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Project Description

pycellfit: an open-source Python implementation of the CellFIT method of inferring cellular forces developed by Brodland et al.

Author: Nilai Vemula, Vanderbilt University (working under Dr. Shane Hutson, Vanderbilt University)

Project Goal: To develop an open-source version of CellFIT, a toolkit for inferring tensions along cell membranes and pressures inside cells based on cell geometries and their curvilinear boundaries. (See 1.)

Project Timeline: Initial project started in August 2019 with work based off of XJ Xu. This repository was re-made in May 2020 in order to restart repository structure.

Project Status: Development




Getting Started

This project is available on PyPI [https://pypi.org/project/pycellfit/] and can be installed using pip.

It recommended that users make a virtual environment [https://docs.python.org/3/tutorial/venv.html] and then install
the package as such:


Install from PyPI:

pip install pycellfit








Or compile from source:

git clone https://github.com/NilaiVemula/pycellfit.git
cd pycellfit
python setup.py install





Full documentation for this package can be found on readthedocs [https://pycellfit.readthedocs.io/].




Dependencies

This project is written in Python and has been tested on Python 3.7 and 3.8 on Linux and Windows. This project
primarily
depends
on numpy,
scipy, matplotlib, and other common python packages common in scientific computing. Additionally, Pillow [https://github.com/python-pillow/Pillow] is required for reading in input image files. A full list of dependencies
is available in the requirements.txt file. All dependencies should be automatically installed when running pip install.






Development

This project is under active development and not ready for public use. The project is built using Travis CI, and all
tests are run with every commit or merge.




Features

Currently, pycellfit supports the following features in the cellular force inference pipeline:


	[ ] converting raw images into segmented images


	see SeedWaterSegmenter [https://github.com/davidmashburn/SeedWaterSegmenter] or neural_net_cell_segmenter [https://github.com/NilaiVemula/neural_net_cell_segmenter] (work in progress).






	[x] read in segmented images


	[x] convert between watershed and skeleton segmented images


	[x] identify triple junctions


	[ ] identify quad junctions


	[x] generate a mesh


	[x] fit cell edges to circular arcs


	[ ] calculate tangent vectors using circle fits, nearest segment, and chord methods


	circle fit is incorrect, others have not been added






	[x] calculate tensions


	[ ] calculate pressures


	[x] visualize all of the above steps







Examples

A example walk-through of how to use this module is found in quickstart.




Future Goals

The final implementation of pycellfit will be as a web-app based on the Django framework. (See pycellfit-web [https://github.com/NilaiVemula/pycellfit-web])
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pycellfit package


Submodules




pycellfit.utils module

Top-level utility functions for pycellfit module.


	
pycellfit.utils.read_segmented_image(file_name, visualize=False)

	Displays the segmented image using matplotlib


	Parameters

	
	file_name (str) – file name of a segmented image in .tif format


	visualize (bool) – if true, then image will be plotted using matplotlib.pyplot






	Raises

	TypeError – only accepts tif/tiff files as input



	Returns

	array of pixel values



	Return type

	numpy.ndarray












pycellfit.junction module


	
class pycellfit.junction.Junction(coordinates, cells_set)

	Bases: object


	
add_edge(edge_label)

	Adds edge label to set of edge labels






	
cell_labels

	




	
coordinates

	




	
degree

	




	
edges

	set of labels of edges connected to this node






	
id_iter = count(0)

	




	
plot(label=False)

	




	
plot_unit_vectors()

	




	
remove_edge(edge_label)

	Remove an edge and tension vector connected to this node


	Parameters

	
	self – 


	edge_label – 













	
tension_vectors

	returns list of Tension vectors connected to this node






	
x

	




	
y

	










pycellfit.edge module


	
class pycellfit.edge.Edge(start_node, end_node, intermediate_points, cells)

	Bases: object


	
angular_position(coordinates)

	given a (x,y) coordinate, the angular position in radians from 0 to 2*pi around the fit circle is returned


	Parameters

	coordinates – 



	Returns

	










	
calculate_edge_points()

	




	
center

	




	
circle_fit()

	




	
corresponding_tension_vector

	




	
cw_around_circle

	true if the edge (start_node to end_node) goes clockwise around the fit circle, false if ccw


	Returns

	










	
end_node

	




	
end_tangent_angle(method='chord')

	




	
id_iter = count(0)

	




	
length

	




	
linear

	




	
location

	




	
map_unit_vectors_to_junctions()

	




	
outside(background)

	




	
plot(label=False)

	




	
plot_circle()

	




	
plot_tangent(c='y')

	




	
radius

	




	
split_line_multiple(length=None, n_pieces=None)

	Splits a ogr wkbLineString into multiple sub-strings, either of
a specified <<length>> or a specified <<n_pieces>>.

line should be an ogr LineString Geometry
Length should be a float or int.
n_pieces should be an int.
Either length or n_pieces should be specified.

Returns a list of ogr wkbLineString Geometries.






	
split_line_single(line, length)

	Returns two ogr line geometries, one which is the first length
<<length>> of <<line>>, and one one which is the remainder.

line should be a ogr LineString Geometry.
length should be an integer or float.






	
start_node

	




	
start_tangent_angle(method='chord')

	




	
xc

	




	
yc

	








	
pycellfit.edge.collinear(points, epsilon=0.01)

	determine if three points are collinear


	Parameters

	
	epsilon – 


	points (list of 3 2-member tuples) – list of 3 point tuples that might be collinear






	Returns

	boolean to tell if the points are collinear or not



	Return type

	bool










	
pycellfit.edge.distance(p1, p2)

	






pycellfit.tension_vector module




pycellfit.cell module


	
class pycellfit.cell.Cell(pixel_value)

	Bases: object


	
add_edge_point(edge_point, neighboring_cell_label)

	




	
approximate_cell_center()

	approximates the coordinates of the center of the cell by averaging the coordinates of points on the
perimeter (edge) of the cell


	Returns

	approximate center of the cell



	Return type

	tuple










	
generate_maze(neighboring_cell_label)

	




	
label

	the label of a Cell is it’s unique pixel value. It is assigned when the Cell object is created.


	Returns

	










	
make_edges(master_set)

	




	
neighboring_cell_labels

	




	
number_of_edge_points

	returns the number of edge points in edge_point_list


	Returns

	number of edge points










	
plot()

	










pycellfit.mesh module


	
class pycellfit.mesh.Mesh(array_of_pixels)

	Bases: object


	
add_cell(cell_pixel_value)

	




	
add_edge_points_and_junctions(array_of_pixels)

	




	
circle_fit_all_edges()

	




	
find_cells_from_array()

	




	
generate_mesh(average_nodes_per_edge=4)

	




	
make_edges_for_all_cells()

	




	
number_of_cells

	returns the number of cells in the mesh


	Returns

	number of cells in mesh



	Return type

	int










	
number_of_edges

	returns the number of edges in the mesh


	Returns

	number of edges in the mesh



	Return type

	int










	
number_of_junctions

	returns the number of junctions in the mesh


	Returns

	number of junctions in the mesh



	Return type

	int










	
number_of_quad_junctions

	returns the number of quad junctions in the mesh


	Returns

	number of edges in the mesh



	Return type

	int










	
number_of_triple_junctions

	counts and outputs the number of triple junctions in the mesh

:return number of triple junctions in mesh
:rtype: int






	
plot()

	




	
plot_tensions()

	




	
remove_cell(cell_pixel_value)

	




	
solve_tensions()

	




	
solve_tensions_new()

	




	
solve_tensions_new2()

	










pycellfit.constrained_circle_fit module




pycellfit.circle_fit_helpers module




pycellfit.segmentation_transform module

functions to convert between watershed and skeleton segmented images


	
pycellfit.segmentation_transform.skeleton_to_watershed(skeleton_image_array, region_value=0, boundary_value=255, keep_boundaries=False)

	converts a segmented skeleton image (all regions are same value with region boundaries being a second value)
to a watershed segmented image (each region has a unique value and there are no boundary pixels, background
region has value of zero)


	Parameters

	
	skeleton_image_array (np.ndarray) – 2D numpy array with pixel values of a skeleton segmented image


	region_value (float) – value of pixels in regions in skeleton_segmented images (default is 0)


	boundary_value (float) – value of boundary pixels of regions in skeleton_segmented images (default is 255)


	keep_boundaries (bool) – if True, watershed image will keep boundaries in returned result






	Returns

	watershed_image_array



	Rtype watershed_image_array

	np.ndarray










	
pycellfit.segmentation_transform.watershed_to_skeleton(watershed_image_array, region_value=0, boundary_value=255)

	converts a watershed segmented image (no boundaries between regions and each region has a different pixel
value, background region has value of zero) to a skeleton segmented image (each region has the same pixel value
and are separated by boundaries of a second value)


	Parameters

	
	watershed_image_array (numpy.ndarray) – 2D numpy array with pixel values of a watershed segmented image


	region_value (float) – desired value of all regions in the output (skeleton segmented) array


	boundary_value (float) – desired value of boundary pixels in the output (skeleton segmented) array






	Returns

	skeleton_image_array



	Rtype skeleton_image_array

	np.ndarray












pycellfit.segmentation_transform_utils module


	
pycellfit.segmentation_transform_utils.fill_region(array_of_pixels, position, new_value)

	fills a region of a 2D numpy array with the same value


	Parameters

	
	array_of_pixels (np.ndarray) – 2D numpy array of all pixel values


	position (tuple) – tuple with (row, col) location of pixel in the region to modify


	new_value (float) – new value for pixel at position and all pixels in same region






	Returns

	None










	
pycellfit.segmentation_transform_utils.pad_with(vector, pad_width, iaxis, kwargs)

	helper function that is called by np.pad to surround a nparray with a constant value
Example: [[0,0],[0,0]] becomes [[-1,-1,-1, -1],[-1, 0, 0, -1],[-1, 0, 0, -1],[-1,-1,-1, -1]]








Module contents
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Project Description

pycellfit: an open-source Python implementation of the CellFIT method of inferring cellular forces developed by Brodland et al.

Author: Nilai Vemula, Vanderbilt University (working under Dr. Shane Hutson, Vanderbilt University)

Project Goal: To develop an open-source version of CellFIT, a toolkit for inferring tensions along cell membranes and pressures inside cells based on cell geometries and their curvilinear boundaries. (See 1.)

Project Timeline: Initial project started in August 2019 with work based off of XJ Xu. This repository was re-made in May 2020 in order to restart repository structure.

Project Status: Development




Getting Started

This project is available on PyPI [https://pypi.org/project/pycellfit/] and can be installed using pip.

It recommended that users make a virtual environment [https://docs.python.org/3/tutorial/venv.html] and then install
the package as such:


Install from PyPI:

pip install pycellfit








Or compile from source:

git clone https://github.com/NilaiVemula/pycellfit.git
cd pycellfit
python setup.py install





Full documentation for this package can be found on readthedocs [https://pycellfit.readthedocs.io/].




Dependencies

This project is written in Python and has been tested on Python 3.7 and 3.8 on Linux and Windows. This project
primarily
depends
on numpy,
scipy, matplotlib, and other common python packages common in scientific computing. Additionally, Pillow [https://github.com/python-pillow/Pillow] is required for reading in input image files. A full list of dependencies
is available in the requirements.txt file. All dependencies should be automatically installed when running pip install.






Development

This project is under active development and not ready for public use. The project is built using Travis CI, and all
tests are run with every commit or merge.




Features

Currently, pycellfit supports the following features in the cellular force inference pipeline:


	[ ] converting raw images into segmented images


	see SeedWaterSegmenter [https://github.com/davidmashburn/SeedWaterSegmenter] or neural_net_cell_segmenter [https://github.com/NilaiVemula/neural_net_cell_segmenter] (work in progress).






	[x] read in segmented images


	[x] convert between watershed and skeleton segmented images


	[x] identify triple junctions


	[ ] identify quad junctions


	[x] generate a mesh


	[x] fit cell edges to circular arcs


	[ ] calculate tangent vectors using circle fits, nearest segment, and chord methods


	circle fit is incorrect, others have not been added






	[x] calculate tensions


	[ ] calculate pressures


	[x] visualize all of the above steps







Examples

A example walk-through of how to use this module is found in quickstart.




Future Goals

The final implementation of pycellfit will be as a web-app based on the Django framework. (See pycellfit-web [https://github.com/NilaiVemula/pycellfit-web])
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  All modules for which code is available

	pycellfit.cell

	pycellfit.edge

	pycellfit.junction

	pycellfit.mesh

	pycellfit.segmentation_transform

	pycellfit.segmentation_transform_utils

	pycellfit.utils




          

      

      

    

  

    
      
          
            
  Source code for pycellfit.cell

import math
from itertools import combinations

import matplotlib.pyplot as plt

from .edge import Edge
from .path_finder import breadth_first_search


[docs]class Cell:

    def __init__(self, pixel_value):
        """ constructor for a Cell object

        :param pixel_value: value of all of pixels that make up this Cell in the array
        :type pixel_value: float
        """
        # identify each cell based on its pixel value
        self._label = pixel_value

        # set of tuples of points in cell boundary
        # each element looks like ((x, y), neighboring_cell_label)
        self._edge_point_set = set()

        self._cell_boundary_segments = []
        self.junctions = set()

    @property
    def neighboring_cell_labels(self):
        neighboring_cell_labels = set()
        for j in self.junctions:
            neighboring_cell_labels.update(j.cell_labels)
        return neighboring_cell_labels

[docs]    def add_edge_point(self, edge_point, neighboring_cell_label):
        self._edge_point_set.add((edge_point, neighboring_cell_label))


[docs]    def generate_maze(self, neighboring_cell_label):
        xmin = 512
        ymin = 512
        xmax = 0
        ymax = 0
        for (x, y), neighboring_cell in self._edge_point_set:
            if x > xmax:
                xmax = x
            if x < xmin:
                xmin = x
            if y > ymax:
                ymax = y
            if y < ymin:
                ymin = y
        rows, cols = (int(ymax - ymin + 1), int(xmax - xmin + 1))
        arr = [[0 for i in range(cols)] for j in range(rows)]
        for (x, y), neighboring_cell in self._edge_point_set:
            if neighboring_cell == neighboring_cell_label:
                row = int(y - ymin)
                col = int(x - xmin)
                arr[row][col] = 1
        for junction in self.junctions:
            if neighboring_cell_label in junction.cell_labels:
                x, y = junction.coordinates
                row = int(y - ymin)
                col = int(x - xmin)
                arr[row][col] = 1
        return arr, xmin, ymin


[docs]    def make_edges(self, master_set):

        for start, end in combinations(self.junctions, 2):
            already_created_edge = False
            for edge in master_set:
                if edge.start_node == start and edge.end_node == end:
                    already_created_edge = True
                if edge.start_node == end and edge.end_node == start:
                    already_created_edge = True
            if not already_created_edge:
                start_cells = start.cell_labels
                end_cells = end.cell_labels
                shared_cell_labels = start_cells.intersection(end_cells)
                if len(shared_cell_labels) == 2:
                    (neighboring_cell_label,) = shared_cell_labels - {self.label}
                    maze, xmin, ymin = self.generate_maze(neighboring_cell_label)
                    x1, y1 = start.coordinates
                    point1 = (int(y1 - ymin), int(x1 - xmin))

                    x2, y2 = end.coordinates
                    point2 = (int(y2 - ymin), int(x2 - xmin))

                    path = breadth_first_search(maze, point1, point2)

                    path_new = []
                    for point in path:
                        y, x = tuple(map(lambda i, j: i + j, point, (ymin, xmin)))
                        path_new.append((x, y))

                    self._cell_boundary_segments.append(path_new)
                    e = Edge(start, end, path_new, {self.label, neighboring_cell_label})
                    master_set.add(e)


    @property
    def number_of_edge_points(self):
        """ returns the number of edge points in edge_point_list

        :return: number of edge points
        """

        return len(self._edge_point_set)

    @property
    def label(self):
        """ the label of a Cell is it's unique pixel value. It is assigned when the Cell object is created.

        :return:
        """
        return self._label

[docs]    def approximate_cell_center(self):
        """ approximates the coordinates of the center of the cell by averaging the coordinates of points on the
        perimeter (edge) of the cell

        :return: approximate center of the cell
        :rtype: tuple
        """

        xsum = 0
        ysum = 0
        for point, neighbor in self._edge_point_set:
            xsum += point[0]
            ysum += point[1]
        xc = xsum / len(self._edge_point_set)
        yc = ysum / len(self._edge_point_set)
        return xc, yc


[docs]    def plot(self):
        plt.text(self.approximate_cell_center()[0], self.approximate_cell_center()[1], str(self._label), color='green',
                 fontsize=3,
                 horizontalalignment='center', verticalalignment='center')


    def __str__(self):
        return str('Cell {}'.format(self._label))

    def __repr__(self):
        return repr('Cell {}'.format(self._label))

    def __eq__(self, other):
        return math.isclose(self.label, other.label)

    def __hash__(self):
        return hash(str(self))





          

      

      

    

  

    
      
          
            
  Source code for pycellfit.edge

import itertools
import math

import matplotlib.pyplot as plt
import numpy as np

from . import junction
from .circle_fit import fit


[docs]def distance(p1, p2):
    return math.sqrt(((p1[0] - p2[0]) ** 2) + ((p1[1] - p2[1]) ** 2))



[docs]def collinear(points, epsilon=0.01):
    """ determine if three points are collinear

    :param epsilon:
    :param points: list of 3 point tuples that might be collinear
    :type points: list of 3 2-member tuples
    :return: boolean to tell if the points are collinear or not
    :rtype: bool
    """
    if not isinstance(points, list):
        raise TypeError("parameter must be of type 'list'")

    if len(points) != 3:
        raise ValueError("list of points must have only 3 points")

    # converts points to a np array that looks like:
    # | x1 x2 x3 |
    # | y1 y2 y3 |
    # | 1  1  1  |
    matrix = np.array(
        [[points[0][0], points[1][0], points[2][0]], [points[0][1], points[1][1], points[2][1]], [1, 1, 1]])

    # finds area of the triangle formed by the three points by taking the determinant of the matrix above
    area = 0.5 * abs(np.linalg.det(matrix))

    if area < epsilon:
        return True
    else:
        return False



[docs]class Edge:
    id_iter = itertools.count()

    def __init__(self, start_node, end_node, intermediate_points, cells):
        self._start_node = start_node
        self._end_node = end_node
        self._radius = 0
        self._center = (0, 0)
        self._intermediate_points = intermediate_points
        self._mesh_segments = []
        self._mesh_points = []
        self._junctions = {start_node, end_node}
        self._cell_label_set = cells
        self._label = next(Edge.id_iter)
        self._corresponding_tension_vector = None
        self.tension_label = 0
        self.tension_magnitude = 0

    def _get_split_point(self, a, b, dist):

        """ Returns the point that is <<dist>> length along the line a b.

        a and b should each be an (x, y) tuple.
        dist should be an integer or float, not longer than the line a b.

        """

        dx = b[0] - a[0]
        dy = b[1] - a[1]

        try:
            m = dy / dx
        except ZeroDivisionError:
            if b[1] > a[1]:
                return a[0], a[1] + dist
            elif a[1] > b[1]:
                return b[0], b[1] + dist
            else:
                return a
        c = a[1] - (m * a[0])

        x = a[0] + (dist ** 2 / (1 + m ** 2)) ** 0.5
        y = m * x + c
        # formula has two solutions, so check the value to be returned is
        # on the line a b.
        if not (a[0] <= x <= b[0]) and (a[1] <= y <= b[1]):
            x = a[0] - (dist ** 2 / (1 + m ** 2)) ** 0.5
            y = m * x + c

        return x, y

[docs]    def split_line_single(self, line, length):

        """ Returns two ogr line geometries, one which is the first length
        <<length>> of <<line>>, and one one which is the remainder.

        line should be a ogr LineString Geometry.
        length should be an integer or float.

        """

        line_points = line
        sub_line = []
        while length > 0:
            d = distance(line_points[0], line_points[1])
            if d > length:
                split_point = self._get_split_point(line_points[0], line_points[1], length)
                sub_line.append(line_points[0])
                sub_line.append(split_point)
                line_points[0] = split_point
                break

            if d == length:
                sub_line.append(line_points[0])
                sub_line.append(line_points[1])
                line_points.remove(line_points[0])
                break

            if d < length:
                sub_line.append(line_points[0])
                line_points.remove(line_points[0])
                length -= d

        remainder = []
        for point in line_points:
            remainder.append(point)

        return sub_line, remainder


[docs]    def split_line_multiple(self, length=None, n_pieces=None):

        """ Splits a ogr wkbLineString into multiple sub-strings, either of
        a specified <<length>> or a specified <<n_pieces>>.

        line should be an ogr LineString Geometry
        Length should be a float or int.
        n_pieces should be an int.
        Either length or n_pieces should be specified.

        Returns a list of ogr wkbLineString Geometries.

        """
        line = self._intermediate_points.copy()
        if not n_pieces:
            n_pieces = int(math.ceil(self.length / length))
        if not length:
            length = self.length / float(n_pieces)

        line_segments = []
        remainder = line

        for i in range(n_pieces - 1):
            segment, remainder = self.split_line_single(remainder, length)
            line_segments.append(segment)
        else:
            line_segments.append(remainder)

        self._mesh_segments = line_segments


[docs]    def calculate_edge_points(self):
        for segment in self._mesh_segments:
            self._mesh_points.append(segment[0])
        self._mesh_points.append(self._mesh_segments[-1][-1])


[docs]    def outside(self, background):
        return background in self._cell_label_set


    @property
    def start_node(self):
        return self._start_node

    @start_node.setter
    def start_node(self, node):
        if isinstance(node, junction.Junction):
            self._start_node = node
        else:
            raise TypeError('node should be of type Junction. Instead, node was of type {}'.format(type(node)))

    @property
    def end_node(self):
        return self._end_node

    @end_node.setter
    def end_node(self, node):
        if isinstance(node, junction.Junction):
            self._end_node = node
        else:
            raise TypeError('node should be of type Junction. Instead, node was of type {}'.format(type(node)))

    @property
    def radius(self):
        return self._radius

    @radius.setter
    def radius(self, r):
        if isinstance(r, (int, float, complex)) and not isinstance(r, bool):
            self._radius = r
        else:
            raise TypeError('radius must be of numeric type. Instead, r was of type {}'.format(type(r)))

    @property
    def center(self):
        return self._center

    @center.setter
    def center(self, c):
        if len(c) == 2:
            self._center = c
        else:
            raise ValueError('center should not exceed length of 2. The length of center coordinates was: {}'.format(
                len(c)))

    @property
    def xc(self):
        return self._center[0]

    @property
    def yc(self):
        return self._center[1]

    @property
    def corresponding_tension_vector(self):
        return self._corresponding_tension_vector

    @corresponding_tension_vector.setter
    def corresponding_tension_vector(self, tension_vector):
        if isinstance(tension_vector, tension_vector.TensionVector):
            self._corresponding_tension_vector = tension_vector
        else:
            raise TypeError('corresponding_edge should be of type TensionVector. Instead, it was of type {}'.format(
                type(tension_vector)))

    @property
    def length(self):
        length = 0
        for index, point in enumerate(self._intermediate_points):
            if index < len(self._intermediate_points) - 1:
                length += distance(point, self._intermediate_points[index + 1])
        return length

    @property
    def location(self):
        return self._intermediate_points[int(len(self._intermediate_points) / 2)]

[docs]    def plot(self, label=False):
        x, y = list(zip(*self._intermediate_points))
        x = list(x)
        y = list(y)
        plt.plot(x, y, color='deepskyblue', linestyle='-', linewidth=0.5)
        if label:
            plt.text(self.location[0], self.location[1], str(self._label), color='white', fontsize=3,
                     horizontalalignment='center', verticalalignment='center')


[docs]    def circle_fit(self):
        x, y = list(zip(*self._mesh_points))
        x = np.asarray(x)
        y = np.asarray(y)
        xc, yc, radius = fit(x, y, self.start_node.coordinates, self.end_node.coordinates)
        self.center = (xc, yc)
        self.radius = radius


    @property
    def linear(self):
        for index, point in enumerate(self._mesh_points):
            if index < len(self._mesh_points) - 3:
                l = [point, self._mesh_points[index + 1], self._mesh_points[index + 2]]
                if not collinear(l):
                    return False
        return True

[docs]    def angular_position(self, coordinates):
        """ given a (x,y) coordinate, the angular position in radians from 0 to 2*pi around the fit circle is returned

        :param coordinates:
        :return:
        """
        x, y = coordinates
        angular_position = math.atan2(y - self.yc, x - self.xc)  # y,x
        # convert to radians between 0 and 2*pi
        if angular_position > 0:
            angular_position = angular_position
        else:
            angular_position = 2 * math.pi + angular_position
        return angular_position


    @property
    def cw_around_circle(self):
        """true if the edge (start_node to end_node) goes clockwise around the fit circle, false if ccw

        :return:
        """

        start_angular_position = self.angular_position(self.start_node.coordinates)
        end_angular_position = self.angular_position(self.end_node.coordinates)
        return start_angular_position > end_angular_position

[docs]    def start_tangent_angle(self, method='chord'):
        if method == 'chord':
            angle = math.atan2(self.end_node.y - self.start_node.y, self.end_node.x - self.start_node.x)
            # convert to range of 0 to 2pi
            if angle < 0:
                angle += 2 * math.pi
            return angle

        if method == 'circular':
            # circular edges
            slope_of_tangent_line = (-(self.start_node.x - self.xc)) / (self.start_node.y - self.yc)
            start_angular_position = self.angular_position(self.start_node.coordinates)
            angle = math.atan(slope_of_tangent_line)
            if self.cw_around_circle:
                if math.pi < start_angular_position < 2 * math.pi:
                    # third and fourth quadrants
                    angle += math.pi
            else:
                if math.pi > start_angular_position > 0:
                    # first and second quadrants
                    angle += math.pi

        # linear edges
        if self.linear:
            if self.end_node.x > self.start_node.x:
                angle = math.atan2(-self.start_node.y + self.end_node.y, -self.start_node.x + self.end_node.x)
            elif self.end_node.x == self.start_node.x:
                if self.end_node.y - self.start_node.y > 0:
                    angle = math.pi / 2
                else:
                    angle = 3 * math.pi / 2
            elif self.end_node.x < self.start_node.x:
                if self.end_node.y > self.start_node.y:
                    angle = math.pi / 2 + math.atan(
                        (self.start_node.x - self.end_node.x) / (-self.start_node.y + self.end_node.y))
                else:
                    angle = math.pi + math.atan(
                        (self.start_node.y - self.end_node.y) / (self.start_node.x - self.end_node.x))

        # convert to range of 0 to 2pi
        if angle < 0:
            angle += 2 * math.pi
        return angle


[docs]    def end_tangent_angle(self, method='chord'):
        if method == 'chord':
            angle = math.atan2(-self.end_node.y + self.start_node.y, -self.end_node.x + self.start_node.x)
            # convert to range of 0 to 2pi
            if angle < 0:
                angle += 2 * math.pi
            return angle

        if method == 'circular':
            slope_of_tangent_line = (-(self.end_node.x - self.xc)) / (self.end_node.y - self.yc)
            end_angular_position = self.angular_position(self.end_node.coordinates)
            angle = math.atan(slope_of_tangent_line)
            if self.cw_around_circle:
                if math.pi < end_angular_position < 2 * math.pi:
                    # third and fourth quadrants
                    angle += math.pi
            else:
                if math.pi > end_angular_position > 0:
                    # first and second quadrants
                    angle += math.pi

            # convert to range of 0 to 2pi
            if angle < 0:
                angle += 2 * math.pi
            angle -= math.pi

        # linear edges
        if self.linear:
            if self.start_node.x > self.end_node.x:
                angle = math.atan2(-self.end_node.y + self.start_node.y, -self.end_node.x + self.start_node.x)
            elif self.start_node.x == self.end_node.x:
                if self.start_node.y - self.end_node.y > 0:
                    angle = math.pi / 2
                else:
                    angle = 3 * math.pi / 2
            elif self.start_node.x < self.end_node.x:
                if self.start_node.y > self.end_node.y:
                    angle = math.pi / 2 + math.atan(
                        (self.end_node.x - self.start_node.x) / (-self.end_node.y + self.start_node.y))
                else:
                    angle = math.pi + math.atan(
                        (self.end_node.y - self.start_node.y) / (self.end_node.x - self.start_node.x))

            # convert to range of 0 to 2pi
            if angle < 0:
                angle += 2 * math.pi

        return angle


[docs]    def map_unit_vectors_to_junctions(self):
        angle = self.start_tangent_angle()

        self.start_node.x_unit_vectors_dict[self._label] = math.cos(angle)
        self.start_node.y_unit_vectors_dict[self._label] = math.sin(angle)

        angle = self.end_tangent_angle()

        self.end_node.x_unit_vectors_dict[self._label] = math.cos(angle)
        self.end_node.y_unit_vectors_dict[self._label] = math.sin(angle)


[docs]    def plot_tangent(self, c='y', ):
        angle = self.start_tangent_angle()

        plt.plot([self.start_node.x, self.start_node.x + 10 * math.cos(angle)], [self.start_node.y,
                                                                                 self.start_node.y + 10 * math.sin(
                                                                                     angle)], c=c, lw=0.75)

        angle = self.end_tangent_angle()
        plt.plot([self.end_node.x, self.end_node.x + 10 * math.cos(angle)], [self.end_node.y,
                                                                             self.end_node.y + 10 * math.sin(
                                                                                 angle)], c=c, lw=0.75)
        plt.text(self.location[0], self.location[1], str(round(self.tension_magnitude, 2)), color='red',
                 fontsize=3,
                 horizontalalignment='center', verticalalignment='center')

[docs]    def plot_circle(self):
        xc, yc = self._center
        start_point = self.start_node.coordinates
        mid_point = self._mesh_points[1]
        end_point = self.end_node.coordinates
        start_theta = math.atan2(start_point[1] - yc, start_point[0] - xc)
        end_theta = math.atan2(end_point[1] - yc, end_point[0] - xc)
        mid_theta = math.atan2(mid_point[1] - yc, mid_point[0] - xc)
        if start_theta <= mid_theta <= end_theta:
            theta_fit = np.linspace(start_theta, end_theta, 100)
        elif start_theta >= mid_theta >= end_theta:
            theta_fit = np.linspace(end_theta, start_theta, 100)
        else:
            if start_theta < 0:
                start_theta = 2 * math.pi + start_theta
            if end_theta < 0:
                end_theta = 2 * math.pi + end_theta
            if mid_theta < 0:
                mid_theta = 2 * math.pi + mid_theta
            theta_fit = np.linspace(start_theta, end_theta, 180)

        # stores all x and y coordinates along the fitted arc
        x_fit = xc + self.radius * np.cos(theta_fit)
        y_fit = yc + self.radius * np.sin(theta_fit)

        # plot least squares circular arc
        plt.plot(x_fit, y_fit, 'r-', lw=1)


    def __eq__(self, other):
        return self._junctions == {other.start_node, other.end_node}

    def __str__(self):
        return str(self._start_node) + ' to ' + str(self._end_node)

    def __hash__(self):
        return hash(str(self))





          

      

      

    

  

    
      
          
            
  Source code for pycellfit.junction

import itertools

import matplotlib.pyplot as plt


[docs]class Junction:
    id_iter = itertools.count()

    def __init__(self, coordinates, cells_set):
        self._coordinates = coordinates
        self._edge_labels = set()
        self._label = next(Junction.id_iter)
        self._cell_labels = cells_set
        self.x_unit_vectors_dict = {}  # each dictionary entry is edge label: x_unit_vector_component
        self.y_unit_vectors_dict = {}  # each dictionary entry is edge label: y_unit_vector_component

    @property
    def coordinates(self):
        return self._coordinates

    @coordinates.setter
    def coordinates(self, coordinates):
        if len(coordinates) == 2:
            self._coordinates = coordinates
        else:
            raise ValueError('coordinates should not exceed length of 2. The length of coordinates was: {}'.format(
                len(coordinates)))

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

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

    @property
    def edges(self):
        """set of labels of edges connected to this node"""

        return self._edge_labels

[docs]    def add_edge(self, edge_label):
        """Adds edge label to set of edge labels"""
        self._edge_labels.add(edge_label)


[docs]    def remove_edge(self, edge_label):
        """Remove an edge and tension vector connected to this node

        :param self:
        :param edge_label:
        """

        try:
            self._edge_labels.remove(edge_label)
        except ValueError:
            raise ValueError("{} is not connected to this Junction".format(edge_label))


    @property
    def tension_vectors(self):
        """ returns list of Tension vectors connected to this node"""

        tension_vectors = []
        for edge in self._edge_labels:
            tension_vectors.append(edge.corresponding_tension_vector)

        return tension_vectors

    @property
    def degree(self):
        return len(self._cell_labels)

[docs]    def plot(self, label=False):
        plt.scatter(self.x, self.y, c='r', s=10)
        if label:
            plt.text(self.coordinates[0], self.coordinates[1], str(self._label), color='black', fontsize=2.5,
                     horizontalalignment='center', verticalalignment='center')


[docs]    def plot_unit_vectors(self):
        # for edge_label in self.x_unit_vectors_dict:
        #     x=self.x_unit_vectors_dict[edge_label]
        #     plt.plot([self.x,self.x+10*x],[self.y,self.y], lw=0.75)
        # for edge_label in self.y_unit_vectors_dict:
        #     y=self.y_unit_vectors_dict[edge_label]
        #     plt.plot([self.x,self.x],[self.y,self.y+10*y], lw=0.75)

        for edge_label in self.x_unit_vectors_dict:
            x = self.x_unit_vectors_dict[edge_label]
            y = self.y_unit_vectors_dict[edge_label]
            plt.plot([self.x, self.x + 10 * x], [self.y, self.y + 10 * y], lw=0.75)


    @property
    def cell_labels(self):
        return self._cell_labels

    def __eq__(self, other):
        return self._coordinates == other.coordinates

    def __str__(self):
        return str(self._coordinates)

    def __hash__(self):
        return hash(str(self))

    def __repr__(self):
        return repr('Junction({})'.format(self._coordinates))





          

      

      

    

  

    
      
          
            
  Source code for pycellfit.mesh

import math
import statistics

import matplotlib.pyplot as plt
import numpy as np
from scipy import stats

from .cell import Cell
from .junction import Junction


[docs]class Mesh:
    def __init__(self, array_of_pixels):
        self.cells = set()
        self.edges = set()
        self.junctions = set()
        self.array_of_pixels = array_of_pixels
        self.points = set()
        self.background_label = 0

[docs]    def add_cell(self, cell_pixel_value):
        self.cells.add(Cell(cell_pixel_value))


[docs]    def remove_cell(self, cell_pixel_value):
        self.cells.discard(Cell(cell_pixel_value))


[docs]    def find_cells_from_array(self):
        # find all unique pixel values in array
        cell_ids = set()
        for row, col in np.ndindex(self.array_of_pixels.shape):
            cell_ids.add(self.array_of_pixels[row, col])

        # determine pixel value of background and remove it from our set of cell ids
        # potential background values are the values in the four corners of the array
        potential_background_values = self.array_of_pixels[[0, 0, -1, -1], [0, -1, 0, -1]]
        # we determine the background value to be the mode of the potential values
        background_value = stats.mode(potential_background_values)[0][0]
        cell_ids.remove(background_value)
        self.background_label = background_value
        for cell_id in cell_ids:
            self.add_cell(cell_id)


    @property
    def number_of_cells(self):
        """ returns the number of cells in the mesh

        :return: number of cells in mesh
        :rtype: int
        """

        return len(self.cells)

    @property
    def number_of_edges(self):
        """ returns the number of edges in the mesh

        :return: number of edges in the mesh
        :rtype: int
        """

        return len(self.edges)

    @property
    def number_of_junctions(self):
        """ returns the number of junctions in the mesh

        :return: number of junctions in the mesh
        :rtype: int
        """

        return len(self.junctions)

    @property
    def number_of_triple_junctions(self):
        """ counts and outputs the number of triple junctions in the mesh

        :return number of triple junctions in mesh
        :rtype: int
        """

        count = 0
        for j in self.junctions:
            if j.degree == 3:
                count += 1
        return count

    @property
    def number_of_quad_junctions(self):
        """ returns the number of quad junctions in the mesh

        :return: number of edges in the mesh
        :rtype: int
        """
        count = 0
        for j in self.junctions:
            if j.degree == 4:
                count += 1
        return count

[docs]    def add_edge_points_and_junctions(self, array_of_pixels):
        with np.nditer(array_of_pixels, flags=['multi_index']) as iterator:
            for pixel in iterator:

                # find location of this pixel and the surrounding pixels
                position = iterator.multi_index
                north = tuple(map(lambda i, j: i + j, position, (-1, 0)))
                west = tuple(map(lambda i, j: i + j, position, (0, -1)))
                south = tuple(map(lambda i, j: i + j, position, (1, 0)))
                east = tuple(map(lambda i, j: i + j, position, (0, 1)))
                southeast = tuple(map(lambda i, j: i + j, position, (1, 1)))

                # find triple junctions using 2*2 region of array
                try:
                    neighboring_values = {array_of_pixels[east],
                                          array_of_pixels[south],
                                          array_of_pixels[southeast],
                                          array_of_pixels[position]}
                except IndexError:
                    pass
                if len(neighboring_values) == 3:
                    x = position[1] + 1 - 0.5
                    y = position[0] + 1 - 0.5
                    j = Junction((x, y), neighboring_values)
                    self.junctions.add(j)
                    for cell in self.cells:
                        if cell.label in neighboring_values:
                            cell.junctions.add(j)

                # find edge points using four neighbors
                try:
                    if array_of_pixels[position] != array_of_pixels[east]:
                        for cell in self.cells:
                            if cell.label == pixel:
                                cell.add_edge_point((position[1] + 1 - 0.5, position[0] - 0.5), array_of_pixels[east])
                                cell.add_edge_point((position[1] + 1 - 0.5, position[0] + 1 - 0.5),
                                                    array_of_pixels[east])
                except IndexError:
                    pass
                try:
                    if array_of_pixels[position] != array_of_pixels[south]:
                        for cell in self.cells:
                            if cell.label == pixel:
                                cell.add_edge_point((position[1] + 1 - 0.5, position[0] + 1 - 0.5),
                                                    array_of_pixels[south])
                                cell.add_edge_point((position[1] - 0.5, position[0] + 1 - 0.5), array_of_pixels[south])
                except IndexError:
                    pass
                try:
                    if array_of_pixels[position] != array_of_pixels[north]:
                        for cell in self.cells:
                            if cell.label == pixel:
                                cell.add_edge_point((position[1] + 1 - 0.5, position[0] - 0.5), array_of_pixels[north])
                                cell.add_edge_point((position[1] + 1 - 0.5, position[0] - 0.5), array_of_pixels[north])
                except IndexError:
                    pass
                try:
                    if array_of_pixels[position] != array_of_pixels[west]:
                        for cell in self.cells:
                            if cell.label == pixel:
                                cell.add_edge_point((position[1] - 0.5, position[0] - 0.5), array_of_pixels[west])
                                cell.add_edge_point((position[1] - 0.5, position[0] + 1 - 0.5), array_of_pixels[west])
                except IndexError:
                    pass


[docs]    def make_edges_for_all_cells(self):
        for cell in self.cells:
            cell.make_edges(self.edges)


[docs]    def circle_fit_all_edges(self):
        for edge in self.edges:
            edge.circle_fit()


[docs]    def generate_mesh(self, average_nodes_per_edge=4):
        edge_lengths = []
        for edge in self.edges:
            edge_lengths.append(edge.length)
        distance_between_nodes = [edge_length / (average_nodes_per_edge - 1) for edge_length in edge_lengths]
        # mean_edge_length = sum(edge_lengths)/len(edge_lengths)
        # mean_edge_length = statistics.median(edge_lengths)
        # length = mean_edge_length/(average_nodes_per_edge-1)
        length = statistics.mean(distance_between_nodes)
        print(length)
        for edge in self.edges:
            edge.split_line_multiple(n_pieces=math.ceil(edge.length / length))
            edge.calculate_edge_points()
            for point in edge._mesh_points:
                self.points.add(point)


[docs]    def plot(self):
        for point in self.points:
            plt.scatter(point[0], point[1], c='green', s=1)


[docs]    def solve_tensions(self):
        edge_label_to_tension_label_dict = {}  # each entry is edge label: tension_label
        n_tensions = 0
        for edge in self.edges:
            if not edge.outside(self.background_label):
                edge.tension_label = n_tensions
                edge_label_to_tension_label_dict[edge._label] = n_tensions
                edge.map_unit_vectors_to_junctions()
                n_tensions += 1
        gy_matrix = np.zeros((2 * self.number_of_triple_junctions, n_tensions))
        for junction in self.junctions:
            for edge_label in junction.x_unit_vectors_dict:
                tension_label = edge_label_to_tension_label_dict[edge_label]
                gy_matrix[junction._label][tension_label] = junction.x_unit_vectors_dict[edge_label]
            for edge_label in junction.y_unit_vectors_dict:
                tension_label = edge_label_to_tension_label_dict[edge_label]
                gy_matrix[junction._label + self.number_of_junctions][tension_label] = junction.y_unit_vectors_dict[
                    edge_label]
        print(gy_matrix.shape)
        top_left = np.matmul(gy_matrix.transpose(), gy_matrix)
        bottom_left = np.full((1, np.shape(top_left)[1]), 1)
        top_right = bottom_left.transpose()
        top = np.concatenate((top_left, top_right), axis=1)
        bottom_right = np.zeros((1, top.shape[1] - bottom_left.shape[1]))
        bottom = np.concatenate((bottom_left, bottom_right), axis=1)
        big_matrix = np.concatenate((top, bottom), axis=0)
        zero = np.zeros((n_tensions + 1, 1))
        zero[n_tensions][0] = n_tensions
        print(big_matrix.shape, zero.shape)
        y = np.linalg.lstsq(big_matrix, zero, rcond=None)
        x = np.linalg.solve(big_matrix, zero)
        print(np.mean(x))
        # print(y[0])
        print(np.mean(y[0]))
        print(np.min(y[0]))
        print(np.max(y[0]))
        for edge_label, tension_label in edge_label_to_tension_label_dict.items():
            tension_magnitude = y[0][tension_label]
            for edge in self.edges:
                if edge._label == edge_label:
                    edge.tension_magnitude = np.asscalar(tension_magnitude)

        # np.savetxt(sys.stdout, y[0], fmt="%.3f")

[docs]    def solve_tensions_new(self):
        edge_label_to_tension_label_dict = {}  # each entry is edge label: tension_label
        n_tensions = 0
        for edge in self.edges:
            if not edge.outside(self.background_label):
                edge.tension_label = n_tensions
                edge_label_to_tension_label_dict[edge._label] = n_tensions
                edge.map_unit_vectors_to_junctions()
                n_tensions += 1
        gy_matrix = np.zeros((2 * self.number_of_triple_junctions, n_tensions))
        for junction in self.junctions:
            for edge_label in junction.x_unit_vectors_dict:
                tension_label = edge_label_to_tension_label_dict[edge_label]
                gy_matrix[junction._label][tension_label] = junction.x_unit_vectors_dict[edge_label]
            for edge_label in junction.y_unit_vectors_dict:
                tension_label = edge_label_to_tension_label_dict[edge_label]
                gy_matrix[junction._label + self.number_of_junctions][tension_label] = junction.y_unit_vectors_dict[
                    edge_label]

        zero = np.zeros((n_tensions, 1))

        print(gy_matrix.shape)
        print(gy_matrix.T.shape)
        print(np.linalg.inv(gy_matrix.dot(gy_matrix.T)).shape)
        print(zero.shape)

        gamma = np.linalg.inv(gy_matrix.T * gy_matrix) * gy_matrix.T * zero
        print(gamma.shape)
        print(np.mean(gamma))
        print(gamma)


[docs]    def solve_tensions_new2(self):
        edge_label_to_tension_label_dict = {}  # each entry is edge label: tension_label
        n_tensions = 0
        for edge in self.edges:
            if not edge.outside(self.background_label):
                edge.tension_label = n_tensions
                edge_label_to_tension_label_dict[edge._label] = n_tensions
                edge.map_unit_vectors_to_junctions()
                n_tensions += 1
        gy_matrix = np.zeros((2 * self.number_of_triple_junctions, n_tensions))
        for junction in self.junctions:
            for edge_label in junction.x_unit_vectors_dict:
                tension_label = edge_label_to_tension_label_dict[edge_label]
                gy_matrix[junction._label][tension_label] = junction.x_unit_vectors_dict[edge_label]
            for edge_label in junction.y_unit_vectors_dict:
                tension_label = edge_label_to_tension_label_dict[edge_label]
                gy_matrix[junction._label + self.number_of_junctions][tension_label] = junction.y_unit_vectors_dict[
                    edge_label]
        print(n_tensions)
        print(gy_matrix.shape)
        top_left = np.matmul(gy_matrix.transpose(), gy_matrix)
        bottom_left = np.full((1, np.shape(top_left)[1]), 1)
        top_right = bottom_left.transpose()
        top = np.concatenate((top_left, top_right), axis=1)
        bottom_right = np.zeros((1, top.shape[1] - bottom_left.shape[1]))
        bottom = np.concatenate((bottom_left, bottom_right), axis=1)
        big_matrix = np.concatenate((top, bottom), axis=0)
        zero = np.zeros((n_tensions + 1, 1))
        zero[n_tensions][0] = n_tensions
        print(big_matrix.shape, zero.shape)
        y = np.linalg.lstsq(big_matrix, zero, rcond=None)
        x = np.linalg.solve(big_matrix, zero)
        print(np.mean(x))
        # print(y[0])
        print(np.mean(y[0]))
        print('lagrange multiplier: {}'.format(y[0][n_tensions]))
        gamma_star = y[0]
        # remove last row
        gamma_star = gamma_star[:-1, :]
        # print('mean_tension: {}, min_tension: {}, max_tension: {}'.format(np.mean(gamma_star), np.min(gamma_star),
        # np.max(gamma_star)))
        print("shape of gamma", gamma_star.shape)
        for alpha in range(0, 2):
            gamma = alpha * (gamma_star - 1) + 1
            print(gy_matrix.shape, gamma.shape)
            net_forces = np.matmul(gy_matrix, gamma)
            print(net_forces.shape)

            ssr = np.sum(net_forces ** 2)
            print('alpha: {}, mean_tension: {}, min_tension: {}, max_tension: {}, ssr: {} '.format(alpha,
                                                                                                   np.mean(gamma),
                                                                                                   np.min(gamma),
                                                                                                   np.max(gamma), ssr))


[docs]    def plot_tensions(self):
        max_tension = 2
        from matplotlib import cm

        viridis = cm.get_cmap('Spectral', 12)
        for edge in self.edges:
            if not edge.outside(self.background_label):
                edge.plot_tangent(c=viridis(edge.tension_magnitude / max_tension)[0])


        # plt.colorbar()




          

      

      

    

  

    
      
          
            
  Source code for pycellfit.segmentation_transform

""" functions to convert between watershed and skeleton segmented images"""

import numpy as np
from scipy import stats

from pycellfit.segmentation_transform_utils import pad_with, PAD_VALUE, fill_region


[docs]def skeleton_to_watershed(skeleton_image_array, region_value=0, boundary_value=255, keep_boundaries=False):
    """ converts a segmented skeleton image (all regions are same value with region boundaries being a second value)
    to a watershed segmented image (each region has a unique value and there are no boundary pixels, background
    region has value of zero)

    :param skeleton_image_array: 2D numpy array with pixel values of a skeleton segmented image
    :type skeleton_image_array: np.ndarray
    :param region_value: value of pixels in regions in skeleton_segmented images (default is 0)
    :type region_value: float
    :param boundary_value: value of boundary pixels of regions in skeleton_segmented images (default is 255)
    :type boundary_value: float
    :param keep_boundaries: if True, watershed image will keep boundaries in returned result
    :type keep_boundaries: bool
    :return: watershed_image_array
    :rtype watershed_image_array: np.ndarray
    """

    # throw error if skeleton_image_array is not np.ndarray
    if not isinstance(skeleton_image_array, np.ndarray):
        raise TypeError("skeleton_image_array must be of type numpy.ndarray")

    # throw error if skeleton_image_array is not two dimensions
    if np.ndim(skeleton_image_array) != 2:
        raise ValueError("skeleton_image_array must be two-dimensional")

    # throw error if array contains more than two values
    if not (np.unique(skeleton_image_array).shape == (2,)):
        raise ValueError("skeleton_image_array does not have only two values")

    # throw error if array contains values other than region_value and boundary_value
    if not (np.array_equal(np.unique(skeleton_image_array), [region_value, boundary_value]) or np.array_equal(np.unique(
            skeleton_image_array), [region_value, boundary_value])):
        raise ValueError("skeleton_image_array contains values other than region_value and boundary_value")

    # copy input array (skeleton image)
    watershed_image_array = np.copy(skeleton_image_array)

    # fill each region with unique value
    new_value = 1
    with np.nditer(watershed_image_array, flags=['multi_index'], op_flags=['readwrite']) as iterator:
        for old_value in iterator:
            if new_value == boundary_value:
                # make sure we don't label any regions with same value as boundary value
                new_value += 1
            # if old_value == boundary_value:
            # don't touch boundary pixels
            elif old_value == region_value:
                # if pixel has not been touched, fill region
                position = iterator.multi_index
                fill_region(watershed_image_array, position, new_value)
                new_value += 1

    # determine pixel value of background
    # potential background values are the values in the four corners of the array
    potential_background_values = watershed_image_array[[0, 0, -1, -1], [0, -1, 0, -1]]
    # we determine the background value to be the mode of the potential values
    background_value = stats.mode(potential_background_values)[0][0]

    # search for position of background value
    search_results = np.where(watershed_image_array == background_value)
    background_position = list(zip(search_results[0], search_results[1]))[0]

    # fill background region with zeros
    fill_region(watershed_image_array, background_position, 0)
    new_watershed_image_array = np.copy(watershed_image_array)

    if not keep_boundaries:
        # remove boundaries between regions
        while boundary_value in new_watershed_image_array:
            with np.nditer(new_watershed_image_array, flags=['multi_index'], op_flags=['readwrite']) as iterator:
                for pixel in iterator:
                    if pixel == 255:
                        position = iterator.multi_index
                        north = tuple(map(lambda i, j: i + j, position, (-1, 0)))
                        east = tuple(map(lambda i, j: i + j, position, (0, 1)))
                        northeast = tuple(map(lambda i, j: i + j, position, (-1, 1)))

                        if watershed_image_array[north] != boundary_value:
                            pixel[...] = watershed_image_array[north]
                        elif watershed_image_array[northeast] != boundary_value:
                            pixel[...] = watershed_image_array[northeast]
                        elif watershed_image_array[east] != boundary_value:
                            pixel[...] = watershed_image_array[east]
            watershed_image_array = np.copy(new_watershed_image_array)

    return new_watershed_image_array



[docs]def watershed_to_skeleton(watershed_image_array, region_value=0, boundary_value=255):
    """ converts a watershed segmented image (no boundaries between regions and each region has a different pixel
    value, background region has value of zero) to a skeleton segmented image (each region has the same pixel value
    and are separated by boundaries of a second value)

    :param watershed_image_array: 2D numpy array with pixel values of a watershed segmented image
    :type watershed_image_array: numpy.ndarray
    :param region_value: desired value of all regions in the output (skeleton segmented) array
    :type region_value: float
    :param boundary_value: desired value of boundary pixels in the output (skeleton segmented) array
    :type boundary_value: float
    :return: skeleton_image_array
    :rtype skeleton_image_array: np.ndarray
    """

    # create a one pixel wide padding around the edge of the image for easy iteration
    padded_array = np.pad(watershed_image_array, 1, pad_with)
    # print(padded_array.shape)

    # initialize a new nparray to hold skeleton segmented image (mask)
    skeleton_image_array = np.full(watershed_image_array.shape, region_value)

    # if a pixel neighbors a pixel of a different value, consider it a boundary point and add it to the skeleton image
    for row in range(1, padded_array.shape[0] - 1):
        for col in range(1, padded_array.shape[1] - 1):

            neighboring_values = [padded_array[row, col],
                                  padded_array[row, col + 1],
                                  padded_array[row + 1, col],
                                  padded_array[row + 1, col + 1]]

            # remove duplicates
            neighboring_values = list(set(neighboring_values))

            # remove padded value if in list of neighboring values
            try:
                neighboring_values.remove(PAD_VALUE)
            except ValueError:
                pass

            if len(neighboring_values) >= 2:
                skeleton_image_array[row - 1, col - 1] = boundary_value

    # FIXME: right most column and bottom row have boundary_value when they should not be
    # temporary fix: set values in last row and column to region_value
    skeleton_image_array[-1, :] = region_value
    skeleton_image_array[:, -1] = region_value

    return skeleton_image_array





          

      

      

    

  

    
      
          
            
  Source code for pycellfit.segmentation_transform_utils

import numpy as np


[docs]def fill_region(array_of_pixels, position, new_value):
    """ fills a region of a 2D numpy array with the same value

    :type array_of_pixels: np.ndarray
    :param array_of_pixels: 2D numpy array of all pixel values
    :param position: tuple with (row, col) location of pixel in the region to modify
    :type position: tuple
    :type new_value: float
    :param new_value: new value for pixel at `position` and all pixels in same region
    :return: None
    """

    xsize, ysize = array_of_pixels.shape
    old_value = array_of_pixels[position[0], position[1]]

    stack = {(position[0], position[1])}
    if new_value == old_value:
        raise ValueError("Region is already filled")

    while stack:
        x, y = stack.pop()

        if array_of_pixels[x, y] == old_value:
            array_of_pixels[x, y] = new_value
            if x > 0:
                stack.add((x - 1, y))
            if x < (xsize - 1):
                stack.add((x + 1, y))
            if y > 0:
                stack.add((x, y - 1))
            if y < (ysize - 1):
                stack.add((x, y + 1))



# constant value that the image array is padded with
PAD_VALUE = -1


[docs]def pad_with(vector, pad_width, iaxis, kwargs):
    """helper function that is called by np.pad to surround a nparray with a constant value
    Example: [[0,0],[0,0]] becomes [[-1,-1,-1, -1],[-1, 0, 0, -1],[-1, 0, 0, -1],[-1,-1,-1, -1]]
    """
    pad_value = kwargs.get('padder', PAD_VALUE)
    vector[:pad_width[0]] = pad_value
    vector[-pad_width[1]:] = pad_value





          

      

      

    

  

    
      
          
            
  Source code for pycellfit.utils

""" Top-level utility functions for pycellfit module."""

__author__ = "Nilai Vemula"

import os

import PIL.Image
import matplotlib.pyplot as plt
import numpy as np


[docs]def read_segmented_image(file_name, visualize=False):
    """Displays the segmented image using matplotlib

    :param file_name: file name of a segmented image in .tif format
    :type file_name: str
    :param visualize: if true, then image will be plotted using matplotlib.pyplot
    :type visualize: bool
    :raises TypeError: only accepts tif/tiff files as input
    :return: array of pixel values
    :rtype: numpy.ndarray
    """

    extension = os.path.splitext(file_name)[1]
    if not (extension == '.tif' or extension == '.tiff'):
        raise TypeError("Invalid File Type. File must be a .tif or .tiff")

    im = PIL.Image.open(file_name)
    img_array = np.array(im)

    if visualize:
        plt.imshow(img_array, cmap='gray', interpolation="nearest", vmax=255)

    return img_array
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