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ABSTRACT

Theproblemofnodeplacementinaruralwirelessmeshnetwork(RWMN)consistsofdetermining
routerplacementwhichminimizesthenumberofrouterswhileprovidinggoodcoverageoftheareaof
interest.ThisproblemisNP-hardwithafactorialcomplexity.Thisarticleintroducesanewapproach,
calledthesimulatedannealing-basedcentreofmass(SAC)forsolvingthisplacementproblem.The
intentofthisapproachistoimprovetherobustnessandthequalityofsolution,andtominimizethe
convergencetimeofasimulatedannealing(SA)approachinsolvingthesameprobleminsmalland
largescale.SACiscomparedtothecentreofmass(CM)andsimulatedannealing(SA)approaches.
Theperformancesofthesealgorithmswereevaluatedonasetof24instances.Theexperimentalresults
showthattheSACapproachprovidesthebestrobustnessandsolutionquality,whiledecreasingby
halftheconvergencetimeoftheSAalgorithm.
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1. INTROdUCTION

TheninthUnitedNationsSustainableDevelopmentGoalistobuildresilientinfrastructure.Oneof
histargetsistosignificantlyincreaseaccesstoICTandstrivetoprovideuniversalandaffordable
accesstointernetinLeastDevelopedCountriesby2020.Universalandaffordableaccessmeans
“LeaveNoOneBehind”.Butthebulkoftheunconnectedislocatedinruralandhard-to-wireareas,
with technicalandfinancial limitations.Fortunately,WirelessMeshNetwork(WMN)(Akyildiz,
Wang,&Wang,2005)hasappearedasanappealingcost-effectivesolution tobridge thedigital
divideandtoconnecttheunconnected.AWirelessMeshNetwork(WMN)isawirelessnetworkin
whichnodesareconnectedinameshtopology.Itisbasedonoff-the-shelfWi-Fitechnology.For
economicreasons,RuralWirelessMeshNetworks(RWMN)are typicallycomposedofonlyone
gatewayandasetofmeshrouters(MRs)whichaimtocoveronlyareasofinterestinthelocality.
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ThesolegatewayusuallyconnectsthenetworktoInternetviaalastmilesolutionsuchasVSAT.The
successoftheplanningofsuchnetworksdependsonthedeterminationofanoptimalplacementof
meshnodeswhichprovidesgoodcoveragewhilerequiringfewestnodes.Theplanningofwireless
networksinruralregionsismorecoverage-driventhancapacity-driven(Bernardi,Marina,Talamona,
&Rykovanov,2011),whichmeanswearemoreconcernedbytheareatocoverthanthecapacity
toprovide.Theaimduringtheplanningistominimizetheoverallcostofthearchitecture,while
maximizingthecoveragepercentageoftheareaofinterest.Forrealisticdeploymentscenarios,the
problemofmeshnodeplacementisaNP-hardcombinatorialoptimizationproblemwhichcannotbe
solvedinpolynomialtime.Thisiswhymetaheuristicsareusuallyrequiredtooptimizetheplanning.

Convergencetimeandrobustnessareimportantissueswhenitcomestodevelopingorapplying
astochasticoptimisationtechnique.Simulatedannealing(SA)isaprobabilisticglobaloptimisation
technique used in large search spaces, which accepts some non-improving solutions in order to
escapelocaloptima.SinceitsintroductionbyKirkpatricketal.(1983),SAhasbeenappliedtoa
largevarietyofoptimizationscenarios,includingtheproblemofnodeplacementinRuralWireless
MeshNetworks(RWMN).SeveralyearsofexperienceusingSAhasledtothefollowinggeneral
observations(Ingber,1989):

• SAyieldshigh-qualitysolutions,butmayrequirelargeamountsofcomputationtime;
• SAisespeciallyadvantageousinpracticalsituations,wheretailoredalgorithmsareunavailable,

duetoitsgeneralapplicabilityanditseaseofimplementation.

SeveralauthorshaveattemptedtoreducetheconvergencetimeforSAalgorithms(Varanelli&
Cohoon,1999;Yuping,Shouwei,&Chunli,2005).Otherauthorshaverecentlytriedtoimprovethe
solutionqualityofSAbyprovidinghybridapproaches(Ezugwu,Adewumi,&Frîncu,2017;Chen,
Chien,Chena,&Chiena,2011;Yannibelli&Amandi,2013;Jia,Ma,Wang,&Liu,2011).Inthispaper,
wetackletheproblemofimprovingthequalityofsolutionandtherobustnesswhileminimisingthe
convergencetimeoftheSAapproachinsolvingtheproblemofnodeplacementinaRuralWireless
MeshNetwork(RWMN).Weconsiderthenetworkmodelproposedin(Fendji,Thron,&Nlong,
2015).Inthismodel,agivenareatocoverisdecomposedintoelementaryareaswhichareidentified
as“required”or“optional”intermsofcoverage,and“possible”or“notpossible”intermsofnode
placement.Weconsideralsothepresenceofobstaclesthatcanhindertheconnectivity.Theaimis
thereforetodeterminethelocationofmeshrouterswhichmaximizesthecoverageofareaofinterest
whileensuringtheconnectivity.Toreachthisgoal,aplacementapproachbasedonthecalculation
ofthecentreofmass(CM)ofareacoveredperrouterisproposed.Thisapproachislatercombined
withtheSAapproachdefinedin(Fendji,Thron,&Nlong,2016)inordertoobtainahybridmethod,
SimulatedAnnealingbasedCentreofmass(SAC).

Therestofthepaperisorganizedasfollows:Section2brieflypresentsrelatedworkinWMN
design. Section 3 defines the network model and formulates the placement problem. The SA
optimizationtechniqueispresentedinSection4.Section5explainsthethreedifferentapproaches
(SA,CM,SAC).Section5presentstheexperimentalsetupandcomparestheperformanceofthe
differentapproaches.Thispaperendswithaconclusionandfuturework.

2. deSIGN OF wIReLeSS MeSH NeTwORK

MuchresearchhasbeenconductedinthedesignofWMNs:typically,theaimistooptimizesome
criteriarelatedtothenetworkconfigurationoroperation.AgoodsurveyonthedesignofWMNs
canbefoundin(Benyamina,Hafid,&Gendreau,2012),inwhichthedesignproblemisclassified
accordingtotheflexibilityofthenetworktopology:fixed(predefined)andunfixed(not-predefined).
Wediscussthesetwocategoriesbelow.
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