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(Long) Photon Beams

1D Blur
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(Short) Photon Beams

1D Blur

{

“Short” Beams 
[Jarosz et al. 11]

(track-length value est.) 
[Spanier & Gelbard 69]
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Photon Beams

Track-length or 
Expected Value 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Photon Beams (1D blur)



Photon Planes (unbiased)
3.77× Speedup



Photon Planes (1D blur)
14.14× Speedup



Photon Beams (1D blur)
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Virtual Ray Lights
[Novak et al. 2012]



Fruit Juice 
homogeneous 

anisotropic (HG g = 0.55) 
512x512

Comparison



Surface illumination 
(Photon Mapping)

Single scattering 
(Photon Beams)
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Combining techniques
UPBP (Unified Points, Beams, and Paths) 
[Křivánek et al. 14]
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A simple, yet difficult scene



Bidirectional Path Tracing



Bidirectional Photon Mapping



Bidirectional Photon Beams



Bidirectional Beam Radiance Estimate



Automatic combination

[Křivánek et al. 14]
UPBP (Unified Points, Beams, and Paths)
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Radiance caching
Illumination changes slowly 
- Compute lighting and cache for reuse 

by nearby rays

Extension of (ir)radiance caching 
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[Jarosz et al. 2008a]

No gradients



With gradients

[Jarosz et al. 2008a]
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Path tracing



1st order radiance caching [Jarosz et al. 2008a]



1st order radiance caching [Jarosz et al. 2008a]
(occlusion-unaware gradient)



[Marco et al. 2018]2nd order radiance caching
(occlusion-aware gradient + hessian)
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