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Abstract

Thispaperpresentsa data-drivenprocedural modelfor
thekinematicanimationof humanwalking. Theuseof data
yields realistic looking gait, while the procedural model
yieldsflexibility. We presenta new motiondatarepresenta-
tion, thesagittal elevation angles, andpresentbiomechan-
ical evidencethat theseangleshavea stereotypedpattern
across many different walking situations, implying their
reusabilityas a motion data source. We also sketch our
algorithm for animatinghumangait basedon sagittal el-
evationangledata which allowsus to generatecurvedlo-
comotionon uneventerrain with stylisticvariation without
requiringnew datasets.

1. Introduction

Modelling humanwalking is an essentialtaskfor com-
puteranimation.However, evenwith recentadvances[2], a
generalpurposemodelof humanwalking still hasnot been
achieved.Mostmodelsof locomotionhavenotbeenapplied
to thegeneralproblemof curvedlocomotiononuneventer-
rain.

We have investigateda data-driven proceduralmodel,
whichcombinestheflexibility of proceduralanimationwith
therealismof data-drivenanimation.Whereour approach
differs from previous systemsis in the representationwe
usefor motion: we presenta new representationfor mo-
tion, sagittal elevation angles. Biomechanicsresearchhas
shown[1] thatthesagittalelevationanglesexhibit lessinter-
subjectvariationthanjoint anglesduringwalking; therefore
they form a more “canonical” datarepresentationfor gait
which canbeusedto drive walking animationover curved
pathsanduneventerrain.

2. Kinematic model

Ourkinematicstructurecontains14joint degreesof free-
dom (DOFs). Eachhip joint contains3 DOFs,eachknee

joint contains1 DOF, and eachfirst metatarsophalangeal
(big toe) joint contains1 DOF. We have separatedthe an-
kle into the talocrural(upperankle) joint andthe subtalar
(lowerankle)joint, eachwith 1 DOF.

3. Gait data

We introducea new representationfor motion data,the
sagittal elevation angles. Our motivation for this choice
stemsfrom biomechanicalresearch[1] whichindicatesthat
thesagittalelevationanglesarestereotypedacrosssubjects
of differentheightandweight, andacrossdifferentstride
velocity.

Elevation angles measuretheorientationof a limb seg-
mentwith respectto a verticalline in theworld. We define
thelimb segment

�� betweentwo pointsonthebody;e.g.the
iliac crestandgreatertrochantersitesareusedto measure
theelevationof thepelvis.Thesagittalelevationanglesare
obtainedby projecting

�� ontothesagittalplane,thevertical
planebisectingthefigureinto left andright halves,to form�������� . Theanglebetween

������	� andthenegativey axisis the
sagittalelevationangle,



. If we considerthe �
� planeto

bethesagittalplane,then ����� 
�������������� !�� �����"$#
We have followedthedefinitionof elevationanglesand

placementof markersasusedin [1], with theadditionof a
heelmarker. In ourmodel,wemeasuretheelevationangles
of four limb segmentsof thelowerbody: thefoot, thelower
leg, theupperleg andthepelvis.Theinformationcontained
in thesefour anglesover time is similar to thesilhouetteof
afigurewalking in profile.

3.1. Gait biomechanics

Biomechanicresearch[1] providesevidencethatsagittal
elevationanglemaybemorereusablethanjoint angles.Fig-
ure1 shows two graphsof 18 trajectories,for 6 subjectsof
differentheightsandweightswalking at 3 differentveloci-
ties.Thegraphontheleft showsthesagittalelevationangle
trajectories,andthegraphon theright depictsthe joint an-
gle trajectories.



As onecanseefrom theFigure,thesagittalelevationan-
gle trajectoriesfollow a similar curve, whereasjoint angle
trajectoriesshow morevariation.Walkingdatain thesagit-
tal elevationanglerepresentationcanbesaidto be“stereo-
typed”acrossfigureheightandvelocity. For animationpur-
poses,this is helpful becauseit implies sagittalelevation
angledatawill bemorere-usableacrossdifferentwalking
situationsthandatarepresentedin joint angles.

Figure 1. Trajectories of sagittal elevation an-
gles on left, and joint angles on right[1 ]. Note
higher variance of joint angles.

Anotherusefulpropertyof the elevation anglesis that,
beingangles,they do not needto bescaledif theplayback
figure is a rescaledversionof theactor. We have captured
datafrom a 4’11” subjectanda 6’1” subject,andwith no
furtherprocessing,successfullyusedtheir datato generate
walkingona third figureof differentheight.

4. Animation algorithm

Ouranimationmoduletakedatain theformof sagittalel-
evationanglesandcomputesthefigure’s configurationand
positionat eachframe. Thebasicideais to force the “sil-
houette”of thefigureto matchthesilhouettedictatedby the
sagittalelevation angledata. The first stepis to compute
the kinematicroot transformation.We have chosento po-
sition therootwithin thestancefoot, thereforewecompute
therootsothatthefigure’s foot elevationanglematchesthe
foot elevationangledata.

After the root hasbeenset,themappingfrom elevation
anglesto joint anglesis performedby solvingseveralsmall
setsof equationswhich describethe configurationof the
limb segments. In all, thereare12 equationsto be solved
for 12 DOFsof the figure; the last 2 DOFsof the14 total
DOFs are computedusing interpolation. Figure 2 shows
someof thetypesof equationsused.

By varying the direction of the sagittalplane,we can
generatedcurvedpathwalking with no rotationalskidding
of thefoot on theground.Our algorithmextendsto gener-
atingwalkingonunevensurfacesby usingdifferentsagittal
elevation angledatasetsfor differentslopedsurfaces. By
usinglinear interpolationto generatedatasetsdynamically,

oursystemdoesnotrequireadifferentdatasetfor everypos-
siblegroundinclination.
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Eqs. 1−4: constraints on pelvis, upper/lower leg, foot elevations

Eq. 5: constraint on pelvic list

Eq. 6−7: constraints on stance/swing width

Figure 2. Examples of some of the equations
used to create animation

5. Conclusions

We have developed a data-driven, proceduralmodel
for animatinghumangait in a variety of situations. We
have implementedthe algorithmsdescribedandhave per-
formedseveral experiments,showing that our model per-
formsstraight,curvedanduneventerrainlocomotionwith
ahighdegreeof realism,usingonly threedatasets.

Oneof the main goalsof this researchhasbeento re-
duce the relianceon capturingor hand-scriptingmotion
data,asthis is time-consuminganddifficult. In pursuitof
this, we have identifieda motion representation,the sagit-
tal elevationangles,whosestereotypicaltrajectoryimplies
its reusabilityoverfiguresandwalking situations.We have
alsodevelopeda parameterizedprocedureto computemo-
tion basedon this data,allowing themotionto bemodified
for curvedwalkingonuneventerrain.

Figure 3. Some examples
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