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Abstract

This paperdescribesa methodto predict the freereach movementof different componentsf the humanbody

Sincethehumanbodyis composeaf thefollowingcomponentsarms,legs,torso,head& nedk, andead ofthese
componentiassimilar featues,thesamegeometridnversekinematicsalgorithmcanbeusedn differentpartsof

thebodyto realizefreereadh movementask.Themainadvantae of the proposedmethods thatit avoidsmatrix

inversecalculation,which is verytime consumingAndby usingthis method thetaskcanbe mostlysimplified.

1. Intr oduction

The studyof humanreachposturesandanimationhasbeen
an importantareaof research>469 in computergraph-
ics aswell asotherindustries.For example,computeran-
imated humanfiguresare widely usedin film industry to

achieve realisticspecialeffects. Anotherimportantapplica-
tion is computetaided design(CAD)and concurrentengi-
neeringHowever, arealisticsimulationof humanmovement
andpostureds not an easytaskbecausef the redundang

of thehumanbodyatdifferentcontrollevels.Mostof there-

searchin this areahasfocusedoninversekinematicsmodel-
ing, finite elementanalysisandassemblysequencingWhat
we useis a geometricmethodto simulatehumanfreereach
movementwhichis thebasictaskfor suchcomputeranima-
tion. The objective of this paperis to usea singlegeometric
inversekinematicsalgorithmto predictthereachpostureof

differentbody parts.The structuresandlinks of thesebody
componentsiresosimilar to eachotherthatwe do not have

to develop differentalgorithmsfor eachof them. Whatwe

shouldonly do is to reusethe samemodelto every body
componentSo by usingthis idea, the efforts to realizethe

taskof freereachmovementcanbegreatlyminimized.

1.1. Problem Definition

The problemof posturepredictioncanbe statedasfollows:
givenaninitial end-efectorpositionandthe postureof body
componenthow to calculatethe final componentposture.
Sinceevery body componenhasbeensimplified, the prob-
lem is equialentto how to determinethe position of the
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middlejoint, for example,elbow, knee etc.,of eachcompo-
nent.And in this casethe motionpathof theend-efectoris
supposedlhknown.

1.2. Contrib utions

1. We provide an architectureor easyspecificationof hu-
mananimationfor globalandlocal control.

2. Weshawv thatacomponenbasednverseKinematics(IK)
is suitablefor all links in ahumanbody

3. Weshaw thatall computationganbedoneusingasingle
IK kernel.

4. The IK kernel can also be replacedby a different IK
kernelandadaptedor hierarchicakefinemenof natural
posturecomputation.

2. PreviousWork

Animation of articulatedfigureshave beenstudiedin detail
by severalresearchers:

In Auslandet, acontrollerbasedanimationhelpsthe ani-
matorsto influencethe motiongeneratedor articulatedfig-
ures.In the otherconstraintbasedmodelusedby Zhaoand
Badle# anarticulatedfigurefor ananimatomwishingto seta
figureto aposturesatisfyinga setof positioningconstraints,
to achieve both generalityor performanceby a nonlinear
programmingechniquehasbeenproposedThespatialcon-
straintis appliedon the end-efector, and one on the goal
whichis definedin the spatialervironment.

The IK methodproposecby Wang hasbeenchoserfor
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our work. This is a geometricmethodto predictarm reach
movementposturelt is proposedecausdt is largely based
onthecriterionof minimizationof the normof joint angular
velocities.In this algorithm,the arm modelis fashionedas
a four degrees-of-freedonkinematicslinkage system,with
threeat the shoulderand one at the elbav. One of the im-
portantadwantageof this methodis its ability to solve the
non-linearityof the shoulderjoint limit in a directandeasy
way. No matrix inversecalculationis requiredin this algo-
rithm, thusimproving theperformancéy shorteninghecal-
culationand processingime. Someapplicationshave also
beenmadeby using this methodto realize somedifferent
armmovementtasks.And experimentakesultshave proven
thatthe arm reachposturespredictedby this algorithmare
very closeto the real onesin a large arm reachablespace.
All theseresultspointto thefactthattheproposedjeometric
algorithmcanbeusedasavery efficientarmposturemanip-
ulation primitive. A configurationspaceapproachfor effi-
cientanimationof humarfigureshasbeenreportedoy Bandi
andThalmanrs. This approactallows thecomputatiorof the
configuratiorspaceequiredfor animation.

However, thereis no systemtodaythathelpsyou to eas-
ily definea humanmodelinteractvely, intuitively specify
constrainteandto achieve ataskwithout anexpertanimator
around.Thegoalhenceis to:

1. Specifya humanmodelfor animationwith simple two
link elementsn 3D space.

2. Performall the animationcomputationusinga two link
kinematiclinks.

3. Specifytaskandbehaior atthetwo-link level.

If thisis achiezed, we believe modelingandanimationof
humanaswill beaseasyastyping anemail. And the applica-
tionsareenormoudor example every emailthatis sentwill
have a 3D customizechumanavatarthat will give an ani-
matedsequencéo corvey whatwe intendto sayover email
attheotherend.

3. ComponentAr chitecture

Componentsare body parts,which have similar links and
structuresso that the samemethodcan be usedto realize
differenttasksof differentparts.The whole body canbe di-
videdinto several body componentssuchasleft arm, right
arm, left leg, right leg, torsoandneck& head.If we arere-
quiredto simulatesomemore complex motions,the palm

andeventhe thumbcanalsobe thoughtof ascomponents.

All the componenthave a root of eachandtwo or more
links dependingnthetask.Thecomponenarchitecturave
have developedis shawvn in Fig. 1.

At a higher level, the human architecturehas three
major parts:ModelCrede subsystemModelAnimae sub-
systemand ModelBehavior subsystemThe ModelCreae
helpsto specify the model, which in turn is composedf
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Figure 1: ComponenHumanArchitectue

smallercomponentsThenodescoordinatesystemsandap-
pearanceattributes form the core of this subsystemThe
ModelAnimae subsystenon the otherhandhelpsto spec-
ify the trajectoryfor animationand also estimateshe nat-
ural posturefor animationof the modelandall associated
componentsThe ModelBehaviorsubsystenhelpsto spec-
ify thebehaioral aspect®f humananimation.Separatde-
havior for eachof the componenbf this subsystentanalso
be specified The behaior of humanneckis muchdifferent
from thebehaior of thehumanleg. Thesecaninternallybe
representedsasetof constraintsFor example,in themove-
mentof thehumaneye duringgaze theeye andheadcanin-
dependentlynove, andno headmovementis noticedin the
firsttendegreesof eye rotation.Suchfactorsarecapturedo
our systemusingour ModelBehaviorsubsystem.

The adwantageof suchan architecturds thatthe subsys-
temsareindependendf eachother The componentsvithin
the subsystenare alsoindependentso we can easily mix
andmatchcomponents.

Thelinks of the humanmodelareshavn in Fig. 2. Some
of the componentsthe numberof links in eachcomponent,
theconstraintandtheroot nodeof thecomponenaregiven
in Table.1.

4. Implementation and Results

ThelK algorithmhasbeensuccessfullymplementedMore
detailsof thelK algorithmaregivenin Wangs papef. Some
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Figure 2: HumanLinksandNodes

Table 1: Constaintsfor Each Component

Component Numberof links ConstrainDOF RootNode
rightarm 2 4 right shoulder
leftarm 2 4 left shoulder
rightleg 2 4 right hip

left leg 2 4 left hip

torso 2 6 pelvis

neck& head 2 6 bottomof neck

refinementhave beenmadeespeciallyin the initialization
of thealgorithm.The IK algorithmcurrentlytakesvery lit-
tle time andcangeneratenorethan30 new framesa second
with 2 componentKs. We believe this will helpinteractie
full humananimationwhereeachframewith all thecompo-
nentlKs canbe computedn lessthana second.

Experimentakesultshave alsoshavn thatthe final pos-
tureof thebodycomponenis fully determinedy theinitial
postureandthe motion pathof the end-efector Thusif the
initial postureof the body components nottoo awkward,a
smoothandnatural-lookingmotioncanbegeneratedin this
model, we usestraightlines to describethe motion paths.
Thoughthisis nottruein reality, by usingthis method,it is
easyto controlthe motion andby comparingwith theideal
paththattheend-efectorshouldfollow, thecalculatiorerror
is within a very smallrangein mostcasesHowever, some
problemswill occurwhenthebodycomponenhasto movea
long distancerom its initial position.Thefinal positionwill
shawv deviation from theidealtargetposition.This problem

is mainly dueto the straightmotion pathwe have selected.

In orderto minimizetheerror, thefull motionpathhasto be
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broken into several connectedstraightline sectionswhich

form the trajectoriescloseto a curve. Experimentakesults
have shawn thatthis is a quite effective way of reducinger-

rors.

4.1. Input of the Animation System
Take thearmasanexample theinputto the systemare

o theinitial positionof the shoulderelbon andwrist and
o final positionof only thewrist.

The outputfor the restof the arm movementbetweenthe
initial andfinal positionis computedautomatically

4.2. IK For Arm Posture

ThisexperimendemonstratethecomponentK for thearm.
Theanimationsequencshavs the movementof the human
figure reachingfor the telephonerecever and bringing it
backto himself. Fig. 3 shavs eight framesof the phone-
lifting motionanimationsequence.

Figure 3: Arm AnimationusinglK
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4.3. IK For Neck Posture

Fig. 4 shavs an animatedsequencef vertical gazetrajec-
tory of normalsmoothpursuit. Thetop row shavs the snap-
shotswhenthegazeis pointingupward.And thebottomrow
indicatesvhenthegazes directedtowardsthefloor. Thetra-
jectoryfor thegazedirectionis onaverticalstraightline. As
the gazeis directedalongthe trajectory for eachnew posi-
tion, the new mid-eye positionhasbeencomputed This in
turnis usedby thelK algorithmto computetheneckposture
andheadpostureThehandpositionis movedin theopposite
directionto thatof thehead.

Figure 4: Gazeon \ertical Trajectory

Figure5: Leg AnimationusinglK

4.4. 1K For Arm and Leg Posture

This animationsequenceshavs the motion that the arms
openwidely with theright leg lifted at the sametime. The
four white dotsrepresenthe startandend positionsof the
handandleg respectiely. The samemethodhasbeenused
in boththearmandleg without affectingeachother

5. Discussion

The adwantageof this systemis that only the startandend
pointsof differentbody partshave to be specified The sys-
temwill automaticallygeneratesmoothandnaturalmotion
of thewholehumanbody Thusit is very easyandsimpleto

control. And sinceall the component®of the humanbody
usethe samemethod,which canbe realizedby a specific
programfunction, if ary changesor replacementhave to

be madeto the method,the modificationwill be quite sim-

ple. And also,from the resultswe canseethat this system
cansuccessfullyealizethe taskof free reachmovementof

differentportion of the humanbody and the calculationis

mostlysimplified,which sasesmuchtime andspace.

Any other IK schemecan replaceour IK kernel. The
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model canbe refinedfurther by more carefulevaluationof
trajectory specification.A hierarchicalschemefor refine-
mentof IK will yield betterresults.For example,the neck
has8 joints, thatwe have approximatedvith 3 nodes.Soa
hierarchicalsolutionwill have a coarselK at thetop level,
with amultinodelK atadetailedevel.

6. FutureWork

In this algorithm,all the motion pathshave beenthoughtof
asstraightlines, which is not true actually So onedesired
handtrajectoryhasto be selectedn the future to perform
more naturalmovements.This modelis simplified greatly
to only four degrees-of-freedonso that only arm, leg and
neckreachmovementtaskcanbe easilyrealized Whatwe
shoulddo is to addmoredegrees-of-freedomandalsomore
constraintdo body componentso make their motion more
flexible. Theinputportionof this systemhasto beimproved
to allow morecomple tasksto be easilyspecified.

We alsonotethatthetorsois not completelyrigid; actu-
ally, the backbonds madeof mary vertebraeresultingin
a complex movementcontrol. Currently our researchs in
progresso studythe behaior of our systemfor thetorsoto
seeif it is still possibleto defineonly the two limit points.
When animatinga walk, arms and legs have interrelated
movementsAnd researchs in progresgo incorporatethis
to our systemwhich would be a goodbenefitfor animators.
An improvedmethodhasto be usedwhenthemotionsof the
bodycomponentaffecteachother Thatmeansif therootof
eachcomponenmovesthenwe shouldconsidermorethan
justaddingevery componenmotiontogether

7. Conclusions

This papemroposeshe useof ageometridnversekinemat-
icsalgorithmfor humanmmotionbasednacomponenarchi-
tecturemodel. This algorithmonly takesthe positionof the
startingand terminatingpoints of the body componentas
aninput,andcomputesiumanposturein thefollowing way.

Firstevery postureof theindividual componenbf the body
is calculatedby the model separatelyand secondlyall the
componentsireassembledogetherierarchically Thenthe
taskcanbefully realized.This algorithmhasbeenshavn to

beapplicableto humanfreereachmaovementlt is quitereli-

ableandhasbeensuccessfullyusedto generatenary com-
plex motionsof thewhole body Theresultis a systemthat
reliably finds the naturalhumanmotions.However, this al-

gorithm s not the only methodto simulatenaturalhuman
motions.And it is only a methodof free reachmovement.
Whensomemoredifficult taskshave to be realized for ex-

ample,graspingobjects,someotheralgorithmsmustbein-

tegrated.Sowe needotherinversekinematicsalgorithmsto

male this systemmorerobust.
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