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Overview

Radiance regression functions for global illumination


Contrastive learning in path manifolds


Neural radiance Fields


Neural control variates


Non-exponential transmittance model for volumetric scene representations


Compositional neural scene representations for shading inference

2



Realistic Image Synthesis SS2021

Radiance regression functions
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Pre-computed Radiance Transfer (PRT) methods

Precomputes the global light transport


Stores the resulting PRT for fast rendering


Challenging scenarios: dynamic viewpoint and lighting 


- e.g., dynamic local lights & glossy interreflections
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Real-time PRT renderings
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Glossy inter-reflections & dynamic lights
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Radiance Regression Functions

A function that returns the indirect illumination value for each surface point given 
the viewing direction and lighting condition.


RRF is learned using non-linear regression


Dataset: training samples precomputed by offline rendering


Results in a real-time rendering of precomputed global illumination
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Radiance Regression Functions
First component

Basic attributes: surface position (2D), location of light source (2D) and the viewing 
direction (2D)


— not sufficient to capture spatially-variant surface properties


Augmented attributes: surface normals and material properties


RRF directly approximates global illumination: highly complex and non-linear 6D 
function


Existing PRT methods only exploits nonlinear coherence in some dimensions and 
perform dense sampling in the other dimensions.
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Radiance Regression Functions
Second component

Partition the space and fit a separate RRF for each of the subspaces


Multiple small MLPs that collectively and efficiently represent indirect illumination
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Radiance Regression Functions
Full pipeline

Render caustics, sharp indirect shadows, high-frequency glossy reflections


The precomputed network only depends on surface and not the underlying surface 
meshing


Makes it more scalable than PRT methods


Shows 30FPS with 512x512 images


Efficiency depends on screen size and not the scene
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Radiance Regression Functions
MLP structure
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Radiance Regression Functions
MLP structure

Activation function: hyperbolic tangent function
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Radiance Regression Functions
Results
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Ground truth: Path tracer RRF: augmented attributes

RRF: basic + SVBRF RRF: basic attributes only
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Radiance Regression Functions
Results
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RRF methodPath tracer Difference wrt ref.

Only indirect components shown

Ground truth: Path tracer RRF: augmented attributes

RRF: basic + SVBRF RRF: basic attributes only
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Contrastive learning path manifolds
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Contrastive path learning
SIGGRAPH 2021

Converts reference pixel colors to dense pseudo labels for light paths


A convolutional path-embedding network:


- induces a low-dimensional manifold of paths by iteratively clustering intra-class 
embeddings,


- while discriminating inter-class embeddings using gradient descent
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Previous reconstruction methods
SIGGRAPH 2021

Previous methods use auxiliary features at first bounce: normals, depth, texture


Some methods use indirect features (manually) for specular or non-specular 
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Challenge

A representation of light propagation is inherently high-dimensional


Learning meaningful patterns between high-dimensional paths and reference 
images is still challenging:


— due to the low correlation and high sparsity of path samples


Recent methods show that deep neural networks often struggle to explore the 
sparse space
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Proposed framework

Aims to extract compact and useful embeddings of high-dimensional path features 
to remedy the sparsity of path space


Leverages contrastive approaches of existing deep architectures:


— which cluster input data foe tasks like classification and regression
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Path space contrastive learning
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Extracts a path descriptor: 

a sequence of the path’s 


radiometric quantities 

at each vertex

Sample-based convolutional network

(transforms path descriptors 

to a low-dimensional space)

Poorly-structured manifold space Use reference colors to cluster 

paths with similar pixel color
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Manifold vs. Regression learning

This paper proposes direct sample-to-sample correlation to discriminate 
overlapped path distributions


Previous methods:


— image-space regression: learns correlation between input and target pixels


— sample-space model: learns correlation between input samples and target pixels
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Path space contrastive learning
Joint manifold-regression training framework
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Results: Path space contrastive learning
Joint manifold-regression training framework
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Neural radiance fields
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NeRF
Mildenhall et al. 2020
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NeRF pipeline
Mildenhall et al. 2020

25



Realistic Image Synthesis SS2021

NeRF pipeline
Mildenhall et al. 2020
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Mildenhall et al. 2020
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NeRF pipeline
Mildenhall et al. 2020

26

Mildenhall et al. 2020



Realistic Image Synthesis SS2021

Neural control variates
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What are control variates?
Recap

28
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g(x) : control variate
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<latexit sha1_base64="x8EVVuOwNKI+Bw/RTUXy3jGRoto=">AAACHnicbVDLSgMxFM3UV62vUZdugkWoiGXG90YouKm7CvYBnVIyaaYNzTxI7kjL0C9x46+4caGI4Er/xnTahbYeCJyccy/33uNGgiuwrG8js7C4tLySXc2trW9sbpnbOzUVxpKyKg1FKBsuUUzwgFWBg2CNSDLiu4LV3f7N2K8/MKl4GNzDMGItn3QD7nFKQEtt8/wWX2OHB4C7hcEh7gzw0eTrCOZBAXtj9Tg1Hcm7PUhr2mbeKlop8DyxpySPpqi0zU+nE9LYZwFQQZRq2lYErYRI4FSwUc6JFYsI7ZMua2oaEJ+pVpKeN8IHWulgL5T66c1S9XdHQnylhr6rK30CPTXrjcX/vGYM3lUr4UEUAwvoZJAXCwwhHmeFO1wyCmKoCaGS610x7RFJKOhEczoEe/bkeVI7KdoXxdO7s3ypPI0ji/bQPiogG12iEiqjCqoiih7RM3pFb8aT8WK8Gx+T0owx7dlFf2B8/QC1Fp6Q</latexit>

I =

Z
g(x)dx+

Z
(f(x)� g(x)) dx

<latexit sha1_base64="UgI/9bov2Ry8VgQxcOCINMWU2e8=">AAACFHicbVDLSgNBEJyNrxhfUY9eGoMQEcOuinoRAh6MtwgmEbIhzE5mkyGzD2Z6JSHkI7z4K148KOLVgzf/xsnjoNGCYYqqbrq7vFgKjbb9ZaXm5hcWl9LLmZXVtfWN7OZWVUeJYrzCIhmpO49qLkXIKyhQ8rtYcRp4kte87uXIr91zpUUU3mI/5o2AtkPhC0bRSM3swTVcAFzBAbgiRHAl9zEPfr63D4fQNp+rRLuD+9DqQTObswv2GPCXOFOSI1OUm9lPtxWxJOAhMkm1rjt2jI0BVSiY5MOMm2geU9albV43NKQB143B+Kgh7BmlBX6kzDObjdWfHQMaaN0PPFMZUOzoWW8k/ufVE/TPGwMRxgnykE0G+YkEjGCUELSE4gxl3xDKlDC7AutQRRmaHDMmBGf25L+kelRwTgvHNye5YmkaR5rskF2SJw45I0VSImVSIYw8kCfyQl6tR+vZerPeJ6Upa9qzTX7B+vgGPUiaoA==</latexit>

I = G+

Z
(f(x)� g(x)) dx

<latexit sha1_base64="3BchdRBRPbp2jxV1UtOZueX2ZwQ="></latexit>

I = G+
NX

k=1

(f(xk)� g(xk))

<latexit sha1_base64="MQePTJhgKd3BSoxX9LZBZBgjeEc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRahbsqMiroRCi7ssoJ9QDuUTCZtQzOZIcmUlqF/4saFIm79E3f+jWk7C209EDiccy/35PgxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eH9zG+OqFQsEk96ElMvxH3BeoxgbaSubT+gO9RhQqN+aXyOgnHXLjplZw60StyMFCFDrWt/dYKIJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLSefIpOjNKgHqRNM9kmKu/N1IcKjUJfTMZYj1Qy95M/M9rJ7p366VMxImmgiwO9RKOdIRmNaCASUo0nxiCiWQmKyIDLDHRpqyCKcFd/vIqaVyU3evy5eNVsVLN6sjDCZxCCVy4gQpUoQZ1IDCCZ3iFNyu1Xqx362MxmrOynWP4A+vzBx3WkhA=</latexit>

G =

Z
g(x)dx

<latexit sha1_base64="LuicoQgzQLVc5ICvMwEmczl8Oiw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquinoseOmxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3mdx6p0iySD2YaU1/gkWQhI9hk0qj6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzrmuX91eVeiOPowgncApV8OAG6tCAJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPclCN4A==</latexit>

g(x) : control variate
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<latexit sha1_base64="x8EVVuOwNKI+Bw/RTUXy3jGRoto=">AAACHnicbVDLSgMxFM3UV62vUZdugkWoiGXG90YouKm7CvYBnVIyaaYNzTxI7kjL0C9x46+4caGI4Er/xnTahbYeCJyccy/33uNGgiuwrG8js7C4tLySXc2trW9sbpnbOzUVxpKyKg1FKBsuUUzwgFWBg2CNSDLiu4LV3f7N2K8/MKl4GNzDMGItn3QD7nFKQEtt8/wWX2OHB4C7hcEh7gzw0eTrCOZBAXtj9Tg1Hcm7PUhr2mbeKlop8DyxpySPpqi0zU+nE9LYZwFQQZRq2lYErYRI4FSwUc6JFYsI7ZMua2oaEJ+pVpKeN8IHWulgL5T66c1S9XdHQnylhr6rK30CPTXrjcX/vGYM3lUr4UEUAwvoZJAXCwwhHmeFO1wyCmKoCaGS610x7RFJKOhEczoEe/bkeVI7KdoXxdO7s3ypPI0ji/bQPiogG12iEiqjCqoiih7RM3pFb8aT8WK8Gx+T0owx7dlFf2B8/QC1Fp6Q</latexit>

I =

Z
g(x)dx+

Z
(f(x)� g(x)) dx

<latexit sha1_base64="UgI/9bov2Ry8VgQxcOCINMWU2e8=">AAACFHicbVDLSgNBEJyNrxhfUY9eGoMQEcOuinoRAh6MtwgmEbIhzE5mkyGzD2Z6JSHkI7z4K148KOLVgzf/xsnjoNGCYYqqbrq7vFgKjbb9ZaXm5hcWl9LLmZXVtfWN7OZWVUeJYrzCIhmpO49qLkXIKyhQ8rtYcRp4kte87uXIr91zpUUU3mI/5o2AtkPhC0bRSM3swTVcAFzBAbgiRHAl9zEPfr63D4fQNp+rRLuD+9DqQTObswv2GPCXOFOSI1OUm9lPtxWxJOAhMkm1rjt2jI0BVSiY5MOMm2geU9albV43NKQB143B+Kgh7BmlBX6kzDObjdWfHQMaaN0PPFMZUOzoWW8k/ufVE/TPGwMRxgnykE0G+YkEjGCUELSE4gxl3xDKlDC7AutQRRmaHDMmBGf25L+kelRwTgvHNye5YmkaR5rskF2SJw45I0VSImVSIYw8kCfyQl6tR+vZerPeJ6Upa9qzTX7B+vgGPUiaoA==</latexit>

I = G+

Z
(f(x)� g(x)) dx

<latexit sha1_base64="3BchdRBRPbp2jxV1UtOZueX2ZwQ="></latexit>

I = G+
NX

k=1

(f(xk)� g(xk))

<latexit sha1_base64="5dtJQ4FUQmsBazPJ49YS7aGQ7ME="></latexit>

I = ↵G+
NX

k=1

(f(xk)� ↵g(xk))

<latexit sha1_base64="MQePTJhgKd3BSoxX9LZBZBgjeEc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRahbsqMiroRCi7ssoJ9QDuUTCZtQzOZIcmUlqF/4saFIm79E3f+jWk7C209EDiccy/35PgxZ0o7zreVW1vf2NzKbxd2dvf2D+zDo4aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eH9zG+OqFQsEk96ElMvxH3BeoxgbaSubT+gO9RhQqN+aXyOgnHXLjplZw60StyMFCFDrWt/dYKIJCEVmnCsVNt1Yu2lWGpGOJ0WOomiMSZD3KdtQwUOqfLSefIpOjNKgHqRNM9kmKu/N1IcKjUJfTMZYj1Qy95M/M9rJ7p366VMxImmgiwO9RKOdIRmNaCASUo0nxiCiWQmKyIDLDHRpqyCKcFd/vIqaVyU3evy5eNVsVLN6sjDCZxCCVy4gQpUoQZ1IDCCZ3iFNyu1Xqx362MxmrOynWP4A+vzBx3WkhA=</latexit>

G =

Z
g(x)dx

<latexit sha1_base64="LuicoQgzQLVc5ICvMwEmczl8Oiw=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquinoseOmxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3mdx6p0iySD2YaU1/gkWQhI9hk0qj6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzrmuX91eVeiOPowgncApV8OAG6tCAJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPclCN4A==</latexit>

g(x) : control variate
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Spatially-correlated transmittance
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Spatially-correlated media
Impact on rendering

40

Uncorrelated media Positively-correlated media negatively-correlated media
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Non-exponential transmittance 
Transmittance function as a function of distance
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Volumetric scene representations
Transmittance function as a function of distance

Volumetric representations are useful for complex scenes


Becoming popular for level of detail and scene reconstruction


Traditional exponential transmittance model cannot capture correlations in visibility 
across volume elements
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Volumetric scene representations
Basics

Volumetric scene representation has gain a lot of momentum for inverse rendering 
(NeRF 2020)


Volumetric representation results in more convex optimisation problem than directly 
optimising surface geometries


Volumetric representation is smooth and, unlike surface rendering, does not require 
any special treatment for visibility derivatives
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Volumetric scene representations
Applications

Prefiltering for level of detail


Scene reconstruction using differentiable rendering


Neural rendering (NeRF)
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Volumetric scene representations
Applications
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Vicini et al. [2021]
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Neural scene representations for 
shading inference
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Neural scene representation for shading inference
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Neural scene representation for shading inference
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Neural scene representation for shading inference
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