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Abstract

We presentan algorithm for the visualizationof trees
during the passingof the year, taking into account the
changingandvanishingof thetree's leavesaswell astheir
color changes.In combinationwith thePhonglighting al-
gorithm the color changesare directly integrated into the
lighting model.In conjunctionwith the useof commonoff
the shelf hardware shader programs we aim for a per-
formanceincreaseallowing for fast realtimerenderingof
trees.In contrast to earlier worksweare able to rely on a
more theoretical foundationof biological andchemicalin-
sights,taking into accountbotanic research resultsabout
biochemicalreactionsin�uencing theleaves'pigmentsdur-
ing the seasons.This permits us to make our algorithm
asrealisticaspossibleregarding theavailableinformation
andcurrentresearch resultsin bothbiologyandchemistry.

1. Intr oduction

Visualization of organic objects and natural phe-
nomenonais still very challenging. Especially if their
complexity raise problems concerning their visualiza-
tion and animation.This is amongstother things greatly
obviouswith trees.Ontheotherhandalargegroupof appli-
cationsrequiretheproperpresentationof treesof different
genus.Additionally they should be animatedand in�u-
encedby their environment.

Early methodsof displayingtreessuchasfractal meth-
ods and billboards could not satisfy the need for good
quality visualization including environmental in�uences.
Thesemethodsespeciallylacked seasonalchanges.This
of coursewasdueto the fact that the complexity of trees
usedup theexistingperformanceon thehardwareavailable
at thesetimes.With oncomingand available high perfor-
mancegraphicshardwarethe limitation thatappliedto the
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38, 70569 Stuttgart, Germany; E-mail:
Mbraitmaier@gmx.de, f Joachim.Diepstraten |
Thomas.Ertl g@informatik.uni-stuttgart.de .

�rst works in this areacan be overcomeand even allows
morerealisticlooking trees,while still keepingtherender-
ing of thescenesat interactive framerates.

Furthermorenot muchwasknown on seasonalchanges
of treesandhow they arein�uenced by their environment.
With ongoingprogressin biologyandchemistrythefounda-
tionsaregivento realizearealisticlookingseasonalchange
of a tree,without theneedto only rely onexperimentaland
observationdata.

Thispaper�rst providesanoverview of relatedwork and
addresseshow this work differs from similar work already
published.This is followedby a shortoverview of the tree
modelasproposedby WeberandPennandthevisualization
algorithmrealizedin our application.Section4 goesinto
detailon how the theoryon shape-changingleavesaswell
asthecolorchangingof leavescanbeexplained.Thedeter-
minationof theseasondependentstartingpoint of changes
taking placewithin leaves concludesthis section.Having
presentedthe basictheoryof our work Section5 outlines
the aspectsof realizingthe theoreticalfacetsin our appli-
cationandis �nally followedby thepresentationof our re-
sultsin Section6. Thepaperis summarizedby theconclu-
sionandpossiblefuturework to bedonein Section7.

2. RelatedWork

Much researchhasalreadybeendonein the �eld of vi-
sualizingtreesandplants.First realistic-lookingapproaches
introducedby Lindenmayer[7, 8] andfurthermorein Lin-
denmayerand Prusinkiewicz [19] build the foundationof
complex tree visualization.Recentpapersalso deal with
ecosystemsimulation [2], environmental sensitive struc-
tures[5, 17, 20] andmany algorithmsdedicatedto theren-
deringof forests[11, 12, 13, 14, 15]. In contrastof usingthis
commonmodelintroducedby Lindenmayer, we decidedto
usea differentone that was �rst presentedby Weberand
Penn[23]. Baseduponthis approachwe realizedour sea-
soningalgorithmwhich differs in crucialaspectsfrom ear-
lier work doneby Mochizuki et al. [16]. We take the tem-
peratureastriggeringfactorfor seasonalchangesin contrast
to Mochizukietal.'s [16] approachutilizing sunlight.How-
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ever themutualdependency betweensunlightandtempera-
turecannotbedenied.

Thefoundationsof ourwork reliesonbiologicalfacts,by
simulatingconcentrationchangesof leafpigmentsbasedon
biochemicalreactionsin contrastto the observationaland
experimentalapproachdoneby Mochizuki et al. Thereby
werely on thework of Klapötke[6] with respectto thepig-
mentsthatareimportantfor thecoloringof leaves.

In combinationwith theArrheniusequation– proposed
by theSwedishphysicalchemistSvandteArrheniusin 1887
– wewantto createrealisticpigmentconcentrationchanges
over time. Togetherwith the Phonglighting modelasde-
scribedin Foley et al. [4], we achievea realisticlighting of
leaves.As pigmentsconcentrationoccuronly in a few lay-
erswithin leaves (seeFigure2) only considerationhasto
be taken to light raystraveling throughthe �rst subepider-
mal layer. We thereforerefer to the work of Shirley [22]
aboutFresnelcoef�cients and the work of Baranoskiand
Rokne[1] for calculatingthelighting calculationinsidethe
leaf.HoweverBaranoskiandRokne[1] usearaytracingal-
gorithm to traceraysthroughthe differentlayersof a leaf
by utilizing a BDF (Bidirectional Distribution Function).
This is way too complex to currently simulatewith com-
mon graphicshardwareand thereforeout of the scopeof
thispaper.

3. Treevisualization

The basic idea of our tree visualization includesdis-
playing a detailedtree consistingof a trunk with several
stemlevels concludedby the �nal leaves.During the ini-
tial researchtwo approachesshapedout to be bestsuited.
On theonehandtheapproachintroducedby Lindenmayer
andPrusinkiewicz [19] usinga grammar-basedmodel,the
so calledLindenmayersystemsandon the otherhandthe
modelintroducedandpresentedby WeberandPenn[23]. In
eithermodelit shouldbepossibleto integratedynamicbe-
havior ascausedby environmentalin�uencessuchaswind
or gravity. Furthermoreit shouldbe intuitive, to easethe
creationof new tree descriptions.Finally the amountof
stepsfor transforminga treedescriptioninto its �nal visu-
alizationand the extensionof the tree descriptionaread-
ditional key requirements.After balancingthe two models
againsteachother, we �nally cameto the conclusionthat
themodelof WeberandPennbest�ts our requirements.

Even though their model doesnot representcomplete
botanicalcorrectness,it still allows for a realisticappear-
anceof a tree.It providesa treedescriptionin termsof its
geometry. Thereforethetreeis dividedinto levelsbasedon
the branchingof the tree. The stemsare subdivided into
several frustums.By rotating them relative to eachother
a natural-lookingcurving of stemscan be achieved. The

amountof frustumsin turn is given throughthe tree's de-
scription.

For each level the model speci�es characteristicval-
uessuchasbranchingangle,lengthof a twig or tapering.
Throughthe combinationof thesecharacteristicvaluesin
conjunctionwith furtherglobalandbasicparametersa tree
structureis createdthroughapplyinganrecursivealgorithm
ontheinputparameterdata.Thestructureof suchatreedef-
inition is shown in Figure1.

Figure 1. Simpli�ed schematics of the struc-
ture of a tree as de�ned by the tree speci�ca-
tion

Thetreestartsoutwith thetrunk level or alsodenotedas
parameterlevel zero.It is followedby oneto threetwig lev-
els,eachde�ned by its relative lengthandits branchingan-
gle towardsits parentstem.Furthermoretaperingandcurv-
ing factorsdescribetheshapeof thetwigs of eachindivid-
ual stemlevel. The curving of a twig is guaranteedby di-
viding a twig into several frustums.By rotatingeachfrus-
tum, thetwig appearsto becurved.Its curvatureis de�ned
throughasetof curvingparametersthatallow anormalarc-
likeor evens-like twig shapes.

4. Seasoning

The seasoningalgorithm shouldperform a continuous
changeof leaves during the seasonsof the year, that in-
cludescolor andappearanceaswell as the sizeof a leaf.
To achieve thesegoals the algorithm is divided into two
parts,namelythe shape-changingand the color-changing
part. Basicallyoneonly needsto considerchangesof the
tree's leaves in the two seasonsof spring andautumn.In
summertheirappearancedoesnotchangeconsideringtheir



seasonalin�uences.In winter a broad-leafedtreenormally
showsno leavesat all.

4.1. Shape-changingalgorithm

To createthe effect of growing leaves it is obvious to
utilize a scalingoperation.Thereforethe leavesarescaled
from aninitial valuenearzeroto its originalsizegivenin its
de�nition �le. Currentlywegrow all leavesat thesamerate,
but thearchitectureof thedynamicalgorithmprovidesstart-
ingpointsfor differentcelerityof growth resemblingamore
naturalbehavior.

Thesimulationof falling leavesin autumnis notactually
animated,but insteadleaves are just relocatedfrom their
tree position to a position on the ground.The reasonfor
keepingthesemodi�cation so simple is to keepcomplex-
ity of thecalculationslow, so the framerateis not harmed
too much,as the introductionof dynamicchangeson the
treecanbequitetimeconsuming.

4.2. Algorithm for color determination

To createtheeffectof changingcolorof thetree's leaves
a decisionwas madeto comeup with a more biochemi-
cal approach.In detailwe �rst identi�ed thesigni�cant el-
ementsresponsiblefor the leaf color. The color of a leaf
is mainly causedby the pigmentsit contains,more pre-
cisely the light absorptionbehavior of thesepigments.The
in�uence of thechlorophyll andcarotenepigmentsis well
known today[10].

But therearealsootherpigmentsthataffect the leaves'
color especiallyin autumn.To restrict the complexity of
thecalculationsfor thecolor of a leaf, we decidedto con-
centrateon themostimportantpigments,thesearethepre-
viously mentionedchlorophyll,carotene,anthocyanin,and
tannin. Chlorophyll is responsiblefor the greenishcolor,
while carotenecreatesa yellow-orangecolor. The antho-
cyanin pigmentsmainly causea red appearancewhile �-
nally the tannin is the basepigmentexistent all over the
yearandit is responsiblefor thebrownbasecolor(Klapötke
[6]).

The basic idea of our algorithm is to determinethe
amountof light reachingthepalisadecell layerof aleaf,de-
terminethere�ectedlight by consideringtheabsorptionbe-
havior of the pigmentsandtherebydeterminethe color of
theleaf.

Thedeterminationof theresultingcolor for a leafwould
be doneby subtractingthe absorptionspectraof the pig-
mentsfrom thespectraof the incidentlight, therebydeter-
mining a new spectradescribingthe resultingcolor. Con-
cerning the requireddata for eachpigmenta function is
neededthat describesthe behavior of that pigment re-
gardingthewavelengthsegmentfrom ultra-violet (approx.

390nm)to infra-red (approx.750nm).By integrating over
thesefunctionsand subtractingthem from the integral of
the function of the sunlight spectra,a new integral func-
tion is generated.Thisnew functiondenotingtheintegralof
theresultingcolor'sfunctiononly needsto bederivedto ob-
tain thefunctiondescribingtheleaf'scolorspectra.

Unfortunatelythis approachfailed due to lack of data
regarding pigment absorptionspectra.Though there are
plentyof diagramsespeciallyfor chlorophyllandcarotene,
thesediagramsare insuf�cient to generatea function de-
scribingthespectraof thepigments.Besidestherewerelit-
tle to no absorptiondiagramsor absorptionvaluetablesat
thedifferentwavelengthsavailableregardinganthocyanins
andtannin.Extractionof absorptionvaluesout of the dia-
gramsto createthe requiredfunctionswasnot an option,
becausethe accuracy of thesediagramsis unknown and
theextractionpossibilitiesfor absorptiondatacouldnot be
guaranteedto beexact.

Due to the lack of data,the approachto usehadto be
simpli�ed. It now usesinformation that is accessibleand
still generatesan autumncoloring, similar or equalto the
one that could be generatedwith the mentionedaccurate
method.The wavelengthat which the pigmentshave their
maximumlight absorption,is the only datathat could be
gatheredfor all pigments,respectively chlorophyll [10],
carotene[21], anthocyanin [3] and tannin [18]. Therefore
it is usedasthe baseof our calculations.Additionally the
associationof the wavelengthof maximumabsorptionto
eachpigmentturnedout to be an advantage,asthe wave-
length itself could be convertedinto a RGB-color value.
Basedon this RGB-valuewe try to determinethe remain-
ing light colorafterthesunlightpassedsuchapigment.This
is doneby computingthecomplementarycolorof theprevi-
ouscalculatedlight colorderivedfrom theabsorptionwave-
length.By doingthisre�ection calculationfor eachpigment
andcombiningthesere�ection valueswe therebygetthe�-
nal leaf re�ection color. This color is thenusedasthe dif-
fusecomponentfor thePhonglighting of theleaves.

Due to the fact that leavespigmentsarepartof thepal-
isadecell layerof a leaf, theaspectof incidentlight enter-
ing this sublayerandbeingre�ected andthereforeleaving
the leaf at its upperepidermallayerhasto beconsidered(
seeFigure2). The approachusedfor this re�ection is de-
rivedfrom thework of BaranoskiandRokne[1]. They use
a BDF for re�ection calculationof leaves taking into ac-
count the leaf's sublayerandfurthermoreusesbasicopti-
cal physicsdescribedby Shirley [22]. The Fresnelre�ec-
tion coef�cient is utilized at the layer borderbetweenthe
palisadecell andspongycell layer to calculatetheamount
of light beingre�ectedbackto theuppersideof theleaf.We
donotconsiderFresnelre�ection for thelight at theepider-
mal layerto thepalisadecell layerandbackwardsastheob-
servabledifferencein thequality of thevisualizationis ne-
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Figure 2. Concept of color determination of a
leaf considering effect of pigments' absorp-
tion

glectableandstandsin no relationto therequiredalgorith-
mic effort in thepixelshaderprogram.

With the decreaseof chlorophyll the leaf's color is
mainly determinedby the color producedby the carotene
pigmentwhich leadsto a changefrom greento a moreyel-
low/orangeappearance.As the decompositionof chloro-
phyll and its accompanying decreaseof chlorophyll con-
centrationalsoincreasessugarconcentrationin theleaf.As
describedin Klapötke [6] the productionof anthocyanins
is increasedas well which changesthe yellow-orange
color to a morereddishone.As time moveson, theantho-
cyaninsare also decomposed,leaving only the tanninsas
thelastpigmentsin theleaf.

The saturationof the differentautumncolors is depen-
denton thetreegenuswhich correlateswith themaximum
concentrationsof chlorophyll,caroteneandtanninthatcan
occurduring the seasons.Basedon this concentrationthe
amountof anthocyaninsthatcanbeproducedin theleaves'
cells is limited. To considerthis behavior in the model,
thetreede�nition containsfour parametersspecifyingtheir
maximumconcentration.

4.3. Determining the start of seasonalchanges

Besidesthe color calculation itself, its starting point
whencolor andshapechangesoccurstill hasto be deter-
mined.Basically thereare threepossibleapproaches.The
�rst one simply relies on a beginning and an end for the
seasons,while the secondone utilizes bio-chemicalreac-
tionswithin the leaf. The third approachconsidersexperi-
mentaltreegenusspeci�c thresholdtemperaturescompared
to agivenweatherdatabase,containingtheaveragetemper-

aturefor eachmonth.As mentionedin Klapötke [6] color
changesof aleavearebasedonadecreaseof thechlorophyll
concentrationin the leaf. Though chlorophyll is decom-
posedduring all seasonsof the year, the chlorophyll syn-
thesisproducesmorechlorophyllthandecomposedby oxy-
genradicals.Dueto this overproductionof chlorophyll the
chlorophyllpigmentsoverlapwith otherpigment– carotene
andtannin.

Whentheproductionof chlorophyll throughthechloro-
phyll synthesisbegins to decreasethe rate of decomposi-
tion of chlorophyll is higher than the rate of chlorophyll
synthesisandthereforethe concentrationof chlorophyll is
decreasing.To simulatethe intensityof thephotosynthesis
andchlorophyllsynthesisreactionthe ideais to utilize the
Arrheniusequationwhich determinesthereactionrateof a
chemicalreactionbasedon its environmentaltemperature,
its activationenergy andareactiontypicalconstantvalue.

Along with the falling of the environmenttemperature,
the reactionratesare affected and this way the seasonal
color changesare triggered.Due to the lack of activation
energy valuesfor theArrheniusequationthisapproachwas
not feasible.Thereforewe decidedto keepthe conceptof
the temperaturebeing the initiating factor in contrastto
other work [16] which selectedthe incident sunlight as
the main factor. We believe that thereis a strongcoupling
betweenincident sunlight and temperatureso the use of
temperaturesas initiating event seemsjusti�ed. A thresh-
old temperaturecanbede�ned in thetreespeci�cation,al-
lowing every tree to have its own genusspeci�c tempera-
turethresholdsfor eachseason.A combinationof thetem-
peraturethresholdand a weatherde�nition �le, denoting
monthlyaveragetemperaturesallow alsothesimulationof
treesin differentclimes.

However this conceptdoesnot accountfor the behav-
ior of adecreasein thepigmentsthatwouldhavebeencon-
sideredby theuseof theArrheniusequation.Thereforewe
hadto useanaturallookingdecreasingbehavior thiscanbe
foundin aexponentialfunction.

To simulatethedecayof chlorophyllpigmentsa simple
inverseexponentialfunctionwasusedwhile thegrowth of
theanthocyaninpigmentconcentrationutilizesanexponen-
tial functionof theform:

anthocyanin(x) = (ex � 1) � 2 (1)

By subtractingthevalueonefrom theexponentialvalue
we ensurean initial concentrationvalue of anthocyanin
of zero.The multiplication is an experimentaldetermined
valuefor increasingthesteepnessof thefunctionto achieve
thechangefrom greenleavesto yellow-orangefollowedby
theredcolorasit is describedby [6].



Figure 3. Example of a tree' s structure within
the scenegraph-tree of the intermediate rep-
resentation.

5. Realization

The applicationwasseparatedin implementationpack-
ages,namelythe FileLoader, the intermediaterepresenta-
tion packageInterMedandthemainpackageTreeVis, con-
taining the main applicationloop andthe 3D-API-speci�c
wrappingclass.The FileLoader's main task is to load the
speci�cation �le and store the valuesextractedfrom the
�le in its own datacontainers.Thesedatacontainersare
thenusedto build a scenegraph-like structurerepresenting
thetree.Thenodesof thegraphrepresentthetrunk, twigs,
leavesandtherequiredfrustums(seeSection3).Thisscene-
graphstructureis inspiredby previouswork of Lintermann
andDeussen[9]. They useda similar approachto imple-
menta interactiverenderingof plants.To implementour in-
termediatestructurewe were inspiredby this node-based
approach.This intermediatestructureis also the basisfor
applyingdynamicchangesbaseduponphysicsor environ-
mental in�uences. Figure 3 shows an exampleof sucha
scenegraph-tree.

Each CTwigSeg-node contains a geometry-segment
while the other nodesjust contain matricesto allow for
easy, relative positioning of the tree's segments.There-
fore transformationof the tree's geometryinto world co-
ordinatesrequiresfull accumulationof all matriceswithin
thetreeproceeding.This resultsin a full scenegraphtraver-
sal for every frame.A separaterenderlisthasbeenimple-
mentedto allow for precomputationof the vertex position
in world coordinates.Unfortunatelythis methodonly re-
sultsin a speedupfor non-dynamicbehavior of thetree.To
realizetheseasoningalgorithmwe hadto combinethedy-

Figure 4. Steps of the realization of the sea-
soning algorithm containing exchang ed data
between the steps.

namic shape-changingof the tree's leaves and the color-
ing modelasproposedin section4.2.The shape-changing
of the leaves is basicallydoneby applying new transfor-
mation matricesand then recomputethe world coordi-
natesof the verticesby traversing the scenegraph struc-
ture.

As basic lighting model a standardPhonglighting [4]
wasimplementedusinga combinationof vertex andpixel
shaders.We incorporatethe seasoningcoloring effect into
thediffusepartof thePhonglighting model.Thestandard
determinationof the leaf color is replacedby our new sea-
soningcalculationto getaseasondependentleafcolor.

To allow eachleaf to start with its color-changingcy-
cle at an independentpoint of time, we have to compute
pigmentconcentrationfor eachleaf every frame.Accord-
ingly we have to passthesecalculatedpigmentconcentra-
tionsto our shaderprograms.This is doneby attachingthe
concentrationvaluesto thegeometrydataof theleaf which
requiresa recomputationof thegeometrydataof eachleaf
ateachframeatleastduringthephaseof colorchanges.Fig-
ure 4 shows the basicstepsof the algorithmwith the data
�o w betweenthesteps.

6. Results

Wewantto presentsomeof ourresultsweachievedwith
our implementation.Sofar theprogramis designedto sup-
port four differentoperationmodes.

� staticrenderingwith standardT&L

� staticrenderingof a treewith per-pixel Phonglighting



� dynamicrenderingof atreewith per-pixelPhonglight-
ing andseason-dependentcoloring

� dynamic renderingof a tree with per-pixel season-
dependentcoloringandleaf-shapechanges

We testedour tree visualizationprogramon different
computercon�gurations.The testprocedureincludesren-
dering with the static tree visualizationapproachas well
asrenderingwith thedynamicvisualizationapproach.This
shouldgive a goodoverview on how performanceis in�u-
encedby theseasonalchanges.Thereforeour implementa-
tion wastestedwith a ATI Radeon9700Pro,Radeon9800
Pro andthe GeForceFX 5950graphicscard.Furthermore
computerswith differentprocessorswereselectedto make
differencesin CPUperformanceobvious.Thefollowing ta-
ble shows the resultswe achievedshowing a QuakingAs-
pentreewith approximately56.000polygons.Admittedly
the applicationin combinationwith the Direct3D runtime
was testedin the debug environment.Oncecompiledand
executedin a releaseenvironment,a performanceincrease
canbeexpected.

Computer FPS
AMD Athlon 2200XP+ ATI Radeon9700Pro 250
Intel Pentium4 2.8GHzATI Radeon9700Pro 250
Intel Pentium4 2.8GHzATI Radeon9800XT 330
Intel Pentium4 2.8GHzGeForceFX 5950 59

Table 1. Results sho wing our tree with static
rendering and �x ed coloring of the leaves.

Computer FPS
AMD Athlon 2200XP+ ATI Radeon9700Pro 11
Intel Pentium4 2.8GHzATI Radeon9700Pro 18
Intel Pentium4 2.8GHzATI Radeon9800XT 22
Intel Pentium4 2.8GHzGeForceFX 5950 14

Table 2. Results sho wing our tree with the
use of dynamic features and seasonal color -
ing.

The results show that the current algorithm is still
strongly dependenton the CPU performance.The re-
sults of the AMD 2.2GHz and the Pentium42.8GHz in
contrast show this clearly, especially in the con�gura-
tion with thesamegraphicshardware.Thereforethediffer-
enceof seven frames(Table2) betweenthe AMD Athlon

2200XP+ andtheIntel PentiumP42.8GHzbothequipped
with a ATI Radeon9700Prois only causedby the differ-
encesof the CPUs. This is furthermoreobvious taking
into accountthe equal frame ratesin the caseof render-
ing a static tree (seeTable 1) becauserenderingin this
case consists of simple geometry rendering in combi-
nation with pixel shadersand no transformationsat all.
The problemcan be addressedby reducingthe complex-
ity of the internal scenegraphstructure,which at the mo-
ment comprisesapprox.12.000nodesfor the testedtree
with 56.000polygons.

Furthermoreit is recognizablethattheshaderunit perfor-
manceon ATI graphiccardsis betterfor our implemented
algorithm.

7. Conclusionand Future Work

Basedon the modi�ed treevisualizationmodelof We-
ber andPennwe areable to displaya very realistic look-
ing tree.By parsingthetreespeci�cationandconvertingthe
gathereddatainto anapplication-internalintermediaterep-
resentationwecreateahierarchicalstructurefor fastaccess
of the tree's properties.Furthermorethe intermediaterep-
resentationallows us to freely modify the tree's structure
which practicallyleadsto theopportunityto simulatewind
or growing effectsby applyingsimpletransformationma-
triceswhicharederivedfrom theappropriatephysicallaws.
Throughthe useof vertex- andpixel shaderprogramswe
applya Phonglighting modelto theleavesandadditionally
a DOT3-bumpmappingalgorithmto the tree's bark to ac-
countfor animproved,spatialappearance.On this lighting
modelwebaseouralgorithmfor realisticseasonalcoloring,
takinginto accountthebasicscatteringeffectof thelight in
thepalisadecell layerof the leaf by theuseof theFresnel
coef�cient. Thereforewe areable to createrealistic look-
ing seasonalcoloringbaseduponthepigmentconcentration
presentedasexponentialdecayfunctionsandthetreegenus
speci�c compositionof pigments,de�ned throughthe tree
description.In combinationwith our weatherdatabasewe
arealsoableto simulatedifferentclimesandenvironments,
basedontemperature,rainfall andsunlight.Thiscoloringin
combinationwith our shape-changingalgorithmprovidesa
realisticlooking year-cycleof a tree.Yet we arenot ableto
competewith advancedstatictreevisualizationalgorithms
asour implementationstill lacksseveralperformanceopti-
mizingalgorithmssuchaspoint-basedrenderingor level of
detail.Also ourintermediaterepresentationstill offersroom
for performanceoptimizationsasthescenegraphstructureis
still toocomplex especiallyif dynamicfeaturesareneeded.
Thesetopicswill likely beaddressedby futurework.
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Figure 5. The �r st image sho ws the tree in summer with full green leaves. The second image sho ws
�r st chang es in the leaves' s color due to chang es in the leaves' s pigment concentration and �nall y
in the thir d image the red coloring of the leaves becomes dominant due to increasing anthoc yanin.

Figure 6. In the �r st image the leaves turn brownish due to the remaining tannin pigments. The sec-
ond and thir d image sho ws the tree in the stadium of falling leaves.

Figure 7. With star ting of spring the tree' s leaves grow again. Star ting from small to their �nal size,
sho wing the tree in its full glor y.


