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Abstract

In this paper we presenta new methodfor solvingthe Motion Retageting Problem,by usingan intermediate
skeleton.Thisallows usto corvert movzementdetweerhierarchically and geometricallydifferentcharacters. An
InverseKinematicsengineis thenusedto enforce Cartesianconstaints while stayingas closeas possibleto the

captued motion.

Keywords: Motion retamgeting problem,adaptationto differentcharacters.

1. Intr oduction
1.1. Motivation

Recently the groving demandof industryfor realisticmo-
tionsraisedthe problemof modifying a motion,onceit has
beencaptured Evenif it is fairly easyto correctone pos-
ture by modifying its angularparametergwith an Inverse
Kinematicsengine for instance)jt becomes difficult task
to performthis over the whole motion sequenceavhile en-
suringthatsomespatialconstraintsarerespectedver a cer
tain time range,andthatno discontinuitiesarise. Whenone
triesto adapta capturedmotionto a differentcharacterthe
constraintareusuallyviolated,leadingto problemssuchas
the feetgoinginto the groundor a handunableto reachan
objectthatthe characteshouldgrab The problemof adap-
tation and adjustmentis usually referredto asthe Motion
Retageting Problem

Someof the previousapproacheaddressethis with only
geometricallydifferent charactersthat is, characterswith
differentproportions We presentierea muchflexible solu-
tion to bothhandlegeometricallyandtopolagically different
charactershy usinganintermediateskeleton Adjustmentis
thenperformecdthroughlnverseKinematics.

Thispapeiis organisedsfollows: sectionl.2presentshe
previous approachesandis followed by anoverview of our
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methodin section1.3. Sections2 and 3 respectiely focus
onthecorversionsbetweerdifferenthierarchieandon how
we are using InverseKinematicsto enforceCartesiancon-
straintsover a time-range Section4 shavs implementation
andresultswhich arethendiscussedndcomparedo other
approachem section5, beforeconcluding.

1.2. Previous approaches

Andrewv Witkin and Zoran Popwic are often considered
as pioneersin this area,as they presentedn their SIG-
GRAPHO95articleé® atechniqueor editingmotions,by mod-
ifying the motioncurvesthroughwarpingfunctionsandpro-
ducedsomeof thefirst interestingresults.In a morerecent
papef, they have extendedtheir methodto handlephysical
elementssuchasmassandgravity, andalsodescribechow
to usecharactersvith differentnumbersof degreesof free-
dom.Theiralgorithmis basednthereductionof thecharac-
terto anabstiact character which is muchsimplerandonly
containsthe degreesof freedomthatareusefulfor a partic-
ular animation.The edition and modificationarethencom-
putedon this simplified characterand mappedagain onto
theenduserskeleton.Armin BruderlinandLanceWilliams*
have describedsomebasicfacilities to changethe anima-
tion, by modifying the motion parametercurves. The user
candefinea particularpostureat time t, and the systemis
thenresponsibl€for smoothlyblendingthe motion around
t. They alsointroducedthe notion of motion displacement
map whichis anoffsetaddedo eachmotioncurve. TheMo-
tion Retageting Problemterm was broughtup by Michael
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Gleicherin hisSIGGRAPH98article. Hedesignedispace-
time constraintsolver, into which every constrainis added,
leadingto a big optimisationproblem.He mainly focused
on optimising his solver, to avoid enormouscomputation
time, and achieved very good results.RamaBindiganaale
andNormanl. Badle? alsoaddressethemotionretageting
problem,introducingnew elementsusingthe zero-crossing
of the secondderivative to detectsignificantchangesn the
motion, visualattentiontracking(andthe way to handlethe
gazedirection)andapplying InverseKinematicsto enforce
constraints by defining six sub-chaingthe two armsand
legs, the spineandthe neck). Finally, Jeheel_ee and Sung
Yong Shirf usedin their systema coarse-to-finéhierarchy
of B-splinesto interpolatethe solutionscomputedby their
InverseKinematicssolver. They alsoreducedthe complex-
ity of thelK problemby analyticallyhandlingthedegreesof
freedomfor the four humanlimbs.

1.3. Overview of the method

Given a capturedmotion associatedo its PerformerSkele-

ton, we decompos¢he problemof retagetingthe motionto

the End User Skeletoninto two stepsaspresentedn sec-
tions2 and3: thefirst taskis to corvertthe motionfrom one

hierarchyto a completelydifferent one. We introducethe

Intermediate Skeletonmodelto solwe this, implying three
moresubtasksmanuallysetat the beginningthe correspon-
dencesbetweenthe two hierarchiescreatethe Intermedi-
ate Skeletonand convert the mavement.We are then able
to correctthe resultingmotion and make it enforceCarte-
sian constraintsby using InverseKinematics,as described
in section3.

2. Directmotion conversion
2.1. The Intermediate Skeletonmodel
2.1.1. Overview

When considering motion conversion between different
skeletons,one quickly noticesthatit is very difficult to di-
rectly mapthe PerformerSkeletonvaluesontothe End User
Skeleton,dueto their differentproportions hierarchiesand
axis systemsThis raisedthe ideaof having an Intermedi-
ate Skeleton dependingonthe PerformeiSkeletonposture,
we reorientits bonesto matchthe samedirections.We have
then an easymappingof the IntermediateSkeletonvalues
onto the End User Skeleton,as presentedn figure 1. The
first stepis to computethe IntermediateSkeleton(Anatomic
Binding module).During the animation,motion corversion
takestwo passesthroughthe Motion Corverterandthe Mo-
tion Composer(which hasa graphicaluserinterface).The
next sectiondiscusghecreationof the IntermediateSkele-
ton, the motion conversionanddemonstratéheimportance
of theinitial IntermediateSkeletonposture.

Virtual creature
design

Motion
Capture

— Anatomic [—

Binding
S— (skeleton root) \
Performer Skeleton End User Skeleton
Motion Motion
Converter Composer (GUI)

N\ S

Figure 1: Motion Corversion: overviev

Intermediate Skeleton

2.1.2. Intermediate Skeletoncreation

Our IntermediateSkeleton hasthe samenumberof nodes
andthesamdocal axissystemsrientationsastheEndUser
Skeleton,but thebonesareorientedasthe PerformerSkele-
tonnodegthelengthof thesebonesarenot significant,only

their directionmatters).Figure5 shavs a sampletorsoand
rightarmfor thethreemodelsnotethatthePerformeiSkele-
ton andthe End User Skeletondo not necessarilyhave the

sametopology (hnumberof nodesrepresentedsgrey dots),
nor the samecoordinatesystemsThatis why the userhas
to indicatea one-to-onecorrespondencbetweerthe nodes
of the two hierarchiesbefore starting,as presentedn fig-

ure3. Somenodesf thePerformeiSkeletoncanbeignored,
like the scapulathe clavicle andthe wrist in our example.
This correspondencimtroduceswhatwe call virtual bones

A virtual boneindicatesa directionbetweerntwo Performer
Skeletonnodes,which are correspondingo two End User
Skeletonnodes When converting the motion, we align the

PerformerSkeletonvirtual boneswith the End User Skele-
tonbonesTheright armthatwe have definedpreviously has
threevirtual bonesashighlightedin figure 4.

2.1.3. Motion Converter and Motion Composer

For a particularPerformerSkeletons postureat time t, we
first reorienteachintermediateSkeletonboneto pointto the
samedirectionasthe correspondindPerformerSkeletonvir-
tualbone startingfrom the skeletonroot (locatedon thebot-
tom of the spine)and propagatingto the leaves. It is then
easyto copy the local valuesof the IntermediateSkeleton
nodesto the End User Skeletonnodes,andthis doesmale
sensesincebothaxis systemsarethe same.

(© TheEurographic#ssociationandBlackwell Publisher2000.
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Figure 2: Motion cornversionwith two differentsinitial pos-
turesfor the IntermediateSleleton.

End User (stand)

Initial
posture

Motion

2.1.4. Virtual bonesinitial orientation

We discoveredthatit mightbesuitablefor someapplications
to have differentinitial posturedor the PerformerSkeleton
andthe End User Skeleton,for instancethe standingpos-
turesfor anathleteanda sumoare not the same.Theseini-
tial posturesoften give an impressionaboutthe character
andareimportantto give theillusion of variety Ontheother
hand,for extremely differentinitial postures(for example
somebodystandingor the PerformeiSkeletonandsomeone
sitting for the End User Skeleton) problemsmay certainly
ariseif we directly copy valuesbetweenthem. Figure 2
shavstheimportanceof thelntermediateéSkeleton/EndJser
Skeletoninitial postureif the PerformerSkeletonmovesits
legs, the mappingwill producestrangeresultswhenusinga
sitinitial posture.

On users requestwe proposethat during the Intermedi-
ateSkeletoncreationprocessthe AnatomicBindingmodule
reorientsthe bonesof the End User Skeleton/Intermediate
Skeletonto matchthesamedirectionasthePerformerSkele-
ton virtual bones.The resultingposture which is the same
for the threeskeletonsis whatwe call the restpostue. The
userstill hasthe possibilityto keepher/hisown initial pos-
tureif needed.

Thereorientationis simple:for example(figure 6), if the
orientationof the End User Skeletons right forearmis not
the sameasthe PerformerSkeleton,we rotateit, andpropa-
gatethe new orientationto the childrennodesandaxis sys-
tems.Let u bethedirectionfrom anEndUserSkeletonnode
toits child, andv, thecorrespondingirtual bonefor thePer
former Skeleton.The amountof rotationis given by the an-

(© TheEurographic#ssociationandBlackwell Publisher2000.
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Figure 3: Nodeto nodecorrespondencebetweerthe Per-
former Sleletonandthe EndUser Sleleton
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Figure 4: Mirtual bonesfor theright arm

gle betweenthesetwo vectors,andthe rotationtakesplace
arounda vector normalto u andv. Oncethis is done,we

only have to copy the IntermediateSkeletonmatriceslocal

valuesto the End User Skeletonto performthe corversion.
The automaticreorientationwe presentheredoesnot take

into accounthetwisting of thebonesput it canbecorrected
if theuserprovidesmoreinformationwhile settingthenodes
correspondences.

2.1.5. Summary

In summarymotionconversionattimet is donein two steps.
First, computingthe IntermediateSkeletonmatricesby ori-
enting the IntermediateSkeleton bonesto reflect the Per
formerSkeletonposturgMotion Corverter). Secondsetting
theEndUserSkeletonmatricego thelocal valuesof thecor-
respondingntermediateSkeletonmatriceswith the Motion
Composemodule We have addeda graphicaluserinterface
to thislastmoduleto be ableto correctthe problemscaused
by the conversion(eithermanuallyor automaticallyaspre-
sentedn section3). We believe it is very importantin com-
puteranimationto give the designerghe ability of manual
adjustment.

2.2. Motion Adjustment

Theeasiestvay to correctthemotionis to usea motiondis-
placementmap, as describedby Bruderlin and Williams*.



Monzani,Baerloder, Boulicand Thalmanry Usingan IntermediateSleletonand InverseKinematicsfor Motion Retageting

Geometry

—

Performer Skeleton Performer Skeleton

Intermediate Skeleton

[Nodes + axis

N\

End User Skeleton End User Skeleton

Figure 5: CorrespondencesetweerPerformerSleleton,IntermediateSleletonand End User Sleleton

End User Skeleton
before reorienting the forearm

End User Skeleton
after reorienting the forearm

Performer Skeleton

Figure 6: Changingthe End User Sleletonto therestpos-
ture

A displacementapworks asan offset, addedto eachmo-
tion curve. For example,if theztranslatiorcoordinateof the
skeletonroot representshe position of the skeletonabore
the floor, andonewould like to keepthis coordinateabore
zero,onecandefinethe correspondingnotiondisplacement
curwe for zandadd it to the previous one. In our imple-
mentation(aplug-infor 3D Studio Max), we addeddisplace-
mentmapsandstoredtwo valuesinto eachnode:the origi-
nal motion curves, and an optional offset, that the usercan
manipulateo editthe animation. WhenenforcingCartesian
constraintstheseoffsetsareautomaticallycomputedaspre-
sentedn the next section.

3. Using InverseKinematics to enforce constraints
3.1. Intr oduction

Thereis a growing demandespeciallyin the video-games
and movies fields to retaget motions while ensuringthat
spatialconstraintsareenforced.This includes,for instance,
peoplerestingon abalustradeglimbing aladder pickingan
object,etc...All of theseconstraintxanbe expressedisde-
sirablelocationsfor body elementssuchashands.elbows,
or feet,andwe referto theseconstraintsas Cartesiancon-
straints Numerousworks proved that Inverse Kinematics
(IK) is apowerful tool to synthesisenotionby definingspe-
cial posturegkeys) andinterpolatebetweerthemto produce
theanimation Key-frameanimationis notreally suitablefor

our problem,sinceour goalis to correct,andnot to synthe-
sisemotion. The naive approactof solvingonelK problem
for eachframewith aregular IK enginegives awvkward re-
sults,astheoriginal End UserSkeletonposturemay be lost
while computingan IK solution over the whole hierarchy
Furthermorediscontinuitieswill arisebecausdK canpro-
ducea postureat time t anda very differentone (but also
correct)attimet + 1, dueto differentlK solutionsfor the
sameproblem.

However, we demonstratén the next sectionshow to ad-
dressheseproblemsandhow to ensurea smoothanimation
by usinganIK solver.

3.2. Using IK

TheuserdefinessomeCartesiarconstraintonthe EndUser
Skeletonwhichareactivatedoveraspecifiedimerange Pa-

rameterspecifiedby the userincludewhich particularnode
of the hierarchyis constrainedwhich objectis the goal of

theconstraintandwhatkind of constrainit is. For instance,
it is easyto definethatthe handof the End User Skeleton
hasto stay above a table object, by declaringthat the con-
strainednodeis the right hand,the goal is the table plane,
andthe constraints of type“above aplane”.

An otherrequirements to try to maintaintheoriginal cap-
tured posture(we will call this posturethe attraction pos-
ture), while satisfyingthe CartesiarconstraintsThis is pos-
sibleaslongasthesystems redundantThegenerakolution
providedby InverseKinematicsis®:

A8 =J"Ax+ (1 =37 )Az 1)

whereA@ is thejoint variationvector | is theidentity matrix,

J is the Jacobiammatrix of the setof Cartesiarconstraints,
J* is the pseudo-imerseof J, Ax representshe variations
of the setof Cartesiarconstraintgmain task),andthe sec-
ondarytaskAz is usedto minimisethedistanceo theattrac-
tion posture.

It is now possibleto solve the problemby applyingthe
following algorithm:

(© TheEurographic#ssociationandBlackwell Publisher2000.
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For eacth framewithin thetimerange:
- Createthe main IK tasks,basedon Cartesiancon-
straints(if necessary).
- Getthe IntermediateSkeletonposture,andsetit as
theattractionposture.
- Successiely computesolutionto equationl until a
corvergencecriterionis satisfied.

We do not solve separatéK problemsfor thearmsor the
legs, but setone global problem,with an attractionto the
IntermediateSkeletonposture thatis, the original motion-
capturedposture. The resulting posturecomputedby IK
givesus a new displacemenmapthat the usercan modify
later. Moreover, sincelK is anincrementaimethod,we en-
surecontinuity by computingthe solutionatt startingwith
the posturewe hadattimet — 1. Consequenthit is always
betterto computethe solution over the whole time range,
ratherthansporadically

3.3. Smoothingwith multiples constraints
3.3.1. Intr oduction

Ensuringsmoothtransitionsbetweercapturedandcorrected
posturess oneof thekey issuesvhenretagetingthemotion.
We assumehat, for eachconstraint:

e Theconstrainis active over thetime range[start;, end]

e Theconstraintis eased-inover [smoah_in;, start;] (input
ramp beforethe activation of the constraint.

e Theconstraints eased-oubver [end, smoah_ou;] (out-
putramp aftertheactvationof theconstraint.

Imaginethat the End User Skeletonhasto reacha ball
with theright hand with valuessmoah_in = 20, start = 30,
end= 50andsmoadh_ou = 60. This meanghattheposture
is the original motion-capturegostureuntil time 20. Over
[20,30], thereis a smoothingbetweenthe motion-captured
postureandthe correctedposturein orderto reachthe ball
at time 30, and over [30,50], the arm follows the ball. Fi-
nally, over [50,60], the smoothingoccurshetweerthe pos-
ture thatwe obtainedwhenreachingthe ball attime 50 and
the motion-capturegbostureat time 60. As onenoticewith
this example, ensuringthe smoothingrequiresto know in
adwancethepostureghatwill occurin thefuture. To retrieve
thesepostureswe suggest two-passcomputation During
thefirst pass,no smoothingis performed.This givesusthe
key posturesattimessmoah _in, gart, endandsmoah_ou.
The secondpasshandleshe smoothing.In orderto be able
to handlemultiple constraintsdifferentsmoothingmethods
areapplied:for theinputramp the smoothingakesplacein
the Cartesiarspacewhereast smootheghe angularvalues
for theoutputramp

3.3.2. Smoothingbefore the constraint starts

Smoothings achieved by takingthetwo locationsof anend
effector at times smoah_in and start andlinearly interpo-
lating the endeffector positionbetweerthesetwo positions.

(© TheEurographic#ssociationandBlackwell Publisher2000.

In our example,thefirst point is the locationof the handin
spaceat time 20, andthe secondoneis the position of the
ball attime 30.A linearinterpolationfor the handendeffec-
tor thentake placeontheline joining thesepointsduringthe
timerange[20,30].

3.3.3. Smoothingafter the constraint ends

Unfortunately the samemethod cannotbe appliedto the
output ramp mainly becauseof conflicts betweenmulti-
ple tasks:the positionfor constraintA attime smoah_end,
(computedduring the first pass)might be disturbedby an
otherconstraintB, for instancef B remainsactive while A
is smoothlydeactvated.This occursfor examplewhenboth
constraintgry to controla commonsubsebf the hierarchy
e.g.whenboth handstry to reachsomething:eachend ef-
fectortriesto controlthe spineandit might be possiblethat
the spinesignificantlychangests posturewhenone of the
constraintds removedto favourthe otherone.

It is noteasyto find agenerakolutionto avoid this. How-
ever, the methodthat we have implementedgives goodre-
sults when the adaptedmotion remainsquite closeto the
original one:to achieve this, welinearly interpolatebetween
the posturesat time end andsmoah_end, thatis, between
anglesfor every node of both postures.This interpolation
only takes placeon the subchaincontrolledby constraint
(the subchainstartsat the end effector nodeand goesback
to theroot). In our example,it will controltherightarm,the
right shoulderandthe spine.

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 functionalitiesprovided by 3D Stu-

dio Max, like motioncurvesandmultiple viewpointshelped
alot to testandcorrectthe animationsWe noticedthatper

formancesare highly dependenbn the numberand types
of constraintsFor complex casessuchasthe karatekaside
kick presenteth section4.3,thecomputatiortook upto two

minutesfor five secondsf animation.On the other hand,
DirectMotion Corversion,whichis notaniterative process,
wasalwaysapplicablein realtime.

4.2. DirectMotion Conversion

We appliedsuccessfullyDirect Motion Corversionon vari-
ouscharactersAs plannedthe animationquality is highly
dependenbn the original End User Skeletonrest posture,
but evenwithout constraintsyve achieved interestingresults
on characterswith very differentproportionsand postures,
asdiscussedn figure7.
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Figure 7: We appliedmotionconversionto variouscharac-
ters (the orginal motion was captuied on the red skeleton
on the left). Evenif the Vicking and monsters topolaggies,
proportionsandrestpostuesare verydifferent,we success-
fully mappedawalkingsequencenbothcharacters (models
courtesyof Art & Magic).

4.3. Constraints and smoothing

Thissectionpresentsomeresultswith Cartesiarconstraints
andsmoothingln thenext figures theoriginal motionof the
PerformerSkeletonis representedby the smallestskeleton
(ontheright in figures8, 9 and11 andontheleft in figures
12 and 13) andthe correctedmotionis appliedto the other
skeleton.We have testedthe following typesof constraints:

e aparticularlocationin space(this canbe a trajectoryto
follow).
e aposition,relatively to aplane(abore, on, or below).

Thesetypescanbe extended,aslong asthey arecorverted
to desirabldocationsand/ororientationdor the nodes.

A goodsmoothedsolutioncanonly beobtainedf theuser
carefullychooseshestartandendtimesfor aconstraintFor
instancejf our motionhastwo constraintslike picking and
releasinga glasson a table,retagetingthe pick-up andre-
leasdocationsinvolvesto addtwo constraintsin our exam-
ple, we first choosethe releasestarttime without ary care.
Playingthe animationshavs thatthe constraintshouldstart
sooney sincethe PerformerSkeletonhandat frame 126 for
instanceis closerto its target than the End User Skeleton
hand(figure 8). By simply settingthe startingtime sooner
we produceda bettersolution(figure 9).

We alsoappliedconstraintso adapta motion wherethe
performerjumpedfrom a platformto the ground.We used
two differentkinds of constraintshere:whenlooking at the
original motion, we noticedthat the performers feet were
notmoving while hestartechis jump, while therewasalitle
slide when he startedto hit the ground. Thus, we setone
point constraintfor eachfoot on the platform at the begin-
ning of the sequenceandtwo planarconstraintgo forcethe
feetto beontheplaneattheendof theanimation(figure 10).
Thein-betweerjumpis computedoy smoothing(figure 11).

100% Smoothing Smoothing

Left foot g ~ | ! ! .

|
Point constraint T T
|
|
|

Right foot N~

Point constraint

|
T T
| |
Left foot \ \ 7
Plane constraint T T f T t
| | | |
Right foot | | e
; t
Plane constraint T T f T
Prepare to | | Original | \End of
Jjump motion Jjump

Figure 10: Constaintsfor thejump.

Ourlastexampleis a karatekasidekick, atypical gesture
in mary fighting video-gameswWhenretagetingthemotion,
we noticedthat the original PerformerSkeletons support
pointson the groundwerelost, sincethe End UserSkeleton
proportionswere different. Moreover, the End User Skele-
ton hands feetandkneeswere sometimesinderthe virtual
floor, which is unacceptabléfigure 12). Consequentlywe
addedconstraintgo ensurethatthesebodypartswereabove
thefloor. Thecorrectedmotionis presentedh figure 13. We
have to saythatthis sequenceavasa bit difficult to handle,
becausthis kind of motionis quitefastandwe do nothave
muchkey frames.

5. Discussion

This section emphasiseswhat is different betweenour
methodandpreviousapproaches.

Our Intermediate Skeleton is different from Andrew
Witkin andZoran Popwic's abstract character. it mustbe
definedonly once,whereaghe abstiact character depends
on the animationandthe propertieshatthe animatorwants
to keepand hasto be specifiedfor eachnev maotion. On
the otherhand,our modelis muchsimpleranddoesnot use
physicalelementsbut this canbeincludedin the K soler.

Due to the way we presere the motion-capturegosture
while enforcingnew constraintsye have to apply IK to the
whole hierarchy startingfrom theroot, ratherthandefining
sub-chaingor the arms, the legs and the spine,as Bindi-
ganaaleandBadlef did.

Regardingtheadaptatiorio morecomple structuregEnd
UserSkeletonhaving morenodesthanthe PerformerSkele-
ton), a simple approachcould be to lock someunusedde-
greesof freedomin the End User Skeletonandmale a one
to one correspondancéor the remainingDOFs using the
AnatomicBinding.Moduleslike Motion ConverterandMo-
tion Composewill work withoutary problemon this struc-
ture. Other schemesare possible for instance distributing
one DOF valueonto multiple End User SkeletonDOFsac-
cordingto a predefinednapping.

Finally, this implementationof InverseKinematicsdoes

(© TheEurographic#ssociationandBlackwell Publisher2000.
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S A A

(a) Framell2 (b) Framel26 (c) Framel37

Figure 8: The Performer Sleleton (on the right) is going to releasean objectat the location specifiedby the ball, and we
retamget the motiononto the End User Sleleton(on the left), by constaining its right handto also read an other location.
Whenwefirst setthe startingtime for the constaint, we noticethat at frame126,the PerformerSleletonhandis very closeto

theball, while the EndUser Sleletonright handis too far fromit.

i A

(a) Framell2 (b) Framel26 (c) Framel37

Figure9: By simplydeceasingthe startingtimefor the constaint, weachieve a betterresult:the EndUser Sleletonright hand

is nowcloserto theball at frame126.

(a) Frameb5 (b) Frame77 (c) Frame88

Figure 11: We retamget the Performer Sleletons jump (on the right) to the End User Sleleton(on the left). Sinceplatforms
supportingthe motionare differentfor the End User Sleleton,we hadto setconstaintsto avoidthe End User Sleletonfeetto

gointo them.

(© TheEurographic#ssociationandBlackwell Publisher2000.
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> By

Ale B A A

Figure 12: Karatekamotion: befoe correction.Wthout any constaint, the End User Sleletons hand,feet,and kneego into
theground(representedy the horizontalline). Note: the PerformerSleletonis in ontheleft andthe EndUser Sleletonon the
right, andframesare ordered fromtop-leftto bottom-right.

L NN

4 oA A

Figure 13: Karatekamotion: after correction.Constaints seton the End User Sleletongive a more pleasantesult.
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not corvergeif goalsof thetasksarepartof the charactes
hierarchyForinstancetherewould beno solutionif thegoal
of thecharactes left handis to touchits own right hand.

6. Conclusion

We have presentedn this papera methodto retageta mo-

tion from one characterto a geometricallyand topologi-
cally differentone,anddemonstrat&ow InverseKinematics
can consere the motion-capturecposturewhile enforcing
CartesiarconstraintsOurtool hasbeensuccessfullyapplied
to video-gamegrojects. Extensiongouldbeto definemore
complex mappingfunctions,ratherthan one-to-onecorre-
spondencedp be ableto handlecoupledDOFs. Priorities
couldbeassignedo thetaskssoasto favour onetaskrather
thananotherwhenthey comeinto conflict, as Baerloche¥

etal. Thisis very usefulfor conflicting tasks like trying to

grabdistantobjectswhenonly one handcanreachthe de-
siredlocationataspecifiedime: in suchcasesprioritiesare
aneasyway to favour onetask,for instancegrabthe object
with theleft or theright hand.
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