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ABSTRACT

Targettracking(TT)withNon-Linear(NL)KalmanFiltering(NLKF)hasrecentlybecomeathriving
andfast-movingresearcharea,particularlyinthefieldofMarineEngineeringandAirTrafficcontrol.
ThispaperpresentsacomprehensiveinvestigationofNLKFalgorithms,withemphasisondesigning
aproposedframeworkwiththeaimofimprovingitsimplementationresultswithregardtoaccuracy
andefficiency.Further, theproposed frameworkdemonstratespotential superiorperformance in
termsofrobustness,convergencespeed,effectivecomputation,andtrackingaccuracy,comparedwith
state-of-the-artNLKFtechniques.Itisanticipatedthatthisstudywillbebeneficialtoresearchers
studyingKalmanFiltering(KF)algorithmsandalsoserveasabedrockforfutureresearch,especially
forthosepursuingtheircareersinElectronicsandInformationEngineering.
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1. INTRoDUCTIoN

Kalmanfilter(KF)oralinearquadraticestimationhasreceivedalotofattentionintheareaofobject
trackinginrecentyears,sinceitformsthebasisuponwhichalltrackingmethodologiesarebuilt,
includingnon–linearstateestimatesandisanalgorithmthatusesseriesofobservablemeasurements
overacertainperiod.Itmaycontainstatisticalnoiseandmanyother inaccuracies,andproduces
estimatesofunknownvariablesthatmayturntobemoreaccuratecomparedtothosecenteredonsingle
measurementalone.KFinrecentyearshasbecomeahotresearchtopicwithregardstoobjectfiltering
andobjecttracking.KFhasmanyapplicationareasincludingguidanceandnavigationandcontrolof
vehicles,particularlyaircraftandspacecraft(Musoff&Zarchan,2005);timeseriesanalysisinthe
areassignalprocessingandeconometrics;planningandcontrolinrobotics;trajectoryoptimization
andbiologyinmodellingthemovementofthecentralnervoussystem.TheKFisconceptualized
ashavingtwodistinctphasesknownaspredictandupdatephases.Thepredictphaseusesthestate
estimate fromtheprevious time-step toproduceanestimateof thestateat thecurrent time-step
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(theprioristateestimate)buthowever,itdoesnotincludeobservationinformationfromthecurrent
time-step(Wolpert&Ghahramani,2000).Intheupdatestatehowever,currentprioripredictionis
combinedwithcurrentobservation information torefine thestateestimateand thus improve the
estimateandistermedposterioristateestimate.ThegeneralizationandtheextensionofKFhasled
tothedevelopmentoftheExtendedKalmanFilter(EKF)andtheUnscentedKF(UKF)whichworks
bestwithnon-linearsystemsanditisoneofthemotivationalfactorsdrivingthisresearch.

KFisimplementedforsystemswhosedynamicsarenotlinear,tolocatetheproblemsbyusingthe
twopopularextensionsofKF.IncaseoftheEKF,itisnotnecessarythatbothmodels(statetransition
andobservationmodel)belinearfunctionsof thestate,but,mayinsteadbenon-linearfunctions
(Julier&Uhlmann,1997a).Whenbothmodels(statetransitionandobservationmodel)arehighly
non-linear,EKFgivepoorperformancebecausethecovarianceispropagatedthroughlinearization
oftheunderlyingnonlinearmodel.ButincaseofUKF,adeterministicsamplingtechniqueisused
knownasunscentedtransformtopickasetofsamplepointsaroundthemeanknownassigmapoints.
TheSigmapointsarepropagatedthroughnon-linearfunctions,fromwhichestimateofmeanand
covariancearecalculated.Moreso,EKFisusedtolinearizeallnon-linearmodels,Sothat,wecould
applylinearKalmanfilter(Julier&Uhlmann,1997a).TheotherissueistheapplicationofKFto
realisticallymapsignalsinhighdimensionalspaceintoalowspaceandhowtoobtainafeasibleor
anappropriateapproximationmodel.TheuseofalocalitysensitivewithKFcurrentlyseemstobe
themostpracticalwaytoaddresstheissue.

TargetTracking(TT)onotherhandisthepredictionofthefuturelocationofadynamicobject
orsystembasedonitsestimatesandmeasurements.Movingobjectsaremonitoredanddetectedby
sensornodesandtheirtrajectoriesfurtherpredictedbysensornodesbasedontheirobservationson
movementsofthetarget.TopicalareasofTTthatareofresearchinterestarefilteringandprediction,
modelling of target dynamics, probabilistic systems, data fusion and associations and sensor
assessments.Signalsthataretransmittedareusuallyopposedbysomeformofinertialandthese
signalsneedtobesubjectedtosomeformoffilteringwhichisdonedigitallythroughanalgorithm
thatdiscriminatesdefinedbasedonthetraitsofsignals.Thefiltersusedtoachievethispurposeof
Non-LinearKF(NLKF)aretheUKFandtheEKF,bothofwhichcouldbeimplementedinaddressing
theissuesofwhitenoiseandothersignaldefectsinnonlinearsystems.

Itisveryimperativethat,beforesignalsaresubjectedtoanykindofanalysisinthetreatment
ofdatatoobtaininformation,thesignalsaretakingthroughsomeformoftransmutationprocesses
suchassundering,filtering,mixing,selection,conditioning,detection,improvingandclassifying
theinformationemanatingfromthecapturedsystem.Theseprocessesarecarriedoutdigitallyusing
anapproachthatdiscriminatesdefinedrangesofdatabasedspecificcharacteristicsof thesignal
and itgeneratesvariations in theamplitudeof the in-comingsignal.The filteringcriterionused
includesEKFandUKF.ThefirstimplementationofUKFwascarriedoutin(Julier&Uhlmann,
1997b),proposedtoaddresstheissueoferrorestimationbythedistributionofstateestimationsof
theGaussianvariationviaapproximationoftheconstantsandselectingsamplesspecificallyofthe
estimatevaluesknownasthesigmapoints.Thefilterwaslateremployedin(Khoder&Jida,2014)
forexperimentationoftheGPSsystemwhichobtainedanappreciableresultsinitsapplication.The
EKFisseentooutperformUKFasaresultofitscomputationalcost(Cuervo,Guerrero,&Alarcón-
Aldana,2017;LaViola,2003),thoughtheymayhaveequaloptimallevelofperformance,ithasbeen
concludedin(D’Alfonso,Lucia,Muraca,&Pugliese,2015)thatbothfiltersareveryefficientbutthe
UKFisnumericallystablethusanidealsolutionfordedicatedmotiontrackingsystems.

AlthoughEKFandUKFhaveshownagreatperformanceineliminationoferrorsindiverse
applicationsbasedonpreviousstudies,thereisstilltheneedtofurtherimproveitsperformanceand
furtherreduceitscomputationalcostforuseinrealworldapplicationsmostespeciallyincapturing
andfilteringofbiomechanicaldiagnosesandrehabilitationofhumanentities.Moreso,eventhough
theybothachievetheeliminationoferrorspresentinthedatacapturedinvariousapplications,itis
stillnecessarytoundertakefurtherresearchtofurtherreducetheerrorconsiderablyandhenceitis
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