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Abstract: Analysis of cellular microscopic images is an
essential part of research in medical imaging and is a base for
many biomedical applications. The manual inspection for this
analysis can be considered as tedious and inaccurate because
the microscopic image data recorded consists of hundreds of
objects across a large number of images. Cell detection is the
first step in the analysis to derive information from its
appearance and characteristics. An automated cellular image
analysis process would require a lot less human effort resulting
in increased productivity and accuracy that can reduce due to
human error, judgment differences, fatigue, and other human
aspects. The proposed system aims to solve this problem by
utilizing the improvements in machine learning and computer
vision algorithms that showcased an impressive ability to discern
the content within the images.
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1. INTRODUCTION
Cell culture is a technique used for studying the behavior of
cells in a constraint environment, free of alterations of a
system.Various cell cultures are being used for studying
basic cell biology and interactions of chemicals and drugs
with cells for production of vaccines and proteins etc.
Standard image processing techniques are widely being
used in biomedical applications for analysis of these cells
and tissues by analysis and manipulation of microscopic
images.Even though in some use cases where analysing this
image data offline is adequate, the ability of computer
vision algorithms to generate insights from high content
and large datasets show considerable improvements in
performance and precision over existing methods.These
deep learning algorithms when applied to biological images
transform the process of analysis and interpretation of
imaging data. These advancements point to render difficult
analysis and allow researchers to carry out new
experiments that were previously impossible. Cell detection
is the starting point for most analyses because it allows
researchers to identify every cell sample and measure how
they react to various treatments to understand the
process.Automated image analysis can speed up research
for almost every disease, from rare disorders to the
common cold and many lives can be transformed if the
cures came faster. This paper is an explanatory research for
various methods used in cellular image analysis and the
steps required to process the images. The organization of
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this paper is as follows. Some of the automated techniques
that reported a broader perspective in recent years are
introduced and analyzed in the survey.The proposed
method is discussed in Section 3 followed by the results in
Section 4. Section 5 concludes the paper and gives future
suggestions.

2. LITERATURE SURVEY
Many works and methods related to cellular image analysis
already exist, which have numerous traditional methods
based on image sensing techniques. Cellular image analysis
can be divided into several steps mainly cell detection,
segmentation, feature extraction, feature selection, and
classification. As reviewed in [1,3], many living cell
experiments have precise interest in tracking and analyzing
diverse cell movements. Existing approaches include
detection based, model-based, and filter-based approaches.
For multiple object-based tracking, the widely used
approach is a filtering based approach in which the current
state of object distribution should be known. Also, several
techniques are required to reduce the large computational
costs. The search for a practically usable and vigorous
method for the analysis is still being done as it is a very
challenging area due to various complexities and
uncertainties present such as noises present in the
background, the shape of the cells, conditions of the
lighting, etc. The conventional thresholding methods do not
perform well due to the existing factors like the distinction
between the background and the cell boundary which is
highly dependent upon the image capture conditions and
the difference in the contrasts occurring due to inconsistent
illuminations[4].
Model-based techniques utilize the discrepancies in the
shape of the cells under scrutiny by creating and updating
the model for each object to be tracked. The model moves
inside the object to detect its boundaries, to identify the
object, and to describe its shape. An extensively researched
model-based approach is the active contour method [11]
which uses the object contours of previous frames as
initializations in the current frame and although it handles
the deformation of cell shapes well, reinitialization is
necessary if there is the appearance of new objects in the
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frames or large displacements of the objects are seen in the
frames.
In detection-based approach, the object is first located and
segmented first and then is associated across frames.Some
examples include edge or gradient detection, morphological
operations, and watershed algorithms. In digital image
processing, mathematical morphology is among the basic
theories and helps extract different shape- based features by
using structuring elements in many small images. This
method is very efficient and is used for many computer
vision tasks like detection of contours, removal of noise,
and image enhancement[15]. Cell localization calculates
the position of the cell and is widely used because it
enables better accuracy. When the starting position is
known, it is easy to perform many high-level tasks like
segmentation to get the representation of the shape. That is
if there is no complex issue associated with the position in
which case the output is satisfactory. However, in cases
where there is very little or almost no existence of
separation in between two cells, an approximate location of
the cell is identified. For particle detection, a technique
based on machine learning that uses Haar based methods to
extract features was proposed in [16]. Moreover, the
automatic determination in multiple cells is somewhat
complex because traditional methods like edge detection
and operations cannot be applied. Besides, qualitative and
quantitative characterization of cell images is important. In
[12] the authors proposed an edge-based approach to find a
single global threshold to analyze gradient magnitude
images instead of thresholding the intensities of original
images.The idea is to morphologically process the result by
detecting the pixels that have large gradient magnitude on
the bright side of the edges and process the result to get the
final segmentation. In [4] the authors proposed a method
for segmentation and color coding based on nucleus to cell
Ratio in which they detected the nucleus using k-means
color clustering algorithm and minimum intensity
thresholding technique. The authors in [13] summarised
various segmentation techniques to be used for the analysis
and region based segmentation techniques showcase
promising results as compared to clustering, thresholding or
edge based segmentation.The authors also discuss several
features used for cell identification from the images such as
size and structure, texture and colour. For Feature
extraction the study finds that the SVM is better to be used
for iterative improvements in the training data. The authors
in [14] present a network and training strategy that uses
data augmentation to efficiently use that available
samples.This network can be trained on a very few images
and perform better when compared to the sliding window
convolutional network. The input images and their
segmentation maps are used to train the network with the
stochastic gradient descent implementation.However the
output image can be smaller than the input due to unpadded
convolutions. They demonstrate the application of the
network on three different segmentation tasks for multiple
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datasets and achieved an IOU (intersection over union)
from 70-80% which is significantly better than the prior
algorithm.The architecture can also be easily applied to
many more segmentation tasks as it only requires very few
annotated images and less training time.

3 METHODOLOGY
To address the drawbacks of the previous approaches, we
introduce an algorithm for cell image analysis that
automatically segments the cells using neural networks for
further analysis. Figure 1. shows various steps to be taken
for cellular image processing.
Algorithm :
1. Acquisition of microscopic cellular images of cell
cultures.
2. The images are preprocessed for every cell giving
enhanced cell images as result.
3. Enhanced cell images undergo the segmentation
process to highlight the shapes of the cells.
4. Extraction of features like texture, geometric
appearance and property, co-occurrence matrix
from the segmented image.
5. Selection of features which contribute the most to
the use case and prediction variables so as to get
most accuracy on relevant features.
6. Statistical and quantitative analysis based on
features selection on whether the cell is suitable or
not to be used for the use case.
7. Using classification algorithms to divide the cells
on whether they follow a given rule so as to
further divide them.
8. Evaluation of cell images after classification and
bifurcation of images.

Figure 1 Various Steps in cellular image processing
Figure 2 shows U-Net architecture which is a special type
of architecture for image segmentation purposes.U-Net
architecture is designed for semantic segmentation in which
every pixel is painted corresponding to cells either to be the
object or the background. The U-Net architecture is an
extension of a fully convolutional network[7] and has been
modified so that it produces more precise segmentations
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with very few training images.

some mathematical operations. Depending upon the stride
the kernel convolves over the image to perform operations.
At first the feature space of 16 is used which doubles in the
successive convolutional layer since the kernel size is of
stride 2.
There are three main layers in the architecture (1)
convolutional layers, (2) max pooling layers, and (3) fully
connected (dense) layers.
1.

Figure 2 U-net architecture [14]
The main architecture has two paths, a contraction
path(also known as the encoder path) and the expansion
path(also known as the decoder path). The contracting
network is added in every successive layer wherever the
upsampling operators replace the pooling operators. As a
result, the convolutional layers increase the resolution of
the output. The upsampled output is then integrated with
the high-resolution features from the contracting path.
Concatenation of these feature maps is the reason why we
get localized information. The successive convolution layer
then learns to assemble more precise output based on the
input information. In the upsampling (2x2) part, a large
number of feature channels that have been added allow the
network to transmit the output information to higher
resolution layers.As a result, the expansive path is
symmetric to the contracting path and therefore generates a
u-shaped architecture. The network only uses the valid part
of each convolutional layer and does not have any fully
connected layers meaning, the segmentation map only
contains the pixels. This allows the smooth segmentation of
large images. The missing context is extrapolated to predict
the pixels in the border region of the image i.e it adds extra
pixels to the image so that the output image is of the same
dimensions as the input image. Otherwise depending upon
the kernel size used the output image might be larger or
smaller than the input image. The background between the
touching cells obtain a large weight in the loss function and
this resolves the challenge of separation of touching objects
in the image[14]. Depending upon the datasets being used
certain parameters can be modified to be suitable for the
images.

2.

3.

4.

4

Input layer: This layer loads images and produces
outputs that are then fed to the first convolutional
layer. The input image dimensions used are
128x128x3. The images are resized into 128x128
and 3 indicating that the images are coloured
images.
Max Pooling layer (2x2) stride = 2: The objective
of Max pooling layer is to output the maximum
pixel value within whatever the kernel size is
being used and replace the 2x2 matrix with that
value.This is done to help overfitting and to
provide an abstract form of representation. Max
filter is used on sub regions that are nonoverlapping on the input.
Fully Connected: In a fully connected layer
neurons are connected to all the activities done in
the previous layer like regular neural networks.
This is the reason their activities are computable
through matrix multiplication.
Dropout: Dropout deals with dropping out some
neurons during forward and backward passes. This
is done during the training between the
convolutional steps so as to prevent the neural
network from over-fitting.

RESULTS AND CONCLUSIONS

Implementation of the network showcases an impressive
performance on image segmentations. The model is able to
localise the cell borders because it classifies every image
pixel by pixel predicting whether the pixel belongs to the
object or the background.The CNN model prepared is
trained on CPU for approximately 6 hours for a number of
images.The dataset used was divided for training,
validation and testing purpose for which result is as shown
below:

A CNN is a combination of many types of layers. Input
layer is used to input image data by pixel. There are many
hidden layers included such as fully connected (dense)
layer, pooling layer etc. Convolutional layers : In
convolution, we have a kernel or filter (3x3 Relu is used as
the activation), and this kernel has some value which is
applied on a sub-region of the original image to perform
Volume 9, Issue 5, September - October 2020
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Figure 5 shows comparison between the training and
validation loss. After the model stabilised the validation
loss reduced to 0.08%.
The proposed system presents an effective way to analyze
cellular images using various techniques in image
processing.Different algorithms that can be used for
analysis have been studied and compared. Various steps in
cellular image processing have been covered for example:
cell localization, segmentation, feature extraction and
selection, classification, estimation, shape analysis etc.
Cellular image analysis plays a crucial role in biomedical
image analysis and an automated cellular image application
can have multiple applications in this research domain.
Figure 3 Model Summary
Figure 3 shows a model summary which displays various
parameters used in each and every layer of the network. It
also displays the total number of parameters to be
calculated by the network (weights & biases).

An automated cell culture analysis system will enable the
processing and analysis of these cultures in a more
productive and accurate way. Although Human experts
finally carry out the image analysis, image processing is
necessary to extract the data these images contain. This
would result in reduction of uncertainty in the
characterization of these cell cultures depending upon the
test cases, and reduce costs and time needed for testing.
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