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Recap : KPCN

• What was the input? 


• RGB color + geometric features(surface normals, depth, albedo, …) 


• Dimension : 3 + D



Motivation : Can more information be used?

Geometric feature

What about the rest?

• Just using geometric feature discards the further 
information of path tracing due to bounces. 


• Why don’t we use this information?



Previous work : SBMC

• Instead of working in the pixel domain, where the input samples have already 
been averaged, work with the samples directly


• This paper aims to use even more information

F
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Input samples

(Radiance + geometric features)

Neural network Denoised image



What is the difference?

Pixel based(KPCN) : Use only the information of certain pixel

Sample based(SBMC, LBMC) : Use the raw sample information

Path based(WCMC) : Use all these information(path features)



Way to high dimension…
• Path features make the data complex and sparse → Curse of dimension!


• Use manifold!


• Analyzes the similarity between data to remove redundant dimensions while 
preserving useful information.

Red : n-dim distance

Blue : 3D distance

Input1

Input2

Embedding 
network

New loss value

Original loss : Hard to use



Contrastive learning

• Use contrastive learning to optimize manifold space


• Manipulate distance between embedding pairs according to their label 
similarities to learn affinity of inputs.


• Use reference radiance as a pseudo label



Path descriptor
Rendering equation : 

fs : BSDF L, L0, Le, Lr : incidant, outgoing, emitted, ref lected radiance ω, ωo : incident, outgoing direction

Path descriptor : x̄ = x(−1)x(0) . . . x(k) x(−1) : eye, x(i) : points

5k+6 dimension

q : sampling density



Overall network
• Uses stacks of fully-connected layers 

and an UNet to embed path descriptor 
vectors, considering neighbor paths


• Adopted from Gharbi et al. [2019] 

• The network cannot learn meaningful 
weights if only easy pairs, whose error is 
relatively smaller than other pairs, are 
selected. → Use non-local pair selection


• Split the image into patches and create 
batches. Then select from different 
patches in the same batch

: Tone mapping function (Reinhard et al. [2002])



Experimental setup
• Use KPCN, SBMC, LBMC in comparing results(Vanilla models)


• KPCN : Pixel based


• SBMC, LBMC : Sample based


• Use a model that only minimize regression loss, and not the contrastive 
loss(Path models)


• Demonstrate the effectiveness of manifold learning


• Use models that minimize both regression and contrastive loss(Manifold 
models)



Results



Results



Conclusion



Thank you!


