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Abstract—Many research topics in recent years have focused 

on clustering algorithms as a scalable routing protocol in wireless 

sensor networks. In these algorithms, by the use of data 

aggregation techniques and reduction in sensors that should 

make long distance communications, energy consumption in total 

network lifetime is decreased. One of algorithms proposed in this 

field is DECSA. Aiming at the problem of sensors limited energy, 

this algorithm is an improvement based on the classic clustering 

algorithm LEACH. By taking into consideration nodes distance 

from each other and residual energy of nodes, DECSA algorithm 

tries to select proper nodes as CH. Also, in this algorithm by the 

aim to produce a multi-level clustering hierarchy and based on 

CH’s distance to base station, some CHs are selected as base 

station CHs. In this paper, based on DECSA, a load balanced 

clustering algorithm is proposed. This algorithm incorporates 

two thresholds in DECSA in terms of supporting minimum and 

maximum acceptable load. Thus, when cluster load in one frame 

is smaller than the minimum threshold, cluster’s frame is 

expanded and when it is bigger than maximum threshold, a 

fraction of cluster’s load in each frame is transferred to a 2
nd

 CH 

node. 
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I.  INTRODUCTION 

A wireless sensor network (WSN) is typically composed of 
large numbers of nodes called sensors. These sensor nodes are 
severely constrained in terms of cost, computational power, 
battery power, and communication bandwidth [1]. Besides 
these limitations, these sensors leverage the idea of creating a 
sensor network composed of large number of nodes to be 
deployed in difficult to access areas. A WSN can be deployed 
in two manners [2]: either structured or unstructured. In 
unstructured way nodes may be deployed in an ad-hoc manner 
into the field and remain unattended till the end of network 
lifetime. In this type of deployment number of nodes is large 
and because of that maintenance is a challenge. In a structured 
WSN nodes are deployed on a pre-planned resolution. This 
type of deployment leads to lower network maintenance and 
management cost. 

Clustering is an effective approach used for organizing 
nodes in WSNs that increases scalability and network lifetime 
[3], [4], [5], [6]. The efficiency of WSN performance is highly 
dependent on energy-efficient clustering algorithm. Clustering 

in essence means grouping nodes together based on some 
relevant features [7]. So, a clustering algorithm involves 
selecting some nodes as cluster head (CH) and putting other 
nodes in these clusters based on specific similarities. 

In this paper a new clustering algorithm has been 
introduced for WSNs. The proposed algorithm is based on 
another algorithm called DECSA (Distance-energy Cluster 
Structure Algorithm) [8]. It will be shown that by using some 
load balancing factors, network lifetime can be prolonged. Our 
load balanced version of DECSA (LB-DECSA) leads to 
energy-efficiency and load balancing respectively by using 
frame expansion idea and transferring some load from main 
CH to 2nd CH node. Moreover, reliability is increased in terms 
of getting convergent results from repeated runs of simulator. 

The rest of this paper is divided as follows: in section II 
some previous related works have been introduced. Section III 
describes the proposed algorithm. Section IV shows the 
effectiveness of LB-DECSA algorithm compared to DECSA 
and LEACH algorithms and section V concludes the paper. 

II. RELATED WORKS 

In current literature, many clustering algorithms can be 
found. The most well-known algorithm in this area is LEACH 
[9]. In LEACH algorithm cluster heads are selected based on a 
pre-defined probability. This probability is tuned such that the 
number of CHs does not exceed a threshold and ensures that all 
nodes become CH at the same number of times. However, it 
has following disadvantages: 

• The remaining energy of nodes is not taken into 
consideration. 

• It is assumed that all nodes can communicate with base 
station. 

• Poor performance in nonuniformly deployed WSNs. 

Aiming to increase network lifetime and based on LEACH, 
Z. Yong and Q. Pei proposed DECSA algorithm. This 
algorithm uses multi-hop forwarding for intra- and inter-cluster 
communications. In addition, DECSA forms clusters in two 
steps so the centroid of cluster is chosen as CH. Moreover, 
based on residual energy and distance to BS, some CHs are 
selected as BCH nodes to receive and forward faraway CH’s 
data. Simulation results show that DECSA efficiency decreases 
in two conditions: the first one is when small clusters are 
formed randomly. Consequently, CH node of these clusters 
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should aggregate and send data to next hop rapidly and in short 
periods of time, which in turn leads to early depletion of CH’s 
energy. The second condition is when the cluster size is bigger 
than the average cluster size in whole network. The former also 
leads to more energy consumption because of vast number of 
received signals at CH node in each frame. 

In [10] authors propose BARC algorithm which introduces 
a multi-level and battery aware clustering protocol. BARC also 
provides a load balancing technique which limits the cluster 
size by defining an average load threshold (L). Thus, once a 
join request is received by CH node, it checks to see if the 
imposed load in current round is less than L and sends the 
proper accept or reject message in response. Although this 
approach is effective in terms of prolonging network lifetime, 
but it inflicts extra load to network by broadcasting additional 
accept or reject messages. 

III. THE PROPOSED CLUSTERING ALGORITHM 

In this section we firstly state the energy and network 
models used in proposed algorithm, then the main concepts of 
algorithm are introduced and finally LB-DECSA details are 
presented. 

A. Energy Model 

The energy model used in LB-DECSA is same as the one 
introduced in [8]. Equation (1) represents energy consumed to 
transmit l bit of data to d distance. To receive an l-bit message, 
ERX joules of energy is consumed (2). 

 	 , 	 ∗ ∗ ∗ 				, 	∗ 	 ∗ ∗ , 	 (1) 

 , ∗  (2) 

where  is the energy consumption per bit in 
transmitter and receiver circuitry;  and  are 
respectively for energy consumed in free space and multiple 
attenuation model’s amplifier;  is a constant which relies on 
WSN environment. 

B. Network Model 

The network model used in this research is much similar to 
the one defined in [8]. The key characteristics of this model are 
as follows: 

• Sensor nodes are static, homogeneous in initial energy, 
computational power and communication range. 

• Sensor nodes are randomly deployed in the field and 
continuously monitor the phenomenon under 
inspection. This means that they have always some data 
to send. 

• Network lifetime is measured till the moment of first 
node death. 

• Network nodes are divided into four categories: base 
station cluster head (BCH), ordinary cluster head (CH), 
and common sensor node (SN). This kind of 
classification leads to a three level hierarchy structure. 

• Spatial correlation is assumed between data gathered by 
nearby sensors. 

In this model SN nodes send their data to the nearest CH 
and CHs aggregate and send cluster’s data to nearest BCH. 
BCH nodes in turn forward received data in addition to their 
own cluster’s data to base station. 

C. LB-DECSA Overview 

LB-DECSA is initiated every round and each round is 
divided in two phases: cluster formation phase and steady state 
phase. For efficiency reasons second phase duration is much 
longer than the first one. LB-DECSA allows to adjust 
CH/BCH’s load in steady state phase based on the size of 
cluster, number of CH nodes joined to BCH, and degree of 2nd 
CH’s efficiency. We will elaborate on each phase in detail in 
the following sections. 

1) Cluster Head Selection: probability of  node n to 

become CH in each round is same as the one in literature [5]. 

Hence, each node generates a random number between 0 and 

1, if the number is less than the threshold (3), the node 

becomes cluster head for current round. 

  ∗ 	 	 : 	 	 ∈																						0:   (3) 

where k is maximum number of CHs in sensor population, r 
is the number of rounds passed and G is set of nodes that have 

not been cluster head in the last   round. 

2) Cluster Formation: once nodes received advertisement 

messages from CHs, they choose the nearest one as their CH 

and send a join request message. In DECSA once the clusters 

are formed, CH nodes are changed such that the node near to 

centroid of cluster becomes the new CH. Consequently, each 

node calculates (4) and sends the result to its CH. 

 /  (4) 

where  is residual energy and  is the average 
distance from node i to all other nodes in cluster. The node 
with largest  among cluster nodes is chosen as final CH. In 
LB-DECSA the node which is in second place is also chosen as 
2nd CH. This node will receive a fraction of cluster’s load in 
steady state phase. 

3) Hierarchical Clustering: as elaborated in [8], all CH 

nodes send a value named TBCH to base station. This threshold 

is defined as follow: 

  / /   (5) 

where  is initial energy and  is the distance from CH 
i to base station. In response, base station selects BCH nodes 
based on TBCH(0) threshold and broadcasts a message 
containing BCH nodes list all over network. Once this message 
is received by non-BCH cluster heads, they send a join request 
to the nearest BCH. This model ensures the reduction in direct 
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communication between base station and faraway CHs. The 
value of TBCH(0) is obtained by experimental analysis and 
depends on the application. 

4) Load Balancing: in our algorithm data is aggregated 

and sent to next hop when the number of data packets gathered 

in CH node is greater that minimum acceptable load. As 

elaborated in [11], the optimum cluster size in the network is 

N/k. Where N is the initial population of nodes and k is the 

maximum percentage of CHs in the network. Hence, the 

minimum acceptable load in LB-DECSA is N/k. If cluster size 

is smaller than optimum cluster size, cluster’s frame is 

expanded up to N/k time slots. This technique is named frame 

expansion. In this model once the original frame is finished, 

cluster nodes again sense the inspective phenomenon and send 

data to CH till the end of expanded frame. Consequently, in 

LB-DECSA in addition to spatial correlation, temporal 

correlation is also assumed, i.e. data sent from node i at time t 

is correlated with data that is going to be send at time t+N/k. 
In conditions where cluster size is larger than the optimum 

value, some of cluster load is transferred to a 2nd CH node. The 
amount of transferred load is dependent on the following 
parameters: 

• Optimality of 2nd CH’s k factor versus main CH’s one. 

• Number of CH nodes joined to BCH. 

• Size of expanded frame. 

Thus, a break point is defined such that cluster load from 
beginning of each frame to that point is transferred to 2nd CH 
and from break point to end of expanded frame is received by 
main CH. Once the expanded frame is finished, 2nd CH 
aggregates and sends its data to main CH. Main CH also 
aggregates this data with self’s data and sends the final result in 
one signal to the next hop. The break point is defined as follow: 

  
__   (6) 

  
∗ # ∗ ∗ _ ,																																																																															0,   (7) 

 where  is degree of 2nd CH’s optimality versus main 

CH, #  is number of CH nodes joined to BCH and _  size of expanded frame in terms of time slots. Thus, 
main CH goes to sleep mode from beginning of frame till the 
break point. Parameters ,  and  are for weighting and 
optimum values are obtained from simulation. 

5) TDMA Scheduling on BCH: producing an optimum 

TDMA schedule for CHs grouped in BCH node is a 

challenging issue. In LB-DECSA size of biggest cluster joined 

to BCH (which can also be BCH’s one), is chosen as global 

cluster size. Then, the size of all clusters in the same group is 

expanded to global cluster size. So, frame of grouped clusters 

will finish simultaneously. This approach leads to minimum 

waste of time and computation complexity in TDMA 

scheduling on BCH node. While the global frame time is 

passed, all grouped clusters should dedicate a period as 

exchange time. All CHs joined to BCH send their data to BCH 

along this extra time at the end of each frame. It’s obvious that 

for energy conservation reasons, during this time non-

CH/BCH nodes should go to sleep. Exchange time is obtained 

from (8). 

   2 1    (8) 

where n is number of CH nodes joined to BCH and 
 is number of time slots added to expanded frame as 

the ending time. 2  + 1 represents 2 time slots for each joined 
CH and 1 slot for BCH’s own data.  is added to support 
media delay in busiest times. 

IV. ANALYSIS, SIMULATION AND RESULTS 

In this section  LB-DECSA has been simulated using ns2 
simulator to show its effectiveness versus LEACH and 
DECSA. Environment parameters are shown in Table 1. Table 
2 shows optimum values of parameters  based on 100 runs of 
simulator. Fig. 1 highlights the main strength of LB-DECSA 
compared to LEACH and DECSA in terms of network 
lifetime, where it is the time until first node dies. LB-DECSA 
clearly improves network lifetime over two other algorithms. 
LEACH randomly selects cluster heads, which may result in 
early death of some nodes. Also, it does not take into 
consideration the centroid of cluster. Thus, DECSA by 
improving LEACH algorithm in this way achieved a better 
lifetime. Although, DECSA still suffers from randomly 
generated small sized clusters, this problem is solved in LB-
DECSA by using frame expansion. Another result of frame 
expansion is convergent results from repeated runs of 
simulator. Figs. 2 and 3 show first node death and algorithm 
converging time in terms of network lifetime respectively. It is 
clear that network lifetime in both LEACH and DECSA is 
highly dependent on small sized clusters, which are formed 
randomly. Fig. 4 shows number of data packets received at 
base station in effective network lifetime. The load balancing 
technique used in LB-DECSA leads to reduction in hot spots in 
sensor network and consequently increases number of data 
packets received at the base station. Fig. 5 shows total energy 
consumption of nodes in total network lifetime. It clearly 
depicts that our algorithm has a better performance over the 
compared ones in terms of energy consumption. 

TABLE I.  SIMULATION PARAMETERS 

Parameter Value 

Network dimensions 200m*250m 

Initial population (n) 100 sensors 

Initial energy (E0) 2J 

Number of clusters (k) 5 

Bandwidth 1Mbps 

 10 pJ/bit/m2 

 0.0013 pJ/bit/m4 

d0 87m 

BS coordinates x=100,y=250 
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