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« Shadowing-masking function only considers the single

scattering
N
Shadowing function Masking function
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low roughness medium roughness high roughness
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Heitz et al. [2016]

* v Physically based, and unbiased
X Sample at both direction and height, resulting in high variance

* X Not suitable for real-time rendering
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B. Bitterli & E. d’Eon [2022]

* v Physically based, and unbiased
* v Reduced variance compared to Heitz et al. [2016]

X Complex derivation and formulation
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Wang et al. [2022]

* v Independent bounce assumption leads to low variance
* v More advanced bidirectional estimator further lowers the variance

X Introduces bias
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* Light path: x_,((’ = (dy,dq, ..., dy)

* Path contribution: f(x_,g) = SoVpS1Vq1 *** Vk—1Sk
* Multiple-bounce BSDF: p(w;, w,) = f.()(a)-w )f(f)d,u(f)

Fresnel and NDF Segment term s;: occlusions and multiple scattering
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Problem
Independent bounce assumption leads to low variance but introduces bias.

Our solution

Derive a path segment term using the invariance principle.

Heitz et al. [2016]
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@ ASIA2023  The invariance principle
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semi-infinite medium
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semi-infinite medium microfacet

'
12 - 15 December 2023 @ ASIA SIGGRAPH.ORG/2023 @ Sydney, Australia Sponsored by 6 ( Organized by | .:
&4 *** koelnmesse



SIGGRAPH

ASIA 2023
sl Our method

s

8

L}
12-15December 2023 ® ASIA SIGGRAPH.ORG/2023 e Sydney, Australia Sponsored by éf; Organizedby | ¢
v *** koelnmesse



@ ?SGI?\%ZQ Our method

SYDNEY

12 - 15 December 2023 ® ASIA.SIGGRAPH.ORG/2023 e Sydney, Australia

Sponsored by f" 5
=

Organized by

L
o
*++* koelnmesse




SIGGRAPH
CJrsaxz  Case 2

\
| |
g

extinction within this thin layer

Multi-bounce BRDF Extinction
ALo = p(w;, we)L(1 — e—Ar(lA(wi)|+A(wo)))
= p(w;, w,) (LAD (|A(w)] + Alw,) ) + 0(AT)

g

The infinitesimal of higher order
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scattering at thin layer without
reaching the medium

_ F(w;, wp)Dy,, (wp)<— vNDF
- =

4|lop - w;]
Phase function Extinction
AL1 — fp (wi» (JL)O)L(l . e—ArlA(ooi)I)e—ArA(mo)
= fp(w;, wy) (LAD [A(w;)]| + 0o(AT)

= v(w;, w,)LAT + 0(AT) \

The infinitesimal of higher order
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scattering at thin layer, reaches
medium, then going through the
thin layer.

Phase function Extinction Multi-bounce BRDF

AL, = | folws w) (EDIRE@HIB@IH © + o(A7)

= LATJ _v(wi, w)p(w, w,)d w + o(AT)

\

The infinitesimal of higher order
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the symmetric case of case 3

Multi-bounce BRDF Extinction Phase function

oL, = | ) ERIR@, (@, w0)d o + 0(a0)
_Q-I-

= LAT] p(w;, w)v(w,w,)dw + o(At)
_Q+

\

The infinitesimal of higher order

12 - 15 December 2023 ® ASIA SIGGRAPH.ORG/2023 e Sydney, Australia Sponsored by f’, Organized by | _:
= *** koelnmesse



’Q ASIA 2023 Energy conservation
‘¥ SYDNEY gy

ALO — ALl + ALZ + ALB
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N NN TN \
\\ﬁ'sx )‘—_'/ \\/«v/
X / /X A

( 0, ifdyg.z>0o0rdy.z<0
Sk(dOl 000 Y) dk) = Sl(dOJ dk)(Sk—l(do; ey dk—l)

|+ Sk—1(d4, ...,dk)) , otherwise

In practice, time cost is nearly linear in k

.
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 Multiple-bounce BSDF: p(w;, w,) = fﬂ(w_w )f(f)du(f)

 Monte Carlo estimators for BSDF evaluation
« Path tracing (PT)
 Bidirectional path tracing (BDPT)

« Sample
« sample the VNDF
* (1 function decide whether to exit / o, = dy

dO = —wj
- d dk/
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Lambertian + Single Bounce PDF Improved MIS PDF

PDF PDF

Single Single
Bounce Bounce
+ +
g lsotropic PDF
-90 -90 -45 0 45 90 ©
Fit well!
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Bitterli and d’Eon 2022: 15 sp Bitterli and d’Eon 2022: 15 spp, MSE:1.62e-4

Ours: 16 spp, MSE:1.53e-4 Ours: 16 spp, MSE:1.53e-4

Simpler formulation == More spp === Less noise
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@ Al Equal-spp comparison

MSE: 3.26e-4

MSE: 1.09e-3 MSE: 3.26e-4

Ours (PT), 1.15s Wang et al. 2022 (PT), 1.21s Bitterli and d'Eon 2022 (PT), 1.19s

Bias removed and more effective.
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Slngle bounce + La&bgllélslmunce + Lambertlan Ours Ours

Our PDF produces less noise.
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« Multiple-bounce BRDF with Invariance principle
« Simpler derivation
« Simpler formulation

« Faster convergence
« Analytical segment term for path

« Anovel PDF for multiple importance sampling

A better match with the multiple-bounce BRDFs
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« Cannot be used on refractive surface

 Limited to NDFs with an analytical A\ function

Transmission

q
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* Introduce the invariance principle to layered materials

 Derive a fully analytical formulation

attenuation along
the other layers
...

Spongecake [Wang et al. 2022]
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THANKS FOR
ATTENTION!

Project link:
https://wangningbei.github.io/2023/GMBBRDF.html

E-mail:
yuangcui@outlook.com
pangaole@njust.edu.cn
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