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ABSTRACT

GPSinformationwhenreceivedfrommulti-unmannedaerialvehicles(UAVs),alsocalleddrones,
viaagroundcontrolstationcanbeprocessedfordetectingandtrackingestimate targetposition.
TrackingdronesbasedonGPShashadsomeissueswithmissedreceivedinformationorreceived
informationwithanerrorthatcanleadtolosttracking.Theproposedalgorithm,MarkovchainMonte
Carlobasedparticlefilter(MCMC-PF)canbeusedtoovercometheseissuesoferrorinreceived
informationwithkeepingtracksandprovidescontinuoustrackingwithahigheraccuracy.Thisis
suitableforrealtimeapplicationsthatdealwithGPSreceiverdeviceswithlowefficiencyduring
tracking.Simulationresultsdemonstratetheeffectivenessandbetterperformancewhencompared
toconventionalalgorithmsoftheKalmanfilter(KF).
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1. INTRoDUCTIoN

Unmannedaerialvehicles(UAV)ordroneisasmallaircraftwithoutapilot.Thisisnowthemost
widelyusedinthemilitarytoprovideamissionofphotography/videograph.Inrecentyears,theuse
ofdronesbyciviliansincreasedrapidlywhichprovidesmanydifferentapplicationsforcitizensuchas
transportationofimportantandemergencythings.Thesedifferentapplicationsrequireforthedrones
tobetrackedduringthemissionoftransportationuntilreachingtothespecifiedlocationandreturn
tohome(Horsman,2016).ThetrackingsystemforthemultipledronesneedtoGPSdronenavigation
systemfordetectingtheestimatedpositionofthedronesandthetrackingalgorithmforprocessing
thereceivedinformationandkeepingtrack.MoreadvanceddronesmakeuseofGPSreceiversforthe
navigationandcontrolloop.Theglobalpositioningsystem(GPS)receiverisasatellitenavigation
systemthatusesaradioreceiver tocollectsignalsfromorbitingsatellites todetermineposition,
speed,andtime(Hamidu2017;Lee,2014).Thisnavigationsystemismoreaccuratethanoverforms
ofnavigationandprovidespositionknowledgewitherrorofafewmeters.AdvancedGPSsystems
canprovideevenbetteraccuraciesinerrorwithinafewcentimeters.Thecollectedinformationfrom
GPSreceiverbroadcastitsinformationautomaticallythatwillbereceivedbygroundcontrolstation
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(GCS)uponthelinkofnetworkwirelesscommunication(Lukmana&Nurhadi,2015).TheGPS
groundstationgathertheinformationfromallflyingdroneswhichwillbeprocessedbytheCPU
attachedtothisstationasshowninFigure1.Someissuesmaybeoccurredduringthereceivingof
GPSinformationfrommultiplemovingdronessuchaslosinginformationatinstanttimeorreceiving
information with error (receiving information with unexpected position). Figure 2 demonstrates
howtheGSCoperatestotrackmultipledronesandovercometheissuesofreceivedinformation.
ApplicationprogramonPCwithlanguageofvisualstudiooranyhigh-levellanguagecanbedesigned,
implementedandruntoprocessthereceivedinformationwithobtaininghighefficiencytracking.
Early,targettrackingwithdifferenttechniquesbasedonalgorithmsofKalmanfilterorparticlefilter
wereused(Risticetal.,2004)toovercometheissueswithlowefficiency.Accordingtoobtainingthe
highaccuracyofestimatedpositionduringtrackingdependsonthechoosingtechnique,theproposed
algorithmofMarkovChainMonteCarlo-basedparticlefilter(MCMC-PF)willbeusedfortracking
theestimatedpositioninsteadoftheconventionalalgorithmofKalmanfilter(Khanetal.,2005).
UsingMCMC-PFimprovestheaccuracyandovercometheissuesoflosinginformation,inadditional
todealingwithissueofmaneuveringtarget.Duetothemissedspacedandhighlymaneuveringtarget,
thisisthemainlyourconsideredproblemforestimation.Traditionally,thisproblemwastriedtobe
solvedusinglinearizedfilters,suchastheKalmanfilter(KF)(Risticetal.,2004).Whendealingwith
non-linearmodelsinstateequationandmeasurementrelationandanon-Gaussiannoiseassumption,
theseestimationmethodsmayleadtonon-optimalsolutions.ThesequentialMonteCarlomethods,or
particlefilters(Candy,2009;Arulampalametal.,2002),providegeneralsolutionstomanyproblems
wherelinearizationandGaussianapproximationsaredifficultspeciallyinpoorinformation.Recently
MCMC-basedparticlefilter(MCMC-PF)(Rabaste,2010;Huetal.,2004;Jing&Vadakkepat,2010)
hasvariousapplicationsthatdealwithpoorinformation,difficultnonlinearand/ornon-Gaussian
problemsfortrackingmissedspacedandfalsetargetdrones.InMCMC-PF,theparticlesaresampled
fromthetargetposteriordistributionviadirectMCMCsamplingmethodasdescribedlater,which

Figure 1. Ground control station for receiving information and tracking multiple drones via wireless communication link
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