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Abstract. In wireless sensor networks(WSNs), as sensor nodes are character-
ized by having specific requirements such as limited energy availability, low 
memory and reduced processing power, energy efficiency is a key issue in de-
signing the network routing. In the existing clustering-based routing protocols 
for the WSNs, the cluster-heads are usually selected randomly and do a lot of 
work, which may cause unbalanced energy consumption and thus short network 
lifetime. Based on this approach, the paper proposes a method that a cluster-
head distributes energy load evenly among its members based on their energy 
usage by chain. With the chain, in a cluster, different node is selected as Agent 
Node to send the data to cluster-head at different cluster cycle. The new method 
balances the nodes’ power depletion. Simulation results show that it has better 
power management performance and can prolong the lifetime of the network. 
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1   Introduction 

As a distributed sensing network, wireless sensor networks consist of many small 
intelligent types of equipment [1]. Since sensor nodes carry limited and generally 
irreplaceable power source, the routing protocols designed for the WSN must take the 
issue of energy saving into consideration. Clustering-based routing protocol is a popu-
lar protocol proposed for the WSN to minimize the consumption of the energy of the 
sensors.  

There have existed many cluster-based routing protocols [2][3], but they still have 
many problems. In this paper, based on the cluster-based routing model, we propose a 
new routing transmission method, with which a cluster-head distributes energy load 
evenly among its members based on their energy usage by chain. 

This paper is organized as follows. Related works are introduced in Section 2. In 
Section 3, we present the new routing method and its building process. Simulation 
results are given in Section 4. Finally we summarize the main results and discuss 
future research direction in Section 5. 
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2   Related Works 

Low Energy Adaptive Clustering Hierarchy (LEACH), described in [2], is probably 
one of the more referenced protocols in the sensor networks area. The recent re-
searches on the routing with the hierarchical structure such as PEACH [4] and 
EDACH [5] employ a similar approach as LEACH. As an improved version to 
LEACH, LEACH-C [6] uses a centralized clustering algorithm to produce better 
clusters, thus achieves better performance.  

The transmission model used in LEACH can lighten the centralized consumption of 
nodes’ energy to a certain extent. However, the randomly election of the cluster-heads 
can cause unbalance energy consumption in the nodes. On the other hand, in the clus-
ter, the nodes near the cluster-head still need to transfer other nodes’ data just like the 
routers and need more energy. Sub-clustering method [3] improves the LEACH partly, 
but increases the computation work and management load of the cluster-head. In order 
to resolve these problems, in this paper we present a new routing method with which a 
chain is built in every cluster, which can resolve these problems better. 

3   Chain in Cluster 

Each nodes i maintains a unique identification, ID(i), a cluster identification to which 
i belongs, CID(i), and its remaining battery power, CRP(i). Its location is L(i). After 
the clusters are built, the cluster-head check all the member nodes' information and 
select the node with most residual energy as its' agent node. At the same time the 
cluster-head broadcasts all nodes location information in the cluster, every node select 
the closest neighbor to form a chain according to these information. When the cluster-
head receives the data collection request from the sink, the agent node transfers the 
request to the two ends of the chain and the data begin to flow from the two ends to it. 
At the same time, the middle nodes will aggregate these data and finally the agent 
node transfers these data to cluster-head and cluster-head transfers them to sink node. 

As shown in Figure 1, the method balances the nodes’ power consumption. 

 

Fig. 1. One Node as Agent Node 

As the agent node consumes more energy than other nodes within the chain, the clus-
ter-head elects another node with the most residual power as agent node in next cluster 
cycle. That is, when a cluster cycle is over, nodes are informed about their newly elected 
agent node. Nodes within a chain transmit to their newly elected agent node. 
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4   Simulation Results 

For the simulation, we use the OPNET network simulator. The environment consists 
of 150 nodes distributed randomly in a 100m × 100m area. Each node is equipped 
with the initial energy of 5 joules. We compare the new method with LEACH routing 
method and recent research work Sub-cluster routing method. 

 
Fig. 2.  Number of Nodes Alive    

From the Figure 2, we can draw a conclusion that at first new method has the 
similar performance with other methods. However, with the increase of number of 
rounds, new approach has better result than conventional approaches. The reason is 
that, in LEACH, cluster-heads not only transmit the data to sink, but also aggregates 
all the information that accepted from the member nodes, which need more energy. 
And in LEACH, the nodes near the cluster-head, as routers to transmit other nodes' 
data also need more energy. These works can make the nodes die soon. In sub-cluster 
method, the cluster-head also need to aggregate the information that accepted from 
the sub-cluster-heads. In our new method, the work is distributed to the member 
nodes and the data attending cluster-head has been aggregated. With this method, all 
the nodes in the cluster have more balanced power consumption. The number of 
nodes alive is larger.   

Figure 3 shows us the results of nodes’ power consumption with the change of 
network distribution range. When the distribution range of network is small and the 
nodes density is high, new model and sub-cluster method have not better performance 
than traditional model, because they have more computation to form the chain and 
sub-cluster in the cluster. With the increase of network distribution range, the trans-
mission distance between the nodes increases also. In LEACH, the member nodes of a 
cluster have to transmit their data to cluster-head with long distance. The sub-cluster 
method improves it by reducing the overhead of re-clustering and shorter transmission 
distance. With our method, the nodes of the chain only need forward their data to the 
nearby neighbor. New method shows us its advantages. It has lower power consump-
tion and will prolong the lifetime of network. 
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Fig. 3. Energy Consumption    

5   Conclusion and Future Works 

In this paper, we introduced a new method to prolong the lifetime of WSNs. Simula-
tion results show that the new method has better performance when the network range 
is increased. But as we all know, the routing protocol of WSNs is application-based. 
We will study the performance of our approach under various conditions. For exam-
ple, we will consider nodes’ mobility and fault. So, we should do more things to im-
prove the performance of the new method in the future. 
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