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ABSTRACT

We introducea real-timecharacteanimationsystenwhich is
currentlyusedin anaugmentedeality environmentfor thefast
creationof simple charactetbehaiour. By placingand ma-
nipulatingcommand®n a timeline, the overall choreography
of the charactersmovementis created.The movementof the
characteris controlledby subtasksvhich modelreactive be-
haviour and control the dynamicmotionsmodel for the pro-
ductionof theanimation.

1. INTRODUCTION

Creatingcharactemanimationwithin an augmentedeality en-

vironmentis a relatively new topic. We are developing such
an animationsystemfor the augmentedeality projectmqube
(http://mww.mqube.de).The aim of this projectis to build a

prototypeof a multi-userenvironment, whereseveral people
work togetherto createthe stagesetandto placethelights on

aminiaturisedstage.lt is alsoimportantfor the stagesetcre-

atorsto getanimpressioron how anactorwould look like on

the stageunderdynamicchangeof thelight andthe properties.
Figure 1 shows the augmentedriew of an useron the minia-

turizedstage.In the foregrounda virtual charactecanbe seen
walking alongauserde ned path.In thebackgroundhe phys-
ical stagesetandstatic(physical)puppetscanbe seenwhich

by thenwere usedfor representingctors. The usersneedan

easy-to-usenterfaceto createfastand simple animationsof

characterenthestage.

Neverthelesghe requirementdor the characteranimation
systemare clear in this context and resemblethe tasks for
scriptingcharacteanimationsequences games.t hasto be
possibleto create,chooseanddeletedifferentcharactersFor
eachcharactetthereshouldbe an easyway to createand edit
simpleanimationslt is notimportantfor theuser/editoto ma-
nipulatenicetiesof the animations.But he or sheshouldhave
the possibilityto choosebetweerlarge building blocksfor the
animatione.g. let the charactemwalk alonga given pathand
wave with its armsat a certaintime. Furthermorea character
shouldreacton the propertieson the stageautomatically e.g.
jump over obstaclesvhich occuron his path.

In this articlewe will describehe underlyingcharacterni-
mationsystemof the augementedeality system.Becausehe

Figurel: Augmenteduserview of the miniaturizedstage.Pi-
cuture ¢ by FraunhofefFIT.

userinterfaceis still underdevelopmentandusability testsare
pendingthesetopicswill bereportedn anupcomingarticle.

In Section?2 relatedwork on characteranimationsystems
is summarised.In the following sectionswe presentour ap-
proachin atop-dovn manney startingwith anoverview onthe
systemaarchitecturén Section3. In Section4 how the editing
processs performedat the highestlevel. Thenin 5 we ex-
plain the representationf virtual charactersvithin the system
andtheway complex animationgchoreographiesirecreated
and edited. Section6 explains the corversionfrom abstract
choreographiet concretemotion modelswhich createthe -
nal animation.Finally Section7 concludesvith asummaryon
the resultsandendswith someremarkson futureandongoing
work.

2. RELATED WORK

Therearestill only a few approachesn literaturewherethe
interactionwith virtual charactersn augmentedeality is ex-
amined.A generaloverview aboutaugmentedeality is given
by Azuma(Azuma,1997). In (Torreetal., 2000)a systemis
describedwhereinteractiontechniquesetweenreal and vir-
tual humansareexplored. A public domaincheclerssimula-
tor is usedto control the movementof a virtual character In
(Balcisgy etal., 2001)a virtual charactemwasusedwithin this
systemfor rapid prototypingin amixedreality environment.

In Tamuras'RV-Boarderguards(Tamura,2000)non-human
virtual charactergarecreatedasopponentsn anaugmentede-
ality shoot-em-ugame.

Thetwo systemanentionedabove createthe behaiour and
the animationof the characterdy an underlyingsystemauto-



matically. In our augmentedeality project, the mixed reality
ervironmentis useditself to edit the movementsandthe be-
haviour of thecharacter

A systemfor authoring complex scenesand animations
within avirtual ernvironmentcanbefounde.g. in Balagueret.
al. (Balague& Gobbetti,1995),(Balague& Gobbetti,1996).

For the creationof the movementandthe behaiour of vir-
tualcharacter¢Badleretal., 1993)specifyathreelayersystem
by their Jacksystem.On the lowestlevel motionis described
by the bio-mechanicakimulationof the characterand at the
highestlevel the behaiour of the characteiis controlledby a
paralleltransitionnetwork.

Perlin and Goldbeg also de ne with their Improv-System
(Perlin & Goldbeg, 1996)a multi layer architecture. At the
lowestlevel, singlemovementsf the characteandthe transi-
tionsbetweerthe animationsaregiven. To createcomple be-
haviour of charactersscriptsareusedto de ne thethingseach
object(thecharacteandotherentities)is capableof doingand
usedto de ne what canbe donewith it. Our descriptionof
humanmovementsatthelowestlevel resemblesheirapproach
for thelowestlevel (cf. (Grunvogel,2003)for a discussioron
thedifferences).

In (Sannieret al., 1999) and (Kalra et al., 1998) the real-
time animationsystemVHD is presentedvhich allows users
to control the walking of a charactewith simple commands
like walk faster.

Theideaof building intelligent characterdy creatingmul-
tiple layersof differentinteractionwith its environmentcanbe
foundin a moregeneralkontet in Brookssubsumptiorarchi-
tecture(Brooks,1991).

The Unreal TournamentEditor (Epic Games,2003) is an
exampleof a scriptingenvironmentfor a currentprofessional
gameengine. There Action commandsare usedto createso
called ScriptedSequenceax animationand behaiours. The
editing processs madewithin agraphicaluserinterface.

We also follow a multi-layer approachfor the generation
of charactetbehaiour. At the lowestlevel we describesin-
gle movementshy dynamicmotion models. The term motion
model is lent by Grassia(Grassia,2000), who usedmotion
modelsto build a script basedsystemfor the of ine creation
of characteanimation.In (Grinvogel,2003)dynamicmotion
modelsare introducedfor the real-timecreationof character
animationin interactve environments We take theseresultsto
build our characteanimationsystempresentedn this paper

3. SYSTEM ARCHITECTURE

Figure 2 shaows the hierarchicalstructureof the characteran-
imation system. If we follow the diagramtop down it shovs
how abstractcommandswhich are passedo the systemare
transformednto more and morelow level commandsresult-
ing nally in animationdatawhich is put into the rendering
engine.

At the top of the hierarchylies the Manager which is the
interfaceto the userinterfacecomponent.The creation,selec-
tion andmanipulationof characterss triggeredby the userin-
terfacecomponentf the AR-Systemby sendingcommandgo
theManager. TheManager createsanddeletegshegeometrical
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Figure2: The SystemArchitecture.

andthelogical entitiesof a characterwhile atthelower levels
the choreographyditor andanimationengineareindepended
of its geometricalepresentation.

The choreographyeditor consistsof the ChoreagraphyEd-
itor objecttogetherwith its Characters and controlsthe be-
haviour of all the charactersn the scene. For eachcharacter
thereis an AnimationEnginewvhich is responsibldor the cre-
ationof theanimationdata. Theanimationdatais nally send
to thescenegraphof therenderingengine.

Within the ChoreagraphyEditora charactetis represented
by aCharacterobject. The ChoreographyEditoris responsible
for thecreationmanipulationanddeletionof Characters. The
commandghe Manager recevesfor changinga choreography
script of a charactetare sendto the ChoreographyEditorand
thentranslatednto controlcommandgDirective$ for the cor
respondingCharacter. EachCharacter alsohasa link to an
AnimationEngine If a choreographys played,the Character
controlsthe animationof the charactetby sendingcommands
(AECommandgo the AnimationEngine

TheManager andeachanimationengineareseparatelygyn-
chronisedby a time controller component. This component
alsotransformghe systemgime of the AR-systeminto thein-
ternaltime (simulationtime). Within the characteisubsystem
the simulationtime is discretized currently by 30 framesper
second. The simulationtime canbe moved forward or back-
wardor with arbitraryspeedelative to the systemdime.

4. THE EDITING PROCESS

In this sectionwe describehow the editing processs carried
out with the help of the Manager. In generalthe creationof
the animationcan be comparedwith the creationof complex
animationswith non-linearediting tools, like the Trax-Editor
in Mayaor theNLE in Kayadarag-iimbox. But thereis a dif-



ferenceto theseproductsto whichwe will comein amoment.

The generalphilosophyis thatthereis a globaltimeline for
all characterandatimelinefor eachcharacterThe behaiour
of thecharacterss ruledby socalledsubtasksvhich may start
and can be layeredat an arbitrary point on the timeline and
producethe animationof the charactein theend.Butin com-
parisonto theproductsmentionedabove, thesesubtaskarenot

x ed piecesof animationswhich producealwaysthe samere-
sult. Insteadsubtasksepresensimplebehaiour of characters,
like walking along a given path or waving with hands. The
resultinganimationof sucha subtaskmay changeduring the
executionof the subtaskFor examplesupposéehatata certain
time on the timeline the charactemwas given a pathwhich is
lying onthe at groundof the stageandwasadvisedto walk
alongthe pathby the correspondingubtask.If the choreogra-
phyis played,i.e. thetime moveson, this resultsin acharacter
walking alonga x ed path. Now the userspoolsbackin time
andrestartghe animation.Thenwhile the characteis walking
alonghis path,theuserputsanobstaclge.g.sofa) onthe path.
As thecharactereachesheobstaclejt hasto decideif hejust
canwalk overtheobstaclepr if it hasto jump overit, because
it is too high. The correspondingsubtasktakesthis decision
andin thelattercasethechoreographys changedy thechar
acteronits own andthewholetiming of the animationmay be
changed.

A typical editing processwould look like the this: Startat
time 0 with apaththecharacteshouldfollow. Thenthetimeis
spooledforward 10 secondandthe subtaskwvaveis sendto the
Manager. Thusthe characteistill follows his path startingto
wave atthistime mark. At 15 secondsve pausehe animation
againand changethe style of the walk movementto ‘happy’'
by sendingthe correspondingommando the Manager. The
resultis a shortanimationwherea charactestartsto follow a
given path, after 10 secondsstartsto wave with his handsand
while walking changeshestyle of thewalk movementafter15
seconds.

It is possiblethattherearecon icts betweendifferentsub-
tasks.E.g.thecharactecouldbein themiddleof apathfollow-
ing animationandgetsthe commando sit down. Walking and
sitting canin generalnot be executedsimultaneouslybecause
both movementsneedthe samepartsof the body. Thusthere
could bethreedifferentmethodgor the characteto dealwith
theproblem:ignorethe sit commandexecutethe sit command
assoonasit is possible(e.qg. if the charactehasreachedhe
endof his path)or abortthepathfollowing subtaslkandexecute
the sit subtaskmmediately Usability testswill showv usin the
future,which defaultbehaviour is preferredby the usersof the
application.

ThecommandsheManager recevvesfrom theuserinterface
componentrecalled CECommandhndconsistof four parts

The character ID indicatesthe characterfor which this
commands determined.

ThesubtaskID indicateshe subtask.
Thecommandor this subtasklik e start, stopor delete

A list of parametes which areneededo furtherdescribe
the subtask.

With thissimpleinteractive approacho createchoreography
scriptsby moving forward andbackward in time andsending
commandgo thecharactehile observinghe currentstateof
theanimationcomplex animationsarecreatedastandeasily

5. CHARACTER REPRESENTATION

5.1 Anatomy of the Character

A charactemithin the choreographeditor components rep-
resentecby a Character object. The ChoreographyEditoris
the interface betweenthe Manager and the Characters (cf.
Figure 2). If the Manager recevesthe commandto createa
new characterit sendsthe new build AnimationEngindo the
ChoreagraphyEditor which createsthe correspondingChar
acter. The ChoreagraphyEditoralso interpretsthe CECom-
mandsreceved from the Manager, createsappropriatecom-
mands(Directive$ for the Characters and sendsthesecom-
mandso the Character.

Within the choreographyeditor a Character canbe seenas
an abstractrepresentatiof a charactemeglectingthe actual
appearancée.g. textures,mesh). The SubBskvianagerholds
a varying set of SubBsks(cf. Figure3). Thesearetheim-
plementatiorof re exive behaiour like Brooks' subsumption
architectures level O (cf. (Brooks, 1991))exhibiting a x ed
behaioural patternin responseo given stimuli. The Sub-
TaskManaer controlsthe creation,manipulationanddeletion
of Sub®Bsks The Character alsoholdsa referenceto the An-
imationEngine As mentionedabore, the AnimationEnginés
responsibldor the low level creationof the movementof the
character For executingtheir behaiour, the Subhskscontrol
theanimationof the characteby sendingcommand¢AECom-
mand3 to the AnimationEngine
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Figure3: Structureof a Character.




EachCharacter hastwo modes play andedit which canbe
setby the ChoreagraphyEditor In the play mode,the Char
acter reactsto every changeof the currenttime on the global
timeline, i.e. its active SubBskssendcommanddgo the Ani-
mationEngineo control the animationof the characteat this
currentframe.In theeditmodethe Characteris ableto receive
new Directivesfrom the ChoreagraphyEditorandchangeghe
choreographyf thecharacter

5.2 Scripting Choreographies

The time-dependenbehaiour of a Character is ruled by the
Directiveswhich are createdby the ChoreographyEditor by
interpretingCECommandsDirectivesare commandsisedto
createnew subtasksat a currenttime or to changethe state
of an active subtask. A Directive canbe representecsa
quadruple where

is the time on the timeline wherethe directive is inter-
pretedby the SubBskManager

is theaddresse®ubhsk

is aspeci c commandor the which maychangehe
stateof the SubBsk

is alist of parametergor the command

The Directivesare keptin a orderedlist

where aredirectivessuch
that (cf. Figure3). This list representshe chore-
ographyof the characterandworks like a script. The chore-
ographycanbe changedby insertingnew Directivesinto the
list, modifyingaDirectiveor deletinga Directivefrom thislist.

Currentlyit is notnecessaryo make a plausibility checkif one
adds,modi es or deletesa Directive If a directive wantsto

modify a SubTaskwhich is not existing at this speci ¢ frame,
thenthis directive is ignored.

5.3 Playing Choreographies

The choreographyf a charactecanbe playedby moving the
currenttime  onthetimeline forward or backward. Accord-
ing to thecurrenttime  onthetimeline, the SubRskVianager
holdsthe set of Sub®&skswhich are active at this speci ¢
time (cf. Figure3). Firstevery changeof thecurrenttime s
sendto every active SubBsk The SubBskeventuallyupdate
their stateandsend(if necessary§ommandgo the Animatio-
nEngine

For every increaseof thecurrentsimulationtime  the Sub-
TaskManagerchecksif one of theseSub®Bsk hasreachedts
goaland nished its task. This SubBskis taken out of the set
of active SubBsksanddeleted.Thenthe SubBskManagerin-
terpretsall thosedirectves  with . Dependingon
the meaningof the Directive two actionscanfollow. Firstthe
Directive could meanthat a new Subsk hasto be created.
If the new SubBsk canbe createdwithout colliding with an-
othercurrentlyactive Sub®sk this SubBskis putinto thelist
of active subtasks . Secondif the command of the Di-
rectiveaddressean active Subask the Directiveis passedo

this SubBsk Thenthe Sub®skchecksthecommand and
eventuallychangests stateaccordingto the command.

If the currentsimulationtime  decreasewhich corre-
spondgto a rewind on the timeline, we updatethe Chacterby
playing the whole choreography from the beginningto this
new time . This hasto be done, becausdahe ervironment
may have beenchangeduchthatsubtaskgetin uencedfrom
eventsbackwardsin time. To acceleratehis procedure we
disconnecin this casethe simulationof the charactersnove-
mentfrom therenderingengine.Currentlywe donothavevery
complicatedor long choreographieghusthis approachworks
still in real-time. For more complex scenarioswith SubBsk
needinga lot more computerpower, anotherapproachhasto
bechosen.

6. REALISATION OF SUBTASKS

6.1 Two Layer Model

The structureof our characteranimationsystemsresembles
Brooks' subsumptiorarchitecturelt is build upontwo layers,
wherethe lower layer modelsthe simplestandatomicpartsof
charactermovements. The basicmovementsof the character
are describedby dynamicmotion models(Griinvogel, 2003)
which are describedbelon. The upperlayer lying above the
motionmodelsarethe Subhsks modellingreactve behaiour
with the help of oneor moremotionmodels.We will now de-
scribethesdayersandhow they interactwith eachothetr

6.2 Dynamic Motion Models

In (Grirnvogel,2003)we describethe dynamicmotion models
in detail,but we will hererestatehe majorfeatures.

The AnimationEnginecontrolsthe dynamicmotion models.
Dynamicmotion modelsaremodelsfor movementdik e walk-
ing, waving with handsor jumping. They canchangetheir
movementsaccordingto somestimuli but have no planning
componentfor complex tasks.Thereforthe motionmodelwalk
lets the characterwalk straightahead,but to follow a path
the charactethasto be steeredalongthe path,which is done
within a SubBsk Eachmotionmodelcanhave asetof param-
eterswhich aremotion modelspeci c, e.g. for awalk motion
modelthereare parameterslescribingthe style of the move-
ment(hapyy, sadetc.) or thespeedfor awaving motionmodel
theis the choicebetweerleft or right armwaving. In contrast
to Grassiasapproach(Grassia,2000),the parametersf a dy-
namic motion model can be changedn real-timeduring the
executionof themotionmodel.

Dynamic Motion Models are implementedas state ma-
chines. All motion modelshave threestatesh common: RE-
SET, START andSTOPR In the RESETstatethe motionmodel
is inactive,in START andSTOP stateit is active andproduces
animationdata.After themotionmodelhascarriedoutits task,
it automaticallyswitchesnto STOPmode,wherethecharacter
is broughtinto a neutralpose.

Theanimationf themotionmodelsarecreatedy combin-
ing shortanimationclips (socalledbasemotions)with clip op-
erators.Clip operatorsaareusedto manipulatge.g. time warp,
loop) andcombine(e.g. blend)clips. For adetaileddiscussion



on how theseclip operatorsareusedwithin motion modelsto
createdynamicanimationcf. (Griinvogel,2003).

6.3 SubTasks

Themotionsof thedynamicmotionmodelsareonly in uenced
by AECommandsr by geometricobjectsin the virtual ervi-
ronment. The AECommandsire usedfor changingthe indi-
vidual characteristicsf theresultingmotion. Thevirtual ervi-
ronmentwherethe geometriaepresentatioof the characteis
actingputsgeometricatonstraintaiponthe movement.

SubBsksare usedto solve moregeneralgoalsthanmotion
models ik e following a pathor anothercharacterThesegoals
are characterisedby the fact thatthey cannot be ful lled by
startingonly a motion modelwith a given setof parameters.
Insteadthe goalsof the SubBskcanbereachedy controlling
motionmodelswhile they areexecuted Thusdependingnthe
currentsituationof the charactethe SubBskssendsAECom-
mandsto the motion modelto changeits behaiour. The Sub-
Taskcanreactupto acertaindegreeuponobstacleso thegoal.
But at the layer of the SubBsksplanningin the sensahatthe
characteusesbeliefsaboutthe situationandtheconsequences
of movementgo searchfor a solutionin amoreabstracspace
is notintended.This couldbeimplementedn alayeruponthe
SubBsks

7. CONCLUSION AND FURTHER WORK

We have introduceda characteranimationsubsystenfor the
usein anaugmentedeality ervironment. Simple Animations
are createdby placingcommandon the timeline of a virtual
character Thesecommandsare interpretedby the choreog-
raphy editor andturnedinto SubBsks SubBsksare models
for reactive behaiour andcreatetheiranimationby controlling
dynamicmotion models. Dynamicmotion modelsimplement
basicmotions,wherethe characteristicef the motionscanbe
changedn real-time.

At the momentthe nal designof the userinterfacewithin
theaugmentedeality systemandusability testsarestill pend-
ing. We hopethatthesetestswill bringusmoreinsight,which
featuresare still missingin the characteranimationsystem.
Another interestingpoint of researchs to put an additional
layer uponthe giventwo layerschoreographyeditor and ani-
mationenginefor theimplementatiorof planningandlearning
processes.
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