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Abstract— The FCM clustering algorithm is advantageous 

over hard clustering methods. The FCM clustering technique, 

applied on colour image, preserves the colour and a chance of 

data loss is minimal. Here, we used two types of random number 

generators to form the membership matrix for each pixel.  In this 

study, three validity measures are used; partition coefficient (PC), 

partition entropy (PE), and compactness and separation function 

(SC), which measures the goodness of the clustering result. Shape 

analysis is carried out to correlate the clustering result to the 

clinical paradigms of the Pap smear images. The method produces 

a reasonable result, with some common drawbacks of the FCM 

clustering In this paper, an attempt has been made to highlight the 

different shortcomings and usefulness of FCM clustering 

algorithm. 

 
Index Terms— fuzzy clustering, segmentation, partition 

coefficient (PC), partition entropy (PE), compactness and 

separation function (SC), Pap smear images.   

I. INTRODUCTION 

In most practical application, there are many cases, in 

which the clusters are not completely disjointed and data 

could not be classified as belonging to one cluster. Therefore, 

the separation of the clusters becomes a fuzzy notion, and the 

representations of real data structures can then be more 

accurately handled by fuzzy clustering methods. The fuzzy 

c-means (FCM) algorithm is the best known and the most 

widely used technique. The objective function of FCM 

algorithm is very suitable for image processing. The 

complexity involving the uncertainty and vagueness in digital 

image can be prudently handled FCM algorithm. The use of 

membership values provides more flexibility and makes the 

clustering results more useful in practical applications. Now 

let us consider the FCM clustering method to segment the 

image. At each pixel, we have two membership values, one 

representing the degree of certainty of a pixel belonging to 

background and the other representing the degree of certainty 

of a pixel belonging to foreground. Since the sum of two 

membership values must be equal to one, they are not 

independent of each other.  

II. PREVIOUS WORK ON PAP SMEAR USING FCM 

ALGORITHM 

There exist many literatures suggesting various methods 

Pap smear image segmentation as well as classification. From 

conventional digital image processing techniques to hybrid 

intelligent methods, various methods are suggested based on 

the requirement. The first attempt to detect and segment cells 

in cervical microscopic images was based on image 

thresholding techniques [1]. Pixel classification [2], 

morphological watersheds [3], [4] were some other methods. 

The boundaries of the structuring elements of the cells can be 

detected by applying methods based on active contours [3], 

template fitting [5], genetic algorithms [6], region growing 

with moving K-means [4], and edge detectors [7].  The 

method proposed by Lezoray and Cardot [8] is based on 

pixel-classification techniques for the detection of the nuclei 

markers, in order to avoid the over segmentation that the 

watershed algorithm may produce. Pap smear images exhibit 

great complexity and the number of pixel classes is not 

obvious. The rough assumption that all the pixels of the 

image are distributed into two classes, such as nuclei pixels 

and other pixels, would produce noisy results. Plissiti et al. 

[9] proposed a method of automated cell nuclei detection in 

Pap smear images using morphological reconstruction and 

two types of clustering techniques. Unsupervised FCM and 

supervised Support Vector Machine (SVM) clustering are 

used in the study. The preprocessing of the images involved 

application of adaptive histogram equalization with Otsu’s 

method [10]. The process is refined with the application of a 

3x3 flat structuring element. Gray scale morphological 

reconstruction and h-minima transform are used to determine 

the centroids of the candidate nuclei. The problem of this 

method is requirement of prior knowledge of the problem 

domain. Kim et al. [11] proposed a method of segmentation 

and classification of Pap smear images using HSI model and 

FCM algorithm. The extracted characteristics of the cell 

nuclei are morphemetric feature, densitometric feature, 

colorimetric feature, and textural feature. The acquired 

images are preprocessed with a three layer processing: 

conversion to gray scaled image, removal of noise using 

brightness information, and application of fuzzy 

morphological operations. Muhimmah et al. [12] proposed a 

method of detection of epithelial cells in Pap smear images 

using a combined framework of distance metric and FCM 

clustering algorithm. The preprocessing of the Pap smear 

images is done by applying adaptive histogram equalization 

and global thresholding. Three binary images are created 

from each of the Pap smear images using Otsu’s method [10]. 

Logical OR operation is used to obtain a binary mask from 

the binary image. The connected components with less than 

500 pixels are removed. For detection of candidate nuclei, 
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morphological reconstruction is applied. The extra nuclei 

markers are removed using an edge detection method. Ghafar 

et al. [13] proposed a method of Pap smear image 

segmentation using stretching and clustering technique. 

Cebron et al. [14] put forward a method of classification cell 

assay image of Pap smear test through FCM clustering 

algorithm and learning vector quantization. The method 

involved unsupervised classification of the cell assay image 

supplemented by user-defined parameters. The cell assay 

images contain a large number of images of cervical cells. A 

trainee neural network followed by region growing method 

does segmentation of the images.  

III. FCM ALGORITHM IN PAP SMEAR IMAGE 

SEGMENTATION 

An image is nothing but a collection of pixels; each pixel 

having a particular value for the three colour channels red 

(R), green (G) and blue (B). To initiate the clustering process 

random numbers are generated corresponding to each of the 

R, G and B value. Two types of random number generator are 

used; general random number generator and random number 

based on Chaos theory. These random numbers constitute the 

membership value (µ) of the pixels. The µ value of the pixels 

are compared with that of the cluster center and classified 

accordingly. The clustering process segments the images 

namely into three classes: cytoplasm, nucleus and the 

background.  

IV. CLUSTER VALIDITY FOR SEGMENTATION OF 

CERVICAL CELL 

Several cluster validity measures have been developed in 

the past. In this section, three of these measures are 

described: partition coefficient, partition entropy, 

compactness and separation validity function. The partition 

coefficient (PC) is defined as [15] 
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The partition coefficient measures the closeness of all 

input samples to their corresponding cluster centers. The 

partition entropy (PE) is defined as [15] 
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The compactness and separation (SC) validity function is 

defined as [16], [17] 
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S(U,c) is the ratio between the average distance of input 

samples to their corresponding cluster centers and the 

minimum distance between cluster centers.  

V. SHAPE ANALYSIS OF PAP SMEAR IMAGE 

The chain code is chosen among 8 selected points on the 

boundary of the object as shown in Fig.1.The angle between 

any consecutive lines connecting two consecutive pair of 

points is 45°. Any two opposite points can be taken as starting 

points of boundary. Suppose point 1 and point 5 are taken as 

the starting point of the boundary and let the respective 

boundaries be b1 and b5, then we can write b5=b1+p, where 

p is a real number. 

 
Fig.1: Direction code with 8 points 

VI. RESULTS 

   

         

           

            

(a)                   (b)                    (c) 

  Fig. 2 (a) Original image  (b) Segmented image  (c) Traced cell nuclie boundary 

Fig.2 shows the result of boundary tracing and 

segmentation of Pap smear images. The nucleus is segmented 

and it can be separately studied. The simple chain code traces 

the contour of the cell nuclei, which gives an idea about the 

shape of the cell nuclei. The shape plays an important part in 

cervical cancer diagnosis.  
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   Table 1: Cluster validity measure values 

 

 

 

 

 

 

 

 

 

 

 

  Table 1 gives the cluster validity measure values for the four 

Pap smear images. We can see that the values are closer to the 

best possible values indicating good clustering result.  

VII. CONCLUSION 

Two types of random number generators are used to form 

the membership matrix for each pixel. The use of right 

random number generator is very important for initialization 

of the FCM algorithm. In this study, three validity measures 

are used; partition coefficient (PC), partition entropy (PE), 

and compactness and separation function (SC). Compactness 

and separation validity function (SC) is more in practical 

application such as image segmentation. The physical 

interpretation of SC closely resembles the visual perception 

of digital image. The shape analysis gives the contour of cell 

nuclei, which is a critical criterion for cervical cancer 

diagnosis. The application of chain code is easy and simple. 

The method produces a reasonable result, which suffers from 

some common drawbacks of the FCM clustering and 

intricacies of high dimensional image data. The obvious 

drawback of FCM algorithm is that it cannot detect clusters 

of arbitrary shape except spherical shaped clusters. In case of 

colour image segmentation, where very subtle and uncertain 

change in pixel properties occurs within a large data space, 

FCM fails to detect all the valid clusters. The tracing of the 

cell nuclei works well in case of images with less complexity, 

such as minimal colour variation, but fails to trace the region 

of interest (ROI) where the boundary is vague. The feature 

enhancement tasks include enabling the FCM algorithm to 

detect arbitrary shaped clusters, minimizing the effect of high 

dimensionality of Pap smear images, and to generalize the 

shape analysis with some concrete and invariant shape  
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