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Abstract: - Cytopathology is a branch which deals with study diseases at the microscopic cell level. Now a day, 

deadly disease like cancer has become a major challenge in the field of medical research. If these diseases are 

identified in the early stages, then they are curable. There are many methods to ease, faster and produce accurate 

results of this analysis. One such approach is using image processing techniques. This paper applies segmentation 

techniques to find important feature like cell count. This feature is further used to differentiate between normal 

and abnormal cells. Abnormal cells are the one which may turn into cancerous cells. Hence the early detection of 

such abnormal cells before they turn into cancerous cells helps to diagnose patient early. The proposed 

method was evaluated using cervical cells. 
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1   Introduction 
Early detection of diseases like cancer helps in early 

diagnosis of patients. Cell samples are collected 

from the patient using laboratory procedure. 

Pathologists manually analyze these cells by placing 

samples under microscope. This is tiresome, time 

consuming, variations in results and less number of 

samples examined per day and costly. Hence there is 

a need for a method which overcome all these 

problems. Image processing is one such technique 

where cell analysis is done using techniques such as 

segmentation and classification. Application of these 

techniques is challenging because of difficulty due 

to variety of microscope, different staining methods, 

cell types, and densities in a given sample, 

complexity of data especially if the sample is 

corrupted. Hence, this paper attempts a method using 

image processing techniques which can 

overcome fewer of above mentioned problem to 

some extent. The conclusion drawn from this work 

helps to find one of the feature to know whether a 

given sample contain abnormal cells or not. This will 

further help to diagnose deadly diseases like cancer, 

where abnormal cells later turn into cancerous cells. 

Suitable image processing techniques are used in this 

paper to detect normal, malign, benign cells in the 

given microscopic image. This decision further helps 

pathologists to early detect chance of deadly disease. 

Images used in this work are acquired using 

Light microscopy. For which patient should be 

prepared for collecting samples which are done in the 

laboratory at hospitals. Cells are smeared using 

spatula from the patient organ (where malignancy is 

suspected). These cells are placed on glass slides, 

suitable stains are applied for clear visibility of cells. 

These glass slides are placed under a microscope and 

viewed manually by pathologists for drawing suitable 

conclusions. But due to human errors, fatigue, a 

difference in the way of analyzing, this becomes 

tedious and error prone process. Also, the number of 

samples analyzed will be limited per day. In most 

countries. The cost of these screening tests is high. 

These drawbacks can be overcome by using 

automated software. This paper approaches to build a 

methodology to design one such software. 

 

 

2   Existing Work 
In existing work, Pradipta Maji et al (2015), proposed 

an automated method for counting red blood cells 

present in the blood sample. This method 

addresses the problem of holes present in between 

blood cells and also overlapping characteristics of 

RBC’s. In this method, thresholding is done using 

Otsu’s method, then hole filling process is 

applied. Each blood cell is extracted and its shape is 

analyzed to find its circularity, overlapping, 

etc. Partial cells are discarded. Number of cells in 

overlapped area are found. This methodology can be 

used to count other types of blood cells. 

Ji Ge et al (2014) proposed a system for 

automated counting and identifying fetal and 
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maternal RBC’s on slides obtained from Kleihauer–

Betke (KB) test. This test is a standard test used to 

quantify fetal-maternal hemorrhage in maternal care. 

Overlapped cells are separated using spatial color 

pixel classification. For accurate results, whole slide 

is used for supervised learning. The method was able 

to count over 60000 slides in 5 mins. Compared to 

manual testing, this method was found significantly 

efficient and accurate. 

Marina E. Plissiti and Christophoros Nikou 

(2011) presented an efficient framework for training 

an active shape model which represents smooth 

shapes. The boundaries of the region of interest 

(ROI) are detected with the convergence of physics 

based deformable model. The attributes of shapes of 

ROI are expressed in terms of modal analysis. 

Proposed method is evaluated using pap images. 

M. Park et al (2010) proposed a method for 

automated counting of microscopic image in which 

canny edge detector extracts the contour points using 

8-neighbours connectivity. This form contour 

segments. The ellipse fitting algorithm is 

applied to each segment to fit an ellipse to the points. 

These contour segments are classified into 3 

categories: not an ellipse, single cell and clustered 

cells. Not ellipse objects are ignored. Single cells are 

counted. Clustered cells are further segmented to 

identify single cells. 

 

 

3     Methodology 
Based on features of cells and nucleus malignancy of 

cells are detected by extracting features like, 

roundness of nuclei, area of nuclei, distribution of 

nuclei are in cytoplasm (nuclei to cytoplasm 

ratio), diameter of nuclei and cell, the number of cells 

in the given sample. The proposal in this paper 

describes for counting number of cells in the given 

sample which helps to find the percentage of 

abnormality in that sample. 

 

 

 

 

 

 

  

 

 

 

Fig. 1: Proposed Methodology 

 

The image processing techniques like segmentation 

is used to obtain nucleus region, which is considered 

as a region of interest (ROI) in this work as shown in 

Fig. 1.  

 

Percentage of abnormality in given sample=  

Total number of abnormal cells in given a sample 

 

 Total number of cells in a given sample. 

 (1) 

This equation (1) shows, it’s necessary to count the 

actual number of cells in a given image. For this, a 

suitable and efficient segmentation method with pre-

processing which can clearly segment nuclei area is 

required. This work is an approach to find one such 

method which is suitable for microscopic image. 

 

 

 

 

 

 

 

 

  

 

          Fig. 2: Pre-processing of image 

 

3.1   Image acquisition 

Images are acquired under light microscopic by 

placing a glass slide sample on it. They are acquired 

with 40X magnification, with dimension 760 X 

560pixels and stored in .bmp format. 40X 

magnification helps to analyze nuclei features from 

the given sample images. The cervical cell image was 

considered for testing. 

 

3.2   Pre-processing 
There exists some unwanted information like blood 

cells, yeast, stains (over-stained), bacteria, etc. In the 

given cell sample, and may also contain some noises 

during image acquisition. These are removed using 

filters and morphological operations like opening and 

closing. Wiener filtering algorithm as shown in 

equation (2) [1] with window size 25X25 is used for 

pre-processing. This results in image with removal of 

noise induced during acquisition and small objects. 

𝑤(𝑢, 𝑣) =
𝐻∗(𝑢,𝑣)

|𝐻(𝑢,𝑣)|2 +
𝑃𝑛(𝑢,𝑣)

𝑃𝑠(𝑢,𝑣)

      (2) 

Where,  

H(u, v) = Degradation function  

H*(u, v) = Complex conjugate of degradation 

function  

Pn (u, v) = Power Spectral Density of Noise  

Ps (u, v) = Power Spectral Density of un-degraded 

image 
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3.3    Two-phase Segmentation 
The cell separated from unwanted background 

information is segmented to extract regions of cells 

in turn region of the nucleus. This results with the 

image in which nuclei and cell boundaries are well 

identified and distinguished. This is achieved through 

edge detection. Each segmented area of nuclei are 

labelled. Number of labels specify number nucleus in 

turn number of cells. Based on nuclei boundary, 

number of cells are counted but not cell boundaries. 

If the cells are overlapped, the entire cell boundary is 

counted as one segment. The following methods are 

used to segment cell and nucleus region separately.  

 

3.3.1 Phase 1: Segmentation of cells 

There are two ROI in this method. One is cell region 

and other is nuclei region. Phase 1 deals with 

segmentation of cell region. Later, thresholding is 

applied to filtered image which converted grayscale 

into binary and also separate foreground from 

background. Then the image is complemented which 

results in dark areas become light and vice versa. As 

a result edges of cells are well distinguished from the 

background. Boundary tracing involves tracing 

exterior boundaries of the region of interest, where 

outermost objects are considered as parent object and 

traces towards its children which are innermost 

objects. Later, inside objects in a cell are closed using 

hole filling technique. Image is plotted with boundary 

pixels in red color. Hence first region of interest that 

is cells are marked. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Phase 1: Segmentation of Cell Region 

 

3.3.2 Phase 2: Segmentation of nuclei 

The nuclei is separated from its cytoplasmic 

background, i.e, segmentation of nuclei. The color 

space conversion helps in this case to separate the 

nuclei from the background. Naturally the brighter 

area is the cytoplasm (that has high intensity) and the 

darker region is the nuclei (that has low intensity). 

High intensity objects should be separated from the 

low intensity object. The high intensity is 

removed once the images are converted from one 

color space to another, i.e. cytoplasmic area is 

removed. Edge detection techniques are used to 

segment the cells, change in the intensity of the 

image is represented by areas of edges. 

               These edges are detected using edge 

detection operator like Laplacian of Gaussian edge 

detection. The Laplacian of an image is often used for 

edge detection as it will highlight the regions that has 

rapid intensity change such as zero crossing edge 

detection. It is often applied to images that is 

smoothened with some approximation such as 

Gaussian smoothing filter as shown is equation (3) is 

used to reduce its sensitivity to noise, and hence it 

describes here the two different variants together. 

Here input is taken as a single grey level image and 

the output produced will be another grey level image. 

[3] The standard formula for Laplacian is Lap (x, y) 

of an image along with the pixel values Image (x, y) 

is given by: 

Lap(x, y) = −
1

πσ4
[1 −

x2 + y2

2σ2
] e

−
x2+y2

2σ2  

     (3) 

3.4     Boundary marking and Labelling. 
A cell boundary color is marked as red and green 

color is marked to nuclei through Matlab functions 

using be boundaries. The segmented nuclei is further 

should be labelled the Matlab function bwlabel that 

will in turn returns the number of components and 

labels created. Number of labels created is mapped 

to a number of nuclei which in turn gives counts of 

cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Phase 2: Segmentation of Nuclei region 

 

For labelling, matlab function bwlabel was used, 

[Label, Label_count] = bwlabel (image, conn) - (4) 
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This returns a matrix called Label which contains 

labels for connecting objects in the image. This 

matrix is the same size as that of the 

image. Churn refers to the number of connected 

components. In this work 8-connected components 

were identified. Elements in matrix Label are greater 

than or equal to zero. Background pixels are labeled 

with the value zero. For each connected foreground 

pixels are labelled with 1, 2… for the number of 

connected components. For example, single nuclei is 

considered as connected component or connected 

object. Firstly identified nuclei will be labelled 1, 

secondly identified will be labelled with 2 and so on. 

Number variable in the LHS of equation specifies the 

number of labels created. This number of labels 

which are created in turn depends on number of 

nuclei present, which is nothing but cell count. 

The Label elements will be greater than or equal to 0. 

The background pixels are labeled with zero. The 

foreground pixels in first object are labeled 1, the 

pixels in second object are labelled 2 and so on. 

Label_count in the LHS of the equation (4) returns 

the number of labels created. For each object that is 

nuclei in this image, labels are created. So, 

label_count specifies the number of nuclei. 

 

            

            4     Results and Observations 
Results of the proposed methods are as listed in the 

table1. 1 which shows segmentation output. Over 100 

samples of different cell counts were 

tested. View results are as recorded below. Images 

are grouped into Type 1, 2, 3 based on joining and 

overlapping of cells. 

 

4.1   Type 1: When cells and Nuclei are 

disjoint 
Input Image Segmented Image Remarks 

  

 

 

 

 

Nuclei and cells 

are well 

segmented and 

their boundary is 

well defined. 

 

 

 

  

  

  

[Image Courtesty of Jens Byriel,Technical Universityof 

Denmark,Department of Automation,Lyngby,Denmark] 

                 Table 1: Microscopic image segmented using              

                           Two-phase segmentation 

4.2    Type 2: When cells are overlapped and 

nuclei are distinct 

 
Segmented 

Image 

CProposed  Remarks 

 

 

26 In this image, cells 

are overlapped, but nuclei 

are distinct, since 

counting is based on 

nuclei region, count 

gives the correct value 

 

43 In this image, cells forms 

cluster, nuclei regions are 

marked and counted 

 

 

25 In this image, cells are 

joined and overlapped, in 

this case, due to varying 

intensity at overlapped 

regions even nuclei 

regions are not segmented 

properly 

 

 

 
 

24 Here cells forms clustered 

and tightly coupled with 

each other.Hence, 

one single boundary is 

marked for entire cluster 

and the nuclei are both 

distinct and overlapped. 

Only distinct nuclei are 

detected and marked. This 

can be considered as 

future work. 
[Image Courtesty of Jens Byriel,Technical Universityof 

Denmark,Department of Automation,Lyngby,Denmark] 

Table 2: Segmentation results of image with 

overlapped cells and distinct nuclei 

 

4.3   Type 3: When Nuclei are joined or 

overlapped 
Segmented Image CProposed  Remarks 

 

 

 

29 Here, cells are 

overlapped, but nuclei 

boundaries are joined (not 

overlapped). Two joined 

nuclei for example, 

is segmented as one 

region, hence counting as 

one nucleus instead of 

two. 

 

 

36 Here the cells are 

overlapped, nuclei are 

joined and few nuclei are 

overlapped. Overlapped 

nuclei are segmented 

counted as one nucleus. 
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25 False detection due to 

percentage of joining and 

overlapping is more. Few 

such nuclei are not 

segmented at all. 
[Image Courtesty of Jens Byriel,Technical Universityof 

Denmark,Department of Automation,Lyngby,Denmark] 

 

Table 3: Segmentation results of image with 

overlapped or joint nuclei 

 

Samples 
Cmanu

al 
CProposed TP FP TN FN 

Sample 1 8 12 8 0 0 4 

Sample 2 9 22 9 0 2 13 

Sample 3 7 11 7 0 1 4 

Sample 4 4 8 4 0 1 4 

Sample 5 1 7 1 0 0 6 

Sample 6 2 3 2 0 3 1 

Sample 7 10 24 10 1 4 14 

Sample 8 4 39 4 3 6 35 

Sample 9 4 25 4 4 2 21 

Sample 10 1 25 1 0 2 24 

Sample 11 2 3 2 0 0 1 

Sample 12 9 11 9 3 4 2 

Sample 13 4 9 4 2 0 5 

Sample 14 3 10 3 0 0 7 

∑  n=14 68 209 68 13 25 141 

 

Table 4: Statistical values for counting number of 

cells for number of samples =14 

 

Above Table 4 gives statistical results on a number of 

cells by proposed method and manual method. 

Following terminologies used- 

1. TP-True positive: Nuclei region correctly 

identified as nuclei 

2. FP-False Positive: Nuclei region, but identified as 

non-nuclei 

3. TN-True Negative: neon nuclei correctly identified 

as non-nuclei 

4. FN-False Negative: Non nuclei, but identified as 

nuclei 

5. C manual –Number of cells counted manually  

6. Proposed –Number of cells from proposed method 

The measure of correctly identified and actual 

positive regions is called as Sensitivity as given in 

equation (5). In this method, actual positive region is 

nuclei region. Hence sensitivity here means the 

proportion of the actual nucleus region correctly 

identified.  

 

Sensitivity or True Positive Rate (TPR) [22] =         

 

Nuclei region correctly identified as nuclei 

          (Nuclei region correctly identified as nuclei+ 

                      Non nuclei but identified as nuclei)                              

(5) 
The measure of correctly identified negatives which 

are actually present is called as Specificity as given 

in equation (6). In this image, it may be non-nuclei 

region or nuclei which are partly out of bounds of 

giving image. If the number of such region exists and 

not counted four cells, then it is the specificity of the 

proposed method. 

 

      Specificity or True Negative Rate [22] =       

Non nuclei correctly identified as non-nuclei 

 

Non nuclei correctly identified as non-nuclei + 

Nuclei region but identified as non-nuclei           (6) 

6 

        Therefore, for 14 samples, Sensitivity=30% and 

specificity is 65.7%. in 14 samples, measure of 

correctly identifying nucleus region is 30% and 

measure of correctly identifying non-nuclei region is 

65.7%. Rest of 4.3% regions are ignored due to nuclei 

touching boundary or false objects. 

Similarly, total 100 images were tested and results 

were recorded. Out of which there were 60 images of 

type 1, 23 images of type 2, 17 images of type 3 were 

tested. The actual number of nuclei found by the 

proposed method, 

 

Cnuclei_proposed= Cproposed-FN.  (7) 

 

Difference between count using manual and 

proposed method,i.e, 

 

Error =Cmanual-FN       (8) 

 

 
 

Fig. 5: Comparison of count of nuclei obtained from 

manual and proposed method 

 

Above Fig. 5 shows graph of manual count versus 

count by proposed method for each sample. In few 

samples difference between count from manual and 

0

50

Count  manual  method v/s  

Proposed Method

Cmanual CProposed
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proposed method is too high. This is due to false 

negatives. 

 
Fig. 6: comparison of TP, FP, TN and FN sample-

wise 

 

Above Fig. 6 shows graph of comparison between 

TP, FP, TN and FN for each sample. It shows that 

proposed method in the few samples identified non-

nuclei as nuclei object. Whereas this can be improved 

by removing non-nuclei regions using more efficient 

filters and using feature extraction. This will be 

considered in next work which is a continuation of 

this work. 

 

 
Fig. 7: Graph of count manual v/s difference count 

per sample 

 

In fig 7 is a graph of manual count and difference 

between manual count and proposed count (error) 

occurred from proposed method per sample, absence 

of error bar specifies, there is no error. The positive 

error value specifies over-counting by the proposed 

method. The negative error 

value specifies undercutting by the proposed method. 

 

5    Conclusion  
In the image, nuclei boundary is successfully 

marked by green color and cell boundary by red 

color. Those cells touching boundary are ignored 

because they are partly visible and only part of nuclei 

are visible. Each nucleus region is successfully 

labelled. And number of labels represented the 

number of nuclei in turn number of cells. Compared 

to manual counting, this proposed method found to 

98% correct, with a difference of one or two cells. 

But this algorithm failed to count two joined and 

overlapped nuclei as one nucleus region, as a result, 

there was high false negative value for some sample. 

For example, if there are two joint nuclei, it was 

counted as one. These issues need to be addressed 

further and considered as a future enhancement of 

this proposed method. 
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