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U
+ | [MainColor] BaseColor (“Base Color”, Color) = (1, 1, 1, 1)

CBUFFER_START (UnityPerMaterial)
half4 BaseColor;
CBUFFER_END

3 | Properties
4 v {
5 [MainColor] RaseColor ("Base Color” Color) = (1 1, 1, 1)
6 | [MainTexture] BaseMap(“Base Map”, 2D) = “white”
]
3 Properties
R - W 4
InspectorD 57O AF v DEREZHIFR ™ | 5
34 TEXTURE2D (_BaseMap) ; 6
35 SAMPLER (samp ler_BaseMap)
36 o
37~ CBUFFER_START (Uni tyPerMater al) ﬂ %
38 halfd RaseColor: — —E§> %
39 i float4d BaseMap ST; TQi?V[:F%E 33
40 CBUFFER END 9 RN =HIFR
50 | half4 frag(Varyings IN) @ SV_Target
51 v {
52 half4 color =|SAMPLE_TEXTURE2D (_BaseMap, sampler_BaseMap, IN.uv) *| BaseColor;
53 i | return color;
54

T D AT v Dend+A & HIFR

E TOKYO POLYTECHNIC
UNIVERSITY

=N
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<_

Talf4 frag(Varyings IN) @ SV Target

half4 color = BaseColor;
return color;
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22 struct Attributes

23 v { 21 struct Attributes

24 floatd nositionQS -~ POSITION; N 22 v

25 i float2 uv : TEXCOORDO; fﬁﬁ%btﬂ,\ 23 i float4 position0S : POSITION;

L I FORFVEEE |2 i

28 struct Varyings \Z:)XJ/\\T€ 26 struct Varyings

29 v BEAHSHIER |27 v n

30 floatd positionHGS . SV POSITION; 28 i float4 positionHCS : SV POSITION;

31 i float2 uv : TEXCOORDO; 29 };

32 }.

42 Varyings vert (Attributes IN)

43 v {

44 Varyings OUT;

45 il — ' in(IN. position0S. xyz) ;

46 OUT. uv = TRANSFORM_TEX (IN. uv, _BaseMap) :

47 i return 00T,

48 }
35 | \{aryings vert (Attributes IN)

o ~ W N —_— 36 hd
IZ_O"Z”/‘_J’I - 9?1@@7&&\772}’\\7@21{% 37 Varyings OUT;
@§(77f§b€\ ]E\,'f—f_'\‘JI_Q 73\")%”%}\ 38 OUT. positionHCS = TransformOb jectToHC! ip (IN. position0S. xyz) ;

39 | return OUT;
40
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Lambient = CiightCambient FTes @

Ciigne: JCIRDE A
Cambient . f%i%ilﬁ 0) }i%‘jz /l/\A /‘\\\
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« T JAINTEN NS Directional Light|7 7Y T DGR

19 ftinclude “Packages/com. unity. render-pipelines. universal/Shaderl ibrary/Core his|”
20 #include “Packages/com. unity.render—pipelines.universal/ShaderLibrary/Lighting. his|”// 3850
43 half4 frag(Varyings IN) : SV_Target
44 v {
45 // B o
46 Light light = GetMainLightQ :
Use the GetMainLight and GetAdditionallight methods to return this struct.
Field Description
half3 direction The direction of the light.
half3 color The color of the light.
float distanceAttenuation The strength of the light, based on its distance from the object.
half shadowAttenuation The strength of the light, based on whether the object is in shadow.
uint layerMask The layer mask of the light.
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« _CCIEEISYEREDBEEE
43

&

fr}

‘B[ BaseColor]ZHE I 5

half4 frag(Varyings IN) : SV Target
44 v {
45 // 170
46 Light light = GetMainlightO:
47 half3 color = light.color * BaseColor.rgb;
48 | Treturn nhalidtcolor, 1),
49
« RIMIVDRRDC EIZETENTTHOND E[CPUE:
43 half4 frag(Varyings IN) : SV_Target
44 % {
45 // B0
46 Light light = GetMainLightO:
47 / half3 color;
48 / color.r = light.color.r * _BaseColor.r;
49 / color.g = light. color.g * _BaseColor. g;
50 / color.b = light.color.b * _BaseColor.b;
o1 | return halt4(color, 1)
52
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< HOTRS TERAS, FRD SOESOIUTESES
b?ﬁ%}me

E(ué%%@?jﬁ_\_ Cllght cos O = Cllght(N L)
« SUIN—rDRELAI
- RS IEARIC R LA
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Ligmbert = ClightClambert(N L)

Ciigne: YEBDE:
Clambert :.W__\ﬁi&g‘jz
0<)

0,) =
()i max(0,) = 0 otherwise
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22 struct Attributes

23 v {

24 floatd ngﬁiiigﬂﬂs_;_EQSﬁTlON;
25 float3 normal : NORMAL;

26 b

27

28 struct Varyings

29 v {

30 floatd positionHCS : SV POSITION;
31 | float3 normal : NORMAL;

32 ;

34
35
36
37
38
39

v

l

%aryings vert (Attributes IN)

Varyings OUT;

OUT. positionHCS = TransformOb jectToHC! ip (IN. position0S. xyz) ;

OUT. normal = TransformOb jectToWor IdNormal (IN. normal) ;

return OUI;
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46 half4 frag(Varyings IN) : SV Target
47 % [
48 Light light = GetMainl ight ().
49 > half3 color = light.color * BaseColor.rgh * max (0, dot(IN.normal, light.direction));
50 | Teturn nartd(color, 1),
51

W ﬁU%IE

s BUETREZ 9 DA AARHEAREINTLD

« fHH 7\3#?9525(73\1§Z_57';l7"€li&< HBEZEETCITDLOICLTHITD
46 Talfﬁl frag(Varyings IN) : SV Target
47 v
48 light light = GetMainl ight():
49 A half3 color = _BaseColor.rgh * LightinglLambert(light.color, light.direction, IN.normal)
50 Teturm attdtcotor, 1

51 J
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(Phong D)= &1 75 *

s T CVD/NATT 2 ATLIZLN

« AR ARDIERFAFAREFIFEAEVHAEVERBLN
- AR AMRIDIERSFAME: R = reflect(—L, N)

e reflect(i,n)=i—2n(i-n)

LPhong — ClightCPhong (R - V)le—
Ciighe: JEIRDE
Chhong: B2 HI R G
R: HDIERFAEBE(R = —L + 2N(L - N))
L: AR ORIV

N:HEE/R OV
V: E2—GRIBIRINIV

n: SRIE RETTEE Sphere(4)_Specular
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1

IS

_/\‘7 I\) I/ODHX?%: % struct Varyings

/fEFL/_Cj]X70)1_L 34 };
%ﬁ:‘b\b‘k&bé
« AIAXASUEFHAX

30 v

31 float4 positionHCS : SV _POSITION;
32 float3 normal : NORMAI :
33 float3 position : TEXGOORDO;

42

N

%aryings vert (Attributes IN)

Varyings OUT;

— 5o 44 OUT. positionHCS = TransformObjectToHCI ip (IN. position0S. xyz) ;
73:'35'10)%/'{_:_'\ 45 QUT. normal = TransformObiectToWor [dNormal (IN. normal) :

o — 2, 46 OUT. position = TransformObjectToWor Id (IN. position0S. xyz) ;

%x&%:éﬁ%ﬁ;\kﬁ 47 return OUT,
IR &R 48 ]

50 Talf-‘-l frag(Varyings IN) : SV_Target

51 v

52 Light light = GetMainLight() :

53 half3 normal = normalize (IN. normal).// i@u AT D@ [CIFFEIE LIEF

54 7 half3 view direction = normalize (TransformViewToWor Id(float3(0,0,0)) - IN.position);

s IEZEDRVHALEESICTEDH XEDND

FEDRASZ D) —I)IVFZEFTOABEICERT S SEVILEE
JERAE C EDHREIEDEVD FHE R

j]X?:'_EFEﬁODJ_

54

=4

half3

view direction = TransformViewToWor [dNormal (float3(0.0.1)):// THADE Z R L Uil
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« Specular Power: $EH R EHTEE

- Specular Intensity: SR /R 51%EL
« BRIQEDFERIIENESRVDT, SOERAT—ICLTHE

3 Properties

4 v {

5 _SpecularPower (“Specular Power”, Range(0.001, 300)) = 80

6 | “Specularintensity ("Specular Intensity”, Range(0, 1)) = 0.3
]

36 v CBUFFER_START (UnityPerMaterial)

37 half _SpecularPower;

38 half Specularlntensity;

39 CBUFFER_END
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(Phong D)= &1 75

» PhongDEFEERSFTEDETEICHE > TIHREKR N ZETE
LPhong — ClightCPhong (R-V)}
« 557H :REINRINIVOETL
- 581TH - FEHERARDETE
- 601TH ERNDEBEZ kL

50 Talf4 frag(Varyings IN) : SV_Target

h1 v

52 Light light = GetMainLight();

53 half3 normal = normalize (IN.normal):// BN H=OIZERIELET «— HIKICESEITVLWEIT(ZDHRFLEEN)
54 half3 view direction = normalize (TransformViewToWor |d(float3(0,0.0)) — IN.position):

55 float3 reflected direction = —light.direction + 2 *x normal * dot(light.direction, normal) :

56 v // float3 reflected_direction = reflect(-light.direction, normal);// reflectE#ZzFES>THZESIEZZHH

57

58 / half3 specular = _SpecularIntensity * pow(max (0, dot(reflected direction, view_direction)), _SpecularPower) ;
59

60 half3 color = light.color * specular;

return halt4(color, 1),
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PhongE7T L \TL/ iy :

 PhongDEEME &t & LambertiLE ERIBHADEE

LPhongModel — Lambient + Llambert + LPhong

Lompient = ClightCambient
Ligmpert = ClightClambert (N-L),;

LPhong — CllghtCPhong (R-V)}

o BN X%‘thﬂiﬁﬁlﬁﬂ) BARLCCENZLNDT
PILREIAEDODES) EUTHRAE T 2FHEL)

LPhongModel — Cllght(calbedo (kamblent + klambert (N ) L)+)
+CPhong (R V) )

Catvedo: TIVRR IEDBALY), kampiens: BIRIEDREL, kiampere: ILBURSTIEDFHRER Sphere(5)_PhongModel
KO GEIVaymeene JOISLT—5Y3Y TN




A\ Y
]-/ \I\\\ 9 25 struct Attributes

26 v {
27 float4 position0S : POSITION;
awd [ \ p— RY : ,
o ﬁﬁ, : IR%‘TJ%Q:HL/ %S . float3 normal : NORMAL
c ABHDF—5E @ |
gEﬂ@b %12 J S[truct Varyings
33 float4 positionHCS : SV POSITION;
34 float3 normal : NORMAL;
35 float3 position : TEXCOORDO;
36 }
45 Varyings vert (Attributes IN)
46 v {
47 Varyings OUT;
48 OUT. positionHCS = TransformOb jectToHCI ip (IN. position0S. xyz) ;
49 OUT. normal = TransformOb jectToWor |dNormal (IN. normal) ;
50 OUT. position = TransformOb jectToWor Id (IN. position0S. xyz) .
ol | return OUT;
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Cambient + Clambert (N ) L)+ — Calbedo (kambient + klambert (N ’ L)+)
— albedokambient + Caivedo (1 —

Properties

_9“

e

43

3
4 v {
5 [MainColor] BaseColor ("Base Color”, Color ) =, 1, 1, 1)
6 _AmbientRate ("Ambient Rate”, Range(0, 1)) = 0.2
7 _SpecularPower (“Specular Power”, Range (0. 001 300)) = 8
8 ] _SpecularIntensity (“Specular Intensity”, Range(O 1)) =
9
38 % CBUFFER_START (UnityPerMaterial)

half4 BaseColor;
half _AmbientRate;
half SpecularPower;

half Specularlntensity:
CBUFFER_END

kambient) (N ) L)+

> klambert =1- kambient

Talf4 frag (Varyings IN) : SV Target

Light light = GetMainLight();
half3 normal = normalize(IN. normal) ;

half3 view direction = normalize (TransformViewToWor Id(float3(0,0,0)) — IN.position)
float3 reflected direction = —light.direction + 2 * normal * dot(light.direction, normal);

half3 ambient = _BaseColor. rgh:
half3 lambert = BaseColor.rgh * max (0, dot(IN.normal,
half3 specular =

half3 color = light.color *x (specular + lerp(lambert, ambient,

light.direction))
“SpecularIntensity * pow(max (0, dot(reflected direction, view direction)),

_SpecularPower)

_AmbientRate)) ;

FETOrTT Matfa cotor, 1),
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» RIAIRFD—HAL(FZED LD REITRD H DERXIIIRN)

Loutput (x; Wo) = Lemissive (X; Wy) + dw fr(x; w = w,) cos(N(x), a))L(a))
04

= Lemissive (X; wo) + J dw fr(x; 0 = W) (N(x) * w) 4 L(w)
I ’ I I
L BRDF LambertsRa%Al

BRDF (Bidirectional Reflectance Distribution Function): XA AR TR 7R REEEX
TELDRERXICHITB, )\%\T?'iﬁwh%}i%]‘ﬁﬁwo/\@t@}i%ﬁz
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c IFEH: 0< f-(x; 0 = w,)
« NIVARIVYDHEKRE: f.(60 - w,) = f(x; 0w, > w)
- YREEA OB REEHE S

» TRIVF—DRIF: Voo, [, dw (0 > w)(N(x) - w)y < 1
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54 half4 frag(Varyings IN) : SV Target

55 v {

56 Light light = GetMainLight() ;

57 half3 normal = normalize(IN. normal) ;

58 7 |f3 view direction = normalize(Tr ) — IN.position) ;
59 > [%?natS half vector = normalize(view direction + light. direction);

60 half HdotN = max (0, dot(half vector, normal));

61

62 half3 ambient = _BaseColor. rgb;

63 A half3 lambert = BaseColor.rgb * max (0, dot(light.direction, normal)):

64 > half3 specular = SpecularIntensity * pow(HdotN, _SpecularPower) ;

65

66 7 half3 color = light.color * (specular + lerp(lambert, ambient, _AmbientRate)) .
67 return half4(color, 1);

}
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#HAIAABEZEN: LightingSpecular

* Unity Cl&\ fHAAAREED HY NV RERAFTEESITS

59 - float3 half_vector = normalize(view direction + light.direction):

60 half LdotN = max (0, dot(light.direction, normal));

61 half HdotN = max (0, dot(half_vector, normal)):

62

63 half3 ambient = BaseColor. rgb;

64 half3 lambert = BaseColor.rgb * LdotN;

65 half3 specular = SpecularIntensity * pow(HdotN, SpecularPower) ;

64 v half3 specular = LightingSpecular(1, light.direction, normal, view direction,
65 H _SpecularIntensity, _SpecykdrPower)

66 BOBZANTEREHDCELETETD

67 ’ half3 color = light.color * (specular + lerp(lambert, ambient, AmbientRate)) ;
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L= (1 T kMetallic)(Llambert + Lambient) + kMetallicLspecular
= lerp(Llambert + Lambientr Lspecular» kMetallic)
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o = \E b 3 Properties
—— 4 A4
\ j >( 5 L u 5 [MainGolor] _BaseColor ("Base Color”, Color) = (0.86, 0.39, 0.39, 1)
6 _AmbientRate ("Ambient Rate”, Range(O. 1)) =0.2
Ji SpecularPower( Specular Power”, Range(O 001, 300)) = 8
8 cular Intensity” Range(0, 1)) =
"y 9 _Metall|c( Metallic”, Range(0, 1)) = 0.5
ZELDIENN 10 |
Hﬂi&/\\ 39 v CBUFFER_START (UnityPerMaterial)
o I \! -2 |40 half4 BaseColor;
Propertles' A= Jj ) 41 half AmbientRate;

o— ) 42 half _SpecularPower :
° /\7><_90)§§'}7_|é ﬁ mgsm;
- OV T—4H 45 CBUPFER-EN

56 half4 frag(Varyings IN) : SV _Target

57 v {

58 Light light = GetMainLight () ;

59 half3 normal = normalize (IN. normal) ;

60 7 half3 view_direction = normalize(TransformViewToWor Id (float3(0,0,0)) - IN.position):
61 > float3 half_vector = normalize(view direction + light.direction);

62 half HdotN = max (0, dot(half_vector, normal)) :

63

64 half3 ambient = _BaseGolor. rgh;:

65 A half3 lambert = _BaseColor.rgh * max (0, dot(light.direction, normal));
66 > half3 specular = _SpecularIntensity * pow(HdotN, _SpecularPower) ;

67

68 v half3 color = light. color *

69 Ierp(lerp(lambert ambient, _AmbientRate), specular, _Metallic);
70 | Feturn natta<corior, 1),

71
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217 struct Attributes

28 v {
j:% \\7 I\)b A= 29 float4 position0S - POSITION;
30 float3 normal @ NORMAI .
/\ G)Hy'fﬂ: 31 floatd tangent - TANGENT.
32 }i
33

lrh-:l

=]
:%W: AA 1%;;( ‘ﬁ%%l %Ef”,. B

34

R 4E A Lo SN s ! struct Varyings
)%§—1B}%t7§$ﬁg J’FL)(?I %%%/’I\glli%%ltx gg { float4 D03|t|0nHCS SV POSITION;

317

ILOEEDREE ,\[ L, \ 40 }
51 Varylngs vert (Attributes IN)
52 v (
53 Varyings OUT;
54 OUT. positionHCS = TransformObjectToHC! ip (IN. position0S. xyz) ;
55 QUT normal = TransformOb jectToWor IdNormal (IN. normal) :
56 / |OUT tangent = fIoat4(TransformObJectTOWUrIdNormaI (float3 (IN. tangent. xyz)). xyz, IN. tangent.w):
o7 = “XYZ)
H8 return ouT; ERIMVICDWTHER T MVDEEEZS 5 (F 5 DIERBEL.
59 ] 12 BAMDIEARNTUNENRERVND T, FREETS
61 " Talfﬂl frag(Varyings IN) : SV Target
62 v
63 > _half3 normal = normalize(IN normal) . // (@ oMM AF-IZ PR 54
64 half3 binormal = normalize(cross(normal, IN.tangent.xyz) * IN.tangent.w) ;

half3 tangent = cross(binormal, normal) * IN. tangent.w;
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JINT X—HDEN

s BRI MIVAREWEFRENRISIVARDET DINS A —5ZEN

3 Properties
4 v {
5 v [MainColor] _BaseColor (“Base Color”, Color) = (0.86, 0.39, 0.39, 1)
6 _SpecularIntensity ("Specular Intensity”, Range(0, 1)) = 0.3
7 _AmbientRate ("Ambient Rate”, Range(0. 1)) = 0
8 _RoughnessX ("Roughness X”, Range(0, 1)) = 0.8
9 _RoughnessY ("Roughness Y", Range (0, 1)) =0.2
10 | _Metallic( Metallic™, Range(0, 1)) = 0.5
11
42 v CBUFFER_START (UnityPerMaterial)
43 half4 BaseColor;
44 half _SpecularIntensity:
45 half AmbientRate.
46 half _RoughnessX;
47 half _RoughnessY;
48 halt _Metallic;
49 CBUFFER_END
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K . GE UNIVERSITY JO0SL0—03w N



o)V —4

.
63 7
64

65

66

67 I
68
69
70
71
72
73
74
75
76
77
78
79
80
81 E
82

83

84 v
85
86
87 >

Talf4 frag(Varyings IN) : SV Target

half3 normal = normalize(IN.normal);// ;BT H=OIZIERIELET
half3 binormal = normalize(cross(normal, IN.tangent.xyz) * IN.tangent.w);
half3 tangent = cross(binormal, normal) * IN.tangent.w;

Light light = GetMainLight () ;
half3 view direction = normalizg(TrangformViewToWorId(float3(0,0,0)) - IN.position) ;

+ view di rectinn)

halfl3 half vector = normalize(light direction
half VdotN = max (0. 000001, dot(view direction, normal));

half LdotN = max (0. 000001, dot(light.direction, normal)). FEEUDRXW\LDIZ0IZRBDIDOZEIZ S
half HdotN = max (0. 000001, dot (half vector, normal))

half alphaX = RoughnessX * RoughnessX: MRDERERET IVICEHTE T, #HE (roughness)®
half alphaY = RoughnessY * _RoughnessY: B%a,, a, ZiiE D/\SA—5 (TR

half XdotH = dot (tangent, half_vector) ;

half YdotH = dot(binormal, half_vector) :

half3 ambient = _BaseGolor.rgb: ” ey
half3 lambert = BaseColor.rgb * LdotN; ILEURIIYEE LdotNZ{E> TRGRICTRIZ

half ¢ = (XdotHxXdotH/ (alphaX*alphaX) + YdotHxYdotH/ (alphaY*alphaY))/(HdotN * HdotN) ;
half3 specular = _Specularintensity* exp(—c) / sqrt(LdotN * VdotN) / (4 = Pl * alphaX * alphay¥)

half3 color = light. color *
lerp(lerp(lambert, ambient, AmbientRate), specular, Metallic):
return halfd(color, 1);

}
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Roughness X: 0.2 Roughness X: 0.2 Roughness X: 0.99
RoughnessY: 0.8 RoughnessY: 0.2 Roughness Y: 0.04
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. jlz*wdﬁ 57 - B EER DR
o F— ATlESchlickir B &
Fscnick = Fo + (1 — Fp)(1 =V - H)?

» Far Cry 3STEONZFEERL)

FFarCryB =Fy+ (- Fo)e_6V.H

Bt GEi@t)
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SchlickyTfAD 3=

Properties
O = N 4 e [ o e
o IN\TX—YMDEN g / | _Fresnel0(“Fresnel0”, Range (0, 0.99999)) = 0.8
c OV T—5 35 v CBUFEER_ tyPerMaterial)
36 half FresnelO;
3/ CBU _
63 Talf4 frag(Varyings IN) : SV Target
64 v
65 I Light light = GetMainLight():
66 half3 normal = normalize(IN. normal) ;
67 half3 view direction = normalize (TransformViewToWor|d (float3(0,0,0)) — IN.position);
68 half3 half vector = normalize(light. direction + view direction):
69 half VdotH = max (0, dot(view direction, half _vector)):
10
71 A half F = _Fresnel0 + (1-_Fresnel0) * pow(1 — VdotH, 5):// Schlickir{Ll
]2
73 half3 color = F;
14 return halt4(color, 1),

15 }
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half FresnelReflectanceAverageDielectric(float co, float fO)

[

|

float root_f0 = sqrt (f0);
float n = (1 + root f0) / (1 - root f0);
float n2 = n * n;

float si2 =1 - co * co;
float nb = sqrt(n2 - si2) .
float bn = nb / n2;

float r_s = (co — nb) / (co + nb);
float r_p = (co - bn) / (co + bn);
return 0.5 x (r. s *xr.s +r_p*r_p);

Schlickyr{l

half F = FresnelReflectanceAverageDielectric (VdotH,

_FresnelQ) ;// SIEPIRFHD AL |

. Far Cry 3 188

14

half F = Fresnel0 + (1- FresnelQ) * exp (-6 * VdotH).// FarCry3:ia{Ll
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_ { 2(N-H)(V-N) 2(N-H)(L-N)
G = miny1,
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48

49 v
50
o1
52
53
54
55
56
517
58
59
60
61
62

Talf4 frag(Varyings IN) : SV Target

}

Light light = GetMainLight () ;

half3 normal = normalize(IN. normal) ;
half3 view direction = normalize (TransformViewToWor Id(float3(0,0,0)) - IN.position)
half3 half vector = normalize(light. direction + view direction) ;

half VdotN = max (0, dot(view direction, normal));

half LdotN = max (0, dot(light.direction, normal));
half HdotN = max (0, dot(half_vector,
half LdotH = max (0, dot(half _vector,
half VdotH = max (0, dot(half_vector,

half G = min(1, 2 * min(HdotN * VdotN / VdotH, HdotN * LdotN / LdotH)) ;

half3 color = G;:

normal)) ;
light. direction)) ;
view direction)) ;

return halt4(color, 1).
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INT X—S DB

« REMDIEE

3 Properties

4 v {

) (MainColor]l BaseColor(“Base Color” Color) = (0.86, 0.39, 0.39, 1)
6 | _Roughness ("Roughness™, Range(0, 1)) = 0.4

-

36 Y CBUFFER START (UnityPerMaterial)

37
38 half Roughness:
39 CB

TOKYO POLYTECHNIC o S —p
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ExpDIERDEITRDRERZFE o/
sin®(arccos(H - N)) 1—(H-N)?

tan*(arccos(H - N)) = cosZ(arccos(H - N))  (H-N)?2

50

o1 v
52

53

54

55 I
56

57

58

59

60

61

62 v
63

64

65

66

67

Talf4 frag (Varyings IN) : SV Target

}

Light light = GetMainLight () ;

half3 normal = normalize(IN. normal) ;

half3 view direction = normal|ze(TransformV|ewTOW0rId(floatS(U 0,0)) - IN.position);

‘half3 half vector = normalize(light . direction + view direction).

half VdotN = max (0, dot(view direction, normal));

half LdotN = max (0. 00001, dot(light.direction, normal)) ;

half HdotN = max (0, dot(half_vector, normal)) ;
ah\ATDIITE T

half alpha2 = Roughness * Roughness * _Roughness * _Roughness;

float D = exp(—-(1 — HdotN * HdotN)/(HdotN * HdotN * alpha2))
/ (4 * alpha2 * HdotN * HdotN * HdotN * HdotN)

half3 color =D / (4 x LdotN * VdotN) : FX>GZ&\\/=BRDF
color = saturate(color): (EMAI<ARYTES

return half4(color, 1);
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INT X—S DB

s REDHEE
» IEER ST

3 Properties

4 v {

5 _ Z Z = 86, 0.39, 0.39, 1)
6 / _Fresnel0("Fresnel0”, Range(0, 0.99999)) = 0.8
7 | “Roughness ("Roughness”, Range (0.0001, 1)) = 0.4
8

37 v CBUFFER _START (UnityPerMaterial)

38 _half4d BaseColor:

39 half FresnelO;

40 half Roughness;

41 CBUFFER_END
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67 Talf4 frag(Varyings IN) : SV Target

68

69 Light light = GetMainLight() ;

70 half3 normal = normalize (IN. normal) ;

71 > half3 view direct|0n = normal ize (TransformViewToWor Id (float3(0,0,0)) - IN.position):
72 = nnrmqll?rzl’l |r.rh'l' direction + view rllrpr'l'lnn\

73 half VdotN = max (0. 00001, dot(V|ew_d|rect|on normal)) :

74 half LdotN = max (0. 00001, dot(light.direction, normal)); FEFELGWLDIZ0ICREDZEHIZSD
75 half HdotN = max (0. 00001, dot(half vector, normal))

76 half LdotH = max (0, dot(half vector, light.direction));

77 half VdotH = max (0, dot(half vector, view direction));

18

79 > half alpha2 = Roughness * Roughness * Roughness * Roughness;

80 v float D = exp(—(1 — HdotN * HdotN)/ (HdotN * HdotN * alpha2))

81 / (4 x alpha?2 * HdotN * HdotN * HdotN * HdotN) ;

82

83 half G = min(1, 2 * min(HdotN * VdotN / VdotH, HdotN * LdotN / LdotH));
84 A half F = _Fresnel0 + (1-_Fresnel0) * pow(1 - VdotH, 5).// Schlickir{Ll
85 half3 brdf = BaseColor * D * G x F / (4 * LdotN * VdotN) ;

86 FERSICEERE

87 half3 color = light. color * LdotN * brdf; Lambert®R5%E]

88 return halt4(color, 1).

l
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FDG

fr = 4(N-L)(N - V)

CXZ

T n((H-N)Z(a? —1) + 1)2
G = Ggex(N - L)Ggex (N - Vl)

Ggex(c) =

D

c+ Va2 + ac? — q2c?

F~Fschlick = Fo + (1 = F))(1 =V - H)®
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3 Properties
4 v {
5 _ = (0.86, 0.39, 0.39, 1)
6 _Fresnel0("Fresnel0”, Range(0, 1) .
T | “Roughness ("Roughness”, Range(0, 1)) = 0.4
8
37 v CBUFFER _START (UnityPerMaterial)
38 - :
39 half FresnelO;
40 half Roughness;
41 CBUFFER END
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67 Talf4 frag(Varyings IN) : SV_Target

68 v

69 Light light = GetMainLight () ;

70 half3 normal = normalize(IN. normal) ;

71 > half3 view_direction = normalize(TransformViewToWor Id (float3(0,0,0)) — IN.position);
72 half3 half_vector = normalize(light.direction + view direction)

73 half VdotN = max (0.00001, dot(view direction, normal))

74 half LdotN = max (0. 00001, dot (light.direction, normal));

75 half HdotN = max (0. 00001, dot(half _vector, normal));

16 | half VdotH = max (0.0, dot(view_direction, half_vector));

77

78 half alpha2 = _Roughness * _Roughness * _Roughness * _Roughness:

79 float denom = HdotN * HdotN * (alpha2 - 1.0) + 1.0;

80 float D = alpha2 / (Pl * denom * denom) ;

81

82 v half G = min(1, 1

83 / (VdotN + sqgrt(alpha2 + (1.0 - alpha2) * VdotN * VdotN))

84 / (LdotN + sqgrt(alpha2 + (1.0 - alpha2) * LdotN * LdotN))):
85

86 A half F = _Fresnel0 + (1-_Fresnel0) * pow(1 - VdotH, 5):// Schlickiz{:l
87

88 half3 brdf = saturate( BaseColor *x D *x G *x F / (4 * LdotN * VdotN)) :
89

90 half3 color = light.color * LdotN * brdf;

91 | return half4(color, 1);
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79 half alpha2z = Roughness * Roughness * Roughness * Roughness;
80 H float denom = HdotN * HdotN * (alpha2 - 1.0) + 1.0;
81 float D = alpha2 / (PI * denom * denom) ;

B AL

79 ! float D = D_GGX (HdotN, _Roughness * _Roughness) ;
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Talf Fresnel (half fO, half f90, float co)

72 %

73 A ] return f0 + (f90-f0) * pow(1 - co, 5):// SchlickiT{l

74

75

76 // “Moving Frostbite to Physically Based Rendering 3.0”

77 TaIfS Fr DisneyDiffuse (half3 albedo, half LdotN, half VdotN, half LdotH, half |inearRoughness)
78 %

79 half energyBias = lerp(0.0, 0.5, linearRoughness);

80 half energyFactor = lerp(1.0, 1.0/1.51, linearRoughness)

81 half Fd90 = energ%Bias + 2.0 % L?otH * LdotH * |inearRoughness:

82 half FL = Fresnel (1, Fd90, LdotN): J\ S| 4
83 half FV = Fresnel (I Fd90. VdotN) NEENTULIRERNS
84 | return (albedo * FL * FV * energyFactor) ; %@iij%j'(a;t:

85

86

87 half4 frag(Varyings IN) : SV _Target

88 v {

89 Light light = GetMainLight() ;

90 half3 normal = normalize (IN. normal) ;

91 > half3 view direction = normalize (TransformViewToWor |d (float3(0,0,0)) — IN.position);
92 half3 half_vector = normalize(light.direction + view_direction);

93 half VdotN = max (0. 00001, dot(view_direction, normal));

94 half LdotN = max (0.0, dot(light.direction, normal));

95 half HdotN = max (0.0, dot(half_vector, normal)) ;

96 half LdotH = max (0.0, dot(half_vector, light.direction));

97

08 v ha | f3—codor—e—Ilight—colork L dothl

99 * Fr_DisneyDiffuse (_BaseColor, LdotN, VdotN, LdotH, _Roughness * _Roughness) / PI;
100 retQrn nart4color, 1),

101

}
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11

Properties
v {
v [MainColor]
_SpecularColor (“Specular Color”,

_Emission("Emission”, Color) = (0, O, 0 0)
_Fresnel0("Fresnel0”, Range(0, 1)) = 0.8
“Roughness ("Roughness™, Range(0, 1)) = 0.4
Metallic("Metallic”, Range(0, 1)) = 0.6

_BaseColor (“Base Color”,
Color) = (1, 1, 1, 1)

Color) = (0.86, 0.39, 0.39, 1)

40
41
42
43
4
45
46

v CBUFFER_START (UnityPerMaterial)
half4 _BaseColor;
half4 SpecularColor;
half4 _Emission;
half FresnelO;
half _Roughness;
half Metallic;
CBUFFER_END
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18 v //
80 Ev //

half FresnelReflectanceAverageDielectric(float co, float f0, float f90)

{

J

co = min(0.9999, max(0.000001, co)):

float root_f0 = sqrt(f0) ;

float root_f90 = sqrt(f90) ;

float n = (root_f90 + root_f0) / (root_f90 — root_f0) ;
float n2 = n * n;

float si2 =1 - co * co;
float nb = sqrt(n2 - si2);
float bn = nb / n2;

float r_s = (co — nb) / (co + nb):
float r p = (co - bn) / (co + bn);
return 0.5 % f90 * (r_s *xr_s + r_p * r_p);

Talf Fresnel (half f0, half 90, float co)

return FresnelReflectanceAverageDielectric(co, 0, f90);// SiKPiRF90M £l
return f0 + (f90-f0) * pow(1 - co, 5);// SchlickiriLl
return fO + (f90-f0) * exp (-6 * co);// FarCry3iz{Ll

// “Moving Frostbite to Physically Based Rendering 3.0"
half3 Fr_DisneyDiffuse (half3 albedo, half LdotN, half VdotN, half LdotH, half |inearRoughness)

{

half energyBias = lerp(0.0, 0.5, |inearRoughness) :

half energyFactor = lerp(1.0, 1.0/1.51, linearRoughness) ;

half Fd90 = energyBias + 2.0 * LdotH * LdotH * |inearRoughness;
half FL = Fresnel (1, Fd90, LdotN);

half FV = Fresnel (1, Fd90, VdotN);

return (albedo * FL * FV * energyFactor) ;
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94 77 Moving Frostbite to Physically Based Rendering 3.0
95 Eloat V_SmithGGXCorrelated (float NdotL, float NdotV, float alphaG2)
96 v
97 // Original formulation of G_SmithGGX Correlated
7j— 08 // lambda_v = (-1 + sqrt(alphaG2 * (1-NdotL2) / NdotL2 + 1)) * 0.5f;
/. 99 // lambda_l = (-1 + sqgrt(alphaG2 * (1-NdotV2) / NdotV2 + 1)) * 0.5f;
J \\\ 100 // G_SmithGGXCorrelated = 1 / (1 + lambda_v + lambda_l) :
101 // V_SmithGGXCorrelated = G_SmithGGXCorrelated / (4.0f * NdotL * NdotV) .
102
103 // Gaution: the “NdotL *” and “NdotV *” are explicitely inversed, this is not a mistake.
104 float Lambda GGXV = NdotL * sqrt((-NdotV * alphaG2 + NdotV) * NdotV + alphaG2) .
105 float Lambda GGXL = NdotV * sqrt((-NdotL * alphaG2 + NdotlL) * NdotL + alphaG2) .
1 106 return 0.5f / (Lambda_GGXV + Lambda_GGXL) ;
o MetaHIC\ 107 }
. : — 108
EmISSIOn E' ;Rﬂyémg IEaIM frag(Varyings IN) : SV_Target
110 v
Ik = - 111 Light light = GetMainLight();
o 7%%1&[}};251@& 112 half3 normal = normalize(IN. normal) ;
. 7 113 half3 view direction = normalize(TransformViewToWor Id (float3(0,0,0)) - IN.position):
FrOStbltEOD:E) 0) 114 v // half3 view_direction = TransformViewToWor |dNormal (float3(0,0,1)):// TEADLIE % R4 LA
_ 115 half3 half_vector = normalize(light.direction + view direction) :
(—%j;j:ﬁq 116 half VdotN = max (0. 00001, dot (view_direction, normal)):
- | = qu. 117 half LdotN = max (0.0, dot(light.direction, normal)):
118 half HdotN = max (0.0, dot(half_vector, normal)):

« OO 7 119 half LdotH = max (0.0, dot Ehalf_vector, light. direction));

1 w 120 | half VdotH = max (0.0, dot(half_vector, view_direction)):
\
Y RDAIED ] |
e W 122 half alpha = _Roughness * _Roughness;
SUEE . AST hal f3 diffuse = Fr_DisneyDiffuse ( BaseColor, LdotN, VdotN, LdotH, alpha) / PI;
—_— 124
- HE A\ 125 half alpha2 = alpha * alpha:
= 126 float D = alpha2 / (Pl * pow(HdotN * HdotN * (alpha2 - 1.0) + 1.0, 2.0));
WU CHZD | // half G = min(1, 1
N “TﬁT 128 // / (VdotN + sqrt(alpha2 + (1.0 - alpha2) * VdotN * VdotN))
E_I-ﬁbll‘gib =l 129 v // / (LdotN + sgrt(alpha2 + (1.0 - alpha2) * LdotN * LdotN))):
N 130 half G = V_SmithGGXCorrelated(LdotN, VdotN, alpha?);
7 % (- é: E%ré 131 / half F = Fresnel (_Fresnel0, 1, VdotH):
E 132 half3 specular = saturate (_SpecularColor * D * G * F / (4 * LdotN * VdotN)) :
133
134 half3 color = light.color * LdotN * |erp(diffuse, specular, _Metallic);
135 color += FEmission; // A
136 tor et oo

TOKYO POLYTECHNIC ' - \
K . GE UNIVERSITY O35 L0—03v N



POCHKLD

o NOA=IORARERATZROENEHERUEXD

Sphere(15)_PBR
TOKYO POLYTECHNIC o e ) —p
K . GEIUNIVERSITY J002L0—003vIN



s W JQ“

e HTHLY
 PhongDRHFET I

. B

o ZVN—MERRFETIV

o BRIHEIHT
« PhongDRHET IV

° Iili \JR%\_J- :7__)|/
« JUTJA
« XF)wWo
- EAMRNETIV

K Q EITOKYO POLYTECHNIC
UNIVERSITY

o ﬁ% 12%‘1
pAZ Il
&ﬂﬁﬁﬁ

- Beckman%7pRaEK
« Cook-Torrance@¥ETIV

« IR REET IV
« GGXTh
* Frostbite¥dhEURETET IV
. PBR

* SRR

JO05L0—03v N



alll
Fa

°%D®§¥W§€%EQET

Shader_16_MyShader | =&

%ZT?@&JI —SFE5EZS
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S[.hader “Custom/Shader_16_MyShader” S h 3 d e r_'] 6_M yS h a d er

Properties

[MainGolor] _BaseColor (“Base Golor”, Color) = (1, 1, 1, 1)
| [MainTexture] _BaseMap(“Base Map”, 2D) = “white”

SubShader
{ Tags { "RenderType” = “Opaque” “RenderPipeline” = “UniversalPipeline” }
Pass
HLSLPROGRAM

#pragma vertex vert
#pragma fragment frag

#include “Packages/com. unity. render—pipelines. universal/ShaderLibrary/Core.hlsl”
Ttruct Attributes

float4 position0S : POSITION;
float2 uv : TEXCOORDO,

};
struct Varyings

float4 positionHCS : SV_POSITION:
float2 uv : TEXCOORDO;

};
TEXTURE2D (_BaseMap) ;
SAMPLER (samp | er_BaseMap) ;

CBUFFER_START (UnityPerMaterial)
half4 _BaseColor.
float4 _BaseMap_ST.
GBUFFER_END

Varyings vert (Attributes IN)
Varyings OUT;
OUT. positionHCS = TransformObjectToHC! ip (IN. position0S. xyz) ;
QUT. uv = TRANSFORM_TEX (IN. uv, _BaseMap) ;
return OUT;
half4 frag(Varyings IN) : SV_Target

half4 color = SAMPLE_TEXTURE2D (_BaseMap, sampler_BaseMap, IN.uv) * _BaseColor:
return color;

}
ENDHLSL
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