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Welcome to Asphalt Mixture Aging Simulator’s documentation!

This project perform a 3D reconstruction of a cylindrical asphalt mixture sample from a set images on a Dicom file format. The components of asphalt mixture will be identified through 3-phase segmentation. Additionally, a 3D model of the asphalt mixture reconstruction was developed. The project was implemented on the Python programming language using the open-source libraries Numpy, Scipy, Pydicom, Scikit-learn, Matplotlib and Mayavi. A simulation of the asphalt mixtures aging process is implemented using numerical methods on the mechanical, themical and chemical fields.
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Simulation model


	
class simulation.fem_mechanics.FEMMechanics(matrix_materials)[source]

	This class supports the Mechanic FEM Simulation
matrix_materials = initial matrix materials
(numpy objetc array, array of class Material)


	
_createStiffnessMatrix()[source]

	This function uses the LinearBarElementStiffness to create the
stiffness matrix (ki) for each Finite Element to create regarding
the matrix materials (MM) it also configures each FE element with
their Young’s Modulus and their transversal area






	
_createConectivityMatrix()[source]

	This function initialices the conectivity_matrix object using
the matrix materials (MM) size for reference, additionally, this
method declares the lists where the top and bottom nodes will
be






	
_LinearBarElementForces(k, u)[source]

	This function returns the element nodalforce vector given the
element stiffness matrix k and the element nodal displacement
vector u.






	
_LinearBarElementStresses(k, u, A)[source]

	This function returns the element nodal stress vector given the
element stiffness matrix k, the element nodal displacement vector u,
and the cross-sectional area A.






	
_LinearBarElementStiffness(E, A, L)[source]

	This function returns the Finite Element stiffness considering
the material Young’s modulus (E), the transversal area of the FE (A)
and the length of the FE (L)





	Definition:	






[image: k= \begin{bmatrix} \frac{EA}{L}  & -\frac{EA}{L} \\ -\frac{EA}{L}     & \frac{EA}{L} \end{bmatrix}]







	
_generalStiffnessMatrixAssemble()[source]

	Assembles the General Stiffness Matrix (K) using the size of the
matrix materials (MM) as reference. It also uses the conectivity matrix
(conectivity_matrix) to asseble the FE for every material on the matrix
materials (MM) by using the function _LinearBarAssemble
order to locate all the FE in place for simulation






	
_LinearBarAssemble(K, k, i, j)[source]

	This function assembles the element stiffness matrix k of the linear
bar with nodes i and j into the global stiffness matrix K.This function
returns the global stiffness matrix K after the element stiffness
matrix k is assembled.






	
_ElementConectivityMatrix(width, height)[source]

	This function create the nodes and set positions for all
elements on a stiffness matrix. It also it also aggregate the
top and bottom elements to their own list declared at the
function _CreateConectivityMatrix






	
applySimulationConditions(force)[source]

	Set the force parameter to apply over the top elements of the
FE General Stiffness Matrix (K)






	
simulate()[source]

	Run the simulation with all the configured parameters, the output will
be a displacements map handled by the results module.
Once the global stiffness matrix K is obtained we have the following
structure equation:





	Definition:	






[image: \left[K\right]\left\{U\right\}=\left\{F\right\}]


where U is the global nodal displacement vector and F is the global
nodal force vector.At this step the boundary conditions are applied
manually to the vectors U and F.

Then the matrix is solved by partitioning and Gaussian elimination.
Finally once the unknown displacements and reactions are found, the
element forces are obtained for each element as follows:


[image: \left [ f \right ]  = \left [ k \right ] \left \{ u \right \}]


where f is the 2x1 element force vector and u is the 2x1 element
displacement vector. The element stresses are obtained by dividing
the element forces by the crosssectional area A.






	
_abc_cache = <_weakrefset.WeakSet object>

	




	
_abc_negative_cache = <_weakrefset.WeakSet object>

	




	
_abc_negative_cache_version = 25

	




	
_abc_registry = <_weakrefset.WeakSet object>

	








	
class simulation.thermal_model.ThermalModel(matrix_materials, meanTC)[source]

	This class provides the thermal model through  two-dimensional
difussion:





	Definition:	






[image: \frac{\partial u}{\partial t} = a \left ( \frac{\partial^2 u} {\partial^2 x^2} + \frac{\partial^2 u}{\partial^2 y^2} \right )]


Applying a finite forward difference approximations to the derivatives,
it is obtained the following discrete function:


[image: U^{(m+1)}_{i,j} = U_{i,j}^{(m)} + a\Delta t \left( \frac{U_{i+1,j}^{(m)} - 2u_{i,j}^{(m)} + u_{i-1,j}^{(m)}} {(\Delta x)^2} + \frac{U_{i,j+1}^{(m)} - 2u_{i,j}^{(m)} + u_{i,j-1}^{(m)}}{(\Delta y)^2} \right)]


To avoid noise in the solution, it is necessary to ensure the following
stability criteria:


[image: \Delta t \leq \frac{1}{2a} \frac{(\Delta x \Delta y)^2} {(\Delta x)^2 + (\Delta x)^2}]






	Parameters:	
	matrix_materials (3d numpy array of Material objetcs) – numpy array object which represents
the whole toy model

	maxTC (float) – maximum transfer coefficient among the different
materials, used to define stability of dt in the scheme










Note

Part of the code in this class is based on the examples [http://www.timteatro.net/2010/10/29/performance-python-solving-the-2d-diffusion-equation-with-numpy/] developed by
Timothy A.V. Teatro licensed under Creative Commons [http://creativecommons.org/licenses/by-sa/2.0/]




	
applySimulationConditions(env_temp=40, internal_temp=10)[source]

	Set the temperatures in the matrix materials, that is, the environmental
temperature (boundary condition) and the initial internal temperature
in the toy model





	Parameters:	
	env_temp (float) – the environmental temperature

	internal_temp (float) – the initial internal temperature to apply in
the toy model














	
simulate(n_steps)[source]

	This function simulates the difussion in the given number of steps.





	Parameters:	n_steps (integer) – number of steps in which the diffusion model runs


	Returns:	the matrix materials updated


	Return type:	3d numpy array of Material objetcs










	
_abc_cache = <_weakrefset.WeakSet object>

	




	
_abc_negative_cache = <_weakrefset.WeakSet object>

	




	
_abc_negative_cache_version = 25

	




	
_abc_registry = <_weakrefset.WeakSet object>
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Image processing module

This module provides the user with methods for the manipulation of the images
of the toy model


	
class imgprocessing.segmentation.Segmentation[source]

	This class  provides the methods to reduce and segment the images of the
toy model. It assumes that the set of Dicom files that represents the toy
model have been tranformed in an array of numpy.


	
reduction(img, factor=0.2222222222222222)[source]

	This method reduces the set of images of the toymodel by a given scale
factor or zoom factor, using the C-Spline algorithm which is provided
by the ndimage module of scipy

C-Spline algorithm consists in funding a function which is the linear
combination of piecewise definened functions known as Basis Splines
(B-Splines), which are smooth functions whose first, second and third
derivative pass through one point of the given discrete set:


[image: \beta ^3(x) =\begin{cases} \frac{2}{3} - |x|^2 + \frac{|x|^3}{2}  &  0\leqslant |x|< 1 \\ \frac{(2-|x|)^3}{6} & 1\leqslant |x| < 2 \\ 0 & 2\leqslant |x| \end{cases}]


The linear combination of the B-Spline functions can be expressed by the
next equation:


[image: \zeta (x) = \sum _{k\in Z} c(K)\beta ^n(x-K)]






	Parameters:	
	img (3d numpy array) – representation of the toy model

	factor (float) – zoom factor in which the image is reduced






	Returns:	the image rescaled




	Return type:	3d numpy array












	
view(original, segmented, reduced)[source]

	This method is implemented for test purposes, it takes as arguments
an untreated slice, a segmented slice and a reduced and segmented
slice showing its differences on screen using a matplotlib figure


view(original, segmented, reduced)







	
histogram(img_red)[source]

	Plots an histogram of the materials distibution over the toy model
using matplotlib. It is neccesary to reduce the toy model before
plotting the histogram. For test porpuses


histogram(reduced_toymodel)







	
clasify(img, normalize=True)[source]

	This method segments or clasify the values of the given image in three
different groups of values, thus the different Hounsfield unit values
found in the image are replaced by only three different values. If the
parameter normalize is true, these values are:


	0 for the air-void

	1 for the mastic

	2 for the aggregates



For this porpuse, a implementation of the K-means algorithm, provided
by the cluster module of the Scikit-learn library, is used. K-means
algorithm takes a dataset X of N values, and a parameter K specifies how
many cluster to create. K-means finds evenly-spaced sets of points in
subsets of Euclidean spaces called Voronoi diagrams. Each found partitions
will be a uniformly shaped region called Voronoi cell, one for each
material. This process is executed in two steps:


	The assign step consists in calculating a Voronoi diagram having a
set of centroids [image: \mu_n]. The clusters are updated to contain
the closest points in distance to each centroid as it is described
by the equation:


[image: c_k = \left \{ X_n:\left \| X_n -\mu_k \right \| \leqslant \left \| X_n - \mu_l \right \|\right \}]




	The upadate step, given a set of clusters, recalculates the centroids
as the means of all points belonging to a cluster:


[image: \mu_k = \frac{1}{C_k}\sum _{X_n\in C_k} Xn]






The k-means algorithm loops through the two previous steps until the
assignments of clusters and centroids no longer change. The convergence
is guaranteed but the solution might be a local minimum as shown in the
next equation:


[image: \sum _{k=1}^K\sum _{X_n\in C_k}\left \| X_n - \mu_k \right \|^2 , \text{with respect to } C_k, \mu_k]






	Parameters:	
	img (2d numpy array) – a slice of the toy model

	normalize (boolean) – If it is true, the segmentation mark the three
group of values as 0, 1 and 2. If it is false, the marks are the
default values generated by k-means.






	Returns:	the image segmented, with only three different possible values




	Return type:	3d numpy array












	
segment_all_samples(samples)[source]

	Take the given samples, uses K-Means algorithm with each sample slice
and returns all the segmented samples. it also cuts irrelevant data
corresponding to voids outside of the lenth of the radius of the toymodel





	Parameters:	samples (list of 2d numpy arrays) – the set of slices of the toy model


	Returns:	the toy model with its materials classified in airvoids,
mastic and aggregates.


	Return type:	list of 2d numpy arrays














	
imgprocessing.slice_mask.sector_mask(shape, centre=(50, 50), radius=50, angle_range=(0, 360))[source]

	This method provides a circular mask over a numpy array (image), its purpose
is to differentiate the air void pixels within the cylindrical toymodel
from the air void space outward.





	Parameters:	
	shape (two-dimensional tuple of integers) – shape of the image

	centre (two-dimensional tuple of integers) – point from where the circular mask is applied

	radius (float) – length of the radius for the circular mask

	angle_range (two-dimensional tuple of integers) – circular sector where the mask is applied, the whole
circle by default






	Returns:	mask for a circular sector




	Return type:	2d boolean numpy array
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  Source code for simulation.fem_mechanics

'''
Copyright (C) 2015 Jeison Pacateque, Santiago Puerto

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>
'''

import numpy as np
from physical_model import PhysicalModel
import time


[docs]class FEMMechanics(PhysicalModel):
    def __init__(self, matrix_materials):
        """This class supports the Mechanic FEM Simulation
        matrix_materials = initial matrix materials
        (numpy objetc array, array of class Material)        """
        
        super(FEMMechanics, self).__init__(matrix_materials)        
        
        self.force = 0  # applied force over asphalt mixture

        self._createStiffnessMatrix()
        self._createConectivityMatrix()
        self._generalStiffnessMatrixAssemble()


[docs]    def _createStiffnessMatrix(self):
        r"""This function uses the LinearBarElementStiffness to create the
        stiffness matrix (ki) for each Finite Element to create regarding
        the matrix materials (MM) it also configures each FE element with
        their Young's Modulus and their transversal area
        """
        self.ki = np.empty(self.MM.size, dtype=object)
        cont = 0
        for i in xrange(self.MM.shape[0]):
            for j in xrange(self.MM.shape[1]):
                self.ki[cont] = self._LinearBarElementStiffness(
                self.MM[i,j].young_modulus,\
                self.MM[i,j].areaFE, self.MM[i,j].lengthFE)
                cont += 1


[docs]    def _createConectivityMatrix(self):
        r"""This function initialices the conectivity_matrix object using
        the matrix materials (MM) size for reference, additionally, this
        method declares the lists where the top and bottom nodes will
        be
        """
        self.elements_nodes = []  # Tupla de nodos de cada elemento
        self.elements_top = [] # Indice Elemento superior
        self.elements_bottom = [] #Indice Elemento inferior
        #La matriz de conectividad se debe cargar invertida
        self.conectivity_matrix = self._ElementConectivityMatrix(self.MM.shape[1],
                                                                 self.MM.shape[0])


[docs]    def _LinearBarElementForces(self, k, u):
        r"""This function returns the element nodalforce vector given the
        element stiffness matrix k and the element nodal displacement
        vector u."""
        return np.dot(k, u)


[docs]    def _LinearBarElementStresses(self, k, u, A):
        r"""This function returns the element nodal stress vector given the
        element stiffness matrix k, the element nodal displacement vector u,
        and the cross-sectional area A."""
        return np.dot(k, u/A)


[docs]    def _LinearBarElementStiffness(self, E, A, L):
        r""" This function returns the Finite Element stiffness considering
        the material Young's modulus (E), the transversal area of the FE (A)
        and the length of the FE (L)

        :Definition:

        .. math::
            k= \begin{bmatrix} \frac{EA}{L}  & -\frac{EA}{L} \\ -\frac{EA}{L}
                & \frac{EA}{L} \end{bmatrix}
        """
        return np.array([[E*(A/L), -E*(A/L)], [-E*(A/L), E*(A/L)]])


[docs]    def _generalStiffnessMatrixAssemble(self):
        r"""Assembles the General Stiffness Matrix (K) using the size of the
        matrix materials (MM) as reference. It also uses the conectivity matrix
        (conectivity_matrix) to asseble the FE for every material on the matrix
        materials (MM) by using the function _LinearBarAssemble
        order to locate all the FE in place for simulation
        """
        ksize = self.MM.shape[1]*(self.MM.shape[0]+1)
        self.K = np.zeros((ksize, ksize))
        cont = 0
        for (x, y) in self.conectivity_matrix:
            self.K = self._LinearBarAssemble(self.K, self.ki[cont], x, y)
            cont += 1


[docs]    def _LinearBarAssemble(self, K, k, i, j):
        r"""This function assembles the element stiffness matrix k of the linear
        bar with nodes i and j into the global stiffness matrix K.This function
        returns the global stiffness matrix K after the element stiffness
        matrix k is assembled."""
        K[i][i] = K[i][i] + k[0][0]
        K[i][j] = K[i][j] + k[0][1]
        K[j][i] = K[j][i] + k[1][0]
        K[j][j] = K[j][j] + k[1][1]
        return K


[docs]    def _ElementConectivityMatrix(self, width, height):
        r"""This function create the nodes and set positions for all
        elements on a stiffness matrix. It also it also aggregate the
        top and bottom elements to their own list declared at the
        function _CreateConectivityMatrix
        """
        a = 0
        b = 1
        for i in xrange(width):
            self.elements_top.append(a)
            for j in xrange(height):
                self.elements_nodes.append((a, b))
                a=a+1
                b=b+1
            self.elements_bottom.append(b-1)
            a=a+1
            b=b+1

        return self.elements_nodes


[docs]    def applySimulationConditions(self, force):
        r"""
        Set the force parameter to apply over the top elements of the
        FE General Stiffness Matrix (K)
        """
        self.force = force


[docs]    def simulate(self):
        r"""
        Run the simulation with all the configured parameters, the output will
        be a displacements map handled by the results module.
        Once the global stiffness matrix K is obtained we have the following
        structure equation:

        :Definition:

        .. math::

            \left[K\right]\left\{U\right\}=\left\{F\right\}

        where U is the global nodal displacement vector and F is the global
        nodal force vector.At this step the boundary conditions are applied
        manually to the vectors U and F.

        Then the matrix is solved by partitioning and Gaussian elimination.
        Finally once the unknown displacements and reactions are found, the
        element forces are obtained for each element as follows:

        .. math::

            \left [ f \right ]  = \left [ k \right ] \left \{ u \right \}

        where f is the 2x1 element force vector and u is the 2x1 element
        displacement vector. The element stresses are obtained by dividing
        the element forces by the crosssectional area A.
        """
        start_time = time.time()  # Measures file loading time
        print "Applied force:", self.force

        mask = np.ones(self.K.shape[0], dtype=bool)
        mask[self.elements_bottom] = False
        k_sub = self.K[mask]
        k_sub = k_sub[:, mask]

        #Apply forces over model------------------------------------
        forces = self.force * np.ones(k_sub.shape[0])

        #calculate displacements-------------------------------------------
        U = np.linalg.solve(k_sub, forces)
        
        #Calculate the stress in each element
        stresses = np.zeros(U.size)
        cont = 0
        for ux in np.nditer(U):
            sigma =  self._LinearBarElementStresses(self.ki[cont], ux, 1)
            stresses[cont] = sigma[0][0]
            cont += 1
        
#        U = U.reshape(self.MM.shape) # reshape the displacements matrix U
        
        #copy the displacements field into the matrix materials
#        for i in xrange(self.MM.shape[0]):
#            for j in xrange(self.MM.shape[1]):
#                self.MM[i,j].displacement = U[i,j]    
        
        stresses = stresses.reshape(self.MM.shape)
        #copy the stresses field into the matrix materials
        for i in xrange(self.MM.shape[0]):
            for j in xrange(self.MM.shape[1]):
                self.MM[i,j].stress = stresses[i, j]  
        
        end_time = time.time()  # Get the time when method ends
        print "Mechanical simulation done in ", str(end_time - start_time), " seconds."
        
        return self.MM
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  Source code for simulation.thermal_model

'''
..  Copyright (C) 2015 Jeison Pacateque, Santiago Puerto

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>
'''

import numpy as np
import time
import laplacian
from physical_model import PhysicalModel

[docs]class ThermalModel(PhysicalModel):
    def __init__(self, matrix_materials, meanTC):
        r"""
        This class provides the thermal model through  two-dimensional
        difussion:

        :Definition:

        .. math::
            \frac{\partial u}{\partial t} = a \left ( \frac{\partial^2 u}
            {\partial^2 x^2} + \frac{\partial^2 u}{\partial^2 y^2} \right )

        Applying a finite forward difference approximations to the derivatives,
        it is obtained the following discrete function:

        .. math::
            U^{(m+1)}_{i,j} = U_{i,j}^{(m)} + a\Delta t \left(
            \frac{U_{i+1,j}^{(m)} - 2u_{i,j}^{(m)} + u_{i-1,j}^{(m)}}
            {(\Delta x)^2} + \frac{U_{i,j+1}^{(m)} - 2u_{i,j}^{(m)} +
            u_{i,j-1}^{(m)}}{(\Delta y)^2} \right)

        To avoid noise in the solution, it is necessary to ensure the following
        stability criteria:

        .. math::
            \Delta t \leq \frac{1}{2a} \frac{(\Delta x \Delta y)^2}
            {(\Delta x)^2 + (\Delta x)^2}

        :param matrix_materials: numpy array object which represents
            the whole toy model
        :type matrix_materials: 3d numpy array of Material objetcs
        :param float maxTC: maximum transfer coefficient among the different
            materials, used to define stability of dt in the scheme

        .. note::
            Part of the code in this class is based on the `examples`_ developed by
            Timothy A.V. Teatro licensed under `Creative Commons`_

        .. _examples: http://www.timteatro.net/2010/10/29/performance-python-solving-the-2d-diffusion-equation-with-numpy/
        .. _Creative Commons: http://creativecommons.org/licenses/by-sa/2.0/
        """

        super(ThermalModel, self).__init__(matrix_materials)

        #initial temperature field
        self.ui = np.zeros(self.MM.shape, dtype=np.float)
        self.u = self.ui.copy() # next step temperature field
        self.TCs = np.zeros(self.MM.shape, dtype=np.float)

#         copy all the thermal conductivities from the matrix materials
        for i in xrange(self.MM.shape[0]):
                for j in xrange(self.MM.shape[1]):
                    self.TCs[i,j] = self.MM[i,j].thermal_conductivity

        # Calculate dx, dy
        self.lengthX = self.MM.shape[0]
        self.lengthY = self.MM.shape[1]
        dx = 10./self.lengthX
        dy = 10./self.lengthY
        self.dx2 = dx**2 # To save CPU cycles, we'll compute Delta x^2
        self.dy2 = dy**2 # and Delta y^2 only once and store them.
        print "dx2=", self.dx2
        print "dy2=", self.dy2

        # For stability, this is the largest interval possible
        # for the size of the time-step:
        print meanTC
        self.dt = self.dx2*self.dy2/(2*7.8*(self.dx2 + self.dy2))
        print "dt = ", self.dt
        
        internal_temp=15
        self.ui.fill(internal_temp)    # internal temperature in asphalt


[docs]    def applySimulationConditions(self, env_temp=40, internal_temp=10):
        r"""
        Set the temperatures in the matrix materials, that is, the environmental
        temperature (boundary condition) and the initial internal temperature
        in the toy model

        :param float env_temp: the environmental temperature
        :param float internal_temp: the initial internal temperature to apply in
            the toy model
        """
        env_temp=40

        self.ui[:2,:] = env_temp # applied temperature from environment
        self.ui[-2:,:] = env_temp
        self.ui[:,:2] = env_temp
        self.ui[:,-2:] = env_temp


#        print "Applied internal temperature in the asphalt:", internal_temp
#        print "Applied temperature from environment:", env_temp

[docs]    def simulate(self, n_steps):
        r"""
        This function simulates the difussion in the given number of steps.

        :param integer n_steps: number of steps in which the diffusion model runs
        :return: the matrix materials updated
        :rtype: 3d numpy array of Material objetcs
        """

        steps = np.arange(n_steps)
        start_time = time.time()  # Measures file loading time

        for step in np.nditer(steps):
            self.applySimulationConditions()
            print "Thermal simulation step:", step
            self. u = laplacian.evolve_ts(self.ui, self.u, self.TCs,
                                self.dt, self.dx2, self.dy2)
            
            arr = self.ui[1:-1, 1:-1]
            if (arr>39).all() :
                "entro"
                print "final step is ", step
                print "each steap equal to ", step/14400., "seconds"
                break
            
            self.ui = self.u.copy()

        # copy the field temperature into the matrix materials
        for i in xrange(self.MM.shape[0]):
            for j in xrange(self.MM.shape[1]):
                self.MM[i,j].temperature = self.u[i,j]

        end_time = time.time()  # Get the time when method ends
#        print "Thermal simulation done in ", str(end_time - start_time), " seconds."

        return self.MM
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  Source code for _weakrefset

# Access WeakSet through the weakref module.
# This code is separated-out because it is needed
# by abc.py to load everything else at startup.

from _weakref import ref

__all__ = ['WeakSet']


class _IterationGuard(object):
    # This context manager registers itself in the current iterators of the
    # weak container, such as to delay all removals until the context manager
    # exits.
    # This technique should be relatively thread-safe (since sets are).

    def __init__(self, weakcontainer):
        # Don't create cycles
        self.weakcontainer = ref(weakcontainer)

    def __enter__(self):
        w = self.weakcontainer()
        if w is not None:
            w._iterating.add(self)
        return self

    def __exit__(self, e, t, b):
        w = self.weakcontainer()
        if w is not None:
            s = w._iterating
            s.remove(self)
            if not s:
                w._commit_removals()


class WeakSet(object):
    def __init__(self, data=None):
        self.data = set()
        def _remove(item, selfref=ref(self)):
            self = selfref()
            if self is not None:
                if self._iterating:
                    self._pending_removals.append(item)
                else:
                    self.data.discard(item)
        self._remove = _remove
        # A list of keys to be removed
        self._pending_removals = []
        self._iterating = set()
        if data is not None:
            self.update(data)

    def _commit_removals(self):
        l = self._pending_removals
        discard = self.data.discard
        while l:
            discard(l.pop())

    def __iter__(self):
        with _IterationGuard(self):
            for itemref in self.data:
                item = itemref()
                if item is not None:
                    # Caveat: the iterator will keep a strong reference to
                    # `item` until it is resumed or closed.
                    yield item

    def __len__(self):
        return len(self.data) - len(self._pending_removals)

    def __contains__(self, item):
        try:
            wr = ref(item)
        except TypeError:
            return False
        return wr in self.data

    def __reduce__(self):
        return (self.__class__, (list(self),),
                getattr(self, '__dict__', None))

    __hash__ = None

    def add(self, item):
        if self._pending_removals:
            self._commit_removals()
        self.data.add(ref(item, self._remove))

    def clear(self):
        if self._pending_removals:
            self._commit_removals()
        self.data.clear()

    def copy(self):
        return self.__class__(self)

    def pop(self):
        if self._pending_removals:
            self._commit_removals()
        while True:
            try:
                itemref = self.data.pop()
            except KeyError:
                raise KeyError('pop from empty WeakSet')
            item = itemref()
            if item is not None:
                return item

    def remove(self, item):
        if self._pending_removals:
            self._commit_removals()
        self.data.remove(ref(item))

    def discard(self, item):
        if self._pending_removals:
            self._commit_removals()
        self.data.discard(ref(item))

    def update(self, other):
        if self._pending_removals:
            self._commit_removals()
        for element in other:
            self.add(element)

    def __ior__(self, other):
        self.update(other)
        return self

    def difference(self, other):
        newset = self.copy()
        newset.difference_update(other)
        return newset
    __sub__ = difference

    def difference_update(self, other):
        self.__isub__(other)
    def __isub__(self, other):
        if self._pending_removals:
            self._commit_removals()
        if self is other:
            self.data.clear()
        else:
            self.data.difference_update(ref(item) for item in other)
        return self

    def intersection(self, other):
        return self.__class__(item for item in other if item in self)
    __and__ = intersection

    def intersection_update(self, other):
        self.__iand__(other)
    def __iand__(self, other):
        if self._pending_removals:
            self._commit_removals()
        self.data.intersection_update(ref(item) for item in other)
        return self

    def issubset(self, other):
        return self.data.issubset(ref(item) for item in other)
    __le__ = issubset

    def __lt__(self, other):
        return self.data < set(ref(item) for item in other)

    def issuperset(self, other):
        return self.data.issuperset(ref(item) for item in other)
    __ge__ = issuperset

    def __gt__(self, other):
        return self.data > set(ref(item) for item in other)

    def __eq__(self, other):
        if not isinstance(other, self.__class__):
            return NotImplemented
        return self.data == set(ref(item) for item in other)

    def __ne__(self, other):
        opposite = self.__eq__(other)
        if opposite is NotImplemented:
            return NotImplemented
        return not opposite

    def symmetric_difference(self, other):
        newset = self.copy()
        newset.symmetric_difference_update(other)
        return newset
    __xor__ = symmetric_difference

    def symmetric_difference_update(self, other):
        self.__ixor__(other)
    def __ixor__(self, other):
        if self._pending_removals:
            self._commit_removals()
        if self is other:
            self.data.clear()
        else:
            self.data.symmetric_difference_update(ref(item, self._remove) for item in other)
        return self

    def union(self, other):
        return self.__class__(e for s in (self, other) for e in s)
    __or__ = union

    def isdisjoint(self, other):
        return len(self.intersection(other)) == 0
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  Source code for imgprocessing.segmentation

'''
..  Copyright (C) 2015 Jeison Pacateque, Santiago Puerto

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>
'''

from matplotlib import pyplot, colors
import numpy as np
import time
from scipy import ndimage
from sklearn import cluster
from slice_mask import sector_mask

[docs]class Segmentation(object):

    def __init__(self):
        r"""
        This class  provides the methods to reduce and segment the images of the
        toy model. It assumes that the set of Dicom files that represents the toy
        model have been tranformed in an array of numpy.
        """

[docs]    def reduction(self, img, factor=(100. / 450.)):
        r"""
        This method reduces the set of images of the toymodel by a given scale
        factor or zoom factor, using the C-Spline algorithm which is provided
        by the ndimage module of scipy

        C-Spline algorithm consists in funding a function which is the linear
        combination of piecewise definened functions known as Basis Splines
        (B-Splines), which are smooth functions whose first, second and third
        derivative pass through one point of the given discrete set:

        .. math::
            \beta ^3(x) =\begin{cases}
            \frac{2}{3} - |x|^2 + \frac{|x|^3}{2}  &  0\leqslant |x|< 1 \\
            \frac{(2-|x|)^3}{6} & 1\leqslant |x| < 2 \\
            0 & 2\leqslant |x|
            \end{cases}

        The linear combination of the B-Spline functions can be expressed by the
        next equation:

        .. math::
            \zeta (x) = \sum _{k\in Z} c(K)\beta ^n(x-K)

        :param img: representation of the toy model
        :type img: 3d numpy array
        :param float factor: zoom factor in which the image is reduced
        :return: the image rescaled
        :rtype: 3d numpy array
        """
        print "Running reduction..."
        start_time = time.time()  # Measures file loading time
        reduced = ndimage.interpolation.zoom(img, factor, output=np.int16)
        # since the image is turned over when it is reduced
        # we should turn it over again
        reduced = ndimage.rotate(reduced, 180, reshape=False)
        reduced = np.fliplr(reduced)

        end_time = time.time()  # Get the time when method ends
        print "Reduction completed in ", str(end_time - start_time), " seconds."

        return reduced[1:, 1:]  # return and cut "noise"


[docs]    def view(self, original, segmented, reduced):
        r"""
        This method is implemented for test purposes, it takes as arguments
        an untreated slice, a segmented slice and a reduced and segmented
        slice showing its differences on screen using a matplotlib figure

            view(original, segmented, reduced)
        """

        f = pyplot.figure()
        levels = [0, 1, 2]
        colores = ['red', 'white', 'blue', 'red']
        cmap, norm = colors.from_levels_and_colors(levels, colores, extend='both')

       # org = self.sample_mask(original) #Mask irelevant data

        f.add_subplot(1, 3, 1)  # Original image
        pyplot.imshow(original, cmap='binary', interpolation='nearest')
        pyplot.colorbar()

        f.add_subplot(1, 3, 2)  # Segmented image  by K-means
        pyplot.imshow(segmented, interpolation='nearest', cmap=cmap, norm=norm)
        pyplot.colorbar()

        f.add_subplot(1, 3, 3)  # Reduced image
        pyplot.imshow(reduced, interpolation='nearest',
                      origin='lower', cmap = cmap, norm = norm)
        pyplot.colorbar()
        pyplot.show()


[docs]    def histogram(self, img_red):
        r"""
        Plots an histogram of the materials distibution over the toy model
        using matplotlib. It is neccesary to reduce the toy model before
        plotting the histogram. For test porpuses

            histogram(reduced_toymodel)
        """
        pyplot.hist(img_red, bins=3, histtype='bar')
        pyplot.show()


[docs]    def clasify(self, img, normalize=True):
        r"""
        This method segments or clasify the values of the given image in three
        different groups of values, thus the different Hounsfield unit values
        found in the image are replaced by only three different values. If the
        parameter normalize is true, these values are:

        - **0** for the air-void
        - **1** for the mastic
        - **2** for the aggregates

        For this porpuse, a implementation of the K-means algorithm, provided
        by the cluster module of the Scikit-learn library, is used. K-means
        algorithm takes a dataset X of N values, and a parameter K specifies how
        many cluster to create. K-means finds evenly-spaced sets of points in
        subsets of Euclidean spaces called Voronoi diagrams. Each found partitions
        will be a uniformly shaped region called Voronoi cell, one for each
        material. This process is executed in two steps:

        *   The assign step consists in calculating a Voronoi diagram having a
            set of centroids :math:`\mu_n`. The clusters are updated to contain
            the closest points in distance to each centroid as it is described
            by the equation:

            .. math::
                c_k = \left \{ X_n:\left \| X_n -\mu_k \right \| \leqslant
                \left \| X_n - \mu_l \right \|\right \}

        *   The upadate step, given a set of clusters, recalculates the centroids
            as the means of all points belonging to a cluster:

            .. math::
                \mu_k = \frac{1}{C_k}\sum _{X_n\in C_k} Xn

        The k-means algorithm loops through the two previous steps until the
        assignments of clusters and centroids no longer change. The convergence
        is guaranteed but the solution might be a local minimum as shown in the
        next equation:

        .. math::
            \sum _{k=1}^K\sum _{X_n\in C_k}\left \| X_n - \mu_k \right \|^2 ,
            \text{with respect to } C_k, \mu_k

        :param img: a slice of the toy model
        :type img: 2d numpy array
        :param boolean normalize: If it is true, the segmentation mark the three
            group of values as 0, 1 and 2. If it is false, the marks are the
            default values generated by k-means.
        :return: the image segmented, with only three different possible values
        :rtype: 3d numpy array
        """

        n_clusters = 3  # number of clusters: void, aggregate and mastic

        # convert the image to a linear array
        X = img.reshape((-1, 1))  # We need an (n_sample, n_feature) array

        k_means = cluster.KMeans(n_clusters=n_clusters, n_init=4)  # create the object kmeans
        k_means.fit(X)  # execute kmeans over the image

        # extract the valyes (centroids)
        values_kmeans = k_means.cluster_centers_.squeeze()
        labels = k_means.labels_

        if normalize:
            # normalize values, so all slices have the same values
            values = values_kmeans.copy()
            values_kmeans = values_kmeans.tolist()
            values.sort()
            normalized_values = np.empty(len(values_kmeans))
            for i in xrange(len(values)):
                index = values_kmeans.index(values[i])
                normalized_values[index] = i
            # label the image with norma values [0, 1, 2, 3, ...]
            img_segmented = np.choose(labels, normalized_values)
        else:
            img_segmented = np.choose(labels, values_kmeans)

        img_segmented.shape = img.shape  # reshape with original dimensions
        convert_matrix = img_segmented.astype(np.int16)

        return convert_matrix


[docs]    def segment_all_samples(self, samples):
        r"""
        Take the given samples, uses K-Means algorithm with each sample slice
        and returns all the segmented samples. it also cuts irrelevant data
        corresponding to voids outside of the lenth of the radius of the toymodel

        :param samples: the set of slices of the toy model
        :type samples: list of 2d numpy arrays
        :return: the toy model with its materials classified in airvoids,
            mastic and aggregates.
        :rtype: list of 2d numpy arrays
        """

        start_time = time.time()  # Measures file loading t
        segmented = samples
        col_length = len(segmented)
        print "Running segmentation for", str(col_length), "samples..."

        for i in xrange(col_length):
            segmented[i] = self.clasify(segmented[i])

        end_time = time.time()  # Get the time when method ends
        print "Segmentation finished with", str(col_length), "samples in", \
        str(end_time - start_time), "seconds."

        return segmented




#----------------------------------------------------------------------------------

if __name__ == '__main__':
    import sys, os

    sys.path.insert(0, os.path.abspath('../'))

    from integration.file_loader import FileLoader

    loader = FileLoader()
    file_path = os.path.dirname('../')+'/samples/4/sample_20.dcm'

    segmentation = Segmentation()
    img_org = loader.single_dicom_read(file_path)
    img_temporal = img_org.copy()  # Copy of the image to process

    img_seg = segmentation.clasify(img_org)  # Segment original image

    # Reduce img_temporal (avoid manipulation of the variable)
    img_red = segmentation.reduction(img_temporal)

    red_seg = segmentation.clasify(img_red)  # Segment reduced image

    segmentation.view(img_org, img_seg, red_seg)  # Show results
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  Source code for imgprocessing.slice_mask

'''
Copyright (C) 2015 Jeison Pacateque, Santiago Puerto

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>
'''

import numpy as np


[docs]def sector_mask(shape, centre=(50, 50), radius=50, angle_range=(0, 360)):
    """
    This method provides a circular mask over a numpy array (image), its purpose
    is to differentiate the air void pixels within the cylindrical toymodel
    from the air void space outward.

    :param shape: shape of the image
    :type shape: two-dimensional tuple of integers
    :param centre: point from where the circular mask is applied
    :type centre: two-dimensional tuple of integers
    :param float radius: length of the radius for the circular mask
    :param angle_range: circular sector where the mask is applied, the whole
        circle by default
    :type angle_range: two-dimensional tuple of integers
    :return: mask for a circular sector
    :rtype: 2d boolean numpy array
    """

    x,y = np.ogrid[:shape[0],:shape[1]]
    cx,cy = centre
    tmin,tmax = np.deg2rad(angle_range)

    # ensure stop angle > start angle
    if tmax < tmin:
            tmax += 2*np.pi

    # convert cartesian --> polar coordinates
    r2 = (x-cx)*(x-cx) + (y-cy)*(y-cy)
    theta = np.arctan2(x-cx,y-cy) - tmin

    # wrap angles between 0 and 2*pi
    theta %= (2*np.pi)

    # circular mask
    circmask = r2 <= radius*radius

    # angular mask
    anglemask = theta <= (tmax-tmin)

    return circmask*anglemask


def apply_mask(collection):
    col_length = len(collection)
    for i in range(col_length):
        mask = sector_mask(collection[i].shape)
        collection[i][~mask] = -1
    
    return collection





          

      

      

    


    
        © Copyright 2015, Jeison Pacateque y Santiago Puerto.
      Created using Sphinx 1.3.5.
    

  

_static/minus.png





_static/up-pressed.png





_images/math/bccf75b976d9d401b1281c493f9265a1dfa754f3.png
ck = {Xn 1 || Xn — pkl| < || Xn — p| }





_images/math/512df30ca8d814bc64293f17bb7d89deb744c836.png





_images/math/03c12b5ddf0477ccc2044c64c8b2eae8afd530c1.png
ot Pt Py





_images/math/dd54dbfa04a8c362c2a4f564bd701374e5bca901.png





_static/comment-bright.png





_static/up.png





_static/comment-close.png





_static/file.png





search.html


    
      Navigation


      
        		
          index


        		
          modules |


        		Asphalt Mixture Aging Simulator 0.1 documentation »

 
      


    


    
      
          
            
  Search


  
  
  
    Please activate JavaScript to enable the search
    functionality.
  


  

  
    From here you can search these documents. Enter your search
    words into the box below and click "search". Note that the search
    function will automatically search for all of the words. Pages
    containing fewer words won't appear in the result list.
  


  
    
    
    
  

  
  
  
  


          

      

      

    


    
        © Copyright 2015, Jeison Pacateque y Santiago Puerto.
      Created using Sphinx 1.3.5.
    

  

_static/ajax-loader.gif





_static/down-pressed.png





_static/down.png





_static/comment.png





