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Abstract— After analyzing the disadvantages of the classical 

K-means clustering algorithm, this paper combines the core 

idea of K-means clustering method with PSO algorithm and 

proposes a new clustering method which is called clustering 

algorithm based on Particle Swarm Optimization algorithm. 

It used the global optimization of PSO algorithm to make up 

the shortage of the clustering method. The algorithm is 

evaluated on Iris plants database, Results show that the 

algorithm is more effective and promising. 
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I. INTRODUCTION 

Clustering analysis is an important part of the Data Mining 

research; it is an important method of the unsupervised 

learning. It divides the data into certain polymerization 

classes according to the attribute of the data ,enable the 

element of every class to have the same characteristic as far 

as possible, the characteristic difference among the different 

polymerization class is as far as possible big. The traditional 

clustering algorithm seeks the optimal solution of the 

researched question through the iterative Hill-climbing 

method, because it is a local search algorithm, it has some 

shortages. We take the K-means clustering algorithm as the 

example; people have found two inherent drawbacks in the 

practical application, (1)the random selection of Starting 

value may lead to different clustering results, even has no 

solution ; (2) The algorithm is an algorithm based on the 

objective function; it usually solves the extreme value 

problem by the gradient method. Because the gradient 

method searches along the energy decrement direction, the 

algorithm falls into the local extreme value easily. These 

flaws have limited its application scope greatly. PSO is an 

effectively global optimization algorithm, it guides 

optimization search by the Swarm Intelligence, which 

comes from cooperation and competition between particles, 

Compares with the evolutionary algorithm, PSO retains the 

global search 

Strategy based on population, its operation is 

simple, and solution of each generation population has Dual 

advantages of Self-learning and learning from others. So it 

can find the optimal solution by lesser iterative times. This 

paper combines the core idea of k-means clustering method 

with PSO algorithm and proposes a clustering algorithm 

based on Particle swarm optimization algorithm . 

A. Particle swarm optimization algorithm: 

Particle swarm optimization algorithm is used for 

optimization of the Continuous space, in the continuous 

space coordinate system; Mathematical description of PSO 

is as follows: 

We suppose population size is N, Each particle is 

treated as a point in a D dimensional space. The ith particle 

is represented as xi =(xi1,xi2,…,xid …,xiD), xi is a latent 

solution of the optimized question. The rate of the particle i 

is represented as vi =(vi1,vi2,…,vid …,viD),it is a position 

change quantity of particle in an iteration. The particles are 

manipulated according to the following equation: 

vid=ωvid+c1rand1()(pid−xid)+c2rand2()(pgd-xid)    (a)                     

vid=vmax     if vid>vmax 

vid=-vmax     if vid<-vmax                     (b) 

 xid = xid + vid                                        (c) 

In the equation (a), the historical best position of all 

the particles in the population is represented by pgd, the 

historical best position of the current particle is represented 

by pid, the particle’s new velocity is calculated according to 

its previous velocity and the distances of its current position 

from its own historicalits best position and the group’s 

historical best position. 

Variable ω is the Inertia weight, c1 and c2 are 

positive constants, rand1() and rand2()are two random 

functions in the range [0,1]. In the equation (b),particles’ 

velocities in each dimension are limited to a maximum 

velocity vmax, vmax decided the search precision of 

particles in solution space. If it is too big, the particles 

possibly fly the optimal solution, if it is too small; the 

particles easily fall into the local search space and have no 

method to carry on the global search. 

In the equation (c), the particle’s new position is 

calculated according to its current position and the new 

velocity, finally, the performance of each particle is 

measured according to a predefined fitness function,then 

finding the optimal solution of the research problem. 

B.  The K-means clustering algorithm: 
In the Rn space, the clustering problem may describe as 

follows: a given point set including N points x1 ， x2,…,xN 

,we divide these points into K(known constant) sets 

G1，G2,…,GK according to the similarity of them. They 

satisfy the following conditions: 

(1) Gi ≠ ∅, i =1, 2,…K； 

(2) , i j G ∩G =∅ i, j = 1, 2,…, K；i ≠ j； 

(3)  { } 1 21, , ,Ki Ni G x x x=∪ = … 

The basic K-means algorithm consists of the following 

steps: 

(1) assigns the clustering number K. 

(2) Random select K points C1，C2, …, CK as the initial 

clustering centers from the given point set {x1，x2, …, xN} 

(3) Select C1 ， C2, …,CK as the clustering centers and 

divide the set {x1，x2 ,…, xN} according to the following 

regulation: 

If ( , ) ( , ) i p i q d x c < d x c p, q =1, 2,…,K and p ≠ q ,then 

i p x ∈G ( Gp is a class and its center is Cp) 

(4) Recalculate the new clustering centersc1
1，C2

2
, …, Ck

k
 

according to the equation 

Ci
1=

1/|Gi|∑xj 

i =1, 2,…,K , 
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 G is the point number in Gi 

(5) If Ci
1
=Ci i=1，2，…，K (or the algorithm has achieved 

the hypothesis biggest iterative times) then terminate the 

algorithm, else make Ci=Ci
1
 and return (3) 

C. The clustering algorithm based on PSO: 

In the clustering algorithm based on Particle Swarm 

Optimization algorithm, each particle Yi= (y1，y2, …,yK) 

represents centers of the K classes, yj (j=1 ,2，…，K) 

represents the central point’s coordinates vector of the jth 

class in the ith particle (the dimension of yj is decided 

according to the actual situation). The particle swarm 

constitutes by many candidate classified plan. We know it is 

a key of clustering which use optimization algorithm to 

evaluate the quality of classification plan, so we propose an 

adaptability function f as follows: 

f(Yi)=max(‾d1(Yi))/min(d2(Yi))              (d) 

 max( d1(Yi ))  is the maximum value of mean values of 

distances within same classes in the classification plan 

which is expressed by particle  min(d2 (Yi ))  is the minimum 

value of distances between classes in the classification plan 

which is expressed by particle Yi。 

max(d1(Yi)=max (∑d(xi,yj)/|yj| 

 j=1,2..k    ∀ xiεyj 

|yj| is the element number in the jth class. 

min(d2 (Yi ) =min (d (yi ,yj )); 
 ∀ i,j,i≠j 

i,j =1，2,…,K. 

The minimum value of the adaptability function f 

simultaneously satisfies small distance within same class 

and big distance between classes, the classification plan is 

better. The clustering algorithm based on Particle Swarm 

Optimization algorithm consists of the following steps: 

(1) In the n dimension space, we set population size m, 

acceleration coefficient c1 and c2, the hypothesis biggest 

iterative times num, clustering number K, a given point set 

which has N points etc. Initialize a population of particles 

with random positions and velocities (the position and 

velocity vectors are constituted by K vectors of n 

dimension(space), then set the historical best position of 

each particle pbest equal to the initial position and set global 

best position of particle swarm gbest equal to the best of all 

p best 

(2) For each particle Yi, recalculate distances between the 

set {x1，x2, …, xN} and K centers and divide the set {x1 

， x2, …, xN} according to the distance regulation of K-

means algorithm. 

(3) For each particle Yi, Calculate the fitness evaluation 

according to the expression f(Yi). 

(4) Compare and reset the historical best position p best and 

the best fitness evaluation of each particle, Compare and 

reset the global best position gbest and the best fitness 

evaluation of particle swarm. 

(5) Change the velocity and position of particles according 

to equations (a) and (c) and limit them according to 

equations (b) and (e). 

Xid=xmax     if xid>xmax 

Xid=-xmax     if xid<-xmax                                      (e) 

 

In the expression (e), we select the maximum value of each 

dimension in all points as xmax 

(6) Inspect termination condition (the algorithm has 

achieved the hypothesis biggest iterative times) if it is 

satisfied then terminate the algorithm, else return(2) 

(7) Output classification result 

II. SIMULATION RESULT AND ANALYSIS 

Following table shows the results obtained from the 

experimentations done as per the setup explained in the 

previous section. Five algorithms have been implemented in 

this thesis. In first algorithm i.e. Random LEACH algorithm 

is implemented where CHs are selected randomly based on a 

probability function. We have taken this probability as 10%. 

It is further improved by using a fair distribution of energy 

by selecting maximum energy nodes to be CHs.  In this 

method a fix number of CHs are selected based on the 

number of nodes that are living. Another modification is 

made in third algorithm where nodes are 
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Table. 1: Simulation Result and Analysis 

clustered based on inter distance by using a standard 

algorithm such as K-means. Other two algorithms are based 

on meta-heuristic techniques such as BBBC and PSO. We 

measure algorithms’ efficiency by assessing total no. of 

rounds up to which network survives. A network is assumed 

to be live if more than 30% nodes are alive with total energy 

greater than zero 

In the following table it is clearly shown that 

BBBC clustering based LEACH algorithms perform better 

than other methods if we consider the no of rounds covered 

by the algorithms. The BBBC algorithm performs nearly 

three times better than random LEACH and nearly 50% 

better than max energy LEACH.  If we consider a network, 

dead if 50% nodes are dead then Max Energy LEACH is 

performing better than K-means and other meta-heuristic 

techniques. Random LEACH has performed worst in every 

situation. If we consider 75% node criterion for network life 

then clustering algorithms perform better.the BBBC based 
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algorithms are better than random LEACH and K-means 

LEACH. Nearly 300% network life improvement is 

recorded for over simple LEACH and 50% over max Energy 

LEACH and K-means. If we compare the no of dead nodes 

as per our simulation results Max energy LEACH seems to 

perform better, but there nodes once start dying accelerates 

network decay very fast. On one front random LEACH and 

Kmeans-LEACH algorithms are lacking i.e. network 

disintegration in this front. In these algorithms, first node is 

dead very.  Even BBBC and PSO are not performing  well if 

we consider this parameter. This is the grey area which 

needs to be addressed in future research.  

If we consider no of packets sent to BS then Max 

Energy LEACH and BBBC LEACH is clearly winner. Both 

have sent highest no of packets to BS but if we consider the 

ratio between packet sent and no. of rounds performed by 

the algorithm then Max Energy LEACH is clear winner in 

this. In comparison to PSO algorithm, BBBC algorithm 

perform better not only in terms of number of rounds and 

the amount of data sent to BS but in terms of clustering 

time. The BBBC algorithm is faster than PSO algorithm.  

We have shown these statistics in the following  figures 

 

Fig 1: Simulation Result and Analysis 

 

III. CONCLUSION 

The k-means clustering algorithm is one of the most widely 

used clustering method for its Simple idea, But the random 

selection of Starting centers may lead to different clustering 

results, even has no solution, considering the global search 

ability of PSO, this paper proposes the clustering algorithm 

based on PSO and designs corresponding adaptability 

function. The algorithm is evaluated on Iris plants database, 

Results show that the algorithm is more effective and 

promising. The experimental results indicate that the 

clustering algorithm based on PSO is better than the kmeans 

clustering algorithm. 
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