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Abstract 
A wireless sensor network is the network consisting of numerous small sensor nodes with sensing, 
processing and wireless communication capabilities. Many routing protocols are suggested for wireless 
sensor networks due to the several limited resources of a sensor node such as its limited CPU, memory size, 
and battery. They can be divided into flat and hierarchical routing protocols. The hierarchical routing 
protocol uses the clustering scheme and shows better performance than flat routing protocols. However, 
there is an assumption that sensor nodes can communicate with the base station by a one-hop routing in the 
hierarchical routing protocol. However, if the network size become larger, the hierarchical routing protocol 
is unsuitable because a long distance between a clusterhead and the base station can cause some 
communication problems. In this paper, we propose the clusterhead chaining scheme to solve this problem. 
Our scheme is suitable for vast wireless sensor networks and it was found from the simulation result that 
the proposed scheme shows better performance than the general hierarchical routing protocol. 
 
Keywords: Wireless sensor networks, cluster Head, cluster formation, adaptive routing, clusterhead chaining, 
hierarchial routing protocol. 
 
 
1. Introduction 
 

The hierarchical routing protocols are proposed to solve this problem. It divides sensor network into several 
clusters and clusterheads are selected in the every cluster. The clusterhead is responsible for the gathering and 
aggregation of the information in its cluster. In general, they have better performance than flat routing protocols on the 
energy consumption. However, the hierarchical routing protocol has an assumption that a clusterhead can communicate 
with the base station which is located outside of the wireless sensor networks by a one-hop routing. Especially, if the 
network size become larger, this protocol is unsuitable for the vast sensor networks because of a long distance can 
cause serious communication problems. Therefore, considering restricted resources of the sensor node, this assumption 
is inappropriate for applications in massive sensor networks. In general, the hierarchical routing protocols have this 
assumption. The LEACH (low energy adaptive clustering hierarchy) routing protocol is a representative hierarchical 
routing protocol. It also has this assumption. In this paper, we propose the clusterhead chaining scheme to overcome 
this problem. It is suitable for massive sensor networks and it was found from the simulation result that the proposed 
scheme shows better performance than the LEACH routing protocol in addition. 
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2. Related Work 

  A. The LEACH routing protocol 
The energy consumption of sensor nodes which is located in near the base station becomes larger because their size of 
data  transmission from them to the base station becomes bigger than the other nodes. Therefore, the LEACH routing 
protocol uses a clustering scheme in order to distribute the energy consumption evenly and to maximize the survival 
time of sensor nodes in wireless sensor networks. Several clusterheads are selected and clusters are formed with a 
clusterhead as the center. All nodes perform on the role of a clusterhead in turns. Therefore, they can cost the energy 
evenly 

As shown in figure 1, clusters are composed and a clusterhead is selected in each cluster. After that, all sensor 
nodes in each cluster send their data to the clusterhead and clusterheads send it to the base station in the LEACH 
routing protocol. 
B. The problem of hierarchical routing protocol.  

There is an assumption that all nodes have sufficient energy to perform the clusterhead in the hierarchical routing 
protocol. Also, it is assumed that all nodes can communicate with the base station by one-hop routing regardless of the 
distance between them. The LEACH routing protocol is the typical hierarchical routing protocol. It uses the clustering 
scheme and has this assumption. Therefore, if the LEACH routing protocol is applied to the massive sensor networks, 
then sensor nodes in the specific area cannot communicate with the base station. It can cause serious problem because 
there is no consideration about distance from sensor nodes to the base station in LEACH routing protocol. 
 
 
 

 
B. The problem of hierarchical routing protocol.  

There is an assumption that all nodes have sufficient energy to perform the clusterhead in the hierarchical routing 
protocol. Also, it is assumed that all nodes can communicate with the base station by one-hop routing regardless of the 
distance between them. The LEACH routing protocol is the typical hierarchical routing protocol. It uses the clustering 
scheme and has this assumption. Therefore, if the LEACH routing protocol is applied to the massive sensor networks, 
then sensor nodes in the specific area cannot communicate with the base station. It can cause serious problem because 
there is no consideration about distance from sensor nodes to the base station in LEACH routing protocol. 
 

 

For example, as shown figure 2, the clusterhead of the cluster A cannot communicate with the base station since the 
distance between the clusterhead and the base station is too far. Most of hierarchical routing protocols in general have 
this problem. Previously, we proposed the CCRS scheme to overcome this problem. A wireless sensor network field is 
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divided into several clusters which are shaped a concentric circle. These clusters are called levels. In each level, all 
sensor nodes are formed a chain and one of the sensor nodes is selected as a head node in each round. After the head 
node collects the data from all sensor nodes in its level, it delivers the data to the head node in upper level. It seems to 
be suitable to vast sensor network. However, there is a problem which is imbalance of the energy consumption among 
the sensor nodes because the number of sensor nodes in each level is different. Also, there is no thought of the number 
of levels compared with the size of the sensor network or the number of all sensor nodes in the network. Therefore, we 
need an enhanced scheme to support massive sensor networks to avoid this situation. 

 
3. Proposed Method Implementation 

 
The proposed scheme consists of four phases which are the clusterhead selection, cluster formation, clusterhead 

chaining, and data transmission. Our proposed scheme is based on the LEACH routing protocol and we try to improve 
it by using the clusterhead chaining scheme. 
 
A. Clusterhead selection phase 

At this phase, clusterheads are selected. Each sensor node selects random number from 0 to 1. If the 
random number is smaller than a threshold, the sensor node is selected as a clusterhead. As shown in figure 
3, the clusterheads notice that they are selected as a clusterhead to neighboring nodes. The nodes which are 
received this message compare the strength of the signal from clusterheads and choose the clusterhead 
which sends the strongest signal as its clusterhead. 
 
 

 
 

B. Cluster formation phase 
The node reports that they are member of the cluster to its clusterhead. After that, the clusters are formed. Also, 

clusterheads and the member of clusters are fixed as shown figure 4. 
 

 
 
C. Clusterhead chaining phase 

At this phase, every clusterhead realizes neighboring clusterheads. All clusterheads are formed a chain by using a 
chaining algorithm as shown figure 5. The clusterhead can always send its data only to neighboring clusterhead, even 
though the size of a sensor network becomes a very larger. 
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D. Data transmission phase  

As shown figure 6, each sensor node sends a message by its TDMA schedule. Then a clusterhead receives the 
information of all nodes and performs a data aggregation. After that, a clusterhead sends a processed data to a 
neighboring clusterhead. 
 

 
 
As shown figure 7, each clusterhead transmits its data not to the base station but to the closest neighboring 

clusterhead without one clusterhead. Therefore, this scheme brings us the scalability of a sensor networks. After all 
clusterheads perform the process of the chain construction, each clusterhead delivers its sensing data to its neighboring 
clusterhead. Then the neighboring clusterhead aggregates them with its data and transmits these data to its neighboring 
clusterhead. Finally, the nearest clusterhead from the base station sends whole data to the base station. 
 

 
 

As we mentioned above, sensor nodes have several limited resources such as a CPU, memory, and battery. So, if 
the distance between the base station and clusterhead is too far, then a clusterhead may not communicate with the base 
station. Therefore if the network size becomes larger, to apply the existing routing protocols which use clustering 
scheme may cause a communication problem. In this paper, we proposed improved scheme by using a clusterhead 
chaining. It is adaptable to vast wireless sensor networks and energy efficient. 
    
4. Experiments and Result 
 

 Based on the formulas that we have mentioned above, we compute the total residual energy in all sensor nodes 
from 1 round to 200 rounds. We can compare the total residual energy of the LEACH routing protocol and our 
proposed scheme simply. 
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The figures shows the simulation result of a total residual energy of all sensor nodes in wireless sensor networks at 

each round. The proposed scheme by using the clusterhead chaining shows better performance than the LEACH 
routing protocol. As shown figure 8, the initial energy of all sensor nodes is 200 joules and the remaining energy of the 
LEACH routing protocol is 97.44 joules at 200 rounds. On the other hand, the remaining energy of the proposed 
scheme is 150.92 joules at the same rounds. Therefore, the result clearly shows that the proposed scheme is energy 
efficient. 

 

5. Conclusion 
 

 In the hierarchical routing protocol, a sensor network is divided into several clusters and clusterheads are selected 
in each cluster. The clusterheads are responsible to gather and aggregate the data of its cluster. The clusterhead has to 
send the aggregation data to the base station. The hierarchical routing protocol is energy efficient because all sensor 
nodes take the role of a clusterhead in turns. However, most of the hierarchical routing protocols have the assumption 
that all sensor nodes can transmit the data to the base station by onehop routing. Therefore, if the network size becomes 
larger, serious communication problems may occur. If the distance between a clusterhead and the base station is too 
long, then the clusterhead can not communicate with the base station and its data can be missing. We proposed the 
enhanced scheme which is used the clusterhead chaining to solve this problem. The clusterheads only send its collected 
data not to the base station but to the neighboring clusterhead without the last sensor node in the chain. This scheme is 
suitable for the massive sensor networks and also energy efficient. 
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