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What is Neural Rendering?

Neural Network



Why Neural Rendering?



Capture the World

Photo-realistic Reconstruction



3D Reconstruction



3D Reconstruction

TOG’13 [Nießner et al.]: Voxel Hashing https://github.com/niessner/VoxelHashing

https://github.com/nachtmar/VoxelHashing
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3D Reconstruction

TOG’13 [Nießner et al.]: Voxel Hashing 



Loop Closure 

TOG’13 [Nießner et al.]: Voxel Hashing 



3D Reconstruction: Real-time Bundling
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ToG’17 [Dai et al.]: Bundle Fusion



Loop Closure 

TOG’13 [Nießner et al.]: Voxel Hashing 



3D Reconstruction: Real-time Bundling

ToG’17 [Dai et al.]: Bundle Fusion



ToG’17 [Dai et al.]: Bundle Fusion



Real-time 3D Reconstruction

ToG’17 [Dai et al.]: Bundle Fusion



Real-time 3D Reconstruction

ToG’17 [Dai et al.]: Bundle Fusion



3D Reconstructions

TOG’17 [Dai et al.]: BundleFusion



Incomplete Scan Geometry

TOG’17 [Dai et al.]: BundleFusion



ScanComplete

Input Partial Scan Completed Scan

CVPR’18 [Dai et al.]: ScanComplete



ScanComplete

CVPR’18 [Dai et al.]: ScanComplete



SG-NN: Sparse Convs + Self-Supervised

CVPR’20 [Dai et al.]: SG-NN



Still no realistic textures / appearance (yet)

If we can’t fix reconstruction, why not change rendering?



Conditional GANs for Neural Rendering



Conditional GANs for Neural Rendering

CNN / Pix2Pix

Pix2Pix [Isola et al.]



Conditional GANs for Neural Rendering

CNN / Pix2Pix

Pix2Pix [Isola et al.]

Fix rendered images?



Videos still challenging for cGANs…



DeepVoxels: Explicit 3D Features

2D U-Net

Rendering

Lifting Layer

2D        3D

2D U-Net

2D Feature
Extraction

Source 
View R, t

Projection Layer

3D        2D

OutputSource
Target

View R, t
3D U-Net

3D Features

Simplified overview for novel view synthesis

CVPR’19 (Oral) [Sitzmann et al.]: DeepVoxels



DeepVoxels: Explicit 3D Features

CVPR’19 (Oral) [Sitzmann et al.]: DeepVoxels



Deferred Rendering
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Deferred Renderer

Handcrafted ”Feature Maps“



Neural Textures: Features on 3D Mesh

Siggraph’19 [Thies et al.]: Neural Textures

3D Geometry

Neural Texture



UV-Map

Sampled Texture

Neural Textures: Features on 3D Mesh

Siggraph’19 [Thies et al.]: Neural Textures

3D Geometry

Rendering

3D        2D

View R, t

Neural Texture



UV-Map

Renderer Output Image

Sampled Texture

Neural Textures: Features on 3D Mesh

Siggraph’19 [Thies et al.]: Neural Textures

3D Geometry

Rendering

3D        2D

View R, t

Neural Texture



Deferred Rendering
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Deferred Renderer

Handcrafted ”Feature Maps“



Deferred Neural Rendering
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Deferred Renderer

Handcrafted ”Feature Maps“
Learned
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Siggraph’19 [Thies et al.]: Neural Textures



UV-Map

Renderer Output Image

Sampled Texture

Neural Textures: Features on 3D Mesh

3D Geometry

Rendering

3D        2D

View R, t

Neural Texture

Siggraph’19 [Thies et al.]: Neural Textures



Siggraph’19 [Thies et al.]: Neural Textures

Neural Textures: Features on 3D Mesh



Input UV-Map Ours

Novel View-Point Synthesis

Siggraph’19 [Thies et al.]: Neural Textures



Ground Truth Ours

Novel View-Point Synthesis

Siggraph’19 [Thies et al.]: Neural Textures
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Scene Editing

Siggraph’19 [Thies et al.]: Neural Textures



Scene Editing

Siggraph’19 [Thies et al.]: Neural Textures



Scene Editing

Siggraph’19 [Thies et al.]: Neural Textures



Facial Animation

Siggraph’19 [Thies et al.]: Neural Textures



Facial Animation

Siggraph’19 [Thies et al.]: Neural Textures



Facial Animation

Siggraph’19 [Thies et al.]: Neural Textures



Deferred Neural Rendering

Siggraph’19 [Thies et al.]: Neural Textures



Conditioning on Audio: Neural Voice Puppetry



Audio to Video

English Audio

German News Video

ECCV’20 [Thies et al. ]: Neural Voice Puppetry



Neural Voice Puppetry

ECCV’20 [Thies et al. ]: Neural Voice Puppetry



Neural Voice Puppetry: Audio to Video

ECCV’20 [Thies et al. ]: Neural Voice Puppetry



Neural Radiance Fields

ECCV’20 [Mildenhall et al. ]: NeRF



Neural Radiance Fields

ECCV’20 [Mildenhall et al. ]: NeRF



Neural Radiance Fields

ECCV’20 [Mildenhall et al. ]: NeRF



Neural Radiance Fields



Dynamic Neural Radiance Fields for 4D Avatars

Dynamic Neural Radiance 
Field

Monocular Input 
Sequence

CVPR’21 (Oral) [Gafni et al.]: Dynamic Neural Radiance Fields



Dynamic Neural Radiance Fields for 4D Avatars

Dynamic Neural Radiance 
Field

Monocular Input 
Sequence

Novel Poses

Novel Expressions

CVPR’21 (Oral) [Gafni et al.]: Dynamic Neural Radiance Fields



Dynamic Neural Radiance Fields for 4D Avatars

Dynamic Neural Radiance 
Field

Monocular Input 
Sequence

Novel Poses

4D Facial Avatar

Novel Expressions

CVPR’21 (Oral) [Gafni et al.]: Dynamic Neural Radiance Fields



Dynamic Neural Radiance Fields for 4D Avatars

Dynamic Neural Radiance 
Field

Monocular Input 
Sequence

Novel Poses

Novel Expressions

Source Animated
4D Avatar

CVPR’21 (Oral) [Gafni et al.]: Dynamic Neural Radiance Fields



Dynamic Neural Radiance Fields for 4D Avatars

Dynamic Neural Radiance 
Field

Monocular Input 
Sequence

Novel Poses

Novel Expressions

Source Animated
4D Avatar

CVPR’21 (Oral) [Gafni et al.]: Dynamic Neural Radiance Fields



Method – 3DMM
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Background

Method - Background
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Method - Dynamics
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Background

3DMM
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Method - Dynamics
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Background

Pose [𝑅|𝑡]
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CVPR’21 (Oral) [Gafni et al.]: Dynamic Neural Radiance Fields



Background

Method - Dynamics

Background

Dynamic Radiance
Field Network

Learnable Codes
ℝ𝑀×32

𝝈

𝑹𝑮𝑩

Volumetric Rendering

Pose ℝ4×4

Intrinsics ℝ3×3

Expressionℝ76

න⋅ 𝒅𝒛

Input Frames

3DMM Fitting

Viewing Ray Sampling

Background

Ground Truth No Latent Code With Latent Code



Results

Control Pose Estimated NormalsControl Expression



Results

Unseen Expressions
Fixed Pose

Estimated Normals



Comparisons

First Order Motion Models

[Siarohin et al. ’19]

Deep Video Portraits

[Kim et al. ’19]

Ours Ground Truth
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Comparisons

First Order Motion Models

[Siarohin et al. ’19]

Deep Video Portraits

[Kim et al. ’19]

Ours Ground Truth



Applications - Reenactment

Source Actor Our Result

Source Actor Our Result



So why is Neural Rendering so cool?



Photo-realistic Reconstruction

Digital 3D Reconstruction



How much can AI do?

Siggraph’19 [Thies et al.]: Neural Textures



Towards Holograms & AI Avatars 



Thanks!


