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Abstract— Designing communication protocols for large-

scale ad-hoc networks is difficult. Clustering is a key 

technique which extends the lifetime of a WSN by reducing 

energy consumption which can also increase network 

scalability. In this work, we propose an energy-efficient and 

load-balanced dynamic clustering protocol based on 

artificial bee colony (EBABC) which comprises of two 

parts. First determine the number of cluster heads based on 

the nodes distribution and communication radiuses. 

Secondly we select the CHs according to the residual 

energy, mobility, number of single-node cluster and 

distances to cluster heads from their member nodes and to 

the server from cluster heads. Simulation results 

demonstrate that the protocol can efficiently prolong the 

network lifetime and achieve load balance among the nodes. 
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I. INTRODUCTION 

Wireless sensor networks (WSNs) are battery controlled and 

contain hundreds or thousands of sensor nodes. They are 

deployed randomly or deterministically in hazardous places 

where traditional infrastructure based network is practically 

infeasible. Each sensor node has the ability to sense some 

indicators from the environment, perform simple 

computations, and communicate with each other or directly 

to an external base station (BS). It is important to prolong 

the lifetime of WSNs and to develop energy efficient 

communication protocols.  

If the sensor nodes communicate and engage in 

data transmission with the server directly, there will be 

considerable network congestion and data collisions which 

limit the network scalability to a certain degree. Meanwhile, 

according to the free space radio propagation model, long 

distance communication will consume much more energy 

and will drain the battery quickly. Clustering will address 

these issues. The essential operation in clustering is to select 

a proper set of cluster heads (CH) according to the network 

condition and nodes’ distribution, and each cluster head 

recruits some nodes as its regular nodes (RN). The CHs are 

responsible for coordinating the RNs within their clusters 

and communicating with the external server. Clustering has 

numerous advantages such as conserving communication 

bandwidth and avoiding redundant exchange of messages, 

prolonging the battery life of the individual nodes and the 

network lifetime as well, and increasing network scalability 

which is beneficial in applications that need scalability to 

lots of nodes.  

As the CHs will process the messages and act as a 

communication hub between the server and RNs, more 

energy is drained from CHs. So determining the number of 

CHs and selecting the right nodes as CHs is a great 

challenge. Many factors have to be considered such as 

distance, i.e. long distance will cost much energy and also 

have a negative effect on the link quality and packet loss 

rate. CHs must have higher residual energy than others. To 

the dynamic network, mobility is also a very important 

factor as we could not choose a node with high mobility as 

CH. Inspired by the food foraging behaviour of bees [12], 

[8] proposed the ABC (artificial bee colony) algorithm for 

solving complex optimization problems. ABC is a 

population-based meta-heuristic approach which has very 

good convergence rate and robustness.  

II. RELATED WORK 

The clustering based routing protocol views that each CH 

within a cluster carries the responsibility of delivering the 

message to the base station. This section discusses most of 

the well-known clustered based routing algorithms. As the 

proposed protocol aims at fuzzy logic concept, few FL 

based clustering algorithms are also discussed here. LEACH 

is a famous hierarchical routing protocol where CH is 

elected on rotation basis based on a probabilistic model and 

each sensor node gets equal chance to be a CH. CHEF 

considers two fuzzy parameters such as proximity distance 

and energy to elect the CH. In F-MCHEL [8], CH is elected 

by utilizing fuzzy rules based on energy and proximity of 

distance. The node having maximum residual energy among 

the CHs is elected as a Master Cluster Head (MCH) and 

sends the aggregated data to the base station. F-MCHEL is 

an improvement of CHEF. In WSNCABC [8], distances to 

cluster heads from their member nodes and to the base 

station from cluster heads as well as the residual energy of 

the cluster heads are considered for clustering. HEED [3] 

considers a mixture of energy and communication cost when 

selecting cluster heads and achieves a good CH distribution 

by avoiding elected CHs to be in range of each other. 

CONET [14] reforms clusters according to each node’s 

bandwidth requirement, energy use, and application type.  

In LEACH, the CHs are selected randomly, and 

every node can be chosen as CH in a round with a local 

determined probability. LEACH doesn’t consider the 

residual energy and distance to the base station and it is 

enhanced in LEACH-C [16], which uses simulated 

annealing algorithm and considers the factors of energy and 

distance. However, it doesn’t take single-node cluster into 

account as WSNCABC, and the negative impacts of single-

node cluster on the network performance have been shown 

in [6]. There are also some clustering algorithms based on 

swarm intelligence in which the clustering algorithms are 

considered as resource-constrained optimization problems, 

such as [9] using the ACO (Ant Colony Optimization) and 

[17,18] using the PSO (Particle Swarm Optimization). 
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In authors of [9] proposed a CH selection algorithm 

using ACO to construct load-balanced clusters. In [17], by 

using the PSO algorithm, the authors put forward an energy-

aware and base-distance-aware clustering algorithm. 

Similarly, Han et al. [18] proposed an double cluster-head 

energy efficient clustering algorithm using PSO in which the 

master cluster head is used for date collecting and date 

integration and the vice cluster head charges for 

communicating. However, the authors of [17] and [18] 

didn’t consider the number of CHs and their coverage which 

may leave many single-nodes. It has been proved in [19] 

that the ABC optimization algorithm has better performance 

for solving constrained optimization problems. 

From the above, we put forward a clustering 

protocol which first evaluates the number of CH based on 

the nodes distribution, and then take nodes’ residual energy, 

mobility, number of single-node cluster and distances to 

cluster heads from their member nodes and to the server 

from cluster heads into account to divide the nodes into 

clusters while achieving energy efficient and load balance.  

III. EXISTING SYSTEM 

Clustering is one of the most powerful techniques that can 

arrange the system operation in associated manner to attend 

the network scalability, minimize energy consumption, and 

achieve prolonged network lifetime However, most of the 

proposed algorithms overburden the cluster head (CH) 

during cluster formation. To overcome this problem, many 

researchers have come up with the idea of fuzzy logic (FL), 

which is applied in WSN for decision making.  

 
Fig. 1: Existing model for multi-hop clustering 

A clustering algorithm based on type-2 FL model 

handles uncertain level decision better than T1FL model. 

Three fuzzy descriptors such as remaining battery power, 

distance to base station, and concentration have been 

considered. Each Cluster Head sends the data to the next 

level (starting from the first level to the last level) till it 

reaches at the base station. Type 2 Fuzzy Logic Model 

handles the measured level of uncertainties more accurately 

than Type1 Fuzzy logic model. Further, multi-hop 

communication protocol provides a wider scope for larger 

application.  T2FL model provides better scalability, better 

lifetime compared to T1FL, LEACH single hop and LEACH 

multi-hop protocol. 

IV. FUZZY LOGIC MODEL 

T2FL produces smooth performances and always 

outperforms T1FL model. The inference techniques and the 

fuzzy system used for our proposed model are given in Fig6. 

Three fuzzy input variables are considered to elect the 

tentative CH. All the three input variables have three 

membership functions each. The linguistic variables for the 

fuzzy set is less, medium and high. Triangular membership 

function has been considered for less, medium and high.  

 
Fig. 2: Block diagram of type-2 fuzzy inference system 

The linguistic variables for distance to BS are taken 

as close, adequate and far. The third fuzzy input variable is 

the concentration that means how many senor nodes are 

available in that particular locality. The linguistic variables 

for concentration are considered as low, medium and high. 

The degree of the membership function is shown by a 

numerical after each membership function. 

 
Fig. 3: Type-2 fuzzy logic (T2FL) system for the proposed 

model 

V. EBABC PROTOCOL 

A. Overview 

As many other clustering protocols, our protocol divides the 

operation of cluster into rounds. Each round contains two 

phases, which are called cluster setup phase and stable state 

phase. During the cluster setup phase, cluster heads are 

selected and regular choose the proper cluster to join in 

according to CHs’ transmission power or communication 

method and the cluster size. By cluster nearby nodes 

together, intra-cluster transmission can use a communication 

way of low power to save energy. During the steady state 

phase, the CHs manage the RNs in its cluster and act as 

communication hub between the regular nodes and server or 

base station. Periodic re-cluster is necessary which can 

select nodes with higher residual energy to act as cluster 

heads. Since CHs are very important, the number and 

selection of CH have to be carefully determined.   
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ABC algorithm is used to select proper nodes as 

CHs. Our main design goal is to divide the network into an 

optimal number of clusters and through load-balanced and 

energy efficient communication to prolong the network 

lifetime. Requirements for the proposed clustering protocol:  

1) The number of CH should be well suitable for the 

network.  

2) After clustering, each node is either a CH or a RN that 

belongs to just one cluster.  

3) The elected CHs should be well-distributed over the 

network.  

4) The CHs selection should be finished within a fixed 

number of iterations.  

5) The CHs should have more energy and less mobility.  

6) The number of single-node cluster should be small as 

much as possible. 

B. Determining the Number of CH 

Determining the number of CH is necessary before 

clustering the network especially for the randomly 

distributed networks or those with irregular area. By using 

low-power communication methods in intra-cluster 

transmission and higher ones to communicate between CHs 

and server, the network will save more energy. So both the 

communication radius and cluster size are very important in 

determining the number of CH. 

Determining the number of CH is the first part of 

our clustering protocol. Here we use the excellent 

optimization algorithm ABC to optimize the number by 

considering the intra-cluster communication radius and 

maximum cluster size.  Our goal is to compute how many 

clusters can best coverage the area and let the number of 

single-node cluster as small as possible. Initialize 

parameters: communication radius R, maximum cluster size, 

number of food sources SN, and maximum cycle number 

MCN, number of CH or dimension of solution D, distance 

between each pair of nodes. 

 Generate initial population and evaluate the population. 

 
 FOR each employed bee produce new solutions vi using 

(2):   

 
 Calculate the fitness using (3) 

 
 Apply the greedy selection process and calculate the 

probability values Pi using (4) 

 
 Produce new solutions  

 Calculate the fitness and apply the greedy selection 

process 

 If there is an abandoned solution, then replace it with a 

new solution produced by (1). 

 Memorize the best solution achieved yet.  

 cycle = cycle + 1 

UNTIL cycle = MCN.   

ABC algorithm is to find a solution with the 

highest fitness, and it is implemented through MCN cycles. 

We use (1) to generate SN solutions which are kept by SN 

employed bees and each solution contains ‘D’ CHs which 

will be optimized. In order to increase the quality of 

solution, the employed bees also search for their neighbours 

to find better solution through (2). This operation in the 

clustering problem is the same as using another node to 

exchange one of the selected CHs to see if it is better 

coverage the area, and this greedy selection process is 

realized by our fitness function which compute the sum of 

non-empty cluster and single-node cluster, and through 

MCN iterations to constantly optimize the solution.  

C. Network Clustering 

After the first part of our protocol, the network should be 

divided into D clusters. In this section, we will select ‘D ‘ 

CHs using ABC algorithm based on the factors such as 

distance, residual energy, mobility, and the number of 

single-node cluster.  

 
Our fitness function is (5) contains four parts. We will use 

the result of the function to execute greedy selection process 

in ABC algorithm between two solutions. Distance is an 

important parameter as long distance will cost much 

communication energy according to the free space radio 

propagation model and long distance will also have bad 

effects on communication quality and packet loss rate as we 

discussed before. 

 
As the CHs have to maintain its RNs in the cluster 

and server as communication hub between their RNs and the 

server or base station, they will cost more energy than the 

regular nodes, so we must ensure the selected CHs have 

relatively high residual energy. We use (7) to compute the 

normalized residual energy that less value of nE is popular. 

 
The selected CHs’ mobility should relatively small 

as CHs are essential for their RNs to communication with 

the server so we must choose the nodes with low velocity as 

CHs to keep the topology stable. nM is the normalized value 

of sum of CHs’ mobility and in (8), Vi stands for the 

mobility of each CH. The CH can also manage its RNs 

through examine their connection regularly. A RN is deleted 

from the CH’s RN list once the CH can’t communicate with 

it, and a node is permitted to join the CH if it moves into the 

communication radius of the CH and the number of RN is 

less than the maximum cluster size. 

 
As mentioned in [6], single-node cluster has 

negative impacts on the network performance. We must 
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make sure that the number of single-node cluster is as small 

as possible, and try to select the CHs that cover more nodes 

to decrease it. The Nsingle in (9) is the number of single-

node cluster. 

 
The sum of the four weighing Į, ȕ, Ȗ and į is 1. 

They reflect the importance of the four parameters and can 

be adjusted under different application backgrounds. For 

example in some scenes with high mobility, Ȗ could be 

relatively bigger to select the nodes with low velocity to 

serve as CHs, and Į could set a little bigger to the 

applications that need high communication quality.  

 

VI. PERFORMANCE EVALUATION 

In this section, we will evaluate the performance of our 

energy efficient and load-balanced clustering protocol.  We 

assume there are N nodes uniformly dispersed into a field 

with area of M×8M and N varies from 1 to 60 to test the 

performance of our protocol under different density of 

nodes.  

A. Determination of the Number of CH 

We use the first algorithm of our protocol to evaluate the 

optimal number of clusters under different density of nodes. 

There are more single-node clusters when the density of 

nodes is low. This is for the reason that as the number of 

nodes is limited, leading to more nodes which have no 

neighbours and thus have to communicate with the server 

directly. We can use the result to guide the clustering 

process. When there are fewer clusters, there will be many 

cases of uncovered nodes. These nodes will resort to 

communicating with the server directly. However, when 

there is more than the optimal number, the overhead of 

managing these clusters will outweigh their benefit. Thus, it 

is necessary to identify the optimal number of cluster to 

achieve EBABC’s best performance based on the 

distribution of the nodes.  

B. Clustering Process 

We use a set of experiments to show the capability of our 

clustering process on energy efficient, prolonging the 

network lifetime, load balanced and well-distributing of the 

CHs. Simulation results are shown below.  

 
Fig. 4: Residual energy of each node 

Residual energy of each sensor node is evaluated 

and plotted for distance based clustering, load balanced 

clustering and the proposed method. From Fig. 4 it is clear 

that our proposed method has better energy efficiency. 

 
Fig. 5: Distance of nodes from the base stations 

Distance is an important parameter in the design of 

wireless communication systems. Distance from the sensor 

node to the CH and that from the CH to the base station are 

computed and plotted in figure 5. 

The area to be covered is initialized at the starting. 

We determine the coverage and is plotted as shown in Fig. 6 

 
Fig. 6: Area covered Vs number of nodes 

Bit Error Rate and Signal to Interference plus 

Noise Ratio are calculated and plotted as shown in Fig. 7. 

BER and SINR are inversely proportional. For higher BER 

value, SINR will be a small value. 

 
Fig. 7: Performance of BER Vs SINR 
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Throughput of the existing and proposed methods 

are plotted. From Fig.8, it is clear that our proposed system 

has better throughput. This is made possible by and by 

efficient clustering and dynamically allocating the load to 

each sensor node. 

 
Fig. 8: Throughput analysis 

VII. CONCLUSION 

In this paper, we have presented EBABC based on the 

artificial bee colony algorithm, an energy-efficient and load 

balanced dynamic clustering protocol. EBABC firstly 

determines the number of CH based on the nodes 

distribution of the network and communication radius as 

well as maximum cluster size, and then selects the CHs 

taking the residual energy, mobility, number of single-node 

cluster as well as distances to cluster heads from their 

member nodes and to the server from cluster heads into 

account, and regular nodes select the nearest CH which does 

not meet the max cluster size. EBABC can be used into 

networks which have a fixed number of transmission powers 

or equipped with several communication methods and use 

the low power method as intra-cluster communication 

method.   

The communication protocol we have proposed can 

only support direct communication between the CHs and the 

server, and therefore we will put forward a route protocol 

based on our clustering algorithm to form a comprehensive 

communication protocol. We will also compare EBABC 

with other clustering algorithms as future work. 
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