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Last Time:
Neural Rendering and NeRFs
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Computer Vision as Inverse Graphics
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Classical Rendering not Differentiable
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Neural Differentiable Rendering
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Learn 3D for 2D Supervision Alone
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NeRF: Encode a Scene into an MLP



• Compare GT views to rendered views
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Neural Differentiable Rendering
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Volume Rendering
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Volume Rendering by Integration
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Scene Representation as a Continuous 5D Function
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Network Optimization
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Network Optimization
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Fourier Positional Encodings
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SRN [Sitzmann et al. 2019] NeRF

Nearest Input












NeRF Variations
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NeRFIes – NeRFs for Non-Rigid Objects 

Park, K., Sinha, U., Barron, J.T., Bouaziz, S., Goldman, D.B., Seitz, S.M.
and Martin-Brualla, R. Nerfies: Deformable neural radiance fields.
ICCV 2021.

3D Template
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HyperNeRF – NeRFs for Non-Rigid Objects

Park, K., Sinha, U., Hedman, P., Barron, J.T., Bouaziz, S., Goldman, D.B., Martin-Brualla,
R. and Seitz, S.M., 2021. HyperNeRF: A higher-dimensional representation for topologically
varying neural radiance fields. ACM Trans. Graph., 2021.
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Level Sets for Topology Changes
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Hype-Space Template
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Non-Level Slices for Topology Changes
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Deformable Slicing Surface
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Geometry and Appearance from Sparse Images
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Surface Rendering vs Volume Rendering
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Combining Surface and Volume Rendering

NeurIPS 2021



• Volume rendering using SDF data in lieu of a volume density
• Derive density    from SDF function   :

• Allows SDF extraction from images without object masks
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NeuS: deepSDF + NeRF Combined
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NeuS Results
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VolSDF: Another Variant

NeurIPS 2021
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VolSDF: Density σ as Transformed SDF
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VolSDF: Density σ as Transformed SDF

Cumulative distribution function
of Laplace distribution with 0 mean
and scale β
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Results
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Results (DTU Data)
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Compositional Structure in NeRFs

Scene = Stuff + Thing(s)
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Compositional Structure in NeRFs
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Object NeRF

ICCV 2021
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Object NeRF Results
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Panoptic NeRF: Add Depth, Semantics, ++
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Efficient Object Representation

3D coordinates       

Latent Code

3D coordinates       

Latent Code

3D coordinates       

Latent Code

3D coordinates 3D coordinates 3D coordinates

…..

…

Shared MLP Instance-Specific MLP
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Results: Scene Understanding

Rendered RGB Rendered Semantic segmentation (overlaid on top of rendered color)

Rendered (expected) Depth Rendered instance segmentation (overlaid on top of rendered color)
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Results: Scene Decomposition

Top: reference views; middle: neural scene graphs; bottom: ours.
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Results: New View Synthesis



That’s All
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