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Abstract - Fuzzy c-means is a clustering algorithm which 

performs well with noiseless data-sets. Various 
disadvantages of FCM are its sensitivity towards noise 

points and able to detect only spherical clusters due to 
euclidean distance metric and can work with only linear 

data. Kernel approaches can improve the performance of 
conventional clustering. It changes the behavior of 
algorithm from linear separability to non-linear 

separability. It can be achieved by using kernel function as 

a distance metric, which transforms the data to higher 

dimensional space and find the difference between points 
considering all the characteristics of data which are not 

accessible in two dimensional space. Kernel fuzzy C-means 
(KFCM) algorithm can efficiently work with non-linear 
data. But still it is sensitive to noisy points. This paper 

proposed kernel credibilistic fuzzy C-means (KCFCM) 
algorithm that uses credibility to reduce the sensitivity of 

noisy points. Several experimental results show that the 
proposed algorithm can outperform other algorithms for 
general data with additive noise. 
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1. Introduction 
 

Clustering process is done to divide the data into parts 

based upon some similarity. It can be used to solve 
many real time applications wherein we have to divide 

the data into various parts like pattern recognition, data 

mining, medical world to detect the deseases. Authors 

have suggested various ways to cluster the data into 

parts. Firt and formost algorithm to divide the data cased 

upon fuzzy sets is Fuzzy c means (FCM) proposed by J. 

C. Bezdek in 1991. Biggest disadvantage of FCM is that 

it is very much sensitive to noise. Its performance totally 

deteriorate when even a single outlier introduced into 

data. Many authors work upon this disadvantage. K. K. 

Chitalapudi proposed credibilistic fuzzy c means 
(CFCM) to remove the disadvantage of FCM. CFCM [2] 

is able to deal with noise points by introducing a 

credibility parameter, which assign lower membership to 

those points that are far away from the center of cluster. 

There is another disadvantage of FCM that it can detect 

only spherical clusters and only deals with linear data.  

Kernel approach can be used to change the behavior of 

algorithms from linear to non-linear separability.  

This paper proposed kernel based credibilistic approach 

which can be used to avoid outliers as well as can deal 

with non-linear data. The organization of the paper is as 
follows: Section 2, briefly review FCM, CFCM and 

kernel approach. Section 3proposes the new Credibilistic 

fuzzy C-Means algorithm that follows RBF kernel 

approach. Section 4 gives the results and comparison 

analysis of the proposed algorithm with three already 

given fuzzy clustering algorithms Section 5 gives the 

final conclusion of this research. 

 

2. Previous Work 
 

In this section, FCM, CFCM and kernel function are 

briefly discussed. 

 

2.1. The Fuzzy C- Means Algorithm (FCM) 
 
Fuzzy c-means (FCM) [1] is a technique which detects 

clusters from the data based upon the distance of points 

from its centers. In FCM, membership is assigned to 

each point based upon its distance factor. The objective 

function of FCM is 
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ki

d is the distance of any point from the center 

of cluster and uki is the membership of any point in the 

cluster. The constraint on the objective function is that 

the sum of all the memberships of the points within one 

cluster must be equal to 1. FCM is the best clustering 
algorithm if the data is free from noise. But in real 

situations, data always contain noise. So the 

disadvantage of FCM is that it is highly sensitive to 

noise and only able to detect spherical clusters because 

of euclidean distance norm. 
 

2.2. Credibilistic Fuzzy C-Means (CFCM) 
 

Krishna K. Chintalapudi[2] proposed CFCMto address 

the limitation of FCM i.e sensitivity of technique 

towards noise points. CFCM incorporates one parameter 
known as credibility. The impact of this factor is that it 
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unlike FCM it assign lower membership values to noise 

points. CFCM defines credibility as: 

 

 

ψ� = 1 − �1 − θ�α�max
��..��α
� ,      0 ≤ β ≤ 1 

(2) 

 

Where      �� = ��������…����  

 

αk is the distance of vector xk from its nearest centroid. 

The farther xk is from its nearest centroid, the lower is its 

credibility. 

 

Although, it is superior to FCM, PCM, and PFCM but it 
is observed that most of the time it assigns same outlier 

points to more than one cluster.  

 

2.3. Kernel Base Approach 
 

This approach helps to change the behavior of the 

algorithm from linear separability to non-linear 

separability. When kernel function is incorporated as a 

distance metric than normal function. It transform the 

two dimensional data to higher dimensional space and 
then do the operations. The major advantage of using 

kernel approach is that those characteristics of data 

which are not visible in two dimensional space are very 

much visible in higher dimensional space. In this way 

the accuracy of the algorithm become higher as compare 

to those which do the calculations in two dimensional 

space. There are many kernel functions. Based upon the 

application, we can choose the kernel function. As per 

literature, Gaussian kernel is best suitable for the images 

[3, 4, 8, 9]. 

 
In this paper, Radial basis kernel is used, which is the 

generalized form of Gaussian kernel.  

 Ø : ��→ H; x →Ø�x� 
(3) 

 

Here, Ø represents the non-linear function for the higher 

dimensional space. 

 

3. Proposed Technique 
 

The paper proposed Radial basis kernel (RBF) based 

Credibilistic fuzzy cmeans (KCFCM). KCFCM replaces 

Euclidean distancemorm with RBF kernel. The objective 

function (OF) of KCFCM becomes: 

 

 !"!# = $ $ %���
�
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�
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&|∅�)�� − ∅�*��&|+   

(4) 

Subject to constraints,  

$ %��
���

���
=  ,�     ;            . = 1 … / 

(5) 

Where the membership equation is: 

%�� =  %��012 ∗  ,�  
(6) 

,� is credibility providing typicality of a vector to 

dataset. 

And,   %��012 =  �
∑ �567587� 9:;<=6><

  

(7) 

In the expression for minimized OF for KCFCM, ||∅�)� − ∅*�||+  is square of distance between ∅�)�� 

and  ∅�*�� where distance in feature space is calculated 

through kernel in input space as follows: 

 ||∅�x�� − ∅�v@ �||+  = �∅�x�� −  ∅�v@���∅�x�� −  ∅�v@�� 

||∅�x�� − ∅�v@ �||+ =  ∅�x��∅�x�� −  2∅�x��∅�v@� +  ∅�v@�∅�v@� 
||∅�x�� − ∅�v@ �||+  = K�x�,x�� − 2K�x�, v@� + K�v@, v@� 

||∅�x�� − ∅�v@ �||+  =  2� 1 −  K�x�, v@��  

Applying RBF in the above equation: 

 �), D� = exp �− ∑ |G6HI G8H|J
K9 )  

(8) 

Value of ‘a’ and‘b’ must be greater than one andL is 

known as the kernel width, which has got different 

values for different data-sets.  
 

By applying kernel function, the OF of becomes: 

         !"!# = 2 ∑ ∑ %����������� ∗ � 1 −  K�x�, v@�)      

 !"!# = 2 ∑ ∑ %����������� �1 −  exp �− ∑ |G6HI G8H|J
K9 )) 

(9) 

 

By minimizing the objective function, following 

equations are obtained. 

 

*� =  ∑ M67:N7>< ∗��G7,O6 �∗G7∑ M67:N7>< ∗��G7 ,O6�            (10) 
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%�� =  
IP6+���I��G7,O6 ��

� �I�Q

∑ IP6+���I��G7,O6��
� �I�Q ∗  , 

(11) 

The equations are obtained through following 
derivation: 

 !"!# = 2 $ $ %���
�

���

�
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(12) 

For*� , Partial derivative of ST1012  with respect to *�  
 USU*� =  $ %�� �

�

���
∗ 2 VWI�X7 ; Y6�9

Z9 [ ∗ 2 �)�  −  *��L+  

Equating it to zero,           
\]

\O6 = 0 

$ %�� �
�

���
∗ 2 VWI�X7 ; Y6�9

Z9 [ ∗  2 �)�  −  *��L+ = 0 

(13) 

*� =  ∑ %�� ����� ∗ .�)�, *�� ∗ )�∑ %�� ����� ∗ .�)� , *��  

(14) 

For %�� , Partial derivative of ST1012  with respect to %�� 

 !"!# = 2 $ $ %���
�
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�
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�
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 � 

USU%�� =  ^ %�� �I� ∗ 2�1 − .�)� , *��� + R�  

On equating it to zero, we get,    
\]

\M67 = 0 

^ %�� �I� ∗ 2�1 − .�)� , *��� +  R� = 0 

%�� �I� =  −R�2^�1 − .�)� , *��� 

%�� =  −R�2^�1 − .�)� , *���
� �I�Q

 

(15) 

Keeping the constraint condition for KCFCM in mind, 

 

$ %��
���

���
=  ,�  

%�� =  %��∑ %�� ∗  , 

 

%�� =  
IP6+���I��G7,O6 ��

� �I�Q

∑ IP6+���I��G7 ,O6��
� �I�Q ∗  , 

(16) 

Since the values of lagrangian multipliers vary 

negligibly, therefore they could be taken out of equation 

 

.%�� =  �
�I��G7,O6�

� �I�Q ∗ , 

(17) 

4. Results and Simulations  
 

This section compares the performance of KCFCM with 

FCM, CFCM and KFCM. Empirical calculation are 

done using MATLAB tool with version 7.0. The 

following input values are used to conduct the 

experiment: m = 2, ε = 0.03,α= 0.85, which is the 

preferred value of α for images. Various data sets used 

MR and CT Scan images loaded from Medical image 

gallery. 

 

4.1 Qualitative Analysis 
 

4.1.1 MR Image of Brain 
 

The segmentation of medical image is done with 

different values of kernel width ‘σ’as shown in the Fig. 

1, From the figure it is clear that the best results are 

detected with ‘σ’ value of 1. For the comparison of 
techniques in case of images, ground truth of images are 

used. In case of the testing image , its ground truth 

image was also available on medical image gallery. In 

the Fig. 2, the comparison of various algorithms are 

made with ‘σ’ value equal to 1. 

 

4.2 Quantitative Analysis 
 

To verify the performance of proposed technique and 

four previous algorithms based upon misclassifications, 
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we have used three simulated/real brain images and 

calculated their scores defined by the following 

Quantitative index [6, 7]. 

 

_�` = a�` ∩ acde`a�` ∪ acde` 

(18) 

 

 

Herea�` represents the set of pixels belonging to the jth 

cluster.acde`represents the set of pixels belonging to the 

jth class in the reference segmented image. In, _�`  is 

defined as a fuzzy similarity measure which indicates 

the degree of equality between a�`  and  acde` . Large 

values of _�`  represents better segmentation. Table 1 lists 

the comparison scores for the four methods. From Fig. 2 

and Table 1, we observe that KCFCM outperformed the 

other three algorithms. 

 

 

Fig.1: Comparison of MR image of brain (a) Ground truth(b) original noisy image (c) KCFCM for σ=0.5 (d) σ=1 (e) σ=1.5 (f) σ=3 (g) σ=5 (h) σ=10 

 

 

 
 

Fig.2 Comparison of MR image of brain (a) Ground Truth (b) Original Noisy Data (c) FCM (d) CFCM (e) KFCM (f) KCFCM σ=1 
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Table 1: Comparison Scores of four methods. 

 

Name of the 

Algorithm 

rij  (Comparison Scores) 

Brain Image 

Tumor Region 

FCM 0.56 

CFCM 0.81 

KFCM 0.82 

KCFCM 0.84 

 

 

5. Conclusion 
 

This paper proposed a kernel based credibilistic fuzzy C-

means (KCFCM) algorithm that applies the credibility 

parameter to the kernel fuzzy C-means (KFCM) 

algorithm to reduce the noise sensitivity of FCM.We 

observed empirically that the proposed Kernelized 

Credibilistic fuzzy C-Means(KCFCM) algorithm gives 

best results compared to the FCM, CFCM and KFCM 

algorithms when subjected to image data for general 

data with additive noise. KCFCM gives appropriate 

results for brain data it was subjected to and thus we 

conclude by saying that it is the most appropriate 

algorithm for image processing and segmentation 

amongst the algorithms studied. We also would bring to 

the readers’ notice that the performance of the algorithm 

is strongly dependent on the value of sigma and the best 

value of sigma may vary for different datasets. 
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