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ABSTRACT

Wirelesssensornetworkshavebattery-operatedsensornodes,whichneedtobeconservedtohave
prolongednetworklifetime.Theamountofpowerconsumedforroutingsenseddatafromthesensor
nodetothesinknodeislarge.Thus,inordertooptimizetheenergyusageinsensornetworkefficient
dataaggregation techniquesareneeded.Particle swarmoptimization (PSO) is a speculativeand
evolutionarycomputingtechniquebasedonswarmintelligenceforsolvingoptimizationproblems
insensornetworksuchasnodesdeployment,nodescheduling,dataclustering,andaggregation.The
paperproposesaPSO-basedsensornetworkaggregationprotocol(PSO-SNAP)withK-meansto
provideinitialcentroid.ThePSOhasbeenusedtofindtheoptimalaggregatedvaluehavingminimum
quantizationerror.TheoutputoftheK-meansalgorithmisusedasaninitialcentroidinPSO.Apart
fromK-means,K-medoidandsimpleaveragehasalsobeenusedtoprovideinitialseedtothePSO
algorithmandresultsofallthreeapproachesarecompared.
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1. INTRODUCTION

Awirelesssensornetwork(WSN)consistsoflargenumberofsensornodeswithsingleormultiplesink
nodeassignednearthesensornetwork.Thesinkactasagatewaytotheinternetandothernetworks,
soastosendcommandsorquerytothedeployedsensornodesforperiodicalcollectionofsensed
data.Thedatacollectedinthesensornetworkisveryhugeandishighlyreplicated,therebymaking
dataaggregationnecessitatedtobeapplied,sothatonlytherelevantcompounddataistransmitted
tothesink.Dataaggregationcombinesthedatatogethertoeliminatesimilardataandminimizethe
dataloadfromthesensornetworktothebasestation.Thedataaggregationimprovesthebandwidth
andreducespowerconsumptioninWSN.
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Thedataaggregationprocessincludesrawdatacollectionfrommultiplesensorsandthenapplying
programmingtechniquestoconverttherawdataintoarefinedformandthendelivertherefineddata
toendusers.Dataaggregationreducestheloadonsensornodes,whichhelpsinhandlingthedata
withprioritiesmoreeffectively.Thefewdisadvantagesofdataaggregationtechniquesareincreased
processingdelay,strongerhardwarerequirements,etc.Eachdataaggregationtechniquehascertain
challengeslikeredundancy,delay,dataaccuracyandnetworklifetime.Dataaggregationusesfunctions
suchasminimum,maximum,average,count,etc.foraggregatingdata.Becauseoftheseissues,the
performanceofdataaggregationtechniquesgetsaffected.Thevariousdataaggregationmethodsused
insensornetworks(Dhand&Tyagi,2016)(PatilNandini&Patil,2010)(Rajagopalan&Varshney,
2006)(Maraiyaetal.,2011)areasfollows:

• Tree-based approach:Thistechniqueconstructsanaggregationtreewithallthenodes.The
treeisaspanningtree,wheresensornodesrepresenttheleafnodeandsinknodeisdesignated
astherootnodeofthetree.Theflowofsenseddatamovesfromsensornodestotheroot.The
tree-basedapproachisnotconsideredfault-tolerant.

• Cluster-based approach:Inthismethod,theclustersformationtakesplaceandeachclusteris
assignedaclusterhead.Thenodesoftheclustertransmitsenseddatatotheclusterhead.The
receiveddataat theclusterhead isaggregatedbeforesending to thesink.Thecluster-based
techniqueismorerobustandreducesoverallenergyconsumptionbyreducingthetransmission
distanceinsensornetworks.

• Multipath Approach:Inthisapproach,therearemultiplepathsfromsensorstothesink.In
caseoffailureinonepath,thesensornodecansenddatatothebasestationfromsomeother
path,therebymakingthesystemmorerobustthanatree-basedapproach.Dataaggregationis
performedatmanypointsinthenetworktherebywastingmoreenergy.

• In-network aggregation:Inamulti-hopnetwork,thedatagatheredbythesensorisprocessed
ateveryhopduringroutingwiththepurposeofreducingenergyconsumption.Thistechnique
iscalledin-networkaggregation.Thisresultsinimprovednetworklifetime.

Thelifetime,accuracyandreliabilityoftheclusterandgroupbasedapproachesaremuchbetter
inperformancethantheotherdataaggregationtechniques.Swarmintelligence(SI)techniquesare
biologicallyinspiredartificialintelligencebasedevolutionarycomputingtechniquesthathaverecently
gainedimportanceintheresearchcommunityforsolvingoptimizationproblems.Swarmintelligence
basedtechniquesareincreasinglyappliedtooptimizationproblemsastheyprovidebetterconvergence
to its solution.SIuses theconceptsofdivisionof laborandself-organization to tacklecomplex
problems.TheSIisbasedonthecollectivebehaviorofsocietiesofsocialinsectssuchasants,bees,
wasps,birdsandfish.Theswarmintelligencetechniquesareusedindifferentareassuchasscheduling,
loadbalancing,clustering,routingandoptimization.Someoftheswarmintelligencealgorithmsare
GeneticAlgorithms(GA),ParticleSwarmOptimization(PSO),ArtificialBeeColony(ABC)and
AntColonyOptimization(ACO).PSOtechniqueisinspiredbythebehavioroftheswarmofbirds
orfishschool.Inthispaper,wehaveusedPSOfordoingcluster-baseddataaggregationintheWSN.

1.1. Highlights of Research Contribution
Themaincontributionsofourresearchareasmentionedbelow:

• Swarmintelligenceisemployedforperformingdataaggregationinwirelesssensornetwork
• PSO-basedsensornetworkaggregationprotocol(PSO-SNAP)isproposedwithnoveltyinfitness

function
• PSO-SNAPoutperformedtheexistingstandardPSOalgorithmintermsofquantizationerror

andexecutiontime
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