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What is inverse rendering?

Material 

Lighting 

Cameras

Forward rendering

Geometry

Render images
Material

Lighting

Cameras

Inverse rendering*

Geometry

Capture images

Use physically accurate models to 
render images.

Recover the underlying properties from 
multiple observed images!

* (NeRFs and Gaussian Splatting are common 
techniques)



What is inverse rendering?
Photogrammetry

Use multiple images that cover a 3D 
space to create a mesh representation.

Radiance Field

Use multiple images that cover a 3D 
space to create a color point cloud.



Photogrammetry Result



Photogrammetry 

Photographs are taken from different points in the scene. The perceived difference in 
feature positions is called parallax, which allows us to calculate a 3D position (depth).



Gaussian Splatting Result



Gaussian Splatting From Point Cloud
Each 3D Gaussian is parametrized by:

● Mean µ interpretable as location x, y, z;
● Covariance Σ;
● Opacity σ(𝛼), a sigmoid function is applied to map the parameter to the [0, 1] interval;
● Color parameters, either 3 values for (R, G, B) or spherical harmonics (SH) coefficients.

The impact of a 3D Gaussian i on an arbitrary 3D point p in 3D
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NeRF Result



Neural Radiance Fields



Ren Ng

Inverse Rendering for Hair

“Gaussian Haircut ”, ECCV 2024



Ren Ng

Inverse Rendering for Hair

“Gaussian Haircut ”, ECCV 2024



http://www.youtube.com/watch?v=ro_XeA75s5w


Ren Ng

Inverse Rendering for Humans

“Relightable Gaussian Codec Avatars”, CVPR 2024



http://www.youtube.com/watch?v=fklmhvP980w


Ren Ng

Inverse Rendering for Humans

“Relightable Gaussian Codec Avatars”, CVPR 2024



Inverse Rendering for Humans

“Relightable Gaussian Codec Avatars”, CVPR 2024



Inverse Rendering for Humans

https://www.uploadvr.com/meta-codec-avatars-iphone-scan/

https://www.uploadvr.com/meta-codec-avatars-iphone-scan/


Inverse Rendering for Humans

“DifFRelight”, SIGGRAPH Asia 2024



Inverse Rendering for Humans

“DifFRelight”, SIGGRAPH Asia 2024

https://docs.google.com/file/d/1zsPC9-MEOdRE7ghCK69DxnQPH7md-Ex0/preview


Inverse Rendering for Objects

“Subsurface Scattering for Gaussian Splatting”



http://www.youtube.com/watch?v=VCMvmy6x1Oc


Inverse Rendering for Scenes

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

“DiffusionRenderer”, CVPR 2025



Ren Ng

Inverse Rendering for Scenes

“DiffusionRenderer”, CVPR 2025



http://www.youtube.com/watch?v=jvEdWKaPqkc


Inverse Rendering for Scenes

“DiffusionRenderer”, CVPR 2025



Inverse Rendering for Scenes

“DiffusionRenderer”, CVPR 2025

Rendered Object Insertion



Inverse Rendering for Scenes

“DiffusionRenderer”, CVPR 2025
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