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Abstract

This paperaddressethe issueof allowing a usermore control over the out-
comesof interactive evolution for computeranimation,a variationon genetical-
gorithms.By usinga point-for-point representatiofor genotypethe control both
in selectionand variation processs possiblewhile the genotyperepresentedby
proceduratulesin previousworksallows it only in the selection.We experimen-
tally validatethesepoints on generatingdifferentwalk stylesout of a prototype
walk motion andalsodiscussaboutinteracte evolution to be usedasa general
approacho settingparameterfor computergraphics.

Key Words: interactive evolution, geneticalgorithm,genotypeaepresentation,
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1 Introduction

Interactve evolution providesa powerful techniquefor enablinghuman-computetol-
laboration. It is potentiallyapplicableto a wide variety of searchproblems provided
the candidatesolutionscanbe producedquickly by a computerand evaluatedquickly
and easilyby a human. Sincehumansare often very goodandfastat processingand
assessingictures,interactie evolution is particularlywell suitedto searchproblems
whosecandidatesolutionscanbe visually representedd][12][15]. While traditional
geneticalgorithmsuseanexplicit analyticexpressiorfor afitnessfunctionto beeval-
uatedby the computerwith interactive evolution the userperformsthis stepbasedon
visualperception.

The beautyof interactive evolution is that the userdoesnot have to stateor even
understan@nexplicit fithesscriterion: the needis only to beableto applyit. Thisalso
freeshim from tedioususerspecificationsgdesignefforts, or knowledgeof algorithmic
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details. This featureof interactve evolution is, for example, usedvery effectively

in creatingbeautifuland abstractcolorimages[12]. An initial populationof images
generatedandomlyby the computeris displayedon the screen.From the displayed
setthe userselectsoneimagefor mutationor two imagesfor mating. The mating

and/ormutationoperationsareappliedto the selectedmagesto producea new setof

progery imagesthatsupplytheinputfor the next roundof userselection.This process
is repeatednultiple times, to evolve animageof interestto the user Evolvedimages
may be savedandlaterrecalledfor matingwith otherevolvedimages.Therearemary

othernotableapplicationsof interactive evolution sincethe inspiringwork of Richard
Dawkins [4] (see[3][14] for extensie reviews of it.)

One of the weak sidesof interactive evolution, however, is that the userforfeits
absolutecontrol over the outcomesthe user in a reactiveratherthanpro-activerole,
is responsibleonly for selectingamongsetsof variationsproducedby the computer
This is especiallyinevitable whenthe genotypeis of ‘recipe’ type[12][15], thougha
goodanalogyfor DNA [4]. This paperaddressethe problemandproposeto usethe
genotypeof ‘blueprint’ type which allows a usercontrol not only in the selection but
alsoin the variation process.We experimentallyvalidatethesepoints on generating
differentwalk motionsfor humanoidcomputeranimation. Section2 explainsthe dif-
ferencedetweerthe recipegenotypeandthe blueprintgenotypeandwhy the latteris
bettersuitedto this pro-actiely interactive evolution. The representationf genotype
in our work and mutation/matingoperationswith experimentalresultsare shavn in
Section3. DiscussiorandConclusiondollow it.

2 ‘Recipe versus‘Blueprint’

Both biological and simulatedevolution involve the basicconceptsof genotypeand
phenotypeandthe processesf expressionselectionandreproductiorwith variation.
Expressioris the procesdy which phenotypés generatedrom genotype.For exam-
ple, expressioncan be a biological developmentprocesshat readsand executesthe
informationfrom DNA strands,or a setof proceduralrulesthat usea setof genetic
parameters$o createa simulatedstructure.Usually, thereis a significantamplification
of information betweengenotypeand phenotypd12]: thereis no simple one-to-one
mappingbetweerthem. Thisis why recipeis abetteranalogyfor DNA thanblueprint:
arecipeis a setof instructionswhile a blueprintis a description the first of which is
not a point-for-pointrepresentatiomhereaghe latteris one[4]. Most applicationsof
interactve evolution usethis recipegenotypesuchasL-systemsgellularautomataand
LISP expressiong3] which arenot in arny sensepoint-for-point representationThe
userof this approachascontrolonly in the selection but notin the variationprocess
whichis ruled by thecomputer

In the mid of interactive evolution, however, the userwould often have intuitive
ideasof improvementdor the candidatesolutionsor the candidatesnight have to sat-
isfy someconstraints.Sincephenotypsds intuitively comprehensiblandis shovn to
the userwhile genotypes not, it is phenotypenherethe users directionandthe con-
straintswould be given and then this new changein phenotypehasto be faithfully
transcribedbackinto genotypeandhencepassednto the next generation.However,



recipegenotypds not suitablefor this reverseprocesslueto its lack of thenecessary
one-to-onecorrespondenceSincea blueprintis, asopposedo a recipe,a point-for-
point representationblueprintgenotypeis well suitedfor the inversemappingfrom
phenotypéackto genotypeandhencecontrolin the variationprocesss now possible
underboth the users directionandthe constraints.We experimentallyvalidatethese
pointson generatinglifferentwalk stylesout of a prototypewalk motion.

3 Pro-actively Interactive Evolution of Walk M otions

Motion control of articulatedfiguressuchashumanshasbeena challengingtaskin
computeranimation[2]. Onceanacceptablenotion segmenthasbeencreatedgither
from key-framing, motion captureor physicalsimulations,reuseof it is important.
Much of therecentresearcthin it hasbeendirectedtowardsmixing thoseselectedrom
a library of examplemotionsto createa newv motion[11][18]: for example,a library
of walk motions. Thoughit greatlyexpandsthe rangeof possiblemotions,it is diffi-
cult to acquirethe examplesin the beginning: it still hasto go throughkey-framing,
motion captureor physicalsimulations. Using the pro-actively interactize evolution
as proposedhere, hawever, we can synthesizemore examplemotionsfrom a single
prototypemotion suchasdifferentwalk stylesout of a normalwalk motionandhave
localizedcontrolsover the outcomesn doingit. This canbeuseful,especiallyif it is
mucheasierthananimatingfrom scratch.

3.1 Genotype and Phenotype

Articulated objectssuchas humanfiguresare usually representeds rotation hierar
chiesparameterizethy a whole-bodytranslation,a whole-bodyrotation,anda setof
joint angleq19]. Motion canbedescribedy asetof motioncurves g;(t), eachgiving
the value of oneof the model's parameterssa function of time. In our experiment,
the genotypes representedsa vectorof the motioncurvesfd = (6, ---,6x), where
N is thenumberof thejoint angles:the actualencodingof thisis realizedusingatwo
dimensionalarray of sampleddataof the joint-anglevaluesover time with the joint
indicesin row andtimein column.The phenotypés theanimatechumanfigurebased
on the descriptionof the motion curves. Obviously, thereis an one-to-onemapping
betweerthe genotypeandthe phenotype.

3.2 Mutation

GivenagenotypefPerent representing motion, its mutatedversionsy“*'< aregener
atedby

ild ont
9?’”’1(1 — eﬁmren
or
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fori =1,---, N, whered;(t) is adisplacementurve. The choiceof oneor the other

dependson a mutationrate indicating the probability that a given motion curve will
mutateduring reproduction.Notice that the mutationis represente@dsthe difference



betweentwo motion curvesof the parentandthe child. This kind of decouplingthe
change&rom theinitial onehasa numberof advantageg6]. First, it simplifiesplacing
constraintsn the changes Secondlythe decouplingallows a representatioffior d;(t)
to be freely chosen: even recipe-like proceduralrules can be usedas a generating
functionfor the displacementurve. In our experimentsa Fourier seriesof only low
frequenciess usedin generatinghe displacementurve: the actualcoeficient values
arerandomlydeterminedThen,this displacementurve canbe modifiedto satisfyarny
constrainimposedon it basedonwarpingof thecurve.

3.3 Mating

Mating takestwo parentmotionsasinputsandusesthemto producea child motion.
The basicapproachin matingis to choosea subsetof the motion curvesfrom each
parentandcombinethemto form the child. Giventwo genotypesf parentsgrerentl

andarerent? their offspringsf“’'¢ aregeneratedby

9¢1Lild — 9parent1
7 7
or
a_child — 0parent2
7 1
fori = 1,---, N, wherethe choiceof oneor the otherdepend®n a probability thata

givenmotioncurve will derive from thefirst of the parents.

3.4 Experiments

Our experimentsusea web browserwith a VRML plug-in asa front endanda hu-

manoidmodelwith 47 degreesof freedom. Figure 1 (a) shaws the prototypewalk

motion whosemutatedclonescomprisethe first generatiorin the evolution process.
Figurel (b) and(c) aretwo differentwalk motionschoseramongthoseevolvedin the

processFigure? illustratesthe evolution directedby interactively turningon/off parts
of the phenotypewhich arethenmappedbackinto the genotypeso thattheir corre-

spondingpartsareaccordinglyturnedon/off. Noticethatthe only differencebetween
thetwo motionsof Figure2 (a) and(b) is in theleft forearms movement:the usercan

turn on theleft elbaw joint by mouse-clickingt, andhencenew mutationsoccuronly

in Oc r¢E1vow, the correspondingpart of the genotype. More localizedcontrol in the

variation processs also possibleby giving a valuethat# mustassumeat a specified
time andthis is illustratedin Figure 3. The userjust needsto provide a key-frame

which will be inverse-mappetb the genotypeand then be treatedas the constraint
which newly mutatedoneshave to satisfy:this constraintsatishctionis realizedusing

astandardechniqueof motionwarping[19].

4 Discussions and Conclusions

While our approachis to generatethe motion trajectory itself, most of evolution-
ary computationapplicationsin computeranimationare about synthesizingstimu-
lus/responsenotion control systemq1][7][10][13]: the pro-actiely interactive evo-
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Figure 1: (a) The prototypewalk motion whose mutatedclonescomprisethe first
generationn the evolution process.(b) and(c) Two differentwalk motionschosen
amongthoseevolvedin the processTime,t, is in seconds.
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Figure2: (a) and(b) Two walk motionswhich differ only in the left forearms move-
ment: the usercanturn on the left elbow joint by mouse-clickingit and following
mutationsoccuronly in 8 f: E1vow, the correspondingpartof thegenotype Time, t, is
in seconds.
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Figure3: (a) Two constraintkey-frameswhich aregivenby the user (b) and(c) Two
walk motionsmutatedbut satisfyingthe constraintspro-activelycontrolled mutations!
(d) The motion curvesof the left elbow joint, i.e., the joint-anglevaluesover time:
noticethatthey aresimilarto eachotherbetweert = 0.40and0.80wheretheconstraints
aregiven. Time,t, isin 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 evaluatedindependentlyasdependingon stateand sensowariables the con-
trol programdor differentjoints may producecoupledactions[7][13]. An exception
is to usesinewave motorsfor articulatedstick figureswherebothautomaticevolution
andreactvely interactive evolution are employed together[16][17]. Ratherthanthe
motionitself, hawever, only theamplitudeandthe phaseoffsetof the sinewave motors
areencodedasgenotypesothatthe localizedcontrol of motionasshown in Figure3
would not be possiblealthoughthe turninga joint on/off would be so.

Besidesmotions,the pro-actively interactive evolution proposedn this papercan
be appliedto generatingtexture and geometryif their genotypesare also chosento
be of blueprinttype: a setof pixel valuesandgeometricprimitives,respectiely, rather
thanproceduratulesfor generatinghem. Theseblueprintrepresentation®r genotype
alsofit well into the familiar computergraphicsparadigmdor animation,texture and
geometryallowing awide rangeof existing tools, techniquesandskills to be brought
to bear[5].

In summarywe have attemptedo allow the usermorecontrolin interactve evo-
lution andthis is realizedby usinga point-for-point representatiofior the genotype.
Anothersignificantweaknes®f interactive evolution to be overcomes that,if the pro-
cesscannotbe computedn nearrealtime, it becomesunusable:unfortunatelythere
aremary interestingandimportantgraphicsprocessesvhich cannotbe donein near
realtime [9]. We areworking on fixing this pitfall sothatinteractive evolution canbe
usedasagenerabpproacho settingparametergor computergraphicsandanimation.
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