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Abstract: Wireless Sensor Network (WSN) is one of the most promising and leading technology which comprises of autonomous, 
multifunctional, self-governing battery powered devices known as sensor nodes. These sensor nodes are intelligent enough to 
collect information from the sensing environment. But there are various challenges in WSN and limited energy is one of them. 
Nature inspired algorithms provides best solutions to various challenges in WSN. This paper proposes a decentralized clustering 
algorithm for WSN based on the colonial behavior of social insects i.e. honey bee. In this paper we evaluate the clustering 
algorithm by using first order radio model. The purpose of this research paper is to form efficient clusters by optimal selection of 
cluster head on the basis of parameters such as distance, centrality, node degree and energy so that minimum energy for the 
transmission of data to the base station is consumed. Simulation results show that the proposed algorithm reduces the energy 
consumption and our network survives for a longer period of time. 
Keywords:  Wireless Sensor Network (WSN), Decentralized, Nature Inspired Algorithm, Honey bee, clustering 

I. INTRODUCTION 
Recent advancements in wireless electronics and sensing technology has led to production of low cost versatile wireless sensor 
nodes which has lower maintenance and deployment costs, longer lifetime and is adaptable to harsh environments [1].. Wireless 
sensor network consists of sensing, central processing unit and radio transceiver. In WSN a sensing technology is used in which 
sensor nodes or motes are used which are tiny, autonomous and compact devices. These motes are deployed in remote areas to get 
information of that area. These sensor nodes detect the phenomena, collect and process data and then transmit that sensed 
information to users [2]. With the growing demand and attention from various industries there is huge development of these low 
cost, low power, multipurpose, multifunctional sensors. Sensor nodes or motes are small in size. Sensor motes have the ability to 
gather the sensed data and process that data while in connection with other nodes in the network via, radio frequency channel. 
Besides having many applications in our homes, hospitals, WSNs also control our personal as well as professional lives [3]. They 
have lower maintenance and deployment costs, longer lifetime and are adaptable to harsh and unmanned areas [1]. 

II. WIRELESS SENSOR NETWORKS 
Sensors interface the physical with the advanced world by catching and uncovering true wonders and changing over these into a 
frame that can be handled, put away and followed up on. Incorporated into various gadgets, machines and situations sensors give an 
enormous societal advantage. Sensor is a device which is used to convert or translate that observed physical phenomenon to 
electrical signal. The information gathered by sensor nodes in a WSN is transmitted toward a base station and it further connects it 
to different systems. For example, WSNs have profound effects on military and civil applications such as target field imaging, 
intrusion detection, weather monitoring, security surveillance, distributed computing, detecting ambient conditions such as 
temperature, movement, sound, light, or the presence of certain objects, inventory control and disaster management. WSN nodes are 
deployed in specific areas for specific task for a long period of time, so they are battery powered. 
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Figure1 Components of Wireless Sensor Network 

III. CLUSTERING AND COMPUTATIONAL INTELLIGENCE TECHNIQUES 
A. Clustering Techniques in WSN 
The process in which sensor nodes are grouped together is called clustering. In clustering cluster head is responsible for collection 
of information from cluster members and forward it to the base station. Most common clustering techniques fall under the categories 
of centralized and decentralized clustering algorithms. Decentralized clustering algorithms are more practical as compared to 
centralized clustering algorithms because it is not convenient to control large number of nodes at centre [13]. Depending on cluster 
formation criteria and parameters used for CH election the above clustering algorithms can be further divided into sub-categories as 
probabilistic and non-probabilistic clustering algorithms. Low Energy Adaptive Clustering Hierarchy Algorithm (LEACH)[4], 
Power Efficient Gathering In Sensor Information System (PEGASIS)[5], Power Efficient Data Gathering and Aggregation 
Protocol( PEDAP) [6] falls under category of probabilistic clustering algorithm while Highest Connectivity Cluster Algorithm 
(HCC) [7], Weight Based Clustering Algorithm(WBC)  [8] , Genetic Algorithm [9] and Social insect colony falls under non-
probabilistic algorithms. 

B. Computational Intelligence in WSN 
Computational Intelligence (CI) has been successfully used in recent years to address various challenges in WSN such as data 
aggregation, energy consumption, security, optimal deployment and localization. It provides adaptive mechanisms that exhibit 
intelligent behaviour in complex and dynamic environments in WSNs [10]. Different techniques are proposed by different 
researchers few are as follows, Social Insect Colony [11], Artificial Neural Network [12], Genetic Algorithm [13], Particle Swarm 
Optimization [14],  ANTCLUST [15]. 

IV. PROPOSED SYSTEM 
Sensor nodes are constrained in terms of energy and capacity limits. So, they require proper administration so that power can be 
utilized evenly. So, we proposed a technique inspired by the colonial behaviour of honey bee which enhances the network lifetime 
by efficient clustering. 
In the proposed technique we construct an analytic expression for the optimal cluster size for minimum energy dissipation on the 
basis of residual energy, centrality and node degree. On the basis of first order radio model a threshold value of distance is 
calculated and energy consumption is also calculated. So, clusters are formed by using a nature inspired algorithm based on the 
colonial behavior of social insect i.e. honey bees. In this technique clusters are organized in the form of concentric circles. In cluster, 
cluster head is located at center of the circle and it is surrounded by the nodes lying within its range and these nodes act as cluster 
members of that cluster. Energy is a parameter which is used to determine the lifetime of network. 
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A. Energy calculation 
To utilise the energy efficiently is one of the most challenging issue in wireless sensor network. In the proposed technique we 
computed energy by using first order radio model. 

 
Fig 2 First Order Radio Model 

Most of the energy is consumed in sensing activities in the network, processing the data, communicating with other nodes and 
transmission of collected information to the base station. The energy consumption of transmitting a k- bit packet at a distance d can 
be expressed as follows as per first order radio model.  

                                                (1) 
If d>do, distance parameter becomes 4 times of the original distance 
If d<=do, distance parameter becomes 2 times of the original distance 

B. Mathematical Model  
Distance between the nodes is calculated by using Euclidean distance formula. Let us suppose we have two nodes i and j located at 
X and Y axis.  
The distance between these two nodes is as follows 

ds(i,j) =sqrt((X(i) - X(j))^2 + (Y(i) - Y(j))^2)                                   (2) 
where i, j are node numbers . After distance calculation, we will focus on other parameter that is the centrality of nodes and is 
defined as the parameter which is used to find the closeness of node. It is calculated by finding average of all distances and is 
inversely proportional to  lifetime of network. Node degree is also calculated by counting the no. of nodes within a range of specific  
Objective function=(inverse of distance × inverse of centrality × node degree × energy)           (3) 
After maximising the objective function we will have a maximum value for a node. If two or more than two nodes having same 
maximum value of objective function then the node having lowest ID number will be selected as a cluster head and the nodes lying 
within the 13m range of that node will be the cluster members of the cluster head and a cluster is formed. The cluster formation 
process will continue until the system is not dead or energy of each node is not equal to zero. 

C. Flow chart 
 The proposed system increases the network lifetime by efficient clustering using nature inspired algorithm which is inspired by 
colonial behaviour of honey bees. Energy of every node is calculated and cluster head election and re-election procedure con-tinues 
till the framework is not dead or energy of every node is not zero.  
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Fig. 3 Flow Chart of proposed work 

V. PERFORMANCE ANALYSIS 
 Simulation setup includes parameters for sensor field with area in which nodes are to be deployed, base station location, initial 
energy of each node and no. of bits to be transmitted. Initially we plot a network of 300 nodes deployed randomly in 50×50 m2 area 
with each node having initial energy 0.05 J. The base station was located at location (x=25m, y=0m). Energy consumed in radio 
electronics was set to 50 nJ/bit/m2. If distance between nodes is less than 38m then for radio transmitter 10 pJ/bit/m2 energy is set 
and if distance is greater than threshold distance than 0.0013 pJ/bit/m4 energy is set. The energy used for data aggregation purpose 
is 5 nJ/bit/signal 

 
Fig. 4 Deployment of Sensor Nodes 
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The initial energy of all nodes is 0.05 J and stem plot of initial energy is as below 

 
Fig. 5 Stem plot of initial energy(0.05J) 

Cluster is organized in the form of concentric circles with cluster head at the center and surrounded by the cluster members and final 
topology of clusters after one round is as follows Here we have 12 clusters in first round. The total cluster formation after one round 
is illustrated in the figure shown next. 

.  
Fig. 6  Final topology of clusters after 1st round 

In our proposed technique first node diesat 178 round and it takes 263 rounds for system to be dead. 
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Fig. 7 Stem plot of energy when first node dies at 178th round (52 node)  
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Fig. 8 Graph of Residual energy v/s No. of rounds 
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Fig. 9  Graph of live nodes v/s No. of rounds 

Simulation results are given for the proposed clustering technique based on colonial behavior honey bee along with the results of 
average energy consumption in different cases 

TABLE I 
RESIDUAL ENERGY  FOR DIFFERENT SCENARIOS 

No. of 
rounds 

Residual energy of 
existing technique 

Residual energy of 
proposed technique  

50 0.0371 0.0365 
100 0.0267  0.0266 
150 0.0169 0.0173 
200 0.0057 0.0077 
235 0.0004 0.0020 

 
So, the proposed technique is energy efficient and hence, the lifetime of WSN is improved with the execution of proposed approach. 

VI. CONCLUSIONS 
As expressed earlier, the most recent applications request greatest lifetime of network with the goal of longer lifetime and more 
information can be exchanged to the BS. Unfortunately, a large portion of energy is devoured in information transmission, gathering 
and collection forms. To tackle the issue, existing techniques were presented in Wireless Sensor Network. The grouping of sensor 
nodes is called clustering and information is sent to base station through cluster head. The focus is on energy efficient clustering 
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techniques for wireless sensor network based on colonial behavior of honey bee. It aimed to propose a clustering technique based on 
the nature inspired algorithm in order to increase the performance of the network.  Simulation demonstrated the execution of the 
proposed work. The algorithm makes the framework energy efficient and furthermore improves the lifetime of the network by 
forming energy efficient clusters and hence enhances the network lifetime. 
With the achievement in enhancing the lifetime of WSN, in any case, some exploration work still needs to be done. 

1) Hybridization of two or more clustering techniques can result in reduced complexity. 
2) Sensor nodes are stationary so applicable for stationary sensing not for tracking dynamic phenomenon, so mobile nodes can be 

taken into consideration 
3) Other parameters can be taken into consideration like quality of service, received signal strength, load balance among cluster 

heads, inter-cluster communication among sensor nodes to enhance the lifetime of network 
4) Cluster heads having no cluster members can be connected to nearest node instead of directly connecting to base station. 
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