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Abstract:

Froma gamedeveloperspointof view terrain renderingis much morethanjust thereal-timedisplay

of a landscape. More accurately, the latter is only onepart of what we call the terrain rendering

pipeline. The most important stagesof this pipeline are the designof the terrain geometry, the

real-timedisplayof the terrain, natural texturing, dynamiclighting, dynamicshadowing, and the

enrichmentof the terrain with organic features. We intend to survey each stage of this terrain

renderingpipelinebygivinganexamplefromtheactualmulti-award winningDX8 gameAquaNox.

In this wayweillustratethedataflow througheach stage of thepipeline, effectivley giving a report

on thecurrentstateof theart in terrain rendering.

1 Introduction

With theupcomingof advancedterrainrenderingalgorithmsthecomplexity of theoutdoorscenes

displayedin interactive entertainmenthasincreasedsignificantlyover the pastyears. By today’s

standardsthe mostefficient methodto displaya terrain is the so calledcontinuouslevel of detail

technique(C-LOD). Despiteits advantagesthesetechniquesarenowadaysjustbeginningto migrate

into the designof modern3D graphicsengines. With the demandfor more and more complex

outdoorscenesthis situationwill clearly changein the future. With the C-LOD algorithmbeing

the key componentfor the real-timedisplayof large outdoorscenes,thereexist a variety of other

aspectsthat have to be consideredto achieve the desiredlook and feel of an organic landscape.

From a gamedeveloperspoint of view, terrainrenderingis a datadrivenprocess,which not only

involvesthe real-timedisplayof a giventerrainbut alsothedesignof theartificial landscapesand

the realistic texturing andlighting thereof. The entirestory canbe describedaswhat we call the

terrainrenderingpipeline. Following the dataflow from the beginning to the endof the pipeline,

we describea completeframework which utilizescurrentstateof theart techniquesat eachstage.

For the modellingof the surfacepropertieswe introducethe threefunctionalgroupsillumination,

material,andglobaleffects.On theonehand,thisseparationoffersahighflexibility with respectto

thevisualappearanceof thesurface.Ontheotherhand,eachfunctionalgroupresultsin oneor more



surfacetextureswhich canberendererdefficiently usingmulti-texturing. In addition,therendering

processcanbeeasilydividedinto severaldistinctpasses,which enablesusto customizetheentire

pipelinefor differentgraphicshardware. This approachseemsto be a reasonableconcept,which

hasbeendemonstratedsuccessfullyin themulti-awardwinning DX8 gameAquaNox.

The terrainrenderingpipelineconsistsof 6 main stageswhich aredescribedin the following (see

alsoFigure1):

2 Landscape Data Generation

The generationof terraindatais a complex task,which is often underestimated.The terraindata

hasto satisfydiverserequirements.Obviously, thevisualappearanceis of primeimportance.Fur-

thermore,the topologyof the terrainis oneof thekey elementsfor thesubsequentmissiondesign

process.Lastbut not least,thedatagenerationprocessshouldbecheapin termsof timeandmoney.

Wehavecomeup with a feasiblesolution,which fulfills thedescribedrequirements.As afirst step,

realworld terraindatais collected.This datasourceguaranteesthenaturalappearanceandauthen-

ticity. For thepurposeof missiondesign,thelevel designerusescommonimageeditingtools. The

toolsareutilized to manuallygeneratedisplacmentmaps,containingthefeatureswhicharerelevant

for thegameplay. In a final step,theheightfield is filtered in variousways(noise,edgeenhance-

ment,etc.). To avoid quantizationartifactstheentireprocessshouldbecarriedout with at least16

bitsof accuracy.

3 Real-Time Display of the Terrain

Oncetheterrainis definedby a two-dimensionalcartesianheightfield, sophisticatedalgorithmsare

neededto displaythe landscapein real-time. The sizeof a heightfield easilyexceeds1024x1024

grid points,which in turn correspondsto morethan2 million trianglesthathave to berenderedfor

eachframe.Sincetheexactdisplayis not feasablewith respectto interactiverendering,oneseeksto

approximatetheterrainin thefollowing fashion:Far distantdetailswhich mapto only a few pixels

onthescreencanberepresentedwith lesstrianglesthanlargeobjectsnearby. Thisobservationleads

to a view-dependenttriangulationof theheightfield which triesto minimizethescreenspaceerror

of theapproximation.Thecurrentstateof theart in this areaarethesocalledcontinuouslevel of

detailtechniques(C-LOD [3, 1, 4]), whicheasilyachieveascreenspaceerrorof lessthanonepixel.

As aconsequence,theapproximatedterrainis indistinctablefrom theoriginal terrain.

In interactiveentertainment,however, terrainrenderingis onlyonetaskamongmany othersthathave

to becarriedout for eachframe. Thereforetheachievablescreenspaceerror is usuallywell above

onepixel. Larger screenspaceerrorsmanifestthemselvesin the so calledpoppingeffect. When

approachinga specificdetail from thedistancethis detailwill suddenlypopup if the local screen

spaceerror is exceeded.As a solutionto this problem,thegeomorphingtechniquesmoothlyinter-



polatesbetweenthedifferentlevelsof detail effectively renderingthepoppingeffect invisible [4].

This allows smoothimmersive terrainvisualizationsevenon low endgraphicshardware.Sincethe

interpolationneedsto beupdatedat leastevery 100msto keeptheillusion of a statictriangulation,

frameto framecoherenceis difficult to exploit. In orderto speedupterrainrendering,wepredictthe

view frustumfor thenext 100ms,computethe triangulationfor thepredictedandenlargedvisible

areaandcachethegeneratedtrianglesuntil thenext updateof thetriangulation.In this waysmooth

visualizationsof a terrainaregeneratedat real-timeandwith a low averageCPUload. We call this

concept”semi dynamic”geometrygeneration.

4 Terrain Material

Eachmaterialis assembledfrom threetextures,a coarsecolor texture,a finer materialtexture,and

an even finer detail texture. We found out that it is importantto differentiatebetweencolor and

structure.Thecoarsecolormapis usedto generatethelargescalecoloringof theentireterrain.The

materialmaprepresentsthestructureof a materialat a mid-freqency level, whereasthedetailmap

containsonly intensitiesat a high-frequency level. Thelattermapis usedto representsmalldetails

closeto theviewer.

5 Terrain Illumination

The illumination canbe constructedby summingup the emissionof all staticanddynamiclight

sources. The static light map covers the entire terrain and is generatedin a preprocessingstep,

which gathersthe ambientanddiffusecontributionsof all static light sources.Sincewe useray

castingto calculatetheincomingintensityfor eachtexel of thelight map,staticshadowsarealready

includedat this point.

As the terraingeometryis generatedby a C-LOD system,it only makessenseto performthe dy-

namiclighting calculationon a per-pixel basis.For this purpose,we generatea dynamiclight map,

whichonly coverstheview frustumin orderto ensureasufficient textureresolution.Usingthelight

mapasa rendertarget, the incominglight is accumulatedfor eachdynamiclight source.Thelight

intensityis calculatedby applyinga dot productbetweenthenormalmapof theterrainanda radial

light field which is specificfor eachlight source.At thispoint,dynamicshadowsarealsotakeninto

account.We projecta boundingsphereapproximationof eachdynamicobjectonto the terrainto

maintainashadow buffer in thealphachannelof therendertarget.Thealphachannelrepresentsthe

heightof theobject.Whenrenderingeachlight source,we have to determinewhethereachtexel is

lightedor not. This is achievedby comparingtheheightof thelight sourcewith theheightcodedin

thealphachannel.Thisconceptis appliedto all dynamiclights includingcausticsandthesunlight.

A total of morethan500 light sourcescanbe treatedin real-timeusingthis texturebasedlighting

approach.



6 Organic Features

In the next steporganicfeaturesareaddedto the scene.We distinguishbetweenlocal andglobal

phenonema.As anexamplefor local phenomenawe presenta largescaleplant renderingsystem.

Theplantsarecategorizedinto severalgroups.For eachgroupa densitydistribution is paintedby

thelevel designer. Accordingto this distribution, theplantsareplacedin a pseudo-randomfashion.

Theplantseedingis performedonthefly for thevisiblepartof theterrainonly. In orderto maximize

thegeometrythroughput,wecachetheplantsbasedon a tiling scheme.As anexamplefor aglobal

phenomenonwe usea particlesystemfor thedisplayof floatingplankton.This particlesystemhas

beendesignedto run entirelyin thevertex shaderof currentgraphicshardware.

7 Global Volumetric Effects

The last stageof the pipelinehandlesvolumetriceffectssuchasfog or turbidity. In general,the

visualizationof volumetriceffects requiresthe solutionof the light transportequation. We usea

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

transportequationsimplifiesto a two dimensionalintegral for a constantheightof theviewer. The

solutionof this integral is precalculatedandstoredin a standard2D texturewhich is mappedover

theentirescene[2]. Thismethodavoidstheappearanceof poppingartifacts,sincethefog attenution

andemissionis calculatedonaper-pixel basis.Interestinglyenoughthis featureis notonly avisual

effectbut alsooffersgameplay relevantelementssuchashiding.

8 Conclusion

In this paperwe have given an overview of the terrainrenderingpipeline. The abstractioninto 6

mainstageshasleadto aclearseparationof renderingtaskswhichsimplifiesdevelopment.For each

stagecurrentstateof theart techniqueswereillustratedby describingthecorrespondingpartof the

AquaNoxgameengine.
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Figure 1: The main stages of the terrain rendering pipeline in the AquaNox game engine.


