None:
             assert x.shape == w.shape,\
                 'w not the same shape as other arguments; %s != %s' % (str(x.shape), str(w.shape))

        nX = self.getNParams(noBkg=noBkg)

        x0, y0, z0 = xVec[0:3]
        if minWidth is None:
            xW, yW, zW = num.array(xVec[3:6], dtype=float)
            usedMax = num.zeros(3, dtype=bool)
        else:
            xW, yW, zW = num.array(num.maximum(minWidth,xVec[3:6]), dtype=float)
            usedMax = minWidth > xVec[3:6]
        A = xVec[6]
        if noBkg:
            B = 0.0
        else:
            B = xVec[7]

        xDist = num.atleast_1d( (x - x0) / xW )
        yDist = num.atleast_1d( (y - y0) / yW )
        zDist = num.atleast_1d( (z - z0) / zW )

        if diff:

            inputShape = num.shape(xDist)
            xDist = xDist.flatten()
            yDist = yDist.flatten()
            zDist = zDist.flatten()
            dg_dx = num.zeros( (xDist.size, nX) )

            expEval = num.exp( self.expFact * (
                xDist * xDist + yDist * yDist + zDist * zDist
                ))

            factor = A * expEval * self.expFact * 2.0
            dg_dx[:,0] = factor * xDist * (-1.0/xW)
            dg_dx[:,1] = factor * yDist * (-1.0/yW)
            dg_dx[:,2] = factor * zDist * (-1.0/zW)
            if not usedMax[0]:
                dg_dx[:,3] = factor * xDist * (-xDist/xW)
            if not usedMax[1]:
                dg_dx[:,4] = factor * yDist * (-yDist/yW)
            if not usedMax[2]:
                dg_dx[:,5] = factor * zDist * (-zDist/zW)
            dg_dx[:,6] = expEval
            if not noBkg:
                dg_dx[:,7] = 1.0 # B
            #
            dg_dx = dg_dx.reshape(num.hstack((inputShape,nX)))

            if w is None:
                retval = dg_dx
            else:
                if len(w.shape) == 2:
                    'retval = num.sum(gauss3d * w, axis=1)'
                    retval = num.empty( (inputShape[0], nX) )
                    for xInd in range(dg_dx.shape[-1]):
                        retval[:,xInd] = num.sum(dg_dx[:,:,xInd] * w, axis=1)
                elif len(w.shape) == 1:
                    'retval = gauss3d * w'
                    retval = num.empty( (inputShape[0], nX) )
                    for xInd in range(dg_dx.shape[-1]):
                        retval[:,xInd] = num.sum(dg_dx[:,xInd] * w)
                else:
                    raise NotImplementedError,\
                        'shape of w has length %d' % (len(shape(w)))

            'nothing needs to be done with vSub'

        else:

            gauss3d = A * num.exp( self.expFact * (
                xDist * xDist + yDist * yDist + zDist * zDist
                )) + B

            if w is None:
                retval = gauss3d
            else:
                # retval = num.dot(gauss3d, w) # no longer the right way to do it
                if len(w.shape) == 2:
                    retval = num.sum(gauss3d * w, axis=1)
                elif len(w.shape) == 1:
                    retval = gauss3d * w
                else:
                    raise NotImplementedError,\
                        'shape of w has length %d' % (len(shape(w)))
            if vSub is not None:
                retval = (retval - vSub)
                unscaledNorm = num.linalg.norm(retval)

        if vScale is not None:
            if len(retval.shape)==1:
                realw = vScale
            else:
                'only happens when diff is True?'
                realw = num.tile(vScale.reshape(len(vScale),1),retval.shape[1])
            retval = retval * realw

        if self.debug and vSub is not None:
            if diff:
                print '%s : did diff eval' % (self.__class__.__name__)
            else:
                print '%s : eval with norm %24.14e unscaled: %24.14e' % (self.__class__.__name__, num.linalg.norm(retval), unscaledNorm)

        return retval


[docs]class IntensityFuncGauss3DGenEll(IntensityFunc3D):
    """
    generalization of IntensityFuncGauss3D to have principal axes generally aligned
    11 parameters:
        centers (3)
        diagonal "fwhm" (3)
        scaling  (1)
        off-diagonal (3)
        background (1)

    """
    __nParams = 11
[docs]    def __init__(self):
        self.debug = False
        self.expFact  = -4.0 * math.log(2.0)
        return

[docs]    def guessXVec(self, x, y, z, w=None, v=None, noBkg=False):
        """
        guess is for aligned ellipsoid
        """
        nX = self.getNParams(noBkg=noBkg)
        'leave the following check for elsewhere -- useful to be able to guess parameters regardless'
        # assert num.size(x) >= nX,\
        #     'not enough data to reasonably guess at parameters'
        xList = [x, y, z]
        xVecAligned = getGaussNDParams(xList, w=w, v=v)
        if noBkg:
            'last entry from getGaussNDParams is background'
            xVec = num.hstack((xVecAligned[:-1], num.zeros(3)))
        else:
            xVec = num.hstack((xVecAligned[:-1], num.zeros(3), xVecAligned[-1]))
        'leave the following check for elsewhere -- useful to be able to guess parameters regardless'
        # if num.any(xVec[3:6] <= 0.):
        #    raise UnfitableError(10, 'guess xVec has a zero on the diagonal of the distance measure')
        return xVec

    def getCenter(self, xVec):
        return xVec[0:3]
    def getFWHM(self, xVec):
        return xVec[3:6]
    def getNParams(self, noBkg=False):
        retval = self.__nParams
        if noBkg:
            retval -= 1
        return retval
    @classmethod
[docs]    def get2DFunc(cls):
        """
        if drop to 2D, also drop back to aligned ellipsoid
        """
        instance = IntensityFuncGauss2D()
        return instance

    def eval(self, xVec, x, y, z, w=None, vSub=None, vScale=None, diff=False, noBkg=False):

        if w is not None:
             assert x.shape == w.shape,\
                 'w not the same shape as other arguments; %s != %s' % (str(x.shape), str(w.shape))

        nX = self.getNParams(noBkg=noBkg)

        x0, y0, z0 = xVec[0:3]
        A = xVec[6]
        wSvec = num.hstack( (num.array(xVec[3:6],dtype=float), num.array(xVec[7:10],dtype=float)) )
        if noBkg:
            B = 0.0
        else:
            B = xVec[10]

        wMatx = tens.svecToSymm( wSvec )
        try:
            dMatx = num.linalg.inv(wMatx)
        except:
            # (etype, eobj, etb) = sys.exc_info()
            raise RuntimeError, 'upon exception from inv, xVec is '+str(xVec)

        xDist = num.atleast_1d( (x - x0) ) # / xW
        yDist = num.atleast_1d( (y - y0) ) # / yW
        zDist = num.atleast_1d( (z - z0) ) # / zW
        del x0, y0, z0

        if diff:

            dDMatx_dxW_svecList = tens.dAiAoH_svecList(dMatx)

            inputShape = num.shape(xDist)
            xDist = xDist.flatten()
            yDist = yDist.flatten()
            zDist = zDist.flatten()
            xyzDist = num.vstack((xDist,yDist,zDist))
            dAll = num.dot( dMatx, xyzDist )
            # dSqr = num.apply_along_axis( lambda x:num.dot(x,x), 0, dAll)
            dSqr = num.sum(dAll * dAll, axis=0)

            dg_dx = num.zeros( (xDist.size, nX) )

            expEval = num.exp( self.expFact * dSqr )
            factor = A * expEval * self.expFact * 2.0

            ddSqr_dx0 = -num.dot(dMatx.T, dAll)
            dg_dx[:,0:3] = num.vstack( (factor * ddSqr_dx0[0,:], factor * ddSqr_dx0[1,:], factor * ddSqr_dx0[2,:]) ).T

            # these need to agree with wSvec assembly above!
            dg_dx[:, 3] = factor * num.sum( num.dot(dDMatx_dxW_svecList[0], xyzDist) * dAll, axis=0)
            dg_dx[:, 4] = factor * num.sum( num.dot(dDMatx_dxW_svecList[1], xyzDist) * dAll, axis=0)
            dg_dx[:, 5] = factor * num.sum( num.dot(dDMatx_dxW_svecList[2], xyzDist) * dAll, axis=0)
            dg_dx[:, 6] = expEval
            dg_dx[:, 7] = factor * num.sum( num.dot(dDMatx_dxW_svecList[3], xyzDist) * dAll, axis=0)
            dg_dx[:, 8] = factor * num.sum( num.dot(dDMatx_dxW_svecList[4], xyzDist) * dAll, axis=0)
            dg_dx[:, 9] = factor * num.sum( num.dot(dDMatx_dxW_svecList[5], xyzDist) * dAll, axis=0)
            if not noBkg:
                dg_dx[:,10] = 1.0 # B
            #
            dg_dx = dg_dx.reshape(num.hstack((inputShape,nX)))

            if w is None:
                retval = dg_dx
            else:
                if len(w.shape) == 2:
                    'retval = num.sum(gauss3d * w, axis=1)'
                    retval = num.empty( (inputShape[0], nX) )
                    for xInd in range(dg_dx.shape[-1]):
                        retval[:,xInd] = num.sum(dg_dx[:,:,xInd] * w, axis=1)
                elif len(w.shape) == 1:
                    'retval = gauss3d * w'
                    retval = num.empty( (inputShape[0], nX) )
                    for xInd in range(dg_dx.shape[-1]):
                        retval[:,xInd] = num.sum(dg_dx[:,xInd] * w)
                else:
                    raise NotImplementedError,\
                        'shape of w has length %d' % (len(shape(w)))

            'nothing needs to be done with vSub'
            if vScale is not None:
                for xInd in range(dg_dx.shape[-1]):
                    retval[:,xInd] = retval[:,xInd] * vScale[:]

        else:

            inputShape = num.shape(xDist)
            xDist = xDist.flatten()
            yDist = yDist.flatten()
            zDist = zDist.flatten()

            dAll = num.dot( dMatx, num.vstack((xDist,yDist,zDist)) )
            # dSqr = num.apply_along_axis( lambda x:num.dot(x,x), 0, dAll)
            dSqr = num.sum(dAll * dAll, axis=0)

            gauss3d = A * num.exp( self.expFact * dSqr ) + B

            gauss3d = gauss3d.reshape(inputShape)

            if w is None:
                retval = gauss3d
            else:
                # retval = num.dot(gauss3d, w) # no longer the right way to do it
                if len(w.shape) == 2:
                    retval = num.sum(gauss3d * w, axis=1)
                elif len(w.shape) == 1:
                    retval = gauss3d * w
                else:
                    raise NotImplementedError,\
                        'shape of w has length %d' % (len(shape(w)))
            if vSub is not None:
                retval = retval - vSub
                if debugMulti > 1:
                    print 'norm of retval : %g' % (num.linalg.norm(retval))
            if vScale is not None:
                retval = retval * vScale

        return retval


[docs]def getWtrShd(inp, threshold, gaussFilterSigma=None, footPrint=None, fpi=5, numPeaks=None):
    "fpi only used if footPrint is None"
    if haveSciKits:
        morphology = scikits.image.morphology
    else:
        msg = 'scikits package has not been loaded and is needed for this function'
        raise NameError(msg)

    if gaussFilterSigma is not None:
        inpUse = ndimage.filters.gaussian_filter(inp, gaussFilterSigma)
        # inpUse = ndimage.gaussian_gradient_magnitude(inp, gaussFilterSigma)
    else:
        inpUse = inp

    if footPrint is None:
        footprint = num.ones([fpi] * inp.ndim) # num.ones((5,5,5))

    localMax = morphology.is_local_maximum(inpUse, footprint=footprint)
    labelLM, numLM = ndimage.label(localMax)
    # objs = ndimage.find_objects(labelLM)
    lmMaxList = []
    for index in range(1,numLM+1):
        lmMax = num.max(inpUse[num.where(labelLM == index)])
        lmMaxList.append(lmMax)
    sortedLM = num.argsort(lmMaxList).tolist()
    if debugMulti:
        print 'local maxima are : %s' % (str(lmMaxList))

    if numPeaks is None:
        numPeaks = num.sum(num.array(lmMaxList) >= threshold)
        assert numPeaks > 0,\
            'did not find any peaks over threshold'
    else:
        numLMPeaks = num.sum(num.array(lmMaxList) >= threshold)
        assert numLMPeaks >= numPeaks,\
            'did not find enough isolated peaks'
        if numLMPeaks > numPeaks:
            print 'WARNING : found %d local maxima, using the %d highest' % (numLMPeaks, numPeaks)
    markers = num.zeros(inpUse.shape, dtype=int)
    markersIJK = []
    for iMarker in range(1,numPeaks+1):
        index = sortedLM.pop() + 1
        # whereIndex = num.where(labelLM == index)
        whereIndex = zip(*num.where(labelLM == index))[0]
        markers[whereIndex] = iMarker
        markersIJK.append(whereIndex)
    wtrshd = morphology.watershed(-inpUse, markers)

    return wtrshd, markersIJK



[docs]class IntensityFuncMulti3D(IntensityFunc3D):
    """
    combination of multiple overlapped functions
    """
[docs]    def __init__(self, subFuncClass, nSubFuncs, minWidth=None ):
        self.debug = False
        self.funcs = [ subFuncClass() for iSubFunc in range(nSubFuncs) ]
        self.minWidth = copy.deepcopy(minWidth)
        return

    def __repr__(self):
        retval = str(self.__class__.__name__)+"("
        retval += str(self.funcs[0]) + ', ' + str(len(self.funcs))
        retval += ")"
        return retval
    def getNX(self, noBkg=False):
        nX = 0
        for iFunc, func in enumerate(self.funcs):
            nXThis = func.getNParams(noBkg=True)
            nX += nXThis
        if not noBkg:
            nX += 1
        return nX
    def getBounds(self, noBkg=False):

        if self.minWidth is None:
            bounds = None
        else:

            nX = self.getNX(noBkg=noBkg)
            lb = -1e120 * num.ones(nX) # None would be better for some implementations
            ub =  1e120 * num.ones(nX) # None would be better for some implementations

            iXLB = 0
            for iFunc, func in enumerate(self.funcs):
                nXThis = func.getNParams(noBkg=True)
                xVecThis = lb[iXLB:iXLB+nXThis]
                fwhm = func.getFWHM(xVecThis)
                if self.minWidth is not None:
                    'fwhm references xVecThis, so should not need to set explicitly if assign by index'
                    fwhm[:] = self.minWidth[:]
                iXLB += nXThis
            if not noBkg:
                iXLB += 1
                'no bound on background'
                pass
            bounds = zip(lb,ub)

        return bounds
[docs]    def guessXVecPureNDImage(self, x, y, z, pxlCenterList, w=None, v=None, pxl=None, gaussFilterSigma=None, noBkg=False):
        """
        for now, rely on specified centers;
        assumes that v can be made into integers without too much loss of precision
        """
        assert pxl is not None,\
            'have only coded for case in which pxl are given'
        assert len(pxlCenterList) == len(self.funcs), \
            'must have len(pxlCenterList) == len(self.funcs)'

        if not len(x.shape) == 1:
            raise RuntimeError, 'have not coded case of x.shape != 1 -- too messy'

        shape   = [num.max(iPxL)+1 for iPxL in pxl]
        markers = num.zeros( shape, dtype='int8')
        inp     = num.zeros( shape, dtype='uint16')

        if v is None:
            inp[pxl] = 1
        else:
            vMax = v.max()
            inp[pxl] = v.max() - num.fmax(v, 0)
            assert inp.max()-inp.min() > 16,\
                'suspiciously low dynamic range in data'
        #
        if gaussFilterSigma is not None:
            inpUse = ndimage.filters.gaussian_filter(inp, gaussFilterSigma)
            # inpUse = ndimage.gaussian_gradient_magnitude(inp, gaussFilterSigma)
        else:
            inpUse = inp
        #
        'make markers'
        for iObj, pxlCenter in enumerate(pxlCenterList):
            label = iObj+1
            markers[pxlCenter] = label
        # markers.reshape(markers.size)[num.argmin(inp)] = -1 # marker for background
        #
        wtrshd = ndimage.watershed_ift(inpUse, markers)
        #
        objs = ndimage.find_objects(wtrshd)
        #
        'for convenience of indexing; does not work with quadrature'
        cList = [x,y,z,w,v]
        cPXLList = []
        for c in cList:
            if c is None:
                cPXLList.append(c)
            else:
                cPXL = num.zeros( shape, dtype=c.dtype)
                cPXL[pxl] = c
                cPXLList.append(cPXL)
        #
        xVecLists = []
        for iObj, obj, func in zip( range(len(objs)), objs, self.funcs):
            label = iObj+1
            objInd = num.where(wtrshd[obj] == label)
            vals = inp[obj][objInd]
            x_offset, y_offset, z_offset = obj[0].start, obj[1].start, obj[2].start
            'this does not work with quadrature'
            ind = (objInd[0]+x_offset, objInd[1]+y_offset, objInd[2]+z_offset)
            xList = [ num.atleast_1d(cPXL[ind]) for cPXL in cPXLList[0:3] ]
            vThis = None; wThis = None;
            if w is not None:
                wThis = cPXLList[3][ind]
            if v is not None:
                vThis = cPXLList[4][ind]
            nXThis = func.getNParams(noBkg=True)
            'do not check nPx < nXThis -- that ends up being too restrictive given vagaries of the watershed algorithm'
            nPx = num.size(xList[0])
            # if nPx < nXThis:
            #     raise UnfitableError(11,
            #                          "nPx=%d < nParams=%d for sub-function; ind : %s; vThis : %s; pxlCenterList : %s" % (nPx, nXThis, str(ind), str(vThis), str(pxlCenterList))
            #                          )
            xVecThis = func.guessXVec(*xList, w=wThis, v=vThis, noBkg=True)
            fwhm = func.getFWHM(xVecThis)
            if self.minWidth is not None:
                'fwhm references xVecThis, so should not need to set explicitly if assign by index'
                fwhm0, = num.where(fwhm < self.minWidth)
                fwhm[fwhm0] = 1.05 * self.minWidth[fwhm0]
            fwhm0, = num.where(fwhm <= 0)
            if len(fwhm0) > 0:
                raise UnfitableError(12,
                                     "got a zero width : nPx=%d, nParams=%d for sub-function; ind : %s; vThis : %s; pxlCenterList : %s" %
                                     (nPx, nXThis, str(ind), str(vThis), str(pxlCenterList))
                                     )
            xVecLists.append(xVecThis)
        if not noBkg:
            if v is None:
                xVecLists.append(0)
            else:
                xVecLists.append(v.min())

        retval = num.hstack( xVecLists )
        return retval

    def guessXVec(self, x, y, z, pxlCenterList, w=None, v=None, pxl=None, gaussFilterSigma=None, noBkg=False, wtrshd=None):
        if not haveSciKits:
            msg = 'scikits package has not been loaded and is needed for this function'
            raise NameError(msg)

        assert pxl is not None,\
            'have only coded for case in which pxl are given'
        assert len(pxlCenterList) == len(self.funcs), \
            'must have len(pxlCenterList) == len(self.funcs)'

        if not len(x.shape) == 1:
            raise RuntimeError, 'have not coded case of x.shape != 1 -- too messy'

        numPeaks = len(pxlCenterList)

        if wtrshd is None:

            shape   = [num.max(iPxL)+1 for iPxL in pxl]
            inp     = num.zeros( shape, dtype='int16')
            if v is None:
                inp[pxl] = 1
            else:
                inp[pxl] = num.maximum(v,0)
                assert inp.max()-inp.min() > 16,\
                    'suspiciously low dynamic range in data'

            wtrshd, markersIJK = getWtrShd(inp, 0, gaussFilterSigma=gaussFilterSigma, numPeaks=numPeaks)

        # vWtrShd = wtrshd[(x-x.min(),y-y.min(),z-z.min())]
        vWtrShd = wtrshd[pxl]
        # pwWtrshd = spot.display(vAll=vWtrShd)

        xVecLists = []
        for iMarker, func in zip(range(1,numPeaks+1), self.funcs):
            thesePx, = num.where(vWtrShd == iMarker)
            xList = [ x[thesePx], y[thesePx], z[thesePx] ]
            vThis = None; wThis = None;
            if w is not None:
                wThis = w[thesePx]
            if v is not None:
                vThis = v[thesePx]
            nXThis = func.getNParams(noBkg=True)
            'do not check nPx < nXThis -- that ends up being too restrictive given vagaries of the watershed algorithm'
            nPx = num.size(xList[0])
            # if nPx < nXThis:
            #     raise UnfitableError(11,
            #                          "nPx=%d < nParams=%d for sub-function; ind : %s; vThis : %s; pxlCenterList : %s" % (nPx, nXThis, str(ind), str(vThis), str(pxlCenterList))
            #                          )
            xVecThis = func.guessXVec(*xList, w=wThis, v=vThis, noBkg=True)
            fwhm = func.getFWHM(xVecThis)
            if self.minWidth is not None:
                'fwhm references xVecThis, so should not need to set explicitly if assign by index'
                fwhm0, = num.where(fwhm < self.minWidth)
                fwhm[fwhm0] = 1.05 * self.minWidth[fwhm0]
            fwhm0, = num.where(fwhm <= 0)
            if len(fwhm0) > 0:
                raise UnfitableError(12,
                                     "got a zero width : nPx=%d, nParams=%d for sub-function; ind : %s; vThis : %s; pxlCenterList : %s" %
                                     (nPx, nXThis, str(ind), str(vThis), str(pxlCenterList))
                                     )
            xVecLists.append(xVecThis)
        if not noBkg:
            if v is None:
                xVecLists.append(0)
            else:
                xVecLists.append(v.min())

        retval = num.hstack( xVecLists )
        return retval
    def getCenter(self, xVecAll, iSubSpot):
        iXLB = 0
        retval = None
        for iFunc, func in enumerate(self.funcs):
            nXThis = func.getNParams(noBkg=True)
            if iFunc == iSubSpot:
                xVec = xVecAll[iXLB:iXLB+nXThis]
                retval = func.getCenter(xVec)
                break
            iXLB += nXThis
        assert retval is not None, \
            'failed to set a return value, iSubSpot out of range?'
        return retval
    def getFWHM(self, xVecAll):
        iXLB = 0
        retval = None
        for func in self.funcs:
            nXThis = func.getNParams(noBkg=True)
            xVec = xVecAll[iXLB:iXLB+nXThis]
            fwhmThis = func.getFWHM(xVec)
            if retval is None:
                retval = fwhmThis
            else:
                retval = num.minimum(retval, fwhmThis)
            iXLB += nXThis
        # if not noBkg:
        #     B = xVecAll[iXLB] # = xVecAll[-1]
        #     iXLB += 1
        return retval
    def getNParams(self, noBkg=False):
        retval = 0
        for func in self.funcs:
            retval += func.getNParams(noBkg=True)
        if not noBkg:
            retval += 1 # B # background
        return retval
    def eval(self, xVecAll, x, y, z, w=None, vSub=None, vScale=None, diff=False, noBkg=False, iFunc=None):

        nX = self.getNParams(noBkg=noBkg)

        # minWidth = None
        # if self.minWidth is not None:
        #     minWidth = 0.99 * self.minWidth

        if diff:
            assert iFunc is None,\
                'not coded: diff and iFunc'

            iXLB = 0
            retval = None
            for func in self.funcs:
                nXThis = func.getNParams(noBkg=True)
                xVec = xVecAll[iXLB:iXLB+nXThis]
                retvalThis = func.eval(xVec, x, y, z, w=w, vSub=None, vScale=vScale, diff=diff, noBkg=True)
                # minWidth=minWidth
                if retval is None:
                    retval = num.empty( (num.shape(retvalThis)[0], nX) )
                retval[:,iXLB:iXLB+nXThis] = retvalThis
                iXLB += nXThis
            if not noBkg:
                B = xVecAll[iXLB] # = xVecAll[-1]
                if vScale is not None:
                    retval[:,iXLB] = vScale # B
                else:
                    retval[:,iXLB] = 1.0 # B
                iXLB += 1
            'nothing needs to be done with vSub'
        else:
            iXLB = 0
            retval = None
            for iF, func in enumerate(self.funcs):
                nXThis = func.getNParams(noBkg=True)
                if iFunc is None or iF == iFunc:
                    xVec = xVecAll[iXLB:iXLB+nXThis]
                    retvalThis = func.eval(xVec, x, y, z, w=w, vSub=None, vScale=None, diff=diff, noBkg=True)
                    # minWidth=minWidth)
                    if retval is None:
                        retval = retvalThis
                    else:
                        retval = retval + retvalThis
                iXLB += nXThis
            assert retval is not None,\
                'retval remained as None'
            if not noBkg:
                B = xVecAll[iXLB] # = xVecAll[-1]
                retval = retval + B
                iXLB += 1
            if vSub is not None:
                retval = retval - vSub
                if debugMulti > 1:
                    print 'norm in eval is '+str(num.linalg.norm(retval))
            if vScale is not None:
                retval = retval * vScale

        return retval


[docs]class IntensityFunc2D(object):
    """
    This is just a template for intensity distribution functions in 2D;
    It could be unified with the 3D version, but that would potentially make the
    interface harder to understand
    """
[docs]    def __init__(self, *args, **kwargs):
        self.debug = False
        raise NotImplementedError

    def guessXVec(self, x, y, w=None, v=None, noBkg=False):
        raise NotImplementedError
    def getCenter(self, xVec):
        raise NotImplementedError
    def getFWHM(self, xVec):
        raise NotImplementedError
    def getNParams(self, noBkg=False):
        raise NotImplementedError
[docs]    def eval(self, xVec, x, y, w=None, vSub=None, vScale=None, diff=False, noBkg=False):
        """
        if w is None: x and y are 1D;
        if w has 1D weights: x and y are 2D

        if vSub is present, it is subtracted from results -- useful
        for forming least-squares residuals; and vScale is used to scale the results
        if it is present
        """
        raise NotImplementedError

    def deval(self, xVec, x, y, w=None, vSub=None, vScale=None, noBkg=False):
        return self.eval(xVec, x, y, w=w, vSub=vSub, vScale=vScale, diff=True,  noBkg=noBkg)
    def __call__(self, xVec, x, y, w=None, vSub=None, vScale=None, noBkg=False):
        return self.eval(xVec, x, y, w=w, vSub=vSub, vScale=vScale, diff=False, noBkg=noBkg)
#

[docs]class IntensityFuncGauss2D(IntensityFunc2D):
    """
    6 parameters:
        centers (2)
        FWHMs   (2)
        scaling  (1)
        background (1)
    """
    __nParams = 6
[docs]    def __init__(self):
        self.debug = False
        self.expFact  = -4.0 * math.log(2.0)
        return

    def guessXVec(self, x, y, w=None, v=None, noBkg=False):
        nX = self.getNParams(noBkg=noBkg)
        'leave the following check for elsewhere -- useful to be able to guess parameters regardless'
        # assert num.size(x) >= nX,\
        #     'not enough data to reasonably guess at parameters'
        xList = [x, y]
        xVec = getGaussNDParams(xList, w=w, v=v)
        if noBkg:
            'last entry from getGaussNDParams is background'
            xVec = xVec[:-1]
        return xVec
    def getCenter(self, xVec):
        return xVec[0:2]
    def getFWHM(self, xVec):
        return xVec[2:4]
    def getNParams(self, noBkg=False):
        retval = self.__nParams
        if noBkg:
            retval -= 1
        return retval
    def eval(self, xVec, x, y, w=None, vSub=None, vScale=None, diff=False, noBkg=False):

        if w is not None:
             assert x.shape == w.shape,\
                 'w not the same shape as other arguments; %s != %s' % (str(x.shape), str(w.shape))

        nX = self.getNParams(noBkg=noBkg)

        x0, y0 = xVec[0:2]
        xW, yW = num.array(xVec[2:4],dtype=float)
        A = xVec[4]
        if noBkg:
            B = 0.0
        else:
            B = xVec[5]

        xDist = num.atleast_1d( (x - x0) / xW )
        yDist = num.atleast_1d( (y - y0) / yW )

        if diff:

            inputShape = num.shape(xDist)
            xDist = xDist.flatten()
            yDist = yDist.flatten()
            dg_dx = num.zeros( (xDist.size, nX) )

            expEval = num.exp( self.expFact * (
                xDist * xDist + yDist * yDist
                ))

            factor = A * expEval * self.expFact * 2.0
            dg_dx[:,0] = factor * xDist * (-1.0/xW)
            dg_dx[:,1] = factor * yDist * (-1.0/yW)
            dg_dx[:,2] = factor * xDist * (-xDist/xW)
            dg_dx[:,3] = factor * yDist * (-yDist/yW)
            dg_dx[:,4] = expEval
            if not noBkg:
                dg_dx[:,5] = 1.0 # B
            #
            dg_dx = dg_dx.reshape(num.hstack((inputShape,nX)))

            if w is None:
                retval = dg_dx
            else:
                if len(w.shape) == 2:
                    'retval = num.sum(gauss2d * w, axis=1)'
                    retval = num.empty( (inputShape[0], nX) )
                    for xInd in range(dg_dx.shape[-1]):
                        retval[:,xInd] = num.sum(dg_dx[:,:,xInd] * w, axis=1)
                elif len(w.shape) == 1:
                    'retval = gauss2d * w'
                    retval = num.empty( (inputShape[0], nX) )
                    for xInd in range(dg_dx.shape[-1]):
                        retval[:,xInd] = num.sum(dg_dx[:,xInd] * w)
                else:
                    raise NotImplementedError,\
                        'shape of w has length %d' % (len(shape(w)))

            'nothing needs to be done with vSub'

        else:

            gauss2d = A * num.exp( self.expFact * (
                xDist * xDist + yDist * yDist
                )) + B

            if w is None:
                retval = gauss2d
            else:
                # retval = num.dot(gauss2d, w) # no longer the right way to do it
                if len(w.shape) == 2:
                    retval = num.sum(gauss2d * w, axis=1)
                elif len(w.shape) == 1:
                    retval = gauss2d * w
                else:
                    raise NotImplementedError,\
                        'shape of w has length %d' % (len(shape(w)))
            if vSub is not None:
                retval = retval - vSub

        if vScale is not None:
            if len(retval.shape)==1:
                realw = vScale
            else:
                'only happens when diff is True?'
                realw = num.tile(vSscale.reshape(len(vScale),1),retval.shape[1])
            retval = retval * realw

        return retval


[docs]class IntensityFuncMulti2D(IntensityFunc2D):
    """
    combination of multiple overlapped functions
    """
[docs]    def __init__(self, subFuncClass, nSubFuncs):
        self.debug = False
        self.funcs = [ subFuncClass() for iSubFunc in range(nSubFuncs) ]
        return

    def getBounds(self):
        return None
[docs]    def guessXVec(self, x, y, pxlCenterList, w=None, v=None, pxl=None, gaussFilterSigma=None, noBkg=False, minWidth=None, wtrshd=None): # no z 2d/3d
        """
        for now, rely on specified centers;
        assumes that v can be made into integers without too much loss of precision
        """
        assert pxl is not None,\
            'have only coded for case in which pxl are given'
        assert len(pxlCenterList) == len(self.funcs), \
            'must have len(pxlCenterList) == len(self.funcs)'

        if not len(x.shape) == 1:
            raise RuntimeError, 'have not coded case of x.shape != 1 -- too messy'

        if wtrshd is None:
            shape   = [num.max(iPxL)+1 for iPxL in pxl]
            inp     = num.zeros( shape, dtype='uint16')
            if v is None:
                inp[pxl] = 1
            else:
                vMax = v.max()
                inp[pxl] = v.max() - num.fmax(v, 0)
                assert inp.max()-inp.min() > 16,\
                    'suspiciously low dynamic range in data'

            wtrshd, markersIJK = getWtrShd(inp, 0, gaussFilterSigma=gaussFilterSigma, numPeaks=len(pxlCenterList))

        objs = ndimage.find_objects(wtrshd)
        #
        'for convenience of indexing; does not work with quadrature'
        cList = [x,y,w,v] # no z 2d/3d
        cPXLList = []
        for c in cList:
            if c is None:
                cPXLList.append(c)
            else:
                cPXL = num.zeros( shape, dtype=c.dtype)
                cPXL[pxl] = c
                cPXLList.append(cPXL)
        #
        xVecLists = []
        for iObj, obj, func in zip( range(len(objs)), objs, self.funcs):
            label = iObj+1
            objInd = num.where(wtrshd[obj] == label)
            vals = inp[obj][objInd]
            x_offset, y_offset = obj[0].start, obj[1].start # 2d/3d 0:3, no z
            'this does not work with quadrature'
            ind = (objInd[0]+x_offset, objInd[1]+y_offset) # 2d/3d 0:3, no z
            xList = [ cPXL[ind] for cPXL in cPXLList[0:2] ] # 2d/3d 0:3, no z
            vThis = None; wThis = None;
            if w is not None:
                wThis = cPXLList[2][ind] # 2d/3d
            if v is not None:
                vThis = cPXLList[3][ind] # 2d/3d
            nXThis = func.getNParams(noBkg=True)
            'do not check nPx < nXThis -- that ends up being too restrictive given vagaries of the watershed algorithm'
            nPx = num.size(xList[0])
            # if nPx < nXThis:
            #     raise UnfitableError(11,
            #                          "nPx=%d < nParams=%d for sub-function; ind : %s; vThis : %s; pxlCenterList : %s" % (nPx, nXThis, str(ind), str(vThis), str(pxlCenterList))
            #                          )
            xVecThis = func.guessXVec(*xList, w=wThis, v=vThis, noBkg=True)
            fwhm = func.getFWHM(xVecThis)
            if minWidth is not None:
                'fwhm references xVecThis, so should not need to set explicitly if assign by index'
                fwhm0, = num.where(fwhm < minWidth)
                fwhm[fwhm0] = minWidth[fwhm0]
            fwhm0, = num.where(fwhm <= 0)
            if len(fwhm0) > 0:
                raise UnfitableError(12,
                                     "got a zero width : nPx=%d, nParams=%d for sub-function; ind : %s; vThis : %s; pxlCenterList : %s" %
                                     (nPx, nXThis, str(ind), str(vThis), str(pxlCenterList))
                                     )
            xVecLists.append(xVecThis)
        if not noBkg:
            if v is None:
                xVecLists.append(0)
            else:
                xVecLists.append(v.min())

        retval = num.hstack( xVecLists )
        return retval

    def getCenter(self, xVecAll, iSubSpot):
        iXLB = 0
        retval = None
        for iFunc, func in enumerate(self.funcs):
            nXThis = func.getNParams(noBkg=True)
            if iFunc == iSubSpot:
                xVec = xVecAll[iXLB:iXLB+nXThis]
                retval = func.getCenter(xVec)
                break
            iXLB += nXThis
        assert retval is not None, \
            'failed to set a return value, iSubSpot out of range?'
        return retval
    def getFWHM(self, xVecAll):
        iXLB = 0
        retval = None
        for func in self.funcs:
            nXThis = func.getNParams(noBkg=True)
            xVec = xVecAll[iXLB:iXLB+nXThis]
            fwhmThis = func.getFWHM(xVec)
            if retval is None:
                retval = fwhmThis
            else:
                retval = num.minimum(retval, fwhmThis)
            iXLB += nXThis
        # if not noBkg:
        #     B = xVecAll[iXLB] # = xVecAll[-1]
        #     iXLB += 1
        return retval
    def getNParams(self, noBkg=False):
        retval = 0
        for func in self.funcs:
            retval += func.getNParams(noBkg=True)
        if not noBkg:
            retval += 1 # B # background
        return retval
    def eval(self, xVecAll, x, y, w=None, vSub=None, vScale=None, diff=False, noBkg=False, iFunc=None): # no z 2d/3d

        nX = self.getNParams(noBkg=noBkg)

        if diff:
            assert iFunc is None,\
                'not coded: diff and iFunc'

            iXLB = 0
            retval = None
            for func in self.funcs:
                nXThis = func.getNParams(noBkg=True)
                xVec = xVecAll[iXLB:iXLB+nXThis]
                retvalThis = func.eval(xVec, x, y, w=w, vSub=None, vScale=vScale, diff=diff, noBkg=True) # no z 2d/3d
                if retval is None:
                    retval = num.empty( (num.shape(retvalThis)[0], nX) )
                retval[:,iXLB:iXLB+nXThis] = retvalThis
                iXLB += nXThis
            if not noBkg:
                B = xVecAll[iXLB] # = xVecAll[-1]
                if vScale is not None:
                    retval[:,iXLB] = vScale # B
                else:
                    retval[:,iXLB] = 1.0 # B
                iXLB += 1
            'nothing needs to be done with vSub'
        else:
            iXLB = 0
            retval = None
            for iF, func in enumerate(self.funcs):
                nXThis = func.getNParams(noBkg=True)
                if iFunc is None or iF == iFunc:
                    xVec = xVecAll[iXLB:iXLB+nXThis]
                    retvalThis = func.eval(xVec, x, y, w=w, vSub=None, vScale=None, diff=diff, noBkg=True) # no z 2d/3d
                    if retval is None:
                        retval = retvalThis
                    else:
                        retval = retval + retvalThis
                iXLB += nXThis
            assert retval is not None,\
                'retval remained as None'
            if not noBkg:
                B = xVecAll[iXLB] # = xVecAll[-1]
                retval = retval + B
                iXLB += 1
            if vSub is not None:
                retval = retval - vSub
            if vScale is not None:
                retval = retval * vScale

        return retval


[docs]class UnfitableError(exceptions.Exception):
[docs]    def __init__(self,err,msg):
        self.err = err
        self.msg = msg



[docs]class FitFailedError(exceptions.Exception):
[docs]    def __init__(self,err,msg):
        self.err = err
        self.msg = msg



[docs]class Spot(object):
    __dtype = [
        ('xl', num.ndarray),
        ('yl', num.ndarray),
        ('vbox', num.ndarray), # all values in box # num.ma.core.MaskedArray
        ('v', num.ndarray), # only values in object
        ('x', num.ndarray), # len(x) == len(v)
        ('y', num.ndarray), # len(y) == len(v)
        ('omega', float),
        ('iFrame', int),
        ('darkval',num.ndarray)
        ]
    markAtOmegaLo = -1
    markAtOmegaHi = -2
    markAtBoundary = -3
    atBoundMarks = (markAtOmegaLo, markAtOmegaHi, markAtBoundary)
    validMarks = (markAtOmegaLo, markAtOmegaHi, markAtBoundary)
    nQP_FWHM = 5 # number of quadrature points desired for integrating across FWHM of a spot
    uniformQP = False
    minQ1DInv = 0.125 # = 1./8. # minimum quad point spacing along any given pixel direction
    # num.hstack(self.data['x'][:,0])
[docs]    def __init__(self, key, delta_omega, data=None,
                 omega=None, iFrame=None,
                 detectorGeom=None):
        """
        key should be unique among all spots in the collection;
        can call with initial data or not

        if have tuple from getDataMinimal call, should be able to init directly with that tuple
        """

        self.key = key
        self.delta_omega_abs = abs(delta_omega)

        self.data = None
        self.xAll = self.yAll = self.oAll = self.vAll = None
        self.darkAll = None
        self.finalized = False
        self.marks = []
        self.debug = debugDflt
        self.__detectorGeom = None
        self.__doMap = None

        self.setDetectorGeom(detectorGeom)

        if data is not None:
            if isinstance(data, dict):
                assert omega  is not None, 'if have data dictionary, also need omega'
                assert iFrame is not None, 'if have data dictionary, also need iFrame'
                self.append(data, omega, iFrame)
            elif hasattr(data, '__len__'):
                assert omega  is None, 'should not specify omega'
                assert iFrame is None, 'should not spedify iFrame'
                if isinstance(data, num.ndarray): # hasattr(data, 'dtype')
                    'data from another spot'
                    # spotFinder.Spot._Spot__dtype
                    assert data.dtype == self.__dtype, \
                        'data has bad dtype'
                    self.data = copy.deepcopy(data)
                elif len(data) == 4:
                    'data as from getDataMinimal()[2]'
                    self.xAll, self.yAll, self.oAll, self.vAll = data
                    # detectorGeom = self.detectorGeom # not needed here!
                    assert detectorGeom is not None, \
                        'without darkAll being given, need to provide a detectorGeom'
                    self.darkAll = num.ones_like(self.vAll) * detectorGeom.getVDark()
                    self.finalize()
                elif len(data) == 5:
                    'data as from getDataMinimal()[2]'
                    self.xAll, self.yAll, self.oAll, self.vAll, self.darkAll = data
                    self.finalize()
            else:
                raise RuntimeError, 'do not know what to do with data : '+str(data)

        self.__split = False
        self.__xyoCOMList = None
        self.__wtrshd = None

        self.cleanFit()

        return

    def unsetMulti(self):
        self.__split = False
        self.__xyoCOMList = None
        self.__wtrshd = None
        self.cleanFit()
        return
[docs]    def setupMulti(self, xyoList, wtrshd=None):
        """
        for now, rely on candidate centers having been provided; probably want to do a fit
        """
        self.__split = True
        self.__xyoCOMList = copy.deepcopy(xyoList)
        self.__wtrshd = wtrshd
        self.cleanFit()
        return

    def nPx(self):
        assert self.finalized, 'called on spot that was not finalized'
        retval = len(self.vAll)
        return retval
    def getDataMinimal(self):
        assert self.finalized, 'called on spot that was not finalized'
        retval = self.key, self.delta_omega_abs, (self.xAll, self.yAll, self.oAll, self.vAll, self.darkAll)
        return retval
    def getShape(self):
        assert self.finalized, 'called on spot that was not finalized'
        return self.shape
    def __len__(self):
        return self.nPx()
    def mark(self, val):
        self.marks.append(val)
        return
[docs]    def isMarked(self, marks):
        """return true of spot has been marked as indicated; marks can be an integer or list;
        if marks is a list, returns true if any of marks are true"""
        retval = False
        for mark in num.atleast_1d(marks):
            Spot.validMarks.index(mark) # make sure mark is valid
            try:
                self.marks.index(mark)
                retval = True # return true of any of marks
                break
            except:
                'not marks with mark'
        return retval

[docs]    def append(self, dataDict, omega, iFrame):
        'dataDict should be like one of the entries in spotDataList coming back from spotFinderSingle'
        if self.finalized:
            raise RuntimeError, 'cannot append to finalized spot'
        if dataDict['atBoundary']:
            self.mark(self.markAtBoundary)
        xl   = dataDict['xl']
        yl   = dataDict['yl']
        vbox = dataDict['vbox']
        v    = vbox[xl,yl]
        if dataDict.has_key('darkbox'):
            darkbox = dataDict['darkbox']
            darkval = darkbox[xl,yl]
            pass
        else:
            raise RuntimeError, 'darkbox now required'
            pass
        toInsert = num.array(
            [( xl, yl, vbox, v, dataDict['x'], dataDict['y'], omega, iFrame, darkval )],
            dtype=self.__dtype)
        if self.data is None:
            self.data = toInsert
        else:
            self.data = num.vstack((self.data, toInsert))
        return

[docs]    def merge(self, other):
        """merge in other's data"""
        assert self.data  is not None, 'self has no data'
        assert other.data is not None, 'other has no data'
        assert not other.finalized, 'other is already finalized'
        self.data = num.vstack((self.data, other.data))
        other.data = None
        return

    @staticmethod
[docs]    def spotFromDataList(key, delta_omega, dataList):
        """
        useful for merging data from spots that have already been finalized
        """
        spot = Spot(key, delta_omega)
        xAllList = []; yAllList = []; oAllList = []; vAllList = []; darkAllList = []; 
        for keyThis, delta_omega_abs, (xAll, yAll, oAll, vAll, darkAll) in dataList:
            assert delta_omega_abs == spot.delta_omega_abs, 'delta_omega mismatch: %g %g' % (delta_omega_abs, spot.delta_omega_abs)
            xAllList.append(xAll); yAllList.append(yAll); oAllList.append(oAll); vAllList.append(vAll); darkAllList.append(darkAll); 
        spot.xAll    = num.hstack( xAllList )
        spot.yAll    = num.hstack( yAllList )
        spot.oAll    = num.hstack( oAllList )
        spot.vAll    = num.hstack( vAllList )
        spot.darkAll = num.hstack( darkAllList )
        spot.finalize()
        return spot

    def isFinalized(self):
        return self.finalized
[docs]    def finalize(self, flatten=False, modifyDeltaOmega=False, cullDupl=True):
        """
        Could potentially get rid of self.data once finalize is called,
        but leave it around just in case it is useful for subsequent operations.
        It might, for example, be needed if we go back and read more intensity data
        in the vicinity of the spot.
        """
        if self.data is None:
            assert \
                self.xAll is not None and \
                self.yAll is not None and \
                self.oAll is not None and \
                self.vAll is not None and \
                self.darkAll is not None, \
                'do not have necessary data'
            if flatten:
                """
                designed for cases in which spot is effectively only
                one omega frame wide and want to just go ahead and
                collapse it to that frame; if modifyDeltaOmega then
                adjust delta_omega for uncertainty calculations and so
                forth
                """
                if modifyDeltaOmega:
                    self.delta_omega_abs = max(self.delta_omega_abs, self.oAll.max() - self.oAll.min())
                vSum = float(num.sum(self.vAll))
                omegaMean = float(num.dot(self.oAll, self.vAll)) / vSum
                pixelDict = {}
                darkDict={}
                for x_p, y_p, v_p, d_p in zip(self.xAll, self.yAll, self.vAll, self.darkAll):
                    key = (x_p, y_p) # (int(x_p), int(y_p))
                    if pixelDict.has_key(key):
                        pixelDict[key] = pixelDict[key] + v_p
                    else:
                        pixelDict[key] = v_p
                    if darkDict.has_key(key):
                        darkDict[key].append(d_p)# = darkDict[key] + d_p
                    else:
                        darkDict[key] = [d_p]
                avgDark = {}
                for key in darkDict.keys():
                    avgDark[key]=num.mean(darkDict[key])
                    pass
                darkDict = avgDark

                nPxFlat = len(pixelDict)
                self.xAll    = num.empty(nPxFlat, dtype=self.xAll.dtype)
                self.yAll    = num.empty(nPxFlat, dtype=self.yAll.dtype)
                self.oAll    = num.empty(nPxFlat, dtype=self.oAll.dtype)
                self.vAll    = num.empty(nPxFlat, dtype=self.vAll.dtype)
                self.darkAll = num.empty(nPxFlat, dtype=self.darkAll.dtype)
                iPx = 0
                for key, value in pixelDict.iteritems():
                    self.xAll[iPx] = key[0]
                    self.yAll[iPx] = key[1]
                    self.vAll[iPx] = value
                    self.darkAll[iPx]=darkDict[key]
                    iPx += 1
                self.oAll[:] = omegaMean
        else:
            if flatten:
                raise NotImplementedError, 'flatten with self.data not None'
            if len(self.data) > 1:
                self.vAll = num.hstack(self.data['v'][:,0])
                self.xAll = num.hstack(self.data['x'][:,0])
                self.yAll = num.hstack(self.data['y'][:,0])
                self.darkAll = num.hstack(self.data['darkval'][:,0])
                lengths   = map(len, self.data['v'][:,0])
                oAll = num.empty(0)
                for iOm, om in enumerate(self.data['omega']):
                    oAll = num.hstack((oAll, num.tile(om,lengths[iOm])))
                self.oAll = oAll
            else:
                'do not want vAll to stay a special class instance if it is'
                self.vAll = num.array(self.data['v'][:][0])
                self.darkAll = num.array(self.data['darkval'][:][0])
                #
                self.xAll = self.data['x'][:][0]
                self.yAll = self.data['y'][:][0]
                length    = len(self.vAll)
                self.oAll = num.tile(self.data['omega'][:][0], length)

        if cullDupl:
            # cull duplicates that could have happened due to merging of spots
            dtp = num.dtype([('x', int), ('y', int), ('v', float), ('o', float), ('d', float)])
            len_vall = len(self.vAll)
            temp_a = num.array([(self.xAll[j], self.yAll[j], self.vAll[j], self.oAll[j],
                                 self.darkAll[j]) for j in range(len_vall)], dtype=dtp)
            temp_u = num.unique(temp_a)
            self.xAll = temp_u['x']
            self.yAll = temp_u['y']
            self.oAll = temp_u['o']
            self.vAll = temp_u['v']
            self.darkAll = temp_u['d']

            nDiscard = len_vall - len(self.vAll)
            debug_msg = 'finalize: %d of %d pixels are duplicate, discarding' % \
              (nDiscard, len_vall)
            logging.debug(debug_msg)

        self.shape = num.array([
                self.xAll.max()-self.xAll.min()+1,
                self.yAll.max()-self.yAll.min()+1,
                len(num.unique(self.oAll)) # len(self.data)
                ])
        assert num.all(self.shape > 0), 'internal error in shape calculation'

        self.xMM = (self.xAll.min(), self.xAll.max())
        self.yMM = (self.yAll.min(), self.yAll.max())
        self.oMM = (self.oAll.min(), self.oAll.max())

        self.finalized = True
        return


    def setDetectorGeom(self, detectorGeom, clobber=False):
        if self.__detectorGeom is not None:
            if detectorGeom != self.detectorGeom and not clobber:
                raise RuntimeError,\
                    'detectorGeom already set'
        self.__detectorGeom = detectorGeom
        if detectorGeom is not None:
            self.__checkDG()
        self.__doMap = None
        return
    def getDetectorGeom(self):
        return self.__detectorGeom
    detectorGeom = property(getDetectorGeom, setDetectorGeom, None)

[docs]    def getDoMap(self):
        '''
        centralize this decision so that it does not change with the use of quadrature and the like
        '''
        assert self.finalized, 'called on spot that was not finalized'
        self.__checkDG()
        if self.__doMap is None:
            xyoToAng  = self.__detectorGeom.xyoToAngMap
            tth, eta, ome = xyoToAng(self.xAll, self.yAll, self.oAll)
            self.__doMap = num.all(num.cos(eta) < 0)
        retval = self.__doMap
        return retval

    doMap = property(getDoMap, None, None)

    def __checkDG(self):
        assert self.__detectorGeom is not None, \
            'need self.__detectorGeom to have been set'
        assert self.__detectorGeom.pVec is None, \
            'Spot should not use a detectorGeom with a pVec'
        return
    def getUncertainties(self):
        raise RuntimeError, \
            'getUncertainties deprecated, call angCOM with getUncertainties=True'
        return
[docs]    def cleanFit(self):
        """
        clean up data associated with having done fit()
        """
        self.__fitFailed = False
        self.__fitX = None
        self.__fitFunc = None
        self.__fitNDim = None
        self.__fitUncertainties = None
        self.__fitCov_X = None
        self.__fitConf_level = None
        # self.__xyoCOMList = None
        return

    def fitHasFailed(self):
        retval = bool(self.__fitFailed)
        return retval
[docs]    def exceptionOnFit(self):
        """
        return the exception if stored on fit;
        note that not all exceptions get stored
        """
        # isEx = isinstance(self.__fitFailed, exceptions.Exception) # storing exception instances seems to cause trouble
        isEx = isinstance(self.__fitFailed, tuple)
        if isEx:
            # retval = self.__fitFailed
            retval = FitFailedError(*self.__fitFailed)
        else:
            retval = False
        return retval

[docs]    def fitWrap(self, *args, **kwargs):
        """
        useful if just want to make sure an attempt was made to fit the spot;
        only lets exceptions through if the spot is suspect
        """
        uncertainties = False
        if kwargs.has_key('uncertainties'):
            uncertainties = kwargs['uncertainties']
        if self.__split:
            assert not uncertainties, \
                'uncertainties set True in fitWrap -- case not coded'

        try:
            results = self.fit(*args, **kwargs)
        except UnfitableError, e:
            """
            okay, angCOM will still return a meaningful result;
            fitX and vCalc not necessarily usable
            """
            if debugFit:
                print 'spot unfitable : %d, %s' % (e.err, str(e.msg))
            self.cleanFit()
            self.__fitFailed = True
            if uncertainties:
                'base uncertainies on how far appart the corners of a pixel fall in angular space'
                self.__checkDG()
                self.__fitUncertainties = self.angPixelSize
        except FitFailedError, e:
            self.cleanFit()
            # self.__fitFailed = e
            self.__fitFailed = (e.err, e.msg)
            if uncertainties:
                'not necessarily okay to have such a nasty spot'
                raise
        '''
        # used to catch other stuff here, but then that results in errors getting masked and
        # looking like failures to fit when they are really errors that need to be fixed
        except:
            (etype, eobj, etb) = sys.exc_info()
            self.cleanFit()
            self.__fitFailed = (1001, str(eobj))
            if uncertainties:
                'not necessarily okay to have such a nasty spot'
                raise
        '''
        return

[docs]    def fit(self,
            funcType = None,
            quadr = 'auto',
            full_output = False,
            uncertainties = False,
            confidence_level = 0.95,
            debug=None,
            detectorGeom = None,
            fout=sys.stdout,
            ):
        """
        fit a distribution to a spot;

        may throw a UnfitableError Exception if it is not possible to fit
        the spot with the given function

        if want to re-fit a spot, call the cleanFit method first

        if just want to make sure an attempt was made to fit the spot, call fitWrap
        """
        if debug is None:
            debug = self.debug
        #
        if not self.finalized:
            raise RuntimeError, 'can only fit finalized spots'
        #
        if funcType is None:
            if spotFitFuncDflt == 'auto':
                nSplit = max(1, self.getNSplit())
                'if spot is bigger than about 6**3 pixels per peak, then use gaussGenEll'
                if self.nPx() > 200*nSplit:
                    funcType = 'gaussGenEll'
                else:
                    funcType = 'gauss'
            else:
                funcType = spotFitFuncDflt
        #
        if detectorGeom is not None:
            self.setDetectorGeom(detectorGeom)
        if self.__fitFailed or \
                (self.__fitFunc is not None and \
                     (not uncertainties or self.__fitUncertainties is not None)):
            e = self.exceptionOnFit()
            if e:
                raise e
            if self.debug:
                print 'have alread tried fit, not retrying'
            return
        if self.debug:
            print 'doing spot fit'

        #
        if self.__split:
            assert not uncertainties, 'not yet coded with uncertainties'
            fit_results = self.__fitSpotMulti(
                funcType,
                quadr,
                full_output,
                fout=fout)
        else:
            fit_results = self.__fitSpot(
                funcType,
                quadr,
                full_output or uncertainties,
                fout=fout)
        if full_output:
            retval = fit_results
        else:
            retval = fit_results[0:2]

        fitX = fit_results[0]
        fitV = fit_results[1]
        if num.any(num.isnan(fitV)):
            raise FitFailedError(5, 'fit has nan values')
        'store results'
        self.__fitX    = fitX
        self.__fitV    = fitV
        self.__fitNDim = fit_results[2]
        self.__fitFunc = fit_results[3]
        if uncertainties:
            raise NotImplementedError('uncertainty not implemented')
            params = fit_results[0]
            cov_x = fit_results[4]
            #u_is = uncertainty_analysis.computeAllparameterUncertainties(params, cov_x, confidence_level)
            self.__fitUncertainties = u_is
            self.__fitCov_X         = cov_x
            self.__fitConf_level    = confidence_level

        return retval

    def pixelDistXYO(self, x_a, y_a, o_a, x_b, y_b, o_b, asInt=False):
        if asInt:
            retval = \
                num.abs( num.round( x_a - x_b) ) + \
                num.abs( num.round( y_a - y_b) ) + \
                num.abs( num.round((o_a - o_b)/self.delta_omega_abs) )
            retval = num.array(retval, dtype=int)
        else:
            retval = \
                num.abs(  x_a - x_b) + \
                num.abs(  y_a - y_b) + \
                num.abs( (o_a - o_b)/self.delta_omega_abs )
        return retval
    def getPixelDists(self, x, y, o, asInt=False):
        retval = self.pixelDistXYO(
            self.xAll, self.yAll, self.oAll,
            x, y, o
            )
        return retval
    def xyoToIJKLocal(self,
                      x, y, o):
        xMin, yMin, oMin = self.xAll.min(), self.yAll.min(), self.oAll.min()
        k = num.array(num.round((o-oMin) / self.delta_omega_abs), dtype=int)
        retval = (x - xMin, y - yMin, k)
        return retval
    def ijkLocalToXYO(self,
                      i, j, k):
        xMin, yMin, oMin = self.xAll.min(), self.yAll.min(), self.oAll.min()
        retval = (i+xMin, j+yMin, k*self.delta_omega_abs+oMin)
        return retval
    def __fitSpotMulti(self,
                       funcType,
                       quadr,
                       full_output,
                       minXYODist=3.,
                       checkForValley=False,
                       fout=sys.stdout,
                       ):
        debug1 = self.debug > 1 or debugMulti

        quadrMesgForm = 'quadrature rule %s not available, peak is perhaps too tight for fitting; pixel widths : %s; requested quad points : %s'

        self.__checkDG()
        xyoToAng  = self.__detectorGeom.xyoToAngMap
        angToXYO  = self.__detectorGeom.angToXYO
        angPixelSize = self.angPixelSize

        xAng, yAng, zAng, w = xyoToAng(self.xAll, self.yAll, self.oAll, outputDV=True, doMap=self.doMap)

        nSubFuncs = len(self.__xyoCOMList)

        withOmega = True
        if self.shape[0] == 1 or self.shape[1] == 1:
            raise UnfitableError(1, 'fitSpotMulti does not support this spot shape '+str(self.shape))
        if self.shape[2] == 1:
            'this can happen, even with spot padding, if flattenOmega was called on the spot'
            withOmega = False
        'check for spots that should be flattened in omega'
        xVecNDP = getGaussNDParams( (xAng, yAng, zAng), w=w, v=self.vAll)
        fwhmOme = xVecNDP[3+2]
        if fwhmOme < angPixelSize[2]/8.:
            if debugMulti:
                print >> fout,  'omega width is estimated at %g compared to pixel size of %g, flattening' % (fwhmOme, angPixelSize[2])
            self.flattenOmega()
            xAng, yAng, zAng, w = xyoToAng(self.xAll, self.yAll, self.oAll, outputDV=True, doMap=self.doMap)
            withOmega = False

        # minWidth = angPixelSize
        minWidth = (1.1 * self.minQ1DInv * self.nQP_FWHM) * angPixelSize

        if withOmega:
            ndim = 3
            if funcType is 'gauss' or funcType is 'normal':
                intensityFuncClass = IntensityFuncGauss3D
            elif funcType is 'gaussGenEll' or funcType is 'normalGenEll':
                intensityFuncClass = IntensityFuncGauss3DGenEll
            else:
                raise NotImplementedError, 'non-gauss intensity function'
            intensityFunc = IntensityFuncMulti3D( intensityFuncClass, nSubFuncs, minWidth=minWidth )
        else:
            ndim = 2
            if funcType is 'gauss' or funcType is 'normal' or funcType is 'gaussGenEll' or funcType is 'normalGenEll':
                intensityFuncClass = IntensityFuncGauss2D
            else:
                raise NotImplementedError, 'non-gauss intensity function'
            intensityFunc = IntensityFuncMulti2D( intensityFuncClass, nSubFuncs, minWidth=minWidth[0:2] )

        'absolute frame pixel location does not matter for guessXVec -- just need connectivity'

        ijk = self.xyoToIJKLocal(self.xAll, self.yAll, self.oAll)
        ijkCOMList = []
        vCOMList   = []
        for xyoCOM in self.__xyoCOMList: # for angCOM in self.__angCOMList:
            # xyoCOM = map(float, angToXYO(*angCOM))
            'find closest pixel and assign its ijk, so that watershed does not get hosed by a dead pixel'
            'note that ijk are set up so that referenced to 0'
            dists = self.getPixelDists(*xyoCOM)
            iPxMin = num.argmin(dists)
            ijkCOM = self.xyoToIJKLocal(self.xAll[iPxMin], self.yAll[iPxMin], self.oAll[iPxMin])
            ijkCOMList.append(ijkCOM)
            vCOMList.append(self.vAll[iPxMin])
            if debug1:
                print >> fout,  'got ijkCOM at %s with v of %g, compared to mean of %g' % (str(ijkCOM), self.vAll[iPxMin], num.mean(self.vAll))
        """
        check that the peaks are sufficiently distinct;
        if we had fixed integrated intensities or the like then this might not be necessary
        """
        for iCOM, (xyoCOM_i, v_i) in enumerate(zip(self.__xyoCOMList, vCOMList)): # for iCOM, (angCOM_i, v_i) in enumerate(zip(self.__angCOMList, vCOMList)):
            for jCOM, (xyoCOM_j, v_j) in enumerate(zip(self.__xyoCOMList, vCOMList)): # for angCOM_j, v_j in zip(self.__angCOMList, vCOMList)[iCOM+1:]:
                if jCOM <= iCOM:
                    continue
                #angCOM = 0.5*(angCOM_i + angCOM_j)
                #xyoCOM = map(float, angToXYO(*angCOM))
                distIJ = self.pixelDistXYO(*(list(xyoCOM_i)+list(xyoCOM_j)))
                if distIJ < minXYODist:
                    raise UnfitableError(1, 'subspots %d and %d are only %g pixels appart' % (iCOM, jCOM, distIJ))
                if checkForValley:
                    xyoCOM = 0.5*(num.array(xyoCOM_i) + num.array(xyoCOM_j))
                    dists = self.getPixelDists(*xyoCOM)
                    iPxMin = num.argmin(dists)
                    v_mid = self.vAll[iPxMin]
                    if not (v_mid < v_i and v_mid < v_j):
                        raise UnfitableError(1, 'intensities do not have a valley: %g %g %g' % (v_i, v_mid, v_j))

        if not withOmega:
            ijk = ijk[0:2]
            ijkCOMList = [ ijkCOM[0:2] for ijkCOM in ijkCOMList ]

        'get xVec0 without quadrature, as guessXVec not yet coded to deal with the extra mess'
        try:
            if withOmega:
                xVec0 = intensityFunc.guessXVec(xAng, yAng, zAng, ijkCOMList, w, self.vAll, ijk, wtrshd=self.__wtrshd)
            else:
                xVec0 = intensityFunc.guessXVec(xAng, yAng,       ijkCOMList, w, self.vAll, ijk, wtrshd=self.__wtrshd)
        except UnfitableError, e:
            if debugMulti :
                print >> fout,  'message from UnfitableError : %d %s' % (e.err, e.msg)
            raise e
        except:
            (etype, eobj, etb) = sys.exc_info()
            if debugMulti :
                print >> fout,  'message from exception : %s' % (eobj.message)
            raise UnfitableError(1, 'guessXVec raised an exception : %s' % (eobj.message))
        if debugMulti:
            print >> fout,  'for func %s guess for xVec is %s' % ( str(intensityFunc), str(xVec0) )

        if quadr == 'auto':
            'get guess of xVec without quadrature, so that can guess appropriate quadrature'

            if debug1 : print >> fout,  'spot size and angPixelSize : %d %s ' % (len(self), str(angPixelSize))

            xVecWOQP = xVec0
            fwhm = intensityFunc.getFWHM(xVecWOQP)

            if withOmega:
                nPx_FWHM = fwhm/angPixelSize
            else:
                nPx_FWHM = fwhm/angPixelSize[0:2]
            if debug1 : print >> fout,  'fwhm : '+str(fwhm)
            if debug1 : print >> fout,  'nPx_FWHM : '+str(nPx_FWHM)
            q1D_invAll = nPx_FWHM / self.nQP_FWHM
            'given that minWidth was specified, probably do not need to check q1D_tooSmall, but do it anyway'
            q1D_tooSmall = q1D_invAll < self.minQ1DInv
            numTooSmall = num.sum(q1D_tooSmall)
            if numTooSmall:
                mesg = 'q1D_invAll : '+str(q1D_invAll)
                print >> fout,  mesg
                raise UnfitableError(1, mesg)
            q1D_all = 1.0 / q1D_invAll
            if self.uniformQP:
                q1D = max(3, int(num.round(num.max(q1D_all))) )
            else:
                q1D = num.maximum(3, num.array(num.round(q1D_all), dtype=int))

            if withOmega:
                if self.uniformQP:
                    qRule = '3x%d' % (q1D)
                else:
                    qRule = '%db%db%d' % tuple(q1D.tolist())
                if debug1 : print >> fout,  'from %s requested quad points : %s' % (str(q1D_all), str(qRule))
                xi, w = q3db.qLoc(qRule)
            else:
                if self.uniformQP:
                    qRule = '2x%d' % (q1D)
                else:
                    qRule = '%db%d' % tuple(q1D.tolist())
                if debug1 : print >> fout,  'from %s requested quad points : %s' % (str(q1D_all), str(qRule))
                xi, w = q2db.qLoc(qRule)

        else:
            'not automatic quadrature'
            if withOmega:
                xi, w = q3db.qLoc(quadr)
            else:
                xi, w = q2db.qLoc(quadr)

        "intensityFunc is now set"
        if self.nPx() < intensityFunc.getNParams():
            # self.cleanFit()
            raise UnfitableError(1, 'nPx < nParams')

        bounds = intensityFunc.getBounds()

        """
        xi are in [0,1], so need to be centered (and scaled for omega)

        ... think about what this integral actually means in terms of converting intensity to measured intensity over some area on the detector ... need some geometric factors in the integral to account for angle of incidence or the like? ... would go into dvQP

        """
        xi[:,:] = xi[:,:] - 0.5
        if withOmega:
            xi[:,2] = xi[:,2] * self.delta_omega_abs
        #
        'store information so that can reconstruct quadrature rules'
        self.__setQ(w, xi, withOmega)

        xAng, yAng, zAng, wQP = self.__getQP() # get versions for use with quadrature
        #
        'set of vScale for weighting, desirable in general and for uncertainty analysis'
        vScale = self.__detectorGeom.getVScale(self.vAll + self.darkAll)
        if withOmega:
            args = (xAng, yAng, zAng, wQP, self.vAll, vScale)
        else:
            args = (xAng, yAng,       wQP, self.vAll, vScale)
        #
        if bounds is None:
            maxIter = min(300, len(xVec0)*100) # do not let it take too long if things look nasty
            x, cov_x, infodict, mesg, ier = \
                optimize.leastsq(intensityFunc, # intensityFunc.eval should work too
                                 xVec0,
                                 Dfun=intensityFunc.deval,
                                 args=args,
                                 maxfev=maxIter,
                                 full_output=1)
            message = ' message :  %s' % (mesg)
            if debug1 : print >> fout,  'leastsq did %d function calls' % (infodict['nfev'])
            if not [1,2,3,4].count(ier):
                if len(message) > 0:
                    print >> fout,  'error code %d from leastsq, message : %s' % (ier, message)
                if self.debug: self.display(title='spot %s failed to fit' % (str(self.key)))
                # self.cleanFit()
                #raise UnfitableError(2, 'error from leastsq')
                raise FitFailedError(2, 'error from leastsq')
        else:
            if debug1 : print >> fout,  'have bounds, will use lbfgsb'
            maxIter = min(300, len(xVec0)*100) # do not let it take too long if things look nasty
            cov_x = None # probably need to fix this if want to do uncertainties
            infodict = {}
            'need as scalar objective function and gradient'
            rRef = intensityFunc.eval(xVec0, *args)
            fRefInv = 1.0 / (0.5 * num.dot(rRef, rRef))
            def fThis(xCur):
                resid = intensityFunc.eval(xCur, *args)
                retval = fRefInv * 0.5 * num.dot(resid, resid) # num.linalg.norm(f)
                return retval
            def fPrimeThis(xCur):
                resid = intensityFunc.eval(xCur, *args)
                jacob = intensityFunc.deval(xCur, *args)
                retval = fRefInv * num.dot(jacob.T, resid)
                return retval
            """
            'having trouble with slsqp, use bfgs instead'
            x, fx, its, imode, smode = optimize.fmin_slsqp(
                    fThis, xVec0, bounds=bounds, fprime=fPrimeThis,
                    args=(), # args already wrapped up
                    full_output=True, iter=maxIter)
            if debug1 : print >> fout,  'fmin_slsqp did %d iterations' % (its)
            if imode != 0:
                if self.debug: self.display(title='spot %s failed to fit' % (str(self.key)))
                # self.cleanFit()
                #raise UnfitableError(2, 'error from leastsq')
                raise FitFailedError(imode, 'error from fmin_slsqp : '+smode)
            """
            x, fx, infodict = optimize.lbfgsb.fmin_l_bfgs_b(
                fThis, xVec0, bounds=bounds, fprime=fPrimeThis,
                pgtol=1e-5, maxfun=maxIter, disp=0, m=max(len(xVec0),20))
            if debug1 :
                print >> fout,  'fmin_l_bfgs_b did %d iterations' % (infodict['funcalls'])
                # ...*** report on how many x are near bounds?
            if not infodict['warnflag'] == 0:
                if self.debug: self.display(title='spot %s failed to fit' % (str(self.key)))
                # self.cleanFit()
                #raise UnfitableError(2, 'error from leastsq')
                if infodict['warnflag'] == 2:
                    message = str(infodict['task'])
                else:
                    message = str(infodict['warnflag'])
                raise FitFailedError(1, 'error from fmin_l_bfgs_b : '+message)


        'calculate intensities at solution'
        if withOmega:
            vCalc = intensityFunc(x, xAng, yAng, zAng, wQP)
        else:
            vCalc = intensityFunc(x, xAng, yAng,       wQP)

        'check again that spots are sufficiently separated'
        xyoCOMList = []
        for iSubSpot in range(self.getNSplit()):
            # have not set self.__fitFunc yet, so cannot call self.xyoCOM
            angCOM = intensityFunc.getCenter(x, iSubSpot)
            if not withOmega:
                angCOM = num.hstack( (angCOM, self.oAll[0]) )
            xyoCOM = self.__detectorGeom.angToXYO(*angCOM)
            if not self.xyoIsInSpot(*xyoCOM):
                raise UnfitableError(1, 'post-fit, subspot %d at %s is not in the spot' % (iSubSpot, str(xyoCOM)) )
            xyoCOMList.append(xyoCOM)
        for iCOM, xyoCOM_i in enumerate(xyoCOMList):
            for jCOM, xyoCOM_j in enumerate(xyoCOMList):
                if jCOM <= iCOM:
                    continue
                distIJ = self.pixelDistXYO(*(list(xyoCOM_i)+list(xyoCOM_j)))
                if distIJ < minXYODist:
                    raise UnfitableError(1, 'post-fit, subspots %d and %d are only %g pixels appart' % (iCOM, jCOM, distIJ))

        if full_output:
            assert cov_x is not None, \
                 'singular matrix encountered -- infinite covariance in some direction'
            retval = (x, vCalc, ndim, intensityFunc, cov_x, infodict)
        else:
            retval = (x, vCalc, ndim, intensityFunc)
        return retval
    def __fitSpot(self,
                  funcType,
                  quadr,
                  full_output,
                  fout=sys.stdout):

        quadrMesgForm = 'quadrature rule %s not available, peak is perhaps too tight for fitting; pixel widths : %s; requested quad points : %s'

        self.__checkDG()
        xyoToAng = self.__detectorGeom.xyoToAngMap

        ndim = 3 - list(self.shape).count(1)
        withOmega = ndim == 3
        if ndim == 3:
            if funcType is 'gauss' or funcType is 'normal':
                intensityFunc = IntensityFuncGauss3D()
            elif funcType is 'gaussGenEll' or funcType is 'normalGenEll':
                intensityFunc = IntensityFuncGauss3DGenEll()
            else:
                raise NotImplementedError, 'non-gauss intensity function'
            withOmega = True
        elif ndim == 2:
            if funcType is 'gauss' or funcType is 'normal':
                intensityFunc = IntensityFuncGauss2D()
            else:
                raise NotImplementedError, 'non-gauss intensity function'
            if self.shape[2] != 1:
                raise NotImplementedError, 'coded only for no spread in omega'
            withOmega = False
        else:
            raise NotImplementedError, 'effective spot dimension is %d' % (ndim)

        if quadr == 'auto':
            'get guess of xVec without quadrature, so that can guess appropriate quadrature'
            xAng, yAng, zAng = xyoToAng(self.xAll, self.yAll, self.oAll, doMap=self.doMap)
            angPixelSize = self.angPixelSize
            if self.debug >1 : print >> fout,  'angPixelSize : '+str(angPixelSize)

            dropFrom3D = False; newFunc = None;
            if withOmega:
                xVecWOQP = intensityFunc.guessXVec(xAng, yAng, zAng, v=self.vAll)
                fwhm = intensityFunc.getFWHM(xVecWOQP)
                nPx_FWHM = fwhm/angPixelSize
                if self.debug >1 : print >> fout,  'fwhm : '+str(fwhm)
                if self.debug >1 : print >> fout,  'nPx_FWHM : '+str(nPx_FWHM)
                q1D_invAll = nPx_FWHM / self.nQP_FWHM
                q1D_tooSmall = q1D_invAll < self.minQ1DInv
                numTooSmall = num.sum(q1D_tooSmall)
                if numTooSmall:
                    if numTooSmall == 1 and q1D_tooSmall[2] == True:
                        'only too small in omega'
                        dropFrom3D = True
                        newFunc = intensityFunc.get2DFunc()
                    else:
                        mesg = 'q1D_invAll : '+str(q1D_invAll)
                        print >> fout,  mesg
                        raise UnfitableError(1, mesg)
                else:
                    q1D_all = 1.0 / q1D_invAll
                    if self.uniformQP:
                        q1D = max(3, int(num.round(num.max(q1D_all))) )
                        qRule = '3x%d' % (q1D)
                    else:
                        q1D = num.maximum(3, num.array(num.round(q1D_all), dtype=int))
                        qRule = '%db%db%d' % tuple(q1D.tolist())
                    if self.debug >1 : print >> fout,  'from %s requested quad points : %s' % (str(q1D_all), str(qRule))
                    xi, w = q3db.qLoc(qRule)

            if dropFrom3D:
                if self.debug > 1:
                    print >> fout,  'dropping from 3D to 2D spot'
                self.flattenOmega()
                assert ndim == 3, 'internal error, ndim'
                assert newFunc is not None, 'internal error, newFunc'
                intensityFunc = newFunc
                withOmega = False
                ndim = 2
                xAng, yAng, zAng = xyoToAng(self.xAll, self.yAll, self.oAll, doMap=self.doMap)

            if not withOmega:
                xVecWOQP = intensityFunc.guessXVec(xAng, yAng, v=self.vAll)
                fwhm = intensityFunc.getFWHM(xVecWOQP)
                nPx_FWHM = fwhm/angPixelSize[0:2]
                if self.debug >1 : print >> fout,  'fwhm : '+str(fwhm)
                if self.debug >1 : print >> fout,  'nPx_FWHM : '+str(nPx_FWHM)
                iargmin = nPx_FWHM.argmin()
                if nPx_FWHM[iargmin] == 0.:
                    mesg = 'no measurable width in direction '+str(iargmin)
                    print >> fout,  mesg
                    raise UnfitableError(1, mesg)
                q1D_all = self.nQP_FWHM / nPx_FWHM
                if self.uniformQP:
                    q1D = max(3, int(num.round(num.max(q1D_all))) )
                    qRule = '2x%d' % (q1D)
                else:
                    q1D = num.maximum(3, num.array(num.round(q1D_all), dtype=int))
                    qRule = '%db%d' % tuple(q1D.tolist())
                if self.debug >1 : print >> fout,  'from %s requested quad points : %s' % (str(q1D_all), str(qRule))
                try:
                    xi, w = q2db.qLoc(qRule)
                except:
                    mesg = quadrMesgForm % (str(qRule), str(nPx_FWHM), str(q1D_all))
                    print >> fout,  mesg
                    raise UnfitableError(1, mesg)
            if self.debug > 1:
                print >> fout,  'auto quadrature resulted in %d quad points' % (len(w))
        else:
            'not automatic quadrature'
            if withOmega:
                xi, w = q3db.qLoc(quadr)
            else:
                xi, w = q2db.qLoc(quadr)

        "intensityFunc is now set"
        if self.nPx() < intensityFunc.getNParams():
            # self.cleanFit()
            raise UnfitableError(1, 'nPx < nParams')

        """
        xi are in [0,1], so need to be centered (and scaled for omega)

        ... think about what this integral actually means in terms of converting intensity to measured intensity over some area on the detector ... need some geometric factors in the integral to account for angle of incidence or the like? ... would go into dvQP

        """
        xi[:,:] = xi[:,:] - 0.5
        if withOmega:
            xi[:,2] = xi[:,2] * self.delta_omega_abs
        #
        'store information so that can reconstruct quadrature rules'
        self.__setQ(w, xi, withOmega)
        #
        xAng, yAng, zAng, wQP = self.__getQP()
        #
        'set of vScale for weighting for uncertainty analysis'
        vScale = self.__detectorGeom.getVScale(self.vAll + self.darkAll)
        if withOmega:
            args = (xAng, yAng, zAng, wQP, self.vAll, vScale)
        else:
            args = (xAng, yAng,       wQP, self.vAll, vScale)

        # 'do not use existing fit in case it is bad'
        xVec0 = intensityFunc.guessXVec(*args[0:-1]) # guessXVec does not take vScale
        fwhm = intensityFunc.getFWHM(xVec0)
        if num.any( fwhm <= 0. ):
            raise UnfitableError(1, 'guess has zero width in at least one dimension : '+str(fwhm))

        intensityFunc.debug = self.debug

        if full_output:
            x, cov_x, infodict, mesg, ier = \
                optimize.leastsq(intensityFunc, # intensityFunc.eval should work too
                                 xVec0,
                                 Dfun=intensityFunc.deval,
                                 ftol=1e-12,
                                 args=args,
                                 full_output=1)
            message = ' message :  %s' % (mesg)
            assert cov_x is not None, \
                'singular matrix encountered -- infinite covariance in some direction'
        else:
            x, ier = \
                optimize.leastsq(intensityFunc, # intensityFunc.eval should work too
                                 xVec0,
                                 Dfun=intensityFunc.deval,
                                 ftol=1e-12,
                                 args=args)
            message = ''
            if not [1,2,3,4].count(ier):
                print >> fout,  'error code %d from leastsq' % (ier)
        if not [1,2,3,4].count(ier):
            if len(message) > 0:
                print >> fout,  'error code %d from leastsq, message : %s' % (ier, message)
            if self.debug: self.display(title='spot %s failed to fit' % (str(self.key)))
            # self.cleanFit()
            #raise UnfitableError(2, 'error from leastsq')
            raise FitFailedError(2, 'error from leastsq')

        'check that center is in the spot'
        # have not set self.__fitFunc yet, so cannot call self.xyoCOM
        angCOM = intensityFunc.getCenter(x)
        if not withOmega:
            angCOM = num.hstack( (angCOM, self.oAll[0]) )
        xyoCOM = self.__detectorGeom.angToXYO(*angCOM)
        if not self.xyoIsInSpot(*xyoCOM):
            raise UnfitableError(1, 'post-fit, center at %s is not in the spot' % (str(xyoCOM)) )

        'calculate intensities at solution'
        if withOmega:
            vCalc = intensityFunc(x, xAng, yAng, zAng, wQP)
        else:
            vCalc = intensityFunc(x, xAng, yAng,       wQP)

        if full_output:
            retval = (x, vCalc, ndim, intensityFunc, cov_x, infodict)
        else:
            retval = (x, vCalc, ndim, intensityFunc)
        return retval
    def __getQP(self):
        """
        see __fitSpot

        do not store results because in other places we do crazy things
        like change the oAll and do not want to have to worry about keeping these
        quadrature quantities consistent
        """

        xyoToAng = self.__detectorGeom.xyoToAngMap

        nQP = len(self.__q_w)
        nPx = len(self.vAll)

        xQP = num.tile(self.xAll, (nQP,1)).T + num.tile(self.__q_xi[:,0], (nPx,1))
        yQP = num.tile(self.yAll, (nQP,1)).T + num.tile(self.__q_xi[:,1], (nPx,1))
        if self.__q_withOmega:
            oQP = num.tile(self.oAll, (nQP,1)).T + num.tile(self.__q_xi[:,2], (nPx,1))
        else:
            oQP = num.tile(self.oAll, (nQP,1)).T

        xAng, yAng, zAng, dvQP = xyoToAng(xQP, yQP, oQP, outputDV=True, doMap=self.doMap)

        #wQP = num.dot(dvQP, num.diag(w)) # correct, but do with sparse instead
        wD = sparse.lil_matrix((nQP,nQP)); wD.setdiag(self.__q_w);
        wQP = num.array(num.matrix(dvQP) * wD.tocsr())

        return xAng, yAng, zAng, wQP

    def getAngPixelSize(self):
        retval = self.__detectorGeom.getAngPixelSize(
            self.xyoCOM(useFit=False),
            self.delta_omega_abs,
            )
        return retval
    angPixelSize = property(getAngPixelSize, None, None)

    def __setQ(self, w, xi, withOmega):
        self.__q_w  = w
        self.__q_xi = xi
        self.__q_withOmega = withOmega
        # self.__q_xAng = self.__q_yAng = self.__q_zAng = self.__q_wQP = None
        return
[docs]    def setupQuardFromFWHM(self, fwhm, fout=sys.stdout):
        """
        so far, written only for withOmega being True
        """

        if self.__fitFunc is not None:
            raise RuntimeError, 'do not want to clobber existing quadrature setup'

        withOmega = True

        angPixelSize = self.getAngPixelSize()
        nPx_FWHM = fwhm/angPixelSize
        q1D_invAll = nPx_FWHM / self.nQP_FWHM
        q1D_tooSmall = q1D_invAll < self.minQ1DInv
        numTooSmall = num.sum(q1D_tooSmall)
        if numTooSmall:
            mesg = 'q1D_invAll : '+str(q1D_invAll)
            print >> fout,  mesg
            raise UnfitableError(1, mesg)

        q1D_all = 1.0 / q1D_invAll
        if self.uniformQP:
            q1D = max(3, int(num.round(num.max(q1D_all))) )
            qRule = '3x%d' % (q1D)
        else:
            q1D = num.maximum(3, num.array(num.round(q1D_all), dtype=int))
            qRule = '%db%db%d' % tuple(q1D.tolist())
        if self.debug >1 : print >> fout,  'from %s requested quad points : %s' % (str(q1D_all), str(qRule))
        xi, w = q3db.qLoc(qRule)

        xi[:,:] = xi[:,:] - 0.5
        if withOmega:
            xi[:,2] = xi[:,2] * self.delta_omega_abs

        self.__setQ(w, xi, withOmega)

        return


    def getVCalc(self, intensityFunc, x, noBkg=False, iSubSpot=None):
        xAng, yAng, zAng, wQP = self.__getQP()
        if iSubSpot is not None and not self.__split:
            raise RuntimeError, 'only set iSubSpot for a spot that is split'
        if iSubSpot is not None and self.__split:
            vCalc = intensityFunc(x, xAng, yAng, zAng, wQP, noBkg=noBkg, iFunc=iSubSpot)
        else:
            if self.__q_withOmega:
                vCalc = intensityFunc(x, xAng, yAng, zAng, wQP, noBkg=noBkg)
            else:
                vCalc = intensityFunc(x, xAng, yAng, wQP, noBkg=noBkg)
        return vCalc
    def getIntegratedIntensity(self, useFit=True, iSubSpot=None, getResid=True):
        if self.haveFit() and useFit:
            # assert self.__fitFunc is not None, 'have not done fit, set useFit to False'

            x = self.__fitX
            intensityFunc = self.__fitFunc
            vCalcNBG = self.getVCalc(intensityFunc, x, noBkg=True, iSubSpot=iSubSpot)
            integIntens = num.sum(vCalcNBG)

            if getResid:
                'also compute the residual for the fit'
                resid = self.__fitV - self.vAll
                res   = num.linalg.norm(resid)
                res0  = num.linalg.norm(self.vAll.astype(float))
                retval = integIntens, res, res0
            else:
                retval = integIntens
        else:
            'without having done fit, do not have a good way of doing background subtraction'
            assert iSubSpot is None,\
                'need useFit and spot.haveFit() if specify subSpot'
            retval = num.sum(self.vAll)
        return retval
[docs]    def flattenOmega(self, modifyDeltaOmega=False):
        """
        flatten spot in Omega;

        unless modifyDeltaOmega is set, do not change delta_omega,
        under the assumption that the spot is being flattened if it
        does not significantly spill across multiple omega frames
        """
        assert self.finalized, 'called on spot that was not finalized'

        self.dataPreFlatten = self.data
        self.data = None
        self.finalize(flatten=True, modifyDeltaOmega=False)

        return


    def __xyoCOM(self):
        """estimate of center-of-mass in x, y, omega coordinates on the image stack"""
        assert self.finalized, 'called on spot that was not finalized'
        vSum = float(num.sum(self.vAll))
        com_xyo = num.array([
                float(num.dot(self.xAll, self.vAll)) / vSum,
                float(num.dot(self.yAll, self.vAll)) / vSum,
                float(num.dot(self.oAll, self.vAll)) / vSum
                ])
        return com_xyo
    def __angCOM(self):
        assert self.finalized, 'called on spot that was not finalized'
        self.__checkDG()
        vSum = float(num.sum(self.vAll))
        if vSum <= 0:
            print >> sys.stderr, "vSum %g <= 0, using only positive values" % (vSum)
            vSum = num.sum(self.vAll[self.vAll > 0])
            assert vSum > 0, 'vSum <= 0, all intensities are negative?'
        a1, a2, a3 = self.__detectorGeom.xyoToAngMap(self.xAll, self.yAll, self.oAll, doMap=self.doMap)
        com_ang = num.array([
                num.dot(a1, self.vAll) / vSum,
                num.dot(a2, self.vAll) / vSum,
                num.dot(a3, self.vAll) / vSum
                ])
        return com_ang
    def haveFit(self):
        retval = self.__fitFunc is not None
        return retval
[docs]    def xyoCOM(self, useFit=True, iSubSpot=None):
        """
        Get center-of-mass in x, y, omega coordinates on the image stack.
        If useFit, then return value from function fit instead of simple estimate
        """
        if self.__fitFunc is not None and useFit:
            self.__checkDG()
            if self.__split:
                assert iSubSpot is not None,\
                    'if specify useFit for split spot then also specify iSubSpot'
                angCOM = self.__fitFunc.getCenter(self.__fitX, iSubSpot)
                if self.__fitNDim == 2:
                    angCOM = num.hstack( (angCOM, self.oAll[0]) )
                # angCOM = self.__fit_angCOMList[iSubSpot]
            else:
                angCOM = self.__fitFunc.getCenter(self.__fitX)
                if self.__fitNDim == 2:
                    angCOM = num.hstack( (angCOM, self.oAll[0]) )
            retval = self.__detectorGeom.angToXYO(*angCOM)
        else:
            assert iSubSpot is None,\
                'iSubSpot specified but could not be used'
            retval = self.__xyoCOM()
        return retval

    def getNSplit(self):
        if self.__split:
            retval = len(self.__xyoCOMList)
        else:
            retval = 0
        return retval
[docs]    def angCOM(self, useFit=True, detectorGeom=None, getUncertainties=False, iSubSpot=None):
        """
        Get center-of-mass in twotheta, eta, omega coordinates.
        If useFit, then return value from function fit instead of simple estimate

        Could look at detectorGeom to see if it has a pVec and do something
        more elaborate if detectorGeom is already set without a pVec, but
        that is probably asking for trouble
        """

        if self.__split:
            assert not getUncertainties, \
                'getUncertainties for split spot'
            if self.__fitFunc is not None and useFit: # self.__fit_angCOMList is not None:
                assert iSubSpot is not None,\
                    'if specify useFit for split spot then also specify iSubSpot'
                retval = self.__fitFunc.getCenter(self.__fitX, iSubSpot)
                if self.__fitNDim == 2:
                    retval = num.hstack( (retval, self.oAll[0]) )
            else:
                if iSubSpot is None:
                    retval = self.__angCOM()
                else:
                    '__xyoCOMList may just be guesses, do not want to return those numbers'
                    # retval = self.__xyoCOMList[iSubSpot]
                    raise RuntimeError, 'iSubSpot speicified, but either fit was not done successfully or useFit was not specified'

        else:

            assert iSubSpot is None, \
                'got iSubSpot for spot that is not split'

            if detectorGeom is not None:
                self.setDetectorGeom(detectorGeom)
            if self.__fitFunc is not None and useFit:
                retval = self.__fitFunc.getCenter(self.__fitX)
                if self.__fitNDim == 2:
                    retval = num.hstack( (retval, self.oAll[0]) )
                if getUncertainties:
                    if self.__fitUncertainties is None:
                        raise RuntimeError, 'do not have information for uncertainties'
                    unc = self.__fitUncertainties[0:self.__fitNDim]
                    if self.__fitNDim == 2:
                        unc = num.hstack( (unc, self.delta_omega_abs) )
                    # retval = (retval, unc) # do this later, so that can map more easily
            else:
                'want to convert to angular positions and do weighted average there'
                #xyoCOM = self.__xyoCOM()
                #retval = self.__detectorGeom.xyoToAngMap(*xyoCOM, doMap=self.doMap)
                retval = self.__angCOM()
                if getUncertainties:
                    if self.__fitUncertainties is not None:
                        assert len(self.__fitUncertainties) == 3, 'bad length in uncertainties'
                        unc = self.__fitUncertainties
                        # retval = (retval, unc) # do this later, so that can map more easily
                    else:
                        raise RuntimeError, 'missing uncertainty information'
            'map to have standard branch cut'
            retval[1::] = mapAngle(retval[1::], units='radians')
            if getUncertainties:
                retval = (retval, unc)

        return retval

    def getPixelsOnFrame(self, iFrame, reader):
        if not self.finalized:
            raise RuntimeError, 'needs to be finalized'
        omega = reader.frameToOmega(iFrame)
        """
        # in case of wrapped omega, do not do:
        these = num.where(self.oAll == omega)[0]
        """
        angDist = rotations.angularDifference_orig(self.oAll, omega, units='radians')
        these = num.where( num.abs(angDist) < (0.1*self.delta_omega_abs) )[0]
        return these
[docs]    def getFrames(self, reader=None):
        """
        if have self.data, do not need reader
        """
        if self.data is None:
            assert not reader is None, 'need a reader if do not have self.data'
            omegas = num.unique(self.oAll)
            retval = map(reader.omegaToFrame, omegas)
        else:
            retval = self.data['iFrame']
        return retval

    def getBBox(self, reader=None):
        if not self.finalized:
            raise RuntimeError, 'needs to be finalized'
        iFrames = list(self.getFrames(reader=reader))
        iFrames.sort() # in place
        bbox = (
            self.xMM,
            self.yMM,
            (num.min(iFrames), num.max(iFrames)),
            )
        return bbox
    def xyoIsInSpot(self, x, y, o, pixelDist=0.5):
        if not self.finalized:
            raise RuntimeError, 'needs to be finalized'
        if self.xMM[0] - x > pixelDist:
            return False
        if x - self.xMM[1] > pixelDist:
            return False
        if self.yMM[0] - y > pixelDist:
            return False
        if y - self.yMM[1] > pixelDist:
            return False
        if (self.oMM[0] - o)/self.delta_omega_abs > pixelDist:
            return False
        if (o - self.oMM[1])/self.delta_omega_abs > pixelDist:
            return False
        return True
[docs]    def displayFrames(self,
                      reader, # need a new one?
                      nFramesPad=0,
                      sumImg=num.maximum,
                      **kwargs
                      ):
        """
        display the frame(s) from which a spot came
        """
        localReader = reader.makeNew()
        bbox = self.getBBox(reader=reader)
        iFrames = range(*bbox[2])
        if nFramesPad > 0:
            iFrames = range(iFrames[0]-nFramesPad,iFrames[-1]+1+nFramesPad)
        thisframe = localReader(nskip=iFrames[0], nframes=len(iFrames), sumImg=sumImg)
        pw = reader.display(thisframe)
        pw.drawBBox(bbox, style='r-')
        return pw

[docs]    def displayFlat(self,
                    vAll = None,
                    cmap = None,
                    markersize = 2,
                    **kwargs
                    ):
        """
        Flatten in Omega for display, no loss of x-y resolution
        """
        if vAll is None:
            vAll = self.vAll
        'make vAll into float data so that summing does not overrun int storage'
        vAll = num.asarray(vAll).astype(float)

        vmin = kwargs.pop('vmin', None)
        vmax = kwargs.pop('vmax', None)

        omegas = num.unique(self.oAll)
        nFrames = len(omegas)
        xbound = (self.xAll.min(), self.xAll.max())
        ybound = (self.yAll.min(), self.yAll.max())
        nX = xbound[1]-xbound[0]+1
        nY = ybound[1]-ybound[0]+1
        if cmap is None:
            cmap = detector.getCMap(False)

        # use sparse.coo_matrix to do summing

        xNZ = self.xAll-xbound[0]
        yNZ = self.yAll-ybound[0]
        A = sparse.coo_matrix(   (vAll, (xNZ, yNZ)),
                                 shape=(nX,nY))
        pw = plotwrap.PlotWrap(**kwargs)
        pw(A.todense(), vmin=vmin, vmax=vmax, cmap=cmap)
        Z = num.ones((nX,nY), dtype=int)
        # xNZ, yNZ = A.nonzero() # allows for badness when have done keepWithinBBox
        Z[xNZ,yNZ] = 0
        B = sparse.coo_matrix(Z)
        pw.a.spy(B, markersize=markersize)
        return pw

[docs]    def display(self,
                cmap = None,
                relfigsize=(1,1),
                vAll=None,
                markersize = 2,
                xyoPointsList = [([],{})],
                **kwargs
                ):
        """
        vAll, if present, is used instead of self.vAll;
        useful for results from fitting
        """

        angCOMList = []
        comMec = 'r'
        comSty = 'r-'
        #
        'check for uncertainty information'
        haveUnc = True
        try:
            angCOM, angCOM_unc = self.angCOM(getUncertainties=True)
            angCOMList = [(angCOM, angCOM_unc)]
        except:
            angCOMList = []
            haveUnc = False
        #
        'check for split spot with fitted centers'
        if self.getNSplit() > 0:
            angCOMList = []
            if  self.__fitFunc is not None:
                for iSubSpot in range(self.getNSplit()):
                    angCOMList.append(self.angCOM(useFit=True, iSubSpot=iSubSpot))
            else:
                comMec = 'c'
                comSty = 'c-'
                self.__checkDG()
                for xyoCOM in self.__xyoCOMList:
                    angCOM = map(float, self.__detectorGeom.xyoToAng(*xyoCOM))
                    angCOMList.append(angCOM)
        elif len(angCOMList) == 0:
            angCOMList = [self.angCOM(getUncertainties=False)]

        if vAll is None:
            vAll = self.vAll
        omegas = num.unique(self.oAll)
        nFrames = len(omegas)
        xbound = (self.xAll.min(), self.xAll.max())
        ybound = (self.yAll.min(), self.yAll.max())
        vmin   = vAll.min()
        vmax   = num.abs(vAll.max())
        centered = detector.getCentered(vmin,vmax)
        if centered:
            vmin = -vmax
        if vmin > 0:
            vmin = 0
        nX = xbound[1]-xbound[0]+1
        nY = ybound[1]-ybound[0]+1
        if cmap is None:
            cmap = detector.getCMap(centered)
        win = plotwrap.PlotWin(numRows=nFrames, numCols=-1, relfigsize=relfigsize, **kwargs)
        for iFrame, omega in enumerate(omegas):
            these = num.where(self.oAll == omega)

            xNZ = self.xAll[these]-xbound[0]
            yNZ = self.yAll[these]-ybound[0]
            A = sparse.coo_matrix(   (vAll[these], (xNZ, yNZ)),
                                     shape=(nX,nY))
            pw = plotwrap.PlotWrap(window=win, showByDefault=False) # xbound=xbound, ybound=ybound
            pw(A.todense(), vmin=vmin, vmax=vmax, cmap=cmap)
            Z = num.ones((nX,nY), dtype=int)
            # xNZ, yNZ = A.nonzero() # allows for badness when have done keepWithinBBox
            Z[xNZ,yNZ] = 0
            B = sparse.coo_matrix(Z)
            pw.a.spy(B, markersize=markersize)

            'take points as xyo instead of ang, as may want to use a detectorGeom with pVec set'
            for xyoPoints, pwKWArgs in xyoPointsList: # for angPoint, pwKWArgs in angPointList:
                for xyoPoint in xyoPoints:
                    if abs(omega - xyoPoint[2]) <= 0.5*self.delta_omega_abs: # if abs(omega - angPoint[2]) < self.delta_omega_abs:
                        # self.__checkDG()
                        # xyo_com = map(float, self.__detectorGeom.angToXYO(*angPoint))
                        # xyo_com = xyo_com - num.array([xbound[0], ybound[0], 0.])
                        xyo_com = xyoPoint - num.array([xbound[0], ybound[0], 0.])
                        if (xyo_com[0] > -0.5 and xyo_com[0] < nX-0.5) and (xyo_com[1] > -0.5 and xyo_com[1] < nY-0.5):
                            'xyoPoint is visible'
                            thesePwKWArgs = {}
                            thesePwKWArgs.update(pwKWArgs)
                            thesePwKWArgs.setdefault('marker','o')
                            thesePwKWArgs.setdefault('ls','None')
                            thesePwKWArgs.setdefault('mec','b')
                            thesePwKWArgs.setdefault('mfc','None')
                            pw( [xyo_com[0]], [xyo_com[1]], **thesePwKWArgs )
            for angCOM in angCOMList:
                if haveUnc:
                    angCOM, angCOM_unc = angCOM
                else:
                    'just use pixel size to have something to plot'
                    self.__checkDG()
                    angCOM_unc = self.angPixelSize
                if abs(omega - angCOM[2]) <= 0.5*self.delta_omega_abs:
                    """
                    plot on this omega frame;
                    may eventually want to somehow show distance from angCOM relative to uncertainty;
                    assume have detectorGeom

                    use uncertainty in angular fit to approximate uncertainty in xyo space
                    """
                    self.__checkDG()
                    xyo_com = map(float, self.__detectorGeom.angToXYO(*angCOM))
                    xyo_min = copy.deepcopy(xyo_com)
                    xyo_max = copy.deepcopy(xyo_com)
                    angCOM_p = num.empty(3)

                    for iDim in range(3):
                        for mult in (1.0, -1.0):
                            angCOM_p[:] = angCOM[:]
                            angCOM_p[iDim] = angCOM[iDim] + mult * angCOM_unc[iDim]
                            xyo_p = self.__detectorGeom.angToXYO(*angCOM_p)
                            xyo_min = map(min, xyo_min, xyo_p)
                            xyo_max = map(max, xyo_max, xyo_p)
                    xyo_com = xyo_com - num.array([xbound[0], ybound[0], 0.])
                    xyo_min = xyo_min - num.array([xbound[0], ybound[0], 0.])
                    xyo_max = xyo_max - num.array([xbound[0], ybound[0], 0.])

                    pw( [xyo_com[0]], [xyo_com[1]], marker='o', ls='None', mec=comMec, mfc='None')
                    pw( [xyo_min[0], xyo_max[0], xyo_max[0], xyo_min[0], xyo_min[0]],
                        [xyo_min[1], xyo_min[1], xyo_max[1], xyo_max[1], xyo_min[1]],
                        style=comSty )

        win.show()
        return win


    @staticmethod
[docs]    def cullSpots(spots, tests):
        """
        Apply a list of tests to spots and return a list with spots that fail culled

        spots is a list of Spot instances;
        tests is a list of tests to be applied;
                For convenience, some tests have been defined as static methods off of the
                Spot class.
                If a test is tests has a length, then the non-first entries are
                used as arguments.
        """
        testFuncs = []
        for testEntry in tests:
            if hasattr(testEntry,'__len__'):
                testFuncs.append( (testEntry[0], testEntry[1:]) )
            else:
                testFuncs.append( (testEntry, []) )
        testResults = num.ones(len(spots), dtype=bool)
        for iSpot, spot in enumerate(spots):
            for test, args in testFuncs:
                if not test(spot, *args):
                    testResults[iSpot] = False
                    break # no need to do other tests on this spot
        return num.array(spots)[testResults]

    @staticmethod
    def testSpotIsNotStreak(spot, width=1):
        assert spot.finalized, 'called on spot that was not finalized'
        testVal = not (spot.shape[0] <= width or spot.shape[1] <= width)
        return testVal
    @staticmethod
    def testSpotNetIntensity(spot, threshold=0):
        assert spot.finalized, 'called on spot that was not finalized'
        vSum = float(num.sum(spot.vAll))
        testVal = vSum > threshold
        return testVal
    @staticmethod
    def testSpotLenAtLeast(spot, minPx):
        assert spot.finalized, 'called on spot that was not finalized'
        testVal = spot.nPx() >= minPx
        return testVal
    @staticmethod
[docs]    def storeSpots(f, spotList, closeLocal=True):
        """
        store spots to f, which can be a filename or
        something which behaves like a shelve instance

        stores a somewhat minimal set of data

        all spots must have the same detectorGeom

        consider changing to something like:
        import cPickle as pickle
        s = open(f,'w')
        pickle.dump(stuff, f)
        f.close()
        """
        if isinstance(f, str):
            shelf = shelve.open(f,'c',protocol=2)
        elif hasattr(f,'keys'):
            shelf = f
            closeLocal = False
        else:
            raise RuntimeError, 'do not know what to do with f : '+str(type(f))

        storedDG = False
        if shelf.has_key('nSpots'):
            print 'WARNING: working with existing shelf'
        if shelf.has_key('detectorGeom'):
            del shelf['detectorGeom'] # just in case
        shelf['nSpots'] = len(spotList)
        for iSpot, thisSpot in enumerate(spotList):
            shelf[str(iSpot)] = thisSpot.getDataMinimal()
            if thisSpot.detectorGeom is not None:
                if storedDG:
                    assert storedDG is thisSpot.detectorGeom,\
                        'detectorGeom is not the same for spots in spotList'
                else:
                    storedDG = thisSpot.detectorGeom
                    'make potentially lighter weight instance to store'
                    shelf['detectorGeom'] = thisSpot.detectorGeom.__class__(thisSpot.detectorGeom)
        if closeLocal:
            shelf.close()
            retval = None
        else:
            retval = shel
        return retval

    @staticmethod
[docs]    def loadSpots(f, minimal=True, closeLocal=True):
        """
        load spots stored with storeSpots

        note that is a detectorGoem was stored by storeSpots, then
        all spots loaded here will have it attached to them
        """
        if isinstance(f, str):
            shelf = shelve.open(f)
        elif hasattr(f,'keys'):
            shelf = f
            closeLocal = False
        else:
            raise RuntimeError, 'do not know what to do with f : '+str(type(f))

        nSpots = shelf['nSpots']
        detectorGeom = None
        if shelf.has_key('detectorGeom'):
            detectorGeom = shelf['detectorGeom']
        spotKWArgs = {'detectorGeom':detectorGeom}
        spotList = []
        for iSpot in range(nSpots):
            spotDataMinimal = shelf[str(iSpot)]
            spot = Spot(*spotDataMinimal, **spotKWArgs)
            spotList.append(spot)

        if closeLocal:
            shelf.close()
            retval = spotList, detectorGeom
        else:
            retval = spotList, detectorGeom, shelf
        return retval



spots_MP = None
args_fitWrap_MP = None
kwargs_fitWrap_MP = None
debug_MP = None
thresMulti_MP = None
#
[docs]def doSpotThis(iSpot):
    "meant for use with multiprocessing"
    global spots_MP
    global args_fitWrap_MP
    global kwargs_fitWrap_MP
    global debug_MP
    global thresMulti_MP
    spots      = spots_MP
    args       = args_fitWrap_MP
    kwargs     = kwargs_fitWrap_MP
    debug      = debug_MP
    thresMulti = thresMulti_MP

    spot = spots[iSpot]

    retStr = StringIO.StringIO()

    kwargsThis = {}
    kwargsThis.update(kwargs)
    kwargsThis['fout'] = retStr

    newSpotsKeysThis = []
    newSpotsAngsThis = []
    if isinstance(spot, tuple):
        raise RuntimeError, 'should only be looping over raw spots, spot %d is %s' % (iSpot, str(spot))
    else:

        'figure out if the spot should be split'
        pxl      = spot.xyoToIJKLocal(spot.xAll, spot.yAll, spot.oAll)
        shape    = [num.max(iPxL)+1 for iPxL in pxl]
        inp      = num.zeros( shape, dtype='int16')
        inp[pxl] = num.maximum(spot.vAll,0)
        try:
            wtrshd, markersIJK = getWtrShd(inp, thresMulti)
        except:
            wtrshd = None; markersIJK = [];
        splitThisSpot = len(markersIJK) > 1
        #
        if splitThisSpot:
            markersXYO = [spot.ijkLocalToXYO(*markerIJK) for markerIJK in markersIJK]
            spot.setupMulti(markersXYO, wtrshd=wtrshd) # does cleanFit

            tic = time.time()
            spot.fitWrap(*args, **kwargsThis)
            toc = time.time(); dt = toc - tic
            print >> retStr,     'fitWrap call for multi-spot %d took %g seconds' % (iSpot, dt)
            if debug > 1:
                print >> sys.stderr, 'fitWrap call for multi-spot %d took %g seconds' % (iSpot, dt)
            if spot.fitHasFailed():
                if debug:
                    e = spot.exceptionOnFit()
                    if e:
                        print >> retStr,  'fit e-failed for multi-peak spot %d len %d : %d, %s' % (iSpot, len(spot), e.err, str(e.msg))
                    else:
                        print >> retStr,  'fit failed for multi-peak spot %d len %d' % (iSpot, len(spot))
                """
                in getHKLSpots this spot will no longer come up because it is
                split but the fit has failed, so upon reclaiming no grain should grab it
                """
            else:
                # if debug > 1:
                integI, res, res0 = spot.getIntegratedIntensity(useFit=True, getResid=True)
                print >> retStr,  'fit successful for multiply-claimed spot %d ; integI, res, res0 : %g %g %g' % (iSpot, integI, res, res0)
                """
                could reassign claims in here, but that seems messy;
                better to let a grain do that if it wants so that it can keep its data structures consistent;
                and probably want to do resetClaims first
                """
                for iSubSpot in range(spot.getNSplit()):
                    newSpotsKeysThis.append( (iSpot, iSubSpot) )
                    newSpotsAngsThis.append( spot.angCOM(iSubSpot=iSubSpot) )
                # self.__claimedBy[iSpot] = self.__claimInvalid

        else: # not splitting this spot
            tic = time.time()
            spot.fitWrap(*args, **kwargsThis)
            toc = time.time(); dt = toc - tic
            print >> retStr,     'fitWrap call for spot %d took %g seconds' % (iSpot, dt)
            if debug > 1:
                print >> sys.stderr, 'fitWrap call for spot %d took %g seconds' % (iSpot, dt)
            'fitWrap will not necessarily raise an exception, but if it stored an exception re-raise it here'
            # self stuff done elsewhere!
            # self.__spotAngCoords[iSpot] = spot.angCOM(useFit=True)
            # self.__spotXYOCoords[iSpot] = self.detectorGeom.angToXYO( *self.__spotAngCoords[iSpot] )
    'returning the data from spot might be much cleaner, but is a pain'
    return spot, newSpotsKeysThis, newSpotsAngsThis, retStr.getvalue()


[docs]class Spots(object):
    """
    Meant for holding spot data in a form useful for indexing
    """
    __keepMarks = False # careful about making this True -- can cause unexpected results, mostly it is for debugging
    # __claimInvalid = -1
[docs]    def __init__(self, planeData, data, detectorGeom, omegaMM, **kwargs):
        """
        planeData : an instance or list (for multiple phases) of the PlaneData class
        data : can any of:
                spots : list of Spot instances, all of which must have been finalized
                spotAngCoords : spot positions in angular coordinates
                None
        detectorGeom : an instance of DetectorGeomGE or the like
        omegaMM : (min, max) of omega range, or list of such min/max tuples
        """

        self.__spots = None
        self.__nRawSpots = None
        self.__anyAreSplit = False
        self.debug = debugDflt

        assert hasattr(detectorGeom, 'xyoToAng'), \
            'detectorGeom, of type %s, does not seem to be the right type' % \
            (str(type(detectorGeom)))

        'make data into emtpy list of spots if it is None'
        if data is None:
            data = num.zeros((0,3))

        if hasattr(data, 'shape') and len(data.shape) == 2:
            self.__initFromAngCoords(planeData, data, detectorGeom, omegaMM, **kwargs)
        else:
            self.__initFromSpotList( planeData, data, detectorGeom, omegaMM, **kwargs)
        return


    def __initFromSpotList(self, planeData, spots, detectorGeom, omegaMM, **kwargs):

        self.__spots = num.array(spots)
        self.__nRawSpots = len(self.__spots)
        self.detectorGeom = detectorGeom

        'sanity checks'
        finalized = num.empty(len(spots))
        for iSpot in range(len(spots)):
            finalized[iSpot] = spots[iSpot].isFinalized()
        if not num.all(finalized):
            raise RuntimeError, 'all spots must have been finalized'

        'get angular coordinates of all spots'
        self.__spotAngCoords = num.empty([len(spots),3])
        for iSpot, spot in enumerate(spots):
            'to get angular coordinates, spots will need detector geometry'
            self.__spotAngCoords[iSpot] = spot.angCOM(detectorGeom=detectorGeom)

        self.__initBase(planeData, omegaMM, **kwargs)
        return
    def __initFromAngCoords(self, planeData, spotAngCoords, detectorGeom, omegaMM, **kwargs):

        self.detectorGeom = detectorGeom
        self.__spotAngCoords = num.array(spotAngCoords)
        assert self.__spotAngCoords.shape[1] == 3, \
            'spotsAngCorrds have wrong shape : '+str(self.__spotAngCoords.shape)

        self.__initBase(planeData, omegaMM, **kwargs)
        return
    def __initBase(self, planeData, omegaMM, **kwargs):

        if hasattr(omegaMM[0], '__len__'):
            'assume omegaMM is list of tuples already'
            omegaMM = omegaMM
        else:
            omegaMM = [omegaMM]
        mins = toFloat( zip(*omegaMM)[0], 'radians' )
        maxs = toFloat( zip(*omegaMM)[1], 'radians' )
        self.omegaMM = zip(mins, maxs)

        self.planeDataList = num.atleast_1d(planeData)

        self.__multiprocMode = False

        friedelToler = 0.01
        strainMag = None
        lparmsList = None
        if kwargs.has_key('friedelToler'):
            friedelToler = kwargs.pop('friedelToler')
        if kwargs.has_key('strainMag'):
            strainMag = kwargs.pop('strainMag')
        if kwargs.has_key('lparms'):
            lparmsList = num.atleast_1d(kwargs.pop('lparms'))
            assert len(lparmsList) == len(self.planeDataList), \
                'lparms wrong length'
        self.friedelToler = friedelToler
        self.strainMag = strainMag
        self.lparmsList = lparmsList

        if len(kwargs) > 0:
            raise RuntimeError, 'have unparsed keyword arguments with keys: ' + str(kwargs.keys())

        #self.__invalidated = None
        self.__makeDataStructures()

        self.resetClaims()

        return
        raise NotImplementedError, 'still working on implementation'

    def __makeDataStructures(self):
        """
        note that this gets called from multiple places
        """
        if self.__multiprocMode:
            raise RuntimeError, 'do not call splitConflicts when in multiprocMode'

        nSpots = len(self.__spotAngCoords)

        # if self.__invalidated is None:
        #     self.__invalidated = num.zeros( nSpots, dtype=bool)
        # else:
        #     oldLen = num.size( self.__invalidated )
        #     self.__invalidated.resize( nSpots )
        #     self.__invalidated[oldLen:] = False

        """
        get xyo coordinates of all spots
        these should get updated if spotAngCoords are updated
        """
        xyo = self.detectorGeom.angToXYO(
            self.__spotAngCoords[:,0],
            self.__spotAngCoords[:,1],
            self.__spotAngCoords[:,2] )

        self.__spotXYOCoords = num.array(xyo).T

        """lump into (non-unique) 2-theta groups and set up other data structures"""
        self.nTThAssoc = num.zeros( nSpots, dtype=int)
        #
        self.planeDataDict = {}
        self.hklIDListAll = []
        hklIDWithPhase = len(self.planeDataList) > 1
        for iPDE, planeDataEntry in enumerate(self.planeDataList):
            lparms = None
            if self.lparmsList is not None:
                lparms = self.lparmsList[iPDE]
            phaseID    = planeDataEntry.getPhaseID() # may return None
            tThRanges  = planeDataEntry.getTThRanges(strainMag=self.strainMag, lparms=lparms)
            hkls       = planeDataEntry.getHKLs()
            hklList    = hkls.tolist()
            dHKLInv    = dict([[tuple(hkl),iHKL] for iHKL, hkl in enumerate(hklList)])
            if phaseID is None:
                phaseID = iPDE
            if hklIDWithPhase:
                hklIDList = [ tuple([phaseID]+hkl) for hkl in hklList]
            else:
                hklIDList = [ tuple(hkl) for hkl in hklList]
            #tThAssoc = num.zeros( [len(tThRanges), nSpots], dtype='i1')
            tThAssoc = num.empty( [len(tThRanges), nSpots], dtype=bool)
            for iHKL, tThRange in enumerate(tThRanges):
                tThLo, tThHi = tThRange
                whichSpots = num.logical_and(
                    self.__spotAngCoords[:,0] > tThLo, # ... convention
                    self.__spotAngCoords[:,0] < tThHi  # ... convention
                    )
                # whichSpots[self.__invalidated] = False
                self.nTThAssoc += whichSpots
                # theseSpots = num.where( whichSpots ) # indices
                # theseAngCoords = self.__spotAngCoords[ theseSpots ]
                tThAssoc[iHKL, :] = whichSpots
                # ... # perhaps with azimuthal binning for faster spot finding
            d = {}
            d['phaseID']    = phaseID
            d['planeData']  = planeDataEntry
            d['tThRanges']  = tThRanges
            d['tThAssoc']   = tThAssoc
            d['phaseAssoc'] = num.any(tThAssoc, axis=0)
            d['hklInv']     = dHKLInv
            d['hklList']    = hklList
            d['hklIDList']  = hklIDList
            d['multip']     = planeDataEntry.getMultiplicity()
            self.planeDataDict[phaseID] = d
            self.hklIDListAll += hklIDList
        'now have spots associated to 2-theta bins'
        nUnassoc    = num.sum(self.nTThAssoc == 0)
        nMultiAssoc = num.sum(self.nTThAssoc >  1)
        print 'after 2-theta binning, out of %d spots, %d are unassociated and %d are multiply-associated' % \
            (nSpots, nUnassoc, nMultiAssoc)

        self.friedelPair = num.empty( nSpots, dtype=int)
        self.friedelPair[:] = -1
        """
        maybe do:
        self.friedelPair[iSpot] = jSpot
        self.friedelPair[jSpot] = iSpot

        ... # do friedel pair associations, using friedelToler
        ... # and reduce to friedel pairs? based on a flag
        ... # get JVB to put in something like what is done in XFormSpots.m?

        """

        return
    def __len__(self):
        nSpots = len(self.__spotAngCoords)
        return nSpots

    # multiprocessing stuff
    def getMPM(self):
        return self.__multiprocMode
    def setMPM(self, value):

        if not value:
            'cleanup, could test self.__multiprocMode to see if multiprocessing mode was actually on'
            if not self.__keepMarks:
                self.__marks = None
        else:
            assert xrdbase.haveMultiProc, \
                'do not have multiprocessing module available'

            'put marks in shared memory, and mostly use marks instead of claimedBy'
            self.__marks = multiprocessing.Array(ctypes.c_int, len(self))
            # self.__marks[:] = 0 # not necessary
            # NOTE: that can work on slices of marks, but not more general lists of integers as indices

        self.__multiprocMode = value

        return
    multiprocMode = property(getMPM, setMPM, None)

[docs]    def resetDetectorGeom(self, detectorGeom, doFits=False, fitArgs=[], fitKWArgs={}):
        """
        update detector geometry;
        also fits all spots;
        probably only want to call this for a single-grain data set or the like;
        updates angular and cartesian coordinates, but not 2-theta associations
        or other meta-data
        """
        self.detectorGeom = detectorGeom
        if self.__spots is None:
            raise NotImplementedError, 'not sure what behavior would be desirable here'
        else:
            for iSpot, spot in enumerate(self.__spots):
                if not isinstance(spot, tuple):
                    spot.setDetectorGeom(detectorGeom, clobber=True)
                    if doFits:
                        if spot.fitHasFailed(): # spot.exceptionOnFit()
                            if self.debug:
                                print 'fit failed previously, will not try to fit again'
                        else:
                            spot.cleanFit()
                            spot.fitWrap(*fitArgs, **fitKWArgs)
                    else:
                        spot.cleanFit()
                    angCOM = spot.angCOM()
                    self.__spotAngCoords[iSpot] = angCOM
                    self.__spotXYOCoords[iSpot] = self.detectorGeom.angToXYO( *angCOM )
                else:
                    'this is a subspot, and should come after the master spots'
                    iSpotMaster, iSubSpot = spot
                    spotMaster = self.__spots[iSpotMaster]
                    angCOM = spotMaster.angCOM(subSpot=iSubSpot)
                    self.__spotAngCoords[iSpot] = angCOM
                    self.__spotXYOCoords[iSpot] = self.detectorGeom.angToXYO( *angCOM )
        return

[docs]    def getAngCoords(self, indices=None):
        """
        ... make returned thing unwritable even if it is a slice
        """
        if indices is None:
            retval = self.__spotAngCoords
        else:
            retval = self.__spotAngCoords[indices]
        return retval

[docs]    def getXYOCoords(self, indices):
        """
        ... make returned thing unwritable even if it is a slice
        """
        return self.__spotXYOCoords[indices]

    def getSpotObj(self, iSpot):
        if self.__spots is None:
            raise RuntimeError, 'do not have spot objects'
        spot = self.__spots[iSpot]
        if isinstance(spot, tuple):
            iSpotMaster, iSubSpot = spot
            spotMaster = self.__spots[iSpotMaster]
            spot = spotMaster
        return spot
[docs]    def getPixelIsInSpots(self, indices, xyo, pixelDist=0):
        """
        find spots that are within pixelDist of containing a given pixel;
        indices may be a single integer, a list of spot indices, or a boolean array;

        may want to use pixelDist of 1 or 2 to protect against dead pixels
        """

        single = False
        if isinstance(indices,int):
            single = True
            indices = [indices]
        if indices is None:
            indices = slice(0,len(self.__spots)) # range(len(self.__spots))

        if self.__spots is None:
            raise RuntimeError, 'needs Spots to have been made from spots'

        spots = self.__spots[indices] # should work whether indices is integers or booleans
        retval = num.ones(len(spots), dtype=bool)
        #
        'if have any spots that were split, then do not allow the parent spot to be a hit'
        disallowedList = []
        for iInd, spot in enumerate(spots):
            if isinstance(spot, tuple):
                iSpotMaster, iSubSpot = spot
                disallowedList.append(self.__spots[iSpotMaster])
        #
        for iInd, spot in enumerate(spots):
            for disallowedSpot in disallowedList:
                if spot is disallowedSpot:
                    retval[iInd] = False
                    break
            if retval[iInd] == False:
                continue
            if isinstance(spot, tuple):
                'split spot, assume came from existing fit of a sub-spot or the like'
                iSpotMaster, iSubSpot = spot
                spot = self.__spots[iSpotMaster]
            if spot.xyoIsInSpot(*xyo, pixelDist=pixelDist):
                dist = spot.getPixelDists(*xyo, asInt=True)
                retval[iInd] = num.any(dist <= pixelDist)
            else:
                retval[iInd] = False

        # if single:
        #     retval = retval[0]

        return retval

[docs]    def getIntegratedIntensity(self, index, **kwargs):
        """
        wrapper that takes care of subspot details
        """
        assert self.__spots is not None,\
            'no spots data for getting integrated intensities'
        spot = self.__spots[index]
        iSubSpot = None
        if isinstance(spot, tuple):
            iSpotMaster, iSubSpot = spot
            spotMaster = self.__spots[iSpotMaster]
            spotUse = spotMaster
        else:
            spotUse = spot
        retval = spotUse.getIntegratedIntensity(iSubSpot=iSubSpot, **kwargs)
        return retval

[docs]    def fitHasFailed(self, index, subSpotOnly=False):
        "if subSpotOnly the only return true if it was a subspot that failed to fit"
        if self.__spots is None:
            retval = False
        else:
            spot = self.getSpotObj(index)
            if subSpotOnly and spot.getNSplit() > 1:
                retval = False
            else:
                retval = spot.fitHasFailed()
        return retval

[docs]    def fitSpots(self, indices, *args, **kwargs):
        """
        fit spots with given indices and update spotAngCoords;
        for indices is None, all spots are considered for fitting;
        indices may be a single integer instead of a list of spot indices

        set claimsBased if want to base method on spots that have been claimed
        """

        if self.__multiprocMode:
            raise RuntimeError, 'do not fit spots when in multiprocessing mode'

        uncertainties = kwargs.get('uncertainties', False)
        debug         = kwargs.get('debug', False)
        #
        claimsBased = False
        if kwargs.has_key('claimsBased'):
            claimsBased = kwargs.pop('claimsBased')
        reRaise = not claimsBased
        #
        interactive = False
        if kwargs.has_key('interactive'):
            interactive = kwargs.pop('interactive')

        if uncertainties and claimsBased:
            raise RuntimeError, 'have not coded uncertainties and claimsBased'

        single = False
        if isinstance(indices,int):
            single = True
            indices = [indices]
        if claimsBased:
            'must do all self.__spots'
            assert self.__spots is not None,\
                'no way to resolve multiply claimed spots without self.__spots'
            assert indices is None,\
                'specify indices of None if doing claimsBased'
            fitNonMulti = False
            if kwargs.has_key('fitNonMulti'):
                fitNonMulti = kwargs.pop('fitNonMulti')
            indices = range(self.__nRawSpots)
            # self.__spots.resize( self.__nRawSpots ) # not needed here, and want to be able to index back to master spots from current claimedBy entries
            # self.__spotAngCoords.resize( self.__nRawSpots, 3 ) # not needed here
            self.cleanMulti()
        elif indices is None:
            indices = range(len(self))

        #assert self.__spots is not None,\
        #    'called fitSpots but instance does not have spots'
        if self.__spots is None:
            assert uncertainties is False,\
                'cannot do uncertainties for spots without self.__spots'
            retval = self.__spotAngCoords[indices]

        else:
            'okay, have spots to work with'

            retval = []
            if claimsBased:
                newSpotsKeys = []
                newSpotsAngs = []
            if debug:
                print 'working on fitting spots ... '
            for iSpot in indices:
                spot = self.__spots[iSpot]
                if isinstance(spot, tuple):
                    raise RuntimeError, 'should only be looping over raw spots, spot %d is %s' % (iSpot, str(spot))
                    # 'split spot, assume came from existing fit of a sub-spot or the like'
                    # if debug > 1:
                    #     print 'spot %d is a subspot' % (iSpot)
                    # iSpotMaster, iSubSpot = spot
                    # spotMaster = self.__spots[iSpotMaster]
                    # spotAng = spotMaster.angCOM(subSpot=iSubSpot)
                else:

                    doFit = True

                    if claimsBased:
                        claimedBy = self.__claimedBy[iSpot]
                        if claimedBy is None:
                            if debug > 2:
                                print 'spot %d is not claimed' % (iSpot)
                            doFit  = False
                        elif isinstance(claimedBy,list):
                            doFit  = False # done here, not below
                            'assume claiming objects are grains'
                            if debug > 2:
                                print 'for spot %d, will do setupMulti' % (iSpot)
                            predXYOList = []
                            for grain in claimedBy:
                                # hitReflId = num.where(grain.grainSpots['iRefl'] == iSpot)[0][0] # does not get split-spot claims right
                                hitReflId = -1
                                for iReflId, iRefl in enumerate(grain.grainSpots['iRefl']):
                                    """
                                    for now, assume a grain points to a given spot only once
                                    """
                                    if iRefl == iSpot:
                                        hitReflId = iReflId
                                        break
                                    if iRefl >= self.__nRawSpots:
                                        "iRefl points to a subspot, check the master"
                                        subSpot = self.__spots[iRefl]
                                        assert isinstance(subSpot, tuple), \
                                            'expecting subspot, but has type '+str(type(subSpot))
                                        iSpotMaster, iSubSpot = subSpot
                                        if iSpotMaster == iSpot:
                                            hitReflId = iReflId
                                            break
                                assert hitReflId >= 0, \
                                    'did not find a hit for grain %s and spot %d' % (str(grain.lineageList), iSpot)
                                predAngs = grain.grainSpots['predAngles'][hitReflId]
                                predXYO  = map(float, grain.detectorGeom.angToXYO(*predAngs))
                                predXYOList.append(predXYO)
                            if debug > 1:
                                print 'for spot %d, doing setupMulti with %s' % (iSpot, predXYOList)
                            spot.setupMulti(predXYOList) # does cleanFit
                            """
                            do not call spot.cleanFit;
                            might want to switch to doing this if it is known that more
                            information is available, like if the intensities of the
                            subspots are now locked down and we are going to retry
                            """
                            tic = time.time()
                            spot.fitWrap(*args, **kwargs)
                            toc = time.time(); dt = toc - tic
                            if debug > 1:
                                print 'fitWrap call for multi-spot %d took %g seconds' % (iSpot, dt)
                            if spot.fitHasFailed():
                                if debug:
                                    e = spot.exceptionOnFit()
                                    if e:
                                        print 'fit e-failed for multi-peak spot %d len %d : %d, %s' % (iSpot, len(spot), e.err, str(e.msg))
                                    else:
                                        print 'fit failed for multi-peak spot %d len %d' % (iSpot, len(spot))
                                """
                                in getHKLSpots this spot will no longer come up because it is
                                split but the fit has failed, so upon reclaiming no grain should grab it
                                """
                            else:
                                if debug > 1:
                                    integI, res, res0 = spot.getIntegratedIntensity(useFit=True, getResid=True)
                                    print 'fit successful for multiply-claimed spot %d ; integI, res, res0 : %g %g %g' % (iSpot, integI, res, res0)
                                """
                                could reassign claims in here, but that seems messy;
                                better to let a grain do that if it wants so that it can keep its data structures consistent;
                                and probably want to do resetClaims first
                                """
                                if interactive:
                                    doLoop = True
                                    while doLoop:
                                        userInput = raw_input('options: (d)isplay, (c)ontinue, (i)nvalidate')
                                        if   userInput == 'd':
                                            spot.display()
                                        elif userInput == 'c':
                                            doLoop = False
                                        elif userInput == 'i':
                                            spot.cleanFit()
                                            # spot.__fitFailed = FitFailedError(1, 'error from  user interaction')
                                            spot.__fitFailed = (1, 'error from  user interaction')
                                            doLoop = False
                                        else:
                                            print 'invalid choice'
                                for iSubSpot in range(spot.getNSplit()):
                                    newSpotsKeys.append( (iSpot, iSubSpot) )
                                    newSpotsAngs.append( spot.angCOM(iSubSpot=iSubSpot) )
                                # self.__claimedBy[iSpot] = self.__claimInvalid
                        else:
                            doFit  = fitNonMulti
                            if doFit and debug > 1:
                                print 'for spot %d, will do normal fit' % (iSpot)
                    # else:
                    #     useFit = not self.__invalidated[iSpot]
                    #     doFit  = useFit

                    if doFit:
                        tic = time.time()
                        spot.fitWrap(*args, **kwargs)
                        toc = time.time(); dt = toc - tic
                        if debug > 1:
                            print 'fitWrap call for spot %d took %g seconds' % (iSpot, dt)
                        'fitWrap will not necessarily raise an exception, but if it stored an exception re-raise it here'
                        if reRaise:
                            e = spot.exceptionOnFit()
                            if e: # isinstance(spot.__fitFailed, exceptions.Exception):
                                print 'for spot %d re-raising excetiton from fitWrap' % (iSpot)
                                raise e
                    self.__spotAngCoords[iSpot] = spot.angCOM(useFit=doFit)
                    self.__spotXYOCoords[iSpot] = self.detectorGeom.angToXYO( *self.__spotAngCoords[iSpot] )
                    spotAng = spot.angCOM(useFit=doFit, getUncertainties=uncertainties)
                retval.append(spotAng)

            if debug:
                print '... done fitting spots'
            if single:
                retval = spotAng
            else:
                a = num.array(retval)
                if uncertainties:
                    retval = a[:,0], a[:,1]
                else:
                    retval = a

        if claimsBased:
            if debug:
                print 'making new spots data structures'
            nNew = len(newSpotsKeys)
            """
            drop any previously split spots;
            """
            self.__anyAreSplit = False
            if nNew > 0:
                self.__spots.resize( self.__nRawSpots + nNew )
                self.__spotAngCoords.resize( self.__nRawSpots + nNew, 3 )
                for iNew, key, angs in zip( range(self.__nRawSpots, self.__nRawSpots+nNew), newSpotsKeys, newSpotsAngs ):
                    self.__spots[iNew] = key; self.__anyAreSplit = True
                    self.__spotAngCoords[iNew] = angs
                self.__makeDataStructures()
            self.resetClaims()

        return retval

    def __fitSpotsMulti_serial(self, indices, threshold, *args, **kwargs):
        """
        like fitSpots, but consider splitting up spots with multiple peaks
        """

        if self.__multiprocMode:
            raise RuntimeError, 'do not fit spots when in multiprocessing mode'

        uncertainties = kwargs.get('uncertainties', False)
        debug         = kwargs.get('debug', False)
        #
        interactive = False
        if kwargs.has_key('interactive'):
            interactive = kwargs.pop('interactive')
        #
        if uncertainties:
            raise RuntimeError, 'have not coded uncertainties'

        'must do all self.__spots'
        assert self.__spots is not None,\
            'no way to resolve multiply claimed spots without self.__spots'
        assert indices is None,\
            'specify indices of None -- other cases not yet coded'

        indices = range(self.__nRawSpots)
        # self.__spots.resize( self.__nRawSpots ) # not needed here, and want to be able to index back to master spots from current claimedBy entries
        # self.__spotAngCoords.resize( self.__nRawSpots, 3 ) # not needed here
        self.cleanMulti()

        newSpotsKeys = []
        newSpotsAngs = []
        if debug:
            print 'working on fitting spots ... '
        for iSpot in indices:
            spot = self.__spots[iSpot]
            if isinstance(spot, tuple):
                raise RuntimeError, 'should only be looping over raw spots, spot %d is %s' % (iSpot, str(spot))
            else:

                'figure out if the spot should be split'
                pxl      = spot.xyoToIJKLocal(spot.xAll, spot.yAll, spot.oAll)
                shape    = [num.max(iPxL)+1 for iPxL in pxl]
                inp      = num.zeros( shape, dtype='int16')
                inp[pxl] = num.maximum(spot.vAll,0)
                try:
                    wtrshd, markersIJK = getWtrShd(inp, threshold)
                except:
                    wtrshd = None; markersIJK = [];
                splitThisSpot = len(markersIJK) > 1
                #
                if splitThisSpot:
                    markersXYO = [spot.ijkLocalToXYO(*markerIJK) for markerIJK in markersIJK]
                    spot.setupMulti(markersXYO, wtrshd=wtrshd) # does cleanFit

                    tic = time.time()
                    spot.fitWrap(*args, **kwargs)
                    toc = time.time(); dt = toc - tic
                    if debug > 1:
                        print 'fitWrap call for multi-spot %d took %g seconds' % (iSpot, dt)
                    if spot.fitHasFailed():
                        if debug:
                            e = spot.exceptionOnFit()
                            if e:
                                print 'fit e-failed for multi-peak spot %d len %d : %d, %s' % (iSpot, len(spot), e.err, str(e.msg))
                            else:
                                print 'fit failed for multi-peak spot %d len %d' % (iSpot, len(spot))
                        """
                        in getHKLSpots this spot will no longer come up because it is
                        split but the fit has failed, so upon reclaiming no grain should grab it
                        """
                    else:
                        if debug > 1:
                            integI, res, res0 = spot.getIntegratedIntensity(useFit=True, getResid=True)
                            print 'fit successful for multiply-claimed spot %d ; integI, res, res0 : %g %g %g' % (iSpot, integI, res, res0)
                        """
                        could reassign claims in here, but that seems messy;
                        better to let a grain do that if it wants so that it can keep its data structures consistent;
                        and probably want to do resetClaims first
                        """
                        if interactive:
                            doLoop = True
                            while doLoop:
                                userInput = raw_input('options: (d)isplay, (c)ontinue, (i)nvalidate')
                                if   userInput == 'd':
                                    spot.display()
                                elif userInput == 'c':
                                    doLoop = False
                                elif userInput == 'i':
                                    spot.cleanFit()
                                    # spot.__fitFailed = FitFailedError(1, 'error from  user interaction')
                                    spot.__fitFailed = (1, 'error from  user interaction')
                                    doLoop = False
                                else:
                                    print 'invalid choice'
                        for iSubSpot in range(spot.getNSplit()):
                            newSpotsKeys.append( (iSpot, iSubSpot) )
                            newSpotsAngs.append( spot.angCOM(iSubSpot=iSubSpot) )
                        # self.__claimedBy[iSpot] = self.__claimInvalid

                else: # not splitting this spot
                    tic = time.time()
                    spot.fitWrap(*args, **kwargs)
                    toc = time.time(); dt = toc - tic
                    if debug > 1:
                        print 'fitWrap call for spot %d took %g seconds' % (iSpot, dt)
                    'fitWrap will not necessarily raise an exception, but if it stored an exception re-raise it here'
                    self.__spotAngCoords[iSpot] = spot.angCOM(useFit=True)
                    self.__spotXYOCoords[iSpot] = self.detectorGeom.angToXYO( *self.__spotAngCoords[iSpot] )

        if debug:
            print '... done fitting spots'

        if debug:
            print 'making new spots data structures'
        nNew = len(newSpotsKeys)
        """
        drop any previously split spots;
        """
        self.__anyAreSplit = False
        if nNew > 0:
            self.__spots.resize( self.__nRawSpots + nNew )
            self.__spotAngCoords.resize( self.__nRawSpots + nNew, 3 )
            for iNew, key, angs in zip( range(self.__nRawSpots, self.__nRawSpots+nNew), newSpotsKeys, newSpotsAngs ):
                self.__spots[iNew] = key; self.__anyAreSplit = True
                self.__spotAngCoords[iNew] = angs
            self.__makeDataStructures()
        self.resetClaims()

        return
[docs]    def fitSpotsMulti(self, indices, threshold, *args, **kwargs):
        """
        like fitSpots, but consider splitting up spots with multiple peaks
        """
        multiprocessing = xrdbase.multiprocessing # former import

        if self.__multiprocMode:
            raise RuntimeError, 'do not fit spots when in multiprocessing mode'

        uncertainties = kwargs.get('uncertainties', False)
        debug         = kwargs.get('debug', False)
        #
        multiProcMode = True
        if kwargs.has_key('multiProcMode'):
            multiProcMode = kwargs.pop('multiProcMode')
        #
        nCPUs = None
        if kwargs.has_key('nCPUs'):
            nCPUs = kwargs.pop('nCPUs')
        #
        if uncertainties:
            raise RuntimeError, 'have not coded uncertainties'

        'must do all self.__spots'
        assert self.__spots is not None,\
            'no way to resolve multiply claimed spots without self.__spots'
        assert indices is None,\
            'specify indices of None -- other cases not yet coded'

        indices = range(self.__nRawSpots)
        # self.__spots.resize( self.__nRawSpots ) # not needed here, and want to be able to index back to master spots from current claimedBy entries
        # self.__spotAngCoords.resize( self.__nRawSpots, 3 ) # not needed here
        self.cleanMulti()

        if debug:
            print 'working on fitting spots ... '
        #
        global spots_MP
        global args_fitWrap_MP
        global kwargs_fitWrap_MP
        global debug_MP
        global thresMulti_MP
        spots_MP = self.__spots
        args_fitWrap_MP = args
        kwargs_fitWrap_MP = kwargs
        debug_MP = debug
        thresMulti_MP = threshold
        #
        if multiProcMode:
            multiprocessing = xrdbase.multiprocessing # former import
            nCPUs = nCPUs or xrdbase.dfltNCPU
            pool = multiprocessing.Pool(nCPUs)
            if debug :
                print "using multiprocessing with %d cpus" % (nCPUs)
            resultsFit = pool.map(doSpotThis, indices, chunksize=10)
        else:
            resultsFit = map(doSpotThis, indices)
        #
        spots_MP = None
        args_fitWrap_MP = None
        kwargs_fitWrap_MP = None
        debug_MP = None
        thresMulti_MP = None
        if multiProcMode:
            print 'about to close pool'
            pool.close()
        #
        if debug:
            print '... done fitting spots'
        #
        newSpotsKeys = []
        newSpotsAngs = []
        for iSpot, (spot, newSpotsKeysThis, newSpotsAngsThis, retStr) in zip(indices, resultsFit):
            print retStr
            newSpotsKeys = newSpotsKeys + newSpotsKeysThis
            newSpotsAngs = newSpotsAngs + newSpotsAngsThis
            self.__spots[iSpot] = spot # replace old spot!
            if not spot.getNSplit() > 1:
                self.__spotAngCoords[iSpot] = spot.angCOM(useFit=True)
                self.__spotXYOCoords[iSpot] = self.detectorGeom.angToXYO( *self.__spotAngCoords[iSpot] )

        if debug:
            print 'making new spots data structures'
        nNew = len(newSpotsKeys)
        """
        drop any previously split spots;
        """
        self.__anyAreSplit = False
        if nNew > 0:
            self.__spots.resize( self.__nRawSpots + nNew )
            self.__spotAngCoords.resize( self.__nRawSpots + nNew, 3 )
            for iNew, key, angs in zip( range(self.__nRawSpots, self.__nRawSpots+nNew), newSpotsKeys, newSpotsAngs ):
                self.__spots[iNew] = key; self.__anyAreSplit = True
                self.__spotAngCoords[iNew] = angs
            self.__makeDataStructures()
        self.resetClaims()

        return

    def getPlaneData(self, phaseID=None):
        if phaseID is None:
            assert len(self.planeDataDict) == 1, 'need phaseID if multiphase'
            phaseID = self.planeDataDict.keys()[0]
        planeDataThisPhase = self.planeDataDict[phaseID]
        return planeDataThisPhase['planeData']
[docs]    def getHKLSpots(self, hkl, phaseID=None, unclaimedOnly=False, disallowMasterWhenSplit=True):
        """
        get boolean array that is True for spots associated with a
        given hkl (and optionally phase)
        """
        if phaseID is None:
            assert len(self.planeDataDict) == 1, 'need phaseID if multiphase'
            phaseID = self.planeDataDict.keys()[0]
        planeDataThisPhase = self.planeDataDict[phaseID]
        if hasattr(hkl,'__len__'):
            iHKL = planeDataThisPhase['hklInv'][tuple(hkl)]
        elif isinstance(hkl, int):
            iHKL = hkl
        else:
            raise RuntimeError, 'bad hkl : '+str(hkl)
        #theseSpots = num.where( planeDataThisPhase['tThAssoc'][iHKL, :] )

        theseSpots = planeDataThisPhase['tThAssoc'][iHKL, :]

        'take care of this in grain by calling spots.fitHasFailed'
        # 'kick out split spots that fail to fit'
        # if self.__spots is None:
        #     for iSpot in range(len(spots)):
        #         if theseSpots[iSpot]:
        #             spot = self.__spots[iSpot]
        #             if spot.__split and spot.fitHasFailed():
        #                 theseSpots[iSpotMaster] = False

        if self.__spots is not None and disallowMasterWhenSplit and self.__anyAreSplit:
            for iSpot in range(len(self.__spots)):
                if theseSpots[iSpot]:
                    spot = self.__spots[iSpot]
                    if isinstance(spot, tuple):
                        'this spot is allowed, so do not allow the master'
                        iSpotMaster, iSubSpot = spot
                        theseSpots[iSpotMaster] = False


        if unclaimedOnly:
            notClaimed = -num.array(self.__claimedBy, dtype=bool)
            theseSpots = theseSpots & notClaimed
            if self.__marks is not None:
                whereThese = num.where(theseSpots)[0]
                'theseSpots[whereThese] = self.__marks[whereThese] <= 0'
                for iSpot in whereThese:
                    theseSpots[iSpot] = self.__marks[iSpot] <= 0

        return theseSpots

[docs]    def getIterHKL(self, hkl, phaseID=None, unclaimedOnly=True, friedelOnly=False, iSpotLo=0, returnBothCoordTypes=False):
        """
        Returns an iterator over a given set of spots
        """
        iterator = SpotsIterator(self, hkl, phaseID, unclaimedOnly, friedelOnly, iSpotLo, returnBothCoordTypes)
        return iterator


[docs]    def getIterPhase(self, phaseID=None, unclaimedOnly=True, friedelOnly=False, iSpotLo=0, returnBothCoordTypes=False):
        """
        Returns an iterator over a given set of spots
        """
        iterator = SpotsIterator(self, None, phaseID, unclaimedOnly, friedelOnly, iSpotLo, returnBothCoordTypes)
        return iterator


    def nSpotBins(self):
        n = 0
        for phaseID, planeDataThisPhase in self.planeDataDict.iteritems():
            n += len(planeDataThisPhase['hklInv'])
        return n

[docs]    def checkClaims(self, indices=None):
        """
        careful: unlike claimSpots, does not check grain association;
        careful: indices should not be a boolean array
        """
        # 'check __invalidated just in case'
        if indices is None:
            claimed = num.array(self.__claimedBy, dtype=bool)
            # claimed[self.__invalidated] = True
        else:
            claimed = num.array(self.__claimedBy[indices], dtype=bool)
            # claimed[self.__invalidated[indices]] = True
        if self.__multiprocMode:
            """
            claimed = num.logical_or(
                num.array(self.__claimedBy[indices], dtype=bool),
                num.array(self.__marks[indices], dtype=bool)
                )
            """
            whereUnclaimed = num.where(-claimed)[0]
            if indices is None:
                for iSpot in whereUnclaimed:
                    claimed[iSpot] = self.__marks[iSpot] > 0
            else:
                for iInd in whereUnclaimed:
                    iSpot = indices[iInd]
                    claimed[iInd]  = self.__marks[iSpot] > 0
        return claimed

[docs]    def checkClaim(self, index):
        'careful: unlike claimSpots, does not check grain association'
        claimed = False
        if self.__multiprocMode:
            claimed = self.__marks[index] > 0
        claimed = claimed or (self.__claimedBy[index] is not None) # or self.__invalidated[index]
        return claimed

[docs]    def claimSpots(self, indices, newClaimedBy, checkOnly=False, asMaster=False):
        """
        careful: indices should not be a boolean array;

        returns bool of same length as indices, with True entries for indices
        that are in conflict;
        if checkOnly, then do not actaully claim the spots
        """

        indices = num.atleast_1d(indices)

        claimed = self.checkClaims(indices=indices)

        if self.__multiprocMode: #  and not asMaster
            """
            do marks regardless of asMaster value, in case marks are not
            otherwise going to be set; marks are important in multiprocessing as
            they get shared while claimedBy does not
            """
            if not checkOnly:
                for iSpot in indices:
                    self.__marks[iSpot] += 1

        if asMaster or not self.__multiprocMode:
            # 'do not check self.__marks here on purpose'
            # claimed = num.array(self.__claimedBy[indices], dtype=bool)
            for iInd, iSpot in enumerate(indices):
                addedClaim = False
                if not claimed[iInd] :
                    if not checkOnly:
                        self.__claimedBy[iSpot] = newClaimedBy
                        addedClaim = True
                else:

                    # if self.__invalidated[iSpot]:
                    #     'claimed should already be set True for invalidated spots, but reinforce that here'
                    #     claimed[iInd] = True
                    #     # if self.__claimedBy[iSpot] != self.__claimInvalid:
                    #     #     raise RuntimeError, 'this may not really be a problem, but say far it is unexpected so should figure out why it is happening: __claimedBy is not None for an invalidated spot'
                    # else:
                    claimedBy = self.__claimedBy[iSpot]
                    if isinstance(claimedBy,list): # if hasattr(claimedBy,'__len__'):
                        if claimedBy.count(newClaimedBy):
                            'no need to add to list'
                            claimed[iInd] = False
                        else:
                            if not checkOnly:
                                self.__claimedBy[iSpot] += [newClaimedBy]
                                addedClaim = True
                    else:
                        if claimedBy is newClaimedBy:
                            'claimed only by newClaimedBy, so no conflict for newClaimedBy'
                            claimed[iInd] = False
                        else:
                            if not checkOnly:
                                self.__claimedBy[iSpot] = [claimedBy, newClaimedBy]
                                addedClaim = True
                if self.__spots is not None and not checkOnly:
                    if addedClaim:
                        spot = self.__spots[iSpot]
                        if isinstance(spot, tuple):
                            'now deal with master spot'
                            iSpotMaster, iSubSpot = spot
                            claimedBy = self.__claimedBy[iSpotMaster]
                            if claimedBy is None:
                                self.__claimedBy[iSpotMaster] = newClaimedBy
                            elif isinstance(claimedBy,list):
                                if claimedBy.count(newClaimedBy):
                                    # raise RuntimeError, 'master spot already claimed by this grain'
                                    print 'WARNING : master spot %d already claimed by this grain %s' % (iSpot, str(newClaimedBy.lineageList))
                                self.__claimedBy[iSpotMaster] += [newClaimedBy]
                            else:
                                if claimedBy is newClaimedBy:
                                    # raise RuntimeError, 'master spot already claimed by this grain'
                                    print 'WARNING : master spot %d already claimed by this grain %s' % (iSpot, str(newClaimedBy.lineageList))
                                self.__claimedBy[iSpotMaster] = [claimedBy, newClaimedBy]


        return claimed

[docs]    def cleanMulti(self):
        """
        clean up spots for which split fitting was done, as they might
        need to change to single spots
        """
        assert self.__spots is not None,\
            'for cleanMulti, need spot instances'
        for spot in self.__spots:
            if isinstance(spot, tuple):
                'nothing to be done'
                continue
            if spot.getNSplit() > 0:
                spot.unsetMulti() # does spot.cleanFit()

        return

    def resetClaims(self, inPlace=False):
        nSpots = len(self)

        if inPlace:
            oldLen = num.size( self.__claimedBy )
            self.__claimedBy.resize( nSpots )
            self.__claimedBy[oldLen:] = None
            if self.__keepMarks:
                raise RuntimeError, 'do not resetClaims with keepMarks set'
            if self.__multiprocMode:
                raise RuntimeError, 'do not resetClaims inPlace when in multiprocMode'
            else:
                self.__marks = None
        else:
            self.__claimedBy = num.empty( nSpots, dtype=object )
            self.__claimedBy[:] = None # may not be necessary
            if not self.__keepMarks:
                if self.__multiprocMode:
                    self.__marks[:] = num.zeros(len(self.__marks), dtype=int)
                else:
                    self.__marks = None

        # self.__claimedBy[self.__invalidated] = self.__claimInvalid

        return

    def reportFitFailures(self):
        assert self.__spots is not None, \
            'need list of Spot instances'
        nFailed  = 0
        nFailedM = 0
        for spot in self.__spots[0:self.__nRawSpots]:
            failed = spot.fitHasFailed()
            if failed:
                nFailed = nFailed + 1
                if spot.getNSplit() > 1:
                    nFailedM = nFailedM + 1
        return nFailed, nFailedM
    def report(self, pw=None, scaleByMultip=True):
        assert not self.__multiprocMode, 'do not report in multiprocmode'
        nBins = self.nSpotBins()
        nSpotsTThAll     = num.empty(nBins) # dtype=int
        nSpotsTThClaimed = num.empty(nBins) # dtype=int
        iBin = 0
        #claimed = num.array(self.__claimedBy, dtype=bool)
        claimed = self.checkClaims()
        multipInv = 1.0
        for phaseID, planeDataThisPhase in self.planeDataDict.iteritems():
            planeDataEntry = planeDataThisPhase['planeData']
            hklList        = planeDataThisPhase['hklList']
            tThAssoc       = planeDataThisPhase['tThAssoc']
            multip         = planeDataThisPhase['multip']
            for iHKL, hkl in enumerate(hklList):
                # hklID = planeDataThisPhase['hklIDList'][iHKL]
                if scaleByMultip:
                    multipInv = 1.0 / float(multip[iHKL])
                nSpotsTThAll[iBin]     = num.sum(tThAssoc[iHKL, :]) * multipInv
                nSpotsTThClaimed[iBin] = num.sum(num.logical_and(tThAssoc[iHKL, :], claimed)) * multipInv
                iBin += 1
        if pw is not None:
            pw.clear()

            width = 0.8
            x = num.arange(nBins)
            bA = pw.a.bar(x, nSpotsTThAll,     width, color='0.5') # bottom=nSpotsTThClaimed
            bC = pw.a.bar(x, nSpotsTThClaimed, width, color='r')

            yLabel      = pw.a.set_ylabel('# spots / hkl multiplicity')
            xTicks      = pw.a.set_xticks(x+width/2.)
            xTickLables = pw.a.set_xticklabels( map(str, self.hklIDListAll), rotation='vertical' )
            title       = pw.a.set_title('spot report')
            legend      = pw.a.legend( (bC[0], bA[0]), ('claimed','total') ) # loc=(0.05,0.85)

            pw.show()

        numClaimed = num.sum(num.array(self.__claimedBy, dtype=bool))
        numMultiClaimed = num.sum(num.array(map(lambda x: isinstance(x,list), self.__claimedBy)))
        return nSpotsTThAll, nSpotsTThClaimed, numClaimed, numMultiClaimed # self.hklIDListAll

    def __markFriedel(self, iSpot, jSpot):
        if self.friedelPair[iSpot] == -1 and self.friedelPair[jSpot] == -1:
            self.friedelPair[iSpot] = jSpot
            self.friedelPair[jSpot] = iSpot
        else:
            print 'WARNING: Attempted to multiply assign friedel pair'
        return
    def findFriedelPairsHKL(self, hkl,
                            phaseID=None,
                            tthTol=None,
                            etaTol=valunits.valWUnit('etaTol', 'angle', 0.25, 'degrees'),
                            omeTol=valunits.valWUnit('etaTol', 'angle', 1.00, 'degrees')):

        getFriedelPair = crystallography.getFriedelPair
        angularDifference = rotations.angularDifference

        if hasattr(etaTol, 'getVal'):
            etaTol = etaTol.getVal('radians')

        if hasattr(omeTol, 'getVal'):
            omeTol = omeTol.getVal('radians')

        # loop time
        theseSpotsB = self.getHKLSpots(hkl, phaseID) # boolean over all spots
        theseSpotsI = num.where(theseSpotsB)[0]
        for iThese, iSpot in enumerate(theseSpotsI):
            if self.friedelPair[iSpot] >= 0: continue
            angCOM_I = self.__spotAngCoords[iSpot]
            angCOM_restOfThem = self.__spotAngCoords[theseSpotsI[iThese+1:], :]

            # get theoretical Friedel pair of I
            omeFP_I, etaFP_I = getFriedelPair(angCOM_I[0], angCOM_I[1], angCOM_I[2],
                                              display=False,
                                              units='radians',
                                              convention='aps')

            # take difference and find hits for tolerances
            fpDist = angularDifference(
                num.tile(num.r_[etaFP_I, omeFP_I], (angCOM_restOfThem.shape[0], 1)),
                angCOM_restOfThem[:, 1:] )

            # scale by tolerances so that rowNorm makes sense
            fpDist[:,0] = fpDist[:,0] * (1.0/etaTol)
            fpDist[:,1] = fpDist[:,1] * (1.0/omeTol)

            hits = num.where( num.logical_and(
                    (fpDist[:, 0] <= 1.0),
                    (fpDist[:, 1] <= 1.0)
                    ) )[0]

            if len(hits) > 0:           # found some
                if len(hits) > 1:       # found more than one; take closest
                    minInHits = num.argmin(mUtil.rowNorm(fpDist[hits, :]).squeeze())
                    jSpot     = theseSpotsI[iThese+1+minInHits]
                else:                   # found exactly one
                    jSpot     = theseSpotsI[iThese+1+hits[0]]
                self.__markFriedel(iSpot, jSpot)
        return
    @staticmethod
    def newActiveSpotData(spot, indexs):
        isNew = True
        assert isinstance(indexs, list), 'indexsPrev should be a list'
        d = {
            'spot'       : spot,
            'indexsPrev' : [],
            'slaved'     : None,
            'indexsNew'  : []
            }
        if isNew:
            d['indexsNew'] = indexs
        else:
            d['indexsPrev'] = indexs
        return d
    @staticmethod
[docs]    def enslaveSpotData(d, dMaster):
        """ends up, after potentially doing recursive calls,
        slaving master of d to master of dMaster"""
        realMaster = Spots.getMaster(dMaster)
        if d is realMaster:
            'nothing to do'
            pass
        else:
            assert realMaster['slaved'] is None, 'slaving to a slave, should not happen'
            if d['slaved'] is None:
                d['slaved'] = realMaster
            else:
                Spots.enslaveSpotData(d['slaved'], realMaster)
        return

    @staticmethod
    def mergeSpotData(d):
        merged = False
        if d['slaved'] is not None:
            merged = True
            dMaster = Spots.getMaster(d)
            dMaster['spot'].merge(d['spot']) # grab spot data
            dMaster['indexsPrev'] += d['indexsPrev'] # probably not needed, but do anyway
            dMaster['indexsNew'] += d['indexsNew']
        return merged
    @staticmethod
    def ageSpotData(d):
        # d['spot'] stays unchanged
        d['indexsPrev'] = num.unique(d['indexsNew']).tolist() # get rid of redundant entries from merging
        assert d['slaved'] is None, 'should not be aging slaved spots'
        d['indexsNew'] = []
        assert len(d['indexsPrev']) > 0, 'empty indexsPrev'
        return
    @staticmethod
    def getMaster(d):
        if not d['slaved']:
            retval = d
        else:
            retval = Spots.getMaster(d['slaved'])
        return retval
    @staticmethod
[docs]    def findSpotsOmegaStack(reader,
                            nFrames,
                            threshold, minPx,
                            discardAtBounds=True,
                            keepWithinBBox=True,
                            overlapPixelDistance=None,
                            nframesLump=1, # probably get rid of this eventually
                            padOmega=True,
                            padSpot=True,
                            debug=False, pw=None,
                            fout=None,
                            sumImg=None):
        """
        ... if merge at bounds, would need to do that before culling based on size
        (*) spots from beginning would have already been finalized -- can merge with them without trouble? 
        (*) add comments here about what happens when reader.wrapsAround

        This method does not necessarily need to hang off of the Spots class,
        but Spots is a convenient place to put it.

        If nFrames == 0, read all frames.

        if pass overlapPixelDistance, then overlap is determined based
        on centroid distances in pixel units; with
        overlapPixelDistance being set to the tolerance for overlap;
        probably most useful when omega steps are large

        reader has been created by doing something like:
                fileInfo = [('RUBY_4537.raw', 2), ('RUBY_4538.raw', 2)]
                reader = detector.ReadGE(fileInfo, subtractDark=True)

        if go to parallel processing, perhaps return first and last lables for doing merges
        """
        
        location = '  findSpotsOmegaStack'
        fout = fout or sys.stdout
        def log_l(message):
            print >> fout, location+' : '+message
        logger = None
        if debug:
            logger = log_l
        
        if overlapPixelDistance:
            assert isinstance(overlapPixelDistance,float), \
                'if specified, overlapPixelDistance should be a float'
            if debug:
                log_l(' will use pixel distance of %g for overlap determination' % (overlapPixelDistance))
        if padOmega:
            '''
            The idea of padding in omega is to include background pixels in adjacent omega frames,
            but if overlapPixelDistance is being used then these pixels may not in fact be below
            the background. Just in case other combinations of settings make this a concern, just
            set cullPadOmega to True for all cases for now
            '''
            cullPadOmega = True

        labelsPrev       = None
        objsPrev         = None
        comsPrev         = None
        #
        'storage for finalized spots'
        spotListF = []
        #
        """keep active spot data in a dictionary, indexed by (original iFrame, original index in iFrame)"""
        spotDictA = {} # active spots
        #
        delta_omega = reader.getDeltaOmega()
        delta_omega = delta_omega * nframesLump
        if sumImg is None:
            sumImg = nframesLump > 1

        if nFrames == 0:
            nFrames = reader.getNFrames()
        if debug:
            log_l('using reader with %d frames and delta-omega of %g' % (nFrames, delta_omega))
        #
        prevframe = None
        prevbin   = None
        prevomega = None
        darkframe = reader.getDark()
        if have_progBar:
            widgets = [Bar('>'), ' ', ETA(), ' ', ReverseBar('<')]
            pbar = ProgressBar(widgets=widgets, maxval=reader.getNFrames() / nframesLump).start()
        for iFrame in range(nFrames / nframesLump): # for iFrame, omega in enumerate(omegas):
            if have_progBar:
                pbar.update(iFrame+1)
            if debug > 1:
                log_l('working on frame %d' % (iFrame))
                ticFrame = time.time()
            thisframe = reader.read(nframes=nframesLump, sumImg=sumImg)
            omega = reader.getFrameOmega()

            if debug > 1:
                tic = time.time()
            if pw is not None:
                reader.display(thisframe, pw=pw)
            if debugFrameRefs:
                log_l('references to thisframe : %d' % (sys.getrefcount(thisframe)))
            labels, objs, spotDataList, bin = spotFinderSingle(thisframe, threshold, 1,
                                                               keepWithinBBox, padSpot,
                                                               debug=debug>3, pw=pw, darkframe=darkframe)
            if debug > 1:
                toc = time.time()
                log_l('    spotFinderSingle took %g seconds' % ((toc - tic)))
            if debug > 1:
                log_l('len(spotDataList) : %d' % (len(spotDataList)))

            if debugFrameRefs:
                log_l('references to thisframe : %d (after spotFinderSingle)' % (sys.getrefcount(thisframe)))
            if overlapPixelDistance:
                'will need centers of mass'
                coms = num.empty((len(objs),2))
                for iObj in range(len(objs)):
                    index = iObj+1
                    # coms[iObj] = ndimage.center_of_mass(thisframe, labels=labels, index=index) # slow
                    coms[iObj] = getImCOM(thisframe, labels, objs, index)

            if labelsPrev is None:
                """starting with all new spots
                mark for deletion as touch the lower omega limit
                """
                if debug > 1:
                    log_l('starting all new spots')
                for spotData in spotDataList:
                    key = (iFrame, spotData['index'])
                    """
                    even if padOmega is True, do not have a previous frame with which to pad;
                    careful of this if doing multiprocessing
                    """
                    spot = Spot(key, delta_omega, spotData, omega, iFrame)
                    spot.mark(Spot.markAtOmegaLo)
                    indexPrev = spotData['index']
                    spotDictA[key] = Spots.newActiveSpotData(spot, [indexPrev])
            else:

                if debug > 2:
                    ticClaim = time.time()
                keysToPop = [] # spotsToPop = []
                spotClaimedBy = [None for iSpot in range(len(spotDataList))]
                #
                if debug > 2:
                    ttIndU = 0.
                    ttOver = 0.
                    ttNotO = 0.
                if debug > 1:
                    log_l('working on %d active spots' % (len(spotDictA)))
                for key, activeSpotData in spotDictA.iteritems():
                    activeSpot = activeSpotData['spot']

                    foundOverlap = False
                    if debug > 2:
                        log_l('    indexsPrev : '+str(activeSpotData['indexsPrev']))
                    for indexPrev in activeSpotData['indexsPrev']:
                        if overlapPixelDistance:
                            """
                            this is a funny way of doing centroidal
                            overlap, but is done this way to be
                            consistent with the other method for
                            determining overlap
                            """
                            comPrev = comsPrev[indexPrev-1]
                            spotIndexsUnique = [0]
                            for iObj in range(len(objs)):
                                index = iObj+1
                                distp   = coms[iObj] - comPrev
                                dist    = num.linalg.norm(distp)
                                if dist <= overlapPixelDistance:
                                    spotIndexsUnique.append(index)
                        else:
                            if debug > 2:
                                tic = time.time()
                            spotIndexs = getValuesOnly(labels, labelsPrev, objsPrev, indexPrev)
                            spotIndexsUnique = num.unique(spotIndexs)
                            if debug > 2:
                                ttIndU += time.time() - tic
                        # overlap = ndimage.sum(labels, labels=labelsPrev, index=indexPrev) > 0
                        if debug > 2:
                            tic = time.time()
                        if debug > 2:
                            log_l('    spotIndexsUnique : '+str(spotIndexsUnique))
                        overlap = spotIndexsUnique[-1] > 0
                        if overlap:
                            foundOverlap = True
                            'get rid of 0 as necessary'
                            if spotIndexsUnique[0] == 0:
                                spotIndexsUnique = spotIndexsUnique[1:]
                            for index in spotIndexsUnique:

                                iSpot = int(index) - 1
                                spotData = spotDataList[iSpot]
                                assert spotData['index'] == index, 'index mismatch'
                                activeSpot.append(spotData, omega, iFrame)
                                activeSpotData['indexsNew'] += [index]

                                if spotClaimedBy[iSpot] is not None: # not unclaimed[iSpot]:
                                    Spots.enslaveSpotData(activeSpotData, spotClaimedBy[iSpot])
                                else:
                                    spotClaimedBy[iSpot] = activeSpotData
                        if debug > 2:
                            ttOver += time.time() - tic
                    'done looping over indexPrev for this active spot'
                    if debug > 2:
                        tic = time.time()

                    if foundOverlap:
                        if padOmega:
                            for indexPrev in activeSpotData['indexsPrev']:
                                'previous frame onto this one'
                                spotDataPad = getSpot(thisframe, labelsPrev, objsPrev, indexPrev,
                                                      keepWithinBBox, False, darkframe) # padSpot
                                cullSpotUsingBin(spotDataPad, bin) # want to do this regardless of cullPadOmega
                                activeSpot.append(spotDataPad, omega, iFrame)
                            for index in activeSpotData['indexsNew']:
                                'this frame onto previous one'
                                spotDataPad = getSpot(prevframe, labels, objs, index,
                                                      keepWithinBBox, False, darkframe) # padSpot
                                cullSpotUsingBin(spotDataPad, prevbin) # want to do this regardless of cullPadOmega
                                activeSpot.append(spotDataPad, prevomega, iFrame-1)
                    else:
                        'finalize this spot -- no overlap with newly found spots'
                        if padOmega:
                            for indexPrev in activeSpotData['indexsPrev']:
                                spotDataPad = getSpot(thisframe, labelsPrev, objsPrev, indexPrev,
                                                      keepWithinBBox, False, darkframe) # padSpot
                                if cullPadOmega:
                                    cullSpotUsingBin(spotDataPad, bin)
                                activeSpot.append(spotDataPad, omega, iFrame)
                        activeSpot.finalize()
                        spotListF.append(activeSpot)
                        keysToPop.append(key) # spotsToPop.append(spot) # spot
                    if debug > 2:
                        ttNotO += time.time() - tic
                'end for key, activeSpotData in spotDictA.iteritems()'
                if debug > 2:
                    tocClaim = time.time()
                    log_l('    claiming spots took %g seconds' % ((tocClaim - ticClaim)))
                    log_l('        for IndU : %g seconds' % (ttIndU))
                    log_l('        for Over : %g seconds' % (ttOver))
                    log_l('        for NotO : %g seconds' % (ttNotO))
                    ticMunge = time.time()

                nFinalize = len(keysToPop)
                'before popping, add keys for merged spots to keysToPop'
                for key, activeSpotData in spotDictA.iteritems():
                    merged = Spots.mergeSpotData(activeSpotData)
                    if merged:
                        keysToPop.append(key)
                nMerge = len(keysToPop) - nFinalize
                if debug:
                    log_l('finalizing %d and merging %d spots' % (nFinalize, nMerge))

                'now pop'
                for key in keysToPop: # for spot in spotsToPop:
                    'already put in spotListF as appropriate, just need to pop it out of spotDictA'
                    junk = spotDictA.pop(key) # spot.key

                'make new active spots from unclaimed spots in current frame'
                unclaimed = num.array([spotClaimedBy[iSpot] is None
                                       for iSpot in range(len(spotDataList))],
                                      dtype=bool)
                if debug > 1:
                    log_l('creating %d new spots' % (num.sum(unclaimed)))
                for iSpotData, spotData in enumerate(spotDataList):
                    if not unclaimed[iSpotData] : continue
                    'no overlap with existing spots, make a new spot'
                    key = (iFrame, spotData['index'])
                    if padOmega:
                        'for now, keep key as it is, without changing iFrame'
                        #prevSpotData = copy.deepcopy(spotData)
                        prevSpotData = {}
                        prevSpotData.update(spotData)
                        prevSpotData['vbox']    = copyBox(prevframe, prevSpotData['obj'])
                        prevSpotData['darkbox'] = copyBox(darkframe, prevSpotData['obj'])
                        if cullPadOmega:
                            cullSpotUsingBin(prevSpotData, prevbin)
                        spot = Spot(key, delta_omega, prevSpotData, prevomega, iFrame-1)
                        spot.append(spotData, omega, iFrame)
                        pass
                    else:
                        spot = Spot(key, delta_omega, spotData, omega, iFrame)
                    indexPrev = spotData['index']
                    spotDictA[key] = Spots.newActiveSpotData(spot, [indexPrev])

                if debug > 2:
                    tocMunge = time.time()
                    log_l('    munging spots took %g seconds' % ((tocMunge - ticMunge)))
            'end of if for labelsPrev is None'

            if debug > 1:
                log_l('now have %d active spots' % (len(spotDictA)))
            for key, activeSpotData in spotDictA.iteritems():
                Spots.ageSpotData(activeSpotData)

            if padOmega:
                prevframe = thisframe
                prevbin   = bin
                prevomega = omega

            labelsPrev = labels
            objsPrev   = objs
            if overlapPixelDistance:
                comsPrev   = coms

            if debug > 1:
                tocFrame = time.time()
                log_l('in total, frame %d took %g seconds' % (iFrame, (tocFrame - ticFrame)))

            if debugFrameRefs:
                log_l('references to thisframe : %d (end of loop)' % (sys.getrefcount(thisframe)))
            del thisframe
        'done with iFrame loop'
        if have_progBar:
            pbar.finish()

        'take care of remaining active spots'
        for key, activeSpotData in spotDictA.iteritems():
            activeSpot = activeSpotData['spot']
            #
            'mark active spots as on an omega bound'
            activeSpot.mark(Spot.markAtOmegaHi)
            #
            """
            even if padOmega is True, do not have a next frame with which to pad;
            careful of this if doing multiprocessing
            """
            activeSpot.finalize()
            spotListF.append(activeSpot)

        if reader.wrapsAround and nFrames == reader.getNFrames():
            'need to do merge to that first and last frames act as being adjacent'
            if debug: 
                log_l('doing mergeSpotsOmegaStack')
            mergedSpots = Spots.mergeSpotsOmegaStack(spotListF, None, reader, None,
                                                     keepWithinBBox=keepWithinBBox,
                                                     overlapPixelDistance=overlapPixelDistance,
                                                     padOmega=padOmega, logger=logger)
            spotListF = mergedSpots

        keepers = num.array(map(Spot.nPx, spotListF)) >= minPx # dtype=bool
        if debug > 1:
            log_l('%d of %d spots have more than %d pixels' % (num.sum(keepers), len(spotListF), minPx))
        if discardAtBounds:
            if hasattr(discardAtBounds, '__len__'):
                toDiscard = discardAtBounds
            else:
                toDiscard = Spot.atBoundMarks
            nDiscard = 0
            for iSpot, spot in enumerate(spotListF): # spot in spotListF:
                if not keepers[iSpot] : continue
                if spot.isMarked(toDiscard):
                    keepers[iSpot] = False
                    nDiscard += 1
            if debug > 1:
                log_l('discarded %d spots at omega bounds' % (nDiscard))

        keptSpots = []
        for iSpot in range(len(spotListF)): # spot in spotListF:
            if not keepers[iSpot] : continue
            spot = spotListF[iSpot]
            keptSpots.append(spot)

        return keptSpots

    @staticmethod
[docs]    def mergeSpotsOmegaStack(spotsA, spotsB, readerA, readerB, 
                             keepWithinBBox=True,
                             overlapPixelDistance=None,
                             padOmega=True,
                             logger=None):
        """
        see findSpotsOmegaStack (documentation in header and in the body) for comments about padOmega and overlapPixelDistance

        spotsB and readerB can be None if this is for wrap-around

        A and B can be the same -- as would be the case for omega wrapping all the way around
        """
        
        if padOmega:
            darkframeA = readerA.getDark()
        
        wrap = False
        if spotsB is None:
            assert readerB is None, 'readerB should be None if spotsB is None'
            readerB = readerA
            assert readerA.wrapsAround, 'readerA should wrap around if spotsB is None'
            spotsB = spotsA
            darkframeB = darkframeA
            wrap = True
        else:
            'not sure when dark frames would be different, but grab a distinct one for B just in case'
            darkframeB = readerB.getDark()

        iFrameA = readerA.getNFrames()-1
        iFrameB = 0
        
        if overlapPixelDistance:
            assert isinstance(overlapPixelDistance,float), \
                'if specified, overlapPixelDistance should be a float'
        
        delta_omega = readerA.getDeltaOmega()
        assert readerB.getDeltaOmega() == delta_omega, 'delta omega mismatch; this case not handled'
        
        omegaA = readerA.frameToOmega(iFrameA)
        omegaB = readerB.frameToOmega(iFrameB)
        if wrap:
            'shift omegaB by 2pi so that spots have contiguous omega values'
            omegaB = omegaB + 2.0*num.pi
        
        'sort out spots'
        returnSpots = []
        spotsAtHiA = []
        spotsAtLoB = []
        #
        if wrap:
            for spot in spotsA:
                atHi = spot.isMarked(Spot.markAtOmegaHi)
                atLo = spot.isMarked(Spot.markAtOmegaLo)
                if atHi and atLo :
                    'skip because do not deal with spots that are themselves wrapped around' 
                    pass
                elif atHi:
                    spotsAtHiA.append(spot)
                elif atLo:
                    spotsAtLoB.append(spot)
                else:
                    returnSpots.append(spot)
        else:
            for spot in spotsA:
                if spot.isMarked(Spot.markAtOmegaHi):
                    spotsAtHiA.append(spot)
                else:
                    returnSpots.append(spot)
            #
            for spot in spotsB:
                if spot.isMarked(Spot.markAtOmegaLo):
                    spotsAtLoB.append(spot)
                else:
                    returnSpots.append(spot)
        
        if logger is not None:
            logger( '%d spots not at bounds' % (len(returnSpots)) )
            logger( '%d spots at "high" bound' % (len(spotsAtHiA)) )
            logger( '%d spots at "low" bound' % (len(spotsAtLoB)) )
        
        def makeBin_l(spots, iFrame, reader):
            """
            do not use spotfinder.getBin because assume that incoming spots 
            have been padded in the frame as desired
            """
            bin = reader.getEmptyMask()
            theseList = []
            for spot in spots:
                these = spot.getPixelsOnFrame(iFrame, reader)
                if these.size == 0:
                    'spot shout not be in spots if it does not have pixels on the frame'
                    print str(these)
                    print str(spot.oAll)
                    print reader.frameToOmega(iFrame)
                    raise RuntimeError, 'internal error with spot on omega bound'
                bin[ spot.xAll[these], spot.yAll[these] ] = True
                theseList.append(these)
            return bin, theseList
        def getCOM_l(spots, theseList):
            coms = []
            for spot, these in zip(spots, theseList):
                vSum = float(num.sum(spot.vAll[these]))
                if vSum <= 0:
                    print 'vSum is %g, from v array %s' % (vSum, str(v))
                    raise RuntimeError, 'vSum <= 0'
                com = num.array( [
                    num.dot( spot.xAll[these], spot.vAll[these] ) / vSum,
                    num.dot( spot.yAll[these], spot.vAll[these] ) / vSum,
                    ])
                coms.append( com )
            return coms
        
        if padOmega:
            localReaderA = readerA.makeNew()
            thisframeA = localReaderA(nskip=iFrameA, nframes=1)
            localReaderB = readerB.makeNew()
            thisframeB = localReaderB(nskip=iFrameB, nframes=1)
        if padOmega or (not overlapPixelDistance):
            binA, theseListA = makeBin_l(spotsAtHiA, iFrameA, readerA)
            binB, theseListB = makeBin_l(spotsAtLoB, iFrameB, readerB)
                
        'sort out overlaps'
        if overlapPixelDistance:
            """
            to keep things simple, only overlap closest pairs of spots from A and B
            """

            'will need centers of mass'
            'do not bother with munging data so that can use getImCOM'
            #
            comsA = getCOM_l(spotsAtHiA, theseListA)
            comsB = getCOM_l(spotsAtLoB, theseListB)
            
            usedB = [False for spotB in spotsAtLoB]
            
            newSpotsContrib = []
            
            for comA, spotA, theseA in zip(comsA, spotsAtHiA, theseListA):
                
                iMinB = -1
                distMin = overlapPixelDistance * 1e8
                for iSpotB in range(len(spotsAtLoB)):
                    if usedB[iSpotB]: continue
                    comB  = comsB[iSpotB]
                    spotB = spotsAtLoB[iSpotB]
                    distp = comA - comB
                    dist  = num.linalg.norm(distp)
                    if dist < distMin:
                        dist  = distMin
                        iMinB = iSpotB
                
                if distMin <= overlapPixelDistance:
                    'spots from A and B overlap'
                    
                    dataList = []
                    dataList.append( spotA.getDataMinimal() )

                    #comsB.pop(iMinB)
                    #spotB = spotsAtLoB.pop(iMinB)
                    spotB = spotsAtLoB[iMinB]
                    usedB[iMinB] = True

                    if wrap:
                        'shift omegaB by 2pi so that spots have contiguous omega values'
                        spotShifted = copy.deepcopy(spotB)
                        spotShifted.oAll = spotShifted.oAll + 2.0*num.pi
                        data = spotShifted.getDataMinimal()
                    else:
                        data = spotB.getDataMinimal()
                    dataList.append( data )

                    if padOmega:
                        'do not bother with padding in this case -- hopefully it is not necessary'
                        pass
                    
                    newSpotsContrib.append( dataList )

                else:
                    'spot from A does not overlap any of the spots in B'
                    
                    dataList = []
                    dataList.append( spotA.getDataMinimal() )
                    if padOmega:
                        index = 1 # made up, value should not matter
                        spotDataPad = getSpotFromPixels(thisFrameB, spotA.xAll[theseA], spotA.yAll[theseA], index,
                                                        keepWithinBBox, False, darkframeB)
                        cullSpotUsingBin(spotDataPad, binB)
                        key = (iFrameB, index, 'B')
                        tempSpot = Spot(key, delta_omega, spotDataPad, omegaB, iFrameB)
                        tempSpot.finalize()
                        dataList.append( tempSpot.getDataMinimal() )
                    newSpotsContrib.append( dataList )
            
            'take care of all spots that did not overlap'
            for spotB, theseB in zip(spotsAtLoB, theseListB):
                if usedB[iSpotB]: continue

                dataList = []
                if wrap:
                    'shift omegaB by 2pi so that spots have contiguous omega values'
                    'may not be necessary if not padOmega, but do it anyway'
                    spotShifted = copy.deepcopy(spotB)
                    spotShifted.oAll = spotShifted.oAll + 2.0*num.pi
                    data = spotShifted.getDataMinimal()
                else:
                    data = spotB.getDataMinimal()
                dataList.append( data )
                
                if padOmega:
                    index = 1 # made up, value should not matter
                    spotDataPad = getSpotFromPixels(thisFrameA, spotB.xAll[theseB], spotB.yAll[theseB], index,
                                                    keepWithinBBox, False, darkframeA)
                    cullSpotUsingBin(spotDataPad, binA)
                    key = (iFrameB, index, 'A')
                    tempSpot = Spot(key, delta_omega, spotDataPad, omegaA, iFrameA)
                    tempSpot.finalize()
                    dataList.append( tempSpot.getDataMinimal() )
                    
                newSpotsContrib.append( dataList )

        else:
            'use combined bin frame, binAB, to label spots and thereby find overlaps'

            if overlapPixelDistance is None:
                binAB = binA + binB
            #
            labels, numSpots = ndimage.label(binAB, structureNDI_label)
            if logger is not None:
                logger( 'labelling found %d spots in A+B frame' % (numSpots) )
            if padOmega:
                objs = ndimage.find_objects(labels)
            
            """
            loop over spotsAtHiA and spotsAtLoB to see which new spots they belong to;
            go ahead and remake all spots because we will be adding to them if padOmega
            is True anyway
            """
            
            newSpotsContrib = [ [] for iNewSpot in range(numSpots) ]
            
            for spot, these in zip(spotsAtHiA, theseListA):
                index = num.unique( labels[ spot.xAll[these], spot.yAll[these] ] )
                assert index.size == 1, 'internal error in labeling'
                iNewSpot = index[0]-1 # new spots number from 0, labels number from 1
                data = spot.getDataMinimal()
                newSpotsContrib[iNewSpot].append( data )
            
            for spot, these in zip(spotsAtLoB, theseListB):
                index = num.unique( labels[ spot.xAll[these], spot.yAll[these] ] )
                assert index.size == 1, 'internal error in labeling'
                iNewSpot = index[0]-1 # new spots number from 0, labels number from 1
                if wrap:
                    'shift omegaB by 2pi so that spots have contiguous omega values'
                    spotShifted = copy.deepcopy(spot)
                    spotShifted.oAll = spotShifted.oAll + 2.0*num.pi
                    data = spotShifted.getDataMinimal()
                else:
                    data = spot.getDataMinimal()
                newSpotsContrib[iNewSpot].append( data )

                
            'done sorting out overlaps'

            if padOmega:
                
                labelsPadA = copy.deepcopy(labels)
                labelsPadA[binA] = 0 
                #
                labelsPadB = copy.deepcopy(labels)
                labelsPadB[binB] = 0
                
                for iNewSpot in range(numSpots):
                    index = iNewSpot+1 # new spots number from 0, labels number from 1
                    
                    'pixels from frame A'
                    spotDataPad = getSpot(thisframeA, labelsPadA, objs, index, 
                                          keepWithinBBox, False, darkframeA) # padSpot
                    'assume do not need to do cullSpotUsingBin given that are using labelsPadA'
                    key = (iFrameA, index, 'A')
                    tempSpot = Spot(key, delta_omega, spotDataPad, omegaA, iFrameA)
                    tempSpot.finalize()
                    newSpotsContrib[iNewSpot].append( tempSpot.getDataMinimal() )
    
                    'pixels from frame B'
                    spotDataPad = getSpot(thisframeB, labelsPadB, objs, index, 
                                          keepWithinBBox, False, darkframeB) # padSpot
                    'assume do not need to do cullSpotUsingBin given that are using labelsPadB'
                    key = (iFrameB, index, 'B')
                    tempSpot = Spot(key, delta_omega, spotDataPad, omegaB, iFrameB)
                    tempSpot.finalize()
                    newSpotsContrib[iNewSpot].append( tempSpot.getDataMinimal() )
                    
        'if overlapPixelDistance'
        
        for iNewSpot, newSpotContrib in enumerate(newSpotsContrib):
            assert len(newSpotContrib) > 0, 'internal error -- no contributing data for new spot'
            index = iNewSpot-1
            key = ( (iFrameA,iFrameB), index)
            newSpot = Spot.spotFromDataList(key, delta_omega, newSpotContrib)
            returnSpots.append(newSpot)

        if logger is not None:
            logger( 'returning %d spots from merge' % (len(returnSpots)) )
        for iSpot, spot in enumerate(returnSpots):
            if spot.isMarked(Spot.atBoundMarks):
                raise RuntimeError, 'internal error: spot %d is at bounds %s' % ( iSpot, str(spot.marks) )

        return returnSpots

    def getOmegaMins(self):
        mins = zip(*self.omegaMM)[0]
        'toFloat already done'
        #retval = num.array(toFloat(mins, 'radians'))
        retval = num.array(mins)
        return retval
    def getOmegaMaxs(self):
        maxs = zip(*self.omegaMM)[1]
        'toFloat already done'
        #retval = num.array(toFloat(maxs,'radians'))
        retval = num.array(maxs)
        return retval


[docs]class SpotsIterator:
    'iterator over a given set of spots in a Spots instance, note that the iterator ignores relations among split spots'
[docs]    def __init__(self, spots, hkl, phaseID, unclaimedOnly, friedelOnly, iSpotLo, returnBothCoordTypes):
        self.spots = spots
        if phaseID is None:
            assert len(self.spots.planeDataDict) == 1, 'need phaseID if multiphase'
            phaseID = self.spots.planeDataDict.keys()[0]
        planeDataDict = self.spots.planeDataDict[phaseID]
        if hkl is None:
            iHKL = None
        else:
            iHKL = planeDataDict['hklInv'][tuple(hkl)]
        self.__iter_pnt             = iSpotLo # 0
        self.__iter_pnt_0           = iSpotLo
        self.__iter_phaseID         = phaseID
        self.__iter_iHKL            = iHKL
        self.__iter_friedelOnly     = friedelOnly
        self.__iter_unclaimedOnly   = unclaimedOnly
        self.__returnBothCoordTypes = returnBothCoordTypes
        return

    def __iter__(self):
        self.__iter_pnt = self.__iter_pnt_0
        return self
    def next(self):
        nSpots    = len(self.spots._Spots__spotAngCoords)
        planeDataDict = self.spots.planeDataDict[self.__iter_phaseID]
        if self.__iter_iHKL is None:
            tThAssoc  = planeDataDict['phaseAssoc']
        else:
            tThAssoc  = planeDataDict['tThAssoc'][self.__iter_iHKL, :]
        while True:
            if self.__iter_pnt >= nSpots:
                raise StopIteration

            if not tThAssoc[self.__iter_pnt]:
                self.__iter_pnt += 1
                continue
            if self.__iter_unclaimedOnly:
                if self.spots.checkClaim(self.__iter_pnt):
                    self.__iter_pnt += 1
                    continue

            if self.__iter_friedelOnly:
                if self.spots.friedelPair[self.__iter_pnt] > self.__iter_pnt:
                    """ checking > self.__iter_pnt will only be True for the
                    master spot if have done:
                        friedelPair[iSpot] = jSpot
                        friedelPair[jSpot] = iSpot
                    to set up the data
                    """
                    iSpot = self.__iter_pnt
                    jSpot = self.spots.friedelPair[self.__iter_pnt]
                    if self.__returnBothCoordTypes:
                        raise NotImplementedError, 'both coord types and Friedel pairs'
                    retval = iSpot, jSpot, \
                             self.spots._Spots__spotAngCoords[iSpot], \
                             self.spots._Spots__spotAngCoords[jSpot]
                else:
                    self.__iter_pnt += 1
                    continue
            else:
                iSpot = self.__iter_pnt
                if self.__returnBothCoordTypes:
                    retval = iSpot, \
                        self.spots._Spots__spotAngCoords[iSpot], \
                        self.spots._Spots__spotXYOCoords[iSpot]
                else:
                    retval = iSpot, \
                        self.spots._Spots__spotAngCoords[iSpot]
            'found one if get to here'
            break
        'increment for next call'
        self.__iter_pnt += 1
        return retval

######################################################################


[docs]def testSingle(fileInfo):
    pw = plotwrap.PlotWrap()

    reader = detector.ReadGE(fileInfo, subtractDark=True)

    thisframe = reader.read()
    # thisframe = reader.read(nskip=369)
    # reader.display(thisframe, range=600, pw=pw)
    reader.display(thisframe, pw=pw)
    # detector.ReadGE.display(thisframe, range=200, pw=pw)
    labels, objs, spotDataList, bin = spotFinder.spotFinderSingle(thisframe, 20, 2, False, pw=pw, debug=True)

    return reader, pw, labels, objs, spotDataList, thisframe


[docs]def testSpotFinder(fileInfo, delta_omega, omega_low, howMuch=0.1):

    tic = time.time()

    mask = None
    nFrames = detector.ReadGE.getNFramesFromFileInfo(fileInfo)
    nFrames = int(nFrames*howMuch)
    if howMuch == 1:
        maskData = num.loadtxt('RUBY_MASK_CSC.dat', dtype=int, comments='#')
        mask = reader.getEmptyMask()
        mask[maskData[:,0],maskData[:,1]] = maskData[:,2]
        pMask = detector.ReadGE.display(mask)
        del maskData

    print 'will test with %d frames' % (nFrames)
    #omegas = num.arange(omega_low, omega_low+delta_omega*(nFrames-0.5), delta_omega)

    reader = detector.ReadGE(fileInfo, subtractDark=True, mask=mask)

    threshold = 20
    minPx = 4
    spots = spotFinder.Spots.findSpotsOmegaStack(
        reader, omega_low, delta_omega, nFrames,
        threshold, minPx, debug=1) # pw=pw
    spotSizes = map(spotFinder.Spot.nPx, spots)
    print 'spot sizes : '+str(spotSizes)
    # locmax = num.argmax(spotSizes)
    # spot = spots[locmax]
    # win = spot.display(cmap=None)

    toc = time.time()
    dt = toc - tic
    print 'finding spots took %g seconds to run' % (dt)

    return spots


[docs]def main(argv=[]):

    #fileInfo = 'RUBY_4537.raw'
    # ... need to check nempty values!
    fileInfo = [('RUBY_4537.raw', 2), ('RUBY_4538.raw', 2)]
    delta_omega = 0.25 * detector.d2r # 0.25 degrees, converted to radians
    # ... need to get correct omega_low
    omega_low = -60.0 * detector.d2r # converted to radians

    howMuch = 0.1
    if len(argv) > 0:
        howMuch = argv[0]
    spots = spotFinder.testSpotFinder(fileInfo, delta_omega, omega_low, howMuch=howMuch)

    'cull spots and the sort by size'
    tests = [
        spotFinder.Spot.testSpotIsNotStreak,
        (spotFinder.Spot.testSpotLenAtLeast, 5)
        ]
    culledSpots = spotFinder.Spot.cullSpots(spots, tests)
    #
    sortedSpots = arrayutil.structuredSort( map(len, culledSpots), culledSpots )

    plotSpots = False
    if plotSpots:
        'plot each spot in turn, but first cull and then sort by size'

        'sortedSpots is smallest to biggest, so reverse for plotting biggest to smallest'
        for spot in sortedSpots[-1:0:-1]: # for spot in spots:
            win = spot.display(cmap=None)
            raw_input("any key to continue")
            win.destroy()

    spot = sortedSpots[-1] # biggest spot
    # win = spot.display(cmap=None)
    workDist = valunits.valWUnit('workDist', 'length', 1.9365, 'meter')
    detectorGeom = detector.DetectorGeomGE(1024, 1024, workDist)
    fitX, vCalc = spot.fit(detectorGeom=detectorGeom)
    winData = spot.display(title='data')
    winFit  = spot.display(vAll=vCalc, title='fit')
    winDiff = spot.display(vAll=(vCalc-spot.vAll), title='difference')
    print 'angCOM estimate : '+str(spot.angCOM(useFit=False))
    print 'angCOM fit      : '+str(spot.angCOM(useFit=True))

    return spots


if __name__ == '__main__':
    import cProfile as profile # profile
    pr = profile.Profile()
    pr.run('spots = main(sys.argv[1:])') #  filename='main.cprof'
    pr.dump_stats('spotFinder_main.cprof')
    #import pstats
    #stats = pstats.Stats('spotFinder_main.cprof')
    print 'Profiler stats : '
    pr.print_stats(sort=1) # stats.print_stats(sort=1)
    shelf = shelve.open('spots.py_shelf')
    shelf['spots'] = spots
    shelf.close()
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  Source code for hexrd.quadrature.q1db

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import numpy as num
from math import sqrt

# formerly:  qloc1ddata

ndim = 1
available = [1,2,3,4,5,8]

xi_a2  = sqrt(1.0e0/3.0e0) # 0.577350269189626e0
xi_a3  = sqrt(0.6e0)

xi_8a= 0.960289856497536e0
xi_8b= 0.796666477413627e0
xi_8c= 0.525532409916329e0
xi_8d= 0.183434642495650e0
w_8a = 0.101228536290376e0
w_8b = 0.222381034453374e0
w_8c = 0.313706645877887e0
w_8d = 0.362683783378362e0

[docs]def qloc1():
    nqpt = 1
    xi = num.empty([nqpt]) # ,ndim
    w  = num.empty([nqpt])

    xi[0]=0.5e0; w[0] = 1.0e0;
    return xi, w


[docs]def qloc2():
    nqpt = 2
    xi = num.empty([nqpt]) # ,ndim
    w  = num.empty([nqpt])

    xi[0]=(1.0e0 - xi_a2)*0.5e0;  w[0] = 0.5e0;
    xi[1]=(1.0e0 + xi_a2)*0.5e0;  w[1] = 0.5e0;

    return xi, w


[docs]def qloc3():
    nqpt = 3
    xi = num.empty([nqpt]) # ,ndim
    w  = num.empty([nqpt])
    xi[0]=0.5e0 * (1.0e0 - xi_a3);  w[0] = sqrt(25.0e0 / 324.0e0);
    xi[1]=0.5e0                  ;  w[1] = sqrt(64.0e0 / 324.0e0);
    xi[2]=0.5e0 * (1.0e0 + xi_a3);  w[2] = w[0];
    return xi, w


[docs]def qloc4():
    nqpt = 4
    xi = num.empty([nqpt]) # ,ndim
    w  = num.empty([nqpt])
    xi_a = sqrt((3.+2.*sqrt(6./5.))/7.)
    xi_b = sqrt((3.-2.*sqrt(6./5.))/7.)
    xi[0]=0.5e0 * (1.0e0 - xi_a);  w[0] = 0.5 * (18.-sqrt(30.))/36.
    xi[1]=0.5e0 * (1.0e0 - xi_b);  w[1] = 0.5 * (18.+sqrt(30.))/36.
    xi[2]=0.5e0 * (1.0e0 + xi_b);  w[2] = w[1]
    xi[3]=0.5e0 * (1.0e0 + xi_a);  w[3] = w[0]
    return xi, w


[docs]def qloc5():
    nqpt = 5
    xi = num.empty([nqpt]) # ,ndim
    w  = num.empty([nqpt])
    xi_a = sqrt(5.+2.*sqrt(10./7.))/3.
    xi_b = sqrt(5.-2.*sqrt(10./7.))/3.
    xi[0]=0.5e0 * (1.0e0 - xi_a);  w[0] = 0.5 * (322. - 13.*sqrt(70.))/900.
    xi[1]=0.5e0 * (1.0e0 - xi_b);  w[1] = 0.5 * (322. + 13.*sqrt(70.))/900.
    xi[2]=0.5e0 * (1.0e0 + 0.  );  w[2] = 0.5 * 128. / 225.
    xi[3]=0.5e0 * (1.0e0 + xi_b);  w[3] = w[1]
    xi[4]=0.5e0 * (1.0e0 + xi_a);  w[4] = w[0]
    return xi, w


[docs]def qloc8():
    nqpt = 8
    xi = num.empty([nqpt]) # ,ndim
    w  = num.empty([nqpt])
    xi[0]=(1.0e0-xi_8a)*0.5e0;  w[0] = w_8a*0.5e0;
    xi[1]=(1.0e0-xi_8b)*0.5e0;  w[1] = w_8b*0.5e0;
    xi[2]=(1.0e0-xi_8c)*0.5e0;  w[2] = w_8c*0.5e0;
    xi[3]=(1.0e0-xi_8d)*0.5e0;  w[3] = w_8d*0.5e0;
    xi[4]=(1.0e0+xi_8d)*0.5e0;  w[4] = w_8d*0.5e0;
    xi[5]=(1.0e0+xi_8c)*0.5e0;  w[5] = w_8c*0.5e0;
    xi[6]=(1.0e0+xi_8b)*0.5e0;  w[6] = w_8b*0.5e0;
    xi[7]=(1.0e0+xi_8a)*0.5e0;  w[7] = w_8a*0.5e0;
    return xi, w


[docs]def qLoc(quadr, promote=False):
    if promote:
        nqp = num.array(available)
        'the following may raise an exception if quadr is too big:'
        quadr = nqp[num.where(nqp >= quadr)][0]
    if quadr == 8:
        xi, w = qloc8()
    elif quadr == 5:
        xi, w = qloc5()
    elif quadr == 4:
        xi, w = qloc4()
    elif quadr == 3:
        xi, w = qloc3()
    elif quadr == 2:
        xi, w = qloc2()
    elif quadr == 1:
        xi, w = qloc1()
    else:
        raise NotImplementedError, 'quadr rule %d not implemented' % (quadr)
    return xi, w
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  Source code for hexrd.xrd.indexer

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HExrd. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it
# under the terms of the GNU Lesser General Public License (as published by
# the Free Software Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import sys
import os
import copy
import ctypes
import tempfile
import glob
import logging
import time
import pdb

import numpy as num
#num.seterr(invalid='ignore')

import hexrd.matrixutil as mUtil

from hexrd.xrd.grain     import Grain, makeMeasuredScatteringVectors
from hexrd.xrd.rotations import \
     discreteFiber, mapAngle, \
     quatOfRotMat, quatProductMatrix, \
     rotMatOfExpMap, rotMatOfQuat
from hexrd.xrd.symmetry  import toFundamentalRegion
from hexrd.xrd           import xrdbase

from hexrd.xrd import transforms      as xf
from hexrd.xrd import transforms_CAPI as xfcapi

if xrdbase.haveMultiProc:
    multiprocessing = xrdbase.multiprocessing # formerly import


logger = logging.getLogger(__name__)


# module vars
piby2 = num.pi * 0.5
r2d = 180. / num.pi
d2r = num.pi / 180.

Xl = num.c_[1, 0, 0].T
Yl = num.c_[0, 1, 0].T
Zl = num.c_[0, 0, 1].T

fableSampCOB = num.dot(rotMatOfExpMap(piby2*Zl), rotMatOfExpMap(piby2*Yl))

# global vars for multiproc paintGrid method
planeData_MP  = None
omeMin_MP     = None
omeMax_MP     = None
etaMin_MP     = None
etaMax_MP     = None
hklList_MP    = None
hklIDs_MP     = None
etaOmeMaps_MP = None
bMat_MP       = None
threshold_MP  = None

[docs]class GrainSpotter:
    """
    Interface to grain spotter, which must be in the user's path
    """
    __execName = 'grainspotter'
[docs]    def __init__(self):
        self.__tempFNameList = []

        if (os.system('which '+self.__execName) != 0):
            print >> sys.stderr, "need %s to be in the path" % (self.__execName)
            raise RuntimeError, "unrecoverable error"

        return


    def __call__(self, spotsArray, **kwargs):
        """
        writes gve and ini files to system, calls grainspotter, parses results.

        A word on spacegroup numbers: it appears that grainspotter is using the
        'VolA' tag for calls to SgInfo
        """
        location = self.__class__.__name__
        tic = time.time()

        phaseID   = None
        gVecFName = 'tmp'

        kwarglen = len(kwargs)
        if kwarglen > 0:
            argkeys = kwargs.keys()
            for i in range(kwarglen):
                if argkeys[i] == 'phaseID':
                    phaseID = kwargs[argkeys[i]]
                elif argkeys[i] == 'filename':
                    gVecFName = kwargs[argkeys[i]]

        planeData = spotsArray.getPlaneData(phaseID=phaseID)
        U0        = planeData.latVecOps['U0']
        symTag    = planeData.getLaueGroup()

        writeGVE(spotsArray, gVecFName, **kwargs)

        toc = time.time()
        print 'in %s, setup took %g' % (location, toc-tic)
        tic = time.time()

        # tempFNameStdout = tempfile.mktemp()
        # self.__tempFNameList.append(tempFNameStdout)
        # tempFNameStdout = 'tmp.out'
        # grainSpotterCmd = (
        #     '%s %s > %s' % (self.__execName, gVecFName, tempFNameStdout)
        #     )
        grainSpotterCmd = '%s %s' % (self.__execName, gVecFName+'.ini')
        os.system(grainSpotterCmd)
        toc = time.time()
        print 'in %s, execution took %g' % (location, toc-tic)
        tic = time.time()

        # add output files to cleanup list
        # self.__tempFNameList += glob.glob(gVecFName+'.*')

        # collect data from gff file'
        gffFile = gVecFName+'.gff'
        gffData = num.loadtxt(gffFile)
        if gffData.ndim == 1:
            gffData = gffData.reshape(1, len(gffData))
        gffData_U = gffData[:,6:6+9]

        # process for output
        retval = convertUToRotMat(gffData_U, U0, symTag=symTag)

        toc = time.time()
        print 'in %s, post-processing took %g' % (location, toc-tic)
        tic = time.time()

        return retval

    def __del__(self):
        self.cleanup()
        return
    def cleanup(self):
        for fname in self.__tempFNameList:
            os.remove(fname)
        return


[docs]def convertUToRotMat(Urows, U0, symTag='Oh', display=False):
    """
    Takes GrainSpotter gff ouput in rows

    U11 U12 U13 U21 U22 U23 U13 U23 U33

    and takes it into the hexrd/APS frame of reference

    Urows comes from grainspotter's gff output
    U0 comes from xrd.crystallography.latticeVectors.U0
    """

    numU, testDim = Urows.shape
    if testDim != 9:
        raise RuntimeError(
            "input must have 9 columns; received %d" % (testDim)
            )

    qin  = quatOfRotMat(Urows.reshape(numU, 3, 3))
    # what the hell is happening here?:
    qout = num.dot(
        quatProductMatrix(quatOfRotMat(fableSampCOB), mult='left'),
        num.dot(
            quatProductMatrix(quatOfRotMat(U0.T), mult='right'),
            qin
            ).squeeze()
        ).squeeze()
    if qout.ndim == 1:
        qout = toFundamentalRegion(
            qout.reshape(4, 1), crysSym=symTag, sampSym=None
            )
    else:
        qout = toFundamentalRegion(qout, crysSym=symTag, sampSym=None)
    if display:
        print "quaternions in (Fable convention):"
        print qin.T
        print "quaternions out (hexrd convention, symmetrically reduced)"
        print qout.T
    Uout = rotMatOfQuat(qout)
    return Uout


def convertRotMatToFableU(rMats, U0=num.eye(3), symTag='Oh', display=False):
    """
    Makes GrainSpotter gff ouput

    U11 U12 U13 U21 U22 U23 U13 U23 U33

    and takes it into the hexrd/APS frame of reference

    Urows comes from grainspotter's gff output
    U0 comes from xrd.crystallography.latticeVectors.U0
    """
    numU = num.shape(num.atleast_3d(rMats))[0]

    qin  = quatOfRotMat(num.atleast_3d(rMats))
    # what the hell is this?:
    qout = num.dot(
        quatProductMatrix(quatOfRotMat(fableSampCOB.T), mult='left'),
        num.dot(
            quatProductMatrix(quatOfRotMat(U0), mult='right'),
            qin).squeeze()
        ).squeeze()
    if qout.ndim == 1:
        qout = toFundamentalRegion(
            qout.reshape(4, 1), crysSym=symTag, sampSym=None
            )
    else:
        qout = toFundamentalRegion(qout, crysSym=symTag, sampSym=None)
    if display:
        print "quaternions in (hexrd convention):"
        print qin.T
        print "quaternions out (Fable convention, symmetrically reduced)"
        print qout.T
    Uout = rotMatOfQuat(qout)
    return Uout

######################################################################

"""
things for doing fiberSearch with multiprocessing;
multiprocessing has a hard time pickling a function defined in the local scope
of another function, so stuck putting the function out here;
"""
debugMultiproc = 0
if xrdbase.haveMultiProc:
    foundFlagShared = multiprocessing.Value(ctypes.c_bool)
    foundFlagShared.value = False
multiProcMode_MP   = None
spotsArray_MP      = None
candidate_MP       = None
dspTol_MP          = None
minCompleteness_MP = None
doRefinement_MP    = None
nStdDev_MP         = None
[docs]def testThisQ(thisQ):
    """
    NOTES:
    (*) doFit is not done here -- in multiprocessing, that would end
        up happening on a remote process and then different processes
        would have different data, unless spotsArray were made to be
        fancier

    (*) kludge stuff so that this function is outside of fiberSearch
    """
    global multiProcMode_MP
    global spotsArray_MP
    global candidate_MP
    global dspTol_MP
    global minCompleteness_MP
    global doRefinement_MP
    global nStdDev_MP
    # assign locals
    multiProcMode   = multiProcMode_MP
    spotsArray      = spotsArray_MP
    candidate       = candidate_MP
    dspTol          = dspTol_MP
    minCompleteness = minCompleteness_MP
    doRefinement    = doRefinement_MP
    nStdDev         = nStdDev_MP
    nSigmas = 2                         # ... make this a settable option?
    if multiProcMode:
        global foundFlagShared

    foundGrainData = None
    #print "testing %d of %d"% (iR+1, numTrials)
    thisRMat = rotMatOfQuat(thisQ)

    ppfx = ''
    if multiProcMode:
        proc = multiprocessing.current_process()
        ppfx = str(proc.name)+' : '
        if multiProcMode and foundFlagShared.value:
            """
            map causes this function to be applied to all trial orientations,
            but skip evaluations after an acceptable grain has been found
            """
            if debugMultiproc > 1:
                print ppfx+'skipping on '+str(thisQ)
            return foundGrainData
        else:
            if debugMultiproc > 1:
                print ppfx+'working on  '+str(thisQ)
    candidate.findMatches(rMat=thisRMat,
                          strainMag=dspTol,
                          claimingSpots=False,
                          testClaims=True,
                          updateSelf=True)
    if debugMultiproc > 1:
        print ppfx+' for '+str(thisQ)+' got completeness : '\
              +str(candidate.completeness)
    if candidate.completeness >= minCompleteness:
        ## attempt to filter out 'junk' spots here by performing full
        ## refinement before claiming
        fineEtaTol = candidate.etaTol
        fineOmeTol = candidate.omeTol
        if doRefinement:
            if multiProcMode and foundFlagShared.value:
                'some other process beat this one to it'
                return foundGrainData
            print ppfx+"testing candidate q = [%1.2e, %1.2e, %1.2e, %1.2e]"\
                  %tuple(thisQ)
            # not needed # candidate.fitPrecession(display=False)
            ## first fit
            candidate.fit(display=False)
            ## auto-tolerace based on statistics of current matches
            validRefls = candidate.grainSpots['iRefl'] > 0
            fineEtaTol = nStdDev * num.std(
                candidate.grainSpots['diffAngles'][validRefls, 1]
                )
            fineOmeTol = nStdDev * num.std(
                candidate.grainSpots['diffAngles'][validRefls, 2]
                )
            ## next fits with finer tolerances
            for iLoop in range(3):
                candidate.findMatches(etaTol=fineEtaTol,
                                      omeTol=fineOmeTol,
                                      claimingSpots=False,
                                      testClaims=True,
                                      updateSelf=True)
                # not needed # candidate.fitPrecession(display=False)
                candidate.fit(display=False)
            if candidate.completeness < minCompleteness:
                print ppfx+"candidate failed"
                return foundGrainData
            if multiProcMode and foundFlagShared.value:
                'some other process beat this one to it'
                return foundGrainData
            # not needed # candidate.fitPrecession(display=False)
            # not needed? # candidate.fit(display=False)
            # not needed? # candidate.findMatches(etaTol=fineEtaTol,
            # not needed? #                       omeTol=fineOmeTol,
            # not needed? #                       claimingSpots=False,
            # not needed? #                       testClaims=True,
            # not needed? #                       updateSelf=True)
        else:
            ## at least do precession correction
            candidate.fitPrecession(display=False)
            candidate.findMatches(rMat=thisRMat,
                                  strainMag=dspTol,
                                  claimingSpots=False,
                                  testClaims=True,
                                  updateSelf=True)
            fineEtaTol = candidate.etaTol
            fineOmeTol = candidate.omeTol
            if candidate.completeness < minCompleteness:
                print ppfx+"candidate failed"
                return foundGrainData
            if multiProcMode and foundFlagShared.value:
                'some other process beat this one to it'
                return foundGrainData
        if multiProcMode:
            foundFlagShared.value = True
        # # newGrain uses current candidate.rMat
        # # do not do claims here -- those handled outside of this call
        # foundGrain = candidate.newGrain(
        #     spotsArray, claimingSpots=False,
        #     omeTol=fineOmeTol,
        #     etaTol=fineEtaTol)
        # if multiProcMode:
        #     foundGrain.strip()
        cInfo = quatOfRotMat(candidate.rMat).flatten().tolist()
        cInfo.append(candidate.completeness)
        print ppfx+"Grain found at q = [%1.2e, %1.2e, %1.2e, %1.2e] "\
              "with completeness %g" % tuple(cInfo)
        foundGrainData = candidate.getGrainData()
        'tolerances not actually set in candidate, so set them manually'
        foundGrainData['omeTol'] = fineOmeTol
        foundGrainData['etaTol'] = fineEtaTol

    return foundGrainData



[docs]def fiberSearch(spotsArray, hklList,
                iPhase=0,
                nsteps=120,
                minCompleteness=0.60,
                minPctClaimed=0.95,
                preserveClaims=False,
                friedelOnly=True,
                dspTol=None,
                etaTol=0.025,
                omeTol=0.025,
                etaTolF=0.00225,
                omeTolF=0.00875,
                nStdDev=2,
                quitAfter=None,
                doRefinement=True,
                debug=True,
                doMultiProc=True,
                nCPUs=None,
                outputGrainList=False
                ):
    """
    This indexer finds grains by performing 1-d searches along the fibers under
    the valid spots associated with each reflection order specified in hklList.
    The set of spots used to generate the candidate orientations may be
    restricted to Friedel pairs only.

    hklList *must* have length > 0;
    Dach hkl entry in hklList *must* be a tuple, not a list

    the output is a concatenated list of orientation matrices ((n, 3, 3)
    numpy.ndarray).
    """

    if not hasattr(hklList, '__len__'):
        raise RuntimeError(
            "the HKL list must have length, and len(hklList) > 0."
            )

    nHKLs = len(hklList)
    grainList = []
    nGrains = 0
    planeData = spotsArray.getPlaneData(iPhase)
    csym = planeData.getLaueGroup()
    bMat = planeData.latVecOps['B']
    if dspTol is None:
        dspTol = planeData.strainMag

    centroSymRefl = planeData.getCentroSymHKLs()

    candidate = Grain(spotsArray, rMat=None,
                      etaTol=etaTol, omeTol=omeTol)
    multiProcMode = xrdbase.haveMultiProc and doMultiProc
    #
    global foundFlagShared
    global multiProcMode_MP
    global spotsArray_MP
    global candidate_MP
    global dspTol_MP
    global minCompleteness_MP
    global doRefinement_MP
    global nStdDev_MP
    multiProcMode_MP   = multiProcMode
    spotsArray_MP      = spotsArray
    candidate_MP       = candidate
    dspTol_MP          = dspTol
    minCompleteness_MP = minCompleteness
    doRefinement_MP    = doRefinement
    nStdDev_MP         = nStdDev
    """
    set up for shared memory multiprocessing
    """
    if multiProcMode:
        nCPUs = nCPUs or xrdbase.dfltNCPU
        spotsArray.multiprocMode = True
        pool = multiprocessing.Pool(nCPUs)

    """
    HKL ITERATOR
    """
    if isinstance(quitAfter, dict):
        n_hkls_to_search = quitAfter['nHKLs']
    else:
        n_hkls_to_search = nHKLs

    if isinstance(quitAfter, int):
        quit_after_ngrains = quitAfter
    else:
        quit_after_ngrains = 0

    numTotal = len(spotsArray)
    pctClaimed = 0.
    time_to_quit = False
    tic = time.time()

    for iHKL in range(n_hkls_to_search):
        print "\n#####################\nProcessing hkl %d of %d\n" \
              % (iHKL+1, nHKLs)
        thisHKLID = planeData.getHKLID(hklList[iHKL])
        thisRingSpots0   = spotsArray.getHKLSpots(thisHKLID)
        thisRingSpots0W  = num.where(thisRingSpots0)[0]
        unclaimedOfThese = -spotsArray.checkClaims(indices=thisRingSpots0W)
        thisRingSpots    = copy.deepcopy(thisRingSpots0)
        thisRingSpots[thisRingSpots0W] = unclaimedOfThese
        if friedelOnly:
            # first, find Friedel Pairs
            spotsArray.findFriedelPairsHKL(hklList[iHKL],
                                           etaTol=etaTolF,
                                           omeTol=omeTolF)
            spotsIteratorI = spotsArray.getIterHKL(
                hklList[iHKL], unclaimedOnly=True, friedelOnly=True
                )
            # make some stuff for counters
            maxSpots = 0.5*(
                sum(thisRingSpots) \
                - sum(spotsArray.friedelPair[thisRingSpots] == -1)
                )
        else:
            spotsIteratorI = spotsArray.getIterHKL(
                hklList[iHKL], unclaimedOnly=True, friedelOnly=False
                )
            maxSpots = sum(thisRingSpots)
        """
        SPOT ITERATOR
          - this is where we iterate over all 'valid' spots for the current HKL
            as subject to the conditions of claims and ID as a friedel pair
            (when requested)
        """
        for iRefl, stuff in enumerate(spotsIteratorI):
            unclaimedOfThese = -spotsArray.checkClaims(indices=thisRingSpots0W)
            thisRingSpots    = copy.deepcopy(thisRingSpots0)
            thisRingSpots[thisRingSpots0W] = unclaimedOfThese
            if friedelOnly:
                iSpot, jSpot, angs_I, angs_J = stuff

                Gplus  = makeMeasuredScatteringVectors(*angs_I)
                Gminus = makeMeasuredScatteringVectors(*angs_J)

                Gvec = 0.5*(Gplus - Gminus)
                maxSpots = 0.5*(
                    sum(thisRingSpots) \
                    - sum(spotsArray.friedelPair[thisRingSpots] == -1)
                    )
            else:
                iSpot, angs_I = stuff
                Gvec  = makeMeasuredScatteringVectors(*angs_I)
                maxSpots = sum(thisRingSpots)
            print "\nProcessing reflection %d (spot %d), %d remain "\
                  "unclaimed\n" % (iRefl+1, iSpot, maxSpots)
            if multiProcMode and debugMultiproc > 1:
                marks = spotsArray._Spots__marks[:]
                print 'marks : '+str(marks)
            # make the fiber;
            qfib = discreteFiber(hklList[iHKL], Gvec,
                                 B=bMat,
                                 ndiv=nsteps,
                                 invert=False,
                                 csym=csym, ssym=None)[0]
            # if +/- hkl aren't in the symmetry group, need '-' fiber
            if not centroSymRefl[thisHKLID]:
                minusHKL = -num.r_[hklList[iHKL]]
                qfibM = discreteFiber(minusHKL, Gvec,
                                      B=bMat,
                                      ndiv=nsteps,
                                      invert=False,
                                      csym=csym, ssym=None)[0]
                qfib = num.hstack([qfib, qfibM])
            # cull out duplicate orientations
            qfib = mUtil.uniqueVectors(qfib, tol=1e-4)
            numTrials = qfib.shape[1]
            """
            THIS IS THE BIGGIE; THE LOOP OVER THE DISCRETE ORIENTATIONS IN THE
            CURRENT FIBER
            """
            if multiProcMode:
                foundFlagShared.value = False
                qfibList = map(num.array, qfib.T.tolist())
                #if debugMultiproc:
                #    print 'qfibList : '+str(qfibList)
                results = num.array(pool.map(testThisQ, qfibList, chunksize=1))
                trialGrains = results[num.where(num.array(results, dtype=bool))]
                # for trialGrain in trialGrains:
                #     trialGrain.restore(candidate)
            else:
                trialGrains = []
                for iR in range(numTrials):
                    foundGrainData = testThisQ(qfib[:, iR])
                    if foundGrainData is not None:
                        trialGrains.append(foundGrainData)
                        break
            'end of if multiProcMode'

            if len(trialGrains) == 0:
                print "No grain found containing spot %d\n" % (iSpot)
                # import pdb;pdb.set_trace()
            else:
                asMaster = multiProcMode
                'sort based on completeness'
                trialGrainCompletenesses = [
                    tgd['completeness'] for tgd in trialGrains
                    ]
                order = num.argsort(trialGrainCompletenesses)[-1::-1]
                for iTrialGrain in order:
                    foundGrainData = trialGrains[iTrialGrain]
                    foundGrain = Grain(
                        spotsArray,
                        grainData=foundGrainData,
                        claimingSpots=False
                        )
                    #check completeness before accepting
                    #especially important for multiproc
                    foundGrain.checkClaims() # updates completeness
                    if debugMultiproc:
                        print 'final completeness of candidate is %g' \
                              % (foundGrain.completeness)
                    if foundGrain.completeness >= minCompleteness:
                        conflicts = foundGrain.claimSpots(asMaster=asMaster)
                        numConfl = num.sum(conflicts)
                        if numConfl > 0:
                            print 'tried to claim %d spots that are already '\
                                  'claimed' % (numConfl)
                        grainList.append(foundGrain)
                        nGrains += 1
                numUnClaimed = num.sum(-spotsArray.checkClaims())
                numClaimed = numTotal - numUnClaimed
                pctClaimed = num.float(numClaimed) / numTotal
                print "Found %d grains so far, %f%% claimed" \
                      % (nGrains,100*pctClaimed)

                time_to_quit = (pctClaimed > minPctClaimed) or\
                  ((quit_after_ngrains > 0) and (nGrains >= quit_after_ngrains))
                if time_to_quit:
                    break
        'end of iRefl loop'

        if time_to_quit:
            break

    'end of iHKL loop'
    rMats = num.empty((len(grainList), 3, 3))
    for i in range(len(grainList)):
        rMats[i, :, :] = grainList[i].rMat

    if outputGrainList:
        retval = (rMats, grainList)
    else:
        retval = rMats

    if not preserveClaims:
        spotsArray.resetClaims()
    toc = time.time()
    print 'fiberSearch execution took %g seconds' % (toc-tic)

    if multiProcMode:
        pool.close()
        spotsArray.multiprocMode = False
        foundFlagShared.value = False
    # global foundFlagShared
    # global multiProcMode_MP
    # global spotsArray_MP
    # global candidate_MP
    # global dspTol_MP
    # global minCompleteness_MP
    # global doRefinement_MP
    multiProcMode_MP = None
    spotsArray_MP = None
    candidate_MP = None
    dspTol_MP = None
    minCompleteness_MP = None
    doRefinement_MP = None

    return retval


[docs]def pgRefine(x, etaOmeMaps, omegaRange, threshold):
    phi = sum(x*x)
    if phi < 1e-7:
        q = [num.r_[1.,0.,0.,0.],]
    else:
        phi = num.sqrt(phi)
        n = (1. / phi) * x.flatten()
        cphi2 = num.cos(0.5*phi)
        sphi2 = num.sin(0.5*phi)
        q = [num.r_[cphi2, sphi2*n[0], sphi2*n[1], sphi2*n[2]],]
    c = paintGrid(
        q, etaOmeMaps, threshold=threshold, bMat=None, omegaRange=omegaRange,
        etaRange=None, debug=False
        )
    f = abs(1. - c)
    return f


[docs]def paintGrid(quats, etaOmeMaps,
              threshold=None, bMat=None,
              omegaRange=None, etaRange=None,
              omeTol=d2r, etaTol=d2r,
              omePeriod=(-num.pi, num.pi),
              doMultiProc=False,
              nCPUs=None, debug=False):
    """
    do a direct search of omega-eta maps to paint each orientation in
    quats with a completeness

    bMat is in CRYSTAL frame

    etaOmeMaps is instance of xrd.xrdutil.CollapseOmeEta

    omegaRange=([-num.pi/3., num.pi/3.],) for example

    *) lifted mainly from grain.py

    *) self.etaGrid, self.omeGrid = num.meshgrid(self.etaEdges, self.omeEdges)
       this means that ETA VARIES FASTEST!

    ...make a new function that gets called by grain to do the g-vec angle
    computation?
    """

    quats = num.atleast_2d(quats)
    if quats.size == 4:
        quats = quats.reshape(4, 1)

    planeData = etaOmeMaps.planeData

    hklIDs    = num.r_[etaOmeMaps.iHKLList]
    hklList   = num.atleast_2d(planeData.hkls[:, hklIDs].T).tolist()
    nHKLS     = len(hklIDs)

    numEtas   = len(etaOmeMaps.etaEdges) - 1
    numOmes   = len(etaOmeMaps.omeEdges) - 1

    if threshold is None:
        threshold = num.zeros(nHKLS)
        for i in range(nHKLS):
            threshold[i] = num.mean(
                num.r_[
                    num.mean(etaOmeMaps.dataStore[i]),
                    num.median(etaOmeMaps.dataStore[i])
                    ]
                )
    elif threshold is not None and not hasattr(threshold, '__len__'):
        threshold = threshold * num.ones(nHKLS)
    elif hasattr(threshold, '__len__'):
        if len(threshold) != nHKLS:
            raise RuntimeError, "threshold list is wrong length!"
        else:
            print "INFO: using list of threshold values"
    else:
        raise RuntimeError(
            "unknown threshold option. should be a list of numbers or None"
            )
    if bMat is None:
        bMat = planeData.latVecOps['B']

    """
    index munging here -- look away

    order of ome-eta map arrays is (i, j) --> (ome, eta)
    i.e. eta varies fastest.
    """
    # mapIndices = num.indices([numEtas, numOmes])
    # etaIndices = mapIndices[0].flatten()
    # omeIndices = mapIndices[1].T.flatten()
    # etaIndices = num.tile(range(numEtas), (numOmes))
    # omeIndices = num.tile(range(numOmes), (numEtas))
    # j_eta, i_ome = np.meshgrid(range(numEtas), range(numOmes))
    # etaIndices = j_eta.flatten()
    # omeIndices = i_ome.flatten()
    etaIndices = num.r_[range(numEtas)]
    omeIndices = num.r_[range(numOmes)]

    omeMin = None
    omeMax = None
    if omegaRange is None:              # this NEEDS TO BE FIXED!
        omeMin = [num.min(etaOmeMaps.omeEdges),]
        omeMax = [num.max(etaOmeMaps.omeEdges),]
    else:
        omeMin = [omegaRange[i][0] for i in range(len(omegaRange))]
        omeMax = [omegaRange[i][1] for i in range(len(omegaRange))]
    etaMin = None
    etaMax = None
    if etaRange is not None:
        etaMin = [etaRange[i][0] for i in range(len(etaRange))]
        etaMax = [etaRange[i][1] for i in range(len(etaRange))]

    multiProcMode = xrdbase.haveMultiProc and doMultiProc

    if multiProcMode:
        nCPUs = nCPUs or xrdbase.dfltNCPU
        chunksize = min(quats.shape[1] // nCPUs, 10)
        logger.info(
            "using multiprocessing with %d processes and a chunk size of %d",
            nCPUs, chunksize
            )
    else:
        logger.info("running in serial mode")
        nCPUs = 1

    # assign the globals for paintGridThis
    global symHKLs_MP, wavelength_MP
    global omeMin_MP, omeMax_MP, omeTol_MP, omePeriod_MP
    global etaMin_MP, etaMax_MP, etaTol_MP
    global omeIndices_MP, etaIndices_MP
    global omeEdges_MP, etaEdges_MP
    global hklList_MP, hklIDs_MP
    global etaOmeMaps_MP
    global bMat_MP
    global threshold_MP
    symHKLs_MP    = planeData.getSymHKLs()
    wavelength_MP = planeData.wavelength
    hklIDs_MP     = hklIDs
    hklList_MP    = hklList
    omeMin_MP     = omeMin
    omeMax_MP     = omeMax
    omeTol_MP     = omeTol
    omeIndices_MP = omeIndices
    omePeriod_MP  = omePeriod
    omeEdges_MP   = etaOmeMaps.omeEdges
    etaMin_MP     = etaMin
    etaMax_MP     = etaMax
    etaTol_MP     = etaTol
    etaIndices_MP = etaIndices
    etaEdges_MP   = etaOmeMaps.etaEdges
    etaOmeMaps_MP = etaOmeMaps.dataStore
    bMat_MP       = bMat
    threshold_MP  = threshold

    # do the mapping
    start = time.time()                      # time this
    retval = None
    if multiProcMode:
        pool = multiprocessing.Pool(nCPUs)
        retval = pool.map(paintGridThis, quats.T, chunksize=chunksize)
    else:
        retval = map(paintGridThis, quats.T)
    elapsed = (time.time() - start)
    logger.info("paintGrid took %.3f seconds", elapsed)

    symHKLs_MP    = None
    wavelength_MP = None
    hklIDs_MP     = None
    hklList_MP    = None
    omeMin_MP     = None
    omeMax_MP     = None
    omeIndices_MP = None
    omePeriod_MP  = None
    omeEdges_MP   = None
    etaMin_MP     = None
    etaMax_MP     = None
    etaIndices_MP = None
    etaEdges_MP   = None
    etaOmeMaps_MP = None
    bMat_MP       = None
    threshold_MP  = None

    if multiProcMode:
        pool.close()

    return retval


[docs]def paintGridThis(quat):
    """
    """
    # pull local vars from globals set in paintGrid
    global symHKLs_MP, wavelength_MP
    global omeMin_MP, omeMax_MP, omeTol_MP, omePeriod_MP
    global etaMin_MP, etaMax_MP, etaTol_MP
    global omeIndices_MP, etaIndices_MP
    global omeEdges_MP, etaEdges_MP
    global hklList_MP, hklIDs_MP
    global etaOmeMaps_MP
    global bMat_MP
    global threshold_MP
    symHKLs    = symHKLs_MP
    wavelength = wavelength_MP
    hklIDs     = hklIDs_MP
    hklList    = hklList_MP
    omeMin     = omeMin_MP
    omeMax     = omeMax_MP
    omeTol     = omeTol_MP
    omePeriod  = omePeriod_MP
    omeIndices = omeIndices_MP
    omeEdges   = omeEdges_MP
    etaMin     = etaMin_MP
    etaMax     = etaMax_MP
    etaTol     = etaTol_MP
    etaIndices = etaIndices_MP
    etaEdges   = etaEdges_MP
    etaOmeMaps = etaOmeMaps_MP
    bMat       = bMat_MP
    threshold  = threshold_MP

    # need this for proper index generation

    omegas = [
        omeEdges[0] + (i+0.5)*(omeEdges[1] - omeEdges[0])
        for i in range(len(omeEdges) - 1)
        ]
    etas   = [
        etaEdges[0] + (i+0.5)*(etaEdges[1] - etaEdges[0])
        for i in range(len(etaEdges) - 1)]

    delOmeSign = num.sign(omegas[1] - omegas[0])

    del_ome = abs(omegas[1] - omegas[0])
    del_eta = abs(etas[1] - etas[0])

    dpix_ome = round(omeTol / del_ome)
    dpix_eta = round(etaTol / del_eta)

    debug = False
    if debug:
        print "using ome, eta dilitations of (%d, %d) pixels" \
              % (dpix_ome, dpix_eta)

    nHKLs = len(hklIDs)

    rMat = rotMatOfQuat(quat)

    nPredRefl = 0
    nMeasRefl = 0
    reflInfoList = []
    dummySpotInfo = num.nan * num.ones(3)

    hklCounterP = 0 # running count of excpected (predicted) HKLs
    hklCounterM = 0 # running count of "hit" HKLs
    for iHKL in range(nHKLs):
        # select and C-ify symmetric HKLs
        these_hkls = num.array(symHKLs[hklIDs[iHKL]].T, dtype=float, order='C')

        # oscillation angle arrays
        oangs   = xfcapi.oscillAnglesOfHKLs(
            these_hkls, 0., rMat, bMat, wavelength
            )
        angList = num.vstack(oangs)
        if not num.all(num.isnan(angList)):
            idx = ~num.isnan(angList[:, 0])
            angList = angList[idx, :]
            angList[:, 1] = xf.mapAngle(angList[:, 1])
            angList[:, 2] = xf.mapAngle(angList[:, 2], omePeriod)

            if omeMin is None:
                omeMin = [-num.pi, ]
                omeMax = [ num.pi, ]
            if etaMin is None:
                etaMin = [-num.pi, ]
                etaMax = [ num.pi, ]

            angMask = num.logical_and(
                xf.validateAngleRanges(angList[:, 1], etaMin, etaMax),
                xf.validateAngleRanges(angList[:, 2], omeMin, omeMax))

            allAngs_m = angList[angMask, :]

            # not output # # duplicate HKLs
            # not output # allHKLs_m = num.vstack(
            #     [these_hkls, these_hkls]
            #     )[angMask, :]

            culledTTh  = allAngs_m[:, 0]
            culledEta  = allAngs_m[:, 1]
            culledOme  = allAngs_m[:, 2]
            # not output # culledHKLs = allHKLs_m.T

            nThisPredRefl = len(culledTTh)
            hklCounterP += nThisPredRefl
            for iTTh in range(nThisPredRefl):
                culledEtaIdx = num.where(etaEdges - culledEta[iTTh] > 0)[0]
                if len(culledEtaIdx) > 0:
                    culledEtaIdx = culledEtaIdx[0] - 1
                    if culledEtaIdx < 0:
                        culledEtaIdx = None
                else:
                    culledEtaIdx = None
                culledOmeIdx = num.where(omeEdges - culledOme[iTTh] > 0)[0]
                if len(culledOmeIdx) > 0:
                    if delOmeSign > 0:
                        culledOmeIdx = culledOmeIdx[0] - 1
                    else:
                        culledOmeIdx = culledOmeIdx[-1]
                    if culledOmeIdx < 0:
                        culledOmeIdx = None
                else:
                    culledOmeIdx = None

                if culledEtaIdx is not None and culledOmeIdx is not None:
                    if dpix_ome > 0 or dpix_eta > 0:
                        i_dil, j_dil = num.meshgrid(
                            num.arange(-dpix_ome, dpix_ome + 1),
                            num.arange(-dpix_eta, dpix_eta + 1)
                            )
                        i_sup = omeIndices[culledOmeIdx] + num.array(
                            [i_dil.flatten()], dtype=int
                            )
                        j_sup = etaIndices[culledEtaIdx] + num.array(
                            [j_dil.flatten()], dtype=int
                            )
                        # catch shit that falls off detector...
                        # ...maybe make this fancy enough to wrap at 2pi?
                        i_max, j_max = etaOmeMaps[iHKL].shape
                        idx_mask = num.logical_and(
                            num.logical_and(i_sup >= 0, i_sup < i_max),
                            num.logical_and(j_sup >= 0, j_sup < j_max)
                            )
                        pixelVal = etaOmeMaps[iHKL][
                            i_sup[idx_mask], j_sup[idx_mask]
                            ]
                    else:
                        pixelVal = etaOmeMaps[iHKL][
                            omeIndices[culledOmeIdx], etaIndices[culledEtaIdx]
                            ]
                    isHit = num.any(pixelVal >= threshold[iHKL])
                    if isHit:
                        hklCounterM += 1
                # if debug:
                #     print "hkl %d -->\t%d\t%d\t%d\t" % (
                #         iHKL, culledHKLs[0, iTTh], culledHKLs[1, iTTh],
                #         culledHKLs[2, iTTh]
                #         ) \
                #         + "isHit=%d\tpixel value: %g\n" % (isHit, pixelVal) \
                #         + "eta index: %d,%d\tetaP: %g\n" % (
                #         culledEtaIdx, etaIndices[culledEtaIdx],
                #         r2d*culledEta[iTTh]
                #         ) \
                #         + "ome index: %d,%d\tomeP: %g\n" % (
                #         culledOmeIdx, omeIndices[culledOmeIdx],
                #         r2d*culledOme[iTTh]
                #         )
                #
                # close conditional on valid reflections
            # close loop on signed reflections
        # close loop on HKL
    if hklCounterP == 0:
        retval = 0.
    else:
        retval = float(hklCounterM) / float(hklCounterP)
    return retval



[docs]def writeGVE(spotsArray, fileroot, **kwargs):
    """
    write Fable gve file from Spots object

    fileroot is the root string used to write the gve and ini files

    Outputs:

    No return value, but writes the following files:

    <fileroot>.gve
    <fileroot>_grainSpotter.ini (points to --> <fileroot>_grainSpotter.log)

    Keyword arguments:

    Mainly for GrainSpotter .ini file, but some are needed for gve files

    keyword        default              definitions
    ----------------------------------------------------------------------------
    'sgNum':       <225>
    'phaseID':     <None>
    'cellString':  <F>
    'omeRange':    <-60, 60, 120, 240>  the oscillation range(s)
                                        **currently pulls from spots
    'deltaOme':    <0.25, 0.25>         the oscillation delta(s)
                                        **currently pulls from spots
    'minMeas':     <24>
    'minCompl':    <0.7>
    'minUniqn':    <0.5>
    'uncertainty': <[0.10, 0.25, .50]>  the min [tTh, eta, ome] uncertainties
                                        in degrees
    'eulStep':     <2>
    'nSigmas':     <2>
    'minFracG':    <0.90>
    'nTrials':     <100000>
    'positionfit': <True>

    Notes:

    *) The omeRange is currently pulled from the spotsArray input; the kwarg
       has no effect as of now.  Will change this to 'override' the spots info
       if the user, say, wants to pare down the range.

    *) There is no etaRange argument yet, but presumably GrainSpotter knows
       how to deal with this.  Pending feature...
    """
    # check on fileroot
    assert isinstance(fileroot, str)

    # keyword argument processing
    phaseID     = None
    sgNum       = 225
    cellString  = 'P'
    omeRange    = num.r_[-60, 60]   # in DEGREES
    deltaOme    = 0.25              # in DEGREES
    minMeas     = 24
    minCompl    = 0.7
    minUniqn    = 0.5
    uncertainty = [0.10, 0.25, .50] # in DEGREES
    eulStep     = 2                 # in DEGREES
    nSigmas     = 2
    minFracG    = 0.90
    numTrials   = 100000
    positionFit = True

    kwarglen = len(kwargs)
    if kwarglen > 0:
        argkeys = kwargs.keys()
        # TODO: NO
        for i in range(kwarglen):
            if argkeys[i] == 'sgNum':
                sgNum = kwargs[argkeys[i]]
            elif argkeys[i] == 'phaseID':
                phaseID = kwargs[argkeys[i]]
            elif argkeys[i] == 'cellString':
                cellString = kwargs[argkeys[i]]
            elif argkeys[i] == 'omeRange':
                omeRange = kwargs[argkeys[i]]
            elif argkeys[i] == 'deltaOme':
                deltaOme = kwargs[argkeys[i]]
            elif argkeys[i] == 'minMeas':
                minMeas = kwargs[argkeys[i]]
            elif argkeys[i] == 'minCompl':
                minCompl = kwargs[argkeys[i]]
            elif argkeys[i] == 'minUniqn':
                minUniqn = kwargs[argkeys[i]]
            elif argkeys[i] == 'uncertainty':
                uncertainty = kwargs[argkeys[i]]
            elif argkeys[i] == 'eulStep':
                eulStep = kwargs[argkeys[i]]
            elif argkeys[i] == 'nSigmas':
                nSigmas = kwargs[argkeys[i]]
            elif argkeys[i] == 'minFracG':
                minFracG = kwargs[argkeys[i]]
            elif argkeys[i] == 'nTrials':
                numTrials = kwargs[argkeys[i]]
            elif argkeys[i] == 'positionfit':
                positionFit = kwargs[argkeys[i]]
            else:
                raise RuntimeError(
                    "Unrecognized keyword argument '%s'" % (argkeys[i])
                    )

    # grab some detector geometry parameters for gve file header
    # ...these are still hard-coded to be square
    mmPerPixel = float(spotsArray.detectorGeom.pixelPitch)
    nrows_p = spotsArray.detectorGeom.nrows - 1
    ncols_p = spotsArray.detectorGeom.ncols - 1

    row_p, col_p = spotsArray.detectorGeom.pixelIndicesOfCartesianCoords(
        spotsArray.detectorGeom.xc, spotsArray.detectorGeom.yc
        )
    yc_p = ncols_p - col_p
    zc_p = nrows_p - row_p

    wd_mu = spotsArray.detectorGeom.workDist * 1e3 # in microns (Soeren)

    osc_axis = num.dot(fableSampCOB.T, Yl).flatten()

    # start grabbing stuff from planeData
    planeData = spotsArray.getPlaneData(phaseID=phaseID)
    cellp   = planeData.latVecOps['dparms']
    U0      = planeData.latVecOps['U0']
    wlen    = planeData.wavelength
    dsp     = planeData.getPlaneSpacings()
    fHKLs   = planeData.getSymHKLs()
    tThRng  = planeData.getTThRanges()
    symTag  = planeData.getLaueGroup()

    # single range should be ok since entering hkls
    tThMin, tThMax = (r2d*tThRng.min(), r2d*tThRng.max())
    # not sure when this will ever *NOT* be the case, so setting it
    etaMin, etaMax = (0, 360)

    omeMin = spotsArray.getOmegaMins()
    omeMax = spotsArray.getOmegaMaxs()

    omeRangeString = ''
    for iOme in range(len(omeMin)):
        if hasattr(omeMin[iOme], 'getVal'):
            omeRangeString += 'omegarange %g %g\n' % (
                omeMin[iOme].getVal('degrees'), omeMax[iOme].getVal('degrees')
                )
        else:
            omeRangeString += 'omegarange %g %g\n' % (
                omeMin[iOme] * r2d, omeMax[iOme] * r2d
                )

    # convert angles
    cellp[3:] = r2d*cellp[3:]

    # make the theoretical hkls string
    gvecHKLString = ''
    for i in range(len(dsp)):
        for j in range(fHKLs[i].shape[1]):
            gvecHKLString += '%1.8f %d %d %d\n' % (
                1/dsp[i], fHKLs[i][0, j], fHKLs[i][1, j], fHKLs[i][2, j]
                )

    # now for the measured data section
    # xr yr zr xc yc ds eta omega
    gvecString = ''
    spotsIter = spotsArray.getIterPhase(phaseID, returnBothCoordTypes=True)
    for iSpot, angCOM, xyoCOM in spotsIter:
        sR, sC, sOme     = xyoCOM # detector coords
        sTTh, sEta, sOme = angCOM # angular coords (radians)
        sDsp = wlen / 2. / num.sin(0.5*sTTh) # dspacing

        # get raw y, z (Fable frame)
        yraw = ncols_p - sC
        zraw = nrows_p - sR

        # convert eta to fable frame
        rEta = mapAngle(90. - r2d*sEta, [0, 360], units='degrees')

        # make mesaured G vector components in fable frame
        mGvec = makeMeasuredScatteringVectors(
            sTTh, sEta, sOme, convention='fable', frame='sample'
            )

        # full Gvec components in fable lab frame
        # (for grainspotter position fit)
        gveXYZ = spotsArray.detectorGeom.angToXYO(
            sTTh, sEta, sOme, outputGve=True
            )

        # no 4*pi
        mGvec = mGvec / sDsp

        # make contribution
        gvecString += ('%1.8f ' * 8) + '%d %1.8f %1.8f %1.8f\n' % (
            mGvec[0], mGvec[1], mGvec[2], sR, sC, 1/sDsp, rEta, r2d*sOme,
            iSpot, gveXYZ[0, :], gveXYZ[1, :], gveXYZ[2, :]
            )

    # write gve file for grainspotter
    fid = open(fileroot+'.gve', 'w')
    print >> fid, '%1.8f %1.8f %1.8f %1.8f %1.8f %1.8f ' % tuple(cellp) \
          +  cellString + '\n' \
          + '# wavelength = %1.8f\n' % (wlen) \
          + '# wedge = 0.000000\n' \
          + '# axis = %d %d %d\n' % tuple(osc_axis) \
          + '# cell__a %1.4f\n' %(cellp[0]) \
          + '# cell__b %1.4f\n' %(cellp[1]) \
          + '# cell__c %1.4f\n' %(cellp[2]) \
          + '# cell_alpha %1.4f\n' %(cellp[3]) \
          + '# cell_beta  %1.4f\n' %(cellp[4]) \
          + '# cell_gamma %1.4f\n' %(cellp[5]) \
          + '# cell_lattice_[P,A,B,C,I,F,R] %s\n' %(cellString) \
          + '# chi 0.0\n' \
          + '# distance %.4f\n' %(wd_mu) \
          + '# fit_tolerance 0.5\n' \
          + '# o11  1\n' \
          + '# o12  0\n' \
          + '# o21  0\n' \
          + '# o22 -1\n' \
          + '# omegasign %1.1f\n' %(num.sign(deltaOme)) \
          + '# t_x 0\n' \
          + '# t_y 0\n' \
          + '# t_z 0\n' \
          + '# tilt_x 0.000000\n' \
          + '# tilt_y 0.000000\n' \
          + '# tilt_z 0.000000\n' \
          + '# y_center %.6f\n' %(yc_p) \
          + '# y_size %.6f\n' %(mmPerPixel*1.e3) \
          + '# z_center %.6f\n' %(zc_p) \
          + '# z_size %.6f\n' %(mmPerPixel*1.e3) \
          + '# ds h k l\n' \
          + gvecHKLString \
          + '# xr yr zr xc yc ds eta omega\n' \
          + gvecString
    fid.close()

    ###############################################################
    # GrainSpotter ini parameters
    #
    # fileroot = tempfile.mktemp()
    if positionFit:
        positionString = 'positionfit'
    else:
        positionString = '!positionfit'

    if numTrials == 0:
        randomString = '!random\n'
    else:
        randomString = 'random %g\n' % (numTrials)

    fid = open(fileroot+'_grainSpotter.ini', 'w')
    # self.__tempFNameList.append(fileroot)
    print >> fid, 'spacegroup %d\n' % (sgNum) \
          + 'tthrange %g %g\n' % (tThMin, tThMax) \
          + 'etarange %g %g\n' % (etaMin, etaMax) \
          + 'domega %g\n' % (deltaOme) \
          + omeRangeString + \
          + 'filespecs %s.gve %s_grainSpotter.log\n' % (fileroot, fileroot) \
          + 'cuts %d %g %g\n' % (minMeas, minCompl, minUniqn) \
          + 'eulerstep %g\n' % (eulStep) \
          + 'uncertainties %g %g %g\n' \
               % (uncertainty[0], uncertainty[1], uncertainty[2]) \
          + 'nsigmas %d\n' % (nSigmas) \
          + 'minfracg %g\n' % (minFracG) \
          + randomString \
          + positionString + '\n'
    fid.close()
    return
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  Source code for hexrd.xrd.xrdutil

#! /usr/bin/env python
# ============================================================
# Copyright (c) 2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import sys
import copy
import time
import math
from math import pi
import shelve

import numpy as num
from scipy import sparse
from scipy.linalg import svd
from scipy import ndimage
import scipy.optimize as opt

import matplotlib
from matplotlib.widgets import Slider, Button, RadioButtons
from matplotlib import cm, colors
from matplotlib import collections

from hexrd import plotwrap
from hexrd import tens
from hexrd import matrixutil as mutil
from hexrd import pfigutil
from hexrd import gridutil as gutil
from hexrd.valunits import toFloat

import hexrd.orientations as ors

from hexrd.xrd                 import crystallography
from hexrd.xrd.crystallography import latticeParameters, latticeVectors

from hexrd.xrd          import detector
from hexrd.xrd.detector import Framer2DRC
from hexrd.xrd.detector import getCMap

from hexrd.xrd         import xrdbase
from hexrd.xrd.xrdbase import dataToFrame
from hexrd.xrd.xrdbase import multiprocessing

from hexrd.xrd           import rotations as rot
from hexrd.xrd.rotations import mapAngle

from hexrd.xrd import spotfinder

from hexrd.xrd import transforms      as xf
from hexrd.xrd import transforms_CAPI as xfcapi

from hexrd.xrd import distortion
try:
    from femODFUtil import pfig as pfigPkg
    havePfigPkg = True
except:
    havePfigPkg = False

try:
    from progressbar import ProgressBar, Bar, ETA, ReverseBar
    have_progBar = True
except:
    have_progBar = False

'quadr1d of 8 is probably overkill, but we are in 1d so it is inexpensive'
quadr1dDflt = 8

debugDflt = False

dFunc_ref   = distortion.dummy
dParams_ref = []

d2r = piby180 = num.pi/180.
r2d = 1.0/d2r

epsf      = num.finfo(float).eps # ~2.2e-16
ten_epsf  = 10 * epsf            # ~2.2e-15
sqrt_epsf = num.sqrt(epsf)       # ~1.5e-8

[docs]class FormatEtaOme:
    'for plotting data as a matrix, with ijAsXY=True'
[docs]    def __init__(self, etas, omes, A, T=False, debug=False):
        self.etas  = etas
        self.omes  = omes
        self.A     = A
        self.debug = debug
        self.T     = T
        return

    def __call__(self,x,y):
        if self.T:
            iX = int(round(y))
            iY = int(round(x))
        else:
            iX = int(round(x))
            iY = int(round(y))
        eta = r2d*(self.etas[iY])
        ome = r2d*(self.omes[iX])
        val = self.A[iY,iX]
        retval = 'eta=%g; ome=%g; val=%g' % \
            (eta, ome, val)
        if self.debug:
            retval += "; x_image=%g y_image=%g" % (x, y)
        return retval


[docs]def fitLParm(data, detectorGeom, planeData,
             funcType = detector.funcTypeDflt,
             lParm0 = None,
             funcXVecList = None,
             quadr1d = quadr1dDflt,
             debug = debugDflt,
             ):
    """
    fit lattice parameters to data; using dataToFrame to map the data to a frame

    input planeData is not changed

    """
    frame = dataToFrame(data)

    if funcXVecList is None:
        funcXVecList = True

    'copy planeData, so that the instance passed in does not getting changed'
    #pd = crystallography.PlaneData(planeData.hkls, planeData.getParams())
    pd = copy.deepcopy(planeData)
    if lParm0 is not None:
        pd.lparms = lParm0

    mRing = detector.MultiRingEval(detectorGeom, pd, dataFrame=frame,
                                   funcType=funcType,
                                   refineParamsDG=False,
                                   refineParamsL=True,
                                   funcXVecList=funcXVecList)
    if not hasattr(funcXVecList, '__len__'):
        'still need to get funcXVecList; want something better than default guess'
        funcXVecList, cFitList, pw = \
            mRing.radialFitXVec(plot=debug,
                                      plotTitlePrefix='Before lparm fit: ',
                                      quadr1d=quadr1d)
        mRing.setFuncXVecList(funcXVecList)
    if debug:
        print 'number of parameters in geom-only fit : %d' % (mRing.getNParam())

    x = mRing.doFit()
    'return refined lattice parameters'
    retval = pd.lparms

    if debug:
        funcEval = mRing(x, makePlots=True)

    return retval


[docs]def fitDG(data, detectorGeom, planeData,
          funcType = detector.funcTypeDflt,
          funcXVecList = None,
          quadr1d = quadr1dDflt,
          debug = debugDflt,
          ):
    """
    fit detector geometry parameters to data; using dataToFrame to map the data to a frame

    pass funcXVecList as True or as something like detectorGeom.fitRingsFunc.getFuncXVecList()
    if want to just refine detector geometry and not the functional forms for the rings

    input detectorGeom is used to guess parameters and is not modified -- a new
    detectorGeom is returned
    """

    frame = dataToFrame(data)

    'do the following to keep ring functional forms from being refined'
    #if funcXVecList is None:
    #    funcXVecList = True

    # make a new instance to modify, so that detectorGeom is not changed
    dg = detectorGeom.makeNew()

    mRing = detector.MultiRingEval(dg, planeData, dataFrame=frame,
                                   funcType=funcType,
                                   refineParamsDG=True,
                                   refineParamsL=False,
                                   funcXVecList=funcXVecList)
    if funcXVecList and not hasattr(funcXVecList, '__len__'):
        'still need to get funcXVecList; want something better than default guess'
        funcXVecList, cFitList, pw = \
            mRing.radialFitXVec(plot=debug,
                                      plotTitlePrefix='Before lparm fit: ',
                                      quadr1d=quadr1d)
        mRing.setFuncXVecList(funcXVecList)
    if debug:
        print 'number of parameters in fit : %d' % (mRing.getNParam())

    x = mRing.doFit()
    if funcXVecList:
        'return just detector geom'
        retval = dg
    else:
        retval = dg, mRing.getFuncXVecList()

    if debug:
        funcEval = mRing(x, makePlots=True)

    return retval


[docs]def fitDGX(data, detectorGeom, planeData,
          funcType = detector.funcTypeDflt,
          quadr1d = quadr1dDflt,
          debug = debugDflt,
          nGlIter = 2,
          xFuncs = None,
          xDG    = None,
          ):
    """
    fit detector geometry parameters to data; using dataToFrame to map the data to a frame

    uses a procedure that might end up being more robust than fitDG

    input detectorGeom is used to guess parameters and is not modified -- a new
    detectorGeom is returned
    """

    'compute these up front so that they can be shared'
    indicesList, iHKLLists = detectorGeom.makeIndicesTThRanges(planeData, cullDupl=True)

    frame = dataToFrame(data)

    # make a new instance to modify, so that detectorGeom is not changed
    dg = detectorGeom.makeNew()

    'mRing for just the DOF in the ring functions'
    mRingFuncs = detector.MultiRingEval(dg, planeData, dataFrame=frame,
                                        indicesList=indicesList, iHKLLists=iHKLLists,
                                        funcType=funcType,
                                        refineParamsDG=False,
                                        refineParamsL=False,
                                        funcXVecList=None)
    if debug:
        print 'number of parameters in ring-funciton fit : %d' % (mRingFuncs.getNParam())

    'mRing for just the DG DOF'
    mRingDG = detector.MultiRingEval(dg, planeData, dataFrame=frame,
                                        indicesList=indicesList, iHKLLists=iHKLLists,
                                        funcType=funcType,
                                        refineParamsDG=True,
                                        refineParamsL=False,
                                        funcXVecList=mRingFuncs.getFuncXVecList(mRingFuncs.xVecGuess))
    if debug:
        print 'number of parameters in dg fit : %d' % (mRingDG.getNParam())

    for iGlIter in range(nGlIter):

        if debug:
            print 'doing mRingFuncs fit'
        xFuncs = mRingFuncs.doFit(xVec0=xFuncs)
        if debug:
            print '    got : '+str(xFuncs)
        mRingDG.setFuncXVecList(mRingFuncs.getFuncXVecList(xFuncs))

        if debug:
            print 'doing mRingDG fit'
        xDG    = mRingDG.doFit(xVec0=xDG)
        if debug:
            print '    got : '+str(xDG)
        mRingFuncs.detectorGeom = mRingDG.detectorGeom

    dg.clean() # free up memory

    if debug:
        funcEval = mRingDG(xDG, makePlots=True)

    return dg, xFuncs, xDG



[docs]def textureToSpots(texture,
                   planeData, detectorGeom,
                   omeMM=None,
                   etaMM=None,
                   pVecs = None,
                   ):
    """
    take texture as returned from pyMps and make spots
    """

    stretches = None

    quats = texture['quats']
    nGrains = quats.shape[1]
    if texture.has_key('Vs'):
        stretches = texture['Vs'].T

    #
    fMatRef = planeData.latVecOps['F']
    if stretches is not None:
        bMats = num.zeros([nGrains,3,3])
        for iGrain, stretch in enumerate(stretches):
            bMats[iGrain,:,:] = stretchToLV(tens.svecToSymm(stretch), fMatRef)['B']
    else:
        bMats = None
    rMats = rot.rotMatOfQuat(quats)
    #
    spotAngs = makeSynthSpots(rMats, pVecs, bMats,
                              planeData, detectorGeom,
                              omeMM=omeMM,
                              etaMM=etaMM)

    return spotAngs


[docs]def makeSynthSpots(rMats, pVecs, bMats, planeData, detectorGeom,
                   omeMM=[-num.pi, num.pi], etaMM=None,
                   hklList=None, beamSize=None):
    """
    make synthetic spots
    """
    chiTilt = detectorGeom.chiTilt
    if beamSize is not None:
        "the beam size shoud by [width (X), hieght (Y)]"
        omeAxis = num.c_[0, 1, 0].T     # ... may need to grab this from some global to be same!
        pass
    nGrains = rMats.shape[0]
    assert rMats.shape[1] == 3 and rMats.shape[2] == 3,\
        'rMats is wrong shape'

    'handle ome ranges'
    # min
    omeMin = num.atleast_1d(omeMM[0])
    for i in range(len(omeMin)):
        if hasattr(omeMin[i], 'getVal'):
            omeMin[i] = omeMin[i].getVal('radians')

    # max
    omeMax = num.atleast_1d(omeMM[1])
    for i in range(len(omeMax)):
        if hasattr(omeMax[i], 'getVal'):
            omeMax[i] = omeMax[i].getVal('radians')

    assert len(omeMin) == len(omeMax), \
           'oscillation angle ranges are not the same length'

    'handle eta ranges'
    # min
    if etaMM is not None:
        etaMin = num.atleast_1d(etaMM[0])
        for i in range(len(etaMin)):
            if hasattr(etaMin[i], 'getVal'):
                etaMin[i] = etaMin[i].getVal('radians')

        # max
        etaMax = num.atleast_1d(etaMM[1])
        for i in range(len(etaMax)):
            if hasattr(etaMax[i], 'getVal'):
                etaMax[i] = etaMax[i].getVal('radians')
        assert len(etaMin) == len(etaMax), \
               'azimuthal angle ranges are not the same length'

    spotAngs = []
    completeGrains = num.ones(nGrains, dtype='bool')
    for i in range(nGrains):

        if bMats is None:
            bMat = None
        else:
            bMat = bMats[i, :, :]
        # full set of symmetric HKLs subject to exclusions
        if hklList is None:
            qVec, qAng0, qAng1 = \
                planeData.makeAllScatteringVectors(rMats[i, :, :], bMat=bMat, chiTilt=chiTilt)
        else:
            qVec, qAng0, qAng1 = \
                planeData.makeTheseScatteringVectors(hklList, rMats[i, :, :], bMat=bMat, chiTilt=chiTilt)

        # filter using ome ranges
        validAng0 = validateAngleRanges(qAng0[2, :], omeMin, omeMax)
        validAng1 = validateAngleRanges(qAng1[2, :], omeMin, omeMax)

        # now eta (if applicable)
        if etaMM is not None:
            validAng0 = num.logical_and( validAng0, validateAngleRanges(qAng0[1, :], etaMin, etaMax) )
            validAng1 = num.logical_and( validAng1, validateAngleRanges(qAng1[1, :], etaMin, etaMax) )

        if num.any(qAng0[0, :] > detectorGeom.getTThMax()):
            # now test if it falls on the detector in "corners"
            iRow0, jCol0, ome0_scr = detectorGeom.angToXYO(qAng0[0, :], qAng0[1, :], qAng0[2, :])
            iRow1, jCol1, ome1_scr = detectorGeom.angToXYO(qAng1[0, :], qAng1[1, :], qAng1[2, :])
            del(ome0_scr); del(ome1_scr)
            inCorners0 = num.logical_and(num.logical_and(iRow0 >= 0, iRow0 <= detectorGeom.nrows),
                                         num.logical_and(jCol0 >= 0, jCol0 <= detectorGeom.ncols))
            inCorners1 = num.logical_and(num.logical_and(iRow1 >= 0, iRow1 <= detectorGeom.nrows),
                                         num.logical_and(jCol1 >= 0, jCol1 <= detectorGeom.ncols))

            validAng0 = num.logical_and( validAng0, inCorners0 )
            validAng1 = num.logical_and( validAng1, inCorners1 )

        # validAng0 = num.zeros(qVec.shape[1], dtype='bool')
        # validAng1 = num.zeros(qVec.shape[1], dtype='bool')
        # for j in range(len(omeMin)):
        #     validAng0 = validAng0 | (
        #         ( qAng0[2, :] >= omeMin[j] ) & ( qAng0[2, :] <= omeMax[j] ) )
        #     validAng1 = validAng1 | (
        #         ( qAng1[2, :] >= omeMin[j] ) & ( qAng1[2, :] <= omeMax[j] ) )

        tmpAngs = num.hstack([qAng0[:, validAng0], qAng1[:, validAng1]])

        if pVecs is not None:
            tmpDG = detectorGeom.makeNew(pVec=pVecs[i, :])

            if beamSize is not None:
                numGrainSpots = tmpAngs.shape[1] # number of spots in this grain
                inBeam = num.zeros(numGrainSpots, dtype='bool')
                for k in range(numGrainSpots):
                    comCrds = num.dot(rot.rotMatOfExpMap(tmpAngs[2, k]*omeAxis), pVecs[i, :])
                    if (comCrds[0] >= -0.5*beamSize[0] and comCrds[0] <= 0.5*beamSize[0]) and \
                       (comCrds[1] >= -0.5*beamSize[1] and comCrds[1] <= 0.5*beamSize[1]):
                        inBeam[k] = True
                    else:
                        completeGrains[i] = False
                        pass
                    pass
                if num.any(inBeam):
                    tmpX, tmpY, tmpO = tmpDG.angToXYO(tmpAngs[0, inBeam],
                                                      tmpAngs[1, inBeam],
                                                      tmpAngs[2, inBeam])
                else:
                    continue
            else:
                tmpX, tmpY, tmpO = tmpDG.angToXYO(tmpAngs[0, :],
                                                  tmpAngs[1, :],
                                                  tmpAngs[2, :])
                pass
            tmpTTh, tmpEta, tmpOme = detectorGeom.xyoToAng(tmpX, tmpY, tmpO)
            tmpAngs = num.vstack([tmpTTh, tmpEta, tmpOme])

        spotAngs += list(tmpAngs.T)
        # inefficient:
        # if i == 0:
        #     spotAngs = tmpAngs
        # else:
        #     spotAngs = num.hstack( [
        #         spotAngs, tmpAngs ] )

    retval = num.array(spotAngs).T
    return retval, completeGrains


markerListDflt = [
    'D','o','p','s','v','x', #
    '+','*',
    '<','>',
    '1','2','3','4',
    '^',
    ]
# 'h', 'd', 'H' # hard to distinguish
# ',' , '.' # too hard to see
# '_' # odd

[docs]def makePathVariantPoles(rMatRef, fromPhase,
                         pathList,
                         planeDataDict,
                         hklID,
                         ):

    qVecList = []
    for pathName, rMatTransfList, phaseIDTo, phaseIDFrom, pRefSvecList in pathList:
        if not phaseIDFrom == fromPhase:
            'this path not of interest'
            continue
        planeData = planeDataDict[phaseIDTo]

        for iRMat, rMatTransf in enumerate(rMatTransfList):
            rMat = num.dot(rMatRef, rMatTransf)
            qVec, qAng0, qAng1 = \
                planeData.makeTheseScatteringVectors(hklID, rMat)
            qVecList.append(qVec)

    return qVecList


[docs]def displayPathVariants(data, rMatRef, fromPhase,
                        pathList,
                        planeDataDict,
                        detectorGeom, omeMin, omeMax,
                        phaseForDfltPD=None,
                        markerList = markerListDflt,
                        hklList = None,
                        color=None,
                        pointKWArgs={},
                        hklIDs=None, pw=None):
    '''
    '''
    pw, local = plotwrap.argToPW(pw)
    if local and data is not None:
        frame = dataToFrame(data, sumImg=num.maximum)
        planeData=None
        if phaseForDfltPD is not None:
            planeData = planeDataDict[phaseForDfltPD]
        detectorGeom.display(frame, planeData, pw=pw)

    col = color
    if col is None:
        col = 'r'
    iMarker = 0
    for pathName, rMatTransfList, phaseIDTo, phaseIDFrom, pRefSvecList in pathList:
        if not phaseIDFrom == fromPhase:
            'this path not of interest'
            continue
        planeData = planeDataDict[phaseIDTo]
        if hasattr(color,'keys'):
            col = color[phaseIDTo]

        for iRMat, rMatTransf in enumerate(rMatTransfList):
            rMat    = num.dot(rMatRef, rMatTransf)
            pVecs = None
            bMats = None
            spotAngs = makeSynthSpots(rMat.reshape([1,3,3]),
                                      pVecs, bMats, planeData, detectorGeom,
                                      omeMin, omeMax,
                                      hklList=hklList,
                                      ) # 3,nSpots
            if spotAngs.size > 0:
                x, y, o = detectorGeom.angToXYO(spotAngs[0,:], spotAngs[1,:], spotAngs[2,:])
                #
                if iMarker == len(markerList):
                    raise RuntimeError, 'not enough markers in list'
                marker = markerList[iMarker]
                kwArgs = {'ls':'None', 'mec':col, 'mfc':'None', 'ms':3.}
                kwArgs.update(pointKWArgs)
                kwArgs.update({'marker':marker})
                pw(x, y, **kwArgs) # style=
            iMarker += 1

    return pw


[docs]def makeRMatList(pathList, fromPhase):
    rMatList = []
    for pathName, rMatTransfList, phaseIDTo, phaseIDFrom, pRefSvecList in pathList:
        if not phaseIDFrom == fromPhase:
            'this path not of interest'
            continue
        for iRMat, rMatTransf in enumerate(rMatTransfList):
            rMatList.append( num.dot(rMat, rMatTransf) )
    return rMatList


[docs]def findGrainsNewSpots(grainList0, spots, doFitting=True, minCompleteness=None, pathList=[],
                       eosDict=None, refPDDict=None,
                       tK=300.,
                       debug=True,
                       indepFitPVec=False, # fit precession independently
                       findByPixelDist=1, # meant to deal better with overlapped spots
                       maxIterRefit=3,
                       pVecTol=None,
                       ):
    """
    see if grains in grainList0 show up in spots;
    meant to be useful for taking existing grains from a load step
    and looking for them in a new load step;
    returns a new list of the same length, with None wherever a
    grain near the existing one was not found, and a list of grains for
    each path in pathList; grains in
    grainList0 are not modified;
    spots should be a Spots instance
    """
    # this import here because of circular reference
    from hexrd.xrd import grain

    newGrainList = [None for iGrain in range(len(grainList))]

    interactive = debug > 1

    'check that have both eosDict and refPDDict'
    assert (eosDict is None) == (refPDDict is None), \
        'need both or neither of eosDict and refPPDict'

    for iGrain, oldGrain in enumerate(grainList):
        if oldGrain is None:
            'do this check in case not culling lost grains so that numbering stays the same'
            continue
        newGrain = oldGrain.newGrain(spots,
                                     lineage = (iGrain),
                                     findByPixelDist=findByPixelDist)
        if debug:
            print 'completeness of candidate grain is : %g' % \
                (newGrain.completeness)
        if minCompleteness is not None:
            """
            # make this default to something like 0.5?
            # better to check this after fit?
            """
            if newGrain.completeness < minCompleteness:
                newGrain = None
        if newGrain:
            if debug:
                print 'doing claims for new grain %d' % (iGrain)
            newGrain.claimSpots()
        newGrainList[iGrain] = newGrain

    grainLists = [newGrainList]

    "now work on pathList"
    for pathName, rMatTransfList, phaseIDTo, phaseIDFrom, pRefSvecList in pathList:
        pathGrainList = []
        phaseTrans = False
        if phaseIDTo is not phaseIDFrom:
            phaseTrans = True
            if eosDict is not None:
                eosFr = eosDict[phaseIDFrom]
                eosTo = eosDict[phaseIDTo]
                pdFr  = refPDDict[phaseIDFrom]
                pdTo  = refPDDict[phaseIDTo]
        assert minCompleteness is not None,\
            'if specify paths, also specify minCompleteness'

        """
        use newGrainList here in case did fitting, and in case lost anyone,
        but still call them oldGrain
        """
        for iGrain, oldGrain in enumerate(newGrainList): # grainList
            if oldGrain is None:
                continue
            lp = None
            if oldGrain.phaseID:
                assert phaseIDFrom is not None,\
                    'grains have phases specified, need to provide a non-None "from" phase in the path'
                if oldGrain.phaseID is not phaseIDFrom:
                    "this grain is not of the right phase for the given path"
                    continue
            if phaseTrans:
                assert oldGrain.phaseID, 'for phase change need grains to have a phaseID!'

                vFr      = oldGrain.vol / pdFr.latVecOps['vol']
                p,   eFr = eosFr.pe_of_vt(vFr, tK)
                vTo, eTo = eosTo.ve_of_pt(p, tK)
                if debug:
                    print 'pressure in %s phase parent grain determined to be : %e' % \
                        (oldGrain.phaseID, p)
                try:
                    lpTag = pdTo.getLatticeType()
                    lpAtP = eosTo.lparms_of_ve(vTo, eTo)
                    # lp needs to be for 'triclinic', so need to convert
                    lp = crystallography.getDparms(lpAtP, lpTag)
                except NotImplementedError:
                    print >> sys.stderr, "WARNING: lparms_of_ve not implemented"
                    # lp = None # already done above
            for iRMat, rMatTransf in enumerate(rMatTransfList):
                lineage = (iGrain, pathName, iRMat)
                newGrain = oldGrain.newGrain(spots,
                                             phaseID=phaseIDTo,
                                             rMatTransf=rMatTransf,
                                             lineage=lineage,
                                             claimingSpots=False,
                                             lp=lp)
                if debug:
                    print 'for iRMat %d completeness is : %g' % \
                        (iRMat, newGrain.completeness)
                if newGrain.completeness < minCompleteness:
                    newGrain = None
                if newGrain is not None:
                    if debug:
                        print 'doing claims for new grain %s' % (str(lineage))
                    newGrain.claimSpots()
                    pathGrainList.append(newGrain)
        'end of newGrainList loop'
        grainLists += [pathGrainList]
    'end of pathList loop'

    if doFitting:

        lenSpotsPrev = len(spots)

        for iRefitLoop in range(maxIterRefit):
            'allow some looping'

            if debug:
                print 'about to call fitSpots with claimsBased=True, currently have %d spots ...' % (len(spots))
            spots.fitSpots(None, claimsBased=True, funcType='gaussGenEll', interactive=interactive)
            if debug:
                print ' ... back from fitSpots, now have %d spots' % (len(spots))
            spots.resetClaims()

            nConfTot = 0
            for iList, grainList in enumerate(grainLists):
                for iGrain, grain in enumerate(grainList):

                    """
                    redo findMatches now that have looked at spots in more detail
                    do not need doFit=True because did fits above
                    """
                    grain.findMatches(findByPixelDist=findByPixelDist, updateSelf=True)

                    # 'ignore claims so that can check out spots that may be overlapped'
                    # validSpotIdx, hitReflId = grain.getValidSpotIdx(ignoreClaims=True)

                    d_resRel = {}
                    d_integI = {}
                    d_spotsl = {}
                    validSpotIdx, hitReflId = grain.getValidSpotIdx(ignoreClaims=True) # ignore claims so that can check out spots that may be overlapped
                    iHKLs = grain.grainSpots['iHKL'][hitReflId]
                    for spotIdx, iHKL in zip(validSpotIdx, iHKLs):
                        spot = spots[spotIdx]
                        integIntens, res, res0  = spots.getIntegratedIntensity(spotIdx, useFit=True)
                        resRelList = d_resRel.setdefault( iHKL, [])
                        integIList = d_integI.setdefault( iHKL, [])
                        spotsList  = d_spotsl.setdefault( iHKL, [])
                        resRelList.append( (res,res0) )
                        integIList.append(integList)
                        spotsList.append(spot)
                    for iHKL in d_resRel.keys():
                        resRelList = d_resRel[iHKL]
                        res, res0 = zip(*resRelList)
                        resRel = num.array(res)/num.array(res0)
                        rrMean = resRel.mean()
                        rrMax  = num.max(resRel - rrMean)
                        rrStd  = resRel.std()
                        integI = d_integI[iHKL]
                        iiMean = integI.mean()
                        iiMax  = num.max(num.abs(integI - iiMean))
                        iiStd  = integI.std()
                        if rrMax > rrStd * 1.5 or iiMax > iiStd * 1.5:
                            if interactive or debug:
                                print 'for iHKL %d, rr and ii numbers are : %g %g %g ; %g %g %g ' % (
                                    iHKL,
                                    rrMax, rrMean, rrStd,
                                    iiMax, iiMean, iiStd,
                                    )
                            if interactive:
                                doLoop = True
                                while doLoop:
                                    userInput = raw_input('options: (d)isplay, (c)ontinue, (i:#)nvalidate spot #')
                                    char = userInput.split(':')[0]
                                    if   char == 'd':
                                        for iSpot, spot in enumerate(d_spotsl[iHKL]):
                                            spot.display(title='spot %d for iHKL %d' % (iSpot, iHKL))
                                    elif char == 'c':
                                        doLoop = False
                                    elif char == 'i':
                                        iSpot = userInput.split(':')[1]
                                        spot = d_spotsl[iHKL][iSpot]
                                        self.cleanFit()
                                        self.__fitFailed = FitFailedError(1, 'error from  user interaction')
                                        doLoop = True
                                    else:
                                        print 'invalid choice'

                    # ...*** may want to add logic to grain so that it knows when a repeated fit is necessary -- would have to have it ask spots about whether or not they have changed? might get a bit nasty
                    if indepFitPVec:
                        'fit precession and deformation gradient separately'
                        grain.fitPrecession()
                        grain.fit(fitPVec=False)
                    else:
                        grain.fit()
                    'redo findMatches now that did fit'
                    grain.findMatches(findByPixelDist=findByPixelDist, updateSelf=True)

                    if len(grain.lineageList) > 0:
                        lineage = grain.lineageList[-1]
                        prevGrain = grainList[lineage[0]]
                        if pVecTol is not None:
                            pVecDist = num.linalg.norm(grain.pVec - prevGrain.pVec)
                            if pVecDist > pVecTol:
                                print 'grain %d in list %d : have pVec mismatch with previous: %s versus %s' % (
                                    iGrain, iList, str(grain.pVec), str(prevGrain.pVec),
                                    )
                        if len(lineage) == 1:
                            'normal parentage'
                            validSpotIdx_new, hitReflId_new = grain.getValidSpotIdx(ignoreClaims=True)
                            validSpotIdx_prv, hitReflId_prv = prevgrain.getValidSpotIdx(ignoreClaims=True)
                            lostSpots = num.setdiff1d(hitReflId_prv, hitReflId_new, assume_unique=True)
                            newSpots  = num.setdiff1d(hitReflId_new, hitReflId_prv, assume_unique=True)
                            nLost = len(lostSpots); nNew = len(newSpots);
                            if nLost > 0 or nNew > 0:
                                print 'grain %d in list %d : have %d lost and %d new spots; new spots : ' % (
                                    iGrain, iList, nLost, nNew, str(newSpots),
                                    )
                        elif len(lineage) == 3:
                            'path parentage; nothing more to do'
                            pass
                        else:
                            raise RuntimeError, 'bad lineage : '+str(lineage)

                    grain.claimSpots()
                    #
                    nAll, nHit, nConf, nFail, nMiss = spot.getSpotCounts()
                    nConfTot += nConf

                'end of grainList loop'
            'end of grainLists loop'

            if len(spots) == lenSpotsPrev and nConfTot == 0:
                'assume there is no need to go through the loop again'
                if debug:
                    print 'exiting refit loop on iteration number %d because len(spots) did not change' % (iRefitLoop+1)
                break
            else:
                if debug:
                    print 'on iteration %d, len(spots) was %d and is now %d, and grains have %d conflicts' % (
                        iRefitLoop+1, lenSpotsPrev, len(spots), nConfTot,
                        )

        'end of iRefitLoop'

    if len(pathList) == 0:
        assert len(grainLists) == 1, 'expecting len(grainLists) == 1'
        grainLists = grainLists[0]
    return grainLists


[docs]def stretchToLV(V, fMat):
    """
    from stretch V in crystal frame and fMat, compute
    new lattice parameters; fMat can be the 'F' from
    lparms.latticeVectors

    V = B + I, where B is the Biot strain
    """
    # Finit = latticeVectors(initLP, 'triclinic' )['F']
    Fnew  = num.dot(V, fMat)
    lp    = latticeParameters(Fnew)
    lv    = latticeVectors(lp, tag='triclinic', radians=True)

    return lv


[docs]def calculateBiotStrain(initLP, finalLP, display=False):
    """
    """
    Finit = latticeVectors(initLP, 'triclinic' )['F']
    Fref  = latticeVectors(finalLP, 'triclinic' )['F']

    mF = num.zeros((3, 3))

    # diagonals are straight stretches
    mF[0, 0] = Fref[0, 0] / Finit[0, 0]
    mF[1, 1] = Fref[1, 1] / Finit[1, 1]
    mF[2, 2] = Fref[2, 2] / Finit[2, 2]

    # upper triangle
    mF[0, 1] = (Fref[0, 1] - mF[0, 0]*Finit[0, 1]) / Finit[1, 1]
    mF[0, 2] = (Fref[0, 2] - mF[0, 0]*Finit[0, 2] - mF[0, 1]*Finit[1, 2]) / Finit[2, 2]
    mF[1, 2] = (Fref[1, 2] - mF[1, 1]*Finit[1, 2]) / Finit[2, 2]

    u, s, v = svd(mF)
    biotStrain = num.dot(v.T, num.dot(num.diag(s), v)) - num.eye(3)
    if display:
        print "refined biot strain tensor: \n" + \
              "%1.3e, %1.3e, %1.3e\n" % (biotStrain[0, 0], biotStrain[0, 1], biotStrain[0, 2]) + \
              "%1.3e, %1.3e, %1.3e\n" % (biotStrain[1, 0], biotStrain[1, 1], biotStrain[1, 2]) + \
              "%1.3e, %1.3e, %1.3e\n" % (biotStrain[2, 0], biotStrain[2, 1], biotStrain[2, 2])
    return biotStrain, u, s, v


[docs]def makeMNConn(m,n,tri=True):
    """
    m and n are number of edges, so 1 more than number of zones
    """
    c1 = num.zeros( (m - 1)*(n - 1) , dtype=int)
    c2 = num.zeros( (m - 1)*(n - 1) , dtype=int)
    c3 = num.zeros( (m - 1)*(n - 1) , dtype=int)
    c4 = num.zeros( (m - 1)*(n - 1) , dtype=int)
    ii = 0
    for i in num.arange(1, m):
        for j in num.arange(1, n):
            c1[ii] = j + n*(i - 1)
            c2[ii] = j + n*(i - 1) + 1
            c3[ii] = j + n*i + 1
            c4[ii] = j + n*i

            ii += 1
            pass
        pass
    #
    'make quadCon be 0 based'
    quadCon = num.vstack([c1, c2, c3, c4]) - 1
    if tri:
        triCon1 = quadCon[:3, :]
        triCon2 = quadCon[[0, 2, 3], :]
        triCon  = num.hstack((triCon1, triCon2))
        retval = triCon
    else:
        retval = quadCon
    return retval


[docs]def makeNVecs(tth, etaIn, omeIn, asGrid=False):
    if asGrid:
        eta, ome = num.meshgrid(etaIn, omeIn)
    else:
        eta, ome = etaIn, omeIn
    qVecs = makeMeasuredScatteringVectors(
        num.asarray(tth).flatten(),
        num.asarray(eta).flatten(),
        num.asarray(ome).flatten())
    # qVecs is 3xN
    nVecs  = mutil.unitVector(qVecs)
    return nVecs


[docs]def omeEtaGridToNVecs(tTh, omegas, etas):
    etaGrid, omeGrid = num.meshgrid(etas, omegas)
    tThGrid = num.tile(tTh, (1, omeGrid.size) )
    nVecs = makeNVecs(tThGrid, etaGrid, omeGrid)
    return nVecs


rMat_y90 = ors.RotInv(num.pi/2.0, [0,1,0]).toMatrix()
[docs]def roty90(v):
    v_r = num.dot(rMat_y90, v)
    return v_r


[docs]class OmeEtaPfig(object):
    """
    works with data from with CollapseOmeEta
    """
[docs]    def __init__(self,
                 omeEdges, etaEdges,
                 cmap=None,
                 vMM=None,
                 doRot = False,
                 invertFromSouthern = True,
                 netStyle = None,
                 netNDiv = 12,
                 netAlpha = 0.5,
                 pointLists = [],
                 drawColorbar = True,
                 ):
        self.cmap = cmap
        if self.cmap is None:
            self.cmap = getCMap(False)

        if vMM is not None:
            self.vmin = vMM[0]; self.vmax = vMM[1];
        else:
            self.vmin = 0; self.vmax = None
            pass

        if isinstance(omeEdges, list): # hasattr(omeEdges,'pop'):
            self.omeEdges = omeEdges
        else:
            self.omeEdges = [omeEdges]
        if isinstance(etaEdges, list): # hasattr(etaEdges,'pop'):
            self.etaEdges = etaEdges
        else:
            self.etaEdges = [etaEdges]

        self.doRot = doRot
        self.netStyle = netStyle
        self.netNDiv = netNDiv
        self.netAlpha = netAlpha
        self.invertFromSouthern = invertFromSouthern
        self.pointLists = pointLists
        self.drawColorbar = drawColorbar

        self.antialiased = False
        self.pList = []
        self.colList = []
        self.cbar = None
        self.p = None

        return


    def __nVecsPatches(self, nP):
        'note: must test for bool first, as bools look like ints'
        if isinstance(nP,bool):
            retval = True
        elif isinstance(nP,int):
            retval = False
        else:
            raise RuntimeError, 'do not know what to do with nP of '+str(nP)
        return retval
    def __display(self, omeEdges, etaEdges, data, nVecs, nP, opacity, rangeVV_w):

        if self.allNorthern:
            """all points above the equator, so safe to use QuadMesh
            without worry of things being seen from the back side
            """
            showedges = False
            if not self.__nVecsPatches(nP):
                'render to a regular grid'
                vals = data.flatten()
                pfigR = pfigutil.renderEAProj(nVecs, vals, nP)
                if opacity is not None:
                    norm = matplotlib.colors.Normalize(vmin=self.vmin, vmax=self.vmax)
                    wData = pfigutil.renderEAProj(nVecs, opacity.flatten(), nP)
                    vMM_w = Framer2DRC.getVMM(wData, range=rangeVV_w)
                    norm_w = matplotlib.colors.Normalize(vmin=vMM_w[0], vmax=vMM_w[1])
                    # pfigR.T here instead of ijAsXY=True
                    cData = self.cmap(norm(pfigR.T,clip=True))
                    cData[:,:,3] = norm_w(wData.T, clip=True)
                    im = self.pList[0](cData, ijAsXY=False)
                    self.colList.append(im)
                    'for colorbar, make a mappable so that the range shown is correct'
                    mappable = cm.ScalarMappable(cmap=self.cmap, norm=norm)
                    mappable.set_array(vals)
                    forColorBar = mappable
                else:
                    im = self.pList[0](pfigR, cmap=self.cmap, vmin=self.vmin, vmax=self.vmax, ijAsXY=True)
                    self.colList.append(im)
            else:
                'draw as a collection'
                if opacity is not None:
                    assert opacity.dtype == bool, 'for non-rendered pole figure, make opacities boolean'
                # if opacity is not None:
                #     raise RuntimeError, 'not coded: opacity for non-rendered pole figure, specify integer-valued nP'
                eaProj = pfigutil.n2eap(nVecs, flip=False)
                if opacity is None:
                    col = collections.QuadMesh(len(etaEdges)-1,
                                               len(omeEdges)-1,
                                               eaProj,
                                               showedges,
                                               antialiased=self.antialiased)
                    col.set_array(data) # vals
                    # vals = (data[:,:].flatten()-vmin)/(vmax-vmin)
                    # vals = num.minimum(num.maximum(data[:,:].flatten(), vmin), vmax)
                    #
                else:
                    conn = makeMNConn(len(omeEdges), len(etaEdges), tri=False)
                    nQuads = conn.shape[1]
                    vals = data.flatten()
                    vertsN = []
                    valsN = []
                    for iQuad, quadConn in enumerate(conn.T):
                        if (opacity is not None) and (not opacity[iQuad]):
                            'quad is not to be drawn'
                            continue
                        nVecsPatch = nVecs[(slice(3), quadConn)] # 3x4
                        eaProjPatch = pfigutil.n2eap(nVecsPatch, flip=False)
                        #verts[iQuad, :, :] = eaProjPatch.T
                        vertsN.append(eaProjPatch.T)
                        valsN.append(vals[iQuad])
                    colN = collections.PolyCollection(num.array(vertsN),
                                                      edgecolors='none',
                                                      antialiased=self.antialiased)
                    colN.set_array(num.array(valsN))
                    col = colN
                col.set_cmap(self.cmap)
                col.set_clim(vmin=self.vmin, vmax=self.vmax)
                #
                self.colList.append(col)
                self.pList[0].a.add_collection(col)

        else:
            """
            take a bit more care, due to patches ending up on the
            back side
            """
            if not self.__nVecsPatches(nP):
                'render to a regular grid'
                vals = data.flatten()
                northern = nVecs[2,:] >= 0
                southern = nVecs[2,:] <= 0
                nVecsN = nVecs[(slice(3), northern)]
                nVecsS = nVecs[(slice(3), southern)]
                if self.invertFromSouthern:
                    'invert through origin'
                    nVecsS = -nVecsS
                else:
                    'rotate about vertical axis in plane of pole figure'
                    nVecsS = num.vstack((-nVecsS[0,:], nVecsS[1,:], -nVecsS[2,:]))
                #
                if opacity is not None:

                    opacity = opacity.flatten()
                    norm = matplotlib.colors.Normalize(vmin=self.vmin, vmax=self.vmax)
                    wDataN = pfigutil.renderEAProj(nVecsN, opacity[northern], nP)
                    wDataS = pfigutil.renderEAProj(nVecsS, opacity[southern], nP)
                    vMM_w = Framer2DRC.getVMM(num.vstack((wDataN,wDataS)), range=rangeVV_w)
                    norm_w = matplotlib.colors.Normalize(vmin=vMM_w[0], vmax=vMM_w[1])
                    #
                    pfigR = pfigutil.renderEAProj(nVecsN, vals[northern], nPw)
                    cData = self.cmap(norm(pfigR.T,clip=True))
                    cData[:,:,3] = norm_w(wDataN.T, clip=True)
                    im = self.pList[0](cData, ijAsXY=False)
                    self.colList.append(im)
                    #
                    pfigR = pfigutil.renderEAProj(nVecsS, vals[southern], nP)
                    cData = self.cmap(norm(pfigR.T,clip=True))
                    cData[:,:,3] = norm_w(wDataS.T, clip=True)
                    im = self.pList[1](cData, ijAsXY=False)
                    self.colList.append(im)
                    #
                    'for colorbar, make a mappable so that the range shown is correct'
                    mappable = cm.ScalarMappable(cmap=self.cmap, norm=norm)
                    mappable.set_array(vals)
                    forColorBar = mappable

                else:
                    pfigR = pfigutil.renderEAProj(nVecsN, vals[northern], nP)
                    im = self.pList[0](pfigR, cmap=self.cmap, vmin=self.vmin, vmax=self.vmax, ijAsXY=True)
                    self.colList.append(im)
                    #
                    pfigR = pfigutil.renderEAProj(nVecsS, vals[southern], nP)
                    im = self.pList[1](pfigR, cmap=self.cmap, vmin=self.vmin, vmax=self.vmax, ijAsXY=True)
                    self.colList.append(im)
            else:
                'draw as a collection'
                if opacity is not None:
                    assert opacity.dtype == bool, 'for non-rendered pole figure, make opacities boolean'
                # if opacity is not None:
                #     raise RuntimeError, 'not coded: opacity for non-rendered pole figure, specify integer-valued nP'
                conn = makeMNConn(len(omeEdges), len(etaEdges), tri=False)
                nQuads = conn.shape[1]
                #nVecsPatches = num.empty([nQuads, 4, 3])
                #verts = num.empty([nQuads, 4, 2])
                #vals = num.minimum(num.maximum(data[:,:].flatten(), vmin), vmax)# handled with set_clim
                vals = data.flatten()
                vertsN = []
                vertsS = []
                valsN = []
                valsS = []
                for iQuad, quadConn in enumerate(conn.T):
                    if (opacity is not None) and (not opacity[iQuad]):
                        'quad is not to be drawn'
                        continue
                    nVecsPatch = nVecs[(slice(3), quadConn)] # 3x4
                    if num.all(nVecsPatch[2,:] < 0):
                        'put in northern hemisphere'
                        if self.invertFromSouthern:
                            'invert through origin'
                            nVecsPatch = -nVecsPatch
                        else:
                            'rotate about vertical axis in plane of pole figure'
                            nVecsPatch = num.vstack((-nVecsPatch[0,:], nVecsPatch[1,:], -nVecsPatch[2,:]))
                        eaProjPatch = pfigutil.n2eap(nVecsPatch, flip=False)
                        #verts[iQuad, :, :] = eaProjPatch.T
                        vertsS.append(eaProjPatch.T)
                        valsS.append(vals[iQuad])
                    else:
                        eaProjPatch = pfigutil.n2eap(nVecsPatch, flip=False)
                        #verts[iQuad, :, :] = eaProjPatch.T
                        vertsN.append(eaProjPatch.T)
                        valsN.append(vals[iQuad])

                #col = collections.PolyCollection(verts, edgecolors=None, antialiased=antialiased)
                colN = collections.PolyCollection(num.array(vertsN),
                                                  edgecolors='none',
                                                  antialiased=self.antialiased)
                colN.set_clim(vmin=self.vmin, vmax=self.vmax)
                colN.set_array(num.array(valsN))
                colN.set_cmap(self.cmap)
                self.colList.append(colN)
                #
                colS = collections.PolyCollection(num.array(vertsS),
                                                  edgecolors='none',
                                                  antialiased=self.antialiased)
                colS.set_clim(vmin=self.vmin, vmax=self.vmax)
                colS.set_array(num.array(valsS))
                colS.set_cmap(self.cmap)
                self.colList.append(colS)

                self.pList[0].a.add_collection(colN)
                self.pList[1].a.add_collection(colS)
            'end of if for nP'
        'endif for all in upper hemisphere'
        return

[docs]    def display(self,
                data,
                tTh,
                nP=True,
                opacity=[None],
                rangeVV_w = None,
                winKWArgs={}
                ):
        """
        if want to do interpolated results, matplotlib.delaunay
        has some triangulation and interpolation stuff, but have
        not sorted that out yet
        """
        # bkgCirc = matplotlib.patches.Circle(xy=(0,0), radius=1, fill=True,
        #                                     facecolor='0.5',
        #                                     edgecolor='black')
        # pw.a.add_patch(bkgCirc)

        'clean up any old stuff'
        for p in self.pList:
            p.destroy()
        self.pList = []

        self.__nP_cur = nP

        if self.doRot is True:
            'rotate to get "x" into "z" so that projection along 3 direction works well'
            rMat = rMat_y90
        elif hasattr(self.doRot, 'shape'):
            'assume doRot is the rMat to use'
            rMat = self.doRot
            assert len(rMat.shape) == 2, 'bad doRot'
            assert rMat.shape[0] == 3 and rMat.shape[1] == 3, 'bad doRot'
        elif self.doRot is False:
            rMat = None
        else:
            raise RuntimeError, 'do not know what to do with doRot of '+str(self.doRot)
        self.__rMat_cur = rMat

        forColorBar = None

        if isinstance(data, list): # hasattr(data,'pop'):
            dataList = data
        else:
            dataList = [data]
        assert len(dataList) == len(self.omeEdges), \
            'data and omeEdges lists do not have same length : %d versus %d' % (len(dataList), len(self.omeEdges))
        #
        if isinstance(opacity, list): # hasattr(opacity,'pop'):
            opacityList = opacity
        else:
            opacityList = [opacity]
            assert len(opacityList) == len(self.omeEdges), \
            'opacity and omeEdges lists do not have same length : %d versus %d' % (len(opacityList), len(self.omeEdges))

        if self.vmax is None:
            self.vmax = num.hstack(dataList).max()

        nVecsList = []
        anySouthern = False
        for omeEdges, etaEdges in zip(self.omeEdges, self.etaEdges):
            if self.__nVecsPatches(nP):
                nVecs = omeEtaGridToNVecs(tTh, omeEdges, etaEdges)
            else:
                omegas = 0.5*(omeEdges[1:] + omeEdges[:-1])
                etas = 0.5*(etaEdges[1:] + etaEdges[:-1])
                nVecs = omeEtaGridToNVecs(tTh, omegas, etas)
            if rMat is not None:
                nVecs = num.dot(rMat, nVecs)
            anySouthern = anySouthern or num.any(nVecs[2,:] < -1e-5)
            nVecsList.append(nVecs)

        self.allNorthern = not anySouthern
        'need a window, make a new one'
        pw = None
        if self.drawColorbar:
            relfigsize = (6,6.3)
            if self.allNorthern:
                axesRectList = [
                    (0.15,0.15,0.6,0.6),
                    (0.85,0.15,0.05,0.75),
                    ]
            else:
                axesRectList = [
                    (0.03,0.1,0.4,0.8),
                    (0.43,0.1,0.4,0.8),
                    (0.85,0.15,0.05,0.75),
                    ]
        else:
            relfigsize = (6,6)
            if self.allNorthern:
                axesRectList = [(0.15,0.15,0.6,0.6)]
            else:
                axesRectList = [
                    (0.075,0.1,0.4,0.8),
                    (0.525,0.1,0.4,0.8),
                    ]
        kwArgs = {}
        kwArgs.update(winKWArgs)
        kwArgs.setdefault('relfigsize',relfigsize)
        kwArgs.setdefault('noAutoAxesList',True)
        win = plotwrap.PlotWin(1,2, **kwArgs)
        self.pList.append(plotwrap.PlotWrap(window=win,
                                        axesRect=axesRectList[0], # title='northern hemisphere'
                                        showByDefault=False, makeWinByDefault=True,
                                        )
                      )
        if not self.allNorthern:
            self.pList.append(plotwrap.PlotWrap(window=win,
                                                axesRect=axesRectList[1], # title='southern hemisphere'
                                                showByDefault=False, makeWinByDefault=True,
                                                )
                              )
        self.pList.append(win)
        self.p = win

        'now have pList'
        for pw in self.pList:
            if hasattr(pw,'getAxes'):
                'plotWin type thing instead of plotwrap type thing'
                continue
            pw.a.set_aspect('equal')
            pw.a.format_coord = lambda x,y:''
            pw.a.axis('off')
            pw.a.set_autoscale_on(False)
            pw.a.set_xlim(-1.05,1.05)
            pw.a.set_ylim(-1.05,1.05)
        'done with fun stuff for self.pList'

        self.colList = []

        for omeEdges, etaEdges, data, opacity, nVecs in zip(self.omeEdges, self.etaEdges, dataList, opacityList, nVecsList):
            self.__display(omeEdges, etaEdges, data, nVecs, nP, opacity, rangeVV_w)

        self.drawLines(nP, rMat=rMat)

        if self.drawColorbar:
            aCur = self.p.f.add_axes(axesRectList[-1])
            if forColorBar is None:
                forColorBar = self.colList[0]
            self.cbar = self.p.f.colorbar(forColorBar, cax=aCur)
        self.p.show()

        return

    def destroy(self):
        for p in self.pList:
            p.destroy()
        return
[docs]    def clearLines(self):
        'get rid of any existing lines and legends'
        for pw in self.pList:
            if hasattr(pw,'getAxes'):
                'plotWin type thing instead of plotwrap type thing'
                continue
            lines = pw.a.get_lines()
            for line in lines:
                line.remove()
        return

[docs]    def drawLines(self, nP, rMat=None, pointLists=None):
        """if specify a pointLists argument then it replaces self.pointLists"""
        if pointLists is not None:
            self.pointLists = pointLists

        # for pw in self.pList:
        #     if hasattr(pw,'getAxes'):
        #         'plotWin type thing instead of plotwrap type thing'
        #         continue

        auxKWArgs = {}
        if not self.__nVecsPatches(nP):
            r = 0.5 * float(nP)
            auxKWArgs = {'origin':(r,r), 'r':r}
        pw = self.pList[0]
        pfigutil.drawLines(pw, self.pointLists,
                           rMat=rMat,
                           netStyle=self.netStyle, netNDiv=self.netNDiv, netAlpha=self.netAlpha,
                           **auxKWArgs)
        if not self.allNorthern:
            pw = self.pList[1]
            pfigutil.drawLines(pw, self.pointLists,
                               rMat=rMat,
                               netStyle=self.netStyle, netNDiv=self.netNDiv, netAlpha=self.netAlpha,
                               southern=True, invertFromSouthern=self.invertFromSouthern,
                               **auxKWArgs)
        return


    def show(self):
        self.p.show()
        return
    def setProps(self, vMM=None,
                 cmap=None, pointLists=None, netStyle=None,
                 title=None,
                 doShow=True,
                 logNorm=None,
                 kwArgs={},
                 ):
        didChange = False
        if vMM is not None:
            self.vmin = vMM[0] or self.vmin
            self.vmax = vMM[1] or self.vmax
            for col in self.colList:
                col.set_clim(vmin=self.vmin, vmax=self.vmax)
            didChange = True
        if logNorm is not None:
            didChange = True
            if logNorm:
                """
                may want to do something like:
                cmap = cm.bone
                cmap.set_under([0.,0.,0.])
                cmap.set_over([1.,1.,1.])
                cmap.set_bad([0.,0.,0.])
                """
                assert self.vmin is not None, 'need vmin to have been set for logNorm'
                norm = matplotlib.colors.LogNorm(vmin=self.vmin, vmax=self.vmax, clip=False)
                for col in self.colList:
                    col.set_norm(norm)
            else:
                for col in self.colList:
                    col.set_norm(None)
        if title is not None:
            self.p.f.suptitle(title, **kwArgs)
            didChange = True
        if cmap is not None:
            self.cmap = cmap
            for col in self.colList:
                col.set_cmap(self.cmap)
            didChange = True
        if pointLists is not None or netStyle is not None:
            if pointLists is not None:
                self.pointLists = pointLists
            if netStyle is not None:
                self.netStyle = netStyle
            self.drawLines(self.__nP_cur, rMat=self.__rMat_cur)
            didChange = True
        if didChange:
            if self.drawColorbar:
                aCur = self.p.f.axes[-1]
                forColorBar = self.colList[0]
                self.cbar = self.p.f.colorbar(forColorBar, cax=aCur)
            if doShow:
                self.p.show()
        return

    def save(self, *args, **kwargs):
        self.p.save(*args, **kwargs)


[docs]class CollapseOmeEta(object):
    """
    Can pass a mask to use in addition to whatever the readers are already
    set up to do; with frames set zero where mask is True

    If pass pw: after plot is made, can do calls on self.pw to plot other things
    on top of the image

    while this takes a list of readers, it is not yet really coded for disjoint omega ranges
    """
[docs]    def __init__(self,
                 readerList,
                 planeData, hklList,
                 detectorGeom,
                 strainMag=None,
                 nEtaBins = 480,
                 mask=None,
                 threshold=None,
                 applyLorenz=True,
                 nframesLump=1,
                 debug=debugDflt,
                 computeMeanTwoTheta=False,
                 ):

        location = '  '+self.__class__.__name__+'.__init__'

        self.planeData = planeData

        if not isinstance(readerList, list): # hasattr(readerList,'pop'):
            readerList = [readerList]
        self.readerList = readerList

        self.iHKLList = num.atleast_1d(planeData.getHKLID(hklList))

        tThRanges = planeData.getTThRanges(strainMag=strainMag)

        'set up data'
        twoTheta, eta = detectorGeom.xyoToAngAll()
        # omegaMin, omegaMax = detector.getOmegaMMReaderoList(readerList, overall=True) # retain information about omega range of each reader
        # omegaMM = detector.getOmegaMMReaderList(self.readerList) # can use this is need to know omega ranges for each reader

        'the following need to be consistent'
        etaDelta      = 2.*num.pi/nEtaBins
        eta0          = -num.pi
        self.etaEdges = num.linspace(-num.pi, num.pi, nEtaBins+1)
        self.etas = 0.5*(self.etaEdges[1:] + self.etaEdges[:-1])

        'count frames'
        nFramesTot = 0
        for reader in readerList:
            nFramesTot += reader.getNFrames() / nframesLump

        self.dataStore = num.empty([len(self.iHKLList), nFramesTot, nEtaBins])
        if computeMeanTwoTheta:
            self.storeTTh = num.empty([len(self.iHKLList), nFramesTot, nEtaBins])
        else:
            self.storeTTh = None
        self.omegas   = num.empty(nFramesTot)
        self.omeEdges = num.empty(nFramesTot+1)

        indicesList = []
        if computeMeanTwoTheta:
            'compute and store iEtaBinHKL'
            iEtaBinHKL = []
        for iData, iHKL in enumerate(self.iHKLList):
            indices = num.where(num.logical_and(
                    twoTheta > tThRanges[iHKL,0],
                    twoTheta < tThRanges[iHKL,1]
                    ))
            indicesList.append(indices)
            if computeMeanTwoTheta:
                etasThese = eta[indices]
                iEtaBin = (etasThese - eta0) / etaDelta
                'protect against numerical silliness'
                iEtaBin[num.where(iEtaBin) < 0         ] = 0
                iEtaBin[num.where(iEtaBin) > nEtaBins-1] = nEtaBins-1
                iEtaBinHKL.append(iEtaBin)


        if applyLorenz:
            lorenzFrame = getLorenz(detectorGeom)
        iFrameTot = 0
        for reader in readerList:
            delta_omega = reader.getDeltaOmega(nframes=nframesLump)
            sumImg = nframesLump > 1
            nFrames = reader.getNFrames()
            #
            if have_progBar:
                widgets = [Bar('>'), ' ', ETA(), ' ', ReverseBar('<')]
                pbar = ProgressBar(widgets=widgets, maxval=reader.getNFrames() / nframesLump).start()
            for iFrame in range(reader.getNFrames() / nframesLump): # for iFrame, omega in enumerate(omegas):
                if have_progBar:
                    pbar.update(iFrame+1)
                if debug:
                    print location+' : working on frame %d' % (iFrame)
                    tic = time.time()
                thisframe = reader.read(nframes=nframesLump, sumImg=sumImg)
                omega = reader.getFrameOmega()
                self.omegas[iFrameTot] = omega
                self.omeEdges[iFrameTot] = omega-delta_omega*0.5

                if not mask is None:
                    thisframe[mask] = 0

                if threshold is not None:
                    thisframe[thisframe < threshold] = 0

                for iData, iHKL in enumerate(self.iHKLList):
                    indices = indicesList[iData]
                    'make valsThese into float so that do not overrun max int value'
                    # valsThese = num.array(thisframe[indices], dtype=float) # problematic for masked arrays!
                    valsThese = thisframe[indices].astype(float)
                    if applyLorenz:
                        valsThese = valsThese / lorenzFrame[indices]
                    if num.ma.is_masked(valsThese):
                        keepThese = num.logical_not(valsThese.mask)
                        valsThese = valsThese.compressed()
                    else:
                        keepThese = None
                    if computeMeanTwoTheta:
                        ''' use scipy sparse matrices because
                        coo_matrix allows multiple values to be
                        additively assigned to an entry; surely there
                        is a better (and still easy) way to do this,
                        but I have not found it yet
                        '''
                        tThsThese = twoTheta[indices]
                        iEtaBin = iEtaBinHKL[iData]
                        if keepThese is not None:
                            iEtaBin   = iEtaBin[keepThese]
                            tThsThese = tThsThese[keepThese]
                        iRZ = num.zeros( valsThese.size, dtype=int )

                        integIntens_s = sparse.coo_matrix(
                            (valsThese, (iRZ, iEtaBin) ),
                            shape=(1,nEtaBins)
                            )
                        integIntens = integIntens_s.todense()
                        #
                        weightedTTh_s = sparse.coo_matrix(
                            (valsThese*tThsThese, (iRZ, iEtaBin) ),
                            shape=(1,nEtaBins)
                            )
                        weightedTTh = weightedTTh_s.todense()
                        #
                        nzIntegIntens = num.where(integIntens > 0.)
                        averageTTh = num.zeros( weightedTTh.shape )
                        averageTTh[nzIntegIntens] = weightedTTh[nzIntegIntens] / integIntens[nzIntegIntens]

                        self.dataStore[iData, iFrameTot, :] = integIntens[:]
                        self.storeTTh [iData, iFrameTot, :] = averageTTh[:]

                    else:
                        etasThese = eta[indices]
                        if keepThese is not None:
                            etasThese = etasThese[keepThese]
                        hist, bin_edges = num.histogram(etasThese, bins=self.etaEdges, weights=valsThese)
                        self.dataStore[iData, iFrameTot, :] = hist[:]
                'done with iHKLList'

                if debug:
                    toc = time.time()
                    elapsed = toc - tic
                    print location+' : frame %d took %g seconds' % (iFrameTot, elapsed)
                iFrameTot += 1
            'done with frames'
            if have_progBar:
                pbar.finish()
        'done with readerList'
        self.omeEdges[nFramesTot] = omega+delta_omega*0.5

        return

    def getPfig(self, **kwargs):
        retval = OmeEtaPfig(self.omeEdges, self.etaEdges, **kwargs)
        return retval
[docs]    def display(self,
                iData = 0,
                rangeVV = None,
                cmap = None,
                pw  = None,
                debug = debugDflt,
                pfig = False,
                comment = '',
                tTh = False,
                rangeVV_w = None,
                winKWArgs = {},
                pfigKWArgs = {}
                ):
        """
        iData is index into hklList passed on initialization, NOT into
        planeData

        pointList, if specified is a list of tuples of the form (3xn
        ndarray, style) where style gets passed to plotwrap

        can set tTh to 'withOpacity' if the 2-theta plot should be
        made with opacity (alpha) constructed from the intensity
        weights; so far this only works for pfig=False

        """

        if tTh:
            assert self.storeTTh is not None, 'do not have tThs stored'
            data = self.storeTTh [iData,:,:]
        else:
            data = self.dataStore[iData,:,:]

        # vmin, vmax = detector.Framer2DRC.getVMM(data)
        vMM = self.readerList[0].getVMM(data, range=rangeVV)

        hklStr = self.planeData.getHKLs(asStr=True)[self.iHKLList[iData]]
        winTitle = 'hkl: '+str(hklStr)+' '+comment
        if pfig:

            assert pw is None, \
                'do not support input pw for pfig plots'
            #retval = OmeEtaPfig(self.omeEdges, self.etaEdges, vMM=vMM, **pfigKWArgs)
            retval = self.getPfig(vMM=vMM, cmap=cmap, **pfigKWArgs)
            tThNominal = self.planeData.getTTh()[self.iHKLList[iData]]
            kwArgs = {}
            kwArgs.update(winKWArgs)
            kwArgs.setdefault('title', winTitle)
            if tTh == 'withOpacity':
                retval.display(data, tThNominal, nP=pfig,
                               opacity=self.dataStore[iData,:,:],
                               rangeVV_w=rangeVV_w,
                               winKWArgs=kwArgs)
            else:
                retval.display(data, tThNominal, nP=pfig, winKWArgs=kwArgs)

        else: # pfig
            if pw is None:
                pw = plotwrap.PlotWrap(
                    winTitle=winTitle,
                    showByDefault=False, makeWinByDefault=True,
                    **winKWArgs
                    )

                pw.a.format_coord = FormatEtaOme(0.5*(self.etaEdges[1:]+self.etaEdges[:-1]),
                                                 self.omegas,
                                                 data)
            retval = pw
            if cmap is None:
                cmap = getCMap(True)
            if tTh == 'withOpacity':
                norm = matplotlib.colors.Normalize(vmin=vMM[0], vmax=vMM[1])
                # data.T here instead of ijAsXY=True
                cData = cmap(norm(data.T,clip=True))

                wData = self.dataStore[iData,:,:]
                vMM_w = self.readerList[0].getVMM(wData, range=rangeVV_w)
                norm_w = matplotlib.colors.Normalize(vmin=vMM_w[0], vmax=vMM_w[1])

                cData[:,:,3] = norm_w(wData.T, clip=True)

                pw(cData, ijAsXY=False)
                'for colorbar, make a mappable so that the range shown is correct'
                mappable = cm.ScalarMappable(cmap=cmap, norm=norm)
                mappable.set_array(data)
                pw.colorbar(thing=mappable)

            else:
                pw(data, vmin=vMM[0], vmax=vMM[1], cmap=cmap, ijAsXY=True)
            pw.show()
        'endif pfig'

        return retval

    def getNVecs(self, iData, edges=False):
        tThNominal = self.planeData.getTTh()[self.iHKLList[iData]]
        if edges:
            nVecs = omeEtaGridToNVecs(tThNominal, self.omeEdges, self.etaEdges)
        else:
            nVecs = omeEtaGridToNVecs(tThNominal, self.omegas, self.etas)
        return nVecs
    def getData(self, iData):
        return self.dataStore[iData,:,:]


[docs]def makeMeasuredScatteringVectors(tTh, eta, ome, convention='hexrd', frame='sample'):
    """
    Construct scattering vectors from angles (2theta, eta, ome)
    will do HEXRD/APS and Fable frames, sample or lab.

    for fable frame geomtery, see:

    http://sourceforge.net/apps/trac/fable/attachment/wiki/WikiStart/Geometry_version_1.0.8.pdf
    """
    ome = num.atleast_1d(ome)

    rIndex = None
    if not hasattr(convention, 'lower'):
        raise RuntimeError, "something is amiss with your keywork argument"
    else:
        if convention.lower() == 'fable':
            # must convert eta coordinate
            eta = 0.5*num.pi - eta

            'ome axis is lab Z'
            # raxis = num.c_[0, 0, 1].T
            rIndex = 2

            # the unit qVec
            retVal = num.vstack( [
                -num.sin(0.5*tTh),
                -num.cos(0.5*tTh)*num.sin(eta),
                 num.cos(0.5*tTh)*num.cos(eta) ] )

        elif convention.lower() == 'hexrd':
            'ome axis is lab Y'
            # raxis = num.c_[0, 1, 0].T
            rIndex = 1

            # the unit qVec
            retVal = num.vstack( [
                num.cos(eta)*num.cos(0.5*tTh),
                num.sin(eta)*num.cos(0.5*tTh),
                num.sin(0.5*tTh) ] )
        else:
            raise RuntimeError, "unrecognized token '%s'" % (convention)

        # convert to sample frame from lab frame (as measured)
        if frame.lower() == 'sample':
            ## for i in range(retVal.shape[1]):
            ##     retVal[:, i] = num.dot(R.rotMatOfExpMap(ome[i]*raxis).T, retVal[:, i])
            cOme = num.cos(ome)
            sOme = num.sin(ome)
            if rIndex == 1:
                retVal = num.vstack( [
                        cOme * retVal[0,:] - sOme * retVal[2,:], # Note: -sOme due to transpose
                        retVal[1,:],
                        sOme * retVal[0,:] + cOme * retVal[2,:], # Note: +sOme due to transpose
                        ] )
            elif rIndex == 2:
                retVal = num.vstack( [
                        cOme  * retVal[0,:] + sOme * retVal[1,:], # Note: +sOme due to transpose
                        -sOme * retVal[0,:] + cOme * retVal[1,:], # Note: -sOme due to transpose
                        retVal[2,:],
                        ])
            else:
                raise RuntimeError, "unrecognized rIndex %d" % (rIndex)
    return retVal

######################################################################
#
# fun with multiprocessing


reader_MP = None
func_MP = None
nPerChunk_MP = None
debug_MP = True
[docs]def doItMP(nSkip):
    location = '  doItMP'

    global reader_MP, func_MP, debug_MP
    print 'in doItMP, nPerChunk nSkip : %g %g' % (nPerChunk_MP, nSkip)
    tic = time.time()
    readerLocal = reader_MP.makeNew()
    toc = time.time(); dt = toc - tic; tic = toc
    print location+' : %g seconds to make new reader' % (dt)
    retval = []
    nLocalFrame = min(nPerChunk_MP, readerLocal.getNFrames()-nSkip)
    for iLocalFrame in range(nLocalFrame):
        frame = readerLocal.read(nskip=nSkip)
        toc = time.time(); dt = toc - tic; tic = toc
        print location+' : %g seconds to read frame' % (dt)
        retval.append(func_MP(frame))
        toc = time.time(); dt = toc - tic; tic = toc
        print location+' : %g seconds to process frame' % (dt)
        nSkip = 0 # only need to skip for first read
    return retval

[docs]def readFrameStack_multiproc(reader, func, nPerChunk=None, nCPUs=None, debug=False):
    """
    read the full frame stack using multiprocessing, applying fund
    to each frame to obtain the result;

    use makeNew for each chunk; if reader.dark is a shared memory
    array then it remains so
    """
    assert xrdbase.haveMultiProc, \
        'do not have multiprocessing available'

    nFrames = reader.getNFrames()
    nCPUs = nCPUs or xrdbase.dfltNCPU
    nPerChunk = nPerChunk or max(int(nFrames/(4*nCPUs)),1)

    global reader_MP, func_MP, nPerChunk_MP, debug_MP
    reader_MP = reader
    func_MP = func
    nPerChunk_MP = nPerChunk
    debug_MP = debug
    'if reader has a dark frame, make sure it is in shared memory'
    if reader.dark is not None:
        #dark_temp  = detector.ReadGE.readDark(fileInfo[0][0], nframes=fileInfo[0][1])
        dark_temp   = reader.dark
        dark_shmem  = multiprocessing.RawArray(ctypes.c_double, dark_temp.size)
        dark        = num.frombuffer(dark_shmem, dtype=num.float64, count=dark_temp.size)
        dark.shape  = dark_temp.shape
        dark[:,:]   = dark_temp[:,:]
        reader.dark = dark
        del dark_temp

    nSkipList = range(0,nFrames,nPerChunk)

    pool = multiprocessing.Pool(nCPUs)

    if debug:
        print 'nSkipList : '+str(nSkipList)
    tic = time.time(); results_chunked = pool.map(doItMP, nSkipList, chunksize=1); toc = time.time()
    dt = toc - tic
    print 'elapsed time running under multiprocessing pool : %g' % (dt)
    results = reduce(lambda x,y: x+y, results_chunked, [])

    pool.close()

    reader_MP = None
    func_MP = None
    nPerChunk_MP = None
    return results


[docs]def thresholdStackDisplay(data, threshold, cmap=None, pw=None,
                          detectorGeom=None, planeData=None,
                          displayKWArgs={}, drawRingsKWArgs={}
                          ):
    '''
    passes sumImg=num.maximum to dataToFrame so that if data is a
    reader then frame ends up being the maximum over the image stack
    '''
    thisframe = dataToFrame(data, sumImg=num.maximum)
    if cmap is None:
        cmap = cm.bone
        cmap.set_over('red')
    if detectorGeom is None:
        retval = detector.Framer2DRC.display(
            thisframe, cmap=cmap, range=(0,threshold), pw=pw,
            **displayKWArgs)
    else:
        retval = detectorGeom.display(
            thisframe, planeData=planeData, cmap=cmap, range=(0,threshold), pw=pw,
            **displayKWArgs)
        detectorGeom.drawRings(retval, planeData, **drawRingsKWArgs)
    return retval


[docs]class GrainPoles:
[docs]    def __init__(self, omeEtaPfigs):

        self.omeEtaPfigs = omeEtaPfigs

        self.refPointsLists = []
        for omeEtaPfig in self.omeEtaPfigs:
            self.refPointsLists.append(copy.deepcopy(omeEtaPfig.pointLists))
            # refPointsList = []
            # for refPoints, kwArgs in omeEtaPfig.pointLists:
            #     refPointsList.append(copy.deepcopy(refPoints))
            # refPointsLists.append(refPointsList)

        self.__skew = [0.,0.,0.]

        return

    def __call__(self, skew):
        self.__skew = num.copy(skew)
        mat = self.getMat()
        for omeEtaPfig, refPointsList in zip(self.omeEtaPfigs, self.refPointsLists):
            # omeEtaPfig.clearLines() 'not necessary, drawLines does this'
            pointLists = []
            for refPoints, kwArgs in refPointsList:
                points    = num.dot(mat, refPoints)
                pointLists.append((points, kwArgs))
            # print 'pointLists : '+str(pointLists)
            omeEtaPfig.drawLines(pointLists=pointLists)
            # print 'pointLists : '+str(omeEtaPfig.pointLists)
            omeEtaPfig.show()
        return
    def getMat(self):
        mat  = ors.RotInv(self.__skew).toMatrix()
        return mat


[docs]def grainPolesGUI(omeEtaPfigs):
    """
    GUI with sliders for rotating a grain's spots

    execfile('examples/feSynthSpotsPfig.py')
    gui = grainPolesGUI([pwSB])
    """
    win = plotwrap.PlotWin(-1,
                           title='rotation sliders',
                           relfigsize=(8,2),
                           )
    ax1 = win.getNextAxes(rect=[0.1, 0.1, 0.8, 0.2])
    ax2 = win.getNextAxes(rect=[0.1, 0.4, 0.8, 0.2])
    ax3 = win.getNextAxes(rect=[0.1, 0.7, 0.8, 0.2])
    s1  = Slider(ax1, 'r1', -pi, pi, 0., dragging=False)
    s2  = Slider(ax2, 'r2', -pi, pi, 0., dragging=False)
    s3  = Slider(ax3, 'r3', -pi, pi, 0., dragging=False)

    grainPoles = GrainPoles(omeEtaPfigs)

    def update_self(val):
        skew = [s1.val, s2.val, s3.val]
        grainPoles(skew)
        print 'angles are now : %24.16e %24.16e %24.16e' % \
            (skew[0], skew[1], skew[2], )
        # print 'rotation matrix is: '+str(mat)
        win.show()
    s1.on_changed(update_self)
    s2.on_changed(update_self)
    s3.on_changed(update_self)

    win.show()
    matplotlib.interactive(True)
    return win, grainPoles


[docs]class MultiSlopeFunc:
    """
    function that transitions smoothly from slope of m1 to slope of m2 in the vacinity of xcrit, with the smoothness of the transition dictated by a specified power;
    for large values of power, might eventually want to put in code to protect against numerical overflow
    """
[docs]    def __init__(self, m1, m2, xcrit, power=0.2):
        self.m1 = m1
        self.m2 = m2
        self.power = power
        self.power_inv = 1.0/power
        self.xcrit = xcrit
        return

    def _f1(self,x):
        retval = x * self.m1
        return retval
    def _f2(self,x):
        if x > self.xcrit:
            retval = (x - self.xcrit) * self.m2
        else:
            retval = 0.
        return retval
    def __call__(self,x):
        xa = math.fabs(x)
        f1 = self._f1(xa)
        f2 = self._f2(xa)
        retval = (f1**self.power_inv + f2**self.power_inv)**self.power
        if x < 0:
            retval = -retval
        return retval


[docs]class MultiSlopeFuncSmooth:
    """
    function that transitions smoothly from slope of m1 to slope of m2 in the vacinity of xcrit, with the smoothness of the transition dictated by a specified power;
    """
[docs]    def __init__(self, m1, w1, p1, m2, xcrit, power=0.2):
        self.m1 = m1
        self.w1 = w1
        self.p1 = p1
        self.m2 = m2
        self.power = power
        self.power_inv = 1.0/power
        self.xcrit = xcrit
        return

    def _f1(self,x):
        if x > self.xcrit:
            retval = ((x - self.xcrit)/self.w1)  ** self.p1
        else:
            retval = 0.
        retval += x * self.m1
        return retval
    def _f2(self,x):
        retval = x * self.m2
        return retval
    def __call__(self,x):
        xa = math.fabs(x)
        f1 = self._f1(xa)
        f2 = self._f2(xa)
        if f1 == 0 or f2 == 0:
            return 0.0
        retval = (f1**(-self.power_inv) + f2**(-self.power_inv))**(-self.power)
        if x < 0:
            retval = -retval
        return retval


[docs]def darkFromStack(reader, nFrames=0, nChunk=4,
                  medianSize=None, medianRange=(-15,15),
                  cutMinFactor=None,
                  checkIntensityResolution=False):
    """
    If nFrames == 0, read all frames.

    If medianSize is specified then a median filter of the given size is used to find
    dead pixels, with pixels outside of medianRange marked as dead.
    """
    nChop = 1
    nRow, nCol = reader.getSize()
    if nFrames == 0:
        nFrames = reader.getNFrames()
    if nChunk is not None:
        nChop = max(1, int(nFrames / nChunk))

    # would be perhaps more efficient to just read what is wanted each time
    darkFrame  = reader.frame()
    stdFrame   = num.empty(darkFrame.shape,dtype=float)
    if checkIntensityResolution:
        meanDFrame  = reader.frame() # num.empty(darkFrame.shape,dtype=float)
    deadPixels = num.zeros(darkFrame.shape,dtype=bool)
    iRU = 0
    for iChop in range(nChop):
        iRL = iRU
        iRU = int(nRow*(float(iChop+1)/float(nChop)))
        thisReader = reader.getRawReader()
        allThisChop = num.empty((iRU-iRL,nCol,nFrames), dtype=darkFrame.dtype)
        for iFrame in range(nFrames): # for iFrame, omega in enumerate(omegas):
            print >> sys.stdout, '+',
            thisframe = thisReader.read()
            allThisChop[:,:,iFrame] = thisframe[iRL:iRU,:]
        print >> sys.stdout, ''
        thisReader.close()
        if cutMinFactor is not None:
            mins = num.min(allThisChop, axis=2)
            # mask = allThisChop > num.tile(mins.flatten()*cutMinFactor, (allThisChop.shape[2],1)).T.reshape(allThisChop.shape)
            allThisChopMedian = num.empty((iRU-iRL,nCol), dtype=darkFrame.dtype)
            for iThis in range(allThisChop.shape[0]):
                for jThis in range(allThisChop.shape[1]):
                    pStack = allThisChop[iThis,jThis,:]
                    allThisChopMedian[iThis,jThis] = num.median(pStack[pStack < mins[iThis,jThis] * cutMinFactor])
            darkFrame[iRL:iRU,:] = allThisChopMedian[:,:]
        else:
            darkFrame[iRL:iRU,:] = num.median(allThisChop, axis=2)
        std = num.std(allThisChop.astype('float'),axis=2)
        stdFrame[iRL:iRU,:] = std
        deadPixels[iRL:iRU,:] = std == 0.
        if checkIntensityResolution:
            # num.unique does not support an axis argument
            for iRowChop in range(allThisChop.shape[0]):
                iRow = iRowChop + iRL
                for iCol in range(allThisChop.shape[1]):
                    pUnique = num.unique(allThisChop[iRowChop,iCol,:])
                    if len(pUnique) > 1:
                        # meanDFrame[iRow,iCol] = num.mean(pUnique[1:] - pUnique[:-1])
                        meanDFrame[iRow,iCol] = num.min(pUnique[1:] - pUnique[:-1])
                    else:
                        meanDFrame[iRow,iCol] = 0
            # perhaps mark as dead if meanDFrame > 1.75
        # whereDead = num.where(std == 0.)
    print >> sys.stdout, 'number of dead pixels with 0 std : %d' % (num.sum(deadPixels))

    if medianSize is not None:
        darkFrameMF = ndimage.median_filter(darkFrame, size=medianSize)
        darkDiff = darkFrame - darkFrameMF
        print >> sys.stdout, 'number of dead pixels with below median filter by %g : %d' % \
            (medianRange[0], num.sum(darkDiff < medianRange[0]))
        print >> sys.stdout, 'number of dead pixels with above median filter by %g : %d' % \
            (medianRange[1], num.sum(darkDiff > medianRange[1]))
        deadPixels = num.logical_or(deadPixels, num.logical_or(
                darkDiff < medianRange[0], darkDiff > medianRange[1]
                ) )

    if checkIntensityResolution:
        deadPixels = num.logical_or(deadPixels, meanDFrame > checkIntensityResolution)

    if checkIntensityResolution:
        retval = darkFrame, deadPixels, stdFrame, meanDFrame
    else:
        retval = darkFrame, deadPixels, stdFrame
    return retval


[docs]def tryFromShelf(shelfFileName, thingName):
    """
    try to pull the thing from the shelf and return None if it does not work
    """
    try:
        shelf = shelve.open(shelfFileName, 'r')
        retval = shelf[thingName]
        shelf.close()
    except:
        retval = None
    return retval


[docs]def putInShelf(shelfFileName, thingName, thing):
    shelf = shelve.open(shelfFileName, 'c')
    shelf[thingName] = thing
    shelf.close()
    return


[docs]def pullFromStack(reader, detectorGeom, tThMM, angWidth, angCen,
                  threshold=20,
                  distInAng=False, padSpot=True,
                  mask3D=None, exitOnFail=False
                  ):
    """
    angWidth is distance from angCen, so actually half-width

    do not yet deal with wrap-around (eg, reader that spans 2*pi)
    """
    omeStep = reader.getDeltaOmega()
    etaStep = getEtaResolution(detectorGeom, angCen[0])
    dr_Eta, dr_Ome, dA = drEtaOme(angCen, etaStep, omeStep)

    tThMin, tThMax = tThMM
    tthPM = 0.5 * (tThMax - tThMin)
    etaPM = angWidth*etaStep/dr_Eta
    omePM = angWidth*omeStep/dr_Ome
    angPM = [tthPM, etaPM, omePM]
    print 'angWidth %g mapped to eta ome widths of %g %g' % (angWidth, etaPM, omePM)

    'use xyf instead of xyo to reinforce that is in frame instead of omega coordinates'
    xyfCen  = num.array(detectorGeom.angToXYO(*angCen, units='pixels')) # omega is in angles
    xyfCen[2] = reader.omegaToFrame(xyfCen[2], float=True)

    xyfBBox = detectorGeom.angToXYOBBox(angCen, angPM, units='pixels', reader=reader, forSlice=True, doWrap=False) # omega is in frame -- passed the reader
    xyfBBox_0 = num.array([sl[0] for sl in xyfBBox])

    pixelData = reader.readBBox(xyfBBox, raw=False)
    #
    # pw = detector.Framer2DRC.display(num.max(pixelData,axis=2), range=(0,400))

    if mask3D is not None:
        maskThis = mask3D[slice(*xyfBBox[0]), slice(*xyfBBox[1]), slice(*xyfBBox[2])]
        if hasattr(pixelData, 'mask'):
            mask = num.logical_or( pixelData.mask, maskThis )
        else:
            mask = maskThis
        pixelData = num.ma.masked_array(pixelData, mask=mask, hard_mask=True, copy=False)

    # ndimage.watershed_ift may be worth trying at some point
    bin = spotfinder.getBin(pixelData, threshold, padSpot)
    labelStructure = ndimage.generate_binary_structure(pixelData.ndim,1)
    labels, numSpots = ndimage.label(bin, labelStructure)
    # labels may include masked pixels, but left them in on purpose so that spots would not get sliced by rows of bad pixels
    # masked pixels should get excluded by getIndices as appropriate
    objs = ndimage.find_objects(labels)
    if distInAng:
        'find spot based on distance in angular space'
        com  = num.empty([numSpots,3])
        vSum = num.empty(numSpots)
        if numSpots <= 0:
            iSpot = -1
        else:
            for iSpot in range(numSpots):
                index = iSpot+1
                'this com is with respect to pixelData box, so add in xyfBBox_0'
                comThis, vSumThis = spotfinder.getImCOM(pixelData, labels, objs, index, floor=0, getVSum=True)
                vSum[iSpot] = vSumThis
                com[iSpot,:] = comThis + xyfBBox_0
            comTTh, comEta, comOme = detectorGeom.xyoToAng(com[:,0], com[:,1], reader.frameToOmega(com[:,2]))
            dTTh = (comTTh - angCen[0])/tthPM
            dEta = (comEta - angCen[1])/etaPM
            dOme = (comOme - angCen[2])/omePM
            dSq = dTTh*dTTh + dEta*dEta + dOme*dOme
            iSpot = dSq.argmin()
    else:
        'get spot in which xyfCen falls'
        # okay if this lands in a masked pixel -- still associated with labeled spot
        index = labels[tuple(num.round(xyfCen).astype(int) - xyfBBox_0)]
        if index < 1:
            if exitOnFail:
                raise RuntimeError, 'no spot found at '+str(xyfCen)
            else:
                iSpot = -1
        else:
            iSpot = index-1

    return iSpot, labels, objs, pixelData, xyfBBox


[docs]def grainSpotsFromStack(g,
                        reader, detectorGeom, angWidth, threshold,
                        **kwargs):
    """
    wrapper around spotFromStack; takes a grain and
    returns a dictionary of spots for the grain, with
    keys (hklID, iThisHKL)

    angWidth is for orientation spread; for 2-theta, g.planeData
    2-theta ranges are used

    can specify hklIDs to look for just a subset of spots

    set distInAng=False if want the spots to have to contain the predicted angles,
    otherwise, the closest spots in the bounding boxes will be returned
    """

    fout   = kwargs.pop('fout', sys.stdout)
    hklIDs = kwargs.pop('hklIDs', num.arange(len(g.planeData.getHKLs())))
    #
    debug  = kwargs.setdefault('debug',True)
    #
    kwargs.setdefault('fullBackground',False)
    kwargs.setdefault('asFrame',False)
    kwargs.setdefault('exitOnFail',True)
    kwargs.setdefault('distInAng',True)

    deltaOmega = reader.getDeltaOmega()

    retval = {}
    #
    for hklID in hklIDs:
        tThMM = g.planeData.getTThRanges()[hklID]
        predAnglesHKL = g.getPredAngles(iHKL=hklID)
        for iThisHKL, predAngs in enumerate(predAnglesHKL):
            if not detectorGeom.angOnDetector(*predAngs):
                if debug: print >> fout, 'spot %d for hklID %d has its center off the detector, skipping' % (iThisHKL, hklID)
                continue
            key = (hklID, iThisHKL)

            spotData = spotFromStack(reader, detectorGeom, tThMM, angWidth, predAngs, threshold, **kwargs)

            if spotData is None:
                if debug: print >> fout, 'spot %d for hklID %d got no data from spotFromStack' % (iThisHKL, hklID)
            else:
                retval[key] = spotfinder.Spot(key, deltaOmega, spotData, detectorGeom=detectorGeom)
                if debug: print >> fout, 'made spot %d for hklID %d' % (iThisHKL, hklID)

    return retval


[docs]def spotFromStack(reader, detectorGeom, tThMM, angWidth, angCen, threshold,
                  fullBackground=False,
                  asFrame=False, exitOnFail=True,
                  distInAng=False,
                  debug=True,
                  ):
    '''
    if asFrame, then omegas come out as frame indices; note that
    angCen should still be specified as omega, not a frame index
    '''
    iSpot, labels, objs, pixelData, xyfBBox = pullFromStack(reader, detectorGeom, tThMM, angWidth, angCen,
                                                            threshold=threshold,
                                                            distInAng=distInAng, exitOnFail=exitOnFail)
    if iSpot < 0:
        retval = None
    else:
        xyfBBox_0 = num.array([sl[0] for sl in xyfBBox])

        # grab pixel data
        index = iSpot+1
        obj = objs[iSpot]
        # indices = list(num.where(labels[obj] == index))
        indices = list(spotfinder.getIndices(pixelData, labels, objs[index-1], index)) # convert tuple to list so that can modify it
        for iX in range(len(indices)):
            indices[iX] = indices[iX] + obj[iX].start
        xAll = []
        for iX, xL in enumerate(indices):
            xAll.append( xL + xyfBBox_0[iX] )
        if not asFrame:
            xAll[2] = reader.frameToOmega(xAll[2]) # convert from frame to omega
        vAll = pixelData[indices]
        # note that num.sum(vAll) may not agree with vSumThis above due to floor=0 setting
        if hasattr(vAll, 'mask'):
            numMasked = num.sum(vAll.mask)
            if numMasked > 0:
                raise RuntimeError, 'got %d masked pixels' % (numMasked)
            vAll =vAll.shrink_mask()
        data = xAll
        data.append(vAll)
        retval = data

        if fullBackground:
            'add in pixels that are inside angWidth and are below background'
            # indicesBkg = list(spotfinder.getIndices(pixelData, labels, None, 0)) # convert tuple to list so that can modify it
            indicesBkg = spotfinder.getIndices(pixelData, labels, None, 0)
            'no need to add in obj[iX].start -- did full pixelData'
            xAllBkg = []
            for iX, xL in enumerate(indicesBkg):
                xAllBkg.append( xL + xyfBBox_0[iX] )
            if not asFrame:
                xAllBkg[2] = reader.frameToOmega(xAllBkg[2]) # convert from frame to omega
            'could check to see which pixels are within angWidth of angCen, but they should more or less all be'
            vAllBkg = pixelData[indicesBkg]
            # note that num.sum(vAll) may not agree with vSumThis above due to floor=0 setting
            if hasattr(vAllBkg, 'mask'):
                numMasked = num.sum(vAllBkg.mask)
                if numMasked > 0:
                    raise RuntimeError, 'got %d masked pixels' % (numMasked)
                vAllBkg = vAllBkg.shrink_mask()
            if debug:
                print 'have %d foreground and %d background spots' % (len(vAll), len(vAllBkg))
            dataBkg = xAllBkg
            dataBkg.append(vAllBkg)
            retval = map(num.hstack, zip(data, dataBkg))
            pass
        pass
    # spot = spotfinder.Spot(key, reader.getDeltaOmega(), data=data)
    return retval


[docs]def collapse(vAll, eta, ome,
             nOme=None, nEta=None,
             weightedList=[], averagedList=[], auxList=[],
             debug=False,
             ):
    """
    Returns a sparse matrix, with zeros where no intensity falls;

    pass nEta and nOme to control the number of eta and omega bins,
    otherwise they are determined automatically, with the omega
    binning assuming that omegas fall on frames at regular intervals
    with no gaps

    for each entry in weightedList, also returns that data collapsed and
    weighted by vAll; similarly for averagedList
    """

    'make vAll into float data so that summing does not overrun int storage'
    vAll = num.asarray(vAll).astype(float)

    ome = num.asarray(ome)
    eta = num.asarray(eta)

    if nOme is None:
        omegas = num.unique(ome)
        dOme = num.min(omegas[1:]-omegas[:-1])
        nOme = len(omegas) # assume omega frames are adjacent -- some data on each frame
        omeLo = omegas.min()-0.5*dOme
    else:
        if not hasattr(nOme,'__len__'): # or len(nOme) == 1:
            dOme = (ome.max() - ome.min())/max(1., nOme-1.)
            omeLo = ome.min()-0.5*dOme
        elif len(nOme) == 3:
            nOme, omeMin, omeMax = nOme
            omeLo = omeMin
            if nOme is None:
                omegas = num.unique(ome)
                dOme = num.min(omegas[1:]-omegas[:-1])
                nOme = int(round((omeMax - omeMin)/dOme))
            else:
                dOme = (omeMax - omeMin)/nOme
        else:
            raise RuntimeError, 'nOme is funny'
    if debug:
        print 'ome n, d, lo : %d %g %g' % (nOme, dOme, omeLo)

    if nEta is None:
        nEta = int(0.5*num.sqrt(eta.size/nOme))
        dEta = (eta.max() - eta.min())/max(nEta-1., 1.)
        etaLo = eta.min()-0.5*dEta
    else:
        if not hasattr(nEta,'__len__'):
            dEta = (eta.max() - eta.min())/max(nEta-1., 1.)
            etaLo = eta.min()-0.5*dEta
        elif len(nEta) == 3:
            nEta, etaMin, etaMax = nEta
            assert nEta is not None, 'nEta is None'
            etaLo = etaMin
            dEta = (etaMax - etaMin)/nEta
        else:
            raise RuntimeError, 'nEta is funny'
    if debug:
        print 'eta n, d, lo : %d %g %g' % (nEta, dEta, etaLo)


    # use sparse.coo_matrix to do summing
    # could instead use num.histogram2d

    nX, nY = nEta, nOme
    xI = ((eta - etaLo)/dEta).astype(int)
    yJ = ((ome - omeLo)/dOme).astype(int)
    a = sparse.coo_matrix( (vAll, (xI, yJ)),  shape=(nX,nY) ) # overlapped entries get summed
    a = a.tocsr() # to sum duplicate entries

    etas = num.linspace(etaLo+0.5*dEta, etaLo+(nEta-1)*dEta+0.5*dEta, nEta)
    omes = num.linspace(omeLo+0.5*dOme, omeLo+(nOme-1)*dOme+0.5*dOme, nOme)

    retval = [a, etas, omes]

    for thisData in weightedList:
        thisWeighted = vAll * thisData
        b = sparse.coo_matrix( (thisWeighted, (xI, yJ)),  shape=(nX,nY) ) # overlapped entries get summed
        b = b.tocsr() # to sum duplicate entries
        retval.append(b)
    if len(averagedList)>0 :
        xNZ, yNZ = a.nonzero() # not the same as (xI,yJ) due to overlaps
    for thisData in averagedList:
        thisWeighted = vAll * thisData
        b = sparse.coo_matrix( (thisWeighted, (xI, yJ)),  shape=(nX,nY) ) # overlapped entries get summed
        b = b.tocsr() # to sum duplicate entries
        for x, y in zip(xNZ,yNZ):
            axy = a[x,y]
            if axy > 0:
                b[x,y] = b[x,y] / axy
            else:
                b[x,y] = 0.
        retval.append(b)
    for vAll, eta, ome in auxList:
        xI = ((eta - etaLo)/dEta).astype(int)
        yJ = ((ome - omeLo)/dOme).astype(int)
        b = sparse.coo_matrix( (vAll, (xI, yJ)),  shape=(nX,nY) ) # overlapped entries get summed
        b = b.tocsr()
        retval.append(b)

    return tuple(retval)


[docs]def displaySparse(a,
                  vmin = None, vmax = None,
                  cmap = None,
                  fmt = None,
                  markersize = 3,
                  colorUnder = None,
                  ijNZ = None,
                  **kwargs):

    cmap   = cmap or detector.getCMap(False)

    pw = kwargs.pop('pw',None)
    if pw is None:
        pwKWArgs = plotwrap.PlotWrap.popKeyArgs(kwargs)
        pw = plotwrap.PlotWrap(**pwKWArgs)
    retval = pw
    #
    if len(kwargs) > 0:
        raise RuntimeError, 'unparsed keyword arguments : '+str(kwargs.keys())

    # xNZ, yNZ, vNZ = sparse.extract.find(a)
    if ijNZ is None:
        xNZ, yNZ = a.nonzero()
    else:
        xNZ, yNZ = ijNZ

    if sparse.issparse(a):
        A = a.todense()
    else:
        A = a
    if colorUnder is not None:
        vmin = vmin or 0
        B = - 10. * max(num.max(num.abs(A)), vmax) * num.ones(A.shape, dtype=A.dtype)
        B[(xNZ,yNZ)] = num.array(A[(xNZ,yNZ)]).reshape(len(xNZ))
        cmap.set_under(colorUnder)
        pw(B, vmin=vmin, vmax=vmax, cmap=cmap)
    else:
        pw(A, vmin=vmin, vmax=vmax, cmap=cmap)
        Z = num.ones(A.shape, dtype=int)
        Z[xNZ,yNZ] = 0
        B = sparse.coo_matrix(Z)
        pw.a.spy(B, markersize=markersize)

    if fmt is not None:
        fmt.A = A
        pw.a.format_coord = fmt

    pw.show()

    return retval


[docs]def displayEtaOme(eta, ome, vAll,
                  nEta = None, nOme = None,
                  **kwargs):

    vCollapsed, etas, omes = collapse(vAll, eta, ome, nEta=nEta, nOme=nOme)
    fmt = FormatEtaOme(etas, omes, None)
    pw = displaySparse(vCollapsed, fmt=fmt, **kwargs)
    retval = pw

    return retval


[docs]def getLorenz(detectorGeom, *args):
    if len(args) == 2:
        tTh, eta = args
    elif len(args) == 0:
        tTh, eta = detectorGeom.xyoToAngAll()
    else:
        raise RuntimeError, 'pass either detectorGeom only for full frame or (detectorGeom, tth, eta)'
    theta  = num.asarray(0.5 * tTh)
    eta    = num.asarray(eta)
    sTh    = num.sin(theta)
    sTTh   = num.sin(tTh)
    cTh    = num.cos(theta)
    cTTh   = num.cos(tTh)
    cEt    = num.cos(eta)
    lorenz = ( 1.0 + cTTh*cTTh ) / (2.0 * sTTh) / num.sqrt( sTh*sTh + cEt*cEt * cTh*cTh )
    return lorenz


[docs]def getEtaResolution(detectorGeom, tTh):
    "angular resolution along eta"
    radius = num.linalg.norm(
        num.array(detectorGeom.angToXYO(tTh, 0.)) - num.array(detectorGeom.angToXYO(0., 0.))
        )
    'have 2*pi radians over 2*pi*radius pixels'
    etaRes = 1./radius
    return etaRes


[docs]def getTThResolution(detectorGeom, tTh):
    detectorGeom.angToXYO
    x0, y0 = detectorGeom.angToXYO(tTh, 0., units='pixels')
    tThP, eta = detectorGeom.xyoToAng(x0, y0+1., units='pixels')
    tThRes = tThP - tTh
    return tThRes


[docs]def drEtaOme(angCen, dEta, dOme):
    "compute true angular changes and dA corresponding to steps in eta and omega"
    tThNominal, eta, ome = angCen
    nVecsPatch = makeNVecs( # 3xN
        num.tile(tThNominal, 3),
        num.array([eta, eta+dEta, eta]),
        num.array([ome, ome, ome+dOme]),
        )
    dr_Eta = num.arccos(num.dot(nVecsPatch[:,0], nVecsPatch[:,1])) # * r, but r==1
    dr_Ome = num.arccos(num.dot(nVecsPatch[:,0], nVecsPatch[:,2])) # * r, but r==1
    # dA_cen = dr_Eta * dr_Ome # neglects cross-product factor
    dA_cen = num.linalg.norm(num.cross((nVecsPatch[:,1]-nVecsPatch[:,0]), (nVecsPatch[:,2]-nVecsPatch[:,0])))
    return dr_Eta, dr_Ome, dA_cen


[docs]def omeEtaGridToDA(tThNominal, etaEdges, omeEdges):
    """
    get grid patch areas, in the sense of solid angle (pole figure) coverage;
    """
    tTh = num.tile(tThNominal, len(etaEdges)*len(omeEdges))
    omeGrid, etaGrid = num.meshgrid(omeEdges, etaEdges)
    nVecs = makeNVecs(tTh, etaGrid, omeGrid) # 3xN
    nVecs = nVecs.reshape((3,  len(etaEdges), len(omeEdges)))
    nEta = len(etaEdges)-1
    nOme = len(omeEdges)-1
    dA = num.zeros((nEta, nOme))
    for iEta in range(nEta):
        for iOme in range(nOme):
            n0 = nVecs[:,iEta  ,iOme  ]
            n1 = nVecs[:,iEta+1,iOme  ]
            n2 = nVecs[:,iEta  ,iOme+1]
            # 'the following neglects the cross product factor'
            # dr_Eta = num.arccos(num.dot(n0, n1)) # * r, but r==1
            # dr_Ome = num.arccos(num.dot(n0, n2)) # * r, but r==1
            # dA[iEta, iOme] = dr_Eta * dr_Ome
            dA[iEta, iOme] = num.linalg.norm( num.cross( n1-n0, n2-n0 ) )
    return dA


[docs]def bboxIntersect3D(b1, b2):
    '''
    0-tolerance bounding box intersection in 3d
    '''
    (b1xmin, b1xmax), (b1ymin, b1ymax), (b1zmin,b1zmax) = b1
    (b2xmin, b2xmax), (b2ymin, b2ymax), (b2zmin,b2zmax) = b2

    if ((((b1xmin >= b2xmin) and (b1xmin <= b2xmax)) or
         ((b1xmax >= b2xmin) and (b1xmax <= b2xmax)) or
         ((b2xmin >= b1xmin) and (b2xmin <= b1xmax)) or
         ((b2xmax >= b1xmin) and (b2xmax <= b1xmax)))
        and
        (((b1ymin >= b2ymin) and (b1ymin <= b2ymax)) or
         ((b1ymax >= b2ymin) and (b1ymax <= b2ymax)) or
         ((b2ymin >= b1ymin) and (b2ymin <= b1ymax)) or
         ((b2ymax >= b1ymin) and (b2ymax <= b1ymax)))
        and
        (((b1zmin >= b2zmin) and (b1zmin <= b2zmax)) or
         ((b1zmax >= b2zmin) and (b1zmax <= b2zmax)) or
         ((b2zmin >= b1zmin) and (b2zmin <= b1zmax)) or
         ((b2zmax >= b1zmin) and (b2zmax <= b1zmax)))):
        retval = True
    else:
        retval = False
    return retval


[docs]def pfigFromSpots(spots, iHKL, phaseID=None,
                  nOme=None, nEta=None,
                  tThTol=None, etaExcl=0.1,
                  plot=False, plotPrefix=None, debug=False):
    """
    probably want to have collected spots without discarding those at boundaries (discardAtBounds=False)

    depending on the context, may need to have done something like iHKL = hklIDs.index(hklID)

    if nEta is negative, it is treated as the target lumping of pixels

    etaExcl is in radians -- etas within this range of +-pi/2 degrees are left out;
    can set to None to turn this behavior off

    can use tThTol to tighten down the two-theta tolerance
    """
    nEta = nEta or -3
    plot = plot or plotPrefix is not None

    planeData = spots.getPlaneData(phaseID=phaseID)
    hklTuple = tuple(planeData.getHKLs()[iHKL])
    tThNominal = planeData.getTTh()[iHKL]
    crystalVector = planeData.hklDataList[iHKL]['latPlnNrmls'][:,0]

    lorenz = getLorenz(spots.detectorGeom)
    tThAll, etaAll = spots.detectorGeom.xyoToAngAll()

    tThList, etaList, omeList, valList = [], [], [], []
    #
    for iSpot, angCoords in spots.getIterHKL(hklTuple, phaseID=phaseID):
        spot = spots.getSpotObj(iSpot)
        if tThTol is not None:
            relErr = abs(angCoords[0] - tThNominal) / tThTol
            keepThis = relErr < 1.
            if debug:
                print 'keep is %6s for spot %4d of size %9d intensity %9g due to tThTol, tTh relative error is %g' % (
                    str(keepThis), iSpot, len(spot), spot.vAll.sum(), relErr,
                    )
            if not keepThis:
                continue
        # print 'contributing spot '+str(iSpot)
        key, deltaOmega, (xAll, yAll, oAll, vAll) = spot.getDataMinimal()
        tThList.append(tThAll[xAll,yAll])
        etaList.append(etaAll[xAll,yAll])
        omeList.append(oAll)
        # 'apply Lorenz correction'
        vAllByL = vAll / lorenz[xAll,yAll]
        valList.append(vAllByL)

    if etaExcl is None:
        etaRanges = [( (-num.pi, num.pi) , (-num.pi, num.pi) )]
    else:
        e1 = 0.5*num.pi - etaExcl
        e2 = 0.5*num.pi + etaExcl
        e3 = 0.5*num.pi + num.pi - etaExcl
        etaRanges = [
            ( (-e1, e1), (-num.pi, num.pi) ),
            ( ( e2, e3), (0., 2.0*num.pi) ),
            ]

    tThList = num.hstack(tThList)
    etaList = num.hstack(etaList)
    omeList = num.hstack(omeList)
    valList = num.hstack(valList)

    valLow = min(1.0e-8, 1.0e-12*valList.max())
    valList[valList < valLow] = valLow

    retval = []
    for iRange, (etaRange, etaMM) in enumerate(etaRanges):

        if nEta < 0:
            radius = 1.0 / getEtaResolution(spots.detectorGeom, tThNominal)
            nEta   = int(((etaRange[1]-etaRange[0]) * radius) / abs(nEta))

        etaTemp = mapAngle(etaList, etaMM)
        indices = num.logical_and( etaTemp > etaRange[0], etaTemp < etaRange[1] )
        intensVals, etasCen, omesCen = \
            collapse(valList[indices],
                     etaTemp[indices],
                     omeList[indices],
                     nOme = ( nOme, spots.getOmegaMins().min(), spots.getOmegaMaxs().max() ),
                     nEta = ( nEta, etaRange[0], etaRange[1] ),
                     debug=debug
                     # averagedList=[tThList[indices]],
                     )

        if plot:
            fmt = FormatEtaOme(etasCen, omesCen, intensVals.todense())
            #pw = plotwrap.PlotWrap()
            #pw(intensVals.todense())
            pw = displaySparse(intensVals, fmt=fmt, colorUnder=(0.5,0.5,0.5), cmap=cm.jet)
            if plotPrefix is not None:
                pw.save(filename=str(plotPrefix)+'_omeEtaIntensVals_iHKL_%d_%d.png'%(iHKL,iRange))
                pw.destroy()

        dEta = num.mean(etasCen[1:]-etasCen[:-1])
        dOme = num.mean(omesCen[1:]-omesCen[:-1])
        etaEdges = num.hstack((etasCen[0] - 0.5*dEta, etasCen + 0.5*dEta))
        omeEdges = num.hstack((omesCen[0] - 0.5*dOme, omesCen + 0.5*dOme))
        dA = omeEtaGridToDA(tThNominal, etaEdges, omeEdges)
        'covert to dense and then (from matrix) to array, so that flatten works properly'
        pVals = num.array(intensVals.todense() / dA) # all missing points converted to zero
        nVecs = makeNVecs(
            num.tile( tThNominal, pVals.size ),
            etasCen, omesCen, asGrid=True)
        if debug:
            print 'making pfig dict with pVals nVecs shape %s and pVals size %s' % (str(nVecs.shape), str(pVals.size))
        if havePfigPkg:
            pfigDict = pfigPkg.makePfigDict(hklTuple, crystalVector=crystalVector, nVecs=nVecs, pVals=pVals)
        else:
            pfigDict = None
            print >> sys.stderr, "WARNING: do not have pfigPkg, returned results are incomplete"
        retval.append( (
                pfigDict,
                omeEdges,
                etaEdges,
                intensVals,
                ) )

        return retval



[docs]def mapAngCen(ang, angCen):
    """
    map angle ang into equivalent value that is closest to angCen
    """
    shift = num.pi-angCen
    retval = num.mod(ang + shift, 2.0*num.pi) - shift
    return retval


[docs]def makeSynthFrames(spotParamsList, detectorGeom, omegas,
                    intensityFunc=spotfinder.IntensityFuncGauss3D(),
                    asSparse=None,
                    output=None,
                    cutoffMult=4.0,
                    debug=1,
                    ):
    """
    intensityFunc is an instance of a class that works as an intensity
    fuction.

    spotParamsList should be a list with each entry being a list of
    arguments appropriate to the intensityFunc.constructParams
    function. For intensityFunc=spotfinder.IntensityFuncGauss3D(),
    each spotParamsList entry should be (center, fwhm, A), with center
    being the 3D spot center in angular coordinates (radians), fwhm
    being the (2-theta, eta, omega) widths in 3D, and A being an
    intensity scaling.

    If output is specified as a string, then the frames with the given
    prefix are dumped to files instead of being accumulated in
    memory. If output is callable then frames are passed to output().

    If asSparse is true then sparse matrices are used to reduce memory
    footprint. The asSparse option is currently not coded for the case
    of output having been specied.

    cutoffMult is the multiplier on the FWHM to determine the angular
    cutoff range for evaluating intensity for each spot.
    """

    nFrames = len(omegas)

    'might eventually want to add a check for constant delta-omega'
    omegaDelta = num.mean(omegas[1:]-omegas[:-1])

    # nParams = intensityFunc.getNParams(noBkg=False) # not needed

    spotList = []
    #
    for iSpot, spotParams in enumerate(spotParamsList):
        xVec = intensityFunc.constructParams(*spotParams)

        'bbox from center and widths'
        'do not worry about excessive pixel coverage for spots at eta around 45 degrees and the like?'
        angCen = intensityFunc.getCenter(xVec)
        fwhm   = intensityFunc.getFWHM(xVec)
        angPM  = fwhm * cutoffMult
        xyfBBox = detectorGeom.angToXYOBBox(angCen, angPM, units='pixels', omegas=omegas, forSlice=True, doWrap=True)
        # xyfBBox_0 = num.array([sl[0] for sl in xyfBBox])
        # stack[slice(*xyfBBox[0]), slice(*xyfBBox[1]), slice(*xyfBBox[2])]

        'make spot instance, set up for just a single omega frame slice'
        xM, yM = num.meshgrid(num.arange(*xyfBBox[0]), num.arange(*xyfBBox[1]))
        xAll = xM.flatten(); yAll = yM.flatten();
        if len(xAll) > 0:
            data = ( xAll, yAll, num.zeros_like(xAll), num.ones_like(xAll) )
            spot = spotfinder.Spot(iSpot, omegaDelta, data=data, detectorGeom=detectorGeom)
            if spot.doMap:
                'this changes xVec to be mapped for non-standard branch cut'
                angCen[1] = detector.mapAngs(angCen[1], doMap=spot.doMap)
            spot.setupQuardFromFWHM(fwhm)
            spotList.append( (spot, xyfBBox, xVec) )
            if debug: print 'created spot %d at %s bbox %s' % ( iSpot, str(angCen), str(xyfBBox) )
        else:
            if debug:
                print 'spot at %s is off the detector' % (str(angCen))
    if debug: print 'created %d spots'%(len(spotList))

    if asSparse is None:
        asSparse = output is None

    if output is None:
        if asSparse:
            stack = [] # sparse.coo_matrix( (detectorGeom.nrows, detectorGeom.ncols), float )
        else:
            'this can eat up a big chunk of memory'
            stack = num.zeros( (nFrames, detectorGeom.nrows, detectorGeom.ncols), dtype=float)
    else:
        if asSparse:
            raise NotImplementedError, 'have not implemented output to file in sparse format'
        stack = None
    #
    for iFrame, omega in enumerate(omegas):

        if output is None:
            if asSparse:
                vThese = []
                xThese = []
                yThese = []
            else:
                frame = stack[iFrame,:,:]
        else:
            frame = detectorGeom.frame()

        for spot, xyfBBox, xVec in spotList:

            if not detector.frameInRange(iFrame, xyfBBox[2]):
                if debug>2: print 'spot %s not on frame %d' % (spot.key, iFrame)
                continue

            """
            calculate intensities at the omega for this frame
            shift omega in case spot is near branch cut
            """
            angCen = intensityFunc.getCenter(xVec)
            spot.oAll[:] = mapAngCen(omega, angCen[2])
            vCalc = spot.getVCalc(intensityFunc, xVec, noBkg=True)
            if debug>1:print 'frame %d spot %s max %g' % ( iFrame, spot.key, vCalc.max() )

            'put intensity on frames'
            if asSparse:
                vThese.append(vCalc)
                xThese.append(spot.xAll)
                yThese.append(spot.yAll)
            else:
                frame[spot.xAll, spot.yAll] += vCalc
        'done with spot loop'

        if output is None:
            if asSparse:
                if len(vThese) > 0:
                    vThese = num.hstack(vThese)
                    xThese = num.hstack(xThese)
                    yThese = num.hstack(yThese)
                    if debug>1: print 'frame %d will have up to %d nonzeros' % (iFrame,len(vThese))
                    frame = sparse.coo_matrix( ( vThese , (xThese,yThese) ) ,
                                               shape=(detectorGeom.nrows, detectorGeom.ncols) )
                    frame = frame.tocsr() # note that coo->csr sums entries as desired for overlapped spots
                else:
                    'just make an empty matrix'
                    frame = sparse.csr_matrix( (detectorGeom.nrows, detectorGeom.ncols) )
                stack.append(frame)
            else:
                'nothing to do here'
                pass
        else:
            if hasattr(output, 'lower'):
                'assume output is a str or something like it'
                frame.tofile(output+'_%04d.dat'%iFrame)
            elif hasattr(output,'__call__'):
                output(frame)
            else:
                raise RuntimeError, 'do not know what to do with output of type %s' % (type(output))


        if debug: print 'created frame %d'%(iFrame)

    'done with loop over frames'

    return stack # may be None


[docs]def validateAngleRanges(angList, startAngs, stopAngs, ccw=True):
    """
    A better way to go.  find out if an angle is in the range
    CCW or CW from start to stop

    There is, of course an ambigutiy if the start and stop angle are
    the same; we treat them as implying 2*pi
    """
    angList   = num.atleast_1d(angList).flatten()   # needs to have len
    startAngs = num.atleast_1d(startAngs).flatten() # needs to have len
    stopAngs  = num.atleast_1d(stopAngs).flatten()  # needs to have len

    n_ranges = len(startAngs)
    assert len(stopAngs) == n_ranges, "length of min and max angular limits must match!"

    # to avoid warnings in >=, <= later down, mark nans;
    # need these to trick output to False in the case of nan input
    nan_mask = num.isnan(angList)

    reflInRange = num.zeros(angList.shape, dtype=bool)

    # anonynmous func for zProjection
    zProj = lambda x, y: num.cos(x) * num.sin(y) - num.sin(x) * num.cos(y)

    # bin length for chunking
    binLen = num.pi / 2.

    # in plane vectors defining wedges
    x0 = num.vstack([num.cos(startAngs), num.sin(startAngs)])
    x1 = num.vstack([num.cos(stopAngs), num.sin(stopAngs)])

    # dot products
    dp = num.sum(x0 * x1, axis=0)
    if num.any(dp >= 1. - sqrt_epsf) and n_ranges > 1:
        # ambiguous case
        raise RuntimeError, "Improper usage; at least one of your ranges is alread 360 degrees!"
    elif dp[0] >= 1. - sqrt_epsf and n_ranges == 1:
        # trivial case!
        reflInRange = num.ones(angList.shape, dtype=bool)
        reflInRange[nan_mask] = False
    else:
        # solve for arc lengths
        # ...note: no zeros should have made it here
        a   = x0[0, :]*x1[1, :] - x0[1, :]*x1[0, :]
        b   = x0[0, :]*x1[0, :] + x0[1, :]*x1[1, :]
        phi = num.arctan2(b, a)

        arclen = 0.5*num.pi - phi          # these are clockwise
        cw_phis = arclen < 0
        arclen[cw_phis] = 2*num.pi + arclen[cw_phis]   # all positive (CW) now
        if not ccw:
            arclen= 2*num.pi - arclen

        if sum(arclen) > 2*num.pi:
            raise RuntimeWarning, "Specified angle ranges sum to > 360 degrees, which is suspect..."

        # check that there are no more thandp = num.zeros(n_ranges)
        for i in range(n_ranges):
            # number or subranges using 'binLen'
            numSubranges = int(num.ceil(arclen[i]/binLen))

            # check remaider
            binrem = num.remainder(arclen[i], binLen)
            if binrem == 0:
                finalBinLen = binLen
            else:
                finalBinLen = binrem

            # if clockwise, negate bin length
            if not ccw:
                 binLen      = -binLen
                 finalBinLen = -finalBinLen

            # Create sub ranges on the fly to avoid ambiguity in dot product
            # for wedges >= 180 degrees
            subRanges = num.array(\
                [startAngs[i] + binLen*j for j in range(numSubranges)] + \
                    [startAngs[i] + binLen*(numSubranges - 1) + finalBinLen])

            for k in range(numSubranges):
                zStart = zProj(angList, subRanges[k])
                zStop  = zProj(angList, subRanges[k + 1])
                if ccw:
                    zStart[nan_mask] =  999.
                    zStop[nan_mask]  = -999.
                    reflInRange = reflInRange | num.logical_and(zStart <= 0, zStop >= 0)
                else:
                    zStart[nan_mask] = -999.
                    zStop[nan_mask]  =  999.
                    reflInRange = reflInRange | num.logical_and(zStart >= 0, zStop <= 0)
    return reflInRange


[docs]def tVec_d_from_old_parfile(old_par, detOrigin):
    beamXYD = ge[:3, 0]
    rMat_d  = xf.makeDetectorRotMat(old_par[3:6, 0])
    bVec_ref = num.c_[0., 0., -1.].T
    args=(rMat_d, beamXYD, detOrigin, bVec_ref)
    tvd_xy = opt.leastsq(objFun_tVec_d, -beamXYD[:2], args=args)[0]
    return num.hstack([tvd_xy, -beamXYD[2]]).reshape(3, 1)


[docs]def objFun_tVec_d(tvd_xy, rMat_d, beamXYD, detOrigin, bHat_l):
    """
    """
    xformed_xy = beamXYD[:2] - detOrigin
    tVec_d = num.hstack([tvd_xy, -beamXYD[2]]).T
    n_d    = rMat_d[:, 2]

    bVec_l = (num.dot(n_d, tVec_d) / num.dot(n_d, bHat_l)) * bHat_l
    bVec_d = num.hstack([xformed_xy, 0.]).T

    return num.dot(rMat_d, bVec_d).flatten() + tVec_d.flatten() - bVec_l.flatten()


[docs]def beamXYD_from_tVec_d(rMat_d, tVec_d, bVec_ref, detOrigin):
    # calculate beam position
    Zd_l = num.dot(rMat_d, num.c_[0, 0, 1].T)
    bScl = num.dot(Zd_l.T, tVec_d) / num.dot(Zd_l.T, bVec_ref)
    beamPos_l = bScl*bVec_ref
    return num.dot(rMat_d.T, beamPos_l - tVec_d_ref) + num.hstack([detOrigin, -tVec_d[2]]).reshape(3, 1)


[docs]def write_old_parfile(filename, results):
    if isinstance(filename, file):
        fid = filename
    elif isinstance(filename, str) or isinstance(filename, unicode):
        fid = open(filename, 'w')
        pass
    rMat_d = xf.makeDetectorRotMat(results['tiltAngles'])
    tVec_d = results['tVec_d'] - results['tVec_s']
    beamXYD = beamXYD_from_tVec_d(rMat_d, tVec_d, bVec_ref, detOrigin)
    det_plist = num.zeros(12)
    det_plist[:3]  = beamXYD.flatten()
    det_plist[3:6] = results['tiltAngles']
    det_plist[6:]  = results['dParams']
    print >> fid, "# DETECTOR PARAMETERS (from new geometry model fit)"
    print >> fid, "# \n# <class 'hexrd.xrd.detector.DetectorGeomGE'>\n#"
    for i in range(len(det_plist)):
        print >> fid, "%1.8e\t%d" % (det_plist[i], 0)
    fid.close()
    return


def simulateOmeEtaMaps(omeEdges, etaEdges, planeData, expMaps,
                       chi=0.,
                       etaTol=None, omeTol=None,
                       etaRanges=None, omeRanges=None,
                       bVec=xf.bVec_ref, eVec=xf.eta_ref, vInv=xf.vInv_ref):
    """
    all angular info is entered in degrees

    quats are (4, n)

    ...might want to creat module-level angluar unit flag
    ...might want to allow resvers delta omega

    """
    # convert to radians
    etaEdges = d2r*num.sort(etaEdges)
    omeEdges = d2r*num.sort(omeEdges)

    omeIndices = range(len(omeEdges))
    etaIndices = range(len(etaEdges))

    i_max = omeIndices[-1]
    j_max = etaIndices[-1]

    etaMin = etaEdges[0]; etaMax = etaEdges[-1]
    omeMin = omeEdges[0]; omeMax = omeEdges[-1]
    if omeRanges is None:
        omeRanges = [[omeMin, omeMax], ]

    if etaRanges is None:
        etaRanges = [[etaMin, etaMax], ]

    # signed deltas IN RADIANS
    del_ome = omeEdges[1] - omeEdges[0]
    del_eta = etaEdges[1] - etaEdges[0]

    delOmeSign = num.sign(del_eta)

    # tolerances are in degrees (easier)
    if omeTol is None:
        omeTol = abs(del_ome)
    else:
        omeTol = d2r*omeTol
    if etaTol is None:
        etaTol = abs(del_eta)
    else:
        etaTol = d2r*etaTol

    # pixel dialtions
    dpix_ome = round( omeTol / abs(del_ome) )
    dpix_eta = round( etaTol / abs(del_eta) )

    # get symmetrically expanded hkls from planeData
    sym_hkls = planeData.getSymHKLs()
    nhkls = len(sym_hkls)

    # make things C-contiguous for use in xfcapi functions
    expMaps = num.array(expMaps.T, order='C')
    nOrs    = len(expMaps)

    bMat = num.array(planeData.latVecOps['B'], order='C')
    wlen = planeData.wavelength

    bVec = num.array(bVec.flatten(), order='C')
    eVec = num.array(eVec.flatten(), order='C')
    vInv = num.array(eVec.flatten(), order='C')

    eta_ome = num.zeros((nhkls, max(omeIndices), max(etaIndices)), order='C')
    for iHKL in range(nhkls):
        these_hkls = num.array(sym_hkls[iHKL].T, order='C')
        for iOr in range(nOrs):
            # rMat_c = xfcapi.makeRotMatOfExpMap(expMaps[iOr, :])
            # oangs  = xfcapi.oscillAnglesOfHKLs(these_hkls, chi, rMat_c, bMat, wlen,
            #                                    beamVec=bVec, etaVec=eVec)
            # import pdb;pdb.set_trace()
            # angList = num.vstack(oangs)                # stack two solutions (row vecs)
            # angList[:, 1] = xf.mapAngle(angList[:, 1]) # map etas
            # angList[:, 2] = xf.mapAngle(angList[:, 2]) # map omes
            rMat_c = xf.makeRotMatOfExpMap(expMaps[iOr, :])
            oangs  = xf.oscillAnglesOfHKLs(these_hkls.T, chi, rMat_c, bMat, wlen,
                                           beamVec=bVec, etaVec=eVec)

            angList = num.hstack(oangs)                # stack two solutions (col vecs)
            if not num.all(num.isnan(angList)):
                angList[1, :] = xf.mapAngle(angList[1, :]) # map etas
                angList[2, :] = xf.mapAngle(angList[2, :]) # map omes
                angList = angList.T

                # mask eta angles
                angMask_eta = num.zeros(len(angList), dtype=bool)
                for j in range(len(etaRanges)):
                    angMask_eta = num.logical_or(
                        angMask_eta, validateAngleRanges(angList[:, 1], etaRanges[j][0], etaRanges[j][1]))

                # mask ome angles
                angMask_ome = num.zeros(len(angList), dtype=bool)
                for j in range(len(omeRanges)):
                    angMask_ome = num.logical_or(
                        angMask_ome, validateAngleRanges(angList[:, 2], omeRanges[j][0], omeRanges[j][1]))

                # import pdb;pdb.set_trace()
                # join them
                angMask = num.logical_and(angMask_eta, angMask_ome)

                culledTTh  = angList[angMask, 0]
                culledEta  = angList[angMask, 1]
                culledOme  = angList[angMask, 2]

                for iTTh in range(len(culledTTh)):
                    culledEtaIdx = num.where(etaEdges - culledEta[iTTh] > 0)[0]
                    if len(culledEtaIdx) > 0:
                        culledEtaIdx = culledEtaIdx[0] - 1
                        if culledEtaIdx < 0:
                            culledEtaIdx = None
                    else:
                        culledEtaIdx = None
                    culledOmeIdx = num.where(omeEdges - culledOme[iTTh] > 0)[0]
                    if len(culledOmeIdx) > 0:
                        if delOmeSign > 0:
                            culledOmeIdx = culledOmeIdx[0] - 1
                        else:
                            culledOmeIdx = culledOmeIdx[-1]
                        if culledOmeIdx < 0:
                            culledOmeIdx = None
                    else:
                        culledOmeIdx = None

                    if culledEtaIdx is not None and culledOmeIdx is not None:
                        if dpix_ome > 0 or dpix_eta > 0:
                            i_dil, j_dil = num.meshgrid(num.arange(-dpix_ome, dpix_ome + 1),
                                                        num.arange(-dpix_eta, dpix_eta + 1))
                            i_sup = omeIndices[culledOmeIdx] + num.array([i_dil.flatten()], dtype=int)
                            j_sup = etaIndices[culledEtaIdx] + num.array([j_dil.flatten()], dtype=int)

                            # catch shit that falls off detector...
                            # maybe make this fancy enough to wrap at 2pi?
                            idx_mask = num.logical_and(num.logical_and(i_sup >= 0, i_sup < i_max),
                                                       num.logical_and(j_sup >= 0, j_sup < j_max))
                            eta_ome[ iHKL, i_sup[idx_mask], j_sup[idx_mask] ] = 1.
                        else:
                            eta_ome[ iHKL, omeIndices[culledOmeIdx], etaIndices[culledEtaIdx] ] = 1.
                            pass # close conditional on pixel dilation
                        pass # close conditional on ranges
                    pass # close for loop on valid reflections
                pass # close conditional for valid angles
    return eta_ome

[docs]def simulateGVecs(pd, detector_params, grain_params,
                  ome_range=[(-num.pi, num.pi), ], ome_period=(-num.pi, num.pi),
                  eta_range=[(-num.pi, num.pi), ],
                  panel_dims=[(-204.8, -204.8), (204.8, 204.8)],
                  pixel_pitch=(0.2, 0.2),
                  distortion=(dFunc_ref, dParams_ref)):
    """
    simulate the monochormatic scattering for a specified

        - space group
        - wavelength
        - orientation
        - strain
        - position
        - detector parameters
        - oscillation axis tilt (chi)

    subject to

        - omega (oscillation) ranges (list of (min, max) tuples)
        - eta (azimuth) ranges

    pd................a hexrd.xrd.crystallography.PlaneData instance
    detector_params...a (10,) ndarray containing the tilt angles (3), translation (3),
                      chi (1), and sample frame translation (3) parameters
    grain_params......a (12,) ndarray containing the exponential map (3),
                      translation (3), and inverse stretch tensor compnents
                      in Mandel-Voigt notation (6).

    * currently only one panel is supported, but this will likely change very soon
    """
    bMat      = pd.latVecOps['B']
    wlen      = pd.wavelength
    full_hkls = num.ascontiguousarray(num.hstack(pd.getSymHKLs()).T, dtype=float)

    # extract variables for convenience
    rMat_d = xfcapi.makeDetectorRotMat(detector_params[:3])
    tVec_d = num.ascontiguousarray(detector_params[3:6])
    chi    = detector_params[6]
    tVec_s = num.ascontiguousarray(detector_params[7:10])
    rMat_c = xfcapi.makeRotMatOfExpMap(grain_params[:3])
    tVec_c = num.ascontiguousarray(grain_params[3:6])
    vInv_s = num.ascontiguousarray(grain_params[6:12])

    # first find valid G-vectors
    angList = num.vstack(xfcapi.oscillAnglesOfHKLs(full_hkls, chi, rMat_c, bMat, wlen, vInv=vInv_s))

    # do eta ranges
    angMask_eta = num.zeros(len(angList), dtype=bool)
    for etas in eta_range:
        angMask_eta = num.logical_or(angMask_eta, xf.validateAngleRanges(angList[:, 1], etas[0], etas[1]))

    # do omega ranges
    ccw=True
    angMask_ome = num.zeros(len(angList), dtype=bool)
    for omes in ome_range:
        if omes[1] - omes[0] < 0:
            ccw=False
        angMask_ome = num.logical_or(angMask_ome, xf.validateAngleRanges(angList[:, 2], omes[0], omes[1], ccw=ccw))

    # mask angles list, hkls
    angMask = num.logical_and(angMask_eta, angMask_ome)

    allAngs = angList[angMask, :]
    allHKLs = num.vstack([full_hkls, full_hkls])[angMask, :]

    #...preallocate for speed...?
    det_xy = []
    for hkl, angs in zip(allHKLs, allAngs):
        gVec_c = num.dot(bMat, hkl.reshape(3, 1))
        rMat_s = xfcapi.makeOscillRotMat( [chi, angs[2]] )
        tmp_xy = xfcapi.gvecToDetectorXY(gVec_c.T, rMat_d, rMat_s, rMat_c,
                                         tVec_d, tVec_s, tVec_c)
        if (distortion is not None or len(distortion) == 0) and not num.any(num.isnan(tmp_xy)):
            det_xy.append(distortion[0](tmp_xy, distortion[1], invert=True))
        pass
    det_xy = num.vstack(det_xy)
    #
    on_panel_x = num.logical_and(det_xy[:, 0] >= panel_dims[0][0], det_xy[:, 0] <= panel_dims[1][0])
    on_panel_y = num.logical_and(det_xy[:, 1] >= panel_dims[0][1], det_xy[:, 1] <= panel_dims[1][1])
    on_panel   = num.logical_and(on_panel_x, on_panel_y)
    #
    valid_ang = allAngs[on_panel, :]; valid_ang[:, 2] = xf.mapAngle(valid_ang[:, 2], ome_period)
    valid_hkl = allHKLs[on_panel, :]
    valid_xy  = det_xy[on_panel, :]
    ang_ps    = angularPixelSize(valid_xy, pixel_pitch,
                                 rMat_d, rMat_s,
                                 tVec_d, tVec_s, tVec_c,
                                 distortion=distortion)
    #
    return valid_hkl, valid_ang, valid_xy, ang_ps


[docs]def angularPixelSize(xy_det, xy_pixelPitch,
                     rMat_d, rMat_s,
                     tVec_d, tVec_s, tVec_c,
                     distortion=(dFunc_ref, dParams_ref)):
    """
    * choices to beam vector and eta vector specs have been supressed
    * assumes xy_det in UNWARPED configuration
    """

    xy_det = num.atleast_2d(xy_det)
    if distortion is not None:
        xy_det = distortion[0](xy_det, distortion[1])

    xp = num.r_[-0.5,  0.5,  0.5, -0.5] * xy_pixelPitch[0]
    yp = num.r_[-0.5, -0.5,  0.5,  0.5] * xy_pixelPitch[1]

    diffs = num.array([[3, 3, 2, 1],
                       [2, 0, 1, 0]])

    ang_pix = num.zeros((len(xy_det), 2))

    for ipt, xy in enumerate(xy_det):
        xc = xp + xy[0]
        yc = yp + xy[1]

        tth_eta, gHat_l = xfcapi.detectorXYToGvec(num.vstack([xc, yc]).T,
                                                  rMat_d, rMat_s,
                                                  tVec_d, tVec_s, tVec_c)

        delta_tth = num.zeros(4)
        delta_eta = num.zeros(4)
        for j in range(4):
            delta_tth[j] = abs(tth_eta[0][diffs[0, j]] - tth_eta[0][diffs[1, j]])
            delta_eta[j] = xf.angularDifference(tth_eta[1][diffs[0, j]], tth_eta[1][diffs[1, j]])

        ang_pix[ipt, 0] = num.amax(delta_tth)
        ang_pix[ipt, 1] = num.amax(delta_eta)
    return ang_pix


[docs]def pullSpots(pd, detector_params, grain_params, reader,
              ome_period=(-num.pi, num.pi),
              eta_range=[(-num.pi, num.pi), ],
              panel_dims=[(-204.8, -204.8), (204.8, 204.8)],
              panel_buff=[20, 20],
              pixel_pitch=(0.2, 0.2),
              distortion=(dFunc_ref, dParams_ref),
              tth_tol=0.15, eta_tol=1., ome_tol=1.,
              npdiv=1, threshold=10,
              doClipping=False, filename=None, 
              save_spot_list=False, use_closest=False):

    # steal ref beam and eta from transforms.py
    bVec   = xf.bVec_ref
    eVec   = xf.eta_ref

    # for vertex numbering and dilation
    virow = [1, 1, 0, 0]
    vjcol = [0, 1, 1, 0]
    i_dil_3by3, j_dil_3by3 = num.meshgrid([-1, 0, 1], [-1, 0, 1])

    rMat_d = xfcapi.makeDetectorRotMat(detector_params[:3])
    tVec_d = num.ascontiguousarray(detector_params[3:6])
    chi    = detector_params[6]
    tVec_s = num.ascontiguousarray(detector_params[7:10])
    rMat_c = xfcapi.makeRotMatOfExpMap(grain_params[:3])
    tVec_c = num.ascontiguousarray(grain_params[3:6])
    vInv_s = num.ascontiguousarray(grain_params[6:12])

    reader_as_list = False
    if hasattr(reader, '__len__'):
        """
        HAVE READER INFO LIST INSTEAD OF OLD READER CLASS

        [ [frame_list], [ome_start, del_ome] ]
        """
        reader_as_list = True
        #
        nframes = len(reader[0])
        #
        del_ome   = reader[1][1]
        ome_edges = [reader[1][0] + i*del_ome for i in range(nframes + 1)]
        ome_range = (ome_edges[0], ome_edges[-1])
        #
        frame_nrows = reader[0][0].shape[0]
        frame_ncols = reader[0][0].shape[1]
        #
        row_edges = num.arange(frame_nrows + 1)[::-1]*pixel_pitch[1] + panel_dims[0][0]
        col_edges = num.arange(frame_ncols + 1)*pixel_pitch[0] + panel_dims[0][1]        
    else:
        """
        HAVE OLD READER CLASS
        """        
        nframes = reader.getNFrames()
        #
        del_ome   = reader.getDeltaOmega() # this one is in radians!
        ome_range = num.array( reader.getOmegaMinMax() ) * num.sign(del_ome)
        ome_edges = num.arange(nframes+1)*del_ome + ome_range[0]
        #
        frame_nrows = reader.get_nrows()
        frame_ncols = reader.get_ncols()
        #
        row_edges = num.arange(frame_nrows + 1)[::-1]*pixel_pitch[1] + panel_dims[0][0]
        col_edges = num.arange(frame_ncols + 1)*pixel_pitch[0] + panel_dims[0][1]
        pass
    
    iframe  = num.arange(0, nframes)

    full_range = xf.angularDifference(ome_range[0], ome_range[1])

    if ome_tol <= 0.5*r2d*abs(del_ome):
        ndiv_ome = 1
        ome_del  = num.zeros(1)
    else:
        ome_tol  = num.ceil(ome_tol/r2d/abs(del_ome))*r2d*abs(del_ome)
        ndiv_ome = abs(int(ome_tol/r2d/del_ome))
        ome_del  = (num.arange(0, 2*ndiv_ome+1) - ndiv_ome)*del_ome*r2d 

    # generate structuring element for connected component labeling
    if len(ome_del) == 1:
        labelStructure = ndimage.generate_binary_structure(2,2)
    else:
        labelStructure = ndimage.generate_binary_structure(3,3)
    
    pixel_area = pixel_pitch[0]*pixel_pitch[1] # mm^2
    pdim_buffered = [(panel_dims[0][0] + panel_buff[0], panel_dims[0][1] + panel_buff[1]),
                     (panel_dims[1][0] - panel_buff[0], panel_dims[1][1] - panel_buff[1])]
    # results: hkl, ang, xy, pix
    sim_g = simulateGVecs(pd, detector_params, grain_params,
                          ome_range=[ome_range, ], ome_period=ome_period,
                          eta_range=eta_range,
                          panel_dims=pdim_buffered,
                          pixel_pitch=pixel_pitch,
                          distortion=distortion)

    if filename is not None:
        if isinstance(filename, file):
            fid = filename
        else:
            fid = open(filename, 'w')
        print >> fid, "#\n# ID\t"                       + \
                      "H\tK\tL\t"                       + \
                      "sum(int)\tmax(int)\t"            + \
                      "pred tth          \tpred eta          \t pred ome          \t" + \
                      "meas tth          \tmeas eta          \t meas ome          \t" + \
                      "meas X            \tmeas Y            \t meas ome\n#"
    iRefl = 0
    spot_list = []
    for hkl, angs, xy, pix in zip(*sim_g):
        
        ndiv_tth = npdiv*num.ceil( tth_tol/(pix[0]*r2d) )
        ndiv_eta = npdiv*num.ceil( eta_tol/(pix[1]*r2d) )
        
        tth_del = num.arange(0, ndiv_tth+1)*tth_tol/float(ndiv_tth) - 0.5*tth_tol
        eta_del = num.arange(0, ndiv_eta+1)*eta_tol/float(ndiv_eta) - 0.5*eta_tol
        
        tth_edges = angs[0] + d2r*tth_del
        eta_edges = angs[1] + d2r*eta_del
        
        delta_tth = tth_edges[1] - tth_edges[0]
        delta_eta = eta_edges[1] - eta_edges[0]
        
        ome_centers = angs[2] + d2r*ome_del
        delta_ome   = ome_centers[1] - ome_centers[0] # in radians... sanity check here?

        # store dimensions for convenience
        #   * etas and tths are bin vertices, ome is already centers
        sdims = [ len(ome_del), len(eta_del)-1, len(tth_del)-1 ]

        # meshgrid args are (cols, rows), a.k.a (fast, slow)
        m_tth, m_eta = num.meshgrid(tth_del, eta_del)
        npts_patch   = m_tth.size

        # calculate the patch XY coords from the (tth, eta) angles
        # * will CHEAT and ignore the small perturbation the different
        #   omega angle values causes and simply use the central value
        gVec_angs_vtx = num.tile(angs, (npts_patch, 1)) \
                        + d2r*num.vstack([m_tth.flatten(),
                                          m_eta.flatten(),
                                          num.zeros(npts_patch)
                                         ]).T

        # connectivity
        conn = gutil.cellConnectivity( sdims[1], sdims[2], origin='ll')

        rMat_s = xfcapi.makeOscillRotMat([chi, angs[2]])
        if doClipping:
            gVec_c = xf.anglesToGVec(gVec_angs_vtx,
                                     bVec, eVec,
                                     rMat_s=rMat_s,
                                     rMat_c=rMat_c)
        else:
            # evaluation points...
            #   * for lack of a better option will use centroids
            tth_eta_cen = gutil.cellCentroids( num.atleast_2d(gVec_angs_vtx[:, :2]), conn )
            gVec_angs  = num.hstack([tth_eta_cen,
                                     num.tile(angs[2], (len(tth_eta_cen), 1))])
            gVec_c = xf.anglesToGVec(gVec_angs,
                                     bVec, eVec,
                                     rMat_s=rMat_s,
                                     rMat_c=rMat_c)
            pass
        xy_eval = xfcapi.gvecToDetectorXY(gVec_c.T,
                                          rMat_d, rMat_s, rMat_c,
                                          tVec_d, tVec_s, tVec_c)
        if distortion is not None or len(distortion) == 0:
            xy_eval = distortion[0](xy_eval, distortion[1], invert=True)
            pass
        row_indices   = gutil.cellIndices(row_edges, xy_eval[:, 1])
        if num.any(row_indices < 0) or num.any(row_indices >= frame_nrows):
            print "(%d, %d, %d): window falls off detector; skipping..." % tuple(hkl)
            continue
        col_indices   = gutil.cellIndices(col_edges, xy_eval[:, 0])
        if num.any(col_indices < 0) or num.any(col_indices >= frame_ncols):
            print "(%d, %d, %d): window falls off detector; skipping..." % tuple(hkl)
            continue
        frame_indices = gutil.cellIndices(ome_edges, angs[2] + d2r*ome_del)

        patch_j, patch_i = num.meshgrid( range(sdims[2]), range(sdims[1]) )
        patch_i = patch_i.flatten(); patch_j = patch_j.flatten()

        # read frame in, splitting reader if necessary
        split_reader = False
        if min(frame_indices) < 0:
            if full_range < 2*num.pi:
                reidx = num.where(frame_indices >= 0)[0]
                sdims[0] = len(reidx)
                frame_indices = frame_indices[reidx]
            elif full_range == 0:
                split_reader = True
                reidx1 = num.where(frame_indices <  0)[0]
                reidx2 = num.where(frame_indices >= 0)[0]
                oidx1  = iframe[frame_indices[reidx1]]
                oidx2  = frame_indices[reidx2]
        if max(frame_indices) >= nframes:
            if full_range < 2*num.pi:
                reidx = num.where(frame_indices < nframes)[0]
                sdims[0] = len(reidx)
                frame_indices = frame_indices[reidx]
            elif full_range == 0:
                split_reader = True
                reidx1 = num.where(frame_indices <  nframes)[0]
                reidx2 = num.where(frame_indices >= nframes)[0]
                oidx1  = frame_indices[reidx1]
                oidx2  = iframe[frame_indices[reidx2] - nframes]

        if reader_as_list:
            if split_reader:
                f1 = reader[0][oidx1[0]:oidx1[0]+len(oidx1)]
                f2 = reader[0][oidx2[0]:oidx2[0]+len(oidx2)]
                frames = np.hstack([f1, f2])
            else:
                frames = reader[0][frame_indices[0]:sdims[0]+frame_indices[0]]
            
        else:
            rdr = reader.makeNew()
            if split_reader:
                f1 = rdr.read(nframes=len(oidx1), nskip=oidx1[0])
                r2 = rdr.makeNew()
                f2 = r2.read(nframes=len(oidx2), nskip=oidx2[0])
                frames = num.zeros(sdim, dtype=f1.dtype)
                frames[:len(oidx1), :, :] = f1
                frames[len(oidx1):, :, :] = f2
            else:
                frames = rdr.read(nframes=sdims[0], nskip=int(frame_indices[0]))

        # brute force way...
        spot_data = num.zeros(sdims)
        if not doClipping:
            # ...normalize my bin area ratio?
            for i in range(sdims[0]):
                if reader_as_list:
                    # complains for older scipy...
                    # spot_data[i, :, :] = frames[i][row_indices, col_indices].todense().reshape(sdims[1], sdims[2])
                    spot_data[i, :, :] = frames[i].todense()[row_indices, col_indices].reshape(sdims[1], sdims[2])
                else:
                    spot_data[i, :, :] = frames[i][row_indices, col_indices].reshape(sdims[1], sdims[2])    
        else:
            for iPix in range(len(conn)):
                clipVertices = xy_eval[conn[iPix], :]
                clipArea_xy = gutil.computeArea(clipVertices)
                dilatationList = []
                for vertex in clipVertices:
                    irow = gutil.cellIndices(row_edges, vertex[1]) + i_dil_3by3.flatten()
                    jcol = gutil.cellIndices(col_edges, vertex[0]) + j_dil_3by3.flatten()
                    dilatationList.append(num.vstack([irow, jcol]))
                    pass
                testPixels = mutil.uniqueVectors(num.hstack(dilatationList)).T
                binSum     = num.zeros(sdims[0])
                for pixel in testPixels:
                    subjectVertices = num.vstack([col_edges[pixel[1] + vjcol],
                                                  row_edges[pixel[0] + virow]]).T
                    clipped = gutil.sutherlandHodgman(subjectVertices, clipVertices)
                    if len(clipped) > 0:
                        if reader_as_list:
                            binSum += num.array([frames[i][pixel[0], pixel[1]] for i in range(len(frames))]) * gutil.computeArea(clipped)/clipArea_xy
                        else:
                            binSum += frames[:, pixel[0], pixel[1]]*gutil.computeArea(clipped)/clipArea_xy
                            pass
                        pass
                    pass
                spot_data[:, patch_i[iPix], patch_j[iPix]] = binSum
                pass # have spot data now
            pass

        labels, numPeaks = ndimage.label(spot_data > threshold, structure=labelStructure)

        if numPeaks > 0:
            if numPeaks > 1:
                """
                for multiple spots, apply hueristic to see if one in MUCH brigher than the others...
                this can happen for low backgrounds where a few zingers sneak through, or for spots
                with a lot of weakly scattering substructure.

                Arbitrarily setting cutting of 10% integrated intensity.

                This will NOT help if a strong reflection is close to a weak reflection that happens
                to be the one associated with the grain of interest...
                """
                slabels  = num.arange(1, numPeaks+1)
                if use_closest:
                    coms     = ndimage.center_of_mass(spot_data, labels=labels, index=slabels)
                    ang_diff = []
                    for i in range(numPeaks):
                        com_angs = num.array([tth_edges[0] + (0.5 + coms[i][2])*delta_tth,
                                              eta_edges[0] + (0.5 + coms[i][1])*delta_eta,
                                              ome_centers[0] + coms[i][0]*delta_ome], order='C')
                        ang_diff.append(xf.angularDifference(angs, com_angs))
                    closest_peak_idx = num.argmin(mutil.rowNorm(num.array(ang_diff)))
                    #
                    peakId = iRefl
                    coms   = coms[closest_peak_idx]
                    #
                    spot_intensity = num.sum(spot_data[labels == slabels[closest_peak_idx]])
                    max_intensity  = num.max(spot_data[labels == slabels[closest_peak_idx]])
                else:
                    spot_intensity = num.array([num.sum(spot_data[labels == i]) for i in slabels])
                    maxi_idx = num.argmax(spot_intensity)
                    sidx = num.ones(numPeaks, dtype=bool); sidx[maxi_idx] = False
                    if num.any(spot_intensity[sidx] / num.max(spot_intensity) > 0.1):
                        peakId = -222
                        coms   = None
                        #
                        spot_intensity = num.nan
                        max_intensity  = num.nan
                    else:
                        peakId = iRefl
                        coms   = ndimage.center_of_mass(spot_data, labels=labels, index=slabels[maxi_idx]) 
                        #
                        spot_intensity = num.sum(spot_data[labels == slabels[maxi_idx]])  
                        max_intensity  = num.max(spot_data[labels == slabels[maxi_idx]])                 
            else:
                peakId = iRefl
                coms   = ndimage.center_of_mass(spot_data, labels=labels, index=1)
                #
                spot_intensity = num.sum(spot_data[labels == 1])
                max_intensity  = num.max(spot_data[labels == 1])
                pass
            if coms is not None:
                com_angs = num.array([tth_edges[0] + (0.5 + coms[2])*delta_tth,
                                      eta_edges[0] + (0.5 + coms[1])*delta_eta,
                                      ome_centers[0] + coms[0]*delta_ome],
                                      order='C')
                rMat_s = xfcapi.makeOscillRotMat([chi, com_angs[2]])
                gVec_c = xf.anglesToGVec(num.atleast_2d(com_angs), bVec, eVec,
                                         rMat_s=rMat_s, rMat_c=rMat_c)
                # these are on ``ideal'' detector
                new_xy = xfcapi.gvecToDetectorXY(gVec_c.T,
                                                 rMat_d, rMat_s, rMat_c,
                                                 tVec_d, tVec_s, tVec_c).flatten()
                if distortion is not None or len(distortion) == 0:
                    new_xy = distortion[0](num.atleast_2d(new_xy), distortion[1], invert=True).flatten()
        else:
            peakId   = -999
            com_angs = None
            #
            spot_intensity = num.nan
            max_intensity  = num.nan
            pass
        #
        # OUTPUT
        #
        # output dictionary
        if save_spot_list:
            w_dict = {}
            w_dict['peakID']        = peakID
            w_dict['hkl']           = hkl
            w_dict['dims']          = sdims
            w_dict['points']        = ( angs[2] + d2r*ome_del,
                                        angs[1] + d2r*eta_del,
                                        angs[0] + d2r*tth_del )
            w_dict['spot_data']     = spot_data
            w_dict['crd']           = xy_eval
            w_dict['con']           = conn
            w_dict['refl_ang_com']  = com_angs
            if peakID >= 0:
                w_dict['refl_xyo']  = (new_xy[0], new_xy[1], com_angs[2])
            else:
                w_dict['refl_xyo']  = tuple(num.nan*num.ones(3))
            w_dict['angles']        = angs
            w_dict['ang_grid']      = gVec_angs
            w_dict['row_indices']   = row_indices
            w_dict['col_indices']   = col_indices
            w_dict['frame_indices'] = frame_indices
            spot_list.append(w_dict)
            pass
        if filename is not None:
            if peakId >= 0:
                print >> fid, "%d\t"                     % (peakId)                            + \
                              "%d\t%d\t%d\t"             % tuple(hkl)                          + \
                              "%1.6e\t%1.6e\t"           % (spot_intensity, max_intensity)     + \
                              "%1.12e\t%1.12e\t%1.12e\t" % tuple(angs)                         + \
                              "%1.12e\t%1.12e\t%1.12e\t" % tuple(com_angs)                     + \
                              "%1.12e\t%1.12e\t%1.12e"   % (new_xy[0], new_xy[1], com_angs[2])
            else:
                print >> fid, "%d\t"                     % (peakId)                   + \
                              "%d\t%d\t%d\t"             % tuple(hkl)                 + \
                              "%f         \t%f         \t"                 % tuple(num.nan*num.ones(2)) + \
                              "%1.12e\t%1.12e\t%1.12e\t" % tuple(angs)                + \
                              "%f               \t%f               \t%f" % tuple(num.nan*num.ones(3)) + \
                              "               \t%f               \t%f               \t%f"   % tuple(num.nan*num.ones(3))
                pass
            pass
        iRefl += 1
        pass
    fid.close()

    return spot_list


[docs]def validateQVecAngles(*args, **kwargs):
    raise NotImplementedError
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  Source code for hexrd.quadrature.q3db

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import numpy as num

from . import q1db

ndim = 3
# formerly:  qloc3ddata

xia = 0.577350269189626e0
xib = 0.25e0
xic = 0.714285714285714285e-1
xid = 0.785714285714285714e0
xie = 0.399403576166799219e0
xif = 0.115964233833200785e0
xig = 0.5e0
xih = 0.0e0
xii = 0.100526765225204467e0
xij = 0.698419704324386603e0
xik = 0.314372873493192195e0
xil = 0.568813795204234229e-1
xim = 0.16666666666666666666e0
xin = 0.333333333333333333e0
xio = 0.909090909090909091e-1
xip = 0.727272727272727273e0
xiq = 0.665501535736642813e-1
xir = 0.433449846426335728e0
xis = 0.7745966692414834e0 # sqrt(0.6e0)
#
wa = -0.131555555555555550e-1
wb = 0.7622222222222222222e-2
wc = 0.2488888888888888880e-1
wd = 0.317460317460317450e-2
we = 0.147649707904967828e-1
wf = 0.221397911142651221e-1
wg = -0.8e0
wh = 0.45e0
wi = 0.602678571428571597e-2
wj = 0.302836780970891856e-1
wk = 0.116452490860289742e-1
wl = 0.109491415613864534e-1


[docs]def qloc1():
    nqpt = 1
    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])

    xi[0,:]= 0.5e0; w[0] = 1.0e0
    return xi, w


[docs]def qloc8():
    nqpt = 8
    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])

    a = (1.0e0 - xia)*0.5e0
    b = (1.0e0 + xia)*0.5e0
    c = 0.5e0*0.5e0*0.5e0

    xi[0,:] = [ a, a, a]
    xi[1,:] = [ a, a, b]
    xi[2,:] = [ a, b, b]
    xi[3,:] = [ a, b, a]
    xi[4,:] = [ b, a, a]
    xi[5,:] = [ b, a, b]
    xi[6,:] = [ b, b, b]
    xi[7,:] = [ b, b, a]

    w[:] = c

    return xi, w


[docs]def qloc27():
    '3x3x3 quadrature, product of qloc1d03 in three directions'
    """
    import math
    nqpt = 27
    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])

    xl = num.array(
        [0.5e0 * (1.0e0 - xis),
         0.5e0,
         0.5e0 * (1.0e0 + xis)
         ])
    wl = num.array([
            math.sqrt(25.0e0 / 324.0e0),
            math.sqrt(64.0e0 / 324.0e0),
            math.sqrt(25.0e0 / 324.0e0)
            ])

    i_qpt = 0
    for i_k in range(3):
        for i_j in range(3):
            for i_i in range(3):
                xi[i_qpt,:] = [ xl[i_i],  xl[i_j],  xl[i_k] ]
                w[i_qpt]    =   wl[i_i] * wl[i_j] * wl[i_k]
                i_qpt += 1
    """
    xi, w = qLocFrom1D(3)
    return xi, w


[docs]def qLocFrom1D(quadr1d):
    """
    product of 1d quadrature rules;
    given accuracy may be available with fewer quadrature points
    using a native 3D rule
    """
    if hasattr(quadr1d,'__len__'):
        assert len(quadr1d) == ndim, 'wrong length'
    else:
        quadr1d = num.tile(quadr1d,(ndim))

    xi1_i, w1_i = q1db.qLoc(quadr1d[0], promote=True)
    xi1_j, w1_j = q1db.qLoc(quadr1d[1], promote=True)
    xi1_k, w1_k = q1db.qLoc(quadr1d[2], promote=True)
    nqpt = len(w1_i)*len(w1_j)*len(w1_k)

    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])
    i_qpt = 0
    for xi_i, w_i in zip(xi1_i, w1_i):
        for xi_j, w_j in zip(xi1_j, w1_j):
            for xi_k, w_k in zip(xi1_k, w1_k):
                xi[i_qpt] = [ xi_i, xi_j, xi_k ]
                w [i_qpt] =    w_i * w_j * w_k
                i_qpt += 1
    return xi, w


[docs]def qLoc(quadr):
    if isinstance(quadr,int):
        if quadr == 3:
            xi, w = qloc27()
        elif quadr == 2:
            xi, w = qloc8()
        elif quadr == 1:
            xi, w = qloc1()
        else:
            raise NotImplementedError, 'quadr rule %d not implemented' % (quadr)
    else:
        qsplit_x = quadr.split('x')
        qsplit_b = quadr.split('b')
        if len(qsplit_x) == 2:
            assert int(qsplit_x[0]) == ndim, \
                'bad quadr syntax : '+str(quadr)
            quadr1d = int(qsplit_x[1])
            xi, w = qLocFrom1D(quadr1d)
        elif len(qsplit_b) == ndim:
            xi, w = qLocFrom1D(map(int, qsplit_b))
        else:
            raise NotImplementedError, 'quadr rule %s not implemented' % (str(quadr))
    return xi, w






          

      

      

    


    
        © Copyright 2014, Joel Bernier, et. al..
      Last updated on Mar 10, 2015.
      Created using Sphinx 1.2.2.
    

  

_modules/hexrd/quadrature/q2db.html


    
      Navigation


      
        		
          index


        		
          modules |


        		hexrd 0.2.3.dev documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for hexrd.quadrature.q2db

# ============================================================
# Copyright (c) 2007-2012, Lawrence Livermore National Security, LLC.
# Produced at the Lawrence Livermore National Laboratory.
# Written by Joel Bernier <bernier2@llnl.gov> and others.
# LLNL-CODE-529294.
# All rights reserved.
#
# This file is part of HEXRD. For details on dowloading the source,
# see the file COPYING.
#
# Please also see the file LICENSE.
#
# This program is free software; you can redistribute it and/or modify it under the
# terms of the GNU Lesser General Public License (as published by the Free Software
# Foundation) version 2.1 dated February 1999.
#
# This program is distributed in the hope that it will be useful, but
# WITHOUT ANY WARRANTY; without even the IMPLIED WARRANTY OF MERCHANTABILITY
# or FITNESS FOR A PARTICULAR PURPOSE. See the terms and conditions of the
# GNU General Public License for more details.
#
# You should have received a copy of the GNU Lesser General Public
# License along with this program (see file LICENSE); if not, write to
# the Free Software Foundation, Inc., 59 Temple Place, Suite 330,
# Boston, MA 02111-1307 USA or visit <http://www.gnu.org/licenses/>.
# ============================================================
import numpy as num

from . import q1db

# formerly:  qloc2ddata

ndim = 2
#
xia = 0.05971587178977e0
xib = 0.47014206410512e0
xic = 0.79742698535309e0
xid = 0.10128650732346e0
xie = 0.33333333333333e0
xif = 0.6e0
xig = 0.2e0
xih = 0.25e0
xi_i = 0.7745966692414834e0 # sqrt(0.6e0)
xii = 0.5e0 * (1.0e0 - xi_i)
xij = 0.5e0 * (1.0e0 + xi_i)
xik = 0.5e0
xi_l = 0.577350269189626e0
xil = (1.0e0 - xi_l)*0.5e0
xim = (1.0e0 + xi_l)*0.5e0
#
wa = 0.1125e0
wb = 0.06619707639425e0
wc = 0.06296959027241e0
wd = -0.28125e0
we = 0.26041666666667e0
wf = 1.0e0
wg = 25.0e0 / 324.0e0
wh = 40.0e0 / 324.0e0
wi = 64.0e0 / 324.0e0
wj = 0.25e0


[docs]def qloc1():
    nqpt = 1
    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])

    xi[0,0]=xik; xi[0,1]=xik;  w[0] = wf;
    return xi, w


[docs]def qloc4():
    nqpt = 4
    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])

    xi[0,0]=xil;  xi[0,1]=xil;  w[0] = wj;
    xi[1,0]=xil;  xi[1,1]=xim;  w[1] = wj;
    xi[2,0]=xim;  xi[2,1]=xil;  w[2] = wj;
    xi[3,0]=xim;  xi[3,1]=xim;  w[3] = wj;

    return xi, w


[docs]def qloc9():
    nqpt = 9
    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])
    xi[0,0]=xii;  xi[0,1]=xii;  w[0] = wg;
    xi[1,0]=xii;  xi[1,1]=xik;  w[1] = wh;
    xi[2,0]=xii;  xi[2,1]=xij;  w[2] = wg;
    xi[3,0]=xik;  xi[3,1]=xii;  w[3] = wh;
    xi[4,0]=xik;  xi[4,1]=xik;  w[4] = wi;
    xi[5,0]=xik;  xi[5,1]=xij;  w[5] = wh;
    xi[6,0]=xij;  xi[6,1]=xii;  w[6] = wg;
    xi[7,0]=xij;  xi[7,1]=xik;  w[7] = wh;
    xi[8,0]=xij;  xi[8,1]=xij;  w[8] = wg;
    return xi, w


[docs]def qLocFrom1D(quadr1d):
    """
    product of 1d quadrature rules;
    given accuracy may be available with fewer quadrature points
    using a native 3D rule
    """

    if hasattr(quadr1d,'__len__'):
        assert len(quadr1d) == ndim, 'wrong length'
    else:
        quadr1d = num.tile(quadr1d,(ndim))

    xi1_i, w1_i = q1db.qLoc(quadr1d[0], promote=True)
    xi1_j, w1_j = q1db.qLoc(quadr1d[1], promote=True)
    nqpt = len(w1_i)*len(w1_j)

    xi = num.empty([nqpt,ndim])
    w  = num.empty([nqpt])
    i_qpt = 0
    for xi_i, w_i in zip(xi1_i, w1_i):
        for xi_j, w_j in zip(xi1_j, w1_j):
            xi[i_qpt] = [ xi_i, xi_j ]
            w [i_qpt] =    w_i * w_j
            i_qpt += 1
    return xi, w


[docs]def qLoc(quadr):
    if isinstance(quadr,int):
        if quadr == 3:
            xi, w = qloc9()
        elif quadr == 2:
            xi, w = qloc4()
        elif quadr == 1:
            xi, w = qloc1()
        else:
            raise NotImplementedError, 'quadr rule %d not implemented' % (quadr)
    else:
        qsplit_x = quadr.split('x')
        qsplit_b = quadr.split('b')
        if len(qsplit_x) == 2:
            assert int(qsplit_x[0]) == ndim, \
                'bad quadr syntax : '+str(quadr)
            quadr1d = int(qsplit_x[1])
            xi, w = qLocFrom1D(quadr1d)
        elif len(qsplit_b) == ndim:
            xi, w = qLocFrom1D(map(int, qsplit_b))
        else:
            raise NotImplementedError, 'quadr rule %s not implemented' % (str(quadr))
    return xi, w
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