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Our whole universe was in a hot dense
state, then nearly fourteen billion years ago expansion
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float LightingFuncGGX_OPTS(float3 N, float3 v, fl

{

flocat3 H = normaliz

float dotNL =
float dotlH =
float dotNH

float D = g_txGg 'V.Sampl
float2 FV_helper| |
g_txGgxDFV. Sa\ le .

float FV = O*FV_he\ :
float specular = dotfie,

return specular;
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1. Physically Based Lighting

2. Physically Based Shading

3. Physically Based Sensitising
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ViBH (Lumen Z21m)

1. J6IE R HEDEEE R BAL
2. 1 % (Im) =1¢cd * sr

3. —XHEEEMEFDGERLAN 12.57 W (220v)
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B HT (Lux BE21x)

1. BEHAL (I1luminance)
2. 18w = 1 W/ FAXK

100 LM /M2

1 METER 149,597,871,000 METER
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IES LIGHT

B %%dE: Photometric profile
BB TAE%¥< (IES) : illuminating engineering society
IES Light = & AOb3R (¥kf#EHi) X IES Photometric profile

LH Lhinese (SimpliTied, PKE) L 2 JHeips|
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Physically Based Lighting/M55
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Physically Based Shading

Shading: #FEXFIEHIRBL
Function: BRDF




BRDF R&At+4

Bidirectional Reflectance Distribution Function (X 845 &%)

1. Bidirectional
2. Reflectance
3. Distribution Function




Bidirectional (X))
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Reflectance (HFZE)

Reflectance = Radiance / irradiance
Irradiance (3EMBE) (power/area) : EHEEZHIICHITIER
Radiance (BBHT#) (power/(area x solid angle)) : FEAHMKKIELKTHER

© @

-t -
Irradiance” v *

Radiance



Distribution Function (4 &%)

Picture from : Naty Hoffman, Background: Physics and Math of Shading
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Empirical model
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Physically based model
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Irradiance" v < 5
Radiance

Reflectance A Reflectance B

2. BRETE
3. fENIE{H (Positivity)



Generic Shader

Ci = Ka*ambient() + Kdkdiffusion() + Ks*specular ()

Traditional RSL shader RSL2.0 shader Modern RSL2.0 PB shader

1. Ambient
2. Diffusion
3. Specular

www.renderstory.com

| "‘-nr‘ w-:...._"'" .

Picture from : Naty Hoffman, Background: Physics and Math of Shading
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Diffusion (38 [ 5)

8IS IERE:
1. Pt ANFL i

2. FEM R
3. WM A

Picture from : Naty Hoffman, Background: Physics and Math of Shading
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1. Lambert ##. ETRIERME.

Lambert PEZIAEME .
LZEEME EVALA) | Cma AR aRZ e OLL M)

lambert

Lambert's Cosine Law

AN




2. Oren-Nayar t& %!

HiLambert HREIYRAE
¥ RIAHERET
EAHRE B ] (0-1.0)

http:/ /www._cs.columbia.edu,/CAVE/ software/ curet,/ html/sample_html (Pictures of the 61 samples)

TR R
'\ 1

| 1. Felt 0.414686 2. Polyester 0.576862 3. Terrycloth 0.458514

1 4. Rough Plastic 0.278057 5. Leather 0179778 6. Sandpaper 0.513084
7. Velvet 0.751002 8. Pebbles 0.443289 9. Frosted Glass 0.416384
10. Plaster_a 0.362825 11. Plastic_b 0.543788 12. Rough Paper 0.311376
13. Artificial Grass 1.378872 (Red. Mere than 17} 14. Roof Shingle 0.819147 15. Aluminum Feil 0.252702
16. Cork 0.659956 17. Rough Tile 0.204088 18. Rug_a 0.366478
19. Rug_b 0.613889 20. Styrofoam 0.509725 21. 5ponge 0.872413
22. Lambswool 0.978133 23. Lettuce Leaf 0.241785 24 Rabbit Fur 0.933632
25. Quarry Tile 0.360574 26. Loofa 0.300436 27. Insulation 0.136013
28. Crumpled Paper 0.274957 29. Polyester (Zoomed) 0.522950 30. Plaster_b (Zoomed) 0.520868

*ﬁﬁiﬁ 31. Rough Paper (Zoomed) 0.318498 32. Roof Shingle (Zoomed) 0.950521 33. Slate_a 0.356822

34, Slate_b 0.3093590 35. Painted Spheres 1.211948 36. Limestone 0.413544
37. Brick_a 0.893379 38. Ribbed Paper 0.215297 39. Human Skin 0.579386
40. Straw 0.717587 41. Brick_b 0.275990 42 Corduroy 0.699112
43. Salt Crystals 0.481594 44 Linen 0.514593 45. Concrete_a 0.600672
46. Cotton 0.482679 47. Stones 1.107168 (Red. More than 17) 48. Brown Bread 0.784827
449, Concrete_b 0.308956 50. Concrete_c 0.461930 51. Corn Husk 0.387725
52. White Bread 0.507820 53. Soleirolia Plant 0.758465 54 Wood_a 0.598438
55. Orangle Peel 0.235808 56. Wood_b 0.3531271 57. Peacock Feather 0.308792
58. Tree Bark 0.293226 59. Cracker_a 0.505978 60. Cracker_b 0.722678

6

=

. Moss 0.342447
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Oren—Nayar FEZYHSFERY
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Oren-Nayar I A R
P - ' A=(1_05— " 017p—2
Fom_waw ==-.F -cos8,(A4+(B-max|0.cos(¢gi —gr)| sine-tan J3)) ;( - m +0.17p— +ﬂ+13)
4 1 o2
B= E(Mﬁgﬂ +n.09) o: HREE
P
Flamberr E - COS 9
g
FOraH —Nayar - £ ) Eg COS 9;' ’ ﬁ/ﬁgﬁ%
J
FOran—Nayar - FLambgrr ’ ﬁﬁﬁ%
l_—ul oc=0:

A=1, B=0, fBRHTF =1

Oren Nayar

Lambertian
Images by Pharr and Humphreys [Physically Based Rendering, Morgan Kaufmann/Elsevier, 2004]
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p = Albedo (}iﬁﬁ%) FOran—?vravar = £ ) Eo "COS 91 (A +( ‘5} ' l']‘l&f{[ [':'].‘ COS{ L} —@r l] ' 5i11 o -1an f{? )) FLamberf — £ ) Eg - COS 95
) T T

AlbedoIPIHEE X - EE5| ZXTT Albedof) & X -
Y E 2 5 = 3 mi[ E\ = 5y
?ﬁﬁﬁtp%%%ﬁxjﬁ%% L REITREESME R (B, N, PR . . )
Sample albedos g' ‘ : A S
Typical

Surface
albedo

Fresh asphalt |0.04F
Worn asphalt 0.12[]

Conifer forest
0.08,1*1 0.09 to 0.15!4

(Summer)
Deciduous trees |0.15 to 0.18[%
‘Bare soil 0.170]

Green grass 0.2518!
'Desert sand '0,40l61

New concrete |0.55(5]
'Ocean ice .0.5-0.7[51
jFresh snow '0,30_0_90[51
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Albedo ] P MFREN /71
Rk T XA IEE

Equipment requirement:

A digital camera which suﬁ
necessary) .

8

'
A

A 50 mm micro lens is recommended.’

H

A standard Macbeth color-checker
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Specular (;FJ%)

Cook - Torrance [RIJTHEHY.



microfacetEif:
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FHIRPE -
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facet FIRIZRIF 1R

I '
Microsurface
i i - Macrosurface
Half Vector:

h MEFSANG I EMEHFF v FAE.
M h HiZfacetiEZk M EEH], ZmicrofacetZ &8t “WiE”

half vector I 1EE%

REER

Picture from : Naty Hoffman, Background: Physics and Math of Shading
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shadowing masking

Y= X

Picture from : Naty Hoffman, Background: Physics and Math of Shading
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Blinn—Phong
Beckmann

GGX

GGX (Anisotropic)

JUMZEIR R G

Implicit
Neumann
Cook—Torrance

Kelemen
Smith

Beckmann
GGX

Schlick—
Beckmann

Schlick-GGX

October 25-27, 20015
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GGX (Trowbridge-Reitz) :

o

Degex(m) =

r((n-m)2(a® — 1)+ 1)

Beckmann:

1
D Beck m) = ex (
ec mﬂﬂﬂ( ) ﬂ'ﬂig(n ] m)4 P

Blinn-Phong :

29

D Biinn(m) = i(1[1'1:1[:1)(6:9 )

Kelemen:
G Kelemen (l: v, h) =

TFG!Q

Cook-Torrance:

VWA _| UCC |_'I INa.cn

G Cook—Torrance (l: v, h) — min (1:

(n-1)(n-v)

(v-h)?

(n~m)2—1)

a?(n-m)?

2(n-h)(n-v) 2(n-h)(n-l)

v-h ’ v-h

k=«

Schlick-Beckmann: o5
V3
n-v

G schtick (V) =

(n-v)(1—Fk)+k

)
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GGX

Blinn with glossiness 0.4

Beckmann

ggx

cook-torrance blinn

Ggx with glossiness 0.4
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Anisotropic (& [aRiH)

Anisotropic (& [F)744) Isotropic (&H[EHE)

Fse R HScih 5

A I 2 T R S A s A B2 7 g Ve A, 2 LT NigEw) M I 2 T ) A 5 ) R TC R, 2 LT B
BUA R AR R

microfacetikZ A AR 73 Af microfacetiEZBEMLI 5311
SR S

EGE AT 1) FARIAANE], SGHETAR ML A R GAE AN T7 R R IUAR R, S e

Anisotropic Isotropic




Specular Occlusion F1 Cavity

Specular Occlusion

1. fBHIOE” 17 &
2. JEPBR

“Wt” B BE#k specular occlusion ByE specular occlusion




Specular OcclusionfJSZER

float computaSpacﬂcclusiun(flﬂat NdotV, float AQ, float roughness)

. {
1. A077 LI return saturate (pow(NdotV + AD, roughness) - 1 + AD);
i }
2. 5IEAENL, EERT7 RAHKER
3. p R Listing 26: FPunction for compnting specular occlusion for a given ronghness.

R E B/, TR RAOKI50%

HIRE R KR, MUMASHEELES, HERAK100%
LA 5L R0, BERE
AO

3

0s

04.0

Picture and code from “Moving Frostbite to PBR”
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Cavity

CavityHI1EH

AL B BT PR L W LA W
3EPBR

Cavity 5 Specular Occlusion HIXZH:

cavity

WEAD, RMEATHMRISHRIHRNMEIL | SEX, S5WEFBR, SaFR. BEEEE
H, BEGEE (0-0.5) , SHBEILR (0-1) ZIAl, HyAEHRRE ]

RISV T HEM B R A TR
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Metallicity:
%tk =0, B (&R = 1:

HMetallicity = 1 B
1. ®ADiffusion (&), RFAESpeculardit
2. albedoliE = BB




Reflectance and Fresnel: D(O)-GO{F()
FCook—Tormnce — 4(111)(V11)
Reflectance (R Z) :
. Y
HARRIE (F) . SO st

FO : EEFRHE
&5t Hispecular (Fit) 5 ASHGHIELBI

=
@ A6 L, MBI V, FEESR N Z=FFES AEAS)

L

S | E—



BAR RS (FO) HyJ5ik:

ik LU
FTFIO0R
35 BBl 3 H 7E0. 02-0. 06
_ (1-IOR)*
" (1+ IOR)’
SchlickiE/BAA
&R

B R BRI DR A KT

FOLBE =

YE @ ¥ AE0. 65-0. 95

EREL
&
R

g

H—.
S
(&
it

28

=

PIHRE

TABLE 18.1 Indices of refraction

Medium
Vacuum

Air (actual)

Air (accepted)
Water

Ethyl alcohol

Oil

Glass (typical)
Polystyrene plastic
Zircon

Diamond

Silicon (infrared)

n

1.00 exactly
1.0003
1.00
[.33
1.36
1.46
1.50
1.59
1.96
242
3.50



Fresnel:
MEH T VEFEES N RARA, REEBE,

F () H %EEE’& Cook-Torrance :
Ak AR 14 yR
YIMHE: RET%E (FO) TR
B R A A .
Schlick : g=/n+e -1

2 2
Fgchﬁak(v,h} = F(] -+ (1 — F(})(l — (v- h))5 Fcook—Torrance (v, h) = %(j;;) (1+ (84_3211) )
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Fresnel Reflectance®R:

Bk RAMA R RETE (F) : B
Z\Bl: Reflectance Fresnel : 7E[A]

Fresnel
Reflectance

cCO |']' }'.'! er
alumimum
Iron
diamond

glass

waler

Picture from : Naty Hoffman, Background: Physics and Math of Shading



Porosity (FLERZE) .

LR SRS AR ELE
JEEZEOR 12 /8], EIN0R|100%2 [H.

F T / i

FLERRAIEM:
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1. AlbedoZFBg
2. GlossinessI¥ig

3. RETRHEE




Physically Based Shading /N&5
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Physically Based Sensitising

PRI R A AR

1. CMOS, CCD (AGAHHML)
2. ANHR

* e
LLLLL L
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CMOS/CCD

PLA E AR R TR 2 SR e A A
1. NIREEFRLE22mm A A
2. PHR B A X 3y FE A e AR 130 A2 A
3. LA RVE I E40-55F 2 A
4. A5 0mmbs 3k

L\ FISHEVE180° 8mm  (_{\ FISHEVE 180° 15mm 2 122° 12mm

o T ey - m ey g

o

Dual Eye Overlap
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ijJ TR :E @ H
Y65 B B A A B /ME R LU AR
AHR ) CMOS/CCD

]

Indoor Lighting
Sunlight

Dynamic Range

he eye can see

< Gradationrange —MMM»

o peayacamnen MR |

be captured by a camera with

a narrow dynamic range This range is_le  Gradation This range is
|¢ pure black range ¢ pure white

Range of brightness that can -
be captured by a camera with O
a wide dynamic range _ Gradation

F >f< range 4’{<—>| Eye Focuses on Eye Focuses on

This range is This range is
pure black pure white Background Foreground

Our Mental Image
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Physically Based Sensitising —) CM0S/CCD

:

3 = =73 S
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PLL 57 = ESE

AL AT = EE E

cd/m’)
0.0 000 000
1.0
08t /,//— L = _— e
/ Starlight Moonlight :'; Indoor light , Outdoor shade Outdoor sunlit Sun
08 | . g |
|Ill E -HI ” ”
04} : i Picture From "Moving Frostbite to PBR
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0002 004 0006 0008 0010
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BAEERE, BERNEHR

BtE —) ZF (luminance)

Bt E —) BE (illuminance)

=E, 2=,
eV cn:i;-"nljlw_2 I)cF;
-4 | 0.008 0.156
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