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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 nearCl p,
float2 FV_helper| |
g_thngFV.Sa\“\e ]
\" ‘ o
float FV = FB*FV_he, a.
float specular = dotfie,

return specular;



Background knowledge

Seeing is believing?

Lighting




Seeing is believing?

Visible light range: 400 nm - 700 nm
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What is PBR

Differences between PBR and traditional rendering



October 25-27, 2015 www.GDCChina.com www.GDCChina.cn

Essence: subjective and objective

PBR: Based on the physical properties of the things in the objective world

Traditional rendering: Based on the viewer s subjective image

EEZANREES

Albedo: 0.04 : t" . BB i Diffuse: 11 (0




Style: "process—oriented” vs “result—oriented”

PBR: Decompose a complex phenomenon into a series of formulas and parameters associated

Traditional rendering: focus on final result

PBR
(Domino effect)

Traditional rendering

(Iceberg Theory)

WHAT YOU KNOW

WHAT SOME MIGHT KNOW _

(and most really need to find out)

WHAT YOU

REALLY SHOULD
KNOW

N/
WHAT YOU ey
MAY NEVER KNOW
THE UNKNOWN




Function: “all-weather” vs “single angle”

PBR: it can always adapt to the environment.
Traditional rendering: from a certain perspective, unable to take the overall situation into account

PBR Traditional rendering
- o




Details of PBR

1. Physically Based Lighting

2. Physically Based Shading

3. Physically Based Sensitising

wy

Shading
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Physically Based Lighting /
Three elements of lighting (to discuss PBL from the perspective of artist):

1. Intensity
2. Color

3. Type



Lighting intensity
Three common physical units

1. Candela
2. Lumen

3. Lux



Steradian, symbol: sr

1. Unit of solid angle

2. Any closed sphere’ s solid angle is 4=




Candela, symbol: cd

1. Unit of visible light intensity (1/683W/sr)

2. A common candle emits light with a luminous intensity of roughly one candela.
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Lumen, symbol: 1lm

1. Unit of luminous flux
2. 1 lumen (Im)=1 cd * sr

3. The luminous flux of a common candle is about lumens (220v)




Lux, symbol: 1x

1. Unit of luminous flux (Illuminance)

2. 1 lux= 1 lumen/square meter

100 LM /M2

1 METER 149,597,871,000 METER



Attenuation

Inverse—square law: Light intensity is inversely proportional to the square of distance and attenuates (energy conservation)




Scattering

Light is forced to deviate from a straight trajectory by one or more paths due to localized non—uniformities in the medium
through which it passes.

kHnasm _HHA
o




Mie scattering

Condition o: particle radius >= wavelength of the incident light

Violet

Indigo

Blue

Green

Yellow

Orange

Red

400 nim

|\/|

425 nm

\VaVaVa

470 nm

\VAVAV

N
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630 nm

G665 nm
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Mie scattering is as follows:

1. Most of the incident lights will scatter along the forward direction ,
U i

2. particle radius will change the model of Mie scattering

K KB Rt

Particle radius
increases

e

Particle radius is close
to the wavelength of the
incident 1light




Impact on outdoor natural light intensity

weather Transmissivity Sky light
Sunny About 0. 85 10000 lux
Cloudy About 0. 55 1000 lux

Some light
penetrates to
cloud base
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IES LIGHT

Photometric profile
IES : illuminating engineering society
IES Light = Maximum intensity (candela) X IES Photometric profile

CHTNINEse (SIMpiTied; PRG)TL2JHepmy]

Mastercolor

CDM-




Lighting color

color temperature symbol:K

ARROEAGE

TOWFK

600°K

SSOPK

4000°K

JorK

2800°K

2500°K

2000 2500 3000 3500 4000 4500 SO00 5500 GO0  ESOD  VOOD  RO0 8000 GSO0 4000 9500 10000 10500 11000 11500 12000 125000 13000 infinity

blackbody temperature /K OWA Sieer/tschmindog

~2 7004

60 W Incandescent

5500 K

13 W Fluorescent



Rayleigh scattering

Condition: Particle radius <= One tenth of the wavelength of incident light

Rayleigh
scattering




Rayleigh scattering

Scattering intensity: inversely proportional to the fourth power of the wavelength
SUNRISE / SUNSET

5 A 4t
A A

1
ﬁ =
A

Rayleigh scattering gives the
atmosphere its blue color

DURING THE DAY
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Lighting type

1.directional light

2. Punctual light

3.area light

PR

LS

i

P

Onmi

spot




Punctual light VS Area light

Punctual
light

Area
light

Specular

shadow

instance

¢
.
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brief summary of PBL

ohysically mathematical models L | g h 't | n g

and methods
measured value sun light, sky light, cloud.

physical laws




Physically Based Shading

Shading: material response to lighting
Function: BRDF




BRDF R&At+4

Bidirectional Reflectance Distribution Eunction
1. Bidirectional
2. Reflectance
3. Distribution Function




Bidirectional (X))
1. The direction from sampling point to camera (eyes)

2. The direction from sampling point to point light source




Reflectance (HFZE)

Reflectance = Radiance / irradiance
Irradiance (power/area) : the power of the light received by current point

Radiance (power/(area x solid angle)) : the power of the light emitted by current point

© @

-t -
Irradiance” v *

Radiance



Distribution Eunction

= .
) .
. . L)

(a) XEREREHE (b) Fr7h R M ERE

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



Three different types of BRDF

Empirical model

Physically based model

Data-driven mode

Diffuse

Phong Model

ambien
t

specular




Basic principles of physics-based model

1. Reciprocal

vA e vA e
o &
»

-
Irradiance” v *

V. VA

Reflectance A Reflectance B

2. Conservation of energy

3. Constant positive (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



Diffusion

The process of diffusion:
1. Refracting into a material

2. Scattering in the material

3. Scattering out from the material

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

1. Lambert : Based on smooth material surface.

Lambert model characteristics: :

Isotropic (camera view) | Light intensity distribution is in line with the cosine law (light angle)

_P F,

lambert ambert

Lambert's Cosine Law

AN




2. Oren-Nayar

derived from Lambert model
extended to the rough surface

controlled by roughness(0-1.0)

MR H

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

1. Felt 0.414686

2. Polyester 0.576862

3. Terrycloth 0.458514

4. Rough Plastic 0.278057

5. Leather 0.179776

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
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




Theoretical basis of Oren—-Nayar model
Based on microfacet model theory
Composed of many microfacets

Every facet can be seen as a Lambertreflection plane

Image O amy—r
I Pixel

Pinhole

Surface



Oren-Nayar formula
P ' . : A= 1(1~05—2+ﬁ_17ﬁi)
Foinnayar = — E, -COS O, (A+(B-max|0,cos(¢gi —¢r)]-sina - tan [3)) - 21033 21013
d | o’
B=+ (ﬂ ﬁm) o : roughness
P
Flamberr E *COS 9
a
FOraH —Nayar - £ ) Eg COS 9;' ’ ﬁ/ﬁgﬁ%
T
FOran—Nayar - FLambgrr ’ ﬁﬁﬁ%
XM o0=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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what is P
P = Albedo F e :E-Eg-cos& F, =Y.F .coso

ambert
T

Physical meaning of Albedo:| | Albedo definition by rendering engine:

A ration of solar radiation reflected by 1. Not affected by additional information of lighting
the object to solar radiation received (specular, ambient light, shadow ....

wft
v 4

Sample albedos
Typical
albedo

Surface

Fresh asphalt |0.041

Worn asphalt | 0.12F

Conifer forest | .. X e
_ 008 0.09to 0.15t
(Summer)

iduous trees 0.15 to 0.18M4

Bare soil

Green grass

Desert sand
New concrete
Ocean ice

Fresh snow 0.80-0.90/!
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Two kinds of Albedo texture acquisition

color checker Cross -polarized lighting with spectralon

skin

Equipment requirement:

A digital camera which sup :
necessary) . \ :
A

A 50 mm micro lens is recommended-
A standard Macbeth color-checker

-~

[Niko
n
> < ]
| )
=7 - [ E
AN B H

After Lens and Colour Correction




Specular:

Cook - Torrance reflection model:



microfacet theory:

1 . The surface is composed microfacets, every facet only does specular reflection

macrosurface

2 . Based on microfacetnormal M, every facet only reflects the light of single direction
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BEAA

_D0O-GO-FO

F —
ook—Torrance 4(1 n) (V‘ n)

C

Molecule:
D () : Distribution function
G () : Geometry attenuation
function

F () : Fresnel function

Denominator:

4 (n.1) (v.n) : Correction factor for conversion between micro mirror surface and
the overall surface



Influences from microstructure of the material surface:
Roughness:

Value range between 0-1

Square root of slope of facet

I .
Microsurface
M Macrosurface

Half Vector:

The angle between the hvector bisecting the incident light I and observation direction v.

Only when h coincides with the facet’ s normal M, the microfacetwill be “activated.”

half vector I 1EE%
h

RAHE NSt y g Mo
Rt M—f

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




Distribution functionD () :

Normal distribution probability of activated facets

The performance of distribution function with different roughness (GGX)

00000



Geometry attenuation function G () :

Distribution probability of facet blocking incident light and reflected light

Incident light blocked Reflected light blocked Multiple bounce not be considered

shadowing

masking

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

Physical meaning

1l |
—— L& )
ENETRE L ER ! |
ENEE '

The performance of geometry attenuation function with different roughness (GGX)




Distribution
function (D)

Blinn—Phong
Beckmann

GGX

GGX (Anisotropic)

Geometry
attenuation
function (G)

Tmplicit
Neumann
Cook—Torrance
Kelemen

Smith

Beckmann
GGX

Schlick—
Beckmann

Schlick—GGX

October 25-27. 2015

www.GOCChina.com

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:

WWAY. _| L ._ L |_'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 sehlick (V) =

(n-v)(1—Fk)+k

)



100

1.0

A EEEMERSE GGX Beckmann ggx

Blinn with glossiness 0.4

cook-torrance

Ggx with glossiness 0.4

blinn

www.sergeyshlyaev.com

phong




Integration of distribution function and geometry attenuation function:

» A 4 4
DO X GO AR RR R _y X ow R ‘ o [ %
‘ \XNX ~ - \ -
X W ¥
PP PP\ B\ P B B A YIS - "'ﬁ"h o ot A : ASNIA rﬁ»*i

SR D* JLIAIERERL G
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Obtain roughness measured data

Gloss meter (unit: GU) roughness meter (unit: pm)
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Anisotropic

Anisotropic

Real World:

The Microstructure of material surface shows a directional
arrangement, more common in artifacts

Mathematical model:
The distribution of microfacet normal is regular
Appearance:

The performance of specular is different at different directions, spot
shape is stretched

4

Anisotropic

Isotropic

Real World:

The Microstructure of material surface is irregular, more common in
natural things

Mathematical model:
The distribution of microfacet normal is random
Appearance:

The performance of specular is same at different directions, spot
shape is circular

Isotropic




Specular Occlusion & Cavity

Specular Occlusion

1. To solve the “leakage” problem
2. Non—-PBR

”leakage” specular occlusion (off) specular occlusion (on)




Specular Occlusion realization

float computaSpacﬂcclusiun(flﬂat NdotV, float AQ, float roughness)
{
1. realization with AO map return saturate (pow(NdotV + AD, roughness) - 1 + AOD);

}

2. Camera, normal direction associated

Listing 26: FPunction for compnting specular occlusion for a given ronghness.
3. Controlled by Roughness

When the roughness is minimum, the intensity is 50% of AOQ
intensity

When the roughness is maximum and the viewing angle coincides

with the normal, the intensity is 100% of AO intensity

When the viewing angle is at 90 degrees to the normal, the
intensity is zero

04.0

Picture and code from “Moving Frostbite to PBR”



Cavity

Cavity’ s role

Uctober 2a-2/, 215

Simulation of recessed hole formed by microstructure

Non—-PBR

Differences between CavityandSpecular Occlusion:

nv.GOCChina.com

LYY,
Wy

w.GOCChina.cn

Small range, only affects the recessed
hole formed by microfacetstructure. The
intensity is between 0-0.5, irrelevant
with roughness

Big range, relevant with the object shape
and structure. The intensity is between
0-1, controlled by roughness

Affects both direct specular and indirect specular

Only affect indirect specular




October 25-27. 20015

Influences from the material

Metallicity:

nonconductor = 0 , conductor= 1:

When Metallicity =1 :
1. No Diffusion, Only Specular

2. albedo = specular color

it
ok
S
(B
wit




Reflectance and Fresnel:
Reflectance:
what is Fo:

the percentage of specular from the incident light

the viewing direction(V) coincides with the normal (N) and incident light (L)
=)

L

S | S—



How to get FO:

Non conduction:
based on IOR
range:0. 02-0. 06

. 2
o _ (1-IOR)

0

~ (1+IOR)?

Schlick function

conduction:
index of refraction is variation

specular color = index of refraction
range:0. 65-0. 95

EREL
&
R

=]
jm]

B

g

H—.
S
(&
it

28

I & 5 s =

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:

the observation that things get more reflective at grazing angles.

Fresnel function F () :

Variable: the angle(R)
Initial value : FO
Description reflectance

Schlick:

Fsenick (v, h} = Fp + (1 — F(})(l — (v . h))5

Cook-Torrance :
1+/Fy
1-F

c=v-h

g=y/n’+-1

Fook-Torrance (v, h) = %(EIZ)Q (1+ (%)2)

Yl
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Fresnel Reflectance Table:

X : Angle R Fo : start point
Y: Reflectance Fresnel : trend

Fresnel
Reflectance

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

glass

waler

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



Porosity:

The ratio of the pore’s volume to the total volume TEEZE0R 12 8], BIH0F|100%2 8.

F T ] i
Dz ﬂ/ &

| = tﬁﬂj%hwwé

ﬁi*ﬁ )\ :

1 ) o o

4L\ {ft -

:l o e T ]

.-..-"*J'j R.‘;" |
N i

Porosity ’ s role:

to descript the influrence from the water 4

1. Darken Albedo
2. Change Glossiness
3. Boost reflectence




Physically Based Sensitising

Two types of sensor :

1. CMOS, CCD
2. Eye

Y f

' R |||
(P11 — {1111 ‘
= “
i i

LR LT L

TIIIR L




Difference:

1. Angle of view
2. Dynamic range
3. Resolution
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Angle of view

CMOS/CCD

the focal length of the lens Multiple factors:
l1.a focal length of approximately 22 mm

2. The overlapping region of both eyes is
around 130°

3.central angle of view — around 40-60°

4.close to a 50 mm focal length lens

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

“'*""‘w. . x - |

o

=

Dual Eye Overlap
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Dynamic range :

the ratio between the largest to smallest possible values of a changeable quantity.

Eye » CMOS/CCD

Moonlight
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




RESOLUTION & DETAIL

CCD/CMOS: Symmetrical

Eye: Prioritized based on interest, and asymmetrical

CCD/CMOS Eye - interest Eye - asymmetrical

contrast, sharpness, uniqueness, the central part of eyes’ resolution is much

Symmetrical motion......(red part) higher than at the edges

\ ‘“ .\n“’.‘ ... - \‘ / v
’0 m, oD ‘8
..-o, \ \'o\ i n LA

w“l 8 ._"o'{‘:go. =5
) .\ . A
v.~.

. S e T el




Physically Based Sensitising —) CM0S/CCD

:

3 = =73 S
igﬁzmﬂﬁi +b3:bendibagt LT
| i |y|‘—-'- "_l:‘,,.y»“ =

A N 12




Two procedures to simulate the imaging

1. Exposure

AL AT = EE E

2. HDR TONE MAPPING

10

ES /,/,— = - =
/ Starlight Moonlight Eﬁ Indoor light , Outdoor shade Outdoor sunlit Sun
08t | ' " .
|Ill E -HI ” ”
04/ : 1‘ Picture From "Moving Frostbite to PBR
|| &= "_‘
02}

0002 004 0006 0008 0010



Exposure

Exposure value (unit : EV)

camera settings

\

N - =

1

I

BC 7998 |

-

RN

9

Exposure value (unit : EV)

the photometric quantity of luminous exposure




The conversion between luminance/illuminance

EV —)» luminance

EV —) illuminance

=E, 2=,
eV |:|:i,-r‘nl'4|w_2 I)cF;
-4 | 0.008 0.156
-3 | 0D.016 0.313
-2 | 0.031 0.625
-1 | 0.063 1.25
0| 0.125 2.5
1 0.25 5
2 0.5 10
3 1 20
4 2 40
5 4 80
) 8 160

EV

.
8
9

10

11

12

13

14

15

16

=E,

n:n:l,ur‘m2
16
32
64
128
256
512
1024
2048
4096
8192

itE] =3
Ix

320
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EV as an indicator of camera settings
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The benefit

1. convenient, intuitive

2. Ready for the post processing(i.e. DOF, motionblure o « o o o )

=L IBEEE (RO ) | EARNBEENAT

EV =
1.0 1.4 2.0 2.8 4.0 5.6 8.0 11 16 22 32 45 64
-6 60 2m 4m 8m 16 m 32m 64m | 128 m | 256m | 512 m | 1024 m | 2048 m | 4096 m
-5 30 60 2m 4 m 8&m 16 m 32 m 64 m | 128 m | 256 m 512 m | 1024 m | 2048 m
-4 15 30 60 2m 4m Bm 16 m 32 m 64 m | 128 m 256 m 512 m | 1024 m
-3 8 15 30 60 2m 4m 8m 16 m 32 m 64 m 128 m 256 m 512 m
-2 4 8 15 30 60 2m 4m 8m 16 m 32m 64 m 128 m 256 m
-1 P 4 8 15 30 60 2Zm 4m 8m 16 m 32m 64 m 128 m
0 Al 2 4 8 15 30 60 2m m &m 16 m 32m 64 m
1 1/2 1 2 4 8 15 30 60 2m m 8 m 16 m 32 m
2 1/4 1/2 1 2 4 8 15 30 60 2m 4m &m 16 m
3 1/8 1/4 1/2 1 2 4 8 15 30 60 2m 4m 8m
4 1/15 1/8 1/4 1/2 4. 2 4 8 15 30 60 2m 4 m
5 1/30 1/15 1/8 1/4 1/2 1 2 4 ) 15 30 60 2m
6 1/60 1/30 1715 1/8 1/4 1/2 1 2 4 8 15 30 60
7 1/125 1/60 1/30 1/15 1/8 1/4 1/2 8 15 30
8 1/250 17125 1/60 1/30 1/15 1/8 1/4 172 4 38 15
9 1/500 1/250 1/125 1/60 1/30 1/15 1/8 1/4 1/2 1 2 4 8
10 171000 1/500 1/250 1/125 1/60 1/30 /15 1/8 1/4 1/2 1
11 | 1/2000 | 1/1000 1/500 1/250 1/125 1/60 1/30 1/15 1/8 1/4 1/2
12 | 1/4000 | 1/2000 | 1/1000 1/500 1/250 1/125 1/60 1/30 1/15 1/8 1/4 1/2
13 | 1/8000 | 1/4000 | 1/2000 @ 1/1000 1/500 1/250 17125 1/60 1/30 1/15 1/8 1/4 1/2
14 1/8000  1/4000 | 1/2000 | 1/1000 1/500 1/250 | 1/125 1/60 1/30 1/15 1/8 1/4
15 1/8000 | 1/4000 | 1/2000  1/1000 1/500 | 1250 | 1/125 1/60 1/30 1/15 1/8
16 1/8000 | 1/4000  1,/2000 | 1/1000 | 1/500 | 1/250 | 1/125 1/60 1/30 1/15




EV & post processing
Aperture —> DOF

f1.8 /28 /40 f/56 f£/8.0

SHUTTER SPEED

MOVEMENT

Aperture —»> Vignetting speed—> motion blur



HDR Tone Mapping

1. Display image in 8 bit low dynamic range (0-1.0)
2. Choose the discarded part in high dynamic range

3. Keep the original gradient , contrast, detail as much as possible

Frame buffer |




Two Tone Mapping Curves

1. Reinhard
2. Filmic

_(@ﬁ(A*x+C*B)+D*E)_

Filmic ~—

E/F
(x*(A*x+B)+D*F))

. o

Reinhard Filmic



Reinhard vs Filmic

— Reinhard = Filmic

1o — Reinhard
[ = Filmic

Reinhard

Filmic -



Reinhard vs Filmic

1.0 | — Reinhard —  Filmic

|1|5.. — Reinhard
= Filmic

o0y

0,05 &

Filmic

000 0.0% .10 0.5




Different method:

Tri—ace’ s film simulation:
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Color Enhancement and Rendering
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Yoshiharu Gotanda

tri-Ace, Inc.




The influence of PBR:
1. Essence of PBR
2. Purpose of PBR

3. Significance of PBR



Essence of PBR

technical
standards

Stand




Purpose of PBR

Automation
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it

ANATOMY " info




Purpose of PBR

Assembly line




Significance of PBR

Mass production, reduce costs, improve efficiency, quality assurance
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