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Swiatta punktowe, kierunkowe, spot.
Tlumienie Swiatta

Model Oswietlenia Najnowsza wersja tego dokumentu dostepna jest pod

Shadery adresem

Implementacja

http://wmii.uwm.edu.pl/~denisjuk/uwm
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http://wmii.uwm.edu.pl/~denisjuk/uwm

Model Oswietlenia

% Trzy Swiatta
+ Obliczenia

Shadery

Implementacja

Model Oswietlenia
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Model Oswietlenia

% Trzy Swiatta
+ Obliczenia

Shadery

Implementacja

Swiatto punktowe z tltumieniem
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Model Oswietlenia

% Trzy Swiatta
+ Obliczenia

Shadery

Implementacja

Swiatto kierunkowe

Trzy Swiatla: 300 Frames Per Second @ B00O x 600
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Model Oswietlenia

% Trzy Swiatta
< Obliczenia

Shadery

Implementacja

Swiatto spot
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Swiatto punktowe

Model Oswietlenia ® / — Is + Id + Ia + Ie

% Trzy Swiatta

+ Iy=pgli"cosb
Shadery + [, = pslgn(cos gp)f
Implementacja + Ia = pa Ic{ n

4+ [, = Const

® Tiumienie sSwiatta

4+ wspotczynnik ttumienia

1
ap + a1d + agdzj

a —=

+ gdzie d jest odlegtoscig od zrodta swiata
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Swiatfo kierunkowe (Sun)

Mide' ?éYvitf“e”ia ® jak swiatto punktowe
s Trzy Swiatta . ;o . . . ’ O
® zrodto swiata umieszczone jest w nieskonczonosci
Shadery ® (3707 Yo, <0, 0)

O

brak ttumienia (czemu?)

Implementacja
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Swiatto spot

Model Oswietlenia

wskaznik ttumienia, p

Implementacja

05 ® jak Swiatto punktowe
% Trzy Swiatta .
® Kkierunek
Shadery ® kat obcinania (cutoff), 1
O
O

I {Io(cos V)P, jezeli vy < g
0

+ Uwaga: ¥ < ¢g <= cosy) > cosyy
+ Do shadera przekazemy cosinus (czemu?)
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Model Oswietlenia

Shadery

% Point Light
% SunLight
% SpotLight

Implementacja

Shadery
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Model Oswietlenia

Shadery

% Point Light

% SunLight
% SpotLight

Implementacja

Vertex Shader. Dane wejsciowe i zmienne
uniform

#version 430 core

layout (location=0) in vec4 1n_position;
layout (location=2) in vec2 in_texture;
layout (location=3) in vec3 in_normal;

uniform mat4 model matrix;
uniform mat3 normal matrix;
uniform mat4d view matrix;
uniform mat4 projection_matrix;
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Swiatto i struktura wyjsciowa

Model O$wietlenia uniform s
Shadery vecd
% SunLight vecd
« SpotLight vecd
Implementacja vecd
vec3
} light;

truct PointLight{
position;
amblient;

diffuse;
specular;
attenuation;

out struct Vertex {

vec2
vec3
vec3
vec3
float
} frag_ve

texcoord;

normal;

light_dir;

view_dir;

dist;
rtex;
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Model Oswietlenia

Shadery
% SunLight
% SpotLight

Implementacja

main

void main (void) {
vecd vertex = model_matrix % 1in_position;
frag _vertex.light_dir = (light.position.xyz

— vertex.xyz);
frag_vertex.normal= normal_matrix * 1n_normal;
vecd4d camera =
-view _matrix+vecd (0.0, 0.0, 0.0, 1);
frag_vertex.view_dir = camera.xyz-vertex.xyz;
frag_vertex.dist = distance(light.position,
vertex) ;
gl _Position = (projection_matrix
* view _matrix) * vertex;

frag_vertex.texcoord = 1n_texture;
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Fragment Shader. Dane wejsciowe
i wyjsciowe

Model O$wietlenia #version 430 core

Shadery layout (location = 0) out wvecd color;
% SunLight

< SpotLight in struct Vertex {

Implementacja vec2 texcoord;

vec3 normal;
vec3 light_dir;
vec3 view dir;
float dist;

} frag_vertex;
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Swiatfo i materiat
Model O$wietlenia uniform struct PointLight{
Shadery vecd position;
-
% SunLight vecd4 ambient;
< SpotLight vecd diffuse;
Implementacja vecd4d specular;
vec3 attenuation;
}1light;
uniform struct Material({

vecd
vec4
vec4
vec4
float
}materia

__ uniform sampler2D texture unit;

ambient;
diffuse;
specular;
emission;
shininess;
1;
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Model Oswietlenia

Shadery
% SunLight
% SpotLight

Implementacja

main Ttumienie i wektory

void main (void) {
float attenuation = 1.0 /
(light.attenuation[0]
light.attenuation[1]
light.attenuation[2]

frag_vertex.dist +
frag_vertex.dist

*  F o+ +

frag_vertex.dist);
vec3 normal

= normalize (frag_vertex.normal) ;
vec3 light_dir

= normalize (frag_vertex.light_dir);
vec3 view _dir

= normalize (frag_vertex.view_dir);
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Model Oswietlenia

Shadery
% SunLight
% SpotLight

Implementacja

Obliczenie oswietlenia

color = material.ambient » light.ambient;
float n dot 1
= max (dot (normal, light_dir), 0.0);
color
+= material.diffuse x light.diffuse * n_dot_1;
float r_dot_v_pow
= pow ( max (
dot (reflect (-1light_dir, normal), view_dir),
0.0), material.shininess);
color += material.specular
x light.specular * r_dot_v_pow;
color *= attenuation;
color += material.emission;
color =*=
texture (material.color_ texture,
frag vertex.texcoord);
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SunLightShader.vertex.glsl

Model Oswietlenia

Shadery vecd position;
% Point Light :

vecd ambient;
 SpotLight vecd diffuse;

Implementacja

vecd specular;
} light;

out Vertex {

vec2 texcoord;
vec3 normal;
vec3 light_dir;
vec3 view dir;

} frag_vertex;

frag_vertex.light_dir

uniform struct SunLight{

light

.position.xyz;
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Shader fragmentow

Model Oswietlenia ® jak w shaderze wierzchotkow
Shadery ] ]
% Point Light 4+ Dbez ttumienia (attenuation)

% SunLight

% SpotLight

Implementacja
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Shader wierzchotkow

Model OSwietlenia ® jak Swiatto punkowe
Shadery

% Point Light

% SunLight

% SpotLight

Implementacja
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Shader fragmentow

Model O$wietlenia float spot_effect

Shadery = dot (normalize(light.direction), —-light_dir);
% Point Light

QQﬂ@i spot_effect

= max (pow (spot_effect, light.exponent), 0.0);
Implementacja float spot

= float (spot_effect > light.cutoff);
float attenuation = spot x spot_effect / (
light.attenuation[0]
+ light.attenuation[l] » frag_vertex.dist
+ light.attenuation[Z2] » frag_vertex.dist
x frag_vertex.dist);

color *= attenuation;
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h

¢ material.h
“matma.h
vertices.h

% Hierarchia modeli

% Tori

“ Plane

% Plane

% LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Implementacja

22 /68



Model Oswietlenia

Shadery

Implementacja

% Nowe klasy C++

% light.h

“material.h
“*matma.h
vertices.h

% Hierarchia modeli

% Tori

“ Plane

% Plane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Nowe klasy C++

LightableModel — model z macierzg
normal matrix

MaterialModel — model z materiatem
Tori — dwa torusy

Plane — ptaszczyzna

LightProgram — klasa bazowa dla programow ze
Swiattami

PointLightProgram — $wiatto punktowe
SunLightProgram — Swiatto kierunkowe
SpotLightProgram — Swiatto spot
light .h — struktury dla swiatta
material .h — struktury dla materiatow
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h

I

#material.h
“*matma.h
vertices.h

% Hierarchia modeli

% Tori

“ Plane

% Plane

% LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Swiatto punktowe

typedef struct PointLight({

GLfloat
GLfloat
GLfloat
GLfloat
GLfloat

position[4]
ambient [4]
diffuse[4];
specular 4]

e

attenuation

} PointLight;

4

(315
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h

I

#material.h
“*matma.h
vertices.h

% Hierarchia modeli

% Tori

“ Plane

% Plane

% LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Swiatto kierunkowe

typedef struct SunLight{

GLfloat
GLfloat
GLfloat
GLfloat

position[4];
ambient [4]
diffuse[4]
specular[4];

e

e

} SunlLight;
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Swiatto spot

Model Oswietlenia typedef struct SpotLight{

Shadery GLfloat pOSitiOD (4],
Implementacia GLfloat ambient[4];

“ Nowe klasy C++ .

#material.h GLfloat specular [4] ’
:iiji&h GLfloat attenuation[3];
< Hierarchia modeli GLfloat direction[3];
i GLfloat cutoff;

< Plane

#Plane GLfloat exponent;

% LightProgram } SpotLight;

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h
$material.h |
< matma.h
vertices.h

% Hierarchia modeli
% Tori

% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Struktura materiatu

typedef struct Material/{

GLfloat
GLfloat
GLfloat
GLfloat
GLfloat

ambient [4]
diffuse[4];
specular[4]

]

e

emission|[4
shininess;

} Material;

e

e
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Macierz 3 x 3

Model Oéwietlenia class Mat?3 {

SECER public:

Implementacja Mat3(); // Unit matrix

“ Nowe klasy C++ :
ST operator const floatx () const{return matrix
“material.h void RotateAboutX (GLfloat angle); //gedrees

S matma.h

ot tone 1 void RotateAboutY (GLfloat angle); //gedrees
< Hierarchia modeli void RotateAboutZ (GLfloat angle) ’ //gedrees
Z:zz void Scale (GLfloat x scale,

B e GLfloat y_scale, GLfloat z_scale),
 LightErogram void SetUnitMatrix () ;

s PointLightProgram i

< Inicjalizacja void Log();

s SunLightProgram, private .

SpotLightProgram

#Window GLfloat matrix_[9]; // column-major

VLI e void MultiplyBy (const Mat3 &) ;

explicit Mat3 (float);
b7
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h
“material.h
“*matma.h

& vertices.h |
% Hierarchia modeli
% Tori

% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Nowa struktura dla wierzchotkow

typedef struct NormalTextureVertex/{
float position[4];
float texturel[2];
float normal[3];

} NormalTextureVertex;
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Model z macierzg normal matrix

Model Oswietlenia

Shadery nghtabIeMOdel
Implementacja # normal_matrix_ - Mat3

“ Nowe klasy C++
% light.h

material.h class LightableModel{
#matma.h protected.:

“*vertices.h 3 1 :
[ Hierarchia modeli | Mat normal matrix_;

% Tori } °

% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

% SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki
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Model z materiatem

Model Oswietlenia

MaterialModel
Implementacija # materlal_ : Materlal

< Nowe klasy C++ + SetMaterial (mat: Material)

% light.h

Shadery

¢ material.h

#matma.h

| class MaterialModel/{
®#vertices.h

public:
#Toxd void SetMaterial (const Material & material) {

< Plane
& Plane material =material;}

< LightProgram protected:

“PointLightProgram ) .
« Inicjalizacja Material material_;

% SunLightProgram, } ;
SpotLightProgram

% Window

% Zdarzenia myszki

31/68



Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
#1light.h
“material.h
“*matma.h
vertices.h

% Hierarchia modeli
“ Plane

®Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

% SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Dwa torusy

MovableModel LightableModel
IndexModel TextureModel MaterialModel
Tori

model_matrix_prim_ : Mat4
normal_matrix_prim_ : Mat3
material_prim_ : Material
n_,m_:int

R, r : float

+ Initialize (m, n, R, r)
+ Draw ( program : LightProgram )
+ Move ( delta_t : float)

+ SetMaterialPrim ( material : Material )
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h

% material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
$Tori |
% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Deklaracja

class Tori: public IndexModel,

public TextureModel,
public MovableModel,
public MaterialModel {
public:

void SetMaterialPrim(const Material

material_prim_ =

private:

public LightableModel,

& material) {

material; }

Mat4 model_matrix_prim_;

Mat3 normal_matrix_prim_;

Material material_prim_;
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
#1light.h
“material.h
“matma.h

% vertices.h

< Hierarchia modeli

e Tori |

< Plane
% Plane

“ LightProgram

s PointLightProgram

“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Uzupetnienie inicjalizacji

NormalTextureVertex = vertices
=new NormalTextureVertex[(m_ + 1)x(n_ + 1)];

for (i=0; i<=n_; i++) {

GLfloat phi=2+M_PI/ (float)n_x+1i;

for (7=0; j<=m_; j++) {

GLfloat theta=2+«M_PI/ (float)m_=x7;

vertices[ix(m_ + 1)+3j].position[0]

=(R + rxcos(phi))*sin(theta);
vertices[ix(m_ + 1)+7J].position[l]=r*sin(phi);

vertices[ix (m_+t1)+7j] .normal[0]=cos (phil)*sin(theta);
vertices[ix (m_+1)+7J].normal[l]=sin(phi);
vertices[ix (m_+1)+7j] .normal[2]=cos (phil) *cos (theta);
}
}
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Trzeci argument dla shadera wierzchotkow

Model Oswietlenia glVertexAttribPointer (3, 3, GL_FLOAT,

Shadery GL_FALSE, sizeof (vertices[0]),
'msfvale:lt::;aCH (GLvo1idx) (sizeof (vertices[0] .position)
S + sizeof (vertices|[0].texture)));
“material.h glEnableVertexAttribArray (3);

< matma.h

¢ vertices.h

% Hierarchia modeli
$Tori |
% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h

% material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
$Tori |
% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Move (). Pierwszy torus

void Tori::Move (GLfloat delta t) {

if (!animated ) return;

angle_ += delta_t = velocity_;
i1f (angle_>360) angle_ —= 360;

if (angle_<-360) angle_ += 360;

model matrix_ .SetUnitMatrix () ;
model_matrix_ .RotateAboutX (angle_);
model_matrix_ .RotateAboutY (angle_);
normal matrix .SetUnitMatrix();

normal_matrix_.RotateAboutY (-angle_);
normal_matrix_.RotateAboutX (—-angle_);
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Move (). Drugi torus

Model Oswietlenia model_matrix_prim_.SetUnitMatrix();

Shadery model_matrix_prim_.Scale(0.2, 0.2, 0.2);
ztxiiﬁ}+ model_matrix_prim_.RotateAboutX (2xangle_);
CoSLsahte model_matrix_prim_.Translate (-3, 0, 2);

% material.h model_matrix_prim_.RotateAboutY (angle_);

% matma.h

normal_matrix_prim_.SetUnitMatrix();

% vertices.h

% Hierarchia modell normal_matrix_prim_.RotateAboutY (-angle_);
$Tori - : _
p— normal_matrix_prim_.RotateAboutX (-2xangle_) ;
#Plane normal_matrix_prim_.Scale(5.0, 5.0, 5.0);

“ LightProgram }

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki
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Draw (). Dziatania wstepne

Mods| Oswietlenia void Tori::Draw(const Program &program) const{
Shadery

b el glBindVertexArray (vao_) ;

“ Nowe klasy C++

&1light.h glUseProgram (program) ;

$material.h

% matma.h

S et iees n glActiveTexture (texture_unit_);

% Hierarchia modeli glBindTexture (GL_TEXTURE_2D, texture_);
e Tori |
% Plane

&Plane glEnable (GL_CULL_FACE) ;
% LightProgram glCullFace (GL_BACK) ;

s PointLightProgram

+ Inicjalizacja glFrontFace (GL_CW) ’
s SunLightProgram,

SpotLightProgram

*Window

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h

% material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
$Tori |
% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Draw (). Pierwszy torus

program.SetModelMatrix (model_matrix_);

program.SetMaterial (material_);

program.SetNormalMatrix (normal_matrix_);

for

(int 1=0;i<n_;1i++) {

glDrawElements (GL_TRIANGLE_STRIP,

) ;

2x (m_ + 1),
GL_UNSIGNED_ INT,
(GLvoildx*) (sizeof (GLuint)

* 2 x 1 *
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h

% material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
$Tori |
% Plane

% Plane

“ LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Draw (). Drugi torus

program. SetModelMatrix (model_matrix_prim_)

program.SetMaterial (material_prim_);

program. SetNormalMatrix (normal_matrix_prim_)

for

(int 1=0;i<n_;1i++) {

glDrawElements (GL_TRIANGLE_STRIP,

) ;

2x (m_ + 1),
GL_UNSIGNED_ INT,
(GLvoildx*) (sizeof (GLuint)

* 2 x 1 *

4

4
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Plaszczyzna

Model Oswietlenia

MovableModel LightableModel

Shadery

Implementacija i
& Nowe klasy C++ IndexModel TextureModel MaterialModel

% light.h

¢ material.h
#matma.h
% vertices.h

< Hierarchia modeli

% Tori Plane
o

: - n_ :int
“Plane —

% LightProgram - m_. INt
s PointLightProgram

+ Inicjalizacja + Initialize ( m, n )
#suntightrrogran, | 4 Draw ( program : LightProgram )

SpotLightProgram

% Window

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Zmiany w inicjalizacji

NormalTextureVertex+ vertices
= new NormalTextureVertex|[(m_ + m_ + 1)

Implementacja * (1’1_ + n_ +l) ],.
< Nowe klasy C++ , ,
&1ight.h for (i=n_; i>= —n_; i——) |
#material.h for (j:_ m_; j<:m ;o J+H+) A
S int pos=(n_-1i)* (m_+m_+1)+3j+m_;
< Hierarchia modeli vertices[pos] .position[0]=7;
Z;ﬁz vertices[pos].position[1]=0.0f;
vertices[pos] .position([2]=1;
?U@M@mm vertices[pos] .position[3]=1.0f;
zﬁzégffmwml vertices[pos].texture[0]=(float) j/ (float)m_;
§$f$ﬂi§§§“ vertices[pos] .texture[l]=(float)i/ (float)n_;
¢ Window vertices[pos] .normal [0]=0.0f;
A BN A vertices[pos] .normal[1]=1.0f;

vertices[pos] .normal[2]=0.0f;

}
}

42 / 68



Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++

% light.h

% material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
% Tori

“ Plane

¢#Plane |
 LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Indeksy

GLuint* indices = new GLuint[4xn_* (2+m_+1)];
int k=0;

for (i=0; i<2+n_; 1i++) {
for (3=0; J<(2xm_+1); J++) {
POS=2* (1x (2xm_+1)+7);
indices [pos]=k;
indices[pos+1l]=k+ (2+m_+1) ;

k++;
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Wyswietlenie

Model Oswietlenia glBindVertexArray (vao_) ;

=il glUseProgram (program) ;

lmﬁloevle::::;aCH program.SetModelMatrix (model_matrix_) ;

&1light.h program. SetNormalMatrix (normal_matrix_);

%material.h program. SetMaterial (material_);

j:ijiczsh glActiveTexture (texture_unit_ ) ;

< Hierarchia modeli glBindTexture (GL_TEXTURE_2D, texture_);

oo glEnable (GL_CULL_FACE) ;

glCullFace (GL_BACK);

Sl e glFrontFace (GL_CW) ;

o for (imt 1=0;i<2+n_;i++)

.S:.psolfanLiigghk’lctPPrrooggr];?nm, glDrawElements (GL_TRIANGLE_STRIP, 2% (2*xn_+1),

#Window GI,_ UNSIGNED_ INT,

% Zdarzenia myszki (GLvoidx*) (sizeof (GLuint) * 2%ix (2*m_+1)));
}

44 / 68



Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“*matma.h

¢ vertices.h

% Hierarchia modeli
% Tori

% Plane

% Plane

 LightProgram
s PointLightProgram
“ Inicjalizacja

% SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

LightProgram

TextureCameraProgram

LightProgram

- material_locations_

- normal_matrix_location_ : GLuint

: MaterialLocations

+ Initialize ( vertex_shader file, fragment_shader file )
+ SetMaterial(const Material &)
+ SetNormalMatrix(const Mat3 &)

/ N\

MaterialLocations

Material

+ emission : GLuint
+ ambient : GLuint

+ diffuse : GLuint

+ specular : GLuint
+ shininess : GLuint

+ emission : GLfloat[4]
+ ambient : GLfloat[4]
+ diffuse : GLfloat[4]
+ specular : GLfloat[4]
+ shininess : GLfloat
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
#light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Inicjalizacja

void LightProgram::Initialize (
const char xvertex_ shader_file,
const char xfragment_shader_file) {
TextureCameraProgram: :Initialize (
vertex_shader_file, fragment_shader_file);
normal matrix location_
= GetUniformlLocationOrDie ("normal matrix") ;
material locations_ .emission
= GetUniformLocationOrDie ("material.emission")
material locations .ambient
= GetUniformLocationOrDie ("material.ambient")
material locations .diffuse
= GetUniformLocationOrDie ("material.diffuse")
material_locations_ .specular
= GetUniformLocationOrDie ("material.specular")
material locations .shininess
= GetUniformLocationOrDie ("material.shininess"

e

e

e

e
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h

% material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
% Tori

“ Plane

% Plane

 LightProgram

s PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Set. ..

void LightProgram: :SetMaterial (
const Material & material) const{
glUniformdfv (material_locations_.ambient,
1, material.ambient);
glUniformdfv (material_locations_.emission,
1, material.emission);
glUniformdfv (material_locations_.diffuse,
1, material.diffuse);
glUniformdfv (material_locations_.specular,
1, material.specular);
glUniformlf (material_locations_.shininess,
material.shininess);
}
void LightProgram: :SetNormalMatrix (
const Mat3 & matrix) const{
glUniformMatrix3fv (normal_matrix_location_,
1, GIL.L TRUF, matrix);
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
*material.h

< matma.h

¢ vertices.h

% Hierarchia modeli
< Tori

< Plane

®Plane

“ LightProgram

#PointLightProg

“ Inicjalizacja

% SunLightProgram,

SpotLightProgram
S Window

% Zdarzenia myszki

Program ze swiattem punktowym

LightProgram

T

PointLightProgram

# light_locations_ : LightLocations

+ SetLight ( light : PointLight )

+ Initialize ( vertex_shader file, fragment_shader _file )

LightLocations PointLight
+ attenuation : GLuint + attenuation : GLfloat[3]
+ ambient : GLuint + ambient : GLfloat[4]
+ diffuse : GLuint + diffuse : GLfloat[4]
+ position : GuLint + position : GLfloat[4]
+ specular : GLuint + specular : GLfloat[4]
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
#light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram

I

% Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Inicjalizacja

void PointLightProgram::Initialize (
const char *vertex shader file,
const char *~fragment_shader_file) {
LightProgram: :Initialize (vertex_shader_file,
fragment_shader_file);
light_locations_.ambient
= GetUniformLocationOrDie ("light.ambient"),
light_locations_.attenuation
= GetUniformLocationOrDie ("light.attenuatic
light_locations_.diffuse
= GetUniformLocationOrDie ("light.diffuse"),
light_locations_.position
= GetUniformLocationOrDie ("light.position";
light_locations_.specular
= GetUniformLocationOrDie ("light.specular");
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SetLight

Model Oswietienia void PointLightProgram: :SetLight (

SECER const PointLight & light) const/{
'msfvale:lt::;aCH glUniformd4fv (light_locations_.ambient,
S P 1, light.ambient);

“material.h glUniformdfv (light_locations_.diffuse,
S 1, light.diffuse);

< Hierarchia modeli glUniformdfv (light_locations_.specular,
EE; 1, light.specular);

#Plane glUniformdfv (light_locations_.position,
ehiFegE 1, light.position);

ram glUniform3fv (light_locations_.attenuation,
’s:’psoﬂLiigﬁtpPr?giamm’ 1, light.attenuation);

% Window }

% Zdarzenia myszki
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SunLightProgram, SpotLightProgram

Model Oéwietlenia ® Analogicznie
Shadery

Implementacja

“ Nowe klasy C++
% light.h
“*material.h
“*matma.h
vertices.h
 Hierarchia model
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

% SunLightProgra

SpotLightProgra
S Window

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

% Hierarchia modeli
% Tori

“ Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

const Material

State dla materiatow

const Material

{0.2£, 0.2f£, 0.2f,
{1.0£, 1.0f£, 0.0f,
{0.0f, O0.0f, O.6f,
{0.0£, 0.0f£, 0.0f,
60.0f

b

{0.4¢1,
{0.95%,
{0.99%,
{0.0%,
10.0f

¥

0.4f£, 0.4f,
0.95¢%,
0.991%,

0.0£, 0.0%f,

1

1
1
1

.0f},
.0f},
.0f},
.0f},

kIceMaterial={
1.0f£},
0.99f,
0.99f,

kYellowMaterial=/{

//Ambient
//Diffuse
//Specular
//Emission

//Ambient
1.0£},
1.0f},
1.0f},

//Diffuse
//Specular

//Emission
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

% Hierarchia modeli
% Tori

“ Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

State dla swiatet

const PointLight kPointLight={

b

{0.0%,
{0.1%,
{1.0%,
{1.0%,
{0.5f,

7

o - = O

.0f, 3.
.1f, O.
.0, 1.
.0, 1.
.005¢%,

0f, 1.0f}, //position

1f, 1.0f}, //ambient

0f, 1.0f}, //diffuse

0f, 1.0f}, //specular
0.0125f} //attenuation

const SunlLight kSunLight={

¥

{0.0f,
{0.1¢f,
{1.0%,
{1.0%,

'/

.Of,
0.1f,
1.

1.0f,

0f,

3.

0.
1.
1.

0f,
1f,
0f,
0f,

0

1
1
1

.0f}, //position
.0f}, //ambient
.0f}, //diffuse
.0f} //specular
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Swiatto spot

Mods| Oswietlenia const SpotLight kSpotLight={

Shadery {0.0£, 7.5f, 3.0f, 1.0f}, //position
'mﬁfvaf;e:lt:gac {0.3f, 0.3f, 0.3f, 1.0f}, //ambient

N {1.0€, 1.0f, 1.0f, 1.0f}, //diffuse
“material.h {1.0£, 1.0£, 1.0f, 1.0f}, //specular
Lo {0.5£, 0.005f, 0.0125f}, //attenuation
% Hierarchia modeli {0.0£, -0.0f£, —-3.0f}, //direction
Efaile 20, //cutoff, degrees
#Plane 20 //exponent

“ LightProgram },.

#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki
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Uzupetenienie klasy

Model Oswietlenia publ ic:

Shadery void MouseButton (int button,

Implementacja int state, int x_coord, int y_coord);
“ Nowe klasy C++ i . .

#1ight.h void MouseMove (int x_coord, int y_coord);
“*material.h private :

#matma.h

PointLightProgram polnt_program_;

% vertices.h

< Hierarchia modeli SunLightProgram sun_program_;
T ] '

.P;; SpotLightProgram spot_program_;
®Plane

“ LightProgram

int x_origin_;
#PointLightProgram

% Inicjalizacja int y_origin_;

s SunLightProgram,

SpotLightProgram

enum {POINT PROGRAM,

% Zdarzenia myszk SUN_PROGRAM, SPOT_PROGRAM} current_program._;

void SetViewMatrix () ;
void SetProjectionMatrix () ;
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InitModels

Model Oswietlenia void Window: :InitModels () {
Shadery

tori .Initialize (kTorusN, kTorusM,

Implementacia kTorusR, kTorusr) ;

“ Nowe klasy C++

&1ight.h tori_.SetTexture(color_ texture_ );
%material.h tori .SetTextureUnit (GL_TEXTUREO) ;
iiiji&h tori_.SetMaterial (kBlueMaterial);

< Hierarchia modeli tori .SetMaterialPrim(kYellowMaterial);
oy

#Plane plane_.Initialize (kPlaneM, kPlaneN);
ehiFegE plane_.SetTexture (ice_texture_) ;
:m;&;?fMWMI plane_.SetTextureUnit (GL_TEXTUREO) ;
éifﬁﬁiiii“ plane_.SetMaterial (kIceMaterial);

¢ wWindow | }

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

InitPrograms

void Window: :InitPrograms () {
view matrix .Translate (O, 0O, —-10);
projection_matrix_
= Matd::CreateProjectionMatrix (60,
(float)width_/ (float) height_,
0.1£, 100.0f);
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

InitPrograms. PointProgram

//point

point_program_.Initialize (kPointLightVertexShader,
kPointLightFragmentShader) ;

glUseProgram (point_program_ ) ;

point_program_.SetLight (kPointLight) ;

point_program_.SetTextureUnit (0);

polint_program_.SetProjectionMatrix (projection_matrix_

point_program_.SetViewMatrix (view_matrix_);
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“*material.h
“*matma.h
vertices.h
 Hierarchia model
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

InitPrograms. SunProgram, SpotProgram

® Analogicznie
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

SetViewMatrix

void Window: :SetViewMatrix () {
glUseProgram (polnt_program_) ;

point_program_.SetViewMatrix (view_matrix_

glUseProgram(sun_program_) ;
sun_program_.SetViewMatrix (view_matrix_);
glUseProgram (spot_program_) ;
spot_program_.SetViewMatrix (view_matrix_)
glUseProgram(0) ;

)

4

4
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

SetProjectionMatrix

void Window: :SetProjectionMatrix () {

glUseProgram (point_program_) ;
point_program_.SetProjectionMatrix(
projection_matrix_)

e

glUseProgram(sun_program_) ;
sun_program_.SetProjectionMatrix (
projection_matrix_);
glUseProgram (spot_program_) ;
spot_program_.SetProjectionMatrix (
projection_matrix_);
glUseProgram(0) ;
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Resize

void Window: :Resize (int new_width,

width__
height__

int new_height) {

new_width;

new_height;

projection_matrix_

= Matd::CreateProjectionMatrix (60,
(float)width_/ (float) height_,

SetProjectionMatrix ()

glViewport (0, O,

14

width_ ,

height_)

0.1f,

4

100.01%);
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Zmiany w Run

Mods| Oswietlenia switch (current_program_) {

=il case POINT PROGRAM:

b el tori_.Draw (point_program ) ;
< Nowe klasy C++ .

&1ight.h plane_ .Draw (polnt_program_) ;
$material.h break;

% matma.h

, . case SUN PROGRAM:

¢ vertices.h

< Hierarchia modeli tori_.Draw(sun_program_) ;
;:;; plane_.Draw (sun_program_) ;
% Plane break;

% LightProgram case SPOT PROGRAM:

#PointLightProgram .

2 Inigjalizacja tori_.Draw(spot_program_) ;
s SunLightProgram, .
e plane_.Draw (spot_program_) ;
break;

% Zdarzenia myszki
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Zmiany w KeyEvent

case GLFW KEY F1°:
current_program_ =

break;

case GLEFW KEY F2:
current_program_ =

break;

case GLEFW_KEY_ F3:
current_program_ =

break;

POINT_PROGRAM

SUN_PROGRAM;

SPOT_PROGRAM;

4
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Rejestracja callbackow w main. cpp

Model O$wietlenia void MouseScroll (GLEFWwindowx /*windowx*/,
Shadery double xoffset, double yoffset) {
Implementacia window.MouseScroll (xoffset, yoffset);

“ Nowe klasy C++

% light.h }

% material.h void MouseButton (GLEFWwindowx /*windowx*/,
;iiji&h int button, int action, int mods) {

< Hierarchia modeli window.MouseButton (button, action, mods);
% Tori }

< Plane

#Plane void MouseMove (GLEFWwindowx /*windowx*/,
TR double x_pos, double y_pos) {
#PointLightProgram .

Sl window.MouseMove (X_pos, VY_pos);

s SunLightProgram,

SpotLightProgram

SWindow 00000 momomoam o moaoamoamoammamoEEEaEEEaaaaoua

glfwSetScrollCallback (window, MouseScroll);
glfwSetMouseButtonCallback (window, MouseButton);
glfwSetCursorPosCallback (window, MouseMove) ;
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“*material.h
“*matma.h
vertices.h
 Hierarchia model
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Sterowanie kamerg za pomocag kotka myszy

void Window: :MouseScroll (double

double yoffset) {
view _matrix .Translate (0O,
SetViewMatrix () ;

0,

/* xoffset

x/,

—0.25fxyoffset);
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Lewy przycisk

Model Oswietlenia void Window: :MouseButton (int button, int action,
Shadery int /#*mods=*/) {
lmsloev:;e::sc)]/aC++ // only start motion 1f the left button 1s press:
o gt if (button == GLFW_MOUSE_BUTTON_LEFT) {
“material.h // when the button 1s released
S if (action == GLFW_RELEASE) {
< Hierarchia modeli X_origin_ = —1;
 Prane y_origin_ = -1;
®Plane }
» LontProgram else ({// state = GLFW_PRESS
s ) double x_pos, y_pos;
’Si’psoutnLLiigﬁtPPr?giima glfwGetCursorPos (*this,
& Window &X_pos, &y_pos);
X_0origln_ = X_poOs;
y_origin_ = y_pos;
}
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Model Oswietlenia

Shadery

Implementacja

“ Nowe klasy C++
% light.h
“material.h
“matma.h
vertices.h

“ Hierarchia modeli
s Tori

% Plane

wPlane

“ LightProgram
#PointLightProgram
“ Inicjalizacja

s SunLightProgram,
SpotLightProgram

% Window

% Zdarzenia myszki

Przemieszczenia

void Window: :MouseMove (double x_pos,
double y_pos) {

float delta_x_angle=0;

float delta_y_angle=0;

if (x_origin_ >= 0 && y_origin_ >=0) {
// update deltaAngle
delta_x_angle = (x_pos — x_origin_) = 0.1f;
delta_y_angle = (y_pos — y_origin_) = 0.1f;
X_0rigln_=x_pos;
y_Origiln_=y_pos;

// update camera's direction
view_matrix_ .RotateAboutY (delta_x_angle);
view_matrix_ .RotateAboutX (delta_y_angle);
SetViewMatrix () ;
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