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Rendering - Appearance modeling 

Neural representation for 
complex materials
[Fan et al. 2023, Zeltner et al. 2024] 

Neural material editing and 
synthesis
[Xu et al. 2024, Tu et al. 2024]

Neural BSDF sampling 
with diffusion models
[Fu et al. 2024]

Micrograin BSDF model 
for anisotropic porous 
layers
[Lucas et al. 2023, 2024]

Practical models for diffraction of 
rough fibers and  free-space 
diffractions
[Xia et al. 2023, Steinberg et al. 2024]

Unifying lighting transport from 
surface to volume via Gaussian 
process implicit surfaces
[Seyb et al. 2024]
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Rendering - Light transport

Neural-aided NeuralClassical

ReSTIR for defocusing & 
antialiasing / ReSTIR with MCMC.  
[Sawhney et al., Zhang et al. 2024]

Neural path guiding by learning 
NASG/SGs with small networks.
[Dong et al. 2023, Huang et al. 2024]

Efficient neural path guiding with 
4D modeling.
[Dong et al. 2024]

Specular polynomials, a Newton 
iteration-free methodology
[Fan et al. 2024]

Per-object learn neural light 
transfer function.
[Zheng et al. 2023]

Neural representation of light 
sources for dynamic rendering.
[Ren et al. 2024]



Inverse Rendering

Geometries

Rendered image

Inverse Rendering

Materials

Camera Light sources

Geometry

Materials

Light

Images

Material reconstruction/generation Geometry+material reconstruction

Differentiable 
rendering

New geometry respresentation (3D Gaussian), 
new AI tools (diffusion models)



Inverse Rendering

Geometries

Rendered image

Inverse Rendering

Materials

Camera Light sources

Geometry

Materials

Light

Images

Material reconstruction/generation Geometry+material reconstruction

Differentiable 
rendering

New geometry respresentation (3D Gaussian), 
new AI tools (diffusion models)



Material Reconstruction

How to reduce ambiguity?



Capture strategy:

The far-field image has specular only.
[Wang et al. 2024]

Feature modeling:

Graph CN to model correlation of inputs. 
[Luo et al. 2024]

Specific models for fabrics :

Procedural geometry for regularization.
[Tang et al. 2024]

Neural network:

Diverse conditions by diffusion models 
[Sartor et al. 2023] [Vecchio et al. 2024]

Material Reconstruction



Material Generation 

Implicit texture prior:
A deep convolutional-PBR neural 
representation for SDS optimization
Paint it [Youwang et al. 2024]

Segment-aware generation:
Albedo map generation, and material graph 
for other maps.
Mapa [Zhang et al. 2024a]

Geometry and light-aware generation:
Reduce the light baked-in issue
DreamMat [Zhang et al. 2024b]

Texture-conditioned generation:
Generate PBR maps from given sparse images 
with personalized geometry-aware score 
distillation
TextureDreamer [Yeh et al. 2024]

[Chen et al. 2023] Given a 3D mesh, generate PBR 
materials with pre-trained diffusion 
models via SDS or its variants. 
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Inverse Rendering

Geometry
Material

Render

Analytical Model
•Fewer parameters
•Limited capability

Neural Model
•Wide-range materials
•Ambiguity & overfitting

Density Field

•Flexible
•Non-surface objects
•Under-constrained

SDF
•Surface only
•With constraints

3D Gaussian
•Detail-preserved
•Discontinuity

•Direct & Indirect
•High flexibility+ 

Neural Light

Rasterization
•Fast/Real-time
•Difficult to fit modern 
graphics pipeline

Volume Rendering
•Expensive to eval
•Easy to fit modern 
graphics pipeline

•Direct Illumination
•Fewer parameters
•Loss high-frequency details

Spherical Gaussians

Radiance Field – Material & Light Entangle
•Learn a color to replace material & light
•Easy to optimize
•Cannot achieve relighting

Reflectance Field – Material & Light Decouple
Light

Image
•Direct Illumination
•High flexibility 



NeRF-based GS-based Rasterization3D GaussianVolume Rendering

SDF

NeRO [Liu et al. 2023]
Integrate rendering equation to  

enable reflective surfaces.

Neural Light

SDFTensoSDF [Li et al. 2024]
Fast training, detailed geom.
and robust materials.

Density Field

Radiance Field

[Jiang et al., Gao et al., Liang et al.  2024]
Geometry constraints via normal/depth 
regularization.

Env. Map

Neural Light

Radiance Field

Env. Map

TensoIR [Jin et al, 2023]
Fast & high-quality occlusion
for Lambertian objects.

SGs

SDFRegularize Gaussians with SDF 
priors for reflective object relighting.

Density Field

GS-ROR [Zhu et al. 2024]

GS3 [Bi et al. 2024]
RNG [Fan et al. 2024]
Relightable 3D Gaussians under point 
lights, enabling both surface and furry 
objects.

SDFNRHints [Zeng et al. 2023]
Use point light to decouple

materials and lights. 
Neural Light

Point Light

Radiance Field

Point Light

GS-IR, GaussianShader
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Differentiable Rendering

Geometry representation:
From mesh to implicit geometries.
[Zhou et al. 2024]

Differentiating subject:
From radiance to variance.
[Yan et al. 2024]

Boundary integral estimator:
From path integral sampling to MCMC.
[Xu et al. 2024]

Acceleration of sampling:
Path guiding to differentiable rendering.
[Fan et al. 2024]

[Zhang et al. 2020]



Summary

Ø Rendering

• Appearance modeling: physically-based models vs. neural-based 

models

• Light transport: classical / neural aided / pure neural

Ø Inverse Rendering

Ø Speed and quality of NeRF vs. 3D Gaussians

Ø A big gap between the forward and inverse rendering in terms of 

shading models / appearance quality
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