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29 million particles
512✕256✕512 Grid
1.8 second/frame
Nvidia Quadro GP100
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A new, open source NVIDIA SDK for compute, simulation and rendering of sparse volumes based on CUDA

NVIDIA  GVDB Voxels
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FLIP Simulation with NVIDIA  GVDB Sparse Voxels
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[Aanjaneya and Gao et al. 2017]
SPGrid

CPU-based methods for large scale simulation

[Zhu and Bridson 2005]
Fluid-implicit particle method (FLIP) 

[McAdams et al. 2010]
Multigrid PCG

[Ferstl et al. 2014]
Domain Decomposition

[Ferstl et al. 2016]
Narrow Band FLIP

[Liu et al. 2016] [Chu et al. 2017]Schur Complement Solver
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[Molemaker et al. 2008] [Horvath and Geiger 2009] [Chentanez and Müller 2011] [Chentanez and Müller 2012]

GPU-based methods
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Full Topology Rebuild
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• Determine the number of tree levels L
• Generate the level-index list
• Compact the level-index list

• Allocate and initialize nodes
• Set child node lists
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Level + Indexing coordinates
0 + (0,1)
1 + (0,0)
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• Allocate and initialize nodes
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Very long list       n=P*L
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• Determine the number of tree levels L
• Generate the level-index list*
• Compact the level-index list

• Allocate and initialize nodes
• Set child node lists*

For each particle, check whether already exists 
a node at that level 
• if so, mark the node
• otherwise, add to level-index list
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Topology Construction
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in millisecond
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Dynamic Topology

Particles-to-Voxels

Pressure Solver (CG)
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Brick

Subcell
4x4x4
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Sparse Matrix Vector Multiplication (SpMV)
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• Instead of storing of the matrix, we do this by directly 
examining voxel values as needed on-the-fly

• Vector is stored in GVDB texture atlas
SpMV
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• Instead of storing of the matrix, we do this by directly 
examining voxel values as needed on-the-fly

• Vector is stored in GVDB texture atlas
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Accessing neighborsSpMV



Apron Update 
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• Update apron voxels before using it

UpdateArpon



Inner Product
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GPU Matrix-Free Conjugate Gradient Solver
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29 million particles
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74 million particles
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2 million particles
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Conclusions

We have presented a sparse, efficient, GPU-based FLIP simulation 
for fluids on virtually unbounded domains
• Dynamic Topology 
• Particle-to-Grid Rasterization on Subcell 
• GPU Matrix-free CG solver
• An order of magnitude faster than on the CPU
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Future work

• GPU-friendly Preconditioner
• Narrow band FLIP on the GPU
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Thank you!

NVIDIA® GVDB Voxels 1.1
• Dynamic Topology
• Points-to-Voxels

https://developer.nvidia.com/gvdb


