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Abstract

ThispaperintroducesGestureEngine, ananimationsys-
temthat synthesizeshumangesturingbehaviors from aug-
mentedconversationtranscriptsusinga databaseof high-
level gesture definitions.An abstract scripting language to
specifyhand-armgestures is introducedthat incorporates
knowledge fromsign language research, psycholinguistics,
andtraditional keyframeanimation.A new planningalgo-
rithm instantiatesand adjustsgesturesaccording to com-
municativecontext andtemporal constraintsobtainedfrom
a speech synthesizer. The systemanimatesan MPEG-4
compliantskeletonusingBodyAnimationParameters.

1 Intr oduction

Themainobjectiveof ourwork is thecreationof anem-
bodiedconversationalagent[4] and in particular the cre-
ation of an agent that is able to exhibit communicative
gestureswhile talking. To this end we are applying the
metaphorof human–humancommunicationto drivethever-
bal andnonverbalbehaviors of our agent.Humancommu-
nication is very rich and complex – we routinely and ef-
fortlesslycombineverbalandnonverbalchannelsto express
ourselves:wemayexpressouremotionwith ourvoice[32]
or our face[12]; our gazedirectionmay indicatewhenwe
want to take our turn to speakor when we want to pass
[10, 7]; gesturesin turnmayindicatetheshapeof anobject
or accentuateaparticularword; they mayreplaceawordor
indicatea point in space[15, 22, 27]. Several researchers
[22, 14, 5] have shown thesubtlelink betweentheproduc-
tion of a gestureandtheaccompanying speech.Gestureis
not just a meretranslationof theverbaldiscourse.Among
other functions,gesturemay complementinformation (in
a noisy bar we indicateto the barkeeperwith our fingers
how many drinkswe desire);it mayhelpus to processour
thought; it may show how certainwe areof what we are

saying– or how uncertain(whenwe raiseour palmswith
openhands).

The work describedin this paper is part of a larger
project,MagiCster, a 3-yearlong venturesupportedby the
EuropeanUnion1, which aims to createa believable em-
bodiedagent.Thefirst prototypefocusesonaninformation
delivery application. The agent,namedGreta, is able to
conversewith a user. The typesof dialoguewe arefocus-
ing oncurrentlyareof query-answerform; theuserasksfor
informationon a givendomainandtheagentrepliesto the
request.This givesrise to simplesub-dialogueexchanges.
In previous work we have beenconcentratingon the cre-
ation of a facialmodelcompliantto MPEG-4[25] aswell
ason the communicative aspectsof facial expressionsand
gaze[29]. In this paperwe areturningour attentionto the
specificationand the animationof gestures.We have de-
velopeda body modelcompliantto MPEG-4specification
andwe have elaborateda languageto describegesture.In-
deed,gesturesmayexhibit verycomplex motionsandhand
movements.Describinga gesturethrougha setof joint an-
gles is very cumbersome,tedious,and non-intuitive. We
havedecidedto usetheformationalapproachdevelopedby
Stokoe in his pioneeringwork on thestructureof sign lan-
guage[35]. He describesgesturesusinga setof so-called
formationalparameters[28, 34]; a gestureis madeup of a
combinationof several elements,namelythe handshape,
the wrist orientation,but also the arm movementand the
placeof articulation[34]. Webaseourgesturedefinitionon
suchanapproach.

In the following section,we provide anoverview of the
literature,specifyinghow ourmethoddiffersfrom previous
ones.We thenpresentour bodymodel. Section4 presents
our languagespecificationfor gestureandaneditorthathas
beendevelopedto interactively createnew gesturesfor the

1IST project IST-1999-29078,partners:University of Edinburgh, Di-
vision of Informatics; DFKI, Intelligent User Interfaces Department;
SwedishInstituteof ComputerScience;University of Bari, Dipartimento
di Informatica; University of Rome,Dipartimentodi Informaticae Sis-
temistica;AvartarME



system.Thepapercontinuesby describingthemotionplan-
ningalgorithm.Finally wepresentfuturework, specifically
looking at how suchanenginemaybeusedto createcom-
municativegesturein aconversationalsetting.

2 RelatedWork

GestureEngineis anintegratedgesturespecificationand
animationsystemwith several distinguishingfeatures:its
databaseis easilyextensibleby lay usersin anintuitiveway;
it instantiatesgesturesaccordingto communicativecontext
andit synchronizesits outputto speechandpossiblyother
non-verbalmodalities(suchas facial expressionandgaze
pattern). Furthermore,the employed gesturenotationlan-
guageallows for the representationof complex articulated
joint structureswith asmallnumberof abstractparameters.
While someauthorshave previously addressedtheindivid-
ual issuespresentedhereand othershave proposedcom-
plete multimodal communicationarchitecturesof consid-
erablecomplexity, we still believe GestureEngineto be a
valuablecontributionto thefield sinceit representsaunique
synthesisof, and extensionto, moderngestureanimation
concepts.We now review someof theprincipalworksun-
dertakenin thisareathusfar.

Cassellet al. [6] animateconversationalagents’dia-
loguesby automaticallygeneratingfacial expressionand
handgesturessynchronizedwith speech.We follow their
approachinsofaraswealsoseparategesturegenerationinto
independentarm, wrist and hand specifiersand we also
storegesturesin adatabaseof predefinedprototypes.How-
ever, weextendtheirwork with animprovedschedulingand
instantiationalgorithmthat integratesbeatswith otherges-
turesmorecloselyandintroducesflexible transitionstates.

LebourqueandGibet [20, 21], usea sign-languagede-
rivedcodingschemewith an inverse-kinematics-baseddy-
namicsmodel for gesturesbut they do not attemptto in-
tegratesynthesizedgesturesinto a multi-modalcommuni-
cationcontext. Our resultsalsoshow that a lesscomplex
key-frameand joint-anglebasedanimationprocedurecan
work verywell in therestricteddomainof gesturing.

Kopp and Wachsmuth[17, 18] presenta hierarchi-
cal planningarchitecturebasedon experimentallyderived
knowledge. While our architectureis partly modeledafter
their system,our planningalgorithm focuseson the link-
ing andcontext-specificadaptationof gesturesandnot on
trajectoryformation. Noneof the above articlesaddresses
theissueof user-friendly maintenanceandextensionof the
databaseof known andpossiblegestures.

Recently, the associationbetweendiscoursestructure
andgesturegenerationwasdiscussedby Casselletal. in the
BEAT model[8]. In addition,the authorsheredo address
the importanceof userextensibility; however, the BEAT
systemrepresentsonly an intermediatebuilding block that

Figure 1. Gesture Engine’ s H-Anim skeleton
and the associated bod y mesh

needsto communicatewith otherelementsto form a com-
pleteagentcontrolandanimationsystem.Anothercompre-
hensivesystemof abstractrepresentationof agentactionsis
presentedin PAR [2]. While its generalityis verypowerful,
it alsodependson anexternalgestureandanimationmodel
to executeactions.

Most existing agentsystemsuseproprietaryvisualiza-
tion systemscustom-tailoredto their specificresearchen-
vironments. We believe such practice to be counter-
productive to the proliferationof conversationalagentsin
their function ascommunicatorsinteractingwith humans.
Device-independent,distributableanimationfiles promise
to reachamuchlargerend-consumeraudience.TheMPEG-
4 standardfor facialandcorporealanimationis a goodcur-
rent working platform to accomplishthis goal. MPEG-
4 compliantfacial animationsusingFacial Animation Pa-
rameters(FAPs) have beendemonstratedin our own pre-
vious efforts [25] as well as in [24]. Less work is ex-
tant on animatingthe body: a Body Animation Parame-
ter (BAP) playerhasbeenimplemented[1] andsomean-
imationshave beengenerated[30], but utilization beyond
proofs-of-conceptappearsto besparse.

3 Body Model

Beforewediscussdetailsof theGestureEnginearchitec-
ture, it is of utility to introducetheemployedbodymodel,
sincewe will refer to it in the following sectionsto illus-
trateunderlyingideasandtechnicalconcepts.A fully ar-
ticulatedhumanoidskeleton(seeFigure 1), as definedin
the H-Anim 1.1 Specification[40], forms the basisof our
agent. The currentpolygonalbody meshmodel is taken
from Alias

�
Wavefront’s MayaTM 3.0 suite,but othermod-



elsfitting theunderlyingskeletalproportionscanbesubsti-
tuted. Note that at the currenttime our animationsystem
is somewhat model-specific. It is possiblebut not trivial
to transferanimationsto agentsof differentanthropometric
proportions,astheposelibrary defininggoalpositionsand
finger configurationshasto be adapted(seeSection5.2).
Techniquessuchasmotionmapping[3] or motionretarget-
ting [13] couldbeusedto overcomethisproblem.However,
thegesturedefinitionsintroducedin Section4.2canremain
unalteredsincethey only refer to abstractreachspaceand
handconfigurations.

GestureEngineupdatesthe skeleton’s joint anglesfor
eachanimationframe using standardizedMPEG-4 BAPs
[36]. The skeleton in turn deformsa unified polygonal
mesh. We have developedtwo animationplaybackso-
lutions to demonstratethe portability of our chosenfor-
mat - an internalvisualizationsystemwithin GestureEn-
gine implementedin OpenGLandan externalBAP player
for Alias

�
Wavefront’s MayaTM, for which we can export

ASCII-format BAP files for one conversationalturn at a
time2. In MayaTM, the agent’s body meshis boundto the
skeletonusing the built-in Rigid Skinning featureset. In
our own OpenGLimplementation,meshverticesareparti-
tionedinto skin clustersthataretransformedaschildrenof
individual joints in theskeletalhierarchy.

4 Gesture Specification

4.1 CommunicativeActs

Asmentionedin theintroduction,gesturesmayhavesev-
eral rolesin a conversation.In previouswork we have de-
velopeda taxonomyof communicative functionsfor facial
expressionsandgaze[29]. It is our view that this taxon-
omy canbeextendedto gesturesaswell [28]. Indeed,ges-
turesmayprovide informationon theagent’sbeliefs,inten-
tions,andheraffectivestate.They mayprovideinformation
on the world or they may convey meta-informationon the
agent’s mentalstate.Five classesarepresentin this taxon-
omy thatprovide informationon:

� locationandpropertiesof concreteor abstractobjects
or events

� theagent’sbeliefs
� herintentions
� heraffectivestate
� metacognitiveinformationon hermentalactions

Thefirst classincludesdeixis,which is theindicationof the
relative spatiallocationof referents(‘this box over there‘),

2A conversationalturn is definedto be the interval from the time the
agenttakesover discoursecontrol from its dyadicpartnerto the time she
relinquishesit again.

andinformationon physicalor metaphoricalpropertiesof
referents(‘this box is round’). The secondclassis repre-
sentative of the degreeof certaintywith which the agent
believeswhatsheis saying(‘palm upopenhand’mayindi-
catecertainty[23] ascitedin [28]). Thethird clustergathers
gesturesthatareintendedto expressagoalof theagent:the
performativeof hersentence(e.g.,‘I orderyou’ maybein-
dicatedwith an angryfinger pointedtoward the addressee
vs. ‘I apologize’,whichmaybemarkedwith pulling backa
flat handraisedneartheshoulder[28]), thetopic-comment
distinction(often occurringwith beats),andthe turn allo-
cationin conversation(asthe agentstartsto talk sheoften
startsto gesticulate).The fourth clusterrepresentsthe ex-
pressionof emotions(theexpressivenessof themovement,
i.e., how sharpor tenseit is, or for how long it lasts,is de-
pendenton the agent’s emotion[9]). Finally, the last set
gathersexpressionsconcerningthekind of thinkingactivity
in which theagentis currentlyengagedin: when‘remem-
beringafact’ or ‘trying to makeinferences’,weoftenavoid
gazeinput by looking up with our finger on our cheek,as
we areconcentratingon our thoughtandwant to avoid an
informationoverload.

4.2 GestureSpecificationLanguage

To specifygestureprototypesthat fit the above catego-
rization, a proprietary, abstract,high level scripting lan-
guagefor hand-armgestures,basedon a functionalsepara-
tion of armposition,wrist orientation,andhandshape,was
developed.We have chosena key frame-basedapproachto
recordthedynamicsof gestures.Gesturesaredefinedby a
sequenceof timedkey poseswhich we call gestureframes.
Thekey framemethodallowsfor acompactandeasilyinter-
pretablestorageof definitions;it alsopermitsusto leverage
practicesof traditionalfigure animationto increasethe re-
alismof thegeneratedanimations[19], aswe will describe
in Section5.1.

Following McNeill [22], gesturesarebrokendown tem-
porally into distinct phases:preparation,stroke, hold, and
retraction. Only the stroke is mandatoryfor all gestures,
since it carriesthe semanticload of the gestureand also
representsthe critical elementin synchronizinggestureto
speech.

Gesturespaceis parametrizedusingMcNeill’ s [22] sys-
tem of concentricsquarescenteredon the actor. In this
scheme,the spacein front of the gestureris divided into
seven horizontal, seven vertical and three distal sectors,
eachof which canbe the target for the arm position dur-
ing any gestureframe.McNeill empiricallydeterminedthat
different varietiesof gesturesare predominantlyexecuted
in certainreach-spacesectors.While suchknowledgeis not
built into theGestureEnginesystemperse,it canbeeasily
expressedin thespecificationprocess.



For wrist orientationandhandshapedetermination,we
relyonasubsetof HamNoSys[31], alanguage-independent
corpusof formal handsign classifications.While gestur-
ing behavior is culture-specific,it mustnot to be confused
with a language-dependentsign-system.Thusthechoiceof
a setof internationallyapplicablenotationconventionsnot
boundto any particularsign-languageappearedmostsuit-
ablefor thedesignof a generalgesturesynthesizer. In our
implementationof HamNoSys,thebasicshapeof thehand
canbechosenfrom twelve fundamentalformsor symbols.
Additionally, theconfigurationof thethumbcanbechanged
andthe opening/closingof eachof the remainingfour fin-
gerscanbesetindependently. Wrist orientationis specified
asa combinationbetweentwo orthogonalvectors:theFin-
ger Basevectorextendingfrom the wrist to the first joint
of the index finger, andthePalm Normalvector, which ex-
tendsout of theinnerpalmplaneat a right angle.Thewrist
orientationis thusdefinedglobally in relationto the body
orientation,which correspondsto thekind of goaldirected
motionplanningfound in people.A shortexamplewill il-
lustratethis point: we want our FingerBaseto be perpen-
dicular to the groundplaneandour Palm Normal to face
away from us whenwe signal “Stop!” – regardlessof the
particularpositionof ourarmat thatmoment.

Eachgestureframecandefineany or all separategesture
components.Thusdifferentjoint chainsareuncoupledand
allowedto follow their own respective trajectoriesfor max-
imum flexibility andcontrol. Completegesturedefinitions
storea sequenceof gestureframesalongwith global iden-
tifiers andconstraintsthatapply to the gestureasa whole.
Definitionsarestoredin a human-readableASCII file for-
mat. Theinitial setof testgestureswastranscribeddirectly
from videoanalysisof theperformanceof a trainedlinguist
actingas the signer. We shall demonstratethe introduced
formatwith a specificexamplefrom thatsetof transcribed
gestures.The following is thedefinitionof thegesturede-
noting the adjective “small” - a frameof the executionof
thisgestureby ouragentis shown in Figure2:

GESTURECLASS adjectival
GESTUREINSTANCE small
DURATION 1.5
STARTFRAME 0.0
FRAMETYPE stroke_start
ARM XC YUpperP ZNear
HAND symbol_1_open
FINGER index bend_curved
WRIST FBUp PalmInwards

ENDFRAME
STARTFRAME 0.4
FRAMETYPE stroke_end
ARM XC YUpperP ZMiddle
WRIST FBDefault PalmDefault
ADDNOISE

ENDFRAME
STARTFRAME 1.0
FRAMETYPE hold
ARM XC YUpperP ZMiddle
HAND symbol_1_open
FINGER index bend_curved
WRIST FBUp PalmInwards

ENDFRAME

Thegesturedefinitionfile delineatesthespecificgesture
“small”, which belongsto the larger group of iconic ges-
turesaccompanying adjectives.Thedefaultdurationof this
gestureis definedto be1.5seconds.This durationis a goal
valuethat theGesturePlannerwill try to satisfy;however,
the exact timing of the gestureis dependenton temporal
constraintsimposedby the previous as well as following
gesturesin theconversationplan. Optionally, a default arm
assignmentcould have beenmade. This featureis mainly
usedfor gestureswhich animatebotharmssimultaneously
(asin Figure5). Without this option, the GesturePlanner
(Section5.1)will handlearmassignmentsto createconsis-
tentperformances.Subsequentto theheaderinformation,a
list of gestureframeblocksfully definethegestureanima-
tion. In the presentexample,the gestureconsistsof three
gestureframes.

Thefirst framehasa relative timing of 0.0andwill thus
be scheduledat the very beginning of the time slot allo-
catedto the gestureby our system.This framerepresents
thehand-armconfigurationthattheactorwill assumeat the
startof the stroke phase.No preparationphasewasspeci-
fied, causingthe systemto transitiondirectly to the stroke
positionfrom theassignedarm’spreviouslocationduringa
conversationperformance.In the sixth line, the arm posi-
tion is definedto be in the outercenter(XC for center)in
heightof the actor’s shoulder(YUpperPfor upperperiph-
ery),closeto thebody(ZNear).Thebasichandshapeis of
typesymbol1 open,whichis apointinggesturewith anex-
tendedthumbparallelto theindex finger. Thethumb/index
distanceis toogreatto signify “small”, sotheindex fingeris
bentdown slightly by theadditionof aFINGERcommand.

In thesecondgestureframe,theendof thestrokeis indi-
cated.Thearmhasmovedaway from thebody (ZMiddle)
andthewrist is alignedwith theforearmwithouttwist or ab-
duction.Notethatnohandshapewasspecified.Thisallows
theanimationsystemto freelyinterpolatepositionstocreate
smoothanimationtransitions. The ADDNOISE keyword
subtlyaltersthepositionof this framerandomlyin a man-
nersimilar to Perlin’s[26], to avoid mechanical-lookingex-
ecution,which becomesespeciallyimportantduringstroke
repetition,which will be discussedbelow in Section5.1.
ADDNOISE canbe addedto any frame. The third frame
finally holdsthearmat its semi-extendedpositionuntil the
endof theallocatedgesturetime.



Figure 2. Sample gesture : “small”

To summarize,a gesturehasthefollowing globalspeci-
fiers:

� classificationof gesture
� typicaldurationof thegesturein seconds
� assignmentof a singlearmor botharms(optional)

In addition,eachgestureframecancontaina combination
of thefollowing specifiers:

� timing of thekey relative to thedurationof theentire
gesture(mandatory)

� gesturephaseof the currentkey (e.g., stroke-endor
retraction;mandatory)

� armposition(optional)
� wrist orientation(optional)
� handshape(optional)
� additionalpositioningfor eachfinger(optional)

We acknowledgethe existenceof gesturepositionsthat
are difficult or cumbersome,if not impossible,to define
within the presentedframework. Consequentlywe have
addedan override option that allows the user to definea
position by explicitly fixing joint angles. We have pro-
videdscriptedtoolsthatallow to loadandmodify any pose
in Alias

�
Wavefront’s MayaTM andto subsequentlyexport a

newly createdposebackto GestureEngine.However, this
mechanismcircumventsoneof the main featuresof a uni-
versallyapplicablegesturespecificationlanguage,namely
abstraction,andshouldthusbeemployedwith restraint.

4.3 GestureEditor

We havebuilt a visual interfaceto allow systemusersto
interactively composegesturesin a graphicalenvironment

Figure 3. The interactive Gesture Editor

and export the createdgesturesto the GestureEngine li-
brary(seeFigure3). Theusercancomposeany gestureus-
ing any numberof parametersandtheir correspondingval-
ues. GestureEditor savesthe createdgesturein a text file
usingthesamelanguagespecificationoutlinedabove. Be-
yondallowing naturalandinteractive gesturespecification,
theeditoralsoprovidestheadvantageof checkinginput for
plausibility andcorrectness.The editordoesnot allow the
selectionof non-sensicalparametercombinations,thusas-
sumingthefunctionof anerrorcontrollerfor theuser. For
instanceif theuserhasselectedthepalmhasbeingoriented
upward,theusercansubsequentlyonly choosefrom those
remainingfinger basevaluesthat satisfy the orthogonality
requirementbetweenthe two vectors:fingerbaseoriented
away, inwards,outwardsor towards. Additionally, the ed-
itor preventskeyframetiming errors(frame timeshave to
increaseandadhereto upperandlower limits), andverifies
armshape(thespatialpositionhasto bewell-defined)and
hand–thumbshapeassociations.

5 Gesture Animation

In previouswork [4], we have developeda dialogman-
ager that not only plans discoursemoves but also pro-
videsinformationon theco-occuringnonverbalbehaviors.
To ensuresynchronismbetweenthe verbalandnonverbal
streams,we are utilizing the XML framework. We have
extendedXML to include nonverbal communicative acts
[4]. The output of the discourseplanneris an utterance
taggedwith nonverbalinformation. GestureEngineparses
theXML file for oneconversationalturn andpassestheut-
terancesto Festival [37], a speechsynthesizerthatreturnsa
soundfile aswell asa list of phonemesandtheir durations
(seeFigure 4). A high-level Turn Plannerthen matches
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Figure 4. System outline

meta-taginformation againstgestureprototypesstoredin
the GestureLibrary. Currently, matchesarefound usinga
straightforwardlexical lookup.For gesturerequeststhatdo
not carry sufficient contextual information,or for specific
gesturerequeststhat cannotbe matchedwith suitablepro-
totypesin theGestureLibrary, oneof multiple genericbeat
gesturesis chosento beexecuted.A moresophisticatedin-
ferenceenginesensitive to communicative context is to be
implementedin the future; the Turn Plannerwill therefore
not be further discussedhere. At the subsequentlevel, a
GesturePlanner3 alsocalculatesrestpositionsfor armsdur-
ing inter-gesturalpauses.Thegestureplanthusconstructed
is finally passedto a Motor Plannerthat computessmooth
joint-angletrajectoriesusingquaternions[33] andtension-
continuity-bias(TCB) splinecurves[16]. TheMotor Plan-
ner then storesthe joint anglesas MPEG-4 BAP frames,
which canbe written to file or sentdirectly to the internal
viewer (somegeneratedgestureframesare reproducedin
Figure5).

5.1 GesturePlanner

Thetaskof theGesturePlanneris to instantiatetheproto-
typegesturesdefinedin thedatabaseaccordingto temporal
andcontextual constraints.First and foremost,generated
gestureshave to be matchedwith the semanticstructure
of the accompanying utterances.The meta-informational

3WeadoptKoppandWachsmuth’s [17] instantiatesgestureprototypes
andschedulesgestures,adjustingtheir timing andpositioning. The Ges-
turePlannerfitting terminologyfor ourarchitecturehere.

XML mark-upin the discoursetranscriptsuppliesus with
this term-level mapping. In addition, tight phonological
synchronizationto the synthesizedspeechis necessaryif
the gesturesare to contribute to, not detractfrom, effec-
tive communication.McNeill [22] providesuswith anem-
pirically backed axiom – the emphasisin gesture,namely
thestroke,hasto coincideor slightly precedetheemphasis
in speech. It may never follow. Thus the GesturePlan-
nerregardssynchrony of theendof a gesture’s stroke with
the utteranceof the emphasizedword as its absolutetim-
ing constraintaroundwhich othergestureframesarethen
scheduled.

Thedurationof preparationandretractionphasesof ges-
tureprototypescaneitherbecompressedor expandeddur-
ing the instantiationprocess.The limits of suchduration
modificationsshouldbefurtherinvestigated- it is clearthat
variability in executionexistsin humangesturing;however,
too largeanalterationwill impair thereadabilityof theges-
ture. The GesturePlanneraims to guaranteea minimum
transitionperiodbetweengestures.If this transitiontime
cannotbe allocatedwithout exceedinga temporalscaling
threshold,the problematicgestureis classifiedas unexe-
cutableandis erasedfrom thegestureplan. If on theother
handscheduledgesturesareseparatedby extendedperiods
of inactivity, theGesturePlannerinsertsrestpositionsinto
theinter-gesturalperiodsto returngesturingarmsto neutral
positions.

To further increasethe realismof the gesturalperfor-
mance,we introducetheconceptof stroke expansion. Ob-
servationof humangesturingsuggeststhatbeatgesturescan
co-articulatewith otherkindsof gestures[6] to expressad-
ditional rhythmicalemphasesin a sentence.In thesecases,
thefirst executionof thestrokeof agivengesturecarriesits
usualsemanticfunction; afterwards,however, thehandre-
mainsin its assumedshapeandthearmpartiallyrepeatsthe
gesture’sstrokemovementto furtheraccentuatetherhythm
of the associatedspeech.We identify this behavioral pat-
ternby analysisof theXML metamark-up. If multiple in-
tonationalemphasesarepresentwithin a rhemeclausefor
whichanappropriategesturehasbeenfoundin theGesture
Library, that gesture’s stroke will be repeatedwith dimin-
ishingamplitudessuchthateachstroke endcoincideswith
anemphasizedword in speech.

While it is sensiblefor the sake of clarity andconcise-
nessto specify an entire posein a single gestureframe,
the limbs of a real personrarely if ever move simultane-
ously andin synchrony. Instead,motionsoriginatein one
partof thebodyandpropagateto neighboringjoints with a
non-negligible delay. In thecaseof keyframedaction,this
resultsin small but significanttiming differencesbetween
successive joint keys. Traditional animatorshave known
and exploited this fact for a long time and have assigned
to it the namefollow-through[19]. We implementfollow-



throughaccordingto Lasseter’s [19] observation that arm
movementsstart at the shoulderand propagatedown to-
wardsthe fingers. For a given key posethat definesarm
positionaswell ashandshape,the GesturePlannershifts
theshoulderjoint key backwardsin time while finger joint
timings will be moved forwardssuccessively. The magni-
tudeof follow-throughis determinedby a linearscalingof
the time interval to the following keyframe,clampedto a
maximumof 9 frames.

5.2 Motor Planner

Once a complete timed plan of key poseshas been
assembled,the motor plannercomputesthe actualcorre-
spondingkey joint angles. To this end,arm positionand
finger bendanglesare loadedfrom a list of posedefini-
tions which contain appropriatejoint angle valuesfor a
given anthropometry. After the arm angleshave beende-
termined, the wrist orientationis dynamically calculated
through multiplication of rigid transformationmatrices.
The Motor Plannerthen setsup individual interpolating
splinesthroughthe key positionsof eachformationalunit
for eacharm. We choseto implementinterpolationus-
ing Tension-Continuity-Bias(TCB) splines,alsoknown as
Kochanek-Bartelssplinesin referenceto the authors[16].
TCB splinesallow for convenienthigh-level controlof ten-
sion,continuityandbiasparametersof thecurveusingthree
scalarvaluesper control point. Joint angle rotationsare
mostlyanimatedwith quaternions[33], usinganextension
of TCB splinesto quaternioninterpolationdescribedby
Eberly [11]. Otherwise,Euler anglevaluesare animated
directly. InterpolatingEuler anglesis know to yield non-
linear mappingsandto show degeneracies[38] dueto the
surjectionof Euleranglesto uniquerotationmatrices.How-
ever, becauseof the limited rangeof possibleanglevalues
in thehumanarm–handchain,degeneraciescanbesuccess-
fully avoidedgiven careful initial orientation– our results
wereconvincingandstable.Neverthelesswe recognizethe
needfor a morerobustandmathematicallysoundinterpo-
lation procedureandarethusplanningto replaceall refer-
encesto Euleranglesin theinterpolationstage.

6 Future Work

We have outlineda compact,yet flexible systemfor the
specificationandgenerationof humanoidgesturingbehav-
ior. GestureEngineis an importantsteptowardsattaining
the goal of the MagiCsterproject - the creationof a be-
lievableembodiedconversationalagent. And yet, it is but
one step. On a macroscopiclevel, we now needto inte-
grateGestureEnginewith theexisting Gretasystemfor fa-
cial animationto producea truly multi-modalcommunica-
tor. Theproblemof conveying emotionin additionto fac-

Figure 5. Sample gestures: A deictic gesture
(pointing to the agent’s own chest) and three
diff erent beat gestures

tual informationhasalsocometo the attentionof numer-
ousresearchersrecently. In this context we wish to inves-
tigateif we canadapttheEMOTE [9] modelfor effort and
shapeto GestureEngine,which mayrequirea switchfrom
orientation-basedinterpolationto position-basedinterpola-
tion along with the useof an inversekinematicsmodule.
Finally, we regardit asessentialto includelarger postural
considerationsin the agentarchitecture.The field of torso
animationis still wide open- a definitive study is sorely
needed. The motivation for a holistic animationsystem
wasdeliveredby Watzlawick morethan25yearsago,when
he postulatedthe first principle of the Interactionalview
of communication: “One cannot not communicate.”[39]
Adaptedto thecontext of embodiedconversationalagents,
theaxiomassertsthatthe“non-action”of anagentin some
specificchannelof communicationis never overlookedor
ignoredby theagent’shumancounterpart.In thebestcase,
it will beinterpretedasa somewhatoddquirk; morelikely
though,it will seriouslydetractfrom theagent’s realcom-
municative intentandthuslimit its efficacy.
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