“All problems in computer graphics can
be solved with a matrix inversiori

JimBIlinn
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“Order Is repetition of units.
Chaos is multiplicity without rhythi
Maurits Cornelisescher
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Objektumok axsPUnak

class Geometry {
protected
unsigned int vao, vbo;
public:
Geometry () {
glGenVertexArrays (1, & vao);
giBindVertexArray (vao);
glGenBuffers (1, & vbo);
glBindBuffer  (GL_ARRAY_BUFFER vbo);

}

virtual void Draw() = 0O;

~Geometry() {
glDeleteBuffers (1, & vbo);
glDeleteVertexArrays (1, & vao);




Par amet r 1 k@kPdnak e

class ParamSurface : public Geometry {
unsigned int nVixStrip , nStrips

virtual void eval (float u, float v,vec3& pos, vec3d& norm)=0 ;

struct  VertexData {
vec3 pos, norm;

vec2 tex ;
b
virtual VertexData  GenVertexData (float u, float v ) {
VertexData vd;
vd. tex =vec2(u, v); eval (u, v, vd. pos, vd.norm);
return  vd; e—O0 o—0
}
public : O © ®@ ©

void Create (int N, int M),

void Draw() { Q Q—O0
glBindVertexArray (vao); \I\L\.
for( int i =0; i < nStrips ; i++) o

glDrawArrays (GL _TRIANGLE _STRIP, i *nVitxStrip , nVixStrip );
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voild ParamSurface :Create( int N, int M) { L @
NVixStrip =(M+1)*2; l
nStrips  =N; Q—
vector< VertexData > vtxData ;//CPU -n 0O 2 0
for (int i =0; 1 <N; i++) for (int j=0;] <= M j++){
vtxData.push_back ( GenVertexData ((float)j/ M, (float) I/ N));
vtxData.push_back ( GenVertexData ((float)j/ M, (float)( I +1)/N));
e en
glBindVertexArray (vao);
glBindBuffer  (GL_ARRAY_BUFFER, vbo); vixData
glBufferData  (GL_ARRAY_BUFFER, POS.X
vixData .si ze() * sizeof (VertexData ), Pos.y
gutxData [0 ], GL_STATIC_DRAW ); T |/ posz
glEnableVertexAttribArray (0); /I At Ar 0 =POSITION / norm.y
glEnableVertexAttribArray (1); /I At Ar 1 =NORMAL Mz
glEnableVertexAttribArray (2); /I At Ar 2 = UV ’ tgi;(
glVertexAttribPointer (0, 3, GL_FLOAT, GL_FALSE, poé.x
sizeof (VertexData ), (void*) offsetof  (VertexData , pos)); poS.y
glVertexAttribPointer (1, 3, GL_FLOAT, GL_FALSE, pos.z
sizeof (VertexData ), (void*) offsetof (VertexData , norm)); norm.x
glVertexAttribPointer (2,2, GL_FLOAT, GL_FALSE, norm.y
sizeof (VertexData ), (void*) offsetof (VertexData , tex )); “toerxm)f

tex.v
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class Flag . public ParamSurface {
float W, H, D, K, phase;

public
void eval (float u, float v, vec3& pos, vec3& norm) {
float angle = u * K + phase;
pos = vec3(u * W v * H,D *sin(angle));
norm = vec3 (- K* D * cos(angle) , 0, W),
}
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0The Matrix is everywhere. It is all
around usAprison foryou¥ A Yy R ®¢

Morpheus
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Camera 0SSzt é

class Camera ¢

vec3 wEye, wLookat , wVup; // extrinsic parameters

float fov ,asp, fp, bp; I/ intrinsic parameters
public:
mat4 V() {// view matrix

vec3 w= normalize( wEye - wLookat );
vec3 u= normalize( cross( wWip,w ));
vec3 v = cross(w, u);
return Translate Matrix (- wEye) * mat4( ux, v.x, wx, 0,
uy , vy, wy, 0,
uz, vz, wz, O
0, 0, 0, 1);

}
mat4 P() {// projection matrix
float sy =1/ tanf (fov /2);
return mat4(  sy/asp, O, 0, 0,
0, sy, O, 0,
0, 0, -(fptbp )/( bp-fp), -1,
0, 0, -2*fp *bp/( bp-fp), 0);
}
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void Draw() {
mat4d M = Scale Matrix (scale) *
Rotat ionMatrix (rotAng , rotAxis )*
Translate Matrix ( pos);
mat4d Minv = Translate Matrix (-pos)*
Rotat ionMatrix (-rotAngle , rotAxis )*
Scale Matrix (1/ scale );

mat4d MVP = M * camera.VvV ()* camera.P ();

shader - >setUniform (M, " M),
shader - >setUniform (Minv, "Minv"),
shader - >setUniform (MVP, " MVP);

glBindVertexArray (vao);
glDrawArrays ( ... );
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uniform mat4 M Minv, MVP
layout(location = 0) in vec3 VixPos ;
layout(location = 1) invec3 vitxNorm ;

out vec4 color
void main() {

gl_Position = vec4( vtxPos , 1)* MVP ;

vecd wPos = vec4d(vtxPos, 1) * M;
vec4 wNormal = Minv * vec4( vtxNorm , 0);
color = lllumination( wPos, wNormal);
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“If you can't make it good,
at least make it look goad/’

Bill Gates
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T a k @OpenGlben

int main(int argc , char * argv[]) {
e
glutinitDisplayMode (GLUT_RGBA | GLUT_DOUBLE |

GLUT_DEPTM
glEnable (GL_DEPTH_TEST); //z - bufferison

glDisable (GL_CULL _FACE ;//  backface culling is off
é

}

void onDisplay () {
glClear (GL_COLOR BUFFER BIT| GL DEPTH BUFFER _BIY;

raj zol &s

glutSwapBuffers  (); /[ exchange the two buffers

}
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Pervertexshading Vertexshader

uniform mat4 MVP, M, Minv ; /[ MVP, Model, Model - Inverse
uniform vec4 kd, ks, ka; //diffuse, specular, ambient ref
uniform float shine; I/ shininess for specular ref
uniform vec4 La, Le; /[ ambient and point sources
uniform vec4 wLiPos ; Il pos of light source In world
uniform vec3 WwEye; /[ pos of eye in world
layout(location = 0) in vec3 vtxPos ; // pos in modeling space
layout(location = 1) invec3 vitxNorm ;// normal in modeling space
out vec4 color ; /[ compute d vertex color
void main() {
gl_Position = vec4( vtxPos , 1)*MVP; //to NDC
vecd wPos = vec4(vtxPos, 1) * M;
vec3 L= normalize( wLiPos.xyz /wLiPos.w - wPos.xyz / wPos.w);
vec3 V =normalize( wkye - wPo0s.xyz / wPos.w);
vec4 wNormal = Minv * vec4( vtxNorm , O0);

vec3 N = normalize( wNormal.xyz );

vec3 H = normalize(L + V);

float cost = max(dot(N, L), O ), cosd = max(dot(N, H), 0);

colorr = ka *La + (kd *cost + ks *pow( cosd, shine)) * Le;



Pervertexshading Pixelshader

In vec4 color /l interpolated color of vertex shader
out vec4 fragmentColor ;// output goes to frame buffer

void main() {
fragmentColor = color ;

}
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PerpixelshadingVertexshader

uniform mat4d MVP, M, Minv ; /[ MVP, Model, Model - Inverse
uniform vec4 wLiPos ; // pos of light source
uniform vec3 wEye; /l pos of eye
layout(location = 0) in vec3 vitxPos ; // pos in model sp
layout(location = 1) in vec3 vitxNorm ;// normalin mod sp
outvec3  wNormal; /[ normal in world space
outvecd wView; /[ view in world space
outvec3  wLight ; /[ light dir inworld space
void main() {

gl _Position =vec4d( vtxPos ,1)* MVP; //to NDC

vecd4 wPos = vec4(vtxPos, 1) * M;

wLight = wLiPos.xyz /wLiPos.w - wPos.xyz / wPos.w;
wView = wEkEye - wPos.xyz / wPos.w;
wNormal =( Minv *vec4( vitxNorm , 0)).xyz;




Perpixel shading: Pixashader

uniform vec3 kd, ks, ka /[ diffuse, specular, ambient ref

uniform float shine; // shininess for specular ref

uniform  vec3 La, Le; /[ ambient and point source rad

In  vec3 wNormal; Il interpolated world sp normal

In vec3 wView; I/ interpolated world Sp view

In vec3 wLight ; I/ interpolated world sp illum  dir

outvec4 fragmentColor ;// output goes to frame buffer

void main() {

vec3 N = normalize( wNormal );
vec3 V = normalize( wView);
vec3 L = normalize( wLight );
vec3 H = normalize(L + V);
float cost = max(dot(N,L), 0), cosd = max(dot(N,H), 0);
vec3 color = ka *La+
(kd *cost + ks *pow( cosd,shine ))*Le;
fragmentColor = vec4(color, 1);



NPR: NofPhotorealistic Rendering

uniform vec3 kd; /I diffuse ref
in  vec3 wNormal, wView, wLight ; //interpolated
out vecd4 fragmentColor ; /[ output goes to frame buffer
void main() {
vec3 N = normalize( wNormal );
vec3 V = normalize( wView);
vec3 L = normalize( wLight );
float y= (dot(N,L) >0.5)?1:0.5;
if (abs(dot(N,V ))< 0.2) fragmentColor = vec4(0, 0, O, 1);

else fragmentColor =vecd4( y * kd,1);
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glEnable (GL_BLEND); Uj szin
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glBlendFunc  ( Y, NQho; o, YHQD SO 0
GL SRC_ALPHA, :
GL_ONE_MINUS BC_ALPHA
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glDrawArrays  (GL_TRIANGLES,0,nVix ); \ ALU /
glDisable (GL_BLEND); Yﬁ(f[)ﬁ)l
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Scene

class Scene {
Camera camera ;
vector<Object *> objects;
vector <Light *> light s;
public
void Render() {
RenderState  state;
state. M =state. Minv = UnitMatrix () ;

state. weEye = camera.wkye ;

state.V = camera.V () ;

state.P = camera.P () ;

state.lights = lights;

for (Object* obj : objects) obj - >Draw(state);
}
void Animate( float ts, float te) {

for (Object * obj : objects) obj - >Animate(t s,te ),
}

3




CIaSSSha(CJI)ebrjeC*t{ shader ; O bJ eCt

Material  * material,
Texture * texture ; :
Geometry * geometry; Erték szerint.i
vec3 scale, pos, rotAxis ; Obj ektumok nem
float  rotAngle ;
vector<Object *> children

public:
virtual void Draw( RenderState ‘state ) {
state.M = Scale( scalex , scalely , scalez ) *
Rotate (rotAngle , rotAxis . X,rotAxis.y,rotAxis.z ) *
Translate( pos.x , pos.y , pos.z ) * stateM ;
state.Minv = state.Minv *
Translate( -pos.x , -posy , -pos.z ) *
Rotate (-rotAngle , rotAxis . Xx,rotAxis.y,rotAxis.z ) *
Scale(1/ scalex ,1/ scaley ,1/ scale.z ),
state.material = material; state.texture = texture;
shader - >Bind(state); // uniform v 8l tozb&8I | 2t §s a
geometry ->Draw(); // h8r oms z° gek v ®gipipeieen n enk
for (Object * child : children) child - >Draw(state );
}
virtual void Animate(float ts, float te) {}




Shader

struct

Shader ({

unsigned int shaderProg ;

void Create( const char* vsSrc ,

}
virtual void Bind( RenderState & state) {

glUseProgram ( shaderProg );

const char* fsSrc , constchar* fsOuput ) {
unsigned int vs = glCreateShader (GL VERTEX SHADER);
glShaderSource (vs,1,&vsSrc,NULL); glCompileShader (vs);
unsigned int fs = glCreateShader (GL FRAGMENT_SHADER)
glShaderSource (fs,1,&fsSrc,NULL); glCompileShader (fs);
shaderProg = glCreateProgram ();

glAttachShader  ( shaderProg , vs);
glAttachShader  ( shaderProg , fs);

glBindFragDatalocation ( shaderProg , 0O, fsOuput );
glLinkProgram  ( shaderProg );




ShadowShader

class

ShadowShader

uniform mat4
layout(location

: public Shader
const char* vsSrc =R"(

MVP

{

=0) in vec3 vitxPos ;

void main() { gl Position = vec4( vitxPos ,
)",
const char* fsSrc =R"(
out vecd fragmentColor ;
void main() { fragmentColor = vec4(0, 0, 0,
)"
public:
ShadowShader () {
Create( vsSrc , fsSrc , "fragmentColor ");
}
void Bind( RenderState & state) {
glUseProgram ( shaderProg );
mat4 MVP = state.M * stateV * state.P ;
MVP.SetUnifor n(shaderProg ," MVP);
}

1) * MVP

1);

)
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