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CHALLENGE OF DESIGNING FACE TRACKING BASED Ul
The applicationsof vision-basedace trackingto HCI are
evident. Facetracking basedprogramcontrol canbe used
asa hands-freealternatve and/orextensionto corventional
pointing devicessuchasmouse joystick, track pador track
ball. This canbe used,for example,to switch the focus of
attentionin windows ervironment. Vision-basederceptual
userinterfacescanalsobe usedto controlcommercialcom-
putergamesjmmersive 3D worldsandavatarlike computer
generatedommunicatiorprogramsFor userswith physical
disabilities thistechnologyoffersaway of controllinganon-
screencursorby moving their heads.Finally, facetracking
hasapplicationsn securityindustry whereit is aprerequisite
for the next stepof facerecognition,in video-conferencing,
whereit canbeusedto correctthegazedirection,andalsoin
video-codingandcontent-basetmageretrieval.
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Figure 1: Face tracking based user interface.

Designingfacetrackingbaseduserinterfaces suchasillus-
tratedin Figure 1, which usea videocamerdo track users
facepositionin 3D in orderto corvertit to a positionof a
cursoror anothewvirtual objectin 2D screenmayalsoseem
to be a straightforvard problemto resole. However, asre-
searcherdn the computervision communityknow [4], it is
just the opposite. The problemis that for suchinterfacesto
be useful,facetracking hasto be fast, affordableand, most
importantly preciseandrobust. In particular the precision
shouldbe sufficient to controla cursor while the robustness
shouldbe high enoughto allow a userthe convenienceand
theflexibility of headmotion. Unlessdedicatechardwareor
structurecervironment(e.g. markingsontheusersface)are
used thesegoalsarevery difficult to achieze. Evenwith re-
centadvancesn hardwareandfalling cameraprices,the ob-
tainedvision-basedolutionsstill do notexhibit therequired
precisionandrobustness.

Reviewing vision-basedsolutions two classe®f facetrack-
ing approacheareconsidered5]: (global)image-basednd

(local) feature-basedmage-basedpproachesseglobalfa-
cial cuessuchas skin colour, headgeometryand motion.
They arerobustto headrotationandscaleanddo notrequire
high quality images. Theseapproachefiowever lack preci-
sion andthereforecannotbe usedto control the cursorpre-
cisely In orderto achieve preciseandsmoothfacetracking,
feature-basedpproacheareused3]. Theseapproacheare
basedntrackingindividual facialfeaturesandtheoretically
cantrackfaceswith pixel-sizeprecision,atleast.In practice
however they do not, astrackingof the local facial features
is not robust to the heads rotation, scaleand the changes
of facialexpressionsFeature-basedpproachessuallyalso
requirehigh-resolutioncameraswhich makesthemlessaf-
fordable.
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Figure 2: Overview of thetrackingprocedurdor the face
trackingbaseduserinterfaces.

Perceiving with two eyes
While for humanst is definitely easierto track objectswith
two eyesthanwith oneeye, in computewision, facetracking
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is usuallydonewith onecameraonly. Thisis dueto thefact
that, unlike in humanbrains, the relationshipbetweenthe
imagesobsened by two arbitrary video camerasjn mary
casesis notknown.

A few authorsdo usesteredfor facetracking[2]. They how-
everusethe seconccameramainly for the purposeof acquir
ing the third dimensionratherthan making tracking more
robust, preciseor affordable. The problemis that,in order
to track a facein 3D, the tracking should be robust to the
3D motion of the head,which, as mentionedabove, is not
the casefor the feature-basedpproachesln addition,most
usedstereotrackingapproachesely on dedicatechardware
with precalibratedhighresolutioncamerasandhencearenot
very affordable.

CONTRIBUTION OF OUR WORK

In thisdemo,we presentechniquesvhichallow oneto build
an affordablefacetracking systemwhich tracksfacesboth
preciselyandrobustly. First, we usethe corvex-shapenose
featureproposedn [1], which canbe tracked with subpixel
accurag at all times, regardlessof faceorientationand ex-
pression Secondye usereceniadvancesn projectivevision
theoryto computetherelationshipbetweerary two cameras.
This relationship representethy the fundamentamatrix, is
naturallyobtainedwhile observingafacewith bothcameras.
It provides an extra constraintwhich makes face tracking
morerobust.

Theproposedechniquesllow usto build precisefacetrack-
ing baseduserinterfaceswith the aid of genericUSB cam-
eras. We shav the Nouse ‘Use your nose as mouse’ 2D
hands-freauserinterfacewe have designed.We alsoshav
the experimentalresultsof our 3D facetracking technique
whichcombinesonvex-shapaosetrackingwith steredrack-
ing. Therobustnessf ourfacetrackingtechniquethebinary
codeof which canbe downloadedfrom our website,is such
thatthe rotationsof a headof up to 40 degreesin all three
axesof rotationcanbetracked. Figure2 shavstheovervien
of ourfacetrackingtechniqueasappliedto designinghands-
free userinterfacesand Figures3-5 showv a few hands-free
interactive programswhich is basedon the proposediech-
nique.
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Figure 3: A userplaysanaim-n-shoogame pointingthe
direction of shootingwith his nose. Very slight rotations
of headleft andright aresuficient to cover the entire180°

rangeof aimingaturret.
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Figure 4: The robustnessand precisionof the tracking
techniqueis suchthatit allows oneto write with the nose
notcausingary discomfortor fatigue.

Figure 5: Two usersareplaying a ponggameusingtheir
headgo bouncea ball.
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