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Abstract— Segmentation of cell nuclei and cytoplasm is an important task in most of the medical images. Microscopic cell image 
analysis is the fundamental tool for biological research. Visual inspection of cellular images is often insufficient to detect and describe 
the important changes in cellular morphology. In this paper, an automatic cell segmentation approach is proposed and the 
segmentation is based on neural network classifier named Self Organizing Map along with marker controlled watershed transform, 
which is used to avoid over-segmentation. The main objective of watershed transform is to identify regional minima in original 
images, which are usually the regions of nuclei to be segmented. The Self Organizing Map helps to segment the nuclei based on pixel 
by pixel classification along with marker controlled watershed strategy and the convergence index filter to segment the cell’s 
cytoplasm region. This cell segmentation approach provides the way for the analysis of nuclear-to-cytoplasm ratio (NC ratio), which 
is important to identifying or detecting the early symptoms of diseases like cancer based on normal and abnormal NC ratios.  
 
 
Keywords— Cell Segmentation, Neural Network Classifier, Self Organizing Map, Marker Controlled Watershed, Convergence Index 
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I. INTRODUCTION 

Most of the experimental research on cell biology is based on the microscopy image analysis. These days the stained 
specimen’s analysis is manually carried out by visual inspection of tissue samples. Computerized methods for pathology image 
analysis have been proposed before few decades. Due to the research in microscopy imaging techniques high quality images have 
been obtained.  Those images are used for clinical work and for the research. For the diagnosing of diseases like human cancer 
digital image analysis of cell nuclei and cytoplasm is very useful.  

In the field of medical research the cell segmentation technique is most well-liked for the biomedical image analysis. There 
are several cell segmentation algorithms. Some are image thresholding, watershed transform, fragment merging, marker 
controlled watershed transform, convergence index filter, Self Organizing Map and so on. Image thresholding method is 
preferred to perform on the grey scale images to segment the objects out of the background. It is not able to distinguish the 
touching cells or touching nucleus of the cell.  

And, it yields noble results only for the images with high difference between the object and its background. The communal 
substitute to image thresholding is the watershed transform. The watershed transform is to discrete the touching objects. Here, it 
uses the nuclei location as a seed to segment the cytoplasm region. 
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 The major drawback of watershed transform is oversegmentation. There are two approaches that overwhelmed the drawback 
of watershed: fragment merging and marker controlled watershed. Fragment merging are of two types: connectivity based 
merging and size and shape based merging. Connectivity based merging method can merge only small fragments. If the size of 
the fragment is above the certain value, it fails. Size and shape based merging overwhelmed that shortcoming.  

Marker controlled strategy replaces the regional minima with predefined markers which are used to avoid the 
oversegmentation of watershed. The Self-Organizing Map helps to segment the nuclei based on pixel by pixel classification. 
Convergence index filters uses the spreading of the direction of the gradient vectors which are intended for the edge or 
boundary enhancement of the weak contrast and noisy biomedical images. By considering the trade-off between algorithmic 
complexities, we adopt the Self Organizing Map along with marker controlled watershed strategy and the convergence index 
filter to segment the cells’ nuclei and cytoplasm region for the analysis of nucleus to cytoplasm ratio (NC ratio). 

II.  LITERATURE SURVEY 

Swanson J A, Knapp P E, Lee M (1991), focused on the affected nucleus to cytoplasm volume ratio[2]. Instead of expanding 
the whole cell, the volume of the cell is enlarged by growing the cytoplasmic region there will be a change in nucleus to 
cytoplasm ratio[2].  Pratik P. Singhai, Siddharth A. Ladharth (2013), focused on marker based watershed segmentation[3]. The 
oversegmentation problem of watershed segmentation is triggered by false minima[3]. Marker-Controlled Watershed replaces the 
regional minimums with predefined markers, each of which represents an object[16]. Markers are introduced to flood the gradient 
image starting from these markers instead of regional minima[2]. Two types of markers: internal markers and external markers[1]. 
Internal markers are produced from the grayscale image and then the external markers are found by finding the pixels that are 
exactly the midway between the internal markers[3].  

Dr.AnnaSaroVijendran and G.Paramasivam Hidefumi Kobatake (2013) focused on Self-organizing Feature Map (SOM) [15]. It 
is a special class of Artificial Neural Network based on competitive learning [15]. A Self-organizing Feature Map does not need a 
target output to be specified unlike many other types of network [15]. Instead, where the node weights match the input vector, that 
area of the lattice is selectively optimized to more closely resemble the data for the class, the input vector is a member [15]. From 
an initial distribution of random weights, and over many iterations, the Self-Organizing Feature Map eventually settles into a map 
of stable zones [15]. Each zone is effectively a feature classifier [15]. Shigeru Hashimoto (1999), focused on convergence index 
filter [4]. It evaluates the degree of convergence of the gradient vectors which is related to the dissemination of the directions of 
the gradient vector [4]. This filter is not only applied to intensity images but to gradient vectors and it has larger regions of support 
than other filters [4]. Additionally, it changes its shape and size adaptively to the disseminations of the gradient vectors in the 
neighbourhood of the pixel of interest [4]. It makes it possible to find the unclear boundaries and also effective in detecting the 
rounded convex regions in an indistinct boundary image [4]. 

 Pedro Quelhas*, Ana Maria Mendonca (2010), focused on the cell nuclei and cytoplasm segmentation using sliding band 
filter (SBF)[5]. Being a convergence index filter, the sliding band filter is appropriate for cell detection as cells have an overall 
convex shape [5]. The SBF filter is based on the gradient convergence not on intensity images and such as it detects the low 
contrast cell information which is lost in background  noise [5]. To apply SBF filter to multivariate images assume that the 
gradient convergence center of cells’ nuclei and cytoplasm images is the same [5].  

III.  PROPOSED METHODOLOGY 

The process flow method is shown as (Fig. 1). The input cancer image is selected from the database. The segmentation of cell 
and nucleus to cytoplasm ratio analysis is divided into two: nuclei segmentation and cytoplasm segmentation. Here, the 
watershed transforms’ key role is to identify the regional minima, which are the nuclei region. 

To highlight the nuclei boundary initially the gradient map is calculated but due to spurious minima it leads to over 
segmentation. Instead of using watershed directly on gradient map to detect the nuclei, Nuclei Initialization and the Self-
Organizing Map along with marker controlled strategy is performed.  

 In Nuclei Initialization, blob detection is used to obtain the nuclei candidates with some outliers. The internal markers are 
obtained after removing the outliers and the Self Organizing Map helps to segment the nuclei based on pixel by pixel 
classification. The Self Organizing Neural Network is used to find the best matching unit which one’s weights are most like the 
input units among the cluster units is elected as winning unit. The Best Matching Criterion is the minimum Euclidean distances 
between the vectors which are the cell boundaries to obtain the nuclei efficiently.  

The possible nuclei and their cell boundaries help to design a filter to remove the minor regional minima from the gradient 
map [1]. The filtered gradient map would focus to nuclei detection using watershed transform, yielding segmented nuclei [1]. 
Nuclei validation must also be considered, using a shape descriptor to eliminate the outliers and preserve the valid nuclei [1]. 
And, it needs user interface or some previous information in the analysis procedure, the results will be convincing for medical 
diagnosis [1].  
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 For cytoplasm segmentation, cytoplasm initialization would be performed based on the obtained valid nuclei to obtain the 
possible cytoplasm and corresponding cultured cell boundaries [1]. Then, a local filter is designed to use in the cytoplasm 
detection stage to obtain segmented cytoplasm. Finally, the evaluated NC ratios are obtained in the NC ratio evaluation stage [1]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Block Diagram for Cell Segmentation and NC Ratio analysis 

A. Cell Nuclei Segmentation 

The Segmentation of nuclei is done using Self-Organizing Map along with marker controlled watershed transform, and the 
valid nuclei are segmented by using the shape descriptors. The detection of nuclei is the important task because further processing 
of cytoplasm segmentation is based on the valid nuclei. The skin cancer cell image is taken as input image from the database.  

 

 
 

Fig.2. Input Image 
 

1) Cell Nuclei Initialization: The main goal of nuclei initialization is to get the possible nuclei and their equivalent cell 
boundary using the blob detection followed by outlier removal followed by Self-Organizing Map based distance transform. The 
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internal markers are used to mark the possible nuclei and the external markers are used to mark the equivalent cell boundary. 
Inside each region a group of connected pixels i.e., possible nuclei are called internal markers. And, a connected group of pixels 
that is similar to the cell boundary are called external markers.  To distinguish the internal markers, the blob detection is done 
with earlier information of nuclei to be segmented. The nuclei candidates’ outliers are removed using the outlier removal to find 
the possible nuclei which is also referred as internal markers. Distance transform is calculated for the internal markers to obtain 
the distance map using the Self-Organizing Map i.e., cell boundary which is also referred as external markers. 

a) Detection of Blobs: Blob detection is used to acquire region of interest for further processing. The original image to be 
segmented is expanded into multiple scale-space to excerpt the structure of interest or feature points with scale and spatial 
information. The input image is projected with Gaussian kernel scale space to excerpt the blobs’ scale and spatial information and 
to get for outlier removal the average scale information is calculated based on detected blobs.  

b) Removing Outlier: The impurities presents after the blob detection are removed by having some constraints. The possible 
impurities are removed among the nuclei candidates and preserve the valid nuclei that are completely surrounded by cytoplasm, 
which we assume that the valid nuclei candidates are fully covered by cytoplasm region. The preserved possible nuclei without 
outliers are called internal markers. 

 
 

Fig.3. Internal Markers 
 

c) Distance Transform: The detected blobs without outlier marks the rough position of the possible nuclei serve as internal 
markers [1]. External markers roughly mark the cell boundary which helps for the entire marker map for watershed transform with 
marker controlled strategy [1]. External markers should not be too close to the nuclei region. The Euclidean distance maps of the 
internal marker map are calculated, which comprise the Euclidean distance between each pixel and the nearest pixel belonging to 
an internal marker [1], which generates a useful illustration in the area of cell segmentation. 

 

B. Self-Organizing Map based Distance Transform 

Self-organizing Feature Map (SOM) is a special class of Artificial Neural Network based on competitive learning [15]. The 
major benefit of this network is that the system learns independently without the need of that the system being well defined [15]. 
System does not stop learning until the system continues to adapt to changing inputs.  

Kohonen networks are the network of computing elements, which allows identifying the immediate neighbours of a unit [15]. 
It is very important during learning that the weights of computing units and their neighbours are updated [15]. The goal learning 
approach is that the neighbouring units learn to react to closely related signals [15]. 

A Self-organizing Feature Map does not need a target output to be specified [15]. As an alternative, where the node weights 
match the input vector, that area of the lattice is selectively optimized to more closely resemble the data for the class, the input 
vector is a member [15]. From an initial distribution of random weights, and over much iteration, the Self-Organizing Feature 
Map eventually settles into a map of stable zones [15]. Each zone is effectively a feature classifier. The output is a type of feature 
map of the input space [15]. 

Each node's weights are initialized and a vector is chosen at random [15]. Every node is examined to calculate which one's 
weights are most like the input vector [15]. The winning node is referred as the Best Matching Unit (BMU) [15]. Each 
neighbouring node's weights are adjusted to make them more like the input vector [15]. A node, which is closer to the Best 
Matching Unit; the more its weights get altered and the procedure is repeated for all input vectors for number of iterations [15]. 
To decide the Best Matching Unit, is to iterate through all the nodes and calculate the Euclidean distance between each node's 
weight vector and the current input vector [15]. The Best Matching Criterion is the minimum Euclidean distances between the 
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vectors which are the cell boundaries to obtain the nuclei efficiently [15]. The node with a weight vector closest to the input 
vector is tagged as the Best Matching Unit and, the next step is to calculate which of the other nodes are within the Best 
Matching Unit's neighbourhood [15]. In next step, all these nodes will have their weight vectors are altered [15].  

 

 
 

Fig.4. SOM- Neural Network Training 
 

 
 

Fig.5. SOM based External Marker 
2) Morphology Image Processing: The possible nuclei marked by internal marker and the cell boundaries marked by external 

marker map, which are essential for the watershed transform with marker controlled strategy and we expect to design a filter 
using morphological minima imposition to remove the undesired regional minima in the gradient map and preserve the desired 
ones to resolve the over segmentation problem of watershed [1]. 

To attain the filtered gradient map the internal and external marker maps are used to do minima imposition on the gradient map 
[1]. The minima imposition is to bind the regional minima to the pixel locations belonging to marker map [1]. 

3) Cell Nuclei detection and validation: To obtain the segmented nuclei the watershed is again calculated on filtered gradient 
map [1]. For accurate segmentation of nuclei, the shape parameters are also be considered [1]. Shape descriptors are used to 
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eliminate the undesired objects. The valid nuclei are obtained by considering the shape descriptors such as compactness function 
[1]. Compactness function designates the irregularities associated with cancer cells are used for nuclei validation [1]. The 
compactness is often used to describe the shape of the nuclei. Compactness is defined as the ratio of the area of the nucleus to the 
square of the perimeter of the nucleus. 

 
Where A represents the area of the nucleus and P represents the perimeter of the nucleus [1]. 
 

C. Cytoplasm Segmentation: 

For cytoplasm segmentation, based on the valid nuclei the convergence index filter gets adapted. Instead of image intensity the 
convergence index filter considers the gradient vector so it is well suited for low contrast and microscopy images [1]. The 
convergence index is a measure of how strongly the gradient vectors point towards the pixel of interest [4].  
 

 
 

Fig.6. Distribution of Gradient Vectors [1] 
 

Some assumptions would be made for using convergence index filter to segment the cytoplasm: Cell and their equivalent 
nuclei’s shape are all convex regions and each cytoplasm and their equivalent nucleus have the same cell center [1]. The degree of 
convergence of the gradient vectors or convergence index within the support region or neighbourhood belonging to a pixel of 
interest indicates the contribution of the gradient vectors toward that pixel of interest [4]. 

The local filter applies the concept of a sliding band filter in the convergence index family, which has the capability of 
determining its support region with variable distance between the inner or outer boundary its center on each orientation subjected 
to adaptive constraints of minimum and maximum distance, Amin and Amax, from the inner and outer boundary to the center of 
support region on every orientation for each cell to be analyzed [5]. 
A. Initialization and Detection of Cell Cytoplasm: 

In cytoplasm initialization two constrains, Amin and Amax are determined which represents the minimum distance from the 
inner boundary and the maximum distance from the outer boundary to the center of the support region on each orientation 
respectively [1]. Each valid nucleus can be thought of as the minimum boundary Amin of cytoplasm. It shows that the cytoplasm 
region is not present in nuclear region and to determine Amax use the distance transform concept that marks the maximum 
boundary of possible cytoplasm region for each cell.  

In cytoplasm detection, local filter named as sliding band filter is almost same as convergence index filter [5], but some 
constraints like variable distance between cell center and the outer boundary of support region on each orientation are different. 
The output of the local filter is applied to the pixel of interest P of Cartesian coordinate (a, b) is defined as the average of 
convergence indices [1]. 
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Fig.7. Cytoplasm Segmentation 

 
The local filter uses the distribution of the gradient vectors instead of intensity and adaptive constraints to make it a powerful 

tool for cytoplasm segmentation on multivariate biomedical images [1].  

D. Evaluation of NC ratio  

Cellular size and nuclear size are indicators of the developing status of the diseases like cancer [1]. The NC ratio is defined as 
the ratio of the volume of the nucleus to the volume of the cytoplasm, is most commonly used in diagnosis [1].  

 

 
 
 

 
 

Fig.8. NC Ratio Evaluations 
 

IV.  EXPERIMENTAL RESULTS 

Experiments are performed on the skin cancer cell images. The input image is selected from the database. Initially, the 
gradient map is obtained to help extract and analyze the almost uniform round nuclei from the background [1]. Blobs are 
detected to obtain the internal markers after outlier removal [1]. Then, the Self Organizing Map is used to obtain the nuclei based 
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on pixel by pixel classification by finding the winning unit. The best matching criterion is the minimum Euclidean distance 
which are the external markers obtained by calculating the distance transform function between internal markers. 

 The valid nucleus is obtained for cytoplasm initialization and then the cytoplasm region gets segmented. Finally, the profile 
for each segmented cell is calculated to find the nucleus to cytoplasm ratios with mean and standard deviation, which are used 
for the easier and early diagnosis of diseases like cancer [1]. 

 
TABLE I 

RESULTS FOR EXISTING AND PROPOSED METHOD 

Images Existing Proposed 

Image 1 0.8319 0.8519 

Image 2 0.7545 0.7656 

Image 3 0.8292 0.8498 

Image 4 0.775 0.798 

 
 

 
 

Fig.9. Performance Evaluation Graph for Existing and Proposed Method 

V. CONCLUSION 

In this paper a method based on Self Organizing Neural Network Classifier along with marker controlled watershed and 
convergence index filter used to segment the skin cancer cell. Finally, the nucleus to cytoplasm ratio is evaluated for the analysis 
of diseases like cancer [1]. The proposed work presents better results over the existing one. In medical applications it is helpful for 
the medical doctors to identify the earlier symptoms of diseases like skin cancer which involves the abnormal NC ratios [1]. 
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