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ABSTRACT

Wirelesssensornetworks(WSNs)haveattractedincreasingattentionduringthetwolastdecades.
Indeed, their applications target a wide range of fields such as healthcare, industrial control,
environmentalmonitoring,etc.ThemainchallengeofWSNsisthelimitationofresourcesrequiring
efficientmanagementofenergyconsumption.Coverage isalsoconsideredasoneof thecritical
indicatorsofthequalityofservice(QoS)ofWSNs.Therefore,thedesignofroutingprotocolsshould
focusonenergyefficiencyandnetworkcoverage.Inthispaper,theauthorsproposeanovelenergy-
efficientclusteringprotocolthatismoreefficientthansomeprominentroutingprotocolsandoffers
bettercoverageofthenetworkthanLEACH.TheprotocolcombinestheMCLalgorithmforcluster
formationandanewclusterheadselectionstrategybasedonlocationandresidualenergyofsensors.
Simulationresultsdemonstratethattheproposedprotocolisbetterthanotherprotocolsintermsof
energymanagementandextendingthelifetimeofthenetwork,whereas,itachievesgoodcoverage
thanLEACH.

KEyWoRdS
Base Station (BS), Cluster Head (CH), Clustering Protocols, Clusters, Coverage, MCL (Markov Clustering 
Algorithm), Network Lifetime, Sensor Nodes (sensors), WSNs (Wireless Sensor Networks)

1. INTRodUCTIoN

AWirelessSensorNetwork(WSN)(VijayalakshmiandMuruganand,2012;Selmicetal.,2016;
Fahmy,2016;Forster,2016)isanetworkcomposedofalargesetofcooperatingsensorsdeployed
onamonitoringfield.Sensorshavegenerallylimitedenergyandrandomlydispersedovertheareaof
interest.Eachsensorisabletocapturedataandtransferittoabasestationthroughaflatorhierarchical
architecture.Thebasestationthentransmitsthisdatatoacentralcomputerinordertoanalyzeitand
makedecisions.Quiterecently,considerableattentionhasbeenpaidtoWSNs.Indeed,WSNshave
beenwidelyusedindifferentapplicationfields:military(Priyantha,2002),industrialcontrol(Levis
etal.,2003),environmentalmonitoring(Stehlik,2011),healthcare(DishonghandMcGrath,2009;
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Julien-Vergonijanneetal.,2016),domesticmonitoringandsmarthomes(Ilakkiyadeepaaetal.,2015;
CetinkayaandAkan,2016;Gnanaveletal.,2016).

Oneofthemajorissuesistheenergyconsumptionofwirelesssensornetworks.Theenergyis
mostlypoweredbybatteriesthatarepracticallyconsumedduringdatatransmission.Forthisreason,
thedesignofefficientroutingprotocolsisinevitableinordertoincreasebatteries’lifetimeandthus
networklongevity.Inclusteringroutingprotocols,sensorstransmitcollecteddataovershortdistances
toclusterheads(CHs)ratherthancommunicatedirectlytothebasestation.Therefore,theconsumed
energyincommunicationwithclusterheadsislessthanthatspentinthetransmissionwiththebase
station.Thatisthemainadvantageofthistypeofroutingprotocolcomparedtoothers.Severalstudies
(Liu,2012;Gupta,2013;SirsikarandWankhede,2015;Xuetal.,2017)haveappeareddocumenting
clusteringroutingprotocols.CoveragebeingacriticalindicatoroftheQualityofService(QoS),is
alsoconsideredasoneofthemajorproblemsinwirelesssensornetworks(Meguerdichianetal.,
2001;Selmicetal.,2016).Theaimofcoverageistodeterminehowasetofsensornodescanmonitor
appropriatelyanareaofinterest(Selmicetal.,2016).Diverseresearchworkshavebeencarriedout
tostudytheproblemofnetworkcoverage:TianandGeorganas,2002;AdlakhaandSrivastava,2003;
KarandBanerjee,2003;Wangetal.,2003;ZhangandHou,2005.

Clusteringprotocolsarefocusedonminimizingenergyconsumptionandensuringbothscalability
andnetworkcoverage(AkyildizandVuran,2010).ThefirstresearchworkswereLEACH(Heinzelman
etal.,2000)andallitsvariants,PEGASIS(Lindseyetal.,2001;LindseyandRaghavendra,2002),
TEEN(ManjeshwarandAgrawal,2001),APTEEN(ManjeshwarandAgrawal,2002)andHEED
(YounisandFahmy,2004).Themaindifferencebetweenclusteringprotocolsisthewaythatclusters
areformedandCHsareselected.

Inthispaper,theauthorsproposeanewclusteringprotocolMCL-BCRP(MCL-BasedClustering
RoutingProtocol)that:

• OffersanappreciablecoverageofthesensingareabythesetofclusterheadscomparedtoLEACH.
• Extendsthenetworklifetimebyreducingtheaveragedissipatedenergyandthenumberofdead

nodescomparedtosomeexistingprotocols.
• Offersthepossibilitytoperformanofflineconfigurationofthenetworkaccordingtotheobjectives

oftheapplicationusingtheprotocol(lifetime,coverage,andgranularityoftheclustering).

MCL-BCRPcombinestheMCLalgorithmforclusterformationandanewclusterheadselection
strategybasedon locationand residualenergyof sensors.TheMCLalgorithm(MarkovCluster
algorithm)wasdiscoveredbyStijnvanDongeninordertosimulatestochasticflowsingraphs(Van
Dongen,2000).MCLhasbeenappliedinanumberofdifferentdomains,mostlyinbioinformatics.
Moreover,itisawidely-usedapproachtoextractmeaningfulinformationfrombiologicalnetworks
(Enrightetal.,2002;ShihandParthasarathy,2012;Ochiengetal.;2016;Azadetal.,2018).

Thepaperisorganizedasfollows:

• Section2 isdevoted to relatedworks.Aclusteringprotocolsoverviewisexplained.Next,a
surveyofprominentclusteringroutingprotocolsforWSNsispresentedwithacomparativestudy.

• Section3isdedicatedtothetheoreticalbackgroundoftheMarkovClusteringAlgorithm(MCL).
TheprincipleofMCLisdetailed,andthenthepseudo-codeisgiven.Finally,theconvergence
ofthealgorithmisdiscussed.

• Section4presentsthearchitectureandtheworkingprocessofMCL-BCRP.Theauthorsexplain
indetail:thenetworkmodel,theprotocoloverviewfollowedbyitsarchitecture,theconstruction
ofthenetworktopology,andthedatarouting.

• Simulationresultsandbenchmarksarediscussed inSection5.First, theauthorsexplain the
simulationsetting.Next,theystudythefeaturesandthegranularityoftheMCLclusteringallowing
offlineconfigurationsofthenetworktopology.Next,theperformancesoftheMCL-BCRPare
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