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Abstract

For the managementof a large numberof motiondata
for humanoidvirtual actors we proposeto usea database
systento store andretrieve motiondatawith additionalin-
formation.We showkey questiondying behindthedifferent
classificationschemedor humanmotion. Having obtained
thesecriteria, we deducethe requirrmentsa databasehas
to fulfil for copingdifferent classificationschemes.We de-
scribethe AMOBA databasesystemwhich allows to store
and retrieve human movementdata with an expandable
setof classificationschemes. To implementclassification
schemeswve annotatemovementswith specificcharacteris-
tics.

1. Intr oduction

Using databaseén the field of computeranimationis
a promisingideawhich was exploredin differentconcep-
tual settings.Farencet.al.[7] presentec virtual humanoid
animationin a web-basedpplicationqueryinga database
in orderto get more information aboutthe ervironment.
SteinbacK19] usesadatabaséor humansignlanguageand
Tanco[20] for synthesisindiumanmotionwith the help of
statisticalmodels.

Sincethe creationof good animationdatais a highly
time and manpaver consumingprocessthereare several
approachefor reusingmotiondataof a certaincharacteby
othercharactersvhile keepingthe characteristiof the mo-
tion. Gleicher[8] for exampleusesspacetimeconstraints
displacemenmappingsfor retagetting and Hodgins[10]
usesdynamicsimulation.

Keepingthesetechniqguesn mind the idea of using a
databasdor storing animationsequencesnd remapping
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the data onto different charactersis nearby Akanksha
et.al.[1] proposea databasdor storingandretrieving mo-
tion data. They usea setof metadatafor describingthe
kinematicpropertiesandsomesimplestyleinformation(e.g
'brisk’) of the motions. Thusthey are ableto reusethe
animationsof one geometricmodelfor anothergeometric
model.

In orderto searchfor somespecialkind of motionin a
setof animationsequencethe setof simplestyleinforma-
tions hasto be expand. Our approachs to describehuman
movementshy an expandablesetof differentclassification
schemesThe animationsequencem the databasarean-
notatedwith respectto theseclassificationschemes.Mo-
tions canthenberetrieved from the databasdy describing
the motionsby one or several classificationschemes.For
examplewe can searchfor all motionshaving a "happy’
styleandbeinganiconic gesture.

The structureof the paperis as follows. In Chapter
2 we introducethe questionswe encounterif we wantto
considerdifferentclassificationschemedor humanmove-
ment. We considercriterionsin termsof three questions
for specifyingclassificatiorschemeg$or humanmovement.
Theseguestionsesultin requirement®namotiondatabase
whichwe stateanddiscussn Chapter3. Weimplementeda
databas@rototype the AMOBA databas¢AnnotatedVio-
tion Database)which respectgheserequirements.A de-
scriptionof the systemarchitecturethe Entity-Relationship
Model and the Annotationsof the AMOBA databasds
givenin Chapter.

2. Classification Schemes

Thereareseveral differentsystemdor the characteriza-
tion andclassificatiorof humanmovements.Behindthese
schemedie thefollowing questions:



2.1 What is Classified?

A given motion can be describedwith the help of the
datadefiningthe movementof the skeleton(which we get
e.g. by motioncapturing) but alsoby additionalknowledge
that comesfrom some other data source. By watching
an animatedbody a LabanMovementAnalyst cangetthe
appropriateShapeand Effort parameter®f the movement
(cf.Laban[13], [14], Liwei Zhao[21] ). Psychologistgan
evaluatein experimentsthe effect of norverbal behaiour
of avirtual characteto personsvatchingthe characteact-
ing (cf.Badlerand Allbeck [2], Benteet.al.[3]). Further
moreif motion captureddataand an appropriateskeleton
is provided one can calculatethe speedof the limbs. But
thereis alsootherdatawhich mightbeimportantandwhich
is not available by analysingthe kinematicsof the skele-
ton. Electromyogram®f the lower extremitiesor the cen-
tre of pressurefor eachfoot of a walking humanmight
sene asanexample(cf. Elbeet.al.[6], Pearsonjl17]). Enu-
merationof the total of movementsbelongingto a special
classis often usedin motion capturingsessiondor com-
puter games(cf. Keines[12], Menache[15]). Thusthere
may bethe classedocomotionandfightingfor the protago-
nist of a third personshootergame. Eachclassitself has
subclassesf movement. Locomotionfor examplehasthe
subclassesun, walk, crawl and for fighting it is boxing
kicking, shooting Thesesubclassegself hold several dis-
tinct motions, which can be characterizedurther may be
identifiedby their name.

2.2 Which Processs usedfor Classification?

It is clearthat eachcateyorizationschemeusesits spe-
cific processfor acquiringthe respectie data. Thesecan
be divided into three categyories: acquiringthe dataauto-
matically from the recordedmovementof the skeleton,ac-
quiring additionaldatafrom separatelatasourcesor clas-
sification by an expert. Examplesfor automaticdataac-
quisition canbe found in humangesturerecognition. The
methodsrangefrom templatematching(e.g. Zimmerman
et.al. [22]) over statisticalclassificatione.g. Rubine[18])
up to neuralnetworks (e.g. Murakamiand Taguchi[16]).
Electromyogramsare usedby Elbe et.al.[6] and Pearson
[17]. An examplefor the acquisitionof datafrom an ex-
pertwould be a LabanMovementAnalyst, who describes
Labanss ShapeandEffort of a givenmotion(cf. [13], [14],
[21]). Buttherearealsofirst experimentdor retrieving such
dataautomatically Camurri[4] analysedheexpressvity in
dancein Labans Termof Effort by measuringhe changes
of theKinespherej. e.the expansionandcontractionof the
spacesurroundinghedancer
The chosenmethodof dataacquisitionalsohasan impact
onthetype of the datafor the characterizationwords,sin-

glevaluesrangedetweer0 andl, trajectoriesetc.
2.3 Which Movementsare Classified?

Not every characterizatiorschemecan classify all hu-
manmovementsin the presentatioifil1] for examplethere
is a"review of thetasksaninfantrymanmustdo” (anenu-
merationof severalmovementsandstances) whicharecer
tainly not all possiblemovementsa humanbeingis ableto
do. Otherclassificatiorschemesreapplicableto every hu-
manmovement,for examplethe LabanMovementAnaly-
Sis.

3. Requirementsof a Motion Database

Taking into accountthe above propertiesof classifica-
tion schemesamotiondatabasshouldfulfill thefollowing
requirementsvhendescribingrecordechumanmaotion.

1. Thedatabasshouldbe ableto handleseveralclassifi-
cationschemes.

2. The setof available classificationschemeshouldbe
extensible.

3. The databaseshould provide a sufficient vocalulary
for eachclassificatiorscheme.

4. The databaseshould handleincompletecharacteriza-
tions.

We will now discusgheabove requirements.

Requirement meanghatis is possibleto describea hu-
manmotion in differentclassificationschemesn the mo-
tion database.An optionalfeaturewould be to use simi-
larities betweenclassificationsschemedor retrieving ani-
mation sequenceslf two classificationschemedescribe
the samephenomendy two differentmeasuresit should
be possibleto mapthe valuesof one schemeto the other
An examplefor this would be to map the descriptionof
LabansEffort Elementsinto kinematic descriptionof the
limbs. This wasalreadyexploredby Chi[5] for thesynthe-
sisof expressive armmovements.

Thesecondequirementeansthatthe databasshould
notberestrictedo agivensetof classificatiorschemeshut
alsomaintainsthe possibility to introducenex oneswhile
thedatabasés in use.

The provision of a sufficient vocalulary constrainshe
userto classifya new movementaccordingto somegiven
basiccateyories,andfreeshim to expandthe classification
at a lower level in the classificationhierarchy Example:
Think of a classificatiorof humanlocomotionby makinga
list of all possiblelocomotions.A simpleideawould beto
classifythe movementshy the namesof the motionsfiles.



If we have walking motionsthentwo differentuserscould
namethe motionsdifferentfor example"walk” , "walk for-
ward”, "forward” etc.which makesit difficult to find again
themotionin thedatabaséater, becaus¢heremaybesome
hundredmorewalk motionsin the databaseA betteridea
would be to choosewithin the classificationscheme’lo-
comotion”the subclasse&un”, "walk”, "crawl”. Now the
different’'walk” movementsanbeputinto the"walk” sub-
classandtheuseris forcedto choosethis givencateyoriza-
tion schemeLaterafurtherclassificatiorof agivenmotion
is opento the user He cannow specify a motion which
represents humanwalking straightforwardwith thename
"forward”.

It shouldbe possibleto put a motion into the database
without characterizéhe motion in all available character
ization schemef the databaseas indicatedby Require-
ment4. This is dueto the fact, that often no appropriate
expertis availablewho canclassifythe movementin a spe-
cific classificatiorscheme.

4. The Motion DatabaseAMOB A
4.1 The SystemEnvironment

For the implementationof the databasescheme of
AMOBA we have usedthe relational databaseMySQL,
runningunderLinux. The animationsfor a specialchar
acterare synthesizedy our real-time Animation-Engine.
The Animation-Engineusesthe conceptof Motion Model
(cf. Grassig9]) for controlling movementswith high level
parameters. The Animation Engine has an interface to
the AMOBA databasdor retrieving animationsequences
which are usedfor synthesizingcomplex movementsby
blendingthemtogether It alsoretrievesadditionalanno-
tationdata(suchaslengthof clip, whichbodypartsareused
etc.) of the animationsequencesvhich are usedfor syn-
thesizingthe movementsThe connectiorto the databasés
realizedwith the ODBC interfaceof MySQL Therealsoex-
istsasecondnterfacefor DEPAC, aproprietaryexperimen-
tal platformfor evaluationof animatedcharactergcf. Bente
et.al.[3]) whichis usedfor editingannotation®f motions.

4.2 The Entity-Relationship Diagram

The AMOBA databasdasthreeprincipal components:
Character, Motion Data and Annotation Their connection
is shavn in Figure1 asa simplified Entity-Relationshipi-
agram.

Sincewe wantto storemotion datafor differentvirtual
humansthe entity Character definesa hierarchyof Joints
which togetherform the skeletonof the Character. Note
thatwe only considerarticulatedfigures.For eachjoint we

add alsothe informationto which Body Part Group it be-
longs. Examplesfor a Body Part Group could be the left
arm, theright arm,the left foot etc. This informationis es-
sentialif onelaterwantsto emphasizethata movementis
stronglycoupledwith certainbody parts. Thearmsof a hu-
man being are for examplemore importantfor a pointing
gesturghenthefeet.

Annotation
Types

Annotation

Clip Data

1 n
Data

1 n
Joint
n
1
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Figure 1. Simplified Entity-Relationship Dia-
gram of the AMOBA Database

TheFrametablekeepsmotiondatafor acertainCharac-
ter. Motion dataconsistof translationandrotationvalues
for thejoints of the skeletonof a characterWe preferredto
storethe rotation dataas quaterniongo avoid introducing
the limitations associatedo Euler anglessequencesvhen
theoriginal datais freefrom suchproblemge.g.whenmo-
tion capturedataor animationis providedin 3x3 matrix or
guaternionformats). Up to now we only storeanimation
datawhich was createdby motion capturing. The Motion
Datatableconnectghemotiondatain Framewith theclas-
sificationof themotion.

For storingan expandablesetof classification®f a mo-
tion we introducethe Annotationentity (cf. Table1). Be-
sidetheprimarykey it holdsthekey for anotherannotation
which candescribea given motion even further. Thusthe
Requirement4 and?2 of Section3 arefulfilled. For holding
actualannotatiordatawe have the descriptionfield for tex-
tual valuesandthe valuefield for holding numericvalues.
In orderto representomplex datatypeglik etime sequence,
guaternion®r bodypart)we have to sequentializeéhe com-
plex datatypesto theseatomicdescriptionandvaluefields.



Field Name Description

annotationkey Index for PrimaryKey

next Index for SecondanKey
annotationidentifier | AnnotationTypeasForeignKey
description FreeText for AnnotationType
value Valueof the AnnotationType

Table 1. The Annotation Entity Table

Field Name Description
annotationidentifier | Index of PrimaryKey
catgyory Identifierfor the Category
subcatgory Identifierfor the Subcatgory

Table 2. The Annotation Type Entity Table

Thusif we wantto adda newn datatypewe do not have to
addanew SQL-tablespecializedor this new datatypeinto
thedatabasendcanhold all datatypesin onetable.

Becauseave alsowantto ensureafaithulvocalilary (Re-
guirement3) eachannotationbelongsto a category anda
subcatgory (cf. Table2). Thesehave to be setif anew ca-
tegorizatiorschemés addedo thedatabaseystem Wede-
cidednot to introducesubcatgoriesof subcatgories(and
soforth) to preventfloodingthedatabasvith numerougle-
scriptions.Thustheinterfaceof thedatabaséorcestheuser
to think of a sufficient choiceof subcatgories.But theuser
hasthefreedomfor furtherdiversificationunderthelevel of
subcatgories.

At the momentwe have the following databasentries
for AnnotationTypes:Locomotion(with subcatgoriesrun-
ning, walking etc.), Action (with subcatgoriestake, grasp
etc.),Emotional(with subcatgoriesfear, interestetc.),Ges-
tures(with subcatgoriesiconic, emblematicetc.) and Ef-
fect (the effect of the animationon the viewer).

A specialkind of AnnotationTypeis Technical, which
suppliesthe databasevith differentdatatypessuchasinte-
ger, double string, spac&ector, quaternionpodyparttime-
sequenceetc. As mentionedabove, thesecomplex data
typesarerealizedas subcatgoriesof the Technical anno-
tation and sequentializedhto the atomicfields description
andvalueof the Annotation

Furtherresearchs neededo find andelaborateheright
descriptionandannotatiorschemedor specificinteraction
andproductionscenarios.

4.3. The Annotation Interface

The Annotationentity is part of the AMOBA database
system. Both the applicationsAnimation Engineand DE-
PAC aregettingaccesso thedatabasey the Annotationin-
terface. This is implementedasa C++ class,which senes
asabstractionto the Annotationentity in the database.It

communicatesvith AMOBA by the ODBC interface. To
guerythedatabaséor motionswith a certaincharacteristic,
anannotatiorwhichis createdoy theuseris searchedh the
databaseThe searchresultis weightedby the Best-Match
Algorithm, i.e. the motion which hasan annotationwith
the mostcorrespondenceas the usercreatedannotations
chosen. An additionalparameteican be usedasthe min-
imal percentagef coincidenceof the userinput with the
result. A value of 100% correspondgo an Exact-Match-
Algorithm.

5. Conclusionand Futur e Work

We have shawn differentquestionsvhich lie behindthe
classificationscheme®f humanmovement. Four require-
mentsfor a databas®f humanmotionsarestated.We pro-
posedthe prototypedatabasesystemAMOBA for storing
andretrieving humanmotionswith differentclassification
schemes.

Furtherwork will include finding and elaboratingthe
right descriptionandannotationschemesor specificinter
actionandproductionscenarios.

AMOBA will be usede.g. for an AugmentedReality
System(mqube: www.projekt-mqube.dejand Norverbal
CommunicatiorResearclusingCorversationaVirtual Ac-
tors (EMBASSI: www.embassi.de).Here the usability of
the AMOBA systenwill beevaluated Furtherresearchas
to be donealsoin the field of weightingqueryresultsac-
cordingto their relevanceandthe mappingbetweendiffer-
entcharacterizations.
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