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Abstract We presenta formalism for specifying verbal and non-verbal output from a
multi-modaldialoguesystem.Theoutputspeci�cationis XML-basedandpro-
videsinformationaboutcommunicative functionsof theoutput,without detail-
ing therealisationof thesefunctions.Theaimis to let dialoguesystemsgenerate
thesameoutputfor awidevarietyof outputdevicesandmodalities.Theformal-
ismwasdevelopedandimplementedin themulti-modalspokendialoguesystem
AdApt. We alsodescribehow facial gesturesin the 3D-animatedtalking head
usedwithin thissystemarecontrolledthroughtheformalism.
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1. Intr oduction

In thecontext of mobiledevices,whereakeyboard,for example,isnotavail-

able,speechis a usefulmodality. Usingothermodalitiestogetherwith speech

mayalleviatesomeof theproblemsassociatedwith spoken human-computer

dialogue.Spokendialoguesystemsincorporatingsomeform of animatedchar-

� Namesin alphabeticalorder
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actersareincreasinglycommonin the researchcommunity. Therearemany

compellingreasonsto includeananimatedagentin theinterface.Sincepeople

have life-long experienceat interpretingfacialexpressionsandgestures(Mc-

Neill, 1992),it is potentiallyamostintuitiveandnon-intrusive interface.Using

gestures,anagentcancontinuouslyprovide theuserwith feedbackaboutthe

progressof thedialogue.This is anelegantway to handleproblemswith turn-

taking,potentiallyresultingin asmootherdialogue�o w, whileatthesametime

makingthesystemappearmoreresponsive. Givenproperspeech-synchronised

articulatorymovementsandemphaticgestures,theagentwill boosttheintelli-

gibility of thespokenoutput(Agelforset al.,1998).

When consideringdialoguesystemsin mobile environments,the task of

codingoutputseparatelyfor eachconceivableoutputdevice andmodality is

clearly complicatedand time-consuming. If the problemis modularisedin

sucha way thateachoutputdevice is responsiblefor presentingtheoutputin

a mannersuitablefor its capacity, the taskgetsmoremanageable.Text, for

example,may bepresentedaswritten text or speech,andemphasissignalled

with eitherboldface,prosodyand/orfacialgestures.This chapterpresentsan

abstractionlayer betweenthe dialoguemanagerandthe outputdevice(s)de-

velopedin theAdApt spokendialoguesystemGustafsonet al., 2000.Theab-

stractionlayer, GESOM(GEnericSystemOutputMarkup),freesthedialogue

system's outputgenerationfrom the needto know detailsaboutthecapabili-
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Figure 1.1. GESOM- a layerbetweenthedialoguesystemandanoutputdevice.

tiesof theoutputdevice (see�g. 1.1).Theaimis to allow thedialoguesystem

to work with a variety of outputdevicesandmodalitieswith a minimum of

adaptation.

1.1 Relatedwork

Several modelsfor automaticgenerationof gesturesfor animatedcharac-

tersin conversationalsystemshavebeenproposed.NagaoandTakeuchi,1994

presentstatic facial displaysfor signallingcommunicative functionsin a di-

aloguesystem.PelachaudandPrevost, 1994presenta modelfor generating

facial expressionsandintonationfrom a commonrepresentation.Poggiand

Pelachaud,2000presentanagentcapableof signallingits communicativegoal,

e.g.by showing emotionsin theface.Thórisson,1999andCasselletal., 2001

both describecompleteframeworks for conversationaldialoguesystemsthat

incorporateanimatedagentscapableof generatingdeicticgestures,turn-taking
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Figure1.2a. TheAdApt GUI.

Figure 1.2b. TheAdApt architecture.

signals,andemblematicgestures,relying on input from several sources.In

contrast,our morelimited modelaimsat separatingthedialoguesystemfrom

therealisationof outputin orderto facilitaterapiddevelopmentandportabil-

ity, which is a goal perhapsmorecloselyrelatedto that of proposedmarkup

languagessuchasthe Virtual HumanMarkup Language(VHML) (Gustavs-

sonetal.,2001)andtheSpeechSynthesisMarkupLanguage(SSML)(Burnett

et al., 2002). Thoroughdiscussionsof thesemarkuplanguagesandothersare

foundin Pirker andKrenn,2002andGustavssonet al., 2002. In their present

state,theselanguagestendto specifytheoutputon a low level, with consider-

abledetail,whichmakesthemlesswell suitedfor ourpurposes.

The work in this paperalso builds on experiencesgainedfrom previous

efforts at integratinganimatedcharactersinto dialoguesystemsdevelopedat

CTT (Bertenstametal., 1995,Beskow etal., 1997,Granstr̈om etal., 2002and

Gustafsonet al.,1999).
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1.2 Background

The GESOMspeci�cationwascreatedto copewith needsthat arosedur-

ing thedevelopmentof theAdApt system(see�g. 1.2aand1.2b),which was

built at CTT, with Telia Researchas an industrial partner(Gustafsonet al.,

2000).Thesystemallows usersto browsethereal-estatemarket in downtown

Stockholm,andfeaturesmulti-modalinput (speech,mouseclicks) anda 3D-

animatedtalking headproducinglip synchronisedsyntheticspeech(Beskow,

1997). It is usedasa researchplatformfor developmentandusertesting,e.g.

of multi-modalinputandoutput.Thesystemis modular(�g. 1.2b),in orderto

facilitaterapidimplementationandintegrationof new functionality. Whenthe

outputsideof theAdApt architecturewasdeveloped,it wasimportantto allow

for rapid testingof differenttypesof non-verbaloutputin the animatedtalk-

ing head.Oneof thegoalsof thesystemwasto implementmeaningfulfacial

gestures,inspiredby resultsin for exampleCasselletal.,2001.In thisprocess

problemsarosewith issuessuchasbackwardcompatibility(theintroductionof

new entitiesin theoutputgeneratedby thedialoguesystemwouldcauseoutput

modulesto malfunction).Inter-modularcommunicationin AdApt is encoded

in XML, which is goodfor backwardandforwardcompatibility, but theorig-

inal speci�cationfor outputgenerationclearlyneededsomework. In orderto

make theoutputrobustandgeneral,thefollowing hadto beaddressed:
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Thedialoguesystemshouldpreferablynothaveto know toomuchabout

theoutputdevice andits capabilities.

Someof the eventsonewould want the dialoguesystemto signalare

of unpredictablelength, e.g. listening to or waiting for speechinput,

processingspeech,or waiting for a databasesearchto complete. The

dialoguesystemdoesnot know whenthesetaskswill enduntil they in

facthave. A methodfor handlingthiswasneeded.

An animatedtalking head,which usesexactly the samegestureevery

timeaparticulareventoccurs,makesthedialoguesystemveryrepetitive.

By specifyingnothingmorethanthe generalpragmaticfunction to be

signalled,the animatedtalking headcould be allowed to chooseany

meansavailableto realisethesignal.This wouldnotwork in adialogue

systemthatgeneratesspeci�c instructionsfor non-verbaloutput.

Whilst an XML speci�cation that cateredto theseneedswaswritten and

testedfor the animatedtalking head,other userinterfaceswere usedin the

developmentof theotherpartsof thedialoguesystem.Text input andoutput

wereusedfor regressiontests,andfor debuggingpurposestherewereGUIs

with colouredindicatorssignallingwhat thesystemwasoccupiedwith at any

given time. Although the datasentto eachof theseinterfaceswasgenerated

separatelyat the time, it becameclearthat mostof the informationcould be

unobtrusively built into ageneralXML speci�cation,sothatthesamedialogue
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systemoutputcould be usedasinput for a variety of userinterfaces. These

considerationsled to theGESOMspeci�cation.

1.3 Overview

In orderfor a formalismsuchasGESOMto work, a few requirementsmust

bemet.Firstly, thedialoguesystemmustgeneratesystemoutputfollowing the

speci�cation,which is proposedandexplainednext. Secondly, the dialogue

systemmustbeableto sendtheGESOMmessageto theoutputdevice. This is

straightforwardandcanbedonethroughany meansavailableto bothmodules,

e.g.TCP/IPsocketsor pipes. Thirdly, the outputdevice mustknow how to

decode,interpretandrealise,or render, themarkup.Section3 describeshow

to interpretthemarkupusingstandardXML techniques.Next, someexamples

of how GESOM messagesmight be realisedin different output devices are

given,and�nally in section4 wegiveadetaileddescriptionof how GESOMis

interpretedandrealisedin theanimatedtalkingheadusedin theAdApt system.

A brief summaryanda listing pointingto futurework concludesthechapter.

2. Speci�cation

GESOMis fully compliantwith the ExtensibleMarkup Language(XML)

1.0 speci�cation (Bray et al., 2000). Complyingwith a standardhasthe ad-

vantagethat therearemany tools for viewing, editing,and,not least,validat-

ing messages.The GESOM1.0 DTD (DocumentTypeDe�nition, i.e. XML
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<!ATTLIST output

blocking (0|1) "0"

callback (0|1) "0"

background CDATA #IMPLIED >

<!ELEMENT state

EMPTY >

<!ATTLIST state
type CDATA "default"

name CDATA #REQUIRED

background CDATA #IMPLIED >

<!ELEMENT event

(#PCDATA) >

<!ATTLIST event

type CDATA "default"

name CDATA #REQUIRED

background CDATA #IMPLIED >

Figure 1.3. GESOM1.0DTD.

grammar)(GESOMSpeci�cation,2002)is presentedin simpli�ed form in �g.

1.3.TheactualDTD de�nes<head> and<body> elements,whichareforward

compatibilityconsiderations,aswell asanumberof formalXML entityde�ni-

tions.Thesehavebeenhiddenhere,but thesemanticsof theDTD arevirtually

identicalto �g. 1.3.Any textualcontentis sentasCDATA (characterdatatype

in XML), andXML elementsareusedto mark otheraspects.All GESOM

examplesin this chapterhave identicalelementsdown to, andincluding, the

<body> element,so for spaceandlegibility reasons,the remainingGESOM

exampleswill containonly the <output> part of the message.An example

of a minimal GESOM messageis shown in �g. 1.4. The remainderof the

speci�cationis somewhatmoreinteresting.Thenext two sectionsdescribethe
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<?xml version="1.0" encoding="iso-8859-1"?>

<!DOCTYPE gesom PUBLIC "-//CTT//DTD GESOM1.0//EN"

"http://www.speech.kth.se/gesom/v1/dtd/gesom.dtd">

<gesom xmlns:ges="http://www.speech.kth.se/gesom/">

<head/>

<body>

<output>this is as simple as it gets</output>
</body>

</gesom>

Figure 1.4. GESOMmessage:nothingbut text.

motivationandfunctionof the<state> and<event> elements,aswell asthe

backgroundattribute.

2.1 Encodingoutput using<state>and <event> elements

Most dialoguesystems,andindeedmostinteractive systemsin general,are

basedon anevent-drivenmodel,i.e. actionsthatarecarriedout by thesystem

aretriggeredby somekind of event.Theeventsoccurringin adialoguesystem

(dialoguesystemevents,or DS-eventshereafter)caneitherbethedirectresult

of auseraction(suchasspeaking)or internallygeneratedduringdataprocess-

ing. Any dialoguesystemhas,at thebareminimum,oneDS-event,which we

cancall “input done”: theuserhas�nished speakingandtheutteranceis avail-

ableto thesystem.Thesystemwill processtheutteranceandrespondin some

way, afterwhich it will wait for thenext “input done”.Thisone-event-per-turn

modelis suf�cient for simplesystems,but in morecomplex systemswe may

wantto give feedbackduringseveralstagesin a dialogueturn,not just during

D R A F T January 11, 2005, 11:59am D R A F T



10

Figure 1.5. Opportunitiesto sendfeedbackin anAdApt dialogueturn.

thesystem's speechoutput. In theAdApt system,thefollowing DS-events,at

whichthesystemmayproducefeedback,occurduringadialogueturn(see�g.

1.5):

1 Startof speech - thespeechrecogniserhasdetectedthattheuserisspeak-

ing.

2 End of speech - the speechrecogniserhasdetectedthat the userhas

stoppedspeaking.

3 Recognition done- the speechrecogniserhasprocessedthe utterance

andpassedtheresulton to theparser.

4 Semanticsdone- the parserhasprocessedthe recogniseroutput. The

parserwill categorisean utteranceaseitherclosing(the utterancecan

be interpretedin its own right) or non-closing(moreinput is neededto

make senseof theutterance)(Bell et al., 2001).Closingutteranceswill
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bepassedon to thedialoguemanager. Non-closingutterancescausethe

systemto gobackto listening.

5 Planningdone- thedialoguemanagerhasdecidedwhatto do next, and

a responseis generated.

6 Responsedone- thesystemhaspresentedits response.

Conceptually, thesystemcanbesaidto bein differentconversationalstates

at different times: waiting for speech,listening,thinking andspeaking.The

DS-eventslistedabove causetransitionsfrom onestateto another. Suchstates

are the foundationfor GESOM encodingof output. Statescan be usedto

encodeoutput of which the durationis not known beforehand.If we want

to signalthat the agentis performingan action,e.g. is listening,searchinga

database(”thinking”) or just being idle, we needsignalsthat arevisible for

an arbitraryamountof time, i.e. until the systemstopsdoing whatever it is

doing. This typeof outputis encodedin the<state> element.If thesystem

is waiting for a databasesearchto �nish or for someoneto pick up thephone,

it hasno way of predictingwhen this statewill end. A state,then,hasthe

following properties:

1 Theoutputdevicemustalwaysbein oneandonly onestateatany given

time

2 A particularstatelastsuntil anotherstateis entered
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---

<output>

<event name="emphasis">this</event>
is an emphasised word and this

<event name="break" value="1000"/>

was followed by a 1 second pause

</output>

---

Figure 1.6. GESOMsnippet:anemphasis anda break event.

In theAdApt implementationof GESOM,therearesix statesde�ned. They

arelistedin the�rst partof table1.1in section2.4.

In additionto beingin differentstates,a dialoguesystemmayneedto send

non-textual transientoutputat times.By transientwemeanthatthedurationof

theoutputis known in advance.This typeof outputis encodedin the<event>

element.Examplesfrom theAdApt systemincludeemphasisandbreak(see

�g. 1.6andthesecondsectionof table1.1).Notethattheseeventsareonly for

describingoutput,andshouldnot be confusedwith the DS-eventsdescribed

above, thatgoverntransitionsbetweenstatesin thedialoguemanager.

Figure 1.7. Timeline: a statelastsuntil anotherstateis entered,whilst eventsaretransient.

Figure1.7shows a timelinewherewepassthroughthestatesbusy , pre-

senting-text andidle . Duringpresenting-text two transientemphasis
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eventsaremarked.Synthesisedtext is representedasaspeechwaveformin the

�gure.

The categorisationof outputinto statesandeventsis simple(probablytoo

simplefor certainapplications),but asourgoalwasto allow adialoguesystem

to generateoutputwithout muchknowledgeof theoutputdevice,andtheout-

put device to realisetheoutputwithout muchknowledgeof thedialoguesys-

tem,a general,high-level abstractionwasneeded.Thespeci�cationis largely

basedonwhatoutputadistributeddialoguesystemcanbeexpectedto produce,

which seemsnecessaryin orderto keepthespeci�cationfreefrom dependen-

cieson thecapabilitiesof dialoguesystemsandoutputdevicesalike.

2.2 The background attrib ute

If the statesandeventsare to be manageableanduseful, they needto be

limited in number. In somecases,however, thesamestateor eventwouldbest

berealisedin differentwaysdependingon someotherparameter. An example

would beemphasisgestures(events)in ananimatedtalkinghead:a smallnod

workswell in mostcases,but not if thesentencewith theemphasisedword is

anegative reply, asin �g. 1.8. De�ning theeventsnegative emphasis,positive

emphasis,andneutralemphasiswould solve theproblem.However, this kind

of solutionwould causethe setof eventsto grow rapidly, thusdefeatingthe

purposeof this speci�cation. Instead,the speci�cation allows the dialogue
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---

<output background="attitude:negative">

<state type="turn-taking" name="presenting-text"/>
the apartment does

<event name="emphasis" value="5">not</event>

have three rooms

<state type="turn-taking" name="listening"/>

</output>

---

Figure 1.8. GESOMsnippet:thebackground attribute.

---

<output background="call synthesis(gesture(shake), no, I, shall, not,
conform, gesture(smirk))">

</output>

---

Figure 1.9. GESOM abused: someforeign codesnuck into a background attribute. The
messageis otherwiseempty.

systemto sendbackgroundattributes,which work muchlike globalvariables.

Backgroundattributescanaffect the realisationof the output. In the AdApt

GESOMimplementation,four valuesof thebackgroundattributearede�ned,

listedin thethird sectionof table1.1. For anexampleof how thebackground

attributescanbe usedto affect realisationof gesturesin a talking head,see

section4.2.

It shouldbenotedthat thebackgroundattributesshouldbeusedwith care,

sincethey permitany kind of contentto besent,andno particularrestrictions

areplacedontheirinterpretation.They couldeasilybemisusedandthoroughly

underminethepurposeof GESOM.Figure1.9givesanexampleof this.
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---

<output>

<state type="turn-taking" name="presenting-text"/>
the present text state is used when outputting text, and the

idle state when the system is idle

<state type="turn-taking" name="idle"/>

</output>

---

Figure 1.10. GESOMsnippet:thepresenting-text andidle turn-takingstates.

2.3 Tiers and the type attrib ute

Thetwo fundamentalpropertiesof stateslistedabove (namelythattheout-

putdevicemustalwaysbein onestateatagiventimeandthataparticularstate

lastsuntil anotheroneis entered)arevalid within onestatetier. Thespeci�-

cationallows for anarbitrarynumberof tiers. In thepresentimplementations,

however, we have only usedonetier at a time. Thestatesin onetier aresepa-

ratefrom thestatesin another. Tiersareencodedin the type attributeof the

<state> element.If no typeattributeis given,a default, singletier shouldbe

assumed.Thetierusedin theAdApt systemis concernedwith feedbackfor im-

proving dialogue�o w, andis calledturn-taking . Figure1.10shows a GE-

SOMmessageencodingtwo turn-takingstates,presenting-text andidle ,

and�g. 1.11demonstratesthebusy andlistening states.Thelatterexam-

pleoccurswhentheAdApt systemdoesa databasesearchor preparesa reply.

The busy stateendswhenthe reply is presentedandthe presenting-text

stateis triggered.
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---

<output>

<state type="turn-taking" name="busy"/>
</output>

[database search completing]

<output>
<state type="turn-taking" name="presenting-text"/>

the apartment has three rooms

<state type="turn-taking" name="listening"/>

</output>

---

Figure 1.11. GESOM snippet: the busy , presenting-text and listening turn-taking
states.

2.4 Permissibleattrib ute values

Thespeci�cationdoesnotattemptstrict controloverwhatstatesandevents

thatareused.GESOMis designedto give asmany outputdevicesaspossible

a fair chanceat doingsomethingusefulwith any message.Table1.1 lists the

states,eventsand backgroundattributesthat areusedin the AdApt system.

Notethatall thestatesareon thetier turn-taking . We do not claim thatthe

setof states,eventsandbackgroundattributesusedin AdApt areoptimal for

all dialoguesystems.It is amatterof furtherinvestigationto �nd outhow well

they generaliseto othersystems.

3. Inter pretation

An obviousinspirationin developingGESOMhasbeenthedevelopmentof

the Web protocols: HTML encodingin general,andbrowser, or useragent,

compliancy guidelinesin particular. An outputdevice interpretinga GESOM
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Table1.1. Statesandeventsimplementedin theAdApt system.

Name Description

idle system is inactive

attentive system is ready for input

cont attentive system has recieved input that is not sufficient
to prepare a response

St
at

e

busy the system is busy preparing a response

text presentation the system is presenting a response

asleep the system is off-line

break system should pause the presentation at this
event

Ev
en

t

emphasis marked text should be amphasised

negative Relates to type of response

positive

neutral

At
tit

ud
e

question

messageis analogousto a Web browser interpretingan HTML document.

Thus,theoutputdevice shouldmeetthecriteria listedin e.g.theXHTML 1.0

recommendation,3.2UserAgentConformance(W3CHTML WorkingGroup

3.2,2002).In summary, theoutputdevice should:

1 beabletoparseGESOMmessagesfor XML well-formednessand,prefer-

ably, to validatethemessageagainstthereferencedDTD

2 disregardunrecognisedelements,but processtheir content

3 ignoreany unrecognisedattributes

4 substituteany unrecognisedattributevaluesfor theattribute's default

Thesecriteriaserve to safeguardbackward andforwardcompatibility, and

make it possibleto interpretandrenderthecontentfor unimodalcannelswith
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sparsecapabilities,suchastelephonesor text-only devices(seeexamplesin

�g. 1.1).

3.1 Existing toolsand standardsfor XML rendering

Using XML encodedmessageslets one take advantageof many existing

toolsandstandards.Theremainderof this sectionshows how to interpretGE-

SOM messageswith very little codingeffort. With simpleExtensibleStyle

SheetLanguageconstructsand transformations(XSL, XSLT) (Clark, 1999)

and/orCascadingStyleSheets(CSS)(Bosetal.,1998),whichcanbeusedwith

any availableXSLT andCSSprocessors,GESOMmessagescanbeinterpreted,

transformedand/orrealised.Notethatthenon-transientsignalsrepresentedby

stateelementsarenot likely to berepresentedwell in a staticmessage,which

is in itself transient.In thefollowing webbrowserexamples,thestateelements

aresimply ignored. We startwith a simpleexampleusingCSSto renderthe

messagein �g. 1.8 asa staticmessagein a web browser. The CSSandthe

resultof applyingthestylesheeton theGESOMmessagein a CSScompliant

webbrowserareshown in �g. 1.12.Usingaslightly morecomplex XSL trans-

formation,we cangetmoreinterestingresults.Theessentialbits of theXSL

andtheresultin anXSL compliantwebbrowserareshown in �g. 1.13.

Thecodein theseexamplescanbechangedto producee.g.plain text, com-

pleteandhighly formattedHTML messages,instructionsfor voice browsers,
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/* gesom2browser.css */
[background="response-type:negative"]:before f

color: red; content: ":-( ";

g

[background="response-type:positive"]:before f

color: green; content: ":-) ";

g

event[name="emphasis"] f

font-weight: bold; font-style: italic;

g

Figure 1.12. Exampleof CSSstylesheet.

or the equivalent messagein someother voice or speechmarkuplanguage.

CSSMobile Pro�le (Wugofski et al., 2002)andsimilar technologiescanbe

usedto interpretthemessagesin PDAs. However, therangeof outputdevices

is not limited to XML basedstandarduseragents.Any outputdevice ableto

interpretthemessagesmaybeused.

In thenext sectionwe will show how theGESOMmessagesareinterpreted

andrealisedin the animatedtalking head,which is theAdApt systemoutput

moduleoriginally targetedby GESOM.

4. Realisationin an animated talking head

The AdApt systemusesa 3D parameterisedtalking headthat canbe con-

trolledby aTTSsystemto provideaccuratelip-synchronisedaudio-visualsyn-
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<!-- gesom2browser.xsl -->
<xsl:template match="text()"> <xsl:value-of select="."/> n

</xsl:template>

<xsl:template match="@background">

<xsl:choose>

<xsl:when test=".='attitude:positive'">

<a href=http://www.speech.kth.se/gesom/img/positive.gif >

</xsl:when>

<xsl:when test=".='attitude:negative'">
<a href=http://www.speech.kth.se/gesom/img/negative.gif >

</xsl:when>

</xsl:choose>

</xsl:template>

<xsl:template match="event">

<xsl:choose>

<xsl:when test="@name='emphasis'">

<span style=''font-weight:bold''><xsl:apply-templates/></span>

</xsl:when>
</xsl:choose>

</xsl:template>

Figure 1.13. Exampleof XSL transformation.

thetic speech(Beskow, 1997). The facial model includescontrol parameters

for articulatorygesturesaswell asfacial expressions.Parametersin the for-

mer category includejaw opening,lip closure,labiodentalocclusion,tongue

tip elevation,lip roundingandlip protrusionwhile thelattercategory includes

controlsfor raisingandshapingof eyebrows, smile,eyelid opening,gazeand

headmovement. Gesturescan be developedusing an interactive parameter

editorbasedon theWaveSurferplatform(Beskow andSjölander, 2000).
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Figure1.14. Thestructureof thegesturelibrary. Gesturesarepickedfrom thelibrary (bottom)
andscheduledfor realisationin thetimeline(top).

4.1 Gesture library

Theevents,statesandbackgroundattributesprovide all thesemanticinfor-

mationtheanimatedagentneedsin orderto producemeaningfulgestures,and

the setof de�ned eventsandstatesconstituteall the information that needs

to be encodedboth on the agentsideand in the dialoguesystem. How the

gesturesshouldactuallylook is up to the agent. In our implementation,this

informationis encodedin agesturelibrary.

At thelowestlevel of thelibrary aredescriptionsof theactualgesturereal-

isations.For moststatesandeventstherearemultiple realisationswith subtle

differences.For ourparametricallycontrolledanimatedagent,thedescriptions

arecodedin termsof parametertracks.For othertypesof agents,they would

becodedin otherways,for exampleas2D-animationsequences.Our gesture
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realisationdescriptionsincludethe time offset to thestroke phaseof theges-

ture,i.e. thecorepartthatcarriesthemeaningof thegesture.This information

is usedto synchronisethetiming of gestureswith othereventssuchasstressed

syllablesof emphasisedwords.

Thegesturelibrary containsa separateentry for eacheventandstate.For

events,a setof alternative gesturerealisationsis de�ned. Gesturesde�ned for

aparticulareventwill typically havesimilarsemanticmeaning- somegestures

mightonly havesubtledifferences(e.g.in duration)whereasothersmaydiffer

in style(suchasaheadnodvs. aneyewideninggestureto signalemphasis).

Eachgesturehasan associatedweight that determineshow likely it is to

occur. By allowing alternative realisations,theagentwill be lesspredictable

andmorenaturalin its behaviour.

In orderto dealwith thearbitrarylengthof states,they aredividedinto three

phases:enter, sustainandexit. For eachof thephases,asof theevents,oneout

of a setof alternative gestureswill be chosen.Gesturesin the enterandexit

phasesareperformedonceperstate(on stateentranceandexit respectively),

while thesustaingesturesareexecutedat randomintervalsthroughoutthedu-

ration of the sustainphase.Enterandexit gesturesarepairedin sucha way

that,if a particularentergestureis picked, thecorrespondingexit gesturewill

bechosen.Thismakesit possiblefor theexit gestureto restoretheparameters
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Table1.2. Exampleof how gestureweightscanbemodi�ed in thepresenceof background
attributes.

Event: emphasis

Gesture Weight Modifier (default)
attitude:positive

Modifier
attitude:negative

Nod 2.0 1 0

Eyebrow widening 1.0 1 1

Eyebrow lowering 1.0 0 1

thathave beenchangedby theentergesture.Figure1.14illustratesthelayout

of thegesturelibrary.

4.2 Choosingbetweenmultiple realisations

Selectionof aparticulargestureis donein aweightedrandomfashion,based

on theweightsspeci�edfor eachentryin thelibrary. Althoughthegesturesin

eachgrouparesupposedto be semanticallyequivalent,theremight be exter-

nal factorsmakinga particulargesturemoreor lessappropriateat somegiven

point. To re�ect this in the library, thegestureweightscouldbedynamically

updated,basedon backgroundattributes,or asa function of time. Table1.2

shows how this canberepresented.To begin with, eachgesturewithin a cate-

goryhasaweightasseenin columntwo in the�gure. Theremainingcolumns

areweightmodi�ers for differentbackgroundattributes.Thegestureweights

aremultipliedby themodi�ers of thepresentbackgroundattributes.Notethat

severalbackgroundattributescanbepresentat thesametime. It is possibleto

specifya default modi�er thatwill beusedif no modi�ers matchthepresent

D R A F T January 11, 2005, 11:59am D R A F T



24

Table1.3. Exampleof gestureweightsthatchangeasa functionof time (t).

State: idle, sustain gestures

Gesture Weight

Blink 5.0

Blink double 1.0

Yawn t < 30 ? 0.0 : 1.0

backgroundattributes.This is neededwhencertaingesturesshouldnotbepart

of thedefault behaviour. In this case,thedefault modi�er canbeusedto mask

away theunwantedgesturesby multiplying themwith zero.

For example,whenchoosinga realisationfor an emphasisevent, an em-

phaticnodor aneye wideningworkswell in thedefault case.If theutterance

is of a negative nature(“thereareno suchapartments...”), thenod is lessap-

propriate,but aneyebrow loweringwould�t. Let'sseewhathappenswhenthe

agentreceivesan emphasisevent, given the gesturelibrary representationin

table1.2. Theagentcomputestheprobabilityp(gesture) for eachof thethree

candidategestures.If thereareno backgroundattributes,or if background is

attitude:positive , the weightswill be multiplied by the modi�ers in the

default (i.e. attitude:positive ) columnandthennormalised,resultingin

theprobabilitiesp(nod)= 2=3, p(eyewidening)= 1=3 andp(eyebrow lowering)

= 0. If backgroundis attitude:negative , theresultwill insteadbep(nod)=

0, p(eyewidening)= 1=2 andp(eyebrow lowering)= 1=2.

We caneven let the weightsbe functionsof time, by specifyingthemas

an expressionof t, wheret is the time that haspassedsincethe currentstate
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wasentered.This makesit possibleto modela gradualchangeof theagents

behaviour during the sustainphaseof a state,for exampleto simulatebore-

domor tirednessby increasingtheprobabilityof yawning astime passes.An

exampleif this is shown in table1.3.

4.3 Gestureco-articulation

Up until now we have consideredeachgesturerealisationas being inde-

pendentof precedingand following gestures.This is however an oversim-

pli�cation - just aswith speech,thereis co-articulationamonggestures.If a

headnod is followedby a look-right-gesture,it maybeunnaturalif theagent

returnedto the neutralpose(straightahead,which is the endingposeof the

noddinggesture)beforestartingto turn the headsideways to the right. The

naturalthing would be to go moreor lessdirectly from the low point of the

nodto thelooking-rightpose.To achieve thisbehaviour wehave implemented

a co-articulationalgorithmthat mergesgesturesthat areoverlappingor adja-

centin time. Thealgorithmwill alwayspreserve theareaaroundthestroke of

eachgesture,but segmentsbeforeandafter this areaaresubjectto reduction.

Reducedpartsof thetrackarelinearly interpolated.

5. Discussionand futur ework

TheGESOMspeci�cationhasonly beentestedextensively in therealestate

browsingdomainwithin theAdApt system,with theanimatedagentastheout-

D R A F T January 11, 2005, 11:59am D R A F T



26

put device. Theonly otheroutputdevicesusedhave beencomputeremulated.

Testingthe systemwith real mobile phones,PDAs, Braille displays,aswell

as in otherdomains,would surelyunearthshortcomingsin the speci�cation.

Someknown shortcomings:

It wouldbeusefulto specify, or rathersuggest,anumberof fruitful sets

of states,especiallyif statesareto beusedin morethanonetier. Even

thoughthespeci�cationin itself wouldallow any set,codingoutputwith

markupthatis not implementedin any outputdeviceswould bea waste

of time.

The backgroundattributesbeargreatsimilarity to the HTML/XHTML

styleattribute,but arenot aswell thoughtthrough.An elegantsolution

is to usestyle sheetsof somesort to control varietiesin executionof

gestures.Work alongtheselineshasstarted,but couldusemoreexplo-

ration.

Although GESOMwasdevelopedwithin a systemthat, in addition to

the animatedtalking head,usesa clickablemapon which apartments

areplotted,andvisualisessearchconstraintsasicons(Gustafsonet al.,

2002),thespeci�cationdoesnot includethis typeof output. We would

thuslike to extendthespeci�cationsothatit canhandlethepresentation

of objectsin ageneralmanner.

D R A F T January 11, 2005, 11:59am D R A F T



A modelfor multi-modaldialoguesystemoutput 27

Thereis no goodsupportfor generatingdeicticnon-verbaloutput.This

seemsstraightforward to solve with respectto someoutput devices:

nods,pointingandarrows couldbeused.Generalisationof thetargetsis

troublesome,however. In orderto point at something,onewould need

to know not only wherethe target is, but alsowherethe device doing

the pointing is andmoreover, what it looks like. This goesagainstthe

generalgoal of GESOM,but deictic outputmay well be speci�ed in a

parallellsystemworkingalongsideGESOM.

In most cases,the output device would be the sameas the input de-

vice. TheAdApt systemusesthesameinput format for text whetherit

is typed,comesfrom a speechrecogniseror from a storeddialoguelog

�le. This formatis, however, not particularlygeneralisedor formalised.

Extendingthe speci�cation to cover (at leasttextual) input as well as

outputwould make it a moreusefultool. Therepresentationof objects

mentionedabove might thenextendto mouseclicks.

Workontestingspeechrecognitionandsemanticparsingusingresynthe-

sis is beingdonein theHigginsprojectat CTT. Therearealsoattempts

at recognisingspeaker emotionsandemphasis.If GESOMis usedfor

theserecognitionresults,testingthroughresynthesiswould be greatly

simpli�ed.
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While theAdApt systemandtheHigginssystemsarepresentlytheonly im-

plementationsof GESOM,it shouldbestressedthattheGESOMspeci�cation

wascreatedwith generalisationin mind, asindicatedby its name.We do not

presentlyclaim it to be suf�cient for the needsof all dialoguesystemoutput

tasks,but we do believe that it, perhapswith minor adaptation,canbeuseful

to a largenumberof dialoguesystems.Ourexperiencesfrom theimplementa-

tion in theAdApt systemindicatethat it is successfulin its pursuit,namelyto

form anabstractionlayerbetweenthedialoguemanagerandtheoutputmod-

ule,sothatthedialoguemanagerdoesnotneedto know aboutthecapabilities

of the outputmodule. The outputmodule,e.g.an animatedtalking head,is

responsiblefor suitablerealisationof the communicative functionsrequested

by thedialoguemanager. Sincethe outputdescriptiondoesnot assumeany-

thing aboutthecapabilitiesof theoutputdevice, it is fully possibleto realise

theoutputin someotherway thanthroughthegesturesin ananimatedtalking

head. An alternative is to usefamiliar GUI metaphors,suchasan hourglass

for thebusystateor a blinking redlampfor listening(recording)(Edlundand

Nordstrand,2002).This allows outputto begeneratedon hardwareincapable

of renderingtheanimatedagent,suchaspresentdaycell phonesor PDAs.

Our currentimplementationof the animatedagentusesa library of hand-

craftedgesturedescriptions,groupedby communicative function. This is a

very �e xible model,sinceit allows us to modeldifferentattitudes,manners,
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personalities,moodsor thesocio-culturalidentityof theagentsimplyby de�n-

ing a new setof gesturedescriptions(at leasttheoretically, assumingthat the

communicative functionsareinvariant).However, creatinggesturerealisations

is a laboriousprocess,andto convincingly modele.g.attitudesandemotions

would requireextensive studiesof real-life subjects.A fasterandmoreaccu-

rateway of obtainingthegesturerealisationswould beto recordfacialmove-

mentof anactorusinga motioncapturesystemsuchasQualisys,2002.Work

towardsthisendis in progressatCTT.
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