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Abstract
Modelingrealisticlookingplantsis still a complexproblemrequiringspeci�cationofplantstructure, geometryand
surfacecharacteristics.Modelinga collectionof plantsis moreproblematicespeciallysinceeach plant is slightly
different.Altering theshapeof branchesandstemsis oneof themostdramaticandnatural methodsof creating
differing instancesof the sameplant type. We presenta sketch-basedinterfacefor modelingplant variations
throughspeci�cationof branch andstemshape. Our systemis basedon interactionwith the3D Tractus:a new
physicalinterfacewedevelopedto supportdirect3D sketching. The3D strokesfromthe3D Tractusare usedas
input to a biologically-basedmodelingmethodthatmimicsnatural growthvariation factorsof realplants.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.5 [ComputerGraphics]:ComputationalGeometry
andObjectModeling:Modelingpackages

1. Intr oduction

In natureno two instancesof a singleplant typeareexactly
thesame.This factmustbepreservedwhentrying to model
a large collection of the sametype of plant. As computer
generatedscenesbecomemore complex, the desireto in-
cludemany plantsin a sceneincreases.Themostprofound
differencebetweenplant instancesis often theshapeof the
branchesandstemsof theplant.

To modela collectionof differing plantinstancesit is de-
sirableto interactively specifyandcontrolbranchandstem
shape.Othermodelingsystemsallow the userto control a
variety of parameters,which often re�ect featuresof the
geometry[OHKK03] ratherthanstructure.Someprevious
work hasinteractively speci�edstructuralcomponentssuch
as branchand stemshape,but are restrictedto specifying
theseshapesin a 2D domain[LD99, OOI05] andoften as-
sumecertainconstraints(i.e. clampingto the surface,con-
stantcurvature)in orderto createa3D curve.

Interactively specifyingplantshapeparallels3D curvede-
sign [CMZ� 99, CHZ00]. The mostdirect methodof de�n-
ing 3D curvesis to draw them;however drawing 3D curves
andstrokes is problematicwhenworking in a 2D domain.
Sketch-basedmodeling has recently beenusedfor creat-
ing plant models[IITS04, IOOI05, OI03, OOI05]. All these
methodsrely on certainassumptionsor techniquesto infer
the3D shapeor modelfrom the2D strokes.

We presenta systemfor creatinga variety of plant in-
stancesfrom a single plant model using direct 3D strokes
(Figure1). Weuseaphysical3D drawing-boardinterfacefor
sketchingstemandbranchshapesin 3D.Thesketchedstems
andbranchesaredirectly employedasrealisticvariationsto
the original plant model[SFS05]. Our main contribution is
the uniquesystemwhich combinesthe 3D drawing-board
with creatingplantmodelvariationfor creatingplantcollec-
tions. Our techniqueincludesa uniquemethodof creating
andediting strokesaswell asassociatingthemwith a base
model.Theresultis anintuitive,direct,andquickmethodfor
creatinga varietyof plantsfrom a singlemodel,to facilitate
creatinglargeplantmodelcollections.

2. RelatedWork

Modeling of plants has beenaddressedby the computer
graphicscommunityfor decades[AK84, PL90]. Sinceour
focus is to createvariationsin plant model instances,we
overview previous work that permitsinteractive editing of
modelsto createdifferentplantmodelinstancesratherthan
creationof models.Also, sincewe usea 3D interfacein a
sketch-basedparadigm,weoverview work in thiscontext.

2.1. Interacti vePlant Design

With increasesin computationalpower, interactivemodeling
of complex modelssuchasplantshasrecentlybecomepos-
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sible. As LintermannandDeussen[LD99] describe,many
plant modelingapproachescan be classi�ed as either bio-
logically motivatedto simulatenaturalplant development,
or to generatevisually correctshape.Interactive modeling
applicationsbelongto thelatterandis likewiseour focus.

Interactiveplantmodelingtechniquestargetthreeaspects:
data,meansand methodof interaction.The data is typi-
cally surface geometry[OHKK03], a structural represen-
tation [PBPS99, BPF� 03], or somecombinationof these
two [LD99]. The interactionmeansis traditionally manip-
ulation of the 3D model in a 2D view planewhile select-
ing variousjoints or plant aspectsusinga 2D pointer (e.g.
mouse)or a 3D magnetictracker [OHKK03]. The inter-
action methodhasinvolved applying editing operationsto
variousamountsor levels of plant structuresimultaneously
to reducetediumwith highly complex models.Sometech-
niquesusethe spatialarrangementto selectcomponentsor
aspectsof the plant within a particularregion [OHKK03],
someusesilhouettesfor boundingregions[BPF� 03], some
craft the model's parametersto allow for multi-resolution
editing throughparameteralteration[LD99] andothersuse
themodel's structuralrepresentation[LD99,BPF� 03].

The goal is often the control of shape.To improve re-
alism sometechniquesassistthe userby imposingphysi-
cal constraintsgiven the user's input suchas the inverse-
kinematicapproachof Power et al. [PBPS99], or the use
of transformationor developmentalrulessuchasgrowth of
budsor leavesof Onishiet al. [OHKK03]. Lintermannand
Duessen[LD99] provide a few options to control overall
shapeincluding functionalmodeling,tropismsor freeform
deformation,but their methodseemsmore dif�cult when
specifying individual branchand stem shape.Boudon et
al. [BPF� 03] allow speci�cationof shapethrougheditingof
2D curvesby manipulatingcontrolpointsin 3D spaceto rep-
resentaxesof structures.

While theseeditingmethodsaswell asvariouscommer-
cial proceduralmethodsfor creatingplants[IDV05, OC05]
provide a meansof creatingvariationby speci�cally inter-
actingwith the parametersor geometryof the model,indi-
vidually editingthemany componentsof themodelnumer-
oustimesto createa largecollectionof thesevariedmodels
is too tedious.A commonmethodto quickly introducevari-
ationsinvolvesrandomly[OC05] or systematicallyvarying
parameters[LD99, Xfr05], however thesemethodsare not
controllableandareoftentoosensitive.

Our objective is to make useof the skeletal representa-
tion for multi-resolutionediting while providing a means
of intuitive direct 3D manipulation.Similar to Power et
al. [PBPS99] and Onishi et al. [OHKK03] we use a L-
systemto representthe plant structure.However, we do
not constrainthe user by physical parameters[PBPS99]
and do not force the user to manipulateindividual con-
trols [BPF� 03,LD99] or joints to communicatetransforma-

tions [OHKK03], but ratherthe usersimply draws the in-
tendedbranchandstemmanipulationsdirectly in 3D.

Furthermore,sinceour goal is createvariationfor a col-
lectionof plantsthesketch-baseinteractionprovidesanatu-
ral meansof creatingvariationin thesamewayartistscreate
a ' likeness'of a plant.A paintingor drawing of a plantcan
beeasilyrecognizedasaparticularplant,but is rarelyif ever
anexactrepresentationof therealplant.

In additionto usingsketchinput for variationwe usethe
sketchedinformationas input to the proceduralmethodof
Streit et al. [SFS05] to addbiological variationthat occurs
naturally through development.With the combinedtech-
niquewe cancreateusercontrolleddifferencesin theplant
model,particularlyin theshapeof branchesandstemswith
anunderlyingbiology-basedvariation.

2.2. Thr ee-DimensionalInterfaces

Sach's et al. [SRS91] 3-Draw systemandother free space
devices using six degreesof freedom (DOF) [BBMP97,
HRPGK94, PTW98] are early examplesof pioneering3D
interfacesfor sketching,manipulationand drawing. These
systemsrequiretheuseof avirtual realityenvironment,typ-
ically includingheadmounteddisplays(HMD), stereoshut-
terglasses,andtethered6 DOFtrackers.All of thiscomplex
andusuallyexpensiveequipmentcanbeseenasadisadvan-
tage,anddesignerswhoareusedto workingonphysicalsur-
facesoften�nd thesesystemsdif�cult to use.

BoththeCAT andInteractionTable[HGRT03,HG02] use
aphysicaltouchsensitivesurfaceto providetheuser6 DOF.
However, both interfacesrely on physical pressureinstead
of movementto navigatea virtual world. ArtNova and in-
Touch[FOL02,GEL00] useSensAble'sPHANTOM Haptic
device [ST05] to allow theuserto directly interactwith vir-
tual 3D objects.The PHANTOM provides force-feedback
directly to theuser'sarmor hand.

The Boom Chameleon[TFK� 02] lets the user interact
with a touchsensitive displaymountedon a positionsensi-
tivearm.Thedisplayactsasawindow into thevirtual space,
andtheusercanannotateandinteractwith the3D scene.To
ourknowledgethisapparatusis neithersimple,nor inexpen-
siveandhasnotbeenusedfor 3D drawing.

2.3. Sketch-basedPlant Modeling Interfaces

Recently, systemshave beendevelopedto createand ma-
nipulateplantmodelsthrougha sketch-basedinterface.Ijiri
et al. [IITS04, IOOI05] introducea methodologyfor mod-
eling �o wersusing�oral diagramsandin�orescence.Their
geometryeditorusestwo sketchedcross-sectionalstrokesto
shapea �at leaf into a curved one.An additionalsketched
stroke de�nes the centralaxis of a selectedin�orescence.
Fromthe2D free-formstrokesthey create3D geometryby
addingdepthto thestrokesusingtheassumptionof constant
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Figure 1: Given a 3D plant model (a) and its extracted
skeleton(b) theuserselectssegments(blue) fromtheskele-
ton (b) andsketchescorrespondingstrokes(c) usingthe3D
Tractus. Thesestrokestogetherwith macro sketch-basedmo-
tion indicators for overall growth direction(d) are usedto
control growthvariation (e).

curvature.Otherparametersanda �o wer diagramhelp de-
�ne variousmodelcharacteristics.

Okabeet al. [OI03,OOI05] presenta methodfor model-
ing treesfrom sketches.Theirtechniquegenerates3D geom-
etry from a 2D sketchby assumingthatbotanicaltreestend
to maximizethe distancebetweenbranchesand that most
userstendto draw branchesthatextendsidewaysratherthan
into or out of thedrawing plane.They introducethreeedit-
ing modesto assistthe userin creatingrepetitive arrange-
ments,ratherthanspecifyingrulesor parametersto create
the model. As the authorsstate,currently their systemis
limited to singletrees.Creationof othertypesof plantsand
similar treesfor formingcollectionsof plantsis notpossible.
Our focusis thecreationof variedmodelsfor thepurposes
of generatingcollectionsof awide rangeof plantmodels.

3. SystemOverview and Interface

Our systemis basedon a 3D interfacewhich permitsusers
to draw strokesdirectly in 3D space.As shown in Figure1,
theuserselectsabaseplantmodel,to which they would like
to addvariations.Following thesystemextractstheskeleton
of this model.We currentlyusean L-systemdescriptionof
the plant model and a wire-frameinterpretationof the L-
systemstringfor theskeleton.Theuserthensketchesstrokes
directly in 3D usingthe3D Tractus[LSSS06], asshown in
Figure2. Thesestrokesindicatehow thebranchesof thebase
model's skeletonshouldbe varied.Thesestrokesareused
asinput to a proceduralmethodwhich addsvariationto the
modelthroughagrowth-basedsimulation.

The 3D Tractus is a simple physical interface that al-
lows theuserto draw on a �at surface(suchasa tabletPC)
while moving the surfaceup and down, as shown in Fig-
ure2. The3D Tractususesa simpleandinexpensive string-
potentiometerto measuretheinteractionsurfaceheight.Fol-
lowing, all theuser's surfaceinteractionsaremappedin 3D,
andthesystemcandisplayrelated3D feedbackto theuser

Figure2: A userinteractingwith the3D Tractus.

Figure3: A screenshotshowinga spiralling stroke(left and
center)andtheplant skeleton(right).

in real time accordingto the surfaceheight[LSSS06]. The
resultis that theusercangenerate3D curvesdirectly, with-
outhaving to resortto GUI widgetsasin other2D interfaces
suchascommerciallyavailableMayaTM or 3DSMaxTM .

The software presentedto the user is controlledexclu-
sively by a pointer, facilitating sketchingwithout interrup-
tionsor needto resortto thekeyboard.Therearethreemain
areasof theapplicationthattheusersees.The�rst is thetree
skeleton,whichshowstheL-systemin a3D view thatcanbe
rotated,asshown on the right in Figure3. The userselects
branchesthat they want to addvariationsto from this view.
In anotherwindow, theuseremploys the3D Tractusto draw
the3D curve thatdescribesthebranchesthat they selected,
asshown in thecenter. Finally, theuserseesthecurvesthat
they havedrawn in a3D view shown on theleft.

4. CreatingVariation

Variation is addedto the basemodel throughalterationof
branchandstemshape.This canhave a profoundaffect on
thelook of theplantwithoutchangingany otherattributesof
themodel.Variationcanbeaddedto thebranchesandstems
in threeforms: intentionalartistic,unintentionalartisticand
growth-based[SFS05]. Direct inputting of variationsusing
3D Tractussketchesemploys theartisticvariationform. By
drawing theshapeof thebranches,variationcanbedeliber-
ately introducedthroughde�niti ve alterationsin thebranch
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orientationand direction as well as unintentionalimpreci-
siondueto handgesturesin thedrawing of thestroke.Using
sketchedstrokesin free-formdrawing asa sourceof varia-
tions,resultsin betterapproximationsof theprocessof tra-
ditional illustrationproduction.

Mappingthe user-drawn strokesto the original model is
notaneasyproblemandparallelsgraph-matchingproblems.
Without imposingsomeorderingon the drawing the com-
plexity of the matchingproblemgrows exponentiallywith
eachstroke drawn. To avoid imposingrestrictionson draw-
ing order and to improve interactioneven with complex
models,we choseto have the user �rst indicateto which
branchor branchcomponentthey are associatinga stroke
throughselection.Of courseselectingeachandeverybranch
andassociatinga stroke with it canbe tediouswith overly
complex models,thus a meansof propagating the stroke
to utilize the naturalrepetitionin botanicalmodelsis used.
Thestroke propagationfacilitateshierarchicaleditingof the
model to assistin both control over �ne detailsandquick,
ef�cient de�nition of models.As theuserassociatesstrokes
a view of the model is updatedandthe usercanchooseto
renderthecompletegeometryof themodelatany stage.

4.1. Plant Skeletonand Selection

To generatevariation,theuserstartswith abaseplantskele-
ton which is generatedfrom geometrictransformationsof
anL-system[PL90] string.Hierarchicalinformationis com-
putedfrom thesetof line segmentsrepresentingtheskeleton
by forming joints at commonendpoints.This informationis
constructedfrom root to tip suchthatany segments(herein
branches)thatstemfrom a commonbranchareits' children
resultingin an n-ary tree (Figure 4). The userthenselects
branchesfrom then-arytreeandaddsvariationby associat-
ing drawn strokeswith theselectedbranches.

A painter'salgorithm[FvDFH96] is usedfor skeletalseg-
mentselection.Theuserdrawsa2D strokeontopof thetree
skeleton,displayedin 3D, andany branchesthat lie under
thestroke areselected.This lets theuserdirectly selectthe
desiredbranches.However, most interestingtreeskeletons
havealargenumberof branches,many of themsmall,mean-
ing that simply selectingbranchesthat lie underthe stroke
mayerroneouslyselectmany unwantedbranches.

Smartdecisionsabout the user's intendedselectionare
madeusingthe hierarchicalinformation.We restrictselec-
tion of branchesto onedirection,descendingdown the n-
tree,for example,you cannotselecta child branchandthen
selectits parent.Althoughrestrictive, it is commonpractice
to draw treesfrom the main trunk outward to moreminor
branches[Mal99].

Eachbranchsegmentcantransitionbetweenthreestates:
unselected,selectedor undeterminedasshown in Figure5.
Theundeterminedstateis similar in appearanceto theunse-
lectedstate.As theuserdraws theselectionstroke,selected

Figure 4: Left: Conceptualn-ary treewhere child andpar-
entassociationsoccurat joint locationsRight: 3Dn-arytree
fromskeletonof basemodel.

Figure 5: Selectionof branchesA-D; Coloured segments
showselected,unselected,andundeterminedbrancheswith
progressof curvedselectionstroke (a–c).

branchesaredrawn in a differentcolor to indicatethat they
areselected.Branchescanbein anundeterminedstatewhen
the systemcannotdecisively determineif the segmentwas
intendedfor selection.Like in a linkedlist, only asequential
pathof branchesmaybeselected.

Assumethe userstartsselection;all branchesare unse-
lected(Figure5). Theuserinitially drawsastrokeovertopof
somebranchA. No brancheshavepreviousbeenselectedor
markedundetermined,sobranchA is immediatelyselected.
Theusercontinuesthestrokeupwardandaccidentallydraws
ontopof oneof A'schildren;thechild branchB is temporar-
ily markedasundetermined.Continuingthestroke upward,
theuserintentionallydrawsoveranotheroneof A'schildren
andbranchC is alsotemporarilymarked asundetermined.
Continuingthe stroke upward, the userintentionallydraws
over anotheroneof A's childrenandthe branch,C, is also
temporarilymarked asundetermined.The two branchesB
andC aremarked undeterminedbecausethe systemis un-
surewhichbranchtheuserreallywantedto select.

As the stroke is drawn further upward, it is drawn over
top of a branch,D, that is oneof C's children(A's grand-
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Figure6: Motion indicators representingdominantenvironmentalfactorswhich affectoverall stemshape.

child). This additionalinformationhelpsto resolve our pre-
viousundeterminedstate.Sincetheuseris now selectingC's
child, the systemdeterminesthat the userdid not intendto
selectbranchB but intendedto selectbranchC.At thispoint,
branchC is marked selected,branchB is marked asunse-
lected,andbranchD is markedasundetermined.Theselec-
tion processcontinuesasbeforeuntil the user�nishes the
selectionaction(�nishing thestroke andraisingthestylus).
At this point any remainingundeterminedbrancheswill be-
comeselected.Conversely, hadthe userdrawn over top of
B'schildren,thesystemwouldhaveunselectedC.

4.2. SketchingStrokes

After selectingwhich brancheswill have variationsadded,
usersdraw the 3D curves that de�nes the path of branch
growth. These3D curvesaregeneratedby sketchingon top
of theinteractionsurfacewhile moving the3D Tractusupor
down.ThetabletPCplacedontopof the3D Tractusbehaves
asa 'window' that allows the userto view the volumethat
they maydraw in. Becausewe areviewing 3D curveson a
2D display, usersmustbegivenadditionalinformationthat
intuitively conveys thedepthof theselines,or distancefrom
theviewing window. Severalapproachesweredesigned,but
wefoundthatthemostintuitiveandclearcommunicationof
depthinformationis theuseof line thicknesswhenviewed
with a perspective projection,asshown in Figure3 (versus
orthographicprojection)[LSSS06].

4.3. StrokePropagationfor Multi-r esolutionEditing

Asmentioned,themostinterestingtreeskeletonsconsistof a
largenumberof branches,someof whichmaybeveryshort.
It wouldnotmakesensefor theuserto givethesameamount
of attentionto thesmallleafbranchesasthey do to themain
trunkor otherlargebranches.At thesametime,having vari-
ation in the small branchesis still essentialto generatere-
alistic looking plants.We proposea featurewherethe user
maycontrol the resolutionof thebranchesthat thecurve is
appliedto with two modes.

The �rst mode applies the curve only to the selected
branches.However, this is insuf�cient for editing many

branchesquickly, especiallysmall ones.The other mode
handlesthe problemof de�ning variation for many small
branchesby applyingthesamecurve to every singlebranch
that is a descendantof the selectedbranches,all the way
down to the leaf branches.The usermay wish to combine
both modes,so that all the descendantsand the selected
branchesthemselves are associatedwith a drawn stroke.
This propagatedediting can be over-ridden by simply se-
lecting the desiredbranchesand drawing the stroke to be
associatedwith thesebranches.This �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 applied to many
brancheswhoseshapeis intendedto besimilar. However if
the collection of associatedbranchesincludesbranchesof
varyingscales,dueto re-samplingof thestroke theshapeof
very smallbranchesmaynot alwaysappearvisually similar
makingthetreelook morerealistic.

4.4. SketchingMotion Indicators

In traditionalsketching,artistsuselight line strokesto indi-
cateaspectssuchaswind, sun,or rain.For example,anim-
agewith many longverticallines,wouldindicateit wasrain-
ing, andparticularlyhard.If thelineswereshorter, it would
convey a feeling of lighter rain. We usethe sameprinciple
in our system.In�uences suchas wind, water, or sunlight
mayall beaddedthroughthecreationof motion indicators.
Motion indicatorsaresketch-basedvectorswhich areadded
togetherto skew the overall growth of the plant. They are
createdby drawing andmoving the3D Tractusupanddown,
just like curves,exceptthatonly thestartandendpointsare
used.If theuserwishesto addwind, sothattheplantwill be
skewedto oneside,he/shewoulddraw aseriesof motionin-
dicatorsin a horizontaldirection.Sunlightmaybeaddedby
drawing long upwardmotionindicators.Rainmaypushthe
plant down slightly, so downward motion indicatorswould
bedrawn. SeeFigure6 for motionindicatorexamples.

4.5. Further Variation with a Biological Basis

Oncethedrawn strokesandmotionindicatorsareassociated
with thebasemodel,this determinestheprede�nedgrowth
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Figure 7: Examplesshowingvariations of original plant
model(leftmostimage) fromuserdrawn3D strokes.

directionanddominantin�uence respectively, in thegrowth
simulation[SFS05]. Thesimulationincorporatesnumerous
environmentalfactorsaffecting plant growth asrandomin-
�uences.Thesein�uenceswith the userdataindirectly de-
terminegrowth directionthroughoutthegrowth simulation.
As the plant grows, a differencebetweenthe currentand
prede�ned(user's strokes)growth directionsis determined.
Thisdifferenceis usedto addfurthersubtle,biologicalvari-
ation in branchand stem shapebeyond what is speci�ed
by theuser's strokes.Sincethestrokesarealignedwith the
branches,the branchtopologyandorientationremaincon-
sistentwith thebasemodel.This approachfacilitatesgener-
ating a large numberof plantswhich have identicaloverall
controlledbranchandstemshapeas de�ned by the user's
stroke associationwith thebasemodel,but with subtlevari-
ation.Section5 showsexampleresults.

5. Resultsand Discussion

Figure7 shows examplesof strokes in 3D spacewith cor-
respondingresultingplants.Examplesof plant collections
generatedby our methodare shown in Figures8 and 10.
Ourmethodfacilitatesquickcreationof acollectionof simi-
lar plantsthoughdirectsketch-basedvariationof branchand
stemshape.Ourapproachmaintainsthebranchlocationand
orientationde�ned by the base-model,so that the resulting
brancharrangementdoesnot differ from thedesiredmodel.
Dueto variationsin stroke path(Figure7) andgrowth sim-
ulation (Figures8 to 10) the resultingshapeof the branch
anddirectionof thetip candiffer. Also, theoverall direction
of branchgrowth canbealteredby addingindicatorsrepre-
sentingenvironmentalfactorsasoutlinedin Section4.4. Our
selectionmethod(Section4.1) allows usersto quickly and
ef�ciently associatestrokeswith branchesto createvariation
evenwith morecomplex models.Figure9 showsanexample
with four branchinglevels. Furthermore,with our system,
usershave true3D interactionfor drawing thestrokes.

We performeda preliminary small-scaleuser study to
gatherfeedbackaboutour system's usability. We recruited
threecomputersciencegraduatestudents,two with strong
art backgrounds.Theparticipantswere�rst informedabout
the purposeof our systemand shown a brief demo.Each

Figure 8: Sketch-basedvariation of branching structures.
Top Row:Original modelandskeletonwith stroke andbio-
logical variationBottomrow: collectionof seveninstances.

Figure9: Figure 8'smodelwith morebranching levels.

participantwentthroughatrainingsessionusingasimpleL-
systemmodelandthengot to usetheapplicationfreelywith
two differentandmoreelaborateL-systemmodels.Eachex-
perimenttookabout40minutes.Theexperimentwasevalu-
atedby asimplequalitative,directobservationmethodusing
a videocamerafor documentingthesessionsandthepartic-
ipants' interactionandfeedback,anda structuredinterview
for collectingcommentsat theendof eachexperiment.

All the participantsenjoyed using the 3D Tractus-based
applicationandcommentedthatsinceeverycurvethey drew
generateda differentlooking plant it waseasyandintuitive
to generaterandomplants.All participantswereableto ef-
fectively usethe motion indicatorsand simulatewind and
suneffectsquickly andaccurately. Selectionwasfoundto be
very effective andassistedtheparticipantswhenattempting
to referto branchesin a largeplant.Participantscommented
that the systemwasableto correctlyresolve which branch
they wantedto select,allowing them to choosebranches
quickly andwith accuracy.

While our systemwas generallywell received, partici-
pantsindicatedthe desirefor more control of the plant's
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Figure 10: A pipelinefromoriginal plant modelon thefar left to a collectionof plantson thefar right createdby combining
strokeandbiological growthvariation in each instance.

growth. More precisecontrol of motion indicatorswas re-
quested:oneparticipantaskedto beableto mapspeci�c mo-
tion indicatorsto in�uence only speci�c partsof the plant.
Althoughparticipantscommentedvery positively aboutthe
smartselectiontechnique,two suggestedaddingan inter-
mediateselectionvisualizationfeedbackindicatingundeter-
minedbranchesthroughcolor. Finally, oneparticipantsug-
gestedwe supportselectinglong pathsby specifyingonly
startandendbranchesof a selectionandautomaticallyse-
lecting intermediatebranches.We are planningto address
andimplementthesesuggestionsin thefuture.

6. Conclusionsand Futur eWork

We describeda methodfor directly controllingbranchstem
and shapein plants for the purposesof creatingvariation
amonginstancesof the sameplant model. The proposed
methodusesthe3D Tractus,a physical3D interface,to al-
low the userto interactwith the plant model intuitively in
3D andcommunicateshapeinformationby drawing the in-
tendedshapein a3D environment.To facilitateeaseof spec-
ifying shapefor numerousbranchesa methodfor propagat-
ing stroke shapethroughmulti-resolutionediting wasused
andasmartselectionalgorithmwasusedto associatestrokes
with branches.Furtherindicatorsof shapesuchasdirection
of light, wind or otherenvironmentalfactorscouldbeadded
by drawing setsof lines which indicate the direction and
strengthof thesefactorsdirectly to the3D environment.

Theassociatedbranchshapestrokeswerethenusedasin-
put to a growth simulationframework. The simulationre-
sults in variation (asidefrom stroke variation) by adding

variation through growth. Overall, the simulation models
the randomnessin growth while trying to maintainthe in-
tendedcurvatureof thebranchesandstemsasindicatedby
theuser-de�ned strokes.In thismanner, theoverall shapeof
stemsandbranchesis asintended,with subtlevariationsin
theshapeintroducedthroughfree-handednessof sketchand
simulation.The preliminaryuserevaluationwe performed
demonstratesthe potentialeffectivenessof our approachin
creatingvariedplantmodels.

Extendingthis framework of controland3D creationbe-
yond stemsandbranchesto plant organscould be a useful
directionof future work. This may includenot only creat-
ing andcontrolling theshapeof plantorgans,but alsotheir
spatial3D distributionandorientationon theplant.
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Figure1: Givena 3D plantmodel's(a) skeletontheuserse-
lectsskeletalsegments(b - blue)andsketchescorresponding
strokes(c) usingthe3D Tractus. Thesestrokestogetherwith
macro sketch-basedmotionindicators for overall growthdi-
rection(d) control growthvariation (e).

Figure 5: Selectionof branchesA-D; Coloured segments
showselected,unselected,andundeterminedbrancheswith
progressof curvedselectionstroke (a–c).

Figure 8: Sketch-basedvariation of branching structures.
Top Row:Original modelandskeletonwith stroke andbio-
logical variationBottomrow: collectionof seveninstances.

Figure9: Figure 8'smodelwith morebranching levels.

c
 TheEurographicsAssociation2006.


