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Introduction

Cell's movement analysis has very important applications in
biology and medicine, but actually this analysis isn't automatic.
The objective of this work is to create an algorithm that can do
this analysis automatically, so it will require less effort and time.
For this we pass through two steps. The first is the image
segmentation. The second, the image analysis.
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Definitions and suppositions

We can consider the matrix A; € M,xm(R), that corresponds to
the ith frame of a video with k frames, where n and m are the
pixel width and tall of the frame, respectively.

We will consider that each image contains only cells and tiny
stains. Also we will suppose that the pixel value of background and
cells are constant, except that little stains in the images, and the
background covers, at least, 90% of the image area.
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Image segmentation

The objective of this section is to get matrices of 0 and 1, where
the 1 entries, that will be cells, have a neighbourhood of 0 entries,
that will be background.

First we will consider X and o, the mean and standard deviation of
the pixel values in A, respectively. The image have, at least, 90%
background pixels, so the mean should be very close of them.
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We can affirm that background pixels are in the interval

[x —0.70,X +0.70] = I, and it doesn’t contain cell pixels.

We define the function f : My m(R) = Mpxm(R), that takes
each entry of a matrix A and assign it to 1 if it isn't in /, or 0 if it
do.
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Then, we can define the morphological matrix M € M ,xm(Z) of a
binary image how the matrix that maintains the 0 entries and
assigns an integer number to a 1 entry and their neighbourhood of

1 entries.
11000 11000
1 0110 1 02 20
01 100l—102200
1 01 01 3 0205
01011 0 4 055
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So, we can define the function 5 : Myxm — Mpxm that give us
the morphological matrix associated to a matrix A, that is:

0 if a;J =0
f2(ai’j) - maX; j aj j +1if aj j+1 = 1 and aj+1,j = 1
J'<i
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We can consider then a function g : Mpxm(R) = Mpxm(R), that
maintains the 0 entries from de matrix, eliminates only one pixel in

a morphological neighbourhood, and assigns the other entries to 1.
That is:

Oifajj=0o0r(ajj=n
and max;_;apj =n—1and
B <
g(aij) = J'<i
(ai+1j = nor ajjt1 = n))
1 in other case
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So we can subtract the matrix obtained by this operations to the
binary image's matrix to obtain a new matrix with segregated
points, so it will be easier to analyse.

11000 01000 10000
10110 1 0010 00100
01100]—-f0110O00O0f=1]00000
10101 00100 1 0001
01011 00011 0100060
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Image analysis

Once we get segmented images, we want to find some parameters
from there. This parameters are:

@ Euclidean distance: The distance on the x axis travelled from
the initial point to final frame

Total distance
Mean velocity
Persistence: Euclidean distance divided by total distance

Directionality: Cells that are in a range of 60 degrees in all
their trajectory
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First, to follow a cell we need to consider consecutive frames, so
we will suppose that the coordinates corresponding to the studied
cell in the image / 4 1 are the nearest non-zero point to their last
position, in the image i.

However, the matrices doesn’t have only cells. They also have
some pixels that correspond to stains in the background, so we
need to ensure that we are following a cell, and not a background
pixel.
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For our purpose, we will define a function

hi - N2 x Mpxm(R) — R?, that takes as argument the coordinates
of a point in a image and returns the nearest non-zero entry in the
image's matrix. If there are more than 1 minimum points, we will
chose the one that has the minimum coordinates.

h((a, b), (aij)) = argmin{i + j : (i,j) € argmin{i —j : (i,)) €

argmin{(i — a)* + (j — b)* : a;j # 0}}}

hi | (3,3), =(1,1)
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Then, we can define other function
hy : N? X (Mpxm(R)) = (R2)k, where

h2((i7.j)’ (M17 ceey Mk)) = (hl((’a./)v M1)7 hl(hl((la./)7 Ml)a M2)a e )

That is, hy is the function that follows a cell along all the video.

In the case that most of the time the point doesn’t move between
consecutive frames, we will consider this as a background point, so
we aren't going to consider that cases.

Once we get the trajectory of the cells we are interested in, we can
do the usual analysis of distance, velocity and other parameters.
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Results

In the reality, the programming of this algorithm isn't very
complicated, so we programmed that to see and compare the
results with real videos of cells.

There are the results of the image filtering for a particular image.

i JN

Figure: Principal steps of image segmentation
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For the image analysis, there are general results for 9 cells, 3 for
each channel.

@ Mean euclidean distance: -1.4306[um]
@ Mean trajectory length: 183.697[nm]
@ Mean final distance: 13.4247[um]
Mean velocity: 0.172485[;m/min]
Mean rapidity: 0.0126054([;m/min]
Mean persistence: 0.00922666
Directionality: 0%
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The time required by this program to analyse this image is around
12 minutes.

Finished at: | © 12:19:28GMT-4.

Transcurred time: 11.

Figure: The reduction of time costs are very notorious
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For the image analysis, there are the graphics of the displacement
of 9 cells, 3 for each channel and centered in the origin.

Figure: The graphic shows a spline approximation of first degree of the
cells trajectory
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Conclusions

This algorithm works very well and is very quick in comparison
with the manual analysis, but sometimes it can miss information by
deleting cells that doesn't contrast too much with the background.
However, the information that it loses is small, and it can be
controlled by certain constants
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