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Abstract

In this paperwe presenta new real-timesyndironizationalgorithm.In dynamicenvironmentsmotionsneedto be
continuouslyadaptedo obtainrealisticanimationsWe proposean advancedimewarpingalgorithmto syndiro-
nizesud motions.This algorithm usesthe sequencef supportphasesof the motions.It alsotakesinto account
the priority associatedo eac motion. It is basedon an algebraic relation to detectincompatiblemotionsand
to selectelementf the sequencéo be enlamged. Theresultingtime warping function can be non-derivableso
it is correctedby usinga cardinal splineinterpolation.In this paper we demonstate that our algorithm always
nd atleastonesolution.Thissyndironizationmoduleis part of a completeanimationenginecalled{Left Blank}

alreadyusedin production.

Catayories and SubjectDescriptors(accordingto ACM CCS) 1.3.7 [Computer Graphics]: Three-Dimensional

GraphicsandRealism—Animation

1. Intr oduction

Realistic humananimationis widely usedin multimedia
applicationssuchasvideo gamesandmovies. At the same
time, it remainsa dif cult and labouring task. The most
attractive way to achiere suchanimationss the useof cap-
tured motions.Indeed,they implicitly respecthe dynamic
laws. Moreover, it is now associatedio motioneditingtech-
niguesthatmakesthedatasetbemore e xible. Oneof these
techniquesmotionblending allowsto have complex anima-
tions from shortcapturedmotions.Unfortunately the blen-
dingalgorithmscanproduceunexpectedmnotions.For exam-
ple,if amovementwith theleft foot onthegroundis blended
with anothemith therightfoot onthe oor, theresultingone
will notrespectary of the supportconstraintof thetwo ori-

ginal motions.Consequentlythefoot will slideonthe oor.

To avoid suchproblems the motionshave to be previously
synchronized.

The work presentedn this paperis placedin a context
of dynamicervironments.Hence,the motionsusedduring
the animationsare interactively adapted They canalsobe
adaptedo externalconstraintspeci ed by the userin real-
time (e.g., height of a chair while sitting). Moreover, we
wantto animateseveral charactersvith differentmorpholo-
giesin real-time.To achieve all theserequirementsye pro-
posea new real-time synchronizationalgorithm basedon
theblendingmoduledescribedn [Lbag]. It usesanadwanced
time warpingtechniquebasedon the supportphasesf the
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motions.It alsousesprioritiesde ned interactiely for each
motion. It automaticallysynchronizesmotions and delays
the startof a new oneif it cannotbe immediatelysynchro-
nized.Sinceour work is usedby industrialpartnersthis in-
tuitive control of the synchronizatioris really important.

The remainderof this paperis organizedasfollows. We
rst review relatedwork in section2. In Section3, we de-
scribe the framavork in which our synchronizationalgo-
rithm is introduced.In Section4, we de ne the creationof
thesequencef thesupportphasesssociatetb motionsand
its interpretationto detectincompatiblemotionsand then,
in Section5, we detail the synchronizatioralgorithmusing
thesepreviously de ned sequencedlVe thenpresentesults
in Section6 andconcludewith a brief discussiorin Section
7. At theendof the papertheappendixA is givento malke
arecursve proofof our algorithm.

2. Relatedwork

Synchronizingmotions have beenstudiedusing two main
approachesThe rst one is to identify correspondences
betweemotions.Thesecorrespondenceseusedio nd an
uniquesynchronizationThesecondneisto nd transitions
betweerposturesf motions.The transitionsarethena set
of possiblesolutions A costfunctioncanbeusedto nd the
mostappropriatesolution.

Correspondencebetweenmotions were rst identi ed
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using frequential information. The rst synchronization
works were limited on speci ¢ motionslike locomotions.
Unumaet al. [UAT95] usedFourier techniquego interpo-

late and extrapolatewalking and running motionsto give

emotions.Bruderlin et al. [BW95] madea multiresolution
Itering algorithmto modify motionsusingthe low, middle

or highfrequenciesThey alsoappliednon-lineartime warp-

ing to make thetemporalcorrespondencdsetweemotions.

Finally, Guo and Robegé [GR9§ proposedan interpola-
tion methodbasedn a setof keyframes.They synchronized
locomotionsby modifying the temporalparameterof the

keyframes.The main limitation of suchstudiesis that mo-

tionshave to be periodicandof thesamekind (e.g.,locomo-

tions).

Recentgechniquesiave automatizedheidenti cation of
correspondencdsetweena limited numberof motions.To
achieve this, Ashrafet al. [AWO0Q] usedthe kinematicalin-
formation containedin motions. Thesedifferent kinds of
information are for example zero-crossingspeedor angu-
lar minima. They extendedtheir work usinga multilayered
semantiaepresentatiolf the motions[AWO03]. The draw-
backof suchmethodss thatmotionsmustbe similar regar
ding dynamicinformation.As we wantto synchronizeeally
differentmotionsthat are interactvely adaptedsuchtech-
niguesare not suitable.Moreover, theseworks were based
onjoints angle.lt impliestheuseof identicalmorphologies.

Other authorshave tried to solve a global optimisation
problemin orderto synchronizglandadapt)generahuman
motionswith spacetimeonstraint§ RGBC94. Thesetech-
nigues,basedon non-linearsystemsinvolve problemssuch
aslocalminimaandlack of interactvely sincecompletemo-
tion is neededMoreover, thespeci cationof the constraints
thataredependentf thekind of motionsis dif cult.

More recently nev probabilisticalgorithmswere wide-
ly usedto nd transitionsbetweenmotionsof a database,
making a motion graph[KGP0J. Thesetransitionsmain-
ly presere dynamicsby associatingsimilar skeleton pos-
tures. The databases precomputedand allows interactize
animations.Someauthors[LCR 02], [BHOQ] usedhidden
Markov chainsto de ne thesetransitions Neverthelesspne
of thedrawbackof this kind of techniquesds thattransitions
arecomputedautomaticallyForecastingvhich motionswill
be usedto transitfrom one motion to anotheris dif cult.
Moreover, bad transitionscan be chosenif motions have
very differentdynamicinformationor if the databasés too
limited. WangandBodenheimefWBO03] proposeda setof
optimizedweightsfor the costfunction usedby Lee et al.
[LCR 02]. still to minimize the chooseof badtransitions,
Ashrafet al. [AWO01] tried to correctthis problemdividing
thehumanskeletoninto two groups:theupperandthelower
body Schddlet al. [SSSEOD usedthis kind of techniqueto
analysestream=f videoandto drive thesestreamghrough
high-level userinput. Despitetheselastimprovementsthis
kind of works often requiresthe use of huge databaseso

ensurea minimal setof goodtransitionsbetweenpostures.
Neverthelesssuchdatabasearenot suitablewith highly in-
teractive animationsindeed,interactvity dealswith alarge
numberof posturalcon gurations.Moreover, they are nei-
ther suitablewith crownd animations Capturedmotionsim-
plicitly containstheir own morphology Eachmotion must
beusedon charactersvith thesamekind of morphology We
avoid this problemusingablendingtechniquehatallows to
shareautomaticallya samemotionwith differentcharacters
(anddifferentmorphologies]Lba]. Thisblendingmoduleis
moredetailedin the overvien. Furthermoreaddingmotions
in thedatabaseequiresthe computatiorof the setof all the
possibleransitionswith theothermotions.lts costis direct-
ly dependanbf the size of the databaseand consequently
increasesvith it. Finally, thesedatabasesontainprede ned
motions.Interactively adaptedmotionscannotbe managed
with suchtechniques.

After the searchin the databasereal-time adaptations
were proposedn orderto enhancehe interactvity of such
systems.Lee et al. [LCR 02] usedtime warping to han-
dle the time of the animationand madeadaptationdo the
ground.Kovar et al. [KG03] proposedregistration curves
to automaticallydeterminetherelationshipdetweertiming
andlocal coordinateframein orderto animatea character
who follows a speci ed trajectory Currentstudiesstill re-
mainlimited sincethey synchronizex edmotionsandsince
theircomputatiorcostis expensve. Thislastproblemis par
ticularly importantbecausét is unsuitablefor real-timeani-
mationof mary differentavatars.

The study presentedn this paperdealswith a nev syn-
chronizationalgorithmbasedon time warping[WP95 with
additionalinformation: the sequencef supportphasesand
a setof priorities associatedo the motions.Previous study
[AWO01] have emphasizedhe importanceof the sequence
of supportphasesZeltzeret al. [Zel82, [Zel8§ have used
nite statemachinesvherestatesrepresentedhe different
phase®f thelocomotioncycle. For example thiskind of in-
formationavoidsthe blendingof two motions:onewith the
right foot on the groundand one with the left foot on the
ground.lt alsoallows to synchronizemotionsof samekind
(suchaslocomotionfMFCGD99).

Usingthe sequencef supportphasesneango dealwith
concurrentonstraintsTherearetwo classicakolutionsithe
useof orderedorioritiesandthecomputatiorof weights.The
rst oneclassi esconstraintaisingtheir priorities andtries
to respecthe highestone rst [BBET97]. Consequentlyhe
lower constraintanay not be respectedThe secondonein-
terpolatesconstraintaisinga weightedsum[Lba)]. This last
solutiondoesnot respectary of the original constraintsbut
offers an intermediatesolution that ensurescontinuity In
thispaperwe synchronizehesupporiphasesf thedifferent
motionsto ensurethat we have a sequencef uniquecon-
straintsbefore blendingthe motions.Indeed,orderedcon-
straintsare not suitablebecausehe supportconstraintsor
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oneleg is like a boolean:a leg is supportingthe body or
not. Using weightsdoesnot ensurethe respectof the sup-
portphases.

3. Overview

The synchronizatiormodulepresentedn this paperis part
of acompletereal-timekinematicalanimationenginecalled
{Left blank}. Its goal is to allow and simplify the ani-
mation of different kinds of humansin dynamicerviron-
ments.t usesmorphologicabndenvironmentaladaptation-
s. Theselattersaredonein real-timeusingan adimensional
and normalizedskeleton[Lba). This representatiorof the
motionallows to beautomaticallyindependentrom theori-
ginal morphologyandthento sharea motion with a lot of
charactersvith differentskeletons Theervironmentaladap-
tationsaremadeusingkinematicalconstrainteandarecom-
putedaftertheblendingto ensuretheir respec{e.g.,contact
of the handsduring applause)The normalizedskeletonis
describedn the cartesiarspaceallowing aneasieandmore
intuitive setof constraintsFinally, this representatiotimits
the numberof parameterso computeat eachtime andcon-
sequentlyis lesscomputationexpensve. With suchatech-
nigue,we cananimatea large numberof characterén ady-
namicervironment.

Visualization

A
Environmental
adaptation
t

Blending

T
JAL

Synchronization

Morphological
adaptation

Figure 1: {Left blank} real-time motions syndironization
andblending

As shawvn in Figure 1, the blendingmoduleblendsmo-
tions (henceposturesat a given time) issuedfrom actions.
Theseactions(A; in theremainderof this paper)cansimply
replaya motion or canadaptit to parameterss parametric
modelsdo.Hencejnformationonusedmotionscant bepre-
computedsincethey canbe modi ed in real-time.Indeed,
theseactionsareactivatedanddeactvatedusingprioritiesas
shawn in the Figure2 andmoredetailedin [Lba]. In this -
gure,tl is the startingtime of the actionandt3 its ending
time.t2 (resp.t4) is the completeactivation (resp.deactva-
tion) of theaction.

To managesuchactionswe introduceanew synchroniza-
tion algorithmbasedon the sequenc®f the supportphases
of themotion.Whentheactionsareparametrianodels they
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Figure 2: Activationand deactivationof actions.

justhave to modify thesequenc¢he sameway asthey adapt
themotion.Theoutputof anactionis thenthemotionandits
associatedequenc€§ in theremaindenf the paperwhere
i is thenumberof its actionA;).

4. De nition and analysisof the sequence

Oursynchronizatioralgorithmis basedn sequencesf sup-
port phasesThe rst partof this sectiondealswith the re-
presentatiorof this sequencandthe detectionof incompa-
tibilities betweenthem. The secondpart explains how the
sequencesre generatedising this representationFinally,
the last part describeshow the detectionprocessmanages
motionswith differentnumberof elements.

4.1. Algebraic relation

To detectthat nA actionscan't be blended,we introduce
an algebraicrelation . This one usesthe sequenceof
supportphasesS associatedo the action A;. This latter
is de ned as a sequenceof elementsfrom the setFS =

fRSLS,DS;;; Errg (the Figure 3 shavs a locomotioncy-
cle describedusingour representatiomjvhereRS(resp.LS)
is the period of time whenthe right (resp.left) foot is on
the ground, DS is usedto de ne that the two feet are on
the ground (double support),; is during a jump (no foot
contacton the ground)and Err is the result of two not-
synchronizablenotions.Let S (K) bethek™ elementf this
sequence.

Figure 3: De nition of the supportphasesThefeetevents
are underthe gure andour representatioris above
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Thealgebraigelation fromFS*! FSisde nedsuch
asa b representshe resultingstrike constraintsfrom the
strike aandthestrike b (cf. Figure4).

Figure 4: Syntironizationalgebraic relation.

This algebraicrelation hasbeende ned following these
rules:

DSis the neutralelementlt is becaus®ur blendingmo-
dule usesa neutralmotion with two feeton the ground.
This motion always hasthe lowest priority andis over
riddenby ary othermotion. It is usefulwhenthereis no
active motionto play. For example,if alocomotionwith
the sequence§ = fRSDS LS DSy is started,our alge-
braic relationensureghatits sequenceverride thoseof
theneutralmotion.

; istheabsorbingelementOnthecontraryof theprevious
elementjt representthejump motionduringwhich sup-
port constraintsaaredisabled.

Err is the absorbingelementof the subsef RSLS, DSg.
It meandor examplethatevenif only two motionsarenot
synchronizablamongsseveralones therelationwill set
anerrorkrr.

LSandRSarethe elementghatarecompletelyincompat-
ible andthatsetanerrorErr.

As our relationis commutatve thentwo motionsA; andA;
aresynchronizedf andonly if:

8k, Si(K)  S(k) 6 Err @)

Moreover, asour algebraicrelationis associatie, we can
computethe nA sequencem ary orderwith this equation:

S=((ss & W) Sa 1) S
i2 [LnAl
2

Thus,from thetwo previousequationg1) and(2), thenA
actionsaresynchronizabléf andonly if:
8k; S(K) 6 Err 3)
i2 [1;nA]

4.2. Generation of the sequence

In this section,we presentour generationof sequencesf
supportphasesMeanwhile,the synchronizatioralgorithm
usesthe supportphasesvhatever the way they were gene-
rated.Currently our sequencearegeneratedisingtwo pa-
rameters:

the maximumauthorizedheightfor the lowestextremity
of thefoot. It representshe heightover which thefoot is
notin contactwith theground,;
themaximumauthorizedspeedvhenthefootis underthe
previousthreshold.

Thefoot is consideredn contactwith thegroundif thetwo
previous parametergarerespectedT he secondparameters
usefulto discriminatethe foot strike (whenspeedis really
low) from momentswhenthe foot quickly passesearthe
ground(i.e. duringthe swingphaseof awalk for example).

Figure 5: Interfaceof the supportphasesggenerntor. At the
bottom,the two horizontalareasde ne the supportphases
for eadh foot.

The synchronizatioralgorithmis basedon the fact that
two successie elementsn a sequencarenever identical.

4.3. Extensionof motions

Let considertwo actionsA; and Aj with respectiely the
sequences (with 5 elementsindS; (with only threeele-
ments).To useour algebraicrelationafterthethird element,
we needto extendthe sequencef theactionA;. Moreover,

with cycli ed motionssuchaslocomotion,we needto ex-

tendits sequenceslong asthe actionis running. To this
end,we consideitwo kinds of motions(cf. Figure6):

The cyclied motions: their sequenceare completely
copied,;

Theothermotions:only thelastelemenbf theirsequence
is copiedaslong asnecessary
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Figure 6: Extensionof cyclic (A7) and non-cyclic(Ay) ac-
tions.

5. Synchronization algorithm

The synchronizationalgorithm usesthree main stepsto
achieve its work. The rst oneis the reoiganizationof the
elementof thesequencem orderto synchronizeéhem.The
secondstepis thetuning of the durationof theresultingse-
guenceof supportphasesFinally, thealgorithmassureshat
the temporaldeformationresulting from the time warping
function doesnot make speeddiscontinuitiesn the anima-
tion.

5.1. Chronologicalorganization

Dueto thereal-timeinteraction the motionscanstartat ary
moment.To useour relation,we rst make a changeof va-
riable to refereachmotionto the sameindex k asshavn in
theFigure?.

Figure 7: Change of variablefor theindices.

Alwaysregardingthe interactive andreal-timeconstraint,
we don't wantto apply our algebraicrelationon all the se-
guenceut only onthenext successie nk elementsThefol-
lowing algorithmis thenappliediteratively during the ani-
mation.

Let considerthat the motion is synchronizeduntil the step
k+ nk (theanimationis currentlyatthe stepk):

81 j k+nk S(j) & Err (4)
i2[1;nA]
Now, whentheanimationenterdsn thestepk+ 1, ouralgo-
rithm mustsynchronizehe stepk+ nk+ 1:
S(k+ nk+ 1) 6 Err 5)
i2 [1;nA]
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If this previous equation(5) is not veri ed, our synchro-
nizing algorithm proposego enlage someof the last syn-
chronizecelementsatthestepk+ nkto respectheequation.
For example,let considertwo motionsA; andA; (cf. top of
theFigure8) suchas:

Si(k+ 1) = DSandS;(k+ 2) = RS
S(k+ 1) = : andSy(k+ 2) = LS

Let nk be equalto 1 (synchronizatioris just madeover
oneelementbf thesequence)n thisexample,S; andS, are
not synchronizedat the stepk+ nk+ 1 = k+ 2. Deletingor
reducingoneof the two concernectlementdoesnot solve
the problem.Meanwhile,the animationis aboutto enterin
thestepk+ 1 whenthesynchronizatiomprocesss actvated,
sowe canenlageoneof theelementS (k+ 1) without crea-
ting discontinuitiesn theanimation.In this example extend
theelementS; (k+ 1) solvesthe problem(cf. bottomof the
Figure8).

Figure 8: Exampleof extensionof an elementof the se-
quence

Enlamging the last synchronizedlementof the sequence
always gives at least one solution to the synchronization
problem.TheappendixA detailsthe recursve proof of this
algorithm.Now, onesolutionhasto bechoserfrom thesetof
possibleones.To achieve this, thealgorithmuseghepriority
of themotions.Fromthehighestpriority to thelowestone, it
takesthe rst elementof type RSor LS. Thisfoundelement
givesthetypeof constrainto berespecteddence extending
all thelastsynchronizectlementof the othertype(i.e.,RS
if thefoundelementis LS) ensureghatthe constraintasso-
ciatedto the motion with the highestpriority is respected.
TheFigure9 shavs anexampleof sucha synchronization.

Now, we aresurethatactive motionscanbesynchronized
at nk stepfrom the currentelementof the sequencelt re-
mainsthestartof theactions WhenanactionA, is actvated,
thealgorithmtriesto synchronize€rom the rst oneS (k) to
the S(k+ nk+ 1). If thereis no error during this synchro-
nization,the actionis startedat the rst synchronizecele-
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Figure 9: Exampleof syntironizationwith priorities.

mentandthe synchronizatioriterative algorithmcanbe ap-
pliedfor therestof its activation.If anerroroccursjt means
thatthereis no possiblesynchronizatiomwith thecurrentac-
tive actions.Then,the startof theactionis delayeduntil the
next elemenbf thesequencés reached.

5.2. Duration of an elementof the sequence

Now that elementsof the sequencef supportphasesare
correctlyreoiganizedjt remainsto computethe durationof

theseelementsTo achieve this, the synchronizatiorprocess
usesthe priority B de ned for eachmotion A; astheweight
associatedo thelegs. Let DS (k) bethe durationof the Kth

elemenbf thesequenc& . Thecomputeddurationof all the
K" elementf all thesequenc®S(K) is thende ned as:

8k DSk = & P DSk (6)
i2 [1;nA]

This durationis thenusedin thetime warpingprocesdo
adaptthemotion.

5.3. Temporal deformation

Changingthe durationof the elementof the sequences-
volvesa compressiorr a dilatationof thetime. The Figure
10 shavs temporaldeformationsgdueto the useof thetime
warping. Let 0= Hi(t) be the time warping function that
givesthe animationtime from the real time. This function
is not derivable and engendersliscontinuitiesn speedand
accelerationAfter the computatiorof the time warping,we
usea cardinalspline(dashecturve in Figure10) thatallows
to slow down or acceleratéghemotionin orderto avoid these

discontinuitiedduringthe animation.

Figure 10: Splineappliedto thetimewarpingfunction.

6. Results

Oneof themostvisualartifactsproduceddy a badtransition
betweemotionsis thesliding feet. TheFigure12 compares
a samesequencef differentlocomotionsusingor not the
synchronizatioralgorithm. The red partsof the animation
representshe phaseof transitionbetweenmotions.At the
topof this gure, thedifferentiocomotionsareactivatedand
deactvatedat prede nedtimes.Thethreeellipsesstresshe
momentsvhenthe feetaresliding on the oor. Thebottom
of the gure shaws the samesequencef locomotionsbut
usingthe synchronizatioralgorithm. This time, the feetdo
not slide andthe supportconstraintsarerespectedThis -
gureshaws thatevenwith motionsof samekind (suchaslo-
comotionsin this example),the synchronizatiorof motions
is really important.

Following the samewireframerepresentatiorthe gure
13shavsamorecomple animationThislatteris composed
of alocomotion,a ghting motion,anothemwvalk and nally
ajump. This gure shaws the delaythat canappearduring
the synchronizatiorof complex motions.Thelastrow gives
the samesynchronizednimationusinga skinnedcharacter

The next example shavs an animation resulting from
the completeuse of our system.The oor is interactve-
ly adaptedandthe charactelis animatedusing several mo-
tions. Thesemotionsaresynchronizedblendedandadapted
to the ervironmentin real-time.The morphologicaladapta-
tion is still madeautomaticallywith the normalizedskele-
ton. In the gure 11, the oor is stuckonly to have a clear
illustration. Thevideo (http://{Left Blank}/dynamicE.avi)
givesthe completeanimationwith the moving oor. Ano-
ther video (http://{Left Blank}/synchronizationd) shavs
the original motionsandthe resultof their synchronization
andtheir blending.
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Figure 11: The syndronization moduleis part of a com-
pletekinematicalanimationengine{Left Blank}. In this ex-
ample the character is animatedon an interactively chan-
ging ground.For thepicture, the oor wasstud.

7. Discussion

In this paper we have presentedh new real-timealgorithm

thatsynchronizeseveralinteractvely adaptednotions.This

algorithmis basedn thetime warpingtechniquewith addi-

tional information:the sequencef supportphasedor each
motion. We also introducedan algebraicrelation between
supportphasedo verify if they are compatiblefor motion

blending. Its useis very easysince motions are basical-
ly controlledby simple start/stopcommandsThe duration

usedto activateor deactvatethe motionis parameterizeds

well asthe priorities for eachmotion. The weightsassocia-
tedto motionsarethencomputedautomaticallyandareused
by our synchronizatioralgorithm.Besideshe synchroniza-
tion of interactively adaptedmotions,this synchronization
algorithmis part of a completekinematicalanimationen-

gine:{Left Blank}. Usinganadimensionabndnormalized
skeleton,a motion can be automaticallysharedby several

charactersvith differentmorphologiesMoreover, the syn-

chronizedmotionsare blendedby a speci ¢ blendingmo-

dule[Lba].

This complete real-time animation engine is already
usedby industrial partners Consequentlythis packagenas
beenwidely testedwith motionsinvolving really different
kinds of dynamicsand of supportphasegsuchas ghting,
walking, running and dancing).It also works while using
parametriomodelssuchaslocomotionor graspingmodels.
The actiation time is instantaneousxceptfor rarely criti-
cal situationssuchassimultaneouslyight andleft unilateral
jumps.Evenin this kind of situations,our synchronization
technigquealways nds a solutioncontraryto othercurrent
studiesusing motion graphsor prede nedcorrespondences
betweemmotions.The computationcostof this algorithmis
nagligible sinceit only synchronizesequencesvhen mo-
tionschangeheirsupporphasesMoreover, it doesnotneed
informationon all the sequencef supportphasedbecausét
only synchronizes limited numberof its elementqi.e. the
supportphases).

The value of the numbernk of supportphasessynchro-
nizedby our algorithmmustbe discussedWhenit is small,
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the temporaldeformationcan be importantto ensurethe

compatibility of the motions. On the contrary whenit is

large,theknowledgeof thefutureis required Consequently
it is moredif cult to starta new actionsincethe algorithm
mustsynchronizemore supportphasesat the beginning of

themotion. The default valueusedfor all our animationsn-

side{Left Blank} is 5. It allows to synchronizemorethana

completecycle of locomotion.

As for several systemsbasedon kinematics,our system
suffersfor somelimitations.Indeed nothingensureghatthe
weightedsumof two motionsthatbothrespectlynamicsal-
so respectslynamics.To take this kind of constraintsinto
accountthereis somelow computatiorcostkinematicalso-
lutions. For example,time warpingtechniquecanengender
large dilatationsof the motion duration.Whenit is applied
while jumping, the fundamentalaws of dynamicsare not
respectedOne solution can be to stuck the weightsasso-
ciatedto the actionduring a jump phaselt meansthatthe
blendingis interruptedduringajump. This problemcanalso
be correctedcontrolling the parabolictrajectoryof the root
during the jump. Our perspecties are to incorporatesuch
techniquednside our system{Left Blank}in orderto im-
prove the respecbf the fundamentalaws of dynamicsthat
alreadyexist intrinsically in the original motions.We areal-
socurrentlyworkingonadynamiccontrollerto reinforcethe
results.
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Appendix A: Recursive proof of the synchronization
algorithm

The rst part of this appendixshavs that, consideringthat
anerrorhasoccurredduringthe synchronizatiorprocessat
leastonesolutionis found.

Let considetthatthe animationis enteringin the stepk. It
meanghatall thenA actionsaresynchronizedintil the step
k+nk 1:

8j2 [k Lk+nk 1J; S(j)6 Err (7

i2 [LnAl

Let considerthat the actionsare not synchronizedat the
stepk+ nk (elsethe solutionis alreadyfound):

S(k+ nk) = Err (8)
i2 [LnA

The algorithmtries to extend someof the last synchro-
nizedelementsThus,thereis a solutionif thereis at least
oneelementof the stepk+ nk 1 thatcanbe extendedto
verify thefollowing equation(9).

S(k+ nk) 6 Err 9
i2[1;nA]
The rst solutioncanbeto extendall thenAlastsynchro-

nizedelements:

S(k+ nK) =
i2[1;nA]

S(k+ nk 1) 6 Err
i2 [1;nA]

(10)
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ID numberl67/ Syndironizationof interactivelyadaptedmotions

Unfortunately this solutiondoesnot solve the problembut
justdelaysit.

Let A bethemaximalsetwith elementof the stepk+ nk
thatcanbe synchronizedvith theresultof the previous step

k+ nk 1.
0 1 |

@ S(k+nk 1A S(k+nk 6 Err
i2 [1;nA] i2A
11)

This setcant be emptysincethe error at the stepk + nk
(cf. equation(8)) involvesthe presenceof RSandLS. So
therearecompatibleelementswith oneof themandsowith
all the existing elementsThen,this setis alsosynchroniz-
ablewith theresultof thepreviousstepk+ nk 1. Now, two
casedave to beconsidered:

i2iuna S(k+ nk 1) = ;:in this case,extendingone
of the absorbingelement(; ) is enoughto nd a solution
(evenif theextentof ajumpis notanidealsolution);

i2[una S(k+ nk 1) 8 ;: sincetheresultis nottheab-
sorbingelement(; ) thenit is notin the setA. Moreover,
thereis no elementof type ; atthe stepk+ nk sincethe
resultis anerror Err. So the following equationis veri-
ed:

0 1 1

@ S(k+nk 1A S(k+nk 6;

i2 [1;nA] i2A
12)

As A de nes the elementscompatiblewith the previous
synchronizationthenf i 2 Ag representtheindicesof the
motionsin which last synchronizedelementshave been
extendedo solve thesynchronizatiorproblem.

The setA doesnot representll the solutionsof the syn-
chronizationAs it is never empty it is only usedto demon-
stratethatthereis alwaysatleastonesolution.
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Figure 12: The r strow showsthe animationwithoutsyndronization.Whenthere are transitionsbetweermotions(in red)the
feetare sliding onthe oor. With the syndironization(secondow), thefoot strikesare respected.

Figure 13: Here is a more complex animationwith motionssud aswalking ghting, anotherwalkinganda jump.

submittedto Eurographics/ACM SIGGRAPHSymposiunon ComputerAnimation(2004



