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Abstract

Modelingrealisticlookingplantsis still acomple problemrequiringspeci cationof plantstructuie, geometryand
surfacecharacteristics Modelinga collectionof plantsis mote problematicespeciallysinceead plantis slightly
different. Altering the shapeof branchesand stemss one of the mostdramaticand natural methodof creating
differing instancesof the sameplant type We presenta sketch-basedinterface for modelingplant variations
throughspeci cation of branch and stemshape Our systenis basedon interaction with the 3D Tractus:a new
physicalinterfacewe developedto supportdirect 3D sketching. The 3D strokesfromthe 3D Tractusare usedas
inputto a biologically-basednodelingmethodthat mimicsnatural growthvariation factors of real plants.

CatgyoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.5[ComputerGraphics]:ComputationaGeometry

andObjectModeling: Modelingpackages

1. Intr oduction

In natureno two instance®f a single planttype areexactly

the same This factmustbe presered whentrying to model
a large collection of the sametype of plant. As computer
generatedsceneshecomemore comple, the desireto in-

cludemary plantsin a sceneincreasesThe mostprofound
differencebetweenplantinstancess oftenthe shapeof the
branchesndstemsof theplant.

To modela collectionof differing plantinstancest is de-
sirableto interactvely specifyandcontrol branchandstem
shape.Othermodelingsystemsallow the userto control a
variety of parameterswhich often re ect featuresof the
geometry[OHKKO3] ratherthan structure.Someprevious
work hasinteractvely speci ed structuralcomponentsuch
as branchand stemshape but are restrictedto specifying
theseshapesn a 2D domain[LD99, OOI05 and often as-
sumecertainconstraintgi.e. clampingto the surface,con-
stantcurvature)in orderto createa 3D curve.

Interactively specifyingplantshapeparallels3D curve de-
sign[CMZ 99, CHZ0Q. The mostdirect methodof de n-
ing 3D curvesis to drawv them;however drawving 3D curves
andstrokesis problematicwhenworking in a 2D domain.
Sketch-basednodeling has recently beenusedfor creat-
ing plantmodels[IITS04, 100105, 0103, 00I05. All these
methodsrely on certainassumption®r techniquego infer
the 3D shapeor modelfrom the 2D strokes.
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We presenta systemfor creatinga variety of plantin-
stancedrom a single plant model using direct 3D strokes
(Figurel). We useaphysical 3D drawing-boardnterfacefor
sketchingstemandbranchshapeén 3D. Thesketchedstems
andbranchesredirectly emplo/ed asrealisticvariationsto
the original plant model[SFS0%. Our main contritution is
the unique systemwhich combinesthe 3D drawing-board
with creatingplantmodelvariationfor creatingplantcollec-
tions. Our techniqueincludesa uniquemethodof creating
andediting strolkesaswell asassociatinghemwith a base
model.Theresultis anintuitive, direct,andquick methodfor
creatinga variety of plantsfrom a singlemodel,to facilitate
creatinglarge plantmodelcollections.

2. RelatedWork

Modeling of plants has beenaddressedy the computer
graphicscommunityfor decade§AK84, PL9({. Sinceour
focusis to createvariationsin plant model instanceswe
overview previous work that permitsinteractve editing of
modelsto createdifferentplantmodelinstancesatherthan
creationof models.Also, sincewe usea 3D interfacein a
sketch-basegaradigmwe overview work in this context.

2.1. Interactive Plant Design

With increase computationapower, interactve modeling
of complex modelssuchasplantshasrecentlybecomepos-
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sible. As Lintermannand Deusser{LD99] describe mary
plant modelingapproachegan be classi ed as either bio-
logically motivatedto simulatenaturalplant development,
or to generatevisually correctshape.nteractve modeling
applicationdelongto thelatterandis likewise our focus.

Interactive plantmodelingtechniquesametthreeaspects:
data, meansand methodof interaction.The datais typi-
cally surface geometry[OHKKO3], a structuralrepresen-
tation [PBPS99BPF 03], or some combinationof these
two [LD99]. The interactionmeansis traditionally manip-
ulation of the 3D modelin a 2D view planewhile select-
ing variousjoints or plant aspectaisinga 2D pointer (e.g.
mouse)or a 3D magnetictracker [OHKKO03]. The inter
action methodhasinvolved applying editing operationsto
variousamountsor levels of plant structuresimultaneously
to reducetediumwith highly complex models.Sometech-
niquesusethe spatialarrangemento selectcomponent®r
aspectof the plant within a particularregion [OHKKO03],
someusesilhouettesor boundingregions[BPF 03], some
craft the models parametergo allow for multi-resolution
editing throughparametealteration[LD99] andothersuse
themodelss structuralrepresentatiofLD99, BPF 03].

The goal is often the control of shape.To improve re-
alism sometechniquesassistthe userby imposing physi-
cal constraintsgiven the users input such as the inverse-
kinematic approachof Power et al. [PBPS99, or the use
of transformatioror developmentakulessuchasgrowth of
budsor leavesof Onishiet al. [OHKKO3]. Lintermannand
DuessenLD99] provide a few optionsto control overall
shapeincluding functional modeling, tropismsor freeform
deformation,but their method seemsmore dif cult when
specifying individual branchand stem shape.Boudon et
al. [BPF 03] allow speci cationof shapehroughediting of
2D curvesby manipulatingcontrolpointsin 3D spaceo rep-
resentaxesof structures.

While theseediting methodsaswell asvariouscommer
cial proceduralimethodsfor creatingplants[IDV05, OC0§
provide a meansof creatingvariationby speci cally inter
actingwith the parameter®r geometryof the model,indi-
vidually editingthe mary component®f the modelnumer
oustimesto createa large collectionof thesevariedmodels
is tootedious. A commonmethodto quickly introducevari-
ationsinvolvesrandomly[OCO0§ or systematicallyarying
parametergLD99, Xfr05], however thesemethodsare not
controllableandareoftentoo sensitve.

Our objectie is to make useof the skeletal representa-
tion for multi-resolutionediting while providing a means
of intuitive direct 3D manipulation.Similar to Pawver et
al. [PBPS99 and Onishi et al. [OHKKO3] we usea L-
systemto representthe plant structure.However, we do
not constrainthe user by physical parameterd PBPS99
and do not force the userto manipulateindividual con-
trols [BPF 03,LD99] or joints to communicatdransforma-

tions [OHKKO03], but ratherthe usersimply draws the in-
tendedbranchandstemmanipulationglirectly in 3D.

Furthermoresinceour goalis createvariationfor a col-
lectionof plantsthe sketch-basénteractionprovidesa natu-
ral meanf creatingvariationin the sameway artistscreate
a'likeness'of a plant. A paintingor drawing of a plantcan
beeasilyrecognizedsa particularplant,butis rarelyif ever
anexactrepresentatioof therealplant.

In additionto usingsketchinput for variationwe usethe
sketchedinformation asinput to the proceduraimethodof
Streitet al. [SFS0% to add biological variationthat occurs
naturally through development.With the combinedtech-
niguewe cancreateusercontrolleddifferencedn the plant
model,particularlyin the shapeof branchesaindstemswith
anunderlyingbiology-basedariation.

2.2. Three-Dimensionalnterfaces

Sachs et al. [SRS9] 3-Draw systemand other free space
devices using six degreesof freedom (DOF) [BBMP97,

HRPGK94 PTW99 are early examplesof pioneering3D

interfacesfor sketching, manipulationand drawing. These
systemsequiretheuseof avirtual reality ervironment,typ-

ically includingheadmounteddisplays(HMD), sterecshut-
terglassesandtethereds DOF trackers.All of thiscomple

andusuallyexpensve equipmentanbe seenasadisadwan-
tage,anddesignersvhoareusedto working on physicalsur

facesoften nd thesesystemdlif cult to use.

Boththe CAT andinteractionTable[HGRT03,HG0Z use
aphysicaltouchsensitve surfaceto provide theuser6 DOF
However, both interfacesrely on physical pressurdanstead
of movementto navigate a virtual world. ArtNova andin-
Touch[FOLO02 GELOQ useSensAbles PHANTOM Haptic
device [STO] to allow the userto directly interactwith vir-
tual 3D objects.The PHANTOM provides force-feedback
directly to theusersarmor hand.

The Boom Chameleon TFK 02] lets the userinteract
with a touchsensitve displaymountedon a positionsensi-
tivearm.Thedisplayactsasawindow into thevirtual space,
andthe usercanannotateandinteractwith the 3D sceneTo
ourknowledgethis apparatuss neithersimple,norinexpen-
sive andhasnot beenusedfor 3D drawing.

2.3. Sketch-basedPlant Modeling Interfaces

Recently systemshave beendevelopedto createand ma-
nipulateplantmodelsthrougha sketch-basedhterface.ljiri
et al. [IITS04, 100105 introducea methodologyfor mod-
eling o wersusing oral diagramsandin orescence.Their
geometryeditorusestwo sketchedcross-sectionadtrokesto
shapea at leaf into a curved one.An additionalsketched
stroke de nes the centralaxis of a selectedin orescence.
Fromthe 2D free-formstrokesthey create3D geometryby
addingdepthto the strokesusingthe assumptiorof constant
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Figure 1: Givena 3D plant model(a) and its extracted
skeleton(b) the userselectssgmentgblue) fromthe skele-
ton (b) and sketchescorrespondingstrokes(c) usingthe 3D
Tractus Thesestrokestogetherwith maco sketch-basedno-
tion indicators for overall growth direction(d) are usedto
contol growthvariation (e).

cunature.Otherparameteranda o wer diagramhelp de-
ne variousmodelcharacteristics.

Okabeet al. [0103, 00105 presenta methodfor model-
ing treesfrom sketchesTheirtechniquegenerate8D geom-
etry from a 2D sketchby assuminghatbotanicaltreestend
to maximizethe distancebetweenbranchesand that most
usergendto drav brancheshatextendsidevaysratherthan
into or out of the drawing plane.They introducethreeedit-
ing modesto assistthe userin creatingrepetitive arrange-
ments,ratherthan specifyingrules or parameterso create
the model. As the authorsstate, currently their systemis
limited to singletrees.Creationof othertypesof plantsand
similartreesfor forming collectionsof plantsis notpossible.
Our focusis the creationof varied modelsfor the purposes
of generatingcollectionsof a wide rangeof plantmodels.

3. SystemOverview and Interface

Our systemis basedon a 3D interfacewhich permitsusers
to draw strokesdirectly in 3D spaceAs shawvn in Figurel,
theuserselectsaabaseplantmodel,to which they wouldlike
to addvariations.Following the systemextractsthe skeleton
of this model.We currentlyusean L-systemdescriptionof
the plant model and a wire-frameinterpretationof the L-
systenstringfor theskeleton. Theuserthensketchestrokes
directly in 3D usingthe 3D Tractus[LSSS0§, asshavn in
Figure2. Thesestrokesindicatehow thebranchesf thebase
models skeletonshouldbe varied. Thesestrokes are used
asinputto a proceduraimethodwhich addsvariationto the
modelthrougha growth-basedsimulation.

The 3D Tractusis a simple physical interface that al-
lows theuserto drav ona at surface(suchasatabletPC)
while moving the surfaceup and down, as showvn in Fig-
ure2. The 3D Tractususesa simpleandinexpensve string-
potentiometeto measureheinteractionsurfaceheight.Fol-
lowing, all the users surfaceinteractionsaremappedn 3D,
andthe systemcandisplayrelated3D feedbackio the user
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Figure 2: A userinteractingwith the 3D Tractus
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Figure 3: A screenshoshowinga spiralling stroke (left and
center)andthe plant skeleton(right).

in realtime accordingto the surfaceheight[LSSS06. The
resultis thatthe usercangenerate3D curvesdirectly, with-

outhaving to resortto GUI widgetsasin other2D interfaces
suchascommerciallyavailableMaya'™ or 3DSMax™.

The software presentedo the useris controlled exclu-
sively by a pointer facilitating sketchingwithout interrup-
tionsor needto resortto the keyboard.Therearethreemain
areaf theapplicationthattheuserseesThe rst isthetree
skeletonwhichshavsthelL-systemin a3D view thatcanbe
rotated,asshavn on theright in Figure 3. The userselects
brancheghatthey wantto addvariationsto from this view.
In anothemwindow, theuseremplagysthe 3D Tractusto drawv
the 3D curwe thatdescribeghe brancheghatthey selected,
asshown in the center Finally, the userseeshe curvesthat
they have drawn in a 3D view shovn ontheleft.

4. Creating Variation

Variationis addedto the basemodelthroughalterationof
branchandstemshape This canhave a profoundaffect on
thelook of the plantwithoutchangingary otherattributesof
themodel.Variationcanbeaddedo thebranchesndstems
in threeforms:intentionalartistic, unintentionalartisticand
growth-based SFS0%. Direct inputting of variationsusing
3D Tractussketchesemploys the artistic variationform. By
drawing the shapeof the branchesyariationcanbe deliber
atelyintroducedthroughde niti ve alterationsn the branch
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orientationand direction as well as unintentionalimpreci-
siondueto handgesturesn thedraving of the stroke. Using
sketchedstrokesin free-formdrawing asa sourceof varia-
tions, resultsin betterapproximationof the procesf tra-
ditionalillustration production.

Mappingthe userdrawvn strokesto the original modelis
notaneasyproblemandparallelsgraph-matchingroblems.
Without imposingsomeorderingon the drawing the com-
plexity of the matchingproblemgrows exponentiallywith
eachstroke dravn. To avoid imposingrestrictionson draw-
ing order and to improve interactioneven with comple
models,we choseto have the user rst indicateto which
branchor branchcomponenthey are associatinga stroke
throughselection Of courseselectingeachandevery branch
andassociatinga strole with it canbe tediouswith overly
complex models,thus a meansof propagting the stroke
to utilize the naturalrepetitionin botanicalmodelsis used.
Thesstroke propagtionfacilitateshierarchicalediting of the
modelto assistin both control over ne detailsand quick,
efcient de nition of models.As theuserassociatestrokes
aview of the modelis updatedandthe usercanchooseto
renderthe completegeometryof themodelatary stage.

4.1. Plant Skeletonand Selection

To generatevariation,the userstartswith abaseplantskele-

ton which is generatedrom geometrictransformationf

anL-system[PL9( string.Hierarchicaiinformationis com-
putedfrom thesetof line sgmentsepresentingheskeleton
by forming joints at commonendpointsThis informationis

constructedrom root to tip suchthatarny segments(herein
branchesjhatstemfrom acommonbranchareits' children
resultingin an n-ary tree (Figure 4). The userthenselects
branchedrom the n-arytreeandaddsvariationby associat-
ing drawn strokeswith the selectedbranches.

A paintersalgorithm[FvDFH94 is usedfor skeletalseg-
mentselectionTheuserdravs a 2D stroke ontop of thetree
skeleton,displayedin 3D, andary brancheshatlie under
the stroke areselectedThis lets the userdirectly selectthe
desiredbranchesHowever, mostinterestingtree skeletons
have alargenumberof branchesmary of themsmall, mean-
ing that simply selectingbrancheshat lie underthe stroke
may erroneouslyselectmary unwantedbranches.

Smartdecisionsaboutthe users intendedselectionare
madeusingthe hierarchicalinformation. We restrictselec-
tion of branchego onedirection, descendinglown the n-
tree,for example,you cannotselecta child branchandthen
selectits parent. Althoughrestrictive, it is commonpractice
to draw treesfrom the main trunk outward to more minor
branchegMal99].

Eachbranchsggmentcantransitionbetweerthreestates:
unselectedselectedor undeterminedisshavn in Figure5.
Theundeterminedtateis similarin appearanc® theunse-
lectedstate.As the userdraws the selectionstroke, selected

N/
TN
%ff

Figure 4: Left: Conceptuah-ary treewhee child and par-
entassociation®ccuratjoint locationsRight: 3D n-arytree
fromsleletonof basemodel.
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Figure 5: Selectionof branchesA-D; Coloured sggments
showselectedunselectedand undeterminedrancheswith
progressof curvedselectionstroke (a—c).

branchesredrawn in a differentcolor to indicatethatthey

areselectedBranchesanbein anundeterminedtatewhen
the systemcannotdecisively determinef the sgmentwas
intendedor selectionLikein alinkedlist, only asequential
pathof branchesnaybe selected.

Assumethe userstartsselection;all branchesare unse-
lected(Figureb). Theuserinitially dravsastroke overtop of
somebranchA. No branchedave previousbeenselectedr
markedundeterminedsobranchA is immediatelyselected.
Theusercontinueghestroke upwardandaccidentallydravs
ontop of oneof A'schildren;thechild branchB is temporar
ily marked asundeterminedContinuingthe stroke upward,
theuserintentionallydravs over anothemneof A's children
andbranchC is alsotemporarilymarked asundetermined.
Continuingthe stroke upward, the userintentionally dravs
over anotheroneof A's childrenandthe branch,C, is also
temporarilymarked as undeterminedThe two branchesB
and C are marked undeterminedecausehe systemis un-
surewhich branchthe userreally wantedto select.

As the stroke is drawvn further upward, it is dravn over
top of a branch,D, thatis oneof C's children (A's grand-
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Figure 6: Motion indicators representingdominantervironmentafactors which affectoverall stemshape

child). This additionalinformationhelpsto resole our pre-
viousundeterminedtate Sincetheuseris now selectingC's
child, the systemdetermineghat the userdid notintendto
selectranchB butintendedo selectoranchC. At thispoint,
branchC is marked selectedpranchB is marked asunse-
lected,andbranchD is marked asundeterminedThe selec-
tion processcontinuesas beforeuntil the user nishes the
selectionaction( nishing the stroke andraisingthe stylus).
At this pointary remainingundeterminedbranchewill be-
comeselectedCorversely hadthe userdravn over top of
B's children,the systemwould have unselectedC.

4.2. Sketching Strokes

After selectingwhich brancheswill have variationsadded,
usersdrawv the 3D curwes that de nes the path of branch
growth. These3D curvesaregeneratedy sketchingon top

of theinteractionsurfacewhile moving the 3D Tractusup or

down. ThetabletPCplacedontop of the3D Tractusbehaes
asa'window' thatallows the userto view the volumethat
they may draw in. Becausewe areviewing 3D curveson a
2D display usersmustbe given additionalinformationthat
intuitively corveys the depthof thesdines,or distancefrom

theviewing window. Severalapproacheweredesignedbut

we foundthatthe mostintuitive andclearcommunicatiorof

depthinformationis the useof line thicknesswhenviewed
with a perspectie projection,asshavn in Figure 3 (versus
orthographigrojection)[LSSS06.

4.3. Stroke Propagationfor Multi-r esolutionEditing

As mentionedthemostinterestingreeskeletonsconsisiof a
large numberof branchessomeof which maybevery short.
It would notmale sensdor theuserto give thesameamount
of attentionto the smallleaf branchessthey doto themain
trunk or otherlargebranchesAt the sametime, having vari-

ationin the small branchess still essentiato generatee-

alistic looking plants.We proposea featurewherethe user
may controlthe resolutionof the brancheghatthe curve is

appliedto with two modes.

The rst mode appliesthe curve only to the selected
branches.However, this is insufcient for editing mary
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branchesquickly, especiallysmall ones.The other mode
handlesthe problemof de ning variation for mary small
branchesy applyingthe samecurve to every singlebranch
that is a descendanof the selectedbranchesall the way
down to the leaf branchesThe usermay wish to combine
both modes,so that all the descendantand the selected
branchesthemseles are associatedwvith a drawvn strole.
This propagted editing can be over-ridden by simply se-
lecting the desiredbranchesand drawing the stroke to be
associatedvith thesebranchesThis e xibility allows the
userto addvariationto small brancheswithout spendinga
lot of time drawing, but still allows detailsto be addedif
required.Multi-resolution editing can be appliedto mary
branchewhoseshapes intendedto be similar. However if
the collection of associatedranchesncludesbranchesf
varyingscalesdueto re-samplingof the stroke the shapeof
very smallbranchesnay not alwaysappeaisually similar
makingthetreelook morerealistic.

4.4. Sketching Motion Indicators

In traditionalsketching,artistsuselight line strokesto indi-

cateaspectsuchaswind, sun,or rain. For example,anim-

agewith mary longverticallines,wouldindicateit wasrain-
ing, andparticularlyhard.If thelineswereshorterit would

corvey afeeling of lighter rain. We usethe sameprinciple
in our system.In uences suchaswind, water or sunlight
may all be addedthroughthe creationof motionindicators.
Motion indicatorsaresketch-basedectorswhich areadded
togetherto skew the overall growth of the plant. They are
createdy drawing andmoving the 3D Tractusupanddown,

justlike curves,exceptthatonly the startandendpointsare
used.If theuserwishesto addwind, sothatthe plantwill be
skewedto oneside,he/shevould draw a seriesof motionin-

dicatorsin a horizontaldirection.Sunlightmaybe addedby

drawing long upward motionindicators.Rain may pushthe
plantdown slightly, so downward motion indicatorswould

bedravn. SeeFigure6 for motionindicatorexamples.

4.5. Further Variation with a Biological Basis

Oncethedrawn strokesandmotionindicatorsareassociated
with the basemodel,this determineghe prede nedgrowth
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Figure 7. Examplesshowingvariations of original plant
model(leftmostimage) fromuserdrawn 3D strokes.

directionanddominantin uence respectiely, in thegrowth

simulation[SFS0%. The simulationincorporatesiumerous

ervironmentalfactorsaffecting plant grownth asrandomin-
uences. Thesein uenceswith the userdataindirectly de-
terminegrowth directionthroughouthe growth simulation.
As the plant grows, a differencebetweenthe currentand

prede ned(users strokes)growth directionsis determined.

This differenceis usedto addfurthersubtle biologicalvari-
ation in branchand stem shapebeyond what is speci ed
by the users strokes. Sincethe strokesarealignedwith the
branchesthe branchtopology and orientationremaincon-
sistentwith the basemodel.This approacHacilitatesgener
ating a large numberof plantswhich have identical overall
controlledbranchand stemshapeas de ned by the users
stroke associatiorwith the basemodel,but with subtlevari-
ation. Section5 shavs exampleresults.

5. Resultsand Discussion

Figure 7 shavs examplesof strokesin 3D spacewith cor

respondingresulting plants. Examplesof plant collections
generatedby our methodare shawvn in Figures8 and 10.

Our methodfacilitatesquick creationof a collectionof simi-

lar plantsthoughdirectsketch-basedariationof branchand
stemshapeQurapproachmaintainghebranchlocationand
orientationde ned by the base-modelso that the resulting
brancharrangementloesnot differ from the desiredmodel.
Dueto variationsin stroke path(Figure7) andgrowth sim-
ulation (Figures8 to 10) the resultingshapeof the branch
anddirectionof thetip candiffer. Also, theoverall direction
of branchgrowth canbe alteredby addingindicatorsrepre-
sentingernvironmentaffactorsasoutlinedin Sectiond.4. Our
selectionmethod(Section4.1) allows usersto quickly and
efciently associatstrokeswith brancheso createvariation
evenwith morecomplex models Figure9 shavsanexample
with four branchinglevels. Furthermorewith our system,
usershave true 3D interactionfor drawing the strokes.

We performeda preliminary small-scaleuser study to
gatherfeedbackaboutour systems$ usability We recruited
threecomputersciencegraduatestudentsiwo with strong
art backgroundsThe participantswere rst informedabout
the purposeof our systemand shavn a brief demo.Each

+ Bhﬂogcal___> -

variation

g

Figure 8: Sletch-basedvariation of branching structues.
Top Row:Original modeland skeletonwith stroke and bio-
logical variation Bottomrow: collectionof seveninstances.

and Biological Variation

Figure 9: Figure 8's modelwith more branching levels.

participantwentthroughatrainingsessiorusingasimpleL-
systemmodelandthengotto usetheapplicationfreely with
two differentandmoreelaboratd -systemmodels Eachex-
perimenttook about40 minutes.The experimentwasevalu-
atedby asimplequalitative, directobsenationmethodusing
avideocamerdor documentinghe sessionsindthe partic-
ipants'interactionandfeedbackanda structurednterview
for collectingcommentsat the endof eachexperiment.

All the participantsenjoyed using the 3D Tractus-based
applicationandcommentedhatsinceevery curve they drew
generatedh differentlooking plantit waseasyandintuitive
to generatgandomplants.All participantsvereableto ef-
fectively usethe motion indicatorsand simulatewind and
suneffectsquickly andaccuratelySelectionwasfoundto be
very effective andassistedhe participantsvhenattempting
to referto branchesn alarge plant. Participantscommented
thatthe systemwasableto correctlyresole which branch
they wantedto select,allowing them to choosebranches
quickly andwith accurag.

While our systemwas generallywell receved, partici-
pantsindicatedthe desirefor more control of the plant's
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L. Streit & P. Lapides& M. C. Sousa& E. Sharlin/ ModelingPlant Variationsthrough3D InteractiveSletches

Biological

+ Variation —>

Figure 10: A pipelinefromoriginal plant modelon thefar left to a collectionof plantson thefar right createdby combining

stroke andbiological growthvariationin ead instance

growth. More precisecontrol of motion indicatorswas re-
questedoneparticipantaskedto beableto mapspeci ¢ mo-
tion indicatorsto in uence only speci ¢ partsof the plant.
Although participantscommentedrery positively aboutthe
smartselectiontechnique two suggestecaddingan inter
mediateselectionvisualizationfeedbackndicatingundeter
minedbrancheghroughcolor. Finally, one participantsug-
gestedwe supportselectinglong pathsby specifyingonly
startandendbranchesf a selectionand automaticallyse-
lecting intermediatebranchesWe are planningto address
andimplementthesesuggestioné thefuture.

6. Conclusionsand Futur e Work

We describedh methodfor directly controlling branchstem
and shapein plantsfor the purposesof creatingvariation
amonginstancesof the sameplant model. The proposed
methodusesthe 3D Tractus,a physical 3D interface,to al-
low the userto interactwith the plant modelintuitively in
3D andcommunicateshapeinformationby drawing the in-
tendedshapen a3D ervironment.To facilitateeaseof spec-
ifying shapefor numerousranches methodfor propagt-
ing stroke shapethroughmulti-resolutionediting wasused
andasmartselectioralgorithmwasusedto associatstrokes
with branchesFurtherindicatorsof shapesuchasdirection
of light, wind or otherervironmentalfactorscouldbe added
by drawing setsof lines which indicate the direction and
strengthof thesefactorsdirectly to the 3D environment.

Theassociatetiranchshapestroleswerethenusedasin-
put to a growth simulationframework. The simulationre-
sults in variation (asidefrom stroke variation) by adding
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variation through growth. Overall, the simulation models
the randomnesén growth while trying to maintainthe in-

tendedcunatureof the branchesand stemsasindicatedby

theuserde ned strokes.In this mannerthe overall shapeof

stemsandbranchess asintended with subtlevariationsin

the shapeantroducedthroughfree-handedness sketchand
simulation. The preliminary userevaluationwe performed
demonstratethe potentialeffectivenesf our approachn

creatingvariedplantmodels.

Extendingthis framework of controland3D creationbe-
yond stemsandbranchego plant organscould be a useful
direction of future work. This may include not only creat-
ing andcontrolling the shapeof plantorgans,but alsotheir
spatial3D distribution andorientationon the plant.

Acknowledgments

This researchwas funded by several grants provided by
the National Sciencesand EngineeringResearchCouncil
(NSERC),Canada.

References

[AK84] AoNO M., Kunil T. L.: Botanicaltreeimage
generation. IEEE ComputerGraphicsand Applications
4,5 (May 1984),10-29,32-34.

[BBMP97] BILLINGHURST M., BALDIS S., MATHESON
L., PHILIPS M.: 3D palette:a virtual reality contentcre-
ationtool. In Proc. of Virtual RealitySoftwae and Tech-
nology (1997),pp. 155-156.



L. Streit & P. Lapides& M. C. Sousa& E. Sharlin/ ModelingPlant Variationsthrough3D InteractiveSletches

[BPF 03] BOUDON F., PRUSINKIEWICZ P., FEDERL P,,
GoDIN C., KARwWoOwsSKI R.: Interactive designof bonsai
treemodels. ComputerGraphicsForum (Proc. of Euro-
graphics'03) 22, 3 (2003),591-599.

[CHZ00] COHENJ. M., HUGHESJ. F., ZELEZNIK R. C.:
Harold: A world madeof drawings. In Proc. of the Fir st
International Symposiumon Non Photomealistic Anima-
tion andRendering NPAR'00) (2000),p. 83 U 90.

[CMZ 99] COHEN J. M., MARKOSIAN L., ZELEZNIK
R. C., HuGHES J. F., BARzZEL R.: An interface for
sketching3d curves. In Proc. of the 1999 symposiunon
Interactive3D graphics(SI3D'99) (1999),pp.17-21.

[FOLO2] Foskey M., OTADUY M., LIN M.: ArtNova:
Touch-enable@D modeldesign.In Proc. of IEEE Virtual
RealityConfeence(2002),pp. 119-126.

[FYDFH96] FoLEY J., VAN DAM A., FEINER S. K.,
HuGHES J. F.: ComputerGraphics.PrinciplesandPrac-
tice. 2ndEditionin C. Addison-Wésley, 1996.FOL j 96:1
1.EX.

[GELOO] GREGORY A., EHMANN S., LIN M.: inTouch:
Interactve multiresolutionmodelingand3d paintingwith
a hapticinterface. In Proc. of IEEE Virtual RealityCon-
ference(2000),pp. 45-54.

[HGO02] HACHET M., GuITTON P.: Theinteractiontable
- anew inputdevice designedor interactionin immersve
large displayernvironments.In Proc. of 8th Eurographics
Workshopon Virtual Environmentg2002),pp. 189-196.

[HGRT03] HACHET M., GUITTON P.,, REUTER P., TYN-
DIUK F.: The CAT for ef cient 2d and3d interactionas
an alternatve to mouseadaptations.In Proc. of Virtual
RealitySoftwae and Technolagy (2003),pp. 205-212.

[HRPGK94] HiNnckLEY K., R. PauscH J., GOBLE,
KAsseLL N.: Passve real-world interfacepropsfor neu-
rosugical visualization. In Proc. of CHI '94 (1994),
pp.452-458.

[IDVO5] INTERACTIVE DATA VISUALIZATION 1. I.:
Speedtreehttp://wwwspeedteecom/(2005).

[ITS04] larl T., IGARASHI T., TAKAHASHI S,
SHIBAYAMA E.: Sketch interface for 3d modeling of
o wers. In Technical Sketch SIGGRAPHO04 (2004).

[IO0I05] luRI T., OKABE M., OWADA S., IGARASHI
T.: Floraldiagramsandin orescencesinteractie o wer
modeling using botanical structural constraints. ACM
Transactionson Graphics(Proc. of SIGGRAPHO05) 24,
3(2005),720-726.

[LD99] LINTERMANN B., DEUSSEN O.: Interactve
modelingof plants. IEEE ComputerGraphicsand Ap-
plications19, 1 (1999),56 —65.

[LSSS06] LAPIDES P, SHARLIN E., Sousa M. C.,
STREIT L.: The3D Tractus:A three-dimensionadraw-
ing board. In TheFirst IEEE International\Workshopon

Horizontal InteractiveHuman-ComputeBystem¢Table-
Top2006)(2006).

[Mal99] MaLTzMAN S.: Drawing TreesStepby Step
North Light Books,1999.

[OCO05] OnNYX COMPUTING:
http://wwwonyxteecom/ (2005).

[OHKKO03] ONisHI K., HASUIKE S., KITAMURA Y.,
KisHINO F.: Interactve modeling of treesby using
growth simulation. In Proc. of the ACM symposium
on Virtual reality softwae and technolagy (VRST'03)
(2003),pp. 66-72.

[Ol03] OkAaBE M., IGARASHI T.: 3d modelingof trees
from freehandsketches.In Tedhnical Sketch SIGGRAPH
'03 (2003).

[OOI05] OKABE M., OWADA S., IGARASHI T.: Interac-
tive designof botanicaltreesusingfreehandsketchesand
example-basedditing. ComputetGraphicsForum(Proc.
of Eurographics'05) 24, 3 (2005),487-496.

[PBPS99] Power J. L., BrRusH A. J B,
PRUSINKIEWICZ P., SALESIN D. H.: Interactve
arrangemenbf botanicalL-systemmodels. In Proc. of
the 1999 symposiunon Interactive 3D graphics (SI3D
'99) (1999),pp.175-182.

[PL90] PRuUSINKIEWICZ P., LINDENMAYER A.: Theal-
gorithmic beautyof plants SpringefVerlag New York,
Inc., New York, 1990.

[PTW98] PoupYREV L., ToMOKAZU N., WEGHORST
S.: Virtual notepad:Handwriting in immersive vr. In
Proc. of Virtual Reality Annuallnternational Symposium
'98 (1998),pp. 126-132.

[SFS05] STREIT L., FEDERL P, SousAa M. C.. Mod-
elling plantvariationthroughgrowth. ComputerGraph-
ics Forum (Proc. of Eurographics'05) 24, 3 (2005),497
—506.

[SRS91] SACHSE., ROBERTS A., STOOPS D.: 3-drav:a
tool for designing3d shapesln IEEE ComputeiGraphics
andApplications(1991),pp. 18-26.

[STO5] SENSABLE TECHNOLOGIES l.:
PHANTOM R arm. In wwwsensableom(2005).

[TFK 02] TSANG M., FITZMAURICE G., KURTENBACH
G., KHAN A., BuxToN B.: Boom chameleonSimul-
taneouscaptureof 3d viewpoint, voice andgestureanno-
tationson a spatially-avare display In Proc. of Sympo-
siumon User InterfaceSoftwae and Technolagy (2002),
pp.111-120.

[XfrO5] XFROG: Greenvorks Organic-Softvare.
http://wwwxfrog.com/(2005).

Onyxtree.

¢ TheEurographic#ssociation2006.



L. Streit & P. Lapides& M. C. Sousa& E. Sharlin/ ModelingPlant Variationsthrough3D InteractiveSletches

Figure 1: Givena 3D plantmodels (a) skeletontheuserse-
lectsslkeletalsggmentgb - blue)andsketchescorresponding
strokes(c) usingthe 3D Tractus Thesestrokestogetherwith
macpo sketch-basednotionindicators for overall growthdi-
rection(d) contol growthvariation (e).

Figure 8: Sletch-basedvariation of brancing structues.
Top Row:Original modeland skeletonwith stroke and bio-
logical variation Bottomrow: collectionof seveninstances.

Figure 5: Selectionof branches A-D; Coloured sggments
showselectedpnselectedand undeterminedranceswith
progressof curvedselectionstroke (a—c). Figure 9: Figure 8's modelwith more branching levels.
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