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Abstract

ThispaperintroducesGestue Enging ananimationsys-
temthat synthesizehumangesturingbehavios from aug-
mentedcorversationtranscriptsusinga databaseof high-
level gestue definitions. An abstmact scripting language to
specifyhand-armgestuesis introducedthat incorporates
knowled@g from signlanguage reseach, psytolinguistics,
andtraditional keyframeanimation. A new planningalgo-
rithm instantiatesand adjustsgestues according to com-
municativecontet andtempoal constaints obtainedfrom
a speeb synthesizer The systemanimatesan MPEG-4
compliantskeletonusingBodyAnimationParametes.

1 Intr oduction

Themainobjective of ourwork is the creationof anem-
bodied corversationalagent[4] andin particularthe cre-
ation of an agentthat is able to exhibit communicatie
gestureswhile talking. To this end we are applying the
metaphoof human—humanommunicatiorio drivethever
bal andnornverbalbehaiors of our agent. Humancommu-
nicationis very rich and complex — we routinely and ef-
fortlesslycombineverbalandnorverbalchanneldo express
oursehes:we may expressour emationwith ourvoice[32]
or our face[12]; our gazedirectionmay indicatewhenwe
want to take our turn to speakor when we want to pass
[10, 7]; gesturesn turn mayindicatethe shapeof anobject
or accentuate@ particularword; they mayreplaceaword or
indicatea point in space[15, 22, 27]. Sereralresearchers
[22, 14, 5] have shavn the subtlelink betweerthe produc-
tion of a gestureandthe accompaying speech.Gestures
not just a meretranslationof the verbaldiscourse Among
other functions, gesturemay complementinformation (in
a noisy bar we indicateto the barkeeperwith our fingers
how mary drinkswe desire);it may helpusto processour
thought; it may shav how certainwe are of whatwe are
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saying— or how uncertain(whenwe raiseour palmswith
openhands).

The work describedin this paperis part of a larger
project,MagiCster a 3-yearlong venturesupporteddy the
EuropeanUnion!, which aims to createa believable em-
bodiedagent.Thefirst prototypefocuseson aninformation
delivery application. The agent,namedGreta, is able to
corversewith auser The typesof dialoguewe arefocus-
ing on currentlyareof query-answeform; the userasksfor
informationon a givendomainandthe agentrepliesto the
request.This givesrise to simple sub-dialogueexchanges.
In previous work we have beenconcentratingon the cre-
ation of a facial modelcompliantto MPEG-4[25] aswell
ason the communicatve aspectof facial expressionsand
gaze[29]. In this paperwe areturning our attentionto the
specificationand the animationof gestures.We have de-
velopeda body modelcompliantto MPEG-4 specification
andwe have elaboratedh languageo describegesture.In-
deed gesturesnay exhibit very complex motionsandhand
movements.Describinga gesturethrougha setof joint an-
glesis very cumbersometedious,and non-intuitive. We
have decidedo usetheformationalapproactdevelopedby
Stokoein his pioneeringwork on the structureof signlan-
guage[35]. He describegyestureaisinga setof so-called
formationalparameter$28, 34]; a gestureis madeup of a
combinationof several elementsnamelythe handshape,
the wrist orientation,but also the arm movementand the
placeof articulation[34]. We baseour gesturedefinitionon
suchanapproach.

In the following section,we provide an overview of the
literature,specifyinghow our methoddiffersfrom previous
ones.We thenpreseniour body model. Section4 presents
ourlanguagespecificatiorfor gestureandaneditorthathas
beendevelopedto interactively createnew gesturedor the
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vision of Informatics; DFKI, Intelligent User Interfaces Department;
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system.Thepapercontinuesy describinghemotionplan-
ning algorithm. Finally we presenfuturework, specifically
looking at how suchanenginemay be usedto createcom-
municative gesturdn a corversationaketting.

2 RelatedWork

GestureEngineis anintegratedgesturespecificatiorand
animationsystemwith several distinguishingfeatures:its
databaseés easilyextensibleby lay userdn anintuitive way;
it instantiategestureaccordingto communicatve context
andit synchronizests outputto speechandpossiblyother
non-verbal modalities(suchas facial expressionand gaze
pattern). Furthermorethe employed gesturenotationlan-
guageallows for the representatiof comple articulated
joint structureswith a smallnumberof abstracparameters.
While someauthorshave previously addressetheindivid-
ual issuespresentechere and othershave proposedcom-
plete multimodal communicationarchitecturesof consid-
erablecompleity, we still believe GestureEngineto be a
valuablecontributionto thefield sinceit representaunique
synthesisof, and extensionto, moderngestureanimation
concepts.We now review someof the principal works un-
dertalenin this areathusfar.

Cassellet al. [6] animatecorversationalagents’dia-
loguesby automaticallygeneratingfacial expressionand
handgesturessynchronizedvith speech.We follow their
approachnsofaraswe alsoseparatgesturegenerationnto
independentarm, wrist and hand specifiersand we also
storegesturesn adatabasef predefinegrototypes How-
ever, we extendtheirwork with animprovedschedulingand
instantiationalgorithmthatintegratesbeatswith otherges-
turesmorecloselyandintroducedlexible transitionstates.

Lebourqueand Gibet [20, 21], usea sign-languagele-
rived codingschemewith aninverse-kinematics-basety-
namicsmodel for gesturesbut they do not attemptto in-
tegratesynthesizedyesturesnto a multi-modal communi-
cationcontext. Our resultsalsoshow that a lesscomplex
key-frame and joint-angle basedanimationprocedurecan
work verywell in therestricteddomainof gesturing.

Kopp and Wachsmuth[17, 18] presenta hierarchi-
cal planningarchitecturebasedon experimentallyderived
knowledge. While our architectures partly modeledafter
their system,our planningalgorithm focuseson the link-
ing and context-specificadaptationof gesturesandnot on
trajectoryformation. None of the above articlesaddresses
theissueof userfriendly maintenancandextensionof the
databasef known andpossiblegestures.

Recently the associationbetweendiscoursestructure
andgesturegeneratiorwasdiscussedby Casselktal. in the
BEAT model[8]. In addition,the authorsheredo address
the importanceof userextensibility; however, the BEAT
systemrepresent®nly anintermediatebuilding block that

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

needso communicatewith otherelementgo form a com-
pleteagentcontrolandanimationsystem.Anothercompre-
hensve systenof abstractepresentationf agentactionsis
presentedn PAR [2]. While its generalityis very powerful,
it alsodepend®n anexternalgestureandanimationmodel
to executeactions.

Most existing agentsystemsuse proprietaryvisualiza-
tion systemscustom-tailoredo their specificresearchen-
vironments. We believe such practice to be counter
productize to the proliferation of corversationalagentsin
their function as communicatorsnteractingwith humans.
Device-independentdistributable animationfiles promise
toreachamuchlargerend-consumeaiudience TheMPEG-
4 standardor facialandcorporealnimationis a goodcur-
rent working platform to accomplishthis goal. MPEG-
4 compliantfacial animationsusing Facial Animation Pa-
rameters(FAPs) have beendemonstratedn our own pre-
vious efforts [25] aswell asin [24]. Lesswork is ex-
tant on animatingthe body: a Body Animation Parame-
ter (BAP) playerhasbeenimplemented1] and somean-
imationshave beengenerated30], but utilization beyond
proofs-of-concepappeardo besparse.

3 Body Model

Beforewe discussietailsof the GestureEnginearchitec-
ture, it is of utility to introducethe employed body model,
sincewe will referto it in the following sectionsto illus-
trate underlyingideasandtechnicalconcepts. A fully ar
ticulated humanoidskeleton (seeFigure 1), as definedin
the H-Anim 1.1 Specification40], forms the basisof our
agent. The currentpolygonalbody meshmodelis taken
from Alias|Wavefront’s Maya™ 3.0 suite, but other mod-



elsfitting theunderlyingskeletalproportionscanbe substi-
tuted. Note that at the currenttime our animationsystem
is somavhat model-specific. It is possiblebut not trivial
to transferanimationgo agentf differentanthropometric
proportions asthe poselibrary defininggoal positionsand
finger configurationshasto be adapted(seeSection5.2).
Techniquesuchasmotionmapping[3 or motionretaget-
ting [13] couldbeusedto overcomethis problem.However,
thegesturedefinitionsintroducedn Sectiond.2 canremain
unalteredsincethey only referto abstractreachspaceand
handconfigurations.

GestureEngine updatesthe skeletons joint anglesfor
eachanimationframe using standardizedMPEG-4 BAPs
[36]. The skeletonin turn deformsa unified polygonal
mesh. We have developedtwo animation playback so-
lutions to demonstratehe portability of our chosenfor-
mat - an internal visualizationsystemwithin GestureEn-
gineimplementedn OpenGLandan external BAP player
for Alias|Wavefront's Maya™, for which we can export
ASCII-format BAP files for one corversationalturn at a
time?. In Maya™, the agents body meshis boundto the
skeletonusing the built-in Rigid Skinning featureset. In
our own OpenGLimplementationmeshverticesare parti-
tionedinto skin clustersthataretransformedaschildrenof
individual joints in the skeletalhierarchy

4 Gesture Specification
4.1 Communicative Acts

As mentionedn theintroduction,gesturesnayhave sev-
eralrolesin a corversation.In previouswork we have de-
velopeda taxonomyof communicatie functionsfor facial
expressionsand gaze[29]. It is our view that this taxon-
omy canbe extendedto gesturesaswell [28]. Indeed ges-
turesmay provide informationon the agents beliefs,inten-
tions,andheraffective state. They mayprovideinformation
on the world or they may corvey meta-informatioron the
agents mentalstate.Five classesarepresentin this taxon-
omy thatprovide informationon:

e |ocationandpropertiesof concreteor abstracbobjects
or events

o theagentsbeliefs

e herintentions

o heraffective state

e metacognitieinformationon hermentalactions

Thefirst classincludesdeixis,whichis theindicationof the
relative spatiallocationof referentq‘this box over there),

2A corversationalturn is definedto be the intenal from the time the
agenttakes over discoursecontrol from its dyadicpartnerto the time she
relinquishest again.

andinformation on physicalor metaphoricapropertiesof
referents(‘'this box is round’). The secondclassis repre-
sentatve of the degreeof certaintywith which the agent
believeswhatsheis saying(‘palm up openhand’mayindi-
catecertainty[23] ascitedin [28]). Thethird clustergathers
gestureshatareintendedo expressagoalof theagent:the
performatve of hersentencde.g.,’l orderyou’ maybein-
dicatedwith an angryfinger pointedtoward the addressee
vs. ‘| apologize’ whichmaybemarkedwith pulling backa
flat handraisednearthe shoulder{28]), thetopic-comment
distinction (often occurringwith beats),andthe turn allo-
cationin corversation(asthe agentstartsto talk sheoften
startsto gesticulate).The fourth clusterrepresentshe ex-
pressiorof emotions(the expressivenesof the movement,
i.e., how sharpor tenseit is, or for how longit lasts,is de-
pendenton the agents emotion[9]). Finally, the last set
gathersxpressiongoncerninghekind of thinking activity
in which the agentis currentlyengagedn: when‘remem-
beringafact’ or ‘trying to make inferences’we oftenavoid
gazeinput by looking up with our finger on our cheek,as
we are concentratingon our thoughtandwantto avoid an
informationoverload.

4.2 Gesture SpecificationLanguage

To specify gestureprototypesthat fit the above catego-
rization, a proprietary abstract,high level scripting lan-
guagefor hand-arngesturesbasedon a functionalsepara-
tion of arm position,wrist orientation,andhandshapewas
developed.We have chosera key frame-base@pproacho
recordthe dynamicsof gesturesGesturearedefinedby a
sequencef timedkey posesvhich we call gestureframes.
Thekey framemethodallowsfor acompactandeasilyinter-
pretablestorageof definitions;it alsopermitsusto leverage
practicesof traditionalfigure animationto increasethe re-
alismof the generateédnimationg19], aswe will describe
in Section5.1.

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

Gesturespacds parametrizedisingMcNeill’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 tamget for the arm position dur-
ing ary gesturdrame.McNeill empiricallydeterminedhat
different varietiesof gesturesare predominantlyexecuted
in certainreach-spacsectors While suchknowledgeis not
built into the GestureEnginesystemperse, it canbeeasily
expressedn the specificatiorprocess.



For wrist orientationand handshapedeterminationwe
rely onasubsetf HamNoSy431], alanguage-independent
corpusof formal handsign classifications. While gestur
ing behavior is culture-specificjt mustnot to be confused
with alanguage-dependesign-systemThusthe choiceof
a setof internationallyapplicablenotationcorventionsnot
boundto ary particularsign-languageppearednostsuit-
ablefor the designof a generalgesturesynthesizerin our
implementatiorof HamNoSysthe basicshapeof thehand
canbe choserfrom twelve fundamentaforms or symbols.
Additionally, theconfiguratiorof thethumbcanbechanged
andthe opening/closingf eachof the remainingfour fin-
gerscanbesetindependentlyWrist orientationis specified
asa combinationbetweerntwo orthogonalvectors:the Fin-
ger Basevector extendingfrom the wrist to the first joint
of theindex finger, andthe Palm Normal vector, which ex-
tendsout of theinnerpalmplaneat aright angle. Thewrist
orientationis thus definedglobally in relationto the body
orientation,which correspondso the kind of goaldirected
motion planningfoundin people.A shortexamplewill il-
lustratethis point: we wantour FingerBaseto be perpen-
dicular to the groundplaneand our Palm Normal to face
away from us whenwe signal“Stop!” — regardlessof the
particularpositionof ourarmatthatmoment.

Eachgesturdramecandefineary or all separatgesture
componentsThusdifferentjoint chainsareuncoupledand
allowedto follow their own respectre trajectoriesfor max-
imum flexibility andcontrol. Completegesturedefinitions
storea sequenc®f gestureframesalongwith globaliden-
tifiers and constraintghat apply to the gestureasa whole.
Definitionsare storedin a human-readablASCI| file for-
mat. Theinitial setof testgesturesvastranscribedlirectly
from videoanalysisof the performancef atrainedlinguist
actingasthe signer We shall demonstratehe introduced
formatwith a specificexamplefrom that setof transcribed
gestures.The following is the definition of the gesturede-
noting the adjective “small” - a frame of the executionof
this gestureby our agentis showvn in Figure?2:

GESTURECLASS adj ecti val
GESTUREI NSTANCE snal |
DURATION 1.5
STARTFRAME 0.0
FRAVETYPE stroke start
ARM XC YUpper P ZNear
HAND synbol _1 _open
FI NGER i ndex bend_curved
VWRI ST FBUp Pal m nwar ds
ENDFRAME
STARTFRAME 0. 4
FRAMETYPE stroke_end
ARM XC YUpper P ZM ddl e
VWRI ST FBDef aul t Pal nDef aul t
ADDNO SE

ENDFRAME
STARTFRAME 1.0
FRAMETYPE hol d
ARM XC YUpper P ZM ddl e
HAND symbol _1_open
FI NGER i ndex bend_curved
VWRI ST FBUp Pal m nwar ds
ENDFRANME

The gesturadefinitionfile delineateshe specificgesture
“small”, which belongsto the larger group of iconic ges-
turesaccompawing adjectives. The default durationof this
gesturds definedto be 1.5 secondsThis durationis a goal
valuethatthe GesturePlannemwill try to satisfy; however,
the exact timing of the gestureis dependenbn temporal
constraintsimposedby the previous as well as following
gesturesn the conversatiornplan. Optionally, a defaultarm
assignmentould have beenmade. This featureis mainly
usedfor gesturesvhich animateboth armssimultaneously
(asin Figure5). Without this option, the GesturePlanner
(Section5.1)will handlearmassignmentto createconsis-
tentperformancesSubsequertb the headeinformation,a
list of gestureframeblocksfully definethe gestureanima-
tion. In the presentexample,the gestureconsistsof three
gesturdrames.

Thefirst framehasarelative timing of 0.0 andwill thus
be scheduledat the very beginning of the time slot allo-
catedto the gestureby our system. This framerepresents
thehand-arnconfigurationthattheactorwill assumetthe
startof the stroke phase.No preparatiorphasewas speci-
fied, causingthe systemto transitiondirectly to the stroke
positionfrom theassignedrm’s previouslocationduringa
corversationperformance.ln the sixth line, the arm posi-
tion is definedto bein the outercenter(XC for center)in
heightof the actor's shoulder(YUpperPfor upperperiph-
ery), closeto thebody (ZNear). The basichandshapes of
typesymboll_openwhichis apointinggesturevith anex-
tendedthumbparallelto theindex finger. Thethumb/index
distances too greatto signify “small”, sotheindex fingeris
bentdown slightly by theadditionof a FINGER command.

In the secondyesturdrame,the endof thestroke is indi-
cated. The armhasmoved away from the body (ZMiddle)
andthewristis alignedwith theforearmwithouttwist or ab-
duction.Notethatnohandshapevasspecified.Thisallows
theanimationsystento freelyinterpolatepositionsto create
smoothanimationtransitions. The ADDNOISE keyword
subtly altersthe positionof this framerandomlyin a man-
nersimilarto Perlin’s[26], to avoid mechanical-lookingx-
ecution,which becomesspeciallyimportantduring stroke
repetition, which will be discussedelown in Section5.1.
ADDNOISE canbe addedto ary frame. The third frame
finally holdsthe armatits semi-extendedpositionuntil the
endof theallocatedgesturdime.



Figure 2. Sample gesture : “small”

To summarizea gesturehasthe following global speci-
fiers:

o classificatiorof gesture
o typical durationof the gesturan seconds
o assignmenof a singlearmor botharms(optional)

In addition, eachgestureframe cancontaina combination
of thefollowing specifiers:

o timing of the key relative to the durationof the entire
gesturgmandatory)

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

e armposition(optional)

e wrist orientation(optional)

o handshapgoptional)

o additionalpositioningfor eachfinger (optional)

We acknavledgethe existenceof gesturepositionsthat
are difficult or cumbersomeijf not impossible,to define
within the presentedramewnork. Consequentlywe have
addedan override option that allows the userto definea
position by explicitly fixing joint angles. We have pro-
vided scriptedtoolsthatallow to loadandmodify any pose
in Alias|Wavefront's Maya™ andto subsequentlgxporta
newly createdposebackto GestureEngine. However, this
mechanisntircumventsone of the main featuresof a uni-
versally applicablegesturespecificationlanguage namely
abstractionandshouldthusbe employedwith restraint.

4.3 Gesture Editor

We have built avisualinterfaceto allow systemusersto
interactvely composegesturesn a graphicalervironment
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Figure 3. The interactive Gesture Editor

and export the createdgestureso the GestureEngine li-
brary (seeFigure3). Theusercancomposeary gestureus-
ing any numberof parametersindtheir correspondingal-
ues. GestureEditor savesthe createdgesturein a text file
usingthe samelanguagespecificationoutlinedabove. Be-
yondallowing naturalandinteractve gesturespecification,
the editoralsoprovidesthe advantageof checkinginputfor
plausibility and correctnessThe editor doesnot allow the
selectionof non-sensicaparametecombinationsthusas-
sumingthe function of anerror controllerfor the user For
instancdf theuserhasselectedhe palmhasbeingoriented
upward, the usercansubsequentlynly choosefrom those
remainingfinger basevaluesthat satisfy the orthogonality
requiremenbetweenthe two vectors:finger baseoriented
away, inwards,outwardsor towards. Additionally, the ed-
itor preventskeyframetiming errors(frametimeshave to
increaseandadherdgo upperandlower limits), andverifies
arm shape(the spatialpositionhasto be well-defined)and
hand-thumishapeassociations.

5 Gesture Animation

In previouswork [4], we have developeda dialog man-
ager that not only plans discoursemoves but also pro-
videsinformationon the co-occuringnorverbalbehaiors.
To ensuresynchronismbetweenthe verbal and nonverbal
streams,we are utilizing the XML framework. We have
extendedXML to include norverbal communicatve acts
[4]. The output of the discourseplanneris an utterance
taggedwith norverbalinformation. GestureEngineparses
the XML file for onecorversationaturn andpasseshe ut-
terancedo Festival [37], a speechsynthesizethatreturnsa
soundfile aswell asalist of phonemesndtheir durations
(seeFigure 4). A high-level Turn Plannerthen matches
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Figure 4. System outline

meta-taginformation againstgestureprototypesstoredin
the GesturelLibrary. Currently matchesarefound usinga
straightforvardlexical lookup. For gesturerequestthatdo
not carry sufficient contextual information, or for specific
gesturerequestghat cannotbe matchedwith suitablepro-
totypesin the Gesturelibrary, oneof multiple genericbeat
gesturess choserto beexecuted A moresophisticatedn-
ferenceenginesensitve to communicatie context is to be
implementedn the future; the Turn Plannerwill therefore
not be further discussechere. At the subsequenlevel, a
GesturePlanne? alsocalculatesestpositionsfor armsdur-
ing inter-gesturapausesThegestureplanthusconstructed
is finally passedo a Motor Plannerthat computessmooth
joint-angletrajectoriesusingquaterniong33] andtension-
continuity-bias(TCB) splinecurves[16]. The Motor Plan-
ner then storesthe joint anglesas MPEG-4 BAP frames,
which canbe written to file or sentdirectly to the internal
viewer (somegeneratedjestureframesare reproducedn
Figure5).

5.1 Gesture Planner

Thetaskof theGesturePlanneiis to instantiateheproto-
type gestureslefinedin the databasaccordingio temporal
and contextual constraints. First and foremost,generated
gestureshave to be matchedwith the semanticstructure
of the accompaying utterances. The meta-informational

3We adoptKoppandWachsmutts [17] instantiategestureprototypes
andschedulegesturesadjustingtheir timing and positioning. The Ges-
ture Planneffitting terminologyfor our architecturehere.

XML mark-upin the discoursetranscriptsuppliesus with
this term-level mapping. In addition, tight phonological
synchronizatiorto the synthesizedspeechis necessanyf
the gesturesare to contribute to, not detractfrom, effec-
tive communicationMcNeill [22] providesuswith anem-
pirically bacled axiom— the emphasisn gesture,namely
the stroke, hasto coincideor slightly precedehe emphasis
in speech. It may never follow. Thusthe GesturePlan-
nerregardssynchroly of the endof a gestures stroke with
the utteranceof the emphasizedvord asits absolutetim-
ing constraintaroundwhich other gestureframesare then
scheduled.

Thedurationof preparatiorandretractionphase®f ges-
ture prototypescaneitherbe compressedr expandeddur-
ing the instantiationprocess. The limits of suchduration
modificationsshouldbe furtherinvestigated it is clearthat
variability in executionexistsin humangesturinghowever,
toolargeanalterationwill impairthereadabilityof theges-
ture. The GesturePlanneraimsto guaranteea minimum
transition period betweengestures.If this transitiontime
cannotbe allocatedwithout exceedinga temporalscaling
threshold,the problematicgestureis classifiedas unexe-
cutableandis erasedrom the gestureplan. If ontheother
handscheduledjesturesare separatedhy extendedperiods
of inactwity, the GesturePlannerinsertsrestpositionsinto
theinter-gesturabperiodsto returngesturingarmsto neutral
positions.

To further increasethe realism of the gesturalperfor
mance we introducethe conceptof stroke expansion Ob-
senationof humangesturingsuggestshatbeatgesturegan
co-articulatewith otherkinds of gestureg6] to expressad-
ditional rhythmicalemphase# a sentenceln thesecases,
thefirst executionof the stroke of agivengesturecarriesits
usualsemantidunction; afterwards,however, the handre-
mainsin its assumedhapeandthearmpatrtially repeatghe
gestures stroke movemento furtheraccentuatéherhythm
of the associategpeech.We identify this behaioral pat-
ternby analysisof the XML metamark-up. If multiple in-
tonationalemphasesire presentwithin a rhemeclausefor
which anappropriategesturehasbeenfoundin the Gesture
Library, that gestures stroke will be repeatedwith dimin-
ishingamplitudessuchthat eachstroke endcoincideswith
anemphasizeavordin speech.

While it is sensiblefor the sale of clarity and concise-
nessto specify an entire posein a single gestureframe,
the limbs of a real personrarely if ever move simultane-
ously andin synchrory. Instead,motionsoriginatein one
partof the bodyandpropagateo neighboringoints with a
non-ngligible delay In the caseof keyframedaction, this
resultsin small but significanttiming differencesbetween
successie 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 Lassetess [19] obsenationthat arm
movementsstart at the shoulderand propagatedown to-
wardsthe fingers. For a given key posethat definesarm
positionaswell as handshape the GesturePlannershifts
the shoulderjoint key backwardsin time while fingerjoint
timings will be moved forwardssuccessiely. The magni-
tudeof follow-throughis determinedy alinear scalingof
the time interval to the following keyframe, clampedto a
maximumof 9 frames.

5.2 Motor Planner

Once a completetimed plan of key poseshas been
assembledthe motor plannercomputesthe actual corre-
spondingkey joint angles. To this end, arm positionand
finger bend anglesare 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-BiagTCB) splines,alsoknown as
Kochanek-Bartelsplinesin referenceto the authors[16].
TCB splinesallow for corvenienthigh-level control of ten-
sion,continuityandbiasparametersf thecurve usingthree
scalarvaluesper control point. Joint angle rotationsare
mostly animatedwith quaterniong33], usingan extension
of TCB splinesto quaternioninterpolation describedby
Eberly [11]. Otherwise,Euler anglevaluesare animated
directly. InterpolatingEuler anglesis know to yield non-
linear mappingsandto shov degeneracie$38] dueto the
surjectionof Euleranglegto uniquerotationmatrices.How-
ever, becausef the limited rangeof possibleanglevalues
in thehumanarm-handhain,degeneraciesanbesuccess-
fully avoided given carefulinitial orientation— our results
werecorvincing andstable.Neverthelessve recognizethe
needfor a morerobustand mathematicallysoundinterpo-
lation procedureandarethusplanningto replaceall refer
encedo Euleranglesin theinterpolationstage.

6 Future Work

We have outlineda compactyet flexible systemfor the
specificatiorandgeneratiorof humanoidgesturingbeha-
ior. GestureEngineis animportantsteptowardsattaining
the goal of the MagiCsterproject- the creationof a be-
lievableembodiedcorversationabgent. And yet, it is but
one step. On a macroscopidevel, we now needto inte-
grateGestureEnginewith the existing Gretasystemfor fa-
cial animationto producea truly multi-modalcommunica-
tor. The problemof 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 information hasalso cometo the attentionof numer

ousresearchersecently In this context we wish to inves-
tigateif we canadaptthe EMOTE [9] modelfor effort and
shapeo GestureEngine,which mayrequirea switchfrom

orientation-basethterpolationto position-basedhterpola-
tion alongwith the use of an inversekinematicsmodule.
Finally, we regardit asessentiato includelarger postural
considerationgn the agentarchitecture.The field of torso
animationis still wide open- a definitive study is sorely
needed. The motivation for a holistic animationsystem
wasdeliveredby Watzlavick morethan25 yearsago,when
he postulatedthe first principle of the Interactionalview

of communication: “One cannotnot communicaté[39]

Adaptedto the context of embodiedcorversationahgents,
theaxiomassertghatthe “non-action” of anagentin some
specificchannelof communicatioris never overlooked or

ignoredby the agents humancounterpartln the bestcase,
it will beinterpretedasa somavhatodd quirk; morelikely

though,it will seriouslydetractfrom the agents realcom-
municative intentandthuslimit its efficagy.
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