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Cars 2 Motivation  

ÁDifferent gameplay demands different technology 
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Differences  

Toy Story 3 Cars 2 

Platforming Racing 

2 player split screen 4 player split screen 

Average 30fps Essential to maintain 30fps 

© Disney/Pixar 
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Toy Story 3 Cars 2 

All dynamic lighting Lightmaps, Light probes, limited dynamic 

Dynamic cascaded shadow mapping Simplified shadowmaps for dynamic only 

SSAO, Depth of Field, Glow, God Rays, 

Sparkle, Bloom, Deferred Ambient 
HDR, Bloom, Motion Blur, Color 

Correction 
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Movie  
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Outline  

ÁLight Probes 

ÁHDR color precision 

ÁEarly stencil shadow culling 

ÁPS3 Post Processing 
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Light Probes 
Chris Hall 
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Motivation  

Á4 Players 

ÁLightmaps for all world geometry 

ÁReal-time lighting didnôt match 

© Disney/Pixar 
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Light probes  

ÁCapture light from a point in space 

ÁBounce lighting 

ÁEnvironment Mapping 

© Disney/Pixar 
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Global probe  

ÁUsed for bounce lighting for outdoors 

ÁEither artist defined light rig or captured probe  

Environment Map  Irradiance Map (SH)  
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Bounce lighting data  

ÁStore as spherical harmonics 

ÁOrder 3 SH = 108 bytes per probe  

ÁCan pack in direct lighting for free 

© Disney/Pixar 
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Probe Capture  

ÁRender cubemaps on GPU 

ÁSave as 16F for HDR 

ÁAtlas for speed 

ÁBounced lighting 

ÁCubemap to SH  

projection [Sloan],  

DirectX SDK 
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Irradiance Volume  

ÁVolume with a bunch of light probes 

ÁAllows for varied bounced light throughout the world 

ÁVery popular to use with lightmaps 

Á[Greger 1998] 

Á[Tatarchuk 2005] 

Á[Mitchell, McTaggart and Green 

2006] 

 

© Disney/Pixar 



Advances in Real-Time Rendering in Games 

Volume choice  

ÁRacing game 

Á2-5 miles of track per world 

ÁMostly outside 

ÁLots of thin, curvy areas 

ÁCoverage isnôt essential 
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Advances in Real-Time Rendering in Games 

Uniform grid volume  

ÁBox Volume 

ÁCan be rotated and scaled to fit anywhere 

ÁBox split with variable amount of slices (density x/y/z) 

ÁProbes placed along the slices of the volume 

© Disney/Pixar 
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Grid Analysis  

ÁSimple structure and easy to implement 

ÁEntire data is saved into a continuous array 

ÁSample with box intersection tests 

ÁCan access each probe by an offset 

ÁO(1) to sample inside the grid 

ÁCost is only spent inside volumes 

ÁWastes space 
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Fading Regions  

ÁBlend between global probe and volume lighting 

ÁOuter Fading Volume 

ÁInner Fading Volume 

ÁFading amount 
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ÁProbes outside world have incorrect lighting 

ÁHow to detect 

ÁReplace with  

correct lighting 

Á[Kontkanen and Laine] 

Invalid points  
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Volume Lookup  

ÁWe need some way to light our objects with them 

ÁCPU Based 

ÁAssign/blend closest SH per mesh 

ÁPass SH data through to GPU 

ÁGPU Based 

ÁPer pixel or per vertex 

ÁSample probes on the GPU 
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CPU Assignment  

ÁFor each mesh, sample the lighting at the mesh center 

ÁIntersection tests 

ÁCreate an OBB for each volume 

ÁCheck if center point of mesh is inside 

ÁTrilinear Interpolation 

© Disney/Pixar 
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Shader  constants  

ÁPer instance shader constants 

ÁCalculate color in shader 

ÁBreaks down for large objects 

ÁCan break mesh apart 

with vertex color blending 

ÁSame problem for world lighting 
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Overlapping Volumes  

ÁBlending is challenging 
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Time Averaging  

ÁBlend % of the last frameôs SH into the current SH 

ÁArtist adjustable per world 

ÁTrilinear filtering substitute 

ÁAvoid for first frame 

Á[Mitchell, McTaggart  

and Green] 
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Environment Maps  

ÁProbe without a volume 

ÁWorked really well for road reflections 

ÁAssign environment map probes to volumes 

© Disney/Pixar 
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Assigning Environment Maps 

ÁUse volumeôs environment map if inside a volume 

ÁOtherwise, use the global probe 

ÁSwitch based on the fading region 

ÁSwitch was a pop 

ÁOverlapping volumes avoid pops by sharing cubemaps 
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Direct Lighting  

ÁPack direct lighting into probes 

ÁCan evaluate lighting in SH and add to bounce 

ÁNo extra performance cost 

ÁDependent on grid density 

© Disney/Pixar 

Bounced Lighting  Direct Lighting  
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Lighting  Overrides  

ÁDirectional and ambient lights added if inside volume 

ÁAllows artists to control lighting 

Á2d volume 

Á1d volume 

ÁArea lights 

© Disney/Pixar 
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Artist tricks  

Á2d volume  

© Disney/Pixar 
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Artist Tricks  

ÁSingle point volume 

© Disney/Pixar 
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Artist Tricks  

ÁArea lights 
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Ending  Thoughts  

ÁUniform grid is easy and fast 

ÁUsed little memory and scaled well for 4 players 

ÁLots of flexibility with artists 

ÁFuture ideas 

ÁGPU lookup of light probes 
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Trimming the GPU Pipeline  
Rob Hall 
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Overview  

ÁReduce cost for HDR rendering 

ÁReduce shadow cost 

ÁScale shadow maps for 4 player split screen 

ÁUse multi-resolution  

 rendering for deferred 

 shadow mask 
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HDR requirements  

ÁIf possible, use a 32 bits per pixel target format 

ÁSupport all hardware alpha blend states 

ÁLimited range from [0,32] is acceptable 

ÁReduce banding as much 

 as possible 

© Disney/Pixar 
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Format Chart  

* Except Xbox 360 © Disney/Pixar 

 Format Range Alpha Blend Bilinear 

Filtering 

Perf cost 

sRGB [0,1] Yes Yes - 

LogLuv [Larson] [10^19, 10^19] Limited No ALU 

RGBM [Karis] [0,6] Limited No, but 

works OK 

ALU 

7e3 [0, 31 7/8] Yes Yes Alpha states 

double fill rate 

R11G11B10 [0, 2^16] Yes Yes - 

16F [-2^16, 2^16] Yes* Yes* Double fill rate 
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Sample Image 16F linear  
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And other 16F linear images  
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HDR format error  

LogLuv  

RGBM 

7e3(360) 

0.005 

0.004 

0.003 

0.002 

0.001 

0.000 
Test Images  
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Format Chart  

Format Range Alpha Blend Bilinear 

Filtering 

Perf cost 

sRGB [0,1] Yes Yes - 

LogLuv [Larson] [10^19, 10^19] Limited No ALU 

RGBM [Karis] [0,6] Limited No, but 

works OK 

ALU 

7e3 [0, 31 7/8] Yes Yes Alpha states 

double fill rate 

R11G11B10 [0, 2^16] Yes Yes - 

16F [-2^16, 2^16] Yes* Yes* Double fill rate 

* Except Xbox 360 

Xbox 360  

PS3 

© Disney/Pixar 
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PS3 Luv  

ÁSimilar to LogLuv - compresses 64 bpp to 32bpp 

ÁEncode luminance with a sqrt instead of a log to avoid a 

costly exp2 operation on the SPU 

ÁStore luminance in 16 bit fixed point, 3 int 13 frac format 

ÁRange is [0,~64]  

ÁCode sample in Appendix A 

© Disney/Pixar 
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7e3 Banding  

© Disney/Pixar 
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7e3 Banding  

© Disney/Pixar © Disney/Pixar 
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Whatôs causing this? 

Scene 

Render 

Post 

Process 

32 bit float 

internal  

10 bit float 

format  32 bit float 

internal  

8 bit fixed 

point  

Tone 

Mapping 

Render 

Target 

Frame 

Buffer 
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Tone Mapping  

Scene 

Render 

Post 

Process 

32 bit float 

internal  

10 bit float 

format  32 bit float 

internal  

8 bit fixed 

point  

Tone 

Mapping 

Render 

Target 

Frame 

Buffer 

Precision Loss!  

© Disney/Pixar 
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Tone Mapping Components  

Tone Mapping 

Exposure 

Operator 

Exposure 

Simplified Operator  [Hable] [Reinhard] 

Target_Color  = Scene_Color  

*( Expected_Exposure  / 

Prev_Frame_Avg_Luminance )  

 

Tone_Mapped_Color  = 

Target_Color  / (1.0f + 

Target_Color )  

 © Disney/Pixar 
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Pre-exposed color  

Scene 

Render 

32 bit float 

internal  

10 bit float 

format  
32 bit float 

internal  

8 bit fixed 

point  

Exposure 

Render 

Target 

Frame 

Buffer 

Post 

Process 

Tone Mapping 

Operator 
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No pre -exposed color  
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With pre -exposed color  

© Disney/Pixar 
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No pre -exposed color  
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With pre -exposed color  

© Disney/Pixar 
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Artifacts  

ÁOverall range is clamped 

© Disney/Pixar 

Clamped Image  Red = Error in Clamped Image  
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HDR Results ï Xbox  360 

ÁUsed 7e3 with pre-exposed color 

ÁNo tiling needed on a Non-MSAA 720p target 
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HDR Results ï PS3 

ÁUsed higher bandwidth 16F format 

ÁCheaper than LogLuv or RGBM due to GPU being 

ALU bound 

 

 

 

ÁSPU benefitted from the PS3Luv encoding due to 

lower bandwidth and ALU costs 
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Shadows  

Reduce shadow rendering time in half 
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Scaling  shadows for multiple viewports  

ÁFour viewports = 4x number of draw calls and geometry 

ÁCutting resolution only reduces fill rate 

+ + + = 4x 

© Disney/Pixar 



Advances in Real-Time Rendering in Games 

Scaling  shadows for multiple viewports  

ÁFour viewports = 4x number of draw calls and geometry 

ÁCutting resolution only reduces fill rate 

+ + + = 4x 

Solution: Render less in the shadow maps  

© Disney/Pixar 
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Two types of objects  

Static Objects ï Things 

that never change position  

Dynamic Objects ï Those 

that can  
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Light Map  

ÁPrecalculates all the shadows  for static objects 
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Advances in Real-Time Rendering in Games 

Dynamic objects  

ÁNeed to also receive shadows from light map 

ÁOnly need coarse transitions when going in and out of 

shadow 
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Low Resolution Shadow Map  

ÁUse a 256x256 shadow 

map 

ÁSuper cheap ~0.1ms 

ÁUse simple proxy geometry 
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LightMap  Only  

© Disney/Pixar 
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With Low  Resolution Shadow Map  

© Disney/Pixar 
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Dynamic Shadows  

ÁOnly draw the dynamic 

objects in two cascades 

ÁReduced shadow 

distance  

ÁReprojection artifacts 

OK since tracks are on 

a 2d plane 
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Lightmap  and Low Res Shadow Map  
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Advances in Real-Time Rendering in Games 

With Dynamic shadows  
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