
Voxels are a geometric representation useful for 
rendering volumes, multi-resolution models, and 
indirect lighting effects. The memory 
consumption of uncompressed voxel volumes 
scales cubically with their resolution, making it 
impractical to store and render them at high 
resolutions. 

Our work explores the design of alternative voxel 
storage formats to optimize tradeoffs between 
storage size and rendering performance.
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Our method builds off of previous work in 
optimizing voxel storage and ray tracing. 
• Raw Grids - store voxels directly as uniform grids 

in memory [1, 2]
• Sparse Voxel Octrees (SVO) - partition space 

recursively to compress homogeneous areas [3]
• Sparse Voxel Directed Acyclic Graphs (SVDAG) - 

modify an SVO by deduplicating nodes [4]
• Distance Fields (DF) - accelerate raytracing by 

storing a distance to nearest nonempty voxel
Each format is laid out differently in memory, 
resulting in tradeoffs between storage and ray 
intersection performance.

We present a formulation of "hybrid" formats, 
wherein each level of a hierarchical format can 
feature a different structure. We show that hybrid 
voxel formats can achieve Pareto optimal 
trade-offs between memory consumption and 
rendering performance.
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Hybrid formats can be built by composing base 
formats hierarchically. A single voxel is an "upper" 
level format is an entire sub-volume, where the 
geometry of the sub-volume is the data stored in 
the "lower" level format.
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Hybrid formats XI and XIV consistently lie on the Parento frontier of all four models. However, we 
note that the best format depends on the exact sparsity and homogeneity characteristics of a 
volume, the resolution, and the desired trade-off between intersection performance and storage.

This motivates future work to systemically explore the search space in an automated fashion.
It would also be interesting to investigate how well deep learning models could generate hybrid 
format proposals for different voxel models. This work describes an infrastructure capable of
generating the dataset for training such a model.

We voxelize 4 models from the Computer Graphics Archive [5] and convert them into a set of 
2048^3 hybrid voxel formats. We then measure the average frametime of launching 2,073,600 
primary rays.

2D slice of an SVO(3) Raw(4, 4, 4) Raw(8, 8, 8)
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We use a metaprogramming system to specify 
hybrid formats with a sequence of format 
descriptions, which automatically generates C++ 
construction and GLSL intersection code. The 
format descriptor above is an example input.Format descriptions and associated parameters
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