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Abstract

Generatiorof dynamicnaturalsceness essentiafor real-timeap-
plications,suchassimulatorsor video-gamesThis paperpresents
a methodfor animatingandrenderinga prairie in realtime. The
geometriomodelfor thegrassrelieson threedifferentlevels of de-
tail: 3D geometryvolumetrictextures(calledhere2.5Drepresenta-
tion), and2D textures. The animationof theseLODs is controlled
through proceduralanimationprimitives that implementwind ef-
fectssuchasslight breezegustof wind, whirlwind, or blastof air
dueto a ying object. Smoothtransitionsbetweenlevels of de-
tail arecomputed'on the y” accordingo cameramotion,without
stoppingthe animation. We discussreal-timeperformanceon two
platforms: an SGI 02, andan ONYX 2 with an In nite Reality
board.

Categories and subject descriptor s: 1.3.5 [Computer
Graphics]:ComputationalGeometryand ObjectModeling—Cure,
surface, solid and object representationsiGeometrictransforma-
tions;1.3.7[ComputerGraphics]:Three-Dimensionabraphicsand
Realism—AnimationTexture, Virtual reality.

Additional Key Words and Phrases:
Levelsof detail,Naturalphenomena.

Real-time3D graphics,

1 Introduction

Humanbrainseemdo have aninsatiableneedfor compleity. This
is particularlytrue whenonelooks at computergeneratedmages:
details,and if possibledynamicdetails,are essentiato immerse
oneselfin avirtual world.

But this visual compleity is dif cult to achieve for interactive
applicationssuchasvideo games.Owing to the the power of 3D
boardsandto the basicgeometryof arti cial (i.e. purely human
made)ervironmentsjndoor scenesreeasyto renderandanimate
in real-time.Outdoor thepresenmodelsarenotvery attractve, es-
peciallyfor naturalscenesindeed becaus®f their richnesdn an-
imateddetails,they arevery dif cult to renderin real-time.More-
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over, little work hasbeencarriedout in this direction. This paper
focusen this new andexciting challenge.

We presenta setof methodsfor thereal-timedisplay animation
andcontrolof avery speci c kind of naturalscene:a prairie. Nev-
erthelessthe methodologywe develop cansene asa startingpoint
for moregeneralapplications.As our maintargetapplicationsare
video games.the imagesneedto be generatedrom the point of
view of a walker (i.e. with a grazingangle). The prairie example
is challengingbecausegreatportions of bladesof grasscontinu-
ously rangefrom very closeto quite far regions from the viewer
(see gure 1). Our solutionrelieson the simultaneousiseof three
levelsof detail (3D geometryvolumetrictexturesand2D textures)
to representhegrass.In additionto this representationye present
amethodfor animatingthe prairie underthein uence of avariety
of wind-effects, which canbe interactiely controlledby the user
Lastly, we describetransitionsbetweenanimated_ODs whenthe
cameramoves, without altering the perceptionof grassblown by
thewind.

Figurel: A realimageof thekind of naturalscenewe would like
to modelandanimatein real-time

1.1 Related work

To the authorsknowledge,no previous work hasbeendoneon the
speci ¢ caseof real-timeanimationof prairies.However, anumber
of previousworks, eachrelatedto a speci ¢ aspecbf our problem,
wereaninspirationto us. They aredescribecext.

Object representations:  The rst obstaclefor generatinga

virtual prairieis thenumberof geometrigrimitivesthatareneeded.
Renderingageometrianodelfor eachbladeof grasshasbeendone
usingparticlesystemg10, 11]. But doingsowith asufcient frame

ratesandatthe scaleof awholeprairieis clearlyimpossible.Thus,

coarserrepresentationsave to be generatedHowever, the prairie

beinga collectionof mary smallobjectsratherthana singlecom-

plex one,geometricmethodssuchas polygonsdecimationcannot
beused.



Volumetric textures, or “texels” [5, 9], is one of the bestrep-
resentationgor capturingthe compleity of fuzzy objectssuchas
vegetation,fur, or shorthair. Real-timeimplementation®f texels,
basednlayersof polygonsmappedvith semi-transparenéxtures,
have beenrecentlydeveloped[8, 6]. In particular Lengyel[6] uses
real-timetexelsfor representindur, whichis quitesimilarto grass.
His work allows oneto spantheviewing distancefrom close-upgo
farviews, thanksto theuseof severalLODs. Thelatterinclude ne
to coarseversionsof the texel representatiortexturesbeingmore
or less ltered. In addition,a methodfor generatingeal-timesoft
shadavs is described.

This work is not directly applicablein our case: rst, Lengyel
mapsthe semi-transparertextures modeling fur onto concentric
shells over the supportsurface. Although convenientwhen the
predominantviewing direction is perpendicularto this surface,
this methodwould not give goodresultsfor computinga walker's
view in a prairie, shell polygonsbeingviewed edge-on.Secondly
Lengyels methods notdesignedor allowing animation:although
animationmethodshadbeendevelopedfor previoustexel represen-
tations[9], theway Lengyelpre- Iters thesemi-transparenéxtures
forbidsary animationof hair strands.Only cameranotionscanbe
generatedand the motionlessnessf the sceneconsiderablysim-
pli es the generatiorof smoothtransitionsbetween_ODs.

Ourwork alsoreliesonreal-timetexelsfor oneof the LODs, but
doesit in a slightly differentway, more corvenientfor generating
animations.Althoughwe did notimplementit, Lengyel’s solution
for soft shadaving would certainlybeagoodway of enhancinghe
visualrealismof our prairies.

Animation methods: A rst methodfor generatinga stochas-
tic animationof elds of grassblowing in thewind is proposedy
Reevesin the mid-eighties[11], asan applicationof the particle-
basednodelingapproachParticlesevolving in a 2D spaceare rst
usedfor modelingcomplex gustsof wind subjectto randomlocal
variationsof intensity Theresulting2D wind mapsarestored for
eachanimationstep.Then,proceduratrajectoriesaregeneratedor
particlesmodelingbladesof grassby lettingthembendproportion-
ally to the intensity storedin the map, accordingto a given wind
direction.

Still usinga procedurabpproachNeyret[9] animatedreezan
ameadwv by applyinga sinewave motionto the control pointsof
ray-tracedexels modelinggrass.This methodgenerateshe same
deformationsasif bladeswere embeddednto an animatedFFD
volume[12]. Thereforejt resultsinto avery homogeneouanima-
tion.

Generatinggrassresponsdo variouswinds can be doneusing
physically-basedimulation.Wejchert{15] simulategshemotionof
falling leavesin velocity elds createdby combininga few wind
primitives. Shirya[13] simulatesvegetationsuchastreesandgrass
blown by complex wind elds. Themaincontributionsareanaccu-
ratemodelingof the stochastigropertiesof winds,which aremod-
eledin Fourier spaceandthen convertedinto time varying-force
elds, andtheideaof usingphysically-basedimulationof theveg-
etation.However, althoughthisideais appliedto treebranchegus-
ing themodalanalysisof uniform beams)the physicalapproachs
consideredootime consumingor beingappliedto grass:procedu-
ral particleanimationis usedasin [11], but with initial conditions
thatvary with thelocal valueof theforce eld.

Still closeto grassmodels,physically-baseanodelinghasbeen
appliedto hair. Anjyo [1] relies on chainsof rigid sticks, with
1D oscillatorsat hinges,for simulatinghair motion underthe in-
uence of wind. To increaseef ciency, Dalegan[3] only applies
physically-basednodelingto few “strandsguides”, interpolated
motion being usedfor othersstrands.However, even this simpli-
ed methodwould hardly reachreal-timeperformances applied

to awhole prairie, wherethe view goesfrom closebladesof grass
to hills in thedistance.

Closerto our concerrfor ef ciency, Stam[14] generateghe an-
imation of treesunderturbulent winds in real-time. Similarly to
Shirya[13], hereliesonmodalanalysisof treedynamicsandonthe
stochastionodelingof winds in Fourier space.However, the key
ideahereis to combinepre-computedibration modesfor animat-
ing the tree branchegatherthan integrating dynamicalequations
over time. Our solutionto prairie animationinspiresfrom Stams
ideas:we rely on physically-basegrecomputationsluring a real-
time animationsessionwherethe effects, ratherthanthe causes,
areanimated. However, we are not meaningto performa proper
simulation,sowe usemuchsimplermodels:we animatetheaction
of proceduralvind primitives— similarto thosein [15], butwith an
additionaltime-varying stochasticomponent— ratherthanaccu-
rately modelingturbulentwinds. Moreover, our pre-computations
only simulatesimpli ed physically-basednodels(asthoseusedin
hair modelingtechnigues)which aresufcient to easilyobtainan
acceptableisualrealism.

Concerninganimationtechniquesn a LOD framework, the si-
multaneousiseof several LODs hasalreadybeenappliedin both
procedurabndphysically-basednimation2, 4, 7]. Thebasicprin-
cipleis to generatalifferentapproximation®f the desiredmotion,
accordingto the numberof degreesof freedomthat are currently
active. Our animationmethodcan also be interpretedthis way.
However, the prairie caseexacerbates dif culty thathasnot re-
ceivedmuchattentionin the past:the problemof generatingseam-
lesstransitionshetweenLODs during animation. Indeed,thereis
noskin (contraryto [4]) for hidingtheswitchesetweerLODs,and
classicakross-dissolgtechniquesvould resultin vanishingblades
of grassreappearin@t differentlocations.

1.2 Overview

This paperpresentsan integrated set of methodsfor animating
prairiesin real-time. The rst contrikution, describedn Section2,
is arepresentationf grassthatincludesthreedifferentLODs and
yieldsreal-timevisualization. Theanimationalgorithm,introduced
in Section3, relieson precomputationfor enablingthe animation
of wind primitivesover the prairie. Interactive control of wind ef-
fectsis illustratedthroughthe animationof a ying objectthatpro-
ducesa blastof air. Section4 introducesan original techniqueto
achieve seamlesdransitionsbetweenLODs Thesetransitionsde-
pendson the cameramotions. They allow the differentLODs to
adequatelgoexist duringtheanimationof theprairieandthemove-
mentof thewalker. Performancesrediscussedn Section5. Sec-
tion 6 concludesandpresentfuturework.

2 Real-time Display of a Prairie

Let us considerthe caseof a standardvalker's view of a meadw,

with a viewing directionalmostparallelto the terrain. Then,both
closeanddistantpartsof the eld of grasswill appeaiin the same
image. To obtaina goodvisual quality with a high framerate,we
combinedifferentrepresentationaf grasseachof thembeingused
at a given distancerange. In addition, to allow cameramotion,
the prairie modelmustsupportanadaptve tiling of theterraininto

regionsspeci ¢ to a given LOD. The next sectionsdiscussthese
two points.

2.1 LOD representation of grass

While 3D bladesof grassarethe only acceptablesolutionto gen-
eratecorvincing renderingandanimationcloseto the viewer, tex-



turedpolygonsareusedto solve both aliasingandef ciency prob-
lemsin distantregions.

Figure2: Firstlevel of detail: the 3D representationTop left: a
bladeof grass.Top right: 3D bladeslocatedin a slice of a patch.
Middle: a patchof grassviewed from aboe. Bottom: the same
patchfrom thewalker's point of view.

Werely onthreelevelsof detailto represengrass.

a 3D representationgepictedin Figure 2, is usedfor blades
of grassnearthe viewer. Thebladeis represente@dsa chain
of line-segmentprimitives.

aninteractve representationf a volumetrictexture, inspired
from Meyer's work [8], is usedat mid-distance.Ratherthan
using semi-transpareriyersmadeof one polygon, we use
layersof vertical polygonstrips,like the onedepictedn Fig-

ure3, in orderto allow animation.Eachpolygonstrip is cov-

eredby asemi-transparenéxturerepresentingpladesof grass
(seeFigure4). Therearetwo possibleandperpendiculaori-

entationsfor eachpolygonstrip. We choosethe one which
preventtheviewing directionfrom beingparallelto the poly-

gon strip. In the remainderof this paper we call this model
the“2.5D” representation.

a2D textureis mappedntheterrainfor representingrassn
distantregions.

TheseLODs caneasily be tunedfrom ne to coarseversionsby
changinghenumberof geometrigorimitivesin the3D grassmodel,
the numberof polygonsandthe resolutionof texturesin the 2.5D
representationand the resolutionof the texture in the 2D model.
We will developthispointin Section5.

Receivers

Figure 3: In the 2.5D representationthe two vertical edgesof a
polygonstrip canbeanimated.

2.2 Coating the terrain with patches of grass

Theterrainmodelis anelevationmap. To allow thejoint useof dif-
ferentLODs for the grasswe tile the mapinto a numberof square

Figure 4: SecondLOD: 2.5D representation. Top: a polygon
strip mappedwith a semi-transparentexture. Middle: a view
from above shaving the layersof textured polygons. Bottom: the
walker's view of the grass-patch.

elementscalled“patchesof grass”,asshavn in Figure5.

Figure5: Theterrain,tiled into patchesof grass,is viewed from
above. Thewalker's positionandhis view conearerepresentedNo
grassrepresentatioiis associatedvith the lightestpatcheswhich
areculled. Theremainingpatchesaredisplayedin differentcolors
accordingo thegrassLOD thatis appliedto them.

Sincethewalker's view is supposedo be parallelto theground,
we rely on a basic2D culling to quickly getrid of mostpatches
of grassthatwill notappeaiin theimage(seeFigure5). Remain-
ing patcheof grassareprovided with a givengrassrepresentation
accordingo their distanceo theviewer. We usea 2D discretedis-
tance,wherepatchessharingan edgeor a vertex with the viewer
patcharesetto be at distanceone. Regionsassociateavith a spe-
cic LOD arede ned by a givenrangeof distance(for instance,
the 2.5D representatiolis usedfrom distance3 to 6 in Figure5).
A discussionon the tuning of distancethresholdswill be heldin
Sectionb.

Generatinga transitionbetween_ODs whenthe cameramoves
requiregheability to representonsistentithe samepatd of grass
usingary of the threerepresentations.To do so, we usea pro-
ceduralmethodto build stochastigpatchesof grass. This is done
from the nest to the coarsestepresentationwe generatehe 3D



bladesof grass rst, usingrandomnumbersto setthe orientation
of eachbladesggment. Then,the semi-transparenexturesusedin
the2.5D representationaregeneratedhy computing2D imagesof
the 3D bladesincludedin aslice of the 3D patchof grass.Finally,
the 2D texturesare computedas coarsemagesof the 3D patchof
grasstakenfrom differentviewing angles.Mip-mappingis usedto
Iter theseexturesaccordingo thecurrentviewing distance Since
we useOpenGLalpha-channébor transparencieshe scends ren-
deredfrom backto front. To achieve that, we just needto process
the prairiein theright order withouthaving to sortary polygons.

In practice transitionswill take placeduringareal-timeanima-
tion sessionwheregrassundulatesinderthein uence of wind. Af-
tera descriptionof ouranimationalgorithmin Section3, Section4
will presenbur solutionfor the generatiorof seamlessransitions
duringmotion.

3 Interactive Animation of Grass

3.1 Procedural contr ol of wind effects

We arelooking for ananimationalgorithmthat

producesa corvincing deformationof grassblowing in the
wind,

is efcient enoughto beapplyto awholeprairieatinteractve
rates,

andprovidesthe userwith aninteractve control of wind ef-
fects.

Theseinteractionsare essentialin applicationslike video games
where charactersshould cut their path throughwild grass,may
throwv bombs,or land onto the prairie with ying vehiclessuchas
helicopters Othereffects,suchasbreezeor gustsof wind, will have
to bestochasticallygeneratedn aim of increasingealism.

Asin [15] we animateheprairieby computingthecombinedac-
tion of severalwind primitivesmoving over the terrain. However,
contraryto this previous work, we defendtheideaof modelingdi-
rectlywind primitivesthroughtheir consequencesn grassmotion,
ratherthanmodelingthe force or velocity eld thatcausest. This
allows usto useproceduraknimationinsteadof physically-based
simulationof grassblown by the wind which would have beenim-
possibleatthe scaleof awhole prairie.

3.2 The receiver concept

A wind primitive shouldbe ableto actupona patchof grasswhat-
ever its currentLOD. To do so,wind primitivessendinformations
to grassthroughreceives. Every animateobject hasan associ-
atedrecever. At eachframe,all thereceversreceve information
from wind primitives. Then,all the animatedbjectsaredravn ac-
cordingto the informationsstoredin their associatedecever. A

recever canstoreinformationsentby severalwind primitives.

In the 3D model, recevers are associatedo the 3D bladesof
grass. In the 2.5D model, they are attachedo the vertical edges
of the semi-transparemolygonstrips. Thus2.5D texture canbe
animatedby moving thetwo verticaledgeasyou would have done
for blade of grasseqseeFigure 3). We did not provide the 2D
model with recevers becauseve have not animateit. That one
onethe main future improvementof this algorithm (we expectto
uselight mapsto modelthe changeof light re ection whengrass
bends).

Toreducethetime neededo spreadnformationovertheprairie,
the sizeof the informationwhich is sentby wind primitivesto re-
ceiversmustbe ascompaciaspossible We have seernthatboththe
3D and2.5D receverscanbe consideredo be attachedo a blade

of grass.Thatis why we choos&o sentto receiversadirectionand
anindex. Thedirectionis the curve directionof the bladeof grass,
andtheindex describehov muchthebladeof grasss bent.

In fact, there are somedifferentskind of grasswith specic
size and stiffness. For eachkind of grass,we have precomputed
the rangeof possiblebentpostures.This canbe doneby usinga
physically-basedimulatorwhich look at the successie 2D pos-
turesof the bladewhena constantvind startsblowing from agiven
direction. A given numberof characteristiposturesjndexed from
1.0to -1.0, where0 is the bladeof grasss reststate,are extracted
from thesesimulations(seeFigure6).

Eachprimitive usegheprecomputegbosturesn its own andspe-
ci ¢ way, andcanchangehedirectionandthe bentof all theblade
of grassesvhich areunderits in uence. This choicewill allow the
samewind primitive to have differenteffectson the regionsof the
prairie plantedwith differentkind of grass.

Index: 0.0

Index: -1.0 Index: 1.0

Sz

Figure6: Precomputegbosturegesultingfrom a physically-based
simulation. It is useby receversto translatea given index into
spatialpositions.

3.3 Design of wind primitives

We wantto control boththe spatialextentandthe actionof a wind
primitive ontothe grass.To dothis, we de ne awind primitive as:

a 2D maskthatrepresentshe spatialextentof its action,and
which may move over the terrain during the animation. In
practice the maskis discretizedbover the patchef grasshat
tile theterrain.See gure 7.

anactionis aprocedurghatsendinformationwhich describe
the consequencé.e. the postureindex andthe direction) of
thewind primitive on ary bladein the maskvia therecevers.

All thereceverswhich arein the 2D maskof a given primitive
storethedirectionandtheindex of deformationghatcanbeapplied
to their attachedblade of grass. Dependingon the type of wind
primitive, both postureindex anddirectioncanbefunctionof time.
In consequencean actionreturnsa time-varying vectot directed
alongthebendingdirection,andwhosenormis the postureindex.

whirlwind .

gust of wind

Figure7: Masksusedfor thegustof wind andwhirlwind primitives,
seerfrom abore. Thesemasksmove overtime.

Let us take the exampleof the gustof wind primitive. A gust
of wind is de ned by a strip shapednaskthattranslatesover the
terrainin anorthogonaldirectionto its mainaxis (seeFigure7). A
bladeof grassreceving the gustshouldbendin thatdirection,and
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Figure8: Physically-basegrecomputationgive the postureindex
to usefor bladesof grassover time. The functionabore represents
thevariationof postureindex whena constantvind startsblowing.

thenoscillateback and forth beforecomingbackto its reststate.
During the physically-basegrecomputationsywe have measured
the parameter®f theseoscillations,i.e. the time variation of the
blade of grasss postureindex when a constantwind reacheshe
bladeof grass(seeFigure8), andwhenthis wind suddenlystops.
Thesevariationscanalsobeinterpretedasspatialvariationsof the
postureindex, at a giventime step,over the primitive's mask. In-
deed,asthegustof wind translateover the prairie, bladesof grass
thatareat the front of the gustarejust startingtheir motion, while
thoseat its far endarejust nishing their oscillation,backat their
restposition.

In consequencehe functionsgiving time variationsof indexes
arealsousedfor representinghe procedurakctionof wind prim-
itives. For instance at eachtime step,a gustof wind sentposture
anddirectioninformationto every recevers,accordingo their po-
sition in the prairie. In orderto obtain a non-uniformresult (as
thosegeneratedy stochastiovinds), it is necessaryo add small
oscillationof randomdirectionandintensityaroundthe prescribed
position. A resultingimageis shawvn in Figure9.

Figure9: A gustof wind passingover a prairie.

Implementinga variety of other wind primitive can easily be
done using the sameapproach. In addition to the gust of wind
primitives, our systemalreadyincludesgentlebreeze whirlwind,
andblastsof air dueto ying objects(seeFigure10).

The gentle breezeis characterizedby an in nite mask. Our
modelfor its actioncombinesmotion at two differentscales:each
bladeexperiencesa successiomf small stochastimscillations,of
randomanglesandintensity aroundrestanglesandbentpositions
thatslowly vary overtime. Here,asolutionrelyingonthestochastic
propertiesof turbulentwinds, asthosein [13, 14], would generate
muchmoreaccurataesults.

The whirlwind primitive usesa circular mask, the bendingdi-
rectionat eachpoint beingtangento the circle, andthe amountof
bendingbeinglarger nearthe centerof the circle (seeFigure 11).
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whirlwind gentle breeze

Figure10: Every wind primitivescanbedescribeasavectors eld.
Thedirectionof avectoris thebendingdirectionandits normis the
postureindex.

The prescribedostureindex slightly changesver timein acircu-
lar way aroundthe centerof the mask. As in the gustprimitive,
stochastimscillationsaroundtheseprescribedpositionsare added
to producea non-uniformmotion.

Figure1l: A whirlwind.

Theblastof air primitive modelsarepellingblow arounda ying
object. Themaskmaybeof ary shapelt translatesndrotatesonto
the prairie accordingto the motion of an objectunderthe users
control. Here,the main bendingdirectionsareradial to the mask
contour As usual,stochastismalloscillationsareaddedo achieve
lessregular grassdeformations.A screenshofrom an animation
illustrating the useof this primitive areshawvn in Figure12. Here,
theusercontrolsthemotionof a ying sauceihereatea-pot).The
latter always staystwo metersabove the prairie,generatinga blast
of air, asanhelicopterwould do.

Figure12: Interactie control of the blastof air primitive, through
the displacemenbf a ying object. In this image,both some3D
grasgpatchesandsome2.5D grasspatchesntersecthe primitive's
mask.

In practiceseveralprimitivesmaybeactive atthe sametime over
the prairie, and passthroughthe samelocation. Due to the very
natureof the primitiveswe implementedwe choosedo seta pri-
ority orderbetweerthem. The primitive of highestpriority simply
cancelghe effect of otherprimitivesappliedat the samelocation.
Indeed,the blastof air andwhirlwind will overcomethe effect of
gustsof winds, which will themseles maskthe effect of gentle
breeze.A more generalsolutionwould consistin computing,for



eachrecever, a weightedsumof the actionvectorsresultingfrom
the differentprimitivesappliedat this location. Neverthelessmix-
ing thein uence of severalwind primitivesin arealisticis hoteasy
atall. Actually, theseis oneof the biggestlimitation of the proce-
duralapproach.

4 On The Fly Transitions between LODs

A standardwalker's view of a prairie depictsregionsrepresented
with differentlevels of detail: the 3D representatioiis usedclose
to the viewer, the 2.5D modelis setup next, andthe 2D textureis
appliedin the background.As the walker — andthusthe camera
— moves, adequateransitionsbetweenLODs have to take place.
Generatingseamlesdransitionis mademore dif cult by the fact
that patchesof grassare animated. Transitionsshouldnot affect
the visual perceptionof grassmotion. This sectiondescribeour
solutionto this problem.

4.1 Scheduling a transition

The criteria for startinga transitionbetweenLODs are thosepre-
sentedn Section2: if a patchof grassthatwasalreadyvisible at
the previoustime stepchangestatus,.e. if its discretedistanceto
thecameraeaches limit value,atransitionto anothel.OD hasto
be started.Slightly differentlimit valuesarechoserfor goingback
andforth from a LOD to the next one, so that a grass-patctwill

not stayforeverin atransitionstateif thewalker standsat thelimit

distance.

To be smooth,the transitionwill have to lastwithin a few time
steps. In practice,the durationof the transitionis chosensmaller
thanthetime takenby thewalker to crossa patchof grasso avoid
generatingtoo mary actie transitionsat the sametime. For in-
stance for a walker's speedof one meterper secondandpatches
of grassof 2.5 2.5 meters,we setthe durationof a transitionto
twentyiterations,i.e. aboutonesecond.

4.2 Transitions between 3D and 2.5D LODs

A rst remarkis thatapplyingamereswitch,or afadein - fadeout,
betweenthe 3D and 2.5D representationsould give particularly
poorresultsdueto thespeci ¢ structureof grassthereis extremely
little chancethatthe animatedladesof grassof thetwo represen-
tationsappearexactly at the samelocationfrom the walker's point
of view, sothis solutionwould resultinto bladesof grassdisappear
ing somavhereandreappearinglsevhere,whichis unacceptable.
An alternatesolutionfor generatingransitionis to apply a morph-
ing technique However, standardnetamorphosidoesnotapplyto
our case:Dueto the speci ¢ natureof the LODs we use,morphing
betweerBD geometryanda mappedexture hasto be de ned.

Computingmorphingbetweer8D bladesof grassandtheblades
paintedonto the semi-transparerpiolygonsof the 2.5D represen-
tationis madepossibleby the way we constructpatchesof grass,
describedn Section2: eachrepresentatiomnisesthe samenumber
of blades,sinceeachsemi-transparertexture is the imageof the
3D grassthatlie betweentwo given planes(see gure 13). How-
ever, we still have to de ne a morphingmethodthatworks during
motion.

Our solutionis to store,for eachbladeof grasspaintedon the
texture, its relative coordinatesn thetexture spaceasillustratedin
Figurel4. This paintedbladewill sene asatargetfor a3D bladeof
grasswhich will move anddeformto t its coordinateswhatever
the currentmotion and deformationof the semi-transpareroly-
gons.Morepreciselywhenapatchof grasssin thetransitionstate,
bothits 3D and2.5Drepresentationareactive atthesametime. At
eachtransitionstep,their individual animationarecomputedrst,

Figure13: 3D geometryandtextureto bemorphed.

Figurel14: The positionof eachcontrol point of abladedravn into
the 2D texture is precomputedndstoredin texture-spaceoordi-
nates.

exactly asusual. Then,each3D bladeof grassis displayedat an
intermediateposition betweenthe positionsprescribedoy the 3D
representatiorandits 2D targetposition. We usea merelinearin-
terpolationfor computingtheintermediatgosition,thecoefcients
varyingwith theindex of thetransitionstep.For instanceijf we are
computinga transitionfrom 2.5D to 3D, the 3D bladeof grassis
displayedrst atits targetpositiononthetexture,andthenreaches,
within a few time steps,the position computedby the 3D grass-
patchmodel. The oppositetransitionis usedfor switchingfrom 3D
to 2.5D.Althoughwe uselinearinterpolation themotionof ablade
of grassis non-planardueto the factthat eachof thetwo LOD is
animatedduringthetransition(seeFigure4.2).

Onemay noticethat the root of a bladeof grassmoves during
transitions. Although this choicemay seemunrealistic,it proves
goodin practice: being quite smallerthan the motion at the tip,
the root's motion seemsalmostun-noticeablevhenlooking at an
animatedprairiefor thewalker's view point.

A noticeableartifactremainsvhenwe just switchfrom onerep-
resentationio another This createsa slight ash becausehe shad-
ing andthe width of the bladeof grassesrenot exactly the same
in the two representationsAdding an additionalfadein - fadeout
is sufcient to x the problem,sincebladesof grassare already

(@) (b)

Figure15: (a): Computinga smoothtransitionbetweerthe 3D and
the 2.5D representationis donethrougha progressie linearinter-

polation,duringmotion, betweera 3D bladeof grassandits target
bladein the2.5Dtexture. (b): Theresultingmotionof thedisplayed
bladeis non-planar



locatedatthe sameplace.

4.3 Transitions between 2.5D and 2D LODs

Here,the aim is to generatesmoothtransitionsbetweenthe 2.5D
representatiorhasedn texturedstripsof polygons,anda 2D tex-
ture, which is not animated. Using a mere crossdissole of the
two representationis often sufcient, sincethe 2D representation
is only usedin distantregions. However, it givesvery poorresults
attheoutlineof hills, wherebladesof grassof the2.5Drepresenta-
tion aresilhouettechgainsthe sky. Makingthemfadein andout of
thesky coloris really unrealistic.

To provide a better solution in this case,we have de ned a
moregeometricametamorphosibetweerthetwo representations.
Firstly, insteadf directly texturingtheterrainin the2D representa-
tion, we rathertextureanoffsetof it, locatedatanaveragedistance
betweerthetip andthetop of the grass.This helpsdisplayingthe
outlinesof hills at approximatelythe samelocationin thetwo rep-
resentations.Then, we generatea transitionby makingthe 2.5D
polygonsprogressiely grow (or un-grav) from (respectiely into)
the ground.Meanwhile,we let the 2D texture progressiely disap-
pear(respectiely appear).This resultsin still noticeable but not
too annging transitions.

5 Results

5.1 Performances

Marny parameter®f our implementation(for instancethe size of
the grasspatchesthe numberof bladesof grassthey include,the
numberof line segmentsprimitives per bladein the 3D represen-
tation, the numberof polygonsin the 2.5D representatiorandthe
distancaangegor whichagivenLOD is used)arestronglyrelated
to boththe quality of theresults,andthe performance®f the sys-
tem. Theseparametershouldbe tunedaccordingto the pawer of
theworkstationon which the applicationruns.

If the size of the patchesare small enough(about3 3 me-
ters), our applicationruns at a quasi-constanframerate. Indeed,
the numberof polygonsto renderandanimatevariesslightly. For
instancejf the 3D representatiois only usedat discretedistances
from the viewer rangingfrom 0 to 2, the numberof 3D patchef
grasscannotexceed8 for a x edviewing angleof . Eachof the
3D grasgpatchegakesthe sameamountof time to berenderecand
animatedsinceit hasa given numberof bladesof grassrendered
usinga given numberof polygons. Then, the amountof compu-
tation requiredby the 3D model can be easily bounded. Similar
calculationcanbedonefor the2.5D model.

However, if the sizeof the patchess too large, mary 3D blades
of grasswill not be visible becauseof the basicculling we use.
A simplesolutionwould beto reducethe sizeof the patchesput it
increasesherenderingime of 2.5Dgrass.In consequencét, could
beagreatimprovementto doamorepreciseculling to decreas¢he
wasteof time dueto bladesof 3D grasswhich areout of the eld
of vision. This canbe doneusinga quadtreefor thetiling of the
terrain.

In orderto nd out efcient instancef our system,we have
tried to avoid bottleneckdy settingparameterén sucha way that
similaramountf computatiorarerequiredfor treatingthe 3D and
the 2.5D representationdVe did notincludethe 2D representation
in theseconsiderationsinceit requiresno animationtime andal-
mostno renderingtime.

To give a more preciseideaof the way of adaptingour system,
somesetsof acceptablgparametersare detailedbelav, together
with theresultingperformancesntwo differentplatforms:an SGI
02 andan ONYX 2 In nite Reality The table belov compares
threedifferentimplementatiorof the system rangingfrom low to

high quality andusingthe sameterrainwith a sizepatchesequalto

2.5meters.Thetime neededo computethe animationis insignif-

icantin comparisorwith therenderingtime. The spaceneededor

all theprecomputingss about20 megabytes All themeasurebave

beenmadeonthe sameterrainof 100m 100m. Figure16 gives
anideaof the respectie visual qualitiesof the threeimplementa-
tions.

Figure16: Views of a prairierespectrely takenfrom thelow qual-
ity (left), medium quality (middle), and high quality (right) in-
stance®f thesystem.

Quality Low Medium High
Nb. of bladesperpatch 160 320 500
2.5Ddistanceange 3-8 2-12 3-20
Nb. sg. perbladeof grass 3 4 8
Approx.nb. bladesperimage | 100,000 | 500,000 | 1,000,000
FramerateonanSGI O2 5Hz 4Hz 2Hz
FramerateonanONYX 25Hz 12.5Hz 8Hz

Evenif thesemeasuresverenot madeon standard®Cs,we be-
lieve that they still demonstrateéhe applicability of the approach:
new graphicalPCworkstationsarealreadyfasterthanSGI 02, and
thereperformancearesimilarto ONYX.

5.2 Examples of animation sequences

A few framesfrom a walking sessionin the prairie are depicted
in Figure17. During this sequencesomeartefactsarestill visible
during the transitions,especiallywhenthe 2.5D grass‘grown” in
front of thebackgroundseethe borderlinebetweerthesky andthe
prairiein thesecondandthird picturesof Figure17). Nevertheless,
the animationis globally uid andpretty evenif the vegetationis
monotonougseesectiont).

6 Conclusion

We have presentech completesolutionto the problemof prairie
animationin real-time. Offering real-time control of sucha nat-
ural sceneis dif cult becausef the numberof bladesof grassto
animateanddisplay Oursolutionis basedntheuseof threediffer-
entLODsfor representingrass:3D geometry2.5Drepresentation
(i.e. volumetrictexture), and 2D texture. Procedurawind primi-
tivesareusedto animatetheserepresentationghroughassociated
recevers that control their degreesof freedom. An algorithmto
generatsmoothtransitionsbetweerLODs duringmotionhasbeen
describedThis methodhandlescontinuouschange®f camerapo-
sition during a prairie animationsequenceand interactize control
of wind effects. Lastly, this algorithmis applicableon variousplat-
forms by giving differentways of compromisingbetweenquality
andef ciency.

Our model could be improved by integrating a seriesof sub-
levelsof detailinto eachof therepresentations\s we statedearlier
severalparameterssuchasthe numberof line segmentsprimitives
perbladeof 3D grassor the numberof polygonsin the2.5Drepre-
sentationcanbe modi ed. We think thattuningthoseparameters
onthe y accordingo thediscretedistancebetweerapatchof grass
andthecameracouldgreatlyincreaseheframerate.



We arealsoworkingonamorecomple nite stateautomatdor
switching from one representationo another Our aim is to take
into accounthe anglefrom which a patchof grassis viewed when
choosingts representatiorfor instanceaview from abore, which
would be usefulfor viewing the prairie from the sky andfor gener
ating betterquality imageswhenthe walker is at the top of a hill,
shoulduseshell texture layersover the terrainratherthanvertical
onesfor implementingthe volumetrictexturerepresentation.

Finally, we alsoplanto improve theaestheti@aspecbf theprairie
by extendingour methodto othervegetationprimitiveslike bushes
andtrees. They could be modeledandanimatedn the sameway,
using a pre-computedghysically-basednimationfor helping pa-
rametersetting,andby generatingsmoothtransitionsbetweenan-
imated3D modelsand volumetrictextures. It could alsobe very
interestingto addsomewind primitives. In fact, the procedurabp-
proachwe usefor animatingwind could be generalizedo model
othereffectssuchasgrassinteractionwith humansor animalsrun-
ning throughthe prairie, or changef illumination dueto the sun
position.

Although our methodwas developedfor a speci ¢ application,
asthe approachwe have de ned is easyto generalizewe hopeit
will be appliedto othertype of landscapdike desertor oceanfor
instance.

Figurel7: Two framesfrom “A walk througha prairie”
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