Progressive Photon Mapp
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Gulfstream interior



Global lllumination Algorithms

® Biased methods

® |rradiance Caching [Ward 88]
® Photon Mapping [Jensen 95]
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Global lllumination Algorithms

® Unbiased methods
® Path Tracing [Kajiya 86]
® Bidirectional Path Tracing [Lafortune 93][Veach 95]
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LDE Path




LSDSE Path
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Progressive Photon Mapping

First algorithm for computing all types of
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Progressive Photon Mapping

® New formulation of photon mapping

® Robust for any light path including SDS path
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Photon Mapping

® 2 pass method

® |st pass: photon tracing




Photon Mapping - |st Pass




Photon Mapping - |st Pass




Photon Mapping - 2nd Pass




Photon Mapping - 2nd Pass




Photon Mapping - 2nd Pass
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Radiance Estimate




Convergence of Photon Mapping
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Convergence of Photon Mapping
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Multiple Photon Maps

° Average images with different photon maps
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Progressive Photon Mapping

® Multi-pass method

® |nitial pass:
points generation for radiance estimates
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Key ldea

® Progressive radiance estimation
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Progressive Radiance Estimate
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Progressive Radiance Estimate
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Progressive Radiance Estimate
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Progressive Radiance Estimate
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Progressive Radiance Estimate
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rogressive Radiance Estimate

® Assume the density of photons is
uniform within the disc
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Progressive Radiance Estimate

® Keep a fraction X of newly added photons M;
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Progressive Radiance Estimate

® Solve the quadratic equation for R+
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Progressive Radiance Estimate

® Solve the quadratic equation for R+
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Progressive Radiance Estimate

number of photons N;+1 = N; + aM;

N; + aM,;

radius RZ+1 — R
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Progressive Photon Mapping - Initial Pass




35

Progressive Photon Mapping - Initial Pass
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Progressive Photon Mapping - Initial Pass
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Progressive Photon Mapping - |st Refinement Pass




38

Progressive Photon Mapping - |st Refinement Pass
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Progressive Photon Mapping - |st Refinement Pass
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Progressive Photon Mapping - 2nd Refinement Pass
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Progressive Photon Mapping - 2nd Refinement Pass




42

Progressive Photon Mapping - Rendering







Convergence (100k photons)




Convergence (400k photons)
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Convergence (25.6M photons)
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Robustness
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Statistics on Points
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Implementation

® Use the same ray tracing core

® Path Tracing with shadow rays [Kajiya 86] (PT)
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Torus in Cube - Reference (Path Tracing)

51500 samples
91 hours




56

Torus in Cube - Path Tracing

1050 samples
2 hours
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in Cube - Bidirectional Path Tracing

Torus
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Torus in Cube - Metropolis Light Transport

359 mutations
2 hours




Torus in Cube - Progressive Photon Mapping

52M photons
2 hours
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Bathroom - Path Tracing




Bathroom - Bidirectional Path Tracing

66 samples
|6 hours




Bathroom - Metropolis Light Transport
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66 mutations
| 6 hours




Bathroom - Photon Mapping

20M photons &
| hour




Bathroom - Progressive Photon Mapping

612M photons &
|6 hour

-
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Glass Desk Lamp

BDPT

840 samples 80 samples mutations |65M photons
22 hours 22 hours 22 hours 22 hours
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Conclusion

® New formulation of photon mapping

® Robust for any light path including SDS path
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Future Work

- How many photons are enough!?
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