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IMPORTANT RESAMPLING FOR DIRECT LIGHTING

Leverage correlations to improve quality

With ReSTIR

60x better than prior state of art

For use in production, requires:
Lower, more consistent cost
Varied light primitives
Fewer shadow rays
Tunable quality / perf knobs

Better handle on bias
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GOALS OF OUR HPG PAPER

Move ReSTIR from research prototype (closer) to “production ready”

Improve clarity for those reimplementing the algorithm:
Improve intuition for underlying mathematics Please see paper

Develop visual intuition for causes (and avoidance) of bias

Improve performance, including:
Improve memory coherence
Reduce number of shadow rays required Going to discuss today

Decouple shading from reuse
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Each pixel (naively) selects a few candidate lights

These get reweighted to select one, proportional to their contributions at the current pixel
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HOW DOES RESAMPLING WORK?

Generate
Candidate

|
Temporal Sampl \&I:leighbor Samples

Resampling Resampling Resampling Final Pixel
(RIS) ’ (RIS) ’ (RIS) ’ Shading

Each pixel (naively) selects a few candidate lights

These get reweighted to select one, proportional to their contributions at the current pixel
Reuse (and reweight) last frame’s final samples, to increase sample count
Reuse (and reweight) selected samples at neighbor pixels, to increase sample count

Shade the final light selections (after iterative reweighting)
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MEMORY INCOHERENCE

Why does it occur?

Complex scene with 3 million dynamic lights

Each pixel independently selects some
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MEMORY INCOHERENCE

Why does it occur?

Complex scene with 3 million dynamic lights
Each pixel independently selects some

Extremely incoherent; trashes cache
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MEMORY INCOHERENCE

Why does it occur?

Complex scene with 3 million dynamic lights

Each pixel independently selects some
Extremely incoherent; trashes cache
Cost depends on cache hierarchy

Sampling varies >20x between scenes
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CAN WE MAKE LOOKUPS (MORE) COHERENT?

Use same 32 candidate lights for all pixels in a screen tile?
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CAN WE MAKE LOOKUPS (MORE) COHERENT?

Pick 16k lights per tile; each pixel picks 32 of those
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CAN WE MAKE LOOKUPS (MORE) COHERENT?

euse a few blocks of lights over entire image? Say 2567

Each block with 16k lights; a pixel picks 32 of them
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CAN WE MAKE LOOKUPS (MORE) COHERENT?

o

Optimizing params: 128 blocks of 10

ght samples each

Reused over 8x8 pixel tile; each pixel selects 32 lights



CAN WE MAKE LOOKUPS (MORE) COHERENT?

Ensure light samples for adjacent pixels are in same cache line?

Optimizing params: 128 blocks of 1024 light samples each

Reused over 8x8 pixel tile; each pixel selects 32 lights

Applying spatiotemporal resampling hides minor correlations
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REDUCING RAY TRACING
COSTS



CAREFUL SHADOW RAY SELECTION

Tracing rays has significant cost; up to 60% of original ReSTIR costs



CAREFUL SHADOW RAY SELECTION

Tracing rays has significant cost; up to 60% of original ReSTIR costs

Bitterli et al. [2020] traced 5 rays per pixel
Some modern games use Y rays per pixel; so up to 20x current budgets!

Why 5 rays? How important are these?

Temporal Sampll Neighbor Samples
Gen_erate Resampling Resampling K&& Resampling Final Pixel
Candidate (RIS) — (RIS) g (RIS) ’ Shading

One ray for selected candidate Four rays for final 4 light samples
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No shadow rays




WHICH RAYS ARE IMPORTANT?

Sk ‘P firstray (i.e., use 4'5ha




FIRST RAY IS MOST IMPORTANT

It prevents sample pollution (reusing really bad lights)...

Temporal Sampli‘ Neighbor Samples
Gen_erate Resampling Resampling K&k Resampling Final Pixel
Candidate (RIS) —> (RIS) g (RIS) ’ Shading

Why allocate 1 important shadow ray and 4 less-important rays?



FIRST RAY IS MOST IMPORTANT

It prevents sample pollution (reusing really bad lights)...

Temporal Sampli Neighbor Samples
Gengrate Resampling Resampling \&k Resampling Final Pixel
Candidate RIS) [T~ (RIS) ? (RIS) > Shading

\

|

Why allocate 1 important shadow ray and 4 less-important rays?
ldea: ReSTIR generally does not reduce visibility noise

So, need extra samples to reduce variance in final visibility
















TAKE AWAY: NO MORE THAN 2 RAYS NEEDED!
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Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR
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1 reused spatial light
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Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR
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DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) | (RIS) ? (RIS) > Shading

|
Each frame, we touch M+2 light samples But we only shade one!

M initial candidates Do all computations for others

1 reused temporal light (Except shadow queries)

1 reused spatial light Goals of shading & reuse different

Shading = best quality this frame

Reuse = best quality in future



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) | (RIS) ? (RIS) > Shading

Each frame, we touch M+2 light samples
M initial candidates
Why not use all M+2 to shade?
1 reused temporal light

1 reused spatial light



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) | (RIS) ? (RIS) > Shading

Each frame, we touch M+2 light samples
M initial candidates
Why not use all M+2 to shade?
1 reused temporal light ... too many shadow rays!

1 reused spatial light



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

Temporal Sample Neighbor Sample
Gengrate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) [ (RIS) > (RIS) > Shading

What if we ighore the M candidates?

Realize first RIS pass selects just one



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) |~ (RIS) ? (RIS) > Shading

\—'—I

What it we ignore the M candidates? Three light samples; one selected for shading

Realize first RIS pass selects just one Why not shade all three?



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) |~ (RIS) ? (RIS) > Shading

\—'—I

What if we ignore the M candidates Three light samples; one selected for shading

Realize first RIS pass selects just one Why not shade all three?

... requires 3 rays per pixel (instead of 2)
... but also increase image quality



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some "wasted” work going underused in ReSTIR
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If we do this, consider...

Now have visibility for all 3 samples



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

| N

:%: Resampling \A Resampling \A Resampling Final Pixel

Temporal Sample eighbor Sample

Generate

Candidate (RIS) — (RIS) —> (RIS) - Shading

If we do this, consider...

Now have visibility for all 3 samples

Including the one reused in future frames



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

| N

Resampling \A Resampling \A Resampling Final Pixel
(RIS) |7 RIS) | (RIS) |7 | Shading

Temporal Sample eighbor Sample

Generate
Candidate

If we do this, consider...

Now have visibility for all 3 samples

Including the one reused in future frames

Reuse this visibility query? Then only 2 rays per pixel, again



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

| N

Resampling \A Resampling \A Resampling Final Pixel
(RIS) |7 RIS) | (RIS) |7 | Shading

Temporal Sample eighbor Sample

Generate
Candidate

If we do this, consider...

Now have visibility for all 3 samples

Including the one reused in future frames May add some transient temporal bias

Reuse this visibility query? Then only 2 rays per pixel, again But | couldn’t see to capture an example
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RESULTS OF DECOUPLING




DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

l }
Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) |~ (RIS) ? (RIS) > Shading

Can also ask:

Can we reuse visibility here? Reduces to 1 ray per pixel



DECOUPLING SHADING AND REUSE

Decreasing parameters — Uncovered some “wasted” work going underused in ReSTIR

l }
Temporal Sample Neighbor Sample
Gen(_erate Resampling \A Resampling \A Resampling Final Pixel
Candidate (RIS) |~ (RIS) ? (RIS) > Shading

Can also ask:
Can we reuse visibility here? Reduces to 1 ray per pixel

This does add bias, but a controllable knob



TRADING QUALITY FOR PERFORMANCE

Reusing (some) neighbor shadow rays
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TRADING QUALITY FOR PERFORMANCE

Reusing (some) neighbor shadow rays

2 rays per pixel : 1.75 rays per pixel ' i 1.5 rays per pixel ' . 1.25 rays per pixel ' 1 ray per pixel
2.1 ms (3090) " " 2.0 ms (3090) ' 1.9 ms (3090) ' | 1.8 ms (3090) - , 1.6 ms (3090)
6.3 ms (2080Q) 6.0 ms (2080Q) 5.7 ms (2080Q) 5.4 ms (2080Q) 5.0 ms (2080Q)




PERFORMANCE RESULTS
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On GeForce RTX 3090

Presampling Reuse & Shade | Total Lighting

Ours 0.02 ms 0.8 ms 0.5 ms 0.6 ms 1.9 ms

Bitterli et al. 1.3 ms 0.3 ms 2.9 ms 2.1 ms 3.4 ms
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SOME PERFORMANCE COMPARISONS

On GeForce RTX 3090

Presampling Reuse & Shade | Total Lighting

Ours 0.04 ms 0.8 ms 3.1 ms 0.6 ms 4.6 ms

e itterlietal.  18.3ms 2.6 ms 3.9 ms 4.3 ms 31.0 ms

6.7x faster
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SUMMARY

Goal: Improve performance, coherence, quality over previous ReSTIR research

Specific improvements:
Reshape computations, moving incoherent candidate generation out of inner loop
Reduce shadow rays traced; many were redundant, duplicate, or irrelevant
Decouple sample shading and reuse; allows shading more than we reuse

Other aspects discussed in the paper:
Reduce spatial samples reused; removed samples had high cost and little quality impact
Unify heuristic-based techniques and MIS for reducing bias and noise
Intuitive visual discussion of bias

Aggregate ReSTIR math in one place
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THANKS!

E-mail: cwyman@nvidia.com

Twitter: @_cwyman_

Exemplar code & sample app:
https://developer.nvidia.com/rtxdi
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