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Abstract
This paperdescribesa methodto predict the freereach movementof different componentsof the humanbody.
Sincethehumanbodyis composedof thefollowingcomponents:arms,legs,torso,head& neck, andeach of these
componentshassimilar features,thesamegeometricinversekinematicsalgorithmcanbeusedin differentpartsof
thebodyto realizefreereach movementtask.Themainadvantage of theproposedmethodis that it avoidsmatrix
inversecalculation,which is verytimeconsuming. Andbyusingthismethod,thetaskcanbemostlysimplified.

1. Intr oduction

Thestudyof humanreachposturesandanimationhasbeen
an important areaof research2 � 5� 4� 6� 9 in computergraph-
ics aswell asother industries.For example,computeran-
imatedhumanfiguresare widely usedin film industry to
achieve realisticspecialeffects.Anotherimportantapplica-
tion is computer-aideddesign(CAD)and concurrentengi-
neering.However, arealisticsimulationof humanmovement
andposturesis not an easytaskbecauseof the redundancy
of thehumanbodyatdifferentcontrollevels.Mostof there-
searchin thisareahasfocusedoninversekinematicsmodel-
ing, finite elementanalysisandassemblysequencing.What
we useis a geometricmethodto simulatehumanfreereach
movement,whichis thebasictaskfor suchcomputeranima-
tion. Theobjective of this paperis to usea singlegeometric
inversekinematicsalgorithmto predictthereachposturesof
differentbodyparts.Thestructuresandlinks of thesebody
componentsaresosimilar to eachotherthatwedo not have
to develop differentalgorithmsfor eachof them.What we
shouldonly do is to reusethe samemodel to every body
component.So by usingthis idea,the efforts to realizethe
taskof freereachmovementcanbegreatlyminimized.

1.1. ProblemDefinition

Theproblemof posturepredictioncanbestatedasfollows:
givenaninitial end-effectorpositionandthepostureof body
component,how to calculatethe final componentposture.
Sinceevery bodycomponenthasbeensimplified,theprob-
lem is equivalent to how to determinethe position of the

middlejoint, for example,elbow, knee,etc.,of eachcompo-
nent.And in thiscase,themotionpathof theend-effectoris
supposedlyknown.

1.2. Contrib utions

1. We provide an architecturefor easyspecificationof hu-
mananimationfor globalandlocalcontrol.

2. Weshow thatacomponentbasedInverseKinematics(IK)
is suitablefor all links in ahumanbody.

3. Weshow thatall computationscanbedoneusingasingle
IK kernel.

4. The IK kernel can also be replacedby a different IK
kernelandadaptedfor hierarchicalrefinementof natural
posturecomputation.

2. PreviousWork

Animationof articulatedfigureshave beenstudiedin detail
by severalresearchers:

In Auslander1, acontrollerbasedanimationhelpstheani-
matorsto influencethemotiongeneratedfor articulatedfig-
ures.In theotherconstraintbasedmodelusedby Zhaoand
Badler8 anarticulatedfigurefor ananimatorwishingto seta
figureto aposturesatisfyingasetof positioningconstraints,
to achieve both generalityor performanceby a nonlinear
programmingtechniquehasbeenproposed.Thespatialcon-
straint is appliedon the end-effector, and one on the goal
which is definedin thespatialenvironment.

The IK methodproposedby Wang7 hasbeenchosenfor
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our work. This is a geometricmethodto predictarm reach
movementposture.It is proposedbecauseit is largelybased
on thecriterionof minimizationof thenormof joint angular
velocities.In this algorithm,the arm modelis fashionedas
a four degrees-of-freedomkinematicslinkagesystem,with
threeat the shoulderandoneat the elbow. Oneof the im-
portantadvantagesof this methodis its ability to solve the
non-linearityof theshoulderjoint limit in a directandeasy
way. No matrix inversecalculationis requiredin this algo-
rithm,thusimproving theperformanceby shorteningthecal-
culationandprocessingtime. Someapplicationshave also
beenmadeby using this methodto realizesomedifferent
armmovementtasks.And experimentalresultshave proven
that the arm reachposturespredictedby this algorithmare
very closeto the real onesin a large arm reachablespace.
All theseresultspointto thefactthattheproposedgeometric
algorithmcanbeusedasaveryefficientarmposturemanip-
ulation primitive. A configurationspaceapproachfor effi-
cientanimationof humanfigureshasbeenreportedby Bandi
andThalman3. Thisapproachallows thecomputationof the
configurationspacerequiredfor animation.

However, thereis no systemtodaythathelpsyou to eas-
ily definea humanmodel interactively, intuitively specify
constraintsandto achieve a taskwithoutanexpertanimator
around.Thegoalhenceis to:

1. Specifya humanmodel for animationwith simple two
link elementsin 3D space.

2. Performall the animationcomputationusinga two link
kinematiclinks.

3. Specifytaskandbehavior at thetwo-link level.

If this is achieved,we believe modelingandanimationof
humanswill beaseasyastypinganemail.And theapplica-
tionsareenormousfor example,everyemailthatis sentwill
have a 3D customizedhumanavatar that will give an ani-
matedsequenceto convey whatwe intendto sayover email
at theotherend.

3. ComponentAr chitecture

Componentsare body parts,which have similar links and
structuresso that the samemethodcan be usedto realize
differenttasksof differentparts.Thewholebodycanbedi-
vided into severalbodycomponents,suchasleft arm,right
arm,left leg, right leg, torsoandneck& head.If we arere-
quired to simulatesomemorecomplex motions,the palm
andeven the thumbcanalsobe thoughtof ascomponents.
All the componentshave a root of eachand two or more
links dependingon thetask.Thecomponentarchitecturewe
havedevelopedis shown in Fig. 1.

At a higher level, the human architecturehas three
major parts:ModelCreate subsystem,ModelAnimate sub-
systemand ModelBehaviorsubsystem.The ModelCreate
helpsto specify the model,which in turn is composedof
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Figure1: ComponentHumanArchitecture

smallercomponents.Thenodes,coordinatesystemsandap-
pearanceattributes form the core of this subsystem.The
ModelAnimate subsystemon the otherhandhelpsto spec-
ify the trajectoryfor animationandalsoestimatesthe nat-
ural posturefor animationof the modelandall associated
components.TheModelBehaviorsubsystemhelpsto spec-
ify thebehavioral aspectsof humananimation.Separatebe-
havior for eachof thecomponentof thissubsystemcanalso
bespecified.Thebehavior of humanneckis muchdifferent
from thebehavior of thehumanleg. Thesecaninternallybe
representedasasetof constraints.Forexample,in themove-
mentof thehumaneyeduringgaze,theeyeandheadcanin-
dependentlymove, andno headmovementis noticedin the
first tendegreesof eye rotation.Suchfactorsarecapturedto
oursystemusingourModelBehaviorsubsystem.

Theadvantageof suchanarchitectureis that thesubsys-
temsareindependentof eachother. Thecomponentswithin
the subsystemare also independent,so we caneasilymix
andmatchcomponents.

Thelinks of thehumanmodelareshown in Fig. 2. Some
of thecomponents,thenumberof links in eachcomponent,
theconstraintsandtherootnodeof thecomponentaregiven
in Table.1.

4. Implementation and Results

TheIK algorithmhasbeensuccessfullyimplemented.More
detailsof theIK algorithmaregivenin Wang’spaper7. Some
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Figure2: HumanLinksandNodes

Table1: Constraintsfor Each Component

Component Numberof links ConstraintDOF RootNode

right arm 2 4 right shoulder
left arm 2 4 left shoulder
right leg 2 4 right hip
left leg 2 4 left hip
torso 2 6 pelvis
neck& head 2 6 bottomof neck

refinementshave beenmadeespeciallyin the initialization
of thealgorithm.TheIK algorithmcurrentlytakesvery lit-
tle timeandcangeneratemorethan30new framesasecond
with 2 componentIKs. We believe this will help interactive
full humananimationwhereeachframewith all thecompo-
nentIKs canbecomputedin lessthanasecond.

Experimentalresultshave alsoshown that the final pos-
tureof thebodycomponentis fully determinedby theinitial
postureandthemotionpathof theend-effector. Thusif the
initial postureof thebodycomponentis not too awkward,a
smoothandnatural-lookingmotioncanbegenerated.In this
model,we usestraightlines to describethe motion paths.
Thoughthis is not truein reality, by usingthis method,it is
easyto control themotionandby comparingwith the ideal
paththattheend-effectorshouldfollow, thecalculationerror
is within a very small rangein mostcases.However, some
problemswill occurwhenthebodycomponenthasto movea
longdistancefrom its initial position.Thefinal positionwill
show deviation from theideal targetposition.This problem
is mainly dueto thestraightmotionpathwe have selected.
In orderto minimizetheerror, thefull motionpathhasto be

broken into several connectedstraightline sections,which
form the trajectoriescloseto a curve. Experimentalresults
have shown thatthis is a quiteeffective way of reducinger-
rors.

4.1. Input of the Animation System

Take thearmasanexample,theinput to thesystemare

� theinitial positionof theshoulder, elbow andwrist and
� final positionof only thewrist.

The output for the restof the arm movementbetweenthe
initial andfinal positionis computedautomatically.

4.2. IK For Arm Posture

ThisexperimentdemonstratesthecomponentIK for thearm.
Theanimationsequenceshows themovementof thehuman
figure reachingfor the telephonereceiver and bringing it
back to himself. Fig. 3 shows eight framesof the phone-
lifting motionanimationsequence.

Figure3: ArmAnimationusingIK
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4.3. IK For NeckPosture

Fig. 4 shows an animatedsequenceof vertical gazetrajec-
tory of normalsmoothpursuit.Thetop row shows thesnap-
shotswhenthegazeis pointingupward.And thebottomrow
indicateswhenthegazeisdirectedtowardsthefloor. Thetra-
jectoryfor thegazedirectionis onaverticalstraightline.As
thegazeis directedalongthe trajectory, for eachnew posi-
tion, the new mid-eye positionhasbeencomputed.This in
turnis usedby theIK algorithmto computetheneckposture
andheadposture.Thehandpositionis movedin theopposite
directionto thatof thehead.

Figure4: Gazeon Vertical Trajectory

Figure5: Leg AnimationusingIK

4.4. IK For Arm and Leg Posture

This animationsequenceshows the motion that the arms
openwidely with the right leg lifted at the sametime. The
four white dotsrepresentthe startandendpositionsof the
handandleg respectively. Thesamemethodhasbeenused
in boththearmandleg withoutaffectingeachother.

5. Discussion

The advantageof this systemis that only the startandend
pointsof differentbodypartshave to bespecified.Thesys-
temwill automaticallygenerateasmoothandnaturalmotion
of thewholehumanbody. Thusit is veryeasyandsimpleto
control. And sinceall the componentsof the humanbody
usethe samemethod,which canbe realizedby a specific
programfunction, if any changesor replacementshave to
bemadeto the method,the modificationwill bequitesim-
ple. And also,from the resultswe canseethat this system
cansuccessfullyrealizethetaskof free reachmovementof
differentportion of the humanbody and the calculationis
mostlysimplified,whichsavesmuchtimeandspace.

Any other IK schemecan replaceour IK kernel. The

c
�

TheEurographicsAssociation2000.



J.HuangandK.F.ChinandE.C.Prakash/ ComponentBasedHumanAnimationArchitecture

modelcanbe refinedfurtherby morecarefulevaluationof
trajectory specification.A hierarchicalschemefor refine-
mentof IK will yield betterresults.For example,the neck
has8 joints, thatwe have approximatedwith 3 nodes.Soa
hierarchicalsolutionwill have a coarseIK at the top level,
with amultinodeIK atadetailedlevel.

6. Futur eWork

In this algorithm,all themotionpathshave beenthoughtof
asstraightlines,which is not true actually. So onedesired
handtrajectoryhasto be selectedin the future to perform
morenaturalmovements.This model is simplified greatly
to only four degrees-of-freedomso that only arm, leg and
neckreachmovementtaskcanbeeasilyrealized.Whatwe
shoulddo is to addmoredegrees-of-freedomandalsomore
constraintsto bodycomponentsto make their motionmore
flexible.Theinputportionof thissystemhasto beimproved
to allow morecomplex tasksto beeasilyspecified.

We alsonotethat the torsois not completelyrigid; actu-
ally, the backboneis madeof many vertebrae,resultingin
a complex movementcontrol. Currentlyour researchis in
progressto studythebehavior of our systemfor thetorsoto
seeif it is still possibleto defineonly the two limit points.
When animatinga walk, arms and legs have interrelated
movements.And researchis in progressto incorporatethis
to our systemwhich would bea goodbenefitfor animators.
An improvedmethodhasto beusedwhenthemotionsof the
bodycomponentsaffecteachother. Thatmeans,if therootof
eachcomponentmovesthenwe shouldconsidermorethan
justaddingeverycomponentmotiontogether.

7. Conclusions

Thispaperproposestheuseof ageometricinversekinemat-
icsalgorithmfor humanmotionbasedonacomponentarchi-
tecturemodel.This algorithmonly takesthepositionof the
startingandterminatingpointsof the body componentsas
aninput,andcomputeshumanposturein thefollowing way.
First every postureof theindividual componentof thebody
is calculatedby the modelseparatelyandsecondlyall the
componentsareassembledtogetherhierarchically. Thenthe
taskcanbefully realized.Thisalgorithmhasbeenshown to
beapplicableto humanfreereachmovement.It is quitereli-
ableandhasbeensuccessfullyusedto generatemany com-
plex motionsof thewholebody. Theresultis a systemthat
reliably finds the naturalhumanmotions.However, this al-
gorithm is not the only methodto simulatenaturalhuman
motions.And it is only a methodof free reachmovement.
Whensomemoredifficult taskshave to berealized,for ex-
ample,graspingobjects,someotheralgorithmsmustbe in-
tegrated.Sowe needotherinversekinematicsalgorithmsto
make thissystemmorerobust.
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