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Abstract
InCA is a distributed personalassistantconversational
character. Thefront-endrunson a handheldPDA anduses
facialanimationandnaturalspeechinput/outputto interact
with theuserto provide servicessuchasappointments,e-
mail andweatherreports.Existingconversationalcharacter
researchfocuseson desktopplatforms,but thereareobvi-
ousdifferenceswhenthe platform is a mobile device, the
two mostobvious beingthe limited computationalpower
and the restrictionson input modalities. This paperdis-
cussesthearchitectureandimplementationof InCA, which
addressesthesetwo challenges.

1 Intr oduction
Mostconversationalcharactersaredesignedto runondesk-
top computers.Theuseris assumedto have severalmodes
of input,suchaskeyboard,mouseandvoice.

However, recentyearshaveseenanexplosionof mobile
devices,suchaspersonaldigital assistants,in-carcomput-
ersandhigh-poweredmobilephones.Techniquesfor con-
versationalcharacterson suchdevicesareunder-explored.
Therearetwo particularchallenges:

� Limited computationalpower. In particular, thesede-
vicesdo nothave hardwareaccelerationof 3D graph-
ics,andarenot likely to in thenearfuture.

� Limited I/O options. Thesedevices may be small,
have low resolution,lackkeyboardsetc.

A further problem, sharedwith desktopcharacters,is
makingthesecharactersseemintelligent. Due to the lim-
ited computationalpower, this is evenharderon a mobile
platform.

While Moore's law will inevitably increasethecomput-
ing power of mobile devices, they will be roughly three
iterationsof Moore's law behind(i.e. typically onequarter
to oneeighththecomputingpower of) desktopmachines.
Therefore,usingthenetwork to provideadditionalcomput-
ing power to mobiledeviceswill allow, in certaincircum-
stances,acircumventionof their limited computingpower.

InCA (Internet-basedConversationalAgent)is a mobile
conversationalcharacterthat runson a PDA, but usesnet-
work infrastructureto overcomesomeof the above limi-
tations. It is part of the programof researchbeingunder-
taken by the SmartInternetTechnologyCooperative Re-
searchCentre.A photographof InCA runningona mobile
device is shown in Figure1. The currentimplementation
of InCA hasthefollowing features:

� Provides the following personalassistant-typeser-
vices:newsheadlines,email-reading,makingandlist-
ing appointments(synchronisedwith thedesktop),re-
trieving weatherandexchangerates,andtranslations

from English to several Europeanlanguage(albeit
badlypronouncedin English).

� Spoken (but speaker-dependent)naturallanguagein-
put. Userscansay things like “Can you get me the
weatherfor today, please?”Or “Yo InCA! What's the
exchangerate for US dollars,man?” or “I want the
localnews,InCA.” Oursystemdoesnot forcethemto
adhereto a constrainedgrammar.

� Speechoutput with facial animation, but currently
withoutemotionalexpression.

Figure1: InCA runningona PDA

Therestof this paperwill discussthearchitectureused
by InCA to provide thesecapabilities;in particular, it will
focuson the two most interestingproblems:dialog man-
agementandfacial animations.It will thendiscusssome
recentre�nements,beforepresentingplansfor futurework.

1.1 Relatedwork

Ourwork drawson theestablishedstudyof embodiedcon-
versationalagents.This includesthework of Cassellet al
(1999)onREA, andalsoCyberella(Gebhard,2001).Both
of thesesystemstry to developvirtual charactersthatinter-
actvia speechandgesture.



What wassaid Speechrecognition
ok whataboutmy appointments thatcareaboutmy point man
what's theweathergoingto belike whattheweatherdown to belight
uh francsplease a Frank'splace
ok canyou translatei'm tired to german a cakecanyou translateI'm tied to German
nogoodbye know theby.

Table1: Speechvs recognisedwords

The InCA project is alsorelatedto thework on TRIPS
(Allen etal.,2001)andtheCU communicatorsystem(Pel-
lom et al., 2000). Both of theseprojectsfocuson thepro-
cessof collaborative interactionthroughspeech.

The underlyingtechnologiesfor mobile conversational
charactersarealsocurrentlydeveloping;for example,work
on facial animationfor mobileplatforms(Pandzic,2002).
There has also beensomework on speech-basedinter-
action with mobile devices of a limited form (Speereo,
2002). There is also the SmartKom Project at DFKI,
which alsoaimsto developmobileconversationalcharac-
ters(Wahlster, 2002);however, at the time of publication,
detailsareunavailable. To our knowledge,this is the �rst
publishedwork on functionalmobile conversationalchar-
acters.

2 InCA Ar chitecture
To provide theabove features,InCA employs thearchitec-
ture shown in Figure2. It operateswithin threedomains:
theclient,whichrunsonaPDA, theserverthatcoordinates
the speechrecognition,speechsynthesisanddialog man-
agement,and �nally a coordinatorthat is responsiblefor
real-timeretrieval of datasuchasweather, appointments,
andsoon from theInternet.

2.1 Client
TheInCA clientcurrentlyrunsonaCompaqiPaqH38701.
Thisdevicehasthefollowing speci�cations.

� StrongARM206MHzprocessor.

� 32MB FlashROM, 64MB RAM.

� 320x24065,000colourscreen.

� InternalMicrophone/Speaker.

� Linux operatingsystemwith Qt/EmbeddedGUI.

� 802.11bWirelessethernet(WiFi).

The StrongARM processoris designedfor low-power
consumption,andnot computingpower – it consumesno
more than400 milliw atts– two ordersof magnitudeless
thana desktopprocessor. It doesnot have a �oating-point
unit. Obviously, its 3D capabilitiesareextremelylimited.

The software that runs on the client is very “thin”; it
streamsaudio(hopefully thespeaker's voice) to theserver
andplaysbackaudioandfacialanimationscriptsoncethey
have beendownloadedto theclient. To simplify detecting
silence,abuttonon thesideof thedevice– usuallyusedas
the“voicerecord”button– is usedto signalwhentheuser
is speakingto InCA. It communicatesto the server over
WiFi. Audio is currentlytransferreduncompressed(22kHz
16-bitPCM),sincethisoccupieslessthan5 percentof the
maximumavailablebandwidth.

1It alsoworks with otherStrongARM-basedLinux devices,e.g. the
SharpZaurusSL-5500.

2.2 Server

The server coordinatesseveral different components. It
currently runs on a Linux workstation (Pentium III
800MHz, 256MB RAM). Firstly, it takes the audiocom-
ing from theclientandreassemblesit into acontinuousau-
dio stream(sincethe audio is streamedto the server, but
it only goesto the speechrecognitionengine,delaysin
communicationcanbe easilyhandled). It sendsthis data
to the speechrecognitionengine.Currently, we areusing
IBM ViaVoice to provide speechrecognition. It takesthe
thespeechrecognitionengine's guessof theutteranceand
passesthis to the dialog manager, which generatesa re-
ply. The InCA server then takes the reply and passesit
to the Text-to-Speech(TTS) engineto generateboth the
audioandfacialanimationinstructions.Currently, we are
using IBM ViaVoice TTS for this, however we are eval-
uatingotheralternatives,suchasRhetorical's rVoice, and
ScanSoft's RealSpeak.This informationis conveyedback
to the InCA client, andoncethe datais downloaded,the
InCA client is told to begin playingtheresponse.

Local TTS andspeechrecognitionsystemswereevalu-
ated,but did not have therequiredfeatures,nor werethey
computationallyviable. For instance,CMU's Flite TTS
system(LenzoandBlack, 2002) takesup 90 per centof
CPU while synthesising;leaving little processortime for
animation;andwith somewhat inadequatespeechquality.
Similarly, althoughtherearemobilespeechrecognitionen-
gines,theserequirestrictly speci�edgrammarsanddo not
even offer an unconstraineddictation mode. IBM' s Via-
Voice, by comparison,allows natural language,enabling
usersto utter unconstrainedrequests,such as “Can you
translatewhere's thenearestrestaurant into Spanish?”

2.3 Dialog managementand Coordinator

Most dialog managementsystemsare designedfor text-
basedinteraction.Theapproachesrequiredfor dialogman-
agementwith speecharesigni�cantly different,mainlybe-
causeof the unreliability of speechrecognition. Table 1
shows userutterancesandthespeechrecognitionengine's
bestguessof thatutterance.

For this reason,we employed Probot(Sammut,2001)
for dialog management.Probothasa numberof features
that make it well-suitedto this problem. Probotis imple-
mentedasarule-basedsystemembeddedin aProloginter-
preter. Therulesconsistof patternsandresponses,where
eachpatternis matchedagainstthe user's utteranceand
the responseis an outputsentence.Both patternsandre-
sponsesmay have attachedPrologexpressionsthat act as
constraintsin thepatternsandcaninvokesomeactionwhen
usedin theresponse.

The pattern-responserules are groupedinto contexts,
which representsthecurrenttopic of conversation.A typ-
ical script consistsof severalcontexts. Changingcontexts
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Figure2: InCA architecture

is managedby makinga Prologcall. To addfurther �e x-
ibility andconversationalagility, Probotalsoemploys two
otherlists of pattern-responserules:�lters andbackups.

Filtersareusedto to detectutterancesthatrequireanin-
stantaneouschangeof context. Utterancesare�rst checked
against�lter patternsbeforebeingcheckedagainstpatterns
in the currentcontext. Backupsareusedto handleutter-
ancesthatdid not causeany �lter or context rulesto �re.

This makesInCA very agile in conversation,while still
allowing it to usecontext to constraintherecognitionprob-
lem.

InCA: Hello. How can I help you?
User: I want the local news.
InCA: Headlines are: [...]
User: can you help me a bit?
InCA: I 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 theaboveconversation,InCA is ableto offer context-
speci�c help,while still beingableto changecontext from
newsto e-mailin asinglestatement– noexplicit indicators
suchas“canwedoe-mailnow?” arerequired.

One particular set of Prolog commandsthat is exten-
sively usedin our scripts is to retrieve information from
dynamicinformationsources,suchastheweb,e-mailand
calendaringsystems.This is accomplishedthroughtheCo-
ordinator;a programwhich acceptsinstructionsfrom the
Probotandretrivestheinformationfrom thenetwork.

Thecurrentimplementationof theCoordinatoris a Perl
script. It usesRSS(Rich SiteSummary)to retrieve head-
lines;SOAP (SimpleObjectAccessProtocol)to make the
remoteprocedurecallsto retrieveexchangeratesandtrans-
lations(throughBabel�sh) andPOP3to retreivee-mail.

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

c_language :: { french | german | spanish | italian };

* translat˜ * {into | to } <c_language> ==>
[

ˆcoord_query([translate, ˆ4, ˆ2])
]

Theaboverulewould�re onanutterancesuchas“could
youpleasetranslatewhereis thenearesthotelinto italian”.
Theresponsegeneratesacoordinatorqueryaskingto trans-
late the secondexpressionmatched(in this case,“where
is the nearesthotel”) into the fourth expressionmatched
(“italian”).

2.4 Facial animation
Clearly, for current generationmobile platforms, three-
dimensionaltexture-mappedheadsareout of thequestion,
at leastif any otherprocessingis to bedone.Onepossible
approachwould be to usea 2D polygonalface,asPerlin
(1997)does;however, for many mobiledevices,even this
smallnumberof calculationsmaybeexcessive.

For the currentversionof InCA, we have useda very
simple, “cartoon” approach.A facewasgeneratedusing
thecommercialcharacteranimationpackagePoser. In ad-
dition to theface,wealsomanipulatedthefaceto generate
themouthpostionsdescribedin Nitchie(1979)asconveyed
in Parke et al (1996). In total, 18 mouthpositionsaregen-
erated.Eachphonemeproducedcanbemappedto oneof
thesemouthpositions.Ratherthanthewhole imagebeing
retained,only a rectangleincludingthemouthis kept.

WhentheTTSgeneratestheaudiofor InCA, it alsogen-
eratesthe phonemesand the correspondingtiming infor-
mation.Thiscanbeusedto constructa “playlist” of which
mouth position shouldbe shown and for how long. The
playlist and the audio are both transmittedto the client.
Onceboth are received by the client, synchronisedplay-
backbegins.

Whenplaybackbegins,thewhole faceis drawn. When
it is time to changethe mouth position, the mouth area
is “overwritten” by themouthimagecorrespondingto the
phoneme.

A similar ideais usedto implementrandomblinking.

3 Re�nements
In additionto thebasicplanabove,wehaveappliedseveral
re�nements.

3.1 Alter nativesfor speech
We evaluatedtheaccuracy of oursystemby having several
conversations,andrecordingcorrect,confusedandwrong
responses.A “confused”responseoccurswhennoneof the



Probotrules�re; andconsequentlyInCA asksthe userto
repeathis laststatement.A “wrong” responseoccurswhen
anincorrectrule�res, e.g,theusersays:“List my e-mails”,
andInCA replieswith “One Australiandollar is 0.55 US
dollars”,whichobviouslydid notmeettheuser's request.

We found that with a sampleof 99 utterances,from a
userwho hadtrainedthespeechrecognitionsystem,InCA
waswrongonly 2 percentof thetime,andconfused31per
centof thetime.

IBM ViaVoice, however, hasa capabilityof producing
alternative “interpretations”of an utterance– typically as
many as16 alternativesaregenerated.If thereareno pat-
terns in the currentcontext that matchan utterance,the
InCA server requestsanalternativefrom thespeechrecog-
nition engine,and teststhat to seeif any patternswere
matchedthis time. This is repeateduntil all alternatives
are exhausted,at 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”doesn't matchany patterns,soa second
alternative is requested.The secondalternative is “francs
Place”,which – while not totally correct– is still recog-
nisedbecausethecontext is currentlyexchangerates,and
oneof thepatternspickedup“francs” asacurrency. Using
thistechniquetheconfusionratewasreducedto 22percent
– a 29 per centreductionin the numberof timesthe user
wasaskedto repeatthemselves.

3.2 Multiple characters
It is relatively easyto generatenew charactersto be used
with InCA – anothersetof 22or soimagesmustbegener-
ated,andthespeechsynthesismustbemodi�ed to generate
a differentvoice. We have generatedseveral interchange-
ablecharacters;in particularwe have a malecharacteras
well. Thesecharactersare interchangeablewith minimal
effort.

3.3 Facial gesturesasstateindicators
Someof the InCA queriescantake a few secondsto per-
form; since retrieval of information over the Internet is
sometimesslow. The conventionalway to convey this to
theusermight be to get InCA to say“Pleasewait”. How-
ever, we have a facial expressionthat involvesraisingthe
eyebrows and looking up in a mannerthat is associated
with thinking or contemplating.This facial expressionis
maintaineduntil just beforeInCA is readyto speak. At
this point, normaleye contactis restored.Exploring such
useof facialexpressionsto expressstatessuchasthinking,
confusionandsoon is somethingweplanto explore.

4 Further work
Obviously, InCA is in her infancy, andthe avenuesof re-
searcharemany. Ourplansfor furtherwork include:

� Evaluatinghow importantthe faceis; would the de-
vicebeequallyusefulwithout theface?

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

� Adding a phoneinterfaceto InCA, so that insteadof
interactingvia a PDA, theinteractioncouldoccurus-
ing astandardphoneline.

� Learninguser'spreferences.

� Integrating more tightly betweenthe speechrecog-
nition engineand the dialoguemanagementsystem.
In particular, thecurrentmodelof takingalternatives
from the speechrecognitionengineafter recognition
hasbeendoneis simplistic. We arelooking at tech-
niquesfor extracting probablewords in the current
context and using them to inform the searchper-
formedby thespeechrecognitionengine.

� Adding multimodalcapabilitiesto InCA, so it could,
for example,displaymaps.

5 Conclusion
InCA is amobileconversationalcharacterthatusesspeech
I/O andaddressessomeof theuniquechallengesof themo-
bile environment.Simplefacialanimationtechniquesmay
be adequate;we arehoping to test this statistically. Fur-
ther, the network canbe usedasa meansto obtainaddi-
tional computingpower to effectively addfeaturessuchas
speechrecognitionandsynthesis.

6 Webpage
Movies, photographs,conversation transcripts, etc are
availablefrom:

http://www.cse.unsw.edu.au/ � inca/
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