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STOCHASTIC SAMPLING FOR FORWARD RENDERING @

SIGGRAPH 2021
jE4r7572 Rendering equation

L (%, @) = j Ly(%, axy) fo, @y, ) daoy

52 Wi 1 ;5
(DO Wi 3
eGP
Monte Carlo integration BSDF f
{ S
X
- = —
L.(x,w,) = N
n=1 p(wi,n)

© 2021 SIGGRAPH. ALL RIGHTS RESERVED. THE PREMIER CONFERENCE & EXHIBITION IN 2
COMPUTER GRAPHICS & INTERACTIVE TECHNIQUES



DIFFERENTIABLE RENDERING @

SIGGRAPH 2021
jE4r7572 Rendering equation

LT‘ (xr wo) — szi (x, wl)fs (x, W, wo) dwil
S

dé dé

Interior term boundary term

dL, _ U (L) dwil} ||, 9t dec@)
52 :
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BSDF SAMPLING
FOR FORWARD RENDERING

jE4r7572 Rendering equation

LT‘ (xr wo) — j Li (x, wl)fs (x, W, wo) dwil

SZ

dLr ] d(Lifs ) _ _
a0 USZ 10 dw#} T ngg(wl) df(w;)

interior term boundary term  Renurposed for
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PRIOR WORK IN DIFFERENTIABLE RENDERING @

SIGGRAPH 2021
Edge-sampling methods Path-space methods Convolution-based methods

A scene with complex geometry and visibility (1.8M triangles)

Li et al. 2018

Bl

Loubet et al. 2019

Highlighted Section Ground Truth (FD) Our Method

Zhang et al. 2019 Zhang et al. 2021 Bangaru et. al. 2020

Most, if not all, prior work rely on standard BSDF sampling
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BSDF SAMPLING
FOR FORWARD RENDERING

SIGGRAPH 2021

Observation
Standard BSDF sampling may lead to high variance for glossy material

Original Image Derivative Image
(w.r.t. horizontal rotation)
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OUR CONTRIBUTIONS @

SIGGRAPH 2021

Edge-sampling methods Path-space methods

w .
\\V/ vam(E, ) M(7 +e)
Tangent plane g~
\ *nam(@, )
) M(x)
¢ Vam(z, m
x M(m—¢€)

Handling geometric derivative of Parameterization independent
glossy surfaces (.e., applicable to different formulations)
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PREVIEW OF OUR RESULTS

SIGGRAPH 2021

Equal-time Comparison
Negative [ 777 [ Positive

Compute derivative w.r.t.
rotation angle of the reflector
around a horizontal axis

Edge-sampling
[Li et al. 2018] [Zhang et al. 2019]

;{

Compute derivative w.r.t.
vertical position of the sphere

PSDR
[Zhang et al. 2020]
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@ SIGGRAPH 2021

OUR TECHNIQUE

ANTITHETIC SAMPLING

‘d

© 2021 SIGGRAPH. ALL RIGHTS RESERVED. THE PREMIER CONFERENCE & EXHIBITION IN 9
COMPUTER GRAPHICS & INTERACTIVE TECHNIQUES



ANTITHETIC SAMPLING @
SIGGRAPH 2021

» Classic variance reduction framework for Monte Carlo estimation

Limited uses in computer graphics

141 spp
jittered
low discr.
Q 2} jitt. anti t. antith. Highlighted Section Ground Truth (FD) Our Method

Subr et aI 2014 Bangaru et. al. 2020

- Core idea: using negatively correlated (fa$83) samples
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ANTITHETIC SAMPLING (1D EXAMPLE) @

SIGGRAPH 2021

1D example: Estimating integral

[ = f_O:OF(x) dx

where the integrand F is approximately an odd function with F(x) =~ —F(—x)

1 RAMIEE
Monte Carlo integration
- Independent (JH3Z) samples

Slow convergence if F contains
high-magnitude positive and negative regions

RARETE
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ANTITHETIC SAMPLING (1D EXAMPLE) @

SIGGRAPH 2021

1D example: Estimating integral
[ = f F(x) dx

where the integrand F is approximately an odd function with F(x) =~ —F(—x)

Monte Carlo integration

- Independent (JH3Z) samples

Slow convergence if F contains
high-magnitude positive and negative regions

- Negatively correlated ($af83<) samples
Faster convergence since F@) + F(©O) = 0

® Xiid
O HGRHEA
(0=-0)
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ANTITHETIC SAMPLING (BSDF SAMPLING) @

SIGGRAPH 2021
A
o d(Lifs) , |
interior term 5 dw;
SZ H
® it | | |
O HERIES Differentiable rendering

(0=-0)

To apply antithetic sampling:
Finding the point symmetry (3FR1¥) is the key!
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ANTITHETIC SAMPLING (BSDF SAMPLING) @

SIGGRAPH 2021

Approximately
All other factom)int symmetric

d (Lifs dL (i.e., Fr(as/pgl shad /m a)slarzg)
do m&@e‘*f Qé@fﬁ do dé fSOLi‘Li fs) n

rm dw;
fo(wi, wo) = D(whlf(’(w W) JX a6 i
£ 2 0 only when paraméte\yaﬁly:ontrols geometry

Antlthetlc sampllng won'’t hallpwily is a material
Qﬁ,\ﬁugﬁlrﬁmeter (e gg,, r@ughness)
tribution funct N

FizEE

Half-way vector &éwﬁﬂ
D(wy) point symvr\ﬁé/ylc wh—nw PNt symmetric

around surface normal around surface normal
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ANTITHETIC SAMPLING (BSDF SAMPLING) @

SIGGRAPH 2021

Properly sampled by NDF

d(Lifs) _ . dL +D(wh)@,g_mm@ F(wh) + F(wp) =

—Fda)h 40

fun AntitheticBSDFSample(x, w,):
Draw wy = [xn, Yn, zn] ~ Pn
Compute w; based on wy, and w,

W Compute p; based on pp(wy)

Set wjp, = [—xp, =Y, Zn]

Compute w; based on w; and w,

Compute p; based on py(w})

AntitheticBSDFSample return (wj, pj, w;,p; )
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ANTITHETIC SAMPLING (BSDF SAMPLING) @

SIGGRAPH 2021

Algorithm: Differential path tracing

fun diffPT(x, w,):
L=Lc(x, w,)
(wj, p) = BSDFSample(x, w,)
y = rayTrace(x, w;)
L +=diffPT(y, —w;)fs" (x, ;, @,)/p
return L

Algorithm: Differential path tracing with antithetic sampling

fun diffPT(x, w,):
L =Le(x, w,);
(w;, w;,p,p*) = AntitheticBSDFSample(x, w,)
y = rayTrace(x, w;)

mfp L +=diffPT(y, —w;)fi"(x, w;,w,)/(p +p*)

AntitheticBSDFSample y* = rayTrace(x, w;)
L +=diffPT(y", —w;)fs (x, wi, ®,)/(p + P")
return L
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ANTITHETIC SAMPLING (BSDF SAMPLING) @

SIGGRAPH 2021

Derivative Image
(w.r.t. horizontal rotation)

Original Image |
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EXPONENTIAL BRANCHING @

SIGGRAPH 2021

Antithetic sampling x 2
# light path x 4

Glossy

Glossy Glossy
Antithetic sampling x 1 Antithetic sampling x 3
# light path x 2 # light path x 8

Problem: Exponential branching of light paths for mostly glossy scene
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ANTITHETIC SAMPLING (PATH LEVEL)

« Key idea: Decompose the derivative of light path contribution (via product rule)
* One antithetic path per glossy vertex

* Antithetic & ordinary path cancels out

More details

\v « Gradient-domain path tracing (GDPT)
maximizes consistency between antithetic
and ordinary path

Glc * Can be adopted for BDPT (W[5 i Z B )

d S S S
IRFEREI: %/ BSDFRyFRFA E(fslfs $) = f SCfs + f s fs + ffsfs
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e BIRBE—1BSDF&#
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SIGGRAPH 2021

RESULTS
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RESULTS: DIFFERENTIABLE-RENDERING COMPARISONS @

SIGGRAPH 2021

Equal-quality comparison Equal-time comparison

Speedup: 13.2X || &  RMSE: 0.11 | o RMSE: 0.03

L)

I e A LSRN RN OB R i A
' A ) A-"'“- St fruia -
LR T T D 1T R A A S A Y S AR
i v i . v (o -

GE + AS
Negative  Positive
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RESULTS: DIFFERENTIABLE-RENDERING COMPARISONS

SIGGRAPH 2021

Equal-quality comparison
Speedup: 16.2x

SN

PSDR + AS

PSDR + AS | PSDR + AS
Negotn NN
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RESULTS: PATH-SPACE ANTITHETIC SAMPLING

SIGGRAPH 2021

Equal-time comparison

PSDR PSDR
+ AS (branching + AS (path level)

Original

Negative iZero _ Positive
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INVERSE RENDERING @

SIGGRAPH 2021

* Inverse rendering optimization comparisons

 To ensure fairness

- All optimization parameters are fixed (e.g., optimizer, initial state, learning rate)
- Derivative computation is under equal time

- Only varying factor: antithetic sampling
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INVERSE RENDERING

SIGGRAPH 2021
Iter #0 Deriv. Iter #0
2 1019 RMSE Param. RMSE
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2 i
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Opt. config.
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INVERSE RENDERING

SIGGRAPH 2021
'8 Deriv. Iter #0
= le—3Mg. RMSE Param. RMSE
O
=
.-l: 10 =
c
<
+ 5 -
5
T ) 0 I ]
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o d
) 10
(0))]
o i
? T T o T T
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Opt. config.
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INVERSE RENDERING @

SIGGRAPH 2021
Target lter #0
Param. RMSE le—imng. RMSE
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©
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LIMITATIONS & FUTURE WORK @

SIGGRAPH 2021

* Glossy-to-glossy interactions
- Active research topic in forward rendering
- Combine with advanced sampling methods
» We focus on interior term in differentiable rendering

- Improving efficiency of boundary-integral estimation for glossy materials
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CONCLUSION

@

SIGGRAPH 2021

« We introduced antithetic sampling to Monte Carlo differentiable rendering

- Efficient estimation of geometric derivative for glossy surfaces

- Individual BSDFs and full light transport path
- Parameterization independent

- Applicable to most differentiable-rendering frameworks
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Project webpage
https://rb.gy/7e6dzt
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