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ABSTRACT

CongestioncontrolinWirelessSensorNetworks(WSNs)hasbeenanareaofinterestforresearchers
forensuringtimelydeliveryofdata.AnumberofMulti-channelMACprotocolshavebeenproposed
whichguaranteeparallelandcollisionfreetransmissions.Thisarticleproposestoevaluateanexisting
congestioncontrolschemethatwasdevelopedformulti-channelWSNMACprotocolsdealingwith
trafficofdifferentpriorities.Theexistingschemeproposedprioritizedchannelsharingmechanism
fornodesbasedontheReceivedSignalStrength(RSS)ofeachpriority.Theauthorsanalyzethe
performanceoftheproposedschemebycomparingitwithotherchannelsharingmechanisms.Four
casesofhybridchannelsharingmechanisms,namelycompletepartitioning,completesharing,partial
sharingandprioritizedsharinghavebeenstudiedinthisworkfor2trafficpriorities.Theauthorshave
modeledtheschemesforWSNapplicationswhereeachnodemayhavetrafficofdifferentpriorities.
Majorobjectiveofthearticleistofacilitatethehigh-prioritytraffic,whileefficientlymaintaining
thenetworkutilizationthroughreducingthenumberofidlechannels.Theanalyticalmodelhasbeen
developedusing2-dimensionalContinuousTimeMarkovChains(CTMC),andMATLABhasbeen
used for the implementation.CompletesharingandPrioritizedsharingare found tobe themost
efficientchannelsharingschemesbasedonthenetworkutilizationandtotalthroughput.
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1. INTRodUCTIoN

InalargenumberofemergingWSNapplications,congestionhasprovedtobeamajorchallenge,for
whichmanysolutionshavebeenprovidedinthepaststudies(Uppal,Kumar,&Singh,2014;Prabha,
2015;Ahmad,Jabbar,Paul,&Rho,2014).Developmentofmulti-channelMACprotocolshasmainly
beenmotivatedbytheurgetocontrolthecongestionandminimizethedelay(EkbataniFard&Monsefi,
2012).AWSNnodeisabletohaveparallelandcollisionfreetransmissionswiththeaidofMulti-
channelprotocols,resultinginimprovedenergy,delayandthroughputperformance(Uppal,Kumar,
&Singh,2014).Duetotherecentactiveresearchinmulti-channelprotocols,itbecomesessentialto
investigatethecomparativeperformanceforeachprotocolusingtechniquessuchasqueuinganalysis
(Park&Hwang,2013;Sikandar&Kumar,2014;Nieminen,Björkbom,Jäntti,&Eriksson,2012).

In most of the existing MAC protocols, the number of channels are divided based on the
trafficpriority(Donmez,Isik,&Ersoy,2014;Min,Kim,Kwon,&Lee,2013;Wang,Li,Sohraby,
Daneshmand,&Hu,2007;Yaghmaee&Adjeroh,2009;Patel&Khare,2014).Thetrafficpriority
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isgenerallysetatthetimeofdeploymentbasedonthedatatype.Similarly,settingpriorityofnodes
basedondynamicfactorssuchasRSSofferssignificanthelpinmakingtheWSNsuitableforreal
timeapplications.

Anumberofchannelallocationstrategieshavebeenproposedinthepast,however,majorityof
themfocusedonthewirelesscellular(Epstein&Schwartz,2000)&meshnetworks(Skalli,Ghosh,
Das,&Lenzini,2007),WiMAXorWi-Fi(Andrews,Kondareddy,&Agrawal,2010).Also,most
prioritizedsharingalgorithmsproposedforWSNfocusonofferingservicetothehighprioritytraffic
neglectingthelowpriority,evenifnetworkresourcesareavailable.Forthiswork,aresearchgapis
thusidentifiedforperformingthecomparativeanalysisofchannelsharingmechanismsinWSNs.

In the present study, we evaluated an existing congestion control scheme developed for
multichannel WSN (Park & Hwang, 2013) which proposed to use prioritized channel sharing
mechanismforthenodesbasedontheRSSofpackets.Congestionwascategorizedaslightandheavy,
andthecontrolmechanismsforeachcategoryandnodepriorityweredeveloped.Theauthorsproposed
touseprioritizedsharingduetowhichthelowprioritytrafficmightnotfindachannelevenifitis
idle.Furthermore,theanalysiswasprovidedforthetotalsystemthroughputandperformancefor
lowandhighprioritytrafficwasnotevaluatedseparately.Incontrast,wedonotprioritizethenodes
basedontheRSSbutinsteadallowtheapplicationlayertosettheprioritiesaspertherequirements.
TheschemesaremainlydevelopedfortheWSNapplicationswhereeachnodemayhavedataof
differentpriorities.Forexample,ifinanintrusiondetectionsystem,aWSNnodeisembeddedwith
multimediaandtemperaturesensors,thepriorityofthemultimediatrafficwillbehigherdespiteof
thelargesizeofpackets.Ontheotherhand,ifthesimilarsensornodehastooperateinaforest-fire
monitoringsystem,thetemperaturesensorwouldbeassignedahigherpriority.Furthermore,wedo
notonlystudytheprioritizedsharingbutalsotheotherchannelsharingmechanisms.

Asdescribedabove,themajorcontributionofthepresentworkistostudyfourchannelsharing
mechanismsofcompletepartitioning,completesharing,partialsharingandprioritizedsharing,aiming
atimprovingtheresourceutilizationformulti-channelWSNs.Analyticalmodelforeachoftheabove
sharingmechanismshasbeendevelopedandthesamehasbeenimplementedinMATLAB.Two
channels&twotypesoftrafficwithdifferentprioritieshavebeenmodeled.Thedetailedanalysisof
blockingprobabilityandthroughputhasbeenprovidedforbothtrafficprioritiesinsteadoflimiting
tothehighpriorityonly.Thesuggestionforbestchannelsharingschemeindifferentapplication
scenarioshasbeenmadebasedontheanalysis.Tothebestofourknowledge,thisisthefirstdetailed
studythatattemptstoinvestigateandcomparechannelsharingschemesforthemulti-channelWSN
MACprotocols.

Therestofthispaperhasbeenorganizedasfollows:section2brieflydescribessomeofthe
recentworksdoneinthearea;section3detailstheresearchmethodology;section4presentsthe
analyticalmodel;section5presentstheresultsanddiscussions.Finally,section6concludesthework
bysummarizingthefindingsandindicatingthedirectionsforfutureresearch.

2. LITeRATURe ReVIeW

Variouscongestioncontrolmechanismshavebeendevelopedinthepastfocusingonresourceallocation
andchannelassignmenttechniquesforwirelesscellular&meshnetworks,WiMAXandWi-Fi.In
WSNs,congestioncontrolhasmainlybeenachievedthroughtrafficprioritizinganddevelopingmulti-
channelWSNMACprotocols.Queuinganalysishasbeenanimportanttechniqueforassessingthe
performanceofcongestioncontrolsolutionsandMACprotocolsinWSN.Thissectionhighlights
someoftheprominentworksdoneintheseareas.

PrioritizedResourceSharingalgorithmforWiMax-WiFiintegratednetworkshasbeenproposed
by Andrews, Kondareddy, & Agrawal (2010). The mechanisms of complete sharing, complete
partitioningandhybridsharingforWiMax-WiFiintegratednetworkshavebeenanalyzedandthe
shortcominghavebeen identified.Theproposedresourcesharingschemeaimsat improving the
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