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Comparison with previous work
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Problem:
How do we improve temporal stability?
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Related work

e Sample reprojection [Badt 1988, Walter et al. 1999, 2002; Zhu et al. 2005]
— Mostly for efficiency reasons
— Stores shading result

e Sample reprojection for temporal stabilty [Adelson and Hodges 1995, Martin et al. 2002]
— One sample per pixel only
- Need post processing to remove residual temporal instability

e Temporal stability: Temporal supersampling [Karis 2014; Patney et al. 2016]
— Post processing filter
— Increases blurriness
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Interactive stable ray tracing

e The final goal is temporal stability, retaining sharpness

e We allow a non integral number of samples per pixel
e Sample density estimation
e Making it efficient for modern GPU pipelines

e Application: caching of global illumination
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Interactive stable ray tracing
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A generic stable ray tracing algorithm
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For an efficient implementation
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Our implementation:
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Our reprojection
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Occupancy bitmask:
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Analysis, first to estimate density

e User-defined target density (1 spp, 2 spp, etc.)
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Density estimation radius
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Analysis, to add and remove samples
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Sample removal Sample addition
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Verification, with a cached sample

Frame n+1

Framen <<

Cached sample
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Verification, with an occluded sample

Frame n+1

Framen <.

If last sample, store closest hit

Store as occluded
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Reconstruction
e 3x3 gaussian filter

e It is possible to apply post processing such as temporal integration / antialiasing [Patney
et al. 2016]
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Caching global illumination

e Our samples are suitable to store the result of indirect illumination
e In our implementation: unidirectional PT, Exponential moving average
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Results
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Questions

e Reconstruction quality
- What is the impact on reconstruction quality?

e Temporal stability
- Do we improve temporal stability at iso performance?

e Sharpness improvement
— Do we achieve better sharpness compared to temporal integration / antialiasing?

e Performance impact
- What is the performance impact?
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Quality impact mostly on low spp

SS, 1 spp SRT, 1 spp SS, 2 spp SRT, 2 spp

SS, 4 spp SRT, 4 spp SS, 32 spp

SS = Supersampling, SRT = Stable ray tracing
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Temporal stability, hairball
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Impact on sharpness
e Sharpness: CPBD-based metric (higher is sharper)

Supersampling, 4 spp
Sharpness: 0.8142

Supersampling, 4 spp

+ temporal antialiasing

21 Sharpness: 0.6610

Stable ray tracing, 2 spp
Sharpness: 0.8056
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Supersampling, 32 spp
Sharpness: 0.8054

Stable ray tracing, 2 spp

+ temporal integration
Sharpness: 0.7783
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Comparing with previous work
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A test with global illumination
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Global illumination, sharpness

Supersampling, 2 spp
Sharpness: 0.7924

Supersampling, 2 spp

+ temporal antialiasing

e
L'.Eg

Stable ray tracing, 1 spp
Sharpness: 0.7085

Sharpness: 0.5348
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Supersampling, 32 spp
Sharpness: 0.6771

Stable ray tracing, 1 spp
+ temporal integration
Sharpness: 0.6060
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Performance results

Shading

Stable ray tracing, 1.05 ms 0.28 ms 18.91 ms 0.72 ms 20.94 ms
Qtarget= 1 SPP

Supersampling, 1 spp = = 13.35 ms 0.21 ms 13.56 ms

Supersampling, 2 spp = = 20.94 ms 0.38 ms 21.32 ms

Technique Reprojection Analysis Verification/ Reconstruction Total
Shading

Stable ray tracing, 1.23 ms 0.38 ms 28.88 ms 0.82 ms 31.31 ms

dtarget= 2 SPP
Supersampling, 3 spp = = 28.36 ms 0.54 ms 28.90 ms

Supersampling, 4 spp - - 35.86 ms 0.71 ms 36.57 ms
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Limitation, edge thickening

e Caused by change in distributions of samples

Frame 0, No thickening Frame 1, Thickened edge

e Legend: Background sample, Hair sample, Occluded sample
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A new practical technique for stable shading

e Based on sample reprojection, with inexpensive
analysis phase

¢ Balances temporal stability and image sharpness
e Sharp, fairly temporally stable result

¢ Allows us to cache global illumination effects

position
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Quality impact mostly on low spp

SS, 1 spp SRT, 1 spp SS, 2 spp SRT, 2 spp SS, 4 spp SRT, 4 spp SS, 32 spp




No averaging improves sharpness

Stable ray tracing, 1 spp [Martin et al. 2002]
sharpness: 0.8182 sharpness: 0.6957
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