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A (very) brief history of voxels 

¾Rings a bell? 

Comanche (Novalogic)  

Outcast (Appeal Software) 
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Voxel Engines in Special effects  

¾ Natural representation 
·Fluid, smoke, scans, é 

¾ Volumetric phenomena 
·Semi-transparency 

¾ Unified rendering 
representation 
·Particles, meshes, fluidsé 

Lord of the Rings, Digital Domain 

The Day After Tomorrow, Digital Domain 

XXX, Digital Domain 



Voxels in video games ? 

¾Renewed interest 

·ID Software 

ƺJohn Carmack, Jon Olick (Siggraph 08) 

ƺSparse Voxel Octree ray-casting 

·Crytek 

ƺCevat Yerli 

·é 
 

¾ Two goals : 

·Content generation 

·Rendering 
 

[Olick08]  

Jon Olick,  

John Carmack 



Why bother with voxels? 

¾ Exploding number of triangles 

·Costly to transform & rasterize 

·Inefficient raster of small triangles on current 

generation GPUs 

 

¾Geometric LOD ill-defined 

·Eg. Progressive Meshes 

·Lot of manual intervention  

for the artist 

 



Why bother with voxels? 

¾ Filtering is an issue 

·Needs massive multi-

sampling 

·Multi-sampling is expensive 

 

 

The Mummy 3, Digital Domain/Rhythm&Hues 



Why bother with voxels? 

The Mummy 3, Digital Domain/Rhythm&Hues 

¾ Unified Geometry + Texture 
representation 
¾ Avg space 

occupancy/density 
information 

¾ Avg color information 
 



Why bother with voxels ? 

¾ Filtering is well defined 

·LOD = Mip-Mapping  

ƺSimilarly to 2D textures 

 

¾Unique multi-scale 
representation 

·No additional authoring 
 

¾ Structured representation 

·Convenient to traverse & edit 

·Efficient to render 

ƺ-> Ray-casting 



How to exploit them ? 

¾Main problems: 

·How to render voxels quickly on the GPU ? 

ƺHow to exploit these properties ? 

·Memory is a key issue ! 

ƺE.g.   4096 ^ 3 x RGBA8 = 256 GB!!! 

ƺTransfer CPU ė GPU expensive 



GigaVoxels 

¾ Goal: Real-time exploration of very 
large voxel scenes 
 

¾ Full GPU rendering pipeline  
·Ray-tracing based approach 

·Fully scalable: Infinite resolution 
 

¾ Publications: 
·I3D2009 paper [CNLE09] 

·Siggraph 2009 Talk 

·GPU Pro (ShaderX 8) Book Chapter 



Key ideas 

¾ Rendering only dependant on what is 
visible 
·Ray-tracing approach 

 

¾ Load only needed data, at the needed 
resolution 
·Occlusion + LOD 

·Ray-guided streaming 

 

¾ Reuse loaded data as much as possible 
·GPU cache mechanism 
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GigaVoxels CUDA pipeline 
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I3D 2008 [BNMBC08] 




