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Motion Doodles: An Interface for Sketching Character Motion
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Figure1: (a) Motion linesasusedin a drawing (b) 2D motionsketchandtheresultinganimation(step,leap,front-�ip, shuf�e, hop)(c) 3D
motionsketchandresultinganimation(walk, �ip throughwindow, walk, leapontobuilding, walk, leapoff building)

Abstract

In this paperwe presenta novel systemfor sketchingthe motion
of a character. The processbegins by sketchinga characterto be
animated.An animatedmotionis thencreatedfor thecharacterby
drawing a continuoussequenceof lines,arcs,andloops.Theseare
parsedandmappedto a parameterizedsetof outputmotionsthat
furtherre�ect thelocationandtiming of theinput sketch.Thecur-
rentsystemsupportsarepertoireof 18differenttypesof motionsin
2D andasubsetof thesein 3D. Thesystemis uniquein its useof a
cursivemotionspeci�cation,its ability to allow for fastexperimen-
tation,andits easeof usefor non-experts.

Keywords: Animation,Sketching,GesturalInterfaces,Computer
Puppetry

1 Intro duction

Animation hasexisted as an artform for approximately80 years
andthe technologyusedto createanimationshasevolved tremen-
dously. Unfortunately, animationtools usableby non-expertsre-
main in short supply. In this paperwe develop a cursive motion
notationthatcanbeusedto “draw” motions.Wepresentaninterac-
tiveanimationsystemthatinterpretsthenotationasit is drawn. The
systemis simpleenoughto beusableby novice animators,includ-
ing children. With an appropriatetailoring of the motion vocabu-
lary, weexpectthatmotionsketchingsystemsmay�nd applications
in �lm storyboarding,theatrestaging,choreography for danceand
sports,andinteractivegames.

� email:mthorne,dburke,van@cs.ubc.ca

1.1 Overview

Whatdoesit meanto “sketcha motion” for a character?We pro-
poseonepossibleanswerto this question,inspiredin partby mo-
tion illustration techniques,suchasthe useof loopsto indicatea
tumblingmotionasshown in Figure1(a).

Tobeginusingoursystem,theuserdrawsthecharacterthey wish
to animate.This is accomplishedby drawing thebody, head,arms,
legs,andfeet,from whichacharacterarmatureis inferred.Anima-
tions canthenbe createdby drawing motion sketches,which are
interpretedon the �y to yield interactive animatedmotions. Fig-
ures1(b)showsanexample2D motionsketchandtheresultingan-
imation. A subsetof themotionsketchgesturescanalsobedrawn
on top of a 3D imageto obtaina 3D characteranimation,asillus-
tratedin Figure1(c). Signi�cantly, our gesturesarehighly visual
in natureandthusservebothasameansof motioncontrolandasa
meaningfulvisualrecord(notation)of themotion.

A block diagramof the systemis given in Figure2. The path
from sketchinga motion to producingthe motion itself is imple-
mentedasa pipeline in order to allow for animatedmotion to be
producedwhile the motion sketch is still ongoing. The drawn
sketchundergoesamulti-stagesegmentationprocessto extractrec-
ognizablemotionprimitivesfrom theinput motionsketch.Having
identi�ed oneor moremotions,multiple parametersareextracted
from the correspondingportion of sketch, including the startand
endpoints,timing information,andpossiblyseveralotherfeatures.
Theseparametersarepassedonto ananimationback-end,which in
thecurrentsystemis basedonparameterizedkeyframemotions.

1.2 Contributions

Theprimarycontributionsof thispaperareasfollows:

� Wepresentthedesignof asetof continuous(cursive)gestures
for sketchinga signi�cant varietyof motions,their locations,
andtheir timing. Thesegesturesareimplementedin asketch-
basedanimationsystemandaredemonstratedon a varietyof
displaydevices.

� We presenta systemthatallows novicesto sketcha 2D char-
acterand thendraw a variety of animatedmotion for it, all
within tensof seconds.
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Figure2: Thesketchingsystem.

2 Previous Work

The use of sketching in computergraphicsdates back to the
seminalSketchPad system[Sutherland1963]. More recently, the
sketch-basedmodelingsystemsSKETCH[Zelezniketal.1996]and
Teddy[Igarashiet al. 1999]areinspiredexamplesof how sketches
or drawn gesturescan provide a powerful interfacefor fast geo-
metricmodeling.Thenotionof “sketchinga motion” is lesswell-
de�ned thanthatof sketchinganobject.Nevertheless,a numberof
approacheshavebeenexplored.Earlywork exploresananimation-
by-exampleapproachfor a single point and �ts splinesto an in-
put streamof 3D pointsin orderto producea smoothedversionof
the actedtrajectory[BalaguerandGobbetti1995]. More recently,
a considerablymore sophisticatedtype of animation-by-example
approachhasbeenproposed[Popovic' etal. 2003],whereinthetra-
jectory (positionandorientationover time) of a rigid bodycanbe
speci�edby exampleusinga 3D tracker andthen“cleanedup” au-
tomaticallyto synthesizethephysically-basedmotionthatbest�ts
thesketchedmotion.Thesystemweproposeis signi�cantly differ-
ent in that we focuson how 2D stylus input canbe usedto drive
stylized2D and3D charactermotion.

Walkingmotionscanbeeasilycreatedby drawing adesiredpath
on the groundplanefor the characterto follow, with the drawing
alsopossiblygoverningthe walking or runningspeed.Given the
pathandpathtiming, thecharactermotioncanbe implementedin
many differentways[ArikanandForsyth2002;Girard1987;Kovar
et al. 2002; Park et al. 2002; van de Panne1997]. Our system
supportsmany typesof motion otherthanwalking andallows for
controloveradditionalmotionparameters.

Video game interfacesare perhapsone of the most readily-
accessibleforms of animation;a joystick andbuttonsprovide the
ability to control the directionandspeedof the characteraswell
asothersetsof context-dependentprede�nedmotions. However,
gameinterfacescannotfully replicatethecontrolofferedby a cur-
sivedevicesuchasastylus– considerfor examplethedif�cult task
of cursively writing one's namewith a joystick. Our systemex-
ploits a user's skills at cursive drawing andoffersa greaterdegree
of control over motionsthan many gameinterfaces. In the case
of walking, for example,we offer simultaneousinteractive control
oversteplength,stepheight,stepstyle,andsteptime.

A numberof characteranimationsystemsusesomeform of act-
ing as their interface. The spectrumof techniqueshereincludes
full-body acting,asusedin motioncaptureor performanceanima-
tion; theuseof bodysilhouettes[Leeet al. 2002],variousformsof
computerpuppetry[Sturman1998; Ooreet al. 2002; Laszloet al.
2000], andsystemsthat can infer a desiredmappingfrom an ac-
tor or animatorto acharacterusinga two-passimitate-then-modify
process[Dontcheva et al. 2003]. The2D stylus-basedinput of our

systemdifferssigni�cantly from theabove systemsin that it aims
to exploit drawing skills and not acting skills. The drawn input
of our systemalsoservesasa staticvisual recordof the motion,
somethingthatis notavailablefor acting-basedinterfaces.Labano-
tation[HutchinsonandBalanchine1987]is anexampleof awritten
motionnotationsystemfor dancechoreography, which canbeau-
tomaticallytranslatedinto 3D human�gure animations[Wilkeetal.
2003]. We aim for a written notationsystemthat is mucheasierto
learnanduse,foregoingmuchof thedetailedcontrolthatageneral
motionnotationsystemcanprovide.

More distantly-relatedprevious work looks at creatinganima-
tions from sequentially-drawn sketchesof a character, somewhat
like traditionally-drawn keyframes.With appropriateconstraints,a
3D characterposecanbeinferredfor eachhand-drawn frame[Davis
etal. 2003].

3 Character Sketching

The two corecomponentsof our animationsystemarea charac-
ter sketchingtool and a motion sketchingtool, as shown in Fig-
ure2. We �rst discussthecharactersketchingtool, which consists
of sketchingtheskeletallinks comprisingthebasiccharactershape,
followedby theoptionaladditionof drawn annotations.

3.1 Sketching the Skeleton

A charactersketchbeginswith drawing thelinks thatwill represent
thecharacter's articulationsandbasicshape.Thesystemassumes
that this is sketchedin a sideview usinga total of 7 links, onefor
eachof thehead,torso,upperarm,lowerarm,upperleg, lower leg,
andfoot. Eachlink is drawn usingonecontinuousstroke, andthe
links canbe drawn in any order. Links may or may not intersect
whenthey aredrawn andthey may or may not containsomesur-
facedetail,suchasaddingin a sketchedthumb,pot-belly, or nose.
Figure3(a)showsanexamplesketch.

Figure 3: The processof inferring the skeletonfrom the sketch.
(a) Thesevensketchedlinks. (b) Computedmajorandminor axes.
(c) Orientedboundingboxes. (d) Computedjoint locations. (e)
Computedskeleton.

Onceskeletal links have beendrawn, the systemautomatically
infers the locationsof the joints, labelsthe links, andcreatesthe
secondarmandleg. Recognizingthehumanform is addressedin
numerouswaysin thecomputervisionliterature,but wearesolving
a simpler problem,one that bene�ts from additionalconstraints.
Individual links do not needto beidenti�ed – eachrecordedstroke
is alreadyknown to be a link. Also, the expectedconnectivity of
the links is known in advance.Userscansketchthecharacterin a
wide rangeof initial con�gurations,asshown in Figure5.

The pseudocodefor inferring the skeletal structurefrom the
sketchedlinks is given in Figure 4. Once all seven links have
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beensketched,the principal axes of eachlink are computedas
shown in Figure 3(b). Eachsketchedlink outline is treatedas a
seriesof n pointsPi , and the principal axes arecomputedby �t-
ting the points to an anisotropicGaussiandistribution. If M is
the meanof the points, the major andminor axesof the box are
chosenastheunit-lengtheigenvectorsU j of thecovariancematrix
S = 1

n å i(Pi � M)(Pi � M)0. S is tridiagonalin 2D, so the QL al-
gorithmwith implicit shifting canbeusedto solve theeigenprob-
lem[Presset al. 1992]. Next, thepointsareprojectedontotheaxes
to �nd theintervalsof projection[a j ;b j ] alongthoseaxes,in other
wordsa j = mini jU j � (Pi � M)j andb j = maxi jU j � (Pi � M)j. Fi-
nally, anorientedboundingbox is computedfrom the intervalsof
projection,centeredatCbox = M + å j

a j + b j
2 U j , wherea j + b j

2 arethe
extentsalongeachaxis.

1. Wait for sevenlinks to besketched
2. Fit orientedboundingboxesto all links
3. For eachlink i
4. For eachmajor-axisend-pointon link i, P1

i andP2
i :

5. Searchall links j 6= i, for theclosestpoint,Pj
6. If links i and j arenotaligned
7. createjoint Jn at intersectionof majoraxesof i and j
8. else
9. createjoint Jn atmidpointof PiPj
10. Identify andremoveall duplicatejoints
11. Identify links basedonconnectivity
12. Createduplicatearmandleg segments.

Figure4: Algorithm for inferring theskeletonfrom thesketch.

Thenext stepis to determinetheconnectivity of thelinks andthe
locationsof the resultingjoints. For this, a closestlink is de�ned
for eachmajor-axis endpoint,measuredin termsof the minimal
Euclideandistancefrom the major-axis endpointto any point on
anotherlink. Oncelink j hasbeenidenti�ed asbeingthe closest
link for a major-axis endpointon link i, a joint is createdat the
geometricintersectionof theextensionsof themajoraxesof links
i and j. However, this will not producea sensiblejoint locationif
links i and j arenearlyparallel. If the major axesarewithin 20�

of beingparallel,themid-pointof the line segmentconnectingthe
majoraxisend-pointsof i and j is used.This joint-creationprocess
will resultthecreationof duplicatejoints,suchasa second'ankle'
joint beingcreatedwhenprocessingthemajor-axisendpointat the
toeof thefoot. Theseduplicatesaretrivially removed.

Oncethe joints andtheir associatedlinks areknown, we resort
to the expectedtopology of a human�gure in order to label all
the links asbeingthe head,the torso,etc. The torso is identi�ed
as being the only link having 3 associatedjoints. The headlink
is identi�ed as being attachedto the torso and having no further
joints. Thearmsandthelegsaresimilarly identi�ed by theirunique
connectivity. If theidenti�cation processfails,thisis reportedto the
user. Thebonesfor theunderlyingskeletonare�nally constructed
by connectingthe appropriatejoints with straight line segments.
Thesketchedlinks arethenrede�nedin thelocal coordinateframe
of the resultingbones.Thedefault referenceposeusedto startall
animationsis givenby a standingposturethathasall bonesbeing
verticalandthefeetbeinghorizontal.Figure5 is illustrative of the
varietyof skeletonsketchesthatthesystemcanrecognize.

Therearetwo additionaljoints internalto the torsothatarenot
shown in the �gures. They representbendingat the waist andthe
upperback,andareaddedto facilitatetuckingduring the forward
andbackwardssomersaultmotions.Thejoints arelocatedat �x ed
fractionsalongthetorsobone.A joint is alsoautomaticallyadded
at theball of thefoot in asimilar fashion.

Thecurrentalgorithmusedfor inferring theskeletonwill fail if

Figure5: A varietyof skeletonsketchesandtheir inferredskeleton.
D: the original drawing; S: inferredjoints andthe �tted skeleton;
R: characterin the referencepose;A: drawn annotations;P: an
animatedpose.

thearmsaresketchedin a downwardsposeparallelto thetorso,or
if thecharacteris sketchedin aposesuchthatthehandsarelocated
closeto thehead,knees,or feet.Thesetypesof malformedsketches
or erroneouslink assignmentscouldbeaddressedwith someaddi-
tional sophisticationin theskeletonrecognitionalgorithm.In prac-
tise the algorithmis quite robust in its currentform. The system
doesnotcurrentlyallow for theuserto re�ne theskeletonafterit is
constructedby thesystem.

3.2 Adding Annotations

Thesystemallows theuserto addannotationswhich serve to dec-
oratethe links of the character. Thus, one can sketch additional
featuressuchaseyes,ears,hands,hair, ahat,anose,andshoes.All
annotationsautomaticallybecomeassociatedwith theclosestlink.
In ourcurrentversion,thiswill resultin annotationsthatbreak,such
asfor a sleeve that crossesmultiple links. Therearea numberof
known skinningtechniquesfor addressingthis problem,although
thesehavenotyetbeenimplementedin thecurrentsystem.

4 Motion Sketching

Sketchinga motionfor a characterrequiresa degreeof abstraction
not presentwhensketchinggeometry. Themotionsketchneedsto
convey asigni�cant amountof information:(1) thetypeof motion;
(2) thespatiallocationandextentof themotion;and(3) thetiming
of themotion. In thissectionwedescribethedesignof thegestures
for the2D system,how thegesturesaresegmentedandrecognized,
how theoutputanimationis generated,and,lastly, how the3D sys-
temworks.

4.1 A Cursive Alphabet for Character Motions

Ourgesturevocabularywasdesignedwith thefollowing principles
in mind: (1) Themotiongesturesshouldbecursive, thusallowing
the speci�cationof onemotion to smoothly�o w into the speci�-
cationof the next motion; (2) Given the limited numberof very-
easy-to-draw gesturesthatareavailable,theeffort to draw theges-
tureshouldre�ect theeffort requiredto producethecorresponding
motion. Thus,a regularwalk shouldbeeasierto draw thana stiff-
leggedwalk, which itself is easierto draw thana one-leggedhop.
(3) Thegestureshouldbereminiscentof thecorrespondingmotion,
to the extent this is possible;(4) Gesturesrelatedto locomotion
shouldallow for forwardsandbackwardsmotions;(5) Similar mo-
tions shouldhave similar gestures;(6) Gesturesshouldallow for
thegenerationof stylistic variationswherepossible.
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Guidedby theseprinciples,wedevelopedthegesturevocabulary
shown in Figure6. These18 motionsgestures(31 whenallowing
for backwards-travelingvariants)all allow for controlover thetim-
ing of the motion by having the animatedmotionsdirectly re�ect
the time taken to draw the gestures.They alsoallow for control
over thestartandendpointsof themotions,andall but two of the
motionsprovide control over a heightparameter, eithertheheight
of theswing foot duringa stepor theheightof thebodycenterof
massduringa jump.

Figure6: Gesturevocabulary.

Thedrawn gesturesdonot typically actasadirectrepresentation
of themotionof any particularpartof thebody. For example,the
drawn arcsusedfor walking andits variationsareevocative of the
pathtakenby theswingfoot, but arenotanaccuraterepresentation
of this motion. The path of the real swing foot begins from the
previous foot-fall location,not the currentone. Similarly, the arc
drawn to representa jump representsthelocationof thefeetat the
startandendof the arc,while the middle of the arc representsan
approximatetrajectoryfor thecenterof mass.

Becausewalksandjumpsarebothspeci�edusingarcs,they are
distinguishedby the heightof the sketchedarc. A “jump line” is

overlaidontothesceneduringmotionsketchingandrepresentsthe
maximumarc height that is treatedas a walking step. Arcs that
passover this line are treatedas jumps or leaps. Additional de-
tails regardingtheparsingandrecognitionof theinputgesturesare
providedin thenext section.

For motionssuchasa jump with a twist, it is dif�cult to �nd a
2D drawing gesturethatis evocativeof whatis fundamentallya3D
motion.Our systemrecognizesa classof moreabstractgesturesin
orderto supportsuchmotions. The four motionsappearingat the
bottomof Figure6 shows this classof gesturesbeingemployedto
controlvariousgymnasticmotions.

4.2 Sketch Segmentation

The input sketch is processedin multiple stages. The �rst tok-
enizationstageconsistsof takinga streamof input pointsfrom the
stylusandproducinga correspondinglist of tokens.Figure7(top)
shows thesix typesof tokensthatareoutputby this �rst stageand
Figure7(middle)shows an exampleinput sketchwhich hasbeen
labelledusing thesetokens. Oncethe sketch input hasbeento-
kenized,a parsing stageis usedto identify the setof admissable
gestures,asshown in Figure7(bottom).Lastly, themotionidenti�-
cation stageidenti�es the speci�c motionsto be generated.Seg-
mentingand recognizinggesturesbasedon a regular expression
grammarhasa numberof precedents,a good examplebeing the
framework set out in [Hammondand Davis 2003]. We now de-
scribethesegmentationstepsin additionaldetail.

Figure7: Segmentingthemotionsketchinput.

Thetokenizationstageprocessesasequenceof time-stampedin-
put pointsin six steps,asshown in Figure8. In stepone,theinput
pointsaresegmentedbaseduponchangesin the vertical direction
of motion(thusdiscerningbetweenrisinganddescendingstrokes).
Steptwo appliesa simplecornerdetectionalgorithm[Chetverikov
and Szab1999]. However, cornersmay be falsely identi�ed for
quickly drawn loopsandarcson slow input devices, resultingin
curvesbeingrepresentedby only a few sparsely-spacedpoints. If
thestylusvelocityasmeasuredby �nite differencesatacornerpoint
exceeds35%of themaximumstylusvelocity, thenthepoint is no
longerregardedasa cornerpoint. Stepfour classi�essegmentsas
being either straightor curved. A straightsegmentis de�ned as
having r < 1:2, wherer is theratioof thearclengthto thegeomet-
ric distancebetweensegmentendpoints.Also in this step,colin-
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earneighboringstraightsegmentsaremerged. Step� ve addsseg-
mentationpointsat locationswherethe stylushaspaused,which
areimportantfor motionssuchasshuf�es andskates.Lastly, step
six assignsoneof six tokensto eachresultingsegmentbasedupon
whetherthe segmentis straightor curved, and, if straight,based
upon the absoluteangleof the line segments. Straightlines that
make anangleof lessthan30 degreeswith theverticalor horizon-
tal are assignedtokensg and h, respectively; otherwisethey are
assignedthetokeneor f , whichever is closerin termsof angle.

Figure8: Tokenizationconsistsof six steps:(1) Roughsegmenta-
tion basedonverticaldirectionof motion;(2) Cornerdetection;(3)
Cornerpost-processing;(4) Mergecolinearsegments;(5) Identify
pauses;(6) Tokenassignment.

Given an input sketch that hasbeenlabelledwith tokens, the
parsingstagegroupstokenstogetherinto thesetof admissableges-
turesshown in Figure7(bottom).Thisis accomplishedby matching
theregularexpressionscorrespondingto eachgesturetype. Lastly,
themotionidenti�cation stagedeterminesthespeci�c motionto be
executed.In somecases,theidenti�ed gestureswill mapdirectly to
particularmotions.For example,thegesturefor a one-leggedhop
hasa uniqueinterpretation. In othercases,additionalcriteria are
examinedin orderto disambiguatethedesiredmotion.

In order to further distinguishbetweena walking step and a
jump, the maximumheight of the arc is used. An arc of height
h > hwalk is determinedto be a jump or leap;all othersareinter-
pretedassometypeof walkingstep.In ourcurrentimplementation,
a horizontalline is drawn at y = hwalk, therebyproviding the ani-
matorwith aneasypointof referencewhile sketching.

An additional criteria is employed to avoid impossibly-large
walking steps. Any arc of length greaterthan a maximumstep
length dmaxstep is interpretedas a jump rather than a step. This
avoids the ill-posed inverse-kinematicsproblemsthat would oth-
erwisearisein performingsuchsteps. Similarly, if an arc passes
above y = hwalk but doesnot allow suf�cient groundclearancefor
thejumpto becompleteddueto thecharacter'sgeometry, avertical
offsetis computedfor theapex, allowing for a feasiblejump.

Tip-toe and stompwalking stepsare distinguishedfrom regu-
lar walking stepsby examining the relative position of the apex
of the sketchedarc with respectto its endpoints,asmeasuredby
a = (xapex � xstart )=(xend � xstart ). A tip-toestepis identi�ed for
a < 0:35 and stomp-stepfor a > 0:65. At present,the system
performsa discreteclassi�cation of eachstepasbeinga regular,
tip-toe, or stompstep. A �nal ambiguity exists betweenshuf�e
stepsand a slides,which are both representedby horizontal line
segments.A shuf�e stepis assumedif thelengthof thestepis less
thandmaxstep andotherwisebecomesaslide.

If duringasketchthepenremainsstationaryfor morethan0:5s,
thecharacteris broughtto astandingposture.A standinglongjump

occursasa resultof a sketchedjump arc whenever both feet are
together. If this is not the case,suchas when a walking stepis
followedby a jumparc,thejump is classi�edasa leap.

Becausethe user's sketch is always aheadof the motion seg-
mentationandsynthesis,successfullysegmentedmotionactionsare
storedin aqueuefor processing.It is possiblethatthemotionqueue
is exhaustedwhile the next gestureis still in the processof being
drawn, in which casea pauseis introducedinto theoutputmotion.
This pauseexists only asan artifact during the original sketching
processanddisappearsduringamotionreplay.

Animatorscanalsosketchmotionsdirectly in an environment
with otheranimatedobjects.This allows for motionsthat needto
be coordinatedwith existing animatedobjects,suchasexecuting
a leapover a falling characteror jumping out of the way of a car.
Becausewe usethe time at which a motion sketchwasdrawn as
thereferencetiming for themotion,coordinationwith existingani-
matedmotionis easilyaccomodated.Thecharacteranimationpro-
ducedduringan initial `live' sketchmaynot beproperlysynchro-
nizedwith theactionbecauseof thenecessarydelayin recognizing
gestures.However, a motion replayproducesthe correctly timed
result.

4.3 Output Motion Synthesis

Onceaninputgesturehasbeenappropriatelyidenti�ed andmapped
to a particularmotion,e.g.,“single back�ip”, the key parameters
for thatmotionsegmentareextracted,andtheoutputmotionsyn-
thesiscanbegin. Commonparametersto all motionsincludethe
startandendpositions,aswell asthemotionduration.Most other
motionsalsoextractaparameterrelatingto thelocationandtiming
of theapex of thesketchedinput gesture.For example,jumpsand
leapsareparameterizedin termsof durationof ascent,durationof
descent,themaximumheightof thejump,andthestartandendlo-
cations.Frontandback�ips haveadditionalparametersdescribing
thenumberanddirectionof rotations.Thewalk, walk-stomp,tip-
toe,stiff-leg walk, hop,andone-footshuf�e all usethe archeight
parameterto controltheheightof theswingleg duringstepping.

Oncethe typeof motionandthe relatedparametersareknown,
thedesiredmotioncouldbesynthesizedin oneof severalways.We
chooseto employ a parameterizedkeyframe-basedmotionsynthe-
sistechnique.Motion-capture-retargetingtechniquesor space-time
optimizationtechniquescould alsobe considered,but the kind of
physical realismobtainedwith thesetechniquesis not oneof our
goals,nor arethey necessarilyappropriatefor a systemwhich en-
couragesexperimentationwith cartoon-likesuper-humanmotions.

Eachtypeof motion is implementedby breakingit into a �x ed
numberof stagesandthenapplyinga numberof tools: a keyframe
database,akeyframeinterpolator, aninverse-kinematicssolver, and
a meansto positionthecenter-of-massat a speci�ed point. As an
example,thestagesusedto implementjumpsareshown in Figure9.
A detaileddescriptionof the stagesusedfor all motionsmay be
foundin [Thorne2003].

Thedurationof eachstageis determinedasa�x edfractionof the
input-sketchtimesassociatedwith themotion.For example,ajump
motionhasbothascentanddescenttimes,whicharedetermineddi-
rectly from theinputsketch.The�rst threestagesof a jumpmotion
all determinetheir durationasa �x ed fraction of the input-sketch
ascenttime. Thedurationsof theremainingthreestagescorrespond
to �x edfractionsof theinput-sketchdescenttime.

All stagesof any particularmotionhave anassociatedkeyframe
that de�nes target joint anglesto be reachedby the characterat
the endof the stage.A Catmull-Rominterpolantis usedbetween
successive keyframes.Theglobalpositionof thecharacteris con-
trolled separatelyfrom the keyframes. For steps,the root of the
character(locatedat thehip) is placedhalfway betweentheknown
positionsof the stanceandswing feet. For the airbornephasesof
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Figure9: Statesandkeyframesusedfor jumps.

jumps,�ips, andleaps,the center-of-massis directly placedat an
appropriatepositionasdeterminedby two paraboliccenter-of-mass
curves,onefor ascentandonefor descent.Thesecurvesare�tted
baseduponthestart,apex, andendlocationsof thesemotions.

Oncethe keyframeshave beeninterpolatedto obtain the pose
andtheskeletonhasbeenpositioned,somestage-speci�cmodi�ca-
tionsareimplemented.Thesecanperforma numberof functions,
oneexamplebeingthemodi�cations requiredto preserve continu-
ity of thecenter-of-massvelocity uponjump landings,asrequired
when the center-of-masstransitionsfrom beingcontrolledby the
descendingparabolicarc to beingcontrolledby the landing-stage
keyframes.Inversekinematicsis appliedto the legs for all anima-
tion framesinvolving groundcontact,suchaslandingandfollow-
throughfor thejump,or stanceduringwalking.

A key issuein designingmotionsis makingthemrobustto vari-
ationsin the proportionsof the characterbeing animated. Thus,
a characterwith a short torsoandlong legs will potentiallymove
very differently thana characterwith a long torsoandshort legs.
At presentwedealwith this issueprimarily throughtheappropriate
useof inversekinematicsduring all groundcontactphases.Also,
thelengthof thelargestpossiblestep,dmaxstep, is dependenton the
character's leg length. Theremainingaspectsof themotion in our
currentsystemareindependentof thecharacterproportions,being
driven purely by joint angles. While generallyrobust, characters
with extremeproportionswill occasionallyexhibit problemswith
bodypartspassingthroughtheground.

4.4 Sketching in 3D environments

The basicmechanismsusedin the 2D systemcanbe extendedto
work in a 3D setting,albeit with somecaveats. The addition of
anextradimensionintroducesambiguitiesinto theinterpretationof
the2D input sketch.A motionsketchfor a 3D environmentbegins
by positioningthecamerasuchthatit coversthedesiredworkspace
in its �eld of view. Thesketchis thendrawn directlyovertopof the
imageproducedby this �x edpoint of view, asshown in Figure13.
One can also sketch motion on top of a photographby creating
proxy geometryfor theobjectsin thephoto,asseenin Figure14.
The 3D characterfor our systemis modelledin advanceandnot
producedfrom a2D sketch.

The sketchingof walks, jumps,leaps,and�ips canbe mapped
to a 3D environmentin a relatively straightforward manner. The
sketchis processedto �nd thestartandendpointsof eachgesture,
as indicatedby a changein the vertical direction of motion and
thesatisfactionof thecornermetric. Theidenti�ed 2D sketchseg-
mentationpointsarethenback-projectedinto the3D scenein order
to locatethemin 3D. Given known 3D locationsof the startand
endpoints,theremaining2D sketchpointsareback-projectedonto
thevertical planeV thatembedsthe3D startandendpoints. The
sketchpointscannow beprocessedin the2D coordinateframeof

V aswith the2D system.In thisway, aproperapex for themotions
canbeextractedfor arcsthataredrawn “in perspective”.

The above mappingprocessstill resultsin a numberof limita-
tions. Motions moving directly towardsthe cameraor away from
thecameraremaindif�cult to sketch. Additionally, somegestures
becomeambiguouswhenmappedto 3D, as shown in Figure10.
In-placestompsandstiff-leggedwalks becomeconfusedwith the
shuf�e andskatingmotions,giventhatall thesegesturesaredrawn
with straightlines. Thereis a further ambiguity involving the di-
rectionthecharacteris facing;thegesturesfor a forward-stepand
backwards-stepcannotbe distinguishedin the 3D environment.
Our systemmakesthe particularassumptionsshown in Figure10
in order to resolve theseambiguities. Otherassumptions,modes,
useof context, or additionalgesturescouldequivalentlybeusedto
helpwith disambiguation.

Figure10: (a) A gesturewhich canbe interpretedastwo slidesor
an in-placestomp,resolved in favor of the stomp. (b) Ambiguity
regardingthefacingdirectionof thecharacteris resolvedby assum-
ing thatthecharacterwalksforwards.

Synthesizingmotion in 3D occursmuch as it doesin the 2D
case– thesamefeaturesareextractedfrom thesketchaswith the
2D system. A keyframe databaseserves as a back-endto �ll in
detailsof themotionthatarenot provideddirectly from thesketch
or throughinversekinematics. Our prototype3D systemlargely
usesthesamesetof keyframesasin the2D system.

Therearetwo aspectsin which3D motionsynthesisdiffersfrom
its 2D counterpart:foot placementanddirectionsmoothing.In the
2D system,thestartandendpointof eachgesturemarkswherethe
foot (or feet)strikestheground.In 3D, thefeetareoffsetfrom the
vertical planeembeddingthe sketch in order to allow for distinct
left andright foot placements.

The facingdirectionof a characterdoesnot changein the 2D
systembut it maydo so in the3D system.A vectorfrom thestart
point to theendpoint of a gestureis usedto de�ne thecharacter's
directionof travel. In orderto have thisdirectionchangesmoothly,
someform of smoothingis required. Our systeminterpolatesthe
headingdirectionover speci�c stagesof eachmotion. For walking
motions,this givesthe characterthe appearanceof rotatingon its
heel.For brevity, wereferthereaderto [Thorne2003]for adetailed
explanationof thisprocess.

5 Results and Discussion

Numerousinteractive demonstrationsof the systemareshown in
thevideo thataccompaniesthis paper. Sketchingbotha character
and a motion of the type shown in Figure 1(b) is easily donein
underthirty seconds.The systemcan also be usedto draw and
animatemech-bots, asshown in Figure11. Thesearedrawn using
5 links insteadof 7 andareanimatedusingthe samemotion data
base,except for the reversekneebenddirection and the lack of
arms.

More abstractgesturesallow for the systemto animatewider
classesof motions. Figure 12 shows the sketch of a gymnastics
tumblingsequence.As with all motiongestures,the motion type,
height,distance,andtiming of the individual motionsarederived
from themotionsketch.

6
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Figure11: Animatingamech-walker: Shuf�e walk andfront �ip.

Figure12: Sketchinga gymnasticstumbling sequence:�ip-with-
twist, butter�y, andfront-handspring.

Thesystemis well suitedfor usewith avarietyof inputdevices.
Wehavemostcommonlyusedit with amouseduringdevelopment,
but other devices are more suitedto producingfast and accurate
gestures.Figure15showsthesystemin useonanelectronicwhite-
boardandaTabletPC.TheSMARTboardallowstheusertodirectly
draw thedesiredmotionsketchon top of thesceneusinga �nger,
andsimilarly for the TabletPC with a stylus. Childrenfound the
systemsigni�cantly easierto usewith thesedirectinputdevices.

5.1 Uses of the system

Theanimationsystempresentedhereis not a substitutefor thear-
ray of professionalanimationtools and techniquesthat are com-
monly usedin �lm andgames.Instead,themotionsketchingsys-
tem presentsan alternateandhighly-accesiblemeansfor usersto
createa certainclassof characteranimations.The target classof
motionsshouldbe tailoredwith theapplicationin mind. Themo-
tionsandgesturesimplementedin our prototypehave beenchosen
to illustrate the motionsthat one might want for a storyboarding
(varietyof locomotionandjumping),for gymnasticschoreography,
andfor motionsthatareillustrativeof whatcanbedone(moonwalk,
�ips).

Thereexist anumberof commercialandresearchanimationsys-
temsthat arecapableof synthesizingmotionsfrom a variety con-
straints.The goal of a cursive motion speci�cation languageis to
make the speci�cationof the constraintsandtiming a moretrans-
parentprocess– the usersneednot be fully awareof the speci�c
parametersthatdrive themotionsynthesisprocess.Unlike acting-
basedinterfaces,the motion gesturesprovide a meaningfulvisual

Figure13: Walkingandleapingaroundasetof trees.

Figure14: Stuntsfor aminiaturecharacterthathavebeensketched
on topof animagewith modelled3D proxygeometry.

Figure15: SketchingmotionsonaSMARTboardandaTabletPC.

recordof themotion,aswell asallowing for “superhuman”unphys-
ical andexaggeratedmotions.

Over�fty peopleof all ageshaveusedthesystem,includingchil-
drenasyoungasthree. A numberof anecdotalobservationswere
made. Usersrapidly learnedthe gesturevocabulary andenjoyed
experimentingwith the systemin many ways. The gestureiden-
ti�cation wasoccasionallyproblematic,with somegesturesbeing
interpretedin a fashionthatdid not re�ect theuser's intentions.We
intendto further improve therobustnessof thegesturerecognition
in orderto addressthis issue.

Youngchildrengreatlyenjoyed experimentingwith the motion
sketching,but found it dif�cult to understandthe restrictionsim-
posedon the charactersketching,namelythe useof seven links
representinga sideview of the human�gure andthe fact that the
principal seven links hadto bedrawn beforeannotationscouldbe
added.Perhapsunsurprisingly, childrenwould alsoput thesystem
fully to the testby inevitably drawing motion gestureswhich had
no meaningfulinterpretation.“Garbagein, garbageout” describes
thebehavior of thesystemin suchcircumstances.

Adults enjoyedtheability to sketcha characterandthenbeim-
mediatelyableto animateit. While we have conceivedof thesys-
temasprincipallytargetingnoviceusers,anaccomplishedanimator
remarked that the systemprovided almostinstantaneoussatisfac-
tion becauseof the immediacy of the animatedresults,something
hefelt wasmissingfrom present-dayanimationtools.

5.2 Scalability

Adding a new motion to thesystemrequiresthecreationof a new
gesturethat can be identi�ed by a novel sequenceof tokens,as
well astheimplementationof anappropriatesequenceof statesand
keyframesthat is capableof generatingparameterizedversionsof
thedesiredmotion. In thefuturewe wish to addgesturesfor a va-
riety of falling motionsaswell asinteractionwith theenvironment.
Thesystemcanpotentiallybemademorescalablethroughtheuse
of 3D input devicesandthe improveduseof context in specifying
motions.Suchadditionalcontrollabilitywouldcomeattheexpense
of increasedcomplexity of theinterface.

7
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5.3 Limitations

Thecurrentsystemhasa numberof limitations. Thesystemdoes
not supportthecompletegesturevocabulary in 3D dueto theam-
biguities introducedby the 3D mapping. Thesecanbe overcome
in partby makingsomemotionscontext-speci�c or by introducing
user-speci�edmodesto resolvesuchambiguities.For example,in a
�gure-skatingcontext, drawn loopsareprobablybetterreservedfor
spinsaroundthe vertical axis ratherthanthe head-over-heels�ips
thatthecurrentsystemis capableof.

Thesystemis not suitablefor animationthat requiresuniqueor
detailedmotions. A partial solutionwould be to animatea char-
acter in a seriesof successive passeswith a motion layering ap-
proach[Sturman1998;Ooreetal. 2002;Dontchevaetal. 2003].

A possibleimprovementon our sketch segmentationscheme
would be to developa systemthatcanbe“trainedby example” to
recognizespeci�c desiredsetsof gestures[Rubine1991].However,
the work presentedin [Rubine1991] is not directly applicableto
our problemdomainbecauseof thecursive natureof our gestures;
onestroke representsa compoundsequenceof parameterized(and
thereforevariable)gesturesinsteadof asinglegesture.

6 Summary

As kinematicanddynamicmethodsfor synthesizingmotionsfrom
constraintsbecomeincreasinglymature,the speci�cation of con-
straintsbecomesabottleneck,particularlyto noviceanimators.We
havepresentedacursive languagefor sketching2D and3D charac-
termotions.This is implementedin asystemthatallowsnovicesto
quickly learnto sketch-and-animatea humanor “mech-bot” char-
acterof their own designin tensof seconds.Thetechniqueis well-
suitedto take advantageof TabletPCsandelectronicwhiteboards.
Thesystemis simpleenoughfor childrento use,andhasotherpo-
tential applicationsin storyboardingandthe choreography of ath-
letic routines.It isourhopethatthismethodandits futurevariations
playa role in makinganimationamoreaccessiblemedia.
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