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Progressive Photon Mapping
Hachisuka et al. (2008)
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Progressive Photon Mapping

First algorithm for computing all types of 
light transport with arbitrary accuracy
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Progressive Photon Mapping

• New formulation of photon mapping

• Robust for any light path including SDS path

• Arbitrary accuracy using finite memory

• New progressive radiance estimation algorithm

• Easy to implement
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Progressive Photon Mapping

• Multi-pass method

• Initial pass: 
points generation for radiance estimates

• Refinement pass:

• photon tracing

• progressive radiance estimate
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Key Idea

• Progressive radiance estimation

• New density estimation algorithm

• Converges to the correct value 
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Progressive Photon Mapping - Initial Pass
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Progressive Photon Mapping - Initial Pass
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Progressive Photon Mapping - Initial Pass
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Progressive Photon Mapping - 1st Refinement Pass
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Progressive Photon Mapping - 1st Refinement Pass
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Progressive Photon Mapping - 1st Refinement Pass
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Progressive Photon Mapping - 2nd Refinement Pass
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Progressive Photon Mapping - 2nd Refinement Pass
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Progressive Photon Mapping - Rendering
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Locations with Statistics

Φi flux
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Radius Reduction
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Stochastic PPM

★ Glossy reflections

★ Depth of field

★ Motion blur

Hachisuka & Jensen (2009)
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Progressive Photon Mapping:

A Probabilistic Approach

Claude Knaus and Matthias Zwicker

University of Bern



Our Probabilistic Approach

• New derivation using probabilistic perspective

• No local statistics

• Parallelization

• Convergence analysis

• Arbitrary radiance estimation kernels

• Easy to generalize
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Averaged Image Averaged Radiance Estimate



Noise per iteration Bias per iteration

Bias of average

Averaged Radiance Estimates
BiasNoise

N N1  2  3  4  5  6  7  8  9 1  2  3  4  5  6  7  8  9



BiasNoise

N

Averaging + Radius Reduction

N1  2  3  4  5  6  7  8  9 1  2  3  4  5  6  7  8  9
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Asymptotic Convergence
Bias of averageNoise of average

N N1  2  3  4  5  6  7  8  9 1  2  3  4  5  6  7  8  9



Empirical Validation
Bias of averageNoise of average
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No Statistics Needed

PPM Radius Update Rule Our Radius Sequence

Local Statistics No Local Statistics!



Radius Sequence (Explicit)
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Stochastic PPM Our method 20x Difference

Scene courtesy of Toshiya Hachisuka
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Scene courtesy of Toshiya Hachisuka

Stochastic Effects



Participating Media

✗

✗



Participating Media

3

3



1 iteration

2 million photons



10 iterations

20 million photons
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1000 iterations
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Conclusions

• Probabilistic analysis

• Asymptotic convergence

• No local statistics 

• Parallelization

• Arbitrary kernels

• Participating media
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