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Abstract—In this paper, we compare problems of cluster overlap with each other, i.e. one specific scheme can have the
formation and cluster-head selection between different potocols  properties in different domains.

for data aggregation and transmission. We focus on tWo aspeL — geyera| clustering schemes and algorithms such as Low
of the problem: (i) how to guess number of clusters required

to proficiently consume available sources for a sensor netwk, ~ =N€rgy Adaptive Clustering Hierarchal (LEACH) [1] routing
and (i) how to select number of cluster-heads to cover up protocol and Distributed Energy Efficient Clustering (DBEC
sensor networks more proficiently. A sensor in Wireless Sens [3] have been proposed with objectives like fault-tolegnc
Networks (WSNs) can communicate directly only with other |oad balancing, increased connectivity and network loitgev

sensors that are within a radio range in a cluster. However, | e aAcH protocol and similar ones assume an energy homoge-
in order to enable communication between sensors not within

communication range, they must form new clusters in distriuted N€0US system where a node is not likely to fail due to failore i
sensors. Several clustering algorithms such as LEACH, DEEC connectivity and packet dropping. More recent protocdds li
and SEP have been proposed with the objectives of energy Stable Election Protocol (SEP) [2] and Threshold-sereskim-
minimization, route-path selection, increased connectity and ergy Efficient sensor Network (TEEN) [4] considered reverse

network longevity. LEACH protocol and the similar ones assine o+ is energy heterogeneity which is more applicable to rea
an energy homogeneous system where a node is not likely to

fail due to failure in connectivity and packet dropping. More It scenario for WSNs.

recent protocols like SEP and TEEN considered the reverse #t Background is discussed in next section. Optimal number of
is energy heterogeneity which is more applicable to case of 8Ns. CH selection for reducing energy consumption is described i
We ge\’e'?ﬁte‘j SEEigi”;.enSilo?al chainltmodel to ds‘ileCt averagegection Ill. Section IV describes a bi-dimensional chairdelo
number of for . Simulation results are used to compare . :
performance of different protocols to found optimal solutiong of to select average number of CH f‘?r DEEC. Simulations are
above mentioned problems. perform to compare cluster formation LEACH, SEP, DEEC

Index Terms—Clustering, cluster-head, base-station, energy and TEEN in section V.
minimization, sensor nodes.

Il. BACKGROUND
I. INTRODUCTION

Ideally, a cluster-based network can be partitioned into Heinzelmanet al., [1] define LEACH, a randomized, dis-
disjoint clusters. Each cluster consists of one ClusterdHettibuted clustering protocol, which is widely proposed and
(CH) and multiple Member Nodes (MNs). CHs collect datéested in WSNs. Much work has been carried out to enhance
from MNs and relay processed data to the Base Station (BEEACH. Many flavors of LEACH have cropped up and many
For sake of energy efficiency, it is preferable to createlstal®uthors have tried to develop similar schemes having their
and optimal number of clusters, and dynamic CH selection ahdsis on this protocol.
rotation is desirable over a static CH assignment. Also, CHsIn [5], authors tried to obtain an insight into clusteringach
are expected to be distributed evenly in network. Therefareacteristics of distributed, dynamic and randomized DDR [8]
practical clustering scheme designed for large Wireless&e clustering schemes, and developed a bi-dimensional Markov
Networks (WSNs) should be distributed and employ dynamaéhain model to inspect their cluster-forming behavior. &hs
CH selection, cluster formation and periodic CH rotation. on proposed analytical model, they also derived formutetio

Since the advent of sensor nodes, much work has been doh¢he stochastic properties of LEACH [1], including the-dis
to come up with different models for energy minimizatiorribution of the number of CHs, mean, standard deviatiod, an
and control. Each of these models has advantages and disafficient of variation of number of CHs. This paper was the
vantages. In general, schemes with more complicated donficst effort to make comprehensive classification of clusetgr
can lead to (near)-optimal energy efficient solutions. Hmve schemes in WSNs, to analyze the clustering characteristics
this may introduce higher overhead for the coordination amd DDR [8] schemes, and address uncertainty problem in
control mechanism, which is also energy and/or time consuriuster formation in WSNs. As a result, a desired number of
ing. Therefore, tradeoff should be made. Also, protocoly mavell-distributed clusters can be created, which leads gbdvi
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energy efficiency, better fairness among nodes, and pretbngrirst level nodes receive beacon message of root node. Again
network lifetime. first level nodes broadcast beacon and nodes that recesse thi
An energy efficient cluster ID based routing scheme defimeessage are second level nodes. In such a way, nodes éstablis
in [6]. According to authors, uneven load in network is hierarchical broadcasting and communicate with neighfor
minimized by cluster size adaptation technique. They gawedes.
their routing protocol the name of Cluster ID based Routin o
in Sensor Networks (CIDRSN) [6], which takes cluster 13> Cluster ID based Routing in Sensor Networks (CIDRSN)
as next hop address instead of CH ID in routing table andin [6], an energy efficient cluster ID based routing scheme
eliminates cluster formation phase and routing phase frampresented. CIDRSN takes cluster ID instead of CHs ID and
being executed in each round. These phases are only execinethis way it balances uneven load in network. In Fig. 1
during the initialization of network, which reduces the &ye typical scenario of WSNs, that some nodes sense data and
consumption and increases the network life to abld@if. send it to their respective CHS. CH aggregate data and send
it to BS through hop by hop communication. In start each
node broadcasts a Hello message, which contains node ID and
WSNs are an emerging technology. A sensor netwofkmaining energy of node. After receiving a predefine number
system, consists of large number of tiny sensors which uge Hello messages that node broadcasts a message of CH
to collect and aggregate data and send it to BS. Sensors @ifdidate. After receiving this message nodes in trangmiss
small and low-powered. To establish WSNs every node seng@ge stop sending Hello messages. As cluster is formet, eac

Hello message to other nodes. In which energy is consumegH declares cluster ID which unique. Near BS cluster reduces
to avoid message flooding there are different schemes.e&Clusts size as it has to carry highest network traffic.

formation is one of them in which whole field is divided into
small regions and each region has its CHs. In this way, wotk Estimation of the optimal number of cluster-heads in
load and energy consumption of nodes is reduced. Once CHggsor networks (EONCH)

selected, every node in that cluster sends its data to CH, and EACH is a clustering scheme in which nodes arrange
CH sends it to BS. Cluster architecture decreases opportuihemselves as a local clusters and each cluster elects CH.
of communication overhearing and power dissipation of8ens=ach node in a cluster sends data to CH. CH process data
nodes. Below few models are discussing pattern of clusigllected by cluster member nodes and send it to the BS.

formation. In this scheme “Estimation of the optimal number of CHs

A. Energy-aware Coverage-preserving Hierarchal Routing in sensor network” [5] a_ldverpsement as a CH is limited to
(ECHR) radio range. CH advertises itself as a CH to sensor nodes
ity of . lorithm i il within radio range. Sensor nodes within range receive this

ln. [7]. a qgal_ty of service (Q,OS,) ago_rlt m IS specially,qyertisement and if they are not CH they join cluster. Now
design for mission critical applications like battle field 0y <o nodes which are not placed in radio range and don’t
health care etc. To guarantee QoS, coverage preservatiogis,;q any advertisement from any CH they become forced

an ezser;fna[ thask. Yetl:?.fma.mtmg sensnng.codverage these T(‘:Hs. Energy utilization in network to gather informationn
a tradeoit with network life time due to limited energy sWppl gonqor nodes and send it to BS depends on number of CHs

of sensor nodes. and the radio range r of algorithm. During one round each

ECHR algqr|thm is design in such a way th"’,‘t it prc)lom:]ﬁon-CH node sends data to CH once. For calculating optimal
the network life with a full coverage of points of interestwa number of clusters relation is:

there is no restriction on BS deployment. BS can be located

inside or outside of monitoring area. Transmitting packets

through long routes consume more energy and here energy 0.5855N, fsa>

reservation is prime consideration, so first step is to setext opt = d i_g )
. . . . Emp( *toBS) elec

node and it is decided by BS, and energy-aware hierarchical

routing algorithm is applied to each node. Computation of roD. Probabilistic analysis of Hierarchical cluster protocols for

node weight of each node ni by: wireless sensor networks

Ill. CLUSTERFORMATION

1/2

LEACH is cluster based routing scheme in which energy of
. 10(s)]| T 1 system is managed as transmission range is reduced, eaeh nod
a; = (q:)™ ICG)| (1) in cluster send their data to CH. CH forward it to BS. LEACH
‘ is round based, every node in cluster becomes CH once in a
where, ¢; is residual energy of;, d(s;, BS) is Euclidean cycle. In this way energy and load is balanced. Ingeehat.,
distance between node; and the BS andr and 7, are [8] proposed a probability based model for LEACH in which,
weighting coefficients for residual energy factor and cager selection of CH is based on probabilistic aspects. Eachdoun
factor respectively. Root node broadcasts a beacon messageEACH starts with set up phase and steady-state phase.
in each round. Message contain packet of information th@et up phase selects random number of CH, and form random
includes its ID, residual energy and level, toward otherasod size of clusters which are of Voronoi type. LEACH is design
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Fig. 1. Multi-level Hierarchal Cluster Based Routing

in such a way that each node become CH once in a cycle.
Multi-level LEACH is introduced here which is followed by
m-level CH selection algorithm. Selection of probability i
based on,——=5—;. Only (m — 1)-CH nodes select a new By introducing heterogeneity energy of system is increased
set of m-CI—i among{m — 1, 1 — X'm,1 available candidates. py factor(1+ a.m). Epoch of the system is/p,p:.(1 4 a.m).
Comparison of different attributes of existing protocolttwi In this case system has more energy as compare to LEACH
respect to energy, routing and clustering is shown in Tablethat's why stability period is longer, which ig +a.m) times.

Threshold relation given in 1 is same for normal and advance
E. LEACH nodes.

Main task in any WSNs is to collect data through sensor Sink is located in center of field. Distance of nodes or CH
nodes and send it to BS. In LEACH [1], we consider thd$ !ss thand0. In homogenous case every node is equipped
network is homogenous means, all nodes have same ené’?’é}g same energy and as first node dies instability periatissta
and they send data to CH which is randomly chosen. Evefy heterogeneous case advance nodes have more energy than
node become CH once evetyp, which is epoch for LEACH. normal. After first node is dead it means that advance node
p is probability of becoming CH. Initially each node choos# Nnormal node now. Unstable region is shorter in SEP as
a random number from 0 to 1 and if that number is less th&@mpare to LEACH. SEP applies equally well to small sized
threshold T(s) then that node becomes CH. Calculation d¢tworks, as well as it is scalable.

n.(1 —m)Ey +n.m.Ey(1+a) =n.Ey.(1+ a.m) 4)

threshold is made by relation given: G. DEEC [3]
DEEC [3] has heterogeneous-aware clustering algorithm,
T(s) — m if seG 3 which prolong network life and stability period. It has niult
(s) = 0 ' otherwise ®) level heterogeneous network. In DEEC [3] selection of CH de-

pends on probability which depends on ratio between rekidua
BS is fixed and located far from sensor. CH sends dataergy of each node and average energy of network. DEEC [3]
to BS. LEACH is able to perform local computation in eachas rotating epoch depending upon initial and residualgsner
cluster to reduce the amount of data that must be transmitt&fdnode. Total initial energy of system is given as:
to BS.
N N
F SEP Brotar = Y Eo(1+a;) = Eo(N+ Y a) (5)
SEP [2] is a heterogeneous two-level hierarchical network. (i=1) (i=1)
As it elects CH with the help of probability and remaining probability of a node to become a CHA% and nodes with
energy in each node. Each node transmits data to closest gidater energy have largét, as compare tP,,;. Let E is
so as to split the communication cost to the sink. In SERyerage energy of system then we have:
[2] there are two types of nodes normal and advance energy

nodes. Advance nodes have more energy and that's why SEP (E — Ei(r) (Ei(r)
has longer stability periodE is the energy of normal node P, = Pyl — ] = P (6)
and E0(1 + a) is energy of advance node. Total initial energy (E(r) (E(r))

of new two level heterogeneous is: Average total number of CH per round per epoch is:



Table. | Comparison of attributes of different Routing jiatls

[ Routing Protocols [[ LEACH[1] [ SEFZ] || DEEC[3] [[ TEEN[4]
Network Type Homogeneous Heterogeneous Heterogeneous Heterogeneous
Communication Type Single-hop Single-hop Single-hop Multi-hop
Scalability Limited yes yes yes
Energy-efficiency yes yes yes yes
Data Aggregation yes yes yes yes
CH Selection Residual energy Residual energy Residual energy and| yes

Average energy

created and second is method of cluster formation. Stochas-
tic modeling of distributed, dynamic, randomized clustgri
protocol for wireless sensor network scheme is proposed by
Wang et al., [5]. In DDR scheme a bi-dimensional Markov
N (") chain model is used to study their cluster-forming behavior

opt Z (Ei(r) _ NPy and derive formulas for statistics of system like probapili

(i=1) (E(r)) mass function of number of CHs, average, standard deviation
and coefficient of variation of number of CHs. Through DDR
scheme uncertainty problems are well handled. Since Markov
chain is irreducible and all states are positive recurrent a

N N
- (E:(r)
Z>H <Z Fort (E(r))

(i=1 i=1)

Relation for calculating threshold for each round is:

e if s€G stationary distribution exists. Through this model we dcanlg
T(S) — i (1,(mod1/ P;)) (8) . . L. .
0 otherwise uncertainty of number of CHs by observing the distribution
o and selection of CHs in DEEC [3]. DDR clustering scheme
Epocn Of system is inverse of; is promising in providing energy efficient, load balancing,
scalable and robust communication in WSNs. In DEEC [3]
1 E(r E(r cluster formation and is define as:
ng=—= # - nopt(ﬁ) (9)
Di (poptEi(T) Ei(r)
Note that node which has higher residual energy has more Plopy N(1 + a;)
chances to become a CH. Here BS is located in center of a Plsiy = N—N (13)
square. All nodes die approximately at same time [3]. (N +2i)

In LEACH environment is homogenous and every node has h
same probability to become CH. When nodes have different’V€r€
energies then network is heterogeneous. We are considering
here two cases one is SEP two level heterogeneous and DEEC N
[3] which is multi level heterogeneous. Weighted probdiei P, = Popt%—(r) = Py = Plopny N ; a’lEZ(T) (14)
for normal and advance nodes are: E(r) (N + 322 )E(r)

Number of CHs selected in stagehas binomial probability

Pnrm - Popt (10)
(1+am)

P(OA,N)H(I,O) = (zj)(P)Nil(l — P)L ie[O, N]

Popt(l +a Pon—ao = (NP1 - p)t
P =Ll ap |Fenen Qerin

(1+am) Plaiy = =
) i f(z) = (N+3230) (15)
We extend it to multi-level heterogeneous network then ie[1, N, je[0, N]
weighted probabilityP;is : Pim—1,) — (0,N) =1 1e[0, N]

Psy — (S+1,0) =1 Se[l,m — 2]

(14+am) 12 . . .
Py = Popt(14) if s is Advanced node (12) First and Second equation in (15)shows number of CHs

(1+am) selected in each stageThird and fourth equation in (15) deals
IV. M ARKOV BI-DIRECTIONAL when all nodes are CHs and no one node is CH respectively.

Clustering is an efficient way in which a network caMarkOV chain rule is defined as:
balance its load, save energy and can enhance network life.
Clustering can be of single hop or multi-hop. Different
schemes are adopted to prolong network life and for maximum m=mn.P (16)
data transmission. For designing any clustering scheme the
are two main issues first is how many clusters should bewhere P is transition probability matrix:

P {Pnrm = Lort__ 4 f 545 Normal node



T(1,5) = 70,N)-Po,n)—(1,i) 1€[0, N]
T(2,5) = vazl T(1,5)-P1,i)—s(2,) 1€[0, N]

N
T(syi) = gy 1m1 T(s—Lia1) Pls—1yia1)—(s,)
ie[0, N, Se[2,m — 1]

F is a factor matrix, elemenf,;, se[1, m — 1], i€[0, N]

W(s,i) = W(O,N)-P(si) se[l,m — 1],i€[0,N]

where

fi = Po,n)—si,1) 9€[0, N]
Fsi = mey Flsm 0k -Pls1)k—s(5.0) se[2im—11,ic[0,N]

According to normalization condition:

m—11i=1
T(o,N) + Z Z?T(“) =1
s=1 N
m—1i=1
To,N) T ZW(O,N)-fsi =1
s=1 N
1

o,N) =

m—1 —~i=1
1+Zs:1 ZN Jsi

Using induction property we have :

N
Zfsi =1, se[l,m —1]

=0

Putting Eq. (22) in (23) we have:

1

D R I

Suppose:h denote a random variable representing numb@
CHs in a round. Then by transition probabilities and Markot?

chain model theom f of the number of CHs is:

p(ch = k) = mo,n)-Plo,n)=(1,N—k) + T(m-1,6)+
m—2 N

Z Z T(s,0) Ps,0) = (s+1,i—k)

s=1 i=k
Average number of CHs is :

N
P(ch=k)
k=0

avelch] =

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

V. SIMULATION RESULTS

We perform simulations to compare performance of selected
protocol for cluster formation and CHs selection. We use
MATLAB as a simulator to analyze performance of cluster
base routing protocol. We take network size Bi0m X
100m in which 100 nodes are randomly distributed. BS is
placed in any arbitrary position. All parameters taken fase
simulations are defined in Table. II.

Table. Il Simulation Environment
Parameters [ Value

Size of Network 100 m x 100 m
F.e. (Radio Electronics || 50 nJ/bit
Energy)

Eamp (Radio Amplifier || 100 pJ/bitin?
Energy )

Eys 10 pJ/ibitin?
FEinitiar (INtial Energy) 051

Number of Nodes 100

Epa 5 nJ/bit/message
Popt 0.1,0.2,0.3

CHs in each round are selected by distributed algorithm.
Optimum number of CH selected is restrictively depends on
number of sensors nodes in entire sensor network. Fig. 2
(a, b) and (c) show how different number of clusters and
cluster sizes varies with number of rounds. Also number of
clusters is relative to sensor network size. In other wottaks,
larger the sensor network, more clusters are required tty app
optimal data aggregation. In beginning of network more CHs
are required to aggregate data. However, with passage ef tim
less CHs are required. Since network size is decreasingodue t
sensors are dying. DEEC [3] selects more CHs as compared to
TEEN [4], SEP [2] and LEACH [1]. DEEC [3] CHs selection
almost remain aroundld — 60 in each round.

VI. CONCLUSION

WSNs are networks of light-weight sensors that are battery
powered used primarily for monitoring purposes. The adganc
in micro-electromechanical technologies have made the de-
velopment of such sensors a possibility. While WSNs are in-
creasingly equipped to handle complex functions such as dat
aggregation, information fusion, computation and traission
ptivities, these sensors require to use their energy extigi
extend their effective network life time. Since sensode®
are prone to energy drainage and failure, thus constant re-
energizing is required as old sensor nodes die out. This can
damage the stability and performance of the network system
if energy is not properly utilized. MATLAB simulations are
performed to compare cluster formation of LEACH [1], SEP
[2], DEEC [3] and TEEN [4]. From the Simulation results
it is found that DEEC [3] selects optimal number of CHs to
forward data to BS and to increase life time of network.
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