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Abstract

We presenttwo user interfaces for the interactve control of
dynamically-simulateatharacters.The rst interfaceusesan "ac-
tion palette'andtargetssportsprototypingapplications Whenused
online, the userselectsfrom a paletteof actions(e.g.,stand,pike,
extend)duringanongoingsimulation.Actionsarede nedin terms
of asetof targetjoint anglesor PD controllersor asfeedback-based
balancecontrollers. Whenusedof ine, thetiming of the key mo-
tion eventscan be adjustedmanually or optimized automatically
to producedesiredoutcomes. We demonstrateéhe action palette
interfacewith simulationsof platform diving, freestyleaerial ski
jumps,andhalf-pipesnavboarding.The secondnterfaceexplores
the feasibility of usinga game-pado controla 13-link rigid body
simulationof snavboardingfor gameapplications. Unlike tradi-
tional video gameplay, the stuntsaccessibléhroughour interface
neednotbepreconceiedby thegameauthorandcanemepgeasthe
productof the physics,theterrain,andthe playerskill. We describe
the controlmappingandprovide a mechanismnto simplify balance
control. We demonstrat¢éhe systenmusingnumerousnavboarding
stunts.

Keywords: CharacteAnimation,UserlInterfacesPhysics-based
Simulation,Control

1 Intro duction

Dynamicsimulationis a potentiallypowerful tool for makingphys-
ically realisticanimations. It hasbeenusedto both analyzeand
animatemary classesof motion, including diving, running, and
gymnasticmotions. A major challengein creatingphysics-based
animationis thatof solvingfor the requiredcontrolto achieve de-
sired behaiours, especiallyfor complex modelssuchas humans
andmary animals.Typically, this necessitatea greatdealof trial-
and-errorin the designof the controllersfor ary givenmotion.

We proposetwo interfaceswhich can be usedto interactively
control motionsfor 3D multi-link rigid body simulationsof aerial
motionssuchasdiving, ski jumping, andsnavboarding. Figure 1
shavs an exampleof the type of motionsthat canbe rapidly con-
structedusingtheinterfaces.

We referto our rst interfaceasan “action palette” becauset
de nes motionsin termsof a seriesof actionsthatcanbe selected
at ary time. Theseactionsare represente@n screenas a series
of virtual buttons. The timing of a button pressinitiatesthe speci-
ed action,suchasa pike position,while the exactlocationof the
button pressis usedto representwo additionalparametersThese
parameterfielp more preciselyspecifythe desiredaction,suchas
thetamgetanglefor a pike andhow quickly the characteshouldtry
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Figure 1: (a) Aerial ski jump performedusing the action palette
interface;(b) Shavboardstuntperformedusingthe gamepadnter
face.

andreachthattargetpike angle. Theinterfacecanbe usedon-line
or off-line.

A secondinterfacelooks speci cally at how a game-padcon-
troller can be usedto provide interactve control over a fully dy-
namicarticulated- guresnovboardingsimulation. With anappro-
priate interface, can one learn how to perform interestingsnow-
boardingstuntswith a simulatorthat isn't speci cally tuned for
gameplay but ratheronethatis intendedo be physically-realistic?

Our principal contributions are twofold. First we presenttwo
novel interfacesfor interactively exploring the spaceof physically-
realizablemotionsfor 3D characterdpoking particularlyatthede-
signof motionswith a signi cant aerialcomponentOneinterface
targets motion prototypingwhile the othertargets game applica-
tions. Secondwe areamongthe rst to presenfully dynamicsim-
ulationsof aerialski jumpingandsnavboardstunts,both of which
have educationabndentertainmenapplications.

Theremaindenf thispaperis structuredasfollows. Section2 re-
views relatedwork. Section3 describeghe actionpaletteinterface
andits usein simulatingplatform diving, ski jumping, and snow-
boardingmotions. Section4 presentsa gamepadinterfacefor a
physically-realisticsnavboardingsimulationanddiscussesherel-
evantsimulationandgame-playissues.Finally, section5 presents
conclusionandfuturework.

2 Previous Work

Theuseof 3D dynamicsimulationfor modelinghumanmotioncan
be tracedbackto the late 1980%, a good early examplein com-
putergraphicsbeingthe work of Forsey andWilliams[1988]. The



technigueof dynamicsimulationhascontinuedo developasatool
for animatinghumanmotions. A long term goalin this areais to
produceautonomougharactersith speci c skill setswith appli-
cationsto both animation[Rloutsoset al. 2003]andentertainment
robotics.

Simulatinghumanmotion in sportsis an ongoingendagor in
both biomechanic&ndcomputergraphics.To limit our scopewe
shallprimarily mentiontherelevantcomputeranimationwork here.
Hodginset al.[1995] simulaterunning, bicycling, and handspring
vaults. Yang et al.[2004] look at interactive dynamic control of
swimming. Previous work in both biomechanicsandgraphicshas
looked at the of ine planningof acrobaticmotions[Yeadon1990;
Yeadon1997; Huangand van de Panne1996; Liu and Popwic
2002;FangandPollard2003].

More closelyrelatedto our work, Wootensand Hodgins[1996]
simulatedthree 10m platform dives using a statemachinemodel.
While we usesimilar typesof motion control primitives,our work
differs in several respects.Insteadof employing off-line manual
tuning, we develop interactive interfaces. As a result,we areable
to rapidly authomew motions,asdemonstratelly thesetof 46 mo-
tionsacross3 sportsthatwe have authoredo dateusingour action
paletteinterface. To our knowvledge,we provide the rst fully dy-
namicarticulatedgure simulationsf aerialskijumpingandsnow-
boardingstunts.Lastly, we explorethe potentialof usinggamepad
controllersfor the control of fully-dynamic snovboardstuntsimu-
lations.

Previous work on the interactive control of physically-based
characteranimation[Toy and Vanderplog 1995; Laszlo et al.
2000]is alsocloselyrelated. Mousemaovementsor keystrokesare
mappedto control parametersn order to interactvely guide the
motionof planarcharactemodels.Theinterfaceswve presentiffer
in that we allow control over more parametersare demonstrated
to control 3D charactemotion, and examinegamepad-basecbn-
trol. Thetimeline componenbf our interfacefurther supportsre-
nement of timing parametersOoreet al.[2002] usehybrid kine-
matic/dynamicsimulationsfor expressie leg andarmmotions.

Lastly, video gamessuchas SSX[ElectronicArts. 2003] and
Amped[Microsoft. 2003 ] (both snavboarding games)employ
someuseof physicsin determiningthe charactemotion andpro-
vide the user with well-tested gamepad-basethterfaces. The
physicsmodelsusedin thesegamesarenot publically documented,
althoughit is reasonabléo speculatehatthe snovboarderis sim-
ulatedasa single body ratherthana fully dynamicsimulationof
a multi-link articulated gure. Oneof our contritutionsis thusto
examinethe feasibility of usingmulti-link rigid body dynamicsto
animatecharactersn sportsgameapplicationspeyondtheir more
corventionalusefor rag-doll effects. Our interfacesandunderly-
ing articulated gure simulationallow for the prototypingof nev
stuntsratherthanhaving thesebe prede nedduring the gameau-
thoring process.Our action paletteinterface providesmuch ner
controlthancanbe achievedusinga gamepadnterface.

3 Action Palette Interface

The rst interfacewe presenis shavn in Figure2 andis intended
for motion prototypingapplications.In the following description,
we motivate the structureof the interface, describethe authoring
processandthenillustrateresultsobtainedwith thisinterface.

3.1 Motion Stages

The structurechatureof acrobaticaerialmotionsmakesit possible
to representhe requiredactionsusinga seriesof sequentiallyex-
ecutedstages.For example,platform divescantypically berepre-
sentedby thefollowing sequencef actions:standcrouch takeoff,

aerialposition,andextension.A usercancreatethe completediv-
ing motion throughspecifyingthe propertiming and executionof
all thesestages.The simplestof the motionswe work with has4
stageswhile themostcomplex has8 stagesWe shallusethewords
stage andactioninterchangeably

Ourinterfaceconsistf a panelwith afamily of virtual buttons,
onefor eachpossibleaction, as shawvn in Figure2. Eachbutton
de nes anactionandhastwo associategharametersvhich canbe
directly speci ed by the relative location of the usermouse-click
or stylus-tapwithin the virtual button. The meaningsof the two
parametersary accordingto the action. A summaryof the setof
buttonsusedfor the platform diving, acrobaticski jumping, and
snavboadcontrolis givenin Tablesl, 2, and3.

Oursystenusesproportional-desiative (PD) controllersto drive
eachjoint toward a target position. Actions consistof eithercon-
trollersor tamgetposes.Controlleractionsareusedfor maintaining
balancefor stageghat preceedandfollow the aerialportionsof a
motion. Theseoperateby looking at a projectionof the centerof
massonto the groundplaneanddeterminingthe error of this pro-
jectionwith respecto atargetcenterof-massprojection.Thetamget
anglesof theanklesarethensetasalinearfunctionof this error

Linearinterpolationis usedbetweernarget-angleposesn order
to producesmoothtransitionsbetweerthe mostrecentposeanda
newly choserpose.Thedurationof theinterpolationis exposedas
oneof themotionparametergor mary actions.

3.2 Authoring

Oursystemsupportdothonlineandof ine authoringof aerialmo-
tions. The authoringprocessegins with an online attemptat au-
thoring the desiredmotion. The userinitiatesan interactve simu-
lation which may run in real-time,it canalsobe usefulto run the
simulationin slow motion, therebygiving moretime to think about
thedesiredsequencef actions.Theuserauthorghesimulatedani-
mationwith appropriately-timedelectionof thedesiredactions.A

recordof the selectedactionsappear®n thetimeline atthe bottom
of theintefacepanel.

The simplestform of editing consistsof retiming the existing
events,which is supportedusing a retiming simulation. The user
actsout the motion using a sequencef timed spacebapresses.
Eachspacebapressthen speci es the revised timing of the next
event, with the events always preservingtheir original ordering.
This is a usefulmodeto quickly explore multiple variationsof the
samemotionbeingexecutedwith slightly differenttimings.

Of ine adjustmentsare usefulfor producinga motion through
iterative re nement. Thetiming of eacheventcanbe adjusteddi-
rectly on the timeline. Selectingan event marker on the timeline
allows for the associatedctionparameterso be altered,asspeci-
ed by the selectionpoint within the associatedirtual button. In
Figure2, Theredcross-hairglravn onthe pike buttonillustratethe
currentparametersettingsassociatedvith a selectedpike action.
Theseparametersanbeadjustedvith amousepressatthedesired
locationwithin the button. Oncea setof desiredadjustmenthas
beenmade,the userresimulatesn orderto obsere the newly re-

ned motion.

To further speedthe creationof successfuberial motions, our
systencanautomaticallyoptimizethetiming of aspeci edinputto
achieve the bestoutcome.This requiresa costfunctionto evaluate
thequality of amotionaswell asameandor optimizingthis costas
afunctionof thetiming parametersOptimizationmethodshatex-
ploit derivative informationwill generallyrequirethe fewestfunc-
tion evaluationsand thus theseare usedby spacetime-constraint
methoddor relatedtrajectoryoptimizationproblems[Popeic etal.
2000; Liu and Popwic 2002; Fang and Pollard 2003]. However,
this assumeslifferentiableoptimizationmetrics,which maybedif-
cult to achieve in thefaceof non-lineareffectssuchasjoint limits
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Figure 2: Interfacepanelfor platform diving. The virtual buttonsprovides accesgo a set12 actions. Eachaction hasa 2-dimensional
parameterizationyith theactionparametergeingsetaccordingo the (x;y) coordinate®f the presswithin thebuttonframe. The bottomof
the panelcontainsatime line. Eachbutton presdeavesaneventmarker onthetimeline—thereare ve of theseshavn in this example.The
seriesof blueline sggmentsin thetimelinearea visualizationof an optimizationcostfunctioncomputedwhile varyingthetiming of thelast

eventof adive (seetext).

Figure 3: Degreesof freedomusedfor diving, snovboarding,and
skiing models.

or arbitrarily de ned costfunctions.We treatthe optimizationasa
parametesearchprocessaanddiscretelysamplethe timing param-
eterin questionat regular intenvals that braclet its currentvalue.
Costfunctionevaluationsarethencarriedout usinga dynamicsim-
ulationfrom thatpointin time forwardto thetime wherethemetric
is evaluated. The previous motion is usedto starteachof these
simulationsfrom the appropriatelynamicstate.

3.3 Implementation

We have implementedan action paletteinterfacefor platformdiv-
ing, freestyleaerial ski jumps, and half-pipe snavboarding. This
systemmakes use of the publicly-available Open DynamicsEn-
gine[Smith] for computingandintegratingtheequation®f motion.
The charactemodelsare basedon the anthropometrigparameters
usedin [Wootenand Hodgins1996] and are structuredas shavn
in Figure3. Thediver modelhas13 links and32 degreesof free-
dom (DOF). The snawboarderis the samebut with an extra DOF
for eachankle. Lastly, the skier has x ed ankles,giving 13 links
and28 DOF. Without graphicaldisplay the diving simulationcan
compute3.7 animationsecondsn 1 wall-clock second.For skiing
andsnavboarding thesimulationspeechumbersare1.68and1.69
respectiely. Thediving simulationrequiressigni cantly fewercol-
lision detectioncomputationsandis fasterasa result. Theseper
formancenumbersarefor a2.66 GHz P4PC.

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

3.4 Platform Diving

Platformdiving is theleastdif cult motionto designbecausé does
not needto solve the problemof balanceuponlanding, asis the
casewith aerialski jumpsandsnavboardingstunts. We represent
themotionof diveswith 5 stagef actions:stand crouch,takeof,
oneor moreaerialpositions andextensionbeforeentryinto water
Our interfacehas12 virtual buttonsfor the control of all possible
actionsduring diving andis shavn in Figure2. Table1 describes
theactionsandx andy parameterassociateavith eachbutton.

We have usedthe interfaceto author29 typesof 5m platform
dives[O'Brien 2003], asdemonstratedh the video that accompa-
niesthis paper In diving terminology we have authoredlive types
101a,101b,101¢,103b,103c,105b,107¢,201a,201b,201c,203b,



203c,205c¢,301a,301b,301¢,303b,303c,305¢,401a,401b,401c,
403b,403c,405b,405c¢,407c,5132d. Two of themareshawvn in
thetop two rows of Figurel11.

An of ine optimizationcanbe usedto automaticallyoptimize
the timing of the action events. We computea costfunction by
integratingthe error of the entry anglefor the body, beginning at
the time the diver rst touchesthe waterthroughto 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
componenimeasuringwist errorscouldalsobeaddedalthoughwe
have notexperimentedwith this. Figure5 illustratesseveralframes
from adiving motionbeforeandaftertheoptimizationof thetiming
parameteassociateavith the extensionimmediatelyprior to water
entry.

3.5 Aerial Freestyle Skiing

For skiing, we unite the lower leg, foot andski into onebody seg-
mentfor the simulationmodel. Similar to platform diving, aerial
ski jumps have 6 executedstages:in-run, crouch, takeoff, aerial
positions,stretchfor landingand nish position. We decreas¢he
stiffnessof the kneesandhipsin preparatiorfor landingin order
to cushionthe kinetic enegy of the charactewhenlandingon the
ground. The purposeof the " nish' positionis to improve the vi-
sual effect by making the characterstraightenand raisethe arms
upona successfulanding. Table 2 describeghe de nition of the
virtual buttonswe useto control the acrobaticski actions. For the
in-run action, one of the button parameterprovides control over
the startingpositionon thein-run, andhenceprovidescontrol over
theamountof speedaccumulatedt take-off.

The geometryof the “kicker' jumpsand ski-hill have beende-
signedto matchfreestlyeskiing aerial site speci cations[CFSA).
Figure6 shavsthekickerspeci cation.We have alsoexperimented
with simulatinglandingsin water astypical of summeitraining.

Figure6: Geometricspeci cationsfor kicker jumps.

We have experimentedvith a seriesof 12 aerialski jumpsusing
our interface:bFFE bL, bLLT, bLTL, bPRbTT, fF, fL, fPP fT, fTT,
andfTTT, where'f' and'b' indicatefront andback ips respec-
tively, 'F' indicatesa ip with afull twist,and’L', "P', and’T" in-
dicatelayout,pike,andtuck positionsrespectiely. Figurel(a)and
Figurell(c)—(e)llustratesereralof thesgumps.We have alsosuc-
cessfullyappliedthetiming optimizationfor non-twistingjumps.

Thecreationof successfuberialski jumpsis moredif cult than
diving becausef the dif culty of maintainingbalanceuponland-
ing. In particular we found it importantto nd the besttime for
extensionin orderto decreasehe rotation andtwist speedbefore
landing.We notethathighly skilled aerialistshave theapparenta-
pability to make mid- ight body poseadjustmentsn responsdo
their percevedpositionandorientationrelative to theground.With
our simulation,it is the userwho mustperformsuchadjustments,
if ary. The developmentof controllersthat could correctfor small

errorsthat accumulateduring a high-deree-of-difculty jump re-
mainsanexciting areaof futurework.

3.6 Half Pipe Snowboarding

We have usedtheactionpaletteinterfaceto produce4 typesof half-
pipe snavboardingstunts,including a back-360, back-360with
grab, a front grab, and a back grab Figures7, 11(f) and 11(g)
illustratethreeof theseand Table 3 explainsthe virtual buttonsfor
this action.

Half-pipe snavboardingwas the mostdif cult motion to pro-
duceusingtheactionpalettesystem.The principaldif culty is that
of maintainingbalanceatavarietyof pointsin the half-pipe.Land-
ing diagonallyon the transitionbetweenthe wall andgroundwas
foundto be muchharderto controlthanon the landinghill of ski
jumps. Also, the snavboardemeedso be well balanceduponap-
proachingthe wall of the half-pipein the lead up to the jump in
orderto successfullyinitiate a jump. Theterrainanticipationused
by areal snavboarderto maintainbalanceduring the rapid transi-
tion from horizontalto the nearverticaledgeof the half-pipeis not
implementedin our system,making this challengingto properly
execute.

Fromourexperiencewith platformdivesandski jumps,motions
with twistsweregenerallyfoundto be moredif cult to reconstruct
thanmotionswithout twists. Most half-pipe stuntsinvolve a twist
andthis thusmalesthe snavboardingmotionsmorechallengingo
control.

4 Gamepad Interface

Our secondclassof interface usesgamepaddor the control of
multi-link rigid body charactesimulationswith gamescenariosn
mind. We have experimentedvith gamepadnterfacesfor platform
diving, aerialski jumping,andsnaovboarding. The descriptionbe-
low is restrictedto the snavboardinginterfacebecausét is theone
with which we currentlyhave the mostexperience.

Excludingthe useof rag-doll simulators our interfaceis, to our
knowledge,onethe rst explorationsof a gamepad-basedontrol
interfacefor a dynamically-simulatednulti-link articulated gure
for real-timesportsgameapplications.Snavboardinggamessuch
asSSXElectronicArts. 2003] andAmpedMicrosoft. 2003] arean
ohviouspoint of comparisiorfor our interface. The exactextentof
the physicsmodelusedin thesegamesis not publicly documented.
However, we speculatehatthesegameshave physicsmodelsthat
primarily treatthecharactes motionin termsof asinglerigid body
ratherthanthe physicsof amulti-link articulatedgure.

Figure7: A simulatedsnavboard backgrab' jump on a quarter
pipe.



Figure8: Gamepadnterfacefor snavboardingcontrol. The joy-
sticks are usedto control crouchbalanceandwaist angles. Grab
actionsaremappedo buttons;multiple-pressesesultin fastergrab
actions.

Anotherkey differenceof ourwork with respecto existinggame
interfacesis thatthe setof possiblestuntsin a gameis largely de-
cidedin adwanceby the gamecreators For our interface the possi-
ble stuntsareconstrainednly by thearticulated-charactgahysics,
the terrain, and the playersskill. This is clearly a double-edged
sword, however. The constrainedsetof possiblemotionsin exist-
ing gameinterfacesgreatly simpli es the control requiredof the
user Thedetailedphysical simulationwe usemakesthe control of
balanceanissue evenduringrelatively simplegliding andsteering
motions. We addresghis with the useof stabilization,aswill be
describedshortly.

4.1 Control Mapping and Simulation Details

Figure 8 shavs the mappingof the gamepadcontrolsthat we em-
ploy. Theinterfaceoperatedy settinga desiredposefor the char
acter With one exception,this is expressedn termsof a set of
targetanglesor PD-controllers The x-axisof theleft joystick con-
trols the balanceon the snavboardby settinga targetpoint for the
projectionof the centerof massontothe planeof thesnavboard.A
feedbaclcontrollerdrivesthepitch of theanklejoints soasto drive
the charactes centerof massto lie over this tamgetpoint. Because
the snavboardis underactuatedith respecto pitching aboutit's
principalaxis,thedesirecbalanceargetmaynotalwaysbeachie/-
ablein practise. The y-axis controlsthe heightof the crouchand
canthusbeusedto rst anticipateandtheninitiate a verticaljump.
This operatedy alteringthetamgetjoint anglesfor the hips,knees,
andankles.

Theright joystick controlsthewaistbendandtwist. Thisis used
to initiate twisting jumpsaswell asto turn while gliding. A fast
turn of the snavboardrequiresa slight unweightingof the snow-
board(accomplisheavith arapid, moderatecrouch)andaccompa-
nying this with a waisttwist. Therestof the interfaceconsistsof
3 buttonscorrespondingo backandfront grabs,andathird button
for returningto crouchmode. Crouchingin the air will decrease
the inertiain orderto perform effective somersaultswhile mini-
malinertiafor spinsis achiezedwith thebodyfully extended.The
motion of the armsis coordinatedwith the crouchingaction— for
an upright positionfolds the armsdown besidethe body, while a
crouchedpositionis coordinatedvith thearmsextendinglaterally

Propersimulationof the interactionof the snavboardwith the
snaw is necessaryo achieve a realistic simulatedbehaior. With
the boardplacedon edge,we assigna high coefcient of friction
to resistlateral motion, aswell as modelinga modestamountof
side-cut,which causes moderatdurningbehaior to occur With
the boardplaced at, the boardcanslide laterally, but with more
overall friction thanfor sliding alongthe principal axis. As in real
life, sliding laterallyandthen“catchinganedge”will leadto afall.

Figure9: An externalforce (shavn 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 orderto simplify maintainingbalance. The
force is computedusinga PD-controllerappliedto the body lean
angleandis appliedto the charactempelvis. The leanangleis de-
ned astheanglebetweeranup-vectorandthe vertical planethat
embeddoth of the anklejoints. The up-vectoris de ned by aline
passingrom the midpointof theleft andright anklesthroughto the
charactess centerof mass. The magnitudeof the externalbalanc-
ing forceis limited sothatthe charactercanstill fall if sufciently
unbalanced.The external force is only appliedwhen part of the
snavboardis in contactwith the ground.Becauseheforce actsin
a planeorthogonalto the principal axis of the snavboard,it does
not affect the forward sliding motion of thecharacter
Figure 9 shows two illustrationsof the externalforce in opera-

tion. In practisewe nd thatthis simple stratgy works well asa
meango simplify balancecontrol,while still allowing for thechar
acterto fall if badlyoff balance.

4.3 Results

We have experimentedwith our gamepadsnovboardinginterface
on threetypesof terrain: a shallav slopewith a seriesof ags to
steeraround(seeFigure 10); a shallov slopewith a seriesof small
jump ramps(seeFigure 1) anda shallav slopeleadingto a drop-
off into a steepesslope(seeFigure10). All threeof theseterrains
areboundedntheirleft andright edgedy quarterpipessimilarto
thatshown in Figure?7.

Two examplemotionsareillustratedin Figure10. We notethat
our interactve gamepactontrolis moredif cult to usethanatyp-
ical game-padnterfacefor snavboardinggames. This is not sur
prising, given that the physics-basedimulationre ects more of
the real dif culties of sucha sportthanthe gameversions. Our
interfaceis an exploration of what can be done with a detailed
physics-basedimulationof a sportsuchassnavboarding,in con-
trastto simpli ed game physics. The anecdotalobsenrations of
usersof our interface shav that the challengeof experimenting
with adetailedphysicsmodelis bothappealingandaddictive. This
is alsosupporteddy previous experiencewith simulationssuchas

Figure10: Examplestuntsperformedusingthe gamepadnterface.
Pleaseseethe the submittedvideosfor animationsof additional
results.



Ski StuntSimulator(SSS)[\an de PanneandLee 2003]. SSSis a
Java-appletof a planar4-link dynamicallysimulatedskier whose
actions(crouch/standforwards/backwrdslean)arecontrolledin-
teractvely usinga mouseandhasaveragedapproximately200,000
playstimesperdayoverthe pastthreeyears.

We speculatéhatour currentgamepadnterfaceandsimulation-
basedanimationis bestusedin a gameasanadditionalgame-play
modethatsupplementmoretraditionalconstrainedjame-playthat
is easierto learnandcontrol. The dynamicsimulationmodecould
be engagedor disengigedby a gameplayer or it couldalsobe au-
tomatically engagedbaseduponthe speci cs of the terrainor the
game level being played. In a hybrid mode, one could usetra-
ditional joystick navigation to reachinterestingjumps and cliffs
andthenengagethe full physics-basedimulationand associated
gamepadnterfaceto performstuntsin afashionthatis constrained
only by physicsandskill of theplayer

5 Conclusions

We have presentedwo interfacesfor the interactve control of
phyics-based3D charactersimulations. The action paletteinter
faceis designedor prototypingdynamicaerialmotions. It allows
auserto exploit his knowledgeandintuition to designa variety of
motions. Our interface can also help the userto understancand
learntheseacrobaticstunts. Questionssuchas”ls this new stunt
possible?"or "What if the pike beganearlier?”canbe exploredby
usingthis system.Thegamepadnterfacedemonstratethefeasibil-
ity of designingsportsgameshasedon multi-link rigid body simu-
lationsfor charactemotion. To our knowledge thiswork is among
the rst to demonstrateletaileddynamicsimulationsof aerial ski
jumping andsnovboarding. This is in large partfeasiblebecause
of particularinterfaceswe have developed.

Theinterfaceswve presentaireexploratoryin natureandhave tar-
gettedmotionswith an aerialcomponent. It is unclearthat they
would generalizewell to expressie motionsand motionswhere
balanceplays a continuousrole. Humanmotion is anincredibly
rich phenomen&o model,however. Indeed,it is unlikely thatary
singlemotionauthoringlanguageor interfacecansucceedt mod-
eling all humanmotions,nor that a singleinterfacecould support
the very different requirementof animators,athletes,and game
players.Ourinterfacegsthus Il particularnichesin this space.

Thereareseveral directionswhich requirefurtherresearch We
plan to investicate how controllers speci c to the execution of
twists can be constructed. Similarly, “automatic landing” con-
trollers would be a usefuladditionto both typesof interface. Our
currentautomaticoptimizationtool usesa simplecostfunctionand
optimizationtechnique. We wish to explore the useof othercost
functionsthat allow for more abstractspeci cationsof a desired
motion, aswell asan analysisof the timing requirementf the
variousstageof the motion.

We wishto seekfeedbackrom coachesandathleteswith regard
to usingthis type of tool. In orderto becomeanaccurateprototyp-
ing tool, betterstrengthmodelswill needto beincorporatedLastly,
weervisionascenariovhereanathletemightperformadive whose
motionis thenreconstructedisinga vision-basednotion tracking
system. The of ine versionof our action paletteinterface could
thenbe usedto hypothesizeadjustmentdo the motion andto im-
mediatelyview the simulatedoutcomeof 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 | tametc.o.m.position | heightof crouch crouch lowerarms
takeoff forward waistbend jump height extendhips, kneesandanklesfor jump
takeoff backward | waistbend jump height extendhipsandankles,swingarmsback
pike - timeto reachpose
openpike tamgetpike angle time to reachpose
tuck - timeto reachpose
twist - timeto reachpose | right handto head left handto chest
lateralextend waistbend timeto reachpose | bringarmslaterallyto over head
straightextend waistbend timeto reachpose | bringarmsstraightover head
Tablel: Descriptionof diving buttons.
name X y note
startbig startposition | angleof armraise | startfor thebig kicker
startsmall startposition | angleof armraise | startfor thesmallkicker
crouchforward hip bend kneebend bring armsto front for forwardtakeoff
crouchbackward hip bend kneebend swingarmsdown for backwardtakeoff
take-off forward waistbend timeto reachpose | extendhips,kneesandanklesfor jump
take-off backward waistbend timetoreachpose | extendhipsandanklesfor jump, swingarmsback
take-off twist forward waisttwist timeto reachpose | extendhips,kneesandankleswhile twisting waist
take-off twist backward | waisttwist time to reachpose | asabove, but swingarmsbackandapplylesskneeextension
pike - timeto reachpose
tuck - timeto reachpose
layout waistbend timeto reachpose | extendarms
twist - timeto reachpose | bringarmsto bodyspeedhetwist
landing hip bend kneebend alter stiffnessof hipsandkneedfor landing
nish armposition | timeto reachpose | standup andraisearms
Table2: Descriptionof buttonsfor aerialski jump control.
name X y note
crouchleft waisttwist | front/backbalance crouchdown facingleft
crouchright | waisttwist | front/backbalance crouchdown facingright
grabfront - timeto reachpose grabfront sideof snavboard
grabback - timeto reachpose grabbacksideof snavboard
take-off waistbend | timeto reachpose
landing waistbend | lateralbalanceposition

Table3: Descriptionof buttonsfor snawvboardcontrol.
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Figure11: Results. Top to bottom: (a) singletwisting front one-and-a-haltlive; (b) back one-and-a-halpike; (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.



