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ABSTRACT

We presenta high level formalismfor specifyingverbalandnon-
verbal output from a multimodal dialogue system. The output
specificationis XML-basedandprovidesinformationaboutcom-
municative functionsof the outputwithout detailing the realisa-
tion of thesefunctions. The specificationcan be usedto control
ananimatedcharactethatusesspeectandgesturesWe give ex-

amplesfrom animplementatiorin a multimodalspolen dialogue
systemanddescribehow facialgesturesreimplementedn a3D-

animatedalking agentwithin this system.

1. INTRODUCTION

Spolen dialoguesystemsincorporatingsomeform of animated
charactersare becomingincreasinglypopular There are mary
compellingreasongo includean animatedagentin the interface.
Since peoplehave life-long experienceat interpretingfacial ex-
pressionsand gesturesit is one of the mostintuitive and non-
intrusive interfacesimaginable.Using gesturesanagentcancon-
tinuouslyprovidetheuserwith implicit feedbackabouttheprogress
of thedialogue.This is anelegantway to alleviate problemswith
turn taking, resultingin a smootherdialogueflow, while at the
sametime makingthe systemappeamoreresponsie. The agent
canhelpto directtheusers attentionto specificareaonthescreen
usingdeictic gestures.Given properspeech-synchroniseatticu-
latory movementsandemphaticgesturesthe agentwill boostthe
intelligibility of the spolenoutput[1].

Implementinggesturesfor an animatedagentis however a
time consumingtask and the result may not always be portable
or re-usable. Furthermore thereis a potential conflict between
creatingclearandunambiguougesturesandavoiding stereotypic
or repetitve behaiour, which would make the agentlessnatural
andlifelik e.

In this papemwe suggest high-level abstractioriayerfor spec-
ifying verbalandnon-verbaloutputin awaythatfreesthedialogue
managefrom having to know ary detailsaboutthe capabilitiesof
the animatedagent,which hastwo implications. Firstly it makes
thedialoguesystenportableacrosdifferentoutputchannels it is
nottiedto aspecificanimatecagentwith agivensetof capabilities
- ary outputmodulethat cansignalthe communicatie functions
in ameaningfulway will do. Secondly oncegesturedor an ani-
matedagenthave beenimplementedn away thatconformsto the
specificationthegestureganbereusedn otherdialoguesystems
or domains.

2. RELATED WORK

Severalmodelsfor automaticgeneratiorof gesturegor animated
characterén corversationakystemsave beenproposed[2] pres-
ent static facial displaysfor signallingcommunicatie functions
in a dialoguesystem. [3] presenta modelfor generatingfacial
expressionsand intonationfrom a commonrepresentation.[4]
presentainagentcapableof signallingit’s communicatie goalfor
exampleby shaving emotionsin the face. [5] and [6] both de-
scribecompleteframenorks for corversationaldialoguesystems
incorporatinganimatedagentscapableof generatingdeictic ges-
tures,turn- taking signalsandemblematiayesturesrelying onin-
putfrom severalsourcesin contrastour morelimited modelaims
at separatinghe dialoguesystemfrom the realisationof outputin
orderto facilitaterapid developmentandportability. Thework in
this paperbuilds on our experiencesrom previous attemptsatin-
tegratinganimatecdtharacterinto conversationatlialoguesystems
developedat CTT ([7], [8], [9] and[10]).

3. IMPLEMENT ATION

Thework describedn this paperhasbeenimplementedn a mul-
timodal spolendialoguesystem AdApt [11]. The AdApt system
wasdevelopedat CTT with Telia Researctasan industrial part-
ner. It allows usersto browsethe real-estatenarket in dowvntown
Stockholm,andfeaturesmultimodalinput and output. The input
takesthe form of speechand pointing/clickingon a map; output
consistsof lip-synchronisedsyntheticspeechand facial gestures
producedby ananimatedalking head,aswell asinteractve map
displays.The AdApt systemhasa modulararchitecturgseeFig-
ure 1) thatmalesit agoodtestbedfor exploring differentaspects
of multimodalinput andoutputandperforminguserstudies.

4. ANIMA TED AGENT

The animatedagentis basedon a 3D parameterisetalking head
that can be controlledby a TTS systemto provide accuratelip-

synchronisecudio-visuakyntheticspeect12]. Thefacialmodel
includescontrol parametersor articulatorygesturesaswell asfa-
cial expressions.Parametersn the former cateyory include jaw

opening,lip closure,labiodentalocclusion,tonguetip elevation,
lip roundingandlip protrusionwhile the latter category includes
controlsfor raisingandshapingof eyebravs, smile, eyelid open-
ing, gaze and headmovement. Gesturescan be developedus-
ing aninteractve parameteeditor basedon the WaveSurferplat-
form[13].
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Fig. 1. The AdApt systemarchitecture

5. GESTURE SPECIFICATION

Most dialoguesystems,and indeedmost interactve systemsin
general,arebasedaroundan event-drven model,i.e. actionsthat
arecarriedout by the systemaretriggeredby somekind of event.
Theeventsoccurringin a dialoguesystemcaneitherbethe direct
resultof a useraction (suchasspeaking)or they could be inter-
nally generatedduring the systems$ dataprocessing. A spolen
dialoguesystemhas,at the bareminimum, oneuserevent, which
we cancall "speechdone”- theuserhasfinishedspeakingandthe
utterances availableto the system. The systemwill procesghe
utteranceandrespondn someway, afterwhichit will wait for the
next "speechdone” event. This one-&ent-perturn modelis suffi-
cientfor a simplesystem put we would wantananimatedagentto
give asmuchfeedbaclkaspossibleduringall the differentstagesn
aturn, notjustduringthe systems speectoutput.

A humantaking part in a dialogue continuouslyusesinput
from mary sourcesn differentmodalitiesto decidehow to pro-
ceed:visual cuessuchasgaze,facial expressionhand-andbody
gesturesspeech-relateduessuchasphrasingandintonation,and
theactualspolencontent.A spolendialoguesystengoesthrough
several stagesof processingduring a dialogueturn, i.e. speech
recognition,parsing.etc. Betweenthese the systemmay provide
feedbacko the user but duringeachprocessingtage the system
is moreor lessunableto do so. Thefollowing systemeventsoccur
duringadialogueturnin the AdApt system:

1. Startof speeb - thespeectrecognisehasdetectedhatthe
useris speaking.

2. Endof speeb - the speeclrecognisehasdetectedhatthe
userhasstoppedspeaking.

3. Recgnitiondone- thespeectrecognisehasprocessethe
utteranceandpassedheresultonto the parser

4. Semanticglone- the parserhasprocessedhe recogniser
output. The parserwill cateyorise an utteranceas either
closing (the utterancecan be interpretedin its own right)
or non-closing(moreinput is neededo make senseof the
utterance).Closingutterancewill be passedn to the di-
aloguemanagerNon-closingutterancegauseghe system
to go backto listening.

5. Planningdone- the dialoguemanagehasdecidedwhatto
donext.

All of theseeventsrepresenpointsin time wherefeedbacko the
usercould be given. Basedon the capabilitiesand requirements
of adialoguesystemwe have divided non-verbaloutputinto two
basiccategories. We call thefirst catgory eventgestuesandthe
otherstategestues

5.1. Eventgestures

There are instantsduring a dialogueturn when the systemwill
needto producetransientoutput. By transientwe meanthat the
durationof the outputis finite and canbe predicted(as opposed
to the statesdescribedbelown, which canbe of arbitrary length).
An event gestureis realisedandthendisappears Emphasison a
particularword during speechoutputcould be indicatedusingan
appropriategesture suchasa headnod, eyebrowv raiseor an eye
widening. Agreementcould be indicatedusinga headnod or a
slow blink insteadof speechTheseeventgestuesleave theagent
in the samepositionit wasbeforethe eventtook place.

5.2. Stategestures

Someof thethingsonewould wantthe agentto communicatere
poorly modelledby transiengesturesl|f we wantto signalthatthe
agentis performinganaction,e.g.Listening,searchinga database
("thinking”) orjustbeingidle, we needthe signalsto bevisible for
anarbitraryamountof time. Thesekindsof behaiour areencoded
asstates A staterepresentsvhatthe systemis doing at a given
moment.andhasthefollowing properties:

e The agentmustalwaysbe in one and exactly one stateat
ary giventime

o A statelastsuntil anotherstateis entered

In the AdApt system statesare usedfor feedbackconcerninghe
dialogueflow. The stateddle, listening talking, busy andcontin-
uedattentionareused.

6. GESTURELIBRARY

The eventsandstatesdescribedabove provide all the semantidn-
formationthe animatedagentneedsin orderto producemeaning-
ful gesturesandthe setof definedeventandstategesturesonsti-
tuteall theinformationthatneedgo be encodedothontheagent
sideandin the dialoguesystem.How the gestureshouldactually
look is up to theagent.In ourimplementationthis informationis
encodedn agesturdibrary.

6.1. Gesturerealisations

At thelowestlevel of thelibrary aredescription®f theactualges-
turerealisationsFor moststatesandeventstherearemultiple real-
isationswith subtledifferencesFor our parametricallycontrolled
animatedagent,the descriptionsare codedin termsof parameter
tracks. For othertypesof agentsthey would be codedin other
ways, for example as 2D-animationsequences.Our gesturere-
alisationdescriptionsnclude the time offset to the stroke of the
gesture,i.e. the point in time wherethe centreof gravity of the
gestureoccurs.This informationis usedto synchronisehetiming
of gesturesandothereventssuchasstresseayllablesof empha-
sisedwords.



Dialogue systemevent State Event gesture
USER: Startof speech listening
denrdodalagenheten... Endof speech
theredapartment... Recognitiondone hasheard
Semanticglone(fragment) continuedattention
USER: Startof speech
...hardendppenspis? Endof speech
...doest havea fireplace? Recognitiondone hasheard
Semanticglone(yn-question) | busy
Planningdone
SYSTEM: Speectsynthesisbackground| talking emphasis
ja denrodalagenhetemardppenspis | attribute setto positive
yesthered apartmenthasa fireplace
Synthesigione listening

Table 1. A turnin the AdApt system.

6.2. Structure of the library

The gesturelibrary containsa separateentry for eachevent and
state.For events,a setof alternatve gesturgealisationss defined.
Gestureslefinedfor a particulareventwill typically have similar
semanticmeaning- somegesturesnight only have subtlediffer-
enceqe.g.in duration)whereathersmaydiffer in style (suchas
aheadnodvs. aneye wideninggestureto signalemphasis)Each
gesturas givenaweightto malke it moreor lesslikely to occur By
allowing alternatverealisationstheagentwill seemessrepetitve
andmorenaturalin its behaiour.

In orderto dealwith the arbitrary length of statestheseare
divided into threesegments: enter sustainandexit. For eachof
the segments,oneout of a setof alternatve gesturesill be cho-
sen,aswith the events. Gesturesn the enter and exit sggments
areperformedonce(on stateentranceandexit respectiely), while
the sustaingesturesare executedat randomintenals during the
durationof the state.Enter andexit gesturesrepairedin sucha
way thatif a particularentergestureis picked, the corresponding
exit gesturewill bechosenThismalesit possiblefor theexit ges-
tureto restorethe parametershathave beenchangedy theenter
gesture.

6.3. Choosingbetweenmultiple realisations

In the currentimplementationselectionof a particulargestures
donein aweightedrandomfashion basedntheweightsspecified
for eachentryin thelibrary. Althoughthe gesturesn eachgroup
aresupposedo be semanticallyequivalent,theremight be exter-
nalfactorsmakinga particulargesturénappropriateat somegiven
point. Whenchoosinga realisationfor anemphasigvent,anem-
phaticnodis not well suitedif the utterances of negative nature
- aneyebrow raiseor loweringwould fit better To dealwith this,
we allow backgroundnformationto influencethe weightsof the
gesturesmakingthemmoreor lesslikely in a particularcontext.
Backgroundnformationis bestdescribedasglobalvariablesthat
areorthogonatlto statesandevents. An exampleof a background
variableis responsetypeavhich canbe specifiedper utteranceand
is eitherpositive negativeor neutmal.

6.4. Gesture co-articulation

Up until now we have considerecachgesturaealisationasbeing
independenof precedingandfollowing gesturesThisis however

anoversimplification- justaswith speechthereis co-articulation
amonggesturesl|f aheadnodis followedby alook-right-gesture,
it would be unnaturalif the agentreturnedto the neutral pose
(straightaheadwhich is the endingposeof the noddinggesture)
beforestartingto turn the headsidevaysto the right. The natu-
ral thing would be to go moreor lessdirectly from the low point
of thenodto thelooking-rightpose.To achieve this behaiour we
haveimplemented co-articulatioralgorithmthatmemgesgestures
thatareoverlappingor adjacentn time. Thealgorithmwill always
presere the areaaroundthe stroke of eachgesturebut sgments
beforeandafterthis areaare subjectto reduction. Reducedparts
of thetrackareinterpolatedwith a smoothsplinecune.

6.5. XML-based API

The outputfrom the dialoguemanagetakestheform of an XML-
formattedoutputdescription.The outputwill normallyberealised
asa combinationof speechandgesturesput it may be only ges-
tures. Outputto the agentis marked by thetag<r esponse>. If
the responseontainstext data,it will be synthesise@ndspolen
by theaudio-visualT TS system.Therespons¢agcanbegivenan
attributenamedbackgr ound thatcanbeusedto setbackground
variablesthat affect the gestureselectionprocessasdescribedn
section6.3.

Statechangesand eventscanbe insertedat ary pointin the
responsedenotedby thetags<st at e> and<event >. If atag
occursin the middle of the text, it will take effect whenthe fol-
lowing word in thetext is spolenby the TTS. More precisely the
stroke of the gestureassociatedvith the tagwill be synchronised
with thefirst stressedrowel of the word, or the beginning of the
wordif it is unstressedf thereis notext specifiedn theresponse
(i.e. a non-werbalresponse)ary statechangesr eventswill be
executedmmediately

7. AN EXAMPLE

Tablel shavsatypical question-answeurnin the AdApt system.
The userandsystemutterancesrelistedin the leftmostcolumn.
The parserinterpretsthefirst userutteranceasfragmentof an ut-

terancdq14], in this caseatopicalisationfollowed by apauseThe
“red” in the userutteranceaefersto a colourcodedapartmentcon

onamapnext to theanimatedagenton thedisplay Whenthesys-
temrecevvesanincompleteutteranceit entersthe statecontinued



attentionandwaits for moreuserinput. The entergestureof the
continuedattentionstatecouldbeaheadtilt or aslightheadower-
ing while theagentstill keepsts gazeattheuser Whentheusers
secondutterances parsedthe systenrecogniseshe combination
of thetwo utterancesasayes/no-questiorgndstartsplanningare-
sponseThisinvolvesa databassearchandtext generatiorbased
ontheresultof the search.lt goesinto the busystateto shav that
it is aboutto reply. The entergestureof the busystatecouldbeto
move the gazeaway from theuser or someothergesturedesigned
to help the agenthold the floor. During the systems spolen re-
sponsethe agentis placedin the talking state,which is a neutral
statewith a low blink frequeng. Whenthe systemutteranceis
complete the systemgoesbackto thelisteningstateto signalthat
it is onceagain readyfor input. Sustaingesturese.g.blinking, are
notshown in thetable,but areperformedhroughouthedialogue.
Theirfrequeng andexactrealisationrdepend®nthe presenstate.

8. CONCLUSIONS AND FUTURE WORK

The systempresentechereis a first attemptat a generalisedle-
scriptionformalismfor multimodaloutputfrom adialoguesystem.
Ourexperiencedrom theimplementationin the AdApt systemin-
dicatethatit is successfuin its pursuit,namelyto form anabstrac-
tion layer betweenthe dialoguemanagerandthe outputmodule,
sothatthe dialoguemanagedoesnot needto know aboutthe ca-
pabilitiesof the outputmodule. The outputmodule- for example
the animatedagent- is responsiblégfor suitablerealisationof the
communicatie functionsrequestedby the dialoguemanager

Sincethe outputdescriptiondoesnot assumearything about
the capabilitiesof the outputdevice, it is fully possibleto realise
theoutputin someotherway thanthroughthegesturesn anagent.
An alternatve might beto usefamiliar GUI metaphorssuchasan
houglassfor the busy stateor a blinking red lamp for listening
(recording)[15]. This would allow outputgeneratioron hardware
incapableof renderingheanimatedagentsuchaspresentiaycell
phonesor PDAs.

Our currentimplementationof the animatedagentusesa li-
braryof handcraftedjesturalescriptionsgroupedoy communica-
tive function. This is a very flexible model, sinceit allows us
to modeldifferentattitudes,mannerspersonalitiesmoodsor the
socio-culturaidentity of theagentsimply by defininga new setof
gesturedescriptiongat leasttheoretically assuminghatthe com-
municatve functionsareinvariant). However, creatinggesturere-
alisationsis a laboriousprocessandto corvincingly modele.g.
attitudesandemotionswould requireextensie studiesof real-life
subjects A fasterandmoreaccuratevay of obtainingthe gesture
realisationsvould beto recordfacialmovementof anactorusing
amotion capturesystemsuchas[16]. Work towardsthis endis in
progresatCTT.
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