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ABSTRACT

This article addresses the challenges of routing hole and network partitioning often
experiencedinhierarchicalwirelesssensornetworks(WSNs).Thisdevelopedmodelclassifies
networknodesintosetsforeffectiveenergymanagementandformulatestwoclusternetworks
namely:switchingandnon-switchingnetworks.Bothnetworksareconsideredhomogeneous
andstaticWSNsandadoptedapproachesofresidualenergy,multi-hopandminimaldistance
as routing decision parameters. The switching network in addition introduces an energy
switchingfactorasamajordecisionparameterfortheswitchingofclusterheadrolesamongst
clusternodes.NetworksimulationwasdoneusingTruetime2.0andenergydissipationof
the respectivenodesandclusterheadswasobservedagainst a threshold.Results showed
the introductionof theenergyswitchingfactorgaveasignificantenergybalancingeffect
asnodesexhibiteduniformenergydissipation.Furthermore,theresidualenergiesformost
nodeswereabovethethresholdeliminatingthepossibilityofthepresenceofroutinghole
andnetworkpartitioning.
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INTRodUCTIoN

Recentadvancesinsensing,communication,andcomputingtechnologieshavedrivenresearchin
wirelesssensornetworkstoanewlevel.Potentialapplicationsofwirelesssensornetworksinclude
theiruseinagriculture,healthcare,security,surveillance,transportation,environmentalmonitoring,
disastermanagement,industry,smarthomesandinfrastructuremonitoring.AWSNisbasicallya
clusterofsensornodeswithawirelesscommunicationinfrastructureintendedtosenseaphysical
PhenomenonofInterest(PoI),processtheextractedinformationandcommunicatewithoneanotherto
coordinatetheintendedactions.Everysensornodebasicallycomprisesofatransducer,microprocessor,
atransceiverandanenergysource.Theenergysource,whichisusuallyabattery,suppliesenergy
tothecomponentsofthenodeandtherateatwhichitdissipatesthisenergy,dependsonthepower
drawnbytheconstituentcomponents(Oldewurtel&Mahonen,2006).

Asvariedastheapplicationsandbenefitsofwirelesssensornetworks,therearestillsomenotable
challengesposingthisintelligenttechnology.Sukhwinderetal.(2013)andKarthikandKumar,(2015)
outlinesomeofthesechallengestoinclude:security,faulttolerance,architecture,energy,hardware
andsoftwareissues,design,scalability,datacommunication,limitedbandwidth,qualityofservice,
robustness, time synchronization, limited memory and storage space and deployment. Amongst
these,energyconstraintrankstopsasaperennialchallengemilitatingagainsttheexploitationand
realizationofthefullpotentialsofWSNs.ThesuccessfuldeploymentofWSNsanywherethatitis
usefulandeconomicallyviablewouldrequirestringentenergyconservationplans.Energydepletion
ofthenodescaninterruptcommunication,affectreliabilityofthenetworkespeciallyitssenseddata
(Ndinechietal.,2007),andinworsecase,couldcausenetworkpartitioningwhichinturninterrupts
monitoringofthePoI.Unlikead-hocnetworks,rechargingorreplacingofthesensor’sbatterymay
beinconvenient,orevenimpossibleinsomemonitoringenvironments.Therefore,thekeychallenge
inthedesignofwirelesssensornetworkprotocolsishowtomaximizethenetworklifetime,whichis
limitedbybatteryenergyinsensornodes,whileprovidingtheapplicationrequirement(Cetin,2011).

TheradiosubsystemconsumesthelargestenergyinaWSNnode.Decreasingthetransmission
powerofnodesishowevernotagoodenergysavingoptionbecauseofthesignaldegradationand
unsuccessfultransmissionitintroducestothenetwork.PottieandKaiser(2000)intheircomparison
ofcomputationandcommunicationcostsshowthattransmittingonebitoveradistanceof100m
consumesapproximatelythesameenergyasexecuting3000instructions.Itisthereforenecessary
toreduceenergyconsumptionbyseekingforenergyefficientpathwaysfordatapacketsevenatthe
expenseofextradataprocessing.Yanetal.(2016)furtherexplainsthattransmittingsignals,i.e.,
sendingandreceiving,takesabouttwothirdsofanode’stotalenergyconsumption,whilethenumber
oftransmitteddatapacketsofanodedependstoagreatextentontheroutingstrategy.Inotherwords,
anefficientroutingprotocolcanhelpbalancetheenergyconsumptionlevelsamongWSNnodes,
prolongnetworklifetimeaswellasimprovethequalityofdatatransmission.Summarilytheaimof
energyroutingprotocolsprimarilybothersonenergyconservationforenhancednetworklifetime
andintegrityofdatacommunication.

MostapplicationsofWSNsrequirethatinformationgatheredbythenetworkisdeliveredtothe
sinkinamulti-hopandenergyefficientmanner(Ghaffari,2014).Multi-hoproutingwhichentails
dataroutingtothesinkviaintermediatenodesgenerallyconsumeslessenergythanthedirector
single-hopcommunicationwhichinvolvesdirectcommunicationfromanodetothesink.Thisis
becausetransmissionpowerofawirelessradioisinverselyproportionaltothesquareofthedistance
betweenthetransmitterandthereceiver.Multi-hopthereforeoffersthenodesmanypossiblepaths
tomaintainconnectivitytothesinkusinganoptimalcommunicationpath.

Mostenergyefficient routingprotocolsaredesignedbasedoneitherhierarchical routingor
flatbasedroutingnetworkstructures(Zamanetal.,2016).Thehierarchicalroutingstructuregives
betterenergyanddatamanagementthantheflat-basedroutingstructuresbyorganizingnodesinto
clusters.Eachclusterhasaclusterhead(CH)whichusuallytakestheresponsibilityofrelayingdata
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