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Abstract: Energy efficient routing protocol is very necessary in wireless sensor network due to the existence of resource constrained 
sensors. Clustering is an efficient approach for these problems in large sale networks. Hence, in this paper an energy efficient clustering 
algorithm is designed for sensor networks by considering the residual energy, cluster size and distance between the cluster head and a 
sink. NS2 simulator is used to evaluate the performance of the proposed algorithm. Simulation results reveal that the proposed 
algorithm outperforms the existing leach, leach-m algorithms for sensor networks.  
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1. Introduction 
 

In twenty first century, Wireless Sensor Networks (WSNs) 
have been widely used in various real time applications such 
as environmental monitoring, battle field surveillance, home 
applications and industry process control [7,8]. This type of 
networks are enabled by recent advances in Micro 
Electronic Mechanical Systems (MEMS) and wireless 
communication technologies, tiny, cheap, and smart sensors 
deployed in a physical area. WSN consists of battery, 
process and memory constrained sensors and one or more 
sinks. Sensor nodes are used to sense the environment such 
as temperature, humidity, light, dust etc . The sensing 
information will be forward to sink node in a multi-hop 
fashion. Fig 1 describes the general architecture for sensor 
network, where the information from sensors forward to the 
user via sink. Due to the unique characteristics such as dense 
node deployment, battery - powered, severe energy, 
computation, and storage constraints, self - configurable, 
application specific, unreliable sensor nodes, frequent 
topology change, and no global identification of the existing 
ad hoc and wireless networks routing protocols does not suit 
for WSN networks [9, 10, 11].  
 

Figure 1: Sensor Network Architecture 

A WSN is usually randomly deployed in inaccessible 
terrains, disaster areas, or polluted environments, where 
battery replacement or recharge is difficult or even 
impossible to be performed. For this reason, network 
lifetime is of crucial importance to a WSN. To prolong 

network lifetime, there is a need for efficient power control 
mechanisms to reduce power consumption in sensor nodes 
and energy - efficient techniques should be employed at all 
layers of the network [5,6], which should take into account 
the following unique characteristics and application 
requirements of WSNs. 
 
Clustering mechanisms have been applied to sensor 
networks with hierarchical structures to enhance the network 
performance while reducing the necessary energy 
consumption [5]. Clustering is a cross - cutting technique 
that can be used in nearly all layers of the protocol stack. 
The primary idea is to group node surround a cluster head 
that is responsible for state maintenance and inter cluster 
connectivity. In clusters without any cluster head, a 
proactive strategy is used for intracluster routing while a 
reactive strategy is used for inter cluster routing. However, 
as the network size grows, there will be heavy traffic 
overhead within the network [6]. Therefore, normally one 
node is selected as the cluster head of a cluster; and it acts as 
the local coordinator of transmissions within its cluster. A 
hierarchical routing or network management protocol can be 
more efficiently implemented with cluster heads. Hence in 
this paper, an energy efficient clustering algorithm is 
designed for sensor networks by considering the residual 
energy, cluster size and distance between the cluster head 
and a sink. 
 
The rest of the paper is organized as follows. Section 2 
describes existing clustering algorithms for sensor networks. 
Section 3 discusses about proposed clustering algorithm. 
Section 4 presents experimental setup and analysis. Finally 
Section 5 concludes the paper. 
 
2. Related Work 

 
In this section, various existing clustering and routing 
protocols are discussed. Heinzelman [1] has proposed a Low 
Energy Adaptive Clustering hierarchy protocol (LEACH). It 
was actually designed for reducing the amount of redundant 
data from flowing in the network, thereby saving energy. 
This protocol has the following characteristics: random 
selection of cluster heads from amongst the randomly self-
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configured clusters, localized control and co-ordination 
amongst the clusters, reduction of the communication 
overload by compressing the data locally. The main 
disadvantages of the leach protocol is , the clusters are 
randomly selected which may give rise to uneven 
distribution of energy throughout the network, while 
selecting the cluster head, neither its residual energy nor its 
distance from the other nodes or base station is considered. 
It assumes homogenous nodes and uniform energy 
consumption of the CHs, this algorithm uses single-hop 
transmission to communicate with the base station, so 
LEACH can’t be used for a large scale network and finally it 
assumes that the sensor nodes always have some data to 
send. 
 
Wendi B. Heinzelman [2] has proposed modified LEACH 
called as LEACH-C. The formation clusters at the beginning 
of each round, but the nodes randomly self-selecting a CH, a 
centralized algorithm is run by the sink in LEACH C. The 
sink first collects the information about the location of all 
the nodes and then broadcasts its decision about which 
nodes are to become the CH back to the nodes. However, 
LEACH-C is depended on the sink location. However once, 
LEACH-C fails to provide good performance when the 
energy cost of communicating with the sink becomes higher 
than the energy cost for cluster formation. In most WSN 
applications sinks may be located far away from the 
network. So, the dependency on the sink location is a major 
disadvantage of LEACH-C. Richard has proposed a method 
in which the number of clusters will be fixed throughout the 
network lifetime and the cluster heads rotated within its 
corresponding clusters. Steady state phase of LEACH-F is 
identical to that of LEACH. LEACH-F may or may not be 
provided energy saving and this protocol does not provide 
the flexibility to sensor nodes mobility or sensor nodes being 
removed or added from the sensor networks. 
 
Hybrid Energy-Efficient Distributed clustering (HEED) [3] 
is a distributed clustering scheme in which cluster heads are 
selected periodically based on the residual energy and 
intracluster communication cost. In HEED clustering is 
triggered in every TCP + TNO seconds to select new cluster 
heads where TCP is time required to create a cluster and TNO 

is the time interval between the end of a TCP and start of a 
subsequent TCP. In each iteration before the start of 
execution each node sets its probability of becoming a 
cluster head based on its residual energy. The main 
drawback of the algorithm is decrease of residual energy 
forces to iterate the algorithm. 
 
Energy Efficient Heterogeneous Clustered Scheme (EEHC) 
De Freitas [4] has proposed EEHC scheme it also selects the 
cluster head based on the residual energy. In this algorithm, 
three types of nodes such as super, advanced and normal 
nodes. Advanced and super nodes are more powerful, higher 
battery power than the normal nodes. It elects the cluster 
head in distributed fashion in hierarchical WSN. The main 
drawbacks of this algorithm are calculation of weight and 
finding the spatial density is difficult. 
 
Due to the disadvantages of the existing algorithms, there is 
a lot of scope to design a new energy efficient algorithm for 
wireless sensor networks. 

3. Proposed Work 
 

In this section, an energy efficient Novel Hierarchical 
Clustering Algorithm (NHCA) is designed for sensor 
networks by considering the residual energy, cluster size and 
distance between the cluster head and a sink. 
 
3.1. System model and assumptions 

 
We assume that a set of mobile static sensors are deployed 
randomly in the event area to detect and track some events. 
Sensors are assumed to transmit data either in event based or 
periodically and the sensors are aware of their locations 
through GPS or various localization techniques. All the 
sensors are homogenous and need to transmit the 
information to its 1-hop neighbors. 
 
3.2. Radio Model 

 
In the proposed work, a simple radio model is assumed, it 
dissipates Eelec= 50nJ/bit to run the transmi9tter or receiver 
circuitry and Eamp= 100 pJ/bit/m2for the amplifier. The radio 
model is described in figure 2. The energy loss due to 
channel transmission for m-bit message a distance d is  
 

ETX(m,d)= Eelec*m+Eamp*m*d2                   (1) 
 
and to receive the message 
 

ERX(m) = Eelec *m                               (2) 
 

 
Figure 2: Radio model 

 

3.3 Clustering algorithm  
 

The proposed algorithm is a self-organizing, weight based 
clustering protocol. It consists of two phases: Setup phase 
and Steady state phase. In the Setup phase, sensors organize 
themselves into clusters, where one sensor acts as a cluster 
head. The cluster head is selected based on the residual 
energy, the average distance to the sink. To calculate the 
average residual energy of each sensor in the network. 
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where, Ni is the set of neighbors, which are in radio range of 
node i , Ej current , Ei current is the residual energy of the node j 
and i respectively. The average distance of the node i to its 
1-hop neighbors are calculated as  
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where d2
i,jis the distance between node i to j. 

Paper ID: 0201467 359



T

W
(α
gi
F
pr
va
cu
re
u
no
re
cl
to
B
cr
m
th

3

T
ne
an
si
lo
ve
op
se
si
de

W
ne
no
m

3

In
ev
ne
al
of
ra
T
 

 
w
w
w
M
ro
m

To calculate th

Where, α1 and
α1+α2=1). i.e. 
iven to averag
or each round
robability of b
alue. Each sen
urrent round 
est of the sen
se a CSMA M
on cluster sen
eceived signa
luster sensors
o the correspo

Based on the n
reates a TDM

members. The 
he head in its c

 
.4. Cluster siz

 
The size of th

etworks. If th
nd collisions 
ize of the clus
oss of energy 
ery important
ptimal numbe
ensors, netwo
ink. The cal
escribed below

Where N is num
etwork area., 
ode, Efs, Emp, E

multi path mod

.5 Round Tim
 

n the existing
very predefin
etwork. To 
lgorithm the r
f the round R
ather than usi

The current rou

where, NFavg is
with size 1/k. 
which has the m
Mmin).After de
ound, the sin

modified Tcurren

he threshold va

thrT  
d α2 are the w

in our propo
ge residual en
d of cluster f
becoming a cl
nsor that has 
broadcasts an

nsors. To send
MAC protoco
nsor decides 
al strength o
s join the clus
onding cluste

number of nod
MA scheduli
cluster memb
corresponding

ze

he cluster is 
he cluster size

are more, wh
ster is less, due
is more. Calc

t to increase t
er of clusters i
rk area and di
culation of o
w.  

mber of senso
l is the dist

Eelec are the am
dels and electr

me

g algorithms t
ned time, whi

overcome th
round time Tc

Rcurrent. It depe
ing a constant
und time Tcurre

Tcurrent=NF

s the average
(Mmin*σ+λ) 

minimum size
efining the ro
nk sends the
nt to all nodes 

Internatio

Licens

alue  

1 e dF F 
weights of the

sed algorithm
nergy of a nod
formation, sen
luster head ba
elected as a c

n advertiseme
d the message
ol, and with s
to join the cl
f the adverti
ster by forwar
er using CSM
des in the clust
ing and forw
bers forward th
g time schedul

also very pa
e is more, then
hile forwardin
e to high num

culation of opt
he life time o
is calculated b
istance betwe
optimal num

ors, D is the le
tance from cl
mplifier energ
ronics energy 

he cluster for
ich reduces th
his problem, 
current is define
ends on the op
t round time 
ent is defined a

Favg .(Mmin*σ +

 number of fr
is the frame

e (the minimum
und time Tcu

e cluster inf
in the network

onal Journa
ISSN

Impac

Volume

sed Under Cre

d                      
e factors and
m more impor
de than the dis
nsors forward
sed on its thre
cluster head f
ent message t
e, the cluster
same energy.
luster based o
isement. The
rding Join me

MA MAC pro
ter, the cluster

ward to its c
heir sensing d
le.  

arameter in s
n High energy
ng the data.

mber of cluster
timal cluster s

of the network
based on numb
en cluster hea

mber of cluste

        
ength of the s
luster head to
gy of the free s
respectively. 

rmation restar
he life time o

in our pro
ed at the begi
ptimal cluster
T for every r

as  

+ λ)                

frames for a c
e time of a c
m number of

urrent for the cu
formation an
k. 

al of Scienc
N (Online): 23
ct Factor (201

e 3 Issue 6, J
www.ijsr.n

eative Commo

   
 (5) 

α1<α2 

rtance 
tance. 

d their 
eshold 
for the 
to the 
heads 
Each 

on the 
non-

essage 
otocol. 
r head 
cluster 
data to 

sensor 
y loss 
If the 

rs they 
size is 
k. The 
ber of 

ad and 
ers is 

    (6) 
side of 
o sink 
space, 

rts for 
of the 

oposed 
inning 
r size, 
round. 

    (7) 

cluster 
cluster 
nodes 
urrent 
d the 

4.
To
pro
par
alg
alg
sim
100
 

 
Ene
how
pac
and
the
nov
c a
wh
 

F
 
Net
sen
net
alg
ene
alg
sen
 

ce and Rese
19-7064 

12): 3.358 

June 2014
net
ons Attribution

Experimen
evaluate the p

oposed algori
rameters descr
gorithms. Ns2
gorithms for w
mulated the p
00 sensors eac

Ta

Netw
Simul
MAC
Traffi
Anten
Numb
Packe
Trans

ergy dissipat
w much energ
ckets to its 1
d collisions. F
e diameter of
vel hierarchica
algorithm. Th

hen compared

Figure 3: Tota

twork lifetime
nsors, designin
tworks is ver
gorithm to imp
ergy usage in
gorithm perfor
nsors simulate

earch (IJSR

n CC BY 

ntal setup a
performance o
ithm is simu
ribed in Table
is a discrete 

wired, wirele
proposed algo
ch contains 2J

able 1: Simul
Parameter 

ork area  
lation duration 

C layer 
ic flow 
nna model 
ber of sensors 
et size 
smission range 

tion: The ene
gy is lost whi
-hop neighbo

Fig 3 describe
f the network
al clustering a
he proposed 
to the existing

al energy diss

e: Due to the e
ng an energy 
ry important. 
prove the net

n the network
rms well than 
ed during 200 

R)

and analysi
of the propose
ulated in NS
e 1 and compa

event simula
ess and ad ho
orithm for 20
J initial energy

lation paramet
value

500*500 m
200 sec 
802.15.4 
CBR 
Omni direc
100 – 1000
500 b 
100 m 

ergy dissipati
ile forwarding
ors, overhearin
es how the en
s and compa
algorithm with
algorithm is 
g algorithms. 

ipated in the s

existence of b
efficient algo
Hence, aim 

twork lifetime
k. Fig 4 prese
existing algor
sec.  

is
ed algorithm.

S2 using var
ared with exis
ator to implem
oc networks.
0 sec; with 
y.  

ters 
e

m2 

tional 

ion is defined
g the data, con
ng of others

nergy is relate
ared the propo
h leach and le

performing

system in joul

attery constra
orithm in sen
of the propo

e by reducing
ents the propo
rithms in for 1

The 
rious 
sting 
ment 

We 
100-

d as 
ntrol 
data 

ed to 
osed 
ach-
well 

 
les 

ained 
nsors 
osed 

g the 
osed 
1000 

Paper ID: 0201467 360



5

C
ef
th
de
en
an
pe
al
re
le
th
 
R

[1

[2

[3

[4

[5

[6

[7

[8

Figu

5. Conclusio
 

Clustering is 
fficient routin
his proposed 
esigned for s
nergy, cluster
nd a sink. 
erformance o
lgorithm perf
eveal that the 
each, leach-c a
he lifetime of 

References

1] W. Heinze
“An appl
wireless m
Wireless C
670.  

2] Performan
Protocols b

3] O. Younis
Efficient, 
Sensor N
Computing

4] M. Ye, C.
Efficient 
Networks,
SoftawareT

5] D. H. Nam
clustering 
Wireless
Communic
Internation

6] S. Bandy
hierarchica
networks, 
Conferenc
Societies (
April 2003

7] W. B. H
Architectu
Massachus

8] Depedri, 
Efficient P
Proc. AIN

ure 4: System

ons

an efficient 
ng protocol fo

an energy e
sensor networ
r size and dis
NS2 simula

of the propo
forms well th
proposed alg

algorithms in 
the network. 

elman, A. Cha
lication-speci

microsensor n
Communicatio

nce Comparis
by NS2 
s and S. Fahm
Distributed C

Networks,” IE
g, vol. 3, no. 4
. Li, G. Chen
Clustering 

 National 
Technology,N

m, “An efficie
method in a

and Mobile 
cations, 2007
nal Conferenc

yopadhyay, E
al clustering 
in: Proceedi

ce of the IEEE
(INFOCOM 2
3. 
Heinzelman. 
ures for Wir
setts Institute 
A. Zanella a
Protocol for 
S, 2003, pp. 1

Internatio

Licens

m lifetime with

method to 
for wireless se
efficient clust
rks by consid
stance betwee
ator is used
osed algorith
hen existing 
gorithm outpe
energy param

andrakasan, an
fic protocol 

networks,” IEE
ons, 2002, vol

son of LEAC

my, “HEED: A
Clustering App
EEE Transac
4, pp. 366-379
n, and J. Wu, 

Scheme in 
Laborator

NanjingUniver
ent ad-hoc rou
a wireless se

Computing, 
7. WiMOB 2
ce on, 2007, p

E. Coyle, An
algorithm fo

ings of the 2
E Computer an
2003), San Fra

“Application-
reless Netwo
of Technolog
and R. Verd
Wireless Sen

1-6.  

onal Journa
ISSN

Impac

Volume

sed Under Cre

h 2J/node 

design an e
ensor network
tering algorith
dering the re
en the cluster
d to evaluate
hm. The pro

Simulation r
rforms the ex

meters and incr

nd H. Balakris
architecture

EE Transactio
l. 1, no. 4, pp.

CH and LEA

A Hybrid, En
proach for Ad
ctions on M
9, 2004. 
EECS: An E
Wireless S

ry of N
rsity,China. 

uting using a h
ensor network

Networking
2007. Third
p. 60–60. 
n energy eff
or wireless s
22nd Annual
nd Communic
ancisco, Calif

-Specific Pro
orks”. PhD t
gy, June 2000.
done, "An E
nsor Network

al of Scienc
N (Online): 23
ct Factor (201

e 3 Issue 6, J
www.ijsr.n

eative Commo

energy 
ks. In 
hm is 
sidual 

r head 
e the 

oposed 
results 
xisting 
reased 

shnan, 
e for 
on on 
. 660–

CH-C 

nergy-
d Hoc 

Mobile 

Energy 
Sensor 
Novel 

hybrid 
k,” in 

g and 
IEEE 

ficient 
sensor 

Joint 
ations 

fornia, 

otocol 
thesis, 
  

Energy 
ks" In 

[9]

[10

[11

Au

Tek
var
Com
syst
 

Eng
(AI
Com
and

ce and Rese
19-7064 

12): 3.358 

June 2014
net
ons Attribution

L. Lijun, W
rotation pol
networks,”
Conference

0] X. Fan and Y
wireless sen
Internationa
Application

1] Rajashree.V
Mudholkar
Organizing
Internationa
8, Issue 1, Ja

uthor Profi

Mr. B
M.Te
Unive
Depar
Institu

kkali, Srikakula
ious engineeri
mputer Netw
tems,C,Java etc

Mr. G
in th
receiv
Techn
Profe

gineering, Adit
ITAM), Tekkal
mputer Networ
d other advance

earch (IJSR

n CC BY 

W. Hunt, and 
licy of hierarc

in procee
WiCOM, 200
Y. Song, “Imp
nsor network

al Conference
s, 2007, pp. 2

V.Biradar, Dr
, Dr. V.C .Pa

Wireless 
al Journal of C
anuary 2011. 

ile

B. Kishor Kum
ech(CSE) from 
ersity is wo
rtment of In
ute of Technol
am, AP. He has
ing colleges. 

works, Comp
c. 

G. Vijay Kum
he field of C
ved M.Tech(C
nological Univ
ssor, Departm
tya Institute o
li, Srikakulam, 
rks, Operating 
s in computer a

R)

C. Peng, “Di
chical route i
edings IEE
06, pp. 1–5.  
provement on
k,” in In Pro
e on Sensor T
60–264.  
r.S.R. Sawa

atil ”Multihop
Sensor Ne

Computer Sci

mar is excelle
Jawaharlal Ne

orking as As
nformation Te
logy and Mana
s 8 years of tea

His area of 
puter Organiz

mar has over 8 y
Computer Sci
CSE) from 
versity is wor
ment of C
of Technology

AP. His area 
systems, Com

applications. 

iscuss in a ro
n wireless se

EE Internati

n leach protoco
oceedings of
Technologies

ant, Dr. R.
p Routing In S
etworks” IJ
ience Issues, 

ent teacher rece
ehru Technolo
ssistant Profe
echnology, Ad
agement (AITA
ching experien

f Interest incl
zation, Opera

years of experi
ience Enginee
Jawaharlal N
rking as Assi

Computer Sci
y and Managem

of interest incl
mputer Organiza

ound 
nsor 

ional 

ol of 
f the 

and 

R. 
Self-
JCSI 
Vol. 

eived 
gical 

essor, 
ditya 
AM), 
ce in 
ludes 
ating 

ience 
ering, 
Nehru 
istant 
ience 
ment 
ludes 
ation 

Paper ID: 0201467 361




