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ABSTRACT

Gaitisavitalbiometricprocessforhumanidentificationinthedomainofmachinelearning.Inthis
article,anewmethodisimplementedforhumangaitrecognitionbasedonaccuratesegmentation
andmulti-levelfeaturesextraction.Fourmajorstepsareperformedincluding:a)enhancementof
motionregion inframeby the implementationof linear transformationwithHSIcolorspace;b)
RegionofInterest(ROI)detectionbasedonparallelimplementationofopticalflowandbackground
subtraction;c)shapeandgeometricfeaturesextractionandparallelfusion;d)Multi-classsupport
vectormachine(MSVM)utilizationforrecognition.Thepresentedapproachreduceserrorrateand
increasestheCCR.ExtensiveexperimentsaredoneonthreedatasetsnamelyCASIA-A,CASIA-B
andCASIA-Cwhichpresentdifferentvariationsinclothingandcarryingconditions.Theproposed
methodachievedmaximumrecognition resultsof98.6%onCASIA-A,93.5%onCASIA-Band
97.3%onCASIA-C,respectively.
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INTROdUCTION

Inthedomainofcomputervision,HumanGaitRecognition(HGR)isanactiveresearchareadueto
itsunobtrusivenessforidentificationandverification.Incomparisonwithotherbiometricdevices
suchasirisandfacedetection(ChoudhuryandTjahjadi,2015;Lishani,Boubchiretal.,2017;Dey,
Ashouretal.,2018;Wang,Lietal.,2018),thegaitoffersanopportunitytorecognizehumaneven
atadistancepointbyutilizingavideocamera.Existingresearchinthisareahasexplainedthatgait
islikelytobecomearobustbiometricforassistanceinmanyapplicationssuchassurveillancein
airports,busstations,clinicalanalysis,bankssurveillancesystemsandforensicapplications(Aqmar,
Fujiharaetal.,2014;Yasmin,Sharifetal.,2016;ZengandWang,2016).

Recently,severalimageprocessingandmachinelearning-basedtechniquesareintroducedfor
HGR.Thesetechniquescanbeseparatedintotwoclassessuchasmodelbased(MB)(Bashir,Xiang,
&Gong,2010)andmodelfree(MF)(Zeng,Wang,&Li,2014).TheMBapproachtakesstructural
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modelofahumanbodyintheabsenceofmotion.Afterwards,parametersofthesestructuralmodels
arefurtherappliedasfeatureslikejointangles.Themajoradvantageofthisapproachistoexpress
high-levelmodelofahumanbodybutitiscomplexbecauseofhighcostandcomputationaltime.
Thisapproachalsoworksbetterovertheviewinvariantandcofactorslikecarrying,clothingand
shadowswhichaffectstherecognitionrate(Zeng,Wangetal.,2014,Arora,Hanmandluetal.,2015).
Themodelfreeclassoperatesonsilhouetteimagesofahumanbodyinsteadofastructuralmodel.
Thisapproachislesssensitiveforthequalityofanimageascomparedtomodel-basedclass.Also,
ithaslowcomputationaltimeandcost.Themajorchallengeofthisapproachissensitivitybecause
ofseveralproblemssuchascarrying,clothingandshadows(Piccardi2004,Rida,Jiangetal.,2016;
Wu,Huangetal.,2017).

Ageneralgaitrecognitionframeworkconsistsofseveralsubstepssuchaspreprocessing,ROI
detection,featureextractionandrecognition.Thepreprocessingstephasmuchimportanceforobtaining
highrecognitionratebecausetherawinputvideoshaveacomplexbackgroundandlowcontrast.The
lowcontrastvideosaffectROIdetectionwhichlaterondegradestherecognitionaccuracy.Therefore,
preprocessingisamajorstepforimprovingthecontrastofinputvideoandalsoremovesextranoise
suchaschangeinbackground,variationsandhumanchange.Ingaitrecognition,differentsegmentation
methods have been introduced for ROI detection such as background subtraction, thresholding,
watershed and few more (Piccardi, 2004; Gupta, Dixit et al., 2014). There are several types of
featureswhichexistincomputervisionsuchastexture,color,geometric,shape,Gaborandwavelet
transform.Thesefeaturesarehighinnumberofdimensions;therefore,theyreducetheaccuracy.This
kindofproblemisresolvedbyseveralresearchersbytheimplementationofreductiontechniques.
ThemajorreductiontechniquesarePrincipalComponentAnalysis(PCA)(RyuandKamata,2011),
ICA,geneticalgorithmandfewmore(Khan,Sharifetal.,2016).Finally,thereducedfeaturesare
utilizedbysupervisedlearningmethodsasSVM,FineK-NearestNeighbor(FKNN),neuralnetwork,
decisiontreesandregressionmodels(AbdullahandEl-Alfy,2015;Khan,Sharifetal.,2016;Nida,
Sharifetal.,2016).Thesemethodsperformsignificantlywellwhentheextractednumberoffeatures
isuniqueandhavenoredundancybetweenthem.Therefore,classificationaccuracyfullydepends
ontheextractednumberoffeatures.

In literature, numerous researchers introduced several methods for HGR. However, the
performanceofHGRis significantlyaffecteddue toseveralcovariateaspects suchaschange in
clothes,occlusion,viewangle,time,carryingconditionsanddifferentvariations(Al-Tayyan,Assaleh
etal.,2017,Yu,Chenetal.,2017).Inthisarticle,severalchallengesaretakenintoaccountsuch
asthepresenceofshadows,varyingviewpointatdifferentconditions,effectsofocclusion,change
inhumanangle,changeinviewpointandhighdimensionofextractedfeatures.Anewmethodis
presentedinthisworkwhichresolvesthelistedproblemsforHGR.Theproposedmethodisbased
on three pipe line procedures: a) a preprocessing method is implemented for distinguishing the
humanfrombackground,whichisacombinationofHSIcolortransformationandlinearcontrast
enhancement;b)implementationofauniformsegmentationmethodandoptimizingresultsbyfusion
ofbackgroundsubtraction;c)fusedtextureandshapefeaturesbasedonparallelmethodandselecting
thebestfeaturesusingminimumdistancevalues.TheselectedfeaturesarefedtoMulticategory
AVM(MSVM)forrecognition.

Thecontributionsofthisarticlearelistedbelow:

1) Inpreprocessing,ahybridtechniqueisimplementedforcontrastenhancementbasedonHSI
colortransformation.TheHuechannelisselected,andforegroundcontrastisincreasedbyusing
alogarithmicfunction.Finally,thelogarithmicimageisoptimizedbyperforminglinearcontrast
whichefficientlydistinguishedbackgroundandforegroundobjects.

2) A uniform segmentation method is implemented for ROI detection which improves the
segmentationperformancebyfusionofbackgroundsubtraction.Thefusionprocessisdoneby
mutualinformationmethod.
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