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ABSTRACT 
1Wireless sensor networks are a type of ad-hoc networks, in 

which the nodes are basically sensors with data sensing and 

communication capability. These sensors are limited powered, 

work autonomously and don‟t need any supervision when 

deployed. Hence the lifetime of the network is a very 

important design factor. Clustering is one of the key energy 

efficient techniques used to extend the lifetime of a sensor 

network by reducing the energy consumption of the sensor 

nodes. In this paper heterogeneous wireless sensor networks 

are considered, as some nodes may be of different energy to 

prolong the lifetime of a wireless sensor network and its 

reliability. There are two important factors to be considered in 

a heterogeneous wireless sensor networks, Stability refers to 

time at which first sensor node dies in the network. Energy 

efficiency refers to time till the last node dies in the network. 

HEEPSCC considers both these factors to design a hybrid 

protocol for heterogeneous wireless sensor networks. 

HEEPSCC makes use of concentric clustering scheme based 

on the advanced node to create clusters and the clusters heads 

are selected appropriately using k-theorem algorithm. 
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1. INTRODUCTION 
WSN consists of thousands of sensor nodes with one or more 

base station located at different places. Sensor nodes are 

normally operate with limited power supply. Most of the 

sensor nodes are battery powered. Sensor nodes are normally 

scattered in the field and they coordinate among themselves 

forming a cooperative network [1]. Sensor nodes perform 

sensing, data processing and communication operation.WSN 

                                                           
 

finds its application from military to home and medical 

applications. They can be used in aircraft control and health 

management system [2].It can also be used in air quality 

monitoring, air pollution monitoring and natural disaster 

prevention. 

Each sensor node has the capability to communicate with 

neighbor nodes or sink node wirelessly. Communication 

between the nodes consumes most of the energy. As the 

distance increases, more energy is spent on communication. 

This directly affects the network lifetime. A solution to this 

problem is clustering, which is to group the nodes to form a 

cluster. Each cluster has a single cluster head and has the 

respective members attached to it. The Cluster head will route 

information collected from the sensors to the base station. 

Communication can be divided into single hop and multi hop 

communication. In single hop communication, sensor nodes 

use single hop to reach the Cluster head whereas in multi hop 

communication, nodes use multi hop to reach to the Cluster 

Head. 

Clustering Advantages 

1. Clustering reduces the size of the routing table stored at the 

individual nodes by localizing the route set up within the 

cluster [3]. 

2. Clustering can conserve communication bandwidth since it 

limits the scope of inter-cluster interactions to CHs and avoids 

redundant exchange of messages among sensor nodes [4]. 

3. The CH can prolong the battery life of the individual 

sensors and the network lifetime as well by implementing 

optimized management strategies [5]. 

4. Clustering cuts on topology maintenance overhead. Sensors 

would care only for connecting with their CHs [5]. 

5. A CH can perform data aggregation in its cluster and 

decrease the number of redundant packets [6]. 

6. A CH can reduce the rate of energy consumption by 

scheduling activities in the cluster 

WSN can be categorized into homogeneous and 

heterogeneous networks. Homogeneous network consists of 

nodes with the identical battery energy and complexity. In 

homogeneous network CH will be overloaded with long range  
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transmission to remote BS and extra processing power 

necessary for data aggregation. Due to this CH will expire 

before other nodes. Low Energy Adaptive Clustering 

Hierarchy [LEACH] serves as the solution to this problem [7]. 

Heterogeneous networks consist of nodes with different 

battery energy and functionalities such as lower hardware cost 

whereas homogeneous network uses uniform energy drainage. 

In practical situations it is difficult to find nodes with the 

same energy which will lead us to heterogeneous networks. 

Heterogeneous networks are evaluated in terms of stability 

and energy efficiency. Stability refers to time period at which 

first sensor node dies in the network. Energy efficiency refers 

to time till the last node dies in the network. Many protocols 

have been proposed in stability, Stable Election Protocol  for 

Clustered HWSNs [8], Novel  Stable  Selection  and  Reliable  

Transmission Protocol for Clustered  HWSN [9].For energy 

efficiency: Base  Station  Initiated  Dynamic  Routing  

Protocol [10], Routing Protocol  for Balancing Energy 

Consumption in HWSN: Li X. et  al. [11], Distributed  

Energy-Efficient  Clustering  Algorithm  for HWSN:  Qing, 

Zhu, and Wang [12].But there are a very few algorithms 

which addresses the problems of both energy efficiency and 

stability . Currently our approach to this problem is by 

creating a hybrid protocol to tackle the problems of both 

stability and energy efficiency. 

The paper is organized as follows. Section 2 summarizes the 

related previous works. Section 3 describes the proposed 

HEEPSC clustering algorithm. Conclusions are given in 

section 4. 

2. RELATED WORK 
There are two kinds of clustering schemes. The clustering 

algorithms applied in homogeneous networks where all the 

sensors or nodes have equal energy are called as 

homogeneous schemes and the clustering algorithms applied 

in heterogeneous networks are called as heterogeneous 

clustering schemes. There are only a few protocols available 

to heterogeneous networks due to the complicated energy 

configuration and network operation.  Some of the clustering 

algorithms for homogeneous networks are LEACH [7], 

PEGASIS [13], HEED, TEEN [14], APTEEN [15] Etc. 

Clustering algorithms in heterogeneous networks are 

classified based on two main criterions: according to stability 

and according to energy efficiency. The stable election 

protocol for clustered heterogeneous network prolongs the 

time interval before the death of first node which is the 

stability period. Some of the protocols in this technique 

include SEP, EDFCM and ZREECR [16]. The energy 

efficient protocols prolong the death of the last node in the 

network, hence prolonging the lifetime of the network. The 

protocols based on energy efficiency are EEHC [17], 

DEEC[18], SDEEC[19], and DBEC[20]. 

 The cluster heads selected using the clustering algorithms 

have to spend extra energy for aggregating data and 

performing long-range transmission to the base station located 

at the corner of the network or outside the network. The 

LEACH [7] protocol selects a cluster-head periodically based 

on a heuristic function and drains energy uniformly by role 

rotation. Each node decides by itself whether it is a cluster-

head or not based on the probability. LEACH works well for 

homogeneous networks where all nodes have equal energy 

and energy dissipation is almost equal in all the nodes, but its 

performance dips down drastically in heterogeneous 

networks. Almost all protocols or algorithms based on 

homogeneous networks tend to perform badly when 

implemented in heterogeneous networks. Stability in 

heterogeneous networks refers to the time frame between the 

start of operations to the death of first dead node. SEP [8] 

consists of normal nodes and advanced nodes. Advanced 

nodes are the nodes which have their residual energy greater 

than the threshold energy. The cluster head selection is rotated 

between the normal and the advanced nodes. SEP protocol 

was found to prolong the stability period of the network 

whereas the instability period was also found to be shortened. 

ZREECR selects the cluster-head locally on zone level and 

not on the network level. Even though ZREECR is not energy 

efficient, it is found to be more stable than other protocols. 

EEHC, DEEC, SDEEC and DBEC are few of the protocols 

for heterogeneous networks which focus on energy efficiency 

and each have a different equation for selection of cluster-

head. “Concentric Clustering routing scheme” proposes a 

method to divide the field into clusters based on the distance 

from the Base Station and creating concentric circles based on 

that. 

3. HYBRID ENERGY EFFICIENT 

PROTOCOL FOR STABLE 

CONCENTRIC CLUSTERING 

[HEEPSCC] IN HETEROGENOUS 

WIRELESS SENSOR NETWORKS 
Our proposed HEEPSCC algorithm aims to bridge the gap 

between network stability and energy efficiency of 

heterogeneous wireless sensor networks. Most of the 

protocols till now are based either on stability solely or energy 

efficiency. Our proposed HEEPSCC protocol makes use of 

concentric clustering methodology and k theorem technique 

for dividing clusters and cluster head selection. Heterogeneity 

in the energy of the nodes could result from normal network 

operation. For example, nodes could over time, lose different 

amounts of energy due to the radio communication 

characteristics of spending more energy in free space within 

the threshold distance and more outside the threshold 

distance. The proposed protocol can be triggered whenever a 

certain energy threshold is exceeded from a certain number of 

nodes.  The detailed working of our protocol is as follows. 

The proposed protocol is divided into three main phases 

Phase 1:  Creation of concentric cluster 

Phase 2: Cluster head Selection 

Phase 3: Data transmission 

3.1 Creation of concentric cluster 
Initially base station located at one corner of a network sends 

„HELLO‟ packets to all the nodes in the network. The 

advanced nodes which has energy greater than the threshold 

energy, acknowledges back by sending back 

acknowledgement packets which includes its unique id, its 

energy and location information back to the base station. 

Initially when the first advanced node is encountered the base 

station draws an imaginary boundary of a concentric cluster 

thus forming the first concentric cluster. Similarly while 

encountering other advanced nodes similar concentric circles 

are formed. Thus the entire region is divided into n number of 

concentric clusters based on the location of n advanced nodes. 

Advanced nodes transmit data either by single hop or multi 

hop. The region between the base station to the first advanced 

node encountered and the region between the subsequent base 

stations are classified as individual clusters. All the nodes in a 

cluster send data to Cluster Head which aggregates the data 



International Journal of Computer Applications (0975 – 8887)  

Volume 73– No.2, July 2013 

50 

and forwards it to the base station for processing. The created 

concentric cluster can be illustrated as shown in Fig 1. 

             

Fig.1: Creation of concentric clusters 

3.2 Cluster Head Election 
All the nodes in a concentric cluster are required to send data 

to the advanced nodes. A proper way to assemble data is by 

electing cluster heads in the region. Cluster head selection is 

done through the K theorem. 

The K theorem algorithm tries to balance energy in a cluster 

through a reliable energy efficient technique. The concentric 

clusters are formed and it is assumed that the advanced node 

is aware of the cluster formation and information. The K 

theorem algorithm for cluster head selection consists of 

following steps: 

Step-I: The advanced node sets the value of k for each round 

for each cluster depending upon node density. It broadcasts 

the value of k to all the nodes in its cluster. The value of k is 

used to determine the k nearest number of nodes to it. 

Step-II: All the sensor nodes in the cluster send the k number 

of nearest neighbors to the advanced node. The distance to the 

node can be calculated based on the time for the return signal 

received. 

Step-III: The advanced node select candidate set of cluster 

heads i.e. Ci for each cluster in the network. The value of ki is 

always equal to the number of candidate cluster heads in a 

cluster i.e. C. 

Step-IV: The advanced node requests each node in the 

candidate set of cluster heads in the respective cluster to send 

their combined rating (CR). 

Step-V: Each candidate cluster head node calculate its own 

combined rating based on two factors namely residual energy 

(RE) and distance to coordinator node (D). The exact relation 

of calculating combined rating is described in equation. 

Step-VI: The coordinator node selects a node as cluster head 

among candidate set of cluster heads for each cluster based on 

combined rating. The node with the highest combined rating 

is elected as cluster head. Hence, higher the combined rating, 

higher the chances of it becoming the cluster head in the 

respective cluster. 

 

The philosophy behind the K-theorem is to select a candidate 

CHs based on bunch of sensor nodes in a cluster. The working 

of K-Theorem is simple and was proposed to select optimal 

server location. The advanced node set the value of ki for each 

cluster. The value of ki is relative to the node density in a 

cluster in a WSN. The value of k determines the ki number of 

best sensor nodes that can serve as cluster head. The value of 

ki also provides the alternative suboptimal options, so that we 

can select an optimal sensor node for cluster head. The 

established communication links after the creation of all links 

is illustrated in Fig 3. The combined rating is calculated based 

on following criterion: 

Residual energy (RE): 

The residual energy of a node, which is the amount of energy 

remaining in the nodes, is directly proportional to the 

combined rating. Nodes which can become cluster head will 

dissipate more energy than any node as it has to perform data 

aggregation activity other than the usual sensing operation. 

This adds to the overhead and will dissipate more energy than 

the normal nodes in the cluster. Hence residual energy is 

directly proportional to the combined rating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Flowchart 
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Distance to coordinator node (D): 

The nodes having less distance from coordinator node should 

have higher probability to become cluster head. As energy 

consumption is directly proportional to the square of distance. 

Combined rating is calculated is using the following equation. 

C.R = RE/(D)2 

RE=Residual energy. 

D=Distance between nodes. 

 

 

Fig. 3 Established communication links 

After every round of operation, the selected candidate set of 

cluster heads are not the same for the next round of operation. 

This increases the probability of selection of a different 

Cluster Head for each round. Every consecutive round the 

candidate cluster head from the previous round is not selected 

as the candidate cluster head for the respective round. This 

makes sure that the Cluster Head even though not ideally 

located in between all the other sensor nodes, the nodes with 

maximum residual energy become the Cluster Head for the 

operation. 

3.3 Data Transmission 
One of the major advantages of using K theorem algorithm is 

that it chooses cluster head based on distance and residual 

energy. After all the cluster heads have been chosen from each 

concentric cluster region data transmission takes place. All the 

non cluster head nodes report or send data to the cluster head, 

which in turn aggregates and transmits to the advanced nodes. 

Then the advanced node will transmit to the base station. 

4. ANALYSIS 
The major problem in the existing protocols of Heterogeneous 

Wireless Sensor Networks is the inconsistency of stability and 

energy efficiency. To bridge this gap HEEPSCC is proposed 

which aims to resolve this issue. With the help of k theorem 

and alternative rotation of candidate cluster head we can delay 

the death of the first node in the network thus increasing the 

stable period in the network lifetime. The division into cluster 

based on the position of the advanced nodes and selection of 

cluster head based on the combined rating will make sure that 

the network will exist for longer time as the cluster is based 

geographically and cluster head is based on maximum 

residual energy. The flowchart (figure 3) gives an overview of 

the proposed protocol. 

5. CONCLUSION 
Limited battery power is one of the major constraints in the 

field of Wireless Sensor Networks. To increase the lifetime of 

the network in a HWSN is a huge challenge in the recent 

times as all the nodes in the network will not be having same 

energy. 

In this paper, new protocol for heterogeneous wireless sensor 

nodes based on their residual energy and location information 

is proposed. Heterogeneous networks are evaluated in terms 

of either stability or energy efficiency. HEEPSCC is a hybrid 

protocol that bridges the gap between stability and energy 

efficiency in heterogeneous networks. HEEPSCC will prove 

to be more stable and energy efficient with the inclusion of 

both concentric clustering and K theorem technique for 

creation of cluster and cluster head election. The proposed 

protocol is to be implemented using MATLAB. The proposed 

new protocol aims to increase the lifetime of the whole 

network as well as to increase the stability period. 
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