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50829Köln, Germany�

gruenvogel,piesk,schwichtenberg �
@lmr.khm.de

GregorBüchel
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Abstract

For the managementof a large numberof motiondata
for humanoidvirtual actors we proposeto usea database
systemto store andretrievemotiondatawith additionalin-
formation.Weshowkey questionslying behindthedifferent
classificationschemesfor humanmotion. Havingobtained
thesecriteria, we deducethe requirementsa databasehas
to fulfil for copingdifferentclassificationschemes.We de-
scribethe AMOBA databasesystemwhich allows to store
and retrieve humanmovementdata with an expandable
set of classificationschemes. To implementclassification
schemesweannotatemovementswith specificcharacteris-
tics.

1. Intr oduction

Using databasesin the field of computeranimationis
a promisingideawhich wasexplored in differentconcep-
tual settings.Farencet.al.[7] presenteda virtual humanoid
animationin a web-basedapplicationqueryinga database
in order to get more information about the environment.
Steinback[19] usesadatabasefor humansignlanguageand
Tanco[20] for synthesisinghumanmotionwith thehelpof
statisticalmodels.

Since the creationof good animationdata is a highly
time and manpower consumingprocess,thereare several
approachesfor reusingmotiondataof acertaincharacterby
othercharacterswhile keepingthecharacteristicof themo-
tion. Gleicher[8] for exampleusesspacetimeconstraints
displacementmappingsfor retargetting and Hodgins[10]
usesdynamicsimulation.

Keepingthesetechniquesin mind the idea of using a
databasefor storing animationsequencesand remapping

the data onto different charactersis nearby. Akanksha
et.al. [1] proposea databasefor storingandretrieving mo-
tion data. They usea set of metadatafor describingthe
kinematicpropertiesandsomesimplestyleinformation(e.g
’brisk’) of the motions. Thus they are able to reusethe
animationsof onegeometricmodel for anothergeometric
model.

In orderto searchfor somespecialkind of motion in a
setof animationsequencesthesetof simplestyle informa-
tionshasto beexpand.Our approachis to describehuman
movementsby anexpandablesetof differentclassification
schemes.Theanimationsequencesin thedatabasearean-
notatedwith respectto theseclassificationschemes.Mo-
tionscanthenberetrievedfrom thedatabaseby describing
the motionsby oneor several classificationschemes.For
examplewe can searchfor all motionshaving a ’happy’
styleandbeinganiconic gesture.

The structureof the paper is as follows. In Chapter
2 we introducethe questionswe encounterif we want to
considerdifferentclassificationschemesfor humanmove-
ment. We considercriterionsin termsof threequestions
for specifyingclassificationschemesfor humanmovement.
Thesequestionsresultin requirementsonamotiondatabase
whichwestateanddiscussin Chapter3. Weimplementeda
databaseprototype,theAMOBA database(AnnotatedMo-
tion Database),which respectstheserequirements.A de-
scriptionof thesystemarchitecture,theEntity-Relationship
Model and the Annotationsof the AMOBA databaseis
givenin Chapter4.

2. ClassificationSchemes

Thereareseveraldifferentsystemsfor thecharacteriza-
tion andclassificationof humanmovements.Behindthese
schemeslie 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 someother data source. By watching
an animatedbody a LabanMovementAnalyst canget the
appropriateShapeandEffort parametersof the movement
(cf.Laban[13], [14], Liwei Zhao[21] ). Psychologistscan
evaluatein experimentsthe effect of nonverbalbehaviour
of a virtual characterto personswatchingthecharacteract-
ing (cf.BadlerandAllbeck [2], Benteet.al. [3]). Further-
more if motion captureddataandan appropriateskeleton
is provided onecancalculatethe speedof the limbs. But
thereis alsootherdatawhichmightbeimportantandwhich
is not available by analysingthe kinematicsof the skele-
ton. Electromyogramsof the lower extremitiesor thecen-
tre of pressurefor eachfoot of a walking humanmight
serveasanexample(cf. Elbeet.al. [6], Pearson[17]). Enu-
merationof the total of movementsbelongingto a special
classis often usedin motion capturingsessionsfor com-
puter games(cf. Keines[12], Menache[15]). Thus there
maybetheclasseslocomotionandfighting for theprotago-
nist of a third personshootergame. Eachclassitself has
subclassesof movement.Locomotionfor examplehasthe
subclassesrun, walk, crawl and for fighting it is boxing,
kicking, shooting. Thesesubclassesitself hold severaldis-
tinct motions,which can be characterizedfurther may be
identifiedby their name.

2.2. Which Processis usedfor Classification?

It is clear that eachcategorizationschemeusesits spe-
cific processfor acquiringthe respective data. Thesecan
be divided into threecategories: acquiringthe dataauto-
matically from therecordedmovementof theskeleton,ac-
quiring additionaldatafrom separatedatasourcesor clas-
sification by an expert. Examplesfor automaticdataac-
quisition canbe found in humangesturerecognition. The
methodsrangefrom templatematching(e.g. Zimmerman
et.al. [22]) overstatisticalclassification(e.g.Rubine[18])
up to neuralnetworks (e.g. MurakamiandTaguchi[16]).
Electromyogramsare usedby Elbe et.al. [6] and Pearson
[17]. An examplefor the acquisitionof datafrom an ex-
pert would be a LabanMovementAnalyst, who describes
Labans’sShapeandEffort of a givenmotion(cf. [13], [14],
[21]). But therearealsofirst experimentsfor retrievingsuch
dataautomatically. Camurri[4] analysedtheexpressivity in
dancein Laban’s Termof Effort by measuringthechanges
of theKinesphere,i. e.theexpansionandcontractionof the
spacesurroundingthedancer.
The chosenmethodof dataacquisitionalsohasan impact
on thetypeof thedatafor thecharacterization:words,sin-

glevalues,rangesbetween0 and1, trajectoriesetc.

2.3. Which MovementsareClassified?

Not every characterizationschemecan classify all hu-
manmovements.In thepresentation[11] for examplethere
is a ”review of thetasksaninfantrymanmustdo” (anenu-
merationof severalmovementsandstances)- whicharecer-
tainly not all possiblemovementsa humanbeingis ableto
do. Otherclassificationschemesareapplicableto everyhu-
manmovement,for examplethe LabanMovementAnaly-
sis.

3. Requirementsof a Motion Database

Taking into accountthe above propertiesof classifica-
tion schemes,amotiondatabaseshouldfulfill thefollowing
requirementswhendescribingrecordedhumanmotion.

1. Thedatabaseshouldbeableto handleseveralclassifi-
cationschemes.

2. The setof availableclassificationschemesshouldbe
extensible.

3. The databaseshouldprovide a sufficient vocabulary
for eachclassificationscheme.

4. The databaseshouldhandleincompletecharacteriza-
tions.

We will now discusstheaboverequirements.
Requirement1 meansthatis is possibleto describeahu-

manmotion in differentclassificationschemesin the mo-
tion database.An optional featurewould be to usesimi-
larities betweenclassificationsschemesfor retrieving ani-
mation sequences.If two classificationschemesdescribe
the samephenomenaby two differentmeasures,it should
be possibleto mapthe valuesof oneschemeto the other.
An example for this would be to map the descriptionof
LabansEffort Elementsinto kinematicdescriptionof the
limbs. Thiswasalreadyexploredby Chi [5] for thesynthe-
sisof expressivearmmovements.

Thesecondrequirementmeans,thatthedatabaseshould
notberestrictedto agivensetof classificationschemes,but
alsomaintainsthe possibility to introducenew oneswhile
thedatabaseis in use.

The provision of a sufficient vocabulary constrainsthe
userto classifya new movementaccordingto somegiven
basiccategories,andfreeshim to expandtheclassification
at a lower level in the classificationhierarchy. Example:
Think of a classificationof humanlocomotionby makinga
list of all possiblelocomotions.A simpleideawould beto
classifythe movementsby the namesof the motionsfiles.
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If we have walking motionsthentwo differentuserscould
namethemotionsdifferentfor example”walk” , ”walk for-
ward”, ”forward” etc.which makesit difficult to find again
themotionin thedatabaselater, becausetheremaybesome
hundredmorewalk motionsin thedatabase.A betteridea
would be to choosewithin the classificationscheme”lo-
comotion”thesubclasses”run”, ”walk”, ”crawl”. Now the
different”walk” movementscanbeput into the”walk” sub-
classandtheuseris forcedto choosethis givencategoriza-
tion scheme.Latera furtherclassificationof agivenmotion
is opento the user. He can now specify a motion which
representsahumanwalkingstraightforwardwith thename
”forward”.

It shouldbe possibleto put a motion into the database
without characterizethe motion in all availablecharacter-
ization schemesof the database,as indicatedby Require-
ment4. This is due to the fact, that often no appropriate
expertis availablewho canclassifythemovementin a spe-
cific classificationscheme.

4. The Motion DatabaseAMOBA

4.1. The SystemEnvir onment

For the implementationof the databaseschemeof
AMOBA we have used the relational databaseMySQL,
running underLinux. The animationsfor a specialchar-
acterare synthesizedby our real-timeAnimation-Engine.
The Animation-Engineusesthe conceptof Motion Model
(cf.Grassia[9]) for controllingmovementswith high level
parameters. The Animation Engine has an interface to
the AMOBA databasefor retrieving animationsequences
which are usedfor synthesizingcomplex movementsby
blendingthem together. It also retrievesadditionalanno-
tationdata(suchaslengthof clip, whichbodypartsareused
etc.) of the animationsequenceswhich areusedfor syn-
thesizingthemovements.Theconnectionto thedatabaseis
realizedwith theODBCinterfaceof MySQL. Therealsoex-
istsasecondinterfacefor DEPAC, aproprietaryexperimen-
tal platformfor evaluationof animatedcharacters(cf. Bente
et.al. [3]) which is usedfor editingannotationsof motions.

4.2. The Entity-Relationship Diagram

The AMOBA databasehasthreeprincipal components:
Character, Motion Data andAnnotation. Their connection
is shown in Figure1 asa simplifiedEntity-Relationshipdi-
agram.

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

addalso the informationto which BodyPart Group it be-
longs. Examplesfor a BodyPart Group could be the left
arm,theright arm,theleft foot etc. This informationis es-
sentialif onelaterwantsto emphasize,thata movementis
stronglycoupledwith certainbodyparts.Thearmsof ahu-
manbeingare for examplemore importantfor a pointing
gesturethenthefeet.
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Figure 1. Simplified Entity-Relationship Dia-
gram of the AMOBA Database

TheFrametablekeepsmotiondatafor acertainCharac-
ter. Motion dataconsistsof translationandrotationvalues
for thejointsof theskeletonof a character. We preferredto
storethe rotationdataasquaternionsto avoid introducing
the limitations associatedto Euler anglessequenceswhen
theoriginaldatais freefrom suchproblems(e.g.whenmo-
tion capturedataor animationis providedin 3x3 matrix or
quaternionformats). Up to now we only storeanimation
datawhich wascreatedby motion capturing. The Motion
Data tableconnectsthemotiondatain Framewith theclas-
sificationof themotion.

For storinganexpandablesetof classificationsof a mo-
tion we introducethe Annotationentity (cf. Table1). Be-
sidetheprimarykey it holdsthekey for anotherannotation
which candescribea given motion even further. Thusthe
Requirements1 and2 of Section3 arefulfilled. For holding
actualannotationdatawehave thedescriptionfield for tex-
tual valuesandthe valuefield for holding numericvalues.
In orderto representcomplex datatypes(liketimesequence,
quaternionsor bodypart)we have to sequentializethecom-
plex datatypesto theseatomicdescriptionandvaluefields.
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Field Name Description
annotationkey Index for PrimaryKey
next Index for SecondaryKey
annotationidentifier AnnotationTypeasForeignKey
description FreeText for AnnotationType
value Valueof theAnnotationType

Table 1. The Annotation Entity Table

Field Name Description
annotationidentifier Index of PrimaryKey
category Identifierfor theCategory
subcategory Identifierfor theSubcategory

Table 2. The Annotation Type Entity Table

Thusif we want to adda new datatypewe do not have to
addanew SQL-tablespecializedfor thisnew datatypeinto
thedatabaseandcanholdall datatypesin onetable.

Becausewealsowantto ensureafaithulvocabulary(Re-
quirement3) eachannotationbelongsto a category anda
subcategory (cf. Table2). Thesehave to besetif a new ca-
tegorizationschemeisaddedto thedatabasesystem.Wede-
cidednot to introducesubcategoriesof subcategories(and
soforth) to preventfloodingthedatabasewith numerousde-
scriptions.Thustheinterfaceof thedatabaseforcestheuser
to think of asufficientchoiceof subcategories.But theuser
hasthefreedomfor furtherdiversificationunderthelevel of
subcategories.

At the momentwe have the following databaseentries
for AnnotationTypes:Locomotion(with subcategoriesrun-
ning, walking etc.),Action (with subcategoriestake, grasp
etc.),Emotional(with subcategoriesfear, interestetc.),Ges-
tures(with subcategoriesiconic, emblematicetc.) andEf-
fect (theeffectof theanimationon theviewer).

A specialkind of AnnotationType is Technical, which
suppliesthedatabasewith differentdatatypessuchasinte-
ger, double,string,spacevector, quaternion,bodypart,time-
sequenceetc. As mentionedabove, thesecomplex data
typesarerealizedassubcategoriesof the Technical anno-
tationandsequentializedinto theatomicfieldsdescription
andvalueof theAnnotation

Furtherresearchis neededto find andelaboratetheright
descriptionandannotationschemesfor specificinteraction
andproductionscenarios.

4.3. The Annotation Interface

The Annotationentity is part of the AMOBA database
system.Both the applicationsAnimation EngineandDE-
PAC aregettingaccessto thedatabaseby theAnnotationIn-
terface. This is implementedasa C++ class,which serves
asabstractionto the Annotationentity in the database.It

communicateswith AMOBA by the ODBC interface. To
querythedatabasefor motionswith acertaincharacteristic,
anannotationwhich is createdby theuseris searchedin the
database.Thesearchresultis weightedby theBest-Match
Algorithm, i.e. the motion which hasan annotationwith
the mostcorrespondencesto theuser-createdannotationis
chosen.An additionalparametercanbe usedas the min-
imal percentageof coincidenceof the userinput with the
result. A valueof 100%correspondsto an Exact-Match-
Algorithm.

5. Conclusionand Future Work

We have shown differentquestionswhich lie behindthe
classificationschemesof humanmovement.Four require-
mentsfor a databaseof humanmotionsarestated.We pro-
posedthe prototypedatabasesystemAMOBA for storing
andretrieving humanmotionswith differentclassification
schemes.

Further work will include finding and elaboratingthe
right descriptionandannotationschemesfor specificinter-
actionandproductionscenarios.

AMOBA will be usede.g. for an AugmentedReality
System(mqube: www.projekt-mqube.de)and Nonverbal
CommunicationResearchusingConversationalVirtual Ac-
tors (EMBASSI: www.embassi.de).Here the usability of
theAMOBA systemwill beevaluated.Furtherresearchhas
to be donealso in the field of weightingqueryresultsac-
cordingto their relevanceandthemappingbetweendiffer-
entcharacterizations.
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