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ABSTRACT

MobileRoboticshavetakenaneverincreasingroleineverydaylifeinthepastfewyears.Themain
objectiveoftenreflectedinresearchistotrytohaveanoptimalcooperationbetweenthedifferentrobots
toachieveagivenobjective.Thiscooperationallowsonetohaveoptimalsolutionsforsharingand
resolvingconflicts.Thisarticleproposesasolutiontosolvetheproblemofthecoverageinenvironment
withobstaclesandthecooperationbetweenseveralmobilerobots.Theauthorsdevelopedaheuristic
algorithmtooptimizethecoverageinamulti-robotsystem,whilemaintainingtheconnectionbetween
therobots.Theproposedalgorithmisbasedonthepropagationoftherobotsasafunctionofthe
expansionofawaveinauniformmanner.Theauthorsalsointegrateaself-reorientationapproachto
failureifarobotbecomesoutofrace.Finally,thisapproachismodelledwiththeADMs.
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PROBLEM STATEMENT

Recentadvancesinthefieldofmobileroboticshasledtomanyinterestingresultsontheusesofrobots
inseveralareas,regardlessoftheirnumberineachmission.Usingoneormorerobotsisrelevantto
thetask.However,recentlythemulti-robotshavehighlyexperiencedincreasedattentionbecauseof
theirperformancecomparedtoasinglerobot.Cooperationandcoordinationbetweenthedifferent
memberstendtoimprovetheirperformance.Manyapplicationsusethemulti-robot:rescuingsurvivors
duringnaturaldisasters,surveillanceinseveralenvironmentsandmonitoringinareascontaminated
bynuclearorchemicalwaste,etc.

Concerningtheabove-mentionedtasks,thecoverageisthecommonproblemwitheachother.In
ordertohaveoptimalcoveragearea,theproposedmethodneedstoreachtwoimportantquestions:
MaximizingTeamcoverageareaofrobotsandmaintainingconnectivitybetweenrobots.Inthefirst
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problem,theteammembersdeployedrandomly,theycooperatetomaximizenetworkcoverage.The
robotscommunicatetoachievethemostappropriatepositions,reducingthedistancetravelledand
optimizednetworkdeployment.Inthesecondissue,theauthorsexpecttomaintainconnectivityof
botnetinthehedgingprocessandconstructionoftheoptimalnetworkconnectedrobot,evenifthere
arerobotfailures.

Theauthorshaveattemptedtofindasolutiontobothproblems.Initially,mobilerobotsdeployed
randomly.Eachautonomousrobotreactstonavigate;itcommunicatesandcooperatestospecifythe
nextdestination.

Themain contributionof this paper is to address theproblemof coverage andmaintaining
connectivity.Thesolutionenvisagedis tomaximize thecoverageareausingmultiplerobotsand
maintainconnectivity.Moreover,itisnecessarytohaveoptimaldeploymentinlesstimeandless
movement.Thesetwofeaturesareveryimportantinthesecases:thesearchandrescuemissions,
etc.andmaintainingconnectivitybetweenmobilerobotsduringtheirredeploymentguaranteed,the
authorshavealsopresentedasolutionincaseoffailurerobots.Thisdocumentinadditionprovides
anefficientalgorithmthatminimizesgeneralmessagesrelatedto:

• Localcallsofeachrobot;
• Eachmobilerobotexecutestheprocessonce.

Theresultsofthesimulation,whichincludesonemethodandcomparisontoothermethods,the
solutionvalidateandprovetheefficiencyofthealgorithmproposed.

RELATED WORK

Varioussearcheswereperformedintheliteratureconsideringthemulti-robotcooperationissues,
particularlytheproblemofcoveragebutalsoforexplorationBagliettoetal.(2002)andYuanetal.
(2010).Onthetopiccoverageproblem,manyresearchersshowhowtoincreasethecoverageareaand
howtomaintainconnectivity.TheauthorsofMathewsetal.(2012)decomposeexistingsolutionsof
thisproblembasedonforceVoronoiandbehavior.TheresearchpresentedbyMathewsetal.(2012)
simulatesthebehaviorofaswarmoffishthatremainasagroup.InMathewsetal.(2012),three
rulesusedtodeterminestrengths:theseparationforce,thecohesiveforceandthealignmentforce
(neighbours).

AkkayaandYounis(2007),presentanalgorithmbasedontherepulsiveforcesbetweenmolecules
inmedicineforspreadingtherobotsthroughazone;themovementofeachmemberislimited.Proposed
approachisclosetothisworkinthecontextofcooperationandmodificationofinformationbetween
robotsoftheteam.However,thereareanumberofimportantdifferencesbetweenproposedmethod
andAkkayaandYounis(2007):Firstly,AkkayaandYounis(2007)inagroup,onlytherobotwiththe
highestprioritywillmove,otherswillremainstationary.Inthesametime,inproposedapproachthe
currentrobotthatgathersinformationaboutitsneighbours,willremainstationaryanditsneighbours
achievetheirdefinedpositions.Throughthispriority,thebotnetwillbehiredasquicklyaspossible.
Secondly, in Akkaya and Younis (2007) all the nodes broadcast two types of messages provide
informationabouttheirneighbours,therobotsalsorepeattheprocesswhilecoverageincreases.This
procedurecausesasupervisionmessage.Inproposedapproach,therobotexecutestheprocessthat
broadcastsamessagetoeachprocessorwhoisrunningtheprocessonce.

UsingthisapproachTanetal.(2004)providesanalgorithmthatsolvestheproblemofthecover
andpresentsacontroloftheformationofapluralityofrobots.ThealgorithmbasedontheVoronoi
diagramandDelaunaytriangulation;itbuildsthecurrentstateoftheVoronoidiagramofthenetwork
ofrobotsanddeterminesthecellcentreofgravity.Eachrobotmovestothecelloncentreofgravity.
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