
DOI: 10.4018/IJCINI.2020100106

International Journal of Cognitive Informatics and Natural Intelligence
Volume 14 • Issue 4 • October-December 2020


Copyright©2020,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



101

Classification of Eyes Based 
on Fuzzy Logic
Mohamed Fakir, Faculty of Sciences and Technics, Beni Mellal, Morocco

Hatimi Hicham, Sultan Moulay Slimane University, Morocco

Mohamed Chabi, Faculty of Sciences and Technics, Beni Mellal, Morocco

Muhammad Sarfraz, Kuwait University, Kuwait

 https://orcid.org/0000-0003-3196-9132

ABSTRACT

Thesystemsofeyeclassificationinanimageareindispensableinseveraldomains.Tobetterfindthe
classofmembershipoftheeyeinaminimaltime,theclassicmethodsofdetectionareinadequate.
Fuzzylogicisconsideredtobeaneffectivetechniqueforsolvinganeyeclassificationproblem.This
articleproposesafuzzyapproachforeyeclassification.Thetasksofclassificationarerealizedintwo
steps.Inthefirststep,thecharacteristicpointsoftheimageareextractedinordertolocatetheeye.
Thesecharacteristicpointsallowgeneratingarepresentativemodeloftheeye.Inthesecondstep,
thedetectedeyeshavetopassbyafuzzycontrollercontainingseveralparts:Fuzzification,inference
rules,anddefuzzification.Finally,thesystemgivesthedegreeofmembershipofthedetectedeyes
toeachclassinthedatabase.
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INTRodUCTIoN

Classificationanddetectionoftheeyesinimagesisanimportanttopicfornewresearch(Christensen
etal.,2017).Recently,researchersfindsolutionsagainstParkinson’sdiseasebasedonretinalanalysis
(Dimililer et al., 2016). The classification of the human eye is a problem encountered in many
fields,inmedicine(Rigas&Komogortsev,2017),inthefieldofhuman-machinecommunication,in
marketingandintheautomobileindustry(Minhadetal.,2017).Inmedicineforexample,researchers
areincreasinglyinterestedintheeyeasadiagnostictoolforscreeningillnessesevenbeforesymptoms
appear(Uchinoetal.,2018).Asresult,theclassificationoftheeyesisaveryimportantoperation,
becausetheuseoftheeyestoauthenticateapersonisingreatdemandinthesecuritysystems.Inthis
paper,weproposeanewmethodfortheclassificationoftheeyesbasedonfuzzylogic.Infact,the
modeofreasoninginfuzzylogicismoreintuitivethanclassicallogic,sincewecanhavesimilarities
betweentheeyesofseveralpeople.So,it’shardtodecidewhoownstheeyes.Thefuzzylogicmakes
itpossibletofindtheeyesbelonging’sdegreetoeachpersonwhichmakesitpossibletostudyall
thepossibleresults.Theproposedmethodcontainsseveralstepsthatwillallowustominimizethe
generalcomplexityofthealgorithm.Theresultsofthisresearchcanbeusedinbiometricstoidentify
aperson,orinthefieldofmedicinetofacilitatethetaskofphysicianssoastomakeadecision.
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Themostcommonclassificationmethodscanbedividedintotwomaincategories:supervised
classificationmethodsandunsupervisedclassificationmethods.Theunsupervisedclassificationisto
letthecomputerautomaticallycalculatetheclassesbasedonseveralfeatures.Whereasinsupervised
classification,classesarecreatedbyuserandthecomputerislettoassignthepixelstotheclasses.
Inthiswork,wewilluseasupervisedmethodforclassifyingtheeyes.

Classical logic is a set of mathematical notions that is relatively well known to the public;
moreover,computers,calculatorsandmostdigitalmachinesworkdependingonthatprinciple.In
classicallogic,decisionsarebinarywhichareeithertrueorfalse.Therefore,fuzzylogicisdistinguished
fromclassicallogic.Infuzzylogic,adecisioncanbebothtrueandfalseatthesametime,witha
certaindegreeofbelongingtoeachofthesetwobeliefs.

Currently,severalstudiesintheclassificationfieldarebasedonfuzzylogic(Garcia-Arroyo&
Garcia-Zapirain,2019).Moreover,therearemethodsthatcombinefuzzylogicandneuralnetworks,
whichhelptosolvesomecomplexproblems(Ramirezetal.,2019).Othermethodsbasedonthe
algorithmof fuzzyc-meanshavebeenproposed (Zhangetal.,2018).The latter isbasedon the
optimizationofaquadraticclassificationcriterionwhereeachclassisrepresentedbyitscenterof
gravity.

Thispaperisorganizedasfollows:section2dealswithresearchmethod.Section3describes
thefuzzysystemdetectionproposed.Insection4,experimentalresultsanddiscussionaregiven.The
paperisendedbyaconclusioninsection5.

RESEARCH METHod

Thefuzzysystemcreatedinthispaperallowsgivingthedegreeofmembershipofeacheyelocated
onaninputimagetotheclassesoftheeyesrecordedinadatabase(Figure1):

Thefuzzyclassificationadoptedinthispaperconsistsoffoursteps(Figure1).Thefirststep
locatestheeyesfromtheface.Theninthesecondstep,apointofinterestdetectionalgorithm(Harris

Figure 1. Steps of detection used in the fuzzy controller
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&Stephens,1988)isappliedinordertogeneratethecharacteristicvectoroftheinputimage.Next,a
fuzzyclassificationsystemallowsgivingthebelongingdegreeofthetreatedpersontoeachclassofthe
database.Inthelaststep,onlytheclasseswiththehighestdegreesareremainedinthefinaldecision.

VxrepresentsthecharacteristicvectoroftheeyestreatedandVyrepresentsthedegreeofbelonging
oftheeyestoeachclassofthedatabase.

Thefuzzysystemconsistsofthreesteps(Figure2).Thefirststepisfuzzification,thesecondstep
isthefuzzyinferencesystemthatcontainsasetofconditionalrules,andthelaststepisdefuzzification
whichgivesthefinalresult(Bloch,2003).

Eye detection
Eyedetectionmethodsaredividedintotwocategories;therearemethodstodetermineiftheeyesare
presentinthescene.Thesecondtypeofmethodmakesitpossibletolocatetheeyesposition.Each
methodtakesadifferentapproach,therearemethodsthatusespecificlighting(Cleveland,1994).
Othermethodsallowlocatingtheeyesthankstoanatomicalcharacteristics(Yuilleetal.,1989;Chow
&Li,1993;Songetal.,2010).

The method used in this paper to detect the eyes is based on extracting the encompassing
rectanglesfromtheeyes,noseandmouth(Viola&Jones,2001).Itincludesknowledgeaboutthe
face,includingthespatialdistributionofdifferentelementsontheface.Forexample,theeyesare
ontheupperpartoftheface,thenoseandmoutharealignedontheaxisofsymmetryoftheface.
Inordertoachievegooddetectionsanddespitethevariationofscale,anenergymapadaptingtothe
scaleofthefaceisproposed.Figure3showstheresultofeyedetectionusingtheViolaandJones
method(Viola&Jones,2001):

Thismethod(Cleveland,1994)makespossibleanalyzinganimagepossible,withouthaving
tostudyeachpixelconstitutingit.Thenotionofintegralimagemakesitpossibletodefineseveral
rectangularzoneswithinanimage.Theadvantageofthistechniqueliesinthefactthatitoffersthe
possibilityofaccessingthevalueoftheotherzonesontheleftandabovethezoneonwhichwe
are.Thesezonesallowcreatingpseudo-Haarcharacteristics,whichareinfactmasksthatallowto
determineseveralpatterns(Figure4):

Thismethoddeterminesadjacentrectanglesinordertocalculatethesumofthepixelintensities
oftheimageintheserectangularareas.Thepseudo-Haarcharacteristicsarethedifferencebetween
blackandwhiterectangles.Thesecharacteristicsmakeitpossibletodetectpatterns.Forexample,
facerecognitionismadepossiblebythevariationintheintensityoflightbetweentheeyesandthe

Figure 2. Architecture of fuzzy system
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nose(characteristicnumber2)andthevariationintheintensityoflightbetweentheeyesandthe
cheekbones(characteristicnumber3inFigure4).

Preprocessing
Oncethedataisacquiredbyacamera,itisoftennecessarytopre-processtheminordertocleanthe
signalsand/orhighlightinterestinginformationthatcanbeprocessedthere.Indeed,theinformation
canbeeasilydisturbedelectrically,bythemuscularactivityof theeyesor thefaceforexample.
Tocarryoutthispretreatment,differentspace-timefiltersareused(Liuetal.,2014;Heuvelinket
al.,2006).Themostcommonareindependentcomponentanalysis(ICA)andprincipalcomponent
analysis(PCA)(Hoyaetal.,2003).Inourmethod,amedianfilterwasusedtoimprovethequality
oftreatment(Lukac,2003).

Theroleofthemedianfilterinourapproachistoimprovetheresultoftheextractionofinterested
points.Itspeedsupprocessingbyminimizingdetectionerrors.Inthispaper,thefilterisappliedto
theeyeareaonlybeforeproceedingtothefeaturepointextractionstep.

Classification
Intheclassicalapproach,thegoalofthisstepistoautomaticallyassignaclasstothepreviously
extractedfeaturevector.Thisclassrepresentstheclosesttypeofeyestothetreatedones.Inthispaper,
wehavecreatedafuzzymethodfortheclassificationoftheeyes.

Theobjectistoassigntoaclassalltheeyeshavingadegreeofmembershiptothisclasshigher
orequaltoagiventhreshold,eacheyenowhavingthepossibilitytobelongsimultaneouslytoseveral
classes.

Theproblemofblurringoftheeyescanbeformulatedasfollows:
LetC={C1;C2;…;Cm}asetofmeyeclassesrecordedinadatabase.LetVxjacharacteristic

vectoroftheeyejofrealdgivenbyformula(1):

V e e e
xj d

d= …( ) ∈1 2
; ; ;   (1)

Figure 3. Eyes detection using the Viola and Jones method
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TheclassifierfisanapplicationwhichisgivenbyEquation(2):

f d m
: , → 


0 1 

f x V V
j xj m xj( ) = ( ) … ( )( )µ µ

1
; ; �� (2)

whereµi(xj)representsthedegreeofmembershipoftheeyesxjtotheclassCi
EachclassisrepresentedbyacharacteristicvectorVci:

V P P P
Ci i i id
= …( )' ; ' ; ; '

1 2
 (3)

Figure 4. Characteristics pseudo-Haar
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where:

P'
P k

Nij
k

N

ij
=




=∑ 1 for1≤i≤m,whereNisthenumberofimagesintheclass (4)

P k
ij



 representsthecharacteristicpointofnumberjfoundwiththeHarrismethod(Harris&

Stephens,1988)intheimageofnumberkintheclass
ThedegreeofmembershipisdeterminedbycalculatingthevectorofdistancesVd:

V D x D x D x
C C Cmd

= ( ) ( ) … ( )( )
1 2
, , ,  (5)

whereD x
Ci
( ) istheEuclideandistancebetweenV

Ci
andV

xj
andmthenumberofclasses.

ThisfuzzyclassificationwillproduceavectorM’:

M' µ µ= ( ) … ( )( )1
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Fuzzy System of detection
Fuzzy Controller
Thedifferentformsoftheeyesaswellasthemethodsofimageacquisitionintroduceanimprecision
ontheeyesdetection.Thisinaccuracyisduetospatialsampling.Throughtheapplicationofthe
fuzzylogicintheimageprocessing,wecandevelopasetofapproachesinordertodevelopseveral
powerfulsoftwaresystems(Reshmalakshmi&Sasikumar,2017;Soltanietal.,2018).Fuzzylogic
isusedinimageprocessingtorepresentsemanticknowledgeaboutimagecontentorprocessingand
decisionstrategies.Ontheotherhand,thefuzzysetsallowtorepresenttheapproach,thecontours,
theregions,theclassesorotherstructuresintheimages(Bloch&Maitre,1995).

Thefirststepconsistsofdeterminingtheinputandoutputofthelinguisticvariables.Alinguistic
variablecorrespondstothetriplet(V,X,TV).Visthevariable,Xistherangeofthevariable’svalues
andTVisafiniteorinfinitesetoffuzzysubsets.Inthispaper,thelinguisticvariablesusedarethe
distancebetweentheinputeyesandthegravity’scenterofeachclassofthedatabase,aswellasthe
pointsnumberofinterestinthetreatedeyesthathasacorrespondenceintheimagesofthedatabase.

Fuzzification
Fuzzificationconsistsoffindingthedegreeofmembershiptothelinguistictermsdescribingthe
calculated attribute.The feature image isdeliveredat the fuzzification stepwhich translates the
valuesintodegreesofmembershiptothelinguistictermsrepresentingtheresemblancebetweenthe
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detectedeyesandthesetofeyesrecordedinthedatabase.Inthisphase,thequalityoftheimageisan
essentialfactortohavebetterresults.Forexample,unclearimagesmaygiveanincorrectcharacteristic
vector.Toremedythisproblem,weproposedtwomethodsforthismodification,onebasedonexpert
judgmentandtheotherisanautomatic(Chow&Li,1993).

TheEuclidiandistancesarecalculatedbetweenthedetectedeyesandthevariousclassesinthe
database.Then,ateachcalculateddistance,alinguisticvalue(lowsimilarity,averagesimilarity,high
similarity)ismatchedwithadegreeofbelonging.

Letthefuzzysubsetshavelowsimilarity(LS),averagesimilarity(AS)andhighsimilarity(HS)
asshowinFigure5.

Whenthedistancebetweenthecharacteristicvectoroftheinputeyesandthegravity’scenter
oftheclassissufficientlysmall,thesimilaritybecomesstrong.Therefore,themembershipdegree
forthehighsimilaritysubsetisbigwhereastheoppositefortheaverageandlowsimilaritysubsets.

Toincreasethequalityoftheresults,thepointsofinterest’snumberfoundintheinputimagewhich
hasacorrespondenceintheimagesoftheclassisavariablethatinfluencesthestateofthesimilarity.

Figure6showstheexperimentalresultsofmembershipdegreesrelatedtothevariablenumber
ofcharacteristicpointsandfuzzysubsets.

Fromtheexperimentalresults(Figure6),whenthenumberofcharacteristicpointsislessthan
four,theinputimagedoesnotcorrespondtoanyclassinthedatabase.Inotherwords,thebelonging
degreeofthevariabletothefuzzysubsetiszero.Butwhenthenumberofpointsbecomesgreaterthan
orequaltofive,alowsimilarityisnoticed.Consequently,thenumberofpointsisveryimportantto
findthemembership’spercentageoftheimagetoeachclass.Inaddition,whenthisnumberexceeds
twelve,theclassificationbecomesveryclosetoreality.

Inference System
Afterthefuzzificationstep,itisnecessarytodefinerulesthatexplainhowthesimilaritybetween
theinputimageandtheclassesofthedatabasebehaveasafunctionofthedistanceandthenumber
ofcharacteristicpointsfound.Theinferencesystemisusedtorepresenttherelationshipbetweenthe
inputandoutputvariablesofthesystem(Bouchon-Meunieretal.,2005).Severalapproachesareused
togeneratefuzzyinferencesystems(Bandemer&S.Gottwald,1995).Thegeneralinferencesystem
architectureisbasedonfuzzyrules.Afuzzyruleisacombinationofinputvariables.Acombination
usesfuzzyoperators,suchas“AND”and“OR”.

Figure 5. The distance variable and fuzzy sets used (low similarity (LS), average similarity (AS), high similarity (HS))
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ThemodelsofMamdani(Asadi,2016)allowtomakealinguisticdescriptionofthesystemby
asetoffuzzyrulesoftheform(Alcaláetal.,1999).

If(x1isA1andx2isA2and…andxnisAn)then
y1isB1andy2isB2and…andymisBm

wherexiandyjarerespectivelythelanguageinputandoutputvariablesandAiandBjarethe
fuzzylinguisticsets.

Figure5andFigure6showstherelationshipsusedtogeneratethesetofinferencerules.The
distancebetweentheeyesofthepersonstreatedandtheclassesofthedatabasemakes,andthenumber
ofcharacteristicpointsitpossibletogivethepercentageofmembershipofeachfuzzyset,which
makesitpossibletotakeadecision.Severalrulescanbeusedintheinferencedatabase.Forexample:

If(distanceisHSandNumberofpointsisHS)then
SimilarityisHS

Data Base
ThedatabaseconsistsofanMmatrixthatcontainsinterest’spointsofallimages(Figure7)takenby
acanonMARKII5DcameraaswellasimagesfromtheferretandESSEXfacedatabaselibraries.
Then,amedianfilterisappliedtotheimagestakenbythecamera.Theconstructionofthevectors
characteristicoftheinputimagesisdonebythemethodofHarris(Harris&Stephens,1988)(Figure
8).Thismethodallowsreturningasetoftheinterest’spoints(Pij)whereiistheclassnumberandj
isthesequencenumberofthepoint(Figure7).

Defuzzification
Defuzzificationconsistsofapplyingthechosenfuzzyrule.Inthisstep,ourobjectiveistokeeponly
theclassesCiwhosemembership’sdegreeoftheeyexjisgreaterthanorequaltoagiventhreshold,
thedetectedeyescannowbelongtoseveralclasses.

Figure 6. The number of points variable and fuzzy sets used (low similarity (LS), average similarity (AS), high similarity (HS))
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RESULTS ANd dISCUSSIoN

Weconductedseveralteststoprovethereliabilityofourstudy.Foreachimage,wehavemadea
comparisonbetweenthealgorithmusedinthispaperandtheotheralgorithmsthatexistinthedomain
(Table1).Ourdatabaseofimagescontains200images;wetookasampleof30imagestodothetests.

Thedifferentgroupsparticipatinginthetestarefromdifferentorigins.Grouponecontainsimage
withblackskinandgrouptwoconsistpeoplewhohasawhiteskin;whereasgroupthreecontains
imagewhouseglasses(Figure9).

Method1usedinthetestsrepresentsthemethodofD.RamNivas,T.Manigandan(Nivas&
Manigandan,2015)andmethod2representsthemethodofMarkEveringhamandAndrewZisserman
(Everingham&Zisserman,2006).Eachclassificationmethodhasadvantagesanddisadvantages,
andthechoiceoftherightmethoddependsontheintendedapplication.Thefirstmethod(Nivas&
Manigandan,2015)isbasedonthecalculationofthetotalnumberofkeypointsextractedandthe
pupildiameter.Thesecondmethod(Everingham&Zisserman,2006)usesaBayesianapproachfor
eyeclassification.

Figure 7. Steps of detection used in the fuzzy controller

Figure 8. Extraction of points of interest with Harris corner method
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CoNCLUSIoN

Inthispaper,adetectionmethodbasedonfuzzylogicapproachisproposed.Aprototypeofaneye
classificationsystemisbasedonfuzzylogicthroughseveralsteps.Thefirststepis todetect the
person’seyes,then,theresultofthedetectionisfollowedbyafuzzificationphase.Afterthat,asetof
inferencerulesisapplied,andadefuzzificationphaseisdoneinthefinalstep.Thissystemusedfor
eyeclassificationisrobustandshouldhelpresearchersinseveralfields.Theresultsweregenerally
satisfactory.

Fromtheresultsobtained,fuzzylogichasmadeitpossibletoachieveapowerfulclassification
system;however,otherimprovementsinthequalityofacquiredimagesmaybeaddedtospeedup
processing.Amongtheproblemsencounteredwiththismethodistheclassificationwhentheeyes
arepartiallyvisible.

Table 1. Results of classification obtained by three methods

Detection methods

Pictures Method 1 Method 2 Our Method

Group1 85% 3.5s 74.9% 3.15s 86% 3.34s

Group2 73% 4s 41% 4.2s 78% 4s

Group3 81% 2.2s 77% 2.4s 83% 2.3s

Figure 9. Examples of the images used to do the tests
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