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ABSTRACT

This article performs the sclera segmentation task by proposing a new hybrid symbolic fuzzy
c-means (HSFCM) clustering method. Practically, though the data point exhibits some sort of
similarity,unfortunatelytheyarenotundistinguishableandexhibitsomesortofdissimilarity.Thus,
tocapturethesedisparities,theproposedworkusessymbolicintervalvaluedrepresentationmethod.
Further, to handle uncertainty and imprecision, the paper has proposed to use symbolic fuzzy
clusteringmethods.Toassesstheperformanceoftheproposedmethod,extensiveexperimentationis
conductedonSSRBC2016dataset.TheproposedclusteringmethodiscomparedwithexistingFCM,
KFCM,RSKFCMmethodintermsofclustervalidityindicesandaccuracy.Theobtainedoutcomes
demonstratedthattheproposedmethodperformedbettercomparedtothecontemporarymethods.
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1. INTRodUCTIoN

With the immense growth of various authentication system, surveillance system and forensic
application,biometricrecognitiontechniquesarepullingmanyresearcherstoprogresstheefficiency
of the recognition system. Basically biometric is a pattern recognition system which identifies
individualsbyusingphysical,biologicalandbehavioraltraits.Tolistsomeofthemostwidelyused
traitsforidentificationandrecognitionincludes:face,fingerprints,iris,gait,palmvein,voiceetc.,
(Jainetal.,2011).Theaforementionedtraitshaveitsownprosandcons.Hence, todecideupon
anappropriatetraitwillalwaysdependsuponthedomain/applicationthattheuserisworkingon
(Derakhshanietal.,2006).Recently,researchersdevelopedabiometricsystemusingbloodvessels
patternspresentinRetina(Crihalmeanuetal.,2009;Sadikoglu&Uzelaltinbulat,2016),Palm(Toh
etal.,2006),Fingers(Miuraetal.,2007)andSclera(Thomasetal.,2010).Amongthesebiometric,
sclerabasedbiometricfindsvarietyofapplications(Dasetal.,2016;Zhouetal.,2013).Thesclera
regionwhichisrichinvascularstructureismeasuredtobedistinctiveforrespectiveindividualsand
fairlyverysteadyovertime.Basically,Scleraisthewhiteregionofconnectivetissuesandblood
vesselssurroundingtheiris.Theveryimportantcharacteristicsofscleraare:
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• Bloodvesselpresentinscleraregionarenotidenticalforindividuals,notevenfortwinsandfor
leftandrighteyesofthesameindividual;

• Thesepatternsremainstablethroughoutperson’slifetime;
• Scleracanbeacquiredinvisiblelight.

Any sclera recognition system consists of four step: enhancement, segmentation, feature
extractionandrecognition.Amidthedifferentsteps,segmentationofscleraisthemainchallenge
insclerarecognitionsystem.Theprecisionoftherecognitionsystemdecreasesdramaticallydueto
incorrectsegmentation.Eventhough,therearemanysegmentationtechniquesexistsintheliterature,
sclerasegmentationremainschallengingduetoilluminationeffect,noiseandpartialocclusion.The
remainingstructureofthearticleisasfollows:section2comprisesofassociatedworks,section3
elaboratesonthecontextualinformationaboutsymbolicdataanalysis.Proposedmethodispresented
insection4.Thedetailsoftheinvestigationandoutcomesarepresentedinsection5.Finally,the
summaryandfurtherscopearedrawninsection6.

2. RELATEd woRK

Buildingasclerarecognitionsystemstartswithsegmentationprocess.Theveryinitialworkofsclera
segmentationwasstartedwithmanualsegmentation(Dasetal.,2016;Dasetal.,2017).Unfortunately,
themethodisunreliablebecauseofhumanintervention.Furtherthemethodisalsocomputationally
expensive.Toaddressthislimitation,Semi-automaticmethodusingk-meansclusteringhasproposed
by(Dasetal.,2016).Later,twoautomaticsegmentationtechniquesbasedonpixelthesholding(Bhateja
etal.,2020;Bhatejaetal.,2019;Crihalmeanuetal.,2009;Dasetal.,2016;Dasetal.,2017;Ghosh
etal.,2019)andsclerashapecontour(Khosravi&Safabakhsh,2008;Linetal.,2013;Oh&Toh,
2012;Zhouetal.,2012)wasproposed.Further,Convolutiondeeplearningmethods(Alkassaretal.,
2015;Crihalmeanu&Ross,2012;Dasetal.,2013)outperformedtheexistingconventionalmethods.
Semanticsegmentationnetworkproposedby(Raduetal.,2015)handlesmulticlasssegmentation
approach.Theproposedmethodusesfeaturemapsforpixelwiseclassificationofinputimages.Sclera
segmentationusingFullyConvolutionNetwork(FCN)(Alkassaretal.,2015;Dasetal.,2013)and
GenerativeAdversarialNetwork(GAN)wasproposedby(Dasetal.,2013).Further,tocomeoutwith
averyefficientrecognitionandsegmentationmethodsofscleratraitmanyinternationalcompetitions
wereheldacrosstheglobe(Badrinarayananetal.,2017;Liuetal.,2016;Rotetal.,2018;Shukla&
Bhateja,2018;Thomasetal.,2010;Zhouetal.,2013).Theveryrecentbenchmarkcompetitionwhich
evaluatesthevarioussclerasegmentationresultswereproposedby(Liuetal.,2016).Themaximum
precisionandrecallratesachievedwere81.35%and75.82%.

Many works are progressing towards using deep learning techniques. Unfortunately, these
methodssufferintermsofcomputationalcomplexity.Thusinspiteofexistingdeeplearningsolutions,
thispaperhasattemptedtodoautomaticsclerasegmentationtechniquesusingsimpleandefficient
hybridsymbolicclusteringmethods.ThedetailsofHybridSymbolicFuzzyC-means(HSFCM)is
presentedinnextsection.

3. SyMBoLIC dATA ANALySIS

Inthetraditionalclusteringapproaches,theinputsamplestobeclusteredarerepresentedasavector
ofqualitativeorquantitativemeasurementi.e.,crispvariable.Unfortunately,theseapproachesfail
toworkoncomplexdatalikeintervals,frequenciesorweights.Ontheotherhand,anotherimportant
inspiringfactoristherecentdevelopmentintheemergingareaofSymbolicDataAnalysis(SDA)
(Diday&Noirhomme-Fraiture,2008).Symbolicdataistheextensionofthetraditionaldatatype
which includes interval, frequencies, periodic, histogram etc. Among varieties of symbolic data
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