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further CH to the BS have 1 spend much enersy than the
elbser ones.

AW this point, a Hot:Spot problem arises when these
fodes excessively wlifize their encrity due 1w the distant
communications and consequently dfain their energy
rapidly.

Expectedly, the clustering pradign increases the
burden overloods CHs, forcing them 1 deplete. their
atierics anuch fuster than in a non-clustered network [4)
The additional enerey. consumption is atribuled 1o the
agaregaiion of intra-cluster waffic into a single stream hat
it transminied by the CH; and, 1 the relaying of inter-
cluster traffic from. other Clis in  multi-hop
comuunications. Such reluying 15 sometimes desirsblc
because of its pawee-consumption advantage over direct
communication  (CHo-sink o singlehop
commanication),

That makes the implementation of such muli-hop
nerworks. feasible In large scale regions. In contrast, the
singletiop communication networks, especially. those
containing homogenous nodes, are mostly applicable in
small-scale regions 3}

I this paper, we coasier small-scale applications that
se singlchop communication for data transmission. We
categorize tw concepts of network lifetime that ase first
node dying (PND) and last node dsing (LND). in FND
‘applications. the network lifetime is considered as long as
the first node dies. That means the network operation is
beneficial until all nodes are afive while any node flure
would make it useless.

Exampies are often scen in spplications monioring
crucial events and condiions such as gas monitring in
enclosed o undenground car parks for not. running
entitatos. fans all the times but when required. Another
example exists  military fields whene sensars are
monitoring chermical activities und the lifisime of  sensor
s caitial for maximum feld coverage [3]. In such cases
any mode's fiilure could possibly consequent 3 disaster,
Cnher types of applications are the LNT) applications in
which the network fifetime is considered as fong as the
st node dics. In ather words, the network continues its
‘operation unil the ast node is ulive. In thesc applications.
the failure of ane or more nodes docs not make the
network useless.

An example of these applications would be huinidiry
tonitaring n greenery. Our main motivation i 10
introduce & amlytical method 10 develop 3 hierarshical
wireless sensot network that prolongs the  nodes'
lingevity using clustering algorithis.

Innovative approach for this purposeis & Layer-
Orjented clusiering techniguel (or brivdly lnyering

technique) that aims af organizing nodes info clusters in
‘cach layer subject 1o maximizing the lifetime of that layer
Whih 15 genemlly comsidered 35 the tasin, crterion.
Systemaically. the layering technique tends to maximize

Eayering st o tae coneep of g the netwerk e
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the ifeirie of the st node (Iast node) i FND (LND)
applications. The ebjective s 10 determine the optimum
clisier sizes 0 meet the loyering criterion. This is
‘achieved by considéring the widih of cach layer dircetly
elated 10 the chuster izey and conssquently. the oversll
Tifetine of that ayer-

Out contributions er¢, on one. hand, enploying the
Iayering tochnigue in the network and derive &
wmathematical solution for the optmury widh of esch
Tayer and, on the other hand, to provide an evhaustive
‘compacative srudy that expands on our previous works in
Layer-Oriented chustenng _approaches in [6-7H81.
Analytical methods are employed o study the impacts of
ot intracluster. and singichon. communication traffic
Tonds on the averuse layer's energy comwumption that is
formulated 2 an optintizatian problem.

“The rest of this paper &s onganized us follows: Next, in
‘section 2. we provide some relsted warks that have been
investiguted oo the same area. Section 3 deseribes the
system specifications coutaining energy model, probletn
stutement and layering algorithm, Section 4 dewls
simulation effits and analysis of the resuits obtained
¥inall, section § concludes this paper with directions and
scapes of futuse works..

1. Related Work

T the past few seare, many clistering Wlgoridhms have
bt proposed fo aut ho and sensor netiorks aiming 1o
improve the chergy efficiency. Authors n (3] huve
prescricd 3 tixonomy and general clasification of
clustering sehemes. and they surveyed different chustering
algorithms for wircless sensor networks and useful

protosol thet uiliees randons selection and frequent
Fotation of CHs for disributian of the wral load into ol
modes. The clustering process involves enly one teration,
after which a node decides whether to besome a CH or
ot and nodey take: tams in carrying the CH's role. The
o communication in LEACH is based on single-hop
communication model. The author alsa proposed two.
variants of LEACH. which are referred to 35 LEACH-C
(LEACH<entalized), and LEACHF (LEACH with
Fined clusters)

EELTC [10] is 8 siew hierarchical clustering algorithm
with wulihop communication that has she abilty afl
cremting uncqual chisters with very low controlling
overhead, In this slgorithm, 3 heurstic is proposed in
which the netwirk s divided into radial reions in @
céntralized manner based en nodes” pricimiy 1o BS.
Then the BS culoulites upper bound (UB) wd
bound (LB) of each layer and resuhs are
‘scros the netvork via a” hello” message.

Al sensors determine theis tegion by
message ffom the BS. A competitive
based on regian and energy s et among fodes
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furthe CHs 1 the BS have o spend much encry than the
claser ones.

“At this point, & Hot:Spot problem arises when these
nosies excessively utilize their energy due 10 the distant
communications. and cansequently drain their energy
rapidly

Expestedly, fhe elustering puradigm increases the
busden overloads ChHs, forcing them to deplete their
hutieries much fister than in a non-clastered network (4]
“The sdditional eneray cansumption is aftributed {o the
sregation of inravcluster traffic i s single stream that
s transmitted by the CHL. and, to the relaying of inter-
custer traffic from other CHs in  multi-hop
communications. Such relaving is sometimes desimblc
because of its power-consumption advantage over direct
commusication (CHesink or  singhehop
communication).

That mukes the implementation 0f such mulii-hop
etworks feasible in lirge scale regions. In contrast, the
singlehop communication nctworks, especially those
contaiting homogenous nodes, are mostly apphicsble in
somall-scale regions [31.

I his poper, wo consider small-scale applications that
use singlehop communication for data trasmission. We
eatogorizs o cancepts of network lifétime that are first
node dying (END) and last node dying (LND). In FND
applisations, the network liftime is considered as [ong s
the first node dics. That means the network operation is
eneficial il il noes are alive while any node falure
‘would make it useless.

Examples. arc often seen in applications monitoring
cucial events and conditions such as gas monitorng in
enclosed o undenground car parks for ot running
entilsor fas ail the times but when required. Another
cxample exists in military fields where sensors are
oaitoring chemical activiies and the lfetime of a sessor
i critical for maximum feld coverage 151, In such cases
any node’s fare Could possibly consequent a disaster.
Othet types of applications arc the LND applications in
which the netwurk lifetime is considered as long a4 the
st node dics. In other wareds, the netwark contines its
operation untilthe Tast node s alive. I these applications,
the fuilure of no or more nodes doss ot make the
nework uselcss.

‘An example of these applications would be humidity
onitoring in greenery. Our main motivation is 1o
introuce an analytical method to develop a hierarchical
wircless. semsar network that prolangs the  nodes’
Tongevity using clustering algorithms.

‘innovative appronch for this purpose is a Laver-
Orferted clustering teshniquel (o briefly layering
fechnique) that nims at organizing nodes into clustery in
<cach layer subject to maximizio the fifcime of that layer
which s generally considered as the main erierion.
Systematically, the layering technique ends 1 maimize

Layormg e 4 e el of i the seswirk 0
o tased . predefind canerin. (For.mare nformlion e
[
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he Hifiine of he first node (fast-node) in FND (LNDY
applications. The sbjective s o detsrmine the opimum
cluber sims o meet the layering eriterion. This s
‘sehieved by considering the width of each layer directly
relited 1 the chister sizes and consequendly the overall
lifetime of that ayer.

Our contribations are, on one hand, employing the
lapering fechaigue i the network mnd derive @
mathemstical solution for the optimur widih of exch
fayer and, on the other hand, o provide an exbaustive
carmparaive sty that expands on ol previous works in
Vayer-Orented. clusizsing_ approaches in  [61{7HIE].
Analyiical meshods are employed 15 study the impacts of
bt fotracluster and siagichop communication traffic
loals on the averaee layer's energy cansumpuian that is
formulated 2+ = aptimization problem.

“The e of this paper is organized a5 folfows: Next, in
spctivn 2, we provide sorme felated works that lave been
iveitigsied o the samo wres. Scction 3 describet the
Lysiem specificatians contining encczy model, probler
sisteroent and Inyering. algorithm, Section 4 detaily
simlation. cfforts and analysis of the resulty obtained.
Finaly, section § concludes this paper with direstions and
scapes of e works

1L Related Work

I the st few vears, many clastering algorithms have
een priposed for sd Boc and sensor networks aiming 1o
iprove the enerpy eMiciensy. Auhors in (3] have

& taxonomy and general clissification of
clusterie schemes, and they surveyed different clustrine
slgorithns for wincless sensor networks wnd useful
comparisons areperformed  highlighting _ ohjectives,
feanures, somplesity, e

LEACH [9) s an spplication-specificclustesing
protocel thar wilizes random selection and frequent
rotation of CHs for distributian of the towl load into il
podes. The clustering prycess invalves anfy one leration,
afier which a mde decides whether 10 become a CH oc
nat and nodes take tums i carrying the CH's role. The
data communication in LEACH is based on siagle-hop
communication. model. The authar also proposed two
variants of LEACH, which are referrcd 1o as LEACH-C
(LEACH-centralized). and LEACH-F (LEACH with
Fied chusters).

EELTC [10] it new Hierarchical clustering algorithm
with malibop communication that hus the abilty_of
cresting unequal tlusiers with very low_ confrolfing.
overhesd. In this algorithm, & heuristic is proposed in
\hich' the newwork is divided inta rudial regions n &
centraliped manner hased an nodes” proximity to BS.
Then ihe BS calculites uppor bound (UB) and lower
bound (LB) of each laver and resulis are broadcasted
scross the network via a” hello” messase.

Al sensors determine ther region by receiving this
messige from the BS. A competitive clusiering phase
based on rogion und encrgy ts set among nodes 1o form
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