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Abstract  
 wireless sensor network is a collection of small sensor nodes able to sense its environment and 
monitor and send data to a base station. One of the main challenges of sensor networks is energy 
constraint of the nodes because they each have a direct effect on a network’s lifetime. Hence, 

various methods have been employed to optimize power consumption and increase the lifetime of wireless 
sensor networks. This paper presents a new method called CICA1 for clustering wireless sensor networks 
using Imperialist Competitive Algorithm (ICA) that divides sensor nodes according to balanced clusters.  
Results of simulations show successful performance of this new method for increasing the lifetime of 
wireless sensor networks.  
 

Keywords: wireless sensor networks, Imperialist Competitive Algorithm (ICA), reducing energy 
consumption, clustering, LEACH, HCR.  

  
1. Introduction  

In recent years, advances in telecommunications and electronic technology have resulted in the 
construction of small and cheap sensors that connect to each other via a wireless network [1]. Wireless 
sensor networks are applied for extracting data from an environment and monitoring environmental 
events. Application of such networks is rapidly increasing in domestic, industrial and military fields [2]. 
Each node in a wireless sensor network consists of three main parts: a sensor, a processor and a wireless 
transmitter\receiver. Data from the environment such as information on temperature, humidity, 
pressure, light and motion are received by a node and sent to the base station for processing. The most 
fundamental challenge in a wireless sensor network is to constrain energy, so development of a method 
that increases energy efficiency and extends the life of nodes in such a network is of interest to 
researchers. This paper presents a new method for clustering wireless sensor networks using an 
Imperialist Competitive Algorithm (ICA). The rest of the paper is as follows: Section 2 reviews related 
works; Section 3 discusses the proposed algorithm (CICA); simulation results are shown in Section 4 and 
Section 5 presents the conclusion.  
  
2. Related Works  

In the first part of this section, there is a review of some of the most efficient algorithms for energy 
consumption that extend the lifetime of a wireless sensor network by clustering the network nodes. In 
the second part, the Imperialist Competitive Algorithm is introduced, on which the CICA is based.   
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2.1. Clustering Nodes  
The main task of sensor network nodes is to collect information from the environment. Transmission 

of data is one of the main reasons for energy consumption of the nodes and is directly related to the 
second (or higher) exponent of distance between the source and the destination in a network. Therefore 
any plan that shortens the communication distance between nodes in a WSN will reduce its energy 
consumption and increase its lifetime [3].  

The ideal mode of energy consumption in a sensor network is when energy consumption finishes 
simultaneously in all of the nodes so that the lifetime of a network is maximized. Thus an attempt was 
made to establish uniform network load distribution in order to minimize the time interval between the 
death of the first node and the death of the last node. Several communication protocols have been 
proposed to achieve this goal. To date, protocols based on clustering have reported considerably slowed 
down energy consumption in networks [4].  

Clustering is based on partitioning of an entire network into several independent groups called 
clusters and each node is located in one of the clusters and one of the nodes in each cluster of nodes is 
selected as the CH3.  
 

The duty of all CHs is to collect data from nodes in its cluster and then to send this information either 
directly, or with data from other CHs, to the BS4. Thus, clustering can greatly reduce communications 
costs.  
 
2.2.  LEACH5 algorithm 

This algorithm has been applied to clustering nodes in a sensor network, it was introduced in 2000 and 
reforms were made in 2002 and 2004. It is one of the best-known and fundamental algorithms for 
clustering sensor nodes. In this algorithm, information collected by the cluster heads, based on TDMA6 
timing, is sent directly to the BS [5].  

In this algorithm, time is divided into intervals called rounds and clusters are formed according to that 
relationship (2-1). Then each node selects a random number between 0 and 1, if this number is less than 
the threshold of the relationship (2-1) then that node is selected as the CH for that particular round. 

  

                                                                                                            (1)  
 

Where (G) is a set of nodes that have not been allocated a CH in previous 1/p rounds, P is the 
suggested percentage of a CH and r is the current round. In this algorithm, CHs are selected randomly 
from sensor nodes and all sensors have the same chance of allocation to a cluster head.  
 
2.3.   HCR7algorithm 

HCR algorithm [5] is an extension of the LEACH algorithm [6].  It is a self-organized cluster based 
approach for continuous monitoring. In HCR, each cluster is managed by a collection of associates and 
the energy efficient clusters are retained for a longer period of time; the energy efficient clusters are 
identified using a heuristics based approach. Moreover, in HCR, cluster formation is determined from the 
base station. A Genetic Algorithm is used to generate energy efficient hierarchical clusters. Simulation 
results show that HCR is more energy efficient for application in continuous monitoring.  
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2.4. Imperialist Competitive Algorithm (ICA)  

There are several evolutionary algorithms for optimization such as GA8, PSO9, SA10 and some others. 
Recently, a new algorithm has been introduced called the Imperialist Competitive Algorithm, presented 
by Atashpaz-Gargari and Lucas in 2007 [6]. The algorithm is based on human political-social 
developments. Like other evolutionary algorithms, ICA begins with an initial population called a Country. 
Then a number of countries, showing the best in a population, are selected as imperialist and others are 
selected as their colonies. Figure 1 shows an overview of the ICA.   
  

 
 

Fig. 1: ICA overview 
  

3. CICA Algorithm  
Here we review the CICA algorithm, which is a clustering algorithm applied in WSNs based on the 

Imperialist Competitive Algorithm. In order to determine optimality, the CICA algorithm was compared 
to other well-known algorithms in wireless sensor network clustering such as LEACH and genetic based 
HCR algorithms. Simulation results showed the same parameters in all three algorithms.  
Effective parameters in the CICA algorithm are as follows:  

• Distance between sensor nodes and cluster heads: the main parameter considered in the CICA 
algorithm is sum of distance between all nodes of a CH; the more efficient CHs are those with a 
lower value for sum of distance between all nodes.   

• Distance of node to base station: those nodes, for which distance to the base station is less than 
that of distance from the CH, will send data directly to the CH instead of sending data directly to 
the BS and this avoids additional energy consumption. 
   

• Remaining energy of a sensor node: when energy of a CH is finished, selection of a CH is done by 
selecting the node within a cluster that has the highest residual energy.   
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4. Results of Simulation  

This section presents a review of the results of simulations. Simulations are done in MATLAB 
environment and results were evaluated in three parts; comparison of values for number of alive nodes, 
evaluation of mean energy consumption of nodes and comparison of values for total energy 
consumption of all nodes.  To show better performance of the CICA algorithm, simulation parameters 
are shown in three scenarios; wireless sensor networks with normal density, low density and high 
density.  
  

4.1. Common values of simulation parameters  

Table (1) presents initial values of the common parameters of wireless sensor network simulation. 
The table shows that the same parameters are applied for CICA, LEACH and HCR algorithms in all three 
scenarios.  

Table 1: Common parameter values in simulation scenarios  
 

 Initial Energy= 0.1 j 
 ETX=50*0.000000001 (j/bit) 
 ERX=50*0.000000001 (j/bit) 
 Efs=10*0.000000000001 (j/bit/m2) 
 Eamp=0.0013*0.000000000001 (j/bit/m4) 
 EDA=5*0.000000001 (j/bit/signal) 
 do=87.7 (m) 
 Packet Size=4000 (bit) 

  
4.2. Parameters of the first scenario   

 

Table 2: Simulation parameters in the first scenario 
 

 Network Size= 100 * 100 (m) 

 Number Of Nodes=  100 

 Base Station Position = (50 , 50) 

  
4.3. Parameters of the second scenario  
  

Table 3: Simulation parameters in the second scenario 
    

 Network Size= 200 * 200 (m) 
 Number Of Nodes=  100 
 Base Station Position = (100 , 100) 

 
4.4. Parameters of the third scenario  
  

Table 4: Simulation parameters in the third scenario  
 

 Network Size= 100 * 100 (m) 

 Number Of Nodes=  200 

 Base Station Position = (50 , 50) 
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4.5. First scenario simulation graphs  

4.5.1. Number of alive nodes: When the energy of a node has finished, then that node dies. One of 
the main parameters for algorithm optimality in a wireless sensor network is time taken for the first 
node to die, and then accordingly, time taken for subsequent deaths of all other nodes. To display the 
number of alive nodes parameter in the sensor network, calculations were made for the total number 
of nodes in the current round that have remaining energy.  

 

Figure (2) shows the number of alive nodes per round in CICA, LEACH and HCR algorithms in the first 
scenario. The first node death in the CICA algorithm occurs at round 185, the first node death in the 
LEACH algorithm occurs at round 145 and the first node death in the HCR algorithm occurs at round 166.  

 

  
 

Figure 2: Comparison of the number of alive nodes in the first scenario  
 

So results for the CICA algorithm showed delayed death of the first node in comparison with results 
for LEACH and HCR algorithms. Analysis of Fig. 2 demonstrates that the LEACH algorithm had lost more 
than 70 percent of nodes at round 259 and in the HCR algorithm this occurred at round 287, while in the 
CICA algorithm it occurred at round 476. Thus comparison of the algorithms shows the CICA as the 
optimum algorithm in terms of delay of death of nodes and increased efficiency for wireless sensor 
networks.  

 
4.5.2. Comparison of average energy consumption per node: Fig. 3 shows comparisons for the 
parameter of average energy consumption per node until death of the first node in LEACH, HCR and 
CICA algorithms. Average energy consumption per node until the death of the first sensor node is 
equal to the total energy consumed until the death of the first node divided by the total number of 
nodes in the sensor network.  

 
In this comparative parameter, the most efficient algorithm is that with the lowest average energy 

consumption per node, which determines a longer life of the sensor network.    
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Since the denominator of the equation means that the total number of sensor nodes is the same for all 
three algorithms (in this case 100), then the optimal algorithm has a smaller numerator for total energy 
consumed by the algorithm until the death of the first node.   
  

 
Figure 3: Comparison of average energy consumption per node 

  
Analysis of Fig. 3 demonstrates that the CICA algorithm has an average 0.0415 j for each network 

node until death of the first node, which is lower (more optimal) and the LEACH algorithm has an 
average consumption per node 0.0605 j and the HCR algorithm has an average consumption per node of 
0.0634 j. These optimized averages for energy consumption are determined from balanced clusters in a 
WSN and energy consumption in the CICA algorithm is balanced, which is very beneficial to a network.  

 
4.5.3. Comparison of the total energy consumption: Fig (4) shows comparison of the total energy 
consumption of all the nodes in each round for LEACH, HCR and CICA algorithms. In this comparative 
parameter, the more efficient parameters have a lower value for total energy consumption of all 
nodes. Analysis of Fig (4) demonstrates that the CICA algorithm was more optimal than the LEACH 
and HCR algorithms in all rounds.  

 

  
Figure 4: Comparison of total energy consumption of all nodes  
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For example, in round 100 the total energy consumption of all nodes in the CICA algorithm is 2.2315 j 
and for the LEACH algorithm is 4.1609 j and for the HCR algorithm is 3.8069 j. Reducing the total energy 
consumption in the CICA algorithm determines optimal placement of the cluster head in a network. Less 
energy is consumed sending data by a cluster head if there is minimum distance of nodes to the cluster 
head and the CICA algorithm computes the optimum location of a cluster head in order to minimize 
distances.   

Moreover, Fig 4 demonstrates that at round 200 of the algorithms, the LEACH algorithm had more 
than 80% of total energy consumed, the HCR algorithm had more than 75% of total energy consumed 
but in the CICA algorithm, less than half of its total energy was remaining.  
  
4.6. Second scenario simulation graphs  

In the second scenario, the ratio of number of sensor nodes to sensor network field size is smaller 
than the first and third scenarios; this means that simulation of sensor networks is done with low node 
density.  

 
    4.6.1. Number of alive nodes: Figure (5) shows the number of alive nodes per round in LEACH, HCR 
and CICA algorithms in the second scenario. In the CICA algorithm, death of the first node occurs at 
round 144 and death of the first node in the LEACH algorithm occurs at round 131 and death of the first 
node in the HCR algorithm occurs at round 137. So the CICA algorithm delays death of the first node 
compared to LEACH and HCR algorithms in this scenario. 

   

  
 

Figure 5: Comparison of the number of alive nodes in the second scenario  
 

Comparing times for death of the first node in the first and second scenarios demonstrated that this 
occurs earlier in the second scenario because of a larger sensor network size and consequently more 
distance between nodes, which causes higher energy consumption and earlier death among nodes. 
Analysis of Fig. 5 demonstrates that the LEACH algorithm lost more than 70 percent of nodes at round 
213 and the HCR algorithm lost more than 70 percent of nodes at round 241, while in the CICA algorithm 
this occurred at round 408.  This result determines optimality of the CICA algorithm in delaying death of 
nodes and thus increased efficiency for a wireless sensor network.  
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4.6.2. Comparison of average energy consumption per node: Fig. 6 shows comparison of the 
parameter of average energy consumption per node until death of the first node between LEACH, 
HCR and CICA algorithms. The denominator of the equation means that total number of sensor nodes 
is the same for all three algorithms (in this case 100).  

 

 
Figure 6: Comparison of average energy consumption values per node  

 
Analysis of Fig. 6 demonstrates that the CICA algorithm has an average 0.0394 j for each network node 
until death of the first node, which is lower (more optimal) and the LEACH algorithm has an average 
consumption per node 0.0650 j and the HCR algorithm has an average consumption per node 0.0626 j. 
Well-balanced clusters in a wireless sensor network contribute to optimal value for average of energy 
consumption as demonstrated by the CICA algorithm in this scenario. 
 

4.6.3. Comparison of the total energy consumption values: Fig. 7 shows comparison of the total 
energy consumption of all nodes in each round of LEACH, HCR and CICA algorithms. Analysis of Fig. 7 
demonstrates that the CICA algorithm produces more optimal results than LEACH and HCR algorithms 
in all rounds.  

 

For example in round 100, the total energy consumption of all nodes in the CICA algorithm is 2.7265 j 
and for the LEACH algorithm is 4.9521 j and for the HCR algorithm is 4.5691 j. The lower value for total 
energy consumption in the CICA algorithm determines optimal placement of the cluster head.  
 

  
Figure 7: Comparison of total energy consumption values of all nodes  
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Moreover, Fig 7 demonstrates that at round 200 of each algorithm, the LEACH algorithm has more 
than 90% of the total energy consumed, the HCR algorithm has more than 85% of its total energy 
consumed but the CICA algorithm has about half of its total energy remaining.  
  
4.7. Third scenario simulation graphs  

In the third scenario, the ratio of number of sensor nodes to size of sensor network field was larger 
than that determined in the first and second scenarios and this means that simulation of the sensor 
networks was done with high node density.  

 
4.7.1. Number of alive nodes: Figure (8) shows the number of alive nodes per round in LEACH, HCR 
and CICA algorithms in the third scenario. In the CICA algorithm, the death of the first node occurs at 
round 188 and death of the first node in the LEACH algorithm occurs at round 157 and death of the 
first node in the HCR algorithm occurs at round 169. This determines that the CICA algorithm delays 
death of the first node compared to LEACH and HCR algorithms in the third scenario.  
  

  
 

Figure 8: Comparison of number of alive nodes in the third scenario  
 

Analysis of Fig 8 demonstrates that the LEACH algorithm has lost more than 70 percent of nodes at 
round 257 and that the HCR algorithm has lost more than 70 percent of nodes at round 281, while in the 
CICA algorithm this occurs at round 484, this determines that delay of death of nodes was optimum in 
the CICA algorithm demonstrating increased efficiency for wireless sensor networks.  

 
    4.7.2. Comparison of average energy consumption per node: Fig (9) shows comparison of the 
parameter of average energy consumption values per node until death of the first node in the LEACH, 
HCR and CICA algorithms. The denominator of the equation means the same value for total number of 
sensor nodes for each of the three algorithms (in this case 200).  
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Figure 9: Comparison of average values for energy consumption per node  

 
Analysis of Fig. 9 demonstrates that the CICA algorithm has an average of 0.0413 j for each network 

node until the first node death which is lower (more optimal) and the LEACH algorithm has an average 
consumption per node of 0.0645 j and the HCR algorithm has an average consumption per node of 
0.0644 j.  

 
The CICA algorithm shows optimum for average of energy consumption values in a wireless sensor 

network, produced by balanced clusters with high density in this scenario.  
 
    4.7.3. Comparison of values for total energy consumption of all nodes: Fig. 10 shows comparison 
of total energy consumption of all nodes in each round of the LEACH, HCR and CICA algorithms. 
Analysis of Fig. 10 demonstrates that the CICA algorithm produced more optimal results than did 
LEACH and HCR algorithms in all rounds.  

 

  
 

Figure 10: Comparison of values for total energy consumption of all nodes  
 

For example in round 100, the total energy consumption of all nodes in the CICA algorithm was 4.3769 j 
and for the LEACH algorithm it was 8.1895 j and for the HCR algorithm it was 7.5823 j. This result was 
caused by a reduction of total energy consumption in the CICA algorithm determined by optimal 
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placement of cluster head. Moreover, Fig 10 demonstrates that in round 200 of algorithm simulation, the 
LEACH algorithm had more than 80% of total energy consumed, the HCR algorithm had more than 75% 
of total energy consumed, but the CICA algorithm had more than 55% of its total energy remaining.          
I should be noted that doubling the total energy consumption in the third scenario was due to double 
the number of nodes in that scenario.  
 
Conclusion  

One of the main challenges in sensor networks is energy constraint among nodes because this has a 
direct effect on a network’s lifetime. This paper presents a new method called CICA for clustering 
wireless sensor networks using the Imperialist Competitive Algorithm that divides sensor nodes 
according to balanced clusters. Results of simulation show successful performance of the CICA algorithm 
for increasing the lifetime of WSNs.  

 

Advantages of the CICA algorithm over LEACH AND HCR algorithms for clustering sensor nodes in a 
WSN are as follows:   

  
• Creating balanced clusters: measuring distance from a specified cluster head in the CICA 

algorithm causes homogeneous and balanced clustering and thus resolves a big disadvantage of 
LEACH and HCR algorithms, which is a lack of balanced clusters, and selection of CHs that may 
not be near to one another.   

• Selecting nodes with more energy as cluster heads: since the energy consumption of a CH is 
more than that of normal nodes in wireless sensor networks, selecting cluster heads from nodes 
with the most residual energy, as made in the CICA algorithm, contributes to longer life time of a 
network.  

• Non- random selection of cluster heads: the LEACH algorithm applies random selection of CHs, 
so in some rounds it may select cluster heads far from the BS which causes cluster heads to have 
high dissipation of energy. The CICA algorithm resolves this problem by selecting the best 
position for cluster heads to consider distance between nodes.  
  

Ultimately, an evolutionary clustering method called CICA is presented in this paper for energy 
optimization in WSNs, results of simulation showed the method to be successful.   
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