
DOI: 10.4018/IJWNBT.2017010102

International Journal of Wireless Networks and Broadband Technologies
Volume 6 • Issue 1 • January-June 2017


Copyright©2017,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



A Study on Channel Sharing for Congestion 
Control in WSN MAC Protocols
Anwar Ahmed Khan, Institute of Business Administration, Karachi, Pakistan

Sayeed Ghani, Institute of Business Administration, Karachi, Pakistan

Shama Siddiqui, Institute of Business Administration, Karachi, Pakistan

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



 

 

17 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/a-study-on-channel-sharing-for-

congestion-control-in-wsn-mac-protocols/198514

Related Content

Adaptive IEEE 802.15.4 MAC Protocol for Wireless Sensor Networks
Yousef S. Kavianand Hadi Rasouli (2015). Technological Breakthroughs in Modern

Wireless Sensor Applications (pp. 109-123).

www.irma-international.org/chapter/adaptive-ieee-802154-mac-protocol-for-wireless-sensor-

networks/129218

Robust Secured Roaming in Wireless Local Area Networks
Shaldon L. Suntu, Nickson H. Odongo, Samwel M. Chegeand Obadia K. Bishoge

(2017). International Journal of Wireless Networks and Broadband Technologies (pp.

26-42).

www.irma-international.org/article/robust-secured-roaming-in-wireless-local-area-

networks/201495

Co-Operative Load Balancing in Vehicular Ad Hoc Networks (VANETs)
G. G. Md. Nawaz Aliand Edward Chan (2011). International Journal of Wireless

Networks and Broadband Technologies (pp. 1-21).

www.irma-international.org/article/operative-load-balancing-vehicular-hoc/64624

Design of Medium Power Amplifier Using GaAs PHEMT Technology for

Wireless Applications
Amiza Rasmi (2012). Advances in Monolithic Microwave Integrated Circuits for

Wireless Systems: Modeling and Design Technologies  (pp. 185-204).

www.irma-international.org/chapter/design-medium-power-amplifier-using/58492

Location-Dependent Data Access and Queries
Gyula Rabaiand Sandor Imre (2005). Wireless Information Highways (pp. 399-420).

www.irma-international.org/chapter/location-dependent-data-access-queries/31456

http://www.igi-global.com/article/a-study-on-channel-sharing-for-congestion-control-in-wsn-mac-protocols/198514
http://www.igi-global.com/article/a-study-on-channel-sharing-for-congestion-control-in-wsn-mac-protocols/198514
http://www.igi-global.com/article/a-study-on-channel-sharing-for-congestion-control-in-wsn-mac-protocols/198514
http://www.irma-international.org/chapter/adaptive-ieee-802154-mac-protocol-for-wireless-sensor-networks/129218
http://www.irma-international.org/chapter/adaptive-ieee-802154-mac-protocol-for-wireless-sensor-networks/129218
http://www.irma-international.org/article/robust-secured-roaming-in-wireless-local-area-networks/201495
http://www.irma-international.org/article/robust-secured-roaming-in-wireless-local-area-networks/201495
http://www.irma-international.org/article/operative-load-balancing-vehicular-hoc/64624
http://www.irma-international.org/chapter/design-medium-power-amplifier-using/58492
http://www.irma-international.org/chapter/location-dependent-data-access-queries/31456

