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3D Gaussian Splatting: Brief Introduction
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For each 3D Gaussian we have parameters:
● Mean 𝝁
● Covariance 𝛴
● Max Opacity o
● View-dependent colour c (4th-order SHs).

Opacity = 1

3D Gaussian Splatting: Brief Introduction

Alpha Blending:

C: colour map. 𝝰: 3D Gaussian opacity.



3D Gaussian Splatting: Brief Introduction

Fast rendering based on 
rasterization.

Fast training (10 - 30 min in single GPU) due to 
good initialization with point cloud.

High-quality (comparable to MipNeRF360).

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


Relightable 3D Gaussian Splatting

New set of parameters per Gaussian:
● Mean: 𝝁
● Covariance: 𝛴
● Max Opacity: o
● View-dependent colour: c (4th-order SHs).
● Normal: n
● Global incident light visibility: v (SHs).
● Local incident light: l (SHs).
● Base colour: b
● Roughness: r
● Metallicness: m
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For each 3D Gaussian we have parameters:
● Mean 𝝁
● Covariance 𝛴
● Max Opacity o
● View-dependent colour c (4th-order SHs).



Relightable 3D Gaussian Splatting: Normal Estimation

In regular point clouds, normals can be estimated by 
assuming planar surfaces between neighbouring points. But:
● Sparcity of points can lead to inaccurate normals.
● These are not regular point clouds.

1) For each camera pose, we can compute the depth di for 
each Gaussian.

2) Then we can compute depth and normal maps D and N, 
using alpha blending (as used for the colour map).

3) With the depth map D we can compute a pseudo-normal 
map N'.

4) Finally we enforce consistency between N and N'.



Relightable 3D Gaussian Splatting: Light Representation

Not using NeILF.

Incident light is split between local and global:
V(wi) and LLocal(wi): different for each Gaussian.
LGlobal(wi): same for all Gaussians.

All three terms are encoded as Spherical 
Harmonics.



Relightable 3D Gaussian Splatting: Material Representation
Analytic BRDF prior with 
metallic-roughness workflow.

Parameters are:
Base colour (b): RGB diffuse colour.
Metallicness (m): relative weight of 
specular term.
Roughness (r): approx. width of 
specular lobes.

Outgoing light
BRDF

(material)
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(geometry)

For each Gaussian, colour is computed 
with Monte Carlo integration (24 samples):

Alpha Blending



Relightable 3D Gaussian Splatting: Regularizations

Variations of M can only be large in regions 
where variations of colour are large.

This regularization is applied to metallicness, 
roughness and base colour.

Regularization term:
Forces light to be approx. white.

Base Colour Regularization: remove shadows and 
highlights from images and enforce this to be 
approx. base colour.



Relightable 3D Gaussian Splatting: Pipeline

Training stage 1:
● Optimize 3DGS with normals.

Training stage 2:
● Apply ray-tracing to compute the 

per-gaussian visibility and bake it into SHs.

● Optimize entire set of parameters.

Training and rendering speeds are similar to the original 
3DGS method. For a synthetic scene:
● Training time: 16 min (single GeForce RTX 3090).
● Rendering: 120 FPS.
● GPU memory: 10 GB.



Relightable 3D Gaussian Splatting: Results on Synthetic

Results of Novel View Synthesis (NVS) on 
synthetic scenes, in terms of 3 image quality 
metrics (PSNR, SSIM, LPIPS).

Quality is a bit lower than vanilla 3DGS, but 
higher than other inverse rendering 
methods.



Relightable 3D Gaussian Splatting: Results on Real

Results of Novel View Synthesis (NVS) on 
real-world scenes, in terms of 3 image 
quality metrics (PSNR, SSIM, LPIPS).

Quality is better than other inverse 
rendering methods.

Training and rendering speeds are also 
much higher.

But: no comparison with NVS-only methods.



Relightable 3D Gaussian Splatting: Results of BRDF Estimation



Relightable 3D Gaussian Splatting: Ablations

Ablations:
- Light division
- Base colour regularization
- Bilateral smoothness regularizations

Analysis of number of samples for BRDF 
estimation.



Relightable 3D Gaussian Splatting: Relighting

https://nju-3dv.github.io/projects/Relightable3DGaussian/

https://nju-3dv.github.io/projects/Relightable3DGaussian/




Relightable 3D Gaussian Splatting: Limitations


