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Abstract

INCA is a distributed personalassistantcorversational
characterThefront-endrunson a handheld®DA anduses
facialanimationandnaturalspeechnput/outputto interact
with the userto provide servicessuchasappointmentse-
mail andweathereports.Existingcorversationatharacter
researctfocuseson desktopplatforms,but thereare obvi-
ousdifferencesvhenthe platformis a mobile device, the
two mostobvious beingthe limited computationapower
and the restrictionson input modalities. This paperdis-
cusseshearchitectureandimplementatiorof INCA, which
addressethesetwo challenges.

1 Intr oduction

Mostcorversationatharacteraredesignedorunondesk-
top computersThe useris assumedo have severalmodes
of input, suchaskeyboard,mouseandvoice.

However, recentyearshave seenanexplosionof mobile
devices,suchaspersonabigital assistantsn-carcomput-
ersandhigh-ponveredmobile phones.Techniquedor con-
versationatharacter®n suchdevicesareunderexplored.
Therearetwo particularchallenges:

Limited computationapower. In particulat thesede-
vicesdo not have hardwareacceleratiorof 3D graph-
ics,andarenotlikely to in thenearfuture.

Limited 1/O options. Thesedevices may be small,
have low resolution Jack keyboardsetc.

A further problem, sharedwith desktopcharactersjs
makingthesecharacterseemintelligent. Dueto the lim-
ited computationapower, this is even harderon a mobile
platform.

While Moore's law will inevitably increasehe comput-
ing power of mobile devices, they will be roughly three
iterationsof Moore'slaw behind(i.e. typically onequarter
to one eighththe computingpower of) desktopmachines.
Thereforeusingthenetwork to provide additionalcomput-
ing power to mobile deviceswill allow, in certaincircum-
stancesa circumwentionof their limited computingpower.

INCA (Internet-base€orversationalAgent)is a mobile
corversationatharactethatrunson a PDA, but usesnet-
work infrastructureto overcomesomeof the above limi-
tations. It is partof the programof researctbeingunder
taken by the SmartinternetTechnologyCooperatie Re-
searchCentre.A photograptof INCA runningon a mobile
device is shavn in Figure 1. The currentimplementation
of INCA hasthefollowing features:

Provides the following personalassistant-typeser
vices:newsheadlinesemail-readingmakingandlist-
ing appointmentgsynchronisedvith the desktop)re-
trieving weatherand exchangerates,andtranslations
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from English to several Europeanlanguage(albeit
badlypronouncedn English).

Spolen (but speaker-dependenthaturallanguagen-
put. Userscansaythingslike “Can you get me the
weatherfor today please?"Or “Y o InCA! What'sthe
exchangeratefor US dollars,man?” or “I wantthe
localnews, INCA.” Our systemdoesnotforcethemto
adherdo a constrainedyrammar

Speechoutput with facial animation, but currently
withoutemotionalexpression.

Figurel: InCA runningonaPDA

Therestof this paperwill discussthe architectureused
by INCA to provide thesecapabilities;in particular it will
focuson the two mostinterestingproblems: dialog man-
agementndfacial animations. It will thendiscusssome
recentre nements beforepresentinglansfor futurework.

1.1 Relatedwork

Ourwork dravsonthe establishedtudyof embodiedcon-
versationakhgents.This includesthe work of Cassellet al
(1999)on REA, andalsoCyberella(Gebhard2001).Both
of thesesystemdry to developvirtual charactershatinter-
actvia speectandgesture.



What wassaid

Speechrecognition

ok whataboutmy appointments
what'stheweathergoingto belike
uhfrancsplease

ok canyoutranslaté'm tiredto german
no goodbye

thatcareaboutmy pointman
whattheweatherdown to belight
aFrank'splace

acake canyoutranslatd'm tiedto German
know theby.

Tablel: Speechvsrecognisedvords

The InCA projectis alsorelatedto the work on TRIPS
(Allen etal.,2001)andthe CU communicatosystem(Pel-
lom et al., 2000). Both of theseprojectsfocuson the pro-
cesf collaboratieinteractionthroughspeech.

The underlyingtechnologiedor mobile corversational
characterarealsocurrentlydeveloping;for example work
on facial animationfor mobile platforms(Pandzic,2002).
There has also beensomework on speech-basethter
action with mobile devices of a limited form (Speereo,
2002). Thereis also the Smartkom Project at DFKI,
which alsoaimsto develop mobile conversationaktharac-
ters(Wahlster 2002); however, at the time of publication,
detailsare unavailable. To our knowledge,this is the rst
publishedwork on functionalmobile corversationakchar
acters.

2 InCA Architecture

To provide the above features)nCA emplgysthe architec-
ture shown in Figure2. It operateswithin threedomains:
theclient,whichrunsonaPDA, thesenerthatcoordinates
the speectrecognition,speechsynthesisand dialog man-
agementand nally a coordinatorthatis responsiblefor

2.2 Sewer

The sener coordinatesseveral different components. It
currently runs on a Linux workstation (Pentium Il
800MHz, 256MB RAM). Firstly, it takesthe audio com-
ing from theclientandreassemblei$ into a continuousau-
dio stream(sincethe audiois streamedo the sener, but
it only goesto the speechrecognitionengine, delaysin
communicatiorcanbe easilyhandled). It sendsthis data
to the speechrecognitionengine. Currently we areusing
IBM ViaVoice to provide speectrecognition. It takesthe
the speechrecognitionengines guessof the utteranceand
passesghis to the dialog managerwhich generates re-
ply. The InCA sener thentakes the reply and passest
to the Text-to-Speech(TTS) engineto generateboth the
audioandfacial animationinstructions.Currently we are
using IBM ViaVoice TTS for this, however we are eval-
uating otheralternatives, suchasRhetoricals rVoice, and
ScanSoft RealSpeakThis informationis corveyedback
to the InCA client, and oncethe datais downloaded,the
INCA clientis told to begin playingthe response.

Local TTS andspeeclrecognitionsystemswvereevalu-
ated,but did not have the requiredfeaturesnor werethey

real-timeretrieval of datasuchasweather appointments, computationallyviable. For instance,CMU's Flite TTS

andsoonfrom theInternet.

2.1 Client

TheInCA clientcurrentlyrunsona CompagPagH3870.
This device hasthefollowing speci cations.

StrongARM206MHz processar

32MB FlashROM, 64MB RAM.
320x24065,000colourscreen.
InternalMicrophone/Speatds.

Linux operatingsystemwith Qt/EmbeddedGUlI.
802.11bwirelessetherne{WiFi).

The StrongARM processoris designedfor low-power
consumptionandnot computingpower — it consumeso
more than 400 milliw atts — two ordersof magnitudeless
thana desktopprocessarlt doesnot have a oating-point
unit. Obviously, its 3D capabilitiesareextremelylimited.

The software that runs on the client is very “thin”; it
streamsaudio(hopefullythe spealer's voice) to the sener
andplaysbackaudioandfacialanimationscriptsoncethey
have beendawnloadedo the client. To simplify detecting
silenceabuttononthessideof thedevice — usuallyusedas
the“voicerecord”button—is usedto signalwhentheuser
is speakingto INCA. It communicatedo the sener over
WiFi. Audiois currentlytransferredincompresse(22kHz
16-bit PCM), sincethis occupiedessthan5 percentof the
maximumavailablebandwidth.

1t alsoworks with other StrongARM-based.inux devices, e.g. the
SharpZaurusSL-5500.

system(Lenzo and Black, 2002) takes up 90 per cent of
CPU while synthesisingjeaving little processotime for
animation;andwith somavhatinadequatespeechyuality.
Similarly, althoughtherearemobile speechrecognitionen-
gines,theserequirestrictly speci ed grammarsanddo not
even offer an unconstrainedlictation mode. IBM's Via-
Voice, by comparisonallows naturallanguage enabling
usersto utter unconstrainedequests,such as “Can you
translatewhere'stheneaestrestauantinto Spanish?”

2.3 Dialog managementand Coordinator

Most dialog managemensystemsare designedfor text-
basednteraction.Theapproachesequiredfor dialogman-
agementvith speectaresigni cantly different,mainly be-
causeof the unreliability of speechrecognition. Table 1
shows userutterancesindthe speectrecognitionengines
bestgueswof thatutterance.

For this reason,we employed Probot(Sammut,2001)
for dialog managementProbothasa numberof features
that make it well-suitedto this problem. Probotis imple-
mentedasarule-basedystemembeddedn aProloginter-
preter Therulesconsistof patternsandresponsesyhere
eachpatternis matchedagainstthe users utteranceand
the responses an outputsentence.Both patternsandre-
sponsesnay have attachedProlog expressionghat actas
constraintsn thepatternsandcaninvoke someactionwhen
usedin theresponse.

The pattern-responseules are groupedinto contexts,
which representshe currenttopic of corversation.A typ-
ical scriptconsistsof several contexts. Changingcontexts
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Figure2: INnCA architecture

is managedy makinga Prologcall. To addfurther e x-
ibility andcorversationahgility, Probotalsoemploys two
otherlists of pattern-responsailes: lters andbackups.

Filtersareusedto to detectutteranceshatrequireanin-
stantaneoushangeof context. Utterancesre rst checled
againstlter patternsdeforebeingchecledagainspatterns
in the currentcontet. Backupsare usedto handleutter
anceghatdid notcauseary Iter or context rulesto re.

This makesInCA very agile in corversationwhile still
allowing it to usecontext to constrairtherecognitionprob-
lem.

INCA: Hello. How can | help you?
User: | want the local news.
INCA: Headlines are: [..]
User: can you help me a hit?
INCA: | can tell you local, international
or computer news.
User: well can you list my emails then?
INCA: You have 3 messages. [..]
User: help me.
INCA: To read a message, just tell me the message

number. Or you can ask me to list your messages.

In theabove corversation)nCA is ableto offer context-
speci ¢ help,while still beingableto changecontext from
newsto e-mailin asinglestatement no explicit indicators
suchas*“canwe do e-mailnow?” arerequired.

One particular set of Prolog commandshat is exten-
sively usedin our scriptsis to retrieve information from
dynamicinformationsourcessuchasthe web, e-mailand
calendaringystemsThisis accomplishedhroughtheCo-
ordinator; a programwhich acceptsnstructionsfrom the
Probotandretrivestheinformationfrom the network.

The currentimplementatiorof the Coordinatoris a Perl
script. It usesRSS(Rich Site Summary)to retrieve head-
lines; SOAP (SimpleObjectAccessProtocol)to make the
remoteproceduresallsto retrieve exchangeatesandtrans-
lations(throughBabel sh) andPOP3to retreive e-mail.

Thesequeriescanform partof INCA'sreplies,asdemon-
stratedbelow. An exampleof a rule employedby our sys-
temis:

c_language { french | german | spanish | italian Y
* translat” * {into | to } <c_language> ==>
[
“coord_query([translate, "4, "2))

]

Theaboverulewould re onanutterancesuchas“could
you pleasdranslatenvhereis theneareshotelinto italian”.
Theresponsgeneratea coordinatorqueryaskingto trans-
late the secondexpressionmatched(in this case,“where
is the nearesthotel”) into the fourth expressionmatched
(“italian™).

2.4 Facial animation

Clearly, for currentgenerationmobile platforms, three-
dimensionatexture-mappedheadsareout of the question,
atleastif ary otherprocessings to bedone.Onepossible
approachwould be to usea 2D polygonalface,asPerlin
(1997)does;however, for mary mobile devices,eventhis
smallnumberof calculationsnaybeexcessve.

For the currentversionof InCA, we have useda very
simple, “cartoon” approach. A facewas generatedising
thecommercialcharactemanimationpackagePoser In ad-
dition to theface,we alsomanipulatedhefaceto generate
themouthpostiongdescribedn Nitchie (1979)ascorveyed
in Parke etal (1996). In total, 18 mouthpositionsaregen-
erated.Eachphonemeproducedcanbe mappedo oneof
thesemouthpositions.Ratherthanthe wholeimagebeing
retainedonly arectangldéncludingthe mouthis kept.

Whenthe TTS generatetheaudiofor InCA, it alsogen-
eratesthe phonemesand the correspondingiming infor-
mation. This canbe usedto constructa “playlist” of which
mouth position shouldbe shavn andfor how long. The
playlist and the audio are both transmittedto the client.
Onceboth are recevved by the client, synchronisedlay-
backbegins.

Whenplaybackbegins, the whole faceis dravn. When
it is time to changethe mouth position, the mouth area
is “overwritten” by the mouthimagecorrespondindo the
phoneme.

A similarideais usedto implementrandomblinking.

3 Re nements

In additionto thebasicplanabove,we have appliedseveral
re nements.

3.1 Alternativesfor speech

We evaluatedheaccurag of our systenmby having several
corversationsandrecordingcorrect,confusedandwrong
responsesA “confused’respons@ccurswhennoneof the



Probotrules re; andconsequentlynCA asksthe userto
repeatis laststatementA “wrong” respons@ccurswhen
anincorrectrule res, e.g,theusersays:“List my e-mails”,
andInCA replieswith “One Australiandollar is 0.55US
dollars”,which obviously did not meettheusersrequest.

We found that with a sampleof 99 utterancesfrom a
userwho hadtrainedthe speechrecognitionsystem InCA
waswrongonly 2 percentof thetime,andconfused31 per
centof thetime.

IBM ViaVoice, however, hasa capability of producing
alternatve “interpretations”of an utterance- typically as
mary as16 alternatvesaregeneratedlf thereareno pat-
ternsin the currentcontet that match an utterance the
INCA senerrequestanalternatve from the speechrecog-
nition engine,and teststhat to seeif ary patternswere
matchedthis time. This is repeateduntil all alternatves
are exhaustedat which point the useris asked to repeat
his or her utterance. For example,considerthe third ex-
amplefrom Table1: “uh francsplease”. The rst guess,
“a Frank's place” doesnt matchary patternssoa second
alternatve is requested.The secondalternatve is “francs
Place”, which — while not totally correct— is still recog-
nisedbecausehe context is currentlyexchangerates,and
oneof the patterngickedup “francs” asacurreng. Using
thistechniqueheconfusionratewasreducedo 22 percent
—a 29 per centreductionin the numberof timesthe user
wasasledto repeathemseles.

3.2 Multiple characters

It is relatively easyto generatenew characterdo be used
with InCA — anothersetof 22 or soimagesmustbegener
ated,andthespeectsynthesisnustbemodi ed to generate
a differentvoice. We have generatedeveral interchange-
ablecharactersijn particularwe have a male characteas
well. Thesecharactersareinterchangeablgvith minimal
effort.

3.3 Facial gesturesasstateindicators

Someof the INCA queriescantake a few secondgo per
form; sinceretrieval of information over the Internetis
sometimesslow. The corventionalway to corvey this to
the usermight beto getInCA to say“Pleasewait”. How-
ever, we have a facial expressiorthatinvolvesraisingthe
eyebravs and looking up in a mannerthat is associated
with thinking or contemplating. This facial expressionis
maintaineduntil just before InCA is readyto speak. At
this point, normaleye contactis restored.Exploring such
useof facialexpressionso expressstatessuchasthinking,
confusionandsoonis somethingwve planto explore.

4 Further work

Obviously, INCA is in herinfang, andthe avenuesof re-

searcharemary. Our plansfor furtherwork include:
Evaluatinghow importantthe faceis; would the de-
vice be equallyusefulwithouttheface?

Evaluatingthe “3D cartoon”faceagainsta real-time
2D facesimilarto Perlin's (1997).

Adding a phoneinterfaceto InCA, sothatinsteadof
interactingvia a PDA, theinteractioncould occurus-
ing astandarghoneline.

Learningusers preferences.

Integrating more tightly betweenthe speechrecog-
nition engineand the dialoguemanagemensystem.
In particular the currentmodelof taking alternatves
from the speechrecognitionengineafter recognition
hasbeendoneis simplistic. We arelooking at tech-
niguesfor extracting probablewords in the current
contet and using them to inform the searchper
formedby the speechrecognitionengine.

Adding multimodal capabilitiesto InCA, soit could,
for example,displaymaps.

5 Conclusion

INCA is amobilecorversationatharactethatusesspeech
I/0 andaddressesomeof theuniquechallenge®f themo-
bile environment.Simplefacialanimationtechniquesnay
be adequatewe are hopingto testthis statistically Fur
ther, the network canbe usedasa meansto obtain addi-
tional computingpower to effectively addfeaturessuchas
speectrecognitionandsynthesis.

6 Webpage

Movies, photographs,corversation transcripts, etc are

availablefrom:
http://www.cse.unsw.edu.au/ inca/
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