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ABSTRACT

Inferiorfingerveinimageswouldseriouslyalterthecompletionofrecognitionsystems.Amodernfinger-
vein recognition techniquecombinedwith imagequalityassessment isdeveloped toovercome those
drawbacks.Bythequalityassessment,thisarticlecandiscardtheinferiorimagesandretainthesuperior
imageswhicharethentransferredtotherecognitionsystem.Differentfrompreviousmethods,thisarticle
assessesthequalityfeaturesoftheimageforthepurposeofdistinguishingwhethertheimagecontains
richandstableveincharacteristics.Inlightofthispurpose,thequalityassessmentisimplemented:first,
thefingerveinimageisautomaticallyannotated;second,thefingerveinimageiscutintoimageblocks
toexpandthetrainingset;third,theaveragequalityscoreofmultipleimageblocksfromanimageisthe
finalqualityscoreoftheimageinthecourseoftesting.Next,theHistogramofOrientedGradients(HOG)
featuresareextractedfromthefourtransformedhigh-qualitysub-images,whosefeaturesarecascaded
intothemulti-scaleHOGfeatureofanimage.Finally,twomodules,thequalityassessmentmoduleusing
ConvolutionalNeuralNetworks(CNN)andfingerveinrecognitionmodulewhichmakefulluseofmulti-
scaleHOG,areperfectlycombinedinthisarticle.Thetestresultshavedemonstratedthatlight-CNNcan
identifiesinferiorandsuperiorimagesaccuratelyandthemulti-scaleHOGisfeasibleandeffective.What’s
more,thisarticlecanseetherobustnessofthiscombinedmethodinthisarticle.
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1. INTROdUCTION

Inrecentyears,fingervein,asthepopular2ndgenerationbiometricidentificationtools,hasdrawn
theattentionofmoreandmorescholars(Kumar&Zhou,2012;Lee,Jung&Kim,2011).Atthe
same time, fingervein imagequalityhasalsomadecertain researchprogress (Xie,Zhou,Yang,
Lu,&Pan,2013;Peng,Li,&Niu,2014;Lee,Khalil-Hani,Bakhteri&Nambiar,2017).Dueto
individualdifferences,changesinthecollectionenvironment,anddifferencesintheperformanceof
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acquisitionequipment,thequalityofsomecollectedimagesisnotideal.Intherecognitionsystem,
inferiorimageswillseriouslyaffectfeatureextractionandfeaturematching.Therefore,inorderto
filterlow-qualityimagesandselecthigh-qualityimagestoinputfingerveinrecognitionsystem,it
isnecessarytorealizeaccurateandrapidqualityassessmentaftercollectingthefingerveinimages.

Accordingtodifferentpurposesofestablishingthequalityassessmentmodels,existingfinger
veinimagequalityassessmentschemescanberoughlyclassifiedtothreecategories:(1)Thismethod
have fused several quality feature parameters which are manually designed by researchers (Ma,
Wang,Fan&Cui,2012;Yang,Yang,Yin&Xiao,2013;Qin,Chen&He,2017);(2)themethod
isperformedonthebasisofthenumberofveinpointswithveinpatterndetection(Nguyen,Park&
Shin,2013;Huang,Kang,Wu,Zhao&Jia,2016);(3)themethodisbasedonfeaturerepresentation
ofdeeplearning(Qin&Yacoubi,2015;Qin&Yacoubi,2017).Thefirstmethodaimstoestablish
themodelwhichisbasicallyconsistentwiththeevaluationeffectofhumanvisualsystem.Thiskind
ofmethodhastofirstanalyzethefactorswhichmayaffectthequalityoffingerveins.Afterthat,
thecorrespondingcharacteristicparametersareproposedandthefeaturesthatcancharacterizethe
qualityofthefingerveinsaredesignedmanually.Itischallengingtorealizeaneffectiveandrobust
fingerveinqualityfeatureextraction.Thesecondmethodconsidersthat thequalityofthefinger
veinimagemainlyrelatestowhetherthesatisfactoryfingerveinfeaturecanbeextracted,insteadof
thejudgmentresultofthehumanvisualsystem.Therefore,whetherornotalargenumberofclear
venouspointscanbedetectedbecomesanindicatorofthequalityinsuchmethods.Furthermore,some
complicatedpre-processingworkmustbecarriedoutinordertodetecttheveinpointsaccurately,and
thedetectionprocessisalsocomparativelytime-consuminginsuchmethods.Thethirdmethoduses
theconvolutionalneuralnetworktoassesstheimages.Forexample,theliterature(Qin&Yacoubi,
2015)haveputforwardahypothesisthattheimagewhichwaserroneouslyrejectedintheverification
schemearepoor images,undersuchhypothesis, imagesareautomatically labeled thequality. In
particular,thelabelingisnotrobustinliterature(Qin&Yacoubi,2015)becauseitinvolvesonlyone
fingerveinimageauthenticationsystem.Thatistosay,themodelfromliterature(Qin&Yacoubi,
2015)caneffectivelydistinguishwhetherthefingerveinimagecanbecorrectlyrecognizedbythis
verificationsystem,butnotnecessarilyforotheridentificationsystems.

According to different methods of extracting finger vein feature, the existing finger vein
recognitionmethodscanberoughlycategorizedintofourparts(Yin,Yang&Yang,2015):(1)the
veinpatternsextractedfromgrayscale imagesareusedfor identification in thismethod(Huang,
Dai,Li,Tang&Li,2010;Song,Kim,Kim,Choi,Kong&Lee,2011;Qin,Qin&Yu,2011;Miura,
Nagasaka&Miyatake,2004;Miura,Nagasaka&Miyatake,2007);(2)someminutiapointssuchas
bifurcationpoints,endpointsandotherminutiapointsextractedfromimagesareusedtodescribethe
mainfeaturesofthefingerveinsinthismethod(Yu,Qin,Zhang&Cui,2009;Pang,Yin,Yang&Li,
2012;Liu,Yang,Yin&Wang,2014;Peng,Wang,El-Latif,Li&Niu,2012);(3)veinpatternareas
andnon-texturedareasarenotdistinguishedandsomeinformationsuchasgrayscale,derivativesand
gradientisextractedintheneighborhoodofeachpixelinthismethodbasedonlocalfeature(Lee,
Kang,Lee&Park,2010;Lee,Jung&Kim,2011;Rosdi,Shing&Suandi,2011;Lu,Xie,Yoon&
Park,2013;Lu,Yoon,Xie,Yang,Wang&Park,2014;Meng,Yang,Yin&Xiao,2012;Yang,Xi&
Yin,2012;Xi,Yang,Yin&Meng,2013);(4)themodelistrainedtolearnfingerveincharacteristics
fromlargeamountsofdatainthismethodbasedonmachinelearninganddeeplearning(Liu,Ling,
Liu,Shen&Gao,2018;Qin&El-Yacoubi,2017;Hong,Lee&Park,2017;Fang,Wu&Kang,2018;
Xie&Kumar,2017;Xi,Yang&Yin,2017).However,veinpatternshavetobesegmentedfromthe
rawimageinthemethodbasedonfingerveinpatternandthemethodbasedonminutiapoints.The
qualityproblemssuchasblurringandlowcontrastwillmakeitdifficult todothesegmentation.
Moreover, thetrainingneedsa largeamountofdataandthefine-tuningworkisnoteasyduring
thetrainingprocessinthemethodbasedonmachinelearninganddeeplearning.Therefore,feature
extractionbasedonlocalfeatureshasbecomethemostcommonlyusedfeatureextractionmethod.
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