


Many Field Requires High-Quality 3D Content



Creating High-Quality 3D Content Requires Expertise



Rough 3D Shapes



Rough 3D Shapes → Detailed 3D Shapes



Motivation

What kind of 3D representation should we use to represent high-quality 3D 
contents?



Discrete Representations

Limited to pre-defined resolution or topology.



Deep Implicit Fields (DIFs)



Deep Implicit Fields (DIFs)

Pros: 

● Represent arbitrary topology
● Continuous



Deep Implicit Fields (DIFs)

Cons: 

● Regressing SDF/OF in 
generative tasks do not capture 
geometric details



Deep Implicit Fields (DIFs)

Cons: 

● Requires costly, lossy and 
non-differentiable meshing step 
(such as marching cube)



Key Idea: Differentiable Iso-surfacing



Key Idea: Differentiable Iso-surfacing



Marching Tetrahedra



Differentiability of MT



Differentiability of MT



Differentiability of MT



Differentiability of MT



Differentiability of MT



Volume Subdivision



Volume Subdivision

Selective Volume Subdivision to 
replace the global high resolution 
grid, which is computationally 
inefficient







Volume Subdivision



Volume Subdivision



Volume Subdivision



Surface Subdivision



Surface Subdivision

A learnable, fully differentiable surface subdivision algorithm.



Reconstruction Loss Produces Mean Shape



Reconstruction Loss Produces Mean Shape



Reconstruction Loss Produces Mean Shape



Deep Marching Tetrahedra



Deep Marching Tetrahedra



Loss Function

The loss function contains three different terms: 

● a surface alignment loss to encourage the alignment with ground truth 
surface, 

● an adversarial loss to improve realism of the generated shape 
● regularizations to regularize the behavior of SDF and vertex deformations



Surface Alignment Loss

Adversarial Loss

Regularization



L2 Regularization Loss

Final Loss



3D Shape Synthesis from Coarse Voxels



Generalization



Super-resolution of Animal Shapes



Super-resolution of Animal Shapes





Quantitative Results on Point Cloud Reconstruction



Comparison with Oracle Performance of MC/MT



Broad Impact

Many fields such as AR/VR, robotics, architecture, gaming and film rely on 
high-quality 3D content.

Creating such content, however, requires human experts, i.e., experienced artists, 
and a significant amount of development time. In contrast, platforms like Minecraft 
enable millions of users around the world to carve out coarse shapes with simple 
blocks. This work aims at creating A.I. tools that would enable even novice users 
to upscale simple, low-resolution shapes into high resolution, beautiful 3D content. 



Reference and Further Reading

● Towards Generative Modeling of 3D Objects Learned from Images | Toronto 
AIR Seminar

○ https://www.youtube.com/watch?v=whXTP08XMYA
● DMTet Kaolin Implementation

○ https://github.com/NVIDIAGameWorks/kaolin/blob/master/examples/tutorial/dmtet_tutorial.ipyn
b

● Project Page
○ https://research.nvidia.com/labs/toronto-ai/DMTet/

● Paper
○ https://research.nvidia.com/labs/toronto-ai/DMTet/assets/dmtet.pdf
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