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Abstract

We proposea heuristic approach for detectionof eyes
in close-upimages. The experimentalimages are stereo-
typical mugshot faceswhich can be expectedin applica-
tions of face recognition systems,say in ATM vestibules.
We prove the efficacyof our proposedmethodin detection
of eyes,bothin indoorandoutdoorenvironmentswith con-
siderablescalevariationsandan allowablerotation in the
imageplane. Weemploya hierarchical search spacereduc-
tion techniqueto localizepossibleeye areasin the image.
Thedistincthumanskincolor andlow intensityareasof the
eye ball are the primary cuesusedto locate eye regions.
Furtheron,eyevalidationis performedusingthemeanand
varianceprojectionfunctions.

Keywords : NormalizedRGB, illumination normaliza-
tion, connectedcomponentanalysis,projectionfunctions,
eyedetection.

1. Introduction

One of the most essentialpre-requisitesin building an
automatedsystemfor facerecognitionis eyedetection.De-
tectingthe eyeseasesthe problemof locatingother facial
featuressuchas noseand mouth requiredfor recognition
tasks. Eye detectionis invaluablein determiningthe ori-
entationof the faceandalso the gazedirection. Eyesare
importantfacial featuresdueto their relatively constantin-
teroculardistance.Thevariousschemesthathavebeenpro-
posedfor eyedetectioncanbebroadlycategorizedinto two
approaches.Thefirst assumesthat theapproximateeye re-
gionsare locatedor someconstraintsare imposedon the
faceimagesothateye windows canbeeasilylocated.Eye
detectionis restrictedto thesewindows.However, it is gen-
erally difficult to locatethe eye windows in real world sit-
uations.In thesecondapproach,a facedetectionalgorithm
[1, 2] is usedto extract the approximatefaceregion and
the detectionof eyes is carriedout on the identified face

area. However, several problemsareassociatedwith such
approaches.Theeye detectionaccuracy dependson thero-
bustnessof the facedetectionalgorithm. Moreover, unless
the orientationof the faceis known, it is very difficult to
extracttheeye pair. Theproposedschemedoesnot rely on
any prior knowledgeof possibleeye windowsnor is it pre-
cededby a facedetectionalgorithm. In our scheme,cues
suchasthe distinct humanskin color andlow intensityof
theeyeareusedto advantage.

Theremainderof thispaperis organizedasfollows.Sec-
tion 2 briefly reviews relatedwork. Section3 providesa
descriptionof the proposedalgorithm. Section4 critically
reviewsthepresentedwork. Thisis followedby conclusion.

2. Earlier work on Eye Detection

Ahuja et. al. [3] modelhumanskin color asa Gaussian
mixtureandestimatemodelparametersusingtheExpecta-
tion Maximizationalgorithm. Yanget. al. [4] proposean
adaptive bivariateGaussianskin color modelto locatehu-
manfaces.Balujaet. al. [1] suggestaneuralnetwork based
facedetectorwith orientationnormalization. Approaches
suchasthis requireexhaustivetrainingsets.Pitaset. al. [2]
usethresholdingin HSV color spacefor skin color extrac-
tion. However, this techniqueis sensitive to illumination
changesandrace.

Huanget. al. [5] performthetaskof eyedetectionusing
optimal wavelet packets for eye representationand radial
basisfunctionsfor subsequentclassificationof facialareas
into eye andnon-eye regions. Rosenfeldet. al. [6] usefil-
tersbasedonGaborwaveletsto detecteyesin graylevel im-
ages.Fenget. al. [7] employ multi cuesfor eyedetectionon
gray imagesusingvarianceprojectionfunction. However,
thevarianceprojectionfunctiononaeyewindow is notvery
consistent.Pitaset. al. [2] adopta similar approachusing
theverticalandhorizontalreliefsfor thedetectionof theeye
pair requiringposenormalization.



3. Proposed Method
We achieve eye detectionin threestages. In the first

stage,possibleeyeareasarelocalizedusingasimplethresh-
olding in HSV color spaceand normalizedRGB color
space,sequentially. It is followed by a connectedcompo-
nent analysisto quantify spatially connectedregions and
furtherreducethesearchspaceto determinethecontending
eyepairwindows.Finally themeanandvarianceprojection
functionsareemployedin eacheyepairwindow to validate
thepresenceof theeye.

3.1. Locating Possible Eye Areas
The input faceimageis illumination normalizedwith a

histogramstretchingoperation. It is essentialto eliminate
the noisein the imagewhich manifestsitself in the lower-
mostanduppermostendsof thehistogram.To this end,we
computethe cumulative sumof thehistogram,from either
endanddiscardpixelsbelow 0.1

�
of thesum.Theresidual

histogramis now stretchedover the entirerange.This op-
erationis individually performedoneachof theR, G andB
channels.Figure1 clarifiesthisoperation,wherethethresh-
old is setto 1

�
for thepurposeof clarity.

(a)

(b)

Figure 1. (a) Histogram of the original image;
(b) 1

�
threshold histogram stretching

Thepossibleeye regionsareobtainedin threestages.In
the first stage,the illumination normalizedimageis trans-
formedinto theHSV spaceandlow intensityareasdetected
by thresholdingin V. In our experiments,a V valueof be-
low 90 in a scaleof 255 correspondsto the low intensity
regions. It is seenthat for dark faces,theskin coloredpix-
elslie within this threshold.To eliminatetheseskin pixels,

our secondstageusesthresholdingof theoriginal imagein
thenormalizedRGBspacewhichhasprovento beeffective.
Thethresholdsusedaredescribedbelow:����� ���
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The low intensityregionsin theentireimageareidentified
by ANDing the resultsof the first two stages.In the third
stage,a patchof theimageareaundereachof theextracted
possibleeyeregions,obtainedby ANDing operationis ana-
lyzedfor skincolor. Thisis performedontheoriginal image
in the normalizedRGB spacewith a wide thresholdto ac-
commodatevariousraces.We assumethattheskin color is
not degradeddueto any cameraeffects.

Thethresholdsusedfor skinanalysisare�;�6� ����	�������<�=�?> � � �
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Thus, we reducethe possibleeye candidatesfurther as
shown in Fig. 5.

3.2. Connected Component Analysis
In real world scenes,several objectsin the background

appearas low-intensityareasin the imageandsometimes
with a skin-like region below. Also, in our thresholding
scheme,thehumanhair is a possibleeye candidate.To be
rid of thesecontenders,we usea simple aspectratio and
populationteston eachof the possibleeye areas. To use
thesetests,it is necessaryto quantify eachof the located
eyeareas.A connectedcomponentanalysisgroupsor clus-
tersspatiallyconnectedregionsin the image. Eachof the
clustersareput to anaspectratio testandspuriousclusters
eliminated. In our experiments,we requirethe clusteras-
pect ratio to lie above 0.75. This test is proven effective
in discardingtheelongatedareascorrespondingto thehair
andotherbackgroundobjects.Prior to performingthecon-
nectedcomponentanalysis,a gray-level dilation improves
pixel connectivity.

We makeuseof theanthropometricknowledgethateyes
occurasa pair within a specificdistancedependingon the
imagesize. The anglesof the lines joining the centroidof
oneclusterto every otherclusteraremeasuredalongwith
thelengthof thelinesto discriminatebetweenpossibleeye-
pairs.Only thosepairof clustersthatlie within anangleand
distancethresholdare chosenas possibleeye-pairs. The
anglethresholdis A 20 degreesanddistancethresholdis
1/6ththewidth of theimage,justifiableif thefaceoccupies
a minimumof 25

�
of theentireframe. It is observedthat

thenostrilsarerejectedby employing thissetof thresholds.
Theresultsat thisstageareshown in Fig. 6.



3.3. Eye Validation

The possibleeye candidatesat this stageare the eye-
brows, eyes,endsof the lip andhair (if the hair clusteris
split). Using horizontalprojections,eachof theselow in-
tensitypairsaresegregatedinto analysiswindowsasshown
in Fig. 7. In eachof theseanalysiswindows, verticalpro-
jectionsareusedto divide thewindow into two parts,each
consistingof a low intensity area. In the caseof the ac-
tualeye-window, in eachpartof theanalysiswindow, there
aretwo spatiallydisconnectedlow intensityclusterscorre-
spondingto the eye andtheeyebrow. In mostrealisticsit-
uations,it is difficult to detectskin areabelow theeyebrow
andhencetheeyebrow clusteris eliminated.In eachof the
analysiswindows,theangleof theline joining thecentroids
of thetwo clustersis usedto normalizethewindow in ori-
entation.Eachof suchwindowsis subjectedto anenhance-
mentschemesoasto increasethecontrastbetweentheeyes
andskin. Thecontrastenhancementusesillumination nor-
malizationwith a thresholdof 1

�
asexplainedabove. This

processis precededby medianfiltering andgrayscaleero-
sionto reducetheeffectof noise.

At this juncture,we employ the ideaof reliefs or mean
projectionfunction[MPF] of Pitaset. al. andvariancepro-
jection function [VPF] of Fenget. al. to detectthe nose
bridge and eyes. Typical normalizedmeanand variance
projectionsin theverticaldirectionalongwith their differ-
encefor theeye pair window is shown in Fig. 2. We argue
that, if thepeakin theMPF, thevalley in theVPF, andthe
peakin thedifferenceplot betweentheflatareas,all of these
threecorrespondingto thenosebridge,lie approximatelyin
the samevertical position, thenthe analysiswindow is an
eye-window.

4. Discussion

The proposedmethodis successfulin detectingeyesof
varying scale,within a certainallowable imageplaneori-
entation.The detectionschemeis insensitive to variations
in humanskin color and illumination to an extent. How-
ever, harshvariationsin illumination thatdrasticallychange
the appearanceof skin color affect the performanceof the
algorithm. The algorithmis computationallyefficient asit
reliesonly on low level visual cuesandsimple threshold-
ing. Thedrawbackof theproposedschemeis thateyescan
be detectedonly in frontal close-upimages. However, in
a constraineddomainof application,the algorithmcanbe
employedwith confidence.

5. Conclusion

We presenta simpleandheuristicapproachto theprob-
lem of eye detectionin staticcolor images.Themethodis
devoid of any intensive computationsandreliesprimarily
on cuessuchas the low-intensityof the eye ball andskin
colorwhich arescaleandorientationinvariant.

Figure 2. Enhanced eye pair window and its
Projection functions
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