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Abstract— The goal of segmentation is typically to locate 

certain objects of interest which may be depicted in the 

image, segmentation could therefore be seen as a computer 

vision problem. Several general-purpose algorithms and 

techniques have been developed for image segmentation. To 

be useful, these techniques must typically be combined with 

a domain's specific knowledge in order to effectively solve 

the domain's segmentation problems. This paper presents a 

methodology to implement PSO algorithm for image 

segmentation. 
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I. INTRODUCTION 

Image processing is information processing for which the 

input is an image, such as photographs or frames of video; 

the output is not necessarily an image, but can be for 

instance a set of features of the image. Several methods of 

image processing may include enhancements, restoration, 

encoding, segmentation, understanding transformation and 

registration. The sort descriptions of these are given below. 

1) Enhancement: Process image to give a result that is 

more suitable than the original for a given 

application 

2) Restoration: Process that attempts to reconstruct or 

recover an image that has been degraded by using 

some a priori knowledge of the degradation 

3) Encoding: Techniques for representing an image 

with fewer bits 

4) Segmentation: Descriptions of image components 

(e.g. regions) rather than whole images 

5) Understanding: Symbolically represents contents of 

an image 

6) Transformation and Registration: Geometric or 

photometric alignment of images 

Image segmentation is the process of partitioning 

an image into multiple segments of several non-intersecting 

regions such that each region is homogeneous and the union 

of no two adjacent regions is homogeneous for some 

applications, such as image recognition or compression. The 

goal of segmentation is to simplify and/or change the 

representation of an image into something that is more 

meaningful and easier to analyze. Image segmentation is 

typically used to locate objects and boundaries (lines, 

curves, etc.) in images. More precisely, image segmentation 

is the process of assigning a label to every pixel in an image 

such that pixels with the same label share certain visual 

characteristics. Application of image segmentation is 

medical imaging, locate objects in satellite images, face 

recognition, iris recognition, fingerprint recognition, traffic 

control systems, brake light detection, machine vision, 

agricultural imaging – crop disease detection.  

 

We cannot process the whole image directly 

because it is efficient and unpractical. Therefore, several 

image segmentation algorithms were proposed is to classify 

or cluster an image into several parts or can say regions. 

There are lots of image segmentation algorithms exist and 

be extensively applied in science and daily life. According 

to their segmentation method, we can approximately 

categorize them into region-based segmentation, data 

clustering and edge base segmentation. Image segmentation 

is useful in many applications. It can identify the regions of 

interest in scene or annotate the data. Region-based 

segmentation includes the seeded and unseeded region 

growing algorithms. 

II. NEED TO USE PSO FOR SEGMENTATION 

K-means clustering is a well-known separating method. In 

this objects are categorized as belonging to one of K groups. 

The outcomes of partitioning method are a set of K each 

object of data set belonging to single cluster. In every cluster 

there may be a centroid or a cluster descriptive. The 

clustering is the division of a dataset into a number of 

groups such that similar items falls or belong to same 

groups. In order to cluster the file, K-means algorithm used 

as iterative approach. The algorithm requirement is to 

produce K clusters then there will be K initial means and 

final means after termination of clustering algorithms, in 

every object of dataset develops a member of one cluster. 

Main disadvantages of K-means algorithm are that we need 

to supply k value and then performance depends on the 

initial selection of centroids. K-means is capable of 

providing only local search. So we need to test such 

algorithms which can provide global search in image 

segmentation such as PSO etc. 

While clustering and segmentation algorithms are 

unsupervised learning processes, users are usually required 

to set some parameters for these algorithms. These 

parameters vary from one algorithm to another, but most 

clustering/segmentation algorithms require a parameter that 

either directly or indirectly specifies the number of 

clusters/segments. This parameter is typically either k, the 

number of clusters/segments to return, or some other 

parameter that indirectly controls the number of clusters to 

return, such as an error threshold. Setting these parameters 

requires either detailed pre-existing knowledge of the data, 

or time-consuming trial and error. The latter case still 

requires that the user has sufficient domain knowledge to 

know what a good clustering “looks” like. However, if the 

data set is very large or is multidimensional, human 

verification could become difficult. To find a reasonable 

number of clusters, many existing methods must be run 

repeatedly with different parameters, and are impractical for 

real-world data sets that are often quite large. We desire an 

algorithm that can efficiently determine a reasonable 



A Framework for Application of PSO Algorithm for Color Image Segmentation 

 (IJSRD/Vol. 3/Issue 03/2015/502) 

 

 All rights reserved by www.ijsrd.com 2020 

number of clusters/segments to return from any hierarchical 

clustering/segmentation algorithm. We have to identify the 

correct number of clusters to return from a hierarchical 

clustering/segmentation algorithm. 

Another issue with k-means algorithm which is 

usually been used for clustering algorithm is that despite the 

knowledge of optimum number of clusters required, its 

performance depends on the initial seeds of center. Once 

initial seeds are fixed then its search capability are local 

which inhibits it for global exploration of search space for 

better clustering. A new PSO based optimization method 

can be used to segment images by using merge algorithm. 

III. PSO AND CLUSTERING 

Cluster analysis is the assignment of a set of observations 

into subsets (called clusters) so that observations within the 

same cluster are similar according to some re-designated 

criteria or criterion  , while observations drawn from 

different clusters are dissimilar.Using with different 

clustering techniques make different assumptions on the 

structure of the data. Defined by some similarity metric and 

evaluated for example by internal compactness (similarity 

between members of the same cluster) and separation 

between different clusters. Different methods are based on 

estimated density and graph connectivity. Clustering is  

method of unsupervised learning, for statistical data analysis 

a common technique is used .Cluster analysis or clustering 

is the task of grouping a set of objects in such a way that 

objects in the same group (called cluster) are more similar 

(in some sense or another) to each other than to those in 

other groups (clusters). It is a main task of explorative data 

mining, a a common technique for statistical data analysis 

used in many fields, including machine, pattern recognition, 

image analysis,  bioinformatics and information retrieval. 

 
Fig. 1: Cluster Formation 

A. Particle Swarm Optimization Search Algorithm: 

PSO is one of the evolutionary computation techniques. It is 

a population-based search algorithm where each individual 

is referred to as particle and represents a candidate solution. 

Each particle in PSO flies through the search space with an 

adaptable velocity that is dynamically modified according to 

its own flying experience and also flying experience of other 

particles. PSO favors collaboration among the candidate 

solutions instead of rivalry. Majority of evolutionary 

algorithms are based on Darwin's theory of natural selection 

for which the noted English philosopher, Herbert Spencer 

coined the phrase Survival of the Fittest. In particle swarms, 

it is not the drive of survival that breeds quality solutions, 

rather the individuals strive to improve themselves by 

imitating traits from their successful peers. In PSO, each 

particle also has a memory and hence it is capable of 

remembering the best position in the search-space ever 

visited by it. The position corresponding to the best fitness is 

known as pbest and the overall best out of all the particles in 

the population is called gbest. 

The PSO method is a member of the wide category 

of Swarm Intelligence methods for solving optimization 

problems. The underlying motivation for the development of 

PSO algorithm was social behavior of animals like bird 

flocking and fish schooling. It was realized by Kennedy and 

Eberhart that the bird flocking behavior can be adapted to be 

used as an optimizer and resulted in the first simple version 

of PSO [2].  

Suppose that the search-space is d-dimensional and 

i-th particle in the swarm can be represented by Xi = (xi1, 

xi2,…, xid) and its velocity can be represented by another d-

dimensional vector Vi = (vi1, vi2, …, vid). Let the best 

previously visited position of this particle be denoted by Pi 

= (pi1, pi2, …, pid). If gth particle is the best particle and 

the iteration number is denoted by the superscript, then the 

swarm is modified according to (1) and (2). 
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                                         (2)                                                                

where, 

 w – inertia weight 

C1 – cognitive acceleration (Cognitive Learning Rate) 

C2 – social acceleration (Social Learning Rate) 

r1, r2 – random numbers uniformly distributed in the range 

(0,1). 

In the PSO clustering algorithm, the whole dataset 

can be represented as a multiple dimension space with a 

large number of dots in space. One particle in the swarm 

represents one possible solution for clustering the dataset. 

Each particle maintains a matrix Xi= (C1, C2 , …, Ci, .., 

Ck), where Ci represents the ith  cluster centroid vector and 

k represent the total number of clusters. According to its 

own experience and those of its neighbors, the particle 

adjusts the centroid vector position in the vector space at 

each generation. The average distance of data objects to the 

cluster centroid will be used as the fitness value to evaluate 

the solution represented by each particle. The fitness value 

will be measured by the Euclidian Distance between 

different dimensions of Center of cluster and instances. 

IV. LITERATURE REVIEW 

Mu-Chun Su and Chien-Hsing Chou[14] proposed a 

modified version of the K-means algorithm to cluster data. 

The proposed method adopts a novel non-metric distance 

measure based on the idea of point symmetry. This type of 

point symmetry distance can be used in the data clustering 

and human face detection.  

Aristidis Likas at el., [10] proposed a global K-

Means clustering algorithm in which an increment move 

toward clustering that dynamically adds one cluster centres 

at a time in the course of a deterministic global exploration 

procedure consisting of N executions of the k-means 

algorithm from suitable initial positions.  

Timothy Liao et al., [9] proposed an idea to 

combine two of the well-known image segmentation 

methods, clustering and region merging. Then the grey level 

images are segmented hierarchically. K-means clustering is 

useful to the image to the desired number of clusters in the 

image, where the number of clusters is automatically 
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detected based on the automatic detection of clusters in 

color images.  

Koheri Arai and Ali Ridho Barakbah [13] proposed 

an algorithm for centroids initialized for k-means. In this 

algorithm both hierarchical algorithms and k-means 

clustering are used. This method operates all the clustering 

results of k-means in certain times. Then, the outcome is 

transformed by relating with Hierarchical algorithm in order 

to find the improved initial cluster canters for k-means 

clustering algorithm.  

Abdul Nazeer K. A and Sebastian M. P [8] 

proposed a better algorithm to improve the accuracy and 

efficiency of the k means clustering algorithm. In this two 

methods are employed, one method is used for assigning 

data points to suitable clusters with reduced time complexity 

and another method for finding the better initial centroids. 

This algorithm provides a good clusters and reduces the 

amount of computational time.  

Yuan and Chen, [18] proposed an image 

segmentation method based on the modified edge-following 

scheme. The technique is based on the hierarchical 

segmentation under quad-tree decomposition, in which an 

image is adequately decomposed into many blocks and sub-

blocks according to the image contents. Simulation results 

demonstrate that the proposed method is superior to the 

conventional methods to some level.  

Maia and Hongpeng, [19] investigated a Grey 

Graph Cut based image segmentation technique  which 

integrates grey theory and graph cut theory methods. In this 

method, first the image is taken as a weighted undirected 

graph. After then, the relationships of grey-levels and 

locations in local regions are discussed via grey relational 

investigation, a grey weighted matrix is recognized, based 

on which a grey partition function is derived. After, the 

image is transformed to binarized with the gray-level that 

corresponds to the minimum value of the grey panel 

function.  

Napoleon D and Ganga Lakshmi P [15] proposed 

method for creating the K-means algorithm more effective 

and efficient. To get better clustering with reduced 

complexity. In this research, the most descriptive algorithms 

K-Means and the Enhanced K-means were observed based 

on their basic approach.  

Harrabi and Braiek [20] presented multilevel 

threshold and data fusion based technique for color image 

segmentation technique. It combines different data sources 

associated to the same color image in order to get accurate 

segmentation. They used multi-level thresholding and notion 

of mass functions. 

Khammar M.R and Marhaban M.H [12] proposed 

that the nearest data points that are extracted based on the 

Euclidean distance. The average of all points in a class 

creates a further element which is distinguished as a 

candidate for an early centroid. In the next step, the data 

points which are selected are disconnected from the dataset 

temporally and another attempt is made to obtain the next 

compact body and alternate possible candidate and so on.  

Khashandarag et. al. [22] proposed a new method 

combining genetic algorithm and K-Means algorithm for 

clustering medical images. In this combined technique, 

variable string length genetic algorithm (VGA) is used for 

the determination of the optimal cluster centres. 

Arunadevi et al [23] explored Extreme Learning 

Machine Classifier algorithm for implementing genetic 

algorithm. This method is modeled for automatic brain 

tissue and pathological tumor classification and 

segmentation of 3D MRI tumor images. 

Vijai et al [1] presented an Adaptive approach for 

image segmentation using genetic algorithm with Adaptive 

approach. The advantage of the proposed method lies in its 

utilisation of prior knowledge of the RGB image to segment 

the image efficiently. 

In paper [24] a modified k-means algorithm for 

image retrieval is developed where hierarchical clustering 

algorithm is used to generate the initial number of clusters 

and the cluster centres. In addition, during similarity 

distance computation, object weight based on object’s 

uniqueness is introduced. Therefore considering images 

based on regions using region based segmentation allows 

the users to pay more attention to regional properties that 

may better characterize objects which are also made up of 

local regions. This strategy is able to better reflect the 

characteristics of the images from the perspective of image 

regions and objects. 

V. OBJECTIVE 

Our thesis objective will be to use the PSO based Clustering 

Algorithm for Color Image Segmentation. We need to find 

the method to find the optimal number of cluster for PSO 

clustering then validate the validity of the clusters, after that 

we need to find the criteria through which we can merge the 

similar cluster which can be similar in terms of the variance 

or the distance measure. We have to assume each pixel of 

the input image as a data point, hence there will be n data 

points or we can say n patterns x1, x2, x3,…., xn generated 

from the input image which can have n number of pixels. 

After that we need to apply PSO clustering algorithm to the 

whole set of patterns so that we can generate the large 

number of clusters, where each cluster contains the similar 

type of data points, then we need to find the method to select 

the two clusters from these large number of clusters for 

merging . The merging will be based on some similarity 

between each of the existing cluster pairs, to find the 

similarity between the existing cluster we need to consider 

the variance of each individual clusters and also the distance 

between the two cluster centers. We need to develop an 

algorithm which can merge the similar looking clusters 

based on similarity criteria. 

VI. METHODOLOGY 

In cluster analysis, a fundamental problem is to determine 

the best estimate of the number of clusters, which has a 

deterministic effect on the clustering results. However, a 

limitation in current applications is that no convincingly 

acceptable solution to the best-number-of-clusters problem 

is available due to high complexity of real data sets. 

Choosing an appropriate clustering method is another 

critical step in clustering. A large number of clustering 

methods are available for cluster analysis. However a 

fundamental problem in applying most of the existing 

clustering approaches is that the number of clusters needs to 

be pre-specified before the clustering is conducted. The 

clustering results may heavily depend on the number of 
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clusters specified. It is necessary to provide educated 

guidance for determining the number of clusters in order to 

achieve appropriate clustering results. At the current stage of 

research, none of the existing methods of choosing the 

optimal estimate of the number of clusters is completely 

satisfactory. The gap method was recently proposed by 

Tibshirani, et al. [4] The main idea of the gap method is to 

compare the within cluster dispersions in the observed data 

to the expected within cluster dispersions assuming that the 

data came from an appropriate null reference distribution. 

Simulation results reported by Tibshirani, et al. indicated 

that the gap method is a potentially powerful approach in 

estimating the number of clusters for a data set. However, 

recent studies have shown that there are situation where the 

gap method may perform poorly. For example, when the 

data contain clusters which consist of objects from well 

separated exponential populations. The correct choice of k is 

often ambiguous, with interpretations depending on the 

shape and scale of the distribution of points in a data set and 

the desired clustering resolution of the user. In addition, 

increasing k without penalty will always reduce the amount 

of error in the resulting clustering, to the extreme case of 

zero error if each data point is considered its own cluster 

(i.e., when k equals the number of data points, n). Intuitively 

then, the optimal choice of k will strike a balance between 

maximum compression of the data using a single cluster, 

and maximum accuracy by assigning each data point to its 

own cluster. If an appropriate value of k is not apparent from 

prior knowledge of the properties of the data set, it must be 

chosen somehow. There are several methods of finding the 

optimal number of clusters such as Davies Bouldin Index[5], 

Dunn’s Index [6] and many other Validity Measures based 

on similarity and dissimilarity concept [7]. 

The basic procedure involves producing all the 

segmented images for 2 clusters up to Kmax clusters, where 

Kmax represents an upper limit on the number of clusters. 

Then our validity measure will be calculated to determine 

which is the best clustering by finding the minimum value 

for our measure. Validity measure is simply the ratio of intra 

cluster distance measure to the inter cluster distance, intra 

cluster distance is defined as the distance between a point 

and its cluster centre within a cluster whereas inter cluster 

distance is the distance between the two clusters. While 

performing the image segmentation for a given input image 

we first will regroup the pixels together to form a set of 

coherent image regions. After taking color image as input 

we first calculate the total number of pixels in the image. 

For the similarity of the pixels, we can measure it on the 

basis of different feature like intensity, color, texture, local 

entropy, etc. but here in the proposed algorithm we will take 

three color feature for the similarity of the pixels. Individual 

features or the combinations of them can be used to 

represent an image pixel. Hence we can associate a feature 

vector x to each of the pixel of input image. Clustering will 

be then performed on the set of feature vectors so as to 

group them. Finally clustering result will be mapped back to 

the original spatial domain to obtain the segmented image. 

VII. CONCLUSION 

In this paper a framework has been presented to segment 

color image using PSO algorithm. Color image is a 3-

dimensional image demanding a sophisticated method to 

cluster image in different region. Once PSO segments image 

then merge algorithm implementation is presented by using 

Bouldin’s index for better segmentation. K-means 

algorithms disadvantages have also been discussed in detail. 
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