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Abstract

The geometricbuffer (G-buffer) is a well-known approachto implementimage-
basedrenderingalgorithms.We proposea framework that mapsthe G-buffer con-
cept and associatedimage-spaceoperationsto the graphicsprocessingunit (GPU).
This GPU-G-buffer (G2-buffer) framework consistsof two major components:�rst,
a texture-basedrepresentationof theG-buffer attributes;second,animplementationof
the image-spaceoperationsby fragmentprograms.TheG-buffer setupandtheactual
renderingalgorithmaredescribedin a plain text �le, whosesyntaxis anextendedver-
sion of the Effect Files in DirectX or CgFX. Our approachprovides a fastandeasy
methodto implementG-buffer algorithmsthat automaticallyexploit the GPU with
its high memorybandwidthandprocessingpower. We demonstratethe usageof the
G2-buffer for a coupleof applicationsin non-photorealisticrendering.

1 Intr oduction

Image-spacerenderingtechniqueshave alwaysbeenan active areaof research,sinceall
renderings�nally endup in imagespace.Advancesin the �eld of non-photorealisticren-
dering(NPR)alsoshow theusefulnessof image-spaceapproaches.An importantclassof
NPRrenderingstylesoperatesdirectly in imagespace,suchashalftoning,screening,stip-
pling, or hatchingmethods.
SaitoandTakahashiproposea generalframework for image-spacerenderingalgorithms
called G-buffer [ST90]. This buffer forms an enrichedimagespace,also referredto as
2.5D imagespace,wherebyeachpixel of theimagespaceholdsarbitraryadditionalinfor-
mation,suchasnormal,depth,or texturecoordinates.In thispaperwereferto thisextended
pixel asfragment.It is obvious that thememoryrequirementsandtheneededprocessing
power of this approacharenot bene�cial for interactive applications.However, real-time
renderingis possibleon modernGPUsby exploiting their high memorybandwidth(up to
30.4GB/sec)andprocessingpower. Recentadvancesin the programmabilityof graphics
hardwareallows for a very fastand�e xible implementationof theG-buffer. Our proposed
framework combinestheG-buffer with thefunctionalityof programmableGPUsto anovel
genericG2-buffer (GPU-G-buffer) concept.
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2 Previous Work

Non-photorealisticrenderingis an areaof applicationwhereimage-spacetechniquesare
widely used.An overview of NPR techniquescan be found in the textbooksby Gooch
andGooch[GG01], StrothotteandSchlechtweg [SS02], andin theSIGGRAPHCourseon
NPR[GSS+ 99]. SaitoandTakahasishow how to usetheG-buffer to implementdifferent
renderingstyles[ST90]. Recently, Mitchell etal.presentedanalgorithmoperatingin image
spaceto detectobjectoutlines[MBC02]. Theirwork is alsostronglybasedon theG-buffer
concept,althoughthey useapplication-speci�cimplementationsandnot a genericframe-
work. As anotherexampleNPRhalftoningrenderingstyleby Freudenberg et al. [FMS02]
canreadilybeconvertedto image-spaceoperationsby usingnormal,intensity, andtexture
coordinatesasG-buffer attributes.Also thehatchingapproachby Praunet al. [PHWF01]
canbedescribedvia a G-buffer algorithm.Implementingthepen-and-inkstyle rendering
methodby Freudenberg et al. [FMS01] with theG-buffer framework offersnew possibili-
ties to improve theresults.For example,silhouettescouldbedetectedandemphasizedin
imagespace.Finally, Secord[Sec02] presentsa methodto generatestippledrawings;he
alsomentionsaninteractive techniquethatcanbeconvertedto aG-buffer description.
Often image-spacetechniquesare usedto post processrenderingsof 3D scenesand to
further enhancethe visual appearance.This recenttrendcanbe observed in many GPU
demonstrationprogramsandalsoin new importantvideogametitles.With thiscorrespon-
denceof postprocessingalgorithmsandimage-spacetechniques,theproposedG2-buffer
framework couldbeseenasthe logical add-onto Microsoft's Effect Edit tool includedin
theDirectX 9.0SDK [Mic02].

3 The G-Buffer Concept

The G-buffer (geometricbuffer) approachby SaitoandTakahashiseparatesrenderingin
two parts.In a �rst step,theG-buffer attributesaregeneratedon a 2D domain.Thereare
many attributesthatcanbeusedin a G-buffer. Thesimplestonescomefrom thestandard
graphicspipelineitself; for example,G-buffer attributescanstorecolor, alpha,depth,tex-
ture coordinates,or the normalper fragmentof the imagespace.Other typical G-buffer
attributesareobject ID, world-spaceposition,screen-spaceposition,or parameterization
of higher-ordersurfaces.Additionally, furtherattributesmightbeimplementedsuchasthe
screen-spacevelocity for motionblur effectsor light-spacedepthvaluesfor shadow calcu-
lations.Mostof theseattributesarecomputedin objectspaceandstoredfor eachfragment
of the imageplane.The subsequentrenderingpasses,referredto asG-buffer operations,
receive this informationandhave thereforeaccessto morethanonly simple2D color in-
formation.Thus,theG-buffer couldbe thoughtof asa 2.5D enrichedimagespace,since
thedatait holdsis no longerrestrictedto the2D imageplane.
Arbitrary calculationsuponthis datastructureareappliedto evaluatethe �nal resultper
fragment.This approachmakesit possibleto implementsomeclassesof algorithmsthat
cannotberealizedby object-spacetechniques.Oneof themare�lter operations,whichare
alsowidely usedin computervision andimagepostprocessing.Dependingon the �lter
kernel, different computationsare performed,for exampleedgedetectionby the Sobel



operatoror bluringbyGaussian�ltering. Alsomorphologicaloperationslikedilateorerode
could be realized.Thereare far more �lter operationsdescribedin the computervision
[Dav96] andimageprocessing[Rus02] literature,andmostof themcouldbeimplemented
in aG-buffer technique.
Non-photorealisticrenderingis anothertypical applicationfor the G-buffer. Many algo-
rithms for artistic drawing styles work in image space,just as a real artist would do.
Hatchingor stippling illustrationsgeneratedin imagespacedo not suffer from perspec-
tivedistortions,introducedby mostobject-spacetechniques.More importanttherendering
algorithmsarenotrestrictedby objectbordersandso,for example,hatchinglinescancross
objectboundariesto achieve a morenaturaldrawing style.SomeNPRalgorithmsareex-
clusive image-spaceoperationswhichcanautomaticallybeimplementedvia theG2-buffer
framework.
Deferredshadingis athird �eld of applicationfor theG-buffer. Thebasicideais to separate
shadingandlighting from theotherpartsof rendering.This hasseveraladvantages:If the
lighting conditionsof ascenearechangedbut thegeometryremainsstatic,only thelighting
hasto berecomputed.Moreover, if a scenesuffersfrom massive overdraw, a conventional
object-spacealgorithmwill computethelighting for eachfragmentregardlessif it is over-
drawn by other, closerfragments.In contrast,deferredshadingevaluatesthe illumination
only for thevisible pixels.

4 Effect Files

In this sectionwe give a brief overview of Effect Filesandtheir usage.The functionality
of GPUshasadvancedgreatlyover the last two yearsandso theprogrammingof today's
GPUshasbecomequitecomplex. Statesof thegraphicspipelinehave to besetup,vertex
shaderandpixel shaderprogramsneedto be speci�ed. Traditionally, many of theseop-
erationsarespreadover differentpartsof theprogramsourcecode(for example,theC++
code).Therefore,EffectFiles(FX Files)wereintroducedin DirectX8 andfurtherenhanced
in DirectX 9 [Mic02] to simplify theprogrammingof theGPU.They encapsulatethewhole
setupandprogrammingof thegraphicspipelinewithin a descriptionof a so-calledEffect.
An Effect is describedby a characterstringor anexternaltext �le andthusthis conceptis
mainly referredto asEffectFile. Thesourcecoderesponsiblefor theGPUprogrammingis
decoupledfrom themain programcode,which dealswith theCPUprogramming.In this
way, a bettermaintainabilityandreadabilityof thesourcecodefor bothpartsis achieved.
Additionally, thedescriptionof anEffect is platform-independent;thus,it couldbereused
onotherplatforms,suchasCgFX [Fer03].
Effect Filesprovidesupportto de�ne namedparameterswithin anEffect description.The
initial contentis setup within the description;additionally, the valuescould be modi�ed
by theoutsideframework to in�uence thebehavior of anEffect. Further, a mechanismis
supportedto setupall statesof thegraphicspipeline(suchasculling mode,blendingmode,
or z-test)for eachrenderingpassde�ned within anEffect File. Theprogrammingof ver-
tex shaderandpixel shaderunit of actualGPUsis supportedin two differentlanguages:
High-level shadinglanguage(HLSL) to describeshaderprogramsin a C-like mannerand



a speci�c assemblylanguagefor machine-level programming.Within anEffect,eachpass
maycontainits own setof statesettings,vertex shaderde�nition, andpixel shaderde�ni-
tion. In termsof EffectFiles,acollectionof oneor morepassesis combinedto a technique
description.SincedifferentGPUshave differentfeatures,it is alsopossibleto de�ne al-
ternative techniqueswithin oneEffect.Out of these,DirectX canautomaticallychoosethe
bestavailabletechniquefor thecurrentlyusedGPUwhentheEffect is boundto thegraph-
icshardware.

5 ExtendedEffect Files for G-Buffers

The conceptof Effect Files is mainly designedto describeobject-spacerenderingtech-
niques.In contrast,the G-buffer is a pureimage-spaceapproachandthereforeadditional
functionality is neededto make Effect Files usefulin this context. The following two es-
sentialaspectsof the G-buffer cannotbe con�gured in the original Effect Files: �rst, the
G-buffer attributestorage;second,theG-buffer operationsandtheir associateddata�o w.
Multiple 2D render-target texturesareusedto modelthe G2-buffer storage,onefor each
attribute.Effect Files do not provide a mechanismto de�ne rendertargets,thereforethe
attributesarede�ned asa 2D texturewithin thedescriptionof theEffect. Our framework
recognizesthesede�nitions andupdatesthe attribute texture for every frame.The algo-
rithmsto generatetheattributevaluesaretypically object-spacemethodsthatarealsoim-
plementedvia EffectFiles.
A G-bufferoperationis speci�edby atechniqueconsistingof oneor morerenderingpasses.
Thecomputationsareperformedper-fragment,thustheG-buffer operationis describedvia
a setof pixel shaderprograms.Oftenonepassneedsinformationgeneratedby a previous
pass.Therefore,thepossibilityto modelthedata�o w, i.e., to saywhichpassresultis used
asinput for anotherpass,mustbe introducedto theEffect description.Figure1 shows all
possibledata�o w con�gurationsthat shouldbe con�gurable within an extendedEffect
File.
Texturescanbeusedasdatainputto pixel shaderprograms,asit is alreadypossiblein stan-
dardEffect Files.To storetheresultof a renderingpassinto a texturethatcanafterwards
be usedasinput for subsequentpixel shaderprograms,render-target textures,referredto
aspass-resulttextures, areused.As mentionedbefore,Effect Filesdo not supportrender-
targetsettings,thuspass-resulttexturesarede�ned asordinarytextureswithin theEffect.
TheG2-buffer framework detectsthemandallocatescorrespondingrender-targettextures
in which the resultof the renderingpassis kept. During renderingthe framework auto-
maticallyactivatestheaccordingrendertargetfor eachpassof theG-buffer operation.The
inputsof thesinglepassesthatarelabeledwith Buf In referto anindirectinput of thedata
alreadycontainedin theframebuffer via alphatest,alphablending,z test,or stenciltest.
Throughthis mechanismit is possibleto have fragmentprogramsof arbitrarylength,as
subsequentpassescancontinuethecalculationof prior passes.A similar ideais proposed
by William R. Mark andKekoa Proudfoot[MP01]. More importantly, subsequentpasses
canaccessresultsof previouscalculationsof neighboringfragmentsin imagespace.Only
in thisway �lter operationscanbeimplemented.
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Figure1: Data�o w diagramfor extendedEffectFiles.

To addtheabovementionedenhancements,Effectdescriptionsprovidenamedparameters
thatcouldbeprocessedby theframework. Thus,our proposedframework follows thede-
signof Microsoft'sEffectEdit tool [Mic02] whichalsoenrichesthefunctionalityof Effect
Filesthroughthismechanism.As therearemany G-buffer attributesavailableandthe�nal
renderingpossiblyneedsonly a few of them,thesetupshouldonly containtheattributes
thatare�nally usedin theG-buffer operations.Thedescriptionshown in Figure2 de�nes
a G-buffer attribute setupandoperationthat performsan edgedetectionanddilation to
broadenthem.Theresultof this algorithmis illustratedin theFigure3.

6 Implementation

Theimplementationof theG2-Buffer framework is basedonDirectX 9.0andits EffectFile
feature.DirectX providesthefunctionalityto readandparseanEffectFile. Theextensions
areencodedby thenamingof the texturesandattributeswithin theEffect File de�nition.
TheG2-buffer framework examinesthedescriptionandarrangesthesetupof theattributes
andpass-resulttextures.Theactualstorageof theG-buffer attributesandintermediatepro-
cessingresultsis realizedvia render-target textures.Therefore,any datatransferof the
per-pixel informationbetweentheGPUandtheCPUis avoided.
For pass-resultandattributetextures,thenumberof components,theprecisionperelement,
and the relative scalefactor for the sizeof the whole texture arespeci�ed in the Effect.
Theseparametersaresetupby modi�ers within thenameof thedeclaredtexture.
Sincetheallocatedtexturesize,dimension,andprecisioncanbecon�gured to matchex-
actly the requirements,any memoryoverheadis avoided.For example,it is possibleto
setupthenormalattributewith threecomponentsin 16 bit �x ed-pointprecisionwhile the



// declaration of a G-buffer "intensity"
Texture GBAintensity_A8R8G8B8;
// define pass-result texture for pass 0
Texture PASS0_A8R8G8B8;
// texel size; set by the framework
float4 TexelSize;
// constants
float edgeThreshold = 0.09f;
float dilateThreshold = 9.0f;
// filter vertex shader output
struct VS_EDGE_OUT
{

float4 Pos : POSITION;
float2 Tex0 : TEXCOORD0;
float2 Tex1 : TEXCOORD1;
float2 Tex2 : TEXCOORD2;

};
// edge vertex shader
VS_EDGE_OUTVSEdgeFilter(

float3 Pos : POSITION,
float2 Tex0 : TEXCOORD0,
float2 Tex1 : TEXCOORD1)

{
VS_EDGE_OUTOut;
Out.Pos.xyz = Pos;
Out.Pos.w = 1.0f;
Out.Tex0 = Tex0;
float2 lowerTexels = Tex0 - TexelSize.wy;
Out.Tex1 = lowerTexels - TexelSize.xw;
Out.Tex2 = lowerTexels + TexelSize.xw;
return Out;

}
// dilate vertex shader output
struct VS_DILATE_OUT
{

float4 Pos : POSITION;
float2 Tex0 : TEXCOORD0;
float4 Tex1 : TEXCOORD1;
float4 Tex2 : TEXCOORD2;
float4 Tex3 : TEXCOORD3;
float4 Tex4 : TEXCOORD4;

};
// dilate vertex shader
VS_DILATE_OUT VSDilate(

float3 Pos : POSITION,
float2 Tex0 : TEXCOORD0,
float2 Tex1 : TEXCOORD1)

{
VS_DILATE_OUT Out;
Out.Pos.xyz = Pos;
Out.Pos.w = 1.0f;
Out.Tex0 = Tex0;
Out.Tex1.xy = Tex0 + TexelSize.xw;
Out.Tex1.zw = Tex0 - TexelSize.xw;
Out.Tex2.xy = Tex0 + TexelSize.wy;
Out.Tex2.zw = Tex0 - TexelSize.wy;
Out.Tex3.xy = Tex0 + TexelSize.xy;
Out.Tex3.zw = Tex0 - TexelSize.xy;
Out.Tex4.xy = Tex0 - TexelSize.xw

+ TexelSize.wy;
Out.Tex4.zw = Tex0 + TexelSize.xw

- TexelSize.wy;
return Out;

}
// edge pixel shader sampler
sampler objInt = sampler_state
{

texture = <GBAintensity_A8R8G8B8>;
AddressU = WRAP;
AddressV = WRAP;
MIPFILTER = POINT;
MINFILTER = POINT;

};

// edge pixel shader
float4 PSEdgeFilter(VS_EDGE_OUT In) : COLOR
{

float4 centerTexel = tex2D(objInt,In.Tex0);
float4 lowLeftTexel = tex2D(objInt,In.Tex1);
float4 lowRightTexel = tex2D(objInt,In.Tex2);
float4 objColor;
// calc roberts cross
float edgeWeight =

abs(centerTexel.x - lowLeftTexel.x)
+ abs(centerTexel.x - lowRightTexel.x);

float4 edgeColor = 1.0f;
if (edgeWeight > edgeThreshold)

edgeColor = 0.0f;
return edgeColor;

}
// dilate pixel shader sampler
sampler edge = sampler_state
{

texture = <PASS0_A8R8G8B8>;
AddressU = CLAMP;
AddressV = CLAMP;
MIPFILTER = POINT;
MINFILTER = POINT;

};
// dilate pixel shader
float4 PSDilate(VS_DILATE_OUT In) : COLOR
{

// read 3x3 texel block
float4 centerTexel = tex2D(edge,In.Tex0);
float4 leftTexel = tex2D(edge,In.Tex1.xy);
float4 rightTexel = tex2D(edge,In.Tex1.zw);
float4 upperTexel = tex2D(edge,In.Tex2.xy);
float4 lowerTexel = tex2D(edge,In.Tex2.zw);
float4 upperLeftTexel = tex2D(edge,In.Tex3.xy);
float4 upperRightTexel = tex2D(edge,In.Tex3.zw);
float4 lowerLeftTexel = tex2D(edge,In.Tex4.xy);
float4 lowerRightTexel = tex2D(edge,In.Tex4.zw);
// evaluate dilation
float dilateWeight = centerTexel + leftTexel

+ rightTexel + upperTexel + lowerTexel
+ upperLeftTexel + upperRightTexel
+ lowerLeftTexel + lowerRightTexel;

float dilateEdgeColor = 1.0f;
if (dilateWeight < dilateThreshold)

dilateEdgeColor = 0.0f;
return dilateEdgeColor;

}
// definition of techniques
technique T0
{

pass P0
{

VertexShader = compile vs_1_1 VSEdgeFilter();
PixelShader = compile ps_2_0 PSEdgeFilter();

}
pass P1
{

VertexShader = compile vs_1_1 VSDilate();
PixelShader = compile ps_2_0 PSDilate();

}
}

Figure2: Implementationof anedgedetectorfollowedby adilateoperation.

color attributeis generatedwith four componentsof 8 bit precision.Thechoiceof thepre-
cision andnumberof componentsper elementis restrictedby the available formatsfor
render-target textures.For example,formatswith 8 and16 bit �x ed-pointprecisionand



16 and32 bit �oating-point precisionaresupportedon an ATI Radeon9700.The sizeof
thetexturesis not restrictedto powersof two, i.e.,non-power-of-two texturesareutilized.
This featurecanbedisabledfor pixel shadersthatusedependenttexturefetches,sincemost
GPUsdonotsupporttexture-coordinatecalculationsfor suchtextureswithin apixel shader
program.
The �rst renderingstepis to updatethe G-buffer attributesthat are requiredduring the
subsequentexecutionof theG-buffer operations.Afterwards,theframework processesthe
G-buffer operationby renderingthe correspondingpassesstepby step.Beforea passis
renderedtheframework setstheappropriaterendertarget,which is eithertheframebuffer
or apass-resulttexture.Thenaquadrilateralthatmatchesexactlythesizeof theimageplane
is drawn, wherethetexturecoordinatesof theverticesaresetup to representthefragment
positionsin imagespace.During the fragmentprocessingthesetexture coordinatesare
usedto accesstheG-buffer attributesor resultsof prior passes.Sincetheassignedtexture
coordinatesmustexactly addressthe correspondingtexel, specialcarehasto be taken to
ensureaone-to-onepixel-to-texel mapping.
Thesizeof thetexel mustbeknown by theEffect to accessadjacenttexels.Sincethesize
of thepass-resultor attributetexturesdependon theframebuffer dimension,thetexel size
changeswhenever the framebuffer is resized.To overcomethis problem,the texel sizeis
de�ned asa vectorwithin theeffect descriptionandchangedby theframework aftereach
viewport resize.
In generaltheoutputof the �nal passof a G-buffer operationis storedin theframebuffer.
Additionally, our framework allows the user to save the �nal result either to an image
�le or combinea sequenceof imagesinto a video �le. On the otherhand,a specialG-
buffer attribute is provided that decompressesa still imageof a video streameachtime
the G-buffer operationis executed.Throughthesetwo featuresit is possibleto realize
programmablevideoprocessingutilizing theGPU.

7 Results

Theperformanceof the implementationdependson variousfactors.Thecostsof the �rst
partwheretheattributesarecomputedandstoredin theG-bufferareaffectedby thenumber
andcomplexity of theusedattributes.Many operationsonG-buffersusestandardgraphics
pipelineproperties,ascolor or normal,for whosecomputationthe GPUsareoptimized.
However, for arbitraryattributesthecomputationalcostmight differ signi�cantly, depend-
ing on theoperationsperformedto evaluatetheattribute.
As aG-buffer operationis animage-spacetechnique,its performanceis linearlydependent
on the numberof fragmentson the imageplane.Otherparametersthat affect the perfor-
manceare the complexity of the fragmentprocessing,numberof passesin the G-buffer
operation,andtheprecisionanddimensionof the intermediateresults.Stateddifferently,
themainpartof the implementationis rasterizationbound:Sinceeachpassof a G-buffer
operationjust rendersa screen-sizequadrilateral,vertex processingis no restrictionhere.
Theperformanceimpactof a fastCPUis negligible asall computationsarehandledwithin
theGPU.Becausetherearemany factorsthatin�uence theperformanceof theframework,



thepresentedframeratesareonly valid for theshown speci�c examplecases.All illustra-
tions arerenderedon a Windows XP machinewith an Intel P42.8GHzCPU andan ATI
Radeon9700PRO GPU.
Figure3 shows the resultof the aforementionedEffect codein Figure2. The G-buffer
operationperformsaRobert'scrossedgedetectionandasubsequentdilation.Thisexample
is renderedat64 fpsona 1024� 1024viewport.
A comparisonof two edgedetection�lters is illustratedin Figure4. On the left sidethe
edgesaredetectedvia a Robert's cross�lter , while on theright sidea Sobel�lter is used.
Both imagesshow the samescenewith equalcameraparameters.The Robert's crossG-
buffer operationrunsat 185 fps on a 1024� 1024viewport, while the Sobel�lter results
in 80 fps with sameviewport dimensions.Only minor differencesare noticeablein the
visual appearancewhile the frameratesdiffer signi�cantly. With suchshortexamplesthe

Figure3: Dilatededges,implementedasa G-buffer operation.



Figure4: Comparisonof edgedetectionmethods:Robert'scross�lter (left) andSobel�lter
(right).

G2-buffer framework canbeusedto checkif moresophisticatedcomputationsarerequired
or not.
Figure5 comparestheresultof a Gaussianblur (right handside)versustheoriginal image
(left handside).The G-buffer attributesarerenderedat threetimesthe dimensionof the
actualframebuffer. Afterwardsthe Gaussian�lter is appliedto averagethe valueof 3� 3
pixel blocksto a singlepixel. This self-programmedsupersamplingrendersthe example
sceneat 145 fps on a 512� 512output framebuffer, while the renderingwithout �ltering
runsat 560fps.
Figure6 shows thelastexampleusinga NPRscreeningtechnique.SeveralG-buffer oper-
ationsareperformedto calculatethe�nal result.Thecontrastof thesceneis enhanced,the
edgesaredetectedanddilated,and�nally thescreeningtechniqueis applied.Theexample
renderedat 78 fpsona 1024� 768viewport.

8 Conclusion

We have proposedtheG2-buffer framework, which offersa �e xible, generic,andabstract
way to implementG-buffer operationsongraphicshardware.Thedesignof theframework
avoidsunnecessarydatatraf�c betweenGPUandCPU.Therefore,the implementationof
image-spacemethodsbene�t from thehughmemorybandwidthandprocessingpower of
moderngraphicshardware.Ourframeworkallowsall typicalG-bufferapproachesto beim-
plemented,suchasdeferredshading,NPR,or image�ltering. Processingof videostreams
is also possible,wherebyall framesof a sourcevideo are �ltered by a G-buffer opera-
tion on theGPUandafterwardsrecompressedto a new video�le. We have integratedthe
G2-buffer into Effect Files framework; sinceonly minor extensionsto theoriginal syntax



Figure5: Gaussianblur operation.The left imageshows the original rendering,the right
pictureillustratestheGauss�ltered rendering.

areintroduced,our systemcanbe easilyadoptedby developersandexisting codecanbe
reused.
In future work, further featuresof GPUscould be consideredto acceleratethe G-buffer
framework: Multiple rendertargetscould be adoptedto generatemultiple G-buffer at-
tributesor multiple intermediateresultswithin onerenderingpass[MBC02]; multiple ele-
menttextures(MET) could improve theutilization of texturememory;maskingof empty
regionsin imagespaceby theearlyz-test.Finally, theframework couldbereimplemented
for otherplatformsby usingCgFX[Fer03] or OpenGL2.0[3dl02].

Acknowledgements

Thesecondauthorthanksthe“LandesstiftungBaden-Ẅurttemberg” for support.
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Figure6: NPRscreeningtechniquewith dilatededges.


