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MEDICAL

HEALING SUITE

WEAPONS
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Press f to restore your health to maximum by using
the Surgery Machine.
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O yem noroBopmm?

* A Kak BoOGLLe nonyyaeTcs BKyCHaa KapTUHKa B
nrpe?

* Kak K aTomMmy npuiin? (asonoumns)

* KTO 3TO NpuaymbiBaeT?

* KakK yCTPOEHbI peHaepepbI?
C NH)XXEeHEePHO-apXUTEKTYPHOW TOUYKN 3PEeHnS



PeHpoepep

e JTO NNLLUb YacTb NTPOBOTO ABWXKa

* OHM eCTb MHOrIO rae NoOMMMo Urp:
- CAIllP/pepakTopbl (CamMble pasHble)
— WeDb-KOHTEHT
- CumynaTopesl
- AR/VR



PeHaepep

Camble N3BEeCTHble:

Unreal Engine (Epic Games)

Unity (Unity Technologies)
CryEngine (CryTek)

Godot (

he Godot Foundation)



PeHaepep

l/13BeCTHbIE:

* Frostbite Engine (Battlefield, Star Wars Battlefront /
DICE = Electronic Arts)

Unigine / Unigine
iIdTech (Doom, Quake / id Software)

 RED Engine (Witcher, Cyberpunk 2077 / CD Project
2=b)

* RAGE (RDR2, GTA/ Rockstar)




PeHaepep

Beb:
* Three.js (mrdoob)

Babylon.js (David Catuhe, David Rousset, Pierre Lagarde,
Michel Rousseau)

gLTF-viewer (Khronos)
Sketchfab
<modelviewer> (Google)



PeHpoepep

* Blender (Eevee, Cycles)
* Filament (Google)
 Panda3D

* Ogre3D (Steve Streeting)



PeHpoepep

N ewwe:

Amazon Lumberyard

Asobo Studio (Microsoft Flight Simulator)
Dassault (SDEXPERIENCE)

TbiCAYN NX!

[c.. 5 moxxe nuwy csol OBUXXOK ) Ha3bisaemcs Party
Engine



PeHaepep: 3aga4n

3agaydun npocThble:
* HapucoBartb Kpacuneo
* HapucoBatb MHOIO

 HapucoBaTb ObICTPO

Mbl MOroBOPMM O KpacoTe, N HEMHOXKO O
CKOPOCTU



PeHaoepep: TUMbI

MpUHUUNaNIbHO pasinyarTca Noaxoap!:
* PacTepusaums: aHa/IMTUYECKOE peLLeHne
* TpaccupoBKa fyyein: cumynauus omnsnku

Bce ABWMXKMN peanun3yloT pactepusaumio, 1 60/1bLINHCTBO
TaKXe peasin3yeT 3/IEMEHTbI TPACCUPOBKU JTyUEN.

[onHas 3aMeHa Ha TPacCUPOBKY XenaTebHa, HO
BO3MOXHa TO/IbKO Moc/ie AOCTMKEHMUS «1 nyd Ha 1
MUKCENb>»



PeHaepep: pactepusauns

AHa/IUTUYECKOE PELLEHNE YPaBHEHNS OCBELLIEHNS

* Ha camoM faene ypaBHEHWN HECKO/IbKO (TOYHEE OHO

BUAON3MEHSAETCSA), B 3aBUCUMOCTU OT Buaa marepuasia u
YC/IOBUW CLIEHbI

* [1pOoCTO NnoAcTaBsAEM NapaMeTpbl MaTepurasia U CLUeHbl B
doopmyny?

* B Kpauuun TyT:
NnTyT


https://habr.com/ru/articles/923220/
https://dl.acm.org/doi/pdf/10.1145/15886.15902

Cook-Torrance model

R(6) = Ry + (1 — Ry)(1 — cos §)®

exp (— tan? (a) /m? )

kspec — 3 = a-ICCOS(N i H)

mm? cos?(a)

2
n1 — N9
Ry =
ny + no

Schlick's ' resnel approximation

Beckmann Distribution of specular

G = min (1,

2(H-N)(V-N) 2(H-N)(L-N)

Geometric attenuation term (self-shadowing)

Cook-Torrance model Normalization term



PeHaepep: pactepusauns

OrpaHnyeHuns:

* Heob6xoaMMOCTb MHOXKeCcTBa NOAroTOBUTEIbHbIX
NpoxoaoB (0 HUX 1 aoknan)

* HeGonbLIOW BIOMKET MO KOIMYECTBY TEHEN U
OTPaXeHUN

e O6Lasa rpoMo3aKocTb, U3-3a YacTHbIX C/ly4yaeB U
KOMMPOMUCCOB



PeHaepep: TpaccupgBka
* lcnyckaem nyum n3 MecTtornosioKeHns
KamMmepbl/UCTOYHMKA CBeTa/MNKCENS oL

* OTpaxaem nx oT 0obLe
Sphere equation: () (/— 1=+ Intersection: 0/5
pa3 @ Ray equation: 7¢) — i ¢ td (7+d-2)- (3+1d-¢) =r (%5

£ (d-d) +2(@-td+ (G- (G- -2 =0

SRV EE e ekeHnd, 3aTtederdne. 3a . &
OAM H I pOXOﬂII @ I=kaly+ 1 (ka (L N) + b, (V- R)") +k31tfx_-.~?.11.

TTTTTTTTT

’ Losinfy o me
@ Snell’s law: —= = = — Ngiy 81N Nylass SN
sinfly g ny

" . . # (visible shadow rays)
@ Area Light Simulation:  /;, ;’}
# (all shadow rays)
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https://www.youtube.com/watch?v=eGA4fMTq9Po
https://www.youtube.com/watch?v=eGA4fMTq9Po
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- ;995-2010 il Mo,qenls,',“' ®oHra, Bnukha-doHra

. IIIumlnatlon for Computer Generated Pictures” (01.06.1975) Bui Thong

Phong [/ \ne? s

* "Models of Ilght reflectlon for computer syntheS|zed pictures"” James F.
Blinn (1977)

* PasgeneHvie cBeTa Ha (DOHOBYO, ANPAY3HYH 1 3epKasIbHYH KOMMNOHEHTbI

W

* [1pocCTble ypaBHEHUA
* Hennoxown Bu3yarn
* du3nyeckasd HeOCTOBEPHOCTb: HapYyLLUaeTCA 3aKOH COXPaHEHUSA aHepPrnu

TpyaHoCTM paboTbl ¢ MaTtepunasiamu (TpYAHO NogobpaTh NapaMeTpbl Noj
dooTOpEea/IMCTUYHOCTb, HO /1erkKO co3aaBarb paHTacTuieckmne CLeHbl)
JJ - " ’.I


https://users.cs.northwestern.edu/~ago820/cs395/Papers/Phong_1975.pdf
https://dl.acm.org/doi/pdf/10.1145/358876.358882

Moaenn oceelleHns

PBR = Physicall Based Rendering: 2010 — Hawin gHW

dunsnyeckas AOCTOBEPHOCTL (3aKOH COXpaHeHUsA aHepru
BbIMO/IHAETCSA)

BusyasibHas AOCTOBEPHOCTbL (04eHb 6/IN3KO K peasibHOCTH)

Nlerko nogoupaTtb Marepunasnbl (ECTb TEXHUKN
CKaHWUPOBaHWS, eCTb at/1acbl MaTepasioB)

3HaynTenbHo 60Jiee C/I0XHbIe POPMY bl
MOo)XeT paccunTbiBaTbCA B peasibHOM BPEMEHU — cenyac



Moaenn oceelleHns

: (01.01.1982) Robert L.
Cook and Kenneth E. Torrance

. (1986) James Kajiya / ACM SIGGRAPH
Computer Graphics, Volume 20, Issue 4

. (2001) Henrik Wann
Jensen / ISBN: 1568811470

. Matt Pharr, Wenzel Jakob, and
Greg Humphreys

. (2012) Brent Burley


https://graphics.pixar.com/library/ReflectanceModel/paper.pdf
https://dl.acm.org/doi/pdf/10.1145/15886.15902
http://graphics.ucsd.edu/~henrik/papers/book/
https://pbr-book.org/4ed/contents
https://media.disneyanimation.com/uploads/production/publication_asset/48/asset/s2012_pbs_disney_brdf_notes_v3.pdf

Moaenu ocselleHus
oT ®oHra Kk PBR

 The Last of Us (2013)

e Bioshock Infinite (2013)

e GTAV (2013)

* Assassin's Creed IV: Black Flag (2013)
 Far Cry 4 (2014)




Moanenwn

OCBELLIEeHUA

oT ®oHra Kk PBR

* Dragon Age: Inquisition (2014)
* The Witcher 3: Wild Hunt (2015)

 Metal Gear Solid V: The
* Final Fantasy XV (2016)

Phantom Pain (2015)

Mukc n3 ®oHra n PBR: y)xe 4aCcTU4HO UCNo/ib3yHTCA
NPOABUHYTbIE TEXHUKN BMECTE C a/ieMeHTaMn doHra

(Hanpumep TakMMn Kak o

DOHOBAA KOMMOHEHTa) — B

Pa3HoW nponopLuun



MaTtepunansbl

Martepuasibl — 3T0 BU3yasibHble CBOICTBA OOBHEKTOB,
3a/laBaeMble KaK KOHCTaHTbI JINOO KakK TEKCTYPHbIE KApThbl.

MaTte
MaTte
Mate

Oasibl COCTOAT 13 CJ/1I0EB.
DUasibl HaNpPsMYyH CBA3aHbl C MOAEbI0 OCBELLEHNA.

onasnbl Ansa PBR B pasHbIX ABMXKax MMEOT 00LLYHO

OCHOBY, 1 UMeIT Hebo/1bLLIME pPa3Invns B peako
NCMNOMNb3YyEeMbIX U «TSXKENbIX» CBOUCTBAX.

KoHuenuna matepuania passmasiacb 1980-e 1 1990-e



MaTtepunansbl
Khronos ctaHaoapTusnpyer:

Base Color (Albedo)

] =



https://www.khronos.org/gltf/pbr

MaTtepunasnbl

MeTtannmyHocTtb (metalness)




CCCCCCCCCCCCC




MaTtepunansbl

Hopmarsib (KapTa HopMasien)

ML)



MaTtepunansbl

PacceaHoe 3aTteHeHue (ambient occlusion)
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MaTtepunansbl

Anba-kaHas 1 NPo3pavyHOCTb
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SR MaTepunanbl

Ancnepcus

[lepennByaToCTb
(Iridescence)

o 09




MaTtepunansbl

AHN30TPONNS




MaTtepunansbl

Clearcoat

(BEpPXHUW CMon)

Sheen (oT6neck)
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No SSS (left) and with SSS (Right)




MaTtepuasibl: NUTOT

YTOObI HapucoBaTb KPYTYH KAapPTUHKY, ABUMXXOK O0/IKEH
3TWU MaTepuasbl MNOHMMATb. ITO HE Tak MPOCTO camMo Mo
cebe — NponMnopTUPOBaTh NX U KaK-TO XpPaHUTb, U
NPUMEHATb K 00beKkTam.

Kaxaoe 13 cBOUCTB MaTepuasioB y4acTBYeT B pacyeTax.
[Tpmepbl — TYT (MHO20 MamaHa u 3aymu):.


https://google.github.io/filament/Filament.md.html
https://google.github.io/filament/Materials.md.html

KOHBeep

MHOro3Ha4yHbI TEPMUH

 lLlenaepHbI KOHBEEP BNUAEOKAPTbI: BEPLUNHHBIN,
reoMeTpuyecknuin, dfoparMeHTHbIV LWenaepbl UTa,

* APXUTEKTYPHbII KOHBEEP: OpraHM3aums NpPoxoa0B
peHaepa, 1 AaHHbIX A9 peHaepa

Mbl NOroBopnM 06 apXnTEKTYPHOM KOHBEEpe
pacTtepusaropa



KOHBeep

Ba3oBbIM MOHATUEM ABASIETCS MPOXO4 PEHAEpPA

* /ITorom npoxoaa peHaepa ABASETCA BbIXOAHOW
bydoep: TekcTypa

« Bo Bpemsi npoxoga B 6ydhep MOXHO TOSbKO
3anncbiBaTb

* Bo Bpemd npoxoaa peHaepa n3 oydepa HeNnb3s
ynTaTb!




KOHBeep

OcBelleHune
* [Mpamon peHaep (forward)

* OTNoXeHHbIN peHaep (deferred),
B 1988 ropay,
npumeHaeTca B urpax ¢ 2001 roaa (
nna Xbox), B npodoeccruoHaibHOM rpadomke B C
2007 ropa (3ds Max 2008)


https://dl.acm.org/doi/pdf/10.1145/378456.378468
https://sites.google.com/site/richgel99/the-early-history-of-deferred-shading-and-lighting
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0. lNpoxopa KapT TeHeN

Lance Willlams «CASTING CURVED
SHADOWS ON CURVED SURFACES», 1978

\J

e [1NA TEXHUKN b1 NPOX0/, TEHEN

| A0JDKEH MNpejliecrtsoBarhb MNnpoxoay ocselleHnA

G-Buffer R —_—
E— I'Ipoxo,u,
OCBeLleHUs

‘iﬂ OV BbIXOAHOW Gydoep

[Mpoxon TeHewn


https://cseweb.ucsd.edu/~ravir/274/15/papers/p270-williams.pdf

CONSTRUCTIONS

smEie 0 PaccesdgHoe 3aTeHeHue

Pa3sutmne anroputmoB AO: 1990-e roabl

: Occlusion and
Indirect Lighting. In GPU Gems 2, M. Pharr, Ed. Addison
Wes,e% March. 2, 223—233 « Approximating Dynamic Global

| // iy lllumination in Image
!/ SpaceTobias Ritschel, Thorsten
Grosch, Hans-Peter Seidel,
20097

Peanunsauua: Crysis, 2007 /
CryEngine2



https://download.nvidia.com/developer/GPU_Gems_2/GPU_Gems2_ch14.pdf
https://www.cs.drexel.edu/~deb39/Classes/Papers/SSDO.pdf

CONSTRUCTIONS

smEie 0 PaccesdgHoe 3aTeHeHue

TexHuKa OTHOCUTCS K r1106a/IbHOMY OCBELLIEHNIO
« Camasa nonynspHaa — Screen Space Ambient Occlusion (SSAQO)

e 115 NPSAMOro OCBELLEHNS HY)XEH A0MOSTHUTENbHbIN NPoxod rnyouHs! (depth pre-
pass)

e 1N OTNOXXEHHOro OCBELLEHUA AaHHble rMy6uHbl y)Xe ecTb B G-Buffer

* Mbl cCpaBHUBAEM [NTyOMHY KaXXA0ro NUKCessi C oKpyXXxeHnem. Yem 6onblue pasHuua,
TeM 3HAUNTE/IbHEN 3aTEHEHNE




Halibs

MHOXEeCTBO Tex

* [naHapHble oTp PEHAEPUM CLEHY eLlé pa3 U3 HYXXHOl

exture and Reflection in Computer Generated Images / James F. Blinn and Martin
E. Newel / University of Utah / Communications of the ACM, Volume 19, Issue 10
Pages 542 — 547 /01.10.1976 — 3t0 cthepunyeckasn (He kybuyeckasn!) npoba
OKpYy>XeHus!

« Screen Space Reflections
* ELE MHOIO TeXHUK


https://dl.acm.org/doi/pdf/10.1145/360349.360353

3. lNpooLkI
OKPY>XXeHUSA

video game mirror alignment chart
chaotic good

AJ TEREDYMIRR
EXTURE/

e ‘

chaotic evil
SCREENSPACE ; -
REFLECTIONS

3 <l i 5 1
e thats not how mirrors |
2l... what the hell are you doini



sEmsE | /106a/1bHOE OCBeLLEeHME

C ®oHrom 6b1/10 NPOCTO. Mbl Opasin KOHCTaHTY ambient 1
npMoaBnAaAnn eé K LUBeTy NUKCens.

* C PBR T1akon pokyc 60nbLle He npoKaTbiBaeT. POHOBOE
OCBEeLLEeHNEe HYXXHO BbIUNCIATb

e 1N BbluMCNEHNA (POHOBON KOMIMOHEHTbI CYLLIECTBYHOT TEXHUKW
rno6asibHOro oceelleHns (y>Ke paccMoTpes i MUHOPHYH TEXHUKY
Ambient Occlusion)

W N e

Directional Light Point Light Spot Light Ambient Light




[ nobasibHOe ocBelleHne

* Ambient Cube ( , 20006)
* Image Based Light

: bridging traditional and image-
based graphics with global illumination and high dynamic range photography /
Paul Debevec / SIGGRAPH '98: Proceedings of the 25th annual conference
on Computer graphics and interactive techniques

e Surfel Irradiance
e Screenspace Irradiance /
* Probabilistic Radiance Transfer Probes

lighting environments / Peter-Pike Sloan, Jan Kautz, John Snyder /ACM
Transactions on Graphics (TOG), Volume 21, Issue 3/ Pages 527 — 536 /
01.07.2002


https://steamcdn-a.akamaihd.net/apps/valve/2006/SIGGRAPH06_Course_ShadingInValvesSourceEngine_Slides.pdf
https://dl.acm.org/doi/pdf/10.1145/280814.280864
https://drive.google.com/file/d/1L6v1_7HY2X-LV3Ofb6oyTIxgEaP4LOI6/view
https://dl.acm.org/doi/pdf/10.1145/566654.566612
https://dl.acm.org/doi/pdf/10.1145/566654.566612

Image Based \’gh

npo6b| ,u,nﬂ ,u,l/lq:)cpy3Hov| N 3ef

. 3ep|<"ijaﬂ npo6a o1 }":VI‘—I
OKPYXKEHUS

TV 8 OBO DA

1B
CLIE

eT 06paTHYH CBA3b MO Of
6bekTaMmn B CUeHe. ITo

Standard cubemap Irradiance cubemap
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Image Based Light
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shadows

HDR




HDR 1 TOH-KOppeKumns
TOH-KOppeKkuna ao/mKHa Npon3BoaAnTbLCA Nocsie atana
OoCBeLleHns

KoHBepcua HDR - SDR Takke npousBoanTcs nocrne
OCBeLleHunS

Ham Hy)XXeH npoxo NocT-06paboTku )

Ho nocTtouTe... A 4TO eLLE Mbl MOXXEM cCAenaTb Ha
aTane rnocT-o6paboTKn?



[TocT-06paboTKa

S PeKTLI:

Bloom (cBeueHne) — HYy>XHO AiBa npoxoaa (BepTukasibHoe U
rOpM30HTa/IbHOE CaMN/IMPOBaHMe)

PasmbiTe aBmxeHns (motion blur) — TeXHNUYeckn Noxoxumn

agodpekT

XpomaTtunyeckad abeppaums

STnX ahPekToB MOXET ObITb MHOTO, OHV MOTYT ObITb
MHOTOMPOXOAHbLIMWU, N UX CTOUT OPraHM30BbIBATb B «CTOMKN»
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G-Buffer

[Mpoxon TeHe

SSAO

[Mpo6bI OKpYXXeHUS

[MocT obpaboTka H

IBL Diffuse

[MocT
obpaboTka 2

IBL Specular

[MocT
obpaboTtka 1

[poxoa
OCBeLLeHnd



YTo-HMoOyab eLe?..

Hy BooOLLe-To aa...

* Mbl eLé 3abbl/In, YTO HYXXHO PELUNTb YTO
MMEHHO peHaepuTb. Kakne nMeHHO MeLln
BUAHbI N3 NO3ULMN Kamepbl

* |/ 3TO pelleHne — 3TO 340POBEHHbIN KYCOK
PaboThl
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Bbibopka 06LEKTOB

G-Buffer SSAO Lo
OCBeLLEHMS
lpoxop, [Mpo6bl OKPY>XXEHNSA IBL Diffuse IBL Specular
TEHeM

MocT [MocT

NocT obpaboTka H 06pa6oTka 2 06paboTka 1



Bbibopka 00bEKTOB

OnNTMMKU3auns peHaepuHra — 370 OTAeNIbHasA cnoXxHasa Tema. Mbl
ML BCMOMHUM:

 BSP = Binary Space Partitioning (Lucas Arts -~ Doom)
* Octrees

* COpTMPOBKY OOBLEKTOB MO PACCTOSAHUIO

 LOD = level of detalls

* [Noaoepxxka B kpemMmHuu: face culling, depth test, frustum test,
stencil test

e Mesh shaders



3anekaHume

3anekaHue (baking) — aTo ncnosib3oBaHue
npegpaccymTaHHbIX 3HavyeHnn. OB6bIYHO OHU NPeacTaB/ieHbI B
Buae TekcTyp. Hanbonee xoaoBble KapThbl:

e Ambient Occlusion

* [NobanbHoe ocBelleHne (KapTbl 06nyyeHHOCTU IBL, dpoHOBOM
KOMMOHEHTbI, 1 N0A00HOE, B 3aBUCMMOCTIN OT TUNa
rnobasibHOro ocBeLleHuns)

* [Mpob6bl OKPYXXEeHUS



3anekaHume

STO TUNMNYHbLIN pa3mMeH LM< - namsaTb.

TO YTO Mbl HE MOXEM BbICTPO NOcCUNTATb, Mbl CUNTAEM
3apaHee.

Ho UM Hesnb3s 3/10yNoTPeoNAThL: OIOMKET Kak NaMATU, Tak U
npoueccopa/GPU orpaHunyeH!

[Tonck 6anaHca mexay BblUUCINTENbHOWN C/TOXKHOCTBIO U
OrpaHNYeHHOCTbI0 PECYPCOB — OCHOBHOW BbI30B MHXXEHEpPA.



JlomallHee 3agaHune

* O6beMHbIe NCTOUYHUKM cBeTa (area lights)

« O6bemHbIN TymaH (volumetric fog, god lights)

* AHnmaumsa: skinning, morphing

* PeHpep yenoBeka: Bosiochl, lipsync, transclucency MArkmx TkaHem, ...

* PeHaep BoAbl N BOJH

* MpoueaypHasa reHepauyma: obnaka, naHawadTbl, TEKCTYPHbI, ...

» du3MKa: KoNIM3nn, NoBedeHne Boabl, 3aHaBeCOK, BEPEBOK, TpaBbl, JIMCTbLEB, Pa3pyLLUaeMoCTb
» TpaccupoBka ny4ei (BeCb kK/iacc aJifOPUTMOB); HAYHUTE C 3HAKOBbIX MOJel pacCTOSAHNIA
* Mesh shaders u 6ycep BNANMOCTH

* He-TpeyronbHble ABMXKW: BOKCE/bHbIe, ray marching

AR/VR



SIGGRAPH

« ACM SIGGRAPH = Association for Computing Machinery Special Interest Group
on Computer Graphics and Interactive Techniques (1969 roa)

* HayyHas opraHusauus, asupyetcs B CLUA
HeckonbKo nepuoanyecknx ndgaHum, Bkovas:
 ACM Transactions on Graphics (TOG)

3TO OAIHO 3 CaMbIX NPECTMXHbIX N30aHWI B 06/1aCTN KOMMNbIOTEPHOW rpaduku.
OHO Ny6nKyeT cTaTb, MOCBALLEHHbIE TEOPETUYECKUM U MPAKTUYECKAM
acnektam rpaduku, BKoYas asiropuTMbl, TEXHONOTUN U NPUIOXKEHUS

 SIGGRAPH Conference Proceedings

Matepunasnbl KOHpepeHUunn SIGGRAPH coaepxat ctarby, AoKadbl U NOCTepsI,
npeacTaB/IEHHbIE HA eXeroAHoN KoHepeHUnn. 3TO BaXKHbIN NCTOYHUK
HOBEWLLNX NccnenoBaHnii 1 pa3padboTok B 061acTu rpauku.



Ve could allow artists developers to choose the Disney diffuse BRDF depending on the quality
hey desire and the performance of the target device, It is immporkant o note however that the

Visney diffse BRDF iz not energy conserving as expressed bere,

.6 Standard model summary

pecular term: a Cook-Torranee specular microfacat model, with 2 GGX normal distribution
nnetion, a Smith-GGX height-correlated visibility fanction, and a Schlick Fresnel finction.

iffuse term: 1 Lambertian diffose model

e full GLL implementation of the standard model is showm in listing 5.

float NoH,

flaat f = (NoH * a2
return a2 [ (P1* f

1

float aj {

H) * Ned + 1.8;

vecd F Schlick(fleat u, vec3 fa) {

return 8 + {vec3{1

1

float V_SmithGENCorrelated|fleat NoW,

float Fd_Lambert() {

8 - fa) *

Nav * sqrt({-Nol ¥ a2
ol * sqrt{(-Nov *
return 8.5 f (GEEV +

BAL);

pow(1.8

+ NaL)
al + o)

u, 5.8);

float Nal, float a) {

* Mol + a2);
* Nov + al);

float F_Schlick(float u, float f@, float fo@) {
return f@ + (f3@ - f@) * pow(1.8 - u, 5.4);

Fsuck(v, b, fo, fon) = fo + (fao — fa)(1 —v-R)° (18)

nce at normal incidence and is achromatic for
111112 depends on the indax of refraction of the

es the nse of a pow, as shown in listing 5,

t

leat Fd_Burley(float Wov, float Nol, float Lok, float ra
flaat 29 = B.5 + 2.8 * roughncss * LoH * LoM;

= F_Schlick(MoL, 1.8, f58);

F_Schlick(Nav, 1.@, f38);

return lightscatter * (1.0 / p1);

Atmicatar: / vec3 F_Schlick{flcat u, vec3 fa, float fea) {
return f@ + (wec3(fsay fa8) * pow(l.8 - u, 5.@);

) ' Z
ration of the specular Fterm in GLSL

Thﬁﬁundfunchmmb&saanasmpo]a between the incident spacular reflactance and
the reflectance at graring angles, represanted here by fao. Obsarvation of real world materials
show that both didlectrics and conduoctors exhibit achromatic specular reflactance at grazing
A more correct fig is discussed in section

Listing 8: Implementation of the diffuse Disney BRDFin GLY
Figure 11 shows a comparison between a simple Lambertian diffuze ERDH
quality Disney diffose BRDOF, using a fully rongh dislectric material. For comp! .
e right sphere was mirrored, The surface response is very slnnlalwﬂhbuthERDFshﬂihe
Disnay one exkibits some nice refro-reflactions at grazing angles (lock closely at the left edge of

- K
p O is shown in listing &,

i vecd F_schlick{float u, vec3 fa) {
float f = paw{l.® - u, 5.8);
return f + B * (1.8 - f);
+ v
i Listing 6z Scalar optimization of the specular Fterm in GLSL
4.5 Diffuse BRDF

In the diffusa term, f;, is a Lambertian function and the diffuse term of the BRDF becomes:

Figure 11: Compuarison between the Lambertian diffuse ERDF (Teft) and the Disney diffuse

ERDF (right) Jate.) =

=y ﬂ”ﬂ 5 [, Dt )G, m) - m) 1 - (19)

{Cmr implementation will instead n=e a simpla Lambertian BRDF that assumes a nniform diffnze
response over the microfacets hemisphers:

fafw, ) = 2 (20)

iWe could allow artists /developers to choose the Disney diffuse ERDF depending on the quality
he) dﬂ.reanﬂiheperﬁnrmameofthetargd davics, It is important to note however that the

In practice, the diffuse reflactance o is multipliad later, ac chown in listing 8.

float Fd_Lambert(} {
return 1.8 / PI;

1

wveed Fd = diffusefoler * Fd_Lambert(); /;

Listing =7: Implementation of the diffuse Lambertion BRDF in GLSL
& Lambertian ERDF is cbvionsly extremely afficient and delivers resalts close encugh to more
mples: modele,

[However, the diffoce part would ideally be echerent with the specular term and take into
account the surfacs ronghness. Both the Disney diffuss ERDF [Burleyas] and Oren-Nayar modal
[Crengs] take the ronghness into account and create some retro-reflection at grazing angles.
fven our constraints we decided that the extra mntime cost doss not justify the slight increaze
guality. This sophisticated diffose model also renders image-basad and spherical harmonics
jmore difficalt to express and implement.

[For completenass, the Disney diffase ERDF expressed in [Eurleyiz] is the following:

Jalw,D) = Z Foouar(m, L1, foo) Foctiuce (0, 1, foo) ()

foo = 0.5+ 2 - acos®(Ba) (22) |

float fa, float FoB)

Eric Heitr showed in [Heitri4] that the Smith geometric shadowing fanetion is the corract and
exact (7 term to use, The Smith formulation is the following:

Gl La) Gl )G (v.0) ®
& can in turn follow several models, and is commonly <et to the GGX frmmlation:
Gy(w,0) = Cocx(ua) = 'mf‘ﬁ ®
The full Smith-GGX formmlation thus becomes:
Gln,la) 2An-0) 2n-v) @)

B Y N = | oy e Y e P TR

We can ohserve that the dividends 2(n - I) and 2(n - v) allow us to simplify the original fanction
f+ by introducing a visibility fonction V:

F(1) = D, ) V(L a)F{w, b, fo) ©
Where:
Viota)— o VillaWitne) ()
And:
1
e = AT B o

Haitz notes however that taking the heizght of the microfacets into account to correlate masking

and shadowing leads to more accurate results. He defines the height-correlated Smith fanction

thusky:

xMv-R)x*(-k)

1+ Afw) + A(l)

o o 0l

1+ /TFattan?(f,) 1'\/"“' )

Afm) = 3 = 3 (13)

Replacing oos(fnm) by n - v, we obtain:

Glv,Lh,a) = (12)

A= (7‘/‘# .. 1) (14)
From which we can derive the visibility function:
Vv, la) = 05 (15)

The GLSL implamentation of the vicibility term, chown in listing 3, i a bit more expensive than

we wonld like since it requires two sqrt operations.
float V_SmithGEXCorrelated(float Now,
float a2 = roughness * roughness;

flaat GEXV = Mol * sqri{NoW * MoV * {1.B - a2)
float GEXL - WaV * sqri{Nol * Mol * (1.8 - a2) # a2);

return 8.5 f {GEXV + GEXL); /
} 2

Listing 3: Implementation of the specular V term in GLSL
‘We can optimize this visibility function by using an approcimation after noticing that all the
terms under the square roots are squares and that all the terms are in the |0..1] range:
0.5
n-ln-v(l-a)+a)+n-vn-ll-a)+a)
This approximation iz mathematically wrong bat saves two square root operations and i= good
enough for real-time mobile applications, as shown in listing 4.

float MolL, float roughness)

Vi la) = (16)
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