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The Problem: (production) Scene relightning

Time to render a frame: 30m to 1h...




Ray tracing (again...):




The idea:

It is possible to split “path tracing” and “light
computations”.

First pass: let the ray bounce around the
scene according to the materials (BSDF);
and store light throughput weight and hit
locations for each ray.

Second pass: replay the paths and
compute potential light-source
intersections. On hit, use the color
attenuation and light throughput weight
to propagate back to the pixel.

def SAMPLEPATHS(px, scene):
'Pp\ ¢
fori=0.. . Nspp:
Iy «+ RGB(1.1.1)
xp. ® <— SampleCamera(pixel)
for j = 0...maxDepth:
xj+1 < Intersect(scene,x;.®)
o, fs.p + SampleBsdf(x;,|. —o)
Tinw«T;-f/p
Ppx-append( [(Th.xp). (T}.xp)....]

return Ppy

def GATHERLIGHT(virtLights, Ppx):
Ix += RGB(0.0.0)
for [(To:x0)s (T} .xp)s...] € Ppx:
for j = 0...maxDepth: '
for light € virtLights:
if hit = Intersect(light, x;, x;, )
Ipx 4= Ipx +T; - Lp(light, hit

return /py



Problems (and their solutions):

® Can not use “light-aware importance sampling” (e.g. NEE, reconnection to
light sources).

Intel® Open Image Denoise

High-Performance Denoising Library for Ray Tracing
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Problems (and their solutions):

e Storing all paths is costly: “typically weighing dozens of gigabytes per frames”.




Problems (and their solutions):

Mathematical formulation:

GATHERLIGHT(V, Ppx) = Y, E(v) - GATHER e () (v, Ppx)

Only the Gather part is approximated so that paths do not appear anymore:

Mype (pX, pr, V) ~ GATHERtype (V, pr)

Afterward, we can sum the contribution of each light to obtain the final color.
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Problems (and their solutions):
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Training setup:

® Scene 680x680 512spp.
e MLP “8 layers with 256 neurons”
e 100k it around 1h on an NVIDIA RTX 5090

Reconstruction 32spp 64spp 128spp 256spp S512spp  Den.
Time (ms) 1.05 1.86 3.48 6.90 13.89 2.60
GPU Memory (GB) 1.22 242 4.82 9.63 19.25 —

Inference 16/4 32/4 64/4 128/8 256/8  512/8
Time (ms) 0.83 0.98 1.20 3413 9.13 31.21

Model Size (MB) 5.6 5.6 5.7 6.1 7.4 13.3






http://www.youtube.com/watch?v=jgD5w3RM0k4&t=70

Inverse rendering
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http://www.youtube.com/watch?v=jgD5w3RM0k4&t=317

Limitations

e They claim that storing path is prohibitive for animated scenes. But
they do not show what the training looks like in this case.
o Can path be reused?
o Do we need training for each frame?

e Training is per scene (mlp weights encodes light paths)

® No NEE: When lights are harder to reach at “random” (small, hidden,
...), the method fails.
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Limitations

(a) NRP Prediction (b) Ground-truth Reconstruction
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