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Abstract

Thispaperpresentsourongoingwork in developingvirtual
autonomousagentsto facilitate humancomputerinterac-
tion, and in particular, perceptualuser interfaces(PUIs)
for desktopapplicationsbasedon computervision techni-
ques. The desktopenvironmentsufficiently constrainsthe
computervision problemin orderto allow robustreal-time
performancefor our agents.Currentlythecomputervision
moduleis able to detectand track facesin real-time,and
broadcasttheir positionsto autonomoussoftware agents.
We are using a syntheticface to visualize the behaviors
of the autonomousagent,which are very simple so far,
andto give theusergraphicfeedbackof theagent’s status.
Basically the agent detectsthe presenceof the user by
showing a happy faceexpression,tracks the user’s face,
becomessadoncetheuseris gone,andangryif s/heis gone
for a long time. Extensionsto the vision moduleto track
facial featuresandrecognizefacial expressions,aswell as
extensionsto theagent’sbehaviors,arebeingimplemented.

Keywords: Human Computer Interaction, Computer
Vision.

1 Intr oduction

Sincecomputationalpower keepsbecomingmoreafforda-
ble every day, we expect to start enjoying new and more
powerful computerinterfacesin the nearfuture, specially
within future pervasive devices. To createsuchnew inter-
facesit will benecessaryto move from thecurrentlydomi-
nantWIMP (Windows, Icons,Menus,andPointing)inter-
faceparadigmto asomewhatnon-standardone.

In order to facilitatethe user’s activities, it is naturalto
automateasmany tasksaspossibleusing,for example,au-
tonomousagents[11]. Suchvirtual agentsrequiresome
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kind of sensorcapabilitiesto be able to interactwith the
user, andthisnew paradigmis sometimescalledperceptual
userinterfaces(PUIs)[16].

This paperpresentsour ongoingwork in developingvir-
tual autonomousagentsusingcomputervision techniques
to facilitatehumancomputerinteraction(HCI), andin par-
ticular, PUIsfor desktopapplications.Desktopapplications
basicallyrequiresfaceandgesturerecognitionfrom thevi-
sionmodule,whichgreatlyrestrictstheproblemsof general
computervision systems.Although oneof the major pro-
blemswith PUIsis how to integratetheinformationcoming
from differentsensorychannels,suchasspeechandtouch,
this topic is out of thescopeof thispaper.

Thevisionsystemweareusingis ableto detectandtrack
facesin real time usingactive illumination,but facescould
alsobedetectedusingskincolor[5, 15], motionsubtraction
[4], geometricmodelsandtemplates[1, 14], artificial neural
networks[3, 13], etc.

With smallmodificationsof thecamera’sopticalsystem,
the vision modulecanalsobe usedfor eye-gazetracking,
i.e., it is possibleto determinethe screencoordinatesto
wherethe useris looking at, andsendthis informationto
gazeawareapplications.Jacob[6] discussesseveral ways
of usingeye-trackinginformationas input for HCI, and it
hasbeenused,for example,as pointing devices for han-
dicappeople,to reducethe computationalburdenof large
high resolutiondisplays,andto increasethesecurityin pu-
blic dataentrydevices.

Extensionsto thevisionsystemareunderdevelopmentto
allow for otherinterfacemodalitieswith thevirtual autono-
mousagents,suchasheadgesturesandfacialexpressions.
Oncethesenew modalitiesare implementedandincluded
aspartof theagent’s capabilitiesasdescribedin Section3,
usability studieswill be conductedto verify the effective-
nessof theseinteractionmodes.

Thenext sectiondescribessomerelatedwork andthevi-
sion systemin moredetails. Section3 introducessomeof
theagentapplicationsunderdevelopmentwith preliminary
experimentalresults.Section4 concludesthepaper.
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Figura1: (a)Bright and(b) darkpupil images.Noticetheglint neartheedgeof thepupil. (c) Differenceof thedarkfrom
thebrightpupil afterthresholding.

2 Vision for autonomousagents

One nice exampleof a computervision systemusedfor
humaninteractionwith virtual autonomousagentsis the
ALIVE systempresentedin [7], which demonstratesthe
effective useof virtual agentsfor entertainmentapplicati-
ons. The systemusesa vision-basedinterfacethat allows
humansto interactwith petlike virtual agents,suchaspar-
rots anddogs,in a non-intrusive way, i.e., without the use
of goggles-and-glovesinterfaces. ALIVE’ s vision modu-
le usesa singlewide field-of-view camerato determinethe
3-D positionof thehead,hands,andothersalientbody fe-
aturesfrom figure/groundsegmentationof a known fixed
background.

ALIVE is very robustandreactivebut it is not quitesui-
ted for desktopapplications,since its vision systempro-
cessesmostly body gesturerecognition. Onelessonto be
rememberedfrom ALIVE is that the emotionaldisplayof
theagentscanhelp interaction.This is clearin thecaseof
ALIVE sincethe useris interactingwithin the agent’s en-
vironment,which is realisticandfamiliar to the user. For
PUIs,theagentis theinterfaceandits form becomesappli-
cationdependentandmany timesunfamiliar, andalthough
aninterfaceis allowedto have severalassociatedgraphical
displays,we believe thatanexplicit agentgraphicaloutput
canbeanimportantmeansfor userfeedbackaboutthesta-
tusof thetask,asdescribedin thenext section.

The computervision systemwe areusingto detectand
track facesis basedon thesystempresentedin [9]. It uses
two infrared(IR) light sourcesto createdarkandbrightpu-
pil images,asshown in Figure1. OneIR light is placed
verynearthecamera’sopticalaxisto createthebrightpupil
imageasseenin Figure1a(similar to theredeyeeffectseen
on flashphotography),anda secondIR light sourceis pla-
ceddistantfrom thecamera’s opticalaxis, in orderto keep
aboutthesameilluminationbut with adarkpupil, asseenin
Figure1b. Simplesubtractionwith thresholdingsegments

thepupil asseenin Figure1c. Oncethepupilsaredetected,
they canbe groupedinto facesusingheuristicandgeome-
tric rules. Eachfacecould be independentlytracked, but
for desktopapplications,trackingthemostsalientfaceis in
generalenough.

Anotherimportantapplicationof thevisionsystemis for
eye-gazetracking. Knowing wheretheuseris looking can
help the agentto determineits courseof action,or simply
tell somethingabouttheuser’sbehavior andregionsof inte-
restThegazetracker [10] basicallyusesthesamehardware
but with a longerlens,so that the pupil canbe seenat the
largestpossiblemagnification. Oncethe pupil is detected
usingthedifferentiallighting scheme,its centerof massis
computedandtracked.TheIR light sourcescreateglintson
thecornea,seenastheverybright spotneartheedgeof the
pupil in Figure1aandb. Assumingsmallheadmotion the
glint canbe usedasa referencepoint. The distancefrom
thecenterof theglint to thecenterof thepupil defineavec-
tor which is usedto estimatethe coordinateon the screen
wheretheuseris lookingat,afterabrief calibrationprocess
to determinethemappingbetweentheglint-pupil vectorto
screencoordinates.This methodworks well for small he-
ad motion,andwe have beenworking to make the system
morerobustto freeheadmotion.

Severalapplicationsof eye-trackingto helphumancom-
puter interactionhas been recently demonstratedby the
IBM Blueeyesproject. For example,Suitor [12] helpsthe
userbrowsetheInternetby automaticallybringingmorein-
formation relatedto the subjectthat the user is currently
readingon a ticker. Suitor is very pro-active, i.e., it does
not ask if you want more informationor not, thus,asso-
on astheuserfinishesreadingtheheadlineon theticker, it
bringsthecorrespondingpageup on a browser. If theuser
quitsreadingbeforetheendof theheadlineis reached,Sui-
tor understandsthat the news is not interesting,and does
nothing.



Figura2: Someof Pong’s facialexpressions.

Anotherapplicationfor eye-trackingis MAGIC pointing
[18]. It is hardto useeye-gazeasapointingdevicebecause
it is hardto selectobjectswith your eyesby dwell time or
blinking [6], sincesomeobjectsmight beselectedinvolun-
tarily. This is known astheMidastouchproblem,with the
extra inconveniencethatthecursoris alwayswheretheuser
is looking at on the screen.Also, the precisionof remote
eye-gazetrackingsystemsis not very goodwhencompa-
red to otherpointing devices,requiring large targetsto be
used,at leastabout1 squareinch for regulardesktopappli-
cations. MAGIC solvestheseproblemsby combiningthe
strengthsof regularpointingdevices,suchasamouse,with
the eye tracker. Whenthe useris just looking at the scre-
en, the cursorbehavesnormally, i.e., it doesnot move. If
theuserwantsto movethecursor, s/hewouldhaveto touch
andmovethemouseto accomplishthis task.With MAGIC,
thecursoris automaticallywarpedto apositionnearthede-
siredtargetassoonasthe usertouchesthe mouse,so s/he
doesnot have to drag it, andusesthe mousejust for fine
adjustments,creatingamuchmorenaturalandcomfortable
interface. Next we introducesomeagentswe aredevelo-
pingusingthevision systemsdescribedin this section.

3 Interface agents

BesidestheagentsthatpopulateALIVE’ senvironmentand
directly interactwith the user, it usesanotherautonomous
agentas an artificial guide, visualizedas a parrot, which
occasionallymakessuggestionsbasedon the typesof in-
teractionsthe userhashadwith the environment. To fully
demonstratethepotentialandfunctionalityof oursystem,a
morecomplex visualizationwill berequired.

The first agentwe describeis an eye-contactagent. It
is very similar in behavior to thePongrobotdevelopedby
the Blueeyesteamproject. Pongis a robot headthat can
mimic facialexpressions,asseenin Figure2. Our agentis
a virtual one,whosegraphicaloutputis basedon DECface
[17], whichwasusedfor speechandlip synchronizationfor

Figura 3: A happy, normal, and angry facial expression
from thesyntheticDECface.

syntheticfaces.DECfacemodelsfacialmusclesandlacks
other facial featuressuchas eyes, eyelids, andeyebrows,
but canbestill veryexpressiveascanbeseenin Figure3.

The behavior of our agentis very simple. If no faceis
beingdetected,it shows a sador angryface,dependingof
how long it hasseena humanface.As soonasthesystem
detectsa face,it shows surpriseand then smiles,as long
as the facestaysin sight. The eyesarebeing implemen-
ted, andthey will follow the user’s face,maintainingeye-
contact. As soonasour facial featuretrackingalgorithms
becomeavailable,amirror agentthatmimicseveryuserfa-
cial expressionwill be also implemented.Facial features
and facial expressionscan be computedusing local para-
meterizedmodels. Black andYacoob[2] presenta facial
featuretrackingsystembasedon robuststatistics,andMo-
rimoto et al.[8] usedthissystemto recognizeheadgestures
usingHiddenMarkov Models. The facial featuretracking
systemassumesthoughthattheinitial positionof thefeatu-
resareknown.

Thesecondagentwe areworking with is a guideto help
thecalibrationprocessfor thegazetracker. Thecalibration
processrequirestheuserto fixateat 9 screenpointsandhit
the spacebar on the keyboard.foreachof them. The cur-
rent agentonly tells the userif it wasableto computethe
calibrationor not, but it is beingextendedwith someheu-
ristic rulesin orderto beableto suggesttheusersolutions
to commoncalibrationproblems.

4 Conclusion

Wehavepresentedafew virtual autonomousagentsthatuse
computervision for human-computerinteraction. We are
using a real-timefacedetectionand tracking systemthat
canalsobeusedfor eye-gazetracking.Sinceouragentsare
in theirearlystagesof development,theirbehaviorsarestill
verysimple.Morecomplex behaviorsarebeingimplemen-
ted to experimentwith perceptualuser interfaces(PUIs).



Our PUIswill alsousesyntheticfaceswith expressionsto
give theuserfeedbackabouttheresultor thestatusof their
tasks.For example,whenaskedto performa task,theface
canturn its back,andonceits finished,it canfacetheuser
againwith a “happy” or “sad” expressiondenotingthe re-
sultsof its processing.After the agentmakeseye-contact
with theagent,thenit returnsto anormalfacialexpression.
The expressionintensitycanalsobe controlledby a mea-
sureof the successof the task. A facial expressioncould
alsoshow thatacommand(e.g.gestureor voicecommand)
wasnotunderstood,warnaboutthestatusof its relatedtask,
“cry” for moreuserinput/help,andsoon.
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