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DrottningKristinasväg31,SE-10044 STOCKHOLM�

beskow, edlund,magnusn� @speech.kth.se

ABSTRACT

We presenta high level formalismfor specifyingverbalandnon-
verbal output from a multimodal dialoguesystem. The output
specificationis XML-basedandprovidesinformationaboutcom-
municative functionsof the output without detailing the realisa-
tion of thesefunctions. The specificationcanbe usedto control
ananimatedcharacterthatusesspeechandgestures.We give ex-
amplesfrom animplementationin a multimodalspokendialogue
system,anddescribehow facialgesturesareimplementedin a3D-
animatedtalkingagentwithin this system.

1. INTRODUCTION

Spoken dialoguesystemsincorporatingsomeform of animated
charactersare becomingincreasinglypopular. Thereare many
compellingreasonsto includeananimatedagentin the interface.
Sincepeoplehave life-long experienceat interpretingfacial ex-
pressionsand gestures,it is one of the most intuitive and non-
intrusive interfacesimaginable.Usinggestures,anagentcancon-
tinuouslyprovidetheuserwith implicit feedbackabouttheprogress
of thedialogue.This is anelegantway to alleviateproblemswith
turn taking, resulting in a smootherdialogueflow, while at the
sametime makingthesystemappearmoreresponsive. Theagent
canhelpto directtheuser’sattentionto specificareasonthescreen
usingdeictic gestures.Given properspeech-synchronisedarticu-
latory movementsandemphaticgestures,theagentwill boostthe
intelligibility of thespokenoutput[1].

Implementinggesturesfor an animatedagentis however a
time consumingtask and the result may not always be portable
or re-usable. Furthermore,there is a potentialconflict between
creatingclearandunambiguousgesturesandavoiding stereotypic
or repetitive behaviour, which would make the agentlessnatural
andlifelik e.

In thispaperwesuggestahigh-levelabstractionlayerfor spec-
ifying verbalandnon-verbaloutputin awaythatfreesthedialogue
managerfrom having to know any detailsaboutthecapabilitiesof
theanimatedagent,which hastwo implications. Firstly it makes
thedialoguesystemportableacrossdifferentoutputchannels- it is
not tiedto aspecificanimatedagentwith agivensetof capabilities
- any outputmodulethat cansignalthecommunicative functions
in a meaningfulway will do. Secondly, oncegesturesfor anani-
matedagenthavebeenimplementedin away thatconformsto the
specification,thegesturescanbereusedin otherdialoguesystems
or domains.

2. RELATED WORK

Severalmodelsfor automaticgenerationof gesturesfor animated
charactersin conversationalsystemshavebeenproposed.[2] pres-
ent static facial displaysfor signalling communicative functions
in a dialoguesystem. [3] presenta model for generatingfacial
expressionsand intonation from a commonrepresentation.[4]
presentanagentcapableof signallingit’s communicative goalfor
exampleby showing emotionsin the face. [5] and [6] both de-
scribecompleteframeworks for conversationaldialoguesystems
incorporatinganimatedagentscapableof generatingdeictic ges-
tures,turn- takingsignalsandemblematicgestures,relying on in-
put from severalsources.In contrast,ourmorelimited modelaims
at separatingthedialoguesystemfrom therealisationof outputin
orderto facilitaterapiddevelopmentandportability. Thework in
this paperbuilds on our experiencesfrom previousattemptsat in-
tegratinganimatedcharactersinto conversationaldialoguesystems
developedatCTT ([7], [8], [9] and[10]).

3. IMPLEMENT ATION

Thework describedin this paperhasbeenimplementedin a mul-
timodalspokendialoguesystem,AdApt [11]. TheAdApt system
wasdevelopedat CTT with Telia Researchasan industrialpart-
ner. It allows usersto browsethereal-estatemarket in downtown
Stockholm,andfeaturesmultimodalinput andoutput. The input
takesthe form of speechandpointing/clickingon a map; output
consistsof lip-synchronisedsyntheticspeechand facial gestures
producedby ananimatedtalking head,aswell asinteractive map
displays.TheAdApt systemhasa modulararchitecture(seeFig-
ure1) thatmakesit a goodtestbedfor exploring differentaspects
of multimodalinputandoutputandperforminguserstudies.

4. ANIMA TED AGENT

The animatedagentis basedon a 3D parameterisedtalking head
that canbe controlledby a TTS systemto provide accuratelip-
synchronisedaudio-visualsyntheticspeech[12]. Thefacialmodel
includescontrolparametersfor articulatorygesturesaswell asfa-
cial expressions.Parametersin the former category include jaw
opening,lip closure,labiodentalocclusion,tonguetip elevation,
lip roundingandlip protrusionwhile the latter category includes
controlsfor raisingandshapingof eyebrows, smile,eyelid open-
ing, gazeand headmovement. Gesturescan be developedus-
ing an interactive parametereditorbasedon theWaveSurferplat-
form [13].



Fig. 1. TheAdApt systemarchitecture

5. GESTURE SPECIFICATION

Most dialoguesystems,and indeedmost interactive systemsin
general,arebasedaroundanevent-drivenmodel,i.e. actionsthat
arecarriedout by thesystemaretriggeredby somekind of event.
Theeventsoccurringin a dialoguesystemcaneitherbethedirect
resultof a useraction(suchasspeaking)or they could be inter-
nally generatedduring the system’s dataprocessing. A spoken
dialoguesystemhas,at thebareminimum,oneuserevent,which
wecancall ”speechdone”- theuserhasfinishedspeakingandthe
utteranceis availableto the system.The systemwill processthe
utteranceandrespondin someway, afterwhich it will wait for the
next ”speechdone”event. This one-event-per-turn modelis suffi-
cientfor asimplesystem,but wewouldwantananimatedagentto
giveasmuchfeedbackaspossibleduringall thedifferentstagesin
a turn,not justduringthesystem’sspeechoutput.

A humantaking part in a dialoguecontinuouslyusesinput
from many sourcesin differentmodalitiesto decidehow to pro-
ceed:visualcuessuchasgaze,facialexpression,hand-andbody
gestures,speech-relatedcuessuchasphrasingandintonation,and
theactualspokencontent.A spokendialoguesystemgoesthrough
several stagesof processingduring a dialogueturn, i.e. speech
recognition,parsing,etc. Betweenthese,thesystemmayprovide
feedbackto theuser, but duringeachprocessingstage,thesystem
is moreor lessunableto doso.Thefollowing systemeventsoccur
duringadialogueturn in theAdApt system:

1. Startof speech - thespeechrecogniserhasdetectedthatthe
useris speaking.

2. Endof speech - thespeechrecogniserhasdetectedthat the
userhasstoppedspeaking.

3. Recognitiondone- thespeechrecogniserhasprocessedthe
utteranceandpassedtheresulton to theparser.

4. Semanticsdone- the parserhasprocessedthe recogniser
output. The parserwill categorisean utteranceas either
closing (the utterancecanbe interpretedin its own right)
or non-closing(moreinput is neededto make senseof the
utterance).Closingutteranceswill bepassedon to thedi-
aloguemanager. Non-closingutterancescausesthesystem
to gobackto listening.

5. Planningdone- thedialoguemanagerhasdecidedwhatto
donext.

All of theseeventsrepresentpointsin time wherefeedbackto the
usercould be given. Basedon the capabilitiesandrequirements
of a dialoguesystem,we have dividednon-verbaloutputinto two
basiccategories.We call thefirst category eventgesturesandthe
otherstategestures.

5.1. Event gestures

Thereare instantsduring a dialogueturn when the systemwill
needto producetransientoutput. By transientwe meanthat the
durationof the output is finite andcanbe predicted(asopposed
to the statesdescribedbelow, which canbe of arbitrary length).
An event gestureis realisedandthendisappears.Emphasison a
particularword duringspeechoutputcouldbe indicatedusingan
appropriategesture,suchasa headnod,eyebrow raiseor an eye
widening. Agreementcould be indicatedusinga headnod or a
slow blink insteadof speech.Theseeventgesturesleave theagent
in thesamepositionit wasbeforetheeventtookplace.

5.2. Stategestures

Someof thethingsonewould wanttheagentto communicateare
poorlymodelledby transientgestures.If wewantto signalthatthe
agentis performinganaction,e.g.Listening,searchingadatabase
(”thinking”) or justbeingidle, weneedthesignalsto bevisible for
anarbitraryamountof time. Thesekindsof behaviour areencoded
asstates. A staterepresentswhat the systemis doing at a given
moment,andhasthefollowing properties:

� The agentmustalwaysbe in oneandexactly onestateat
any giventime

� A statelastsuntil anotherstateis entered

In theAdApt system,statesareusedfor feedbackconcerningthe
dialogueflow. Thestatesidle, listening, talking, busy, andcontin-
uedattentionareused.

6. GESTURE LIBRAR Y

Theeventsandstatesdescribedabove provide all thesemanticin-
formationtheanimatedagentneedsin orderto producemeaning-
ful gestures,andthesetof definedeventandstategesturesconsti-
tuteall theinformationthatneedsto beencodedbothon theagent
sideandin thedialoguesystem.How thegesturesshouldactually
look is up to theagent.In our implementation,this informationis
encodedin agesturelibrary.

6.1. Gesture realisations

At thelowestlevel of thelibrary aredescriptionsof theactualges-
turerealisations.For moststatesandeventstherearemultiplereal-
isationswith subtledifferences.For our parametricallycontrolled
animatedagent,the descriptionsarecodedin termsof parameter
tracks. For other typesof agents,they would be codedin other
ways, for exampleas 2D-animationsequences.Our gesturere-
alisationdescriptionsinclude the time offset to the stroke of the
gesture,i.e. the point in time wherethe centreof gravity of the
gestureoccurs.This informationis usedto synchronisethetiming
of gesturesandothereventssuchasstressedsyllablesof empha-
sisedwords.



Dialoguesystemevent State Event gesture
USER: Startof speech listening
denrödalägenheten... Endof speech
theredapartment... Recognitiondone hasheard

Semanticsdone(fragment) continuedattention
USER: Startof speech
...hardenöppenspis? Endof speech
...doesit havea fireplace? Recognitiondone hasheard

Semanticsdone(yn-question) busy
Planningdone

SYSTEM: Speechsynthesis,background talking emphasis
ja denr öda lägenhetenharöppenspis attributesetto positive
yes thered apartmenthasa fireplace

Synthesisdone listening

Table1. A turn in theAdApt system.

6.2. Structur eof the library

The gesturelibrary containsa separateentry for eachevent and
state.For events,asetof alternativegesturerealisationsis defined.
Gesturesdefinedfor a particulareventwill typically have similar
semanticmeaning- somegesturesmight only have subtlediffer-
ences(e.g.in duration)whereasothersmaydiffer in style(suchas
a headnodvs. aneye wideninggestureto signalemphasis).Each
gestureis givenaweightto makeit moreor lesslikely to occur. By
allowing alternativerealisations,theagentwill seemlessrepetitive
andmorenaturalin its behaviour.

In order to dealwith the arbitrary lengthof states,theseare
divided into threesegments:enter, sustainandexit. For eachof
thesegments,oneout of a setof alternative gestureswill becho-
sen,aswith the events. Gesturesin the enter andexit segments
areperformedonce(onstateentranceandexit respectively), while
the sustaingesturesare executedat randomintervals during the
durationof thestate.Enter- andexit gesturesarepairedin sucha
way that if a particularentergestureis picked, thecorresponding
exit gesturewill bechosen.Thismakesit possiblefor theexit ges-
tureto restoretheparametersthathave beenchangedby theenter
gesture.

6.3. Choosingbetweenmultiple realisations

In thecurrentimplementation,selectionof a particulargestureis
donein aweightedrandomfashion,basedontheweightsspecified
for eachentry in the library. Althoughthegesturesin eachgroup
aresupposedto besemanticallyequivalent,theremight beexter-
nal factorsmakingaparticulargestureinappropriateatsomegiven
point. Whenchoosinga realisationfor anemphasisevent,anem-
phaticnod is not well suitedif theutteranceis of negative nature
- aneyebrow raiseor loweringwould fit better. To dealwith this,
we allow backgroundinformationto influencetheweightsof the
gestures,makingthemmoreor lesslikely in a particularcontext.
Backgroundinformationis bestdescribedasglobalvariablesthat
areorthogonalto statesandevents.An exampleof a background
variableis responsetype, which canbespecifiedperutteranceand
is eitherpositive, negativeor neutral.

6.4. Gestureco-articulation

Up until now wehaveconsideredeachgesturerealisationasbeing
independentof precedingandfollowing gestures.This is however

anoversimplification- just aswith speech,thereis co-articulation
amonggestures.If aheadnodis followedby a look-right-gesture,
it would be unnaturalif the agentreturnedto the neutral pose
(straightahead,which is theendingposeof thenoddinggesture)
beforestartingto turn the headsidewaysto the right. The natu-
ral thing would be to go moreor lessdirectly from the low point
of thenodto thelooking-rightpose.To achieve this behaviour we
haveimplementedaco-articulationalgorithmthatmergesgestures
thatareoverlappingor adjacentin time. Thealgorithmwill always
preserve theareaaroundthestroke of eachgesture,but segments
beforeandafter this areaaresubjectto reduction.Reducedparts
of thetrackareinterpolatedwith asmoothsplinecurve.

6.5. XML-based API

Theoutputfrom thedialoguemanagertakestheform of anXML-
formattedoutputdescription.Theoutputwill normallyberealised
asa combinationof speechandgestures,but it maybeonly ges-
tures.Outputto theagentis markedby thetag<response>. If
the responsecontainstext data,it will besynthesisedandspoken
by theaudio-visualTTSsystem.Theresponsetagcanbegivenan
attributenamedbackground thatcanbeusedto setbackground
variablesthat affect the gestureselectionprocessasdescribedin
section6.3.

Statechangesandeventscanbe insertedat any point in the
response,denotedby the tags<state> and<event>. If a tag
occursin the middle of the text, it will take effect whenthe fol-
lowing word in thetext is spokenby theTTS.More precisely, the
stroke of thegestureassociatedwith the tagwill besynchronised
with the first stressedvowel of the word, or the beginning of the
word if it is unstressed.If thereis no text specifiedin theresponse
(i.e. a non-verbal response),any statechangesor eventswill be
executedimmediately.

7. AN EXAMPLE

Table1 showsatypicalquestion-answerturnin theAdApt system.
Theuserandsystemutterancesarelisted in the leftmostcolumn.
Theparserinterpretsthefirst userutteranceasfragmentof anut-
terance[14], in thiscasea topicalisationfollowedby apause.The
“red” in theuserutterancerefersto acolourcodedapartmenticon
onamapnext to theanimatedagenton thedisplay. Whenthesys-
temreceivesanincompleteutterance,it entersthestatecontinued



attentionandwaits for moreuserinput. The entergestureof the
continuedattentionstatecouldbeaheadtilt or aslightheadlower-
ing while theagentstill keepsits gazeat theuser. Whentheuser’s
secondutteranceis parsed,thesystemrecognisesthecombination
of thetwo utterancesasayes/no-question,andstartsplanningare-
sponse.This involvesa databasesearchandtext generationbased
on theresultof thesearch.It goesinto thebusystateto show that
it is aboutto reply. Theentergestureof thebusystatecouldbeto
movethegazeawayfrom theuser, or someothergesturedesigned
to help the agenthold the floor. During the system’s spoken re-
sponse,theagentis placedin the talking state,which is a neutral
statewith a low blink frequency. When the systemutteranceis
complete,thesystemgoesbackto the listeningstateto signalthat
it is onceagain readyfor input. Sustaingestures,e.g.blinking, are
notshown in thetable,but areperformedthroughoutthedialogue.
Their frequency andexactrealisationdependsonthepresentstate.

8. CONCLUSIONS AND FUTURE WORK

The systempresentedhereis a first attemptat a generalisedde-
scriptionformalismfor multimodaloutputfrom adialoguesystem.
Ourexperiencesfrom theimplementationin theAdApt systemin-
dicatethatit is successfulin its pursuit,namelyto form anabstrac-
tion layer betweenthe dialoguemanagerandthe outputmodule,
sothat thedialoguemanagerdoesnot needto know abouttheca-
pabilitiesof theoutputmodule.Theoutputmodule- for example
the animatedagent- is responsiblefor suitablerealisationof the
communicative functionsrequestedby thedialoguemanager.

Sincethe outputdescriptiondoesnot assumeanything about
the capabilitiesof the outputdevice, it is fully possibleto realise
theoutputin someotherwaythanthroughthegesturesin anagent.
An alternativemightbeto usefamiliarGUI metaphors,suchasan
hourglassfor the busy stateor a blinking red lamp for listening
(recording)[15]. Thiswouldallow outputgenerationonhardware
incapableof renderingtheanimatedagent,suchaspresentdaycell
phonesor PDAs.

Our currentimplementationof the animatedagentusesa li-
braryof handcraftedgesturedescriptions,groupedby communica-
tive function. This is a very flexible model, since it allows us
to modeldifferentattitudes,manners,personalities,moodsor the
socio-culturalidentityof theagentsimplyby defininganew setof
gesturedescriptions(at leasttheoretically, assumingthatthecom-
municative functionsareinvariant).However, creatinggesturere-
alisationsis a laboriousprocess,and to convincingly modele.g.
attitudesandemotionswould requireextensive studiesof real-life
subjects.A fasterandmoreaccurateway of obtainingthegesture
realisationswould beto recordfacialmovementof anactorusing
a motioncapturesystemsuchas[16]. Work towardsthis endis in
progressatCTT.
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