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ABSTRACT

Targettracking(TT)withnon-linearkalmanfiltering(NLKF)hasrecentlybecomeaverypopular
researcharea,particularlyinthefieldofmarineengineeringandairtrafficcontrol.Contemporary
NLKFalgorithmshavebeenveryeffective,inparticular,withextensionsandmergingwithareduced
rootmeansquareerror(RMSE)value.However,thereareanumberofissuesthatconfrontNLKF
approaches,notablyweaknessinrobustness,convergencespeed,andtrackingaccuracyduetolarge
initialerrorandweakobservability.Furthermore,NLKFalgorithmssignificantlyresultsinerrorfor
highnon-linearsystems(NLS)becauseofthepropagationofuncertainty.Again,thereisaproblem
ofestimatingfuturestatesasaresultofwhitenoise.Tohandletheseissues,theauthorsproposea
novelnon-linear filteringalgorithm,called locality-sensitiveNLKF(LSNLKF) that incorporates
locality-sensitiveadaptorsintothestructureofanintegratedNLKF.Theyaretheextendedkalman
filter(EKF)andtheunscentedkalmanfilter(UKF)forTT.
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1. INTRoDUCTIoN

CurrentproliferationofDigitalandubiquitousdeviceswithitsattendantadvancementinTechnology
havecontributedimmensely,totheupsurgeinthestudyofNon-linearKalmanFiltering(NLKF)
anditsapplicationinsurveillancenetworksandMilitaryintelligencesystemsfortrackingofobjects.
Thiscomplementstheadvancementinthelifestyleofsocialbeings(Humans).NLKFisafiltering
algorithmthatisusedinlinearizingNLSforeffectivetrackingofobjectsindynamicenvironments
whichissignificantlybetterthananystrictlylinearfilter.Franklyspeaking,Ohm’slawisonlylinear
uptoacertainthreshold,however,manysystemsaremoreclosetobeenlinearsincetheygivea
satisfactoryresult(Akram,Liu,Tahir,Ali,&Wang,2019;Julier&Uhlmann,1997).Moreso,the
mosteffectiveapplicationsofKFhasbeenincircumstancesofnon-lineardynamicsormeasurements,
hencetheobjectiveistolinearizethesystemfirstandthenapplythenormalKalmanFilter(KF)to
obtainthecurrentstateofthesystemaddressedin(Musoff&Zarchan,2005).
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Furthermore,therearetwotypesoflinearizationcarriedoutwithrespecttoNLS,namelythe
linearizationof trajectoryor solutionof stochastic system(i.e. continuouslywith stateestimates
resultingfrommeasurement)andlinearizationwithasetofchosensamplepointsrespectivelyreferred
toasEKFby(Gao,Zhang,&Petersen,2017)andUKFby(Wan&VanDerMerwe,2000)aswellas
thenormalKFin(Faragher,2012),wherethetrajectoriesarelinearizedindependentofmeasurement
data.Whenbothmodels(statetransitionandobservationmodel)arehighlynon-linear,EKFgive
poor performance because the covariance is propagated through linearization of the underlying
nonlinearmodel.ButincaseofUKF,adeterministicsamplingtechniqueisusedknownasunscented 
transformtopickasetofsamplepointsaroundthemeanknownassigma points.TheSigmapoints
are propagated through non-linear functions, from which estimate of mean and covariance are
calculated.Moreso,EKFisusedtolinearizeallnon-linearmodelsinordertocouldapplylinearKF
(Julier&Uhlmann,1997).Further,thereisachallengeinapplyingKFtorealisticallymapsignals
inhighdimensionalspaceintoalowspaceandalsohowtoobtainanappropriateapproximation
model.Hence,incorporatinglocality-sensitivewithKFseemstobethemostpracticalwaytoaddress
theissueforeffectivetargettracking.TT,whichisthepredictionofthefuturelocationofadynamic
objectbasedonitsestimatesandmeasurements.

Moving objects are monitored and detected by sensor nodes and their trajectories further
predictedbysensornodesbasedontheirobservationsonmovementsofthetarget.Signalsthatare
transmittedareusuallyopposedbysomeformofinertialandthesesignalsneedtobesubjectedto
someformoffiltering.Thisisdonedigitallythroughanalgorithmthatdiscriminates,definedbased
onthetraitsofsignals.ThefiltersusedtoachievethispurposeofNLKFaretheUKFandtheEKF,
bothofwhichcouldbeimplementedinaddressingtheissuesofwhitenoiseandothersignaldefects
inNKL.TT,theestimationofthefuturetrajectoryofatargetedobjectcalculatedonitspastevents
orstates.NLKFhasbeenwidelyusedastrackingfiltertoestimatetheposition,theaccelerationand
thevelocityofatargetobject,whoseperformanceinthesituationofmaneuvercouldbechallenging.
As a result, to alleviate the issues discussed so far, different methods havebeen employed over
theyearsbypaststudiestheresolvethechallengeswithNLKFapproachesforTT.Arobustand
fasttrackingalgorithmwasdevelopedin(Zhan&Wan,2007),namediteratedUKF(IUKF).The
IUKFalgorithmcouldobtainmoreaccuratestateandcovarianceestimation.theproposedmethod
haspotentialadvantagesintrackingaccuracy,convergencespeed,androbustnesswhencompared
withtheconventionalnonlinearmethodssuchasEKFandUKFasestablishedthrougharithmetical
simulationandexperimentresults.(Di,Joo,&Beng,2009)iteratedtherelevanceofTTforwireless
sensornetworksandalsohighlightedthatKFanditsvariantsareamongstthemostpopularalgorithms
inaddressingsignaltrackingissues.

Morerecently,adynamicwaveformselectionalgorithmforradartargettrackingwasproposed
in(Wang,Sun,Zhang,&Yang,2017).Thecovarianceoftargetrangeandrangerateestimations
isutilizedtodescribethestatisticcharacteristicsofthemeasurementnoisesintracking.Thenthe
relationshipbetweenwaveformparametersandtrackingperformanceisestablished.TheCRLBof
targetestimationscorrespondingtoacertainwaveformisobtainedthroughtheambiguityfunction.
TheUKFisusedasthetrackerandasecondaryUKFisusedtopredictthetrackingMSE.Minimizing
thetrackingMSEischosenasthecriterionofthedynamicwaveformselection.Ateverytimestep
oftracking,optimaltransmittedwaveformparametersareselectedtotrackthenonlinear2Dtarget.
Simulationresultsshowthealgorithmcanimprovethetrackingperformancewhentargetstatesand
measurementsarenonlinear.In(Majumder&Sadhu,2017),arobustEKFforstateestimationofa
surface-to-airobjectwaspresentedwithnonlineardynamics.Outliersinthedimensioncanutterly
vitiatetheestimationperformanceofconventionalnonlinearfilters.Themethodresiststheeffect
ofoutlierstoprovideimprovedestimationandoutperformsitsconventionalversions.proposed,a
weightedoptimization-baseddistributedKFalgorithm(WODKF)tohandletheissuesofnonlinearity
andcouplingwasintroducedin(Jie,Li,Yang,&Fang,2016).Thetechniqueamplifiesthedatasize
ofeachsensorbythereceivedmeasurementsandstateestimatesfromitsconnectedsensorsinstead



 

 

20 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/locality-sensitive-non-linear-kalman-filter-

for-target-tracking/275262

Related Content

A Complementary Cyber Swarm Algorithm
Peng-Yeng Yin, Fred Glover, Manuel Lagunaand Jia-Xian Zhu (2013). Recent

Algorithms and Applications in Swarm Intelligence Research (pp. 22-41).

www.irma-international.org/chapter/complementary-cyber-swarm-algorithm/70639

A Simulation of Temporally Variant Agent Interaction via Passive Inquiry
Adam J. Conover (2009). Handbook of Research on Agent-Based Societies: Social

and Cultural Interactions  (pp. 69-83).

www.irma-international.org/chapter/simulation-temporally-variant-agent-interaction/19619

A Framework for Modeling Genetically-Aware Mosquito Vectors for Sterile

Insect Technique
James E. Gentileand Samuel S. C. Rund (2012). Theoretical and Practical

Frameworks for Agent-Based Systems (pp. 256-274).

www.irma-international.org/chapter/framework-modeling-genetically-aware-mosquito/66035

Agent-Based Modelling of Socio-Ecosystems: A Methodology for the

Analysis of Adaptation to Climate Change
Stefano Balbiand Carlo Giupponi (2010). International Journal of Agent Technologies

and Systems (pp. 17-38).

www.irma-international.org/article/agent-based-modelling-socio-ecosystems/47414

Two Informational Complexity Measures in Social Networks and Agent

Communities
António Jorge Filipe Fonseca (2011). Developments in Intelligent Agent Technologies

and Multi-Agent Systems: Concepts and Applications  (pp. 57-65).

www.irma-international.org/chapter/two-informational-complexity-measures-social/49355

http://www.igi-global.com/article/locality-sensitive-non-linear-kalman-filter-for-target-tracking/275262
http://www.igi-global.com/article/locality-sensitive-non-linear-kalman-filter-for-target-tracking/275262
http://www.igi-global.com/article/locality-sensitive-non-linear-kalman-filter-for-target-tracking/275262
http://www.irma-international.org/chapter/complementary-cyber-swarm-algorithm/70639
http://www.irma-international.org/chapter/simulation-temporally-variant-agent-interaction/19619
http://www.irma-international.org/chapter/framework-modeling-genetically-aware-mosquito/66035
http://www.irma-international.org/article/agent-based-modelling-socio-ecosystems/47414
http://www.irma-international.org/chapter/two-informational-complexity-measures-social/49355

