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Abstract:

Froma gamedevelopes pointof view terrain renderingis mud more thanjustthereal-timedisplay
of a landscape More accurately, the latter is only one part of whatwe call the terrain rendering
pipeline The mostimportant stages of this pipeline are the designof the terrain geometry the
real-timedisplay of the terrain, natural texturing, dynamiclighting, dynamicshadowing and the
enrichmentof the terrain with organic features. We intend to survey eat stage of this terrain
renderingpipelineby giving an examplefromthe actualmulti-awaid winning DX8 gameAquaNox.
In this waywe illustratethe dataflow throughead stage of the pipeling effectivley giving a report
onthecurrentstateof theart in terrain rendering

1 Introduction

With the upcomingof advancedterrainrenderingalgorithmsthe compleity of the outdoorscenes
displayedin interactve entertainmenhasincreasedsignificantly over the pastyears. By today’s
standardghe mostefficient methodto display a terrainis the so called continuouslevel of detail
techniqugC-LOD). Despiteits advantageshesetechniquesarenowadaygust beginningto migrate
into the designof modern3D graphicsengines. With the demandfor more and more complec
outdoorsceneghis situationwill clearly changein the future. With the C-LOD algorithmbeing
the key componenfor the real-timedisplay of large outdoorscenesthereexist a variety of other
aspectghat have to be consideredo achieve the desiredlook and feel of an organiclandscape.
From a gamedeveloperspoint of view, terrainrenderingis a datadriven processwhich not only
involvesthe real-timedisplay of a giventerrainbut alsothe designof the artificial landscapesand
the realistictexturing andlighting thereof. The entire story canbe describedas what we call the
terrainrenderingpipeline. Following the dataflow from the beginning to the end of the pipeline,
we describea completeframeavork which utilizes currentstateof the art techniquesat eachstage.
For the modelling of the surfacepropertieswe introducethe threefunctionalgroupsillumination,
material,andglobal effects.Onthe onehandthis separatioroffersa highflexibility with respecto
thevisualappearancef thesurface.Ontheotherhand,eachfunctionalgroupresultsin oneor more



surfacetextureswhich canberenderercefficiently usingmulti-texturing. In addition,therendering
procesanbe easilydividedinto several distinct passeswhich enableaisto customizethe entire
pipelinefor differentgraphicshardware. This approachseemdo be a reasonableoncept,which
hasbeendemonstrateduccessfullyn the multi-awardwinning DX8 gameAquaNox.

Theterrainrenderingpipeline consistsof 6 main stageswvhich aredescribedn the following (see
alsoFigurel):

2 Landscape Data Generation

The generatiorof terraindatais a complex task, which is often underestimatedThe terraindata
hasto satisfydiverserequirementsObviously, the visual appearances of primeimportance.Fur
thermore the topologyof the terrainis one of the key elementdor the subsequentissiondesign
processLastbut notleast,thedatageneratiorprocesshouldbe cheapn termsof time andmoney.
We have comeup with afeasiblesolution,which fulfills the describedequirementsAs afirst step,
realworld terraindatais collected.This datasourceguaranteethe naturalappearancandauthen-
ticity. For the purposeof missiondesign,the level designetusescommonimageeditingtools. The
toolsareutilized to manuallygenerataisplacmentmaps,containingthefeaturesvhich arerelevant
for the gameplay. In afinal step,the heightfield is filteredin variousways(noise,edgeenhance-
ment,etc.). To avoid quantizatiorartifactsthe entire processshouldbe carriedout with atleast16
bits of accuragy.

3 Real-TimeDisplay of the Terrain

Oncetheterrainis definedby atwo-dimensionatartesiarheightfield, sophisticate@lgorithmsare
neededo displaythe landscapen real-time. The size of a heightfield easilyexceeds1024x1024
grid points,whichin turn correspond$o morethan2 million trianglesthathave to be renderedor
eachframe. Sincetheexactdisplayis notfeasablevith respecto interactve renderingponeseekgo
approximateheterrainin thefollowing fashion:Far distantdetailswhich mapto only a few pixels
onthescreercanberepresentedith lesstrianglesthanlarge objectsnearby Thisobsenationleads
to a view-dependentriangulationof the heightfield which triesto minimize the screenspaceerror
of the approximation.The currentstateof the art in this areaarethe so called continuoudevel of
detailtechniquegC-LOD [3, 1, 4]), which easilyachiere a screerspaceerrorof lessthanonepixel.
As a consequencehe approximatederrainis indistinctablefrom the original terrain.

In interactve entertainmentfiowever, terrainrenderings only onetaskamongmary othershathave
to be carriedout for eachframe. Thereforethe achiezablescreenspaceerroris usuallywell above
onepixel. Larger screenspaceerrorsmanifestthemselesin the so called poppingeffect. When
approachinga specificdetail from the distancethis detail will suddenlypop up if thelocal screen
spaceerroris exceeded As a solutionto this problem,the geomorphingechniquesmoothlyinter



polatesbetweerthe differentlevels of detail effectively renderingthe poppingeffect invisible [4].

This allows smoothimmersve terrainvisualizationsevenon low endgraphicshardware. Sincethe
interpolationneedgo be updatedat leastevery 100msto keeptheillusion of a statictriangulation,
frameto framecoherences difficult to exploit. In orderto speedup terrainrenderingwe predictthe
view frustumfor the next 100ms,computethe triangulationfor the predictedandenlagedvisible
areaandcachethe generatedrianglesuntil the next updateof thetriangulation.In this way smooth
visualizationsf a terrainaregeneratedt real-timeandwith alow averageCPUload. We call this
concept'semidynamic”geometrygeneration.

4 Teran Material

Eachmaterialis assembledrom threetextures,a coarsecolor texture, a finer materialtexture,and
an even finer detail texture. We found out that it is importantto differentiatebetweencolor and
structure. The coarsecolor mapis usedto generatehelarge scalecoloringof theentireterrain. The
materialmaprepresentshe structureof a materialat a mid-freqeng level, whereaghe detailmap
containsonly intensitiesat a high-frequeng level. The lattermapis usedto represensmalldetails
closeto theviewer.

5 Terain Illumination

The illumination canbe constructedoy summingup the emissionof all staticand dynamiclight

sources. The static light map coversthe entire terrainandis generatedn a preprocessingtep,
which gathersthe ambientand diffuse contributions of all staticlight sources. Sincewe useray

castingto calculatetheincomingintensityfor eachtexel of thelight map,staticshadavs arealready
includedatthis point.

As the terraingeometryis generatedy a C-LOD system,it only makessenseo performthe dy-
namiclighting calculationon a perpixel basis.For this purposewe generatea dynamiclight map,
which only coverstheview frustumin orderto ensurea sufficient textureresolution.Usingthelight
mapasarendertarget, theincominglight is accumulatedor eachdynamiclight source.The light
intensityis calculatedoy applyinga dot productbetweerthe normalmapof theterrainandaradial
light field whichis specificfor eachlight source At this point,dynamicshadevs arealsotakeninto
account. We projecta boundingsphereapproximationof eachdynamicobjectonto the terrainto
maintaina shadev buffer in thealphachannelbf therendertarget. Thealphachannerepresentghe
heightof the object. Whenrenderingeachlight source we have to determinewvhethereachtexel is
lightedor not. Thisis achievedby comparingthe heightof thelight sourcewith the heightcodedin
thealphachannel.This concepis appliedto all dynamiclights including causticsandthe sunlight.
A total of morethan500 light sourcescanbe treatedin real-timeusingthis texture basedighting
approach.



6 Organic Features

In the next steporganicfeaturesare addedto the scene.We distinguishbetweenocal andglobal
phenonemaAs anexamplefor local phenomenave presenta large scaleplantrenderingsystem.
The plantsare categyorizedinto several groups. For eachgroupa densitydistribution is paintedby
thelevel designer Accordingto this distribution, the plantsareplacedin a pseudo-randorfashion.
Theplantseedings performedonthefly for thevisible partof theterrainonly. In orderto maximize
thegeometrythroughputwe cachethe plantsbasedn atiling schemeAs anexamplefor aglobal
phenomenonve usea particlesystemfor the displayof floating plankton. This particlesystemhas
beendesignedo run entirelyin the vertex shaderof currentgraphicshardware.

7 Global Volumetric Effects

The last stageof the pipeline handlesvolumetric effects suchasfog or turbidity. In generalthe
visualizationof volumetric effects requiresthe solution of the light transportequation. We usea

volumetricfog which is definedto occurbelowv a specificheight. In this restrictedcase the light

transportequationsimplifiesto a two dimensionaintegral for a constantheightof the viewer. The
solutionof thisintegral is precalculatec&andstoredin a standard2D texture which is mappedover
theentirescend?2]. Thismethodavoidstheappearancef poppingartifacts,sincethefog attenution
andemissions calculatedon a perpixel basis.Interestinglyenoughthis featureis notonly a visual
effect but alsooffersgameplay relevantelementsuchashiding.

8 Conclusion

In this paperwe have given an overview of the terrainrenderingpipeline. The abstractionnto 6
mainstagedasleadto aclearseparatiorof renderingaskswhich simplifiesdevelopment.For each
stagecurrentstateof the arttechniquesvereillustratedby describingthe correspondingpartof the
AquaNoxgameengine.
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Figure1l: Themain stages of theterrain rendering pipelinein the AquaNox game engine.



