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요       약 

무선 센서 네트워크는 제한된 에너지 자원을 갖는 많은 수의 센서 노드로 구성되어 있다. 제약

된 에너지로 인해 정보를 효율적으로 수집하는 것은 무선 센서 네트워크의 중요한 문제이며 클러스

터링 알고리즘 기술이 에너지 소비를 줄이기 위해 사용된다. 이러한 기법은 무선 네트워크의 확장

성 및 수명을 향상시킬 수 있다. 본 논문에서는 무선 센서 네트워크를 위한 CPMS 클러스터링 프로

토콜을 제안한다. CPMS 는 BCDCP(Base Station Controlled Dynamic Clustering Protocol) 나 

BIDRP(Base Station Initiated Dynamic Routing Protocol)에 비해 우수한 성능을 보인다. CPMS 는 

클러스터를 구성하고 잔존 에너지 비율이 높은 헤드 노드가 BS(BaseStation)로 데이터를 전송하게 

한다. 또한 이 기법은 모드 선택 기법을 통하여 헤드 노드의 에너지를 절약할 수 있다. 시뮬레이션 

결과 CPMS 는 현재의 클러스터링 기법보다 생존시간 및 메시지 전송량에서 우수한 성능을 보여준

다. 

 
Wireless sensor networks are composed of a large number of sensor nodes with limited energy resources. One 

critical issue in wireless sensor networks is how to gather sensed information in an energy efficient way since the 
energy is limited. The clustering algorithm is a technique used to reduce energy consumption. It can improve the 
scalability and lifetime of wireless sensor network. In this paper, we introduce a clustering protocol with mode 
selection (CPMS) for wireless sensor networks. Our scheme improves the performance of BCDCP (Base Station 
Controlled Dynamic Clustering Protocol) and BIDRP (Base Station Initiated Dynamic Routing Protocol) routing 
protocol. In CPMS, the base station constructs clusters and makes the head node with highest residual energy send 
data to base station. Furthermore, we can save the energy of head nodes using modes selection method. The 
simulation results show that CPMS achieves longer lifetime and more data messages transmissions than current 
important clustering protocol in wireless sensor networks. 

 

1. INTRODUCTION 

Wireless sensor network have been widely used for 
application in many different areas such as military, health 
related, and monitoring environment.  The main ability of 
wireless sensor network are communicating and sensing 
between nodes which are deployed in a wide area with a 
large number of nodes.  In order to increase utilization of 
wireless sensor network, many researchers develop efficient 
ways to increase usability of a single node.  Increasing 
network lifetime is essential to construct an efficient use of 
one node since each node of wireless sensor network has 
limited energy resource.  One of the important key points in 
utilizing network is increase the network performance by 
constructing an efficient routing protocol.  Many different 
method of clustering had been develop to increase a network 
lifetime in wireless sensor network.  Each clustering 
method has been used and proven to reduce the energy 
consumption of each node. 

In this paper, we introduce an enhanced clustering method 
based on well proven clustering schemes - BCDCP (Base 

Station Controlled Dynamic Clustering Protocol) and BIDRP 
(Base Station Initiated Dynamic Routing Protocol).  One of 
the head nodes is selected as a Leader node to send message 
to the base station and this leader node can vary according to 
the residual energy of cluster heads. Constructing an efficient 
routing path in clusters is very crucial to decrease dissipating 
energy of cluster heads.  In our scheme named “clustering 
protocol with mode selection” (CPMS), we use clustering 
and leveling method to construct a network. 

The whole paper is organized as follow: Section II 
presents the related work on a clustering method, section III 
provides the proposed algorithm, section IV discusses the 
simulation and section V describes the conclusion of the 
work. 

 

2. RELATED WORK 

In sensor networks the routing construction methods are 
very important to decrease the energy dissipation. Clustering 
scheme has been used and proven to decrease the energy 
consumption of the sensor nodes since they group several 
nodes that are close together.  In clustering scheme, one of 
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the nodes is appointed as a cluster head, which usually has 
the highest power in that cluster.  . 

Siva D. Muganathan et all[6] propose a centralized routing 
protocol called Base-Station Controlled Dynamic Clustering 
Protocol (BCDCP), which distributes the energy dissipation 
evenly among all sensor nodes to improve network lifetime 
and average energy savings. The method assumes properties 
of sensor network model which are fixed base station, sensor 
node with energy constrained, nodes equipped with power 
control capabilities, and stationary nodes. It operates in two 
major phase - setup phase and data communication phase. 
BCDCP uses class based addressing which will give 
identification to each node in a network. 

An enhancement on clustering protocol was proposed in 
[5].  The protocol, called Base Station Initiated Dynamic 
Routing Protocol (BIDRP).  The routing protocol is based 
on clustering and signal range initiated by base station to 
increase the network lifetime.  It is initiated by the base 
station where each node sends its data to the base station for 
the initial creation.  BIDRP uses layer to send data from 
each cluster head to the base station while creating clustering. 
The base station sends signal level to the cluster head - the 
cluster head that is closest from the base station has the 
lowest level and the farthest from the base station has the 
highest level. The cluster head then sends its data from the 
farthest. Thus it creates chain of cluster head from highest 
level to the lower level. Then the cluster head in the lowest 
level (leader node) will send aggregated data to the base 
station. In our scheme, we also use the signal level to route, 
but we improve the problem of leader node’s fast death. 

 

3. Clustering Protocol with Mode Selection 

We adopt basic mechanism of BCDCP and BIDRP but we 
improve the performance better.  Our scheme starts with 
initialization phase in which each node sends data of energy 
level and location to the base station.  The base station 
computes the values and sends the message to each node.  
The message contains the data which are ID of Node, ID of 
Cluster Head, ID of Level, ID of Layer, and Mode of 
operation 

The next step is formation phase. In this phase we organize 
clusters with ID of nodes and ID of cluster heads first and 
then build energy layer level. Finally the leader node which 
will send final aggregated data to the base station is 
determined.  

The final step is transmission phase where all nodes send 
data to designated node. The prefix of each node can be 
assigned as Regular node, Cluster Head, Layer Center, and 
Leader node.  We describe the formation phase in detail. 
 

3.1 Forming Clusters 

In our scheme, we use the similar approach as in BCDCP 
to make clusters where the location of the entire node in a 
network is updated by the base station and the base station 
executes the cluster splitting process. In this step we use ID 
of nodes and ID of cluster heads sent from base station. 
 

3.2 Forming Layer of Levelling 

The focus of forming layer of levelling is finding the 
appropriate node to send the final aggregated data to the base 
station, i.e. finding the leader node of all clusters. Since the 

energy consumption of leader node is very big, we have to 
choose the leader node very carefully. 

 

3.2.1 Creating Levels 

To select the leader node considering distance and energy 
we have to divide the sensor field into levels. As in BIDRP, 
the base station computes the signal strength from the nodes 
and creates the energy level hierarchy. In BIDRP, the cluster 
head in the lower level (i.e. shortest distance to the base 
station) becomes the leader node which aggregates the 
sensed data and relays it to the base station. However in our 
algorithm, we also consider the energy status of each head 
node to select the leader node.  Each cluster head will 
receive ID of Level denoted as Leveln.  Figure 1 shows the 
distribution of level. 

 

Fig. 1: Forming layer of level 

 Red dot is cluster head 
 Yellow dot is cluster head with highest energy remaining 
 Green dot is cluster head with highest energy-distance ratio 

and becomes the leader node 
 

3.2.2 Calculating energy-distance ratio 

In order to select better leader node, we consider not only 
remaining energy of cluster head but also energy level (hence 
distance to the base station). The energy-distance ratio can be 
calculated as formula (1): 

RED = ERm / Leveln       (1) 

RED : Ratio of Energy-Distance 
ERm : Energy remaining of cluster head 
Leveln : the level where the head node is located 

 

In figure 1, the yellow dot (CH9) in level 5 has the highest 
energy (2.9 J) and the green dot (CH6) in level 4 has the 
largest RED.  BCDCP takes CH9 as the leader node, BIRDP 
takes a node in level 2 (CH2 since there is not cluster head in 
level1), but we choose CH6 as the leader node. 

Table 1. Calculation of energy ratio remaining 

Level Cluster Head ERem RED 
1 - - - 
2 CH1 1 0.5 
2 CH2  1.1 0.55 
2 CH3 0.9 0.45 
3 CH4 1.4 0.467 
4 CH5 1.9 0.475 
4 CH6 (green dot) 2.5 0.625 
4 CH7 2.1 0.525 
5 CH8 1.7 0.34 
5 CH9 (yellow dot) 2.9 0.58 
6 CH10 2.3 0.38 
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3.2.3 Creating Layer 

The purpose of creating layer is to determine the direction 
of data transmission of cluster heads. If we decide the leader 
node, we create the layer using the level information and 
location of the leader node. The level where the leader node 
is situated becomes level 0 and the adjacent levels to layer 0 
become layer 1 – there are usually two layers with value 1. 
The distance from layer 0 becomes the value of that layer. 

The data will always be transferred from the head node in 
higher layer to the head node in lower layer. Finally the head 
node in layer 0, hence the leader node, will send the 
aggregated data to the base station. This will decrease the 
energy dissipation of each cluster head node and increase the 
network lifetime. 
 

3.3 Modes of Operation 

In formation phase, the modes of operation are defined to 
decrease energy consumption and prolong the network 
lifetime.  The modes of operation are only used for cluster 
heads and there are two modes. 
1.  ON – in this mode, the operations of cluster heads are: 

 Cluster head receives and aggregates data from the 
surrounding member nodes in a cluster 

 Cluster head can receive data from cluster heads in the 
same layer or upper layer 

 Cluster head cannot receive data from cluster heads in the 
lower layer 

 Cluster head can send data to cluster heads in the same 
layer or upper layer 

 Cluster head cannot send data to the cluster heads in 
lower layer 

 Cluster head becomes standby mode when there is no 
transmission of data from the member nodes for a pre-
defined time 
 

2.  Standby – in this mode, the operation of cluster head are: 
 Cluster head sends a message to cluster heads in the same 

layer or lower layer to notify that this cluster head will not 
send data until there are changes in the data of member 
nodes (sensing events happen). This will reduce the 
waiting time in the TDMA schedule. 

 Cluster head receive sensing data from surrounding node 
in the cluster but does not send data to other cluster head.  
Once there are changes in the sensing data, cluster head 
switch to mode ON. 

 A cluster head (which has highest energy in one level) 
should receive data from the same layer or upper layer 
and send data to the lower layer if all cluster head in one 
layer are in Standby mode. 

 Cluster head that have been selected leader node must 
switch to mode ON 

 

Cluster head that have new data changes in the sensing 
join TDMA schedule by sending one message to the cluster 
head in the same layer or lower layer. 

 

Fig. 2: Deciding the modes of operation for cluster heads 

 Green dot represents the leader node 
 Purple dot represents layer center node 
 Red dot represents cluster head with mode On 
 Blue dot represents cluster head with mode Standby 
 Black dot represents regular member node 

 
In case there are several cluster heads with mode ON in 

the same layer, one of the cluster head must be selected to be 
layer center (LC) node.  Role of LC node is collecting data 
from cluster head which reside in the same layer.  It also 
received data from upper layer LC node or cluster head and 
finally sends to lower layer LC node.  It is elected in similar 
way as leader node, finding the highest energy ratio among 
cluster head in the current layer.  The highest energy ratio 
computes as follow: 

RELC = ERm / (dCH - d LC(L))      (2) 

RELC  : Highest energy ratio of LC Node 
ERm  : Energy remaining of cluster head 
dCH - d LC(L): Distance from cluster head and layer center node in the lower 

layer 
 

3.4 Constructing Routing 

After the formation phase the data transmission phase 
takes place.  Data transmission phase starts with sensing the 
surrounding area and sends the data to the cluster head.  The 
cluster heads construct a cluster chain from the highest layer 
level to the lowest layer level and send the data through this 
chain. Finally the leader node which is in the lowest layer 
level sends all aggregate data to the base station. 

 

Fig. 3: Final routing example in CPMS 

The leader node (greed dot) in fig. 3 drain energy rapidly 
since its role of collecting data and distance transmits to the 
base station consumes a lot of energy.  Avoiding one node 
to have a continuous duty, the leader node needs to shuffle 
the responsibility among other nodes.  The role as leader 
node must be switched to another cluster head in term of 
energy-distance ratio to accomplish its task.  As the result, 
the energy spent on the cluster head are spread throughout 
the network and extending the network lifetime. 
 

4. SIMULATION 

To assess the performance of CPMS, we simulated CPMS 
performance using Network Simulator 2 (NS2) and 
compared its performance with other clustering-based 
routing protocols such as BCDCP and BIDRP. Performance 
is measured by quantitative metrics of average energy 
dissipation, system lifetime, total data messages successfully 
delivered, and number of nodes that are alive. The nodes are 
deployed in an area with the base station which is far from 
the sensor field. Initial energy of each node is 3J and the 
nodes are placed in the same coordinates for each simulation. 

In the experiment, we simulate 100 m ×100 m network 
topologies with the base station located at least 75 m away 

- 927 -

제34회 한국정보처리학회 추계학술대회 논문집 제17권 2호 (2010. 11)



from the nearest node. Figure 4 shows the average energy 
dissipation of the protocols under study over the number of 
rounds of operation. This plot clearly shows that CMPS has a 
much more desirable energy expenditure curve than those of 
BCDCP and BIDRP. On average, CPMS exhibits a reduction 
in energy consumption of 12 and 17 percent over BCDCP 
and BIDRP, respectively. 

 

Fig. 4: Comparison between CPMS with BCDCP and BIDRP 

Next we analyze the number of data messages received by 
the base station for the three routing protocols under 
consideration.  For this experiment, we again simulated 100 
m × 100 m network topologies where each node begins with 
an initial energy of 3J. Fig. 5 shows the average number of 
data messages received by the base station over the number 
of rounds of activity. The plot clearly illustrates the 
effectiveness of CPMS in delivering significantly more data 
messages than its counterparts. BCDCP offers improvements 
in data delivery by factors of 33 and 44 percent over BCDCP 
and BIDRP, respectively. 

 

Fig. 5: Comparison of average number of data messages received at 
the base station 

The improvement gained through BCDCP is further 
exemplified by the system lifetime graph in Fig. 6. This plot 
shows the number of nodes that remain alive over the 
number of rounds of activity for the 100 m × 100 m network 
scenario. With CPMS, all the nodes remain alive for 1290 
rounds, while the corresponding numbers for BCDCP and 
BIDRP are 678 and 777, respectively. 

 

Fig. 6: Performance result for 100m x 100m 

In Fig. 7, we show similar results with a different network 
area size - 50 m × 50 m network scenario. With CPMS, all 
the nodes remain alive for 2490 rounds, while the 
corresponding numbers for BCDCP and BIDRP are 1920 and 
2130, respectively. 

 

Fig. 7: Performance result for 50m x 50m with initial 
energy .5J/node 

5. CONCLUSION 

In this paper we propose an enhanced centralized 
clustering-based routing protocol, CPMS (Clustering 
Protocol with Mode Selection), that utilizes the high-energy 
base station to perform most energy-intensive tasks. BCDCP 
and BIDRP are energy efficient centralized clustering-based 
routing protocols.  Performance of the proposed CPMS 
protocol is assessed by simulation and compared to other 
clustering-based protocols (BCDCP and BIDRP). The 
simulation results show that CPMS outperforms its 
comparatives since it adopts the energy status of cluster 
heads and the relative distance between the cluster heads and 
the base station. It is also observed that the performance gain 
of CPMS over its counterparts increases with the area of the 
sensor field. Therefore, it is concluded that CPMS provides 
an energy-efficient routing scheme suitable for a vast range 
of sensing applications 
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