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ABSTRACT---

Theperformanceofsensornodescanbeoptimizedusingtheclustertec

hniques.Clusteringcanreducetraveltimebydecreasingthenumberof

transmissionsandreceptionsateachsensornode.Clusteringofsensor

sinunlikegroupsmakethesensorsofoneclustertransmittheinformati

ontoanotherclusterandthatclusterwillsendouttheoriginalinformati

ontotheprocessingcenter,thisflowofinformationcansavealotofener

gyinthesystem.Sensornodes’clusteringrepresentsaneffectualandpr

oficientwayofmeetingallthenetworkneeds,forexamplenetworklifeti

me,energysavingetc.Ithasbeenobservedthatourtechniquecanbeinc

orporatebothwithstaticaswellasdynamicclusteringtechnique.Indep

loyingstaticclusteringcomplexitycanbereducedbutthereisissueofen

ergyconsumptionwhereaswithdynamicclustering,theproblemcanb

eeliminatedbutcomplexity(Clusteringoverheads)mayincreaseinthe

network.Thus,specialattentionneedstoreaddressthesefacts.Inthisp

aper,someflawshasbeenobservedsuchasproperhandlingofclusteri

ngtechniquebothinstaticanddynamicclustering.Inboththetechniqu

esanimprovedhybridclusteringtechniquehasbeenproposedwhichis

acombinationofstaticanddynamicclusteringtoformhybridprocesst

hatwillsavetheenergyaswellasnetworklifetime. 

Keywords—

HybridClustering,WirelessSensorNetworks,HybridUnequalCluste

ringLayeringProtocol(HUCL),ImprovedHybridUnequalClusterin

gLayeringProtocol(IHUCL),EnergyEfficiency,NetworkLifetime. 

1. INTRODUCTION 

Anetworkofsensornodesrandomlyarrangedwithphysicality

,isaWirelessSensorNetwork(WSN).Inreal-

timemonitoringandmonitoringapplicationssuchasmilitarysur

veillance,farming,disastermanagementetc.,WSNiscommonly

applied.Eachsensornodehas4elements:sensor,microcontrolle

r,electricitypowersupplyandtransceiver,wheresensorsareused

tofeelreal-

worldphysicalparametersliketemperature,pressureandmoistu

reetc.Theprocessingunitprocessthevalueofsensedafterthatco

mmunicationunitwillsendittothebaselocationviaintermediate

nodesthroughoutsingleormultiplehops.Sincesensorsinruthles

senvironmentsaredeployed,whichisnoteasyandinsamesensei

mpossibletoreplaceorrechargethebatteryofthenodes.Transmis

sioncostsarealwayshigherthanthesensingandprocessingcostsi

nwirelesssensornetworks.Therefore,thesendingofdatafromse 
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nsornodestoabasestationisessentialinordertoextendthenetw

orklifebyusingsomeenergyefficientdatatransmissionstrategy.

AwarenessofenergyisamajordesignproblemwithintheWSN.C

lusteringoffersseveralotheradvantagesincludingbetterenergy

efficiency,improvedlifespan,scalabilityandasmalldelay,andis

themoredominantenergyproficienttechnology.Duetothelimite

denergyinnodesitispreferabletoreducetheenergyconsumption

usingclusteringtechniquewhichdirectlyimprovesthenetworkli

fetime. 

Theremainingdocumentisorganizedasfollows:section2cont

ainsthecorrespondingwork,section3discussesaboutcategoriza

tionofenergyefficienttechniques,section4describestheclusteri

nginwirelesssensornetworks,section5givesanoverviewofune

qualclustering,section6givesdetailaboutHybridunequallayeri

ngprotocol,section7presentstheproposedwork,section8shows

theresultanalysisandconclusion. 

2. RELATEDWORK 

LEACHisextremelynecessaryclusteringroutingprotocol,th

eauthorsof[1]comparedLEACHandLEACH-

CinnumeroussituationsandconcludethatLEACHisbestinunifo

rmlydistributedclusteringapproachwhereasLEACH-

Cisbestincentralizedapproachofclusteringhoweveradditionall

yitwillincreasethesinkoverhead.Authorsin[2],proposesagenet

icclusteringroutingalgorithmandshowsthatitbalancesefficient

lytheenergynodeconsumptionwhichdeclinenetworkenergyco

nsumptionascomparedtoLEACH.Auniqueclusterformationpr

otocolsupportedFuzzylogicinterferencesystem(FIC)knownas

FuzzylogicClusterFormationProtocol(FLCFP)isproposedin[

3]andcomparedtoLEACHprotocol.Thisnoveltechniqueoffers

theadvanceof12%to19%becauseitusesthreeparameters(i.eene

rgystateoftheCH,CH’sdistancetothebasestationanddistancebe

tweenCHandalsothenode)withinthemethodofclusterformatio

nwhereasLEACHusesjustoneparameterofnodedistancetothe

CH.Theauthorsin[4],concludetheoptimumclustersizeandalsot

hepriceneededtorearrangethesensingnodesinaclusterbyusing

variousdistributedclusteringtechniquesandconcludethateffici

encyoftheclustersdecreasesbecauseasthemeansquarebetween

theclustersdecreases.Efficiencyofthenetworkcanincreaseifthe

variationbetweentheclusterswillbeless. 

Bayrakli[5],proposesaGeneticalgorithm(GABEEC)inclust

erbasedtechniquetoseekoutanapplicablenumberofclusterhead
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sandtheirlocationstoreinforcethenetworklife.Ahybridtechniq

ueTabuSwarmoptimization(TSO)isdevelopedin[6]toformast

aticclusteringdesignandenergyawareroutingusingmixtureofT

abuSearch(TS)andParticleSwarmOptimization(PSO).Thishy

bridoptimizationisemployedforinterclustercommunicationsa

ndparamountshortestpathwithminimalenergyconsumptionisc

hosenfornexthoptransferofdata.AnEnhancedDevelopedDistri

butedEnergyEfficientClustering(EDDEEC)schemeisprojecte

dbytheauthorsof[7].EDDEECprotocoldistributestheenergyeq

uallyamongthesensornodestodynamicallychangetheprobabili

tyofnodestobecomeCHandgivingthehigherresultsincomparis

onwithDEEC,DDEECandEDEEC. 

Authorsof[8],conferredataxonomyofthevarious(block,grid

andchain)sortsofclusterbasedroutingprotocolsontheideaofthe

irmeritsanddemeritsandshowsthatclusterbasedroutingprotoco

lsbetterinoverallperformanceimprovementofthesensornetwor

k.Mirsadegi[9],proposesadistributedclusteringprotocolusing

Fuzzylogic.ForthechoiceoflatestCH,basicinfofromthenodesh

asbeencollectedi.eresidualenergyofnodes,localdensityandno

despositionforthecalculationoftheprobabilitiesofanodegetsel

ectedasnewCH.Projectedtechniqueisfoundhigherincoveragea

ndnetworklifetimecomparedwithUCFIA,GCAandSCP.In[10

],optimizationLeach(O-

LEACH)isprojectedinwhichtheCHselectionisaccordingtothe

residualenergyofthenodeswhichmakesitbetterthanLEACHan

dLEACH-

C.howeverit'sdownsideisthatit'ssolelyenforcedinstaticnetwor

kandshowedthatpositionofthesinkaffectsthereliabilityofthene

tworkandenergyconsumptionthenodes.Mahajan[11],propose

saclusterchainweightmetricsapproach(CCWM)whichprovide

saCHweightchoicemethodologywithinwhichinitialclusterhea

dischoseninnetworkonthepremiseofweightmetricsbeforethe

methodofclusterformation.Thiswillresultinbetterloadbalanci

ngandimprovedenergyefficiencyamongnodesthanLEACH,W

CAandIWCA.In[12],variousdifferentclusteringprotocols(i.e

LEACH,LEACH-

C,TEEN,EEHC,DDAR,WCA,ACT,HCTE,CCM,SLGC,LE

ACH-

VF,MWBCA,PEGASISandHEED)arereviewedthoroughlyw

ithallthebenefitsanddrawbacks.Authorof[13],developsanalgo

rithmthatusesbothclusteringandchainapproachesapplyingwit

htwooptimizationmeta-

heuristici.efireflyandstimulatedannealing.Proposedalgorithm

firstfindtheoptimalclusteringusingfireflythenwithinaclusterit

findsbestchainofnodesusingstimulatedannealing. 

AnewthresholdvalueinaLEACHbasedclusteringalgorithmi

sintroducedin[14].Thisthresholdisparameter-

based(i.e.distancebetweennodesandthebasestation,nodeenerg

y,CH-

BaseStationdistance)differentfromLEACHandresultsarebette

rwithproposedthresholdvalueintermsofenergyconsumption.I

n[15],animprovedPSOisintroducedinEBUCalgorithmtoavoid

standardPSOissuesandhotspotproblem.ThebasicideainIPSOi

stokeepdiversityinlocalandglobaloptima.Alltheinformationis

sendtobasestationthenbasestationrunsIPSOtofindthebestClus

terhead.CostfunctioninIPSOissameasinPSOtoavoidhotspotpr

oblem.Resultsshowsdecreaseinthenumberofdeadnodesby30

%andnetworklifetimeisimprovedin15%. 

3. PROPOSEDWORK 

3.1.Networkmodel 

Consideringtheabovefacts,thefollowingmodelhasbeenpres

ented.Toimplementproposedmodel,Onsensornodesandnetwo

rkmodel,thereislittlehypothesis: 

a) Randomlydistributednodesofthe'N'sensorareinthefield

ofM*N. 

b) Everynodeisuniform. 

c) Allnodesandthesinkarestationaryinthefield(M*N). 

d) Allnodescandistance-

basedadjusttheirtransmittingpower. 

e) Thedischargeisoutsidethefieldofthesensor.Itcanbereac

hedbyallsensorsandhassufficientenergy. 

f) Dataaggregationandcompressioncanbeperformedbyhe

adcluster. 

3.2IHUCL:TheBasicConcept 

ProposedtechniqueintroducesanoveloptimizedSelectionof

SensorNode(OSSN)algorithm.Thisalgorithmishelpfulinenha

ncingtheefficiencyofdynamicclusteringapproachusedinWSN

.Andisbasedontwophaseprocess: 

1) IndexedbasedStatemanagement(IBSM) 

2) FuzzyLogic 

"IndexedBasedStatemanagement"istheprocesswhichhelpst

ogivetheinformationaboutLastnodedie(LND)orwhenanewhe

adofclusterisneedtointroduceinthecluster.Itssequencesandap

pliedoperationisbasedonthefuzzylogic.Thefuzzyrulesarecom

posedofaseriesoffuzzyconditionalstatementsin“IF-

THEN”type.Inthisprocess,fuzzyrulesareused.Dependsuponth

eIndexedbasedStatemanagement,theclusterheadselectstheno

deswhichhavehighreliability.Nodeswithlowerdelayalsohavea

betterchanceofbeingchosenastheclusterhead.Inaddition,energ

yindexofnodesisalsoconsidered.Thesensornodewithmoreener

gyhasmoreopportunitiestobechosenastheheadofcluster.Thefu

zzyprocesswillalsooptimizetheenergyofclusterhead,distancee

tc. 

a) A"IBSM"isimplementedthatisbasedonstatemanageme

ntmechanismwhichwillhelptogiveinformationaboutthe

lastnodedie(LND)orclusterheadneedtobechanged. 

b) AnIdealnodeservicewillactivatethenodeifdatatransmiss

ionisinitiatedforparticularnodeotherwisethenodewillsta

yinidealmode.Alotofnodeenergywillbesavedifthenode

willnotstayactivatedallthetimefortransmission. 

c) Normally,theclusteringwillremainstaticanditwillchang

efromstatictodynamiconlywhenthereisaneedtochanget

heclusterheadduetolackofsufficientenergytohandleallt

hetasksofdataaggregation,compressionetc. 

d) Tofindthedistancebetweenthenodesandclusterhead,ther

eshouldbeathresholdvalueforit.Theclusterwillbeforme

dbythenodeswhosedistancewilllieunderthethresholdval

ue. 

e) Alsothenodesinaclustershouldbeinlimitedrangeandfort

hatavalueformaximumnumberofnodesshouldbesettode

creasethecomplexityinclusteringprocess. 

Threestatesofclusterheadarethereforconsiderationina"IBS

M"toshowtheenergyleveloftheclusterhead.Theseareasfollow

s: 
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state0-Whentheclusterhead’senergyisabouttovanish 

state1-

Whentheenergyispartiallyusedandremainshalfofitsfullvalue 

state2-Whentheclusterheadishavingitsfullenergy 

AIndexBasedStateManagement(IBSM)isintroducedtomai

ntainthestateofclusterhead.Mathematically,IBSMisdefinedas 

IBSM[α][i] where0≤α≤2,αisthestateofClusterHead 

1≤i≤N,iisnumberofsensornodei.epresentlyaCluster 

Here,Nistotalnumberofnodesinacluster.Considertheparamete

r'd'whichindicatesthedistancebetweentwonodesinageographi

calposition. 

Here, d= (𝒙𝟐 − 𝒙𝟏)𝟐+ 𝒚𝟐 − 𝒚𝟏 
𝟐 

 (𝑥1,𝑦1)=𝑁𝑜𝑑𝑒𝑗atsomepoint 

 (𝑥2 ,𝑦2)=𝑁𝑜𝑑𝑒𝑘atsomepoint 

Wherej&karegraphicalpointinalocationand'd'isusedtofindt

hedistancefromtheclusterheadandthenodesofsensor,toselectit

sclustermembers.Clusterheadalsohasalimitforchoosingthenu

mberofmembers.Athresholdvalueisused,whichlimitsthedista

ncefromsinglenodesandtonumberofnodesinacluster.Basedont

heaboveinformationthealgorithmhasbeenorganizedwithfollo

wingfacts: 

a) StateofclusterheadshouldbemaintainedinIBSM. 

b) Clusterwillchooseitsmembernodesonthebasisofthre

sholdvaluefordistance. 

c) Nodeneedtobestayinactiveoridealmodeinaclusterasp

errequirement. 

Allthesearetheconditionswhichwillexistwheneveraoldclust

erheadreplaceswithnewclusterhead.Firstly,accordingtotheen

ergylevelofclusterheadstatesinthe'IBSM'shouldbechangedton

otifyallothernodesaboutthenewclusterheadandnowtheyhavet

osendthedatatonewclusterhead.Thebackupnodeidentitynumb

ershouldalsobemaintainedinthelookuptableasthiswillgivethe

addressofthenewclusterheadtoallothermembers’nodes.Secon

dly,whennewclusterheadreplacetheoldclusterheadatthattimec

lusterwillalsoreformandchoosethenewmembersnodesthatwill

fallwithinitsthresholdvalueofdistance.Thisprocessmakethecl

usteringprocessdynamicasthereismovementinclusternodes.T

hirdly,allthenodesshouldbeinidealmodeorinactivemodeasper

requirementfortransmissionsitmeansifthenodeshouldbeideali

fitisnotrequiredfortransmissionandonlygetactivewhenneeded

fortransmission.Thiswillsavealotofnodeenergyandalsohelpsi

nenhancementoflifetimeofthenetwork. 

Letusconsiderthatthereare'N'numbersofnodesinafieldM*N

and'L'isthelimitforclusternodesinacluster. 

Also,'T'isthetotalclusternodesand'Th'isthresholdvaluealso'

d'isthedistance. 

𝑵𝒊=T{whereT<LandTh≤d} 

AboveexpressionisforDynamicclusterformationwithrespe

cttodistancebetweennodesinaclusterandtotallimit. 

3.3StateInformation 

𝑁𝑖𝐶𝐻𝑖stateIBSM[α][i] 

a) α==2shows,that𝐶𝐻1shouldremaininclusterheadrolebec

auseitisinitsfullenergymode. 

b) α==1shows,thatit'stimetofindthenewclusterheadwhichi

sthenearernode𝑁𝑘havingIdealstate. 

c) α==0shows,thatit'stimetoinitiate𝑁𝑘asclusterheadinthec

luster,andreformtheclusteraccordingtothenewclusterhe

ad.Also,maintainIBSMstateduringreforming. 

4. RESULTANALYSIS: 

Theessentialparameterswithvaluesprinciplesarelistedbelo

winTable1. 

Table1SimulationParameters[] 

ParameterValue 

Sensorfield 1000m*1000m 

BSlocation (125,150) 

Numberofnodes 50  

Initialenergyofnodes 2J 

Datapacketsize 500bytes 

Packetheadersize 25bytes 

Controlmessagesize 50bytes 

RLmax 5–100m 

Eelec 50nJ/bit 

Efs 10pJ/(bitm2) 

Eamp 0.0013pJ/(bitm4) 

Eagg 5nJ/(bitsignal) 

Ecom 2nJ/(bitsignal) 

ES 0.5nJ/(bitsignal) 

 

a) NETWORKLIFETIMEWITHOUTDATACOMP

RESSION:

 Inperiodicdatacollection,nodesofsensorsensetheenv

ironmentandsendtheinformationtothesink.Duringthispr

ocessmanynodesdiewhicheffectthelifetimeofthenetwor

k.Figure1showsthenetwoklifetimebeforecompressingt

hedata.Here,itisshowninHUCLtechnique50nodesareali

veonlyupto550roundsofdatatransmissionafterthatnode

sstartsdying.Similarly,upto650roundsHUCLhas30nod

esalivefrom50nodeswhileIHUCLhasall50nodesalive.T

hisshowsnetworkwithIHUCLtechniquehasbetternetwo

rklifetimeandisbetterinenergyefficiency. 

 
Figure1.NetworkwithoutdatacompressionforHUCLandI

HUCL 
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Figure2.Max.transmissionroundswithmax.alivenodesbef

oredatacompressiongraphforHUCLandIHUCL 

 

SummarizedbargraphinFigure2showscomparisonbetween

averagevalueofnetworklifetimeinHUCLis550andforIHUCLt

echniqueis650whichisimprovedinIHUCL.Itgivesaclearimpro

vementof100roundsmeans15.3%inpresentproposedtechnique

ofIHUCL. 

b) NETWORKLIFETIMEAFTERDATACOMPRES

SION:Figure3isshowingtheMaxdatatransmissionroun

dswithmax.alivenodesafterthedatacompression.Compr

essiontechniqueisappliedtoenhancethenetworkefficien

cysothatmoredatacanbesendinlessroundsofdatatransmi

ssion.ItisclearlyshownintheFigure3thatinHUCLall50n

odesarealivetill600roundsofdatatransmissionwhileinI

HUCL50nodesarealivetill700roundsoftransmissionsaft

erthatnodesstartsdying.ThisshowsthatIHUCLtechniqu

eisbetterthanHUCL.InHUCL,allnodesdieupto800roun

dswhileinIHUCLitismorethan900rounds.Thismakesne

tworkwithIHUCLtechniquemoreenergyefficientandbet

ternetworklifetime. 

 

 
Figure3.NetworkafterdatacompressiongraphforHUCLan

dIHUCL 

 
Figure4.Max.transmissionroundswithmax.alivenodesafte

rdatacompressiongraphforHUCLandIHUCL 

 

Figure4showsthesummarizedbargraphofMax.transmission

roundswithmax.alivenodesforHUCLandIHUCLtechnique.H

ere,Max.datatransmissionroundsformaximumalivenodesarec

omesoutforHUCLis600andforIHUCLis700.Thisgivesanimpr

ovementof100roundsmeans14.2%inpresentproposedtechniq

ueincaseofdatacompression. 

c) SUCCESSFULPACKETDELIVERY:Asuccessfuld

eliveryofdatapacketsmakethenetworkmoreefficient.Fig

ure5showsthat100%datapacketsaresuccessfullydeliver

eduntilthenumberofalivenodesisreducedto34inHUCL.

Percentageofdelivereddatapacketsstartsreducingwhent

henumberofalivenodesarebelow34,whileincaseofIHU

CL100%datapacketsaredelivereduntilalivenodesarered

ucedto19.ThisshowsIHUCLismoreefficientindeliverin

gdatathanHUCLasmorenodesaredelivering100%datap

acketsinIHUCLi.e31nodeswhileinHUCLonly16nodesa

redelivering100%datapackets.Thisbetterpacketdeliver

yinIHUCLtechniquemakesthenetworkmoreenergyeffic

ientwithbetternetworklifetime. 

 

 
Figure5.Percentageofsuccessfulpacketdelivery 
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Figure6.Max.alivenodesfor100%successfulpacketdeliver

y  

 

Figure6isbargraphformax.alivenodessuccessfullydeliverin

gthe100%data.itisclearlyshownthatinHUCLonlyupto16node

si.efrom51nodesto31nodesaredelivering100%datawithoutan

ydatalossafterthatdatalossstarts.Similarly,inIHUCLtechnique

31nodesi.efrom50to19nodesaredelivering100%datapackets.

Theoverallimprovementisof48.3%inIHUCL.So,IHUCLtechn

iquehasmorenetworklifetimeandbetterenergyefficient. 

d) NetworklifeatdifferentsinkpositionsinIHUCLinunif

ormdistribution:Locationofthesinkwithinaclusteralso

affectsthenetworklifetimeincaseofuniformdistribution

ofnodes.Ifthesinkisinthemiddleofthegroupthanitwillma

kethenetworkmuchefficient.Similarly,networklifetime

alsoanalyzedatdifferentsinkpositionsi.e50mtsandat100

mtswhichisfoundbetterinpresenttechnique.Figure7sho

wsthenetworklifetimewhenthesinkisat50mtsand100mt

sinHUCLanditisclearlyshownthatinHUCLmax.nodesa

realiveupto500roundsincaseof100mtswhileandin50mts

max.nodesarealiveupto550roundsofdatatransmissionth

enstartsdying.Also,allthe50nodesdiein750roundsin100

mtscasewhilein50mtsall50nodesdiein800rounds.Thiss

howsnetworkismoreenergyefficientandhasbetternetwo

rklifetimewhenthesinkisatnearerpositionof50mts. 

 

 
Figure7.Networklifetimeinuniformdistributionfordiffere

ntsinkpositionsinHUCL 

 

 

 
Figure8.Bargraphforno.transmissionroundsformax.alive

nodesfordifferentsinkpositionsinHUCL 

 

Figure8givesthebargraphoftheMax.transmissionroundswit

hmax.alivenodeswhenthesinkpositionisat50mtsand100mts.F

or100mtitis500roundsandfor50mtitis550roundsafterthatwithi

ncreasingnumberofroundsnodesstartsdying.Thisgraphshows

animprovementof9%.Henceclearly,betterpositionisnearbypo

sitionof50mtthan100mtsinIHUCL.Thisalsoshowsthatnetwor

kwithnearbysinkpositionhasbetternetworklifetimeandismore

energyefficient. 

 

 
Figure9.NetworklifeatdifferentsinkpositionsinIHUCLinu

niformdistribution 

 

Figure9showsthenetworklifetimewhenthesinkisat50mtand

100mtsinIHUCLtechnique.Whenthesinkisat100mtsmaximu

mnodesarealivefor600roundswhilewhenthesinkisat50mtsma

ximumnodesarealivefor650rounds.Aftercomparingto50mtssi

nkpositioninHUCL,IHUCLtechniqueisbetterwhichmakesthe

networkmoreenergyefficientwithbetternetworklifetime. 
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Figure10.BargraphforMax.roundsoftransmissionwithma

x.alivenodesatdifferentsinkpositionsinIHUCL 

 

 

Figure10isgivingthesummarizedbargraphforthemaxno.oftr

ansmissionroundswithmax.alivenodesfordifferentsinkpositio

nsof50mtsand100mtsinIHUCLtechnique.Transmissionround

sforthedistanceof50mtsare650whilefor100mtsis600whichisc

learlygivesanimprovementof7.69%.Hence,nearersinkpositio

nof50mtsgivesmoreroundsofdatatransmissionwithalivenodes

meansbetternetworklifetimeandmoreenergyefficientthanthes

inkdistanceof100mts. 

Table2ComparisonTableofMaximumroundsofTransmiss

ionvaluesforHUCLandIHUCL 

PerformanceMatrices HU

CL 

 IHU

CL 

1.

 Max.RoundsofTransmissionwit

hUncompressedData 

550  650 

2.

 Max.RoundsofTransmissionwit

hCompressedData 

600  700 

3.

 Max.nodesaliveforSuccessfulpa

cketdelivery 

16  31 

4.

 MaxroundsofTransmissionforsi

nkpositionat50mt 

550  650 

5.

 Max.RoundsofTransmissionfors

inkpositionat100mt 

500  600 

 

Table2isshowingtheoverallcomparisonofproposedtechniq

ueIHUCLwiththeprevioustechniqueHUCL.Alltheperforman

cematricesareshowingthebetterresultsinIHUCLtechniquetha

nHUCL.WiththeuncompressedandcompresseddataIHUCLis

15%and14.2%betterthanHUCLrespectively.Incaseofpacketd

eliveryIHUCLis48.3%betterandincaseofnearersinkpositionof

50mtsitis15.3%betterthanHUCLtechnique.StudyshowsthatI

HUCLisfarbetterincaseofnetworklifetimeandenergyefficienc

yasallaboveperformancematricesleadstotheoverallimprovem

entinlifetime’snetworkaswellasefficiencyofenergyofthewirel

esssensornetwork. 

CONCLUSION: 

Itisbeenobservedthatgroupofsensornodesplaysavitalrolein

wirelesssensornetwork.Thus,implementingclusteringtechniq

ueinabetterway,theenergyefficiencycanbeincreasedthenetwo

rk,decreasethetransmissiontimeandalsoimprovenetworklifeti

me.Butaswehaveseenclusteringcanbeusedeitherstaticordyna

micform.Dynamicclusteringtechniquecanenhancenetworklif

etimeandresidualenergybutalsoincreasethenetworkoverheads

whichseemtobenotacceptableinrealtimedatatransmissions.To

overcomethisfacet,anewtechniquehasbeenintroducedhereand

namedasIHUCL(ImprovedHybridUnequalClusterLayeringpr

otocol).Themathematicalexpressionsobservesitsimprovemen

tstowardsnetworkoverheads,whichconsequentlyincreasetheN

etworkLifetimeandEnergyEfficiencyisbetterinpresenttechniq

ue. 
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