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1. Rkl 2k it

AR ) BT 22 il B AR IR RAE M e 2 A/ 43 DU AS =8 B T ), il &)
MEFETTE: ReSTIR, ML k%! Disney Principled BSDF. & 46
gu. JETIRRN R4 .

IR ZE R 08, ARPT ATEAR L B e /ST e e (S REZL 3 4 Moer, Mit-
suba, PBRT, SZHHEZRMIAN Unity /Unreal, Falcor, Filament &5, HZEW[PLEHCD
(PR ) e AR H RS

TERF— AT, SRR 4 A XIS 2% S0k, BSUURIE IR S 2% SOk se Bl 4t
PR T8, ARAT ARSI TR A (Bean, X R SCHeRr 224 2 s CR A i
fra] PARFHE AL 3] Resampled Importance Sampling (RIS)), 248K, 4Rt a] DAFE H H:
ftSEBL, BEE TN AR H T s AL, FRAT S B B AR A T PR
IEAR
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2. WRCRFEF % ReSTIR

VAR, R NG 4B BRI K R (SR R % I A 18 A SE IS Vi G v )
MBCA A RE, BRENMERIREE R R BETIAA IR X — R et s
SR SRR B . R IR R EORTE— & AR 8 AT AGE M e [
e IO R e 1) S AT O 1 BE S T 1 BSOR ARSI T

TRER PR T MRS, AT R 2 10 B R ROR R T AT 55 B AR,
FEAREFRATZE L B ReSTIR (Reservoir-based Spatiotemporal Importance Resam-
pling ) KA ERIN 5.

2.1 SLEA
SR RIB R ARIB A I AR ffE g T e

Lo(z,w,) = Le(w,) +/ frlm,wi,wo) + Li(w;) - n- widw;
Q

Hor L, )2 MRS, Le 2B A, Q & REEXE, f, & BSDF/BRDF, L;
TASRYTEE, n AEORMEL, wo AHH SR, wi HAS ARG, 1
WFRATH G B AR o, HORIEZeny, A TAET ALK, RATFE LT
SRE R AT

iﬁﬂwmwyhm%an
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r y Wiy Wo Lz i) " : zdz -
/Qf(xw Wo) (wi) - n - widw ”1:1 (o)

Horp pwi) MR BERREL p HRFHSE], S TS RIIERRR 4521, AR
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ReSTIR g 2z —, Hi@dEH M TS0 g A8 BRn RAE 7 ¥k, H Bitterli
S ANBEH, HEEE T ERMEEEMERM: (Resampled Importance Sampling, RIS) il
IIALE KR AE (Weighted Reservoir Sampling, WRS), i#id it xU%5 55 frAt 25
EPCIRAEAS, RBUS B BRI R IO Tt e, H B gy

o BT RIS, X ABSEAR U THORAE, A5 S i A AR 1 o

o fH] WRS XHEAIA TS L, JoH— A4 # RIS M2 A, i
WHAHELR, AR DA A

SO SEIE AL, FERHSRAM S A TR A AT, AT RO S e — s e o
REHEATHORFERUREAKL, (TR G R R B, A S SEI P RE -

[Moreau et al. 2019] ReSTIR (unbiased) ReSTIR(biased)| [Moreau etal. 2019] - "ReSTIR (upbia}gd) 3 ReSTIR (biased)

% Ve

[Moreau et al, 2019]

Fig. 1. Two complex scenes ray traced with direct lighting from many dynamic lights. (Left) A still from the Zero DAy video [Winkelmann 2015] with 11,000
dynamic emissive triangles. (Right) A view of one ride in an AMUSEMENT PARK scene containing 3.4 million dynamic emissive triangles. Both images show three
methods running in equal time on a modern GPU, from left to right: Moreau et al. [2019]’s efficient light-sampling BVH, our new unbiased estimator, and our
new biased estimator. The ZEro DAy image is rendered in 15 ms and AMUSEMENT PARK in 50 ms, both at 1920 x 1080 resolution. ZEro DAy ©beeple, Pirate Ship
©sema edis

K| 1: Spatiotemporal reservoir resampling for real-time ray tracing with dynamic direct lighting

YRR B SEPIAE SO IR R IR 1K 36 ReSTIR () PEREAI S R RCR, TR
AR EIB A9 SR PN TS B, PO E RIRERCZ AL, BAMedid ]
PASEBRAZARNE , (FANSR ARG (8 ) B AR B AT SC B, ARA I AR AR 7T R 252 2]
BRI, Bl 12 MR R Bl A B RE R PP A IR 750, B DA FHL DG T S e e &
BA R OL
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2.2 BHIHK

« Bitterli, Benedikt et al, Spatiotemporal reservoir resampling for real-time ray
tracing with dynamic direct lighting. ACM Transactions on Graphics (TOG) 39
(2020): 148:1 - 148:17.

o Chris Wyman, Markus Kettunen, et al, A Gentle Introduction to ReSTIR Path
Reuse in Real-Time. ACM SIGGRAPH 2023 Courses.
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1% Disney Principled

Disney Principled BSDF J&Hj Walt Disney Animation Studios - 2012 4EF{] 2015
AR AR —FhE T YA AL, B RS S EEE B 2 P TR
BT (ands)m. BRE. ARk KOREE), HFRELZARF AR . e )T
17 W T Blender., Unreal Engine. RenderMan 5 F=jfiiE gus |25,

3.1 BDBH

¢ 1: Disney Principled BSDF Z:%{%1| 3%

2 )|

Base Color HAl, OB 2R

Subsurface WCRTTHCHFERE , TR . 5 g B o
Metallic wEE, 0 FrikelE, 1 #Fre)R

Specular BTSRRI AR SR A B R SRR
Specular Tint BRI SO, YR G ) S A i R RS R
Roughness MURERE, 2R YEIRERE, A2 G BRI B
Anisotropic Fm T, I E R, R TR 2 4 B S
Sheen FEEERE, B RS BTE A i 2R R

Sheen Tint FeESI, i Sheen RFEHIHIE

Clearcoat THEEIREE, ININESMNAEEE, HTRRNR RS M

Clearcoat Roughness
IOR

Transmission
Transmission Roughness

AR, PG B2 B ai R
Propps, Mk SO RIS T N
BEE, FEHDCL T B R
BEPHREIE , SPIESH BRI

Disney Principled BSDF TS (Microfacet Theory) , HAZ.Oo4HAE AL

EiLE

« B9 (Diffuse):
] o

KA et Schlick Fresnel AR, 25 [ T REDRE BEXT SO 52

o BEMiRIT (Specular): {#f] GTR (Generalized Trowbridge-Reitz) 431F K%L,
254 Smith-GGX JUAa[ AN Schlick Fresnel T, 40 B = 6 T H -

o KA (Subsurface Scattering) @ il i WS HE B B AR ELEAS

S AR TN

e )2 (Clearcoat

i T B R AR B I o
) WIMBSMYEERE, BMSIR GTR 201 ek, AU

BB IR IZ I BURRCR -
PRFFEELHNL A Disney Principled BSDF, JFEZHA i 2EATRHCR I,
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3.2 BEYH
o Brent Burley, Physically-Based Shading at Disney, SIGGRAPH 2012. https:

//media.disneyanimation.com/uploads/production/publication_asset/4

8/asset/s2012_pbs_disney_brdf_notes_v3.pdf

o Brent Burley, Extending the Disney BRDF to a BSDF with Integrated Subsurface
Scattering, SIGGRAPH 2015. https://blog.selfshadow.com/publications
/s2015-shading-course/burley/s2015_pbs_disney_bsdf_notes.pdf


https://media.disneyanimation.com/uploads/production/publication_asset/48/asset/s2012_pbs_disney_brdf_notes_v3.pdf
https://media.disneyanimation.com/uploads/production/publication_asset/48/asset/s2012_pbs_disney_brdf_notes_v3.pdf
https://media.disneyanimation.com/uploads/production/publication_asset/48/asset/s2012_pbs_disney_brdf_notes_v3.pdf
https://blog.selfshadow.com/publications/s2015-shading-course/burley/s2015_pbs_disney_bsdf_notes.pdf
https://blog.selfshadow.com/publications/s2015-shading-course/burley/s2015_pbs_disney_bsdf_notes.pdf

4.1 fhiE g
JAES ST, ATRE A A AN AR

el (absorption): SEREFZAL MR ELAEE (AIHAGEE) .
SNBSS (out-scattering): JERS R H BORL T HIGH B HE 5 1) «
H %t (emission): NN ETZAMEE (WHGE) FALBOGEE.

WHLST (in-scattering) : > HATAR 7 8] B 6 TN ok T- 805 2 24 Bl G0
], FFEXEZ radiance F2A TRk .

Horp R radiance ZEJ, J5 i radiance {5

///d d d
AN

Absorption Out-scattering Emission In-scattering

Bl 3 PURRHUN IS

TEWER Y, TR HUR R R AL oy PSRRI R B R 0, WTLAGETTTH
%%ﬁ O¢, Ot =05 + 040
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WY, 2N A A, WSS EBN BRI S PR AL, HEPRSH
S AREL oy PARAIZRREL (phase function) A7 9. AR ECH TR LAEN I K
SIS, M5 1) 21 555 1) AR 20 AT

NsESHEH R (Radiative Transfer Equation, RTE) H:

L(z + sw,w)
ds

Horr, s WICERAE w 7 B shR e . A e — U R ARy, 28 I N HIUHTER
7, fp FARBLEREL

AR, &S

= —oyL(z,w) + o, /Q2 folr,w, ") L(z,w') do'

Ly(z,w) = /Qp fs(x,w, ") Lz, ") do’

M RTE 7[5
L(z + sw,w)

- = —0L(z,w) + 05 Ls(x,w)

RTE J—Brdsr e, SRz JiRe , vl SMiE g iR (Volume Rendering Equa-
tion, VRE) :

L(z,w) = /::O exp <— /: o(xen) ds") [as(:vs/)Ls(xs/)} ds'+L(0) exp <— /;:O o(xy) ds')

(2P 2 AR L AL - )

SR A EM B S, AR — IR AR 7 1 e A oAb e A
MZER, M o' — s Rl e mT R AENBOIIALE T PATE 0 — s B2 ERY
EEA, WIANEFE 0 — s ARG A0 T 0HA TR EEED 0 — s /Y
HARTEIRIISE R -

(ERERERR, JANE B T ICRAEN R RUN—IRIVEER, Kbt fEfES
SABRHEZR, KT 2 mEGHE L ORHE S 2% S0k .

4.2 % or MR

AR KAEA A, AR T PABESS 3 2R SR ) 8 HR AT 2 — b

FESGIBTE Yo L BLE 5 ZAR B L integrator 2R, FATSAMRIE QLSRR
B A LSRRl 3 Bt A T A

FEFEAALTE Yo i ) SE DLIE 7 75 2EUEAT ray marching, KA AEFG 2 —LLIT{BIfA]
PATRUEAEA [P & BRI, AR AZH 4R Siggraph Course PAK GDC


https://www.scratchapixel.com/lessons/3d-basic-rendering/volume-rendering-for-developers/volume-rendering-summary-equations.html
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TrEHEATIAL (BIANBLEAY , W), BATSMIEE SR DA S P RE R T 25 T
i, W55 M M RE I -

4.3 HEEBd i R B E BTk
o Julian Fong, et al, Production Volume Rendering, SIGGRAPH 2017 Course. http
s://graphics.pixar.com/library/ProductionVolumeRendering/paper.pdf

o Scratchapixel, Volume Rendering. https://www.scratchapixel.com/lessons/
3d-basic-rendering/volume-rendering-for-developers/volume-renderi

ng-summary-equations.html

 Hillaire, S’ ebastien, Physically Based Sky, Atmosphere and Cloud Rendering in
Frostbite, SIGGRAPH Physically Based Shading in Theory and Practice course,
July 2016. https://media.contentapi.ea.com/content/dam/eacom/frostb
ite/files/s2016-pbs-frostbite-sky-clouds-new.pdf

o Fabian Bauer, Creating the Atmospheric World of Red Dead Redemption 2: A
Complete and Integrated Solution, SIGGRAPH 2019 Course. https://advances

.realtimerendering.com/s2019/slides_public_release.pptx


https://graphics.pixar.com/library/ProductionVolumeRendering/paper.pdf
https://graphics.pixar.com/library/ProductionVolumeRendering/paper.pdf
https://www.scratchapixel.com/lessons/3d-basic-rendering/volume-rendering-for-developers/volume-rendering-summary-equations.html
https://www.scratchapixel.com/lessons/3d-basic-rendering/volume-rendering-for-developers/volume-rendering-summary-equations.html
https://www.scratchapixel.com/lessons/3d-basic-rendering/volume-rendering-for-developers/volume-rendering-summary-equations.html
https://media.contentapi.ea.com/content/dam/eacom/frostbite/files/s2016-pbs-frostbite-sky-clouds-new.pdf
https://media.contentapi.ea.com/content/dam/eacom/frostbite/files/s2016-pbs-frostbite-sky-clouds-new.pdf
https://advances.realtimerendering.com/s2019/slides_public_release.pptx
https://advances.realtimerendering.com/s2019/slides_public_release.pptx
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5.2 BRIk

VXGI (Voxel-based Global Ilumination) 4&¥37 sk /E- IR EICIE, AT

R, BREMBRE R, KRR RO IRER, SRR R E RO
4k

REAL: HEPYIARK Aot (fragment) £ MVP 254 )5, 118 HIE A voxel
ﬁﬁ PR RGBSR (S A voxel o BT 20 =M T A A RS0 £ B
£L, AIRRCYRAE I TT, BRIAR AT BB RR EEAR R — e BRI AR ), DATE A it
ﬁ_ﬁﬁﬁ/iﬁiﬁm ANV =AY, HAI RS B B —E W .
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K 4 A

Hefkitgs: M ray marching 28ML), YEEME ORI A A WA EH &, @200
REAERAMEEOLIRER, FTESEE, EEYOEEB, sTal R K.
18 SR TR 2 22 ANHER TGRS ] (3CA Hh BT il B B A o

Kl 50 HEAIBER

YRAT DA Geometry Shader i) {4 2 DAGH B SCELAT R L, W DA 95 3F -4k
AR b ERE, W2 ETEREMIA T E1EE NS S0k .

5.3 BHIHK

o Nvidia, Vozel Cone Tracing and Sparse Voxel Octree for Real-time Global 1llumsi-
nation. https://developer.download.nvidia.cn/GTC/PDF/GTC2012/Present
ationPDF/SB134-Voxel-Cone-Tracing-Octree-Real-Time-Illumination.pd
f

o Nvidia, Interactive Indirect Illumination Using Voxel Cone Tracing. https:
//research.nvidia.com/sites/default/files/publications/GIVoxels-p
g2011-authors.pdf

o Ayerbe, Alejandro Cosin et al, Dynamic Voxel-Based Global Illumination.Computer
Graphics Forum 44 (2024).


https://developer.download.nvidia.cn/GTC/PDF/GTC2012/PresentationPDF/SB134-Voxel-Cone-Tracing-Octree-Real-Time-Illumination.pdf
https://developer.download.nvidia.cn/GTC/PDF/GTC2012/PresentationPDF/SB134-Voxel-Cone-Tracing-Octree-Real-Time-Illumination.pdf
https://developer.download.nvidia.cn/GTC/PDF/GTC2012/PresentationPDF/SB134-Voxel-Cone-Tracing-Octree-Real-Time-Illumination.pdf
https://research.nvidia.com/sites/default/files/publications/GIVoxels-pg2011-authors.pdf
https://research.nvidia.com/sites/default/files/publications/GIVoxels-pg2011-authors.pdf
https://research.nvidia.com/sites/default/files/publications/GIVoxels-pg2011-authors.pdf
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6. fRlk$Ese

6.1 S8Rl
A A RAR A R T LA PR AR E L 22 5, FRATT AR X Bl TP Al X3
5%

e Restir: 10.0
e Disney Principled BSDF: 7.5
o BBz 85

« VXGI: 9.0

o LR, AT SRRSO, SEBCF1 BRI . BT 2R
STERATE PRI AR AR, PERE (ARCA SR R) SRERG PR 1RAL 4L

NS FAT B C R IURE SR SRy, AT S U TAER A AN
IS

AR REEARWUE , H B R ZE A TR RAR A R R AT A AN, IR
DI ELZISEY) | Fi g8
6.2 RRENE
$ex pdf wA LR, HAELT A

o SEIGHYRADYR, BB BRI E

o TR ARG S

o MEEREE (PLA? BR? BEamE?).

o SRR

o BEUEWIARSE N T SEBR A2 R AT KL o

o XF ST R

4 S AN AN RIS DIE YA )2 7T DA A TP R (e, i 5
BB
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