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Abstract
In this paper, we proposea methodto extract the cen-

ter pointbetweentheeyesor Between-the-Eyesin real time,
which can be a good clue in detectingother face feature
points. In this research, weput emphasison real-timepro-
cessing.

First, a skin-color region is extractedas a facecandi-
date. Next, a circle-frequencyfilter, which weproposedbe-
fore, is applied to this region to extract candidatepoints
for Between-the-Eyesand also facerotation anglesin the
image planeat the candidatepoints. Each de-rotatedlo-
cal patternat a candidateis comparedwith a templatepat-
ternof Between-the-Eyes,which is extractedfroman image
databaseof 400faces,anda true candidateis selected.

We testedthealgorithmwith the facedatabase, and the
false detectionrate was 1.5%. We implementedthe sys-
tem on a PC with a PentiumIII 866MHzCPU. It ran at
27 frames/secondwithoutanyspecialhardware.

1. Introduction

Gesturerecognitionis playing an importantrole in the
advancementof human-computerinteractionsinceit is pro-
viding a naturalandefficient interfaceto computers.For
headgesturerecognitionand/or face expressionrecogni-
tion, headandfacedetectionandtrackingin real time are
thefirst steps.

We can take different strategies for facedetectionand
facetracking. This is basedon thefinding thatoncea face
is detected,the trackingappearseasier. In this paper, we
proposea real-timefacedetectionmethod.

Feature-basedtrackingapproachesfor real-time3D fa-
cial poseestimationarereportedin [4][11]. In thesepapers,
multiple featurepoints are tracked by templatematching
using a specialcorrelationprocessorand the information
is fed to a Kalmanfilter. Unfortunately, the papersfail to
mentionhow thetemplatesaremade.Matsumotoextended

this systemto a stereovision configurationanddeveloped
a new algorithmto make thesystemmorerobustandaccu-
rateenoughto calculatethe gazedirection [7]. However,
templatepatternsstill needto bemadefor eachfacebefore
tracking.Our goalis to treatthissubjectmoregenerally.

Thegeneralfacelocationproblemin animageseemsto
havebeensolvedusingskin-colorinformation[10][2][8].

In a typical faceregion, many featuresare considered
for facedetectionsuchastheeyesand/ortheir corners,the
nostrils, and the mouthand/orits corners[3][9]. Among
them,theshapesof theeyesandmouthcanchangedrasti-
cally accordingto facial expressionchanges.The nostrils,
in contrast,arevery stable,but theobservablefaceorienta-
tions relative to the cameradirectionarevery limited. We
thereforbelieve thatthesefeaturesarenot suitablefor head
or facialgesturerecognition.

We try to startwith a partotherthantheeyesor thenos-
trils or themouth.Whatis commonto mostpeopleandeasy
to find for a wide rangeof faceorientations?We claim that
onepossiblecandidateis the point betweenthe eyes. We
call this point “Between-the-Eyes”.Between-the-Eyeshas
dark partson both sidesincluding the eyesandeyebrows,
andit is comparablybrightontheupperside(forehead)and
thelowerside(nosebridge).Thischaracteristicseemsto be
commonto mostpeople,andit canbeseenfor awiderange
of faceorientations.Moreover, thepatternaroundthispoint
is fairly stablefor any facialexpression.

We earlier proposedan image filter, i.e., the circle-
frequency filter (CF-filter), to detect Between-the-Eyes
[5][6]. The CF-filter not only robustly extractsBetween-
the-Eyes,but alsomany othersimilar characteristicpoints.
This meansthat we have to selectthe true Between-the-
Eyesfrom amongseveral candidates. In previous works
[5][6], we tried to find eye-like regions on both sidesof
eachcandidateto confirmBetween-the-Eyes.However the
conditionsfor theseeye-like regions ware too simple for
real-timeexecution.As aresult,theeye-browsor otherhair
partswereoftentakenaseye-like regions.

In this paper, weproposea templatematchingtechnique



for selectingthetrueBetween-the-Eyesfrom amongseveral
candidates.In general,a templatematchingtechniqueis
weak in object rotations. With the CF-filter, however we
cangetnot only an intensityoutput,but alsoa phaseangle
output. From this angleinformation,we cande-rotatethe
input imagearoundeachcandidatepoint. This enablesus
to usea templatematchingtechnique.

Weconstructagraylevel templatefor Between-the-Eyes
from imagesof theORL Databaseof Faces[1]. Our algo-
rithm can detectBetween-the-Eyescorrectly for 394 face
imagesout of 400 in the database.Of specialnoteis that
theimagesaremonochrome(andstill).

For realvideoimages,we utilize skin color information
for facecandidateregion extraction.Our experimentalsys-
tem on a PentiumIII 866MHz PC canprocess27 frames
per secondfor 320� 240 video imagestreamswithout any
specialhardware.

In section2, we describethe circle-frequency filter and
its applicationfor Between-the-Eyescandidateextraction.
In section3, we describeour templatematchingalgorithm
for selectingthe true Between-the-Eyes.In section4, an
implementationandin section5, someexperimentalresults
aredescribed.Section6 concludesthepaper.

2. Circle-Frequency Filter and Between-the-
Eyes Candidate Extraction

Assumethat �������
	������������������ arepixel valuesalong
a circle of radius � centeredat �������� . Then, the CF-filter
calculatesintensity � ���!"��� andphaseangle #$�%��"��� asfol-
lows.
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Here, ��� goesfrom thetop �%����K���O� alongthecircle in the
counter-clockwisedirection. Equation(1) gives the spec-
trum power of the frequency of two calculatedby the dis-
creteFourier transformof dataseries� � , andequation(2)
givesits phaseangle.

Between-the-Eyeshasdarkpartsonbothsidesincluding
the eyesandeyebrows, andit is comparablybright on the
upperside(forehead)andthe lower side(nosebridge). If
wedraw acircleof acertainradiuscenteredatBetween-the-
Eyes,we canseetwo cyclesof imageintensitiesalongthis

circle asbright – dark– bright – dark. Whenthecenterof
thecirclegoesaway from Between-the-Eyes,thetwo-cycle
patterngraduallycollapses.We canthereforeexpectthein-
tensityoutputof theCF-filter to becomethelocalmaximum
at Between-the-Eyes.Whenan imagerotatesin the image
plane,theintensityoutputof theCF-filter doesnot change.
This is a well-known Fourier transformcharacteristic.On
theotherhand,its phaseangleoutputshiftsexactlythesame
angleastheimagerotation.

Figure1 shows anexampleof ��� s at Between-the-Eyes
(the white dot at the center). The radiusof the circle is 7
pixels, and the 40 pixel valuesalong it areplottedon the
graph. The plot startsat the foreheadand goescounter-
clockwise.Therearetwo cyclesof darkandbright.
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Figure2 shows a CF-filteredimage(in intensity)of Fig.

1. To displayasanimage,thegraylevel is normalized.At
theperipheral,we cannotcalculateequation(1), sowe put
the outputas0, wherethe width correspondsto the radius
of thefilter.
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To evaluate the ability of the CF-filter in extracting

Between-the-Eyescandidates,we appliedit to faceimages
of adatabase[1]. In thisdatabase,therearetendifferentim-
ageseachof 40 distinctsubjects.It is saidthat,for someof
thesubjects,theimagesweretakenatdifferenttimes,while
varying the lighting, facial expressions(open/closedeyes,
smiling/notsmiling),andfacialdetails(glasses/noglasses).
All of the imagesare8-bit monochromeand �6�����C�}� in
size.

First, eachfaceimagewasplacedover a large uniform
backgroundof gray level 128sothatequation(1) couldbe
calculatedat all pointsof the faceimage. After applying
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a smoothingfilter with ����� averaging,a �O9}7 sizeimage
wasobtainedby �}9C� sub-sampling.Thereasonof thesub-
samplingwasbecausea characteristicpatternof Between-
the-Eyesstill remainedin thereducedimageandwasrecog-
nizable.With thesmallerimage,we couldapplya smaller
CF-filter, which is an advantagefor achieving a real-time
systembecauseof theshorterprocessingtime.

To the smoothedreducedimage,a CF-filter with a ra-
dius of 7 pixels wasapplied. Among the local maximum
pointsof the filtered image,thosepoints in the lower �O9O�
partwerediscardedwhereBetween-the-Eyesis notlikely to
exist. Thosepointswherethephaseangleoutputwasover� 7L� degreeswerealsodiscardedbecausewe couldnot ex-
pecta lot of facerotations.Then,the top five pointswere
selectedascandidatesfor Between-the-Eyes.

Next, we checked eachcandidateto seeif it was in a
certainrectangulararea,which is depictedin Fig. 3. Its
bottomedgewason a line tangentto the bottomedgesof
theeyes,its width correspondedto thedistancebetweenthe
eyecorners,andits heightwasa half of its width.

PRQ S*T:UWV��.Z�[�UWVLj�`&d�u�V6b>wxVCV&nLy>bMzeVCy1{R|}VClOZ
As aresult,in 398imagesoutof 400,Between-the-Eyes

wasextractedasacandidate.Thisshowedtheeffectiveness
of the CF-filter in extractingBetween-the-Eyes.Figure4
showsexamplesof extractedcandidates.In somecases,less
thanfive pointsremain. Two casesof failureareshown in
Fig. 5. Fornineotherimagesof thesamepersons,Between-
the-Eyeswassuccessfullyextracted.

3. Selection of Between-the-Eyes

To selectthe true Between-the-Eyesamongcandidates,
we applya weightedtemplatematchingtechnique.In gen-
eral, templatematchingtechniqueshave a weak point in
objectrotation. We cannotapply it in a simplemannerin
considerationof the inclination of the face. As mentioned
in theprevioussection,theCF-filteroutputsnot only inten-
sity valuesbut alsophaseanglescorrespondingto rotation
angles.Therefore,we cande-rotatean input imageat each
candidatepoint. After thede-rotation,we cancomparepat-
ternswith a template.

To make a templatepatternof Between-the-Eyes,we
usedthe above 398 faceimagesfrom the database,from
whichourprogramcouldsuccessfullyextractBetween-the-
Eyesasacandidate.Thecandidateselectionwasdoneman-
ually, but de-rotationof eachimagewas doneby a pro-
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gram,and �C�����}� pixel patternswereextractedfrom the
sub-sampledimages.Figure6 showssomeexamplesof ex-
tractedpatterns.

Then, the gray levels of eachsamplepatternwerenor-
malized so that the averagegray level was zero and the
variancewas 1. Symmetrypatternsto the vertical center
line wereaddedassamplepatterns,becausethey werealso
Between-the-Eyespatterns. Next, we calculatedan aver-
agepatternof 796samples,andthe varianceat eachpixel
position. Figure7 shows the averagepatternandthe vari-
ancepattern.To show theaveragepatternasan image,the
gray level wasconvertedso that theaveragelevel was128
and the standarddeviation was64. To show the variance
pattern,eachvaluewasmultiplied by 255. Of course,both
patternsweresymmetrical.

Fromtheview point of thecalculationload,thesmaller
the template,the better. We discardedthreecolumnson
bothsidesof thepatternbecausetheir varianceswerevery
large. We also discardedthe top and bottom rows, be-
causethe patterncontinuedto retain the characteristicof
Between-the-Eyes.We shouldevaluatethe right half and
the left half independently, becauselighting conditionsare
likely to be differentbetweenthe right and left halvesof
faces. Thereforewe discardedthe centercolumn,anddi-
videdtheaveragepatterninto symmetricleft andright pat-
terns.After all, we kepta ���c���}� pixel patternfor theleft
template,andasymmetrypatternfor theright template.We
alsokeptthecorrespondingvariancevalues.
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Thecandidateevaluationprocessis asfollows.
1. Calculatethephaseangleoutputof theCF-filter at the

candidatepoint usingtheoriginal resolutionimageto geta
moreaccuraterotationangle.

2. De-rotatethe sub-sampledimage at the candidate
point,andthenextracta �L�f�N�}� pixel pattern.

3. Normalizethegraylevelsof theleft half andright half
independentlysothattheaverageis 128andstandarddevi-
ationis 64.

4. At eachpixel, calculatethesquareof thedifferencebe-
tweenthe templateandthe candidategray level, andmul-
tiply the inverseof the variance. Left-disparityandright-
disparityaresum-upof themof theleft half andright half.

5. If both of the disparitiesare lessthan a predefined
threshold¥ , this candidatecanbeBetween-the-Eyes.If no
candidatesatisfiesthiscondition,thedecisionis “Give-up”.

6. If only one candidatehasleft- and right-disparities
lessthan ¥ , it is Between-the-Eyes.If two or morecandi-
dateshave suchleft- andright-disparities,the onethathas
thesmallesttotalof disparitiesis Between-the-Eyes.

Figure8 shows thenumbersof truedetections,give-ups,
andfalsedetectionswhentheaboveevaluationprocesswas
appliedto the400faceimagesof theabovedatabase,while
changing¥ from 150to 600.

Underthe severeconditionthat ¥ is lessthan200, the
numberof give-upsis larger than that of true detections,
andthereis no falsedetection. As ¥ increases,the give-
up countdecreasesand the true detectioncount increases
monotonically. Falsedetectionappearsat ¥¦	§�C��� , but its
countdoesnot increasesomuch.At ¥�	�¨6�C� , thenumber
of truedetectionsis 394,thegive-upcountis 0,andthefalse
detectioncountis 6.

Candidatepatternsandselectedpatternsin the caseof
six falsedetectionsat ¥©	ª¨6�C� areshown in Fig. 9.

PRQaS*T�UWV�«�Z¬�V6bsVLpOb1Qa`Rn<UrjLbsVmhClOZ�bMz�UrVCl�z&`R_at�h6j&_kT&V:Z
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4. Implementation

We implementedthesystemon a PCwith a PentiumIII
866MHzCPU.In thecaseof thedatabaseimages,theface
regionshadalreadybeensegmented,andthe backgrounds
werenearlyuniform. Now, our systemcanwork in typical
office environmentswithoutany backgroundcontrol.

If we canextract a faceregion, we canapply the algo-
rithm wetestedonthedatabaseimages.A differencelies in
theregion size,which changesin every case.Here,we ex-
pectonefacein a scene,andwe useskin-colorinformation
for theextractionof thefaceregion.

Many differentcolorspaceshavebeenproposedfor skin-
color extraction. We usea modifiednormalized��¯ space,
namely �±°RI²1� calculatedby thefollowing equations[5] be-
causeof its light calculationload in color conversionfrom
the ³�´Kµ space,where ³v�´
 and µ arethered,green,and
bluecomponentsobtainedfrom a colorvideocamera.� 	 ³£9��%³ A ´ A µv�; (3)¯ 	 ´@9��%³ A ´ A µf�; (4)° 	 � A ¯�9C�& (5)²¶	 · ��¯�9C�&� (6)
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Any color is projectedonto a regular triangleareadefined
by �%�:�� ), �>�6��L� , �>�O9��& · �e9��6� . We digitize eachcoordinate
of °RI² in incrementsof ��� ��� to form adiscretecolor space.

Our skin-colormodelis a color histogramof a faceim-
age.Wetakeafaceimage,cutoff verydarkpixelsby apro-
gram,cutoff non-skinpartsby hand,andthenmakeacolor
histogramof theremainingpixelsin thediscrete�±°*s²1� color
space.Thosecolorswherethehistogramis overathreshold¸

aredefinedto betheskin-color.
¸

is determinedby hand,
by lookingat theextractedresultsof theskin-colorregions.

In actual face region extraction, to cope with signal
noise,we divide theoriginal imageinto ¹º��¹ pixel blocks,
andfor eachblock, if morethanhalf of thepixelsareskin-
color we assumetheblock to bea skin-colorblock; other-
wise,a non-skincolor block. Then,a facecandidateregion
is definedasa rectanglethat includesall of the skin-color
blocks.

A monochromeimage and not a color image is re-
quired to apply a circle-frequency filter. Thereis a well-
known linearcombinationequationof ³v�´
sµ for color to
monochromeconversion. However we usean ³ imageas
a monochromeimageto save on theconversioncalculation
time. For skin colors,the ³ componentis relatively large,
andsono problemsresult.

Figure10 shows thegeneralprocessof oursystem.

Create a half-size monochrome image of the R component only

Extract a face region based on skin-color 

Read one frame of 320x240 in the RGB mode

Select the true Between-the-Eyes by template matching

Apply a smoothing filter to the face region 
of the monochrome image

Apply a CF-filter to the smoothed image, extract the top 
five local maxima as for Between-the-Eyes candidates

For each candidate, re-calculate the phase angle using
the original resolution image, de-rotate the monochrome 

image, and extract a 33x15 monochrome pattern

PRQaS*T�UWV<X6».Z!¼�V&neVeUrj&_�½.`CwfZ
5. Experiment

We usea commercialNTSC video cameraanda video
captureboard.No otherspecialH/W is implemented.

Figure 11 shows a monitor imageof our system. The
lower �69�� partis acolor input image( �L�������O76� ), although

PRQ S*T:UWV¤X�XRZ${*g6j���]�_ Vc`&d�j�UWVCl�T:_ b�`ed\V6ge]RVLU"Qk�ºV&neb;j&_l;|Cl;bIVe�¤Z
the left 41 columnsare overlayedshowing the candidate
patternsof Between-the-Eyesand selectedone. The up-
per left imageis a sub-sampled³ componentimage. A
smoothingfilter is appliedto the facecandidateregion ex-
tractedfrom theoriginal imageasa skin-colorregion.

Theupperright imageshows the intensityoutputof the
CF-filter appliedto the facecandidateregion of the upper
left image. Whenthephaseangleoutputexceeds

� 7L� de-
grees,the intensityoutput is replacedwith zero. The ap-
propriategray level conversionis appliedto show it asan
image.

Thetopfivelocalmaximumpointsin theCF-filteredim-
ageareextractedascandidatesof Between-the-Eyes.Their
positionsareshown on theoriginal input imageby dotsof
overlayedgraphics.Thereis a smallsegmenthangingfrom
eachdot to show the phaseangleoutputof the CF-filter at
that point by its direction. The perpendiculardirection is
zerodegrees.

The five de-rotatedcandidatepatternsareshown in the
middleof theleft side,andtheselectedoneis shown below
them. The original faceinclines to the right about20 de-
grees.In theselectedpattern,however, theeyesarealigned
almosthorizontally. This shows the effectivenessof de-
rotationbasedon thephaseangleoutputof theCF-filter.

A circle with a radiusof 30 pixels centeredat the se-
lectedcandidatepoint is overlayedon the original image.
By watchingthiscircle,wecanseeif theresultis true,false,
or give-up(nocircle).

For the facesin the database,the true detectionratein-
creasedwhen the threshold ¥ becamehigher. In actual
cases,however, even if a skin-color region is extracted,
a facemay not exist. In suchcaseswith a large thresh-
old ¥ , thesystemobviously detectssomepoint otherthan
Between-the-Eyes.Referingto the graphof Fig. 8, the
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threshold¥¾	�7L�C� is selected.It is in-betweenthe cross
pointof truedetectionandgive-up( ¥¿	À���6� ) andthepoint
( ¥¿	ª¨6�C� ) wherethedetectionratesaturates.

Our systemrunsat the rateof 27 framespersecond,or
90%of theNTSCframerate.

In theexperiment,wenoticedthatouralgorithmis pretty
robustagainstscalechangesaslongasfaceimageis frontal.
The circlesshown in Fig. 11 andFig. 12 areof the same
size. The facesin Fig. 12 differ in scaleby almosttwo
times,andyet our systemcandetectBetween-the-Eyesin
both cases. One reasonfor this characteristicis that the
CF-filter detectsa simpletwo-cycle patternandthis pattern
keepsat Between-the-Eyeseven when the scalechanges.
Anotherreasonis that the templatepatternin Fig. 7 does
not have clearedgepatternsin it, andit is usedfor pattern
selection,but not patterndetectionnor positioning.There-
fore thethreshold¥ canbevery loose.

P*Q S*T�UrV¤XL~�ZiÁ$`R¡RTel;bMneV6l;lKj6SRjeQ�nel;b�l1pCje_aV�p6z�j�neS�V6lOZ
Whenhair coversthe forehead,our algorithmdoesnot

work, becausethe two-cycle patternshown in Fig. 1 does
not appearat Between-the-Eyes.In addition,black frame
glassesoftencauseoursystemto fail.

6. Conclusion

Facefeaturepoint detectionis a first steptowardsface
gesturerecognition. We proposeda method to detect
Between-the-Eyesin a videostreamin realtime.

To efficiently detectBetween-the-Eyes,we usea circle-
frequency filter. Its intensityoutputbecomesa local max-
imum at Between-the-Eyes,andits phaseangleoutputde-
notesarotationanglein theimageplane.Therefore,wecan
easilyfind candidatesfor Between-the-Eyes,andde-rotate
the input faceimageat the candidatepoint. This enables
us to usea templatematchingtechniqueto selectthe true
Between-the-Eyesamongall candidates.

We testedour algorithmwith a faceimagedatabase[1].
For 400faces,a truedetectionrateof 98.5%wasachieved.

In anapplicationto arealvideostream,weimplemented
a skin-colordetectiontechniqueto extracta facecandidate
region. In thecolor to monochromeconversionfor theCF-
filter calculation,we usedthe ³ componentonly, to re-
ducethe calculationload. Our systemran at a rateof 27
frames/secondon a PC with a PentiumIII 866MHz CPU
withoutany specialhardware.

The radiusof the CF-filter wasfixed to 7 pixels. If the
filter sizewereto bemadesmallerthanthis, the resolution
of thephaseangleoutputwouldgettoocoarse.If it wereto
bemadelager, thefiltering processwouldtaketoolong. For
large-scalechangesof theface,we think weshouldprepare
multi-resolutionimages,insteadof applying variousfilter
sizes.

We plan to developa facetrackingsystembasedon the
currentdetectiontechniquein thenearfuture.
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