Lecture 25:
Inverse Rendering

Computer Graphics and Imaging
UC Berkeley CS184



What is inverse rendering?

Forward rendering

Geometry

Material ,
MH:> Render images
Lighting

Cameras

Use physically accurate models to
render images.




ESae

o)

KAH=
S

5

e T

(RSN
PO

RLAARGEAK, >

XL
XS
2=

s
SIS

Use multiple images that cover a 3D
space to create a mesh representation.
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What is inverse rendering?

Photogrammetry
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Photogrammetry Result
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Photogrammetry
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IMAGE 2

IDENTICAL FEATURE
POINTS

IMAGE 1 / /

CAMERA MOVEMENT
>

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 y interpretable as location x, y, z;

Covariance X;

Opacity o(«), 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.

Fi(p) = o) expl—5p ~[E) % (0 [

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

Kate Yurkova, Towards Data Science
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Neural Radiance Fields

5D Input Output Volume Rendering
Position + Direction Color + Density Rendering Loss
r» (%,2,2,0.9) #””I]—» RGBo) \ - ) . /\ :
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Inverse Rendering for Hair

Input video Reconstruction Rendering

“Gaussian Haircut 92”, ECCV 2024



Inverse Rendering for Hair

Stage 1: 3D Lifting Stage 2: Strands fitting
Unstructured Gaussians Structured Gaussians

Multi-view images Strand-based Hairstyle

“Gaussian Haircut 95", ECCV 2024



Gaussian Haircut 9%

Human Hair Reconstruction
with Strand-Aligned 3D Gaussians

[ECCV 2024]
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http://www.youtube.com/watch?v=ro_XeA75s5w

Inverse Rendering for Humans

Relightable and Animatable Avatars

Point light rendering

“Relightable Gaussian Codec Avatars”, CVPR 2024



Relightable and Animatable Avatars

Fra-logracest romsy



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

Inverse Rendering for Humans

Expression
code Base mesh
(Axyz, etc.)
Gaze dir. I
Viewpoint I
Eyeballs

» Lighting I RGB texture

“Relightable Gaussian Codec Avatars”, CVPR 2024



Inverse Rendering for Humans

C m

Latent {le Rk! Sk» tk; Ok, Uk, dk } _
expre(sision Z D{g,a'} l M Sglat(t;f)lg

code g.

. {nk' vk} geometry A

Gaze o appearance

(night) =% Specular .., Diffuse

Gaze Eq.8) O Eq.(5)

(lefty €1 < T

Lighting

Viewing e

angle wo Dcv

specular T :
C kp Cglffuse C Ground truth

“Relightable Gaussian Codec Avatars”, CVPR 2024 0Q Meta



N
-
O
=
-
- -
-
O
el

ing

Render

c
(O
O
P
)
c
@)
e
T
(%))
| -
(O
-
©
>
®
O
L
©
@)
?
©
-
)
=
&
@)
©
| —
>
©
(O
O
=
S
=
=
%
-
-
e

Inverse
90hz



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

Inverse Rendering for Humans




Inverse Rendering for Humans

Time & View & Light Control

—— . L s’ \ :’ X p . ~:
Deformable 3DGS @ ',Q\‘—r:"" SH Encoding | =—» [ @ Concatenation 5
- 4 As Text Embedding
Scalable 3. - . g
¥ R’ VAE Diffusion VAE
Dynamic |=— S X : e I
3DGS 4:,?—(“? A Encoder U-Net Decoder
Elabbat M- Viey Dynamic Performance Reconstruction / Rendered Results Diffusion-Based Relighting , Relit Result

Performance


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

Inverse Rendering for Objects

SSS Dataset 3D Reconstruction PBR Decomposition

Basecolor Normal Diffuse Specular

' . .
k >

Lightstage Capture : SSS Residual Metalness Roughness Subsurfaceness

I B e Editable  IBL Relighting
U .

OLAT Dataset FPS 150 37 PSNR Novel View & Light Synthesis Shinier Change SSS Color Rougher & Metallic

“Subsurface Scattering for Gaussian Splatting”



SSS GS

Subsurface Scattering
for Gaussian Splatting

-



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

Inverse Rendering for Scenes

Geometry
' v

Input LDR Images Relighting * Relighting Object Insertion

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

Applications

Relighting 1

Relighting 2

Object Insertion

Original Lighting

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

Results

Material Reflectance
al

Roughness o
Metallic m

Tonemapped HDR
Emission L,

Rerendering L

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

Initialization Alternating Optimization
Initialize Bake Shading ;,
(Sec. 5.1) (Sec. 5.3)
Multi-view Shading Mapé
LDR images
Linearize Restore HDR Optimize BRDF
[ RechsFtruct ] (Sec. 4) (Fig. 5,5ec. 5.2) & CRF (Sec. 5.4)

HDR Lighting Le

Optlmlze LSLF &
HDR (Sec. 4 & 5.2)

Estimate
(Fig. 4,Eq. 3)

(Mesh) Emitter mesh M,

Geometry

“IRIS: Inverse Rendering of Indoor Scenes”



Inverse Rendering for Scenes

Albedo Metallic

“DiffusionRenderer”’, CVPR 2025



Inverse Rendering for Scenes

Normals

Albedo Metallic Roughness

“DiffusionRenderer”, CVPR 2025





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

Inverse Rendering for Scenes

Hover over each image to see the background without the virtual object.

“DiffusionRenderer”, CVPR 2025



Inverse Rendering for Scenes

Rendered Object Insertion

“DiffusionRenderer”, CVPR 2025



Inverse Rendering for Scenes

4 R 4 A

Environment Lighting

Env. Encoder & S ﬁ{ Frozen

h Optimizable
%) Synthetic?
LORA Sy Real?

Diffusion UNet Output Video

Domain Embeddings C. |,

Base Color -

Normals -.
ept r-.ll
Ei

H B
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(D
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Roughness
Metallic h

T

Input Video Diffusion UNet

S Inverse Renderer —

\.

Forward Renderer

“DiffusionRenderer”, CVPR 2025
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