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Abstract

This paperaddressesthe issueof allowing a usermorecontrol over the out-
comesof interactiveevolution for computeranimation,a variationon genetical-
gorithms.By usinga point-for-point representationfor genotype,thecontrolboth
in selectionandvariationprocessis possiblewhile the genotyperepresentedby
proceduralrulesin previousworksallows it only in theselection.We experimen-
tally validatethesepointson generatingdifferentwalk stylesout of a prototype
walk motion andalsodiscussaboutinteractive evolution to be usedasa general
approachto settingparametersfor computergraphics.
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1 Introduction

Interactiveevolutionprovidesapowerful techniquefor enablinghuman-computercol-
laboration.It is potentiallyapplicableto a wide varietyof searchproblems,provided
thecandidatesolutionscanbeproducedquickly by a computerandevaluatedquickly
andeasilyby a human.Sincehumansareoftenvery goodandfastat processingand
assessingpictures,interactive evolution is particularlywell suitedto searchproblems
whosecandidatesolutionscanbe visually represented[4][12][15]. While traditional
geneticalgorithmsuseanexplicit analyticexpressionfor a fitnessfunctionto beeval-
uatedby thecomputer, with interactive evolution theuserperformsthis stepbasedon
visualperception.

The beautyof interactive evolution is that the userdoesnot have to stateor even
understandanexplicit fitnesscriterion: theneedis only to beableto applyit. Thisalso
freeshim from tedioususerspecifications,designefforts,or knowledgeof algorithmic
�
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details. This featureof interactive evolution is, for example,usedvery effectively
in creatingbeautifulandabstractcolor images[12]. An initial populationof images
generatedrandomlyby the computeris displayedon the screen.From the displayed
set the userselectsone imagefor mutationor two imagesfor mating. The mating
and/ormutationoperationsareappliedto theselectedimagesto producea new setof
progeny images,thatsupplytheinput for thenext roundof userselection.Thisprocess
is repeatedmultiple times,to evolve an imageof interestto theuser. Evolvedimages
maybesavedandlaterrecalledfor matingwith otherevolvedimages.Therearemany
othernotableapplicationsof interactive evolution sincetheinspiringwork of Richard
Dawkins [4] (see[3][14] for extensivereviewsof it.)

Oneof the weaksidesof interactive evolution, however, is that the userforfeits
absolutecontrolover theoutcomes:theuser, in a reactiveratherthanpro-activerole,
is responsibleonly for selectingamongsetsof variationsproducedby the computer.
This is especiallyinevitablewhenthegenotypeis of ‘recipe’ type [12][15], thougha
goodanalogyfor DNA [4]. This paperaddressestheproblemandproposeto usethe
genotypeof ‘blueprint’ typewhich allows a usercontrolnot only in theselection,but
also in the variationprocess.We experimentallyvalidatethesepointson generating
differentwalk motionsfor humanoidcomputeranimation.Section2 explainsthedif-
ferencesbetweentherecipegenotypeandtheblueprintgenotypeandwhy thelatter is
bettersuitedto this pro-actively interactive evolution. Therepresentationof genotype
in our work andmutation/matingoperationswith experimentalresultsareshown in
Section3. DiscussionandConclusionsfollow it.

2 ‘Recipe’ versus ‘Blueprint’

Both biological andsimulatedevolution involve the basicconceptsof genotypeand
phenotype,andtheprocessesof expression,selectionandreproductionwith variation.
Expressionis theprocessby which phenotypeis generatedfrom genotype.For exam-
ple, expressioncanbe a biological developmentprocessthat readsandexecutesthe
informationfrom DNA strands,or a setof proceduralrulesthat usea setof genetic
parametersto createa simulatedstructure.Usually, thereis a significantamplification
of informationbetweengenotypeandphenotype[12]: thereis no simpleone-to-one
mappingbetweenthem.This is why recipeis abetteranalogyfor DNA thanblueprint:
a recipeis a setof instructionswhile a blueprintis a description, thefirst of which is
not a point-for-point representationwhereasthelatter is one[4]. Most applicationsof
interactiveevolutionusethis recipegenotypesuchasL-systems,cellularautomataand
LISP expressions[3] which arenot in any sensepoint-for-point representation.The
userof this approachhascontrolonly in theselection,but not in thevariationprocess
which is ruledby thecomputer.

In the mid of interactive evolution, however, the userwould often have intuitive
ideasof improvementsfor thecandidatesolutionsor thecandidatesmight have to sat-
isfy someconstraints.Sincephenotypeis intuitively comprehensibleandis shown to
theuserwhile genotypeis not, it is phenotypewheretheuser’s directionandthecon-
straintswould be given and then this new changein phenotypehasto be faithfully
transcribedbackinto genotype,andhencepassedinto thenext generation.However,



recipegenotypeis not suitablefor this reverseprocessdueto its lack of thenecessary
one-to-onecorrespondence.Sincea blueprint is, asopposedto a recipe,a point-for-
point representation,blueprintgenotypeis well suitedfor the inversemappingfrom
phenotypebackto genotypeandhencecontrolin thevariationprocessis now possible
underboth the user’s directionandthe constraints.We experimentallyvalidatethese
pointson generatingdifferentwalk stylesout of a prototypewalk motion.

3 Pro-actively Interactive Evolution of Walk Motions

Motion control of articulatedfiguressuchashumanshasbeena challengingtask in
computeranimation[2]. Onceanacceptablemotionsegmenthasbeencreated,either
from key-framing, motion captureor physicalsimulations,reuseof it is important.
Muchof therecentresearchin it hasbeendirectedtowardsmixing thoseselectedfrom
a library of examplemotionsto createa new motion [11][18]: for example,a library
of walk motions. Thoughit greatlyexpandstherangeof possiblemotions,it is diffi-
cult to acquirethe examplesin the beginning: it still hasto go throughkey-framing,
motion captureor physicalsimulations. Using the pro-actively interactive evolution
asproposedhere,however, we cansynthesizemoreexamplemotionsfrom a single
prototypemotionsuchasdifferentwalk stylesout of a normalwalk motionandhave
localizedcontrolsover theoutcomesin doingit. This canbeuseful,especially, if it is
mucheasierthananimatingfrom scratch.

3.1 Genotype and Phenotype

Articulatedobjectssuchashumanfiguresareusually representedasrotationhierar-
chiesparameterizedby a whole-bodytranslation,a whole-bodyrotation,anda setof
joint angles[19]. Motion canbedescribedby asetof motioncurves,
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, eachgiving

the valueof oneof the model’s parametersasa functionof time. In our experiment,
thegenotypeis representedasa vectorof themotioncurves
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is thenumberof thejoint angles:theactualencodingof this is realizedusinga two
dimensionalarrayof sampleddataof the joint-anglevaluesover time with the joint
indicesin row andtime in column.Thephenotypeis theanimatedhumanfigurebased
on the descriptionof the motion curves. Obviously, thereis an one-to-onemapping
betweenthegenotypeandthephenotype.

3.2 Mutation

Givenagenotype
�
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representinga motion,its mutatedversions
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is a displacementcurve. Thechoiceof oneor theother

dependson a mutationrate indicatingthe probability that a given motion curve will
mutateduring reproduction.Notice that the mutationis representedasthe difference



betweentwo motion curvesof the parentandthe child. This kind of decouplingthe
changefrom theinitial onehasa numberof advantages[6]. First, it simplifiesplacing
constraintson thechanges.Secondly, thedecouplingallows a representationfor

, � ���
	
to be freely chosen: even recipe-like proceduralrules can be usedas a generating
function for thedisplacementcurve. In our experiments,a Fourierseriesof only low
frequenciesis usedin generatingthedisplacementcurve: theactualcoefficient values
arerandomlydetermined.Then,thisdisplacementcurvecanbemodifiedto satisfyany
constraintimposedon it basedonwarpingof thecurve.

3.3 Mating

Mating takestwo parentmotionsasinputsandusesthemto producea child motion.
The basicapproachin mating is to choosea subsetof the motion curvesfrom each
parentandcombinethemto form thechild. Giventwo genotypesof parents
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givenmotioncurvewill derivefrom thefirst of theparents.

3.4 Experiments

Our experimentsusea web browserwith a VRML plug-in asa front endanda hu-
manoidmodel with 47 degreesof freedom. Figure 1 (a) shows the prototypewalk
motion whosemutatedclonescomprisethe first generationin the evolution process.
Figure1 (b) and(c) aretwo differentwalk motionschosenamongthoseevolvedin the
process.Figure2 illustratestheevolutiondirectedby interactively turningon/off parts
of the phenotype,which arethenmappedbackinto the genotypeso that their corre-
spondingpartsareaccordinglyturnedon/off. Noticethat theonly differencebetween
thetwo motionsof Figure2 (a)and(b) is in theleft forearm’smovement:theusercan
turn on theleft elbow joint by mouse-clickingit, andhencenew mutationsoccuronly
in

��$ �65
 87 $'9;:�< , the correspondingpart of the genotype.More localizedcontrol in the
variationprocessis alsopossibleby giving a valuethat

�
mustassumeat a specified

time and this is illustratedin Figure 3. The userjust needsto provide a key-frame
which will be inverse-mappedto the genotypeand thenbe treatedas the constraint
which newly mutatedoneshave to satisfy:this constraintsatisfactionis realizedusing
astandardtechniqueof motionwarping[19].

4 Discussions and Conclusions

While our approachis to generatethe motion trajectory itself, most of evolution-
ary computationapplicationsin computeranimationare about synthesizingstimu-
lus/responsemotion control systems[1][7][10][13]: the pro-actively interactive evo-
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Figure 1: (a) The prototypewalk motion whosemutatedclonescomprisethe first
generationin the evolution process.(b) and (c) Two differentwalk motionschosen
amongthoseevolvedin theprocess.Time, t, is in seconds.

(b)

(a)

t 0.21 0.42 0.63 0.85 1.06 1.27 1.48

Figure2: (a) and(b) Two walk motionswhich differ only in theleft forearm’smove-
ment: the usercan turn on the left elbow joint by mouse-clickingit and following
mutationsoccuronly in

��$ ��5= 87 $'9;:�< , thecorrespondingpartof thegenotype.Time, t, is
in seconds.
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Figure3: (a) Two constraintkey-frameswhich aregivenby theuser. (b) and(c) Two
walk motionsmutatedbut satisfyingtheconstraints:pro-activelycontrolledmutations!
(d) The motion curvesof the left elbow joint, i.e., the joint-anglevaluesover time:
noticethatthey aresimilartoeachotherbetweent = 0.40and0.80wheretheconstraints
aregiven.Time, t, is in seconds.



lution would not be possibledueto their recipegenotypes.Even the turning a joint
on/off for mutationwould not be allowed thougha motion control programfor each
joint is evaluatedindependently:asdependingon stateandsensorvariables,thecon-
trol programsfor differentjoints mayproducecoupledactions[7][13]. An exception
is to usesinewave motorsfor articulatedstick figureswherebothautomaticevolution
andreactively interactive evolution areemployed together[16][17]. Ratherthanthe
motionitself, however, only theamplitudeandthephaseoffsetof thesinewavemotors
areencodedasgenotypeso that the localizedcontrolof motionasshown in Figure3
wouldnot bepossiblealthoughtheturninga joint on/off would beso.

Besidesmotions,the pro-actively interactive evolution proposedin this papercan
be appliedto generatingtexture and geometryif their genotypesare also chosento
beof blueprinttype:asetof pixel valuesandgeometricprimitives,respectively, rather
thanproceduralrulesfor generatingthem.Theseblueprintrepresentationsfor genotype
alsofit well into thefamiliar computergraphicsparadigmsfor animation,textureand
geometry, allowing a wide rangeof existing tools,techniquesandskills to bebrought
to bear[5].

In summary, we have attemptedto allow theusermorecontrol in interactive evo-
lution andthis is realizedby usinga point-for-point representationfor the genotype.
Anothersignificantweaknessof interactiveevolutionto beovercomeis that,if thepro-
cesscannotbe computedin nearreal time, it becomesunusable:unfortunately, there
aremany interestingandimportantgraphicsprocesseswhich cannotbe donein near
real time [9]. We areworking on fixing this pitfall sothat interactive evolution canbe
usedasageneralapproachto settingparametersfor computergraphicsandanimation.
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