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Abstract: 

Clustering algorithm is a widely  used segmentation method in  image processing applications. Variou s clustering based 

segmentation methods have been proposed. This paper presents an improved version of the Moving K-Means algorithm called 

New Enhanced Moving K-Means algorithm. In the proposed New Enhanced Moving K-Means algorithm, the distance measure 

used in the conventional Moving K-Means (i.e. eucledean distance) is enhanced.  A comparative analysis of three clustering 

methods is presented. Three methods are: Moving K-means clustering algorithm, and Enhanced Moving K- Means algorithm. 

Clustering algorithms were evaluated on natural images and their performance is compared. Results demonstrate that Enhanced 

Moving K-Means algorithm is considered to be the most suitable techniques for image segmentation. 
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I. INTRODUCTION 

 

Clustering refers to  the process of grouping samples so that the 

samples are similar within each group. The groups are called 

clusters. Clustering is a data min ing technique used in 

statistical data analysis, data min ing, pattern recognition, image 

analysis etc. [2]. In digital image processing, segmentation is 

essential for image description and classificat ion. Clustering 

algorithm has been applied as a digital image segmentation 

technique in various fields such as engineering, computer, and 

mathematics. Recently, the application of clustering algorithms 

has been further applied to the medical field, specifically in the 

biomedical image analysis wherein images are produced by 

medical imaging devices [3]. As of now, numerous clustering 

algorithms have been proposed with the aim to produce better 

segmentation. 

 

II. K-MEANS  (KM) CLUS TERING ALGORITHM  

AND MOVING K-MEANS  (MKM) CLUS TERING 

ALGORITHM 

 

Amo the K-Means clustering algorithm is the most popular 

algorithm because of its simplicity. K-Means (KM) is an 

exclusive clustering method i.e., data which belongs to a 

definite cluster could not be included in another cluster. The k-

means algorithm is an iterat ive technique. At first, the pixels 

are clustered based on their color and spatial features, where 

the clustering process is accomplished. Then the clustered 

blocks are merged to a specific number of regions. Although 

it’s a simple technique, it does have some drawbacks [4], [5]. 

 

 1. It is dependent on initialization.  

  2. It is sensitive to outliers and skewed distributions. 

  3. It may converge to a local min imum. 

  4. It may miss a small cluster.  

 

As a result, it may lead to poor or wrong representation of data.  

To overcome the aforementioned drawbacks several clustering 

algorithms were proposed. In 2000, Mashor successfully 

proposed a modified version of K-means clustering, namely, 

Moving K-Means (MKM) clustering [6].  The algorithm 

constantly checks the fitness of each center during the 

clustering process. If the center cannot satisfy a certain criteria, 

the center will be moved to the group of data with the most 

active center. Consider a problem which has N data that have to 

be clustered into nc centers. Let  vi be the i-th data and c j be the 

j-th center with predetermined init ial value where i =1,2,...,N 

and c j = 1,2,..., n  . For the conventional MKM clustering 

algorithm, all the data will be assigned to the nearest center 

based upon Euclidean distance [7].  

The new position for each center is calcu lated based upon: 

 

1) Cj=1/nj Σi∈cj  vi 

 

2) The fitness for each cluster is then calculated using: 

      f(Cj)= Σi∈cj (||v i-cj||)
2
 ;  

 

For a good clustering process, the basic concept introduced in 

the MKM algorithm suggests that each cluster should have a 

significant number of members or final fitness values and the 

differences among the clusters (i.e. in term of number of 

members, member's value etc.) should be minimized. After 

applying the fitness calculation process, the relationship among 

the centers must fulfill the following condition: 

 

3) f (Cs) ≥ αa  f(Cl)  

 

Where Cs is the cluster that has the smallest fitness value,  Cl  is 

the cluster that has the largest fitness value, αa is a designed 

small constant with in itial value equals to α0 and α0 is a 

designed small constant value between 0< α0<1/3 Based upon 

the MKM algorithm , if equation (3) is not fu lfilled, the 

members of  Cl which has values lower than Cl, will be 

assigned to Cs while the rest will remain with Cl. Next , the new 

position of Cs and Cl are calculated using equation (4) and 

equation (5) respectively. 

 

4)  Cs=1/ns∑i€Cs vi 

 

5)  Cl=1/nl∑i€Cl  vi 

Subsequently, the value of αa is updated according to 

6)  αa= αa- αa/nc 
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In order to improve the clustering process, also introduced 

another condition that must be achieved by repeating the whole 

process until: 

 

7) f (Cs) >= αb f(Cl) 

 

Where αb is a designed small constant with initial value equal 

to α0. 

For each iteration, αa must be reset to α0 and αb is updated 

based on: 

 

8) αb= αb- αb/ nc 

 

The introduction of equation (3) in the MKM algorithm 

significantly improved the performance of the conventional k-

means clustering algorithm. The moving k-means (MKM) 

clustering algorithm has the capability to overcome the three 

basic problems namely dead centers, center redundancy and 

trapped centers at local minima. Although the MKM algorithm 

has been proven to min imize aforementioned problems, it still 

has the following drawbacks [7]:  

         

 1 .The MKM algorithm is sensitive to noise. For the worst 

case, one cluster or center could be assigned as a centroid of 

a group of noise data. 

 2. In some cases, clusters or centers are not located in the 

middle or centroid of a group 

    of data. Thus, this weakness could lead to   imprecise results. 

 3. The introduction of fitness concept in the MKM algorithms 

may lead to a problem where some members of centers with 

the largest   fitness are enforced to be assigned as a member 

of a center with the smallest fitness. Commonly, fo r a set of 

data with noise, the center with the s mallest fitness 

represents a group of unwanted noise data. Thus, the 

enforcement process could move informat ive data to this 

group of noise data. 

 

III. ENHANCED MOVING K-MEANS  ALGORITHM  

(EMKM)  

 

Enhanced Moving K-means Algorithm employs hard 

membership function as its clustering concept, where the data 

are clustered into non-overlapping regions. Consider an image, 

X with N data to be clustered into K regions. In itially, all 

centers values are randomly assigned. The i-th data vi  is  

assigned to the nearest cluster , c j based on the minimum 

Euclidean distance, where i= 1,2,3..... N and   j= 1, 2 , 3..... K.  

After complet ing the assigning process for all data, the new 

position of centers is measured according to:   

 

1)    Cj=1/nj Σi∈cj  vi  where nj  is the number of members in the 

j-th cluster. 

                                      

2) The fitness for each cluster is then calculated using: 

       f(Cj)= Σi ∈  Cj (||vi- Cj ||)2  

 

The centers are sorted in ascending order where the center with 

the smallest fitness values is denoted as Cs, while the center 

with the largest fitness  value is denoted as Cl. In conventional 

Moving K-Means Algorithm, by forcing the center Cs to 

withdraw its members will lead  to denying a significant 

representation of the group of data. This could also increase the 

cluster variance. Hence, the poor segmentation could be 

produced. So, in order to keep the variance of cluster Cl .in 

reasonable value and avoid  cluster Cs to be trapped at a local 

optimum location, this concept of transferring process is 

improved in Enhanced Moving K-Means Algorithm [12].In 

this algorithm Cl will keep its members within the range of 1/2 

Cl (r), where Cl (r), is the cluster rad ius of Cl. The members with 

value outside this range will be assigned to the appropriate 

nearest cluster resulting in reducing the variance of cluster  Cl  

by giving up farther members as well as ensure reasonable 

fitness value between cluster Cl with other clusters. Also, if the 

members of the nearest cluster to the cluster Cs (i.e . this 

nearest cluster is denoted as Cn) are outside the range of 1/2 

Cn(r), where Cn(r) is the cluster radius of Cn. These members 

will be transformed to become the members of the Cs. After 

complet ing the transferring process, all centers are updated 

using (1) and the remaining processes of the conventional 

MKM are adopted by the proposed EMKM algorithms. With 

the new position of all clusters, the value of  αa   is then updated 

according to:  

 

αa = αa -( αa /k)                                                                     (3)                                                                           

 

All abovementioned processes are repeated until equation  (3) 

mentioned in  MKM algorithm is fu lfilled. In order to ensure 

better clustering process, another condition as defined by 

equation (7) is employed. The whole process will be repeated if 

equation (7) is not fulfilled.    

 

 f (Cs)>= αb f ( Cl )                                                        (4) 

                                                                                 

 For each repetition, the αa  and αb are respectively updated 

according to:   

αa = α0                                                                           (5)                                                                                                       

 

αb = αb –( αb /K)                                                           (6)                                                                                         

 

IV. RES ULT AND DISCUSSION : 

 

To analyze the segmentation performance of the EMKM 

algorithm, the results have been qualitatively and quantitatively 

compared with other clustering algorithms namely KM and 

MKM. Three images namely applelogo, Beach, and Redflower 

are used for comparat ive analysis. 

 

   

(a) (b) (c) 

 

Figure. 1. Original images of (a) Applelogo, (b) Beach and 

(c) Red flower 

 

V. QUALITATIVE ANALYS IS  

 

Qualitative analysis is one of the widely used procedure in 

which the probabilistic statement about the algorithms’ 

effectiveness and weakness is carried out on the basis of human 

visual perception. The qualitative analysis is conducted to 

understand, whether the algorithm outlines desired regions of 

interest from unwanted backgrounds. Figs. 2, 3, and 4 show the 

segmentation results generated with the algorithms, and the 

comparative KM , MKM, and EMKM algorithms on the three 

selected standard images, where the images are segmented into 
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3, 4, and 5 clusters respectively.  In Fig. 2 to Fig. 4, the images 

on the first row are the original images; and the second third 

and fourth, represent the resultant images after the application 

of the KM, MKM and EMKM algorithms respectively.  

 

  KM   

 

        

          

MKM 

 

   

 

EMK

M  
 

 

Figure.2. Segmented RGB images in 3 clusters after 

applying First row: KM, Second row: MKM, Third row: 

EMKM 

 

KM 
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MKM 
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 5)   

6)   

7)    

Figure.3. Segmented RGB images in 4 clusters after 

applying First row: KM, Second row: MKM, Third row: 

EMKM Here K (cluster count) supplied to it is 4. 

 

VI. QUANTITATIVE ANALYS IS   

                                                                                                                                                                                                                                                                                                                                                                                                                                       

Quantitative Analysis is a numerically oriented procedure to 

figure out the performance of algorithms without any human 

error. Performance analysis helps to seek out the most efficient 

technique/method used for segmenting an image by thoroughly 

analyzing the used parameters values .Various type of quality 

parameters/metrics can be used for the sole purpose of 

evaluating performance analysis of different type of method 

used for segmenting an image. One of the parameter mean 

square errors (MSE) is calcu lated on segmentation of four 

selected images.MSE (Mean Square Error): Mean Square Error 

(MSE) is calculated pixel-by-pixel by adding up the squared 

difference of all the pixels and dividing by the total pixel count. 

MSE of the segmented image can be calculated by using the 

equation given below: 

 MSE = 1/ N ∑             ∑ |Vi-Cj|2 

             J = 1to k  

             i €Cj         

 Where, N is the total number of p ixels in  an image and Vi is 

the pixel which belongs to the j-th cluster. The lower d ifference 

between the resultant and the original image reflects that all the 

data in a region are located near to its center. 

 

TABLE. I.QUANTITATIVE EVALUATIONS     

 

From Table I, the results confirm that the proposed EMKM 

produces the lowest MSE values for almost all images and for 

almost all number of clusters. These findings strongly support 

the qualitative analysis which shows that the EMKM has 

successfully outperformed the conventional clustering 

algorithms.  

 

VII. CONCLUS ION 

 

In this paper, Enhanced Moving K-Means algorithms i.e. 

EMKM have been introduced as the modified version of the 

conventional Moving K-Means (MKM) algorithm. The 

Enhanced Moving K-Means (EMK) algorithm tends to find the 

nearest center for each pixel to be classified into different 

clusters. Then the EMK algorithm is compared  to the moving 

k-means algorithms and k-means algorithm qualitatively and 

quantitatively. The comparison result shows that the Enhanced 

moving k-means algorithm produced better segmentation 

quality with less cluster variance and being less sensitive to the 

initialization of center values.  
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