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Abstract

Theutility of aninteractivetool canbe measued by howpervasivelyit is embeddeéhto a user's work ow. Tools
for artists additionally mustprovide an appropriate level of control over expressiveaspectf their work while

suppessingunwantedntrusionsdueto detailsthat are, for the momentunnecessaryOur focusis on tools that

target editing the expressiveaspectf character motion. Thesetools allow animatois to work in a way that is

more expedienthan modifyinglow-level details,and offers ner control thanhigh level, directorial approades.
To illustrate this appoad, we presentthreesud tools, onefor varyingtiming (successionjandtwo for varying
motionshape(amplitudeand extent). Successiorditing allows the animatorto vary the activationtimesof the
joints in the motion. Amplitudeediting allows the animatorto vary the joint ranges covered during a motion.
Extenteditingallowsan animatorto vary howfully a characteroccupiespaceduringa movement- usingspace
freelyor keepingthe movementloseto his body We arguethat sud editing tools can be fully embeddedh the
work ow of character animatos. We presenta generl animationsystenin which theseand other editscan be
de nedprogrammaticallyWorking in a geneal poseor keyframeframevork, eitherkinematicor dynamicmotion
canbegeneated.Thissystenis extensibleto includean arbitrary setof movementdits.

CatagyoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.7[ComputeiGraphics] ThreeDimensionalGraph-

icsandRealismAnimation;

1. Intr oduction

Tools suchas Photoshopare effective for artistic work in
large partbecausehey allow anartistto work at anappro-
priatelevel of controlandbecausehey provide rapid feed-
back.Whenworkingwith aneffectiveimagingtool, anartist
candirectly control aesthetiqpparametersuchascolor bal-
ancetone,sharpnessndcontrastgevaluatethe results,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 controlthanhigh level directvessuch
as “make the picture dark and moody”. Suchdeclarations,
while evocative andhelpful for settingcontet, canbeinter-
pretedby every artistandviewer in a differentway andmay
still not provide the spacefor exercisingan artist's unique
style. Finding analogoudevels of aestheticcontrol in the
creationof computeranimationis importantto broadening
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its accessibilityand appeal.This paperintroducesa useful
new classof suchcontrolscalled aestheticedits which are
intendedto directly adjustsalientaestheti@spectof a mo-
tion.

Like our imaging metaphor aestheticedits operateat a
higherlevel thankeyframeediting, but lower thancharacter
directives.A choreographetcouldaska dancetrto performa
motion“more sadly” andhopethedanceiandchoreographer
reconciletheir views. The choreographetouldinsteadpro-
vide furtherdirectionregardinglimb o w andco-ordination
of successie motionsthatwould achieve thedesiredexpres-
sive intent. Aestheticedits operateat this latter level. They
aremoreefcient thandirectkeyframeeditingandareeas-
ier to de ne, understandand control than evocatie direc-
tions suchas“act moresadly”. Threeexampleeditswill be
presentedsuccessioywhichrelatego joint timing, andam-
plitude and extent which relateto how a charactemoves
throughspace Sucheditsallow the expresssiorof qualities
of a charactes motionthatsetit apartfrom parameterized
or optimizedcontrol.
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We presenta generalframeavork in which animationed-
its can be de ned. The framewvork generalizeghe idea of
keyframesor poseswhich have proven to be an effective
representatiorfor both kinematic and physical animation.
An extensibleanimationsoftware framework is presented.
Othermovementedits canbe addedto the systemby cod-
ing movementproperty objects which arethenavailableto
theanimatorWorking from apose-basetepresentatiorthe
systemcangenerateitherdynamicor kinematicmotion.

2. Previous Work

PhilipsandBadlef presented systenthatallowsanimators
to directly adjusta charactes balancetamettinganexpres-
sive aspecbf motion.

Otherwork!31 hasfocusedon extracting the emotional
contentfrom a piece of capturedmotion. This extracted
transformcan then be appliedto other motions.Bruderlin
andWilliams?® adjustmotionby treatingmovementasa sig-
nal and adjustingthe gain of various frequeng bandsof
thesignal,aiguingthatdifferentbandscapturedifferentaes-
thetic qualitiesof the motion. Theseworks shareour focus
on editing motion, but seekto either extract an emotional
statesuchas“happy” or “angry”, or vary a frequeng band
of a motion, whereasour edits are aimedat unambiguous
aesthetigropertiesof motion suchasmotion o w, succes-
sionandextent.

Roseetal 10 presentasystenfor expressie motiongener
ationbasedninterpolatingcapturednotion.A givenaction
suchaswalking, calleda “verb” in their work, is captured
beingperformedn variousways.Thesevariationsde ne an
“adverb” spacelnterpolatingbetweerthe capturednotions
givesa continuougangeof expression.

BrandandHertzmana provide for very high level editing
of amotion's style. They learna style from capturednotion

andcanthenapplythis style to othermovementsequences.

PullenandBregler work at a similarly high level, allowing

ananimatorto specifykey framesandthenusinga statistical
modeldravn from motion capturedatato texture the key

framedmotionwith a particularstyle®.

Chi et al.# useLabans Effort-Shapemovementanalysis
tode ne a x edsetof parameterthatcanbeusedto modify
the style of a motion . Our work sharegheir emphasison
expressie aspectf motion, but we aim at a more open,
extensiblesystemandwe targeta differentsetof properties.

In previous work?, we identify anothemid-level param-
eter— the amountof tensionin a charactes body— thatdi-
rectly effectsthe expressie impactof an animation.Here,
we incorporatetensionchangesn our dynamicsimulation
to provide animatorswith anadditionalexpressie edit.

3. ThreeMotion Edits

In this section,three motion edits are describedwhich di-
rectly affect aestheti@spect®f charactemotion.

3.1. Succession

Posespr keyframes,have provento be a usefulabstraction
for specifyingmotion. The humanbody, however, doesnot
move all atonce.Somepartswill lead,andothersfollow. As
Walt Disney obsered, “Things don't cometo a stopall at
once,guys; rst thereis onepart,andthenanothet 12(cited
on p.59). If an animationtransitionsfrom one poseto the
next, bringingall partsof thebodyinto the poseatthe same
time, ascommonlyhappensn physicalandkinematiccon-
trol solutions theresultwill have avery roboticappearance.

Successiondealwith how movementspreadshroughthe
bodytl. They arevery importantfor giving a movementa
senseof o w. Therearetwo typesof successie movement:
normalor forward successionandreversesuccessiong-or-
ward successionstartat the hip andmove outto thelimbs.
Reversesuccessionstart at the extremities and move in-
wardsto theroot.

Most motionshave atleastaslightforwardsuccessionn
the early daysof the Disney Studio,animatorsspenta great
dealof time studyingmotion.“[Their] moststartlingobser
vation from Ims of peoplein motion was that almostall
actionsstartwith the hips™?2(p.72) andthenthe restof the
bodyfollows through.This o w of motionis whata succes-
sioncaptures.

Reversesuccessiongenerallyhave a negative associa-
tion, suchasfalsity, insincerityor evil, whereagorwardsuc-
cessionsaregenerallypositivell. Altering the degreeof the
successiomeffectshow o wing themotionwill appear

3.2. Amplitude

An amplitudeedit actsin a similar mannerto a scaleoper
ation in modeling.It adjuststhe joint rangesover which a
motion occurs.As the amplitudeincreasesthe joint ranges
spannedby a motion are increasedand as amplitudede-
creasesthejoint rangesaredecreasedlherearenumerous
ways to de ne an amplitudeedit. Our currentedit scales
movementrelative to an interposeaverage,as discussedn
theimplementatiorsectionbelow.

Bold and excited gesturesoften have large amplitude.
Shy or nenouscharacter®ftenwill make small amplitude
movements.The amplitudeedit allows an animatorto very
quickly changehefeelof amovementSubtleyetexpressie
movementscan often be obtainedby taking a large motion
and reducingit to a small proportionof its full amplitude
while maintainingthe sameeneny.
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3.3. Extent

Theconcepbf extentrefersto theproximity of anactionto a
charactesbody?®. It is generallyappliedto armmovements.
Therearethreegenerakxtentrangesnear mid andfar. Near
movementstake placewithin a few inchesof a charactes
body Theseactionsoften suggest characteiis timid, ner
vousor shy. Mid extentmovementsncludemostdaily activ-
ities suchasshakinghands.They occurat a mediumrange
from a charactes bodyandappearelaxedandnormal.Far
extent movementsoccur as far from the body as possible.
Generallythearmsarefully extendedandstretchedutfrom
thebodyor abore theheadsothatthecharactefs occupying
asmuchspaceaspossible Suchactionssuggesexcitement
andcon dence.They alsoreadmoreclearly if a character
is viewed at a distanceso areoften usedon stageor in long
shotsin Im.

Extenteditsandamplitudeeditsareparticularlyeffective
whenusedin conjunctionwith eachother

4. Implementation

We arebuilding an extensibleanimationsysteminto which
nevy movementpropertiecanbeincorporatedmuchasnew
shaderganbeincorporatednto arenderer

4.1. Underlying Representation

The fundamentatepresentatioin our animationsystemis
basedntheideaof poseswhichde ne thecon gurationof
the degreesof freedomof a characteiat speci ¢ times.This
is acommonrepresentatiom bothkinematickeyframesys-
temsanddynamicstate-machindasedcontrol systemsWe
generalizeheideaof aposeby allowing a givenposeto de-
ne ary subsetf thedegreesof freedomof thecharacterAt
ary time, differentposesnaybeactive, controllingdifferent
subset®f thecharactes DOFs.

EachDOF of thecharacters representetly asingletime-
orderedtrack in the underlyingrepresentatiomsedby the
system.Tracksare populatedwith transition elementghat
de ne thedurationof thetransitionto adesirecbose thede-
siredendvaluefor thetransition(i.e. joint angle),how long
theDOFis to beheldin positiononceachieved,a curve that
canbe usedto shapethe transition,andtensionvaluesthat
furthervary expressve shapingn adynamicsimulation.By
de nition, theinitial valuefor thetransitionelementwill be
the stateof that DOF whenthe transitionelementbecomes
active.

Transitionelementxanbe addeddirectly to the underly-
ing representatiorhut it is moreusualfor themto begener
atedby addinganactionto themovementscript.Actionsare
an abstractiorfor a unit of movement,suchasa wave or a
gestureThey arebasedn posesandde ned hierarchically
Eachactionconsistsof oneor morecycles,eachcycle con-
sistsof oneor moreposesanda poseis de ned by a setof
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Figure 1: A hierarchical actiondescription.

transitionelementsCyclesandposesareserial,soonecylce
completeseforethe next cycle is startedandsimilarly, one
poseis completedbeforethe next poseis begun.Cyclesare
usefulfor repetitive motionslik e awave. Transitionelements
de ne apose,soall transitionelementswvithin a givenpose
areexecutedin parallel. The actionrepresentaiois shavn
in Figure 1

The action de nes initial valuesfor the propertiescon-
tainedin its transitionelementsAs acorveniencethesedef-
initions o w throughthe hierarcly. For instancejf atransi-
tion curve was speci ed at the cycle level, it would be ap-
pliedto all thetransitionelementsn all the posescontained
in thatcycle. It canalsobefreely overwrittenfor aparticular
transitionelement.This is facilitatedwith a simplelabeling
schemethat provides a namefor eachactionanda unique
labelfor eachsubentrybasednits locationin thehierarcly.
For instancetheatransitionelementor DOF 23in thesec-
ondposeof the rst cycle or anactioncalled“wave” might
have the label“wave_0_1_23".Cycle repetitionsare noted
by appending repetitionnumberto the endof thelabel.

Edits can be appliedat arbitrary levels. An edit can be
appliedto theentiremovementscript,to anindividual action
or setof actionso aspeci ¢ poseor to individual transition
elementsSomeeditswill naturallyonly male sensewhen
appliedat certainlevels, but in generaleditscanbe applied
atary desiredgranularity

A basicversionof the architecturds shavn in Figure 2.
The script containsa setof actionsthatis mappeddown to
thetracksin theunderlyingrepresentationhe aesthetied-
its arethenappliedto the underlyingrepresentatioto mod-
ify the natureof the motion. The restof the architectures
discusseattheendof this section.

4.2. MovementProperty Edits

Movemenpropertyeditsaremodulesof codethatencapsu-
late a particularmovementidea suchas successioror am-
plitude. They are the implementationof aestheticeditsin
our systemln use,ananimatorselectsa particularedit, de-
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Figure 2: A simpli ed version of the systenmarchitecture.

cideswhat to apply it to and speci es ary necessarpa-
rametersThe edit then operatedy directly modifying the
transitionelementsn the underlyingmotionrepresentation.
Movementpropertieshave full accesgo the representation
to bothqueryandsetvalues.

It is alsopossibleto createreactve movementproperties
that canbe usedin dynamicssimulation. Theseproperties
have full accesdo characteistateand continuouslyupdate
the underlyingrepresentatiotio control propertiessuchas
balance An examplebalancereactve controlleris shavn in
thearchitecturediagram.

Animatorsor technicaldirectorscanfreely addor modify
movementpropertiesasneededSincetheseeditsareproce-
dural, they canbe arbitrarily simple or complex. They can
alsobemodi ed to meetananimators exactneeds.

4.3. Implementation of Edits
4.3.1. Succession

A successiotakestwo parameterswhetherthe succession
is normal or reverseand hov much of a time offset (t) to
usebetweenthe joints involved in the motion. The edit de-
terminesall of the transitionelementst is beingappliedto
andshiftstheir startingtime basedon wherethey arein the
charactesjoint hierarcly. Forinstanceanormalsuccession
would not modify the rst joint in the spine,it would offset
thenext joint by t, thefollowing joint by 2t etc. Thesucces-
siontracesdown all branchesn parallel,for instancemodi-

fying the starttime of bothcollar bonesthenbothshoulders
andthenbothelbaws etc.

4.3.2. Amplitude

Amplitude editstake a positive oat a which speci esthe
degreeof theamplitudeadjustmentA valueof oneindicates
no change Jessthanone a reductionand greaterthan one
anincreaseThis adjustmeninustbe donewith respecto a
referencgose the semantic®of which we now describe.

By default,anamplitudeeditwill calculatetheinter-pose
averagebetweerendvaluesandvary the amplituderelative
to this. Two deltasarecalculatedpnemeasuringhedistance
from the averageto the endof the poseandthe secondnea-
suringthe distancefrom the averageto the endstateof the
previous pose.The deltasare multiplied by the amplitudea
and addedto the averageto determinenewn suggestednd
andstartvalues;a startvaluesimply beingthe endvalue of
thepreviouspose.If the poseis amonga sequencef poses,
therewill beasuggestediew valuecalculatedelative to the
averageon eithersideof it. Theseareaveragedo generate
the nal value.Jointlimits canalsobeenforcedhere. When-
everquaterniorjoints areused sphericalinearinterpolation
is usedinsteadof regular linear interpolationto determine
joint angles.

An amplitudeedit canalsotake a referencepose.In this
casethe amplitudeis variedrelative to thatposeratherthan
relative to the computedaverages.

4.3.3. Extent

Two differentextent editsare provided. The rst examines
how closelythearmsareheldto thebody It blendstheposes
in anactionwith aposethathasthearmsheldstraightdown,

closeto the torso, in orderto vary the shoulderangleand
eitherpull amovementcloserto thebodyor moveit outinto

space.

The secondedit examinesthe distanceof the handfrom
theshouldermndallows ananimatorto pull thehandcloserto
theshouldeor moveit furtheroutinto spaceA similaraver-
agingprocesss usedhereaswith theamplitudeeditabove.
Whenmultiple posesare edited,an averageextent valueis
calculatedbver all the posesandthenan offsetfrom this av-
erageis calculatedfor eachpose.The extent edit variesthe
distanceof this averageand maintainsthe sameoffsets.In
this way, the extent of an actionlike a wave canbe varied
without needingto vary eachindividual posein thewave.

4.4. MovementGeneration

Thelower portionof thearchitecturén Figure 2 involvesthe
generationof the animation.Movementgenerationdrives
off the nal, editedunderlyingmotionrepresentatiorKine-
matic motion is computedusing the transitioncurves, end
valuesandtiming informationcontainedn thetransitionel-
ements.
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Figure 3: Successiofedits: Thetop image sequenceshowsframesfrom an uneditedanimation.The bottomshowsthe same
sequenceafter a successioredit hasbeenapplied.Notethe greatersenseof ow in the lower animation.Framesare evenly

spacedvithin thetransition.

In orderto determinedynamicmotion,thenecessarjoint
torquesmustbe computedto achiese the speci ed motion.
This is donein the control signal generatgrwhich usesa
simple antagonisticactuatorthat supportstensionchanges
asdescribedn 7. Thetensioncontrolformulationwill notbe
repeatedhere butthebasicideass thatthegainsof theactu-
atorarevariedto track thetransitioncurvers.Accuratejoint
positioningis achieved by determiningthe torquescaused
by gravity actingon the charactefandthen adjustingmus-
cle gainsto compensatéor thesetorquesto achieve the de-
sired position. For most upperbody motions,the required
gainsfor the endposearecalculatecat the beginning of the
motion and thenthe gain valuesare varied from the start-
ing valueto the nal value.The systemusesthe underlying
representatioto estimatduturestatef thecharacteim or-
derto estimatethe torquesinducedby gravity at the endof
a poseand calculateappropriatemusclegains. The torque
valuesare usedasinput to a physics simulatorwhich gen-
erateghe nal motion. The simulationcodeis generatedy
acommercialpackageSD/Fasb. For kinematicmotion, the
controlsignalgeneratosimply passesnformationfrom the
underlyingrepresentatioto a kinematic“simulator” which
generatethe nal motion.

5. Results

All animationgiscussedh this paperareavailableonlineat
http://www.dgp.toronto.edu/ nef

A simplebowing animationshows the power of the suc-
cessioredit. The animationconsistsof two poseson top of
therestpose oneof thecharactebowedforwardanda sec-
ond of the charactemgesturingoff and up to the right. The
basicanimationgeneratedrom the poseshasa stiff, robotic
feel. Theanimatorappliesthe successiomdit with an offset
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of 0.2 secfor the rst transitionand0.3 secfor the second
transition.As canbeseerin asideby sidecomparisorof the

animationsthe applicationof the successioredit givesthe

movementsa remarkablesenseof ow. A few framesfrom

theendof theanimationareshovn in Figure3. Thecharac-
ter's lower body is automaticallycontrolledby the reactive

balancecontroller

A simple animation basedon the sixties dance “The
Twist” is generatedy cycling two poses.The varioused-
its areappliedover multiple repetitionsof thedance Dueto
theprogrammaticepresentationsedto de ne theedits,it is
a straightforvard taskto vary the intensity of the editsover
amovementsequencasuchasthis, allowing thedanceto be
built upto awild crescendogr reducedo ashy boh

When creatinga realistic piece of acting, sometimesa
subtle piece of motion is neededto colour a scene.What
is calledfor is often not a broadgesturethatwould distract
from the scene but a small piece of motion that doesnot
draw attentionto itself, but helpsto seta moodfor a char
acter Thesevery subtlegestureswhile clearin intentin an
animators mind, aredif cult to ervision andanimate.One
effective way to generateghemis to take a broadpiece of
motionandthenapply editsto bothadjustthe o w through
successioghangesndto drasticallyscaledown themotion
usingamplitudeand extent. We illustrate this with a tilting
dancemotionthathasbeenreducedo generate subtle but
expressie “twitch” thatcanbeappliedto acharacterA suc-
cessioreditwasalsoused.

We employ dynamicsimulationin amanneranalogougo
a nal renderingpass.The animationis rst createdkine-
matically asthis offers a moreef cient initial work ow. A
nal simulatedversionof themotionis thengeneratedvhich
incorporatesadditional nuancesafforded by physics, such
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aspenduladimb motion, force transferencdetweerjoints,
smoothingandernvelopeshapingcausedy tensionchanges.

6. Discussion,Conclusionsand Futur e Work

We have presented systemin which aesthetianotion edits
canbe de ned andapplied.Theseeditstarget someimpor-

tantexpressve aspect®f motion.We aguethattoolsatthis
level of abstractioroffer the potentialfor beingparticularly
effective for characteanimatorsassuchtoolsallow themto

focusonexpressie aspect®f motionwhile atthesametime
providing anappropriatdevel of control. This approacthas
beendemonstratevith threeexemplars successiorampli-
tude and extent. We also demonstratedhow they allow an
animatorto quickly adjustthe variousexpressie aspectof

amotion.

In the languageof animation,very differentapproaches
may be taken by differentanimatorsto achieve a specic
expressve effect. Our editsthussene a pedagogigurpose,
identifying for lessexperiencedanimatordifferentwaysto
vary motionto achieve suchaneffect.

Muchwork remainson developingothermoreinteresting
edits,onre ning existing edits,andon developingnew user
interfacetechniquegor editspeci cation.In particular aside
from enforcingjoint limits and groundcontact,the system
doesnot currentlyenforceconstraintsit would be usefulto
allow ananimatorto specifysayan end-efector contstraint
thatis maintainedwhile an edit is applied.Rulesfor com-
bining potentiallycon icting editswould alsobe useful.

This work alsosuggestshe fascinatingandcrucial prob-
lem of uservalidation. While it is dif cult to develop and
conductuserperformancetudieson comple softwaresuch
asthat usedfor authoringanimation,it is importantto de-
velopmethodologieshatsene to validateexperimentallyor
empiricallythe effectsof whatwe claimto beimprovedan-
imation work ow afforded by expressie edits. This topic
will bethe subjectof considerabldéuturework.
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