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A constant function
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256 samples per pixel
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[Salaln et al. 2022] proposed using a more complex function instead of a constant function.
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Provably better than Monte Carlo
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* The least-squares regression solution is not exact for any finite number of samples.

* The integrand can be highly discontinuous due to complex scene configurations

(especially in scenes with many lights or complex visibility).
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* For all lights, we first construct a light BVH tree.
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* For all lights, we first construct a light BVH tree.

 For each pixel, we select a representative point and shoot a camera ray to obtain the

P

corresponding shading point x.
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* For all lights, we first construct a light BVH tree.
 For each pixel, we select a representative point and shoot a camera ray to obtain the
corresponding shading point Xx.

 For a shading point, we construct a light cut and compute the corresponding weight.
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* For all lights, we first construct a light BVH tree.

 For each pixel, we select a representative point and shoot a camera ray to obtain the
corresponding shading point Xx.

 For a shading point, we construct a light cut and compute the corresponding weight.

* For each node In the cut, we create a low-order polynomial as a control variate.
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(¢) Classroom

(a) Bathroom

(b) Staircase2

m(d) ECorlslell-gbox u

Scene # lights avg. cutsize # control variates
Staircase2 21 7.9 0-12
Bathroom 32 5.1 0-10
Classroom 162 7.6 0-31

Cornell-box 1494 10.28 4-33
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Results (Equal Time Comparison)
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Bathroom 1200 x 760 pixels

Bathroom scene has 32 mesh lights.

Ours
0-10 (avg. 5.1) control variates
Salaiin et al. (O3) (polynomial with order 1)
VS.
[SGH#*22]
Single control variate
(polynomials with order 1 & 3)

65536 spp - 256 spp 148 spp 244 spp 225 spp
reIMSE (x103) 16.8 (1.00x) 3.6 (4.67%) 11.9 (1.41x) 9.2 (1.83x)



Staircase2 1024 x 1024 pixels

Staircase2 scene has 21 mesh lights.

Ours
0-12 (avg. 7.9) control variates
(polynomial with order 1)
VS.
[SGH#*22]
Single control variate
(polynomials with order 1 & 3)

Salaiin et al. (0O3)

Reference Salaiin et al. (O1) Salaiin et al. (O3)

65536 spp
relMSE (x10-3) 30.6 (1.00%) 4.2 (7.28%)

32.8 (0.93x) 27.4 (1.11x) 37




Classroom 1280 x 720 pixels

Ours
0-31 (avg. 7.6) control variates
(polynomial with order 1)
VS.
[SGH#*22]
Single control variate
(polynomials with order 1 & 3)

65536 spp 512 spp 216 spp 480 spp 444 spp
relMSE (x10°3) 20.1 (1.00%) 2.7 (7.44x) 28.6 (0.70%) \ 22.6 (0.89%) \

Classroom scene has 162 mesh lights.
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Cornell-box 1024 x 1024 pixels Cornell-box 1024 x 1024 pixels
Reference Salaiin et al. (O1) Salaiin et al. (03)
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Salaiin et al. (O3 Salaiin et al. (03) 65536 spp 512 spp 316 spp 475 spp 455 spp
— laitn et o (O3} relMSE (x10°3) 26.5 (1.00x) 2.7 (9.81x 28.8 (0.92x 28.7 (0.92%

Ours
_ 4-33 (avg. 10.28) control variates (polynomial with order 1)
Cornell-box scene has 1494 lights. VS,
[SGH*22]
Single control variate (polynomials with order 1 & 3)




* We introduce an adaptive multiple control variates framework to improve the

Monte Carlo integration for many-light rendering.
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Limitations

* Limited to specific many-light rendering.

* Visibility-related discontinuities are not yet handled.

Future work
» Extend to support other rendering applications.

* [Incorporate visibility-aware strategies.
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