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Abstract

Humanmotioncaptureembedsrich detailandstylewhich is dif�-
cult to generatewith competinganimationsynthesistechnologies.
However, suchrecordeddatarequiresprincipledmeansfor creating
responsesin unpredictedsituations,for examplereactionsimmedi-
ately following impact. This paperintroducesa novel technique
for incorporatingunexpectedimpactsinto a motioncapture-driven
animationsystemthroughthe combinationof a physical simula-
tion which respondsto contactforcesanda specializedsearchrou-
tine which determinesthe bestplausiblere-entry into motion li-
brary playbackfollowing the impact. Using an actuateddynamic
model,our systemgeneratesa physics-basedresponsewhile con-
nectingmotion capturesegments. Our methodallows characters
to respondto unexpectedchangesin theenvironmentbasedon the
speci�c dynamiceffects of a given contactwhile also taking ad-
vantageof the realisticmovementmadeavailablethroughmotion
capture. We show the resultsof our systemundervariouscondi-
tionsandwith varyingresponsesusingmartialartsmotioncapture
asa testbed.
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1 Intr oduction

Although motion captureanimationhasbecomeprevalent in the
computergraphicsindustry, the generaladaptationand re-useof
thedatais limited by theavailabletechniquesfor editingandmod-
ifying datain controllableways. Undercertaincircumstancesfor
examplecreatinga believable responsefollowing an unexpected
impact,modi�cations areparticularlydif�cult to generatebecause
they entailmakingcarefulchangesto a characters'bodyaccelera-
tions. Changesto motiontrajectoriesmustappearnaturalor view-
erswill perceive themotionas�a wed,asrecentperceptionstudies
support[ReitsmaandPollard2003;WangandBodenheimer2004].
Further, in onlineapplications,the hand-craftingof individual ed-
its (a priori) is at oddswith the goal of maintaininginteractivity.
Off- or online, motion capturemodi�cations that mimic dynamic
responsearehighly desirablebecausethey allow charactersto re-
act andinteractwith their environment,upholdingandpromoting
consistency andrichnessin generatedimagery.
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Figure1: An exampleoutput fr om our system.The red synthe-
sized(blend) motion �lls in the gap betweenthe blue and green
motion capturesegmentsplayedfor the character beingkicked.
The synthesisand motion selection(of the greenclip) are com-
puted automatically by our systemgiven the interaction which
is about to take place in the left panel above. The plot shows
the Y-value of the waist joint before, during, and after the in-
teraction as well as two intermediate trajectories of simulated
motion usedby our systemasdescribedbelow.

Physical modelsarecommonlyusedto add responsivity to char-
actersby generatingmodi�cationsthroughcollision forcesapplied
to a dynamicsimulationthat takesover duringcontactfor motion
capture(or keyframemotion.) In many gamesandmovies, when
impactsaredetected,motion-capturedriven charactersare turned
over to a dynamicsengineto acceptthe impulse. But to date,the
reactionof the characteris mostoften a passive onewhich dissi-
patesover the period just following the impact. The character, if
possible,resumesfollowing themotionsequence[OshitaandMaki-
nouchi2001;ZordanandHodgins2002]or, mostoften,goeslimp
andfalls to the �oor like a “ragdoll,” presumablyrendereduncon-
sciousaftertheimpact.Theproblemwith this methodis thatonce
the effectsof an impactareover, thereareno generalschemesto
move thesimulationin ameaningfulwayandreturnthesimulation
to motion capturecontrol. In this paper, we presenta technique
which automaticallycomputesa dynamicreactionto an unantici-
patedimpactandreturnsthecharacterto anavailablemotionfrom
a capturerepositoryfor the remainderof the dynamicresponseto
theinteraction.

A key insightin ourapproachis thatdynamicsis oftenonly needed
for a shorttime (a burst) duringwhich theeffectsof a collision or
impulsechangethe character's state. After that, the utility of the
dynamicsdecreasesanddueto the lack of goodbehavior control
theresultingmotionof thesimulationbecomeslessreliablethana
motioncapturesequenceundersimilar conditions.To take advan-
tageof this notion,we proposea completesystemwhich selectsa
reasonableclip from a motioncapturerepositoryfor soonafterthe
interaction(the greenclip in Figure1) andcomputesnew motion
(shown red in Figure1) thatallows thecharacterto respondto the



physical conditionsandpreparefor its newly determined,upcom-
ing animation.Relyingonamotionlibrary with amodestsetof real
humanreactions,in theproposedapproach,we �nd goodmatches
basedon a preliminary, “naive” responsetrajectorycomputedus-
ing forward simulation(labeledas “Simulation 1” in the �gure).
A second,moreactive response(labeled“Simulation2”) is gener-
atedusingtheknowledgeof theselectedmatchto respondbasedon
(andin anticipationof) thefounddata.Finally, thesystemreaches
thedesiredexampleby interpolatingthedynamicmotion (labeled
“Final Blend”) sothat it matchesthedesiredstateat theendof the
generatedsegment.

Our systemincludestwo critical components:a searchenginethat
comparesthe initial simulatedresponsewith reactionsegments
from a motion library and a joint-torquecontroller that actuates
the simulationto reachthe desiredposture,leadingto a charac-
ter thatappears“conscious.” Basedon thesecomponents,we draw
from and contribute to two independentareasof previous work,
building on reportedtechniqueswhile combiningthemto meetour
speci�c needs.Oursearchengineis similar to thosesuggestedpre-
viously for reorderingmotion capturedatabut is craftedto give
importanceto the main bulk of the mass(i.e. the trunk) as well
astheground-supportbody, targetingrelevantdynamiceffectsand
contactconstraintsin the motion comparison.While our control
approachis not novel, our usageof simulationto �ll in the burst
immediatelyfollowing a forceful interactionis quitedifferentthan
othersreportedto date.Whenconsideredasa whole,our complete
approachcontributesdirectly to thegrowing areaof motioncapture
editingtechniqueswhichwedescribenext.

2 Backgr ound

Recentinnovationsin motioncaptureresearchfocusontopicssuch
as editing/retargeting, parameterizingmotion basedon behavior
andstyle,reorderingmotionsamplesfor continuousmotion,aswell
ascreatingbelievabletransitions.Becausetherearetoomany indi-
vidual contributionsto mentionall in detail,we highlight only the
mostrelevant to theapproachdescribedhere.Following thesemi-
nal work in video textures[Schödl et al. 2000],searchfor smooth
(andcontrollable)reorderingof motioncapturesequencesexploded
in 2002with many animationresearcherssuggestingmethodsfor
�nding andassessinggoodmotioncaptureto motioncapturetran-
sitions [Arikan and Forsyth 2002; Kovar et al. 2002; Lee et al.
2002; Li et al. 2002; Metoyer 2002]. Our searchfor matchesis
similar to theseeffortsexceptthatweexplicitly comparesimulated
andmotioncapturesequences,basingour searchon a synthesized,
physicallybasedtrajectory. Otherresearchershaveproposedmeth-
odsto usephysicalmodelsto modify motioncapturedatato make
energy-ef�cient transitionsbetweenmotionsequences[Roseet al.
1996] and to transformmotion basedon usergoalswhile mini-
mizing physicalcharacteristics[Popović andWitkin 1999;Pollard
1999;PollardandBehmaram-Mosavat2000].

A smallernumberof researcherspresentapproacheswhich com-
binephysicsandmotioncapturewith goalssimilar to our own (i.e.
to createresponsivecharacters).OshitaandMakinouchi[2001]use
inversedynamicscomputedfrom dataandaddexternal inputsby
modifying charactervelocity directly. ZordanandHodgins[2002]
suggesttrackingmotion capturedatawith controlledforward dy-
namicsfor characters,allowing the passive dynamicsto take over
during impacts. Komuraet al. [2004] animatereactionsfor loco-
motingbipedsbymodifyingmotiontomaintainbalancein response
to externalin�uences. In eachof theseworks, theresultsreported
focuson balancedmotion andshow limited typesof interactions.
Conversely, we proposea more�e xible approach,showing results
with heavy and light contactleadingto responsesincluding step-
ping, jumping,falling, androlling.

Other closely related work presentedby Shapiro et al. [2003]
and Mandel [2004] introduceshybrid methodsfor moving from

kinematic(motion capture-driven) modelsto dynamicsand back
again. Shapiroand colleaguesbuild off of a supervisorycontrol
scheme[Faloutsoset al. 2001] to createa generalframework for
moving betweenmotion representations.Unlike their work, we
focus our effort on a specializedframework to manageresponse
including a customizedsearchmethod. In addition, in our work,
we intendto move from andto motioncapturewith a minimal, fo-
cusedsimulationphase. Mandel suggestsspecializedcontrollers
for falling andrecoverywhichtakeoveronceanimpactis detected.
In our framework, we give preferenceto the motion captureani-
mationandusethesimulationonly asa vehiclefor creatinganim-
mediateresponseandsubsequentlyreturningbackto motion cap-
ture. We proposea distinct shift away from building specialized
controllersandinsteadtreatthecontrolledsimulationasasophisti-
catedinterimsystemwith emphasisandexplicit trustplacedon the
motioncaptureexamples.

Dueto theapplication-drivennatureof this research,it is alsoim-
portantto compareour work with that seenin commercialprod-
ucts. In particular, NaturalMotion's softwareEndorphin[Natural-
motion 2005] is closely relatedto the work describedhere. En-
dorphin2.0 primarily focuseson simulationandsupportsgeneral
transitionsfrom motioncaptureto simulation.However, currently
this softwareonly matchesa �nal staticsimulationposewith mo-
tion capturein orderto allow thesimulationto returnto motioncap-
ture.This impliesthattheir transitionhappensonly afterthesystem
hassettledandhasgonethrougha relatively longsimulationphase
comparedto the approachwe propose. In addition, throughthe
secondsimulationpasswhich is uniqueto our system,we provide
a predictionfor the upcomingmotionandthereforeour controller
is ableto act in accordancewith thedesiredreactionencapsulated
in theupcomingmotionexample.

3 Motion Selection

In the�rst stepof creatingaresponse,we�nd atransition-tomotion
capturesequencefrom ourrepositoryto beusedbothasareference
for theresponseandfor animationfollowing theinteraction.To do
this, the systemintegratesthe dynamicsof a simulatedversionof
theinteractionover a shortinterval to generatea purelysimulated,
physicallyplausiblecharactertrajectorythatactsin responseto the
interactionforcespresent. Then,we comparethe simulateddata
with sequencesin our motionlibrary to �nd thedesiredtransition-
to sequenceaswell astheprecisetimeandroot transformationthat
alignsthatfoundsequencewith thesimulatedtrajectory.

In our search,eachmotion sample(frame) is de�ned as a vec-
tor (p1;q1; : : : ; pn;qn)> with the positionspi and orientationsqi
of eachof the n body parts. We compareframewindows, sim-
ilar to Kovar et al. [2002], betweenthe simulationand test mo-
tion capturesequences.Within windows, thedistancefunctionfor
pairs of frames f1i and f2i is computedas the weightedsum of
distancesbetweenthepositionsandorientationsof matchingbody
parts.And thedistancebetweentwo windows is foundasthesum
of distancesbetweenthe correspondingframe pairs. To remove
coordinate-framedifferences,wenormalizeby aligningtherootsin
thestartframesof eachwindow. ThedistanceD betweenwindows
W1 = f f1ige

i= s andW2 = f f2ige
i= s is thende�ned as
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wherewi is thewindow weight,a quadraticfunctionwhich returns
the highestvaluefor the start frameanddecreasesfor subsequent
framesin the window. The weightswpb andwqb scalethe linear
and angulardistancesfor eachbody b. To capturethe dynamic



propertiesexisting in thesimulatedmotion,weassignhighweights
to the trunk parts. We uselower onesfor the limbs, aswe found
differencesin thepositionsof thelimbscanbemoreeasilymodi�ed
whencomputingthetransitionmotion. Additionally, to reducethe
problemof sliding groundcontact,we computethecenterof mass
at the �rst frameof eachwindow andassigna high weight to the
closestground-supportbody for the durationof the window. To
increasethe ef�ciency of the searchfunction we pre-processour
databaseto �nd uniqueframes(basedonadifferencetolerance)and
only comparewindowsstartingwith theseframes.Oncewe�nd the
closestwindow, we test all possiblewindows in the surrounding
interval to �nd thebestmatch.

4 Transition Motion Synthesis

Oncewe �nd thedesiredmotioncapturesequenceto playnext, we
mustgeneratemotionto �ll in thegapbetweenthebeginningof the
interactionandthe time beforethe foundclip is played. We com-
putethis transitionmotionwith two goalsin mind: reactin a phys-
ically plausiblemannerwhich is consistentwith the foundmotion
andmeetthedesiredstateascloselyaspossible.Our system�nds
thetransitionin two stepsbasedonthesegoals.Wecreateasecond
simulatedmotion,now usingajoint controllerwhichis informedof
theupcomingmotionsequenceandusesthismotionsequencein its
desiredstatecalculation.The internaljoint-torqueactuationkeeps
thecharacter“alive” acrossthe transitionbut lackstheknowledge
to make directedcoordinatedadjustmentsto themotion. Thus,we
layer this simulatedmotionover the transition-toclip andperform
aninterpolationbetweenthemto createthe�nal motion.

Over the durationof the transition, the torquecontroller follows
a blendedsequenceof joint angles,qd(t), from the previous mo-
tion capturesegmentto the next. The controllerusesan inertia-
scaledPD-servo [ZordanandHodgins2002]at eachjoint to com-
putetorquesas

t = I(kp (qd(t) � q) � kv ( �q))

whereq and �q correspondto thesimulation's currentjoint angles
and velocities. I is the inertial matrix of the outboardbody for
eachjoint. The desiredsequenceto be tracked by the controller,
qd(t), is generatedon the�y by blendingtheintermediatepostures
from thetwo motioncapturesequencesbeforeandafterthetransi-
tion. Sphericallinear interpolation(slerp)with anease-in/ease-out
weightingparameterblendsthedesiredjoint anglessmoothlyover
the computedlengthof time for the transitioninterval. A single,
hand-selectedgain valuefor eachof kp andkv is held�x edfor the
entiretransition.(After aninitial tuningphase,we foundsatisfying
resultsacrossmany exampleswithout needingto modify thesese-
lectedvalues.)While thiscontrollerdoesnot includejoint limits, it
is expectedto make relatively smalladjustmentsfrom beginningto
endcon�gurationandwould likely breakfor poormatches.

Throughtheuseof thiscontroller, thesimulationactsin correspon-
dencewith thedesiredmotion,moving towardtheendbodyposture
over thecourseof thetransitiongapandmakingthecharactermore
lifelik e (comparedto ragdoll simulation).However, timing is crit-
ical to make thecharacter's actionappearrealistic. To control the
time beforethe characterbegins its active responseto the impact,
we introducea deliberatedelaybeforechangingthedesiredvalues
to matchthetransition-toclip. With asmallor nodelay, thecharac-
ter appearsto beanticipatingthecontactandwith a largeone,the
characterrespondsmoreslowly, asif stunned.With theproperde-
lay time (0.1-0.2s,which falls in therangeof realhumanresponse
delays),we found that the character's responseto the interaction
becamemuchmorebelievable. Sincethecontrolleractswhile the
impactis happening,oursystemcreatesbothactiveandpassivedy-
namicresponsesimultaneously.

From the dynamicswe generatea completelyphysical response
motion andblendthis motion into the transitioned-tomotion cap-
turedatausinginterpolationto removeremainingdisturbances.We
interpolatelinearly the root nodeoffset,distributing the root posi-
tion error acrossthe sequence.For rotations,our systeminterpo-
latesby slerpingquaternions,againusingasimplelinearweighting
in timeacrossthetransition.While thisapproachis extremelysim-
ple, it producedmore acceptableresultsthan the more elaborate
minimizationsschemeswe investigated.

5 Implementation and Results

The characterwe choseincludes51 degreesof freedom(DOFs):
threeeachat the ankles,knees,hips, waist, back, shoulders,el-
bows, wrists, andneckplus six DOFsat the root. We selecteda
skeletonwith the proportionsbetweenthe two recordedsubjects,
bothmediumbuild with heightsof 5' 11” and6' 2”. (Themotion
comparisonsearchintermittentlyselectsdatafrom eachactorand
doesnot show preferencein selectingmatchesacrossthe trained
actors.)Thedynamicsimulationandgeneralcollisionsaregener-
atedusingOpenDynamicEngine(ODE) [Smith 2005]. We chose
3D ball and sockets for eachjoint of the articulationso that we
could easilyswitch betweenmotion captureanddynamics.Mass
andinertial parametersaregeneratedby ODE derived from basic
geometricmodelsfor the bodiessimilar to thoseseenin the �g-
ures.Thesesamemodelsareusedfor contactwith thegroundand
betweencharacterswith theexceptionthatwewroteacustomcolli-
sionhandlerfor thefoot/groundcontact.Our modelusesa penalty
methodwith Coulombfriction plusadditionalfriction derivedfrom
rotationto impedefreespinningmovementbetweenthefootandthe
ground.ODEhandledtherestof thecollisionsthroughcontactcon-
straintswhich allow theuserto controlparameterssuchasfriction
andtheextenttowhichconstraintsarehardorsoft. Theseconstraint
parametersallowedsomecompliancein thecharacters'interactions
with eachotherandtheground.Note,nocollisionswerecomputed
during the �nal blendandso, someinter-penetrationis visible in
the�nal animationresults.

To createbelievableexchangesbetweencharacters,we found that
heavy impact-basedinteractionsrequiresimulationof both the re-
cipientandthedelivererof theimpactsgenerated.Simplyfollowing
motioncapturefor thehitterleadto irresistible(andunrealistic)col-
lision forces.But, simulatingbothcharacterssimultaneouslyleft us
with managingtheadditionaleffectof theresponsefor theattacker.
Conveniently, we observed that simply following the completely
simulatedmotionfor asmallnumberof framesaftertheimpactand
thenblendingbackto thesameoriginal motion throughinterpola-
tion leadto a convincing attackmotion. With a quick but visible
perturbation,the hitter respondsto the impactandthencontinues
with unmodi�ed completionof theattackmotion.

Motion capture reactions. Includinga wide varietyof believable
responsesin the motion library is important for producinghigh-
quality results.To createour library, we recordedtwo actorsspar-
ing andpracticingkenpoandjudo strikesandrecoveriesusingop-
tical motion captureequipment.We mappedthe recordeddatato
our characterwith a physically basedmodel [Zordan and Horst
2003]. Our full repositorycontainssegmentedstrikesandpushes
aswell asvariousreactionsbasedon contactvaryingfrom light to
heavy. While reactionsto full contactstrikeswereomittedduring
recordingto avoid injury, strongpusheswere performedwithout
harmto theactor. Pushesweremadefrom thefront, sideandback
with reactionsincluding balancedrecovery that requiredminimal
foot repositioning,recovery requiringa leapor step,andcomplete
lossof balancerequiringa forwardor backward judo-stylesomer-
sault. Strikesincludedvariouskenpo-stylekicks andpunches.In
total, our library contains110single-actor�les which rangedfrom
3 to 10 s each.In theresultsshown, our systemoften foundclose
matchesbetweenpreviouslyunmatchedpushreactionsandstrikes.



Figure2: Rangeof examplesderiving fr om a singlepair of motion clips, only varying the facing dir ectionof the kickedcharacter.

Using the systemdescribed,we areableto createa varietyof dy-
namicresponsesundervariousconditions.Figure2 shows a range
of suchresponsesstartingfrom a singlepair of motionclips found
by simplyvaryingthefacingdirectionof oneof thecharacters.Fig-
ures1 and3 show severaldifferentscenariosandtheir resultingre-
sponses.Somecarewastaken to set-upthe scenariosincludedin
our resultsso that they show good contact. However, this is for
demonstrative purposesonly andour systemshouldeasilymanage
many othersituations,especiallywhenthe contactleadsto small
disturbances(wherethebestthing to do is to completethecurrent
motioncaptureplayback,aswe seein theattacker in theexamples
in this paper). For heavier impacts,we alsoanticipategoodper-
formancewith the limiting factorbeingthe collision handler. For
very largecontactforces,ODE's collision solver (which usescon-
straintsto resolve collisions) leadto undesirableinter-penetrating
bodies.Currently, oursystemdoesnotmanagemultiplecontactsin
serieswhich would requirea secondarysearch(or beyond) to �nd
a goodtransition-toclip. This impliesthata one-two punchwould
likely leadto anundesirablebehavior becausewe donotanticipate
thesubsequentcontactin themotionsearch.Also, sustainedcon-
tact, like holds in wrestling, remainsunexploredandprovidesan
interestingdirectionfor futurework.

Someengineeringdecisionswentinto thesystemdescribed.In par-
ticular timing wasa tricky aspectof theproblemwe address.Be-
causewewantedto minimizethetimespentin simulation,we lim-
ited our motionsearchto a shorttime window just after the initial
impactfrom 0.1 to 1.0 s. During operation,the systemautomati-
cally shrinksthiswindow by increasingthestarttimefor thesearch
(up to a limit of 0.25 s) basedon contactto ensurethat a match
is not found in the time beforecontactis over (asthedynamicef-
fects have not yet fully changedthe stateof the character.) The
upperlimit managescaseswith very long or sustainedcontact.We
foundthatgoodcontactrequiredrunningthecollisionsatasimula-
tion time stepof about0.0005s andso,to speedup thesystem,we
built in anautomaticrewind thatlooksfor the�rst contactat30 fps
andthenturnsbacktimeto thelastmotioncaptureframe,computes
the simulationstateandbegins the simulationat the reducedtime
step.Duringrun-time,thesearchwastheslowestpartof thesystem,
taking aboutseventy percentof the computationtime, andthe re-
sultsshown herewerecomputedatapproximatelyoneminuteeach
(without graphics.) While this is admittedlytoo slow for games,
we noteasMandeldescribesin detail in his thesis[Mandel2004]
thatsearchtime canbecontrolleddirectly by choosingthenumber
of reactionexamplesin thesearchdatabase.And indeed,whenwe
were developing our system,we found searchingover a core set
of reactionsleadto runsmuchcloserto real-time. We did choose
to includeour entiredatabaseof reactionsto producethe highest
qualitymotionfor thispaperandour timing re�ects thisextreme.

We foundgroundfriction to beanothersensitive parameterin our
systemandchoseto setthegroundfriction in the �rst naive simu-
lation calculationto 1.0 (a roughsurface)but droppedthe friction
to 0.5 for the secondpassto allow foot slippage. While we take
somecareto �nd a matchwhich is sensitive to groundsupport,
at timesslippageis necessary, for examplewhenboth feet are in

sustainedcontactwith thegroundbeforeandafter the interaction.
(This is becauseour transitiontakesplacebetweentwo unmodi�ed
motion clips andthe systemmustget the feet to the �nal location
in somemanner. Inversekinematicscouldalleviatethisconstraint.)
However, unlikepurekinematicfoot-skatewhichis acommon�a w
in many interpolation-basedapproaches,the foot slippageof the
simulationaffects the restof the dynamicsin a consistent,physi-
cally basedmanner. And we found that the lower friction coef�-
cientpromotesthesimulationslipping in a morevisually pleasing
manner.

6 Discussion and Conc lusions

As our goalwe setforth to generatephysically plausibleresponse
using a reaction-basedmotion library. While our approachmay
seemsimple,we arguethatit takesadvantageof theconceptof the
describedburst following animpactwithout theneedfor acompli-
catedimplementation.Conversely, we arguethat the components
we do includeareessentialto our method's success.It may seem
temptingto considerperformingbasicinterpolationfollowing the
�rst, naive ragdoll-like simulationtrajectorydescribed. But, we
stressthat theactive control is critical for generatingrealistic,life-
like motion. Foremost,our active simulation's controllerfollows a
changingtrajectory(basedon the transition-tomotion)andmakes
the charactermove in a coherent,“conscious”manner. And by
moving the simulationtoward the desiredposturefound from the
matcheddata,both an active reactionandpassive responseto the
collisionmaybecomputedin aphysicallybasedmannersimultane-
ously. This doesnot yield thesameeffect if thepassive simulation
is simply blendedwith the �nal motion becausethe interpolation
canhappentooslowly (leadingto theragdoll's lackof directionre-
vealingitself) or too quickly (whenthedynamiceffect of thecon-
tact,andpossiblyeventhecontactitself, is not fully realized.)

More subtly, but no lessimportantly, during simulationthe active
inputyieldsvisiblesecondaryeffects,suchasphysicallybasedslip-
pingwhich is farmoredesirablethankinematic-based,motioncap-
ture foot skate. Sometimesphysically basedslipping is appropri-
ate,whena reactioncalls for a fastcorrective changein stancefor
example. Likewise,desiredchangesin momentumcanbeexcited
throughactive control, suchas throwing out an arm or a leg for
balancefor example. Thesephysically basedcharacteristicscan
changethe resultingmotion in a mannerconsistentwith the up-
comingmotion,but areonly achievableif the simulatedcharacter
is actively moving in anticipationof the “chosen”responsein ad-
dition to passively respondingto thecollisionshappeningbasedon
thecurrentinteraction.

We presenta systemthatselectsa motioncapturesequenceto fol-
low an impactandsynthesizesa transitionto this found clip. In
theprocess,thecharacteris madeto respondthroughanactivecon-
troller whichworkswhile theimpactforcesarebeingdelivered.To
produceourresults,wecreateaphysicallyvalid responseandblend
thisinto thedesiredtransition-tomotion.An importantcontribution



Figure3: Thr eeexampleanimations (vertically top to bottom)
show a rangeof possibleusesfor our technique.

of ourstraightforwardtechniqueis theuseof acontrollerwhichacts
in accordancewith theupcomingmotion. This is a key to avoid an
unconscious(ragdoll-like) look for thecharacterduringthetransi-
tion. Therearecontinuingtrendstowardmorephysicallysimulated
charactersandmoving beyond ragdoll-typeeffectsfor characters,
especiallyfor games.Throughtheuseof thesystemwe describe,
a charactercanaccepta hefty blow, recover, andkeep�ghting in
a believable fashion. The commercialgameindustryhasalready
shown thatreal-timephysicsof multiple characterson a mid-range
processoris quitemanageablewith several currenttitles. Dynam-
ics hasuntil recentlybeena (computational)bottleneck,but with
further advances,physicsengineswill becomecommonplaceand
afford more and more diverse,immersive, and interactive virtual
worlds. Throughtechniquessuchas the one describedhere,we
hopeto continueto move toward moreresponsive andbelievable
charactersfor theseworlds.
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