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Abstract 
Wireless sensor networks are mostly characterized by their restricted and non-renewable energy supply. Hence, the require for 
energy efficient infrastructure is becoming increasingly more crucial since it impacts upon the network operational lifetime. 
Sensor node clustering is one of the techniques that can increase the natural life of the whole network through data aggregation at 
the cluster head. In this paper, we present Energy Consumption Analysis Using Optimization Technique in Cluster Based Sensor 
Network which is implemented at the base station. The performance of proposed protocol is compared with the well known 
cluster- based protocol developed for Wireless Sensor Networks, LEACH (Low-Energy Adaptive Clustering Hierarchy) and 
APTEEN (Adaptive Periodic Threshold Sensitive Energy Efficient Sensor Network Protocol). Simulation results demonstrate 
that our proposed protocol can achieve better network lifetime and data delivery at the base station over its comparatives. 
Keywords: Wireless Sensor Networks, Cluster, Energy Consumption, Particle Swarm Optimization. 

1. Introduction 

Wireless sensor network is a group of sensor nodes that’s collect, process and communicate data acquired from the 
monitored region the base station (BS), thus allowing for monitoring and control of different physical parameters 
[1]. Recent advances in micro-sensor technologies have made these sensors accessible in large numbers, at low-
priced, tiny in size and able to be employed in a wide range of applications such as in the military and environmental 
monitoring fields, as well as many others. When studying the entire network design problem in wireless sensor 
networks there are lots of crucial aspects that need to be taken into consideration, such as the small size of the sensor 
node, its hardware complexity and ultra-low energy consumption. Among them, energy efficiency should be 
considered as the key design objective, since a sensor node can only be equipped with a restricted energy supply. In 
some application scenarios, renewable of energy resources might be not possible, and therefore sensor node lifetime 
shows a very strong dependency on battery lifetime.  
 Clustering method is used to manage the entire network energy consumption resourcefully, by minimizing 
the number of nodes that take part in long-distance broadcasting with the base station and distributing the energy 
usage evenly among the nodes in the entire network. In this approach, each group of sensors has a cluster head node 
that collects the data from its respective cluster member and sends it towards the base station as a cluster head. 
Therefore, the application of the clustering-based approach has the advantage of reducing the amount of information 
that needs to be transmitted, as well as enhancing resource allocation and bandwidth reusability. Several protocols 
have been proposed in literature, with the objective of maximizing the sensor network lifetime by adopting cluster-
based network architectures. One of the well known clustering protocols called LEACH has been introduced in [2]. 
LEACH is a cluster-based protocol that includes distributed cluster formation in which the nodes elect themselves as 
cluster heads with some probability. LEACH organizes its operation into rounds, where each round consists of a 
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setup phase where clusters are formed and a steady state phase that consists of data communication process. LEACH 
provides significant energy savings and prolonged network lifetime over conventional multi-hop routing schemes 
[2]. However, LEACH does not guarantee that the desired number of cluster heads is selected and cluster heads are 
not evenly positioned across the network. APTEEN (Adaptive Periodic Threshold Sensitive Energy Efficient Sensor 
Network Protocol) mainly focuses on the capturing periodic data collections. Thus, APTEEN is a hybrid clustering-
based routing protocol that permits the sensor to send their sensed data periodically and react to any sudden change 
in the value of the sensed attribute by reporting the corresponding values to their CHs [6]. However, APTEEN does 
not guarantees lower energy dissipation and in ensuring a larger number of sensors alive. 
  
 In this paper, we propose Reducing Energy Consumption Based on Cluster Using PSO in Wireless Sensor 
Networks. Our proposed protocol makes use of a high-energy node as a cluster head and produces clusters that are 
evenly positioned throughout the whole sensor field. The main idea in the proposed protocol is the selection of a 
cluster head that can minimize the energy consumption during the data collection, and the optimization of energy 
management of the network. 

2. Related Works 

Another clustering protocol which aims to enhance the network lifetime is presented in [4]. Power-Efficient 
Gathering in Sensor Information Systems (PEGASIS) uses a greedy algorithm to organize nodes into a chain, so that 
each node transmits and receives from only one of its neighbors. In each round, a randomly chosen node from the 
chain will transmit the aggregated data to the base station and reduce the number of nodes that communicate directly 
with the base station. In [5], an approach called Base station Controlled Dynamic Protocol (BCDCP) is proposed 
which produces clusters of equal size to avoid cluster head overload and to ensure similar power dissipation of 
nodes. The application of PSO algorithm to solve the problem of sensor network clustering has been proposed 
before in [6]. The authors attempted to equalize the number of nodes and candidate cluster heads in each cluster in 
order to minimize the energy expended by the nodes while maximizing the data transmission. However, no 
comparison with other benchmark clustering protocols in terms of energy efficiency has been addressed in [6]. The 
key difference between the proposed work and [6] is in the application of PSO to choose the optimal nodes as 
cluster heads to extend the network lifetime. 

 

3. Problem Description  

3.1. Particle Swarm Optimization 

The PSO algorithm is an evolutionary computing technique, modeled after the social behavior of a flock of birds [7]. 
In the context of PSO, a swarm refers to a number of potential solutions to the optimization problem, where each 
potential solution is referred to as an object. The aim of the PSO is to find the object position that results in the best 
evaluation of a given fitness function. In the initialization process of PSO, each object is given initial parameters 
randomly and is ‘flown’ through the multi-dimensional search space. During each generation, each object uses the 
information about its previous best individual position and global best position to maximize the probability of 
moving towards a better solution space that will result in a better fitness. When a fitness better than the individual 
best fitness is found, it will be used to replace the individual best fitness and update its candidate solution according 
to the following equations:  
vid (t) = w⋅ vid (t −1) + c1ϕ1( pid − xid (t −1)) + c2ϕ2 (pgd − xid (t −1))    (1) 

xid (t) = xid (t −1) + vid (t) 
 
Table 1 summarizes the variables in (1). 

Table 1: List of variables used in PSO equations. 
 

V The particle velocity 
X The particle position 
T Time 

c1,c2 Learning factors 
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ϕ1 ,ϕ 2 Random numbers between 0 and 1 
Pid Particle’s best position 
Pgd Global best position 
W Inertia weight 

 
 
3.2 Cluster setup using PSO algorithm 
The operation of our protocol is based on a centralized control algorithm that is implemented at the base station, 
which is a node with a large amount of energy supply. The proposed protocol operates in rounds, where each round 
begins with a setup phase at which clusters are formed. This is followed by a steady state phase in which we used a 
similar approach as in [2]. At the starting of each setup phase, all nodes send information about their current energy 
status and locations to the base station. Based on this information, the base station computes the average energy 
level of all nodes. To ensure that only nodes with a sufficient energy are selected as cluster heads, the nodes with an 
energy level above the average are eligible to be a cluster head candidate for this round. Next, the base station runs 
the PSO algorithm to determine the best K cluster heads that can minimize the cost function. 
 
For a sensor network with N nodes and K predetermined number of clusters, the network can be clustered as 
follows: 
1. Initialize S particles to contain K randomly selected cluster heads among the eligible cluster head candidates. 
2. Find the personal and global best for each particle. 
3. Update the particle’s velocity and position using (1). 
4. Limit the change in the particle’s position value. 
5. Map the new updated position with the closest (x,y) coordinates. 
6. Repeat steps 2 to 6 until the maximum number of iterations is reached. 
 After the base station has identified the optimal set of cluster heads and their associated cluster members, 
the base station transmits the information that contains the cluster head ID for each node back to all nodes in the 
network. The node that becomes a cluster head acts as a local control centre to coordinate the data transmission in its 
cluster. The cluster head sets up a TDMA schedule for its members to avoid collisions among data messages, 
allowing the radio devices of each member to be turned off at all times, except during their transmission time, to 
further reduce the energy consumption of the nodes. Once the cluster head finishes receiving data from its entire 
members at the end of each frame, the cluster head performs data fusion and sends the fused data to the base station. 
We used a similar approach as that used in [2], where data from the cluster head is sent to the base station using a 
fixed spreading code and CSMA (Carrier Sense Multiple Access) approach. 
 
3.3 Network Model 
We assume a sensor network model similar to the following properties:  

a) Each node performs sensing tasks periodically and always has data to send to the base 
station.  

b) A fixed base station can be located inside or outside the network sensor fields.  
c) All nodes are stationary and energy constrained.  
d) The nodes have power control capabilities to vary their transmitted power.  
e) All nodes are capable of operating in cluster head mode and sensing mode.  

 
3.4 Radio Energy Model 
Our energy model for the sensors is based on the first order radio model as used in [2]. In this model, the transmitter 
dissipates energy to run the radio electronics and the power amplifier, and the receiver dissipates energy to run the 
radio electronics. The radios can perform power control and hence use the minimum energy required to reach the 
intended recipients. Due to attenuation with distance, an energy loss model with d2

ij is used for relatively short 
distances and d4

ij is used for longer distances, where dij is the distance between sensor nodes i and j. Thus, in order to 
achieve an acceptable Signal-to-Noise-Ratio (SNR) in transmitting an l-bit message over a distance d, the energy 
expended by the radio is given by: 

ETX (l, d ) = l ⋅ Eelec + l ⋅ ε FS d 2 , if d<d0        (2) 
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 = l ⋅ Eelec + l ⋅ ε TR d 4 , if d≥d0   
Where Eelec is the energy dissipated per bit to run the transmitter or the receiver circuit, ε FS and ε TR depends on the 

transmitter amplifier model we use, and d0 is the threshold transmission distance. To receive an l-bit message, the 

radio expends: 

 

ERX (l ) = l ⋅ Eelec           (3) 

 

 For the simulations described in this paper, the communication energy parameters are set as: Eelec = 

50nJ/bit, ε FS =10pJ/bit/m2 and ε TR = 0.0013pJ/bit/m4. The data fusion model used in our simulations assumes that 

the overall information collected by a cluster of n nodes, where each node collects k bits of data, can be compressed 

to k bits regardless of the number of nodes in that cluster. In our simulations, the energy cost for data aggregation is 

set as EDA = 5nJ/bit. 

 

4. Simulations and Analysis 
The performance of the proposed protocol is evaluated using Network Simulator NS-2.27 [8]. We ran the 
simulations for 100 nodes in a 500m x 500m network area with unequal initial energy of nodes to show the effect of 
the different nodes’ energy in the network. We set 20 percent of the total nodes to have 10 J of initial energy, while 
another 80 percent of nodes had 4 J of initial energy. The number of clusters is set to be 5 percent of the total nodes 
with K = 5. The performance of our protocol was compared with the benchmark clustering protocols for wireless 
sensor networks, LEACH and APTEEN. Throughout the simulations, we considered several random network 
topologies to get the average results. The simulations continued until all the nodes in the network had consumed all 
their energy. Furthermore, the data message size was fixed at 1000 bytes; with 50 bytes representing the length of 
the packet header. For PSO algorithm parameters, we used S = 30 objects, c1 = c2 = 2, xmax = vmax = 1000 and 
time varying inertia weight from w = 0.9 to w = 0.4. We set β = 0.5 to give equal contribution of each sub-objective. 
LEACH and APTEEN on the other hand, produce an uneven distribution of cluster heads throughout the sensor 
field.  
 This is because a stochastic cluster head selection in LEACH will not automatically lead to a good network 
partitioning in which a cluster head may still be located near the edges of the cluster in a network. Although 
APTEEN attempted to minimize the total sum of squared distances between all the non-cluster head nodes and the 
closest cluster head, the algorithm does not guarantee that the maximum distance between the cluster head and its 
member nodes is minimized. Meanwhile, the proposed protocol which uses PSO algorithm prevents poor clustering 
due to the cooperation inherent in particle swarm that can achieve global minimum of intra-cluster distance. Clearly 
our proposed protocol can prolong the network lifetime significantly compared to LEACH and APTEEN. This is 
because our protocol produces better network partitioning with minimum energy consumption and also cluster heads 
that are optimally distributed across the network. Thus, the energy consumed by all nodes for communication can be 
reduced since the distances between non-cluster head nodes and their cluster heads are shorter. On the contrary, in 
LEACH and APTEEN some nodes have to bridge long distances in order to reach a cluster head due to poor 
network clustering. As a result, some nodes dissipate a large amount of energy while transmitting their data to a 
faraway cluster head. 
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Figure 2. Simulation Results of network lifetime between proposed and existing methods 

 
Figure 3: simulation result of average energy dissipation in network. 

 

 
Fig4. Simulation result of overall performance analysis 
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 Our protocol offers improvement in data delivery by factors of 101 percent over LEACH and 25 
percent over APTEEN. The reason for this is because the proposed protocol can take advantage of higher 
energy nodes as a cluster head, by considering the remaining energy of the cluster head candidates. Hence, 
more data messages are sent  to the base station, since it is unlikely that the cluster head will run out 
of energy before the steady state phase ends. In contrast, both LEACH and APTEEN do not take into 
account the energy of a node when selecting the cluster head and may select the cluster head with 
insufficient energy to remain alive during the data transfer phase. 
 
5. CONCLUSIONS  
 
In this paper we have presented an energy-aware cluster based protocol for wireless sensor networks using 
particle swarm optimization (PSO) algorithm. We have defined a new cost function that takes into account 
the maximum distance between the non-cluster head node and its cluster head, and the remaining energy of 
cluster head candidates in the cluster head selection algorithm. Results from the simulations indicate that 
the proposed protocol using PSO algorithm gives a higher network lifetime and delivers more data to the 
base station compared to LEACH and APTEEN. 
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