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CEAR: Cluster based Energy Aware
Routing Algorithm to Maximize Lifetime
of Wireless Sensor Networks (WSNs)
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Abstract Technological development in wireless communication enables the
development of smart, tiny, low cost and low power sensor nodes to outperform
for various applications in Wireless Sensor Networks. In the existing Tabu search
algorithm, clusters are formed using initial solution algorithm to conserve energy.
We propose a Cluster Based Energy Aware Routing (CEAR) algorithm to maxi-
mize energy conservation and lifetime of network with active and sleep nodes. The
proposed algorithm, removes duplication of data through aggregation at the cluster
heads with active and sleep modes. A comparative study of CEAR algorithm with
Tabu search algorithm is obtained. Comparative study shows improvement in the
Lifetime and energy conservation by 17 and 22 % respectively over the existing
algorithm.
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4.1 Introduction

Wireless Sensor Networks (WSNs) are deployed with hundreds or thousands of
computable and low cost sensors. These sensor nodes are multi-functional and
with computing capabilities. These sensor nodes are integrated on a single board in
a few cubic inches with embedded microprocessor, radio receivers, sensing, and
computing and communication unit. They are powered by 50 W and can last for
2–3 years with very less duty cycling and these sensor nodes are prone for failures.
In WSN there are three types of communications, they are clock driven, event
driven and query driven. In the clock driven approach, data collection and trans-
mission takes place at regular periodic intervals. In the event driven and query
driven approaches, data collection is triggered by events or queries. Data Aggre-
gation, Clustering, effective routing and data compression, min–max and averag-
ing methods are used to reduce energy consumption in WSNs. Tabu search
algorithm [1] form clusters of sensor nodes and routes data from source to the
destination through cluster heads. The sensor nodes are active and transmits data
without aggregation all the time and this approach consumes more energy as there
is no aggregation. We propose Cluster based Energy Aware Routing (CEAR) in
order to maximize lifetime and energy conservation of WSNs. In a cluster, sensor
node works in active and sleep mode randomly. It routes the data from source to
destination through cluster head with aggregation. Thus, it reduces the energy
consumption for sending the large set of data. The rest of the paper is organized as
follows: Related work is discussed in Sect. 4.2. Problem Definition is formulated
in Sect. 4.3. Algorithm is developed in Sect. 4.4. Simulation and Performance
Analysis are analyzed in Sect. 4.5. Conclusions are presented in Sect. 4.6.

4.2 Literature Survey

Heinzelman et al. [2] developed a Low Energy Adaptive Clustering Hierarchy
(LEACH) algorithm for clustering. LEACH is a distributed approach and it
requires no control information from the base station. In this approach data is
required to be sent in the allotted time. Madan et al. [3] proposed TAG: Tiny
Aggregation Service for Ad-Hoc Sensor networks. Interface for data collection,
aggregation, executed aggregation queries in the sensor networks. Aggregation
queries are executed in time, efficiently. Each mote is required to transmit only a
single message per epoch, regardless of its depth in the routing tree. It is sensitive
to resource constraints and lossy communication. Liang et al. [4] have designed a
genetic cost model for data gathering in sensor networks, as routing tree used for
query evaluation and therefore the network is balanced. The proposed heuristic
algorithm showed that online gathering problem is NP complete. It is focused only
on the event driven data and data gathering queries are assumed sequential. Ghiasi
et al. [5] proposed a balanced K clustering algorithm to minimize energy

32 H. Sivasankari et al.



consumption using minimum cost network flow. Agarwal et al. [6] have proposed
sub exponential algorithms to solve the K-center problem to compute the optimal
K-center. They considered the metrics for planar case, i.e., smaller dimensions.
Noritaka et al. [7] have proposed centralized and distributed approaches for
Clustering. These methods prolong the network lifetime than the conventional
methods.

4.3 Problem Definition and Mathematical Model

Given a set of Wireless Sensor Nodes Si 2 V where i = 1, 2,…, n. we consider a
single sink with maximum coverage radio and power. The objectives are to reduce
the energy consumption and to maximize the lifetime of the network. The
assumptions are (i) All source sensor nodes are static. (ii) Links in between the
nodes are bidirectional. (iii) Sink has long communication range and energy than
the source sensor nodes (iv) The highest energy node becomes the cluster head.
(v)Sensor nodes act in either active or sleep mode.

4.3.1 Mathematical Model

All sensor nodes are deployed with equal amount of energy. Clusters are formed
based on Euclidean distances. Cluster size is increased as the number of node
increases in the deployment. Graph (G) i.e., G = (V, E) where V is a set of
vertices and E is a set of edges. Neighbor of a node is selected based on the
following constraints. In a graph, vi is the source node and vj next neighbor node to
receive data as the destination. The distance between source and destination is
calculated based on Euclidean distance.

Dist vi � vj

� �
\ Range ð4:1Þ

Euclidean Distance ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxi � xjÞ2 þ ðyi � yjÞ2

q
ð4:2Þ

List of Neighbors L Nið Þ ¼
[

Vj2V

fVj=Dist vj; vi

� �
\rg ð4:3Þ

Theorem Aggregation at the cluster head removes duplication of data thus it
increases energy conservation and lifetime.

C eð Þ ¼
Xn

i¼1

Cið Þ nið Þ ð4:4Þ
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A eð Þ ¼ l vð Þ 1� ruvXeð Þ ð4:5Þ

Ptotal ¼ T eð Þ þ A eð Þ þ R eð Þ þ C eð Þ ð4:6Þ

Where T(e) is Transmission cost, A(e) is Aggregation cost, ruv is reduction ratio
and Xe is the Aggregation factor if Xe = 1 there is an aggregation else there is no
aggregation, R(e) Reception cost, C(e) Cluster formation cost, load on node v, Ci

represents the ith cluster and ni is the number of nodes in a cluster.

4.4 CEAR: Cluster Based Energy Aware Routing Algorithm

In a Cluster based Energy Aware Routing (CEAR), clusters are formed as the
nodes are deployed in the region. When the first node is deployed, the cluster is
formed and it becomes the cluster head. Later, the deployed nodes identify the
neighboring nodes by sending hello packets. When it receives successive echo
packets from neighboring nodes then it is added to the cluster. If the node is neither
in the range nor in neighbor list of any cluster then a new cluster is formed and
node becomes the cluster head. As the more and more nodes are deployed, the
cluster size is increased. This procedure is repeated until there is no more node to
be deployed.

In a cluster, after each iteration it checks for the highest energy node. It elects
the highest energy node as the cluster head. In a cluster, a set of source nodes act in
active and sleep mode. Before a node goes for sleep mode it ensures that enough
number of nodes are in active mode in order to ensure that any event during the
transition of active and sleep mode is not missed. Energy Aware Routing helps the
data to be routed through cluster heads (Table4.1).

4.5 Simulation and Performance Analysis

In the setup of MATLAB simulation, a 100 9 100 m region is considered with
150 sensor nodes. All sensor nodes have equal amount of energy initially with
50 J. Radio model is lossy in nature and communication range is 150 m, energy
consumption per bit is 60 pJ. Control packet size is 500 bytes. Fig 4.1 shows the
graph between the energy consumption with number of sensor nodes or clusters.
The proposed algorithm CEAR consumes lower energy than the existing algorithm
Tabu. The energy savings in CEAR is 22 % higher than the existing Tabu search
algorithm. Fig 4.2 depicts that the lifetime is increased by 17 % in CEAR algo-
rithm in comparison with the existing algorithm.
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Table 4.1 Cluster based energy aware routing algorithm

The Subgraph G’ [ G, V nodes Ni.

Begin
while deployment of nodes is True do N ++;

if(Id_Nj == 1) then Cluster C1; Nj as Cluster Head for C1;
else neighbor node selection() get node id of Nj i.e. id_Nj;
for n 1 to N do

if hellojn = = 1 then Add node Nn & Nj as neighbors;
Update Neighbor list;

endif
endfor

for i 1 to M do for n 1 to N do
if id_Nj [ neighbor Nn & & in_range(Ci) then Make node Nj [ Ci; return;

else if (n == N && i == M) then M ++; Create new Cluster CM;
Elect node Nj as Cluster head for CM;

endif return;
endif, endfor, endif, endwhile

K = ActiveNode(); Cluster Head Election Algorithm
for i 1 to M do
for p 1 to K do V kp [ Ci;
if Pup tð Þ�Pvp tð Þ

Select active node vp(t) at time t as Cluster Head to the current Cluster Ci;
else
Select active node up(t) at time t as Cluster Head to the current Cluster Ci;
endif endfor endfor

if event then Select V kp [ Ci at time t;
if(dist(event, kp) B min) then min = dist (event, kp); Si = kp;
endif, endif

Route : for non sink active pair(u, v) do
for neighbor j to k of Si do
if Near Sj = active() then

make Sj as active node;
endif
Euclidean_distance = Euclidean_distance ? dist(i, j); Si = Sj;

endfor Compute minimum Euclidean Distance;
Calculate fusion benefit dactive(u, v) V kp [ Ci;

if dactive (u, v) == 0 then
Select active pair(u, v) as non fusion pairs [ set En;

else Select active pair(u, v) as fusion pairs [ set Ef;
endif
if Si+1 = St then $go to Route;
else return;
endif, End
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4.6 Conclusions

Wireless sensor networks works with limited battery and lifetime. We propose
Cluster based Energy Aware Routing (CEAR) to conserve energy and maximize
the life time of the WSNs. In the case of Tabu search algorithm, clusters are
formed and routed through clusters heads without aggregation and active/sleep
modes. Therefore, it consumes more energy. The data aggregation and periodic
active/sleep mode in CEAR algorithm improves the life time and energy conser-
vation, This work can be enhanced in future to reduce delay.
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