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Abstract
In this paper, we presenta new methodfor solving the Motion Retargeting Problem,by usingan intermediate
skeleton.Thisallowsus to convert movementsbetweenhierarchically andgeometricallydifferentcharacters. An
InverseKinematicsengineis thenusedto enforceCartesianconstraintswhile stayingascloseaspossibleto the
capturedmotion.
Keywords: Motion retargetingproblem,adaptationto differentcharacters.

1. Intr oduction

1.1. Moti vation

Recently, the growing demandof industryfor realisticmo-
tionsraisedtheproblemof modifying a motion,onceit has
beencaptured.Even if it is fairly easyto correctonepos-
ture by modifying its angularparameters(with an Inverse
Kinematicsengine,for instance),it becomesa difficult task
to performthis over the whole motion sequencewhile en-
suringthatsomespatialconstraintsarerespectedover a cer-
tain time range,andthatno discontinuitiesarise.Whenone
tries to adapta capturedmotionto a differentcharacter, the
constraintsareusuallyviolated,leadingto problemssuchas
the feetgoing into thegroundor a handunableto reachan
objectthat thecharactershouldgrab. Theproblemof adap-
tation and adjustmentis usually referredto as the Motion
RetargetingProblem.

Someof thepreviousapproachesaddressedthiswith only
geometricallydifferent characters,that is, characterswith
differentproportions.We presentherea muchflexible solu-
tion to bothhandlegeometricallyandtopologically different
characters,by usinganintermediateskeleton. Adjustmentis
thenperformedthroughInverseKinematics.

Thispaperis organisedasfollows:section1.2presentsthe
previousapproaches,andis followedby anoverview of our
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methodin section1.3. Sections2 and3 respectively focus
ontheconversionsbetweendifferenthierarchiesandonhow
we areusingInverseKinematicsto enforceCartesiancon-
straintsover a time-range.Section4 shows implementation
andresultswhich arethendiscussedandcomparedto other
approachesin section5, beforeconcluding.

1.2. Previousapproaches

Andrew Witkin and Zoran Popović are often considered
as pioneersin this area,as they presentedin their SIG-
GRAPH95article8 atechniquefor editingmotions,by mod-
ifying themotioncurvesthroughwarpingfunctionsandpro-
ducedsomeof thefirst interestingresults.In a morerecent
paper7, they have extendedtheir methodto handlephysical
elements,suchasmassandgravity, andalsodescribedhow
to usecharacterswith differentnumbersof degreesof free-
dom.Theiralgorithmisbasedonthereductionof thecharac-
ter to anabstract characterwhich is muchsimplerandonly
containsthedegreesof freedomthatareusefulfor a partic-
ular animation.Theeditionandmodificationarethencom-
putedon this simplified characterand mappedagainonto
theenduserskeleton.Armin BruderlinandLanceWilliams4

have describedsomebasic facilities to changethe anima-
tion, by modifying the motion parametercurves.The user
candefinea particularpostureat time t, and the systemis
thenresponsiblefor smoothlyblendingthe motion around
t. They also introducedthe notion of motion displacement
map, whichisanoffsetaddedto eachmotioncurve.TheMo-
tion Retargeting Problemterm wasbroughtup by Michael
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Gleicherin hisSIGGRAPH98article5. Hedesignedaspace-
timeconstraintssolver, into whicheveryconstraintis added,
leadingto a big optimisationproblem.He mainly focused
on optimising his solver, to avoid enormouscomputation
time, andachieved very goodresults.RamaBindiganavale
andNormanI. Badler2 alsoaddressedthemotionretargeting
problem,introducingnew elements:usingthezero-crossing
of thesecondderivative to detectsignificantchangesin the
motion,visualattentiontracking(andtheway to handlethe
gazedirection)andapplyingInverseKinematicsto enforce
constraints,by defining six sub-chains(the two armsand
legs, the spineand the neck).Finally, JeheeLee andSung
Yong Shin6 usedin their systema coarse-to-finehierarchy
of B-splinesto interpolatethe solutionscomputedby their
InverseKinematicssolver. They alsoreducedthecomplex-
ity of theIK problemby analyticallyhandlingthedegreesof
freedomfor thefour humanlimbs.

1.3. Overview of the method

Givena capturedmotionassociatedto its PerformerSkele-
ton,we decomposetheproblemof retargetingthemotionto
theEnd User Skeleton into two steps,aspresentedin sec-
tions2 and3: thefirst taskis to convert themotionfrom one
hierarchyto a completelydifferent one. We introducethe
Intermediate Skeletonmodelto solve this, implying three
moresubtasks:manuallysetat thebeginningthecorrespon-
dencesbetweenthe two hierarchies,createthe Intermedi-
ate Skeletonand convert the movement.We are then able
to correctthe resultingmotion andmake it enforceCarte-
sianconstraintsby using InverseKinematics,asdescribed
in section3.

2. Dir ectmotion conversion

2.1. The Intermediate Skeletonmodel

2.1.1. Overview

When considering motion conversion between different
skeletons,onequickly noticesthat it is very difficult to di-
rectlymapthePerformerSkeletonvaluesontotheEndUser
Skeleton,dueto their differentproportions,hierarchiesand
axis systems.This raisedthe ideaof having an Intermedi-
ateSkeleton: dependingonthePerformerSkeletonposture,
we reorientits bonesto matchthesamedirections.We have
then an easymappingof the IntermediateSkeletonvalues
onto the End UserSkeleton,aspresentedon figure 1. The
first stepis to computetheIntermediateSkeleton(Anatomic
Bindingmodule).During theanimation,motionconversion
takestwo passes,throughtheMotionConverterandtheMo-
tion Composer(which hasa graphicaluserinterface).The
next sectionsdiscussthecreationof theIntermediateSkele-
ton, themotionconversionanddemonstratethe importance
of theinitial IntermediateSkeletonposture.

Performer Skeleton End User Skeleton

Intermediate Skeleton

Anatomic
Binding

Motion
Converter

Motion
Composer (GUI)

Motion
Capture

Virtual creature
design

(skeleton root)

Figure1: MotionConversion: overview

2.1.2. Intermediate Skeletoncreation

Our IntermediateSkeletonhasthe samenumberof nodes
andthesamelocalaxissystemsorientationsastheEndUser
Skeleton,but thebonesareorientedasthePerformerSkele-
tonnodes(thelengthof thesebonesarenotsignificant,only
their directionmatters).Figure5 shows a sampletorsoand
rightarmfor thethreemodels:notethatthePerformerSkele-
ton andthe End UserSkeletondo not necessarilyhave the
sametopology(numberof nodes,representedasgrey dots),
nor thesamecoordinatessystems.That is why theuserhas
to indicatea one-to-onecorrespondencebetweenthenodes
of the two hierarchiesbeforestarting,as presentedin fig-
ure3.Somenodesof thePerformerSkeletoncanbeignored,
like the scapula,the clavicle andthe wrist in our example.
This correspondenceintroduceswhatwe call virtual bones.
A virtual boneindicatesa directionbetweentwo Performer
Skeletonnodes,which arecorrespondingto two End User
Skeletonnodes.Whenconverting the motion,we align the
PerformerSkeletonvirtual boneswith theEnd UserSkele-
tonbones.Theright armthatwehavedefinedpreviouslyhas
threevirtual bones,ashighlightedin figure4.

2.1.3. Motion Converter and Motion Composer

For a particularPerformerSkeleton’s postureat time t, we
first reorienteachIntermediateSkeletonboneto point to the
samedirectionasthecorrespondingPerformerSkeletonvir-
tualbone,startingfrom theskeletonroot(locatedonthebot-
tom of the spine)andpropagatingto the leaves. It is then
easyto copy the local valuesof the IntermediateSkeleton
nodesto the End UserSkeletonnodes,andthis doesmake
sense,sincebothaxissystemsarethesame.

c© TheEurographicsAssociationandBlackwell Publishers2000.
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Performer End User (stand) End User (sit)

Initial
posture

Motion

Figure 2: Motion conversionwith two differentsinitial pos-
turesfor theIntermediateSkeleton.

2.1.4. Virtual bonesinitial orientation

Wediscoveredthatit mightbesuitablefor someapplications
to have differentinitial posturesfor thePerformerSkeleton
and the End User Skeleton,for instancethe standingpos-
turesfor anathleteanda sumoarenot thesame.Theseini-
tial posturesoften give an impressionaboutthe character,
andareimportantto givetheillusion of variety. Ontheother
hand,for extremely different initial postures(for example
somebodystandingfor thePerformerSkeletonandsomeone
sitting for the End UserSkeleton)problemsmay certainly
arise if we directly copy valuesbetweenthem. Figure 2
showstheimportanceof theIntermediateSkeleton/EndUser
Skeletoninitial posture:if thePerformerSkeletonmovesits
legs,themappingwill producestrangeresultswhenusinga
sit initial posture.

On user’s request,we proposethatduring the Intermedi-
ateSkeletoncreationprocess,theAnatomicBindingmodule
reorientsthe bonesof the End UserSkeleton/Intermediate
Skeletonto matchthesamedirectionasthePerformerSkele-
ton virtual bones.The resultingposture,which is the same
for the threeskeletonsis whatwe call the restposture. The
userstill hasthepossibility to keepher/hisown initial pos-
tureif needed.

Thereorientationis simple:for example(figure6), if the
orientationof the End UserSkeleton’s right forearmis not
thesameasthePerformerSkeleton,we rotateit, andpropa-
gatethenew orientationto thechildrennodesandaxissys-
tems.Let u bethedirectionfrom anEndUserSkeletonnode
to its child,andv, thecorrespondingvirtual bonefor thePer-
formerSkeleton.Theamountof rotationis givenby thean-

Performer Skeleton End User Skeleton

clavicle
scapula

shoulder

elbow

wrist
hand

shoulder

elbow

hand

torso

Figure 3: Nodeto nodecorrespondencesbetweenthe Per-
formerSkeletonandtheEndUserSkeleton

Performer Skeleton End User Skeleton

shoulder

elbow

hand

torso

torso to shoulder

shoulder
to elbow

elbow
to hand

Figure4: Virtual bonesfor theright arm

gle betweenthesetwo vectors,andthe rotationtakesplace
arounda vector, normal to u andv. Oncethis is done,we
only have to copy the IntermediateSkeletonmatriceslocal
valuesto theEndUserSkeletonto performtheconversion.
The automaticreorientationwe presentheredoesnot take
into accountthetwistingof thebones,but it canbecorrected
if theuserprovidesmoreinformationwhile settingthenodes
correspondences.

2.1.5. Summary

In summary, motionconversionattimet isdonein two steps.
First, computingthe IntermediateSkeletonmatricesby ori-
enting the IntermediateSkeletonbonesto reflect the Per-
formerSkeletonposture(MotionConverter). Second,setting
theEndUserSkeletonmatricesto thelocalvaluesof thecor-
respondingIntermediateSkeletonmatriceswith theMotion
Composermodule.Wehaveaddedagraphicaluserinterface
to this lastmoduleto beableto correcttheproblemscaused
by theconversion(eithermanuallyor automatically, aspre-
sentedin section3). We believe it is very importantin com-
puteranimationto give the designersthe ability of manual
adjustment.

2.2. Motion Adjustment

Theeasiestway to correctthemotionis to usea motiondis-
placementmap,as describedby Bruderlin and Williams4.

c© TheEurographicsAssociationandBlackwell Publishers2000.
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Performer Skeleton Intermediate Skeleton End User SkeletonPerformer Skeleton End User Skeleton

Geometry Nodes + axis 

Figure5: CorrespondencesbetweenPerformerSkeleton,IntermediateSkeletonandEndUserSkeleton

Performer Skeleton End User Skeleton
before reorienting the forearm

End User Skeleton
after reorienting the forearm

α

Figure 6: ChangingtheEnd UserSkeletonto the restpos-
ture

A displacementmapworksasanoffset,addedto eachmo-
tion curve.For example,if thez translationcoordinateof the
skeletonroot representsthe positionof the skeletonabove
the floor, andonewould like to keepthis coordinateabove
zero,onecandefinethecorrespondingmotiondisplacement
curve for z and add it to the previous one. In our imple-
mentation(aplug-in for 3D Studio Max), weaddeddisplace-
mentmapsandstoredtwo valuesinto eachnode:theorigi-
nal motion curves,andan optionaloffset, that the usercan
manipulateto edit theanimation.WhenenforcingCartesian
constraints,theseoffsetsareautomaticallycomputedaspre-
sentedin thenext section.

3. Using InverseKinematics to enforceconstraints

3.1. Intr oduction

Thereis a growing demand,especiallyin the video-games
and movies fields to retarget motionswhile ensuringthat
spatialconstraintsareenforced.This includes,for instance,
peoplerestingonabalustrade,climbinga ladder, pickingan
object,etc...All of theseconstraintscanbeexpressedasde-
sirablelocationsfor bodyelements,suchashands,elbows,
or feet,andwe refer to theseconstraintsasCartesiancon-
straints. Numerousworks proved that InverseKinematics
(IK) is apowerful tool to synthesisemotionby definingspe-
cial postures(keys)andinterpolatebetweenthemto produce
theanimation.Key-frameanimationis notreallysuitablefor

our problem,sinceour goal is to correct,andnot to synthe-
sisemotion.Thenaive approachof solvingoneIK problem
for eachframewith a regular IK enginegivesawkward re-
sults,astheoriginal EndUserSkeletonposturemaybelost
while computingan IK solutionover the whole hierarchy.
Furthermore,discontinuitieswill arisebecauseIK canpro-
ducea postureat time t anda very differentone(but also
correct)at time t + 1, due to different IK solutionsfor the
sameproblem.

However, we demonstratein thenext sectionshow to ad-
dresstheseproblems,andhow to ensureasmoothanimation
by usinganIK solver.

3.2. Using IK

TheuserdefinessomeCartesianconstraintsontheEndUser
Skeleton,whichareactivatedoveraspecifiedtimerange.Pa-
rametersspecifiedby theuserincludewhichparticularnode
of the hierarchyis constrained,which object is the goal of
theconstraint,andwhatkind of constraintit is. For instance,
it is easyto definethat the handof the End UserSkeleton
hasto stayabove a tableobject,by declaringthat the con-
strainednodeis the right hand,the goal is the tableplane,
andtheconstraintis of type“above a plane”.

An otherrequirementis to try to maintaintheoriginalcap-
turedposture(we will call this posturethe attraction pos-
ture), while satisfyingtheCartesianconstraints.This is pos-
sibleaslongasthesystemis redundant.Thegeneralsolution
providedby InverseKinematicsis3:

∆θ = J+∆x+(I − J+J)∆z (1)

where∆θ is thejoint variationvector, I is theidentitymatrix,
J is theJacobianmatrix of thesetof Cartesianconstraints,
J+ is the pseudo-inverseof J, ∆x representsthe variations
of thesetof Cartesianconstraints(main task),andthe sec-
ondarytask∆z is usedto minimisethedistanceto theattrac-
tion posture.

It is now possibleto solve the problemby applying the
following algorithm:

c© TheEurographicsAssociationandBlackwell Publishers2000.
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For each framewithin thetimerange:
- Createthe main IK tasks,basedon Cartesiancon-
straints(if necessary).

- Get the IntermediateSkeletonposture,andset it as
theattractionposture.

- Successively computesolutionto equation1 until a
convergencecriterionis satisfied.

We do not solve separateIK problemsfor thearmsor the
legs, but set one global problem,with an attractionto the
IntermediateSkeletonposture,that is, the original motion-
capturedposture.The resulting posturecomputedby IK
givesus a new displacementmapthat the usercanmodify
later. Moreover, sinceIK is an incrementalmethod,we en-
surecontinuityby computingthesolutionat t startingwith
theposturewe hadat time t−1. Consequently, it is always
betterto computethe solution over the whole time range,
ratherthansporadically.

3.3. Smoothingwith multiples constraints

3.3.1. Intr oduction

Ensuringsmoothtransitionsbetweencapturedandcorrected
posturesisoneof thekey issueswhenretargetingthemotion.
Weassumethat,for eachconstrainti:

• Theconstraintis active over thetimerange[starti ,endi ]
• Theconstraintis eased-inover [smooth_ini ,starti] (input

ramp) beforetheactivationof theconstraint.
• Theconstraintis eased-outover [endi ,smooth_outi ] (out-

put ramp) aftertheactivationof theconstraint.

Imaginethat the End User Skeletonhasto reacha ball
with theright hand,with valuessmooth_in = 20,start = 30,
end= 50andsmooth_out = 60.Thismeansthattheposture
is the original motion-capturedpostureuntil time 20. Over
[20,30], thereis a smoothingbetweenthe motion-captured
postureandthe correctedposturein orderto reachthe ball
at time 30, andover [30,50], the arm follows the ball. Fi-
nally, over [50,60], the smoothingoccursbetweenthe pos-
turethatwe obtainedwhenreachingtheball at time 50 and
themotion-capturedpostureat time 60. As onenoticewith
this example,ensuringthe smoothingrequiresto know in
advancetheposturesthatwill occurin thefuture. To retrieve
thesepostures,we suggesta two-passcomputation.During
thefirst pass,no smoothingis performed.This givesus the
key posturesat timessmooth_in, start, endandsmooth_out.
Thesecondpasshandlesthesmoothing.In orderto beable
to handlemultiple constraints,differentsmoothingmethods
areapplied:for the input ramp, thesmoothingtakesplacein
theCartesianspace,whereasit smoothestheangularvalues
for theoutputramp.

3.3.2. Smoothingbefore the constraint starts

Smoothingis achievedby takingthetwo locationsof anend
effector at timessmooth_in andstart and linearly interpo-
lating theendeffectorpositionbetweenthesetwo positions.

In our example,thefirst point is the locationof thehandin
spaceat time 20, andthe secondoneis the positionof the
ball at time30.A linearinterpolationfor thehandendeffec-
tor thentakeplaceontheline joining thesepointsduringthe
timerange[20,30].

3.3.3. Smoothingafter the constraint ends

Unfortunately, the samemethodcannotbe applied to the
output ramp, mainly becauseof conflicts betweenmulti-
ple tasks:thepositionfor constraintA at time smooth_end1
(computedduring the first pass)might be disturbedby an
otherconstraintB, for instanceif B remainsactive while A
is smoothlydeactivated.This occursfor examplewhenboth
constraintstry to controla commonsubsetof thehierarchy,
e.g.whenboth handstry to reachsomething:eachendef-
fectortriesto controlthespineandit might bepossiblethat
the spinesignificantlychangesits posturewhenoneof the
constraintsis removedto favour theotherone.

It is noteasyto find ageneralsolutionto avoid this.How-
ever, the methodthat we have implementedgivesgoodre-
sults when the adaptedmotion remainsquite closeto the
originalone:to achieve this,welinearly interpolatebetween
theposturesat time endi andsmooth_endi , that is, between
anglesfor every nodeof both postures.This interpolation
only takesplaceon the subchaincontrolledby constrainti
(the subchainstartsat the endeffector nodeandgoesback
to theroot). In ourexample,it will controltheright arm,the
right shoulder, andthespine.

4. Implementation and results

4.1. Implementation

Ratherthan startingfrom scratch,we developeda plug-in
for 3D Studio Max, andextendedits userinterfacewith our
own tools.Someof the functionalitiesprovidedby 3D Stu-
dio Max, like motioncurvesandmultiple viewpointshelped
a lot to testandcorrecttheanimations.We noticedthatper-
formancesare highly dependenton the numberand types
of constraints.For complex cases,suchasthekaratekaside
kick presentedin section4.3,thecomputationtookupto two
minutesfor five secondsof animation.On the other hand,
DirectMotion Conversion,which is notaniterativeprocess,
wasalwaysapplicablein realtime.

4.2. Dir ectMotion Conversion

We appliedsuccessfullyDirect Motion Conversionon vari-
ouscharacters.As planned,the animationquality is highly
dependenton the original End User Skeletonrest posture,
but evenwithoutconstraints,weachievedinterestingresults
on characterswith very differentproportionsandpostures,
asdiscussedin figure7.
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Figure 7: We appliedmotionconversion to variouscharac-
ters (the orginal motion was captured on the red skeleton
on the left). Evenif the Vicking and monster’s topologies,
proportionsandrestposturesare verydifferent,wesuccess-
fully mappeda walkingsequenceonbothcharacters(models
courtesyof Art & Magic).

4.3. Constraints and smoothing

Thissectionpresentssomeresultswith Cartesianconstraints
andsmoothing.In thenext figures,theoriginalmotionof the
PerformerSkeletonis representedby the smallestskeleton
(on theright in figures8, 9 and11 andon theleft in figures
12 and13) andthecorrectedmotion is appliedto theother
skeleton.Wehave testedthefollowing typesof constraints:

• a particularlocationin space(this canbe a trajectoryto
follow).

• a position,relatively to aplane(above,on,or below).

Thesetypescanbeextended,aslong asthey areconverted
to desirablelocationsand/ororientationsfor thenodes.

A goodsmoothedsolutioncanonly beobtainedif theuser
carefullychoosesthestartandendtimesfor aconstraint.For
instance,if our motionhastwo constraints,like pickingand
releasinga glasson a table,retargetingthe pick-up andre-
leaselocationsinvolvesto addtwo constraints.In ourexam-
ple, we first choosethe releasestarttime without any care.
Playingtheanimationshows that theconstraintshouldstart
sooner, sincethePerformerSkeletonhandat frame126for
instanceis closerto its target than the End User Skeleton
hand(figure 8). By simply settingthe startingtime sooner,
we producedabettersolution(figure9).

We alsoappliedconstraintsto adapta motion wherethe
performerjumpedfrom a platform to the ground.We used
two differentkindsof constraintshere:whenlooking at the
original motion, we noticedthat the performer’s feet were
notmoving while hestartedhis jump,while therewasa litle
slide when he startedto hit the ground.Thus,we set one
point constraintfor eachfoot on the platform at the begin-
ningof thesequence,andtwo planarconstraintsto forcethe
feetto beontheplaneattheendof theanimation(figure10).
Thein-betweenjumpis computedby smoothing(figure11).

t

t

t

t

Left foot

Right foot

Left foot

Right foot

Prepare to
jump

Smoothing Smoothing

Original
motion

End of
jump

Point constraint

Point constraint

Plane constraint

Plane constraint

100%

0%

Figure10: Constraintsfor thejump.

Our lastexampleis a karatekasidekick, a typicalgesture
in many fightingvideo-games.Whenretargetingthemotion,
we noticedthat the original PerformerSkeleton’s support
pointson thegroundwerelost,sincetheEndUserSkeleton
proportionsweredifferent.Moreover, the End UserSkele-
ton hands,feetandkneesweresometimesunderthevirtual
floor, which is unacceptable(figure 12). Consequently, we
addedconstraintsto ensurethatthesebodypartswereabove
thefloor. Thecorrectedmotionis presentedin figure13.We
have to saythat this sequencewasa bit difficult to handle,
becausethis kind of motionis quitefastandwe do nothave
muchkey frames.

5. Discussion

This section emphasiseswhat is different between our
methodandpreviousapproaches.

Our IntermediateSkeleton is different from Andrew
Witkin andZoranPopović’s abstract character: it mustbe
definedonly once,whereasthe abstract character depends
on theanimationandthepropertiesthat theanimatorwants
to keepand has to be specifiedfor eachnew motion. On
theotherhand,our modelis muchsimpleranddoesnot use
physicalelements,but thiscanbeincludedin theIK solver.

Due to theway we preserve themotion-capturedposture
while enforcingnew constraints,we have to applyIK to the
wholehierarchy, startingfrom theroot, ratherthandefining
sub-chainsfor the arms,the legs and the spine,as Bindi-
ganavaleandBadler2 did.

Regardingtheadaptationtomorecomplex structures(End
UserSkeletonhaving morenodesthanthePerformerSkele-
ton), a simpleapproachcould be to lock someunusedde-
greesof freedomin theEndUserSkeletonandmake a one
to one correspondancefor the remainingDOFs using the
AnatomicBinding.ModuleslikeMotion ConverterandMo-
tion Composerwill work withoutany problemon thisstruc-
ture. Otherschemesarepossible,for instance,distributing
oneDOF valueontomultiple EndUserSkeletonDOFsac-
cordingto a predefinedmapping.

Finally, this implementationof InverseKinematicsdoes

c© TheEurographicsAssociationandBlackwell Publishers2000.
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(a)Frame112 (b) Frame126 (c) Frame137

Figure 8: ThePerformerSkeleton(on the right) is going to releasean objectat the location specifiedby the ball, and we
retarget the motiononto the End User Skeleton(on the left), by constraining its right handto also reach an other location.
Whenwefirst setthestartingtimefor theconstraint, wenoticethat at frame126,thePerformerSkeletonhandis verycloseto
theball, while theEndUserSkeletonright handis too far fromit.

(a)Frame112 (b) Frame126 (c) Frame137

Figure9: Bysimplydecreasingthestartingtimefor theconstraint, weachievea betterresult:theEndUserSkeletonright hand
is nowcloserto theball at frame126.

(a)Frame55 (b) Frame77 (c) Frame88

Figure 11: We retarget the PerformerSkeleton’s jump (on the right) to the End User Skeleton(on the left). Sinceplatforms
supportingthemotionare differentfor theEndUserSkeleton,wehadto setconstraints to avoidtheEndUserSkeletonfeetto
go into them.

c© TheEurographicsAssociationandBlackwell Publishers2000.
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Figure 12: Karatekamotion:before correction.Without anyconstraint, theEndUserSkeleton’s hand,feet,andkneego into
theground(representedby thehorizontalline). Note: thePerformerSkeletonis in on theleft andtheEndUserSkeletonon the
right, andframesare orderedfromtop-leftto bottom-right.

Figure13: Karatekamotion:after correction.Constraintsseton theEndUserSkeletongivea more pleasantresult.

c© TheEurographicsAssociationandBlackwell Publishers2000.



Monzani,Baerlocher, BoulicandThalmann/ Usingan IntermediateSkeletonandInverseKinematicsfor MotionRetargeting

not converge if goalsof the tasksarepartof thecharacter’s
hierarchy. For instance,therewouldbenosolutionif thegoal
of thecharacter’s left handis to touchits own right hand.

6. Conclusion

We have presentedin this papera methodto retargeta mo-
tion from one characterto a geometricallyand topologi-
cally differentone,anddemonstratehow InverseKinematics
can conserve the motion-capturedposturewhile enforcing
Cartesianconstraints.Ourtool hasbeensuccessfullyapplied
to video-gamesprojects.Extensionscouldbeto definemore
complex mappingfunctions,rather than one-to-onecorre-
spondences,to be able to handlecoupledDOFs.Priorities
couldbeassignedto thetaskssoasto favouronetaskrather
thananotherwhenthey comeinto conflict, asBaerlocher1

et al. This is very usefulfor conflicting tasks,like trying to
grabdistantobjectswhenonly onehandcanreachthe de-
siredlocationataspecifiedtime: in suchcases,prioritiesare
aneasyway to favour onetask,for instance,grabtheobject
with theleft or theright hand.
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