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CHALLENGE OF DESIGNING FACE TRACKING BASED UI
The applicationsof vision-basedface tracking to HCI are
evident. Facetrackingbasedprogramcontrol canbe used
asa hands-freealternative and/orextensionto conventional
pointingdevicessuchasmouse,joystick, trackpador track
ball. This canbe used,for example,to switch the focusof
attentionin windows environment. Vision-basedperceptual
userinterfacescanalsobeusedto controlcommercialcom-
putergames,immersive3D worldsandavatar-likecomputer-
generatedcommunicationprograms.For userswith physical
disabilities,thistechnologyoffersawayof controllinganon-
screencursorby moving their heads.Finally, facetracking
hasapplicationsin securityindustry, whereit is aprerequisite
for thenext stepof facerecognition,in video-conferencing,
whereit canbeusedto correctthegazedirection,andalsoin
video-codingandcontent-basedimageretrieval.

Figure 1: Face tracking based user interface.

Designingfacetrackingbaseduserinterfaces,suchasillus-
tratedin Figure1, which usea videocamerato track user’s
faceposition in 3D in order to convert it to a positionof a
cursoror anothervirtual objectin 2D screen,mayalsoseem
to bea straightforwardproblemto resolve. However, asre-
searchersin the computervision communityknow [4], it is
just theopposite.Theproblemis that for suchinterfacesto
be useful,facetrackinghasto be fast,affordableand,most
importantly, preciseandrobust. In particular, the precision
shouldbesufficient to controla cursor, while therobustness
shouldbe high enoughto allow a userthe convenienceand
theflexibility of headmotion. Unlessdedicatedhardwareor
structuredenvironment(e.g.markingsontheuser’sface)are
used,thesegoalsarevery difficult to achieve. Evenwith re-
centadvancesin hardwareandfalling cameraprices,theob-
tainedvision-basedsolutionsstill do notexhibit therequired
precisionandrobustness.

Reviewing vision-basedsolutions,two classesof facetrack-
ing approachesareconsidered[5]: (global)image-basedand

(local) feature-based.Image-basedapproachesuseglobalfa-
cial cuessuchas skin colour, headgeometryand motion.
They arerobustto headrotationandscaleanddonot require
high quality images.Theseapproacheshowever lack preci-
sion andthereforecannotbe usedto control the cursorpre-
cisely. In orderto achievepreciseandsmoothfacetracking,
feature-basedapproachesareused[3]. Theseapproachesare
basedon trackingindividual facialfeaturesandtheoretically
cantrackfaceswith pixel-sizeprecision,at least.In practice
however they do not, astrackingof the local facial features
is not robust to the head’s rotation, scaleand the changes
of facialexpressions.Feature-basedapproachesusuallyalso
requirehigh-resolutioncameras,which makesthemlessaf-
fordable.

Figure 2: Overview of the trackingprocedurefor theface
trackingbaseduserinterfaces.

Perceiving with two eyes
While for humansit is definitelyeasierto trackobjectswith
two eyesthanwith oneeye,in computervision,facetracking
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is usuallydonewith onecameraonly. This is dueto thefact
that, unlike in humanbrains, the relationshipbetweenthe
imagesobserved by two arbitrary video cameras,in many
cases,is not known.

A few authorsdo usestereofor facetracking[2]. They how-
everusethesecondcameramainly for thepurposeof acquir-
ing the third dimensionrather than making tracking more
robust, preciseor affordable. The problemis that, in order
to track a facein 3D, the tracking shouldbe robust to the
3D motion of the head,which, asmentionedabove, is not
thecasefor thefeature-basedapproaches.In addition,most
usedstereotrackingapproachesrely on dedicatedhardware
with precalibratedhighresolutioncameras,andhencearenot
veryaffordable.

CONTRIBUTION OF OUR WORK
In thisdemo,wepresenttechniqueswhichallow oneto build
an affordablefacetrackingsystemwhich tracksfacesboth
preciselyandrobustly. First, we usethe convex-shapenose
featureproposedin [1], which canbe trackedwith subpixel
accuracy at all times,regardlessof faceorientationandex-
pression.Second,weuserecentadvancesin projectivevision
theoryto computetherelationshipbetweenany two cameras.
This relationship,representedby the fundamentalmatrix, is
naturallyobtainedwhile observingafacewith bothcameras.
It provides an extra constraintwhich makes face tracking
morerobust.

Theproposedtechniquesallow usto build precisefacetrack-
ing baseduserinterfaceswith the aid of genericUSB cam-
eras. We show the Nouse ‘Use your nose as mouse’ 2D
hands-freeuserinterfacewe have designed.We alsoshow
the experimentalresultsof our 3D facetracking technique
whichcombinesconvex-shapenosetrackingwith stereotrack-
ing. Therobustnessof ourfacetrackingtechnique,thebinary
codeof which canbedownloadedfrom our website,is such
that the rotationsof a headof up to 40 degreesin all three
axesof rotationcanbetracked.Figure2 shows theoverview
of our facetrackingtechniqueasappliedto designinghands-
free userinterfacesandFigures3-5 show a few hands-free
interactive programswhich is basedon the proposedtech-
nique.
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Figure 3: A userplaysanaim-n-shootgame,pointingthe
direction of shootingwith his nose. Very slight rotations
of headleft andright aresufficient to cover theentire
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rangeof aiminga turret.

Figure 4: The robustnessand precisionof the tracking
techniqueis suchthat it allows oneto write with the nose
notcausingany discomfortor fatigue.

Figure 5: Two usersareplayinga ponggameusingtheir
headsto bouncea ball.
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