Llenaepsbl: pac4éT ocBeLEHNA

KomnbloTepHasa rpaduka



Conep>xaHue

OcseLleHre no moaenm PoHra. To4eYHbIN UCTOYHUK

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY



YTO XOTUM NONyYnThL?




OcBeLleHue no moaenu ®oHra

N
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®0OHOB23A COCTABNAIWIA PacceAHHas COCTaBNAWEA 3epKantHas COCT3BNAWARA CyMM3pHOe ocBelleHune



PacuéT ocseLleHus

MoBepwmHHbIN (per-vertex lighting)

MonuKcenbHbIl (per-pixel lighting)
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BepLUMHHBbI Lenaep

° nepeso, KoopAnuHaT BEPLLUMNHBbI B MMPOBYHO CUCTEMY KOOPANHAT

° Bbl4MCNEHNME HanpaBIeEHNA OT BePLUMHbBI Ha UCTOYHUK OCBELLUEHNA B MMpOBOl‘a cmcreme
KoopAuHaT

*  nepeBoa KOOPAMHAT BEPLUMHbI B OOHOPOAHbIE

*  nepesaya NapamMeTpoB BO PParMeHTHbIN Leraep
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MapaMeTpbl BEPLUMH U3 BEPLUMHHOMO LUEAEPa BO (DparMEHTHbIN

. Hopmanb K nosepxHocTM 0bbeKTa B BepLuMHe (normal) B MMPOBOW cucTEME KoopayHaT

. HanpaeneHwe nafatoLwero cBeTa, OT BEPLUMHBI K MCTOYHWKY ocselleHua (light
direction)

. HanpaeneHue B3rna4a, OT BEPLUMHBI K Habntopatesto (view direction) B MMpoBoit cucteme
KoopAayHaT

. PaccTosiHMe OT TOYEYHOTO UCTOYHMKA OCBELLEHUS A0 BepLuMHbI (distance)
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BepLUMHHBIV Lenaep

# version 330 core

#define VERT_POSITION 0
# define VERT_ TEXCOORD 1
# define VERT_NORMAL 2

layout(location = VERT _POSITION) in vec3 position;
layout(location = VERT_TEXCOORD) in vec2 texcoord;
layout(location = VERT_NORMAL) in vec3 normal;
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BepLUMHHBIM Lenaep

// napameTpbl NnpeobpasoBaHnit
uniform struct Transform {
mat4 model;

matd viewProjection;
mat3 normal;

vec3 viewPosition;

}transform;

// napameTpbl TOYEUYEHOTO MCTOYHMKA OCBeLLEeHMA
uniform struct PointLight{

vecA position;

vecd ambient;

vecd diffuse;

vecd specular;

vec3 attenuation;
} light;
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BepLUMHHBI enaep

// napameTpbl 415 GparmeHTHOro Leiaepa

out Vertex {
vec2  texcoord;
vec3 normal;
vec3 lightDir;
vec3 viewDir;
float distance;

} Vert;

2023
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BepLUMHHBbI Lenaep

void main (void )}
//nepeBeaém KoopanHaTbl BEPLLMHbI B MUPOBYHO CUCTEMY KOOPAMHAT
vec4vertex=transform.model *vec4(position,1.0);
//HanpaBneHe oT BepLINHbI Ha UCTOYHWK OCBELLIEHWS
//B MMPOBOIA cUCTEME KoopauHaT
vec4 lightDir=light.position-vertex;
//nepeBoanm KoopaMHaTbLI BEPLLMHBI B OAHOPOAHbBIE
gl Position=transform.viewProjection*vertex;

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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BepLUMHHBIN LLenaep

void main ( void ){

//nepepagym Bo dparmeHTHbIM Lieaep HeKoTopble MapameTpbl
//nepenaém TeKcTypHble KoopayHaThbl
Vert.texcoord=texcoord;

//nepenaém Hopmanb B MUPOBO CUCTEME KOOPAWHAT

Vert. normal=transform.normal*normal;

//nepenaém HanpasneHre Ha UCTOYHWMK OCBELLEHMA
Vert.lightDir=vec3(lightDir);

//nepenaém HanpasnieHue OT BepluMHbl K Habnopatento

//B MUpoBOM cuCTeme KoopauHaT
Vert.viewDir=transform.viewPosition-vec3(vertex);
// nepenaém paccaToHMe OT BEPLUMHDBI 10 UCTOYHMKA OCBELLEHNS
Vert.distance=length(lightDir);
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dparMeHTHbIV Lenaep

# version 330 core
# define FRAG_OUTPUTO O

layout (location = FRAG_OUTPUTO) out vec4 color;
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dparMeHTHbIN Lenaep

uniform struct PointLight{

2023

vecd
vecd
vecd
vecd
vec3

} light;
uniform

position;
ambient;
diffuse;
specular;
attenuation;

struct Material {// napameTpbl maTepuana

sampler2D texture;

vecd
vecd
vecd
vecd
float

} material;

ambient;
diffuse;
specular;
emission ;
shininess;

KomnbloTepHas rpaduka emaHerko A.M. HODY
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dparMeHTHbIN LWenaep

// napameTpbl MOMyYeHHble M3 BEPLUMHHOMO Lueiaepa

inVertex {

vec2
vec3
vec3
vec3
float
} Vert;

2023

texcoord;
normal;
lightDir;
viewDir;
distance;
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dDparMeHTHbIN Wenaep

void main(void){

//HOpManM3aumsa NoaydeHHbIX AaHHbIX AN KOPPEKUMM WHTEPMONALMM
vec3 normal=normalize(Vert.normal);
vec3 lightDir=normalize(Vert. lightDir);
vec3 viewDir=normalize(V ert.viewDir);

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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dparMeHTHbIN LenMaep

void main(void){
//Bbluncnenve KoadppuuUMEHTa 3aTyxaHWs

float attenuation=1.0/( light . attenuation[0]+ light.attenuation[1]*
Vert.distancetlight.attenuation[2]*Vert.distancexVert.distance);

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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dparMeHTHbIN LWenaep

void main(void){

//nobaBneHne COBCTBEHHOTO CBeYyeHUs MmaTepuana
color=material.emission ;
//pnobaBneHne ¢$OHOBOMO OCBELLEHUA

color+=material.ambient*light.ambientxattenuation;
//nobasneHne pacceaHHoro ceeTa
float Ndot=max(dot(normal,lightDir),0.0);

colort=material.diffusexlight.diffuse*Ndotxattenuation;
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DparMeHTHbIN LLEMAEP - MPOAO/DKEHME

void main(void){

//no6aBneHne oTparKeHHOro cBeTa
float RdotVpow=max(pow (

dot(reflect(-lightDir ,normal),viewDir), material.shininess),0.0);
color+t=material.specularxlight.specular=*RdotVpowsattenuation

2023
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®parMeHTHbIN WeMAEp - NPOACIPKEHNE

void main(void){

//Vinv BbluMCNEHME WTOrOBOrO LBETA MUKCENA C YY4ETOM COBCTBEHHOMO LIBETa
color*=color_o bj;

//VIN BbIMMCAIMM UTOTOBbIA LBET MUWKCEN Ha 3KPaHe C YYETOM TEKCTypbl
color *=texture( material . texture , Vert . texcoord);
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Conep>xaHue

HanpagneHHb I 1 NPOXKEKTOPHbI UCTOYHWKM

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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YTO XOTUM NOMyunThL?




HanpaeneHHbIn ncTtouHnk oceellienmns (directional light)

HanpasneHue B npoctpaHcTBe (direction) - ¢ HyneBoit YeTBepTOM KOMMOHEHTOM (W = 0)
MouHocTb poHoBoro ocselleHna (ambient)
MoLHocTb pacceaHHoro ocsellieHus (diffuse)

MOoLLHOCTb OTpayKeHHOro ocBeLLeHuA (specular)
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/I3MeHeHUs1 B BEPLUMHHOM LLEAAEpE

//nepenaém Hanpas/neHre Ha MCTOYHMK OCBELLEHMS
Vert.lightDir=vec3(light . position);
//vckntoyaetca pacyét napametpa Vert.distance
//ybvpaetca pacyér napametpa attenuation
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[poXkeKTop

MonoxeHne B NpOCTpaHcTae (position)
MolLHOoCTb $poHOBOrO ocBelLeHnA (ambient)
MouHocTb paccesHHoro ocsetleHus (diffuse)
MOLLHOCTb OTpaXKeHHOro ocseLleHua (specular)
KoadduumeHTbl 3aTyxaHus (attenuation)
HanpasneHue (spot direction)

Yron BauaHua (spot cutoff)

KoadpduumeHT BamanHms (spot exponent)
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I3MeHeHNs BO (pparMeHTHOM LUEeaepe

//PacyéT yrna OTKNOHEHWA OT HaMnPaB/IEHMA NPOMKEKTOPA [0 TEKYLLEN TOUKM
float spotEffect=dot(normalize(light.spotDirection),-lightDir);
//orpaHnymMm 30Hy BAMAHME NPOXKEKTOPa
floatspot=float(spotEffect>light.spotCosCutoff);
//3KCnoHeHUManbHOE 3aTyxaHUE K Kpasm 30Hbl BIMSHUA
spotEffect=max(pow(spotEffect,light.spotExponent),0.0)
//ko3bPUUMEHT 3aTyXaHUA NPOXKEKTOPA
floatattenuation=spot*xspotEffect/(light.attenuation[OQ]
tlight.attenuation[1l]*Vert.distance+
light.attenuation[2]*Vert.distancexVert.distance);
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Conep>xaHue

[Jpyrve moaenu oceelleHua

2023
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Mopens ®oHra n moaens Jlambepta

KomnbtoTepHas rpaduka emaHerko .M. HOOY



Lambert vertex shader

varying
varying
uniform

uniform

vec3d |[;
vec3 n;
vecd lightPos;

vec4 eyePos;

void main(void){
// transformed point to world space
vec3 p=vec3 ( gl _ModelViewMatrix = gl_Vertex ) ;
// vector to light source
I=normalize (vec3( lightPos )-p ) ;
// transformed n
n=normalize( gl_NormalMatrix * gl _Normal) ;

gl_Position=gl_ModelViewProjectionMatrix * gl_Vertex;

2023
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Lambert fragment shader

varying vec3 |;
varying vec3 n;

void main (void) {
const vecd4 diffColor=vec4(0.5,0.0,0.0,1.0);

vec3 n2=normalize(n);
vec3 |2=normalize(l );

vecd diff=diffColor*max(dot(n2,2 ), 0.0) ;

gl FragColor=diff;
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Mopnenb OpeH-Halapa - LUBeT LepLiaBbIX NMOBEPXHOCTEN

2023 KomnbloTepHas rpaduka emaHerko .M. HODY
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Mopenb OpeH-Harapa

MoBEPXHOCTb COCTOUT M3 MHOMECTBA MMKPOTrPaHel (a5 Kaxaon - moaens Jlambepra)

Yron mexkay Hopmasbto K MUKPOTPaHW M HOPMAsIbO KO BCel MOBEPXHOCTU
ABNIAETCA C/TY4aHOWN BE/IMYMHOM

Mogaenb yumTbIBaeT B3aMHOE 3aKpblBaHWE M 3aTEHEHNE MUKPOTPAHEN U TaKKe YYUTbIBAET
B3aMMHOE OTPAXKEHWE CBETA MEXKIY MWKPOrPaHAMM.
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Monenb Open-Harapa

Pinhole

Surface

2023 KomnbtoTepHas rpaduka emaHerko .M. HOOY

33



Mopenb Jlambepta — Moaenb OpeH-Harapa

LAMBERT OREN NAYAR

2023 KomnbloTepHas rpaduka emaHerko .M. HODY
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Mopenb Jlambepta — Mogenb OpeH-Halapa

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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Monenb Open-Havapa

®opmyna pacyeta anddysHon mogenm ocselteHns OpeHa — Haspa:

L = ; -cos0; - (A + (B - max|0, cos(¢; — ¢,)] - sina - tan §8)) - Ey

where {1—
A=1-05—2 ©.4)
o2 +0.57 (CR)
2
B=0ds—2

a2 +0.09'
o = max(6;,6,).
B = min(6;,6,).

and p is the albedo of the surface, and ¢ is the roughness of the surface. In the case of ¢ = 0 (i.e_, all facets in the same plane), we have A=1andB=0,
and thus the Oren-Nayar model simplifies to the Lambertian model:

L, = i -cosb; - By
T

Anbbeno — xapakrepucTuka Anddy3Hon oTpaxaTenbHoW CNocoOHOCTU NOBEPXHOCTY.
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Moaenb Minnaert

M3HavanbHO Mogenb co3aaBanach 419 MOAEAMPOBAHMA JTyHbl (MOSTOMY MHORIA MOYKHO
BCTPETUTb Ha3BaHWE «JIYHHbIM Wenaep») v niaHeT

MoaxopuT Ana Apyrvx NOBEPXHOCTEN, MMEIOLLMX KOPMYCKYNAPHYHO UK yBYaTyto NOBEPXHOCTb

X0OpoLLlOo NoaxoauT ANA MOAENMPOBAHUA BUIOB TKaHM TUMNa Be/bBETa

I =(n0)"*(1=(nw)t*
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Minnaert fragment shader

const vec4 diffColor=vec4(1.0,1.0,0.0,1.0);
const float k = 0.8;

vec3 n2 = normalize (n);
vec3 [2 = normalize (l);
vec3 v2 = normalize (V);

float g1 = pow (max(dot(n2,12),0.0),1.0+k);
float d2 = pow ( 1.0 - dot ( n2, v2 ), 1.0 - k );

gl FragColor = diffColor *d1 *d2;
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Moaenb Minnaert

2023
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A.M. IodY
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POHr 1 bnnHH
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Moaenb bnnHHa-®PoHra

Blinn (cBeToBOM 611K C ManbiMM UCKaXKEHUAMM €C/IN CBET NaAaET MO, CKO/b3ALLMM YIZIOM)

Blinn — 310 ynyuweHHasa Bepcna PoHra. bamkn no mogenn banHHa B CpaBHEHMM C MOAENbIO
®oHra nyywe aepkat GopmMy Npm pasHbIX yiiax NageHua cBeTa

Mogenb ®oHra reHepupyeT 6onee pacTaHyTble 6/IMKM NOA, CKOMb3AWMMM YI/TaMM MaaeHUA
CBETA, B TO BPEMA KaK No moaenm bavHHa dopma 6MKoB He MeHAETCA.
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®OoHr 1 bnnHH

- Hopmanb

- 100X eHUe UCMOUYHUKA oceelleHUR
- 8eKMop ompaxeHus

- audoeol eekmop

<mm~=z 3

MoeepxHocMb

=kb_sx|b_sx(N.H)n

| =k xI x(VeR)"

Iinn_specuIar

specular
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Moaenb bnnHHa-PoHra

YNPOLLEHHbIN PacyeT 3epKa/lbHON KOMMOHEHTbI OCBELLEHHOCTU [KMM BAvHH BBEN
NPOMEKYTOUHDIM BEKTOP, KOTOPbIN ABAAETCA

CPEOHMM 3HaYEHUEM MEeXKAY BUAOBbIM BEKTOPOM M BEKTOPOM MO3ULMN UCTOYHUKA OCBELLEHUA:
H=(L+V)/(|L+V|)

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY



DparMeHTHbIN LWenaep

float3 H=normalize(light+view);
float n=16;

return specular_colorxspecular_intensity*pow (dot(normal,H),n);
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YcKopeHue BbIMUCTIEHNSA APKOCTU CBEYEHUS

LAWK npeaioskmnn 3ameHy CreneHn n

float3 H = normalize(In.light+In .view);
float n = 16;

float D = dot(ln.normal,H);

return specular_colorsspecular_intensity=*D/((n-D)x*(n+D))
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Mopaenb Kyka-ToppaHca

2023 KomnbtoTepHas rpaduka emaHerko .M. HOOY
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Mopaenb Kyka-ToppaHca

OpHa 13 Hambonee cornacoBaHHbIX C GU3NKOW
MoBEPXHOCTb COCTOUT M3 MHOMKECTBA MMKPOTPAHEN, KayKaas 13 KOTOPbIX ABNAETCA MAEa/IbHbIM 3epKasiom

Mogenb yumntbiBaeT KoapduLmeHT PpeHensa 1 B3anmosaTeHEHME MUKPOTrpPaHel
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Mopaenb Kyka-ToppaHca

KonmyecTBo OTparKeHHOTO CBETA 3aBUCUT OT TPEX GaKTOPOB:
KoadpoduumeHT Operens(F)
[eOMEeTPUYECKas COCTaBNAIOLLAA, YUUTbIBAtOLLAA camo3aTeHeHue (G)
KOMMOHEHT, y4mUTbIBAOLLMIA LLIEPOXOBATOCTb MOBEPXHOCTH (D)

O6Lwwan popmyna AnA BbIMUCIEHWS OTPAKEHHOTO CBETA

F-G-D

TEem-aem

[eomeTpryecKasa CoCTaBNAKOLLAA

2(He N)(V «N) 2(HeN)(L+ *J)

& = min 1_, = 3
( (VeH)
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KOMMOHEHT, Y4MTHIBAIOLLMI LLIEPOXOBATOCTb MOBEPXHOCTY

— 3TO pacnpengenieHne MUKPOrpaHel nosepxHocTh. OBbIYHO, ANA BbIMUC/IEHMA STOTO KOMMOHEHTA
MCNONb3YHOT pacnpeaeieHve bekmaHa:

. ([E-E}z— 1)
D~ o\mEEW

am2(HeN)'

rae napametp m (ot 0 Ao 1) onpenenseT WepoxXoBaToCTb NOBEPXHOCTU. Yem OH 6onbLuE, TEM
NOBEPXHOCTH LLIEPOXOBATEE, C/1EA0BATE/IbHO, OTPAMKAET CBET AaKe Mof, LUMPOKMMM YIMaMMU.
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KoapdumumeHT PpeHens
1

. S R - - T |
fresnel (cos®) = LMY RO el el SO0

a9

-

n -1

1
Fl(cos@) = -
(1 + cosO)A

F2(cos®) = (1 - cosO))'-(l - Ro) +Ryp

Annpokcnmauma LLnuvka
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3epKasibHble OTPAXKEHWS! MOTYT ObITb:

M3oTtponHbIMu (isotropic)

AHM30TPOMHbIMM (anisotropic)

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY



AHN30TPOMHbIE MOAEU

aHU30TPONHOe

OTpaXKeHue

M30TPONHOE

OTpaXKeHue

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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AHN30TPOMHbIE MOAEU

AHM30TPONHbIE OTPAXKEHUSA

2023 KomnbtotepHas rpaduka [emaHeHko A.M. HOPY
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KacaTtenbHbi 6a3uc

Hopmanb N
KacaTenbHaa T
6uHopmanb B

2023

B
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Mogenb Ashikhmin-Shirley
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Mogenb Ashikhmin-Shirley

~r)(1(1

V')I:T.'._T +1){ry+1)

Tairr =

I T =
e Sa(hlmaz((nd).(na)

7)-2)

[n:hjnu OS2+ rpsind 1-;1-{{ h-,g}}
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Ashikhmin-Shirley fragment shader

const vecd diffColor = vec4 (1.0, 0.0, 0.0,1.0);
const vecd specColor = vec4 (0.7,0.7, 0.0,1.0);
const float Pl= 3.1415926;

const float specPower = 30.0;

vec3 n2 = normalize( n );
vec3 12 = normalize( t );
vec3 b2 = normalize( b );
vec3 12 = normalize( | );
vec3 h2 = normalize( h );
vec3 v2 = normalize( v );
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Ashikhmin-Shirley fragment shader

2023

float
float

float
float
float
float

nv
nl

nh
hl
tlh
t2h

max
max

max
max
dot
dot

( 0.0, dot ( n2,
( 0.0, dot ( n2,

( 0.0, dot ( n2,
( 0.0, dot ( h2,

( b2, h);
( t2, h);

KomnbtoTepHas rpaduka emaHernko A.M

v2 ) );
12) );
h2 ) );

12 ) );
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Ashikhmin-Shirley fragment shader

// calculate diffuse
float rd = (28.0/(23.0 * PI)) * (1.0 - pow(1.0 - 0.5 * nv, 5.0))* (1.0 - pow(1.0 - 0.5 * nl, 5.0));

// calculate specular
float B = pow(nh, (mx * t1h * t1h + my * t2h * t2h )/( 1.0 - nh * nh));

float F= (r0 + (1.0 - r0) * pow(1.0 - hl, 5.0)) /(hl*max (nv,nl));

float rs = AxBxF;
gl_FragColor = nl * (diffColor * kd* (1.0 — ks) * rd + specColor * ks * rs) ;
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Mogenb Toon shading
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dparMeHTHbIN Lenaep

void main( void ) {

vec3 n2 =normalize(n);
vec3 |2 = normalize(l);
float  diff = 0.2 + max(dot(n2,12),0.0);

if (diff < 0.4)

clr = diffColor*0.3;
else if (diff < 0.7)

clr = diffColor;
else

clr = diffColor=1.3;
gl FragColor = clr;

}

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY
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Moaenb Amu ['yy




Moaenbs AMun ['yy

OnddysHaa ocselLeHHOCTb U3 Moaem JlambepTa UCronb3yeTca 4/18 CMELUMBAHUA ABYX OTTEHKOB —
"Trennoro'u "xonogHoro"

Mogenb lyy nossonset bosee YeTKO OTOOParkaTb KOHTYPbI OObEKTa.

1+1-a 1+1-4
I = - }b.p”” 1 - - - ';L'.T.I'-'I'.?.T"r”
5 cool T 5
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Mogenb AMu 'yy




dparMeHTHbIN Wenaep

void main (void) {

vec3 kCool=min(coolColor + diffuseCool * surfaceColor,1.0);
vec3 kWarm=min(warmColor + diffuseWarm #* surfaceColor,1.0);
vec3 kFinal = mix(kCool, kWarm, NdotL);

vec3 r = normalize (reflectVec);

vec3 v = normalize(viewVec);

float spec = pow(max(dot(r,v),0.0),32.0);

gl_FragColor = vec4(min(kFinal+spec, 1.0),1.0) ;

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY



Moaenb Rim

CraHaapTHas mMoaeb OcBeLLeHUA ¢ AobaBneHneM NOACBETKN KPaeB, [Ae BEKTOP HOPMa/N
nepneHAVKyApeH BEKTOPY Ha Habtoaatens

I =(1+b-max(0,(n,v)))”
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Moaenb Rim
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dparMeHTHbIN LWenaep

void main (void) {

vecd diff = diffColor * max(dot(n2,12),0.0);

vecd spec = specColor * pow(max(dot(n2,h2),0.0), specPower);
float rim = pow(1 .0 + bias - max(dot(n2,v2),0.0), rimPower);
gl_FragColor = diff + rim * vec4(0.5,0.0,0.2,1.0) + spec * specColor;
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Mogaenb Bidirectional Lighting

V|CI'IOJ'Ib3yeT MHTEPNONAUMIO MeXXay ABYMA LIBETaMUN

Ee moxkHO paccmaTpmBaTb Kak OCBELLEHNE CPasy C ABYX MPOTUBOMO/IOKHbIX CTOPOH CTOPOH
MCTOYHUNKaMM C Pa3HbIMU LLIBETaMU

I =Cymax(0,(n,))+Comax(0,(—nl))
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Mogensb Bidirectional Lighting
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dDparMeHTHbIN enaep

void main (void) {
const vec4 color0 = vec4(0.5, 0.0, 0.0, 1.0);
const vec4 color2 = vec4(0.5, 0.5, 0.0,1.0);
vec3 n2 = normalize(n) ;
vec3 12 = normalize(l) ;
vec4d diff = colorOxmax(dot(n2,12),0.0) + color2smax(dot(n2,-12),0.0);
gl _FragColor=diff;

2023 KomnbloTepHas rpaduka emaHerko A.M. HODY

74



Ccblnku

http://steps3d.narod.ru/tutorials/lighting-tutorial.html
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