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Abstract

Theutility of an interactivetool canbemeasuredbyhowpervasivelyit is embeddedinto a user's work�ow. Tools
for artists additionally mustprovide an appropriate level of control over expressiveaspectsof their work while
suppressingunwantedintrusionsdueto detailsthat are, for themoment,unnecessary. Our focusis on tools that
target editing the expressiveaspectsof character motion.Thesetools allow animators to work in a way that is
more expedientthanmodifyinglow-level details,andoffers �ner control thanhigh level, directorial approaches.
To illustratethis approach, wepresentthreesuch tools,onefor varyingtiming (succession),andtwo for varying
motionshape(amplitudeandextent).Successioneditingallows theanimatorto vary theactivationtimesof the
joints in the motion.Amplitudeediting allows the animator to vary the joint rangescovered during a motion.
Extenteditingallowsananimatorto varyhowfully a characteroccupiesspaceduringa movement– usingspace
freelyor keepingthemovementcloseto his body. We arguethat such editing toolscanbe fully embeddedin the
work�ow of character animators. We presenta general animationsystemin which theseand other editscan be
de�nedprogrammatically. Working in a general poseor keyframeframework,eitherkinematicor dynamicmotion
canbegenerated.Thissystemis extensibleto includeanarbitrary setof movementedits.

CategoriesandSubjectDescriptors(accordingtoACM CCS): I.3.7[ComputerGraphics]:ThreeDimensionalGraph-
icsandRealismAnimation;

1. Intr oduction

Tools suchas Photoshopare effective for artistic work in
largepartbecausethey allow anartist to work at anappro-
priatelevel of controlandbecausethey provide rapid feed-
back.Whenworkingwith aneffective imagingtool, anartist
candirectly control aestheticparameterssuchascolor bal-
ance,tone,sharpness,andcontrast,evaluatetheresults,and
then make adjustmentsas required.Such interactionsare
usuallya higherlevel thandirectbit-mapediting,which for
most(but not all) taskswould be too tedious,but offer the
artista �ner scaleof control thanhigh level directivessuch
as“make the picturedark andmoody”. Suchdeclarations,
while evocative andhelpful for settingcontext, canbeinter-
pretedby everyartistandviewer in adifferentwayandmay
still not provide the spacefor exercisingan artist's unique
style. Finding analogouslevels of aestheticcontrol in the
creationof computeranimationis importantto broadening
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its accessibilityandappeal.This paperintroducesa useful
new classof suchcontrolscalledaestheticedits, which are
intendedto directly adjustsalientaestheticaspectsof a mo-
tion.

Like our imaging metaphor, aestheticedits operateat a
higherlevel thankeyframeediting,but lower thancharacter
directives.A choreographercouldaska dancerto performa
motion“moresadly”andhopethedancerandchoreographer
reconciletheir views.Thechoreographercouldinsteadpro-
vide furtherdirectionregardinglimb �o w andco-ordination
of successivemotionsthatwouldachievethedesiredexpres-
sive intent.Aestheticeditsoperateat this latter level. They
aremoreef�cient thandirectkeyframeeditingandareeas-
ier to de�ne, understand,andcontrol thanevocative direc-
tionssuchas“act moresadly”.Threeexampleeditswill be
presented:succession, whichrelatesto joint timing, andam-
plitude and extent, which relateto how a charactermoves
throughspace.Sucheditsallow theexpresssionof qualities
of a character's motion that setit apartfrom parameterized
or optimizedcontrol.
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We presenta generalframework in which animationed-
its can be de�ned. The framework generalizesthe idea of
keyframesor poses,which have proven to be an effective
representationfor both kinematicand physical animation.
An extensibleanimationsoftware framework is presented.
Othermovementeditscanbe addedto the systemby cod-
ing movementpropertyobjects, which arethenavailableto
theanimator. Workingfrom apose-basedrepresentation,the
systemcangenerateeitherdynamicor kinematicmotion.

2. PreviousWork

PhilipsandBadler8 presentedasystemthatallowsanimators
to directlyadjustacharacter's balance,targettinganexpres-
siveaspectof motion.

Other work13; 1 hasfocusedon extracting the emotional
content from a piece of capturedmotion. This extracted
transformcan then be appliedto other motions.Bruderlin
andWilliams3 adjustmotionby treatingmovementasa sig-
nal and adjustingthe gain of various frequency bandsof
thesignal,arguingthatdifferentbandscapturedifferentaes-
thetic qualitiesof the motion.Theseworks shareour focus
on editing motion, but seekto either extract an emotional
statesuchas“happy” or “angry”, or vary a frequency band
of a motion, whereasour edits are aimedat unambiguous
aestheticpropertiesof motionsuchasmotion �o w, succes-
sionandextent.

Roseetal.10 presentasystemfor expressivemotiongener-
ationbasedoninterpolatingcapturedmotion.A givenaction
suchaswalking, calleda “verb” in their work, is captured
beingperformedin variousways.Thesevariationsde�ne an
“adverb” space.Interpolatingbetweenthecapturedmotions
givesacontinuousrangeof expression.

BrandandHertzmann2 providefor veryhigh level editing
of amotion'sstyle.They learnastylefrom capturedmotion
andcanthenapply this style to othermovementsequences.
PullenandBregler work at a similarly high level, allowing
ananimatorto specifykey framesandthenusingastatistical
model drawn from motion capturedatato texture the key
framedmotionwith aparticularstyle9.

Chi et al.4 useLaban's Effort-Shapemovementanalysis
to de�ne a�x edsetof parametersthatcanbeusedto modify
the style of a motion . Our work sharestheir emphasison
expressive aspectsof motion, but we aim at a more open,
extensiblesystemandwe targetadifferentsetof properties.

In previouswork7, we identify anothermid-level param-
eter– theamountof tensionin a character's body– thatdi-
rectly effects the expressive impactof an animation.Here,
we incorporatetensionchangesin our dynamicsimulation
to provideanimatorswith anadditionalexpressiveedit.

3. Thr eeMotion Edits

In this section,threemotion edits are describedwhich di-
rectlyaffectaestheticaspectsof charactermotion.

3.1. Succession

Poses,or keyframes,have proven to bea usefulabstraction
for specifyingmotion.Thehumanbody, however, doesnot
moveall atonce.Somepartswill lead,andothersfollow. As
Walt Disney observed, “Things don't cometo a stopall at
once,guys;�rst thereis onepart,andthenanother.” 12(cited
on p.59). If an animationtransitionsfrom one poseto the
next, bringingall partsof thebodyinto theposeat thesame
time, ascommonlyhappensin physicalandkinematiccon-
trol solutions,theresultwill haveavery roboticappearance.

Successionsdealwith how movementspreadsthroughthe
body11. They are very importantfor giving a movementa
senseof �o w. Therearetwo typesof successive movement:
normalor forward successionsandreversesuccessions.For-
wardsuccessionsstartat thehip andmove out to thelimbs.
Reversesuccessionsstart at the extremitiesand move in-
wardsto theroot.

Mostmotionshaveat leastaslight forwardsuccession.In
theearlydaysof theDisney Studio,animatorsspenta great
dealof time studyingmotion.“[Their] moststartlingobser-
vation from �lms of peoplein motion was that almostall
actionsstartwith the hips”12(p.72)andthenthe restof the
bodyfollows through.This �o w of motionis whatasucces-
sioncaptures.

Reversesuccessionsgenerallyhave a negative associa-
tion, suchasfalsity, insincerityor evil, whereasforwardsuc-
cessionsaregenerallypositive11. Altering thedegreeof the
successioneffectshow �o wing themotionwill appear.

3.2. Amplitude

An amplitudeedit actsin a similar mannerto a scaleoper-
ation in modeling.It adjuststhe joint rangesover which a
motionoccurs.As theamplitudeincreases,the joint ranges
spannedby a motion are increasedand as amplitudede-
creases,the joint rangesaredecreased.Therearenumerous
ways to de�ne an amplitudeedit. Our currentedit scales
movementrelative to an interposeaverage,asdiscussedin
theimplementationsectionbelow.

Bold and excited gesturesoften have large amplitude.
Shy or nervouscharactersoften will make small amplitude
movements.The amplitudeedit allows an animatorto very
quicklychangethefeelof amovement.Subtleyetexpressive
movementscanoften be obtainedby taking a large motion
and reducingit to a small proportionof its full amplitude
while maintainingthesameenergy.
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3.3. Extent

Theconceptof extentrefersto theproximity of anactionto a
character'sbody6. It is generallyappliedto armmovements.
Therearethreegeneralextentranges:near, mid andfar. Near
movementstake placewithin a few inchesof a character's
body. Theseactionsoften suggesta characteris timid, ner-
vousor shy. Mid extentmovementsincludemostdaily activ-
ities suchasshakinghands.They occurat a mediumrange
from a character's bodyandappearrelaxedandnormal.Far
extent movementsoccur as far from the body as possible.
Generallythearmsarefully extendedandstretchedoutfrom
thebodyor abovetheheadsothatthecharacteris occupying
asmuchspaceaspossible.Suchactionssuggestexcitement
andcon�dence.They alsoreadmoreclearly if a character
is viewedat a distancesoareoftenusedon stageor in long
shotsin �lm.

Extenteditsandamplitudeeditsareparticularlyeffective
whenusedin conjunctionwith eachother.

4. Implementation

We arebuilding anextensibleanimationsysteminto which
new movementpropertiescanbeincorporated,muchasnew
shaderscanbeincorporatedinto a renderer.

4.1. Underlying Representation

The fundamentalrepresentationin our animationsystemis
basedontheideaof poses,whichde�ne thecon�gurationof
thedegreesof freedomof a characterat speci�c times.This
is acommonrepresentationin bothkinematickeyframesys-
temsanddynamicstate-machinebasedcontrolsystems.We
generalizetheideaof aposeby allowing agivenposeto de-
�ne any subsetof thedegreesof freedomof thecharacter. At
any time,differentposesmaybeactive,controllingdifferent
subsetsof thecharacter'sDOFs.

EachDOFof thecharacteris representedby asingletime-
orderedtrack in the underlyingrepresentationusedby the
system.Tracksarepopulatedwith transitionelementsthat
de�ne thedurationof thetransitionto adesiredpose,thede-
siredendvaluefor thetransition(i.e. joint angle),how long
theDOFis to beheldin positiononceachieved,acurve that
canbe usedto shapethe transition,andtensionvaluesthat
furthervaryexpressiveshapingin adynamicsimulation.By
de�nition, theinitial valuefor thetransitionelementwill be
the stateof that DOF whenthe transitionelementbecomes
active.

Transitionelementscanbeaddeddirectly to theunderly-
ing representation,but it is moreusualfor themto begener-
atedby addinganactionto themovementscript.Actionsare
an abstractionfor a unit of movement,suchasa wave or a
gesture.They arebasedon posesandde�ned hierarchically.
Eachactionconsistsof oneor morecycles,eachcycle con-
sistsof oneor moreposesanda poseis de�ned by a setof
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Figure1: A hierarchical actiondescription.

transitionelements.Cyclesandposesareserial,soonecylce
completesbeforethenext cycle is startedandsimilarly, one
poseis completedbeforethenext poseis begun.Cyclesare
usefulfor repetitivemotionslikeawave.Transitionelements
de�ne a pose,soall transitionelementswithin a givenpose
areexecutedin parallel.The actionrepresentaionis shown
in Figure 1

The action de�nes initial valuesfor the propertiescon-
tainedin its transitionelements.As aconvenience,thesedef-
initions �o w throughthehierarchy. For instance,if a transi-
tion curve wasspeci�ed at the cycle level, it would be ap-
plied to all thetransitionelementsin all theposescontained
in thatcycle.It canalsobefreelyoverwrittenfor aparticular
transitionelement.This is facilitatedwith a simplelabeling
schemethat providesa namefor eachactionanda unique
labelfor eachsubentrybasedonits locationin thehierarchy.
For instance,thea transitionelementfor DOF23 in thesec-
ondposeof the�rst cycle or anactioncalled“wave” might
have the label “wave_0_1_23”.Cycle repetitionsarenoted
by appendinga repetitionnumberto theendof thelabel.

Edits can be appliedat arbitrary levels. An edit can be
appliedto theentiremovementscript,to anindividualaction
or setof actions,to aspeci�c poseor to individual transition
elements.Someeditswill naturallyonly make sensewhen
appliedat certainlevels,but in generaleditscanbeapplied
atany desiredgranularity.

A basicversionof thearchitectureis shown in Figure 2.
Thescript containsa setof actionsthat is mappeddown to
thetracksin theunderlyingrepresentation.Theaestheticed-
its arethenappliedto theunderlyingrepresentationto mod-
ify the natureof the motion.The restof the architectureis
discussedat theendof this section.

4.2. MovementProperty Edits

Movementpropertyeditsaremodulesof codethatencapsu-
late a particularmovementideasuchassuccessionor am-
plitude. They are the implementationof aestheticedits in
our system.In use,ananimatorselectsa particularedit, de-
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Figure2: A simpli�ed versionof thesystemarchitecture.

cideswhat to apply it to and speci�es any necessarypa-
rameters.The edit thenoperatesby directly modifying the
transitionelementsin theunderlyingmotionrepresentation.
Movementpropertieshave full accessto the representation
to bothqueryandsetvalues.

It is alsopossibleto createreactive movementproperties
that canbe usedin dynamicssimulation.Theseproperties
have full accessto characterstateandcontinuouslyupdate
the underlyingrepresentationto control propertiessuchas
balance.An examplebalancereactivecontrolleris shown in
thearchitecturediagram.

Animatorsor technicaldirectorscanfreelyaddor modify
movementpropertiesasneeded.Sincetheseeditsareproce-
dural, they canbe arbitrarily simpleor complex. They can
alsobemodi�ed to meetananimator'sexactneeds.

4.3. Implementation of Edits

4.3.1. Succession

A successiontakestwo parameters:whetherthesuccession
is normalor reverseand how much of a time offset (t) to
usebetweenthe joints involved in themotion.Theedit de-
terminesall of the transitionelementsit is beingappliedto
andshifts their startingtime basedon wherethey arein the
character'sjoint hierarchy. For instance,anormalsuccession
would not modify the�rst joint in thespine,it would offset
thenext joint by t, thefollowing joint by 2t etc.Thesucces-
siontracesdown all branchesin parallel,for instance,modi-

fying thestarttimeof bothcollarbones,thenbothshoulders
andthenbothelbowsetc.

4.3.2. Amplitude

Amplitude edits take a positive �oat a which speci�es the
degreeof theamplitudeadjustment.A valueof oneindicates
no change,lessthanonea reductionandgreaterthanone
anincrease.This adjustmentmustbedonewith respectto a
referencepose,thesemanticsof whichwenow describe.

By default,anamplitudeedit will calculatetheinter-pose
averagebetweenendvaluesandvary theamplituderelative
to this.Two deltasarecalculated,onemeasuringthedistance
from theaverageto theendof theposeandthesecondmea-
suringthe distancefrom the averageto the endstateof the
previouspose.Thedeltasaremultiplied by theamplitudea
and addedto the averageto determinenew suggestedend
andstartvalues;a startvaluesimply beingtheendvalueof
thepreviouspose.If theposeis amongasequenceof poses,
therewill beasuggestednew valuecalculatedrelative to the
averageon eithersideof it. Theseareaveragedto generate
the�nal value.Jointlimits canalsobeenforcedhere.When-
everquaternionjointsareused,sphericallinearinterpolation
is usedinsteadof regular linear interpolationto determine
joint angles.

An amplitudeedit canalsotake a referencepose.In this
casetheamplitudeis variedrelative to thatposeratherthan
relative to thecomputedaverages.

4.3.3. Extent

Two differentextent editsareprovided.The �rst examines
how closelythearmsareheldto thebody. It blendstheposes
in anactionwith aposethathasthearmsheldstraightdown,
closeto the torso, in order to vary the shoulderangleand
eitherpull amovementcloserto thebodyor moveit out into
space.

The secondedit examinesthe distanceof the handfrom
theshoulderandallowsananimatortopull thehandcloserto
theshoulderor moveit furtheroutinto space.A similaraver-
agingprocessis usedhereaswith theamplitudeedit above.
Whenmultiple posesareedited,an averageextent valueis
calculatedoverall theposesandthenanoffsetfrom thisav-
erageis calculatedfor eachpose.Theextentedit variesthe
distanceof this averageandmaintainsthe sameoffsets.In
this way, the extent of an action like a wave canbe varied
withoutneedingto varyeachindividualposein thewave.

4.4. MovementGeneration

Thelowerportionof thearchitecturein Figure 2 involvesthe
generationof the animation.Movementgenerationdrives
off the�nal, editedunderlyingmotionrepresentation.Kine-
matic motion is computedusing the transitioncurves,end
valuesandtiming informationcontainedin thetransitionel-
ements.
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Figure 3: SuccessionEdits: Thetop image sequenceshowsframesfrom an uneditedanimation.Thebottomshowsthe same
sequenceafter a successionedit hasbeenapplied.Notethe greatersenseof �ow in the lower animation.Framesare evenly
spacedwithin thetransition.

In orderto determinedynamicmotion,thenecessaryjoint
torquesmustbe computedto achieve the speci�ed motion.
This is donein the control signal generator, which usesa
simple antagonisticactuatorthat supportstensionchanges
asdescribedin 7. Thetensioncontrolformulationwill notbe
repeatedhere,but thebasicideasis thatthegainsof theactu-
atorarevariedto trackthetransitioncurvers.Accuratejoint
positioningis achieved by determiningthe torquescaused
by gravity actingon the characterandthenadjustingmus-
cle gainsto compensatefor thesetorquesto achieve thede-
sired position.For most upperbody motions,the required
gainsfor theendposearecalculatedat thebeginningof the
motion and then the gain valuesarevaried from the start-
ing valueto the�nal value.Thesystemusestheunderlying
representationto estimatefuturestatesof thecharacterin or-
der to estimatethe torquesinducedby gravity at theendof
a poseandcalculateappropriatemusclegains.The torque
valuesareusedasinput to a physicssimulatorwhich gen-
eratesthe�nal motion.Thesimulationcodeis generatedby
a commercialpackage,SD/Fast5. For kinematicmotion,the
controlsignalgeneratorsimply passesinformationfrom the
underlyingrepresentationto a kinematic“simulator” which
generatesthe�nal motion.

5. Results

All animationsdiscussedin thispaperareavailableonlineat
http://www.dgp.toronto.edu/˜neff.

A simplebowing animationshows thepower of thesuc-
cessionedit. Theanimationconsistsof two poseson top of
therestpose,oneof thecharacterbowedforwardanda sec-
ond of the charactergesturingoff andup to the right. The
basicanimationgeneratedfrom theposeshasastiff, robotic
feel.Theanimatorappliesthesuccessionedit with anoffset

of 0.2 secfor the �rst transitionand0.3 secfor the second
transition.As canbeseenin asideby sidecomparisonof the
animations,the applicationof the successionedit givesthe
movementsa remarkablesenseof �o w. A few framesfrom
theendof theanimationareshown in Figure3. Thecharac-
ter's lower body is automaticallycontrolledby the reactive
balancecontroller.

A simple animation basedon the sixties dance“The
Twist” is generatedby cycling two poses.The varioused-
its areappliedovermultiple repetitionsof thedance.Dueto
theprogrammaticrepresentationusedto de�ne theedits,it is
a straightforward taskto vary the intensityof theeditsover
a movementsequencesuchasthis,allowing thedanceto be
built up to awild crescendo,or reducedto ashy bob.

When creatinga realistic piece of acting, sometimesa
subtlepieceof motion is neededto colour a scene.What
is calledfor is oftennot a broadgesturethatwould distract
from the scene,but a small pieceof motion that doesnot
draw attentionto itself, but helpsto seta moodfor a char-
acter. Thesevery subtlegestures,while clearin intent in an
animator's mind, aredif�cult to envision andanimate.One
effective way to generatethem is to take a broadpieceof
motionandthenapplyeditsto bothadjustthe �o w through
successionchangesandto drasticallyscaledown themotion
usingamplitudeandextent.We illustratethis with a tilting
dancemotionthathasbeenreducedto generateasubtle,but
expressive“twitch” thatcanbeappliedto acharacter. A suc-
cessioneditwasalsoused.

Weemploy dynamicsimulationin amanneranalogousto
a �nal renderingpass.The animationis �rst createdkine-
matically asthis offers a moreef�cient initial work�o w. A
�nal simulatedversionof themotionis thengeneratedwhich
incorporatesadditionalnuancesafforded by physics, such
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aspendularlimb motion,forcetransferencebetweenjoints,
smoothing,andenvelopeshapingcausedby tensionchanges.

6. Discussion,Conclusionsand Futur eWork

We have presenteda systemin which aestheticmotionedits
canbede�ned andapplied.Theseeditstargetsomeimpor-
tantexpressiveaspectsof motion.Wearguethattoolsat this
level of abstractionoffer thepotentialfor beingparticularly
effective for characteranimatorsassuchtoolsallow themto
focusonexpressiveaspectsof motionwhile atthesametime
providing anappropriatelevel of control.This approachhas
beendemonstratedwith threeexemplars,succession,ampli-
tude and extent. We also demonstratedhow they allow an
animatorto quickly adjustthevariousexpressive aspectsof
amotion.

In the languageof animation,very differentapproaches
may be taken by different animatorsto achieve a speci�c
expressive effect.Our editsthusserve a pedagogicpurpose,
identifying for lessexperiencedanimatorsdifferentwaysto
varymotionto achievesuchaneffect.

Muchwork remainsondevelopingothermoreinteresting
edits,on re�ning existing edits,andon developingnew user
interfacetechniquesfor editspeci�cation.In particular, aside
from enforcingjoint limits andgroundcontact,the system
doesnot currentlyenforceconstraints.It would beusefulto
allow ananimatorto specifysayanend-effectorcontstraint
that is maintainedwhile an edit is applied.Rulesfor com-
biningpotentiallycon�icting editswouldalsobeuseful.

This work alsosuggeststhefascinatingandcrucialprob-
lem of uservalidation.While it is dif�cult to develop and
conductuserperformancestudiesoncomplex softwaresuch
asthat usedfor authoringanimation,it is importantto de-
velopmethodologiesthatserveto validateexperimentallyor
empiricallytheeffectsof whatwe claim to beimprovedan-
imation work�o w afforded by expressive edits.This topic
will bethesubjectof considerablefuturework.
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