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https://blogs.nvidia.com/blog/what-is-path-tracing/
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https://docs.google.com/file/d/1gzqUiabT9kPYbiS3tl7YlalB-NpfoVQX/preview
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Introduction | Path Guiding "‘
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Learn the incident radiance to guide paths into important directions

e Many approaches exist for offline path tracing
e Limitations: non-adaptive, expensive fitting, dedicated learning phases,
impractical for GPUs
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Markov Chain Path Guiding (MCPG) "‘
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Lightweight

Unbiased

Tailored to highly dynamic environments
Extends naturally to single scattering
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e Suited for directional data
e Efficient online fitting procedure [Ruppert et al., 2020]
e Simple and compact
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K
pw) = Y mip(w | 1),

p(w) = [r p(H)p(w | B dt,
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p(w) = [r p(t)p(w | 1) dt,

\—~ Stochastic Markov Chain Process

— Evaluation using Stochastic Multiple Importance Sampling (SMIS)
[West et al., 2020]

N
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e Run aMarkov Chain per pixel
e Exchange vMF parameters with neighbor pixels
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e Run aMarkov Chain per hash grid vertex
e Exchange vMF parameters with neighboring cells
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2. Sampling & Tracing

i

3. Estimating

4. Transitioning & Updating
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e Multi-resolution hash grids

e Efficient sharing

e Stochastically select level based on
camera-distance
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MCPG | Single-Scattering "‘
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Changes to the guiding procedure:

e Generate points on the camera ray (e.g. fransmittance sampling)
e Use phase function instead of BSDF for points in the volume
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MCPG | Dynamic Content

e Store light source velocity in state

e Read grid at the world-space position
of the previous frame

e Heuristic for invalidation of missing
light sources
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https://docs.google.com/file/d/1zhOmjFsjrYM2jGGLquui86zWl9eDqe-z/preview
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Results

*Results were generated on an AMD Radeon™ RX 7900 XTX 28
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https://docs.google.com/file/d/1xD-jLVHGIfyLEKDDF4jGtulf9QOY3oLC/preview
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Dittebrandt et al., 2023 MCPG (ours) MCPG (ours, 2 bounces)
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MCPG (ours) MCPG (ours) Referencel |
S2 SPP, 89,10 ms 8k SPR, 2294 s
SILIR s O.18% LR ¢ 0,042

~equalerror

~ equal sample
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Results | Limitations

MCPG (ours)  ALIP:0.533
gE 15.18 ms

.. . . . MCPG (ours) ALIP:0.480
e Limited SMIS size: increased variance 4 SPP, SVGF

in scenes with many light sources .
e Proximity bias
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Demo Project: Quake Path Tracer
e Lightweight and unbiased path guiding

for GPUs

e Tailored for highly dynamic content

e Guides direct and indirect illumination
as well as single-scattering events

Contact: lucas.alber@kit.edu www.lalber.org/markov-chain-path-quiding
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Backup | Hash Grid Data "‘
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Table 1: Overview of data that is stored for every Markov chain state at hash grid vertices.

Symbol Meaning

W luminance estimate of eq. (1), used as resampling weight

N number of samples

y luminance-weighted mean of light source positions

r luminance-weighted mean cosine of light source directions
T time of last update

Vv last known velocity of the light source

hash  hashed grid position for collision detection
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Algorithm 1: Grid Resampling

1 S« array of N, Markov chain states

2 s« {0} /* empty Markov chain state */
3 SUMme < 0

4 foreach| <+ 0to Ny.-1do

5 S[i] + grid.load(hit.x, hit.n)

6 if hash grid collision then

| S[]w=0

8 SUMme ¢ SUM e + S[i|.W

9 ¢ < uniform randomiin [0, 1)
10 if & < SV then

SUMme

n L S« S[/]
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Algorithm 2: Sampling and Ray Casting

1 & < uniform randomin [0, 1)
2 ifsw=0/* invalid */or & < ppsgs then
3 | p(w) <« fs(w, hitn) or |hit.n - w|

4 s« {0} /* empty Markov chain state x/

5 else
6 p < normalize(s.y/s.w — hit.x)
7| re (sN*-STF/sW+ Np-rp)/(S-N*+ Np)

8 K+ (3r—r3)/(1—r?) /* [Banerjee et al., 2005, eq. 4.4] */
9 | plw)+plwlp k) fi 70 %l

10 sample w ~ p(w)
hithext < trace ray (hit.x, w)

—
—r
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Algorithm 3: State Transition and Maximum Likelihood Estimation

1 fme < Lum((L; (hitx, w)),, )

2 £ < uniform randomin [0, 1)

3 if € < fine/(SUMme/Nme) /* MCMC acceptance test x/then

4 S.N < min(s.N + 1, Npax)

5 a < max(1/5.N, amin) /* blend factor, cf.
[Dittebrandt et al., 2023] */

6 | wp<normalize(s.y/s.w— hit.x)

7 s.W<—mix(s.V_V, fmc, a)

8 S.¥ — Mmix(Sy, fme - hithext-X, @)

9 S.T <+ Mix(ST, fme - dot(normalize(hithexi.-X — hit.x)), u), )

10 ST /* current time x/

m S 4= (Ritnes X HityextXores) /(T = Torey)

12 | grid.store(s)
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Paccept = min ( fmc ) 1)
(SUMime)/ Nime )

e Use estimate for increased

exploration of outlier samples fme : Luminance estimate of the
e Use mean score for learning of the incident light (L; (X, w))smis
mixture across states SUMme : Sum of resampling weights

Nmc : Number of resampled states
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e Based on mean direction and
cosine, we define a trust-region

e States areinvalidated, if samples
inside the trust-region return
less-than-expected radiance
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