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Abstract

This papemresent®ur ongoingwork in developingvirtual

autonomousagentsto facilitate humancomputerinterac-
tion, and in particular perceptualuser interfaces(PUIs)
for desktopapplicationshasedon computervision techni-
gues. The desktopervironmentsufiiciently constrainghe
computervision problemin orderto allow robustreal-time
performancdor our agents.Currentlythe computervision

moduleis ableto detectandtrack facesin real-time,and
broadcastheir positionsto autonomoussoftware agents.
We are using a syntheticfaceto visualize the behaiors
of the autonomousagent, which are very simple so far,

andto give the usergraphicfeedbackof the agents status.
Basically the agentdetectsthe presenceof the user by

shaving a happy face expression,tracksthe users face,
becomesadoncetheuseris gone,andangryif s/heis gone
for along time. Extensiongto the vision moduleto track
facial featuresandrecognizefacial expressionsaswell as

extensiongo theagentsbehaviors, arebeingimplemented.

Keywords: Human Computer Interaction, Computer
Vision.
1 Intr oduction

Sincecomputationapower keepsbecomingmoreafforda-
ble every day, we expectto startenjoying new and more
powerful computerinterfacesin the nearfuture, specially
within future penasive devices. To createsuchnew inter-
facest will benecessaryo move from the currentlydomi-
nantWIMP (Windows, Icons, Menus,and Pointing)inter-
faceparadigmto a somavhatnon-standarane.

In orderto facilitate the users actities, it is naturalto
automateasmary tasksaspossibleusing,for example,au-
tonomousagents[11]. Suchvirtual agentsrequire some
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kind of sensorcapabilitiesto be ableto interactwith the
user andthis new paradigmis sometimegalledperceptual
userinterfacegPUIs)[16].

This paperpresentour ongoingwork in developingvir-
tual autonomousagentsusing computervision techniques
to facilitatehumancomputerinteraction(HCI), andin par
ticular, PUIsfor desktopapplications Desktopapplications
basicallyrequiresfaceandgesturerecognitionfrom the vi-
sionmodule which greatlyrestrictsthe problemsof general
computervision systems.Although one of the major pro-
blemswith PUIsis how to integratetheinformationcoming
from differentsensorychannelssuchasspeechandtouch,
thistopicis out of the scopeof this paper

Thevision systemwe areusingis ableto detectandtrack
facesin realtime usingactive illumination, but facescould
alsobedetectedisingskincolor[5, 15], motionsubtraction
[4], geometrianodelsandtemplateg$l, 14], artificial neural
networks|[3, 13], etc.

With smallmodificationsof the cameras optical system,
the vision modulecanalso be usedfor eye-gazetracking,
i.e., it is possibleto determinethe screencoordinatesto
wherethe useris looking at, and sendthis informationto
gazeaware applications.Jacob[6] discusseseveralways
of using eye-trackinginformationasinput for HCI, andit
hasbeenused,for example, as pointing devices for han-
dicap people,to reducethe computationaburdenof large
high resolutiondisplays,andto increasehe securityin pu-
blic dataentrydevices.

Extensiongo thevision systemareunderdevelopmento
allow for otherinterfacemodalitieswith thevirtual autono-
mousagents suchasheadgesturesandfacial expressions.
Oncethesenew modalitiesare implementedandincluded
aspartof the agents capabilitiesasdescribedn Section3,
usability studieswill be conductedo verify the effective-
nessof theseinteractionmodes.

Thenext sectiondescribesomerelatedwork andthe vi-
sion systemin moredetails. Section3 introducessomeof
the agentapplicationsunderdevelopmentwith preliminary
experimentakesults.Sectiord concludeghe paper
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Figural: (a) Bright and(b) darkpupil images.Noticetheglint nearthe edgeof the pupil. (c) Differenceof the darkfrom

the bright pupil afterthresholding.

2 Vision for autonomousagents

One nice example of a computervision systemusedfor
humaninteractionwith virtual autonomousagentsis the
ALIVE systempresentedn [7], which demonstrateshe
effective useof virtual agentsfor entertainmentpplicati-
ons. The systemusesa vision-basednterfacethat allows
humandgo interactwith petlike virtual agentssuchaspar
rotsanddogs,in a non-intrusive way, i.e., without the use
of goggles-and-gleesinterfaces. ALIVE’ s vision modu-
le usesa singlewide field-of-view camerao determinethe
3-D positionof the head,hands andothersalientbody fe-
aturesfrom figure/groundsegmentationof a known fixed
background.

ALIVE is veryrobustandreactive but it is not quite sui-
ted for desktopapplications,sinceits vision systempro-
cessesnostly body gesturerecognition. Onelessonto be
rememberedrom ALIVE is thatthe emotionaldisplay of
the agentscanhelpinteraction. This is clearin the caseof
ALIVE sincethe useris interactingwithin the agents en-
vironment,which is realisticand familiar to the user For
PUIs,theagents theinterfaceandits form becomesppli-
cationdependenandmary timesunfamiliar, andalthough
aninterfaceis allowedto have severalassociategjraphical
displays,we believe thatan explicit agentgraphicaloutput
canbeanimportantmeandor userfeedbackaboutthe sta-
tusof thetask,asdescribedn thenext section.

The computervision systemwe are usingto detectand
track facesis basedon the systempresentedn [9]. It uses
two infrared(IR) light sourcego createdarkandbright pu-
pil images,asshavn in Figure1l. OnelR light is placed
very nearthecameras opticalaxisto createthe bright pupil
imageasseenin Figurela(similartotheredeye effectseen
on flashphotography)anda secondR light sourceis pla-
ceddistantfrom the cameras optical axis, in orderto keep
aboutthesamallumination but with adarkpupil, asseerin
Figure 1b. Simple subtractionwith thresholdingsegments

thepupil asseenin Figurelc. Oncethepupilsaredetected,
they canbe groupedinto facesusingheuristicandgeome-
tric rules. Eachfacecould be independentlytracked, but
for desktopapplicationstrackingthe mostsalientfaceis in
generaknough.

Anotherimportantapplicationof the vision systemis for
eye-gazetracking. Knowing wherethe useris looking can
help the agentto determineits courseof action,or simply
tell somethingabouttheusers behaior andregionsof inte-
restThegazetracker[10] basicallyuseshe samehardware
but with a longerlens, so thatthe pupil canbe seenat the
largestpossiblemagnification. Oncethe pupil is detected
usingthe differentiallighting schemeijts centerof massis
computedandtracked. ThelR light sourcesreateglintson
thecorneaseenasthevery bright spotnearthe edgeof the
pupil in Figurelaandb. Assumingsmallheadmotionthe
glint canbe usedasa referencepoint. The distancefrom
thecenterof theglint to the centerof the pupil defineavec-
tor which is usedto estimatethe coordinateon the screen
wheretheuseris looking at, afterabrief calibrationprocess
to determinethe mappingbetweerthe glint-pupil vectorto
screencoordinates.This methodworks well for small he-
ad motion, andwe have beenworking to make the system
morerobustto free headmotion.

Severalapplicationsof eye-trackingto help humancom-
puter interaction has been recently demonstratedy the
IBM Bluegyesproject. For example,Suitor[12] helpsthe
userbrowsethe Internetby automaticallybringingmorein-
formation relatedto the subjectthat the useris currently
readingon a ticker. Suitor is very pro-actie, i.e., it does
not askif you want moreinformation or not, thus, as so-
on asthe userfinishesreadingthe headlineon theticker, it
bringsthe correspondingprageup on a browser If theuser
quitsreadingbeforetheendof the headlineis reachedSui-
tor understandshat the news is not interesting,and does
nothing.



Figura2: Someof Pongsfacialexpressions.

Anotherapplicationfor eye-trackingis MAGIC pointing
[18]. It is hardto useeye-gazeasa pointingdevice because
it is hardto selectobjectswith your eyesby dwell time or
blinking [6], sincesomeobjectsmight be selectednvolun-
tarily. Thisis known asthe Midastouchproblem,with the
extraincorveniencehatthecursoris alwayswheretheuser
is looking at on the screen. Also, the precisionof remote
eye-gazetracking systemsis not very good when compa-
red to otherpointing devices, requiring large targetsto be
used atleastaboutl squarench for regulardesktopappli-
cations. MAGIC solvestheseproblemsby combiningthe
strengthf regularpointingdevices,suchasamouse with
the eye tracker. Whenthe useris just looking at the scre-
en, the cursorbeharesnormally; i.e., it doesnot move. If
theuserwantsto move the cursor s/hewould have to touch
andmovethemouseo accomplistthistask.With MAGIC,
thecursoris automaticallywarpedto a positionnearthede-
siredtargetassoonasthe usertoucheshe mouse,so s/he
doesnot have to dragit, and usesthe mousejust for fine
adjustmentsgreatinga muchmorenaturalandcomfortable
interface. Next we introducesomeagentswe are develo-
ping usingthevision systemadescribedn this section.

3 Interface agents
BesidegheagentghatpopulateALIVE’ sernvironmentand
directly interactwith the user it usesanotherautonomous
agentas an artificial guide, visualizedas a parrot, which
occasionallymakes suggestiondasedon the typesof in-
teractionghe userhashadwith the ervironment. To fully
demonstrat¢he potentialandfunctionality of our systema
morecomple visualizationwill berequired.

The first agentwe describeis an eye-contactagent. It
is very similar in behaior to the Pongrobotdevelopedby
the Bluegyesteamproject. Pongis a robot headthat can
mimic facial expressionsasseenin Figure2. Our agentis
avirtual one,whosegraphicaloutputis basedon DECface
[17], whichwasusedfor speectandlip synchronizatiorior

Figura3: A happy, normal, and angry facial expression
from the syntheticDECface.

syntheticfaces. DECfacemodelsfacial musclesandlacks
other facial featuressuchas eyes, eyelids, and eyebrows,
but canbestill very expressve ascanbeseenn Figure3.

The behaiior of our agentis very simple. If no faceis
beingdetectedjt shavs a sador angryface,dependingof
how long it hasseena humanface. As soonasthe system
detectsa face, it showns surpriseand then smiles,aslong
asthe facestaysin sight. The eyesare beingimplemen-
ted, andthey will follow the users face,maintainingeye-
contact. As soonasour facial featuretracking algorithms
becomeavailable,a mirror agentthatmimicsevery userfa-
cial expressionwill be alsoimplemented. Facial features
and facial expressionscan be computedusinglocal para-
meterizedmodels. Black and Yacoob[2] presenta facial
featuretrackingsystembasedon robust statisticsand Mo-
rimoto et al.[8] usedthis systento recognizeheadgestures
using HiddenMarkov Models. The facial featuretracking
systemassumethoughthattheinitial positionof thefeatu-
resareknown.

The secondagentwe areworking with is aguideto help
the calibrationprocesdor the gazetracker. Thecalibration
procesgequiresthe userto fixate at 9 screermpointsandhit
the spacebar on the keyboard.foreachof them. The cur-
rentagentonly tells the userif it wasableto computethe
calibrationor not, but it is beingextendedwith someheu-
ristic rulesin orderto be ableto suggesthe usersolutions
to commoncalibrationproblems.

4 Conclusion

We have presente@few virtual autonomouggentghatuse
computervision for human-computeinteraction. We are
using a real-time face detectionand tracking systemthat
canalsobeusedfor eye-gazdracking. Sinceouragentsare
in their earlystageof developmenttheirbehaiorsarestill

very simple.More complex behaiors arebeingimplemen-
ted to experimentwith perceptualuserinterfaces(PUIS).



Our PUIswill alsousesyntheticfaceswith expressiongo

give theuserfeedbackaboutthe resultor the statusof their

tasks.For example,whenasledto performatask,theface
canturn its back,andonceits finished,it canfacetheuser
againwith a “happy” or “sad” expressiondenotingthe re-

sults of its processing.After the agentmakes eye-contact
with theagentthenit returnsto a normalfacialexpression.
The expressionintensity canalso be controlledby a mea-
sureof the succes®f the task. A facial expressioncould

alsoshow thatacommande.g. gestureor voicecommand) [10]
wasnotunderstoodwarnaboutthe statusof its relatedtask,
“cry” for moreuserinput/help,andsoon.
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