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ABSTRACT

Inthepastyears,wirelesssensornetworks(WSNs)haveincreasedsuccessfulreal-worlddeployment
inawiderangeofcivilandmilitaryapplications.Inordertoensureeffectiveenvironmentalsensing
androbustcommunication,thetwofundamentalissueslikeTCOVandNCONaretheverychallenging
tasksinWSN.Assensornodesarebattery-operateddevices,thewideutilizationofWSNsisobstructed
bytheseverelylimitedenergyconstraints,thisarticletacklesthesekindsofissuesbyproposingan
approachbasedontheenergymodelandaimsatenhancingthenetworklifetimebyimprovedbalancing
themovementandenergylossesinthenetwork.Thisarticleproposesadesignwhichminimizesthe
powerconsumptionandmovementcost,thusenhancingthenetworklifetime.Finally,theauthors
comparedtheenergyefficiencyoftheproposedapproachwiththatoftheexistingapproach.Assuch,
theproposedAVABCimprovesthenetworklifetimeby14.29%,26.09%,and14.29%overVABCin
responsetothevaryingsensingradiusof5,10,and15,respectively.
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1. INTRODUCTION

Recentadvancement inwireless sensornetworks isaffordableandefficientusingmicro-electro-
mechanicalsystems(MEMS).WithitsadvancementdifferentkindsofmicrosensorsinWSNare
available.Thehighspeedandlowpowerelectronicdevicesarevalidbecauseofmicrosensors(Huang
etal.,2012;Blumrosenetal.,2013;Liuetal.,2013a;Wangetal.,2014;Tanetal.,2010a;Fu&You,
2013;Luo&Chen,2012).Thesesensorsareusefulformonitoringphysicalphenomena,healthcare,
surveillanceandnationalsecurity(Jagtap&Kumar,2017;Alsmiratetal.,2017;Kartalopoulos.,2015).
Typically,sensornodesaresmallandtinydevicescomposedofthreebasiccomponentsnamely,a
sensingsubsystemfortransceivingthedata,processingsubsystemforacquireddataprocessingand
st1orageresources,andalsopossibleactuatorssubsystemsfortransmittingthedata(Omkaretal.,
2011;Yildiz,2012b;Ozturketal.,2011;Tanetal.,2010b).Also,theorganizationofSensornodesin
networksisparticularlydense(HupingXuetal.,2015;Liaoetal.,2012b).Duetothesmallersizeof
sensornodes,thesourceofenergyrequiredbythedevicetofunctionisprovidedbyatinybatterywith
aminimumenergybudget.SincetheWSNsaremadeupoftinyenergy-hungrysensornodes,their
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limitationisinitsusageofenergyconstraintsposedbythesensornodes(Liuetal.,2013c;Liaoet
al.,2014;Zahhadetal.,2015).AmajorissueinWSNsispowerscarcity,drivenduringenvironmental
monitoring,dataprocessing,andwirelesscommunications.

Toovercomethisissue,aWSNwithpropersensornodedeploymentisconsideredtoimprovethe
sensingaswellascommunicationcapabilitiesofthephysicalenvironment(Korbi&Zeadally,2014;
Liaoetal.,2012a;Dorigo&Birattari,2010;Agarwaletal.,2014;Stergiouetal.,2018).Ingeneral,
asuccessfulsensornodedeploymentstrategyshouldconsiderbothconnectivityandtargetcoverage
ofthenetwork(Agarwaletal.,2015;Luoetal.,2012;Minietal.,2014;Temeletal.,2014;Liu,
2012).ThemainobjectiveofWSNisthetargetcoverage(Alkhazaali,etal.,2017;Heetal.,2013;
Liuetal.,2013b;)(Heetal.,2012;Mahboubietal.,2011;Mahboubietal.,2014;Yangetal.,2010).
Coveragemeanseachnodeinthenetworkshouldbeinvolvedinthequalityofsurveillance(Luoet
al.,2014;Mathews&Mathew,2012;Shietal.,2015).Thesensornode’sprimefunctionrepresents
everylocationintheRegionOfInterest(ROI),itissensedforanyincidenceoftheeventofinterest
(Wangetal.,2013).Theeventsdetectedbythesemobilenodesintheheterogeneousnetworkshould
beinvolvedincommunicationwiththesinkcalledConnectivityandnetworkisnotseparatedwhile
onsensornodecommunication.Therefore, theefficiencyofWSNhassignificantlydependedon
SensorNodeDeployment.

Twodifferentstrategiesofsensornodedeploymentaredeterministicandrandomdeployment
strategy.Indeterministicdeploymentstrategy, thesensornodesaredeployeddeterministicallyin
ordertomeetthepredeterminedgoals(Yen&Cheng,2009)Insuchcases,thecoverageofROIhas
ensuredthroughthepredeterminationofexactsensorlocations.Inthecaseofrandomdeployment
strategy(Sonmez,2011;Yildiz,2012a;Akay,2013;Develietal.,2015),anunrestraineddegreeof
targetcoverageintheROIcanbeimprovedeitherbydetachingsensornodesrandomlywithlarger
sensingareaorbydeployinglargersensornodeswithsmallersensingranges.Thishelpstoensure
itseffectivecoverageinoutdoorsurveillanceapplications(Rebaietal.2015).

TCOVandNCONtogethercanbetreatedasameasureofthequalityofserviceinasensor
network;ittellsushowwelleachpointintheregioniscoveredandhowaccurateistheinformation
gatheredbythenodes.Theyarefundamentalandcrucialindesigningawirelesssensornetwork.
TheTCOVisessentialtofindoptimalschedulingforsensorslifetimetomonitoreverytargetcanbe
aslongaspossible,whichisconcernedwiththerandomdeploymentofsensornodesformonitoring
thespecifictargetsformaximumduration.Moreover,forsuccessfulcommunicationbetterNCON
isnecessary.HenceitisimportanttoinvestigateTCOVandNCONissue.Inthispaper,wediscuss
anupdatedreviewofsensornodedeploymenttechniquesbeingusedtosolvedifferentproblemsin
heterogeneousenvironmentandsortthesubsequentcontributions:(1)Weproposeanewanalytical
precisionmodelforthetargetcoverageandenergyconstraintnetworklifetimeoftheheterogeneous
WSNs.(2)WeproposetheECST-AVABCalgorithmformaintainingthenetworkconnectivitybetween
thesinkandthecoveragesensors,asperthegeometryoftheoptimalpathrouting.(3)Moreover,we
addedspecificattentionforthedesignofenergy-efficientsensornetworksusingtheproposedTCOV
andNCONmethodsthatsatisfyapplicationrequirement.

Therestofthispaperisasfollows,wefirstfocusonthetwomobilesensordeploymentproblem
forheterogeneousWSNsandformulatetheconventionalsolutionsofsensingthecoverageofsensor
nodesandconnectivityinSectionII.Theoptimaldeploymentinthesensornetworkswithenergy
constraintisanalysedinSectionIII.SectionIVpresentsTCOVandNCONmethodsbasedonthe
improvement of sensing performance as well as maintain connectivity with the sink. Section V
presentedtheexperimentalresults,andfinallySectionVIprovidestheconclusionofthispaper.
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