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Abstract We presenta formalism for specifying verbal and non-verbal output from a
multi-modaldialoguesystem.The outputspeci cationis XML-basedandpro-
videsinformationaboutcommunicatie functionsof the output,without detail-
ing therealisatiorof thesefunctions.Theaimis to let dialoguesystemgenerate
thesameoutputfor awide variety of outputdevicesandmodalities. Theformal-
ismwasdevelopedandimplementedn themulti-modalspolendialoguesystem
AdApt. We alsodescribehow facial gesturesn the 3D-animatedalking head
usedwithin this systemarecontrolledthroughthe formalism.
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1. Intr oduction

In thecontext of mobiledevices,whereakeyboard,for example,is notavail-
able,speechs a usefulmodality Usingothermodalitiestogethemith speech
may alleviate someof the problemsassociateavith spolen human-computer

dialogue.Spolendialoguesystemsncorporatingsomeform of animatedchar

Namesin alphabeticabrder
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actersareincreasinglycommonin the researcicommunity Thereare mary
compellingreasongo includeananimatedagentin theinterface.Sincepeople
have life-long experienceat interpretingfacial expressionsandgesturegMc-
Neill, 1992),it is potentiallyamostintuitive andnon-intrusve interface.Using
gesturesan agentcancontinuouslyprovide the userwith feedbackaboutthe
progresof thedialogue.Thisis anelegantway to handleproblemswith turn-
taking,potentiallyresultingin asmoothedialogue o w, while atthesameime
makingthesystenappeamoreresponsie. Givenproperspeech-synchronide
articulatorymovementsandemphatiayesturestheagentwill boosttheintelli-
gibility of thespolenoutput(Agelforsetal., 1998).

When consideringdialoguesystemsin mobile ervironments,the task of
coding outputseparatelyfor eachconcevable outputdevice and modality is
clearly complicatedand time-consuming. If the problemis modularisedn
suchaway thateachoutputdevice is responsibldor presentinghe outputin
a mannersuitablefor its capacity the task getsmore manageable Text, for
example,may be presentedswritten text or speechandemphasisignalled
with eitherboldface,prosodyand/orfacial gestures.This chaptempresentsan
abstractionayer betweenthe dialoguemanagetandthe outputdevice(s) de-
velopedin the AdApt spolendialoguesystemGustafsoret al., 2000. The ab-
stractionlayer GESOM(GEnericSystemOutputMarkup),freesthedialogue

systems outputgeneratiorfrom the needto know detailsaboutthe capabili-
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A modelfor multi-modaldialoguesystenoutput 3

Dialogue System

Figure1.1. GESOM- alayerbetweerthe dialoguesystemandanoutputdevice.

tiesof theoutputdevice (seeg. 1.1). Theaimis to allow thedialoguesystem
to work with a variety of outputdevices and modalitieswith a minimum of

adaptation.

1.1 Relatedwork

Several modelsfor automaticgeneratiorof gesturedor animatedcharac-
tersin corversationakystemsave beenproposedNagaoandTakeuchi, 1994
presentstatic facial displaysfor signallingcommunicatie functionsin a di-
aloguesystem. Pelachaudind Prevost, 1994 presenta modelfor generating
facial expressionsaandintonationfrom a commonrepresentationPoggiand
Pelachaud2000presenanagentcapableof signallingits communicatie goal,
e.g.by shaving emotionsn theface.Thorisson,1999andCasselktal., 2001
both describecompleteframevorks for corversationaldialoguesystemshat

incorporateanimatedagentsapableof generatingleicticgesturesturn-taking
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Figure1.2bh TheAdApt architecture.

Figure1.2a. TheAdApt GUI.

signals,and emblematicgesturesrelying on input from several sources.In
contrastour morelimited modelaimsat separatinghe dialoguesystemfrom
therealisationof outputin orderto facilitaterapid developmentandportabil-
ity, which is a goal perhapsmore closelyrelatedto that of proposedmarkup
languagesuchasthe Virtual HumanMarkup Languageg(VHML) (Gustas-
sonetal., 2001)andthe SpeectSynthesisvMiarkupLanguagd SSML) (Burnett
etal., 2002). Thoroughdiscussion®f thesemarkuplanguagesndothersare
foundin Pirker andKrenn,2002andGustassonetal., 2002. In their present
state thesdlanguagesendto specifythe outputon alow level, with consider
abledetail,which makesthemlesswell suitedfor our purposes.

The work in this paperalso builds on experienceggainedfrom previous
efforts at integrating animatedcharactersnto dialoguesystemsdevelopedat
CTT (Bertenstanetal., 1995,Beslow etal., 1997,Granstdm etal., 2002and

Gustafsoretal., 1999).
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A modelfor multi-modaldialoguesystenoutput 5

1.2 Background

The GESOM speci cationwas createdio copewith needsthat arosedur-
ing the developmentof the AdApt system(see g. 1.2aand1.2b),whichwas
built at CTT, with Telia Researchas an industrial partner(Gustafsoret al.,
2000). The systemallows usergsto browsethe real-estatenarket in dowvntown
Stockholm,andfeaturesmulti-modalinput (speechmouseclicks) anda 3D-
animatedalking headproducinglip synchronisedgyntheticspeech{Beslow,
1997). It is usedasa researclplatformfor developmentandusertesting,e.g.
of multi-modalinputandoutput. The systemis modular( g. 1.2b),in orderto
facilitaterapidimplementatiorandintegrationof new functionality Whenthe
outputsideof the AdApt architecturavasdeveloped,t wasimportantto allow
for rapid testingof differenttypesof non-werbal outputin the animatedalk-
ing head.Oneof the goalsof the systemwasto implementmeaningfulfacial
gesturesinspiredby resultsin for exampleCasselketal., 2001.In this process
problemsarosewith issuesuchasbackwardcompatibility (theintroductionof
new entitiesin theoutputgeneratedby thedialoguesystemwould causeoutput
modulesto malfunction). Intermodularcommunicatiorin AdApt is encoded
in XML, whichis goodfor backward andforward compatibility but the orig-
inal speci cationfor outputgeneratiorclearlyneededsomework. In orderto

malke the outputrobustandgeneralthefollowing hadto beaddressed:
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= Thedialoguesystenshouldpreferablynothave to know too muchabout

the outputdevice andits capabilities.

= Someof the eventsonewould want the dialoguesystemto signal are
of unpredictabldength, e.qg. listening to or waiting for speechinput,
processingspeechor waiting for a databasesearchto complete. The
dialoguesystemdoesnot know whenthesetaskswill enduntil they in

facthave. A methodfor handlingthis wasneeded.

= An animatedtalking head,which usesexactly the samegestureevery
timeaparticulareventoccursmakesthedialoguesystenveryrepetitve.
By specifyingnothingmore thanthe generalpragmaticfunctionto be
signalled,the animatedtalking headcould be allowed to chooseary
meansvailableto realisethe signal. This would notwork in adialogue

systenthatgeneratespeci c instructionsfor non-\verbaloutput.

Whilst an XML speci cation that cateredto theseneedswas written and
testedfor the animatedtalking head,other userinterfaceswere usedin the
developmentof the otherpartsof the dialoguesystem.Text input and output
were usedfor regressiontests,andfor dehugging purposegherewere GUIs
with colouredindicatorssignallingwhatthe systemwasoccupiedwith atary
giventime. Althoughthe datasentto eachof theseinterfaceswasgenerated
separatelyat the time, it becameclearthat mostof the informationcould be

unobtrusrely built into ageneraXML speci cation,sothatthesamedialogue
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A modelfor multi-modaldialoguesystenoutput 7

systemoutputcould be usedasinput for a variety of userinterfaces. These

considerationted to the GESOMspeci cation.

1.3 Overview

In orderfor aformalismsuchasGESOMto work, a few requirementsnust
bemet. Firstly, thedialoguesystemmustgenerateystenoutputfollowing the
speci cation, which is proposedand explainednext. Secondly the dialogue
systemmustbeableto sendthe GESOMmessagéo the outputdevice. Thisis
straightforvard andcanbedonethrougharny meansavailableto bothmodules,
e.g. TCP/IP soclets or pipes. Thirdly, the outputdevice mustknow how to
decodejnterpretandrealise,or rendey the markup. Section3 describesow
to interpretthe markupusingstandardXML techniquesNext, someexamples
of how GESOM messagesnight be realisedin different output devices are
given,and nally in sectiord we give adetaileddescriptiorof hov GESOMis
interpretedandrealisedn theanimatedalkingheadusedn the AdApt system.

A brief summaryanda listing pointingto futurework concludeghe chapter

2. Speci cation

GESOMis fully compliantwith the ExtensibleMarkup LanguagegXML)
1.0 speci cation (Bray et al., 2000). Complyingwith a standarchasthe ad-
vantagethattherearemary toolsfor viewing, editing,and,not least,validat-

ing messagesThe GESOM1.0 DTD (DocumentType De nition, i.e. XML
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<IATTLIST output

blocking (012) "0"

callback (012) "0"

background CDATA  #IMPLIED >
<IELEMENT state

EMPTY >
<IATTLIST state

type CDATA  "default"

name CDATA #REQUIRED

background CDATA  #IMPLIED >
<IELEMENT event

(#PCDATA) >
<IATTLIST event

type CDATA  "default"

name CDATA  #REQUIRED

background CDATA  #IMPLIED >

Figure1.3. GESOM1.0DTD.

grammarGESOMSpeci cation,2002)is presentedh simpli ed formin g.

1.3. TheactualDTD de nes<head> and<body> elementswhichareforward
compatibilityconsiderationsgswell asanumberof formal XML entity de ni-

tions. Thesehave beenhiddenhere but the semantic®f the DTD arevirtually
identicalto g. 1.3. Any textual contentis sentasCDATA (charactedatatype
in XML), and XML elementsare usedto mark other aspects.All GESOM
examplesin this chapterhave identical elementsdown to, andincluding, the
<body> element,so for spaceandlegibility reasonsthe remainingGESOM
exampleswill containonly the <output> partof the message An example
of a minimal GESOM messagas shavn in g. 1.4. The remainderof the

speci cationis somavhatmoreinteresting.Thenext two sectionglescribehe
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<?xml version="1.0" encoding="iso0-8859-1"?>
<IDOCTYPE gesom PUBLIC "-//CTT//[IDTD  GESOML.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. GESOMmessagenothingbut text.

motivationandfunctionof the<state> and<event> elementsaswell asthe

backgroundattribute.

2.1 Encoding output using <state>and <event> elements

Most dialoguesystemsandindeedmostinteractve systemsn generalare
basedon anevent-driven model,i.e. actionsthatarecarriedout by the system
aretriggeredby somekind of event. Theeventsoccurringin adialoguesystem
(dialoguesystemevents,or DS-eventshereaftercaneitherbethedirectresult
of auseraction(suchasspeakingpr internallygeneratediuringdataprocess-
ing. Any dialoguesystemhas,at the bareminimum, oneDS-event,which we
cancall “input done”: theuserhas nished speakingandthe utterancas avail-
ableto thesystem.Thesystemwill procesgheutteranceandrespondn some
way, afterwhichit will wait for thenext “input done”. This one-&ent-pesturn
modelis sufcient for simplesystemshput in morecomple systemswve may

wantto give feedbackduring several stagesn a dialogueturn, not just during
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Figure 1.5. Opportunitiedo sendfeedbackn an AdApt dialogueturn.

the systems speecloutput. In the AdApt systemthe following DS-events,at
whichthe systemmayproducefeedbackpccurduringadialogueturn (see g.

1.5):
1 Startofspeeh - thespeechecognisehasdetectedhattheuseris speak-
ing.
2 End of speehb - the speechrecogniseras detectedthat the userhas

stoppedspeaking.

3 Recanition done- the speechrecognisemas processedhe utterance

andpassedheresultonto theparser

4 Semanticglone- the parserhasprocessedhe recognisemutput. The
parserwill categorisean utteranceas either closing (the utterancecan
be interpretedn its own right) or non-closing(moreinputis neededo

make senseof the utterance)Bell etal., 2001). Closingutterancesvill
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A modelfor multi-modaldialoguesystenoutput 11

be passednto thedialoguemanagerNon-closingutterancegausehe

systemto go backto listening.

5 Planningdone- thedialoguemanagehasdecidedwhatto do next, and

aresponsés generated.

6 Responsdone- thesystemhaspresenteds response.

Conceptuallythe systemcanbe saidto bein differentcorversationabktates
at differenttimes: waiting for speechlistening, thinking andspeaking.The
DS-eventslisted above causdransitionsrom onestateto another Suchstates
are the foundationfor GESOM encodingof output. Statescan be usedto
encodeoutput of which the durationis not knovn beforehand. If we want
to signalthatthe agentis performingan action, e.g. is listening, searchinga
databas€thinking”) or just beingidle, we needsignalsthat are visible for
an arbitrary amountof time, i.e. until the systemstopsdoing whatever it is
doing. This type of outputis encodedn the<state> element.If the system
is waiting for a databasesearchto nish or for someoneo pick up thephone,
it hasno way of predictingwhenthis statewill end. A state,then, hasthe

following properties:

1 Theoutputdevice mustalwaysbein oneandonly onestateatary 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 andabreak event.

In the AdApt implementatiorof GESOM,therearesix statesle ned. They
arelistedin the rst partof table1.1in section2.4.

In additionto beingin differentstatesa dialoguesystemmay needto send
non-tectual transienbutputat times. By transientve meanthatthe durationof
theoutputis known in advance.Thistype of outputis encodedn the <event>
element. Examplesirom the AdApt systemincludeemphasisandbreak(see

g. 1.6andthesecondsectionof tablel.1). Notethattheseeventsareonly for
describingoutput,and shouldnot be confusedwith the DS-eventsdescribed

above, thatgoverntransitionsbetweerstatesn thedialoguemanager

Figure 1.7. Timeline: a statelastsuntil anotherstateis enteredwhilst eventsaretransient.

Figurel.7 shavs atimelinewherewe passhroughthe statesiusy , pre-

senting-text andidle . Duringpresenting-text two transienemphasis
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A modelfor multi-modaldialoguesystenoutput 13

eventsaremarked. Synthesisetext is representedsa speectwaveformin the
gure.

The cateyorisationof outputinto statesand eventsis simple (probablytoo
simplefor certainapplications)but asour goalwasto allow adialoguesystem
to generatoutputwithout muchknowledgeof the outputdevice, andthe out-
put device to realisethe outputwithout muchknowledgeof the dialoguesys-
tem,a generalhigh-level abstractiorwasneeded.Thespeci cationis largely
basednwhatoutputadistributeddialoguesystencanbeexpectedo produce,
which seemshecessaryn orderto keepthe speci cationfreefrom dependen-

ciesonthe capabilitiesof dialoguesystemsandoutputdevicesalike.

2.2 The background attrib ute

If the statesand eventsareto be manageablend useful,they needto be
limited in number In somecaseshowever, the samestateor eventwould best
berealisedn differentwaysdependingpn someotherparameterAn example
would be emphasigesturegevents)in ananimatedalking head:a smallnod
workswell in mostcasesbut notif the sentencevith theemphasiseavordis
angyative reply, asin g. 1.8.De ning the eventsnegative emphasispositive
emphasisandneutralemphasisvould solve the problem.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, shal, not,
conform,  gesture(smirk))">
</output>

Figure 1.9. GESOM ahused: someforeign code snuckinto a background attribute. The
messagés otherwiseempty

systemto sendbackgroundttributes,which work muchlik e globalvariables.
Backgroundattributes can affect the realisationof the output. In the AdApt
GESOMimplementationfour valuesof the backgroundattribute arede ned,
listedin thethird sectionof table1.1. For anexampleof how the background
attributes canbe usedto affect realisationof gesturedn a talking head,see
sectior4.2.

It shouldbe notedthatthe backgroundttributesshouldbe usedwith care,
sincethey permitary kind of contentto be sent,andno particularrestrictions
areplacedontheirinterpretation.They couldeasilybemisusedandthoroughly

undermineghe purposeof GESOM.Figure1.9 givesan exampleof this.
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A modelfor multi-modaldialoguesystenoutput 15

<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. GESOMSsnippet:the presenting-text andidle turn-takingstates.

2.3 Tiers and the type attrib ute

Thetwo fundamentapropertiesof statedistedabove (hamelythatthe out-
putdevice mustalwaysbein onestateatagiventime andthata particularstate
lastsuntil anotheroneis entered)arevalid within onestatetier. The speci -
cationallows for anarbitrarynumberof tiers. In the presenimplementations,
however, we have only usedonetier atatime. The statesdn onetier aresepa-
ratefrom the statesin another Tiersareencodedn thetype attribute of the
<state> elementlIf notypeattributeis given,adefault, singletier shouldbe
assumedThetier usedn theAdApt systenis concerneavith feedbackor im-
proving dialogue o w, andis calledturn-taking . Figure1.10shavs a GE-
SOM messagencodingwo turn-takingstatespresenting-text andidle
and g. 1.11demonstratethebusy andlistening states.Thelatterexam-
ple occurswhenthe AdApt systemdoesa databassearchor prepares reply.
The busy stateendswhenthe reply is presentedand the 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 cationdoesnot attemptstrict controlover what statesandevents
thatareused.GESOMis designedo give asmary outputdevicesaspossible
afair chanceat doing somethingusefulwith ary messageTablel.1 lists the
states,eventsand backgroundattributesthat are usedin the AdApt system.
Notethatall the statesareon thetier turn-taking . We do notclaim thatthe
setof statesgventsandbackgroundattributesusedin AdApt are optimal for
all dialoguesystemsit is a matterof furtherinvestigationto nd outhow well

they generaliséo othersystems.

3. Inter pretation

An obviousinspirationin developingGESOMhasbeenthe developmentof
the Web protocols: HTML encodingin general,andbrowser or useragent,

compliang guidelinesin particular An outputdevice interpretinga GESOM
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Tablel.1. Statesandeventsimplementedn the AdApt system.

| || Name Description
idle system is inactive
attentive system is ready for input
cont _attentive system has recieved input that is not sufficient
o to prepare a response
o || 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
] emphasis marked text should be amphasised
negative Relates to type of response
° positive
2 || neutral
g question

messages analogousto a Web browser interpretingan HTML document.
Thus,the outputdevice shouldmeetthe criterialistedin e.g.the XHTML 1.0
recommendatior.2 UserAgentConformancéW3C HTML Working Group

3.2,2002).In summarythe outputdevice should:

1 beableto parsesGESOMmessageor XML well-formednesand,prefer

ably, to validatethe messagagainsthereferencedTD
2 disregardunrecognise@lementsput procesgheir content
3 ignoreary unrecognisedattributes
4 substituteary unrecognisedattribute valuesfor theattribute's default

Thesecriteria sene to safgguardbackward andforward compatibility and

make it possibleto interpretandrenderthe contentfor unimodalcannelswith
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sparsecapabilities,suchastelephonesr text-only devices (seeexamplesin

g. 1.1).

3.1 Existing tools and standardsfor XML rendering

Using XML encodedmessagesets one take advantageof mary existing
toolsandstandardsTheremaindeof this sectionshavs how to interpretGE-
SOM messagesvith very little codingeffort. With simple ExtensibleStyle
SheetLanguageconstructand transformationgXSL, XSLT) (Clark, 1999)
and/orCascadingtyle Sheet{CSS)(Bosetal., 1998),whichcanbeusedwith
ary availableXSLT andCSSprocessorS GESOMmessagesanbeinterpreted,
transformedand/orrealised Notethatthenon-transiensignalsrepresentetly
stateelementsarenot likely to berepresentedvell in a staticmessageywhich
isin itselftransient.In thefollowing webbronserexamplesthestateelements
aresimply ignored. We startwith a simple exampleusing CSSto renderthe
messagén ¢. 1.8 asa staticmessagen a web brovser The CSSandthe
resultof applyingthe style sheetonthe GESOMmessag@ a CSScompliant
webbrowserareshavnin g. 1.12.Usingaslightly morecomplex XSL trans-
formation,we canget moreinterestingresults. The essentiabits of the XSL
andtheresultin an XSL compliantwebbrowvserareshavnin g. 1.13.

Thecodein theseexamplescanbe changedo producee.g.plaintext, com-

pleteandhighly formattedHTML messagesnstructionsfor 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

Figure1.12. Exampleof CSSstylesheet.

or the equivalent messagen someothervoice or speechmarkuplanguage.
CSSMobile Pro le (Wugofski et al., 2002) and similar technologiesan be
usedto interpretthe messages PDAs. However, therangeof outputdevices
is not limited to XML basedstandardiseragents.Any outputdevice ableto
interpretthe messagemaybeused.

In thenext sectionwe will shav how the GESOMmessageareinterpreted
andrealisedin the animatedtalking head,which is the AdApt systemoutput

moduleoriginally tagetedoy GESOM.

4. Realisationin an animatedtalking head

The AdApt systemusesa 3D parameterisetalking headthat canbe con-

trolled by a TTS systento provide accuratdip-synchronisecudio-visuakyn-

DRAFT January 11, 2005, 11:59am DRAFT



20

<l-- 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(Beslow, 1997). The facial modelincludescontrol parameters
for articulatorygesturesaswell asfacial expressions.Parametersn the for-
mer catgory include jaw opening,lip closure,labiodentalocclusion,tongue
tip elevation, lip roundingandlip protrusionwhile thelattercateyory includes
controlsfor raisingandshapingof eyebravs, smile, eyelid opening,gazeand
headmovement. Gesturescan be developedusing an interactve parameter

editorbasedn the WaveSurfermlatform (Beslow andSjolandey 2000).
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Figure1.14. Thestructureof thegesturdibrary. Gesturesirepickedfrom thelibrary (bottom)
andscheduledor realisationin thetimeline (top).

4.1 Gesturelibrary

Theevents,statesandbackgroundattributesprovide all the semantidnfor-
mationtheanimatedagentneedsn orderto producemeaningfulgesturesand
the setof de ned eventsand statesconstituteall the informationthat needs
to be encodedboth on the agentside andin the dialoguesystem. How the
gestureshouldactuallylook is up to the agent. In our implementationthis
informationis encodedn agesturdibrary.

At thelowestlevel of thelibrary aredescriptionf the actualgesturereal-
isations.For moststatesandeventstherearemultiple realisationsvith subtle
differencesFor our parametricallycontrolledanimatedagentthe descriptions
arecodedin termsof parametetracks. For othertypesof agentsthey would

be codedin otherways,for exampleas2D-animationsequencesOur gesture
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realisationdescriptionsncludethe time offsetto the stroke phaseof the ges-

ture,i.e.thecorepartthatcarriesthe meaningof thegesture Thisinformation

is usedto synchronisehetiming of gesturesvith othereventssuchasstressed
syllablesof emphasisegvords.

The gesturdibrary containsa separatesntry for eacheventandstate. For
events,a setof alternatve gesturerealisationss de ned. Gesturesle ned for
aparticulareventwill typically have similar semantianeaning somegestures
mightonly have subtledifferencege.g.in duration)whereasthersmaydiffer
in style(suchasaheadnodvs. aneye wideninggesturego signalemphasis).

Eachgesturehasan associatedveight that determineshow likely it is to
occur By allowing alternatve realisationsthe agentwill belesspredictable
andmorenaturalin its behaiour.

In orderto dealwith thearbitrarylengthof statesthey aredividedinto three
phasesenter sustairandexit. For eachof thephasesasof theevents,oneout
of a setof alternatve gestureswill be chosen.Gesturesn the enterand exit
phasesreperformedonceper state(on stateentranceand exit respectiely),
while the sustaingesturesireexecutedat randomintenals throughouthe du-
ration of the sustainphase.Enterandexit gesturesare pairedin sucha way
that,if a particularentergestures picked, the correspondingxit gesturewill

bechosenThis malesit possiblefor theexit gesturgo restorethe parameters
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Table1.2. Exampleof how gestureweightscanbe modi ed in the presencef background
attributes.

Event:  emphasis

Gesture Weight | Modifier  (default) Modifier
attitude:positive attitude:negative

Nod 2.0 1 0

Eyebrow widening 1.0 1 1

Eyebrow lowering 1.0 0 1

thathave beenchangedy the entergesture Figure1.14illustratesthe layout

of thegesturdibrary.

4.2 Choosingbetweenmultiple realisations

Selectiorof aparticulargesturas donein aweightedrandomfashionpased
ontheweightsspeci edfor eachentryin thelibrary. Althoughthegesturesn
eachgroupare supposedo be semanticallyequivalent,theremight be exter
nal factorsmakinga particulargesturemoreor lessappropriateat somegiven
point. To re ect thisin thelibrary, the gestureweightscould be dynamically
updated pasedon backgroundattributes,or asa function of time. Table1.2
shaws how this canberepresentedTo begin with, eachgesturewithin a cate-
gory hasaweightasseenin columntwo in the gure. Theremainingcolumns
areweightmodi ers for differentbackgroundattributes. The gestureweights
aremultiplied by themodi ers of the presenbackgroundattributes.Note that
severalbackgroundattributescanbe presentatthe sametime. It is possibleto

specifya default modi er thatwill be usedif no modi ers matchthe present
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Table1.3. Exampleof gestureneightsthatchangeasafunctionof time (t).

| State: idle, sustain  gestures |
| Gesture Weight |
Blink 5.0

Blink  double 1.0

Yawn t <30? 00 : 10

backgroundittributes. Thisis neededvhencertaingestureshouldnotbe part
of thedefault behaiour. In this casethedefault modi er canbe usedto mask
away the unwantedgesturedy multiplying themwith zero.

For example,when choosinga realisationfor an emphasisvent, an em-
phaticnod or aneye wideningworkswell in the default case.If the utterance
is of a nggative nature(“there areno suchapartments?), thenodis lessap-
propriate but aneyebrav loweringwould t. Let's seewhathappensvhenthe
agentreceves an emphasisvent, given the gesturelibrary representatiomn
tablel.2. The agentcomputeghe probability p(gestue) for eachof thethree
candidategestureslf 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
the probabilitiesp(nodf %=, p(eye widening)= '=; andp(eyebow lowering)
= 0. If backgrounds attitude:negative , theresultwill insteadbep(nod)=
0, p(eyewidening)= = andp(eyebow lowering)= 1=.

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 the agents
behaiour during the sustainphaseof a state,for exampleto simulatebore-
domor tirednesdy increasinghe probability of yawning astime passesAn

exampleif thisis shavn in tablel.3.

4.3 Gesture co-articulation

Up until now we have considereceachgesturerealisationas beinginde-
pendentof precedingand following gestures. This is however an oversim-
pli cation - just aswith speechthereis co-articulationamonggestures.If a
headnodis followed by a look-right-gestureit may be unnaturalif the agent
returnedto the neutralpose(straightaheadwhich is the endingposeof the
noddinggesture)beforestartingto turn the headsidevaysto theright. The
naturalthing would be to go more or lessdirectly from the low point of the
nodto thelooking-rightpose.To achieve this behaiour we have implemented
a co-articulationalgorithmthat melgesgestureshat are overlappingor adja-
centin time. Thealgorithmwill alwayspresere the areaaroundthe stroke of
eachgestureput sggmentsbeforeandafterthis areaare subjectto reduction.

Reducedartsof thetrackarelinearly interpolated.

5. Discussionand futur e work

The GESOMspeci cationhasonly beentestedextensiely in therealestate

browsingdomainwithin the AdApt systemwith theanimatedagentastheout-
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put device. Theonly otheroutputdevicesusedhave beencomputeremulated.

Testingthe systemwith real mobile phones PDAs, Braille displays,aswell

asin otherdomains,would surely unearthshortcomingsn the speci cation.

Someknown shortcomings:

It would be usefulto specify or rathersuggesta numberof fruitful sets
of statesespeciallyif statesareto be usedin morethanonetier. Even
thoughthespeci cationin itself would allow ary set,codingoutputwith

markupthatis notimplementedn ary outputdeviceswould be a waste

of time.

The backgroundattributesbeargreatsimilarity to the HTML/XHTML

style attribute, but arenot aswell thoughtthrough. An elegantsolution
is to usestyle sheetsof somesortto control varietiesin execution of
gesturesWork alongtheselines hasstarted but could usemoreexplo-

ration.

Although GESOM was developedwithin a systemthat, in additionto
the animatedtalking head,usesa clickable map on which apartments
areplotted,andvisualisessearchconstraintsasicons (Gustafsoret al.,
2002),the speci cationdoesnot includethis type of output. We would
thuslike to extendthe speci cationsothatit canhandlethepresentation

of objectsin ageneraimanner
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= Thereis no goodsupportfor generatingleicticnon-\erbaloutput. This
seemsstraightforvard to solve with respectto some output devices:
nods,pointingandarrovs couldbeused.Generalisationf thetamgetsis
troublesomehowever. In orderto point at somethingonewould need
to know not only wherethe tamget s, but alsowherethe device doing
the pointingis andmorewer, whatit looks like. This goesagainstthe
generalgoal of GESOM, but deictic outputmay well be speciedin a

parallellsystemworking alongsideGESOM.

= In mostcasesthe output device would be the sameas the input de-
vice. The AdApt systemusesthe sameinput formatfor text whetherit
is typed,comesfrom a speechrecogniseior from a storeddialoguelog
le. Thisformatis, however, not particularlygeneralisear formalised.
Extendingthe speci cationto cover (at leasttextual) input aswell as
outputwould malke it a moreusefultool. The representationf objects

mentionedabore might thenextendto mouseclicks.

= Work ontestingspeechiecognitiorandsemantigarsingusingresynthe-
sisis beingdonein the Higginsprojectat CTT. Therearealsoattempts
at recognisingspeakr emotionsandemphasis.If GESOMis usedfor
theserecognitionresults,testingthroughresynthesisvould be greatly

simpli ed.
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While the AdApt systemandthe Higginssystemsrepresentlytheonly im-
plementation®f GESOM,it shouldbe stressedhatthe GESOMspeci cation
wascreatedwith generalisatiorin mind, asindicatedby its name.We do not
presentlyclaim it to be sufcient for the needsof all dialoguesystemoutput
tasks,but we do believe thatit, perhapswvith minor adaptationcanbe useful
to alarge numberof dialoguesystemsOur experiencegrom theimplementa-
tion in the AdApt systemindicatethatit is successfuin its pursuit,namelyto
form anabstractioriayer betweerthe dialoguemanagemndthe outputmod-
ule, sothatthedialoguemanagedoesnot needto know aboutthe capabilities
of the outputmodule. The outputmodule,e.g.an animatedtalking head,is
responsibldor suitablerealisationof the communicaire functionsrequested
by the dialoguemanager Sincethe outputdescriptiondoesnot assumeary-
thing aboutthe capabilitiesof the outputdevice, it is fully possibleto realise
the outputin someotherway thanthroughthe gesturesn ananimatedalking
head. An alternatve is to usefamiliar GUI metaphorssuchasanhouglass
for the busy stateor a blinking red lampfor listening(recording)(Edlundand
Nordstrand2002). This allows outputto be generatean hardwareincapable
of renderinghe animatedagent suchaspresentday cell phonesor PDAs.

Our currentimplementatiorof the animatedagentusesa library of hand-
craftedgesturedescriptionsgroupedby communicatie function. Thisis a

very e xible model,sinceit allows usto modeldifferentattitudes,manners,
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personalitiesmoodsor thesocio-culturaidentity of theagentsimply by de n-
ing a new setof gesturedescriptiongat leasttheoretically assuminghatthe
communicaitre functionsareinvariant). However, creatinggesturgealisations
is alaboriousprocessandto corvincingly modele.g.attitudesandemotions
would requireextensve studiesof real-life subjects.A fasterandmoreaccu-
rateway of obtainingthe gesturerealisationsvould be to recordfacial move-
mentof anactorusinga motion capturesystemsuchasQualisys,2002. Work

towardsthis endis in progressat CTT.
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