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Abstract

We present two user interfaces for the interactive control of
dynamically-simulatedcharacters.The �rst interfaceusesan `ac-
tion palette'andtargetssportsprototypingapplications.Whenused
online, theuserselectsfrom a paletteof actions(e.g.,stand,pike,
extend)duringanongoingsimulation.Actionsarede�ned in terms
of asetof targetjoint anglesfor PDcontrollersorasfeedback-based
balancecontrollers.Whenusedof�ine, the timing of thekey mo-
tion eventscan be adjustedmanuallyor optimizedautomatically
to producedesiredoutcomes.We demonstratethe action palette
interfacewith simulationsof platform diving, freestyleaerial ski
jumps,andhalf-pipesnowboarding.Thesecondinterfaceexplores
the feasibility of usinga game-padto controla 13-link rigid body
simulationof snowboardingfor gameapplications. Unlike tradi-
tional videogameplay, thestuntsaccessiblethroughour interface
neednotbepreconceivedby thegameauthorandcanemergeasthe
productof thephysics,theterrain,andtheplayerskill. Wedescribe
thecontrolmappingandprovide a mechanismto simplify balance
control.Wedemonstratethesystemusingnumeroussnowboarding
stunts.

Keywords: CharacterAnimation,UserInterfaces,Physics-based
Simulation,Control

1 Intro duction

Dynamicsimulationis apotentiallypowerful tool for makingphys-
ically realistic animations. It hasbeenusedto both analyzeand
animatemany classesof motion, including diving, running, and
gymnasticmotions. A major challengein creatingphysics-based
animationis thatof solving for therequiredcontrol to achieve de-
sired behaviours, especiallyfor complex modelssuchas humans
andmany animals.Typically, this necessitatesa greatdealof trial-
and-errorin thedesignof thecontrollersfor any givenmotion.

We proposetwo interfaceswhich can be usedto interactively
controlmotionsfor 3D multi-link rigid bodysimulationsof aerial
motionssuchasdiving, ski jumping,andsnowboarding.Figure1
shows an exampleof the typeof motionsthat canbe rapidly con-
structedusingtheinterfaces.

We refer to our �rst interfaceasan “action palette”becauseit
de�nes motionsin termsof a seriesof actionsthatcanbeselected
at any time. Theseactionsare representedon screenas a series
of virtual buttons.Thetiming of a buttonpressinitiatesthespeci-
�ed action,suchasa pike position,while theexact locationof the
buttonpressis usedto representtwo additionalparameters.These
parametershelpmorepreciselyspecifythedesiredaction,suchas
thetargetanglefor apikeandhow quickly thecharactershouldtry
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Figure 1: (a) Aerial ski jump performedusing the action palette
interface;(b) Snowboardstuntperformedusingthegamepadinter-
face.

andreachthat targetpike angle.Theinterfacecanbeusedon-line
or off-line.

A secondinterfacelooks speci�cally at how a game-padcon-
troller canbe usedto provide interactive control over a fully dy-
namicarticulated-�guresnowboardingsimulation.With anappro-
priate interface,can one learn how to perform interestingsnow-
boardingstuntswith a simulator that isn't speci�cally tuned for
gameplaybut ratheronethatis intendedto bephysically-realistic?

Our principal contributions are twofold. First we presenttwo
novel interfacesfor interactively exploring thespaceof physically-
realizablemotionsfor 3D characters,lookingparticularlyat thede-
signof motionswith a signi�cant aerialcomponent.Oneinterface
targetsmotion prototypingwhile the other targetsgameapplica-
tions.Second,weareamongthe�rst to presentfully dynamicsim-
ulationsof aerialski jumpingandsnowboardstunts,bothof which
haveeducationalandentertainmentapplications.

Theremainderof thispaperisstructuredasfollows. Section2 re-
views relatedwork. Section3 describestheactionpaletteinterface
andits usein simulatingplatform diving, ski jumping,andsnow-
boardingmotions. Section4 presentsa gamepadinterfacefor a
physically-realisticsnowboardingsimulationanddiscussestherel-
evantsimulationandgame-playissues.Finally, section5 presents
conclusionandfuturework.

2 Previous Work

Theuseof 3D dynamicsimulationfor modelinghumanmotioncan
be tracedback to the late 1980's, a good early examplein com-
putergraphicsbeingthework of Forsey andWilliams[1988]. The



techniqueof dynamicsimulationhascontinuedto developasa tool
for animatinghumanmotions. A long term goal in this areais to
produceautonomouscharacterswith speci�c skill setswith appli-
cationsto bothanimation[Faloutsoset al. 2003]andentertainment
robotics.

Simulatinghumanmotion in sportsis an ongoingendaevor in
bothbiomechanicsandcomputergraphics.To limit our scope,we
shallprimarily mentiontherelevantcomputeranimationwork here.
Hodginset al.[1995]simulaterunning,bicycling, andhandspring
vaults. Yang et al.[2004] look at interactive dynamiccontrol of
swimming. Previouswork in bothbiomechanicsandgraphicshas
looked at the of�ine planningof acrobaticmotions[Yeadon1990;
Yeadon1997; Huangand van de Panne1996; Liu and Popovic
2002;FangandPollard2003].

More closelyrelatedto our work, WootensandHodgins[1996]
simulatedthree10m platform divesusinga statemachinemodel.
While we usesimilar typesof motioncontrolprimitives,our work
differs in several respects.Insteadof employing off-line manual
tuning,we develop interactive interfaces.As a result,we areable
to rapidlyauthornew motions,asdemonstratedby thesetof 46mo-
tionsacross3 sportsthatwehave authoredto dateusingouraction
paletteinterface. To our knowledge,we provide the �rst fully dy-
namicarticulated�gure simulationsof aerialski jumpingandsnow-
boardingstunts.Lastly, we explorethepotentialof usinggamepad
controllersfor thecontrolof fully-dynamicsnowboardstuntsimu-
lations.

Previous work on the interactive control of physically-based
characteranimation[Troy and Vanderploeg 1995; Laszlo et al.
2000] is alsocloselyrelated.Mousemovementsor keystrokesare
mappedto control parametersin order to interactively guide the
motionof planarcharactermodels.Theinterfaceswepresentdiffer
in that we allow control over moreparameters,aredemonstrated
to control3D charactermotion,andexaminegamepad-basedcon-
trol. The timeline componentof our interfacefurther supportsre-
�nement of timing parameters.Ooreet al.[2002]usehybrid kine-
matic/dynamicsimulationsfor expressive leg andarmmotions.

Lastly, video gamessuchasSSX[ElectronicArts. 2003 ] and
Amped[Microsoft. 2003 ] (both snowboardinggames)employ
someuseof physicsin determiningthecharactermotionandpro-
vide the user with well-testedgamepad-basedinterfaces. The
physicsmodelsusedin thesegamesarenotpublicallydocumented,
althoughit is reasonableto speculatethat thesnowboarderis sim-
ulatedasa singlebody ratherthana fully dynamicsimulationof
a multi-link articulated�gure. Oneof our contributionsis thusto
examinethe feasibility of usingmulti-link rigid bodydynamicsto
animatecharactersin sportsgameapplications,beyondtheir more
conventionalusefor rag-doll effects. Our interfacesandunderly-
ing articulated�gure simulationallow for the prototypingof new
stuntsratherthanhaving thesebe prede�nedduring the gameau-
thoring process.Our actionpaletteinterfaceprovidesmuch�ner
controlthancanbeachievedusingagamepadinterface.

3 Action Palette Interface

The�rst interfacewe presentis shown in Figure2 andis intended
for motion prototypingapplications.In the following description,
we motivate the structureof the interface,describethe authoring
process,andthenillustrateresultsobtainedwith this interface.

3.1 Motion Stages

Thestructurednatureof acrobaticaerialmotionsmakesit possible
to representthe requiredactionsusinga seriesof sequentiallyex-
ecutedstages.For example,platformdivescantypically berepre-
sentedby thefollowing sequenceof actions:stand,crouch,takeoff,

aerialposition,andextension.A usercancreatethecompletediv-
ing motion throughspecifyingthe propertiming andexecutionof
all thesestages.The simplestof the motionswe work with has4
stages,while themostcomplex has8 stages.Weshallusethewords
stageandactioninterchangeably.

Our interfaceconsistsof apanelwith a family of virtual buttons,
one for eachpossibleaction,asshown in Figure2. Eachbutton
de�nes anactionandhastwo associatedparameterswhich canbe
directly speci�ed by the relative locationof the usermouse-click
or stylus-tapwithin the virtual button. The meaningsof the two
parametersvary accordingto theaction. A summaryof thesetof
buttonsusedfor the platform diving, acrobaticski jumping, and
snowboadcontrolis givenin Tables1, 2, and3.

Oursystemusesproportional-derivative(PD)controllersto drive
eachjoint toward a target position. Actions consistof eithercon-
trollersor targetposes.Controlleractionsareusedfor maintaining
balancefor stagesthat preceedandfollow the aerialportionsof a
motion. Theseoperateby looking at a projectionof the centerof
massonto thegroundplaneanddeterminingtheerrorof this pro-
jectionwith respectto atargetcenter-of-massprojection.Thetarget
anglesof theanklesarethensetasa linearfunctionof thiserror.

Linear interpolationis usedbetweentarget-angleposesin order
to producesmoothtransitionsbetweenthemostrecentposeanda
newly chosenpose.Thedurationof theinterpolationis exposedas
oneof themotionparametersfor many actions.

3.2 Autho ring

Oursystemsupportsbothonlineandof�ine authoringof aerialmo-
tions. The authoringprocessbegins with an online attemptat au-
thoring thedesiredmotion. Theuserinitiatesan interactive simu-
lation which may run in real-time,it canalsobe usefulto run the
simulationin slow motion,therebygiving moretime to think about
thedesiredsequenceof actions.Theuserauthorsthesimulatedani-
mationwith appropriately-timedselectionof thedesiredactions.A
recordof theselectedactionsappearson thetimelineat thebottom
of theintefacepanel.

The simplestform of editing consistsof retiming the existing
events,which is supportedusinga retimingsimulation. The user
actsout the motion using a sequenceof timed spacebarpresses.
Eachspacebarpressthenspeci�es the revised timing of the next
event, with the eventsalways preservingtheir original ordering.
This is a usefulmodeto quickly exploremultiple variationsof the
samemotionbeingexecutedwith slightly differenttimings.

Of�ine adjustmentsareuseful for producinga motion through
iterative re�nement. The timing of eachevent canbe adjusteddi-
rectly on the timeline. Selectingan event marker on the timeline
allows for theassociatedactionparametersto bealtered,asspeci-
�ed by the selectionpoint within the associatedvirtual button. In
Figure2, Theredcross-hairsdrawn onthepikebuttonillustratethe
currentparametersettingsassociatedwith a selectedpike action.
Theseparameterscanbeadjustedwith amousepressat thedesired
locationwithin the button. Oncea setof desiredadjustmentshas
beenmade,the userresimulatesin orderto observe the newly re-
�ned motion.

To further speedthe creationof successfulaerialmotions,our
systemcanautomaticallyoptimizethetiming of aspeci�edinputto
achieve thebestoutcome.This requiresa costfunctionto evaluate
thequalityof amotionaswell asameansfor optimizingthiscostas
a functionof thetiming parameters.Optimizationmethodsthatex-
ploit derivative informationwill generallyrequirethefewestfunc-
tion evaluationsand thus theseare usedby spacetime-constraint
methodsfor relatedtrajectoryoptimizationproblems[Popovic etal.
2000; Liu andPopovic 2002; FangandPollard2003]. However,
thisassumesdifferentiableoptimizationmetrics,whichmaybedif-
�cult to achieve in thefaceof non-lineareffectssuchasjoint limits



Figure2: Interfacepanelfor platform diving. The virtual buttonsprovidesaccessto a set12 actions. Eachactionhasa 2-dimensional
parameterization,with theactionparametersbeingsetaccordingto the(x;y) coordinatesof thepresswithin thebuttonframe.Thebottomof
thepanelcontainsa time line. Eachbuttonpressleavesaneventmarker on thetimeline– thereare� ve of theseshown in this example.The
seriesof blueline segmentsin thetimelinearea visualizationof anoptimizationcostfunctioncomputedwhile varyingthetiming of thelast
eventof adive (seetext).

Figure3: Degreesof freedomusedfor diving, snowboarding,and
skiingmodels.

or arbitrarily de�ned costfunctions.We treattheoptimizationasa
parametersearchprocessanddiscretelysamplethe timing param-
eter in questionat regular intervals that bracket its currentvalue.
Costfunctionevaluationsarethencarriedoutusingadynamicsim-
ulationfrom thatpoint in timeforwardto thetimewherethemetric
is evaluated. The previous motion is usedto start eachof these
simulationsfrom theappropriatedynamicstate.

3.3 Implementation

We have implementedanactionpaletteinterfacefor platformdiv-
ing, freestyleaerialski jumps,andhalf-pipesnowboarding. This
systemmakes useof the publicly-available OpenDynamicsEn-
gine[Smith] for computingandintegratingtheequationsof motion.
Thecharactermodelsarebasedon theanthropometricparameters
usedin [WootenandHodgins1996] andarestructuredasshown
in Figure3. Thediver modelhas13 links and32 degreesof free-
dom (DOF). The snowboarderis the samebut with an extra DOF
for eachankle. Lastly, the skier has�x ed ankles,giving 13 links
and28 DOF. Without graphicaldisplay, thediving simulationcan
compute3.7animationsecondsin 1 wall-clock second.For skiing
andsnowboarding,thesimulationspeednumbersare1.68and1.69
respectively. Thediving simulationrequiressigni�cantly fewercol-
lision detectioncomputations,andis fasterasa result. Theseper-
formancenumbersarefor a2.66GHzP4PC.

Figure4: A 5mplatformdive.

Figure5: Dive entry beforeandafter optimizationof the time for
startof extension.

3.4 Platfo rm Diving

Platformdiving is theleastdif�cult motiontodesignbecauseit does
not needto solve the problemof balanceupon landing,as is the
casewith aerialski jumpsandsnowboardingstunts.We represent
themotionof diveswith 5 stagesof actions:stand,crouch,takeoff,
oneor moreaerialpositions,andextensionbeforeentryinto water.
Our interfacehas12 virtual buttonsfor the control of all possible
actionsduringdiving andis shown in Figure2. Table1 describes
theactionsandx andy parametersassociatedwith eachbutton.

We have usedthe interfaceto author29 typesof 5m platform
dives[O'Brien2003], asdemonstratedin the video that accompa-
niesthispaper. In diving terminology, wehaveauthoreddive types
101a,101b,101c,103b,103c,105b,107c,201a,201b,201c,203b,



203c,205c,301a,301b,301c,303b,303c,305c,401a,401b,401c,
403b,403c,405b,405c,407c,5132d. Two of themareshown in
thetop two rowsof Figure11.

An of�ine optimizationcanbe usedto automaticallyoptimize
the timing of the action events. We computea cost function by
integratingthe error of the entry anglefor the body, beginning at
the time the diver �rst touchesthe water throughto the time that
the upperbody is fully underwater. The error of the entry angle
is de�ned in termsof the angulardeviation from the vertical. A
componentmeasuringtwist errorscouldalsobeadded,althoughwe
havenotexperimentedwith this. Figure5 illustratesseveralframes
from adiving motionbeforeandaftertheoptimizationof thetiming
parameterassociatedwith theextensionimmediatelyprior to water
entry.

3.5 Aerial Freestyle Skiing

For skiing, we unite the lower leg, foot andski into onebodyseg-
ment for the simulationmodel. Similar to platform diving, aerial
ski jumps have 6 executedstages:in-run, crouch,takeoff, aerial
positions,stretchfor landingand�nish position. We decreasethe
stiffnessof the kneesandhips in preparationfor landingin order
to cushionthekinetic energy of thecharacterwhenlandingon the
ground. The purposeof the `�nish' positionis to improve the vi-
sualeffect by making the characterstraightenandraisethe arms
upona successfullanding. Table2 describesthe de�nition of the
virtual buttonswe useto control theacrobaticski actions.For the
in-run action,oneof the button parametersprovidescontrol over
thestartingpositionon thein-run,andhenceprovidescontrolover
theamountof speedaccumulatedat take-off.

The geometryof the `kicker' jumpsandski-hill have beende-
signedto matchfreestlyeskiing aerialsite speci�cations[CFSA].
Figure6 showsthekickerspeci�cation.Wehavealsoexperimented
with simulatinglandingsin water, astypicalof summertraining.

Figure6: Geometricspeci�cationsfor kicker jumps.

Wehaveexperimentedwith aseriesof 12aerialski jumpsusing
our interface:bFF, bL, bLLT, bLTL, bPP, bTT, fF, fL, fPP, fT, fTT,
andfTTT, where`f ' and`b' indicatefront andback �ips respec-
tively, `F' indicatesa �ip with a full twist, and`L', `P', and`T' in-
dicatelayout,pike,andtuckpositions,respectively. Figure1(a)and
Figure11(c)–(e)illustrateseveralof thesejumps.Wehavealsosuc-
cessfullyappliedthetiming optimizationfor non-twistingjumps.

Thecreationof successfulaerialski jumpsis moredif�cult than
diving becauseof thedif�culty of maintainingbalanceuponland-
ing. In particular, we found it importantto �nd the besttime for
extensionin orderto decreasethe rotationandtwist speedbefore
landing.Wenotethathighly skilledaerialistshave theapparentca-
pability to make mid-�ight body poseadjustmentsin responseto
theirperceivedpositionandorientationrelativeto theground.With
our simulation,it is the userwho mustperformsuchadjustments,
if any. Thedevelopmentof controllersthatcouldcorrectfor small

errorsthat accumulateduring a high-degree-of-dif�culty jump re-
mainsanexciting areaof futurework.

3.6 Half Pipe Snowboarding

Wehaveusedtheactionpaletteinterfaceto produce4 typesof half-
pipe snowboardingstunts, including a back-360,back-360with
grab, a front grab, and a back grab. Figures7, 11(f) and 11(g)
illustratethreeof theseandTable3 explainsthevirtual buttonsfor
thisaction.

Half-pipe snowboardingwas the most dif�cult motion to pro-
duceusingtheactionpalettesystem.Theprincipaldif�culty is that
of maintainingbalanceatavarietyof pointsin thehalf-pipe.Land-
ing diagonallyon the transitionbetweenthe wall andgroundwas
found to be muchharderto control thanon the landinghill of ski
jumps. Also, thesnowboarderneedsto bewell balanceduponap-
proachingthe wall of the half-pipe in the leadup to the jump in
orderto successfullyinitiate a jump. Theterrainanticipationused
by a realsnowboarderto maintainbalanceduring therapid transi-
tion from horizontalto thenear-verticaledgeof thehalf-pipeis not
implementedin our system,making this challengingto properly
execute.

Fromourexperiencewith platformdivesandski jumps,motions
with twistsweregenerallyfoundto bemoredif�cult to reconstruct
thanmotionswithout twists. Most half-pipestuntsinvolve a twist
andthis thusmakesthesnowboardingmotionsmorechallengingto
control.

4 Gamepad Interface

Our secondclassof interface usesgamepadsfor the control of
multi-link rigid bodycharactersimulationswith gamescenariosin
mind. Wehaveexperimentedwith gamepadinterfacesfor platform
diving, aerialski jumping,andsnowboarding.Thedescriptionbe-
low is restrictedto thesnowboardinginterfacebecauseit is theone
with whichwecurrentlyhave themostexperience.

Excludingtheuseof rag-dollsimulators,our interfaceis, to our
knowledge,onethe �rst explorationsof a gamepad-basedcontrol
interfacefor a dynamically-simulatedmulti-link articulated�gure
for real-timesportsgameapplications.Snowboardinggamessuch
asSSX[ElectronicArts. 2003] andAmped[Microsoft. 2003] arean
obviouspoint of comparisionfor our interface.Theexactextentof
thephysicsmodelusedin thesegamesis notpublicly documented.
However, we speculatethat thesegameshave physicsmodelsthat
primarily treatthecharacter'smotionin termsof asinglerigid body
ratherthanthephysicsof amulti-link articulated�gure.

Figure7: A simulatedsnowboard`backgrab' jump on a quarter-
pipe.



Figure8: Gamepadinterfacefor snowboardingcontrol. The joy-
sticksareusedto control crouchbalanceandwaist angles. Grab
actionsaremappedto buttons;multiple-pressesresultin fastergrab
actions.

Anotherkey differenceof ourwork with respectto existinggame
interfacesis that thesetof possiblestuntsin a gameis largely de-
cidedin advanceby thegamecreators.For our interface,thepossi-
blestuntsareconstrainedonly by thearticulated-characterphysics,
the terrain, and the playersskill. This is clearly a double-edged
sword, however. Theconstrainedsetof possiblemotionsin exist-
ing gameinterfacesgreatly simpli�es the control requiredof the
user. Thedetailedphysicalsimulationwe usemakesthecontrolof
balanceanissue,evenduringrelatively simplegliding andsteering
motions. We addressthis with the useof stabilization,aswill be
describedshortly.

4.1 Control Mapping and Simulation Details

Figure8 shows themappingof thegamepadcontrolsthatwe em-
ploy. Theinterfaceoperatesby settinga desiredposefor thechar-
acter. With one exception,this is expressedin termsof a set of
targetanglesfor PD-controllers.Thex-axisof theleft joystickcon-
trols thebalanceon thesnowboardby settinga targetpoint for the
projectionof thecenterof massontotheplaneof thesnowboard.A
feedbackcontrollerdrivesthepitchof theanklejointssoasto drive
thecharacter's centerof massto lie over this targetpoint. Because
the snowboardis underactuatedwith respectto pitching aboutit' s
principalaxis,thedesiredbalancetargetmaynotalwaysbeachiev-
ablein practise.The y-axis controlsthe heightof the crouchand
canthusbeusedto �rst anticipateandtheninitiatea verticaljump.
This operatesby alteringthetarget joint anglesfor thehips,knees,
andankles.

Theright joystickcontrolsthewaistbendandtwist. This is used
to initiate twisting jumpsaswell as to turn while gliding. A fast
turn of the snowboardrequiresa slight unweightingof the snow-
board(accomplishedwith a rapid,moderatecrouch)andaccompa-
nying this with a waist twist. The restof the interfaceconsistsof
3 buttonscorrespondingto backandfront grabs,anda third button
for returningto crouchmode. Crouchingin the air will decrease
the inertia in order to performeffective somersaults,while mini-
mal inertiafor spinsis achievedwith thebodyfully extended.The
motion of the armsis coordinatedwith the crouchingaction– for
an upright positionfolds the armsdown besidethe body, while a
crouchedpositionis coordinatedwith thearmsextendinglaterally.

Propersimulationof the interactionof the snowboardwith the
snow is necessaryto achieve a realisticsimulatedbehavior. With
the boardplacedon edge,we assigna high coef�cient of friction
to resistlateralmotion, aswell asmodelinga modestamountof
side-cut,which causesa moderateturningbehavior to occur. With
the boardplaced�at, the boardcanslide laterally, but with more
overall friction thanfor sliding alongtheprincipalaxis. As in real
life, sliding laterallyandthen“catchinganedge”will leadto a fall.

Figure9: An externalforce(shown in green)is appliedto aid with
balancingduringregulargliding andturns.

4.2 Stabilization

During regular gliding andturning motions,we apply an external
force to the body in order to simplify maintainingbalance. The
force is computedusinga PD-controllerappliedto the body lean
angleandis appliedto the characterpelvis. The leanangleis de-
�ned astheanglebetweenanup-vectorandtheverticalplanethat
embedsbothof theanklejoints. Theup-vectoris de�ned by a line
passingfrom themidpointof theleft andright anklesthroughto the
character's centerof mass.Themagnitudeof theexternalbalanc-
ing force is limited sothat thecharactercanstill fall if suf�ciently
unbalanced.The external force is only appliedwhen part of the
snowboardis in contactwith theground.Becausetheforceactsin
a planeorthogonalto the principal axis of the snowboard,it does
notaffect theforwardslidingmotionof thecharacter.

Figure9 shows two illustrationsof the externalforce in opera-
tion. In practisewe �nd that this simplestrategy works well asa
meansto simplify balancecontrol,while still allowing for thechar-
acterto fall if badlyoff balance.

4.3 Results

We have experimentedwith our gamepadsnowboardinginterface
on threetypesof terrain: a shallow slopewith a seriesof �ags to
steeraround(seeFigure10); a shallow slopewith a seriesof small
jump ramps(seeFigure1) anda shallow slopeleadingto a drop-
off into a steeperslope(seeFigure10). All threeof theseterrains
areboundedontheir left andright edgesby quarter-pipessimilar to
thatshown in Figure7.

Two examplemotionsareillustratedin Figure10. We notethat
our interactive gamepadcontrol is moredif�cult to usethana typ-
ical game-padinterfacefor snowboardinggames.This is not sur-
prising, given that the physics-basedsimulationre�ects more of
the real dif�culties of sucha sport than the gameversions. Our
interface is an exploration of what can be done with a detailed
physics-basedsimulationof a sportsuchassnowboarding,in con-
trast to simpli�ed gamephysics. The anecdotalobservationsof
usersof our interface show that the challengeof experimenting
with adetailedphysicsmodelis bothappealingandaddictive. This
is alsosupportedby previousexperiencewith simulationssuchas

Figure10: Examplestuntsperformedusingthegamepadinterface.
Pleaseseethe the submittedvideosfor animationsof additional
results.



Ski StuntSimulator(SSS)[van de PanneandLee 2003]. SSSis a
Java-appletof a planar4-link dynamicallysimulatedskier whose
actions(crouch/stand,forwards/backwardslean)arecontrolledin-
teractively usingamouseandhasaveragedapproximately200,000
playstimesperdayover thepastthreeyears.

Wespeculatethatourcurrentgamepadinterfaceandsimulation-
basedanimationis bestusedin a gameasanadditionalgame-play
modethatsupplementsmoretraditionalconstrainedgame-playthat
is easierto learnandcontrol. Thedynamicsimulationmodecould
beengagedor disengagedby a gameplayer, or it couldalsobeau-
tomaticallyengagedbaseduponthe speci�cs of the terrainor the
gamelevel being played. In a hybrid mode,one could use tra-
ditional joystick navigation to reachinterestingjumps and cliffs
and thenengagethe full physics-basedsimulationandassociated
gamepadinterfaceto performstuntsin a fashionthatis constrained
only by physicsandskill of theplayer.

5 Conclusions

We have presentedtwo interfacesfor the interactive control of
phyics-based3D charactersimulations. The action paletteinter-
faceis designedfor prototypingdynamicaerialmotions. It allows
a userto exploit his knowledgeandintuition to designa varietyof
motions. Our interfacecan also help the userto understandand
learntheseacrobaticstunts. Questionssuchas”Is this new stunt
possible?”or ”What if thepike beganearlier?”canbeexploredby
usingthissystem.Thegamepadinterfacedemonstratesthefeasibil-
ity of designingsportsgamesbasedon multi-link rigid bodysimu-
lationsfor charactermotion.To ourknowledge,thiswork is among
the �rst to demonstratedetaileddynamicsimulationsof aerialski
jumping andsnowboarding. This is in large part feasiblebecause
of particularinterfaceswehavedeveloped.

Theinterfaceswepresentareexploratoryin natureandhave tar-
gettedmotionswith an aerial component. It is unclearthat they
would generalizewell to expressive motionsand motionswhere
balanceplaysa continuousrole. Humanmotion is an incredibly
rich phenomenato model,however. Indeed,it is unlikely thatany
singlemotionauthoringlanguageor interfacecansucceedat mod-
eling all humanmotions,nor that a singleinterfacecould support
the very different requirementsof animators,athletes,and game
players.Our interfacesthus�ll particularnichesin thisspace.

Thereareseveraldirectionswhich requirefurther research.We
plan to investigate how controllersspeci�c to the execution of
twists can be constructed. Similarly, “automatic landing” con-
trollerswould bea usefuladditionto both typesof interface. Our
currentautomaticoptimizationtool usesasimplecostfunctionand
optimizationtechnique.We wish to explore the useof othercost
functionsthat allow for more abstractspeci�cationsof a desired
motion, as well as an analysisof the timing requirementsof the
variousstagesof themotion.

Wewish to seekfeedbackfrom coachesandathleteswith regard
to usingthis typeof tool. In orderto becomeanaccurateprototyp-
ing tool,betterstrengthmodelswill needto beincorporated.Lastly,
weenvisionascenariowhereanathletemightperformadivewhose
motion is thenreconstructedusinga vision-basedmotion tracking
system. The of�ine versionof our action paletteinterfacecould
thenbe usedto hypothesizeadjustmentsto the motion andto im-
mediatelyview thesimulatedoutcomeof thoseadjustments.
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name x y note
standforward targetc.o.m.position armposition standfacingwater
standbackward targetc.o.m.position armposition standbackto water
crouchforward targetc.o.m.position heightof crouch crouch,raisearms
crouchbackward targetc.o.m.position heightof crouch crouch,lowerarms
takeoff forward waistbend jumpheight extendhips,knees,andanklesfor jump
takeoff backward waistbend jumpheight extendhipsandankles,swingarmsback
pike – time to reachpose
openpike targetpikeangle time to reachpose
tuck – time to reachpose
twist – time to reachpose right handto head,left handto chest
lateralextend waistbend time to reachpose bringarmslaterallyto overhead
straightextend waistbend time to reachpose bringarmsstraightoverhead

Table1: Descriptionof diving buttons.

name x y note
startbig startposition angleof armraise startfor thebig kicker
startsmall startposition angleof armraise startfor thesmallkicker
crouchforward hip bend kneebend bringarmsto front for forwardtakeoff
crouchbackward hip bend kneebend swingarmsdown for backwardtakeoff
take-off forward waistbend time to reachpose extendhips,knees,andanklesfor jump
take-off backward waistbend time to reachpose extendhipsandanklesfor jump,swingarmsback
take-off twist forward waisttwist time to reachpose extendhips,knees,andankleswhile twistingwaist
take-off twist backward waisttwist time to reachpose asabove,but swingarmsbackandapplylesskneeextension
pike – time to reachpose
tuck – time to reachpose
layout waistbend time to reachpose extendarms
twist – time to reachpose bringarmsto bodyspeedthetwist
landing hip bend kneebend alterstiffnessof hipsandkneesfor landing
�nish armposition time to reachpose standupandraisearms

Table2: Descriptionof buttonsfor aerialski jumpcontrol.

name x y note
crouchleft waisttwist front/backbalance crouchdown facingleft
crouchright waisttwist front/backbalance crouchdown facingright
grabfront – time to reachpose grabfront sideof snowboard
grabback – time to reachpose grabbacksideof snowboard
take-off waistbend time to reachpose
landing waistbend lateralbalanceposition

Table3: Descriptionof buttonsfor snowboardcontrol.



Figure11: Results. Top to bottom: (a) single twisting front one-and-a-halfdive; (b) backone-and-a-halfpike; (c) back-full-full: double
twisting doubleback�ip; (d) front pike single; (e) badlandingfor a back-full-full; (f) back-grabhalf-pipejump; (g) front-grabhalf-pipe
jump.


