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Abstract

We presenta simplemethodto render elds of grass,animatedin the wind, in real time Thetechniqueemploys
vertex shades to renderdisplacemenimapswith Russiandoll styletranspaent shells.Animationis achieved by
translatingthe surfaceaccoding to a local wind vectorwhile preservingthe length of the bladesof grass.This
techniqueachievescorvincingresultson currentconsumegraphicshardware and canbe appliedto othersimilar

surfacessud ashair andfur.

I.3.7ComputeGraphicsThee-DimensionaGraphicsand Realism

1. Intr oduction

Therealisticrepresentationf outdoorsceness acontinuing
problemin computergraphics Real-timecomputergraphics
have oftenreliedon being"indoors"- usinglarge occluding
walls to facilitate detailedrenderingsOutdoorapplications
have traditionallyusedvery sparsegeometryto describethe

landscapeoften greatlyimpactingits believability. In these
systemsa eld of grasscouldbereducedo asingletexture.

High performanceonsumercomputemgraphicshardware
hasallowedfor thedisplayof comple detailednaturalphe-
nomena,suchas the fur on a bunry4, at interactie fram-
erates.However, this work hasnot yet beenableto effec-
tively animatethe hair or grassdisplayed.Our work con-
tinuesin this tradition, while usingdisplacemenmapsand
vertex shadergo leveragecurrentconsumetevel computer
graphicshardwarefor theanimationof comple naturalphe-
nomena.

Ourgrasss composeaf transparenshells Jayeredabove
thelandscapeThe verticesof theseshellsaremovedin real
time to createthe animation.Control of the animationdi-
rection,in responséo a simulatedwind eld, is maintained
atthe vertex level. At eachtime step,eachvertex is moved
in accordancewith the local wind direction a distancede-
terminedby a globalintensityfunction. The wind direction
is storedat the vertex level allowing for arbitrarily accurate
wind movementover a landscapeand arbitrarily complec
wind patternsVerticesaredivided into groupsthat usedif-
ferentintensityvaluesfacilitating advancedglobalwind ef-
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Figure 1: A grassyknoll.

fectssuchaswavesacrosshelandscapeattenuationn wind
intensityor evenwhirlwinds.

2. RelatedWork

Volumerenderingechniqueshave beenappliedto the prob-
lem of displaying nely detailedsurfacesfor mary years.
Kajiya andKay! proposedisingvolumetrictexturesto ren-
derfurry surfaces Adding complex geometriesuchasgrass
or fur to a scenecangreatlyimprove its visual impact, but
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muchrealismis lost if thesegeometrieglo not move in an
appropriatevay. Neyrett producedexcellentresultsby ani-
matingthetexture volumes,nsteadof the geometrieshem-

selwes. This work wasaimedat improving the performance

of ray-tracingprogramsandnotdirectly applicableto inter-
active applications.

Now thathardwareexiststo rendervolumetrictexturesin
realtime, evenataconsumetevel, work hasbeendonewith
respectto renderingcomplex phenomenauchas grassor
fur in realtime. Lengyef produceda very corvincing furry
bunry usingseverallevelsof detail, someof whichincluded
volumetrictextures.However, thistechniquevasvery mem-

ory intensie andnot suitableto for animation.Subsequent

work® alleviated the memory requirementssomevhat, but
animationhasnotbeenaddressed.

Thedisplacemeniapswe usearepatternedafterKautz2.
Thistechniqués extremelymemoryef cient becausé gen-
eratesa texture volumefrom a singletwo-dimensionatex-
ture. Regrettably Kautz' techniqueto generateshellsin ar-
bitrary slicing directionsis not applicableheredue to the
high frequeng datacontainedn the grasstextures.We are
limited to shellsparallelto the models surface.Shellsper
pendiculato thesurfacesamplehebaseexturein onepixel
wide stripsandwould missa large proportionof the blades
of grass.Kautz doesnot addresshe animationof the vol-
ume.

PerbetandCanf do discussanimationof volumetrictex-
turesto producerealisticgrassin thewind. Their slicesare
perpendiculato the grounds surface,andthustheir system
is bettersuitedto low views, closeto the ground.They pre-
computea numberof posturesfor eachtype of grassand
sendinformationto eachbladeregardingwhich directionto
face,andwhich postureto assumeThetwo dimensionatex-
turesfor theslicesarethencomputedrom this information.
Having datato controlthe motion of eachbladeof grassal-
lows for somevery detailedanimationsput resultsin a per
formancepenalty This algorithmis dependenbn the num-
ber of bladesof grassin a scenelt would seenthatalarge
amountof texturememoryis alsorequired aseachsliceuses
auniquetexture.

Our techniqueis suitablefor viewing from above, asin
a ight simulator or for walking in relatively shortgrass.It
is fast,and becauseanimationdatais interpolatedbetween
verticesof the basemesh, elds of grasscanbe arbitrarily
denseOurtechniquas memoryef cient, asall theshelltex-
turesaregenerate@srequiredfrom onebasetexture.Lastly,
our techniqueincorporatesrertex shadersavailable on cur
rent consumermgradegraphicshardware to further increase
speed.

3. Approach

Thegrassis renderedhroughRussian-dolktyletransparent
shells.Several copiesof the baseterrain meshare created

by displacingtheverticesalongtheir associatedurfacenor-
malsin a vertex shader The shellsare transparenexcept
wherea bladeof grassintersectsthem. At thesepoints, a

Figure 2: Shellsare extrudedalong the normalsabove the
basemesh.

crosssectionof the bladeis containedwithin the texture. A

Figure 3: TheGrassTexture Map with AlphaChannel

singletexture is usedto generateall the shell textures,en-
codingthe "height" of the grassin the alphachannel.The
groundhasno heightandthusall groundtexelsin thetexture
have analphavalue of zero.Texelsrepresentinggrasshave
non-zeraalphavaluesdependingntheirrespectre heights,
up to a maximumof 255. As we seein Figure 3, the white
"dots" in the alphachannelof the texture map correspond
to the greendotsrepresentinga cross-sectiomf a bladeof
grass.

Theshellsarerenderedn bottomto top order We enable
thealphatestandsetthe alphacomparevalueto the shell's
height beforedrawving eachshell. The rst shell, the base
groundmesh,is composedf all thetexelsin thetexture,so
the alphacomparevalueis setto zero (with the alphatest
methodsetto greaterthan or equal).Before the rendering
of eachsubsequerghellthe alphacomparevalueis setto a
highervalue.For example,if 10 shellswerebeingrendered,
the rst shellabove the basemeshwould be renderedwith
analphacomparevalueof 255/10= 25. Any bladeof grass
with a heightgreaterthanonetenthof the maximumheight
would have a crosssectionincludedin thatshell's texture.
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Figure 4: Closeview of grassrendeedwith 16 shells.

Animationis implementedoy moving eachvertec along
its "wind vector" - a vector storedwith eachvertex. Wind
vectorsarecomputedn a preprocessingtep.

Figure 5: Images RepesentingWind Vectors. The wind
souce is roughlyin the cente of the images. The original

heightmapis shownat left. The X,Y and Z component®f
the vector are mappedto the red, greenand blue compo-
nentsrespectivelyof thecente image. Theanimationframe
to which ead vertex belongs,in this caserepresentingits

distancefromthewind source, is shownat right.

There are several ways of generatingappropriatewind
vectorsrangingfrom heuristicso artistpaintingto a proper

uid dynamicssimulationof wind moving over alandscape.

Our actualanimationalgorithmwill only considerthe con-
tribution of thiswind vectorthatis perpendiculato thelocal
surfacenormal. This restrictionwould be easyto overcome
with additionalpervertex data,which would, howvever, de-
gradethe performancsslightly.

Fortheexamplesn this papetwe have usedasimplepoint
sourcefor thewind, andthe vectorfrom eachvertex to the
wind sourceis projectedonto the vertex normal. The wind
vectoris thenthevectorin theresultingplanethatis perpen-
dicularto thevertex normalandis givenby:

Ww W WNN

WhereVy is the wind vectorat the vertex, W is the vector
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from the vertex to thewind sourceandN is the normalvec-
tor. All vectorsareassumedo benormalized.

Given a wind direction, every vertex is moved alongits
normalvectorandits wind vector(perpendiculato the nor
mal vector) every frame. The amountmoved along these
two vectorspreseresthe inter-shell distance andthusthe
length of eachbladeof grass.In the absenceof wind, the
distancebetweershell vertices(alongthe normal)is a con-
stantequalto the maximumheightof the grassdivided by
the numberof shellsrenderedWith the addition of wind,
andthusvertex movementin adirectionperpendiculato the

Wind V ector

Normal V ector

Figure 6: TheLength-PeservingFunctionto Benda Blade
of Grass.

normal,we mustpresere this constantinter-shell distance
or bladesof grasswill appearto gronv and shrink asthey

animate.Eachblade of grassis composedf sggmentsof

this constantengththataretilted appropriatelyin thewind.

A windlessmomentwould have all the sgments'tilted" at

zerodegrees,anda momentof maximumwind would have

the nal sggmenttilted at 90 degrees As we move alongthe

bladefrom bottomto top, thetilt angleincreasesrom zero
degreeso amaximumof 90 degreesrepresentingsegment
moved into alignmentwith the wind - parallel to the sur

faceof thelandscapeAs we seein Figure6, eachseggment
formsthehypotenusef aright angletriangle. Thereforethe

amountto move eachvertex alongits normalis givenby:

I pS

N
a cos ——y

i0

wherei is the currentshell, | is the currentwind intensity
atthis vertex, Sis theinter-shelldistanceandN is the total
numberof shellsbeingrendered.
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Similarly the amountto move eachvertex alongits wind
vectoris:
ilpsS

2N

N
o .
a sin
i0

Eachbladeof grassthen,is the sumof its sggments.

Thewind intensitycanberepresentetly ary functionthe
userchooseskor bestresultsit shouldbe periodic,continu-
ousandvary between1.0and1.0.Valuesoutsidethisrange
would causé'over-bending'in thegrasswhich mayactually
beadesiredeffect.

The nal pieceof datasentalongwith eachvertex is an
integer representingts animation"frame". We divide the
world into sggmentsbasedon their distancefrom the wind
source Bladesof grasscloseto the sourcewill experience
theeffectsof asudderspike in wind intensitybeforedistant
blades.This allows for a morerealisticanimation- includ-
ing "waves"moving acrosshe eld, or attenuatiorof wind
intensity

The verticesaremoved in a vertex shaderValuesrepre-
sentingthe amountof movementalongthe wind vectorand
the normalarestoredin registersfor eachof the animation
framespresent.The shaderreferenceshe valuesusingthe
integersentwith eachvertex, multipliestheappropriatevec-
tor with eachvalueandandaddstheresultto the vertex po-
sition. This processs repeatedor every shellrenderedThe
movementvaluesmust changeas we travel up a blade of
grass- the tip will be affectedby the wind morethanthe
baseneartheroot.

4, Results

Thetestmachinefor the following resultshasa 1.7 Ghz In-
tel Pentiumprocessowith 512 Megabytesof memory The
videocardis a32 MegabyteNVidia Geforce3All testswere
donein 32 bit colourwith a 16 bit Z-buffer. For therender
ing, weusedEAGL, aproprietarygraphicsAPI of Electronic
Arts, Inc., asdescribedy LalondeandSchenk.

Frameratefn this applicationvary dependingon the cov-
erageof thelandscap®n the screenThesenumbersepre-
sentnearworst-case&alues Frameraténcreaseasonepulls
away from the landscapeindicatinga Il-rate limitation to
the method.However, whencloseto the landscapeframer
atealsoincreasesvhensomegeometrycanbe culled. The
screercoverageof thelandscapdor thetestscanbeseenin
Figure7.

Evenatthis stageresultsarevery encouragingAlthough
we have madeno attemptat optimization,we areachieving
real time framerateswith corvincing animationand visual
quality. This techniquehasalreadyproven itself useful for
its targetmarket - consumegames.

Not surprisingly this techniqueis limited by the Il rate

Figure 7: SceenCoverage for Bendimarking

Resolution
Shells Polygons 640x480 1024x 768
0 512 293.5 130.8
8 4608 47.0 22.8
16 8704 25.6 12.4
32 16896 13.4 6.5
64 33280 6.9 3.3

Table 1: Resultdn FramesPer Second

of the graphicshardware. Adding shells,or increasingres-
olution hasa larger negative impact on performancethan
addinggeometnyto thesceneAddingshells,doesof course,
addgeometryaswell, andwe noteframeratdncreasesvhen
someof the geometrycanbe culled. As Lengyelnoted, a
covering of grassallows for amuchlessdetailedbasemesh
thanwould otherwisebe needed.

5. FutureWork

Wehave notyetaddressegroperighting of thegrassGrass
is an anisotropicsurface, and signi cant gainsin realism
couldbeattainedf it werelit assuch.We arecurentlywork-
ing on anextensionof our algorithmthatwould allow usto
simulatethis effect.

Currentlythe volumeis sampledor sliced)at regularin-
tervals,but thisis anarbitrarydecision Futurework will in-
clude concentratinghe shellswherethey areneededmost.
Additionally, it maybepossibleo adaptkautz' work, allow-
ing for shellsperpendiculato the meshsurfacefor viewing
from grazingangles.Similarly, we usea linear relationship
betweerthe alphavaluein the texture andthe heightof the
grassandthis neednot necessarilye so.In fact,in thecase
of a eld of grass,t might make more senseto have ner
controlattheupperendof the heightscale.

Additionally, the two dimensionaltextures themseles
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warrant further considerationLower level MIPmapscan-
notbegeneratedrom thetexturesautomaticallyasthehigh
frequeng details of the grasswill becomelost. Custom
MIPmaps,likely retainingrepresentate bladesfrom level
to level, shouldimprove visualquality ata distanceFurther
in amultiple level of detail setup,it would be adventageous
to reducehenumberof shellsfor far off portionsof theland-
scapehoweverdoingsoalsoreduceshedensityof thegrass
- the landscapéecomedessgreen.This effect may be di-
minishedby makingthe grassmore denseon texturesthat
will usefewer shells.

6. Conclusion

Recentadwancesin consumergraphicshardware have al-
lowed for very realistic renderingof natural phenomena.
Computelgamesarestartingto emege from the saversinto
a lush, naturalervironment. We have presentedca method
that can animatedetailed,believable elds of grassin real
time on currentdevices. Our methodis fast, memoryef -
cient and requiresno specialvolume renderinghardvare.
Fields of grassmay be arbitrarily denseandwind patterns
may bearbitrarily comple.
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Figure 8: A gustof wind acrossthe prairie. Theseramesshowa wind gustoriginatingin thetop left cornerof the screenand
moving toward the bottomright cornerof thescreen.
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