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XDesign
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XDesign is an open-source Python package for generating
configurable simulation phantoms for benchmarking tomographic
image reconstruction.



	API

	Examples

	References






Features


	Configurable analytic 2D phantoms.

	Various visualization tools for statistics.

	Analytic projection operators.






Contribute


	Issue Tracker: https://github.com/tomography/xdesign/issues

	Documentation: https://github.com/tomography/xdesign/tree/master/doc

	Source Code: https://github.com/tomography/xdesign/tree/master/xdesign

	Tests: https://github.com/tomography/xdesign/tree/master/test






License

The project is licensed under the
BSD-3 [https://github.com/tomography/xdesign/blob/master/LICENSE.txt] license.
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API

XDesign Modules:



	xdesign.acquisition

	xdesign.algorithms

	xdesign.feature

	xdesign.geometry

	xdesign.material

	xdesign.metrics

	xdesign.phantom

	xdesign.plot
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xdesign.acquisition

Functions:







	Beam(p1,p2[,size])
	Beam (thick line) in 2-D cartesian space.


	Probe(p1,p2[,size])
	


	sinogram(sx,sy,phantom[,noise])
	Generates sinogram given a phantom.


	angleogram(sx,sy,phantom[,noise])
	Generates angleogram given a phantom.


	raster_scan(sx,sy)
	Provides a beam list for raster-scanning.


	angle_scan(sx,sy)
	Provides a beam list for raster-scanning.






	
class xdesign.acquisition.Beam(p1, p2, size=0)[source]

	Bases: xdesign.geometry.Line

Beam (thick line) in 2-D cartesian space.

It is defined by two distinct points.


	
p1

	Point






	
p2

	Point






	
size

	scalar, optional

Size of the beam.






	
half_space

	Returns the half space polytope respresentation of the infinite
beam.










	
class xdesign.acquisition.Probe(p1, p2, size=0)[source]

	Bases: xdesign.acquisition.Beam


	
measure(phantom, noise=False)[source]

	Return the probe measurement given phantom. When noise is > 0,
poisson noise is added to the returned measurement.






	
record()[source]

	




	
translate(dx)[source]

	Translates beam along its normal direction.










	
xdesign.acquisition.sinogram(sx, sy, phantom, noise=False)[source]

	Generates sinogram given a phantom.





	Parameters:	
	sx (int) –
Number of rotation angles.

	sy (int) –
Number of detection pixels (or sample translations).

	phantom (Phantom)






	Returns:	ndarray –
Sinogram.












	
xdesign.acquisition.angleogram(sx, sy, phantom, noise=False)[source]

	Generates angleogram given a phantom.





	Parameters:	
	sx (int) –
Number of rotation angles.

	sy (int) –
Number of detection pixels (or sample translations).

	phantom (Phantom)






	Returns:	ndarray –
Angleogram.












	
xdesign.acquisition.raster_scan(sx, sy)[source]

	Provides a beam list for raster-scanning.





	Parameters:	
	sx (int) –
Number of rotation angles.

	sy (int) –
Number of detection pixels (or sample translations).






	Yields:	Probe












	
xdesign.acquisition.angle_scan(sx, sy)[source]

	Provides a beam list for raster-scanning.





	Parameters:	
	sx (int) –
Number of rotation angles.

	sy (int) –
Number of detection pixels (or sample translations).






	Yields:	Probe
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xdesign.algorithms

Functions:







	reconstruct(probe,shape,data,rec)
	Reconstruct single x-ray beam data.


	art(probe,data,init[,niter])
	Reconstruct data.


	sirt(probe,data,init[,niter])
	Reconstruct data.


	mlem(probe,data,init[,niter])
	Reconstruct data.


	stream(probe,data,init)
	Reconstruct data.






	
xdesign.algorithms.reconstruct(probe, shape, data, rec)[source]

	Reconstruct single x-ray beam data.





	Parameters:	
	probe (Probe)

	shape (list) –
shape of the reconstruction grid.

	data (scalar) –
Probe measurement dtaa.

	rec (ndarray) –
Initialization matrix.














	
xdesign.algorithms.art(probe, data, init, niter=10)[source]

	Reconstruct data.






	
xdesign.algorithms.sirt(probe, data, init, niter=10)[source]

	Reconstruct data.






	
xdesign.algorithms.mlem(probe, data, init, niter=10)[source]

	Reconstruct data.






	
xdesign.algorithms.stream(probe, data, init)[source]

	Reconstruct data.






	
xdesign.algorithms.update_progress(progress)[source]

	Draws a process bar in the terminal.





	Parameters:	process (float) –
The percentage completed e.g. 0.10 for 10%
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xdesign.feature

Functions:







	Feature(geometry[,mass_atten])
	A geometric region(s) and associated materials properti(es).






	
class xdesign.feature.Feature(geometry, mass_atten=1)[source]

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

A geometric region(s) and associated materials properti(es).
Properties and geometry can be manipulated from this level, but rendering
must access the geometry directly.


	
geometry

	Entity

Defines a region where the properties are valid.






	
mass_atten

	scalar

The mass attenuation coefficient of the Feature.






	
add_property(name, function)[source]

	Adds a property by name to the Feature.
NOTE: Properties added here are not cached because they are probably
never called with the same parameters ever or the property is static
so it doesnt need caching.






	
area

	Returns the total surface area of the feature






	
center

	Returns the centroid of the feature.






	
radius

	Returns the radius of the smallest boundary circle






	
rotate(theta, p, axis=None)[source]

	Rotate feature geometry around a line. Rotating property
functions is not supported.






	
translate(x, y)[source]

	Translate feature geometry. Translating property functions is not
supported.






	
volume

	Returns the volume of the feature
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xdesign.geometry

Functions:







	Point(x)
	A point in ND cartesian space.


	Superellipse(center,a,b,n)
	Superellipse in 2-D cartesian space.


	Ellipse(center,a,b)
	Ellipse in 2-D cartesian space.


	Circle(center,radius)
	Circle in 2-D cartesian space.


	Line(p1,p2)
	Line in 2-D cartesian space.


	Triangle(p1,p2,p3)
	Triangle in 2-D cartesian space.


	Rectangle(p1,p2,p3,p4)
	Rectangle in 2-D cartesian space.


	Square(center,side_length)
	Square in 2-D cartesian space.






	
class xdesign.geometry.Entity[source]

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

Base class for all geometric entities. All geometric entities should
have these methods.


	
collision(other)[source]

	Returns True if this entity collides with another entity.






	
contains(point)[source]

	Returns True if the point(s) is within the bounds of the entity.
point is either a Point or an N points listed as an NxD array.






	
dim

	The dimensionality of the entity






	
distance(other)[source]

	Return the closest distance between entities.






	
midpoint(other)[source]

	Return the midpoint between entities.






	
rotate(theta, point=None, axis=None)[source]

	Rotate entity around an axis which passes through a point by theta
radians.






	
scale(vector)[source]

	Scale entity in each dimension according to vector. Scaling is
centered on the origin.






	
translate(vector)[source]

	Translate entity along vector.










	
class xdesign.geometry.Point(x)[source]

	Bases: xdesign.geometry.Entity

A point in ND cartesian space.


	
_x

	1darray

ND coordinates of the point.






	
x

	scalar

dimension 0 of the point.






	
y

	scalar

dimension 1 of the point.






	
z

	scalar

dimension 2 of the point.






	
norm

	scalar

The L2/euclidian norm of the point.






	
collision(other)[source]

	Returns True if this entity collides with another entity.






	
contains(other)[source]

	Returns True if the other is within the bounds of the entity.






	
dim

	




	
distance(other)[source]

	Return the closest distance between entities.






	
norm

	Reference: http://stackoverflow.com/a/23576322






	
rotate(theta, point=None, axis=None)[source]

	Rotate entity around an axis by theta radians.






	
scale(vector)[source]

	Scale entity in each dimension according to vector. Scaling is
centered on the origin.






	
translate(vector)[source]

	Translate point along vector.






	
x

	




	
y

	




	
z

	








	
class xdesign.geometry.Circle(center, radius)[source]

	Bases: xdesign.geometry.Curve

Circle in 2-D cartesian space.


	
center

	Point

Defines the center point of the circle.






	
radius

	scalar

Radius of the circle.






	
area

	Return area.






	
circumference

	Return circumference.






	
contains(points)[source]

	




	
diameter

	Return diameter.






	
list

	Return list representation for saving to files.






	
patch

	




	
scale(val)[source]

	Scale.










	
class xdesign.geometry.Line(p1, p2)[source]

	Bases: xdesign.geometry.LinearEntity

Line in 2-D cartesian space.

It is defined by two distinct points.


	
p1

	Point






	
p2

	Point






	
distance(other)[source]

	Return the closest distance between entities.
REF: http://geomalgorithms.com/a02-_lines.html






	
intercept(n)[source]

	Calculates the intercept for the nth dimension.






	
standard

	Returns coeffients for the first N-1 standard equation coefficients.
The Nth is returned separately.






	
xintercept

	Return the x-intercept.






	
yintercept

	Return the y-intercept.










	
class xdesign.geometry.Polygon(vertices)[source]

	Bases: xdesign.geometry.Entity

A convex polygon in 2-D cartesian space.

It is defined by a number of distinct points.


	
vertices

	sequence of Points






	
area

	Return the area of the entity.






	
bounds

	Return a tuple (xmin, ymin, xmax, ymax) representing the
bounding rectangle for the geometric figure.






	
contains(points)[source]

	




	
half_space

	




	
list

	Return list representation.






	
numpy

	Return Numpy representation.






	
numverts

	




	
patch

	




	
perimeter

	Return the perimeter of the entity.






	
rotate(theta, point=None, axis=None)[source]

	Rotate entity around an axis which passes through a point by theta
radians.






	
translate(vector)[source]

	Translate polygon.










	
class xdesign.geometry.Triangle(p1, p2, p3)[source]

	Bases: xdesign.geometry.Polygon

Triangle in 2-D cartesian space.

It is defined by three distinct points.


	
area

	




	
center

	








	
class xdesign.geometry.Rectangle(p1, p2, p3, p4)[source]

	Bases: xdesign.geometry.Polygon

Rectangle in 2-D cartesian space.

It is defined by four distinct points.


	
area

	




	
center

	








	
class xdesign.geometry.Square(center, side_length)[source]

	Bases: xdesign.geometry.Rectangle

Square in 2-D cartesian space.

It is defined by a center and a side length.






	
class xdesign.geometry.Mesh(obj=None)[source]

	Bases: xdesign.geometry.Entity

A mesh object. It is a collection of polygons


	
append(t)[source]

	Add a triangle to the mesh.






	
center

	




	
contains(points)[source]

	




	
half_space

	




	
import_triangle(obj)[source]

	Loads mesh data from a Python Triangle dict.






	
patch

	




	
pop(i=-1)[source]

	Pop i-th triangle from the mesh.






	
rotate(theta, point=None, axis=None)[source]

	Rotate entity around an axis which passes through a point by theta
radians.






	
scale(vector)[source]

	Scale entity.






	
translate(vector)[source]

	Translate entity.
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xdesign.material

Functions:







	Material(formula,density)
	Placeholder for class which uses NIST data to automatically calculate material properties based on beam energy.


	HyperbolicConcentric([min_width,exponent])
	Generates a series of cocentric alternating black and white circles whose radii are changing at a parabolic rate.


	DynamicRange([steps,jitter,shape])
	Generates a phantom of randomly placed circles for determining dynamic range.


	DogaCircles([n_sizes,size_ratio,n_shuffles])
	Rows of increasingly smaller circles.


	SlantedSquares([count,angle,gap])
	Generates a collection of slanted squares.


	UnitCircle([radius,mass_atten])
	Generates a phantom with a single circle in its center.


	Soil([porosity])
	Generates a phantom with structure similar to soil.


	WetCircles()
	


	SiemensStar([n_sectors,center,radius])
	Generates a Siemens star.


	Foam([size_range,gap,porosity])
	Generates a phantom with structure similar to foam.


	Metal([shape])
	


	SoftBiomaterial([shape])
	


	Electronics([shape])
	


	FiberComposite([shape])
	






	
class xdesign.material.Material(formula, density)[source]

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

Placeholder for class which uses NIST data to automatically calculate
material properties based on beam energy.


	
atom_concentration

	Number of atoms per unit volume [1/cm^3].






	
atomic_form_factor

	Measure of the scattering amplitude of a wave by an isolated atom.
Read from NIST database [Unitless].






	
compton_cross_section

	Compton cross-section of the electron [cm^2].






	
compton_scattering

	X-ray attenuation due to the Compton scattering [1/cm].






	
electron_density

	Electron density [e/cm^3].






	
linear_attenuation

	Total x-ray attenuation [1/cm].






	
mass_ratio()[source]

	




	
number_of_elements()[source]

	




	
photoelectric_absorption

	X-ray attenuation due to the photoelectric effect [1/cm].






	
photoelectric_cross_section

	




	
reduced_energy_ratio

	Energy ratio of the incident x-ray and the electron energy
[Unitless].






	
refractive_index

	








	
class xdesign.material.HyperbolicConcentric(min_width=0.1, exponent=0.5)[source]

	Bases: xdesign.phantom.Phantom

Generates a series of cocentric alternating black and white circles whose
radii are changing at a parabolic rate. These line spacings cover a range
of scales and can be used to estimate the Modulation Transfer Function. The
radii change according to this function: r(n) = r0*(n+1)^k.


	
radii

	list

The list of radii of the circles






	
widths

	list

The list of the widths of the bands










	
class xdesign.material.DynamicRange(steps=10, jitter=True, shape=u'square')[source]

	Bases: xdesign.phantom.Phantom

Generates a phantom of randomly placed circles for determining dynamic
range.





	Parameters:	
	steps (scalar, optional) –
The orders of magnitude (base 2) that the colors of the circles cover.

	jitter (bool, optional) –
True : circles are placed in a jittered grid
False : circles are randomly placed

	shape (string, optional)














	
class xdesign.material.DogaCircles(n_sizes=5, size_ratio=0.5, n_shuffles=5)[source]

	Bases: xdesign.phantom.Phantom

Rows of increasingly smaller circles. Initally arranged in an ordered
Latin square, the inital arrangement can be randomly shuffled.


	
radii

	ndarray

radii of circles






	
x

	ndarray

x position of circles






	
y

	ndarray

y position of circles










	
class xdesign.material.SlantedSquares(count=10, angle=0.08726646259972222, gap=0)[source]

	Bases: xdesign.phantom.Phantom

Generates a collection of slanted squares. Squares are arranged in
concentric circles such that the space between squares is at least gap. The
size of the squares is adaptive such that they all remain within the unit
circle.


	
angle

	scalar

the angle of slant in radians






	
count

	scalar

the total number of squares






	
gap

	scalar

the minimum space between squares






	
side_length

	scalar

the size of the squares






	
squares_per_level

	list

the number of squares at each level






	
radius_per_level

	list

the radius at each level






	
n_levels

	scalar

the number of levels










	
class xdesign.material.UnitCircle(radius=0.5, mass_atten=1)[source]

	Bases: xdesign.phantom.Phantom

Generates a phantom with a single circle in its center.






	
class xdesign.material.Soil(porosity=0.412)[source]

	Bases: xdesign.phantom.Phantom

Generates a phantom with structure similar to soil.

References

Schlüter, S., Sheppard, A., Brown, K., & Wildenschild, D. (2014). Image
processing of multiphase images obtained via X‐ray microtomography: a
review. Water Resources Research, 50(4), 3615-3639.






	
class xdesign.material.WetCircles[source]

	Bases: xdesign.phantom.Phantom






	
class xdesign.material.SiemensStar(n_sectors=4, center=<xdesign.geometry.Point object>, radius=0.5)[source]

	Bases: xdesign.phantom.Phantom

Generates a Siemens star.


	
ratio

	scalar

The spatial frequency times the proportional radius. e.g to get the
frequency, f, divide this ratio by some fraction of the maximum radius:
f = ratio/radius_fraction










	
class xdesign.material.Foam(size_range=[0.05, 0.01], gap=0, porosity=1)[source]

	Bases: xdesign.phantom.Phantom

Generates a phantom with structure similar to foam.






	
class xdesign.material.Metal(shape=u'square')[source]

	Bases: xdesign.phantom.Phantom






	
class xdesign.material.SoftBiomaterial(shape=u'square')[source]

	Bases: xdesign.phantom.Phantom






	
class xdesign.material.Electronics(shape=u'square')[source]

	Bases: xdesign.phantom.Phantom






	
class xdesign.material.FiberComposite(shape=u'square')[source]

	Bases: xdesign.phantom.Phantom
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xdesign.metrics

Functions:







	ImageQuality(original,reconstruction[,method])
	Stores information about image quality.


	probability_mask(phantom,size[,ratio,uniform])
	Returns the probability mask for each phase in the phantom.


	compute_quality(reference,reconstructions)
	Computes image quality metrics for each of the reconstructions.


	compute_PCC(A,B[,masks])
	Computes the Pearson product-moment correlation coefficients (PCC) for the two images.


	compute_likeness(A,B,masks)
	Predicts the likelihood that each pixel in B belongs to a phase based on the histogram of A.


	compute_background_ttest(image,masks)
	Determines whether the background has significantly different luminance than the other phases.


	compute_mtf(phantom,image[,Ntheta])
	Uses method described in Friedman et al to calculate the MTF.


	compute_nps(phantom,A[,B,plot_type])
	Calculates the noise power spectrum from a unit circle image.


	compute_neq(phantom,A,B)
	Calculates the NEQ according to recommendations by JT Dobbins.


	compute_mtf_siemens(phantom,image)
	Calculates the MTF using the modulated Siemens Star method in Loebich et al.






	
class xdesign.metrics.ImageQuality(original, reconstruction, method=u'')[source]

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

Stores information about image quality.


	
orig

	numpy.ndarray






	
recon

	numpy.ndarray






	
qualities

	list of scalars






	
maps

	list of numpy.ndarray






	
scales

	list of scalars






	
add_quality(quality, scale, maps=None)[source]

	



	Parameters:	
	quality (scalar, list) –
The average quality for the image

	map (array, list of arrays, optional) –
the local quality rating across the image

	scale (scalar, list) –
the size scale at which the quality was calculated














	
sort()[source]

	Sorts the qualities by scale










	
xdesign.metrics.probability_mask(phantom, size, ratio=8, uniform=True)[source]

	Returns the probability mask for each phase in the phantom.





	Parameters:	
	size (scalar) –
The side length in pixels of the resulting square image.

	ratio (scalar, optional) –
The discretization works by drawing the shapes in a larger space
then averaging and downsampling. This parameter controls how many
pixels in the larger representation are averaged for the final
representation. e.g. if ratio = 8, then the final pixel values
are the average of 64 pixels.

	uniform (boolean, optional) –
When set to False, changes the way pixels are averaged from a
uniform weights to gaussian weights.






	Returns:	image (list of numpy.ndarray) –
A list of float masks for each phase in the phantom.












	
xdesign.metrics.compute_quality(reference, reconstructions, method=u'MSSSIM', L=1)[source]

	Computes image quality metrics for each of the reconstructions.





	Parameters:	
	reference (array) –
the discrete reference image. In a future release, we will
determine the best way to compare a continuous domain to a discrete
reconstruction.

	reconstructions (list of arrays) –
A list of discrete reconstructions

	method (string, optional) –
The quality metric desired for this comparison.
Options include: SSIM, MSSSIM

	L (scalar) –
The dynamic range of the data. This value is 1 for float
representations and 2^bitdepth for integer representations.






	Returns:	metrics (list of ImageQuality)












	
xdesign.metrics.compute_PCC(A, B, masks=None)[source]

	Computes the Pearson product-moment correlation coefficients (PCC) for
the two images.





	Parameters:	
	A,B (ndarray) –
The two images to be compared

	masks (list of ndarrays, optional) –
If supplied, the data under each mask is computed separately.






	Returns:	covariances (array, list of arrays)












	
xdesign.metrics.compute_likeness(A, B, masks)[source]

	Predicts the likelihood that each pixel in B belongs to a phase based
on the histogram of A.





	Parameters:	
	A (ndarray)

	B (ndarray)

	masks (list of ndarrays)






	Returns:	likelihoods (list of ndarrays)












	
xdesign.metrics.compute_background_ttest(image, masks)[source]

	Determines whether the background has significantly different luminance
than the other phases.





	Parameters:	
	image (ndarray)

	masks (list of ndarrays) –
Masks for the background and any other phases. Does not autogenerate
the non-background mask because maybe you want to compare only two
phases.






	Returns:	
	tstat (scalar)

	pvalue (scalar)
















	
xdesign.metrics.compute_mtf(phantom, image, Ntheta=4)[source]

	Uses method described in Friedman et al to calculate the MTF.





	Parameters:	
	phantom (UnitCircle) –
Predefined phantom with single circle whose radius is less than 0.5.

	image (ndarray) –
The reconstruction of the above phantom.

	Ntheta (scalar) –
The number of directions at which to calculate the MTF.






	Returns:	
	wavenumber (ndarray) –
wavelenth in the scale of the original phantom

	MTF (ndarray) –
MTF values

	bin_centers (ndarray) –
the center of the bins if Ntheta >= 1











References

S. N. Friedman, G. S. K. Fung, J. H. Siewerdsen, and B. M. W. Tsui.  “A
simple approach to measure computed tomography (CT) modulation transfer
function (MTF) and noise-power spectrum (NPS) using the American College
of Radiology (ACR) accreditation phantom,” Med. Phys. 40, 051907-1 -
051907-9 (2013). http://dx.doi.org/10.1118/1.4800795






	
xdesign.metrics.compute_nps(phantom, A, B=None, plot_type=u'frequency')[source]

	Calculates the noise power spectrum from a unit circle image. The peak
at low spatial frequency is probably due to aliasing. Invesigation into
supressing this peak is necessary.

References

S. N. Friedman, G. S. K. Fung, J. H. Siewerdsen, and B. M. W. Tsui.  “A
simple approach to measure computed tomography (CT) modulation transfer
function (MTF) and noise-power spectrum (NPS) using the American College
of Radiology (ACR) accreditation phantom,” Med. Phys. 40, 051907-1 -
051907-9 (2013). http://dx.doi.org/10.1118/1.4800795





	Parameters:	
	phantom (UnitCircle) –
The unit circle phantom.

	A (ndarray) –
The reconstruction of the above phantom.

	B (ndarray) –
The reconstruction of the above phantom with different noise. This
second reconstruction enables allows use of trend subtraction instead
of zero mean normalization.

	plot_type (string) –
‘histogram’ returns a plot binned by radial coordinate wavenumber
‘frequency’ returns a wavenumber vs wavenumber plot






	Returns:	
	bins –
Bins for the radially binned NPS

	counts –
NPS values for the radially binned NPS

	X, Y –
Frequencies for the 2D frequency plot NPS

	NPS (2Darray) –
the NPS for the 2D frequency plot
















	
xdesign.metrics.compute_neq(phantom, A, B)[source]

	Calculates the NEQ according to recommendations by JT Dobbins.





	Parameters:	
	phantom (UnitCircle) –
The unit circle class with radius less than 0.5

	A (ndarray) –
The reconstruction of the above phantom.

	B (ndarray) –
The reconstruction of the above phantom with different noise. This
second reconstruction enables allows use of trend subtraction instead
of zero mean normalization.






	Returns:	
	mu_b –
The spatial frequencies

	NEQ –
the Noise Equivalent Quanta
















	
xdesign.metrics.compute_mtf_siemens(phantom, image)[source]

	Calculates the MTF using the modulated Siemens Star method in
Loebich et al. (2007).





	Parameters:	
	phantom (SiemensStar)

	image (ndarray) –
The reconstruciton of the SiemensStar






	Returns:	
	frequency (array) –
The spatial frequency in cycles per unit length

	M (array) –
The MTF values for each frequency
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xdesign.phantom

Functions:







	Phantom([shape])
	Phantom generation class.






	
class xdesign.phantom.Phantom(shape=u'circle')[source]

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

Phantom generation class.


	
shape

	string

Shape of the phantom. Available options: circle, square.






	
population

	scalar

Number of generated features in the phantom.






	
area

	scalar

Area of the features in the phantom.






	
feature

	list

List of features.






	
append(feature)[source]

	Add a feature to the top of the phantom.






	
density

	Returns the area density of the phantom. (Does not acount for
mass_atten.)






	
insert(i, feature)[source]

	Insert a feature at a given depth.






	
list

	




	
load(filename)[source]

	Load phantom from file.






	
numpy()[source]

	Returns the Numpy representation.






	
pop(i=-1)[source]

	Pop i-th feature from the phantom.






	
reverse()[source]

	Reverse the features of the phantom






	
rotate(theta, origin=<xdesign.geometry.Point object>, axis=None)[source]

	Rotate phantom around a point.






	
save(filename)[source]

	Save phantom to file.






	
sort(param=u'mass_atten', reverse=False)[source]

	Sorts the features by mass_atten or size






	
sprinkle(counts, radius, gap=0, region=None, mass_atten=1, max_density=1)[source]

	Sprinkle a number of circles. Uses various termination criteria to
determine when to stop trying to add circles.





	Parameters:	
	counts (int) –
The number of circles to be added.

	radius (scalar or list) –
The radius of the circles to be added.

	gap (float, optional) –
The minimum distance between circle boundaries.
A negative value allows overlapping edges.

	region (Entity, optional) –
The new circles are confined to this shape. None if the circles are
allowed anywhere.

	max_density (scalar, optional) –
Stops adding circles when the geometric density of the phantom
reaches this ratio.

	mass_atten (scalar, optional) –
A mass attenuation parameter passed to the circles.






	Returns:	counts (scalar) –
The number of circles successfully added.












	
translate(dx, dy)[source]

	Translate phantom.
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xdesign.plot

Functions:







	plot_phantom(phantom[,axis,labels,...])
	Plots a phantom to the given axis.


	plot_feature(feature[,axis,alpha,c])
	Plots a feature on the given axis.


	plot_mesh(mesh[,axis,alpha,c])
	Plots a mesh to the given axis.


	plot_polygon(polygon[,axis,alpha,c])
	Plots a polygon to the given axis.


	plot_curve(curve[,axis,alpha,c])
	Plots a curve to the given axis.


	discrete_phantom(phantom,size[,ratio,...])
	Returns discrete representation of the property function, prop, in the phantom.


	sidebyside(p[,size,labels,prop])
	Displays the geometry and the discrete property function of the given phantom side by side.


	multiroll(x,shift[,axis])
	Roll an array along each axis.


	plot_metrics(imqual)
	Plots full reference metrics of ImageQuality data.


	plot_mtf(faxis,MTF[,labels])
	Plots the MTF.


	plot_nps(X,Y,NPS)
	Plots the 2D frequency plot for the NPS.


	plot_neq(freq,NEQ)
	Plots the NEQ.


	plot_histograms(images[,masks,thresh])
	Plots the normalized histograms for the pixel intensity under each mask.






	
xdesign.plot.plot_phantom(phantom, axis=None, labels=None, c_props=[], c_map=None)[source]

	Plots a phantom to the given axis.





	Parameters:	
	labels (bool, optional) –
Each feature is numbered according to its index in the phantom.

	c_props (list of str, optional) –
List of feature properties to use for colormapping the geometries.

	c_map (function, optional) –
A function which takes the a list of prop(s) for a Feature as input and
returns a matplolib color specifier.














	
xdesign.plot.plot_feature(feature, axis=None, alpha=None, c=None)[source]

	Plots a feature on the given axis.





	Parameters:	
	alpha (float) –
The plot opaqueness. 0 is transparent. 1 is opaque.

	c (matplotlib color specifier) –
See http://matplotlib.org/api/colors_api.html














	
xdesign.plot.plot_mesh(mesh, axis=None, alpha=None, c=None)[source]

	Plots a mesh to the given axis.





	Parameters:	
	alpha (float) –
The plot opaqueness. 0 is transparent. 1 is opaque.

	c (matplotlib color specifier) –
See http://matplotlib.org/api/colors_api.html














	
xdesign.plot.plot_polygon(polygon, axis=None, alpha=None, c=None)[source]

	Plots a polygon to the given axis.





	Parameters:	
	alpha (float) –
The plot opaqueness. 0 is transparent. 1 is opaque.

	c (matplotlib color specifier) –
See http://matplotlib.org/api/colors_api.html














	
xdesign.plot.plot_curve(curve, axis=None, alpha=None, c=None)[source]

	Plots a curve to the given axis.





	Parameters:	
	alpha (float) –
The plot opaqueness. 0 is transparent. 1 is opaque.

	c (matplotlib color specifier) –
See http://matplotlib.org/api/colors_api.html














	
xdesign.plot.discrete_phantom(phantom, size, ratio=8, uniform=True, prop=u'mass_atten')[source]

	Returns discrete representation of the property function, prop, in the
phantom. The values of overlapping features are additive.





	Parameters:	
	size (scalar) –
The side length in pixels of the resulting square image.

	ratio (scalar, optional) –
The antialiasing works by supersampling. This parameter controls
how many pixels in the larger representation are averaged for the
final representation. e.g. if ratio = 8, then the final pixel
values are the average of 64 pixels.

	uniform (boolean, optional) –
When set to False, changes the way pixels are averaged from a
uniform weights to gaussian weigths.

	prop (str, optional) –
The name of the property function to discretize






	Returns:	image (numpy.ndarray) –
The discrete representation of the phantom that is size x size.












	
xdesign.plot.sidebyside(p, size=100, labels=None, prop=u'mass_atten')[source]

	Displays the geometry and the discrete property function of
the given phantom side by side.






	
xdesign.plot.multiroll(x, shift, axis=None)[source]

	Roll an array along each axis.





	Parameters:	
	x (array_like) –
Array to be rolled.

	shift (sequence of int) –
Number of indices by which to shift each axis.

	axis (sequence of int, optional) –
The axes to be rolled.  If not given, all axes is assumed, and
len(shift) must equal the number of dimensions of x.






	Returns:	y (numpy array, with the same type and size as x) –
The rolled array.







Notes

The length of x along each axis must be positive.  The function
does not handle arrays that have axes with length 0.


See also

numpy.roll()



Example

Here’s a two-dimensional array:

>>> x = np.arange(20).reshape(4,5)
>>> x
array([[ 0,  1,  2,  3,  4],
       [ 5,  6,  7,  8,  9],
       [10, 11, 12, 13, 14],
       [15, 16, 17, 18, 19]])





Roll the first axis one step and the second axis three steps:

>>> multiroll(x, [1, 3])
array([[17, 18, 19, 15, 16],
       [ 2,  3,  4,  0,  1],
       [ 7,  8,  9,  5,  6],
       [12, 13, 14, 10, 11]])





That’s equivalent to:

>>> np.roll(np.roll(x, 1, axis=0), 3, axis=1)
array([[17, 18, 19, 15, 16],
       [ 2,  3,  4,  0,  1],
       [ 7,  8,  9,  5,  6],
       [12, 13, 14, 10, 11]])





Not all the axes must be rolled.  The following uses
the axis argument to roll just the second axis:

>>> multiroll(x, [2], axis=[1])
array([[ 3,  4,  0,  1,  2],
       [ 8,  9,  5,  6,  7],
       [13, 14, 10, 11, 12],
       [18, 19, 15, 16, 17]])





which is equivalent to:

>>> np.roll(x, 2, axis=1)
array([[ 3,  4,  0,  1,  2],
       [ 8,  9,  5,  6,  7],
       [13, 14, 10, 11, 12],
       [18, 19, 15, 16, 17]])





References

Warren Weckesser
http://stackoverflow.com/questions/30639656/numpy-roll-in-several-dimensions






	
xdesign.plot.plot_metrics(imqual)[source]

	Plots full reference metrics of ImageQuality data.





	Parameters:	imqual (ImageQuality) –
The data to plot.





References

Colors taken from this gist <https://gist.github.com/thriveth/8560036>






	
xdesign.plot.plot_mtf(faxis, MTF, labels=None)[source]

	Plots the MTF. Returns the figure reference.






	
xdesign.plot.plot_nps(X, Y, NPS)[source]

	Plots the 2D frequency plot for the NPS.
Returns the figure reference.






	
xdesign.plot.plot_neq(freq, NEQ)[source]

	Plots the NEQ. Returns the figure reference.






	
xdesign.plot.plot_histograms(images, masks=None, thresh=0.025)[source]

	Plots the normalized histograms for the pixel intensity under each
mask.





	Parameters:	
	images (list of ndarrays, ndarray) –
image(s) for comparing histograms.

	masks (list of ndarrays, float, optional) –
If supplied, the data under each mask is plotted separately.

	strict (boolean) –
If true, the mask takes values >= only. If false, the mask takes all
values > 0.

















          

      

      

    


    
         Copyright 2016, UChicago Argonne, LLC.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	XDesign 0.1 documentation 
 
      

    


    
      
          
            
  
Examples

This section contains Jupyter Notebooks [http://ipython.org/notebook.html]
examples for various XDesign functions.

To run [http://jupyter.readthedocs.org/en/latest/running.html] these examples in a
notebooks [http://ipython.org/notebook.html] install
Jupyter [http://jupyter.readthedocs.org/en/latest/install.html] or run the notebooks from
scripts from here [https://github.com/tomography/xdesign/tree/master/docs/demos]



	Quality Metrics and Reconstruction Demo

	No Reference Metrics




	Parameterized Phantom Generation

	Simple Phantom Construction Demo

	Standard Test Patterns

	Wet Circles
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Quality Metrics and Reconstruction Demo

Demonstrates the use of full reference metrics.

import numpy as np
import matplotlib.pyplot as plt
from skimage.exposure import adjust_gamma, rescale_intensity
from xdesign import *


def rescale(reconstruction, hi):
    I = rescale_intensity(reconstruction, out_range=(0., 1.))
    return adjust_gamma(I, 1, hi)





Generate a predetermined phantom that resembles soil.

np.random.seed(0)
soil_like_phantom = Soil()





Generate a figure showing the phantom and save the discrete conversion
for later.

discrete = sidebyside(soil_like_phantom, 100)
plt.savefig('Soil_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/FullReferenceMetrics_5_0.png]
Simulate data acquisition for parallel beam around 180 degrees.

sx, sy = 100, 100
step = 1. / sy
prb = Probe(Point([step / 2., -10]), Point([step / 2., 10]), step)
theta = np.pi / sx
sino = np.zeros(sx * sy)
a = 0
for m in range(sx):
    for n in range(sy):
        update_progress((m*sy + n)/(sx*sy))
        sino[a] = prb.measure(soil_like_phantom)
        a += 1
        prb.translate(step)
    prb.translate(-1)
    prb.rotate(theta, Point([0.5, 0.5]))
update_progress(1)





plt.imshow(np.reshape(sino, (sx, sy)), cmap='gray', interpolation='nearest')
# plt.hist(sino)
plt.show(block=True)





[image: ../_images/FullReferenceMetrics_8_0.png]
Reconstruct the phantom using 3 different techniques: ART, SIRT, and
MLEM

hi = 1  # highest expected value in reconstruction (for rescaling)
niter = 10  # number of iterations

init = 1e-12 * np.ones((sx, sy))
rec_art = art(prb, sino, init, niter)
rec_art = rescale(np.rot90(rec_art)[::-1], hi)

init = 1e-12 * np.ones((sx, sy))
rec_sirt = sirt(prb, sino, init, niter)
rec_sirt = rescale(np.rot90(rec_sirt)[::-1], hi)

init = 1e-12 * np.ones((sx, sy))
rec_mlem = mlem(prb, sino, init, niter)
rec_mlem = rescale(np.rot90(rec_mlem)[::-1], hi)





plt.figure(figsize=(12,4))
plt.subplot(131)
plt.imshow(rec_art, cmap='gray', interpolation='none')
plt.title('ART')
plt.subplot(132)
plt.imshow(rec_sirt, cmap='gray', interpolation='none')
plt.title('SIRT')
plt.subplot(133)
plt.imshow(rec_mlem, cmap='gray', interpolation='none')
plt.title('MLEM')
plt.show()





[image: ../_images/FullReferenceMetrics_11_0.png]
Compute quality metrics using the MSSSIM method.

metrics = compute_quality(discrete, [rec_art, rec_sirt, rec_mlem], method="MSSSIM")





Plotting the results shows the average quality at each level for each
reconstruction in a line plot. Then it produces the local quality maps
for each reconstruction so we might see why certain reconstructions are
ranked higher than others.

In this case, it’s clear that ART is ranking higer than MLEM and SIRT at
smaller scales because the small dark particles are visible; whereas for
SIRT and MLEM they are unresolved. We can also see that the large yellow
circles have a more accurately rendered luminance for SIRT and MLEM
which is what causes these methods to be ranked higher at larger scales.

plot_metrics(metrics)
plt.show()





[image: ../_images/FullReferenceMetrics_15_0.png]
[image: ../_images/FullReferenceMetrics_15_1.png]
[image: ../_images/FullReferenceMetrics_15_2.png]
[image: ../_images/FullReferenceMetrics_15_3.png]
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No Reference Metrics

Demonstrates the use of the no-reference metrics: NPS, MTF, and NEQ.

from xdesign import *
import tomopy
import numpy as np
import matplotlib.pylab as plt





Generate a UnitCircle test phantom. For the MTF, the radius must be less
than 0.5, otherwise the circle touches the edges of the field of view.

p = UnitCircle(mass_atten=4, radius=0.35)
sidebyside(p, 100)
plt.show()





[image: ../_images/NoReferenceMetrics_3_0.png]
Generate two sinograms and reconstruct. Noise power spectrum and Noise
Equivalent Quanta are meaningless withouth noise so add some poisson
noise to the reconstruction process with the noise argument.
Collecting two sinograms allows us to isolate the noise by subtracting
out the circle.

np.random.seed(0)
sinoA = sinogram(100, 100, p, noise=0.1)
sinoB = sinogram(100, 100, p, noise=0.1)
theta = np.arange(0, np.pi, np.pi / 100.)

recA = tomopy.recon(np.expand_dims(sinoA, 1), theta, algorithm='gridrec', center=(sinoA.shape[1]-1)/2.)
recB = tomopy.recon(np.expand_dims(sinoB, 1), theta, algorithm='gridrec', center=(sinoB.shape[1]-1)/2.)





Take a look at the two noisy reconstructions.

plt.imshow(recA[0], cmap='inferno', interpolation="none")
plt.colorbar()
plt.savefig('UnitCircle_noise0.png', dpi=600,
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/NoReferenceMetrics_7_0.png]
plt.imshow(recB[0], cmap='inferno', interpolation="none")
plt.colorbar()
plt.show()





[image: ../_images/NoReferenceMetrics_8_0.png]

Calculate MTF

This metric is meaningful without noise. You can separate the MTF into
multiple directions or average them all together using the Ntheta
argument.

mtf_freq, mtf_value, labels = compute_mtf(p, recA[0], Ntheta=4)





The MTF is really a symmetric function around zero frequency, so usually
people just show the positive portion. Sometimes, there is a peak at the
higher spatial frequencies instead of the MTF approaching zero. This is
probably because of aliasing noise content with frequencies higher than
the Nyquist frequency.

plot_mtf(mtf_freq, mtf_value, labels)
plt.gca().set_xlim([0,50]) # hide negative portion of MTF
plt.show()





[image: ../_images/NoReferenceMetrics_12_0.png]
You can also use a Siemens Star to calculate the MTF using a fitted
sinusoidal method instead of the slanted edges that the above method
uses.

s = SiemensStar(n_sectors=32, center=Point([0.5, 0.5]), radius=0.5)
d = sidebyside(s, 100)





plt.show()





[image: ../_images/NoReferenceMetrics_15_0.png]
Here we are using the discreet verison of the phantom (without noise),
so we are only limited by the resolution of the image.

mtf_freq, mtf_value = compute_mtf_siemens(s, d)





plot_mtf(mtf_freq, mtf_value, labels=None)
plt.gca().set_xlim([0,50]) # hide portion of MTF beyond Nyquist frequency
plt.show()





[image: ../_images/NoReferenceMetrics_18_0.png]



Calculate NPS

You can also calculate the radial or 2D frequency plot of the NPS.

X, Y, NPS = compute_nps(p, recA[0], plot_type='frequency',B=recB[0])





plot_nps(X, Y, NPS)
plt.show()





[image: ../_images/NoReferenceMetrics_21_0.png]
bins, counts = compute_nps(p, recA[0], plot_type='histogram',B=recB[0])





plt.figure()
plt.bar(bins, counts)
plt.xlabel('spatial frequency [cycles/length]')
plt.title('Noise Power Spectrum')
plt.show()





[image: ../_images/NoReferenceMetrics_23_0.png]



Calculate NEQ

freq, NEQ = compute_neq(p, recA[0], recB[0])





plt.figure()
plt.plot(freq.flatten(), NEQ.flatten())
plt.xlabel('spatial frequency [cycles/length]')
plt.title('Noise Equivalent Quanta')
plt.show()





[image: ../_images/NoReferenceMetrics_26_0.png]
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Parameterized Phantom Generation

Demonstrates how a parameterized function can generate 4 different
phantoms from the same parameterized class.

from xdesign import *
import matplotlib.pyplot as plt
import numpy as np
import matplotlib.gridspec as gridspec

SIZE = 600





np.random.seed(0) # random seed for repeatability
p1 = Foam(size_range=[0.05, 0.01], gap=0, porosity=1)
d1 = discrete_phantom(p1, SIZE)
plt.imshow(d1, cmap='viridis')
plt.show()





[image: ../_images/Parameterized_2_1.png]
np.random.seed(0) # random seed for repeatability
p2 = Foam(size_range=[0.07, 0.01], gap=0, porosity=0.75)
d2 = discrete_phantom(p2, SIZE)
plt.imshow(d2, cmap='viridis')
plt.show()





[image: ../_images/Parameterized_3_1.png]
np.random.seed(0) # random seed for repeatability
p3 = Foam(size_range=[0.1, 0.01], gap=0, porosity=0.5)
d3 = discrete_phantom(p3, SIZE)
plt.imshow(d3, cmap='viridis')
plt.show()





[image: ../_images/Parameterized_4_0.png]
np.random.seed(0) # random seed for repeatability
p4 = Foam(size_range=[0.1, 0.01], gap=0.015, porosity=0.5)
d4 = discrete_phantom(p4, SIZE)
plt.imshow(d4, cmap='viridis')
plt.show()





[image: ../_images/Parameterized_5_1.png]
Create a composite figure of all four discrete phantoms.

fig = plt.figure(dpi=600)
gs1 = gridspec.GridSpec(2, 2)
gs1.update(wspace=0.1, hspace=0.1) # set the spacing between axes.

plt.subplot(gs1[0])
plt.title('(a)')
plt.axis('off')
plt.imshow(d1, interpolation='none', cmap=plt.cm.gray)
plt.subplot(gs1[1])
plt.title('(b)')
plt.axis('off')
plt.imshow(d2, interpolation='none', cmap=plt.cm.gray)
plt.subplot(gs1[2])
plt.title('(c)')
plt.axis('off')
plt.imshow(d3, interpolation='none', cmap=plt.cm.gray)
plt.subplot(gs1[3])
plt.title('(d)')
plt.axis('off')
plt.imshow(d4, interpolation='none', cmap=plt.cm.gray)
fig.set_size_inches(6, 6)
plt.savefig('Foam_parameterized.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/Parameterized_7_0.png]
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Simple Phantom Construction Demo

Demonstrates simple basic custom phantom and sinogram generation.

import matplotlib.pyplot as plt
import numpy as np
from xdesign import *





Create various Features with geometries and assign attenuation
values to each of the Features.

head = Feature(Circle(Point([0.5, 0.5]), radius=0.5))
head.mass_atten = 1
eyeL = Feature(Circle(Point([0.3, 0.5]), radius=0.1))
eyeL.mass_atten = 1
eyeR = Feature(Circle(Point([0.7, 0.5]), radius=0.1))
eyeR.mass_atten = 1
mouth = Feature(Triangle(Point([0.2, 0.7]), Point([0.5, 0.8]), Point([0.8, 0.7])))
mouth.mass_atten = -1





Add ‘Features’ to ‘Phantom’.

Shepp = Phantom()
Shepp.append(head)
Shepp.append(eyeL)
Shepp.append(eyeR)
Shepp.append(mouth)





Plot the Phantom geometry and properties with a colorbar.

fig = plt.figure(figsize=(7, 3), dpi=600)

# plot geometry
axis = fig.add_subplot(121, aspect='equal')
plt.grid('on')
plt.gca().invert_yaxis()
plot_phantom(Shepp, axis=axis, labels=False)

# plot property
plt.subplot(1, 2, 2)
im = plt.imshow(discrete_phantom(Shepp, 100, prop='mass_atten'), interpolation='none', cmap=plt.cm.inferno)

# plot colorbar
fig.subplots_adjust(right=0.8)
cbar_ax = fig.add_axes([0.85, 0.16, 0.05, 0.7])
fig.colorbar(im, cax=cbar_ax)

# save the figure
plt.savefig('Shepp_sidebyside.png', dpi=600,
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/Shepp_7_0.png]
Simulate data acquisition for parallel beam around 180 degrees.

sx, sy = 100, 100
step = 1. / sy
prb = Probe(Point([step / 2., -10]), Point([step / 2., 10]), step)
theta = np.pi / sx
sino = np.zeros(sx * sy)

a = 0
for m in range(sx):
    for n in range(sy):
        update_progress((m*sy + n)/(sx*sy))
        sino[a] = prb.measure(Shepp)
        a += 1
        prb.translate(step)
    prb.translate(-1)
    prb.rotate(theta, Point([0.5, 0.5]))
update_progress(1)





Plot the sinogram.

plt.figure(figsize=(8, 8))
plt.imshow(np.reshape(sino, (sx, sy)), cmap='inferno', interpolation='nearest')
plt.savefig('Shepp_sinogram.png', dpi=600,
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/Shepp_11_0.png]
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Standard Test Patterns

Generates sidebyside plots of all the standard test patterns in xdesign.

from xdesign import *
import numpy as np
import matplotlib.pyplot as plt
import matplotlib.gridspec as gridspec





p = SlantedSquares(count=16, angle=5/360*2*np.pi, gap=0.01)
sidebyside(p)
plt.savefig('SlantedSquares_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_2_0.png]
h = HyperbolicConcentric()
sidebyside(h)
plt.savefig('HyperbolicConcentric_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_3_0.png]
u = UnitCircle(radius=0.4, mass_atten=1)
sidebyside(u)
plt.savefig('UnitCircle_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_4_0.png]
d = DynamicRange(steps=16, jitter=True, shape='square')
sidebyside(d)
plt.savefig('DynamicRange_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_5_0.png]
l = DogaCircles(n_sizes=8, size_ratio=0.5, n_shuffles=0)
l.rotate(np.pi/2, Point([0.5, 0.5]))
sidebyside(l)
plt.savefig('DogaCircles_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_6_0.png]
s = SiemensStar(32)
sidebyside(s)
plt.savefig('SiemensStar_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_7_0.png]
fig = plt.figure(figsize=(8, 6), dpi=600)
gs1 = gridspec.GridSpec(3, 4)
gs1.update(wspace=0.4, hspace=0.4) # set the spacing between axes.
phantoms = [l, d, u, h, p, s]
letters = ['a','b','c','d','e','f','g']
for i in range(0, len(phantoms)):
    axis = plt.subplot(gs1[2*i], aspect=1)
    plt.grid('on')
    plt.gca().invert_yaxis()
    plot_phantom(phantoms[i], axis=axis)
    plt.title('('+ letters[i] +')')
    plt.subplot(gs1[2*i+1], aspect=1)
    plt.imshow(discrete_phantom(phantoms[i], 200), cmap='inferno')

plt.savefig('standard_patterns.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show()





[image: ../_images/StandardPatterns_8_0.png]
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Wet Circles

import numpy as np
from scipy.spatial import Delaunay
import matplotlib.pyplot as plt
from xdesign import *
from skimage.exposure import adjust_gamma, rescale_intensity


def rescale(reconstruction, hi):
    I = rescale_intensity(reconstruction, out_range=(0., 1.))
    return adjust_gamma(I, 1, hi)





wet = WetCircles()
sidebyside(wet, size=200)
plt.savefig('Wet_sidebyside.png', dpi='figure',
        orientation='landscape', papertype=None, format=None,
        transparent=True, bbox_inches='tight', pad_inches=0.0,
        frameon=False)
plt.show(block=True)





[image: ../_images/WetCircles_1_0.png]
sx, sy = 100, 100
step = 1. / sy
prb = Probe(Point([step / 2., -10]), Point([step / 2., 10]), step)
theta = np.pi / sx
sino = np.zeros(sx * sy)
a = 0
for m in range(sx):
    for n in range(sy):
        update_progress((m*sy + n)/(sx*sy))
        sino[a] = prb.measure(wet)
        a += 1
        prb.translate(step)
    prb.translate(-1)
    prb.rotate(theta, Point([0.5, 0.5]))


plt.figure(figsize=(8, 8))
plt.imshow(np.reshape(sino, (sx, sy)), cmap='gray', interpolation='nearest')
plt.show(block=True)





[image: ../_images/WetCircles_2_3.png]
hi = 1
niter = 20
# Reconstruct object.
init = 1e-12 * np.ones((sx, sy))
rec_art = art(prb, sino, init, niter)
rec_art = rescale(np.rot90(rec_art)[::-1], hi)
plt.figure(figsize=(8, 8))
plt.imshow(rec_art, cmap='gray', interpolation='none')
plt.title('ART')

init = 1e-12 * np.ones((sx, sy))
rec_sirt = sirt(prb, sino, init, niter)
rec_sirt = rescale(np.rot90(rec_sirt)[::-1], hi)
plt.figure(figsize=(8, 8))
plt.imshow(rec_sirt, cmap='gray', interpolation='none')
plt.title('SIRT')

init = 1e-12 * np.ones((sx, sy))
rec_mlem = mlem(prb, sino, init, niter)
rec_mlem = rescale(np.rot90(rec_mlem)[::-1], hi)
plt.figure(figsize=(8, 8))
plt.imshow(rec_mlem, cmap='gray', interpolation='none')
plt.title('MLEM')
plt.show()





[image: ../_images/WetCircles_3_1.png]
[image: ../_images/WetCircles_3_2.png]
[image: ../_images/WetCircles_3_3.png]
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  Source code for xdesign.phantom

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

from xdesign.geometry import *
from xdesign.geometry import Entity
from xdesign.feature import *
import numpy as np
import scipy.ndimage
import logging
import warnings

logger = logging.getLogger(__name__)


__author__ = "Daniel Ching, Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['Phantom']


[docs]class Phantom(object):
    """Phantom generation class.

    Attributes
    ----------
    shape : string
        Shape of the phantom. Available options: circle, square.
    population : scalar
        Number of generated features in the phantom.
    area : scalar
        Area of the features in the phantom.
    feature : list
        List of features.
    """
    # OPERATOR OVERLOADS
    def __init__(self, shape='circle'):
        if not (shape == 'circle' or shape == 'square'):
            raise ValueError("Phantom must be a circle or square.")
        self.shape = shape
        self.population = 0
        self.area = 0
        self.feature = []

    def __add__(self, other):
        if not isinstance(other, Phantom):
            raise TypeError("Can only add phantoms to other phantoms.")
        self.population += other.population
        self.area += other.area
        self.feature += other.feature
        return self

    # PROPERTIES
    @property
    def list(self):
        for m in range(self.population):
            print(self.feature[m].list)

    @property
    def density(self):
        '''Returns the area density of the phantom. (Does not acount for
        mass_atten.)
        '''
        if self.shape == 'square':
            return self.area
        elif self.shape == 'circle':
            return self.area / (np.pi * 0.5 * 0.5)

    # FEATURE LIST MANIPULATION
[docs]    def append(self, feature):
        """Add a feature to the top of the phantom."""
        if not isinstance(feature, Feature):
            raise TypeError("Can only add Features to Phantoms.")
        self.feature.append(feature)
        self.area += feature.area
        self.population += 1


[docs]    def pop(self, i=-1):
        """Pop i-th feature from the phantom."""
        self.population -= 1
        self.area -= self.feature[i].area
        return self.feature.pop(i)


[docs]    def insert(self, i, feature):
        """Insert a feature at a given depth."""
        if not isinstance(feature, Feature):
            raise TypeError("Can only add Features to Phantoms.")
        self.feature.insert(i, feature)
        self.area += feature.area
        self.population += 1


[docs]    def sort(self, param="mass_atten", reverse=False):
        """Sorts the features by mass_atten or size"""
        if param == "mass_atten":
            def key(feature): return feature.mass_atten
        elif param == "size":
            def key(feature): return feature.area
        else:
            raise ValueError("Can't sort by " + param)
        self.feature = sorted(self.feature, key=key, reverse=reverse)


[docs]    def reverse(self):
        """Reverse the features of the phantom"""
        self.feature.reverse()


[docs]    def sprinkle(self, counts, radius, gap=0, region=None, mass_atten=1,
                 max_density=1):
        """Sprinkle a number of circles. Uses various termination criteria to
        determine when to stop trying to add circles.

        Parameters
        ----------
        counts : int
            The number of circles to be added.
        radius : scalar or list
            The radius of the circles to be added.
        gap : float, optional
            The minimum distance between circle boundaries.
            A negative value allows overlapping edges.
        region : Entity, optional
            The new circles are confined to this shape. None if the circles are
            allowed anywhere.
        max_density : scalar, optional
            Stops adding circles when the geometric density of the phantom
            reaches this ratio.
        mass_atten : scalar, optional
            A mass attenuation parameter passed to the circles.

        Returns
        ----------
        counts : scalar
            The number of circles successfully added.
        """
        if counts < 0:
            ValueError('Cannot add negative number of circles.')
        if not isinstance(radius, list):
            radius = [radius, radius]
        if len(radius) != 2 or radius[0] < radius[1] or radius[1] <= 0:
            ValueError('Radius range must be larger than zero and largest' +
                       'radius must be listed first.')
        if gap < 0:
            # Support for partially overlapping features is not yet supported
            # in the aquisition module
            raise NotImplementedError
        if max_density < 0:
            raise ValueError("Cannot stop at negative density.")

        collision = False
        if radius[0] + gap < 0:  # prevents circles with negative radius
            collision = True

        kTERM_CRIT = 200  # tries to append a new circle before quitting
        n_tries = 0  # attempts to append a new circle
        n_added = 0  # circles successfully added

        while (n_tries < kTERM_CRIT and n_added < counts and
               self.density < max_density):
            center = self._random_point(radius[0], region=region)

            if collision:
                self.append(Feature(Circle(center, radius[0]),
                            mass_atten=mass_atten))
                n_added += 1
                continue

            circle = Feature(Circle(center, radius[0] + gap))
            overlap = self._collision(circle)
            if overlap <= radius[0] - radius[1]:
                self.append(Feature(Circle(center, radius[0] - overlap),
                                    mass_atten=mass_atten))
                n_added += 1
                n_tries = 0

            n_tries += 1

        if n_added != counts and n_tries == kTERM_CRIT:
            warnings.warn("Reached termination criteria of " +
                          str(kTERM_CRIT) + " attempts before adding " +
                          "all of the circles.", RuntimeWarning)
            # no warning for reaching max_density because that's settable
        return n_added


    # GEOMETRIC TRANSFORMATIONS
[docs]    def translate(self, dx, dy):
        """Translate phantom."""
        for m in range(self.population):
            self.feature[m].translate(dx, dy)


[docs]    def rotate(self, theta, origin=Point([0.5, 0.5]), axis=None):
        """Rotate phantom around a point."""
        for m in range(self.population):
            self.feature[m].rotate(theta, origin, axis)


    # IMPORT AND EXPORT
[docs]    def numpy(self):
        """Returns the Numpy representation."""
        # Phantoms contain more than circles now.
        arr = np.empty((self.population, 4))
        for m in range(self.population):
            arr[m] = [
                self.feature[m].center.x,
                self.feature[m].center.y,
                self.feature[m].radius,
                self.feature[m].mass_atten]
        return arr


[docs]    def save(self, filename):
        """Save phantom to file."""
        np.savetxt(filename, self.numpy(), delimiter=',')


[docs]    def load(self, filename):
        """Load phantom from file."""
        arr = np.loadtxt(filename, delimiter=',')
        for m in range(arr.shape[0]):
            self.append(Feature(
                        Circle(Point([arr[m, 0], arr[m, 1]]), arr[m, 2]),
                        arr[m, 3]))


    # PRIVATE METHODS
    def _random_point(self, margin=0, region=None):
        """Generate a random point in the given geometric entity.

        Parameters
        ----------
        margin : scalar
            Determines the margin value of the shape.
            Points will not be created in the margin area.
        region : Entity, optional
            Determines where the point will be generated. None assumes it can
            be generated anywhere in the 1x1 phantom.

        Returns
        -------
        Point
            Random point.
        """
        if isinstance(region, Entity):
            raise NotImplementedError
        else:
            radius = 0.5
            center = Point([0.5, 0.5])

        if self.shape == 'square':
            x = np.random.uniform(margin - radius, radius - margin) + center.x
            y = np.random.uniform(margin - radius, radius - margin) + center.y
        elif self.shape == 'circle':
            r = np.random.uniform(0, radius - margin)
            a = np.random.uniform(0, 2 * np.pi)
            x = r * np.cos(a) + center.x
            y = r * np.sin(a) + center.y

        return Point([x, y])

    def _collision(self, circle):
        """Check if a circle is collided with another circle.

        Returns
        --------
        overlap : scalar
            The largest amount that the circle is overlapping
        """
        if not isinstance(circle, Feature):
            raise TypeErrorz

        overlap = 0
        for m in range(self.population):
            dx = self.feature[m].center.x - circle.center.x
            dy = self.feature[m].center.y - circle.center.y
            dr = self.feature[m].radius + circle.radius
            overlap = max(dr - np.sqrt(dx**2 + dy**2), overlap)

        return overlap
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#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

import numpy as np
import logging
from xdesign.phantom import *
from xdesign.geometry import *
from xdesign.feature import *
from xdesign.plot import *
from scipy.spatial import Delaunay
from xdesign.constants import PI

logger = logging.getLogger(__name__)


__author__ = "Daniel Ching, Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['Material',
           'HyperbolicConcentric',
           'DynamicRange',
           'DogaCircles',
           'SlantedSquares',
           'UnitCircle',
           'Soil',
           'WetCircles',
           'SiemensStar',
           'Foam',
           'Metal',
           'SoftBiomaterial',
           'Electronics',
           'FiberComposite']


[docs]class Material(object):
    """Placeholder for class which uses NIST data to automatically calculate
    material properties based on beam energy.
    """

    def __init__(self, formula, density):
        # calculate the mass_atten based on the photon energy
        super(Material, self).__init__()
        self.formula = formula
        self.density = density

    @property
    def compton_cross_section(self, energy):
        """Compton cross-section of the electron [cm^2]."""
        raise NotImplementedError

    @property
    def photoelectric_cross_section(self, energy):
        raise NotImplementedError

    @property
    def atomic_form_factor(self, energy):
        """Measure of the scattering amplitude of a wave by an isolated atom.
        Read from NIST database [Unitless]."""
        raise NotImplementedError

    @property
    def atom_concentration(self, energy):
        """Number of atoms per unit volume [1/cm^3]."""
        raise NotImplementedError

    @property
    def reduced_energy_ratio(self, energy):
        """Energy ratio of the incident x-ray and the electron energy
        [Unitless]."""
        raise NotImplementedError

    @property
    def photoelectric_absorption(self, energy):
        """X-ray attenuation due to the photoelectric effect [1/cm]."""
        raise NotImplementedError

    @property
    def compton_scattering(self, energy):
        """X-ray attenuation due to the Compton scattering [1/cm]."""
        raise NotImplementedError

    @property
    def electron_density(self, energy):
        """Electron density [e/cm^3]."""
        raise NotImplementedError

    @property
    def linear_attenuation(self, energy):
        """Total x-ray attenuation [1/cm]."""
        raise NotImplementedError

    @property
    def refractive_index(self, energy):
        raise NotImplementedError

[docs]    def mass_ratio(self):
        raise NotImplementedError


[docs]    def number_of_elements(self):
        raise NotImplementedError




[docs]class HyperbolicConcentric(Phantom):
    """Generates a series of cocentric alternating black and white circles whose
    radii are changing at a parabolic rate. These line spacings cover a range
    of scales and can be used to estimate the Modulation Transfer Function. The
    radii change according to this function: r(n) = r0*(n+1)^k.

    Attributes
    ----------
    radii : list
        The list of radii of the circles
    widths : list
        The list of the widths of the bands
    """

    def __init__(self, min_width=0.1, exponent=1/2):
        """
        Parameters
        ----------
        min_width : scalar
            The radius of the smallest ring in the series.
        exponent : scalar
            The exponent in the function r(n) = r0*(n+1)^k.
        """

        super(HyperbolicConcentric, self).__init__(shape='circle')
        center = Point([0.5, 0.5])
        Nmax_rings = 512

        radii = [0]
        widths = [min_width]
        for ring in range(0, Nmax_rings):
            radius = min_width * np.power(ring + 1, exponent)
            if radius > 0.5 and ring % 2:
                break

            self.append(Feature(
                        Circle(center, radius), mass_atten=(-1.)**(ring % 2)))
            # record information about the rings
            widths.append(radius - radii[-1])
            radii.append(radius)

        self.reverse()  # smaller circles on top
        self.radii = radii
        self.widths = widths



[docs]class DynamicRange(Phantom):
    """Generates a phantom of randomly placed circles for determining dynamic
    range.

    Parameters
    -------------
    steps : scalar, optional
        The orders of magnitude (base 2) that the colors of the circles cover.
    jitter : bool, optional
        True : circles are placed in a jittered grid
        False : circles are randomly placed
    shape : string, optional
    """

    def __init__(self, steps=10, jitter=True, shape='square'):
        super(DynamicRange, self).__init__(shape=shape)

        # determine the size and and spacing of the circles around the box.
        spacing = 1. / np.ceil(np.sqrt(steps))
        radius = spacing / 4

        colors = [2**j for j in range(0, steps)]
        np.random.shuffle(colors)

        if jitter:
            # generate grid
            _x = np.arange(0, 1, spacing) + spacing / 2
            px, py, = np.meshgrid(_x, _x)
            px = np.ravel(px)
            py = np.ravel(py)

            # calculate jitters
            jitters = 2 * radius * (np.random.rand(2, steps) - 0.5)

            # place the circles
            for i in range(0, steps):
                center = Point([px[i] + jitters[0, i], py[i] + jitters[1, i]])
                self.append(Feature(
                            Circle(center, radius), mass_atten=colors[i]))
        else:
            # completely random
            for i in range(0, steps):
                if 1 > self.sprinkle(1, radius, gap=radius * 0.9,
                                     mass_atten=colors[i]):
                    None

                    # TODO: ensure that all circles are placed


[docs]class DogaCircles(Phantom):
    """Rows of increasingly smaller circles. Initally arranged in an ordered
    Latin square, the inital arrangement can be randomly shuffled.

    Attributes
    ----------
    radii : ndarray
        radii of circles
    x : ndarray
        x position of circles
    y : ndarray
        y position of circles
    """
    # IDEA: Use method in this reference to calculate uniformly distributed
    # latin squares.
    # DOI: 10.1002/(SICI)1520-6610(1996)4:6<405::AID-JCD3>3.0.CO;2-J
    def __init__(self, n_sizes=5, size_ratio=0.5, n_shuffles=5):
        """
        Parameters
        ----------
        n_sizes : int
            number of different sized circles
        size_ratio : scalar
            the nth size / the n-1th size
        n_shuffles : int
            The number of times to shuffles the latin square
        """
        super(DogaCircles, self).__init__(shape='square')

        n_sizes = int(n_sizes)
        if n_sizes <= 0:
            raise ValueError('There must be at least one size.')
        if size_ratio > 1 or size_ratio <= 0:
            raise ValueError('size_ratio should be <= 1 and > 0.')
        n_shuffles = int(n_shuffles)
        if n_shuffles < 0:
            raise ValueError('Cant shuffle a negative number of times')

        # Seed a latin square, use integers to prevent rounding errors
        top_row = np.array(range(0, n_sizes), dtype=int)
        rowsum = np.sum(top_row)
        lsquare = np.empty([n_sizes, n_sizes], dtype=int)
        for i in range(0, n_sizes):
            lsquare[:, i] = np.roll(top_row, i)

        # Choose a row or column shuffle sequence
        sequence = np.random.randint(0, 2, n_shuffles)

        # Shuffle the square
        for dim in sequence:
            lsquare = np.rollaxis(lsquare, dim, 0)
            np.random.shuffle(lsquare)

        # Assert that it is still a latin square.
        for i in range(0, n_sizes):
            assert np.sum(lsquare[:, i]) == rowsum, \
                "Column {0} is {1} and should be {2}".format(i, np.sum(
                                                        lsquare[:, i]), rowsum)
            assert np.sum(lsquare[i, :]) == rowsum, \
                "Column {0} is {1} and should be {2}".format(i, np.sum(
                                                        lsquare[i, :]), rowsum)

        # Draw it
        period = np.arange(0, n_sizes)/n_sizes + 1/(2*n_sizes)
        _x, _y = np.meshgrid(period, period)
        radii = 1/(2*n_sizes)*size_ratio**lsquare

        for (k, x, y) in zip(radii.flatten(), _x.flatten(),
                             _y.flatten()):
            self.append(Feature(Circle(Point([x, y]), k)))

        self.radii = radii
        self.x = _x
        self.y = _y



[docs]class SlantedSquares(Phantom):
    """Generates a collection of slanted squares. Squares are arranged in
    concentric circles such that the space between squares is at least gap. The
    size of the squares is adaptive such that they all remain within the unit
    circle.

    Attributes
    ----------
    angle : scalar
        the angle of slant in radians
    count : scalar
        the total number of squares
    gap : scalar
        the minimum space between squares
    side_length : scalar
        the size of the squares
    squares_per_level : list
        the number of squares at each level
    radius_per_level : list
        the radius at each level
    n_levels : scalar
        the number of levels
    """

    def __init__(self, count=10, angle=5/360*2*PI, gap=0):
        super(SlantedSquares, self).__init__(shape='circle')
        if count < 1:
            raise ValueError("There must be at least one square.")

        # approximate the max diameter from total area available
        d_max = np.sqrt(PI/4 / (2 * count))

        if 1 < count and count < 5:
            # bump all the squares to the 1st ring and calculate sizes
            # as if there were 5 total squares
            pass

        while True:
            squares_per_level = [1]
            radius_per_level = [0]
            remaining = count - 1
            n_levels = 1
            while remaining > 0:
                # calculate next level capacity
                radius_per_level.append(radius_per_level[n_levels-1] + d_max +
                                        gap)
                this_circumference = PI*2*radius_per_level[n_levels]
                this_capacity = this_circumference//(d_max + gap)

                # assign squares to levels
                if remaining - this_capacity >= 0:
                    squares_per_level.append(this_capacity)
                    remaining -= this_capacity
                else:
                    squares_per_level.append(remaining)
                    remaining = 0
                n_levels += 1
                assert(remaining >= 0)

            # Make sure squares will not be outside the phantom, else
            # decrease diameter by 5%
            if radius_per_level[-1] < (0.5 - d_max/2 - gap):
                break
            d_max *= 0.95

        assert(len(squares_per_level) == len(radius_per_level))

        # determine center positions of squares
        x, y = np.array([]), np.array([])
        for level in range(0, n_levels):
            radius = radius_per_level[level]
            thetas = (((np.arange(0, squares_per_level[level]) /
                      squares_per_level[level]) +
                      1/(squares_per_level[level] * 2)) *
                      2 * PI)
            x = np.concatenate((x, radius*np.cos(thetas)))
            y = np.concatenate((y, radius*np.sin(thetas)))

        # move to center of phantom.
        x += 0.5
        y += 0.5

        # add the squares to the phantom
        side_length = d_max/np.sqrt(2)
        for i in range(0, x.size):
            center = Point([x[i], y[i]])
            s = Square(center, side_length)
            s.rotate(angle, center)
            self.append(Feature(s))

        self.angle = angle
        self.count = count
        self.gap = gap
        self.side_length = side_length
        self.squares_per_level = squares_per_level
        self.radius_per_level = radius_per_level
        self.n_levels = n_levels



[docs]class UnitCircle(Phantom):
    """Generates a phantom with a single circle in its center."""

    def __init__(self, radius=0.5, mass_atten=1):
        super(UnitCircle, self).__init__()
        self.append(Feature(
                    Circle(Point([0.5, 0.5]), radius), mass_atten))



[docs]class Soil(Phantom):
    """Generates a phantom with structure similar to soil.

    References
    -----------
    Schlüter, S., Sheppard, A., Brown, K., & Wildenschild, D. (2014). Image
    processing of multiphase images obtained via X‐ray microtomography: a
    review. Water Resources Research, 50(4), 3615-3639.
    """

    def __init__(self, porosity=0.412):
        super(Soil, self).__init__(shape='circle')
        self.sprinkle(30, [0.1, 0.03], 0, mass_atten=0.5,
                      max_density=1-porosity)
        # use overlap to approximate area opening transform because opening is
        # not discrete
        self.sprinkle(100, 0.02, 0.01, mass_atten=-.25)
        background = Feature(Circle(Point([0.5, 0.5]), 0.5), mass_atten=0.5)
        self.insert(0, background)



[docs]class WetCircles(Phantom):
    def __init__(self):
        super(WetCircles, self).__init__(shape='circle')
        porosity = 0.412
        np.random.seed(0)

        self.sprinkle(30, [0.1, 0.03], 0.005, mass_atten=0.5,
                      max_density=1 - porosity)
        background = Feature(Circle(Point([0.5, 0.5]), 0.5), mass_atten=0.5)
        self.insert(0, background)

        pairs = [(23, 12), (12, 19), (29, 11), (22, 5), (1, 3), (21, 9),
                 (8, 2), (2, 27)]
        for p in pairs:
            A = self.feature[p[0]].geometry
            B = self.feature[p[1]].geometry

            thetaA = [np.pi/2, 10]
            thetaB = [np.pi/2, 10]

            mesh = wet_circles(A, B, thetaA, thetaB)

            self.append(Feature(mesh, mass_atten=-.25))



def wet_circles(A, B, thetaA, thetaB):
    """Generates a mesh that wets the surface of circles A and B.

    Parameters
    -------------
    A,B : Circle
    theta : list
        the number of radians that the wet covers and number of the points on
        the surface range
    """

    vector = B.center - A.center
    if vector.x > 0:
        angleA = np.arctan(vector.y/vector.x)
        angleB = np.pi + angleA
    else:
        angleB = np.arctan(vector.y/vector.x)
        angleA = np.pi + angleB
    # print(vector)
    rA = A.radius
    rB = B.radius

    points = []
    for t in (np.arange(0, thetaA[1])/(thetaA[1]-1) - 0.5) * thetaA[0] + angleA:
        x = rA*np.cos(t) + A.center.x
        y = rA*np.sin(t) + A.center.y
        points.append([x, y])

    mid = len(points)
    for t in (np.arange(0, thetaB[1])/(thetaB[1]-1) - 0.5) * thetaB[0] + angleB:
        x = rB*np.cos(t) + B.center.x
        y = rB*np.sin(t) + B.center.y
        points.append([x, y])

    points = np.array(points)

    # Triangulate the polygon
    tri = Delaunay(points)

    # Remove extra triangles
    # print(tri.simplices)
    mask = np.sum(tri.simplices < mid, 1)
    mask = np.logical_and(mask < 3, mask > 0)
    tri.simplices = tri.simplices[mask, :]
    # print(tri.simplices)

    m = Mesh()
    for t in tri.simplices:
        m.append(Triangle(Point([points[t[0], 0], points[t[0], 1]]),
                          Point([points[t[1], 0], points[t[1], 1]]),
                          Point([points[t[2], 0], points[t[2], 1]])))

    return m


[docs]class SiemensStar(Phantom):
    """Generates a Siemens star.

    Attributes
    ----------
    ratio : scalar
        The spatial frequency times the proportional radius. e.g to get the
        frequency, f, divide this ratio by some fraction of the maximum radius:
        f = ratio/radius_fraction
    """
    def __init__(self, n_sectors=4, center=Point([0.5, 0.5]), radius=0.5):
        """
        Parameters
        ----------
        n_sectors: int >= 4
            The number of spokes/blades on the star.
        center: Point
        radius: scalar > 0
        """
        super(SiemensStar, self).__init__()
        if n_sectors < 4:
            raise ValueError("Must have >= 4 sectors.")
        if radius <= 0:
            raise ValueError("radius must be greater than zero.")
        if not isinstance(center, Point):
            raise TypeError("center must be of type Point.!")
        n_points = n_sectors

        # generate an even number of points around the unit circle
        points = []
        for t in (np.arange(0, n_points)/n_points) * 2 * np.pi:
            x = radius*np.cos(t) + center.x
            y = radius*np.sin(t) + center.y
            points.append(Point([x, y]))
        assert(len(points) == n_points)

        # connect pairs of points to the center to make triangles
        for i in range(0, n_sectors//2):
            f = Feature(Triangle(points[2*i], points[2*i+1], center))
            self.append(f)

        self.ratio = n_points / (4 * np.pi * radius)
        self.n_sectors = n_sectors



[docs]class Foam(Phantom):
    """Generates a phantom with structure similar to foam."""

    def __init__(self, size_range=[0.05, 0.01], gap=0, porosity=1):
        super(Foam, self).__init__(shape='circle')
        if porosity < 0 or porosity > 1:
            raise ValueError('Porosity must be in the range [0,1).')
        self.sprinkle(300, size_range, gap, mass_atten=-1,
                      max_density=porosity)
        background = Feature(Circle(Point([0.5, 0.5]), 0.5), mass_atten=1)
        self.insert(0, background)



[docs]class Metal(Phantom):

    def __init__(self, shape='square'):
        raise NotImplementedError



[docs]class SoftBiomaterial(Phantom):

    def __init__(self, shape='square'):
        raise NotImplementedError



[docs]class Electronics(Phantom):

    def __init__(self, shape='square'):
        raise NotImplementedError



[docs]class FiberComposite(Phantom):

    def __init__(self, shape='square'):
        raise NotImplementedError
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  Source code for xdesign.geometry

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

import numpy as np
import logging
import matplotlib.pyplot as plt
from matplotlib.path import Path
from numbers import Number
import polytope as pt
from cached_property import cached_property
import copy
from math import sqrt, asin

logger = logging.getLogger(__name__)

__author__ = "Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['Entity',
           'Point',
        #    'Superellipse',
        #    'Ellipse',
           'Circle',
           'Line',
           'Polygon',
           'Triangle',
           'Rectangle',
           'Square',
           'Mesh']


[docs]class Entity(object):
    """Base class for all geometric entities. All geometric entities should
    have these methods."""

    def __init__(self):
        self._dim = 0

    def __str__(self):
        """A string representation for easier debugging."""
        raise NotImplementedError

    @property
    def dim(self):
        """The dimensionality of the entity"""
        return self._dim

[docs]    def translate(self, vector):
        """Translate entity along vector."""
        raise NotImplementedError


[docs]    def rotate(self, theta, point=None, axis=None):
        """Rotate entity around an axis which passes through a point by theta
        radians."""
        raise NotImplementedError


[docs]    def scale(self, vector):
        """Scale entity in each dimension according to vector. Scaling is
        centered on the origin."""
        raise NotImplementedError


[docs]    def contains(self, point):
        """Returns True if the point(s) is within the bounds of the entity.
        point is either a Point or an N points listed as an NxD array."""
        raise NotImplementedError


[docs]    def collision(self, other):
        """Returns True if this entity collides with another entity."""
        raise NotImplementedError


[docs]    def distance(self, other):
        """Return the closest distance between entities."""
        raise NotImplementedError


[docs]    def midpoint(self, other):
        """Return the midpoint between entities."""
        return self.distance(other) / 2.




[docs]class Point(Entity):
    """A point in ND cartesian space.

    Attributes
    ----------
    _x : 1darray
        ND coordinates of the point.
    x : scalar
        dimension 0 of the point.
    y : scalar
        dimension 1 of the point.
    z : scalar
        dimension 2 of the point.
    norm : scalar
        The L2/euclidian norm of the point.
    """
    def __init__(self, x):
        if not isinstance(x, (list, np.ndarray)):
            raise TypeError("x must be list, or array of coordinates.")

        super(Point, self).__init__()
        self._x = np.array(x, dtype=float, ndmin=1)
        self._x = np.ravel(self._x)
        self._dim = self._x.size

    def __str__(self):
        return "Point(%s" % ', '.join([str(n) for n in self._x]) + ")"

    @property
    def x(self):
        return self._x[0]

    @property
    def y(self):
        return self._x[1]

    @property
    def z(self):
        return self._x[2]

    @property
    def norm(self):
        """Reference: http://stackoverflow.com/a/23576322"""
        return sqrt(self._x.dot(self._x))

    @property
    def dim(self):
        return self._dim

[docs]    def translate(self, vector):
        """Translate point along vector."""
        if not isinstance(vector, (list, np.ndarray)):
            raise TypeError("vector must be arraylike.")

        self._x += vector


[docs]    def rotate(self, theta, point=None, axis=None):
        """Rotate entity around an axis by theta radians."""
        if not isinstance(theta, Number):
            raise TypeError("theta must be scalar.")
        if point is None:
            center = np.zeros(self.dim)
        elif isinstance(point, Point):
            center = point._x
        else:
            raise TypeError("center of rotation must be Point.")
        if axis is not None:
            raise NotImplementedError

        # shift rotation center to origin
        self._x -= center
        # do rotation
        R = np.array([[np.cos(theta), -np.sin(theta)],
                      [np.sin(theta),  np.cos(theta)]])
        self._x = np.dot(R, self._x)
        # shift rotation center back
        self._x += center


[docs]    def scale(self, vector):
        """Scale entity in each dimension according to vector. Scaling is
        centered on the origin."""
        if not isinstance(vector, (List, np.ndarray)):
            raise TypeError("vector must be arraylike.")

        self._x *= vector


[docs]    def contains(self, other):
        """Returns True if the other is within the bounds of the entity."""
        if isinstance(other, Point):
            return self == point
        if isinstance(other, np.ndarray):
            return np.all(self._x == other[:], axis=1)
        else:  # points can only contain points
            return False


[docs]    def collision(self, other):
        """Returns True if this entity collides with another entity."""
        if isinstance(other, Point):
            return self == point
        else:
            raise NotImplementedError


[docs]    def distance(self, other):
        """Return the closest distance between entities."""
        if not isinstance(other, Point):
            raise NotImplementedError("Point to point distance only.")
        d = self._x - other._x
        return sqrt(d.dot(d))


    # OVERLOADS
    def __eq__(self, point):
        if not isinstance(point, Point):
            raise TypeError("Points can only equal to other points.")
        return np.array_equal(self._x, point._x)

    def __add__(self, point):
        """Addition."""
        if not isinstance(point, Point):
            raise TypeError("Points can only add to other points.")
        return Point(self._x + point._x)

    def __sub__(self, point):
        """Subtraction."""
        if not isinstance(point, Point):
            raise TypeError("Points can only subtract from other points.")
        return Point(self._x - point._x)

    def __mul__(self, c):
        """Scalar, vector multiplication."""
        if not isinstance(c, Number):
            raise TypeError("Points can only multiply scalars.")
        return Point(self._x * c)

    def __truediv__(self, c):
        """Scalar, vector division."""
        if not isinstance(c, Number):
            raise TypeError("Points can only divide scalars.")
        return Point(self._x / c)

    def __hash__(self):
        return hash(self._x[:])



class LinearEntity(Entity):
    """Base class for linear entities in 2-D Cartesian space.

    Attributes
    ----------
    p1 : Point
    p2 : Point
    vertical : bool
    horizontal : bool
    slope : scalar
    points : list
    normal : Point
    tangent : Point
    dim : scalar
    """
    def __init__(self, p1, p2):
        if not isinstance(p1, Point) or not isinstance(p2, Point):
            raise TypeError("p1 and p2 must be points")
        if p1 == p2:
            raise ValueError('Requires two unique points.')
        if p1.dim != p2.dim:
            raise ValueError('Two points must have same dimensionality.')
        self.p1 = p1
        self.p2 = p2
        self._dim = p1.dim

    def __str__(self):
        return "Edge(" + str(self.p1) + ", " + str(self.p2) + ")"

    @property
    def vertical(self):
        """True if line is vertical."""
        return self.p1.x == self.p2.x

    @property
    def horizontal(self):
        """True if line is horizontal."""
        return self.p1.y == self.p2.y

    @property
    def slope(self):
        """Return the slope of the line."""
        if self.vertical:
            return np.inf
        else:
            return ((self.p2.y - self.p1.y) /
                    (self.p2.x - self.p1.x))

    @property
    def points(self):
        """The two points used to define this linear entity."""
        return (self.p1, self.p2)

    # @property
    # def bounds(self):
    #     """Return a tuple (xmin, ymin, xmax, ymax) representing the
    #     bounding rectangle for the geometric figure.
    #     """
    #     xs = [p.x for p in self.points]
    #     ys = [p.y for p in self.points]
    #     return (min(xs), min(ys), max(xs), max(ys))

    @property
    def length(self):
        """Returns the length of the segment"""
        return self.p1.distance(self.p2)

    @property
    def tangent(self):
        """Return unit tangent vector."""
        dx = (self.p2._x - self.p1._x) / self.length
        return Point(dx)

    @property
    def normal(self):
        """Return unit normal vector."""
        dx = (self.p2._x - self.p1._x) / self.length
        R = np.array([[0, 1],
                      [-1,  0]])
        n = np.dot(R, dx)
        return Point(n)

    @property
    def numpy(self):
        """Return list representation."""
        return np.vstack((self.p1._x, self.p2._x))

    @property
    def list(self):
        """Return list representation."""
        return np.hstack((self.p1._x, self.p2._x))

    @property
    def dim(self):
        """The dimensionality of the entity"""
        return self._dim

    def translate(self, vector):
        """Translate entity along vector."""
        self.p1.translate(vector)
        self.p2.translate(vector)

    def rotate(self, theta, point=None, axis=None):
        """Rotate entity around an axis which passes through an point by theta
        radians."""
        self.p1.rotate(theta, point, axis)
        self.p2.rotate(theta, point, axis)


[docs]class Line(LinearEntity):
    """Line in 2-D cartesian space.

    It is defined by two distinct points.

    Attributes
    ----------
    p1 : Point
    p2 : Point
    """

    def __init__(self, p1, p2):
        super(Line, self).__init__(p1, p2)

    def __str__(self):
        """Return line equation."""
        if self.vertical:
            return "x = %s" % self.p1.x
        elif self.dim == 2:
            return "y = %sx + %s" % (self.slope, self.yintercept)
        else:
            A, B = self.standard
            return "%sx " % '+ '.join([str(n) for n in A]) + "= " + str(B)

    def __eq__(self, line):
        return (self.slope, self.yintercept) == (line.slope, line.yintercept)

[docs]    def intercept(self, n):
        """Calculates the intercept for the nth dimension."""
        if n > self._dim:
            return 0
        else:
            A, B = self.standard
            if A[n] == 0:
                return np.inf
            else:
                return B/A[n]


    @property
    def xintercept(self):
        """Return the x-intercept."""
        if self.horizontal:
            return np.inf
        else:
            return self.p1.x - 1 / self.slope * self.p1.y

    @property
    def yintercept(self):
        """Return the y-intercept."""
        if self.vertical:
            return np.inf
        else:
            return self.p1.y - self.slope * self.p1.x

    @property
    def standard(self):
        """Returns coeffients for the first N-1 standard equation coefficients.
        The Nth is returned separately."""
        A = np.vstack((self.p1._x, self.p2._x))
        return calc_standard(A)

[docs]    def distance(self, other):
        """Return the closest distance between entities.
        REF: http://geomalgorithms.com/a02-_lines.html"""
        if not isinstance(other, Point):
            raise NotImplementedError("Line to point distance only.")
        d = np.cross(self.tangent._x, other._x - self.p1._x)
        if self.dim > 2:
            return sqrt(d.dot(d))
        else:
            return abs(d)




# class Ray(LinearEntity):
#     """Ray in 2-D cartesian space.
#
#     It is defined by two distinct points.
#
#     Attributes
#     ----------
#     p1 : Point (source)
#     p2 : Point (point direction)
#     """
#
#     def __init__(self, p1, p2):
#         super(Ray, self).__init__(p1, p2)
#
#     @property
#     def source(self):
#         """The point from which the ray emanates."""
#         return self.p1
#
#     @property
#     def direction(self):
#         """The direction in which the ray emanates."""
#         return self.p2 - self.p1


# class Segment(LinearEntity):
#     """Segment in 2-D cartesian space.
#
#     It is defined by two distinct points.
#
#     Attributes
#     ----------
#     p1 : Point (source)
#     p2 : Point (point direction)
#     """
#
#     def __init__(self, p1, p2):
#         super(Segment, self).__init__(p1, p2)
#
#     @property
#     def midpoint(self):
#         """The midpoint of the line segment."""
#         return Point.midpoint(self.p1, self.p2)


class Curve(Entity):
    """Base class for entities whose surface can be defined by a continuous
    equation.

    Attributes
    ----------
    center : Point
    """
    def __init__(self, center):
        if not isinstance(center, Point):
            raise TypeError("center must be a Point.")
        super(Curve, self).__init__()
        self.center = center

    def translate(self, vector):
        """Translate point along vector."""
        if not isinstance(vector, (Point, list, nd.array)):
            raise TypeError("vector must be point, list, or array.")
        self.center.translate(vector)

    def rotate(self, theta, point=None, axis=None):
        """Rotate entity around an axis which passes through a point by theta
        radians."""
        self.center.rotate(theta, point, axis)


class Superellipse(Curve):
    """Superellipse in 2-D cartesian space.

    Attributes
    ----------
    center : Point
    a : scalar
    b : scalar
    n : scalar
    """

    def __init__(self, center, a, b, n):
        super(Superellipse, self).__init__(center)
        self.a = float(a)
        self.b = float(b)
        self.n = float(n)

    @property
    def list(self):
        """Return list representation."""
        return [self.center.x, self.center.y, self.a, self.b, self.n]

    def scale(self, val):
        """Scale."""
        self.a *= val
        self.b *= val


class Ellipse(Superellipse):
    """Ellipse in 2-D cartesian space.

    Attributes
    ----------
    center : Point
    a : scalar
    b : scalar
    """

    def __init__(self, center, a, b):
        super(Ellipse, self).__init__(center, a, b, 2)

    @property
    def list(self):
        """Return list representation."""
        return [self.center.x, self.center.y, self.a, self.b]

    @property
    def area(self):
        """Return area."""
        return np.pi * self.a * self.b

    def scale(self, val):
        """Scale."""
        self.a *= val
        self.b *= val


[docs]class Circle(Curve):
    """Circle in 2-D cartesian space.

    Attributes
    ----------
    center : Point
        Defines the center point of the circle.
    radius : scalar
        Radius of the circle.
    """

    def __init__(self, center, radius):
        super(Circle, self).__init__(center)
        self.radius = float(radius)

    def __str__(self):
        """Return analytical equation."""
        return "(x-%s)^2 + (y-%s)^2 = %s^2" % (self.center.x, self.center.y,
                                               self.radius)

    def __eq__(self, circle):
        return ((self.x, self.y, self.radius) ==
                (circle.x, circle.y, circle.radius))

    @property
    def list(self):
        """Return list representation for saving to files."""
        return [self.center.x, self.center.y, self.radius]

    @property
    def circumference(self):
        """Return circumference."""
        return 2 * np.pi * self.radius

    @property
    def diameter(self):
        """Return diameter."""
        return 2 * self.radius

    @property
    def area(self):
        """Return area."""
        return np.pi * self.radius**2

    @property
    def patch(self):
        return plt.Circle((self.center.x, self.center.y), self.radius)

[docs]    def scale(self, val):
        """Scale."""
        raise NotImplementedError

        # self.center.scale(val)
        # self.rad *= val

[docs]    def contains(self, points):
        if isinstance(points, Point):
            x = p._x
        elif isinstance(points, np.ndarray):
            x = points
        else:
            raise TypeError("P must be point or ndarray")

        return np.sum((x - self.center._x)**2, axis=1) <= self.radius**2




[docs]class Polygon(Entity):
    """A convex polygon in 2-D cartesian space.

    It is defined by a number of distinct points.

    Attributes
    ----------
    vertices : sequence of Points
    """

    def __init__(self, vertices):
        for v in vertices:
            if not isinstance(v, Point):
                raise TypeError("vertices must be of type Point.")
        super(Polygon, self).__init__()
        self.vertices = vertices
        self._dim = vertices[0].dim

    def __str__(self):
        return "Polygon(" + str(self.numpy) + ")"
    # return "Polygon(%s" % ', '.join([str(n) for n in self.vertices]) + ")"

    @property
    def numverts(self):
        return len(self.vertices)

    @property
    def list(self):
        """Return list representation."""
        lst = []
        for m in range(self.numverts):
            lst.append(self.vertices[m].list)
        return lst

    @property
    def numpy(self):
        """Return Numpy representation."""
        points = np.empty([self.numverts, self.dim])
        for m in range(self.numverts):
            points[m] = self.vertices[m]._x
        return points

    @property
    def area(self):
        """Return the area of the entity."""
        raise NotImplementedError

    @property
    def perimeter(self):
        """Return the perimeter of the entity."""
        perimeter = 0
        verts = self.vertices
        points = verts + [verts[0]]
        for m in range(self.numverts):
            perimeter += points[m].distance(points[m + 1])
        return perimeter

    @property
    def bounds(self):
        """Return a tuple (xmin, ymin, xmax, ymax) representing the
        bounding rectangle for the geometric figure.
        """
        xs = [p.x for p in self.vertices]
        ys = [p.y for p in self.vertices]
        return (min(xs), min(ys), max(xs), max(ys))

    @property
    def patch(self):
        return plt.Polygon(self.numpy)

[docs]    def translate(self, vector):
        """Translate polygon."""
        for v in self.vertices:
            v.translate(vector)


[docs]    def rotate(self, theta, point=None, axis=None):
        """Rotate entity around an axis which passes through a point by theta
        radians."""
        for v in self.vertices:
            v.rotate(theta, point, axis)


[docs]    def contains(self, points):
        if isinstance(points, Point):
            x = p._x
        elif isinstance(points, np.ndarray):
            x = points
        else:
            raise TypeError("P must be point or ndarray")

        border = Path(self.numpy)
        return border.contains_points(points)


    @cached_property
    def half_space(self):
        """Returns the half space polytope respresentation of the polygon."""
        assert(self.dim > 0), self.dim
        A = np.ndarray((self.numverts, self.dim))
        B = np.ndarray(self.numverts)

        for i in range(0, self.numverts):
            edge = Line(self.vertices[i], self.vertices[(i+1) % self.numverts])
            A[i, :], B[i] = edge.standard

            # test for positive or negative side of line
            if self.center._x.dot(A[i, :]) > B[i]:
                A[i, :] = -A[i, :]
                B[i] = -B[i]

        p = pt.Polytope(A, B)
        return p



[docs]class Triangle(Polygon):
    """Triangle in 2-D cartesian space.

    It is defined by three distinct points.
    """

    def __init__(self, p1, p2, p3):
        super(Triangle, self).__init__([p1, p2, p3])

    def __str__(self):
        return "Triangle(" + str(self.numpy) + ")"

    @property
    def center(self):
        center = Point([0, 0])
        for v in self.vertices:
            center += v
        return center / 3

    @property
    def area(self):
        A = self.vertices[0] - self.vertices[1]
        B = self.vertices[0] - self.vertices[2]
        return 1/2 * np.abs(np.cross([A.x, A.y], [B.x, B.y]))



[docs]class Rectangle(Polygon):
    """Rectangle in 2-D cartesian space.

    It is defined by four distinct points.
    """

    def __init__(self, p1, p2, p3, p4):
        super(Rectangle, self).__init__([p1, p2, p3, p4])

    def __str__(self):
        return "Rectangle(" + str(self.numpy) + ")"

    @property
    def center(self):
        center = Point([0, 0])
        for v in self.vertices:
            center += v
        return center / 4

    @property
    def area(self):
        return (self.vertices[0].distance(self.vertices[1]) *
                self.vertices[1].distance(self.vertices[2]))



[docs]class Square(Rectangle):
    """Square in 2-D cartesian space.

    It is defined by a center and a side length.
    """

    def __init__(self, center, side_length):
        if not isinstance(center, Point):
            raise TypeError("center must be of type Point.")
        if side_length <= 0:
            raise ValueError("side_length must be greater than zero.")

        s = side_length/2
        p1 = Point([center.x + s, center.y + s])
        p2 = Point([center.x - s, center.y + s])
        p3 = Point([center.x - s, center.y - s])
        p4 = Point([center.x + s, center.y - s])
        super(Square, self).__init__(p1, p2, p3, p4)

    def __str__(self):
        return "Square(" + str(self.numpy) + ")"



[docs]class Mesh(Entity):
    """A mesh object. It is a collection of polygons"""

    def __init__(self, obj=None):
        self.faces = []
        self.area = 0
        self.population = 0
        self.radius = 0

        if obj is not None:
            self.import_triangle(obj)

    def __str__(self):
        return "Mesh(" + str(self.center) + ")"

[docs]    def import_triangle(self, obj):
        """Loads mesh data from a Python Triangle dict.
        """
        for face in obj['triangles']:
            p0 = Point(obj['vertices'][face[0], 0],
                       obj['vertices'][face[0], 1])
            p1 = Point(obj['vertices'][face[1], 0],
                       obj['vertices'][face[1], 1])
            p2 = Point(obj['vertices'][face[2], 0],
                       obj['vertices'][face[2], 1])
            t = Triangle(p0, p1, p2)
            self.append(t)


    @property
    def center(self):
        center = Point([0, 0])
        if self.area > 0:
            for f in self.faces:
                center += f.center * f.area
            center /= self.area
        return center

[docs]    def append(self, t):
        """Add a triangle to the mesh."""
        assert(isinstance(t, Polygon))
        self.population += 1
        # self.center = ((self.center * self.area + t.center * t.area) /
        #                (self.area + t.area))
        self.area += t.area
        for v in t.vertices:
            self.radius = max(self.radius, self.center.distance(v))
        self.faces.append(t)


[docs]    def pop(self, i=-1):
        """Pop i-th triangle from the mesh."""
        self.population -= 1
        self.area -= self.faces[i].area
        try:
            del self.__dict__['center']
        except KeyError:
            pass
        return self.faces.pop(i)


[docs]    def translate(self, vector):
        """Translate entity."""
        for t in self.faces:
            t.translate(vector)


[docs]    def rotate(self, theta, point=None, axis=None):
        """Rotate entity around an axis which passes through a point by theta
        radians."""
        for t in self.faces:
            t.rotate(theta, point, axis)


[docs]    def scale(self, vector):
        """Scale entity."""
        for t in self.faces:
            t.scale(vector)


[docs]    def contains(self, points):
        if isinstance(points, Point):
            x = p._x
        elif isinstance(points, np.ndarray):
            x = points
        else:
            raise TypeError("P must be point or ndarray")

        bools = np.full(x.shape[0], False, dtype=bool)
        for f in self.faces:
            bools = np.logical_or(bools, f.contains(x))
        return bools


    @property
    def patch(self):
        patches = []
        for f in self.faces:
            patches.append(f.patch)
        return patches

    @cached_property
    def half_space(self):
        regions = []
        for face in self.faces:
            regions.append(face.half_space)
        return pt.Region(regions)



def calc_standard(A):
    """Returns the standard equation (c0*x = c1) coefficents for the hyper-plane
    defined by the row-wise ND points in A. Uses single value decomposition
    (SVD) to solve the coefficents for the homogenous equations.

    Parameters
    ----------
    points : 2Darray
        Each row is an ND point.

    Returns
    ----------
    c0 : 1Darray
        The first N coeffients for the hyper-plane
    c1 : 1Darray
        The last coefficient for the hyper-plane
    """
    if not isinstance(A, np.ndarray):
        raise TypeError("A must be np.ndarray")

    if A.ndim == 1:  # Special case for 1D
        return np.array([1]), A
    if A.ndim != 2 or A.shape[0] != A.shape[1]:
        raise ValueError("A must be 2D square.")

    # Add coordinate for last coefficient
    A = np.pad(A, ((0, 0), (0, 1)), 'constant', constant_values=1)

    atol = 1e-16
    rtol = 0
    u, s, vh = np.linalg.svd(A)
    tol = max(atol, rtol * s[0])
    nnz = (s >= tol).sum()
    ns = vh[nnz:].conj().T

    c = ns.squeeze()

    return c[0:-1], -c[-1]


def beamintersect(beam, geometry):
    """Intersection area of infinite beam with a geometry"""
    if isinstance(geometry, Mesh):
        return beammesh(beam, geometry)
    elif isinstance(geometry, Polygon):
        return beampoly(beam, geometry)
    elif isinstance(geometry, Circle):
        return beamcirc(beam, geometry)
    else:
        raise NotImplementedError


def beammesh(beam, mesh):
    """Intersection area of infinite beam with polygonal mesh"""
    return beam.half_space.intersect(mesh.half_space).volume


def beampoly(beam, poly):
    """Intersection area of an infinite beam with a polygon"""
    return beam.half_space.intersect(poly.half_space).volume


def beamcirc(beam, circle):
    """Intersection area of a Beam (line with finite thickness) and a circle.

    Reference
    ---------
    Glassner, A. S. (Ed.). (2013). Graphics gems. Elsevier.

    Parameters
    ----------
    beam : Beam
    circle : Circle

    Returns
    -------
    a : scalar
        Area of the intersected region.
    """
    r = circle.radius
    w = beam.size/2
    p = beam.distance(circle.center)
    assert(p >= 0)

    # print("BEAMCIRC r = %f, w = %f, p = %f" % (r, w, p), end="")

    if w == 0 or r == 0:
        return 0

    if w < r:
        if p < w:
            f = 1 - halfspacecirc(w - p, r) - halfspacecirc(w + p, r)
        elif p < r - w:  # and w <= p
            f = halfspacecirc(p - w, r) - halfspacecirc(w + p, r)
        else:  # r - w <= p
            f = halfspacecirc(p - w, r)
    else:  # w >= r
        if p < w:
            f = 1 - halfspacecirc(w - p, r)
        else:  # w <= pd
            f = halfspacecirc(p - w, r)

    a = np.pi * r**2 * f
    assert(a >= 0), a
    # print()
    return a


def halfspacecirc(d, r):
    """Area of intersection between circle and half-plane. Returns the smaller
    fraction of a circle split by a line d units away from the center of the
    circle.

    Reference
    ---------
    Glassner, A. S. (Ed.). (2013). Graphics gems. Elsevier.

    Parameters
    ----------
    d : scalar
        The distance from the line to the center of the circle
    r : scalar
        The radius of the circle

    Returns
    -------
    f : scalar
        The proportion of the circle in the smaller half-space
    """
    assert(r > 0), "The radius must positive"
    assert(d >= 0), "The distance must be positive or zero."

    if d >= r:  # The line is too far away to overlap!
        return 0

    f = 0.5 - d*sqrt(r**2 - d**2)/(np.pi*r**2) - asin(d/r)/np.pi

    # Returns the smaller fraction of the circle, so it can be at most 1/2.
    try:
        assert(0 <= f and f <= 0.5), f
    except:
        RuntimeWarning("halfspacecirc was out of bounds, %f" % f)
        f = 0
    return f
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  Source code for xdesign.feature

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

from xdesign.geometry import *
import logging

logger = logging.getLogger(__name__)

__author__ = "Daniel Ching, Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['Feature']


[docs]class Feature(object):
    '''A geometric region(s) and associated materials properti(es).
    Properties and geometry can be manipulated from this level, but rendering
    must access the geometry directly.

    Attributes
    ----------------
    geometry : Entity
        Defines a region where the properties are valid.
    mass_atten : scalar
        The mass attenuation coefficient of the Feature.
    '''
    def __init__(self, geometry, mass_atten=1):
        if not isinstance(geometry, Entity):
            raise TypeError("Feature must have a defined region.")
        self.geometry = geometry
        self.mass_atten = mass_atten

[docs]    def add_property(self, name, function):
        """Adds a property by name to the Feature.
        NOTE: Properties added here are not cached because they are probably
        never called with the same parameters ever or the property is static
        so it doesnt need caching.
        """
        setattr(self, name, function)


    @property
    def center(self):
        """Returns the centroid of the feature."""
        return self.geometry.center

    @property
    def radius(self):
        """Returns the radius of the smallest boundary circle"""
        return self.geometry.radius

    @property
    def area(self):
        """Returns the total surface area of the feature"""
        return self.geometry.area

    @property
    def volume(self):
        """Returns the volume of the feature"""
        return self.geometry.volume

[docs]    def translate(self, x, y):
        """Translate feature geometry. Translating property functions is not
        supported."""
        self.geometry.translate(x, y)


[docs]    def rotate(self, theta, p, axis=None):
        """Rotate feature geometry around a line. Rotating property
        functions is not supported."""
        self.geometry.rotate(theta, p)
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  Source code for xdesign.acquisition

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

import numpy as np
from numbers import Number
from xdesign.geometry import *
from xdesign.geometry import beamintersect, beamcirc
import logging
import polytope as pt
from copy import copy

logger = logging.getLogger(__name__)


__author__ = "Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['Beam',
           'Probe',
           'sinogram',
           'angleogram',
           'raster_scan',
           'angle_scan']


[docs]class Beam(Line):
    """Beam (thick line) in 2-D cartesian space.

    It is defined by two distinct points.

    Attributes
    ----------
    p1 : Point
    p2 : Point
    size : scalar, optional
        Size of the beam.
    """

    def __init__(self, p1, p2, size=0):
        if not isinstance(size, Number):
            raise TypeError("Size must be scalar.")
        super(Beam, self).__init__(p1, p2)
        self.size = float(size)

    def __str__(self):
        return "Beam(" + super(Beam, self).__str__() + ")"

    @property
    def half_space(self):
        """Returns the half space polytope respresentation of the infinite
        beam."""
        # add half beam width along the normal direction to each of the points
        half = self.normal * self.size / 2
        edges = [Line(self.p1 + half, self.p2 + half),
                 Line(self.p1 - half, self.p2 - half)]

        A = np.ndarray((len(edges), self.dim))
        B = np.ndarray(len(edges))

        for i in range(0, 2):
            A[i, :], B[i] = edges[i].standard

            # test for positive or negative side of line
            if np.einsum('i, i', self.p1._x, A[i, :]) > B[i]:
                A[i, :] = -A[i, :]
                B[i] = -B[i]

        p = pt.Polytope(A, B)
        return p



[docs]class Probe(Beam):

    def __init__(self, p1, p2, size=0):
        super(Probe, self).__init__(p1, p2, size)
        self.history = []

[docs]    def translate(self, dx):
        """Translates beam along its normal direction."""
        vec = self.normal * dx
        self.p1 += vec
        self.p2 += vec


[docs]    def measure(self, phantom, noise=False):
        """Return the probe measurement given phantom. When noise is > 0,
        poisson noise is added to the returned measurement."""
        newdata = 0
        for m in range(phantom.population):
            # print("%s Measure feature %i" % (str(self), m))
            newdata += (beamintersect(self, phantom.feature[m].geometry) *
                        phantom.feature[m].mass_atten)
        if noise > 0:
            newdata += newdata * noise * np.random.poisson(1)
        self.record()
        return newdata


[docs]    def record(self):
        self.history.append(self.list)




[docs]def sinogram(sx, sy, phantom, noise=False):
    """Generates sinogram given a phantom.

    Parameters
    ----------
    sx : int
        Number of rotation angles.
    sy : int
        Number of detection pixels (or sample translations).
    phantom : Phantom

    Returns
    -------
    ndarray
        Sinogram.
    """
    scan = raster_scan(sx, sy)
    sino = np.zeros((sx, sy))
    for m in range(sx):
        for n in range(sy):
            sino[m, n] = next(scan).measure(phantom, noise)
    return sino



[docs]def angleogram(sx, sy, phantom, noise=False):
    """Generates angleogram given a phantom.

    Parameters
    ----------
    sx : int
        Number of rotation angles.
    sy : int
        Number of detection pixels (or sample translations).
    phantom : Phantom

    Returns
    -------
    ndarray
        Angleogram.
    """
    scan = angle_scan(sx, sy)
    angl = np.zeros((sx, sy))
    for m in range(sx):
        for n in range(sy):
            angl[m, n] = next(scan).measure(phantom, noise)
    return angl



[docs]def raster_scan(sx, sy):
    """Provides a beam list for raster-scanning.

    Parameters
    ----------
    sx : int
        Number of rotation angles.
    sy : int
        Number of detection pixels (or sample translations).

    Yields
    ------
    Probe
    """
    # Step size of the probe.
    step = 1. / sy

    # Step size of the rotation angle.
    theta = np.pi / sx

    # Fixed probe location.
    p = Probe(Point([step / 2., -10]), Point([step / 2., 10]), step)

    for m in range(sx):
        for n in range(sy):
            yield copy(p)
            p.translate(step)
        p.translate(-1)
        p.rotate(theta, Point([0.5, 0.5]))



[docs]def angle_scan(sx, sy):
    """Provides a beam list for raster-scanning.

    Parameters
    ----------
    sx : int
        Number of rotation angles.
    sy : int
        Number of detection pixels (or sample translations).

    Yields
    ------
    Probe
    """
    # Step size of the probe.
    step = 0.1 / sy

    # Fixed rotation points.
    p1 = Point([0, 0.5])
    p2 = Point([0.5, 0.5])

    # Step size of the rotation angle.
    beta = np.pi / (sx + 1)
    alpha = np.pi / sy

    # Fixed probe location.
    p = Probe(Point([step / 2., -10]), Point([step / 2., 10]), step)

    for m in range(sx):
        for n in range(sy):
            yield p
            p.rotate(-alpha, p1)
        p.rotate(np.pi, p1)
        p1.rotate(-beta, p2)
        p.rotate(-beta, p2)
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  Source code for xdesign.metrics

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

from xdesign.material import HyperbolicConcentric, UnitCircle

import scipy.ndimage
import logging
import warnings
import itertools
import numpy as np
import matplotlib.pyplot as plt

from scipy import optimize
from scipy.stats import norm, exponnorm, expon, ttest_ind
from phasepack import phasecongmono as _phasecongmono

logger = logging.getLogger(__name__)

__author__ = "Daniel Ching, Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['ImageQuality',
           'probability_mask',
           'compute_quality',
           'compute_PCC',
           'compute_likeness',
           'compute_background_ttest',
           'compute_mtf',
           'compute_nps',
           'compute_neq',
           'compute_mtf_siemens']


def compute_mtf2(phantom, image):
    """Approximates the modulation tranfer function using the
    HyperbolicCocentric phantom. Calculates the MTF from the modulation depth
    at each edge on the line from (0.5,0.5) to (0.5,1). MTF = (hi-lo)/(hi+lo)

    This method rapidly becomes inaccurate at small wavelenths because the
    measurement gets out of phase with the waves due to rounding error. It
    should be replaced with a method that fits a decaying damped cylindrical
    sine function.

    Parameters
    ---------------
    phantom : HyperbolicConcentric
        Predefined phantom of cocentric rings whose widths decay parabolically.
    image : ndarray
        The reconstruction of the above phantom.

    Returns
    --------------
    wavelength : list
        wavelenth in the scale of the original phantom
    MTF : list
        MTF values
    """
    if not isinstance(phantom, HyperbolicConcentric):
        raise TypeError

    center = int(image.shape[0] / 2)  # assume square shape
    radii = np.array(phantom.radii) * image.shape[0]
    widths = np.array(phantom.widths) * image.shape[0]

    # plt.figure()
    # plt.plot(image[int(center),:])
    # plt.show(block=True)

    MTF = []
    for i in range(1, len(widths) - 1):
        # Locate the edge between rings in the discrete reconstruction.
        mid = int(center + radii[i])  # middle of edge
        rig = int(mid + widths[i + 1])  # right boundary
        lef = int(mid - widths[i + 1])  # left boundary
        # print(lef,mid,rig)

        # Stop when the waves are below the size of a pixel
        if rig == mid or lef == mid:
            break

        # Calculate MTF at the edge
        hi = np.sum(image[center, lef:mid])
        lo = np.sum(image[center, mid:rig])
        MTF.append(abs(hi - lo) / (hi + lo))

        # plt.figure()
        # plt.plot(image[int(center),int(lef):int(rig)])
        # plt.show(block=True)

    wavelength = phantom.widths[1:-1]
    return wavelength, MTF


[docs]def compute_mtf(phantom, image, Ntheta=4):
    '''Uses method described in Friedman et al to calculate the MTF.

    Parameters
    ---------------
    phantom : UnitCircle
        Predefined phantom with single circle whose radius is less than 0.5.
    image : ndarray
        The reconstruction of the above phantom.
    Ntheta : scalar
        The number of directions at which to calculate the MTF.

    Returns
    --------------
    wavenumber : ndarray
        wavelenth in the scale of the original phantom
    MTF : ndarray
        MTF values
    bin_centers : ndarray
        the center of the bins if Ntheta >= 1

    References
    ---------------
    S. N. Friedman, G. S. K. Fung, J. H. Siewerdsen, and B. M. W. Tsui.  "A
    simple approach to measure computed tomography (CT) modulation transfer
    function (MTF) and noise-power spectrum (NPS) using the American College
    of Radiology (ACR) accreditation phantom," Med. Phys. 40, 051907-1 -
    051907-9 (2013). http://dx.doi.org/10.1118/1.4800795
    '''
    if not isinstance(phantom, UnitCircle):
        raise TypeError('MTF requires unit circle phantom.')
    if phantom.feature[0].radius >= 0.5:
        raise ValueError('Radius of the phantom should be less than 0.5.')
    if Ntheta <= 0:
        raise ValueError('Must calculate MTF in at least one direction.')
    if not isinstance(image, np.ndarray):
        raise TypeError('image must be numpy.ndarray')

    # convert pixel coordinates to length coordinates
    x = y = (np.arange(0, image.shape[0]) / image.shape[0] - 0.5)
    X, Y = np.meshgrid(x, y)
    # calculate polar coordinates for each position
    R = np.sqrt(X**2 + Y**2)
    Th = np.arctan2(Y, X)
    # print(x)

    # Normalize the data to [0,1)
    x_circle = np.mean(image[R < phantom.feature[0].radius - 0.01])
    x_air = np.mean(image[R > phantom.feature[0].radius + 0.01])
    # print(x_air)
    # print(x_circle)
    image = (image - x_air) / (x_circle - x_air)
    image[image < 0] = 0
    image[image > 1] = 1

    # [length] (R is already converted to length)
    R_bin_width = 1 / image.shape[0]
    R_bins = np.arange(0, np.max(R), R_bin_width)
    # print(R_bins)

    Th_bin_width = 2 * np.pi / Ntheta  # [radians]
    Th_bins = np.arange(-Th_bin_width / 2, 2 * np.pi -
                        Th_bin_width / 2, Th_bin_width)
    Th[Th < -Th_bin_width / 2] = 2 * np.pi + Th[Th < -Th_bin_width / 2]
    # print(Th_bins)

    # data with radius falling within a given bin are averaged together for a
    # low noise approximation of the ESF at the given radius
    ESF = np.empty([Th_bins.size, R_bins.size])
    ESF[:] = np.NAN
    count = np.zeros([Th_bins.size, R_bins.size])
    for r in range(0, R_bins.size):
        Rmask = R_bins[r] <= R
        if r + 1 < R_bins.size:
            Rmask = np.bitwise_and(Rmask, R < R_bins[r + 1])

        for th in range(0, Th_bins.size):
            Tmask = Th_bins[th] <= Th
            if th + 1 < Th_bins.size:
                Tmask = np.bitwise_and(Tmask, Th < Th_bins[th + 1])

            # average all the counts for equal radii
            # TODO: Determine whether count is actually needed. It could be
            # replaced with np.mean
            mask = np.bitwise_and(Tmask, Rmask)
            count[th, r] = np.sum(mask)
            if 0 < count[th, r]:  # some bins may be empty
                ESF[th, r] = np.sum(image[mask]) / count[th, r]

    while np.sum(np.isnan(ESF)):  # smooth over empty bins
        ESF[np.isnan(ESF)] = ESF[np.roll(np.isnan(ESF), -1)]

    # plt.figure()
    # for i in range(0,ESF.shape[0]):
    #    plt.plot(ESF[i,:])
    # plt.xlabel('radius');
    # plt.title('ESF')

    LSF = -np.diff(ESF, axis=1)

    # trim the LSF so that the edge is in the center of the data
    edge_center = int(phantom.feature[0].radius / R_bin_width)
    # print(edge_center)
    pad = int(LSF.shape[1] / 5)
    LSF = LSF[:, edge_center - pad:edge_center + pad + 1]
    # print(LSF)
    LSF_weighted = LSF * np.hanning(LSF.shape[1])

    # plt.figure()
    # for i in range(0,LSF.shape[0]):
    #    plt.plot(LSF[i,:])
    # plt.xlabel('radius');
    # plt.title('LSF')
    # plt.show(block=True)

    # Calculate the MTF
    T = np.fft.fftshift(np.fft.fft(LSF_weighted))
    faxis = (np.arange(0, LSF.shape[1]) / LSF.shape[1] - 0.5) / R_bin_width
    nyquist = 0.5*image.shape[0]

    MTF = np.abs(T)
    bin_centers = Th_bins + Th_bin_width/2

    return faxis, MTF, bin_centers



[docs]def compute_mtf_siemens(phantom, image):
    """Calculates the MTF using the modulated Siemens Star method in
    Loebich et al. (2007).

    parameters
    ----------
    phantom : SiemensStar
    image : ndarray
        The reconstruciton of the SiemensStar

    returns
    -------
    frequency : array
        The spatial frequency in cycles per unit length
    M : array
        The MTF values for each frequency
    """
    # Determine which radii to sample. Do not sample linearly because the
    # spatial frequency changes as 1/r
    Nradii = 100
    Nangles = 256
    pradii = 1/1.05**np.arange(1, Nradii)  # proportional radii of the star

    line, theta = get_line_at_radius(image, pradii, Nangles)
    M = fit_sinusoid(line, theta, phantom.n_sectors/2)

    # convert from contrast as a function of radius to contrast as a function
    # of spatial frequency
    frequency = phantom.ratio/pradii

    return frequency, M



def get_line_at_radius(image, fradius, N):
    """Returns an Nx1 array of the values of the image at a radius.

    parameters
    ----------
    image: ndarray
        A centered image of the seimens star.
    fradius: float, Mx1 ndarray
        The radius(i) fractions of the image at which to extract the line.
        Given as a float in the range (0, 1)
    N: integer > 0
        the number of points to sample around the circumference of the circle

    Returns
    -------
    line : NxM ndarray
        the values from image at the radius
    theta : Nx1 ndarray
        the angles that were sampled in radians
    """
    if image.shape[0] != image.shape[1]:
        raise ValueError('image must be square.')
    if np.any(0 >= fradius) or np.any(fradius >= 1):
        raise ValueError('fradius must be in the range (0, 1)')
    if N < 1:
        raise ValueError('Sampling less than 1 point is not useful.')

    # add singleton dimension to enable matrix multiplication
    fradius = np.expand_dims(np.array(fradius), 0)
    M = fradius.size

    # calculate the angles to sample
    theta = np.expand_dims((np.arange(0, N)/N) * 2 * np.pi, 1)

    # convert the angles to xy coordinates
    x = fradius*np.cos(theta)
    y = fradius*np.sin(theta)

    # round to nearest integer location and shift to center
    image_half = image.shape[0]/2
    x = np.round((x + 1) * image_half)
    y = np.round((y + 1) * image_half)

    # extract from image
    line = image[x.astype(int), y.astype(int)]

    assert(line.shape == (N, M)), line.shape
    assert(theta.shape == (N, 1)), theta.shape
    return line, theta


def fit_sinusoid(value, angle, f, p0=[0.5, 0.25, 0.25]):
    """Fits a periodic function of known frequency, f, to the value and angle
    data. value = Func(angle, f). NOTE: Because the fiting function is
    sinusoidal instead of square, contrast values larger than unity are clipped
    back to unity.

    parameters
    ----------
    value : NxM ndarray
        The value of the function at N angles and M radii
    angle : Nx1 ndarray
        The N angles at which the function was sampled
    f : scalar
        The expected angular frequency; the number of black/white pairs in
        the siemens star. i.e. half the number of spokes
    p0 : list, optional
        The initial guesses for the parameters.

    returns:
    --------
    MTFR: 1xM ndarray
        The modulation part of the MTF at each of the M radii
    """
    M = value.shape[1]

    # Distance to the target function
    def errorfunc(p, x, y): return periodic_function(p, x) - y

    time = np.linspace(0, 2*np.pi, 100)

    MTFR = np.ndarray((1, M))
    x = (f*angle).squeeze()
    for radius in range(0, M):
        p1, success = optimize.leastsq(errorfunc, p0[:],
                                       args=(x, value[:, radius]))

        # print(success)
        # plt.figure()
        # plt.plot(angle, value[:, radius], "ro",
        #          time, periodic_function(p1, f*time), "r-")

        MTFR[:, radius] = np.sqrt(p1[1]**2 + p1[2]**2)/p1[0]

    # cap the MTF at unity
    MTFR[MTFR > 1.] = 1.
    assert(not np.any(MTFR < 0)), MTFR
    assert(MTFR.shape == (1, M)), MTFR.shape
    return MTFR


def periodic_function(p, x):
    """periodic function for fitting to the spokes of the Siemens Star.

    parameters
    ----------
    p[0] : scalar
        the mean of the function
    p[1], p[2] : scalar
        the amplitudes of the function
    x : Nx1 ndarray
        the angular frequency multiplied by the angles for the function.
        w * theta
    w : scalar
        the angular frequency; the number of black/white pairs in the siemens
        star. i.e. half the number of spokes
    theta : Nx1 ndarray
        input angles for the function

    returns
    -------
    value : Nx1 array
        the values of the function at phi; cannot return NaNs.
    """
    # x = w * theta
    value = p[0] + p[1] * np.sin(x) + p[2] * np.cos(x)
    assert(value.shape == x.shape), (value.shape, theta.shape)
    assert(not np.any(np.isnan(value)))
    return value



[docs]def compute_nps(phantom, A, B=None, plot_type='frequency'):
    '''Calculates the noise power spectrum from a unit circle image. The peak
    at low spatial frequency is probably due to aliasing. Invesigation into
    supressing this peak is necessary.

    References
    ---------------
    S. N. Friedman, G. S. K. Fung, J. H. Siewerdsen, and B. M. W. Tsui.  "A
    simple approach to measure computed tomography (CT) modulation transfer
    function (MTF) and noise-power spectrum (NPS) using the American College
    of Radiology (ACR) accreditation phantom," Med. Phys. 40, 051907-1 -
    051907-9 (2013). http://dx.doi.org/10.1118/1.4800795

    Parameters
    ----------
    phantom : UnitCircle
        The unit circle phantom.
    A : ndarray
        The reconstruction of the above phantom.
    B : ndarray
        The reconstruction of the above phantom with different noise. This
        second reconstruction enables allows use of trend subtraction instead
        of zero mean normalization.
    plot_type : string
        'histogram' returns a plot binned by radial coordinate wavenumber
        'frequency' returns a wavenumber vs wavenumber plot

    returns
    -------
    bins :
        Bins for the radially binned NPS
    counts :
        NPS values for the radially binned NPS
    X, Y :
        Frequencies for the 2D frequency plot NPS
    NPS : 2Darray
        the NPS for the 2D frequency plot
    '''
    if not isinstance(phantom, UnitCircle):
        raise TypeError('NPS requires unit circle phantom.')
    if not isinstance(A, np.ndarray):
        raise TypeError('A must be numpy.ndarray.')
    if not isinstance(B, np.ndarray):
        raise TypeError('B must be numpy.ndarray.')
    if A.shape != B.shape:
        raise ValueError('A and B must be the same size!')
    if not (plot_type == 'frequency' or plot_type == 'histogram'):
        raise ValueError("plot type must be 'frequency' or 'histogram'.")

    image = A
    if B is not None:
        image = image - B

    # plt.figure()
    # plt.imshow(image, cmap='inferno',interpolation="none")
    # plt.colorbar()
    # plt.show(block=True)

    resolution = image.shape[0]  # [pixels/length]
    # cut out uniform region (square circumscribed by unit circle)
    i_half = int(image.shape[0] / 2)  # half image
    # half of the square inside the circle
    s_half = int(image.shape[0] * phantom.feature[0].radius / np.sqrt(2))
    unif_region = image[i_half - s_half:i_half +
                        s_half, i_half - s_half:i_half + s_half]

    # zero-mean normalization
    unif_region = unif_region - np.mean(unif_region)

    # 2D fourier-transform
    unif_region = np.fft.fftshift(np.fft.fft2(unif_region))
    # squared modulus / squared complex norm
    NPS = np.abs((unif_region))**2  # [attenuation^2]

    # Calculate axis labels
    # TODO@dgursoy is this frequency scaling correct?
    x = y = (np.arange(0, unif_region.shape[0]) /
             unif_region.shape[0] - 0.5) * image.shape[0]
    X, Y = np.meshgrid(x, y)
    # print(x)

    if plot_type == 'histogram':
        # calculate polar coordinates for each position
        R = np.sqrt(X**2 + Y**2)
        # Theta = nothing; we are averaging radial contours

        bin_width = 1  # [length] (R is already converted to length)
        bins = np.arange(0, np.max(R), bin_width)
        # print(bins)
        counts = np.zeros(bins.shape)
        for i in range(0, bins.size):
            if i < bins.size - 1:
                mask = np.bitwise_and(bins[i] <= R, R < bins[i + 1])
            else:
                mask = R >= bins[i]
            # average all the counts for equal radii
            if 0 < np.sum(mask):  # some bins may be empty
                counts[i] = np.mean(NPS[mask])

        return bins, counts

    elif plot_type == 'frequency':
        return X, Y, NPS



[docs]def compute_neq(phantom, A, B):
    '''Calculates the NEQ according to recommendations by JT Dobbins.

    Parameters
    ----------
    phantom : UnitCircle
        The unit circle class with radius less than 0.5
    A : ndarray
        The reconstruction of the above phantom.
    B : ndarray
        The reconstruction of the above phantom with different noise. This
        second reconstruction enables allows use of trend subtraction instead
        of zero mean normalization.

    Returns
    -------
    mu_b :
        The spatial frequencies
    NEQ :
        the Noise Equivalent Quanta
    '''
    mu_a, NPS = compute_nps(phantom, A, B, plot_type='histogram')
    mu_b, MTF, bins = compute_mtf(phantom, A, Ntheta=1)

    # remove negative MT
    MTF = MTF[:, mu_b > 0]
    mu_b = mu_b[mu_b > 0]

    # bin the NPS data to match the MTF data
    NPS_binned = np.zeros(MTF.shape)
    for i in range(0, mu_b.size):
        bucket = mu_b[i] < mu_a
        if i + 1 < mu_b.size:
            bucket = np.logical_and(bucket, mu_a < mu_b[i+1])

        if NPS[bucket].size > 0:
            NPS_binned[0, i] = np.sum(NPS[bucket])

    NEQ = MTF/np.sqrt(NPS_binned)  # or something similiar

    return mu_b, NEQ



[docs]def probability_mask(phantom, size, ratio=8, uniform=True):
    """Returns the probability mask for each phase in the phantom.

    Parameters
    ------------
    size : scalar
        The side length in pixels of the resulting square image.
    ratio : scalar, optional
        The discretization works by drawing the shapes in a larger space
        then averaging and downsampling. This parameter controls how many
        pixels in the larger representation are averaged for the final
        representation. e.g. if ratio = 8, then the final pixel values
        are the average of 64 pixels.
    uniform : boolean, optional
        When set to False, changes the way pixels are averaged from a
        uniform weights to gaussian weights.

    Returns
    ------------
    image : list of numpy.ndarray
        A list of float masks for each phase in the phantom.
    """

    # Make a higher resolution grid to sample the continuous space
    _x = np.arange(0, 1, 1 / size / ratio)
    _y = np.arange(0, 1, 1 / size / ratio)
    px, py = np.meshgrid(_x, _y)

    phases = {0}  # tracks what values exist in this phantom

    # Draw the shapes to the higher resolution grid
    image = np.zeros((size * ratio, size * ratio), dtype=np.float)
    for m in range(phantom.population):
        x = phantom.feature[m].center.x
        y = phantom.feature[m].center.y
        rad = phantom.feature[m].radius
        val = phantom.feature[m].mass_atten
        # image *= ((px - x)**2 + (py - y)**2 >= rad**2) # partial overlap
        # support
        image += ((px - x)**2 + (py - y)**2 < rad**2) * val

        # collect a list of the unique values in the phantom
        phases = phases | {val}

    # generate a separate mask for each phase
    masks = []
    phases = list(phases)
    phases.sort()
    for m in range(0, len(phases)):
        masks.append(0)

        # First make a boolean array for each value,
        val = phases[m]
        masks[m] = (image == val).astype(float)

        # then use a uniform filter to calculate the local percentage for each
        # phase.
        if uniform:
            masks[m] = scipy.ndimage.uniform_filter(masks[m], ratio)
        else:
            masks[m] = scipy.ndimage.gaussian_filter(masks[m], ratio / 4.)
        # Resample
        masks[m] = masks[m][::ratio, ::ratio]

    return masks



[docs]def compute_PCC(A, B, masks=None):
    """ Computes the Pearson product-moment correlation coefficients (PCC) for
    the two images.

    Parameters
    -------------
    A,B : ndarray
        The two images to be compared
    masks : list of ndarrays, optional
        If supplied, the data under each mask is computed separately.

    Returns
    ----------------
    covariances : array, list of arrays
    """
    covariances = []
    if masks is None:
        data = np.vstack((np.ravel(A), np.ravel(B)))
        return np.corrcoef(data)

    for m in masks:
        weights = m[m > 0]
        masked_B = B[m > 0]
        masked_A = A[m > 0]
        data = np.vstack((masked_A, masked_B))
        # covariances.append(np.cov(data,aweights=weights))
        covariances.append(np.corrcoef(data))

    return covariances



[docs]def compute_likeness(A, B, masks):
    """ Predicts the likelihood that each pixel in B belongs to a phase based
    on the histogram of A.

    Parameters
    ------------
    A : ndarray
    B : ndarray
    masks : list of ndarrays

    Returns
    --------------
    likelihoods : list of ndarrays
    """
    # generate the pdf or pmf for each of the phases
    pdfs = []
    for m in masks:
        K, mu, std = exponnorm.fit(np.ravel(A[m > 0]))
        print((K, mu, std))
        # for each reconstruciton, plot the likelihood that this phase
        # generates that pixel
        pdfs.append(exponnorm.pdf(B, K, mu, std))

    # determine the probability that it belongs to its correct phase
    pdfs_total = sum(pdfs)
    return pdfs / pdfs_total



[docs]def compute_background_ttest(image, masks):
    """Determines whether the background has significantly different luminance
    than the other phases.

    Parameters
    -------------
    image : ndarray

    masks : list of ndarrays
        Masks for the background and any other phases. Does not autogenerate
        the non-background mask because maybe you want to compare only two
        phases.

    Returns
    ----------
    tstat : scalar
    pvalue : scalar
    """

    # separate the background
    background = image[masks[0] > 0]
    # combine non-background masks
    other = False
    for i in range(1, len(masks)):
        other = np.logical_or(other, masks[i] > 0)
    other = image[other]

    tstat, pvalue = ttest_ind(background, other, axis=None, equal_var=False)
    # print([tstat,pvalue])

    return tstat, pvalue



[docs]class ImageQuality(object):
    """Stores information about image quality.

    Attributes
    ----------------
    orig : numpy.ndarray
    recon : numpy.ndarray
    qualities : list of scalars
    maps : list of numpy.ndarray
    scales : list of scalars
    """

    def __init__(self, original, reconstruction, method=''):
        self.orig = original.astype(np.float)
        self.recon = reconstruction.astype(np.float)

        if self.orig.shape != self.recon.shape:
            raise ValueError("original and reconstruction should be the " +
                             "same shape")
        if self.orig.ndim != 2:
            raise ValueError("This function only support 2D images.")

        self.qualities = []
        self.maps = []
        self.scales = []
        self.method = method

    def __str__(self):
        return ("QUALITY: " + str(self.qualities) +
                "\nSCALES: " + str(self.scales))

    def __add__(self, other):
        if not isinstance(other, ImageQuality):
            raise TypeError("Can only add ImageQuality to ImageQuality")

        self.qualities += other.qualities
        self.maps += other.maps
        self.scales += other.scales
        return self

[docs]    def add_quality(self, quality, scale, maps=None):
        '''
        Parameters
        -----------
        quality : scalar, list
            The average quality for the image
        map : array, list of arrays, optional
            the local quality rating across the image
        scale : scalar, list
            the size scale at which the quality was calculated
        '''
        if (isinstance(quality, list) and isinstance(scale, list) and
           (maps is None or isinstance(maps, list))):
            self.qualities += quality
            self.scales += scale
            if maps is None:
                maps = [None] * len(quality)
            self.maps += maps
        elif (isinstance(quality, float) and isinstance(scale, float) and
              (maps is None or isinstance(maps, np.ndarray))):
            self.qualities.append(quality)
            self.scales.append(scale)
            self.maps.append(maps)
        else:
            raise TypeError


[docs]    def sort(self):
        """Sorts the qualities by scale"""
        raise NotImplementedError




[docs]def compute_quality(reference, reconstructions, method="MSSSIM", L=1):
    """
    Computes image quality metrics for each of the reconstructions.

    Parameters
    ---------
    reference : array
        the discrete reference image. In a future release, we will
        determine the best way to compare a continuous domain to a discrete
        reconstruction.
    reconstructions : list of arrays
        A list of discrete reconstructions
    method : string, optional
        The quality metric desired for this comparison.
        Options include: SSIM, MSSSIM
    L : scalar
        The dynamic range of the data. This value is 1 for float
        representations and 2^bitdepth for integer representations.

    Returns
    ---------
    metrics : list of ImageQuality
    """
    if L < 1:
        raise ValueError("Dynamic range must be >= 1.")
    if not isinstance(reconstructions, list):
        reconstructions = [reconstructions]

    dictionary = {"SSIM": _compute_ssim, "MSSSIM": _compute_msssim,
                  "VIFp": _compute_vifp, "FSIM": _compute_fsim}
    try:
        method_func = dictionary[method]
    except KeyError:
        ValueError("That method is not implemented.")

    metrics = []
    for image in reconstructions:
        IQ = ImageQuality(reference, image, method)
        IQ = method_func(IQ, L=L)
        metrics.append(IQ)

    return metrics



def _compute_vifp(imQual, nlevels=5, sigma=1.2, L=None):
    """Calculates the Visual Information Fidelity (VIFp) between two images in
    in a multiscale pixel domain with scalar.

-----------COPYRIGHT NOTICE STARTS WITH THIS LINE------------
Copyright (c) 2005 The University of Texas at Austin
All rights reserved.

Permission is hereby granted, without written agreement and without license or
royalty fees, to use, copy, modify, and distribute this code (the source files)
and its documentation for any purpose, provided that the copyright notice in
its entirety appear in all copies of this code, and the original source of this
code, Laboratory for Image and Video Engineering
(LIVE, http://live.ece.utexas.edu) at the University of Texas at Austin
(UT Austin, http://www.utexas.edu), is acknowledged in any publication that
reports research using this code. The research is to be cited in the
bibliography as:

H. R. Sheikh and A. C. Bovik, "Image Information and Visual Quality", IEEE
Transactions on Image Processing, (to appear).

IN NO EVENT SHALL THE UNIVERSITY OF TEXAS AT AUSTIN BE LIABLE TO ANY PARTY FOR
DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OF THIS DATABASE AND ITS DOCUMENTATION, EVEN IF THE UNIVERSITY OF TEXAS
AT AUSTIN HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

THE UNIVERSITY OF TEXAS AT AUSTIN SPECIFICALLY DISCLAIMS ANY WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE DATABASE PROVIDED HEREUNDER IS ON AN "AS
IS" BASIS, AND THE UNIVERSITY OF TEXAS AT AUSTIN HAS NO OBLIGATION TO PROVIDE
MAINTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODIFICATIONS.
-----------COPYRIGHT NOTICE ENDS WITH THIS LINE------------

    Parameters
    -----------
    imQual : ImageQuality
        A struct used to organize image quality information.
    nlevels : scalar
        The number of levels to measure quality.
    sigma : scalar
        The size of the quality filter at the smallest scale.

    Returns
    -----------
    imQual : ImageQuality
        A struct used to organize image quality information. NOTE: the valid
        range for VIFp is (0, 1].
    """
    _full_reference_input_check(imQual, sigma, nlevels, L)

    ref = imQual.orig
    dist = imQual.recon

    sigmaN_sq = 2  # used to tune response
    eps = 1e-10

    for level in range(0, nlevels):
        # Downsample (using ndimage.zoom to prevent sampling bias)
        if (level > 0):
            ref = scipy.ndimage.zoom(ref, 1/2)
            dist = scipy.ndimage.zoom(dist, 1/2)

        mu1 = scipy.ndimage.gaussian_filter(ref, sigma)
        mu2 = scipy.ndimage.gaussian_filter(dist, sigma)

        sigma1_sq = scipy.ndimage.gaussian_filter((ref - mu1)**2, sigma)
        sigma2_sq = scipy.ndimage.gaussian_filter((dist - mu2)**2, sigma)
        sigma12 = scipy.ndimage.gaussian_filter((ref - mu1) * (dist - mu2),
                                                sigma)

        g = sigma12 / (sigma1_sq + eps)
        sigmav_sq = sigma2_sq - g * sigma12

        # Calculate VIF
        numator = np.log2(1 + g**2 * sigma1_sq / (sigmav_sq + sigmaN_sq))
        denator = np.sum(np.log2(1 + sigma1_sq / sigmaN_sq))

        vifmap = numator / denator
        vifp = np.sum(vifmap)
        # Normalize the map because we want values between 1 and 0
        vifmap *= vifmap.size

        scale = sigma * 2**level
        imQual.add_quality(vifp, scale, maps=vifmap)

    return imQual


def _compute_fsim(imQual, nlevels=5, nwavelets=16, L=None):
    """
    FSIM Index with automatic downsampling, Version 1.0
    Copyright(c) 2010 Lin ZHANG, Lei Zhang, Xuanqin Mou and David Zhang
    All Rights Reserved.
    ----------------------------------------------------------------------
    Permission to use, copy, or modify this software and its documentation
    for educational and research purposes only and without fee is here
    granted, provided that this copyright notice and the original authors'
    names appear on all copies and supporting documentation. This program
    shall not be used, rewritten, or adapted as the basis of a commercial
    software or hardware product without first obtaining permission of the
    authors. The authors make no representations about the suitability of
    this software for any purpose. It is provided "as is" without express
    or implied warranty.
    ----------------------------------------------------------------------
    Lin Zhang, Lei Zhang, Xuanqin Mou, and David Zhang,"FSIM: a feature
    similarity index for image qualtiy assessment", IEEE Transactions on Image
    Processing, vol. 20, no. 8, pp. 2378-2386, 2011.

    ----------------------------------------------------------------------
    An implementation of the algorithm for calculating the Feature SIMilarity
    (FSIM) index was ported to Python. This implementation only considers the
    luminance component of images. For multichannel images, convert to
    grayscale first. Dynamic range should be 0-255.

    Parameters
    --------------------------
    imQual : ImageQuality
        A struct used to organize image quality information.
    nlevels : scalar
        The number of levels to measure quality.
    nwavelets : scalar
        The number of wavelets to use in the phase congruency calculation.

    Returns
    ------------------
    imQual : ImageQuality
        A struct used to organize image quality information. NOTE: the valid
        range for FSIM is (0, 1].
    """
    _full_reference_input_check(imQual, 1.2, nlevels, L)
    if nwavelets < 1:
        raise ValueError('There must be at least one wavelet level.')

    Y1 = imQual.orig
    Y2 = imQual.recon

    for scale in range(0, nlevels):
        # sigma = 1.2 is approximately correct because the width of the scharr
        # and min wavelet filter (phase congruency filter) is 3.
        sigma = 1.2 * 2**scale

        F = 2  # Downsample (using ndimage.zoom to prevent sampling bias)
        Y1 = scipy.ndimage.zoom(Y1, 1/F)
        Y2 = scipy.ndimage.zoom(Y2, 1/F)

        # Calculate the phase congruency maps
        [PC1, Orient1, ft1, T1] = _phasecongmono(Y1, nscale=nwavelets)
        [PC2, Orient2, ft2, T2] = _phasecongmono(Y2, nscale=nwavelets)

        # Calculate the gradient magnitude map using Scharr filters
        dx = np.array([[3., 0., -3.],
                       [10., 0., -10.],
                       [3., 0., -3.]]) / 16
        dy = np.array([[3., 10., 3.],
                       [0., 0., 0.],
                       [-3., -10., -3.]]) / 16

        IxY1 = scipy.ndimage.filters.convolve(Y1, dx)
        IyY1 = scipy.ndimage.filters.convolve(Y1, dy)
        gradientMap1 = np.sqrt(IxY1**2 + IyY1**2)

        IxY2 = scipy.ndimage.filters.convolve(Y2, dx)
        IyY2 = scipy.ndimage.filters.convolve(Y2, dy)
        gradientMap2 = np.sqrt(IxY2**2 + IyY2**2)

        # Calculate the FSIM
        T1 = 0.85   # fixed and depends on dynamic range of PC values
        T2 = 160    # fixed and depends on dynamic range of GM values
        PCSimMatrix = (2 * PC1 * PC2 + T1) / (PC1**2 + PC2**2 + T1)
        gradientSimMatrix = ((2 * gradientMap1 * gradientMap2 + T2) /
                             (gradientMap1**2 + gradientMap2**2 + T2))
        PCm = np.maximum(PC1, PC2)
        FSIMmap = gradientSimMatrix * PCSimMatrix
        FSIM = np.sum(FSIMmap * PCm) / np.sum(PCm)
        imQual.add_quality(FSIM, sigma, maps=FSIMmap)

    return imQual


def _compute_msssim(imQual, nlevels=5, sigma=1.2, L=1, K=(0.01, 0.03)):
    '''
    An implementation of the Multi-Scale Structural SIMilarity index (MS-SSIM).

    References
    -------------
    Multi-scale Structural Similarity Index (MS-SSIM)
    Z. Wang, E. P. Simoncelli and A. C. Bovik, "Multi-scale structural
    similarity for image quality assessment," Invited Paper, IEEE Asilomar
    Conference on Signals, Systems and Computers, Nov. 2003

    Parameters
    -------------
    imQual : ImageQuality
    nlevels : int
        The max number of levels to analyze
    sigma : float
        Sets the standard deviation of the gaussian filter. This setting
        determines the minimum scale at which quality is assessed.
    L : scalar
        The dynamic range of the data. This value is 1 for float
        representations and 2^bitdepth for integer representations.
    K : 2-tuple
        A list of two constants which help prevent division by zero.

    Returns
    -------
    imQual : ImageQuality
        A struct used to organize image quality information. NOTE: the valid
        range for SSIM is [-1, 1].
    '''
    _full_reference_input_check(imQual, sigma, nlevels, L)

    img1 = imQual.orig
    img2 = imQual.recon

    # The relative imporance of each level as determined by human experiment
    # weight = [0.0448, 0.2856, 0.3001, 0.2363, 0.1333]

    for l in range(0, nlevels):
        imQual += _compute_ssim(ImageQuality(img1, img2), sigma=sigma, L=L,
                                K=K, scale=sigma * 2**l)
        if l == nlevels - 1:
            break

        # Downsample (using ndimage.zoom to prevent sampling bias)
        img1 = scipy.ndimage.zoom(img1, 1/2)
        img2 = scipy.ndimage.zoom(img2, 1/2)

    return imQual


def _compute_ssim(imQual, sigma=1.2, L=1, K=(0.01, 0.03), scale=None):
    """
    A modified version of the Structural SIMilarity index (SSIM) based on an
    implementation by Helder C. R. de Oliveira, based on the implementation by
    Antoine Vacavant, ISIT lab, antoine.vacavant@iut.u-clermont1.fr
    http://isit.u-clermont1.fr/~anvacava

    References
    ----------
    Z. Wang, A. C. Bovik, H. R. Sheikh and E. P. Simoncelli. Image quality
    assessment: From error visibility to structural similarity. IEEE
    Transactions on Image Processing, 13(4):600--612, 2004.

    Z. Wang and A. C. Bovik. Mean squared error: Love it or leave it? - A new
    look at signal fidelity measures. IEEE Signal Processing Magazine,
    26(1):98--117, 2009.

    Attributes
    ----------
    imQual : ImageQuality
    L : scalar
        The dynamic range of the data. This value is 1 for float
        representations and 2^bitdepth for integer representations.
    sigma : list, optional
        The standard deviation of the gaussian filter.

    Returns
    -------
    imQual : ImageQuality
        A struct used to organize image quality information. NOTE: the valid
        range for SSIM is [-1, 1].
    """
    _full_reference_input_check(imQual, sigma, 1, L)
    if scale is not None and scale <= 0:
        raise ValueError("Scale cannot be negative or zero.")

    if scale is None:
        scale = sigma

    c_1 = (K[0] * L)**2
    c_2 = (K[1] * L)**2

    # Convert image matrices to double precision (like in the Matlab version)
    img1 = imQual.orig
    img2 = imQual.recon

    # Means obtained by Gaussian filtering of inputs
    mu_1 = scipy.ndimage.filters.gaussian_filter(img1, sigma)
    mu_2 = scipy.ndimage.filters.gaussian_filter(img2, sigma)

    # Squares of means
    mu_1_sq = mu_1**2
    mu_2_sq = mu_2**2
    mu_1_mu_2 = mu_1 * mu_2

    # Squares of input matrices
    im1_sq = img1**2
    im2_sq = img2**2
    im12 = img1 * img2

    # Variances obtained by Gaussian filtering of inputs' squares
    sigma_1_sq = scipy.ndimage.filters.gaussian_filter(im1_sq, sigma)
    sigma_2_sq = scipy.ndimage.filters.gaussian_filter(im2_sq, sigma)

    # Covariance
    sigma_12 = scipy.ndimage.filters.gaussian_filter(im12, sigma)

    # Centered squares of variances
    sigma_1_sq -= mu_1_sq
    sigma_2_sq -= mu_2_sq
    sigma_12 -= mu_1_mu_2

    if (c_1 > 0) & (c_2 > 0):
        ssim_map = (((2 * mu_1_mu_2 + c_1) * (2 * sigma_12 + c_2)) /
                    ((mu_1_sq + mu_2_sq + c_1) *
                     (sigma_1_sq + sigma_2_sq + c_2)))
    else:
        numerator1 = 2 * mu_1_mu_2 + c_1
        numerator2 = 2 * sigma_12 + c_2

        denominator1 = mu_1_sq + mu_2_sq + c_1
        denominator2 = sigma_1_sq + sigma_2_sq + c_2

        ssim_map = np.ones(mu_1.size)

        index = (denominator1 * denominator2 > 0)

        ssim_map[index] = ((numerator1[index] * numerator2[index]) /
                           (denominator1[index] * denominator2[index]))
        index = (denominator1 != 0) & (denominator2 == 0)
        ssim_map[index] = (numerator1[index] / denominator1[index])**4

    # return SSIM
    index = np.mean(ssim_map)
    imQual.add_quality(index, scale, maps=ssim_map)
    return imQual


def _full_reference_input_check(imQual, sigma, nlevels, L):
    """Checks full reference quality measures for valid inputs."""
    if not isinstance(imQual, ImageQuality):
        raise TypeError
    if nlevels <= 0:
        raise ValueError('nlevels must be >= 1.')
    if sigma < 1.2:
        raise ValueError('sigma < 1.2 is effective meaningless.')
    if np.min(imQual.orig.shape) / (2**(nlevels - 1)) < sigma * 2:
        raise ValueError("The image becomes smaller than the filter size! " +
                         "Decrease the number of levels.")
    if L is not None and L < 1:
        raise ValueError("Dynamic range must be >= 1.")
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  Source code for xdesign.algorithms

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

import numpy as np
import logging

logger = logging.getLogger(__name__)


__author__ = "Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['reconstruct', 'art', 'sirt', 'mlem', 'stream', 'update_progress']


[docs]def update_progress(progress):
    '''Draws a process bar in the terminal.

    Parameters
    -------------
    process : float
        The percentage completed e.g. 0.10 for 10%
    '''
    percent = progress*100
    nbars = int(progress*10)
    print('\r[{0}{1}] {2:.2f}%'.format('#'*nbars, ' '*(10-nbars), percent),
          end='')
    if progress == 1:
        print('')



[docs]def reconstruct(probe, shape, data, rec):
    """ Reconstruct single x-ray beam data.

    Parameters
    ----------
    probe : Probe
    shape : list
        shape of the reconstruction grid.
    data : scalar
        Probe measurement dtaa.
    rec : ndarray
        Initialization matrix.
    """
    x0 = probe.p1.x
    y0 = probe.p1.y
    x1 = probe.p2.x
    y1 = probe.p2.y
    sx, sy = shape

    # grid frame (gx, gy)
    gx = np.linspace(0, 1, sy + 1)
    gy = np.linspace(0, 1, sy + 1)

    # avoid upper-right boundary errors
    if (x1 - x0) == 0:
        x0 += 1e-6
    if (y1 - y0) == 0:
        y0 += 1e-6

    # vector lengths (ax, ay)
    ax = (gx - x0) / (x1 - x0)
    ay = (gy - y0) / (y1 - y0)

    # edges of alpha (a0, a1)
    ax0 = min(ax[0], ax[-1])
    ax1 = max(ax[0], ax[-1])
    ay0 = min(ay[0], ay[-1])
    ay1 = max(ay[0], ay[-1])
    a0 = max(max(ax0, ay0), 0)
    a1 = min(min(ax1, ay1), 1)

    # sorted alpha vector
    cx = (ax >= a0) & (ax <= a1)
    cy = (ay >= a0) & (ay <= a1)
    alpha = np.sort(np.r_[ax[cx], ay[cy]])

    # lengths
    xv = x0 + alpha * (x1 - x0)
    yv = y0 + alpha * (y1 - y0)
    lx = np.ediff1d(xv)
    ly = np.ediff1d(yv)
    dist = np.sqrt(lx**2 + ly**2)
    dist2 = np.dot(dist, dist)
    ind = dist != 0

    # indexing
    mid = alpha[:-1] + np.ediff1d(alpha) / 2.
    xm = x0 + mid * (x1 - x0)
    ym = y0 + mid * (y1 - y0)
    ix = np.floor(sy * xm).astype('int')
    iy = np.floor(sy * ym).astype('int')

    # reconstruct
    sim = np.dot(dist[ind], rec[ix[ind], iy[ind]])
    if not dist2 == 0:
        upd = np.true_divide((data - sim), dist2)
        rec[ix[ind], iy[ind]] += dist[ind] * upd
    return rec



[docs]def art(probe, data, init, niter=10):
    """ Reconstruct data.
    """
    sx, sy = init.shape

    # grid frame (gx, gy)
    gx = np.linspace(0, 1, sy + 1)
    gy = np.linspace(0, 1, sy + 1)

    _init = np.zeros(init.shape)

    for n in range(niter):
        update_progress(n/niter)
        for m in range(len(probe.history)):
        # for m in range(3000):
            x0 = probe.history[m][0]
            y0 = probe.history[m][1]
            x1 = probe.history[m][2]
            y1 = probe.history[m][3]
            # print (m, x0, y0, x1, y1)

            # avoid upper-right boundary errors
            if (x1 - x0) == 0:
                x0 += 1e-6
            if (y1 - y0) == 0:
                y0 += 1e-6

            # vector lengths (ax, ay)
            ax = (gx - x0) / (x1 - x0)
            ay = (gy - y0) / (y1 - y0)

            # edges of alpha (a0, a1)
            ax0 = min(ax[0], ax[-1])
            ax1 = max(ax[0], ax[-1])
            ay0 = min(ay[0], ay[-1])
            ay1 = max(ay[0], ay[-1])
            a0 = max(max(ax0, ay0), 0)
            a1 = min(min(ax1, ay1), 1)

            # sorted alpha vector
            cx = (ax >= a0) & (ax <= a1)
            cy = (ay >= a0) & (ay <= a1)
            alpha = np.sort(np.r_[ax[cx], ay[cy]])

            # lengths
            xv = x0 + alpha * (x1 - x0)
            yv = y0 + alpha * (y1 - y0)
            lx = np.ediff1d(xv)
            ly = np.ediff1d(yv)
            dist = np.sqrt(lx**2 + ly**2)
            dist2 = np.dot(dist, dist)
            ind = dist != 0

            # indexing
            mid = alpha[:-1] + np.ediff1d(alpha) / 2.
            xm = x0 + mid * (x1 - x0)
            ym = y0 + mid * (y1 - y0)
            ix = np.floor(sy * xm).astype('int')
            iy = np.floor(sy * ym).astype('int')

            sim = np.dot(dist[ind], init[ix[ind], iy[ind]])
            if not dist2 == 0:
                upd = np.true_divide((data[m] - sim), dist2)
                init[ix[ind], iy[ind]] += dist[ind] * upd
    update_progress(1)
    return init



[docs]def sirt(probe, data, init, niter=10):
    """ Reconstruct data.
    """
    sx, sy = init.shape

    # grid frame (gx, gy)
    gx = np.linspace(0, 1, sy + 1)
    gy = np.linspace(0, 1, sy + 1)

    for n in range(niter):

        update = np.zeros(init.shape)
        sumdist = np.zeros(init.shape)

        update_progress(n/niter)
        for m in range(len(probe.history)):
        # for m in range(100):
            x0 = probe.history[m][0]
            y0 = probe.history[m][1]
            x1 = probe.history[m][2]
            y1 = probe.history[m][3]

            # avoid upper-right boundary errors
            if (x1 - x0) == 0:
                x0 += 1e-6
            if (y1 - y0) == 0:
                y0 += 1e-6

            # vector lengths (ax, ay)
            ax = (gx - x0) / (x1 - x0)
            ay = (gy - y0) / (y1 - y0)

            # edges of alpha (a0, a1)
            ax0 = min(ax[0], ax[-1])
            ax1 = max(ax[0], ax[-1])
            ay0 = min(ay[0], ay[-1])
            ay1 = max(ay[0], ay[-1])
            a0 = max(max(ax0, ay0), 0)
            a1 = min(min(ax1, ay1), 1)

            # sorted alpha vector
            cx = (ax >= a0) & (ax <= a1)
            cy = (ay >= a0) & (ay <= a1)
            alpha = np.sort(np.r_[ax[cx], ay[cy]])

            # lengths
            xv = x0 + alpha * (x1 - x0)
            yv = y0 + alpha * (y1 - y0)
            lx = np.ediff1d(xv)
            ly = np.ediff1d(yv)
            dist = np.sqrt(lx**2 + ly**2)
            dist2 = np.dot(dist, dist)
            ind = dist != 0

            # indexing
            mid = alpha[:-1] + np.ediff1d(alpha) / 2.
            xm = x0 + mid * (x1 - x0)
            ym = y0 + mid * (y1 - y0)
            ix = np.floor(sy * xm).astype('int')
            iy = np.floor(sy * ym).astype('int')

            sumdist[ix[ind], iy[ind]] += dist
            sim = np.dot(dist[ind], init[ix[ind], iy[ind]])
            if not dist2 == 0:
                upd = np.true_divide((data[m] - sim), dist2)
                update[ix[ind], iy[ind]] += dist[ind] * upd

        init += np.true_divide(update, sumdist * sy)
    update_progress(1)
    return init



[docs]def mlem(probe, data, init, niter=10):
    """ Reconstruct data.
    """
    sx, sy = init.shape

    # grid frame (gx, gy)
    gx = np.linspace(0, 1, sy + 1)
    gy = np.linspace(0, 1, sy + 1)

    for n in range(niter):

        update = np.zeros(init.shape)
        sumdist = np.zeros(init.shape)

        update_progress(n/niter)
        for m in range(len(probe.history)):
        # for m in range(3000):
        # for m in range(100):
            x0 = probe.history[m][0]
            y0 = probe.history[m][1]
            x1 = probe.history[m][2]
            y1 = probe.history[m][3]

            # avoid upper-right boundary errors
            if (x1 - x0) == 0:
                x0 += 1e-6
            if (y1 - y0) == 0:
                y0 += 1e-6

            # vector lengths (ax, ay)
            ax = (gx - x0) / (x1 - x0)
            ay = (gy - y0) / (y1 - y0)

            # edges of alpha (a0, a1)
            ax0 = min(ax[0], ax[-1])
            ax1 = max(ax[0], ax[-1])
            ay0 = min(ay[0], ay[-1])
            ay1 = max(ay[0], ay[-1])
            a0 = max(max(ax0, ay0), 0)
            a1 = min(min(ax1, ay1), 1)

            # sorted alpha vector
            cx = (ax >= a0) & (ax <= a1)
            cy = (ay >= a0) & (ay <= a1)
            alpha = np.sort(np.r_[ax[cx], ay[cy]])

            # lengths
            xv = x0 + alpha * (x1 - x0)
            yv = y0 + alpha * (y1 - y0)
            lx = np.ediff1d(xv)
            ly = np.ediff1d(yv)
            dist = np.sqrt(lx**2 + ly**2)
            dist2 = np.dot(dist, dist)
            ind = dist != 0

            # indexing
            mid = alpha[:-1] + np.ediff1d(alpha) / 2.
            xm = x0 + mid * (x1 - x0)
            ym = y0 + mid * (y1 - y0)
            ix = np.floor(sy * xm).astype('int')
            iy = np.floor(sy * ym).astype('int')

            sumdist[ix[ind], iy[ind]] += dist
            sim = np.dot(dist[ind], init[ix[ind], iy[ind]])
            if not sim == 0:
                upd = np.true_divide(data[m] , sim)
                update[ix[ind], iy[ind]] += dist[ind] * upd

        init[sumdist > 0] *= np.true_divide(update[sumdist > 0], sumdist[sumdist > 0] * sy)
    update_progress(1)
    return init




[docs]def stream(probe, data, init):
    """ Reconstruct data.
    """
    sx, sy = init.shape

    # grid frame (gx, gy)
    gx = np.linspace(0, 1, sy + 1)
    gy = np.linspace(0, 1, sy + 1)

    for m in range(3000):
        print (m)

        update = np.zeros(init.shape)
        sumdist = np.zeros(init.shape)

        for n in range(300):
            x0 = probe.history[m+n][0]
            y0 = probe.history[m+n][1]
            x1 = probe.history[m+n][2]
            y1 = probe.history[m+n][3]

            # avoid upper-right boundary errors
            if (x1 - x0) == 0:
                x0 += 1e-6
            if (y1 - y0) == 0:
                y0 += 1e-6

            # vector lengths (ax, ay)
            ax = (gx - x0) / (x1 - x0)
            ay = (gy - y0) / (y1 - y0)

            # edges of alpha (a0, a1)
            ax0 = min(ax[0], ax[-1])
            ax1 = max(ax[0], ax[-1])
            ay0 = min(ay[0], ay[-1])
            ay1 = max(ay[0], ay[-1])
            a0 = max(max(ax0, ay0), 0)
            a1 = min(min(ax1, ay1), 1)

            # sorted alpha vector
            cx = (ax >= a0) & (ax <= a1)
            cy = (ay >= a0) & (ay <= a1)
            alpha = np.sort(np.r_[ax[cx], ay[cy]])

            # lengths
            xv = x0 + alpha * (x1 - x0)
            yv = y0 + alpha * (y1 - y0)
            lx = np.ediff1d(xv)
            ly = np.ediff1d(yv)
            dist = np.sqrt(lx**2 + ly**2)
            dist2 = np.dot(dist, dist)
            ind = dist != 0

            # indexing
            mid = alpha[:-1] + np.ediff1d(alpha) / 2.
            xm = x0 + mid * (x1 - x0)
            ym = y0 + mid * (y1 - y0)
            ix = np.floor(sy * xm).astype('int')
            iy = np.floor(sy * ym).astype('int')

            sumdist[ix[ind], iy[ind]] += dist
            sim = np.dot(dist[ind], init[ix[ind], iy[ind]])
            if not sim == 0:
                upd = np.true_divide(data[m+n] , sim)
                update[ix[ind], iy[ind]] += dist[ind] * upd

        # init[sumdist > 0] += np.true_divide(update[sumdist > 0], sumdist[sumdist > 0] * sy)
        init[sumdist > 0] *= np.true_divide(update[sumdist > 0], sumdist[sumdist > 0] * sy)
    return init
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  Source code for xdesign.plot

#!/usr/bin/env python
# -*- coding: utf-8 -*-

# #########################################################################
# Copyright (c) 2016, UChicago Argonne, LLC. All rights reserved.         #
#                                                                         #
# Copyright 2016. UChicago Argonne, LLC. This software was produced       #
# under U.S. Government contract DE-AC02-06CH11357 for Argonne National   #
# Laboratory (ANL), which is operated by UChicago Argonne, LLC for the    #
# U.S. Department of Energy. The U.S. Government has rights to use,       #
# reproduce, and distribute this software.  NEITHER THE GOVERNMENT NOR    #
# UChicago Argonne, LLC MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR        #
# ASSUMES ANY LIABILITY FOR THE USE OF THIS SOFTWARE.  If software is     #
# modified to produce derivative works, such modified software should     #
# be clearly marked, so as not to confuse it with the version available   #
# from ANL.                                                               #
#                                                                         #
# Additionally, redistribution and use in source and binary forms, with   #
# or without modification, are permitted provided that the following      #
# conditions are met:                                                     #
#                                                                         #
#     * Redistributions of source code must retain the above copyright    #
#       notice, this list of conditions and the following disclaimer.     #
#                                                                         #
#     * Redistributions in binary form must reproduce the above copyright #
#       notice, this list of conditions and the following disclaimer in   #
#       the documentation and/or other materials provided with the        #
#       distribution.                                                     #
#                                                                         #
#     * Neither the name of UChicago Argonne, LLC, Argonne National       #
#       Laboratory, ANL, the U.S. Government, nor the names of its        #
#       contributors may be used to endorse or promote products derived   #
#       from this software without specific prior written permission.     #
#                                                                         #
# THIS SOFTWARE IS PROVIDED BY UChicago Argonne, LLC AND CONTRIBUTORS     #
# "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT       #
# LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS       #
# FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL UChicago     #
# Argonne, LLC OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,        #
# INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,    #
# BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;        #
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER        #
# CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT      #
# LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN       #
# ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE         #
# POSSIBILITY OF SUCH DAMAGE.                                             #
# #########################################################################

from __future__ import (absolute_import, division, print_function,
                        unicode_literals)

import logging
import types
import time
import string
import numpy as np
import matplotlib.pyplot as plt
import matplotlib.patches as patches
import matplotlib.patheffects as PathEffects
import scipy.ndimage
from cycler import cycler
from xdesign.phantom import Phantom
from xdesign.geometry import Curve, Polygon, Mesh
from xdesign.feature import Feature
from matplotlib.axis import Axis
from itertools import product
from six import string_types

logger = logging.getLogger(__name__)


__author__ = "Daniel Ching, Doga Gursoy"
__copyright__ = "Copyright (c) 2016, UChicago Argonne, LLC."
__docformat__ = 'restructuredtext en'
__all__ = ['plot_phantom',
           'plot_feature',
           'plot_mesh',
           'plot_polygon',
           'plot_curve',
           'discrete_phantom',
           'sidebyside',
           'multiroll',
           'plot_metrics',
           'plot_mtf',
           'plot_nps',
           'plot_neq',
           'plot_histograms']

DEFAULT_COLOR_MAP = plt.cm.viridis
DEFAULT_COLOR = DEFAULT_COLOR_MAP(0.25)
POLY_COLOR = DEFAULT_COLOR_MAP(0.8)
DEFAULT_EDGE_COLOR = 'white'
POLY_EDGE_COLOR = 'black'
LABEL_COLOR = 'black'
POLY_LINEWIDTH = 0.1
CURVE_LINEWIDTH = 0.5

# cycle through 126 unique line styles
PLOT_STYLES = (14 * cycler('color', ['#377eb8', '#ff7f00', '#4daf4a',
                                     '#f781bf', '#a65628', '#984ea3',
                                     '#999999', '#e41a1c', '#dede00']) +
               63 * cycler('linestyle', ['-', '--']) +
               18 * cycler('marker', ['o', 's', '.', 'D', '^', '*', '8']))


[docs]def plot_phantom(phantom, axis=None, labels=None, c_props=[], c_map=None):
    """Plots a phantom to the given axis.

    Parameters
    ----------
    labels : bool, optional
        Each feature is numbered according to its index in the phantom.
    c_props : list of str, optional
        List of feature properties to use for colormapping the geometries.
    c_map : function, optional
        A function which takes the a list of prop(s) for a Feature as input and
        returns a matplolib color specifier.
    """
    # IDEA: Allow users to provide list or generator for labels.
    if not isinstance(phantom, Phantom):
        raise TypeError("Can only plot Phantoms.")
    if axis is None:
        fig, axis = _make_axis()
    if not isinstance(c_props, list):
        raise TypeError('c_props must be list of str')
    if c_map is not None and not isinstance(c_map, type.FunctionType):
        raise TypeError('c_map must be a function.')
    if len(c_props) > 0 and c_map is None:
        c_map = DEFAULT_COLOR_MAP

    props = list(c_props)
    num_props = range(0, len(c_props))
    i = 0
    # Draw all features in the phantom.
    for f in phantom.feature:
        if c_map is not None:
            # use the colormap to determine the color
            for j in num_props:
                props[j] = getattr(f, c_props[j])
            color = c_map(props)[0]
        else:
            color = None

        plot_feature(f, axis, c=color)
        if labels is not None:
            axis.annotate(str(i), xy=(f.center.x, f.center.y),
                          ha='center', va='center', color=LABEL_COLOR,
                          path_effects=[PathEffects.withStroke(
                            linewidth=3, foreground=DEFAULT_EDGE_COLOR)])
            i += 1



[docs]def plot_feature(feature, axis=None, alpha=None, c=None):
    """Plots a feature on the given axis.

    Parameters
    ----------
    alpha : float
        The plot opaqueness. 0 is transparent. 1 is opaque.
    c : matplotlib color specifier
        See http://matplotlib.org/api/colors_api.html
    """
    if not isinstance(feature, Feature):
        raise TypeError('Can only plot Features.')
    if axis is None:
        fig, axis = _make_axis()

    # Plot geometry using correct method
    if isinstance(feature.geometry, Mesh):
        plot_mesh(feature.geometry, axis, alpha, c)
    elif isinstance(feature.geometry, Curve):
        plot_curve(feature.geometry, axis, alpha, c)
    elif isinstance(feature.geometry, Polygon):
        plot_polygon(feature.geometry, axis, alpha, c)
    else:
        raise NotImplemented('Feature geometry is not Mesh, Curve or Polygon.')



[docs]def plot_mesh(mesh, axis=None, alpha=None, c=None):
    """Plots a mesh to the given axis.

    Parameters
    ----------
    alpha : float
        The plot opaqueness. 0 is transparent. 1 is opaque.
    c : matplotlib color specifier
        See http://matplotlib.org/api/colors_api.html
    """
    assert(isinstance(mesh, Mesh))
    if axis is None:
        fig, axis = _make_axis()

    # Plot each face separately
    for f in mesh.faces:
        plot_polygon(f, axis, alpha, c)



[docs]def plot_polygon(polygon, axis=None, alpha=None, c=None):
    """Plots a polygon to the given axis.

    Parameters
    ----------
    alpha : float
        The plot opaqueness. 0 is transparent. 1 is opaque.
    c : matplotlib color specifier
        See http://matplotlib.org/api/colors_api.html
    """
    assert(isinstance(polygon, Polygon))
    if axis is None:
        fig, axis = _make_axis()
    if c is None:
        c = POLY_COLOR

    p = polygon.patch
    p.set_alpha(alpha)
    p.set_facecolor(c)
    p.set_edgecolor(POLY_EDGE_COLOR)
    p.set_linewidth(POLY_LINEWIDTH)
    axis.add_patch(p)



[docs]def plot_curve(curve, axis=None, alpha=None, c=None):
    """Plots a curve to the given axis.

    Parameters
    ----------
    alpha : float
        The plot opaqueness. 0 is transparent. 1 is opaque.
    c : matplotlib color specifier
        See http://matplotlib.org/api/colors_api.html
    """
    assert(isinstance(curve, Curve))
    if axis is None:
        fig, axis = _make_axis()
    if c is None:
        c = DEFAULT_COLOR

    p = curve.patch
    p.set_alpha(alpha)
    p.set_facecolor(c)
    p.set_edgecolor(DEFAULT_EDGE_COLOR)
    p.set_linewidth(CURVE_LINEWIDTH)
    axis.add_patch(p)



def _make_axis():
    """Makes an axis for plotting phantom module classes."""
    fig = plt.figure(figsize=(8, 8), facecolor='w')
    axis = fig.add_subplot(111, aspect='equal')
    plt.grid('on')
    plt.gca().invert_yaxis()
    return fig, axis


[docs]def discrete_phantom(phantom, size, ratio=8, uniform=True, prop='mass_atten'):
    """Returns discrete representation of the property function, prop, in the
    phantom. The values of overlapping features are additive.

    Parameters
    ----------
    size : scalar
        The side length in pixels of the resulting square image.
    ratio : scalar, optional
        The antialiasing works by supersampling. This parameter controls
        how many pixels in the larger representation are averaged for the
        final representation. e.g. if ratio = 8, then the final pixel
        values are the average of 64 pixels.
    uniform : boolean, optional
        When set to False, changes the way pixels are averaged from a
        uniform weights to gaussian weigths.
    prop : str, optional
        The name of the property function to discretize

    Returns
    -------
    image : numpy.ndarray
        The discrete representation of the phantom that is size x size.
    """
    if not isinstance(phantom, Phantom):
        raise TypeError('phantom must be type Phantom.')
    if size <= 0:
        raise ValueError('size must be greater than 0.')
    if ratio < 1:
        raise ValueError('ratio must be at least 1.')
    if not isinstance(prop, string_types):
        raise TypeError('property must be specified using str.')
    ndims = 2

    # Make a higher resolution grid to sample the continuous space. Sample at
    # the center of each pixel.
    grid_step = 1 / size / ratio
    _x = np.arange(0, 1, grid_step) + grid_step / 2
    _y = np.arange(0, 1, grid_step) + grid_step / 2
    px, py = np.meshgrid(_x, _y)

    # Draw the shapes at the higher resolution.
    image = np.zeros((size * ratio, size * ratio), dtype=np.float)

    # Rasterize all features in the phantom.
    for f in phantom.feature:
        image = _discrete_feature(f, image, px, py, prop)

    # Resample down to the desired size. Roll image so that decimation chooses
    # from the center of each pixel.
    if uniform:
        image = scipy.ndimage.uniform_filter(image, ratio)
    else:
        image = scipy.ndimage.gaussian_filter(image, np.sqrt(ratio/2))
    image = multiroll(image, [-ratio//2]*ndims)
    image = image[::ratio, ::ratio]

    assert(image.shape[0] == size and image.shape[1] == size)
    return image



def _discrete_feature(feature, image, px, py, prop):
    """Helper function for discrete_phantom. Rasterizes the geometry of the
    feature."""
    size = px.shape
    x = np.vstack([px.flatten(), py.flatten()]).T
    new_feature = feature.geometry.contains(x) * getattr(feature, prop)
    new_feature = np.reshape(new_feature, size)
    return image + new_feature


[docs]def sidebyside(p, size=100, labels=None, prop='mass_atten'):
    '''Displays the geometry and the discrete property function of
    the given phantom side by side.'''
    fig = plt.figure(figsize=(6, 3), dpi=600)
    axis = fig.add_subplot(121, aspect='equal')
    plt.grid('on')
    plt.gca().invert_yaxis()
    plot_phantom(p, axis=axis, labels=labels)
    plt.subplot(1, 2, 2)
    d = discrete_phantom(p, size, prop=prop)
    plt.imshow(d, interpolation='none', cmap=plt.cm.inferno)
    return d



[docs]def multiroll(x, shift, axis=None):
    """Roll an array along each axis.

    Parameters
    ----------
    x : array_like
        Array to be rolled.
    shift : sequence of int
        Number of indices by which to shift each axis.
    axis : sequence of int, optional
        The axes to be rolled.  If not given, all axes is assumed, and
        len(shift) must equal the number of dimensions of x.

    Returns
    -------
    y : numpy array, with the same type and size as x
        The rolled array.

    Notes
    -----
    The length of x along each axis must be positive.  The function
    does not handle arrays that have axes with length 0.

    See Also
    --------
    numpy.roll

    Example
    -------
    Here's a two-dimensional array:

    >>> x = np.arange(20).reshape(4,5)
    >>> x
    array([[ 0,  1,  2,  3,  4],
           [ 5,  6,  7,  8,  9],
           [10, 11, 12, 13, 14],
           [15, 16, 17, 18, 19]])

    Roll the first axis one step and the second axis three steps:

    >>> multiroll(x, [1, 3])
    array([[17, 18, 19, 15, 16],
           [ 2,  3,  4,  0,  1],
           [ 7,  8,  9,  5,  6],
           [12, 13, 14, 10, 11]])

    That's equivalent to:

    >>> np.roll(np.roll(x, 1, axis=0), 3, axis=1)
    array([[17, 18, 19, 15, 16],
           [ 2,  3,  4,  0,  1],
           [ 7,  8,  9,  5,  6],
           [12, 13, 14, 10, 11]])

    Not all the axes must be rolled.  The following uses
    the `axis` argument to roll just the second axis:

    >>> multiroll(x, [2], axis=[1])
    array([[ 3,  4,  0,  1,  2],
           [ 8,  9,  5,  6,  7],
           [13, 14, 10, 11, 12],
           [18, 19, 15, 16, 17]])

    which is equivalent to:

    >>> np.roll(x, 2, axis=1)
    array([[ 3,  4,  0,  1,  2],
           [ 8,  9,  5,  6,  7],
           [13, 14, 10, 11, 12],
           [18, 19, 15, 16, 17]])

    References
    ----------
    Warren Weckesser
    http://stackoverflow.com/questions/30639656/numpy-roll-in-several-dimensions
    """
    x = np.asarray(x)
    if axis is None:
        if len(shift) != x.ndim:
            raise ValueError("The array has %d axes, but len(shift) is only "
                             "%d. When 'axis' is not given, a shift must be "
                             "provided for all axes." % (x.ndim, len(shift)))
        axis = range(x.ndim)
    else:
        # axis does not have to contain all the axes.  Here we append the
        # missing axes to axis, and for each missing axis, append 0 to shift.
        missing_axes = set(range(x.ndim)) - set(axis)
        num_missing = len(missing_axes)
        axis = tuple(axis) + tuple(missing_axes)
        shift = tuple(shift) + (0,)*num_missing

    # Use mod to convert all shifts to be values between 0 and the length
    # of the corresponding axis.
    shift = [s % x.shape[ax] for s, ax in zip(shift, axis)]

    # Reorder the values in shift to correspond to axes 0, 1, ..., x.ndim-1.
    shift = np.take(shift, np.argsort(axis))

    # Create the output array, and copy the shifted blocks from x to y.
    y = np.empty_like(x)
    src_slices = [(slice(n-shft, n), slice(0, n-shft))
                  for shft, n in zip(shift, x.shape)]
    dst_slices = [(slice(0, shft), slice(shft, n))
                  for shft, n in zip(shift, x.shape)]
    src_blks = product(*src_slices)
    dst_blks = product(*dst_slices)
    for src_blk, dst_blk in zip(src_blks, dst_blks):
        y[dst_blk] = x[src_blk]

    return y



[docs]def plot_metrics(imqual):
    """Plots full reference metrics of ImageQuality data.

    Parameters
    ----------
    imqual : ImageQuality
        The data to plot.

    References
    ----------
    Colors taken from this gist <https://gist.github.com/thriveth/8560036>
    """
    fig_lineplot = plt.figure(0)
    plt.rc('axes', prop_cycle=PLOT_STYLES)

    for i in range(0, len(imqual)):
        # Draw a plot of the mean quality vs scale using different colors for
        # each reconstruction.
        plt.figure(fig_lineplot.number)
        plt.plot(imqual[i].scales, imqual[i].qualities)

        # Plot the reconstruction
        f = plt.figure(i + 1)
        N = len(imqual[i].maps) + 1
        p = _pyramid(N)
        plt.subplot2grid((p[0][0], p[0][0]), p[0][1], colspan=p[0][2],
                         rowspan=p[0][2])
        plt.imshow(imqual[i].recon, cmap=plt.cm.inferno,
                   interpolation="none", aspect='equal')
        # plt.colorbar()
        plt.axis('off')
        # plt.title("Reconstruction")

        lo = 1.  # Determine the min local quality for all the scales
        for m in imqual[i].maps:
            lo = min(lo, np.min(m))

        # Draw a plot of the local quality at each scale.
        for j in range(1, N):
            plt.subplot2grid((p[j][0], p[j][0]), p[j][1], colspan=p[j][2],
                             rowspan=p[j][2])
            im = plt.imshow(imqual[i].maps[j - 1], cmap=plt.cm.viridis,
                            vmin=lo, vmax=1, interpolation="none",
                            aspect='equal')
            # plt.colorbar()
            plt.axis('off')
            plt.annotate(r'$\sigma$ =' + str(imqual[i].scales[j - 1]),
                         xy=(0.05, 0.05), xycoords='axes fraction',
                         weight='heavy')

        # plot one colorbar to the right of these images.
        f.subplots_adjust(right=0.8)
        cbar_ax = f.add_axes([0.85, 0.15, 0.05, 0.7])
        f.colorbar(im, cax=cbar_ax)
        plt.title(imqual[i].method)

        '''
        plt.subplot(121)
        plt.imshow(imqual[i].orig, cmap=plt.cm.viridis, vmin=0, vmax=1,
                   interpolation="none", aspect='equal')
        plt.title("Ideal")
        '''
    plt.figure(fig_lineplot.number)
    plt.ylabel('Quality')
    plt.xlabel('Scale')
    plt.ylim([0, 1])
    plt.grid(True)
    plt.legend([str(x) for x in range(1, len(imqual) + 1)])
    plt.title("Comparison of Reconstruction Methods")



def _pyramid(N):
    """Generates the corner positions, grid size, and column/row spans for
    a pyramid image.

    Parameters
    --------------
    N : int
        the total number of images in the pyramid.

    Returns
    -------------
    params : list of lists
        Contains the params for subplot2grid for each of the N images in the
        pyramid. [W,corner,span] W is the total grid size, corner is the
        location of a particular axies, and span is the size of a paricular
        axies.
    """
    L = round(N / float(3))  # the number of levels in the pyramid
    W = int(2**L)  # grid size of the pyramid

    params = [p % 3 for p in range(0, N)]
    lcorner = [0, 0]  # the min corner of this level
    for n in range(0, N):
        l = int(n / 3)  # pyramid level
        span = int(W / (2**(l + 1)))  # span of the in number of grid spaces
        corner = list(lcorner)  # the min corner of this tile

        if params[n] == 0:
            lcorner[0] += span
            lcorner[1] += span
        elif params[n] == 2:
            corner[0] = lcorner[0] - span
        elif params[n] == 1:
            corner[1] = lcorner[1] - span

        params[n] = [W, corner, span]
        # print(params[n])

    return params


[docs]def plot_mtf(faxis, MTF, labels=None):
    """Plots the MTF. Returns the figure reference."""
    fig_lineplot = plt.figure()
    plt.rc('axes', prop_cycle=PLOT_STYLES)

    for i in range(0, MTF.shape[0]):
        plt.plot(faxis, MTF[i, :])

    plt.xlabel('spatial frequency [cycles/length]')
    plt.ylabel('Radial MTF')
    plt.gca().set_ylim([0, 1])

    if labels is not None:
        plt.legend([str(n) for n in labels])
    plt.title("Modulation Tansfer Function for various angles")

    return fig_lineplot



[docs]def plot_nps(X, Y, NPS):
    """Plots the 2D frequency plot for the NPS.
    Returns the figure reference."""
    fig_nps = plt.figure()
    plt.contourf(X, Y, NPS, cmap='inferno')
    plt.xlabel('spatial frequency [cycles/length]')
    plt.ylabel('spatial frequency [cycles/length]')
    plt.axis(tight=True)
    plt.gca().set_aspect('equal')
    plt.colorbar()
    plt.title('Noise Power Spectrum')
    return fig_nps



[docs]def plot_neq(freq, NEQ):
    """Plots the NEQ. Returns the figure reference."""
    fig_neq = plt.figure()
    plt.plot(freq.flatten(), NEQ.flatten())
    plt.xlabel('spatial frequency [cycles/length]')
    plt.title('Noise Equivalent Quanta')
    return fig_neq



[docs]def plot_histograms(images, masks=None, thresh=0.025):
    """Plots the normalized histograms for the pixel intensity under each
    mask.

    Parameters
    --------------
    images : list of ndarrays, ndarray
        image(s) for comparing histograms.
    masks : list of ndarrays, float, optional
        If supplied, the data under each mask is plotted separately.
    strict : boolean
        If true, the mask takes values >= only. If false, the mask takes all
        values > 0.
    """
    if type(images) is not list:
        images = [images]

    hgrams = []  # holds histograms before plotting
    labels = []  # holds legend labels for plotting
    abet = string.ascii_uppercase

    if masks is None:
        for i in range(len(images)):
            hgrams.append(images[i])
            labels.append(abet[i])
    else:
        for i in range(len(masks)):
            for j in range(len(images)):
                m = masks[i]
                A = images[j]
                assert(A.shape == m.shape)
                # convert probability mask to boolean mask
                mA = A[m >= thresh]
                # h = np.histogram(m, bins='auto', density=True)
                hgrams.append(mA)
                labels.append(abet[j] + str(i))

    plt.figure()
    # autobins feature doesn't work because one of the groups is all zeros?
    plt.hist(hgrams, bins=25, normed=True, stacked=False)
    plt.legend(labels)
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