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ABSTRACT

Multimediaapplicationsinwirelessmultimediasensornetworks(WMSNs)demandahighlevelof
qualityofservice(QoS)requirements.Themultipathroutingapproachisconsideredasaneffective
solutiontomeettheserequirements.However,thehigh-energyconsumptioninWMSNsisacritical
concernforlifetimeofnetworkcontainssensornodeswithlimitedbattery.Manyproposedworkshave
designedmultipathroutingprotocolstoprovideloadbalancingbetweendiscoveredpaths,although
thereisatrade-offbetweenpowerefficiencyanddatadelivery.Thispaperproposesalinkquality
andloadbalancingmultipathgeographicrouting(LQLB-MGR)protocolforWMSNs.Thisprotocol
consistsoftwophases.Thefirstphaseisresponsibletofindmultiplenode-disjointpathswithhigh
linkqualityandthesecondphaseallowsloadbalancingbetweenthediscoveredpathsbasedonnodal
residualenergy.SimulationresultsshowthatLQLB-MGRprovidesbetterperformancecompared
tootherprotocols.
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INTRodUCTIoN

AWirelessMultimediaSensorNetwork(WMSN)consistsofalargenumberofheterogeneoussensor
nodesdenselydeployedinthesensingarea.Thesesensornodesareequippedwithmultimediadevices
suchasmicrophonesandcamerasthatallowretrievingmultimediadatasuchasstillimages,video,
audiostreams,aswellasscalardata.WMSNsofferstrongsupportforawiderangeofapplications
suchasadvancedhealthcare(Koyuncuetal.,2019),trafficmanagement,environmentalmonitoring
(Yangetal.,2018),multimediasurveillance,automatedassistance,smarthomes,industrialprocess
controlandsonon.WMSNshavemoreadditionalrequirementsandchallengesthantraditionalWSNs
(Luetal.,2015,2016,2018),suchasacceptablejitter,highbandwidth,boundedend-to-enddelay,and
lowframelossratio.Inaddition,WMSNshavemanyresourceconstraintsintermsofmemoryspace,
energyandprocessingcapacity,whichmakesroutingoverthisclassofnetworksachallengingtask.
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The characteristics of multimedia content (large volume of data) and network resource
constraintsdecreasethenetworkreliability,whichaffectsthequalityofserviceandmakesrouting
morechallenginginWMSNs.Multipathroutingstrategyisconsideredasapromisingsolutionin
WMSNs(Chikh&Lehsaini,2018;Kusuma&Subramanyam,2017).Thisroutingstrategyinvolves
multipleroutingpathsbetweenapairofnodes(sourcenodeandbasestation)andallowstosendthe
datapacketsthroughtheseroutingpaths.Recentworkssuchas(Al-Ariki&Swamy,2016;Hasanet
al.,2017)haveshownthatthemainobjectiveofmultipathroutingprotocolsistoguaranteedifferent
QoSparameters:lessend-to-enddelay,aggregatebandwidth,loadbalancingoverdifferentrouting
paths,achievereliabledelivery,increasethroughputandallowfault-tolerance.Furthermore,because
geographicroutingisdistinguishedbyitsparticularadvantagesi.e.itdoesnotneedmaintenanceofthe
routingtablesandpathconstructionduringdatatransmissionoperation,weusethisroutingstrategy
intheproposedprotocol.Geographicroutingisaforwardingapproachinwhichtheroutingofdata
packetsisdonebasedonlocalizationinformationofsensornodes.Thereby,tomaketransmission
decisionsinthisapproach;anodeshouldknowitslocation,thelocationsofits1-hopneighborsand
thatofthebasestation.ManymultipathgeographicroutingprotocolsforWMSNshavebeenproposed
intheliteraturesuchas(Aswale&Ghorpade,2018b;Bouatitetal.,2016;Chikh&Lehsaini,2020;
Medjiahetal.2010).Theseprotocolsestablishmultipledisjointroutingpathsbetweenthesource
nodeandthebasestationinWMSNs.

Disjointpathestablishmentstrategiesillustratetheindependencebetweenpathsintermsofshared
resources(nodesandlinks).Thesestrategiesattempttoselectdisjointroutingpathsbetweenapair
ofnodes(sourcenodeandbasestation)basedonthedegreeofindependenceofeachroutingpath.
Disjointmultipathroutingprotocolscanaccomplishbandwidthoptimizationandhigherreliability
thanmultipathroutingprotocolsinwhichtheproblemofoverlappingandcongestionatnodelevel
canweakentheirperformance.

ThispaperproposesaLinkQualityandLoadBalancingMultipathGeographicRoutingprotocol
(LQLB-MGR)inordertoachieveenergyefficiencyandtomeettheQoSrequirementsofmultimedia
applicationsinWMSNs.

Theremainderofthispaperisorganizedasfollows.SectionIIdiscussestheexistinggeographic
multipathroutingprotocolsrelatedtoWMSNs.SectionIIIpresentsthespecificimplementationofthe
proposedroutingprotocol.SectionIVshowsthesimulationresultsandsectionVconcludesthispaper.

ReLATed WoRK

Duetovariousadvantagesofmultipathroutingoversinglepathrouting,multipathroutingisconsidered
asasuitablesolutiontoguaranteethedesiredlevelofQoSinWMSNs.Manymultipathgeographic
routingprotocolshavebeenproposedtosatisfymultimediaQoSrequirementsinWMSNs.Moreover,
disjointmultipathroutingprotocolscanachievebandwidthoptimizationandhighreliabilitythan
multipath routing protocols. A large number of research works focuses on routing data through
multipledisjointpathsinWMSNs.Inthissection,wepresentanddiscussthemostfamousrouting
protocolsdesignedforWMSNsintheliterature.

In(Shuetal.,2010),theauthorsproposedageographicgreedyforwardingroutingprotocol,
calledTPGF.Theproposedprotocolbypassesholesandexploresoneormorenode-disjointshortest
paths.Itconsistsoftwophases.Inthefirstphase,TPGFdiscoversallpossibleshortestpathsand
inthesecondphase(pathoptimizationphase),itremovesallcirclespath,releasingtheredundant
nodes.TPGFissuitableforWMSNs.However,itdoesnotguaranteealongnetworklifetimesince
itselectsthesamepathforafixedtopology.

Theauthorsof(Chenetal.,2007)proposedadirectionalgeographicalroutingprotocol(DGR).
Thisprotocolestablishesanumberofdisjointpathsbetweenasourcenodeandthebasestationto
transmitparallelreal-timevideostreams.However,DGRprotocolsuffersfromtheenergybottleneck
problem.ToovercometheweaknessesofDGR(Chenetal.,2012)proposedanenhancedofDGR,
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