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Abstract: Clustering represents the large datasets by a structured well defined number of clusters or prototypes. 

K-Means is a useful technique to data clustering which partitions the data into K-Clusters. However, the results 

of k-means algorithm are based on the selection of initial seeds and converge to local optimum solution. The 

Swarm Intelligence (SI) is an algorithm to apply many simple agents behaviour which inn terns lead to an 

emergent global behaviour solution.  Data mining tasks require fast and accurate partitioning of large datasets, 

which may come with a number of attributes or features. The Swarm Intelligence Optimization Techniques like 

ACO and PSO has successfully been applied to a number of real world clustering problems in order to meet the 

clustering requirement. This paper surveys the research work in the area of swarm intelligence for solving 

clustering problems. The new clustering model is proposed using the merits of ACO and PSO  to overcome the 

drawback of k-means clustering algorithm. 
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I. Introduction 

A. Data Clustering Technique 

Clustering is an important unsupervised learning method that deals with finding a structure in the collection of 

unlabeled data. A clustering is the process of grouping a set of data objects into multiple groups so that objects 

within the cluster that has some kind of similarity, but different objects in other clusters [9]. The k-means 

algorithm highly depends on the initial state and converges to a local optimum solution. Data mining tasks 

require accurate and fast partitioning of large datasets, which comes with a number of attributes or features. This 

gives the several computational requirements on the relevant clustering techniques. Clustering can be defined as 

the division of a dataset into groups of similar kind of objects. Clustering technique is widely used in the 

application of spatial data processing, satellite photo analysis, financial data classification, and medical figure 

auto-detection, etc. 

Issues in Clustering: 

1. Recent clustering techniques do not address all requirements concurrently. 

2. Time Complexity is a major issue while dealing with a huge number of dimensions and data items. 

3. Effectiveness of clustering techniques depends on the “distance”. 

4. Traditional Clustering algorithms have some limitations - initial partition selection and local optima 

convergence. 

 

B. Swarm Intelligence 

Swarm intelligence is a collective behavior of self-organized systems, decentralized, artificial or natural. The 

concept is based on work of genetic algorithms and artificial intelligence. Swarm Intelligence is an artificial 

Intelligence (AI) technique that gives the study of the collective behavior of a decentralized system made up by 

a population of the agents interacting locally with each other and with the environment. 

A swarm is a distinct set of agents which are able to communicate directly or indirectly with each other, and 

together approves solving a problem of distributed nature. The swarm body is built on ten thousand nearly 

identical units such as a bee society. Swarm demonstrates the design of very efficient optimization and 

clustering algorithms. The skill of the clustering algorithms is based on Swarm Intelligence tools; Particle 

Swarm Optimization (PSO) and Ant Colony Optimization (ACO).  

 

C. Ant Colony Optimization 

Ant Colony Optimization algorithm [7] is population-based meta-heuristic method that can be used to find 

approximate solutions to difficult optimization problems introduced by Dorigo is a probabilistic technique and 

class of optimization algorithm that are useful in problems that generally deals with discovering better paths 

through graph. The main objective of ACO is to search for a minimum cost path in the entire graph. Artificial 
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ants are looking for the shortest paths while walking on the graph. Each ant has a simple behavior capable of 

finding relatively longest paths. Shortest paths are found as a result of global cooperation among ants in the 

colony.  

An ant is a computational simple agent in the ant colony optimization. In each iteration of the algorithm, the ant 

moves from a state X  to state Y, which belongs complete intermediate solution. For ant K, the probability 

of    
   moving from state X to state Y depends on the combination of two values, viz., the attractiveness     of 

the move, as computed by the priori desirability of that move and the trail level     of the move that shows how 

efficient it has been in the past to make that particular move. 

In general,  the     ant moves from state    to state   with probability 
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Where      is the amount of pheromone deposited for transition from state X to Y,  0 ≤ α is a parameter to 

control the influence of      ,     is the desirability of state transition XY and β ≥ 1 is a parameter to control the 

influence of    .     And     represent the attractiveness and trail level for the other possible state transitions.  

If all ants have built their tours, then pheromone level is updated on all the ages as, 

                      
 

                                                                                                                    (2)

   

      

From Eq
n
 (2), we know that the pheromone is updating attempts to accumulate a greater amount of pheromone 

to shorter tours. Where     the amount of pheromone deposited for a state transition is XY,   is the pheromone 

evaporation coefficient and     
  is the amount of pheromone deposited by      ant, 

    
   

                                         
                                                           

       (3) 

Where    is the cost of the     ant's tour (typically length) and    is a constant. 

 

D. Particle Swarm Optimization 

The Particle Swarms initially introduced for simulating the human social behaviors; it become very popular for 

efficient search and optimization technique [8]. The Particle Swarm Optimization as it is called now optimized 

uses mathematical operators and is eventually very simple. 

PSO is initialized with a group of random particles (solutions) and then searches for optima by updating 

generations. In all iteration, each particle is updated by following two “best” values. The first one is the best 

solution (fitness) it has achieved so far. (The fitness value is also sorted.) This value is called pbest. Another 

“best” value that is tracked by the particle swarm optimizer is the best value, obtained by some particle in the 

population. The global best value called gbest, when a particle becomes a part of the population as its neighbors; 

the local best value is called lbest. After finding the two best values (gbest and lbest), the particle updates 

velocity and positions with following equations, 

                      –                                                       (4) 

                                                                                                                                  (5) 

Where      is the particle velocity,            is the current particle (solution).           and          are 

defined as stated before.         is a random number between (0,1). C1, C2 are constants. Usually c1=c2=2. 

 

II. Related Work 

The ACO differs from the classical ant system in the sense that the pheromone trails are updated in two ways. 

i.e. when an ant creates a path they locally change the amount of pheromone on the visited edges by  updating 

amount of pheromone. Another way is after all the ants have built their individual paths, a global updating the 

pheromone level on the edges that belong to the best ant paths found so far. PSO is also tied to Evolutionary 

Computation, namely to Genetic Algorithms (GA) and to Evolutionary Programming [1].  

 A continuous Ant Colony Optimization named ACOR used for solving the continuous optimization problems. 

The ACOR with PSO used to improve the searching ability, and gives four kinds of hybridization approach as 

follows: (a) sequence approach, (b) parallel approach, (c) sequence approach with an enlarged pheromone-

particle table, and (d) global best exchange. These all hybrid systems were applied to data clustering. From all 

these approach, the sequence approach with the enlarged pheromone table is better approach than other 

approaches because the enlarged pheromone table maintains the diversity of new solutions of ACOR and PSO, 

which prevent to traps into the local optimum [2]. 

 Ant Colony Optimization (ACO) algorithm used to improve the k-means. Initially to avoid local minima, a 

simple and efficient method used to select initial centroids based on mode values of the data vector and k-means 
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algorithm is applied to cluster the data vectors. An ant colony optimization algorithm is applied to refine the 

cluster to improve the quality. The basic reason of refinement is a cluster obtained by clustering algorithm never 

gives 100% quality. It gives a data item can be wrongly clustered. These all kinds of errors can be removed by 

using refinement algorithm. The quality of the clusters can be analyzed using two measures called entropy and 

F-measure [3]. 

A hybrid PSO+K-means document clustering algorithm used to performs fast document clustering and can 

avoid being trapped in a local optimal solution. The results indicate that the PSO+K-means algorithm can 

generate the best results in 50 iterations in comparison with the K-means algorithm and the PSO algorithm. In 

the PSO+K-means algorithm, the globalized searching ability of PSO, and the fast convergence ability of the K-

means are combined. The PSO algorithm is used at the initial stage to help global search for discovering the 

optimal solution. The result of PSO is used as the initial center of the K-means algorithm, which is applied for 

generating and refining the final result. The evaluation of the cluster quality is evaluated by fitness function [4]. 

To overcome the limitations of k-means, the hybrid evolutionary algorithm is used for solving the clustering 

problem. The output of the hybrid algorithm is considered as the initial input of k-means. The hybrid 

evolutionary algorithm is the combination of FAPSO (fuzzy adaptive particle swarm optimization), ACO (ant 

colony optimization) and k-means algorithms, called FAPSO-ACO–K, which can used to find better cluster 

partition. The hybrid algorithm for solving the clustering problem which is based on the combination of PSO, 

ACO and k-means algorithms, The FAPSO–ACO–K algorithm used for converging to the optimal solution in 

almost runs. The FAPSO–ACO–K clustering algorithm applied when the number of clusters is known a prior. 

The quality of cluster is measured by the two criteria: Total mean-square quantization error of a data point to all 

the centers, as the smaller the sum is, the higher the quality of clustering and F-Measure uses the ideas of 

precision and recall from information retrieval [5]. 

Hybrid Particle Swarm Optimization and Subtractive- (PSO) clustering algorithm that performs fast clustering. 

The subtractive clustering helps the PSO to start with good initial cluster centroid to converge faster with small 

fitness function which means a compact result. The Subtractive module runs at the primarily to find initial 

cluster centroids. The result of the Subtractive module is used as the initial seed of the PSO to get the optimal 

solution globally. At the same time avoids consuming high computation. The clustering quality is evaluated by 

fitness function [6]. 

Table I shows the comparative analysis of different approaches of ACO, PSO and K-means for finding the 

optimal solution for clustering. 
Table I:  Comparative Analysis Different approaches of ACO, PSO and K-Means based on research papers 

 

Publication Paper Title PROS 

 

CONS 

 

Elsevier 2013 
Cheng-Lung 

Huang etal [2] 

Hybridization strategies 
for continuous ant 

colony optimization and 

particle swarm 
optimization applied to 

data clustering 

The hybrid models can 

preserve diversity When 

generating new 
solutions. 

Applicable only when  the prior number of clusters   

are known 

JATIT 
C.Immaculate 

Mary etal [3] 

Refinement of Clusters 
From K-Means with Ant 

Colony Optimization 

Clusters provide better 
results than 

conventional algorithm 

Simple in execution but, the time complexity is 

more. 

Research Gate 

Xiaohui Cui etal 
[4] 

Document Clustering 
Analysis Based on 

Hybrid PSO+K-means 

Algorithm 

Ability of globalized 

searching and fast 
convergence. 

Number of iterations and computational time 

requirement is more. 

Elsevier 2010 
Taher Niknam 

etal [5] 

An efficient hybrid 

approach based on PSO, 

ACO and k-means for 
cluster analysis 

Ability for solving the 
clustering problem 

which is based on the 

combination of PSO, 
ACO, and k-means 

algorithms. 

Several drawbacks due to its choice of initializations 

of clusters 

 IJORCS (2013) 
Mariam El-

Tarabily etal [6] 

A PSO-Based 
Subtractive data 

clustering algorithm 

Convergence speed is 
high and fitness value 

minimum.  

The clusters are overlapped.  

 

III. Evaluation of related work 

The purpose of swarm intelligence (SI) is the plan of smart multi-agent systems by taking motivation from the 

collective performance of social insects such as bees, ants, termites, particles, birds, and other societies such as 

fish schools or flocks of birds. SI algorithms are mainly stochastic optimization and search techniques, followed 

by the principles of self-organization and collective behavior of swarms. They are strong, well-organized and 

adaptive search methods producing near best possible solutions and have a large amount of indirect parallelism. 
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On the other hand, data clustering is formulated as a difficult global optimization problem; thereby making the 

application of SI tools more obvious and appropriate.  

Ant colony optimization (ACO) is a recent technique for optimization. The stimulating source of ACO is real 

ant colonies. ACO algorithm is based on the ants foraging behavior; This behavior is the communication among 

the ants in terms of pheromone trails which searches short paths between nest and food sources. Ant-based 

clustering is a distributed process that employs positive response. Ants are designed by simple agents that 

randomly move in their environment. 

Particle Swarm Optimization (PSO) is a population-based search procedure referred to as particles that are 

grouped into a swarm. Each particle in the flock represents a candidate solution to the optimization problem. 

The main strength of PSO is its convergence, which compares with many global optimization algorithms, for 

applying PSO effectively; main key issues are finding how to plan the problem solution into the PSO particle, 

which straight affects its performance and feasibility. An important benefit of the PSO is its aptitude to manage 

with local optima by recombining, comparing and maintaining several solutions. These methods are mainly 

suitable to perform an investigative analysis. Several investigations are performed in this field – the research 

nowadays concentrates on improving the performance. The other key features like stability, robustness, speed, 

convergence would allow us to apply these methods in real applications. Table II gives the general analysis of 

the optimization techniques which gives the common strengths and weakness of these techniques. 

Table II:  Analysis of Optimization Techniques. 
Techniques Strengths Weakness 

Ant Colony Optimization (ACO) 

1. Gives Better Performance 
1. Computationally very difficult for a 

large number of processing nodes. 

2. Memory of the entire colony is stored. 
2. Convergence is guaranteed, but time to 

convergence is uncertain 

3. Poor initial Solution May affect 
3. Tradeoffs in evaluating Convergence 

4. Easy to accommodate to another algorithm 

Particle Swarm Optimization (PSO) 

 

1. Simple, easy and derivative free algorithm 

 

1. For large search space premature 
convergence to local optima 

2. Few Parameters need to adjust and efficient 
global search ability 

2. Weak local search 
3.They have internal memory and each 

particle represent individual solution 

K-Means 

1. Computationally Efficient 1. Not Suitable for all data types 

2. Easy to use 
2. Outliers and Noise are problem 

3. Choice of seeds (Initial Centroids) 

 

IV. Proposed Model for Clustering 

The Proposed Work integrates an Ant Colony Optimization and Particle Swarm Optimization techniques for 

data clustering. In order to overcome the drawbacks of existing clustering algorithms, Ant Colony Optimization 

(ACO) will be used. Ant Colony Optimization (ACO) has the capability to select the initial centroids for 

clustering in a more effective way. 

 
Figure.1: Proposed System 

 



Dipali Kharche et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 11(1), December 2014-

February 2015, pp. 49-53  

IJETCAS 15-125; © 2015, IJETCAS All Rights Reserved                                                                                                                      Page 53 

On these initial centroids, Particle Swarm Optimization (PSO) will be used with multiple objective functions. 

Since Particle Swarm Optimization (PSO) is a global optimization technique, the optimized results are expected 

by using three functions with Particle Swarm Optimization (PSO). 

Figure1 represents the proposed model for Ant Colony Multi Objective Particle Swarm Optimization 

(ACMOPSO). It represents that; the proposed system will provide more effective results. 

 

V. Conclusion 

 

Data clustering is well formulated as a difficult global optimization problem. SI algorithms are efficient, 

adaptive and robust search methods producing near optimal solutions and have a large amount of implicit 

parallelism which helps in achieving the global optimization. The problems in clustering are very well addressed 

by various SI algorithms to achieve the optimal clusters. As per comparative analysis, Ant Colony Optimization 

(ACO) Algorithm and Particle Swarm Optimization (PSO) Algorithm are used for finding the optimal solutions 

for the clustering problem and can be applied both when the number of clusters is known as well as when this 

number is unknown. 
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