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ABSTRACT

We introducea real-timecharacteranimationsystemwhich is
currentlyusedin anaugmentedrealityenvironmentfor thefast
creationof simple characterbehaviour. By placing and ma-
nipulatingcommandson a timeline, theoverall choreography
of thecharacters'movementis created.Themovementof the
characteris controlledby subtaskswhich model reactive be-
haviour andcontrol the dynamicmotionsmodel for the pro-
ductionof theanimation.

1. INTRODUCTION

Creatingcharacteranimationwithin an augmentedreality en-
vironmentis a relatively new topic. We aredevelopingsuch
an animationsystemfor theaugmentedreality projectmqube
(http://www.mqube.de).The aim of this project is to build a
prototypeof a multi-userenvironment,whereseveral people
work togetherto createthestagesetandto placethe lights on
a miniaturisedstage.It is alsoimportantfor thestagesetcre-
atorsto getan impressionon how anactorwould look like on
thestageunderdynamicchangeof thelight andtheproperties.
Figure1 shows the augmentedview of an useron the minia-
turizedstage.In theforegrounda virtual charactercanbeseen
walkingalongauserde�ned path.In thebackgroundthephys-
ical stagesetandstatic(physical)puppetscanbeseen,which
by thenwereusedfor representingactors.The usersneedan
easy-to-useinterfaceto createfast and simple animationsof
characterson thestage.

Neverthelessthe requirementsfor the characteranimation
systemare clear in this context and resemblethe tasks for
scriptingcharacteranimationsequencesin games.It hasto be
possibleto create,chooseanddeletedifferentcharacters.For
eachcharacterthereshouldbe an easyway to createandedit
simpleanimations.It is not importantfor theuser/editorto ma-
nipulatenicetiesof theanimations.But heor sheshouldhave
thepossibility to choosebetweenlargebuilding blocksfor the
animatione.g. let the characterwalk alonga given pathand
wave with its armsat a certaintime. Furthermorea character
shouldreacton the propertieson the stageautomatically, e.g.
jumpoverobstacleswhichoccuronhispath.

In this articlewe will describetheunderlyingcharacterani-
mationsystemof theaugementedreality system.Becausethe

Figure1: Augmenteduserview of theminiaturizedstage.Pi-
cuture c
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userinterfaceis still underdevelopmentandusabilitytestsare
pending,thesetopicswill bereportedin anupcomingarticle.

In Section2 relatedwork on characteranimationsystems
is summarised.In the following sectionswe presentour ap-
proachin a top-down manner, startingwith anoverview on the
systemsarchitecturein Section3. In Section4 how theediting
processis performedat the highestlevel. Then in 5 we ex-
plain therepresentationof virtual characterswithin thesystem
andtheway complex animations(choreographies)arecreated
and edited. Section6 explains the conversionfrom abstract
choreographiesto concretemotionmodelswhich createthe�-
nalanimation.Finally Section7 concludeswith asummaryon
theresultsandendswith someremarkson futureandongoing
work.

2. RELATED WORK

Thereare still only a few approachesin literaturewherethe
interactionwith virtual charactersin augmentedreality is ex-
amined.A generaloverview aboutaugmentedreality is given
by Azuma(Azuma,1997). In (Torreet al., 2000)a systemis
describedwhereinteractiontechniquesbetweenreal andvir-
tual humansareexplored. A public domaincheckerssimula-
tor is usedto control the movementof a virtual character. In
(Balcisoy et al., 2001)a virtual characterwasusedwithin this
systemfor rapidprototypingin amixedrealityenvironment.

In Tamuras'RV-Boarderguards(Tamura,2000)non-human
virtual charactersarecreatedasopponentsin anaugmentedre-
ality shoot-em-upgame.

Thetwo systemsmentionedabove createthebehaviour and
theanimationof thecharactersby anunderlyingsystemauto-



matically. In our augmentedreality project,the mixed reality
environmentis useditself to edit the movementsand the be-
haviour of thecharacter.

A systemfor authoring complex scenesand animations
within a virtual environmentcanbefounde.g. in Balagueret.
al. (Balaguer& Gobbetti,1995),(Balaguer& Gobbetti,1996).

For thecreationof themovementandthebehaviour of vir-
tualcharacters(Badleretal., 1993)specifyathreelayersystem
by their Jacksystem.On the lowestlevel motion is described
by the bio-mechanicalsimulationof the characterand at the
highestlevel the behaviour of the characteris controlledby a
paralleltransitionnetwork.

Perlin andGoldberg also de�ne with their Improv-System
(Perlin & Goldberg, 1996)a multi layer architecture.At the
lowestlevel, singlemovementsof thecharacterandthetransi-
tionsbetweentheanimationsaregiven.To createcomplex be-
haviour of characters,scriptsareusedto de�ne thethingseach
object(thecharacterandotherentities)is capableof doingand
usedto de�ne what can be donewith it. Our descriptionof
humanmovementsat thelowestlevel resemblestheirapproach
for thelowestlevel (cf. (Grünvogel,2003)for a discussionon
thedifferences).

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

The ideaof building intelligent charactersby creatingmul-
tiple layersof differentinteractionwith its environmentcanbe
foundin a moregeneralcontext in Brookssubsumptionarchi-
tecture(Brooks,1991).

The Unreal TournamentEditor (Epic Games,2003) is an
exampleof a scriptingenvironmentfor a currentprofessional
gameengine. ThereAction commandsare usedto createso
called ScriptedSequencesof animationand behaviours. The
editingprocessis madewithin agraphicaluserinterface.

We also follow a multi-layer approachfor the generation
of characterbehaviour. At the lowest level we describesin-
gle movementsby dynamicmotion models.The termmotion
model is lent by Grassia(Grassia,2000), who usedmotion
modelsto build a script basedsystemfor the of�ine creation
of characteranimation.In (Grünvogel,2003)dynamicmotion
modelsare introducedfor the real-timecreationof character
animationin interactiveenvironments.Wetake theseresultsto
build ourcharacteranimationsystempresentedin thispaper.

3. SYSTEM ARCHITECTURE

Figure2 shows the hierarchicalstructureof the characteran-
imation system. If we follow the diagramtop down it shows
how abstractcommandswhich are passedto the systemare
transformedinto moreandmorelow level commands,result-
ing �nally in animationdatawhich is put into the rendering
engine.

At the top of the hierarchylies the Manager which is the
interfaceto theuserinterfacecomponent.Thecreation,selec-
tion andmanipulationof charactersis triggeredby theuserin-
terfacecomponentof theAR-Systemby sendingcommandsto
theManager. TheManager createsanddeletesthegeometrical
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Figure2: TheSystemArchitecture.

andthelogical entitiesof a character, while at thelower levels
thechoreographyeditorandanimationengineareindepended
of its geometricalrepresentation.

The choreographyeditor consistsof the ChoreographyEd-
itor object togetherwith its Characters and controls the be-
haviour of all the charactersin the scene.For eachcharacter
thereis an AnimationEnginewhich is responsiblefor the cre-
ationof theanimationdata.Theanimationdatais �nally send
to thescenegraphof therenderingengine.

Within the ChoreographyEditora characteris represented
by aCharacterobject.TheChoreographyEditoris responsible
for thecreation,manipulationanddeletionof Characters. The
commandstheManager receivesfor changinga choreography
script of a characteraresendto the ChoreographyEditorand
thentranslatedinto controlcommands(Directives) for thecor-
respondingCharacter. EachCharacter alsohasa link to an
AnimationEngine. If a choreographyis played,theCharacter
controlstheanimationof thecharacterby sendingcommands
(AECommands) to theAnimationEngine.

TheManager andeachanimationengineareseparatelysyn-
chronisedby a time controller component. This component
alsotransformsthesystemstime of theAR-systeminto thein-
ternaltime (simulationtime). Within thecharactersubsystem
the simulationtime is discretized,currentlyby 30 framesper
second.The simulationtime canbe moved forward or back-
wardor with arbitraryspeedrelative to thesystemstime.

4. THE EDITING PROCESS

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



ferenceto theseproductsto whichwe will comein amoment.
Thegeneralphilosophyis that thereis a global timeline for

all charactersanda timelinefor eachcharacter. Thebehaviour
of thecharactersis ruledby socalledsubtaskswhichmaystart
and can be layeredat an arbitrary point on the timeline and
producetheanimationof thecharacterin theend.But in com-
parisonto theproductsmentionedabove,thesesubtasksarenot
�x edpiecesof animationswhich producealwaysthesamere-
sult. Insteadsubtasksrepresentsimplebehaviour of characters,
like walking along a given path or waving with hands. The
resultinganimationof sucha subtaskmay changeduring the
executionof thesubtask.For examplesupposethatata certain
time on the timeline the characterwasgiven a pathwhich is
lying on the �at groundof thestageandwasadvisedto walk
alongthepathby thecorrespondingsubtask.If thechoreogra-
phy is played,i.e. thetimemoveson,this resultsin acharacter
walking alonga �x edpath. Now theuserspoolsbackin time
andrestartstheanimation.Thenwhile thecharacteris walking
alonghispath,theuserputsanobstacle(e.g.sofa)on thepath.
As thecharacterreachestheobstacle,it hasto decideif hejust
canwalk over theobstacle,or if it hasto jump over it, because
it is too high. The correspondingsubtasktakes this decision
andin thelattercase,thechoreographyis changedby thechar-
acteron its own andthewholetiming of theanimationmaybe
changed.

A typical editing processwould look like the this: Startat
time0 with apaththecharactershouldfollow. Thenthetimeis
spooledforward10secondandthesubtaskwaveis sendto the
Manager. Thusthe characterstill follows his pathstartingto
wave at this time mark.At 15secondswe pausetheanimation
againandchangethe style of the walk movementto 'happy'
by sendingthecorrespondingcommandto theManager. The
resultis a shortanimation,wherea characterstartsto follow a
givenpath,after10 secondsstartsto wave with his handsand
while walkingchangesthestyleof thewalk movementafter15
seconds.

It is possiblethat therearecon�icts betweendifferentsub-
tasks.E.g. thecharactercouldbein themiddleof apathfollow-
ing animationandgetsthecommandto sit down. Walking and
sitting canin generalnot beexecutedsimultaneously, because
both movementsneedthesamepartsof thebody. Thusthere
couldbethreedifferentmethodsfor thecharacterto dealwith
theproblem:ignorethesit command,executethesit command
assoonasit is possible(e.g. if the characterhasreachedthe
endof hispath)or abortthepathfollowing subtaskandexecute
thesit subtaskimmediately. Usability testswill show usin the
future,whichdefault behaviour is preferredby theusersof the
application.

ThecommandstheManager receivesfrom theuserinterface
componentarecalledCECommandandconsistof four parts

� The character ID indicatesthe characterfor which this
commandis determined.

� ThesubtaskID indicatesthesubtask.

� Thecommandfor this subtask,like start,stopor delete

� A list of parameterswhich areneededto furtherdescribe
thesubtask.

With thissimpleinteractiveapproachto createchoreography
scriptsby moving forwardandbackward in time andsending
commandsto thecharacterwhile observingthecurrentstateof
theanimationcomplex animationsarecreatedfastandeasily.

5. CHARACTER REPRESENTATION

5.1 Anatomy of the Character

A characterwithin thechoreographyeditorcomponentis rep-
resentedby a Character object. The ChoreographyEditor is
the interface betweenthe Manager and the Characters (cf.
Figure2). If the Manager receivesthe commandto createa
new character, it sendsthe new build AnimationEngineto the
ChoreographyEditor which createsthe correspondingChar-
acter. The ChoreographyEditoralso interpretsthe CECom-
mandsreceived from the Manager, createsappropriatecom-
mands(Directives) for the Characters and sendsthesecom-
mandsto theCharacter.

Within thechoreographyeditora Character canbe seenas
an abstractrepresentationof a characterneglectingthe actual
appearance(e.g. textures,mesh).TheSubTaskManagerholds
a varying set of SubTasks(cf. Figure 3). Theseare the im-
plementationof re�exive behaviour like Brooks' subsumption
architecture's level 0 (cf. (Brooks,1991)) exhibiting a �x ed
behavioural patternin responseto given stimuli. The Sub-
TaskManager controlsthecreation,manipulationanddeletion
of SubTasks. The Character alsoholdsa referenceto theAn-
imationEngine. As mentionedabove, theAnimationEngineis
responsiblefor the low level creationof the movementof the
character. For executingtheir behaviour, theSubTaskscontrol
theanimationof thecharacterby sendingcommands(AECom-
mands) to theAnimationEngine.
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Figure3: Structureof a Character.



EachCharacterhastwo modes,play andedit which canbe
setby the ChoreographyEditor. In the play mode,the Char-
acter reactsto every changeof the currenttime on theglobal
timeline, i.e. its active SubTaskssendcommandsto the Ani-
mationEngineto control theanimationof thecharacterat this
currentframe.In theeditmodetheCharacteris ableto receive
new Directivesfrom theChoreographyEditorandchangesthe
choreographyof thecharacter.

5.2 Scripting Choreographies

The time-dependentbehaviour of a Character is ruled by the
Directiveswhich are createdby the ChoreographyEditorby
interpretingCECommands. Directivesarecommandsusedto
createnew subtasksat a currenttime or to changethe state
of an active subtask. A Directive
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(cf. Figure3). This list representsthe chore-
ographyof the characterandworks like a script. The chore-
ographycanbe changedby insertingnew Directivesinto the
list, modifyingaDirectiveor deletingaDirectivefrom this list.
Currentlyit is notnecessaryto makeaplausibilitycheckif one
adds,modi�es or deletesa Directive. If a directive wantsto
modify a SubTaskwhich is not existing at this speci�c frame,
thenthisdirective is ignored.

5.3 Playing Choreographies

Thechoreographyof a charactercanbeplayedby moving the
currenttime

�%2

on the timeline forwardor backward. Accord-
ing to thecurrenttime

�%2

on thetimeline,theSubTaskManager
holds the set 3 of SubTaskswhich are active at this speci�c
time (cf. Figure3). First everychangeof thecurrenttime

�
2

is
sendto every active SubTask. The SubTaskeventuallyupdate
their stateandsend(if necessary)commandsto theAnimatio-
nEngine.

For every increaseof thecurrentsimulationtime
�

2

theSub-
TaskManagerchecksif oneof theseSubTask hasreachedits
goaland�nished its task. This SubTaskis takenout of theset
of active SubTasksanddeleted.ThentheSubTaskManagerin-
terpretsall thosedirectives

�4'

with
�5'4�6�52

. Dependingon
themeaningof theDirective, two actionscanfollow. First the
Directivecould meanthat a new SubTask hasto be created.
If the new SubTaskcanbe createdwithout colliding with an-
othercurrentlyactive SubTask, this SubTaskis put into thelist
of active subtasks3 . Secondif the command

�7'

of the Di-
rectiveaddressesanactive SubTask, theDirectiveis passedto

this SubTask. Thenthe SubTaskchecksthe command
�7'

and
eventuallychangesits stateaccordingto thecommand.

If the current simulation time
� 2

decreaseswhich corre-
spondsto a rewind on the timeline,we updatetheChacterby
playing the wholechoreography" from thebeginning to this
new time

� 2

. This hasto be done,becausethe environment
mayhavebeenchangedsuchthatsubtasksgetin�uencedfrom
eventsbackwardsin time. To acceleratethis procedure,we
disconnectin this casethesimulationof thecharactersmove-
mentfrom therenderingengine.Currentlywedonothavevery
complicatedor long choreographies,thusthis approachworks
still in real-time. For more complex scenarioswith SubTask
needinga lot morecomputerpower, anotherapproachhasto
bechosen.

6. REALISATION OF SUBTASKS

6.1 Two Layer Model

The structureof our characteranimationsystemsresembles
Brooks' subsumptionarchitecture.It is build upontwo layers,
wherethe lower layermodelsthesimplestandatomicpartsof
charactermovements.The basicmovementsof the character
are describedby dynamicmotion models(Grünvogel, 2003)
which aredescribedbelow. The upperlayer lying above the
motionmodelsaretheSubTasks, modellingreactivebehaviour
with thehelpof oneor moremotionmodels.We will now de-
scribetheselayersandhow they interactwith eachother.

6.2 Dynamic Motion Models

In (Grünvogel,2003)we describethedynamicmotionmodels
in detail,but we will hererestatethemajorfeatures.

TheAnimationEnginecontrolsthedynamicmotionmodels.
Dynamicmotionmodelsaremodelsfor movementslikewalk-
ing, waving with handsor jumping. They can changetheir
movementsaccordingto somestimuli but have no planning
componentfor complex tasks.Thereforthemotionmodelwalk
lets the characterwalk straight ahead,but to follow a path
the characterhasto be steeredalongthe path,which is done
within aSubTask. Eachmotionmodelcanhaveasetof param-
eterswhich aremotionmodelspeci�c, e.g. for a walk motion
model thereareparametersdescribingthe style of the move-
ment(happy, sadetc.)or thespeed,for awaving motionmodel
the is thechoicebetweenleft or right armwaving. In contrast
to Grassiasapproach(Grassia,2000),theparametersof a dy-
namic motion model can be changedin real-timeduring the
executionof themotionmodel.

Dynamic Motion Models are implementedas state ma-
chines.All motionmodelshave threestatesin common:RE-
SET, START andSTOP. In theRESETstatethemotionmodel
is inactive, in START andSTOPstateit is activeandproduces
animationdata.After themotionmodelhascarriedout its task,
it automaticallyswitchesinto STOPmode,wherethecharacter
is broughtinto a neutralpose.

Theanimationsof themotionmodelsarecreatedby combin-
ing shortanimationclips(socalledbasemotions)with clip op-
erators.Clip operatorsareusedto manipulate(e.g. time warp,
loop)andcombine(e.g.blend)clips. For a detaileddiscussion



on how theseclip operatorsareusedwithin motionmodelsto
createdynamicanimationcf. (Grünvogel,2003).

6.3 SubTasks

Themotionsof thedynamicmotionmodelsareonly in�uenced
by AECommandsor by geometricobjectsin the virtual envi-
ronment. The AECommandsare usedfor changingthe indi-
vidualcharacteristicsof theresultingmotion.Thevirtual envi-
ronmentwherethegeometricrepresentationof thecharacteris
actingputsgeometricalconstraintsuponthemovement.

SubTasksareusedto solve moregeneralgoalsthanmotion
models,like following apathor anothercharacter. Thesegoals
arecharacterisedby the fact that they cannot be ful�lled by
startingonly a motion modelwith a given setof parameters.
Insteadthegoalsof theSubTaskcanbereachedby controlling
motionmodelswhile they areexecuted.Thusdependingonthe
currentsituationof thecharactertheSubTaskssendsAECom-
mandsto themotionmodelto changeits behaviour. TheSub-
Taskcanreactupto acertaindegreeuponobstaclesto thegoal.
But at the layerof theSubTasksplanningin thesensethat the
characterusesbeliefsaboutthesituationandtheconsequences
of movementsto searchfor a solutionin a moreabstractspace
is not intended.Thiscouldbeimplementedin a layeruponthe
SubTasks.

7. CONCLUSION AND FURTHER WORK

We have introduceda characteranimationsubsystemfor the
usein an augmentedreality environment. SimpleAnimations
arecreatedby placingcommandson the timeline of a virtual
character. Thesecommandsare interpretedby the choreog-
raphyeditor and turnedinto SubTasks. SubTasksaremodels
for reactivebehaviour andcreatetheiranimationby controlling
dynamicmotionmodels.Dynamicmotionmodelsimplement
basicmotions,wherethecharacteristicsof themotionscanbe
changedin real-time.

At the momentthe �nal designof the userinterfacewithin
theaugmentedreality systemandusability testsarestill pend-
ing. We hopethatthesetestswill bringusmoreinsight,which
featuresare still missing in the characteranimationsystem.
Another interestingpoint of researchis to put an additional
layer uponthe given two layerschoreographyeditor andani-
mationenginefor theimplementationof planningandlearning
processes.

ACKNOWLEDGEMENT

Thiswork wassupportedby theGermanMinistry of Education
andResearch(BMBF Grant01IR A04 C: mqube- Einemobile
Multi-UserMixedRealityUmgebung,www.mqube.de).

References

Azuma, RonaldT. 1997. A Survey of AugmentedReality.
Presence:Teleoperators and Virtual Environments, 6(4),
355–385.

Badler, NormanI.; Phillips,CaryB., & Webber, BonnieLynn.
1993.SimulatingHumans:ComputerGraphicsandCon-
trol. OxfordUniversityPress.

Balaguer, Jean-Francis,& Gobbetti,Enrico.1995. Sketching
3D Animations. ComputerGraphicsForum, 14(3), 241–
258.

Balaguer, Jean-Francis,& Gobbetti,Enrico.1996.3D UserIn-
terfacesfor General-Purpose3D Animation. IEEE Com-
puter, 29(8), 71–78.

Balcisoy, Selim; Kallmann,Marcelo;Torre,Remy;Fua,Pas-
cal, & Thalmann,Daniel. 2001. InteractionTechniques
with Virtual Humansin MixedEnvironments. In: Inter-
nationalSymposiumonMixedReality, Yokohama,Japan.

Brooks,Rodney A. 1991.IntelligenceWithoutRepresentation.
Arti�cial Intelligence, 47, 139–159.

Epic Games. 2003. Unreal Tournament 2003. Atari.
http://www.unrealtournament2003.com.

Grassia,F. Sebastian.2000. Believable Automatically Syn-
thesizedMotion by Knowledge-EnhancedMotion Trans-
formation. Ph.D. thesis,Schoolof ComputerScience,
CarnegieMellon University, Pittsburgh.

Grünvogel, Stefan M. 2003. DynamicCharacterAnimation.
InternationalJournal of IntelligentGames& Simulation,
2(1), 11–19.

Kalra, Prem; Magnenat-Thalmann,Nadia; Moccozet, Lau-
rent;Sannier, Gael;Aubel,Amaury, & Thalmann,Daniel.
1998.Real-TimeAnimationof RealisticVirtual Humans.
IEEEComputerGraphicsandApplications, 18(5),42–57.

Perlin,Ken,& Goldberg, Athomas.1996. Improv: A System
for ScriptingInteractive Actors in Virtual Worlds. Com-
puterGraphics, 30, 205–218.

Sannier, Gael;Balcisoy, Selim;Magnenat-Thalmann,Nadia,&
Thalmann,Daniel.1999. ”VHD: A Systemfor Directing
Real-Time Virtual Actors. TheVisual Computer, 15(7/8),
320–329.

Tamura,Hideyuki. 2000. Real-Time Interactionin MixedRe-
ality Space:EntertainingReal and Virtual Worlds. In:
Proc. Imagina2000.
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