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Szamitogépes grafika

x

illuzio

szamok

modellezés

N

Virtualis vilag
modell

képszinteézis

Képpontok: Metaforak: szamitas
* VOros * optika

* kék * 2D rajzolas

* zold * festés

* analogiak



Geépl latas / kepfeldolgozas /
orvosi kepalkotas (rekonstrukcio)

gépi latas

képszinteézis




Modellezés

MOZZAS

optikai param

megvilagitas
texturak gviiag
’ studio
i objektumok

geometria

>
x(u,v)=altos(u) Lsin(v)
y(u,v)=alsin(u) Lsin(v)
z(u,v)=altos(v) +
allog(tg(v/2)) + blu

kamera

kép (sorozat)



2D vilag lefenykepezese:
rajzolas, festes

Modell Kép
(200, 200)

(200, 100)

—— geometria rajzolas sajat szinne

2D vilagkoordinata
rendszer: Egység!!!

Mi az egység?: nem érdekes (relativitas)



3D vilag lefenyképezese: Optika
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Fotorealisztikus képszintézis

Optika szimulacioja =
Realisztikus képek




Optikal analdgia
vizualizacioban

M

= E_Mie_ A o

Optikai paraméterek nem optikai jellemzoket
kodolnak: lathatatlant lathatova




lllusztrativ
kepszintezis
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Kihivasok 0

SSDS: Sloan Digital Sky Survey
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* Bonyolult modell (giga/terabyte) f

* Valos idoben: néhany nsec/pixel W U



Kéepszintézis
feladatal

Vektorizacio

Transzformaciok

Vagas

Takaras

Arnyalas




Minimal grafikus
hardver es szoftver

Szirmay-Kalos Laszlo



Interaktiv programok felepitese

input csGvezeték
Pozici6 (& ’ Esemeny modellezés
. kezelés

Gyorsulas | ™"
Wiimote
Kamera

Kinect Virtualis vilag
modell

output csovezetek

<

Grafikus hardver G ANTA




2D Display

e Pixel:

— Diffuz

— Iranyfiiggetlen intenzitas
* Valos élet: mélyseg
* Nincs

— Sztereo parallaxis

— Mozgas parallaxis

* Olyan mint egy téglalap




- Sztere6 3D wmins
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I\/IozgasparaIIaX|s kessel

* Tavolsag 3 ponttol

e 3 gbmb metszete a
nézo helye



Autosztereoszkopikus display

Feltételezett tavolsag
—

Pixel mas fenyt emittal
kiilénb6zo iranyokban




Hardver: rasztergrafika

Rasztertar

CPU — GPU »

rgd grden lue

* Valosideju animacio:
néhany nsec/pixel: N VL
célhardver (GPU) M pixel

e 3D display-ekhez u.a.
architektara: tobb rasztertar



Szoftver

MouseL.D()
MouseL.U()
MouseMov()
Alkalmazas <

(CPU) Operacios
és ablakozo
rendszer

(Windows)

Grafikus konyvtar: OpenGL

PutPixel()




Kimeneti csovezeték: OpenGL

o Kepszintezis konyvtar, API
— 3D geometria (2D specialis eset)

— rajzolasi allapot (state)
— grafikus kartya szolgaltatasai

* Op. rendszer, ablakozo rendszer fiiggetlen

— MVC: csak view, nem controller, nem model
* nem ablakoz

* nem kezel bemeneti eszkozoket

— nem kezel fajlokat (pl. kepformatumok)



OpenGL szintaxis (C konyvtar)

gl konyvtar része

N

glVertex3dv( ... )

///\

Paraméterszam Adattipus Vektor vagy skaldr
2-(x,y) b - byte v - vektor
3-(X,Y,2), ub - unsigned byte - skalar
(Rn Ga B) s - short
4-(x,y,2, h) i -int
(R.G,B.A) f - float
d - double




Ablakoz6 — OpenGL — alkalmazas
elhelyezkedese

applikacio
1GLUT 1 l
glX, wgl ‘ ‘ glu
X, Ms-\bgn al \
7wl T
S/ \ R \
Ablak-kezelés || Ablakozo- Window Utility-k,

widgetek gl hid menedzsment | | tesszellatorok




OpenGL transzformaciok

Normalizalt
képernyo
X . . | i . ’
. ModelView| |Projection| | Fliesdn | Viewnort képerny6
~ [ transzfor- [ transzfor- [ SR PO -
z=0 . .. . .. | 0osztas ! transzf.
macio macio i :
h=1 ! l
raszterizacio

@

Ha a ModelView és Projection egységtranszformacio,
akkor a rajzolasi celtertlet: (-1,1)x(-1,1)




és ablakozo

Input/Output kezelés

Ablak letrehozas
callback
regisztrdcio

1)

Operacios

KeyboadFunc
— 2

rendszer
(Windows)

KeyboadUpFun

callback-ek 4

|

il

grafikus
hardver

S ————

N

applikacio

\




OpenGL alkalmazas (GLUT)
main fliggveény

Ablak megnyitas
Rajzolasi allapot inicializalas
Display callback:
— keéperny0 torlés, allapotvaltas, rajzolas, buffercsere
Reshape callback:
— Nézet (viewport), kamera transzformaco atallitasa
Input callback (mouse, keyboard)
Idle callback (animacio)
Uzenethurok



#include <GL/gl.h>

#include <GL/glu.h>

#include <GL/glut.h> // download!!!

main( int argc, char *argv|[] ) {
glutInitWindowSize (200, 200);
glutInitWindowPosition(100, 100);

glutInit(&argc, argv);
glutInitDisplayMode(GLUT_RGB |

GLUT_DOUBLE
glutCreateWindow('"Sample Window,
// callback fiiggvényelk
glutKeyboardFunc( Keyboard
glutDisplayFunc( ReDraw );
// transzformacio
glViewport(0, 0, 200, 200),;
glMatrixMode (GL_MODELVIEW);
glLoadIdentity( );
glMatrixMode (GL_PROJECTION);
glLoadIdentity( );
// fé hurok (-1,-1)
glutMainLoop();

),




Esemenykezelés és rajzolas

void ReDraw( ) {
glClearColor(0, 06, 0, 0);
glClear (GL_COLOR_BUFFER_BIT);
glutSwapBuffers( );

}

void Keyboard(unsigned char key,
int x, int y) {
if (key == ‘d’) {

glColor3d( 0.0, 1.0, 0.0 );

glBegin(GL_TRIANGLES);
glVertex2d(-0.8,-0.8);
glVertex2d(-0.6, 1.0);
glvVertex2d( 0.8,-0.2);

glEnd( );

glutSwapBuffers( );

t (LD

('1:_1)




bool haromszog = false; A hérOmSZOQ

void ReDraw( ) { s = ! z
glClearColor(0, 0, 0, 0); L{]FEifEi]ZZ()|EiSSF(C)r
glClear (GL_COLOR_BUFFER_BIT);
if ( haromszog ) { megmarad

glColor3d( 0.0, 1.0, 0.0 );
glBegin(GL_TRIANGLES);
glVertex2d(-0.8, -0.8);
glVertex2d(-0.6, 1.0);
glVertex2d(0.8, -0.2);
glEnd( );

}
glutSwapBuffers();

}

void Keyboard(unsigned char key, int x, int y) {
if (key == 'd') {
haromszog = true;
ReDraw( );



bool haromszog = false; |\JE§rT] rEaJZZ()I

volid ReDraw( ) {

glClearColor(0, 0, 0, 0); fEBIEBSSIEBQJEBESEBr]

glClear (GL_COLOR_BUFFER_BIT);
if ( haromszog ) { sokszor
glColor3d( 0.0, 1.0, 0.0 );
glBegin(GL_TRIANGLES);
glVertex2d(-0.8, -0.8);
glVertex2d(-0.6, 1.0);
glVertex2d(0.8, -0.2);

glEnd( );
}
glutSwapBuffers( );
}
void Keyboard(unsigned char key, int x, int y) {

if (key == 'd') {
haromszog = true;

glutPostRedisplay();



glBegin(primitiv tipus);

O p en G L Csticspont tulajdonsdgok ...

glVertex31(x, y, z);

primitivek .

° @
@
GL _LINES
GL_LINE_LOOP

GL POINTS GL_LINE_STRIP
) GL_POLYGON

ﬁ@f@@

GL_TRIANGLE_STRIP GL_TRIANGLE_FAN GL_QUAD_STRIP




ldokezeles (szimulacio)

AN old time time
WY j—»
) ——t

‘a2a’

—

float time : glutGet!lClUY ELAFSCD.TTME) ,D?&

vold IdleFunc( ) { // idle call back
float old time = time;
time = glutGet( GLUT_ELAPSED_TIME );

SimulateWorld(old_time, time);

glutPostRedisplay(); // felrajzolas



Diszkrét 1do szimulacio

old time time

BN 2 e e B e ——

dt

SimulateWorld(float tstart, float tend) {
for(float ts = tstart; ts < tend; ts += dt) {
float te = min(tend, ts + dt);
for each object obj: obj.Control(ts, te);
for each object obj: obj.Animate(ts, te);




//
//
//
//
//
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//
//
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//
//
//
//
//
//
//
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//
//

#1i
#1i
#i

#i

#i

#i

#e

Szamitogepes grafika hazi feladat keret. Ervenyes 2013-tol. / =
orokon beluls resshen celssern garasdaliodnt, Hazl
sorokon beluli reszben celszeru garazdalkodni.

A program csak ebben a fajlban lehet, a fajl 1 byte-os ASCII karaktereket tartalmazhat.
Tilos:

- mast "beincludolni", illetve mas konyvtarat hasznalni

- faljmuveleteket vegezni (printf is fajlmuvelet!)

- new operatort hivni az onInitialization-t kivéve, a lefoglalt adat felszabaditasa nélkil
- felesleges programsorokat a beadott programban hagyni

- tovabbi kommenteket a beadott programba irni a forrasmegjelolest kommentjeit kiveve

A feladatmegoldasokban csak olyan gl/glu/glut fuggvenyek hasznalhatok, amelyek
1. Az oran a feladatkiadasig elhangzottak ES (logikai AND muvelet)
2. Az alabbi listaban szerepelnek: ..

NYILATKOZAT
Nev : <VEZETEKNEV(EK)> <KERESZTNEV(EK)>
Neptun : <NEPTUN KOD>

ezennel kijelentem, hogy a feladatot magam keszitettem, es ha barmilyen segitseget
igenybe vettem .., akkor a forrast es az atvett reszt kommentekben egyertelmuen jeloltem ...

nclude <math.h>
nclude <stdlib.h>
f defined(__APPLE_ )

nclude <OpenGL/gl.h>

nclude <OpenGL/glu.h>

nclude <GLUT/glut.h>

1se



[ [~ e e e Innentol modosithatod. ..
class Vector { .. };
class Color { .. };

Color image[screenWidth*screenHeight];// kép

y 4 m
void onInitialization( ) {// Inicializacio, I IaZI
glViewport(0, 0, screenWidth, screenHeight);

}

void onDisplay( ) {
glClearColor(0.1f, 0.2f, 0.3f, 1.0f);// torlesi szin beallitasa
glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); // kepernyo torles
glDrawPixels(screenWidth, screenHeight, GL_RGB, GL_FLOAT, image);
glColor3f(0,0,1); glBegin(GL_TRIANGLES); glVertex2f(-0.2f, -0.2f); .. glEnd();

glutSwapBuffers();
}
void onKeyboard(unsigned char key, int x, int y) { // Billentyuzet esemeny

if (key == 'd') glutPostRedisplay( ); // d beture rajzold ujra a kepet
}

void onKeyboardUp(unsigned char key, int x, int y) { }

void onMouse(int button, int state, int x, int y) {// Eger esemeny
if (button == GLUT_LEFT && state == GLUT_DOWN);
}

void onMouseMotion(int x, int y) { }

void onIdle( ) {// "Idle' esemenykezelo, jelzi, hogy az ido telik
long time = glutGet(GLUT_ELAPSED TIME); // program inditasa ota eltelt ido

// ...Idaig modosithatod~~~~~~~~~~~~~~~~



Meg mindig hazi
// A C++ program belepesi pontja, nem bantani!
int main(int argc, char **argv) {
glutInit(&argc, argv); // GLUT inicializalasa
glutInitWindowSize (600, 600);
glutInitWindowPosition(1600, 100),
// 8 bites R,G,B,A + dupla buffer + melyseg buffer
glutInitDisplayMode(GLUT_RGBA | GLUT_DOUBLE | GLUT_DEPTH);
glutCreateWindow("Grafika hazi feladat");

glMatrixMode (GL_MODELVIEW) ; // A MODELVIEW egysegmatrix
glLoadIdentity();

glMatrixMode (GL_PROJECTION); // A PROJECTION egysegmatrix
glLoadIdentity();

onInitialization(); // Az altalad irt inicializalas
glutDisplayFunc(onDisplay); // Esemenykezelok regisztralasa

glutMouseFunc (onMouse);
glutIdleFunc(onIdle);
glutKeyboardFunc (onKeyboard) ;
glutKeyboardUpFunc (onKeyboardup);
glutMotionFunc(onMouseMotion);
glutMainLoop();// Esemenykezelo hurok
return 0O;



0. hazi:
Kaksiulotteisia vihaisia lintuja

punainen lintu

0\

=
v

vihrea lintu




Analitikus (koordinata)
geometriail gyorstalpalo

Szirmay-Kalos Laszlo



Geometriak

* Geometriak
— Axiomak
* Igaz allitasok
* alapfogalmak implicit definicidja
— Definiciok + tételek
— Célok és eszkOzrendszer
e Szamitdgépes grafikaban fontos geometriak
— FEuklideszi (sik/tér, metrikus, analitikus)
— Projektiv (tér, analitikus)
— Differencial geometria
— Fraktal geometria
— Diszkrét geometria



Mindent szammal:
analitikus geometria

axitinak

7

L

szamok
muveletek

pont
sik

egyenes megfeleltetés

egyenlet

illeszkedik

metszi

fliggvény

geometria algebra



Pontok, alakzatok megadasa

e Mindent szammal!

— Koordinata rendszer

— Koordinatak megadasa
e Koordinata rendszerek

— Descartes

— Polar

— Homogen



Koordinata rendszerek

Yh
q O
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| @ 1% X,
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Descartes Polar Baricentrikus

Homogén



Pontflggvények: Mozgatas

pont

e Vektor = eltolas: v
* Iranya és hossza (|v|) van helyvekior

* Helyvektor
— De vektor # pont !!!

* Vektormuveletek i
— v = v; + v, (kommutatlv, asszoc)

origo

— Vv, = v-V, (6sszeadasnak van inverze)

—v, =alM (6sszeadasra disztribyfiv)

—



Skalaris szorzas

e Definicid
— vi[s2 = v1|[F2|[cbsr

e Jelentés

\4 |

0

< >
|v1|[dosa

— Egyik vektor vetiilete a masikra * masik hossza

* Tulajdonsagok

— Kommutativ
vil2 = v2[ui1

— Osszeadassal disztributiv
v3[@2+v1) = v3[dl2 + v3[3l1

— vl = |v2

v2

\4 |

Ivl|[dosa

v3



Vektorialis szorzas vixw2

e Definicio v2
— vl X v2| = |v1|[¥2|[sinOl a Vi

— Meroleges, jobbkeéz szabaly

o Jelentés
— Paralelogramma tertilete, sikjara merdleges

— (Egyik vektor vetiilete a masikra meroleges sikra + 90
fokos forgatas) * masik hossza

e Tulajdonsagok

\4 | v2
— Alternalo
_ | \Q
vl X V2 - - V2 X \ | |V1|@1n(]

— Osszeadassal disztributiv 90 fok
v3 X (v2+vl) =v3 X v2 + v3 X vl

vixv2



Descartes koordinatarendszer

® Egyértelml (x =vljjy =vlj) yJj Pv=xity)

e Miuveletek koordinatakban

Osszeadas: J
Vit Vv, = (X tx0)i + (yityo))

. ) origo i oL
Skalaris szorzas:
vi LV, = (i + y1j) Lol + y,0) = (i X0 + i)
Vektorialis szorzas: i j k
Vi XV, = (X0 + Y] +2,K) X (X0 + y,] + 2,k) = Xy Y144
(V12— y221) T+ (Xo21 — X125) J + (X1y2— yiXo)k X, Y, Z,

Abszolit értek:
lv| = V viv= '\/x2+y2+z2




Vektor és Pont nem ugyanaz!

e 2D: vektor (x, y)
* 3D: vektor (x, y, z)

e Muveletek:

Vektor + Vektor = Vektor
Vektor — Vektor = Vektor

Vektor X Vektor = Vektor

Vektor [ Wektor = Skalar
Vektor * Skalar = Vektor

Pont (x, y)
Pont (x, y, z)

Pont + Vektor = Pont (eltolas)
Pont — Pont = Vektor



Vektor és Pont tenyleg nem
ugyapaz!

e 2D: vektor (x, y, 0)
e 3D: vektor (x, y, z, 0)

e Muveletek:

Vektor + Vektor = Vektor
Vektor — Vektor = Vektor

Vektor [ Vektor = Skalar
Vektor * Skalar = Vektor

Pont (x, y, 1)
Pont (x, y, z, 1)

Pont + Vektor = Pont (eltolas)
Pont — Pont = Vektor



struct Vector { VEKtOr OSZtaIy

float x, vy, z, w;

Vector(float x0, float y0, float z0, float w0 = 0) {
X = X0, y=y0;, z = 2z0; w = wo,

}

Vector operator*(float a) {
return Vector(x * a, y *a, z * a, w * a);
}
Vector operator+(Vector& v) {
return Vector(x + v.x, y + v.y, z + v.z, W + v.w);
}
Vector operator-(Vector& v) {
return Vector(x - v.X, ¥y - V.y, Z - V.Z, W - V.W);
}
float operator*(Vector& v) {
return (x * v.x +y *v.y + 2z *v.z);
}
Vector operator%(Vector& v) {
return Vector(y*v.z-z*v.y, z*v.x - x*v.z, x*v.y-y*v.x);
}
float Length() { return sqrt(x * x +y *y + 2z * z); }

};



Control

SSE (3DNow!)

struct Vector {
float x, vy, z, w;
public:
Vector operator+( Vector& v ) {
__declspec(align(16)) Vector res;

__asm {
mov esi, this
mov edi, v
movups xmm@, [esi] ; unaligned
movups xmml, [edi]
addps xmmo, xmml
movaps res, xmmo ; aligned

}

return res;

};



2D egyenes

n normalvektor

v iranyvektor

— -

niir—r,) =0

n,(Xx—x)+n(y-y)=0
ax + by + c=0
(x,y,1) {a,b,c)=0

r=r,+vit,

X=XtV
Y=Y+,

t [/]-00,00]

t
t




n normalvektor S |,k

y:

"@—"0)20

'

n,(xX—x)+n,y-y)+tn(z-2)=0
ax + by +cz+d=0
(x,y,z,1) a, b,c,d)=0



Geometrial modellezés

Szirmay-Kalos Laszlo



Szamitogépes grafika elemel

modellezés scamok
/ Virtualis vilag

modell



Modellezés feladatal

* Geometria megadasa

— 2D: pont, gorbe, teriilet, fraktalok (D<2)
— 3D: pont, gorbe, feliilet, test, fraktalok (D<3)

* Transzformaciok (mozgatas)

— Referencia helyzetbdl a vilagkoordinata
rendszerben az aktualis helyzetbe (animacio,
kényelmes definicio)

* Szinek, feltleti optikai tulajdonsagok



Pontok megadasa

Mindent szammal!

Descartes

eltolas
szemléletes!

1. Koordinata rendszer
2. Koordinatak megadasa ~ 7

» O
r
@ w X,
0 g 2 O
1
Polar Baricentrikus
Homogén
elforgatas

vetités



Baricentrikus koordinatak

r, :3
() r4
@
r ® _ Zmiri
TS
m )
m, 3 m, mJ

razr,r.,... r,pontok kombinacioja

A tomegek a baricentrikus koordinatak

Ha a tomegek nem negativak: konvex kombinacio

Konvex kombinaci6 a konvex burok belsejében

Egyenes (szakasz) = két pont (konvex) kombinacioja
Sik (haromsz6g) = harom pont (konvex) kombinacioja



Gorbek = pontok halmaza

Koordinataik kielégitenek egy egyenletet (nem egyértelmu):

— implicitt ~ f(x,y)=0 f(r) =0
* 2D egyenes: ax + by + c =0 nlr—r,) =0
* Kor: (x—x0)2+(y—y0)2—R2 =0 |W‘ — Ty |2 —R2=0

— parameteres: x = x(t), y = y(t) r =r(t)
° 3D egyenes: x =x +v t
Y=Yyt vt r=r,+vt, t/[/][-00,00]

Z=12z,tv,t
* Kor: ¢ LJ[0,1]" ™

x(t) = xo + R cos 2Tl I =r,+ R(cos 2Tk, sin 2TT)
V() = yg + R sin 2Tt

— explicit: y = F(x)

* 2D egyenes: y=mx + b



Szabadformaju gorbek

* Definicio vezérlopontokkal

* Polinom: x(t) = 2. a; ti, y(t)=2 b;t
* A polinomegyiitthatok szarmaztatasa:
— Interpolacio
- Approximacio



r(t)?

Lagrange
Interpolacio

e Vezérlopontok: ry, ro, rs,..., 1,

* Keressiik azt az r(t) = 2 [a;, b;] ti-t amelyre

r(t,)) =r,r(t)=r,,..

* Megoldas:

=TT

=

L, r(t) =r,

1 I
jZi (t_tj)

L(t) =

[ jZi (ti_tj)

1

L(t) =<

> r(t) =r,

(41 Thie =

0 egyébkent



Lagrange interpolacio bazisfliggvényel

|
1
0 1
0.33 0.67
L(f = iz () (=L,
[ j#Zi (ti_tj)




Gorbeszerkesztes Lagrange
Interpolacioval

AL
~




Bezier approximacio

* Keresett gorbe: r(t) = 2 Bi(f) r,
— Bi(f): ne okozzon indokolatlan hullamokat
— Konvex burok tulajdonsag

-Bi()20, 2B(t)=1

r, 2

'/ ® r(t) 4\:3
B,(1)

B() B.® B,(t)




Bernstein polinomok

~

(’;)t (1-t)

1" = (E+(1-0) =,

l

|
S

o

B,(0)

B(t) =0, 2 B(t) =1 teljesiil



Bezier approximacio bazisfiggvenyel

r(H=2BOr,




BezierCurve

class BezierCurve {
Vector * p;

int np; // np-th degree polynomial
float B(int i, float t) {
float choose = 1;
for(int j = 1; j <= 1; j++)
choose *= (float)(np-j+1)/3;
return choose * pow(t, 1) * pow(1l-t, np-1i);

np+1 points

}
public:

BezierCurve(int n) { np = n; p = new Vector[np+1];}

Vector r(float t) {
Vector rr(0, 0);

for(int i = 0; i <= np; i++) rr += p[i] * B(i,t);
return rr;

};



Bonyolult gorbék

* Nagyon magas fokszamu polinom
e Osszetett gorbék:

— Tobb alacsony fokszamu + folytonos illesztés
— folytonossagi kategoriak

(N

) =n O B
r(t.)=r[t ¢ —r. '
13 veg 2\ et rl (tveg) - r 2 (tkezd) r 1‘ ‘ (tveg) =T 2‘ ‘ (tkezd)

G'=C C'0G!



Spline

e Spline: C2 folytonos 6sszetett gorbe
- Harmadfoku spline
- B-spline

™ —~

\J




p; "(t) r (ﬂ)—v.

o ri(t) = ay(t-t)3+an(t-t,)2+a; (t-t)+ a
°r i,(t) = 3“13(t't1)2+Zaiz(t'ti)+ail
e (! folytonossag: v; kbzos

ri(t) = a = p;

r i(ti+1) — aiS(ti+1'ti)3+a12(ti+1'ti)2+ail(ti+1'

r.’(t.) =a; = V;
r (t1+1) 3(113(tl+1 t) +2(112(t1+1 t)+a11

p.=r(.y Harmadfoku

spline
a,, = p;
a, =Vv.

3(Pu-P) Va2V,

aiZ i (t1+1 1)2 - (t1+1 1)
" Pi) VitV

a13 — (t1+1_ t1)3 ( i+1 1)2

ti)+aiO — Pi+1

1+1



Harmadfoku spline C? folytonossag

e Kovetelmeny: r’’(t,)=r. " (t.,)

e Masodik derivalt; 1"~ (O = 6a,(t-t)*+2a;,
r’’(t,,)=6a,(t,-t)+2a,=...v....v

1 1+1 o o o

b — —
r1+1 (t1+1)_2a(1+1),2_ S V1+1 oo o V1+2 oo

e C?folytonossag az ismeretlen kdzos elso
derivalt kiszamitasaval



Kochanek-Bartels (Catmull-Rom)
,Spline”

r_, /’r\ 1
T1=-
[\ \/Vi ry Catmull-Rom
0] ri /

t, t. | t. t., t tenzio
parameter
B Fig -1 Fi- r11 |3 0.1
L.-T 4

(1 T)

iy -G i
v /\ /\
B (- B)






Teruletek

Hatar + belso tartomanyok azonositasa

Belso tartomanyok:

belso pont



GL_POLYGON

Sokszogek: poligon

- AR |

Egyszeru konvex Egyszeru konkav
Nem egyszerd, Nem egyszerq,

egyszeresen 0sszefliggo tobbszorosen 6sszefiiggo



FelUletek

e Feliilet 3D pontok halmaza:
— koordinataik kielégitenek egy egyenletet
— implicit: f(x,y,z2)=0

* gbmb: (x-x0)2+ (y-y0)*+(z-2z0)’-R>*=0
— parameteres: x = x(u,v), y = y(u,v), z = z(u,v),
u,vll [0,1]
* gbmb: x = x0 + R cos 2T sin Tiv

y =y0 + R sin 2Tw sin Tv
z =270 + R cos Tv u,v U[0,1]

e Klasszikus feliiletek

— definicio = paraméterek megadasa



Kvadratikus feluletek

e XTAX= OxT: [X,y, Z, 1]
* A koordinatak legfeljebb masodfokon

e o0mb, ellipszoid, sik, paraboloid, hiperboloid,
hengerfeliilet,...

Ellipszoid Vegtelen kup Végtelen henger

2 2 Z2 B 2 2 _ 2 2 _




Szabadformaju feltuletek: r(u,v)

* Definicio kontrolpontokkal

° \. r(u,v) = Z X B,(u) B(v)r,,

() = r,(u) =  B,(u) 1, (v
r,(v)=2 B(v)r;




Szabadformaju fellletek

* 2D kontrolpont sereg: szorzatfeliiletek

@ @
° O O ® Sulyfiiggenyek:
® S Interpolacio,
° ® ® O Approximacio
N @
@ @

r(uv) =22 B, (wv)r, ;
=2 2 B(u) BJ,.(V) r,




Vezeérlopontok, sulyok
modositasa




FelUletmodellezés mint
poligonhaldo modositas




Felosztasos (subdivision)
modszerek

O=12@+1/42 @




Subdivision fellletek
(Catmull-Clark)

O0=1/4> @

@=-12:@
@ -=- 11O 2V E@+(v-3)/v @
@=14>0+12@

1
1 1 6 6 1

6

y ' 1 - 1 LY 1 .. ¢

1 & L i . 1
4" 16" 36" . 64" 36 6 100"‘<l\
.
1 1 65 6 6
1 1 ~ 1 6 1

Face Point Edge Point Valence 3 Vertex  Valence 4 Vertex Valance 5 Vertex

S
~M




Durva poligon modell




Subdivision simitas: 1 szint




IVISION simitas: 2. szint




Testek

e Ellenpéldak

e Ervényes testek: regularis halmaz
— nem lehetnek alacsony dimenzios elfajulasai
— minden hatarpont kornyezetében van belso pont

* Garantaltan ervényes testet epito modszerek
— 2.5 dimenzio6s eljarasok
— specialis feliileti modellezes: B-rep

— Konstruktiv tomortest geometria



FellUletmodellezok

* Test = hatarfeliiletek gytjtemeénye

.\ 4

* Topologiai ellendrzes (Euler tétel):
csucy +lap==et=+2




B-rep: Euler operatorok

M VE M EF MEVVE
F v,
i f
T N
! sem m i
v

Csinaljcsucsot Csinaljelt Csindljélt,
is ¢l es lapot ket esicsot

e lapot




Gyakorlati Euler operatorok

e Face extrude '-'
N

e Edge Collapse

)

* Vertex split

)



Poligon modellezés: teglatest




Poligon modellezés:
1. extrudinc




Poligon modellezés:
2. extruding




Poligon modellezés:
4. és 5. extrudinc




Poligon modellezés:




Subdivision simitas




Poligon modellezés




Szinek

Szirmay-Kalos Laszlo



Szinelméeéleti alapok

* Feny - Szinérzet
- elektromagneses hullam
— érzékles
* Amplitudo + hullamhossz:

- Energia spektrum 3 érzékelovel: tristimulus értekek

* Fazist, polarizaltsagot nem



Szinérzékelés: monokromatikus fény

<¢: | vl A nm

AN A 1 444 526 645
szinerzet: r, g, b

g(A) r(\)

\ Lby
A , r,g,b

YV




Szinérzekeles:
nem monokromatikus feny

7 D (N) r=f®dAN)r(A)dA
<§ M;A g=]®MN) g (A)dA
b=[®\) b (\)dA

szinérzet: linearitas + additivitas



Szinek definialasa




Transzformaciok

Szirmay-Kalos Laszlo



(x’,y’) = T(x,y)

) 1 Transzformaciok

e Tonkre tehetik az egyenletet

e Korlatozzuk a transformaciokat és az

alakzatokat ugy, hogy invarians legyen
— Pont, egyenes (szakasz), sik (poligon)

Egybevagodsagi:
tolas, forgatas, tiikkrozés Homogen linearis
transzformaciok

Egyenest egyenesbe
Hasonlosagi Homogén

koordinatakban linearis
\ Affin transzformaciok =

Parhuzamos egyenes tarto
Descartes koordinatakban linearis




Affin transzformaciok

Ha az uj Descartes koordinatak az eredetiek linaris
fliggvényei, akkor a transzformacio parhuzamos egyenes
tarto és affinnak nevezziik.

Affin transzformacio Egyenes

4 N
X’=ax + by +c x(t)=x, + vt v /o v ,\/\v*
y' =dxtey+tf YO =y, + vt /AV

Transzformalt egyenes
xX'(t) = a(x,tv ) +b(y,tvt )tc = (ax,+by,+c)+(av, +bv )t = x,’+v,'t
y'() = dx, v te(y, tvt)+f = (dxgteyyt)+(dv, rev) )t =y, +v 't




Homogéen koordinatak (2D)

(X’y) I [Xs.y) 1]

[x(h, y(h, h]=[X,, Y, h]

X, (1,0)+Y, (0,1)+w(0,0)

rlX,,Y, ,h] = ;
? (0,1)
Y, ® T[Xh,Yh,h] - (Xh , Y, )
J. h  h
0.0 o X %
TR I ey

h=X,+Y, +w




Homogeén koordinatak
idealis pontokhoz: h=0

O Idealis pont
[%,,0]

[x,y,1/3]

[x,y,1]
[2x,2y,1] U[x,y,1/2]

X

Euklideszi sik+ idealis pontok = projektiv sik



Homogén koordinatak (3D)

Zy Teljes sdly: h = X, tY, +7Z, +w

@ « Sulypont:

ol Nem lehet mind
Yg. : [Xh ’Yh ’Zh’h] egyszerre zérus




Egyenes a projektiv térben

Y
! egyenes = ket pont kombinacioja
szakasz = két pont konvex
nbIhEEE!

Xl

" ¢

[X(0),Y(0),Z(6), h(D1=[X,,Y,.Z,.h, 1t +[X,,Y,,Z,,h,]-(1-0)




Sllk (r—r0)en=0

Z
Euklideszi tér, Descartes koordinatak:

nx+tny+nz+d=0
Euklideszi tér, homogén koordinatak:
nX/h+n Y/m+n Z/mh+d=0 hZ0

Projektiv tér;
_ h0

(n

n,

(X, Y, 2,01\ ZZJ: 0




Homogeén linearis
transzformaciok

* Homogeén koordinatavektor szorzasa matrixszal
e 2D transzformacio 3x3 matrix
[Xh, )Yh, :h,] :[Xh )Yh )h].TBXB

e 3D transzformacio 4x4 matrix
[Xh, :Yh, )Zh,)h,] . [Xh )Yh )Zh)h].T4X4



Affin transzformaciok

* Ha az utolso oszlop [0,0,1]* vagy [0,0,0,1]*
e Descartes koordinatakra linearis
e Parhuzamos egyenestarto

y

X —d; X T a, y T a31
y

Y = apX T ayy T ds

[EN
—

Q Q 9
X
Q Q 9
N
N
-

[x°,y’,1] = [x,y,1]1

O8)
—_



Transzformaciok osszeflizese

1X,,Y, ,Z hl=(...(IX,,Y, ,Z h|T)T,)..T)=
= [X,,Y,,Z h](T,Ty... T) =
= [Xh ;Yh :Zh,h]°T

Matrisszorzas asszociativ!



Homogeén linearis
transzformaciok tulajdonsagal

* Pontot pontba, egyenest egyenesbe, konvex
kombinaciokat konvex kombinaciokba kepeznek le

Pelda: egyenest egyenesbe

[X(0), Y(0,2(0),h(O1=[X,.Y,.Z . h 1t + [X,,Y,.Z,,h,]-(1-0)
P(t)=P,t+P,(1-t) //-T

P*(t) = P(t)'T = (P, T)t+ (P, T)(1-t)



Invertalhatd homogeén linearis
transzformaciok: sikot sikba

4

p* = pP-T

(P*.T-l).NT: 0
P-NT=( P*'(T‘LNT) =0

P*.N*T: O
N*=N-(I'')! | Inverse transpose




Eltolas
(x’,y’, 2’)=(x+p,, ytp,, Z+p,) p

0 0
0 0
1 0

0
1
0
p, p, 1

|"U =

Ix°,y’,2’,1] = [x,y,2,1]

X



Skalazas
xX’=S [k, y'=S,[y, 2’=S,[2 l

S O O

OOQC/)O

0
0
SZ
0

S o o »n

[x°,y’,2’,1] = [x,y,2,1] 1



Z tengely koruli forgatas

[x".y’] X = r cosa —>
[x,y] y = r sind

x’ = r cos(a+) ={r cosa| cos@ — r sin0|sin
y’ = rsin(a+@) = r cosa sin@ + r sin0 cos

7’=7 x’ =r cos(a+@) = x cos@ — y sin@
Yy’ =rsin(a+@) = x sin@ + y cos@

cos@ sin@ O O
-sin@ cos@ O O

0 O 1 O
x’y’,2’,1] = [x,y,z,1] | 0 0 0 1




ﬁgjlggjg'kﬁrﬁl'fnrgatés
hnmnge line |5: i
i citra nsto a | tril-( “ I




Kozeéppontos vetités (2D)

1 0 p
0 1 q
0 0 0
AN 8 X,y /
X
\y/ 6y, 1w, y, pxtay]

Y le

xly=x’/ly’ es pxt+tqy=1 & [px+qy px+qy




Atfordulasi probléma

4 ‘r

N/ T
\

Idealis pont

“\:Projektiv egyenes (topologia)

—



2D kepszintézis

Szirmay-Kalos Laszlo



Szamitogépes grafika

modellezés \

Virtualis vilag
modell

x

vilag = sik
keépszintézis

Metaforak:

* 2D rajzolas



N\

2D megjelenitési csovezeték

Referencia helyzet
(modellezési koord)

Vektorizécic’)>

>

A

Modell
Transzf

>

A

Vilag

v

ablak

Képernydre vetités

('1"1)

Vagas +
nézet
transzf.

AKéperny0 v. appwindow

nézet

§0/>

raszterizacio

Normalizalt eszkoz

Képerny6

nézet

G

™




Vektorizacio

r(t), tin [0,1] l\
r;

r, 10,1]:t,=0, ¢, = 1/n,...,t =1

r

n

r,=r(0),r,=rt,),..., r =r(1)



Poligon haromszogekre bontasa

Konvex

R
Konkav
diagonal

Minden 4+ csucsu sokszdgnek van diagonalja,
azaz mindegyik felbonthato diagonalok mentén:

Nem-diagonal

4




FUl
e p. fiil, ha p.,— p.,, diagonal

* Fiil levaghato!

o Keét fiil tétel: Minden legalabb 4
csucsu sokszognek van legalabb 2
fiile.

Pi:

o Fligvagas: keress fiilet és nyissz!.



Fulvago algoritmus



Modellezési transzformacio
S. 0 0| [cos@sing 0] 1 0 O
0 S, 0| [snpcos@O) 10 1 0

rI1M
0o o0 140 0 11 p L
t u, u, 0
, Xy V., V., D
® v u x,y,11=[a, B, 11 O
- g %y 1=[a,8, 100 o, }
0 0,0,1] [o, o, 1]
o . : o -
1,0,1] [o,tu, o tu 1 ]
0,1,1] [o,+v, o,tv, 1]

(x,y) =0 + au + PBv



Képernyo projekcio

+ vilag W Normalizalt eszkoz Képerny6

- |
(WoW,)  ablak (-1,-1)
xc = 2(x-w)/w, -1 X=v, (xc+t1)/2+v,
ye =2(y-w,)/w-1 Y=w(yct1)/2+v,
2/w, 0 0
0 2w, 0
xe, ye, U=y, g ow i, 12w, 1 -




Vagas
Pont vagas:
X>x=-1 x<x, =+l y>y,.=-1 y<y,.~=*1







Vagas

y >ymin

Beliil

Kiviil



Beliil Kiviil




Vagas

y < y max
Kiviil

Beliil




Szakasz vagas

X

max
X. y
PJ 1

Xp%/l T\}Z’)@

X(0) =X+ (- x)t, y(O) =y1 + (V2 -yt
X = Xmax

— Metszes:

~ Xma—= X1 T (X - X))t 2 = (Xpnax-X1)/(X2-X1)

Xi = Xmax  YVi= Y11t (V2 - Y1) Kmax-X1)/(X2-X1)




Sutherland-Hodgeman
poligonvagas

PolygonClip(p[n] = q[m])
m=20,;
for( i=0; i < n; i++) {
if (p[i] belséd) {
q[m++] = p[1i];
if (p[i+1] kilsé)
g[m++] = Intersect(p[1i], p[i+1l], vaglegyenes);
} else {
if (p[i+1] belsd)
g[m++] = Intersect(p[1i], p[itl], vaglegyenes);

ElsO pontot még egyszer
a tomb végére




Raszterizacio

model

Geometriai
primitivek:
0.1-1 microsec / primitiv

transzformacio

raszterizacio Pixel muvelete

Pixelek
néhany nanosec / pixel

rasztertar




Szakasz rajzolas

Egyenes egyenlete:
y=mx+b

Egyeneshuzas

x1

X2

for( x = x1; x <= x2; x++) {
Y = m*x + b;
y = Round( Y );
write( X, y );




Inkrementalis elv

e Szakasz rajzolas: Y(X) =mX + b
-YX)=F(YX-1))=Y(X-1)+ m

e Osszeadas: fixpontos abrazolas: y = Y 27
— T: hiba < 1 a leghosszabb muveletsornal
— N 2-1<1; T>log, N
—round(y): y+0.5-t csonkitjuk



DDA szakaszrajzolas

DDADrawLine(x1, y1, x2, y2) {
m = (y2 - y1)/(x2 - x1);

y =vyl; + 0.5
FOR X =x1TO x2 {
Y = round(y); trunc(y)
WRITE(X, Y, color);
y = y+tm;
}



DDA szakaszrajzolo hardver

|~ "
X szamlalo y regiszter

/ I I 0.5 =.1000000,

CLK
VRN
x1 yl




Haromszog kitoltes

(X5,Y5)

Dx/Dy  Dx/Dy

______._.___jyl.{'_____

/

= o Y I

1
-

T 0 e Y

INHERE

\ERENE

) x(+)  x(y+2)

(X,,Y))



Terulet elarasztas

Belso pont = kék Flood(x, y) {
if (pixel[x][y] inner point) {
Write(x, y, color);
Flood(x, y-1);
Flood(x, y+1);
seed Flood(x-1, y);
Flood(x+1, y);

0 Flood

1 Write Flood(x,y-1); Flood(x,y+1); Flood(x-1,y); Flood(x+1,y);
2 Write Flood(x,y-1); Flood(x,y+1);Flood(x-1,y); Flood(x+1,y);



2D grafikus rendszerek

Szirmay-Kalos Laszlo






2D grafikus editor:
GUI, use-case, dinamikus modell

MouseLDown elsd pont MouseL.Down pick?
MouseL.Down masodik MouseMove mozgat
MouseLLUp letesz
MouseL.Down n.

MouseRDown utolso



Funkcionalis modell

. o B 1 1
Bemeneti csovezeték Ty 1
Eszkoz-
képtér

Eszkoz koord.
(xe, ye) - ‘

kamera | Virtualis vilag

Kurzor

(Xpy \
Nezet , Keép
transzf

Kimeneti csovezeték \T — Ty,

-t

Keép
frissités

rasztertar Pixel
op

Raszteri-
zacio

Modellezés)
transzf.




2D grafikus editor GLUT/OpenGL-lel

DisplayFunc
CRedeaw EC
MouseFunc
Vg
MotionFunc
OpenGL

transzform N Raszter
A raszterizacio—
vagas muveletek

és ablakozo
rendszer




OpenGL transzformaciok
(2D-s uténérzés)

Normalizalt

____________ képerny6
Y | [Modelview| | Projection _N Homogén __ Viewport _lfepern}’o
z=0 matrix matrix | 0Sztas transzf.
h=1 = |
raszterizacio

TM




OpenGL transzformaciok

4 ‘ (wr,wt)

(wl,wb)

Modelview| | Projection
matrix matrix

| < M
_ O

!?l"N

TM

glMatrixMode (GL_MODELVIEW) ;] 9lMatrixMode(GL_PROJECTION),
glLoadIdentity( ); glLoadIdentity();
glTranslatef(px, py, 0); gluortho2D(wl, wr, wb, wt);
glRotatef(phi, 0, 0, 1);

glScalef(sx, sy, 1);



OpenGL matrix

o /

dCl0.

Ve

* OpenGL specifik

=
N
>
>
o
=
N
N
X




Matrix konkatenacio

MODELVIEW

X, v,z,1

SX

Sy

cos @ sin @ 1
-sin ( cos @ 1
SZ 1 1

1 1||px py pz 1

glMatrixMode (GL_MODELVIEW); ‘/\
glLoadIdentity( );
glTranslatef(px, py, pz);
glRotatef(phi, 0, 0, 1);
glScalef(sx, sy, sz);

glVertex2f(x,y);



Window
state

MouseL.D()
MouseL.U()
MouseMov()

Controller

= /4 -
waeranst| 5 OSZtalydiagram
float m[4][4] | &
Vag[y][] g objects JAd(% )
. —®| Object : ject
h —0JeCt actob .
SRAYPALPEPYL A ddPrimitive()f< . InputPipe()
SetGL() R Pick() |
Inverse() GetPrimitive() IC
Render()
Vector Primitive T
X,y AddPoint() chml;) Camera
DrawGL() i SetGL()
Inverse()
Polyline Curve Polygon Viewp ort‘ |window
DrawGL() r(t) DrawGL() Rect
DrawGLi E left,bottom,
width,height
Bezier CR-Spline
r(t) r(t)




GLUT: Inicializalas
int main(int argc, char *argv|[]) {
glutInit(&argc, argv);
glutInitWindowSize(appwinwidth, appwWinHeight);

glutInitWindowPosition(100, 100);
glutInitDisplayMode(GLUT_RGB | GLUT_DOUBLE),

glutCreatewindow("2D graphics editor");

glutMouseFunc(MouseDown); // callback
glutMotionFunc (MouseMove) ;
glutDisplayFunc(ReDraw) ;
glutReshapeFunc (Reshape) ;

glutMainLoop(); // fé hurok



GLUT: esemenykezeles

Window window;
int appWinHeight, appWinwidth;

void ReDraw( ) {
glClearColor(0, 0, 0, 0); glClear(GL_COLOR_BUFFER_BIT);
window.scene.Render( );
glutSwapBuffers();

}
volid Reshape(int width, int height) {

appwinwidth = width; appWinHeight = height;
window.scene.camera.viewport = Rect(0, 0, width, height);
glutPostRedisplay( );

}

void MouseDown( int button, int state, int x, int y ) {
if (button == GLUT_LEFT_BUTTON && state == GLUT_DOWN)
window.MouselLD(x, appWinHeight - y); // Windows Kr.
glutPostRedisplay( );

}

void MouseMove( int x, int y ) {
window.MouseMov(x, appWinHeight - y); // Windows Kr.
glutPostRedisplay( );
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Allapotgép

)
state MouseLD § MouseRD | MouseMov | MouseLU | Lmenu Pmenu
LINE actobj = AddObj()
InputPipe(x,y)
state = DRAW state=PICK
DRAW J|InputPipe(x,y) [nputPipe(x,y)
Render( ) ender( )
state = DRAW; state = LINE;
PICK if (Pick(x,y))
actobj=picked
state = MOVE state=LINE
MOVE actobj->transf
Render()
state=MOVE state=PICK




Scene Window
AddObject() state
MouselLD InputPipe() |~ | MouseLD()
Pick() MouseLU()
struct Window { Render() MouseMov()
Scene scene;

enum {LINE, DRAW, PICK, MOVE} state;

void MouselD( int X, int Y ) {

switch (state) {

case LINE: scene.AddObject();
scene.InputPipe(X, Y);
state = DRAW;
break;

case DRAW: scene.InputPipe(X, Y);
scene.Render( );
state = DRAW;
break;

case PICK: if (scene.Pick(X,Y)!=NULL) state = MOVE;
break;

}

};



Camera camera Scene
Scene :: Render | secg [ *|™putPipe)
Inverse() Pick()
class Scene { Render()
Object * objects; I
Object * actobj: ModelTransf
Camera camera; SX,Y,Phi,pX,PY | transform Object
public: SetGL() ddPrimitive()
void Addobject( ); Inverse() EtP”mmVeO
void InputPipe(int X, int Y);
Object * Pick(int X, int Y); PnnuuVe
void Render ( ) { AddPoint()
camera.SetGL(); DrawGL()
for each object obj { // Prioritas! T
obj->transform.SetGL( ),
for each primitive p of object obj { Curve
p -> DrawGL( ); // OpenGL-nek r(t)
} DrawGL.()
}
} Bezier

};

r(t)




Camera
SetGL()

class Camera { 2D Camera Inverse()

Rect viewport, window; Viewportf Twindow

void SetGL( ) { Rect
glViewport(viewport.left, viewport.bottom, | left,bottom,
viewport.width, viewport.height) ;| width ,height

glMatrixMode( GL_PROJECTION );

glLoadIdentity();

gluOortho2D(window.left, window.left + window.width,
window.bottom, window.bottom + window.height);

}

Vector Inverse( Vector scrPos ) {

float sx = window.width / viewport.width;

float sy = window.height / viewport.height;

return Vector(
(scrPos.x - viewport.left) * sx + window.left,
(scrPos.y - viewport.bottom) * sy + window.bottom

);

};



ModelTransf

ModelTransf 5x,5,phi,pX,py

SetGL()
class ModelTransf { Inverse()
float sx, sy, phi;
Vector p;
public:

void SetGL( ) {
glMatrixMode (GL_MODELVIEW),
glLoadIdentity( );
glTranslatef(p.x, p.y, 0);
glRotatef(phi, 0, 0, 1);
glScalef(sx, sy, 1);

}

Vector Inverse( Vector wPos ) {
wPos -= p; // inverse translation;
mx = wPos.x * cos(-phi) - wPos.y * sin(-phi);
my = wPos.x * sin(-phi) + wPos.y * cos(-phi);
return Vector( mx/sx, my/sy );

}
};



Color | color
] , R G B Primitive
Curve rajzolas AddPoini(
rawGL()
class Curve : public Primitive { !
float tstart, tend; Curve
public: r(t)

virtual Vector r( float t ) = 0; DrawGL()

void DrawGL( ) { :
glColor3f( color.R, color.G, color.B ); Bezier
glBegin( GL_LINE_STRIP ); r(t)

for(int i = 0; i < NVECTOR; i++) {
float t = tstart + (tend - tstart) * i / NVECTOR;
Vector p =r( t );
glVertex2f(p.x, p.y);

}

glEnd( );

}
}s



Primitive
npoints

Bezier gorbe: r(t)

AddPoint()
DrawGL()

class Bezier : public Curve { Curve
public: r(t)
Vector r( float t ) { DrawGL
Vector rr(0, 0); ?
int n = npoints - 1;
for(int i = 0; i < npoints; i++) { Bezier
float Bi = 1; r(t)
for(int j = 1; j <= i; j++)

Bi *= (float)(n-j+1)/j;

Bi *= pow(t, i) * pow(1-t, n-1),
rr += points[i] * B1, 4
}
return rr;

}

B,(t) = (’}) t' (1-)™

}: r(t)=2B()r,




Primitive

(Konvex) poligon npoints
rajzolas Addpoini)

class Polygon : public Primitive {
public: Polygon

void DrawGL( ) { DrawGL\()

glColor3d( color.R, color.G, color.B );

glBegin( GL_POLYGON ); //GL_TRIANGLE_FAN

for(int 1 = 0; i < npoints; 1i++) ({
glVertex2f(points[i].x, points[i].y);

}
glEnd( );

};



Bemeneti csovezeték: pontok
beépitese a virtualis vilagba

vold Scene :: InputPipe( int X, int Y ) {
Vector wPos = camera.Inverse( Vector(X, Y) );
Vector mPos = actobject -> transform.Inverse(wPos);
actobject -> GetPrimitive( ) -> AddPoint(mPos);

}
térolc’).l Scene
ModelTransf }— Obj ’

. Object actobj | InputPi
sX,Sy,phi,px,py % AddPrimitive()< ] n[;liCkl(I))e()
SetGL() | ¢ |GetPrimitive() Rend
Inverse() 5 e

tarol6 T \
camera
Primitive Camera
X,y AddPoint() SetGL()
DrawGL() Inverse()




Kivalasztas (Pick)

Scene :: Pick( int X, int Y ) {
camera.SetGL();
actobj = NULL;
for each object obj {
obj->transform.SetGL( );
for each primitive p of object obj {
Color pushCol = p -> color;
p -> color = ToColor( obj );
p -> DrawGL( ); // OpenGL-nek
p -> color = pushCol;

}
}
unsigned char ima[10 * 10 * 3];
glReadPixels(X-5,Y-5,10,10,GL_RGB,GL_UNSIGNED BYTE, &ima[0]);
for(int x = 0; X < 10; Xx++)
for(int y = 0; y < 10; y++) {
int idx = 3*(10 * y + Xx);
obj = FromColor(ima[idx], ima[idx+1], ima[idx+2]);
if (obj !'= NULL) actobj = obj;
}



2. feladat

Keészitsen 2D editort, amivel egy 100m x 100m-es teriiletet lehet berendezni, amelybe
egy 50m x 50m-es ablaku kameraval néziink bele. Az ablakot minden ‘s’ lenyomasra a
(10, 20) vektor tolja el. Ha az ablak elérte a teriilet szélét, akkor visszaugrik a
kiindulasi allapotba. A program az egér balgomb lenyomasokat kontrollpontnak, a
gomblenyomas idejét pedig csomoéértéknek (kontrollponthoz rendelt
paraméterértéknek) tekinti. A kontrollpontokra egy fehér Tenziés Catmull-Rom (TCR)
spline-t illeszt, ahol a tenzio mindenhol -0.5. A kontrolpontok nyugalmi allapotukban
1m sugaru piros korok.

Space lenyomasara a program aktivizalodik, a spline-t megduplazza és az 4j valtozatot
60 fokkal a kontrollpontok sulypontja koriil elforgatja, majd kék Bézier gérbét csinal
belole (mialatt az eredeti TCR marad a helyén). Ezutan egy-egy 1 m sugaru sarga kor
indul el minden gorbén, mégpedig a TCR -n a paraméterezésnek megfeleld iddzitéssel.
A Bézier-t a sajat kore ugy futja be, hogy ugyanakkor érkezzen a végére, mint a TCR
-n szalado tarsa. A futamok ujra kezdddnek. A futas alatt a kontrollpontokat abrazolo
korok sugara folyamatosan valtozik amivel azt mutatjak, hogy milyennek kell lennie
az ide elhelyezett suly abszolut értékének, hogy a gérbe aktualis pontjat a
kontrollpontok kombinaciojaként kapjuk meg. Ha a suly pozitiv, a kor piros. Ha
negativ, akkor tiirkisz kék.



Science Is either physics or
stamp collecting.

Rutherford
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Sima fel

Fresnel egyenletek &=
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latek

01°e” | in
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cos.#® (n+k ) cosl] ’+ 2

2
cos LIBF’(n+k | ) cosDB
cosL 10’ K/ j) CosL]

F 40 + (1-F0) [1-cos[19°%  FO

- (n-1)2+ ke
(n+1)%+ k?




Fresnel f

F (A8 n)

F(&0e°0)

¥




TOulk

5
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v,=v+2Ncosllg

I‘

L=v,V=Vv

ReflectDir( L, N, V) {

L= V-N*(N*V)*2
}




TrlolIrilel sl 1Ir(
I'N . Snellius-
v + Ncosl n= S!n = Descartes
sin [
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g |NeostB v,= N sinCIBHNcos B
v, v, = v + N(cos aill/eos/ B
COSLIBI T Al=sin2 1B T A=sin? In?
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class SmoothSurface { _(N-1)*+K° S | ma f@l u I

Color FO; /Irg,b (n+1)2 + k2

float n; I/ we ignore here the wavelength dependency
public:

void ReflectionDir(Vector& R, Vector& N, Vector& V) {

float cosa = -N* V;

, R=V+N=*cosa*2 v, = v+ N (cos a3/ A-(1-cos?[13{n? )

BOOL RefractionDir(Vector& T, Vector& N, Vector& V) {
float cosa=-N*V, cn=n;
If (cosa<0) {cosa=-cosa; N=-N;cn=1/n;}
float disc=1- (1 - cosa* cosa)/cn/cn;
If (disc < 0) return FALSE;
T=V/cn+N *(cosa/cn - sgrt(disc)) ;
return TRUE;
¥
Color Fresnel(Vector& N, Vector& V) {
float cosa = fabs(N * V);
return FO + (1-F0) * pow( 1-cosa, 5); // F [0 + (1-F0) [{1-cosTiye
¥
o
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Phong-Blinn modell (OpenGL)

DFDeDlDeDij@EthaoDr H = (L+V)/|L+V|

cos o[ [INEH

L"ef = LIn k. (cos*tI&]

f. (L,x,V) =k, cos" [Jocosl/8°



RiJullcllslIklIoLls

class RoughSurface {
Color kd, ks; //r,g,b
float shininess;
public:
Color ReflectedRadiance(Vector& L, Vector& N, Vector& V, Color Lin) {
float costheta =N * L;
If (costheta < 0) return Color(0, 0, 0);
Color Lref= Lin * kd * costheta; /[ diffuse reflection
VectorH=L +V,;
H.Normalize ();
float cosdelta =N * H;
If (cosdelta < 0) return Lref;
Lref = Lref +
Lin * ks * pow(cosdelta, shininess); I/ glossy reflection
return Lref;
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Sugarkoveteés:
ray-casting, ray-tracing

Szirmay-Kalos Laszlo



| okalis illuminacio absztrakt

fenyforrasokkal

Csak absztrakt
fényforrasok
direkt megvilagitasa

L(V)= 2, L(L)*f, (L,,N,")dos &

//L\

Absztrakt fényforrasokbol szarmazo megvilagitas.

Ha takart, akkor zérus)
\

(Iranyforras = konstans; Pontforrds = tavolsag négyzetével csokken

e

//




| okalis illuminacio absztrakt

fenyforrasokkal

Csak absztrakt pixel '
fényforrasok L
direkt megvilagitasa 4 1

L(V) =2, L(L)*{k,[L,*N)"+k, [(H2N)*)hin}

//\

Absztrakt fényforrasokbol szarmazo megvilagitas.

Ha takart, akkor zérus)
\

(Iranyforras = konstans; Pontforrds = tavolsag négyzetével csokken

e

//




Ambiens tag §

Lokalis illuminacio + ambiens tag

N\ Zl L,(L)*f. (L;,N,V)ldos 6,1 +k,*L,




Lathatosag a szembol

pixel

ray(t) = eye +v-t, t>0

intersectAll(ray = t, iobject, x, inormal)
t = FLT_MAX;
FOR each object
tnew = Intersect( ray, object  normal); / < 0 ha nincs metszés
IF (tnew > 0 && tnew <t )
{ t = tnew; iobject = object; inormal = normal; }

ENDFOR
IF (t <FLT_MAX) { x =eye + v:t; RETURN (t, iobject, x, inormal); }
RETURN ,,no intersection”

END




Metszeéspont szamitas gombbel

releYi

Nincs gyok 1 gyok 2 gyok

ray(t) = eye + v+t

ray(t) — c|* = (ray(t) — c)* (ray(t) — ¢)=R
(vev)t?+2 ((eye — c)*v)t +((eye — ¢)*(eye — ¢))—R*= 0

Wanted: a pozitiv megoldasok koziil a kisebb

Feliileti normalis: (ray(t) — c)/R




Implicit feltletek

o A feliilet pontjai: f(x,y,z) = 0 vagy f(r) =0
* A sugar pontjai: ray(t) = eye+v-t
* A metszespont: f( ray(t) ) =0,
— 1 ismeretlenes, alt. nemlinearis egyenlet: t*
— (x*y*z*) = eye+ v-t*
* Normalvektor = grad f

 0=(x,y,z) = g+ (x-xF)ye+ -y )t (2-27))=
fx*y*,z%) + ox (x-x*)* gy (y-y™)* 9z (z-2*)

Az erintosik| (of  f O Ve (v_v* 1 vk oK) —
egyenlete: (ax’ dy’ Gz) (XX » V7Y 272 ) 0




2D analogia:
Implicit gorbe normalvektora




Konkrét példa: gomb
normalvektora
r-c]?= R?
r-c*-R>=0
f(r)=0
fy,2) = (x-c)% + (y-¢)? + (2-¢)* - R = 0

gi =2(x-c)+0+0-0
9 0 0
ai =2(x-c) % =2(y-c) B_Z =2z-c)

grad f(x,y,2) = 2 (x-c,, y-C,, z-C,)



Kvadratikus feluletek
[ )

X

Kvadratikus feliilet: [x,y,z,1] A |Y |=0 :> Masodfokii
V/ egyenlet
1

\

Ellipszoid Végtelen kup Végtelen henger

X ¥ +40 -1=0 XLH —0 ﬁj +§ _1=0
a’ b? a

a? b? c?

J




Kvadratikus fellulet

[eye+vt, 1] = o+dt =mm) o =[eye, 1], d=[v, 0]

(o +td)A(o +td)' =0
(oA + tdA)(o +td)' =0
0Ao! + 0Atd' + tdAo® + tdAtd' =0
dAd'## + (0Ad' + dAoY)ld+ 0Ao =0
masodfoku egyenlet t-re

[ [ ) [

< X
< X

=hhath@l A |7 | 2[x,y,z,1] A

0
grg)f{r[X,y,Z,l] A

—_ N
—_ N
o O O -

\" \" \"



Haromszog

(r—-r0)en=20
ray(t) = eye + v't
2
rl rl
1. Sikmetszés: (ray(t)-rl)en=0, t>0 t (rl-eye)e n
normal: n=(r2-rl)x (¥3-rl) ~ven

2. A metszéspont a haromszogon beliil van-e?

(r2-r1))X(p-r1))en>0
(r3-r2)X(p-r2))en>0
(r1-r3)X(p-r3))en>0

Feliileti normalis: n
vagy arnyalo normalok
(shading normals)




Haromszog

(r—-r0)en=20
ray(t) = eye + v't
2
rl rl
1. Sikmetszés: (ray(t)-rl)en=0, t>0 t (rl-eye)e n
normal: n=(r2-rl)x (¥3-rl) ~ven

2. A metszéspont a haromszogon beliil van-e?

(r2-r1))X(p-r1))en>0
(r3-r2)X(p-r2))en>0
(r1-r3)X(p-r3))en>0

Feliileti normalis: n
vagy arnyalo normalok
(shading normals)




Haromsz0g metszes

baricentrikus koordinatakban
r3

. P, B, ) = 0Tl +B2 + yr3

a+B+y=1 1 skalar egyenlet

2 a,B,y=0

rl

ray(t) = p(a, {5, Y)
eye + vit = a-rl +B-r2 + yr3 3 skalar egyenlet

4 ismeretlen: o, 3, V, t
A megoldas utan ellendrzeés, hogy mind nem negativ-e



Arnyalé normalok

kozelitett feliilet
normalvektora

N(a, B, y) = aN, +BN, + YN,




Parametrikus feltletek

r(u,v), u,vin[0,1]
ray(t) = eye +v'it, t>0

r(u,v) = ray(t)

Haromismeretlenes alt.
nem linearis egyenletrendszer

megoldas: u™*v= t*

Teszt:
O<u*v*<l1,
t* >0

Rekurziv tesszellacio:
nem robusztus



Parametrikus feltletek normalvektora

or(u,v*)

r(u,v)

r(u*,v)

n(u,v)=

or(u,v) 9 or(u,v)

r(u,v*)

ou gy |uzu”
y=v*
or(u*,v)
ov y=v*




GOmb, az oreg haver

r(u,v) = [c,+Rcos(u)sin(v), ¢,+Rsin(u)sin(v), c¢,+Rcos(v)]

N ] k
or/du ={[-Rsin(u)sin(v), Rcos(u)sin(v) 0 }
or/dv =|[ Rcos(u)cos(v), Rsin(u)cos(v) -Rsin (v)

n(u,v) = 0r/0u X or/dv =

[-R?cos(u)sin?(v), -R%sin(u)sin?(v), -R?(sin*(u)+cos?(u))sin (v)cos(v)] =
= -Rsin(v) [Rcos(u)sin(v), Rsin(u)sin(v), Rcos(v)]
-Rsin(v) [ x-c, y-c,, z-c, |.



Constructive Solid Geometry

*\.

% _Reprezentacio:

- -Dlnarls fa



CSG sugarkovetes: Metszet




CSG sugarkovetes: Unio




Sugarkovetés

render()
for each pixel p
Ray r = camera.GetRay (eye = pixel p)
float3 color = trace(ray)
image[pixel] = color:
endfor
end




Kamera

eye

p = lookat + (2X/XM-1) [fight + (2Y/YM-1) [ip
+ fél pixel, hogy a kdzépen legyen



trace

Color trace( ray )
hit = intersectAll(ray) '
IF (hit.t <0) RETURN L, ray.dir
color = k *L,

x = hit.position; N = hit.normal; X
FOR-each lightsource 1 DO

shadowRay.origin = x; shadowRay.dir = light[l].pos — x;
shadowHit = intersectAll( shadowRay ); y = shadowHit.pos;

V = -Normalize( ray.dir ); L, = Normalize(shadowRay.dir);

H, = Normalize(V + L,);

color += light[l].intensity * (k, [((IL*N)*"+ k_[((H,N)*)shin)
ENDIF

ENDFOR
RETURN color



Ray-casting kepek

Lokalis
illuminacio

Lokalis
illuminacio
+
arnyekok




Rekurziv sugarkovetes

Tort sugar
&1; 1V |
Tiikor

sugar

, . Arnyék sugar
directIllumination

L(V)=2, L, (L)*(k,[L» N)*+k,[(H* N)*)ne)+k *L,
+ F(VeN)*L? (R) + (1-F(Ve N))*L"(T)

AN

i’ . 1 i Tiikor iranybol 5,1 Fresneli @)FESI 1ranyboﬂ
, TTESnE | érkez6 fény ] j érkezo fény

____________

N —————




trace

Radiancia ami sugaron visszafelé jon?
— Lathato feliileti pont es normal vektora
— Lathato pontbol lathato fenyforrasok

— Ha tiikr6z0, sugar a lathatd pontbdl a tiikoriranyba

— Radiancia ami a tiikdrsugaron vissza jon

— Ha toro, sugar a lathato pontbol a tortiranyban

— Radiancia ami a torési sugaron vissza jon

rekurzio
— A hozzajarulasok 6sszegzese



trace function

Color trace(_ray)

ray
hit = intersectAll(ray) —
IF (hit.t <0) RETURN L, )«
color = directlllumination
IF (isReflective)
= reflect( ray )
color += Fresnel * trace( )

ENDIF
IF (isRefractive && = refract(ray) )

color += (Color(1,1,1)-Fresnel) * trace( )
ENDIF

RETURN color



trace function

Color trace(ray,d)
IF (d > dmax) RETURN L_

hit = intersectAll(ray)
IF (hit.t <0) RETURN L,

color = directIllumination 2 ray.dir-2[N[(INe ray.dir)

IF (isReflective ) N = hit.normal

= reflect( ray )
color += Fresnel * trace( ,d+1)
ENDIF
IF (isRefractive && = refract( ra37)\)

color += (Color(1,1,1)-Fresnel) * trace( acte ,d+1)
ENDIF
RETURN color

ray.dir/n+NI[((Neray.dir)/n-V1-(1-(Neray.dir)?)/n?)




Paul Heckbert névjegye \.° »

La .o

typedef struct{double x,y,z}vec;vec U,black,amb={.02,.02,.02}; struct sphere{ vec cen,color;double rad,kd,ks,kt,kl,ir}*s,
*best,sph[]={0.,6.,.5,1,,1.,1.,.9, .05,.2,.85,0.,1.7,-1.,8.,-.5,1.,.5,.2,1.,.7,.3,0.,.05,1.2,1.,8.,-.5,.1,.8,.8, 1.,.3,.7,0.,0.,1.2,3.,-6.,15.,1.,
.8,1.,7.,0.,0,0.,.6,1.5,-3.,-3.,12.,.8,1., 1.,5.,0.,0.,0.,.5,1.5, };yx; double u,b,tmin,sqrt(),tan();double vdot(A,B)vec A ,B;

{return A.x*B.x+A.y*B.y+A.z*B.z;}vec vcomb(a,A,B)double a;vec A,B; {B.x+=a* A.x;B.y+=a*A.y;B.z+=a*A.z;return B;}
vec vunit(A)vec A;{return vcomb(1./sqrt( vdot(A,A)),A,black); }struct sphere *intersect(P,D)vec P,D;{best=0;tmin=1e30;

s= sph+5;while(s-->sph)b=vdot(D,U=vcomb(-1.,P,s->cen)),u=b*b-vdot(U,U)+s->rad*s ->rad,u=u>07?sqrt(u):1e31,u=b-u>
le-7?b-u:b+u,tmin=u>=1e-7&&u<tmin?best=s,u: tmin;return best; } vec trace(level,P,D)vec P,D;{double d,eta,e;vec N,color;
struct sphere*s,*1;if(!level--)return black;if(s=intersect(P,D));else return amb;color=amb;eta=s->ir;d= -vdot(D,N=vunit(vcomb
(-1.,P=vcomb(tmin,D,P),s->cen )));if(d<0)N=vcomb(-1.,N,black),eta=1/eta,d= -d;1=sph+5;while(l-->sph)if((e=] ->kI*vdot(N,
U=vunit(vcomb(-1.,P,I->cen))))>0&&intersect(P,U)==1)color=vcomb(e ,I->color,color); U=s->color;color.x*=U.x;color.y*=
U.y;color.z*=U.z;e=1-eta* eta*(1-d*d);return vcomb(s->kt,e>0?trace(level,P,vcomb(eta,D,vcomb(eta*d-sqrt (e),N,black))):
black,vcomb(s->ks,trace(level,P,vcomb(2*d,N,D)),vcomb(s->kd, color,vcomb(s->kl,U,black))));}

main(){printf("%d %d\n",32,32);while(yx<32*32) U.x=yx%32-32/2,U.z=32/2-yx++/32,U.y=32/2/tan(25/114.5915590261),
U=vcomb(255., trace(3,black,vunit(U)),black),printf("%.0f %.0f %.0f\n",U); }/*minray!*/



Implementacio funkcionalis
dekompozicioval

SceneBuild Render Display

e

GetRay trace

3 / directlllumination  reflect refract

intersectAll

L0\
Sphereln\t/ersec\q ParamIntersect

MeshlIntersect



Material

FO, n, type 7 "7
P o, i OO dekompozicio
ReflRadiance
IsReflective
IsRefractive Scene
reflect Build
refract | Object o }ll{etﬁr?{g(.é{l . Render
olleKC10
Fresnel e | trace
/A * f intersectAll
Quadratic Mesh Sphere T I
Adx4 Intersect cent, radius Crraa Light
Intersect I Intersect eye, lookat, up, || p, Lout, type
l‘ight, XM, YM GetRad
rl,r2,r3,N

Intersect




Fényelnyeld kOzeg

ds Hataskeresztmetszet,
o ﬁ A= alias kioltasi tényezo
\"4
® O ® o 0-ds = P(iitk6zés)
< ®
\®_eo

k = 0 aranyosak (A)

L(s+ds) = L(s) — L(s)-0(s)-ds
dL/ds = — L(s)-a(s)
dL/L= — o(s)ds

In L(S) — In L(0)= —[ a(s)ds

Megoldas fényelnyeld kozegre:
L(S)= L(0)-exp(-J o(s)ds)




Kétiranyu sugarkovetes

Nincsenek
kausztikus
fontok



|. Foton lovés

Pont fényforras:
¥ n sugar , ®/n teljesitmény

A

\/
<

>

sima @)
A A 0

ricskos

s Eldob

Foton terkép



Sugarkovetes: Shoot fuggveny

Shoot(power, ray, d )
IF (d > dmax) RETURN
hit = intersectAll(ray)
IF (hit.t <0) RETURN
IF (isReflective )
reflected_ray = reflect( ray)
Shoot (Fresnel * power, reflected_ray, d+1 )
ENDIF
IF ( isRefractive && refracted_ray = refract( ray) )
Shoot ((1-Fresnel) * power, refracted_ray, d+1 )
ENDIF
IF ( rough material && d > 0) Add (power, x) to photon map
RETURN




Egyenletes eloszlasu iranyok

#define RND (2.0*(double)rand()/RAND_MAX-1.0)

(X,Y,z)=(RND, RND, RND);

-1,-1,-1

+1,+1,+1

do {
X = RND; y = RND; z=RND;
} while (x*x + y*y + z*z > 1);

len = sqrt(x*x + y*y + z*z);
X /= 1len; y /= len; z /= len;



Il. Radiancia gyujtés

a» 7 riicskos




3. hazi: CSG sugarkovetes

Vilagoskék égbolt ErGs, sargas  C A

! pontfényforras <'>

Piros-fehér diffiiz abrosz

e Primitivek: csak altalanos kvadratikus feliilet, féltér

* Uveg: n=1.5, O = (?,?,?)[1/m], Sor: n=1.3, O= (?,?,?)[1/m]




Halmaz

.Y U
muveletek / \
Abrosz, Feltéer U

\

Uveg, Elli
a
/ \ SVeg,Felter

Sor,Elli  Uveg,Elli

hitList intersectAll(node, ray) {
if (node->type==Elli) return Ellilntersect();
if (node->type==Felter) return FelterIntersect();
hitList hleft = intersectAll(node->left, ray);
hitList hright = intersectAll(node->right, ray); .
return Merge(node->type, hleft, hright);




Tanacsok

* Tervezd meg a szinteret (koordinata rendszer,
egyseg, feliil/oldal nézet szamokkal).

=

* Tervezd meg a programot (SD, OO)

e Arnyék pattanas:
— A t > 0 helyett t > EPSILON
* A hatso lap talalatnal a normalvektort

forditani kell (IN és V skalaris szorzatanak
elojele).



Sugarkovetes eredmeény

Szamitasi ido [1 Pixelszam X Objektumszam x (Fényforras szam+1)



Befoglalo terfogat
(Bounding Volume)

double IntersectBV( ray, object ) // < 0 ha nincs
IF ( Intersect( ray, bounding volume of object) < 0) RETURN -1;
RETURN Intersect( ray, object );

END




Térparticionalo modszerek
Adatstruktura:
* Ha ismert a sugar, akkor a potencialis metszett
objektumok szamat cstkkenti

* Ha a potencialisak koziil talalunk egyet, akkor a tobbi
nem lehet kdzelebb

objektumok

Sugar
koveteés

Térparticionalo| gieg
adatstruktura

metszespont




Regqgularis térhald

Elofeldolgozas:
Minden cellara a metszett objektumok

komplexitas: O(n-c) = O(n?)

Y Sugarkovetés:
4 FOR each cell of the line // line drawing

Metszés a cellaban lévokkel

IF van metszés RETURN
ENDFOR

atlagos eset komplexitas: O(1)




Nyolcas (oktalis) fa

2)

)

0 G

/

Octree

3

Faepités( cella ):
IF a cellaban kevés objektum van
cellaban regisztrald az objektumokat
ELSE
cellafelezés: c1, c2, ..., c8
Faépitées(cl); ... Faepités(c8);
ENDIF

Sugarkovetes:
FOR 6sszes sugar altal metszett cellara
Metszes a cellaban lévokkel
IF van metszes RETURN
ENDFOR




Binary Space Partitioning fa (kd-fa)

(2)
O @
/

kd-tree

Faepités( cella ):

IF a cellaban kevés objektum van
cellaban regisztrald az objektumokat

ELSE
sik kereses
cella felezés a sikkal: c1, c2
Faépites(cl); Faepités(c2);

ENDIF

Sugarkovetes:

FOR each cell intersecting the line
Metszes a cellaban lévokkel
IF van metszes RETURN

ENDFOR




kd-fa bejarasa

Koadli 2 | tavoli 1

.7,4/)
kozeli

Befdghlo AABB
tavoli 1

while (stack nem tires) {
Pop(AABB)
while (nem leveél) {
Ha van AABB-nek tavoli
Push(tavoli)
AABB = kozeli
}
Regisztralt objektumok metszese
Ha van metszéspont return

}



Inkrementalis 3D
kepszintézis

Szirmay-Kalos Laszlo



Inkrementalis képszintezis

® Sugarkovetés szamitasi ido

Pixelszam x Objektumszam * (Fényforras szam+1)

* koherencia: oldjuk meg nagyobb egysegekre
* feleslegesen ne szamoljunk: vagas

* transzformaciok: minden feladathoz megfelelo
koordinatarendszert

— vagni, transzformalni nem lehet akarmit: tesszellacio



3D inkrementalis képszintezis

Modell

, Tesszellacio Vildgkoordinitar. Kamerakoordinata r.
referencia helyzetben

Normalizalt Képernyokoordinatar.  Arpyalt kép
eszkdzkoordinata r. Lathatosag + vetités

Vagas Takaras és vetités trivialis!



Tesszellacio
e Feliileti pontok kijelolese: r, ,, = r(u,,v,)

Or(u,v) . Or(u,v)
ou ov

e ,Parametertérben szomszédos” pontokbol haromszogek

e Normalvektor: N(u,,v, )=




Modellezési transzformacio

v/
¥ 1. skalazas:  sx, sy, sz
2. orientacio: a, 3,y
X 3. pozicio:  px, py, pz
. . B 171 _
B sy 1
TM_ SZ 1
| 1j| 1] lpx py pz 1,




Z (R21»R22’R23)

(R;,R3,R;;) y

T, =

Orientacio = ortonormalt matrix

(Rll’R12’R13)

Fow

cosa sind
-sind cosd

Csavaro:
Roll

Orientaco: 3 szabadsagfok

Orientaclo

cosf3 -sin3
1

sin°  cos[3

Billento:
Pitch

Orientacio = harom szog+fix tengelyek vagy tengely+szog

B

1

cosy siny
-siny cosy

Fordulo:
Yaw

1



Emlekezteto: Mas algebrai alap?

Forgatas =
egyseég abszolut
értekt komplex
szammal szorzas

* Idaig (2D-ben)
— Pont = szampar
— Eltolas = szampar (vektor)
— FElforgatas, skalazas, nyiras, stb. = 2x2-s matrix
* Mas lehetoseg?
— Pont = komplex szam (z)

— Eltolas = komplex szam (6sszeadas): 2 =z + v

— Forgatas, skalazas (forgatva nyujtas) = komplex szam (szorzas):
2=z *f,ahol f=re®




Kvaterniok

 Komplex szamok altalanositasa

°* g =1[s,x,y,z] = [s,w] = stxi+yj+zk

° q,1q, =[5, X,¥X,, ¥, 1Yy, 2,2, ]

* aq = |as,ax,ay,az]

+ lgl =V sy

* Szorzas:

— 2= j2= k2= ijk = -1,]ij=k, ji=-k, jk=i, kj=-i, ki=j, ik=-j

Szorzas asszociativ, de nem kommutativ,

Osszeadasra disztributiv
— Van egysegelem: [1,0,0,0]

— Van inverz, konjugalt/absnégyzet mint a komplexnel:
q' =ls,-wl/lql’, q"lq = qlq"=[1,0,0,0]



Egység kvaternio = forgatas az
origén atmeno w tengely kordl

* q = [cos(0/2), wsin(a/2)], [w|=1
* q0,ullg" = [0,v]

— v az u elforgatottja a w koriil a szoggel

* w egysegvektor koriil a szoggel forgatd matrix:
- (0,R,,R,,,R,,) = ql0,1,0,0][g"!
- (0,R,,R,,,R,)) = ql[0,0,1,0][g"!
- (0, R,,R,,,R.,) = ql0,0,0,1][g"!
* Rodriquez formula

glRotate(alpha, wx, wy, wz);




. Specifikaciohoz és
Kvaterni® vers| féleg interpolacishoz

kvaternio

* QOrientacio specifikacioja:

— Kvaternio: tengely + szog

— Matrix: harom Euler sz6g (ele rgatasok a
koordinatatengelyek kortil)

e Qrientacio interpolacioja:

— Kvaternio: ,,kozbiilso” egysegkvaterniok, természetes

— Matrix: Euler sz6gek, természetellene A7 orientaci6 valtas

* Orientaciovaltas vegrehajtasa: végrehajtasahoz matrix

— Kvaternio: 2 kvaternio szorzas, forgatasokkal konkatenalhato!

— Matrix: vektor-matrix szorzas, barmilyen homogén-linaris
transzformacioval konkatenalhata!




Transzformaciok

e Modellezési transzformacié: v
—l‘ 1] Tmodell ~ [l"

N O] (Tmodell)T = [N

. Kamera transzformacio:
1] Twewl: (X ameras
0] (T,.)'=I[N
o Perspektlv transzformacio:

(¥ amerar 1] | E—— [rképerny6h’ h]

o Osszetett transzformacié: T

vilag’ ]

vilag? ]

1]

Vllag’

Vﬂag’ kamera? ]

T T =T,

modell = view ~ persp



Nézeti
teglalap

Mi: Camera obscura

Kamera modell




Vilagbol a kepernyore

y]

2. Kamera

Bal!!l

4. Képernyo

1. Vllag

3. Normalizalt képernyo



lookéi}

Kamera transzformacio

w = (eye-lookat)/|eye-lookat|
u = (vup X w)/|w X vup|

V=wXu

T 0 0 o\fwuu 0y

0 1 0o 0 [|vwwvVv, O

us T I N I AR
[x°y’z°,1] = [xy,2,1] \-eyex-eyey eyet’ 0 0 0 ¥
Govow 0

u v, w, 0

gluLookAt(eye,lookat,vup) v w0
O 0 0




Perspektiv transzformacio

1,1 +1,1

bp-t /2
fotg(fovy/2) .

<j£

x,y,-fp) = Afp-tg(fovx/2)), yAfp-tg(fovy/2)), -1)
(x,y,-bp) = (x/(bp-tg(fovx/2)), y/(bp-tg(fovy/2)), +1)

-fp



Perspektiv transzformacio
gluPerspective(fov,asp,fp,bp)

1/(tg(fov/2)-asp) O 0 0
0 tg(fov/2) 0 0
0 0 -(fp+bp)/(bp-fp) -1
\0 0 -2fp-bp/(bp-fp) 0 )
[x, y, -fp, 11 [xAtg(fovx/2)), y/Atg(fovy/2)),  -Ip, fp]
(x/fp-tg(fovx/2)), y/Afp-tg(fovy/2)), -1)
[x, y, -bp, 11 [xAtg(fovx/2)), y/Atg(fovy/2)),  bp, bp]

(x/(bp-tg(fovx/2)), y/(bp-tg(fovy/2)), +1)

[Xh:Yh:Zh:h] = [XC,)’C,ZC,l] Tpersp h =-zc

1X,Y,Z,11=[X,/h, Y,/h, Z,/h,1]




Képszintézis csovezetek

Py G
X,Y,Z ?

asztertar:;
X, Y

csucspontok primitivek

<<

Homogén
0SZtas

Huzalvaz
képszintézis
esetén
kimaradhat = >




Vagni a homogen osztas elott kell

[X(0),Y(0), Z@Oh(O1=1X, Y, Z, b+ (XY, 2, b (1) 0
Homogeén linearis transzformacio konvex kombinaciokat pont
konvex kombinaciokba visz at.

AN

h =-zc Szakasz

zc<0

<
<

zc<(0
zc>0
zc<0




Vagas homogén koordinatakban

Cel: -1<X=X/h<1
-1<Y=Y/h<1
-1<Z=7Z/h<1

Vegyliik hozza: h > 0 (mert h = -z¢)

‘ ‘ h=X,
-h< X, <h Kiviil @ Beliil @
-h <Y, <h
h<Zh<h [3,0,0,2] [2,0,0,3]
L h=2<X =3 h=3>X =2




Szakasz/poligon vagas

-h<Y, <h
h<Z <h
" h = hi-(1-t)+h? -t =
_ = X, = X.1-(1-0) + X.2t
h Xh [Xhl,th,Zhl,hl] h h ( ) h

. Xh — Xhl . (1-t) 1L XhZ -t /

Y, = Y- (1t) + V.2t
[Xhz, YhQ,th,hz] h ~ hl ( ) h2

7 =71-(1-0) + 22t
h =hi - (1) + h?t




Huzalvaz képszintezis

poligon
ek KnYuZuh)

]_
@O -
XJy’

Homogeéen
0SZtas
Szin
(X,Y,Z)

Rasztertar:
X, Y

2D szakasz
rajzolas

Nézet transzf
Vetités
X,Y)

b




Tomor képszintéezis

o Képernyo0 koordinatarendszerben ==

— vetitosugarak a z tengellyel parhuzamosak!

* Objektumtér algoritmusok (folytonos):
— lathatosag szamitas nem fiigg a felbontastol
o Kepter algoritmusok (diszkret):
— mi latszik egy pixelben
— Sugarkovetes ilyen volt!



r, Hatsolab eldobas:

n = (ry-r)X(r,-r)

back-face culling

r

Lapok a nézeti iranyban:
* Kiviilrol: lap, objektum: eliilso oldal
* Beliilrol: objektum, lap: hatso oldal
Feltetelezes:

Ha kiviilrdl, akkor csucsok oramutatoval megegyezo koriiljarasuak



Z-buffer algoritmus

2.

Szin buffer

>

1.

3.

Z y
0.3
\ he 0.8

=

Ll
—_

Melység buffer
Z-buffer



Z: linearis interpolacio

- (XY,Z)
Z Z(X,Y) = aX + bY + ¢
vy (X,Y,Z)
XY,
( 32— 323 Z(X,Y)
> X

Z(X+1,Y) = Z(X,Y) + a




Z-Iinterpolacios hardver

X

|

X szamlalo

0.89

Z regiszter

CLK

/

2

AN




Z(X,Y) =aX + bY + ¢
nX+nY+nZ+d=0

n-= (1‘3- l"1))((1"2 B l"1) .

! XzaYz»Zz)
)|
S (X,1,2)
(X5,Y5,Z ‘ -n, \
X

Inkremens (triangle setup)

Z=aX, +bY, +c
Z,=aX, +bY, +c
Z,=aX, +bY, +c
Ly-2i= a(X3'X1) U b(Y3'Y1)
Z,-2,= a(X,-X;) + b(Y,-Y))

a:\\ (Z3'Z1)(Y2'Yl) - (Y3'Y1)(ZZ'Z1)
(X3'X1)(Y2'Y1) B (¥3'Y1)(X2'X1)

i j k @n
XX, Y-Y, Z-Z Z

Xz'X1 Yz'Y1 Zz'Z1




Arnyalas

LV)= 2., L(LY*f, (L,N,V)lcbs §

e Koherencia: ne mindent pixelenkent

 Haromszogenkent:

— csucspontonkent 1-szer,
beliil az L ,,szin” linearis interpolacioja:
Gouraud arnyalas, (per-vertex shading)

— pixelenkent, a Normal (View, Light)
vektort interpolaljuk: Phong arnyalas,
(per-pixel shading)



Gouraud (per-vertex) arnyalas

Nop- R(X,Y) = aX + bY + ¢
N, 3 G(X)Y) =...
Iy ' B(X,Y) e
Modell
[+kamera]
v
R(X,Y)

N, Perspektiv
+ nézeti

Ll

r
N3 r3 :

R(X+1,Y) =R(X,Y) + a
Képernyo

(per-vertex shading)



Z-buffer + Gouraud arnyald hw.

X Z R G B
[ 4 \ t t
X szamlalo
Zre “iszter R re “iszter G reg iszter Bre “iszter
L2 LT N 4z N4z N
a, dp d. dg




Gouraud arnyalas hasfajasai

Tovabbi bajok:

* anyagtulajdonsag konstans
* arny€ék nincs

kiiléonben a szint nem lehet
interpolalni

ambiens
diffuz



Phong (per-pixel) arnyalas

Modell
[+kamera]

{ Normalizalas!

\Y

Pontokra:
perspektiv
+ nezeti

(per-pixel shading)

Képernyo6



Phong arnyalas




Gouraud versus Phong




Textura leképzes:
anyagjellemzok valtoznak a feltleten




Inkrementalis kepszintezis

V4 ’ . _ . _ O r
Paraméterezés Model-camera-perspective-viewport

(‘ transzformacio

X:axu+bxv+cx [Xh, Yh: Zh) h] = [X5y’z’]‘]TC

d|

—a u+b v+
y=au+tby+c,

z=au+tbyv+c,

(Xl’Yl)

(X5, Y5)

| XMW, YA, h] = [u,v,1] [T, ahol h = -zc
lu/h, v/h, 1/h] = [X, Y, 1] [T



Linearis interpolacio

v,) Yoo x,y)

u=a,X+b Y+c,
v=a,X+bY+c,

Interpolacios kényszerek:

ulzauX1+buY1+Cu
u2:auX2+buY2+Cu
u,=a, X,+b Y,+c

linearis/

&

referenci

&

0
Hasi

' N

vlzav‘Xl—|_va1—|_C'v
v2:avX2+va2+Cv
v3:avX3+va3+Cv

Bls

b




Perspektiva helyes textlrazas

v1) Y A

A X+V.Y+C,

u
u A, X+B,Y+C, X

u/h =A,X+B,Y+C,
A X+B.Y+C,

v/h = A X+BY+C,
1/h =A, X+B,Y+C,

h=-zc




Perspektiva helyes interpolacios hw.

R G B

I Y “X
* :
Tu Tv
/ Div \ / Div \
Ar A Y I
[wh](X,Y) [v/h](X,Y) [1/h](X,Y)
X szamlalo > [u/h] regiszter [v/h] rfgiszter [1/h] regiszter
CLK /T N\ /T N\ /T N\

au av ah




Textura leképzes

Szirmay-Kalos Laszlo



Textura leképzes:
anyagjellemzok valtoznak a feltleten




(2D) Textura leképzes

Parameéterezeés . A
d \ Nézeti transzformacio

u

Keép (elemei a ,,texel”-ek)
vagy fliggvény




Textura leképzes sugarkovetéesnél

Inverz parameterezes

= O

(X,y,2)
Z

=

\

GOmb példa:

x = x0 + r cos 21w sin TV
y =y0 + r sin 2Tw sin Tv >
z = z0 + r cos Tv u,vD[O,l]/

u = 1/21t (atan2((y-y0), (x-x0)) +1)
v = 1/Ttacos( (z-z0)/r )




Inkrementalis kepszintézis

Paraméterezes Modell-vilag-képernyo transz{.

1X,, Y,, Z, h] = [x,y,2,1]T_
(X,Y)= [X,/h, Y,/h]

Y]

(X, Y)




Linearis interpolacio
u=a,X+b Y+c
v=a X+b Y+c,

TX +u(X,Y) (X3: [

X szémlélg '| u regiszter | XZ’YZ)
A

u‘ CLK /_z \

Interpolacios feltétel:
ulzauX1+bqu+Cu
u,=a,X,*tb Y, +c,
u3 :auX3+buY3 +Cu
v,;=a,X,+b Y tc,
v2 :avXZ +va2 +Cv
v3:avX3+va3 +Cv




Perspektiva helyes texturazas

Parameterezés  Modell-vilag-képerny6 transzf.
x=a,utbyv+c, 1X,, Y., Z,, h] = [x,y,2,1]T_
y=a,utbytc, (X,Y) = [X,/h, Y,/h]

z=a,u+byv+c,

YT [X,,%,,h]

[XhZ’ Yh2’h2]

. X

[uyv:l]T — [Xh) Yh) h])

lu/h,v/h,1/h] = [X,Y,1]T!




T matrixelemek

Y T [ththhl]D (Xl’Yl)

[Xi3 Vs 1s] U (G,

[Xhz’ Yhzyhz] D (XZ

> X

ul/hl :auX1+buY1+Cu
uz/hz :auX2+buY2+Cu
uyhy=a,X;+b,Y;+c,

vl/hl :avX1+va1+Cv
vl/hl :avX2+va2+Cv
vl/hl :avX3+va3+Cv

1/h,=a, X,+b, Y, +c,
1/h,=a, X,+b,Y,+c,

1/h,=a, X,+b,Y,+c,

a,b,c

ab,c,

a,,b,,c,

Y)



Perspektiva helyes texturazas

a, X+b Y+c,

a X+b Y+c,

uwh =a,X+bY+c, u=
v’h =a X+b Y+c,
I/h = a,X+b,Y+c, a, X+bY+c,
a X+b Y+c,




Perspektlva helyes interpolacios hw.
R G B

Tu Tv
/ Div \ / Div \
Ar A Y I
[wh](X,Y) [v/h](X,Y) [1/h](X,Y)
X szamlalo ' [u/h] regiszter [v/h] rfgiszter [1/h] regiszter
CLK /T N\ /T N\ /T N\




Textura fuggveny definicidja

1. Parametrikus feliileteknél trivialis
2. Implicit feliilleteknel és poligonmodellnél: kozvetito feliiletek




Henger (gomb) kozvetito felllet




Teglalap kozvetito feltlet:
texturater nézet




Teglalap kozvetito feltlet:
texturater nézet

]
I —
* "




£ 7
Texturazott Grhajo #‘”‘ '




Texturazas = kiterites




Textdarak szlrése

7,

4\ pi

xel oskeépe




Mip-map adatstruktura

)

"X
Ennek a derivaltjat becsiiljiik:
a X+b Y+c,
u —
a X+b Y+c,
_a,X+bY+c,
Y™ a,X+b Y+c,




Bucka lekepzés (Bump mapping)

Taroljuk a normalvektort tablazatban
vagy a feliileti elmozdulast




ing [

lacement mapp

ISP

D,




N theory, there is no difference
etween theory and practice.
n practice, there is.

OpenGL

Szirmay-Kalos Laszlo



glBegin(GL_TRIANGLES);
. Csucspont tulajdonsagok ...
O p en G L " glVertex3d(x, vy, z);
primitivek gmn ”~

) > \
o
GL_LINES
GL_POINTS GL LINE STRIP

GL_LINE_rLoop GL_POLYGON

GL_TRIANGLES GL_QUADS

GL_TRIANGLE_STRIP GL_TRIANGLE_FAN



OpenGL csovezetek

OJECTION ~ j\
'z

pd
Perspektiv
transzformacio +
Kamera transzformadcio, Vagas homogén
illuminacio koordinatakban

2. _1. \ ’
ey /

megjelenités

—_

SZ11

e

Képernyo transzf+Raszterizacio+interpolacio




Textura leképzes

x3, y3, z3
(u3, v3)

1 X2, y2, Z
(u2, v2)

XLyl z1 neerpolacigval;
(ul, vl) (u, v)

(ul, vl)
Textura objektum a

grafikus kartya memoriajaban:

(u2, v2) (u3, v3) Kep + szurés + kilogas kezelés
sZin




Transzformaciok

Referencia - X Homogén Normalizalt
amera k. N . R
helyzet vagasi k. képernyo
X
Y| Modelview| | Projection | _,| Homogen | | Viewport - képerny®
V/ Srdi Eir | 0sztas transzf. |1
h
Verem Verem | vagas Triangle setup,
Backface culling,
Vetités,
illuminacio s Raszterizacio,
modellezé, (nyiras), normalizald Textirazas

kamera perspektiv



A csOvezeték etetese: A modell

@gin(GL_TRIANGLE S); \
giNormal3f(nx1,nyl,nz1); o
glColor3f(r1,gl,b1); =)
glTexCoord2f(ul,vl) =
glVertex3f(x1,y1,z1);
giNormal3f(nx2,ny2,nz2); .

$\ glColor3f(r2,22,b2); =)
glTexCoord2f(u2,v2) <t

glVertex3f(x2,y2,72);

glEnd(); /




MODELVIEW transzformacio

/ ufxuy uz()\‘1

Kamera koordinatarendszer

glMatrixMode(GL_MODELVIEW);
glL.oadIdentity( ); A sorrend
gluLookAt(eyex, eyey, eyez] vIpX, VIpYy, VIpzZ, Upx, upy, upz); //VIEW
gl Translatef(px, py, pz); /NIODEL

glRotatef(ang, axisx,axisy,afisz); [x 1 1
glScalef(sx, sy, sz); =Y R 1 T

SZ 1 view 1

x,v,z,1 1 px py pz 1



Illuminacio

A szin a megyvilagitasbol keletkezzen:

glEnable(GL_LIGHTING);
Phong-Blinn model

Color = Emission +
ka * Ia +
kd*Id-(Ne L)'+

kS k& IS . ((N ° H)+ )shininess

Kamera

Glfloat kd[] = {0.0, 1.0, 1.0, 1.0};
Glfloat ks[] = {1.0, 0.5, 1.0, 1.0};
Glfloat ka[] = {0.2, 0.0, 0.2, 1.0};

glMaterialfv( GL_FRONT,
GL_AMBIENT, ka);
glMaterialfv( GL_FRONT,
GL_DIFFUSE, kd);
glMaterialfv( GL_FRONT,
GL_SPECULAR, ks);
glMaterialf( GL_FRONT,
GL_SHININESS, 20);

glLightModeli(

GL_LIGHT_MODEL_LOCAL_VIEWER,

glEnable( GL_NORMALIZE );
glBegin(GL_TRIANGLES);

glNormal3d(0.0, 0.0, 1.0);
glVertex3d(10.0, 20.0, 10.0);

glNormal3d(1.0, 0.0, 0.0);
glVertex3d(10.0, 10.0, 10.0);




Fényforrasok

Glfloat I[] = {0.0, 1.0, 1.0, 0.0} /Ha h = 0, akkor direkcionalis
Glfloat pos[] = {10, 20, 10, 1.0 }, egyébkent pozicionalis

glLightfv(GL_LIGHTO, GL_DIFFUSE, I);

olLightfv(GL_LIGHTO, GL_POSITION, posy=» 1\\4,‘1)551 7 /
olLightfv(GL,_LIGHTT1,.... el
\\
|IEnable(GL_LIGHTO); // bekapcs L
glEnable(GL_ ) i Kamera K:

* Kiilon fényintenzitas az ambiens, diffuz, spekularis visszaverodéshez
* Direkcionalis, Pozicionalis (izotrop ill. spot)
* Attenuation: 1/(k0+ k1-d + k2-d?)

. %

direkcionalis Izotrop pozicionalis Spot: cos" A




PROJECTION transzformacio

(1,01, 1, 1)
bp i
r\ Vagas

/; h<X, <h

b -h <Y, <h
-h<Z,<h

(-1,-1,-1, 1)
Kamera k. Homogén, vagasi k.

glMatrixMode(GL_PROJECTION);

OO/

\o

glL.oadldentity( ); q/(tg( fovi2yasp) 0 "
0 1/tg(fov/2) 0
gluPerspective(fov, asp, fp, bp); |0 0 -(fp+bp)/(bp-fp) -
Q 0 -2fp-bp/(bp-fp)

—_




Képernyo transzformacio

(1,1, 1)

r_

/
/

(-1,-1,-1) M

Normalizalt képernyo0 k.:
Vagas es homogen osztas utan

174

Keépernyo k.

1

glViewport( left, bottom, width, height );




Z-bufferes takaras és konstans
vagy Gouraud arnyalas

Inicializalas: glShad
glutlnitDisplayMode(GLUT_RGBA |
GLUT_DEPTH);

glEnable(GL_DEPTH_TEST);
glDisable(GL_CULL_FACE);
glShadeModel(GL_SMOOTH);
glDisable(GL_TEXTURE_2D);

N
-

szin melység




Textura leképzes

Interpolacioval:

(U, v)

u2,v2) U3,v3) meméridjaban

(ul, vl
) Textura objektum
a grafikus kartya
szin

Ne az interpolalt szin legyen a pixel szin: glBegin(GL_TRIANGLES);

glEnable(GL_TEXTURE_2D); glTexCoord2d(ul, vl);
glTexEnvi(GL_TEXTURE_ENYV, glVertex3d(x1, y1, z1);
GL_TEXTURE_ENV_MODE, glTexCoord2d(u2, v2);

GL_REPI.ACE); //GL_MODULATE glVertex3d(x2, y2, z2);
Textara kivalasztasa:

glBindTexture(GL_TEXTURE_2D, id);



Textura leképzes

Interpolacioval:

(U, v)

u2,v2) U3,v3) meméridjaban

(ul, vl
) Textura objektum
a grafikus kartya
szin

Ne az interpolalt szin legyen a pixel szin: glBegin(GL_TRIANGLES);

glEnable(GL_TEXTURE_2D); glTexCoord2d(ul, vl);
glTexEnvi(GL_TEXTURE_ENYV, glVertex3d(x1, y1, z1);
GL_TEXTURE_ENV_MODE, glTexCoord2d(u2, v2);

GL_REPI.ACE); //GL_MODULATE glVertex3d(x2, y2, z2);
Textara kivalasztasa:

glBindTexture(GL_TEXTURE_2D, id);



Allasing




Textdra szures

Textira tér Kepter



Mip-map (multum in parvo)

4 Y

\ 4




T ’ rr 7 Mip-map is van: ©
Bi-linear textura szures P e

® ———o ®
o Q—‘tg—‘(—ﬁ\*
o o o o

glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_MIN_FILTER, GL_NEAREST);

glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_MAG_FILTER, GL_LINEAR);



Textura objektum letrehozasa

unsigned int texids;
glGenTextures(1, &texids);

glBindTexture( GL_TEXTURE_2D, texids );
int level = 0, border = 0, width = 256, height = 256; // 2 hatvany !!!

unsigned char image[256*256*3]; // Feltoltes BMP, TGA, JPG faljbol.

glTexImage2D(GL_TEXTURE_2D,
level, GL_RGB, width, height, border,
GL_RGB, GL_UNSIGNED_BYTE, &image|[0]);
glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_2D,
GL_TEXTURE_MAG_FILTER, GL_LINEAR);
glTexEnvi(GL_TEXTURE_ENYV,
GL_TEXTURE_ENV_MODE, GL_REPLACE);




Atlatsz6sag:
Sorrend szamit!

I elso I elso

Interpolalt vagy
glEnable(GL_BLEND), textirabol olvasott szin

glBlendFunc( (R,,G,,B,A)) (R GyBrA,)
GL_SRC_ALPHA, ok
GL_ONE_MINUS_SCR_ALPHA g

*

),

glBegin( .. ); \ ALU /

Geometria ..
glEnd(); (R,G,B,A)l
glDisable(GL_BLEND); Rasztertar
(R,G,B,A) =

(RAFR(1-A), GA+G,(1-A), BA+B,(1-A), AA+A,(1-A)))




Dupla buffer animaciohoz

Inicializalas:
glutInitDisplayMode(GLUT_RGBA | GLUT_DOUBLE);

Rasztertar
1.

glClear(GL_COLOR_BUFFER_BIT);
rajzol...
glutSwapBuffers( );

~

Rasztertar
2.

monitor




Példa: Zaszlo

Geometria Textira

x(u,v) = u-W Paraméterezés

y(u,v) = v-H trivialis mivel

z(u,v) = sin(K-u-PI + phase(t))- D paraméteres feliilet.
Y1 W

v (1,1)

Textura kép




maln
int main(_int argc, char * argv| ] ) {
glutlnit(&argc, argv);
glutInitWindowSize(600, 600); // app window creation
glutlnitDisplayMode(GLUT_RGB |
GLUT_DOUBLE |
GLUT_DEPTH);
glutCreateWindow("Waving flag...");

onInit( ); // Initialization

glutDisplayFunc( DrawFlag ); // Display callback registration
glutldleFunc( AnimateFlag );  // Idle callback registration
glutReshapeFunc( onReshape ); // Reshape callback registration

glutMainLoop();



onReshape

void onReshape(int winWidth, int winHeight) {
glViewport(0, 0, winWidth, winHeight);
glMatrixMode(GL_PROJECTION);
glLoadldentity( );
gluPerspective(54, (float)winWidth/(float)winHeight, 1, 100);

. |:fp/bp nem lehet kicsi!
Zy

. LS ~ Meredekség:
k= _( - : '
z Bz - -2fp/bp/(bp-fp)

}

a= -(fp+bp)/(bp-fp) ; |
B = -2fp-bp/(bp-fp) |




void onInit () {

glFnable(GI, DEPTH_TEST); onlinit
alDisable(GL,_CULL_FACE):;
glShadeModel(GL_SMOOTH);

| ModelView
glMatrixMode(GL_MODELVIEW); P
oIl oadldentity(); transzformacio
gluL.ookAt(0, 0,0, 0,0,-1, 0,1, 0);
glTranslatef(-15, -10, -50);

}

glEnable(GL_TEXTURE_2D); // texturing is on
unsigned int texture, width, height;

glGenTextures(1, &texture); // id generation
glBindTexture(GL_TEXTURE_2D, texture); // binding

static unsigned char bitmap[3*maxwidth*maxheight]; // texture on CPU

LoadBmp(“flag.bmp”, &bitmap[0], &width, &height);  // your job! Power of 27
glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, width, height, 0,

GL_RGB, GL_UNSIGNED_BYTE, bitmap); //Texture->OpenGL
glTexParameteri(GL_TEXTURE_2D,GL_TEXTURE_MIN_FILTER,GL_NEAREST);
glTexParameteri(GL_TEXTURE_2D,GL_TEXTURE_MAG_FILTER,GL_LINEAR);

Y Texture




DrawFlag = tessellation+passing to OpenGL

void FlagPoint(float u, float v) {
glTexCoord2f(u, v);

glVertex3f( u*W, v*H, sin(u*K*M_PI + phase)*D );
) x(wv) y(u,v)  z(u,v)

void DrawFlag( ) {
glClearColor(0, 0, 0, 0);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glTexEnvi(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_REPLACE)
glBegin(GL_QUADS);
for (float u = 0; u < 1; u+=1.0/N) for (float v =0; v < 1; v+=1.0/M) {
FlagPoint(u, v);
FlagPoint(u+1.0/N, v);
FlagPoint(u+1.0/N, v+1.0/M);

FlagPoint(u, v+1.0/M); (U,V) N 2;:;
}

glEnd();
glutSwapBuffers( );

}




AnimateFlag

Egy rossz megoldas ...

float phase = 0;

void AnimateFlag( ) {
phase += 0.3;
DrawFlag(); // vagy glutPostRedisplay();

}

A jo megoldas ...

float phase = 0;

void AnimateFlag( ) {
long ctime = glutGet(GLUT_ELAPSED_TIME);

phase = 0.2 * ctime;
DrawFlag(); // vagy glutPostRedisplay();
}




Zasz|o textura és
Hluminacio ‘ '

/ n

X

r(uyv) =[uW, v-H, sin(K-u-PI+phase)-D ]

L j k ]
or/du H [W, 0, K-Pl-cos(K-u-PI+phase)-D
or/dv { [0, H, 0 |l

n(u,v)= 0r/du X dr/0v =[—K-PIX{-COS(K-u-Pthase)-D, 0, W&q



Fényforras es
anyagtulajdonsagok

float pos[4] = {0, 0, 1, 0}; // iranyfényforras

| wervingifiag B [0l

float Ia[4] = {0, 0, 0, 1}, Id[4] = {0.5, 0.5, 0.5, 1}, Is[4] = {2, 2, 2, 1};

glLighttv(GL_LIGHTO, GL._AMBIENT, Ia);
glLightfv(GL_LIGHTO, GL_DIFFUSE, Id);
glLightfv(GL_LIGHTO, GL_SPECULAR, Is);
glLightfv(GL_LIGHTO, GL._POSITION, pos);
glEnable(GL_LIGHTO);

| After gluLookAt

float col[4] = {1, 1, 1, 1};

glMaterialfv( GL_FRONT, GL_DIFFUSE, col);
glMaterialfv( GL_FRONT, GL._SPECULAR, col);
glMateriali( GL_FRONT, GL_SHININESS, 20);

Color =
ka * Ia +
kd*Id- (N L)" +
kS %k IS . ((N ° H)+ )shininess

ColorVertex =
Ia +
Id-(Ne L)'+
IS c ((N ° H)+ )shininess

ColorPixel =
k * InterpolColorVertex




void DrawFlag() {

glClearColor(0, 0, 0, 0);
glClear(GL_COLOR_BUFFER_BIT |

GL_DEPTH_BUFFER_BIT);
glTexEnvi(GL_TEXTURE_ENYV,

GL_TEXTURE_ENV_MODE, GL_MODULATE);

glEnable( GL_LIGHTING ); //illumination computation is on
glEnable( GL_NORMALIZE ); // make the normal unit vector

g1Begin(GL_QUADS);
for (float u = 0; u < 1; u+=1.0/N) for (float v=0; v < 1; v+=1.0/M) {
glTexCoord2f(u, v); n(u,v)
glNormal3f(-K*M_PI*cos(u*K*M_PI+phase)*D, 0, W); //H ignorec
glVertex3f(u*W, v*H, sin(u*K*M PI + phase)*D);
r(u,v)

}
glEnd();

glutSwapBuffers( );



Osztalydiagram

Object Ol Scene
braw() Build()
Material Render()
kd, ks, ka,
shininess
SetOGL() e
ParamSurface -
Texture Set() (OF:111 (3 ¢ | Light
text id Draw() eye, lookat, vup, id, pos,
SetOGL() VertexOGL() fov, asp, fp, bp Id, Ta, Is
viewport SetOGL()
‘ SetOGL()
Quad Ellipsoid
VertexOGL() VertexOGL()




camera -> SetOGL( );

| for each light: SetOGL( );
OS‘ for each object: Draw( ); al I l

glutSwapBuffers( );
Object Scene
: : Draw() Build()
glViewport(viewport.left, viewport.bottom, viewport.width, viewport.height); Render()
glMatrixMode(GL_PROJECTION);
glLoadldentity( );
gluPerspective(fov, asp, fp, bp);
glMatrixMode(GL_MODELVIEW); 0..8
glLoadldentity( ); vl
gluLookAt(eye.x, eye.y, eye.z, lookat.x, lookat.y, lookat.z, vup.x, vup.y, vup.z); Light
: DITdw > s—, id, POS,
text_id o b
SetOGL() VertexOGL() , asp, tp, bp Id, Ia, Is
viewport SetOGL()
SetOGL()

Quad Ellipsoid
VertexOGL() VertexOGL()




OLYA!

if (mat) mat -> SetOGL( ); else glDisable(GL_LIGHTING);
if (tex) tex -> SetOGL( );else glDisable(GL_TEXTURE_2D);
glBegin(GL_QUADS);

for(inti = 0; i < NTESS; i++)

. for(int j = 0; j < NTESS; j++) {
Obje VertexOGL( (float)i/NTESS, (float)j/NTESS );
Draw  VertexOGL( (float)(i+1)/NTESS, (float)j/NTESS );
Material VertexOGL( (float)(i+1)/NTESS, (float)(j+1)/NTESS );
Malerial VertexOGL( (float)i/NTESS, (float)(j+1)/NTESS );
kd, ks, ka, }
shininess glEnd();
SetOGL() ’ ‘ _l
ParamSurfac/ 0-8
Texture Set() % Camera Light
. Draw() eye, lookat, vup, id, pos,
text_id
SetOGL() VertexOGL() fov, asp, fp, bp Id, Ia, Is
viewport SetOGL()
‘ SetOGL()
glTexCoord2f(u,v);
Quad Ellipsoid Vector N = ...
VertexOGL() VertexOGL() gINormal3f(N.x, N.y, N.z);
Vectorr = ...
glVertex3f(r.x, r.y, 1.2);




T :<
s’ (u)/|s’(w)| Bk

s(u)

r(u,v) =s(u) +
B(u)R(u)cos(v) +
N(u)R(u)sin(v)
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Vilelrlitllel X sl hilalldlle

giBegin(GL_TRIANGLEYS)
glVertex  glNormal

glColor glTextCoord

glEnd() CPU
y | GPU
| wCOIOOLI
b —— Y A :
DAOIOI0a0pe
OTOrOa0nUOsOz {0
— (FénUylf ol
*MVP i Jal]
MVP AnyagoK
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asdar0dO"0 OvOeOrOtOel
(Cg, Shader Model 3.0)

void main (

in float4 position : POSITION,
Vialll tnlof1aé3 normal : NORMAL,
bemenet | in float4 color : COLORO,

in float2 texcoord : TEXCOORDO,
Uniform | uniform float4x4 modelviewproj : state.matrix.mvp,

- out float4d hposition : POSITION,

Q\“3351383€E¥i3%t4 ocolor : COLORO,
Kimenet | out float2 otexcoord : TEXCOORDO )

{
hposition = mul (modelviewproj, position);
otexcoord = texcoord;
ocolor = color;

} giDisable(GL_LIGHTING ),
OMUOelz Ok Ded10e0r0eldsHel:

V.X, V.Y, V.Z, V.W, V.XyY, V.WXX
Hell. Ueld, U Oell. Uelglibl], [ Uell.Oalleld, 0 L.




main (

glEnable(GL_LIGHTING );

in float4 position : POSITION,
in float4d normal : NORMAL,

uniform float4x4 modelview, modelviewIT, modelviewproj,l®
uniform float4 lightpos, Idiff, Iamb, Ispec, 0®

uniform float4 em, ka, kd, ks, 0®
uniform float shininess,

out float4 hposition: POSITION,
out float4 ocolor : COLORO

{

hposition = mul (modelviewproj, position) ;

float3 N = mul (modelviewIT, normal) .xyz; 3
N = normalize (N); // glEnable (GL NORMALIZE)
float4 p = mul (modelview, position);
float3 L = normalize( lightpos.xyz/lightpos.w - p.xyz/p.w);
float costheta = dot(N, L); if (costheta < 0) costheta = 0;
float3 V = normalize(-p.xyz) ;
float3 H = normalize(L + V) ;
float cosdelta = dot(N, H); if (cosdelta < 0) cosdelta = 0;
ocolor = em + Iamb * ka + Idiff * kd * costheta +

Ispec * ks * pow(cosdelta, shininess);
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“apdalirtd” pOiOx0Oel

void main( in floatd4 color : COLORO,
out float4 ocolor : COLOR )

{

ocolor = color;

} giDisable(GL_TEXTURE 2D);
void main( in float2 texcoord : TEXCOORDO,

in float3 color : COLORO,

uniform sampler2D texture map,

out float4d ocolor : COLOR )

ocolor = tex2D (texture map, texcoord) *color;

glEnable(GL_TEXTURE_2D);

glTexEnvi(GL_TEXTURE_ENYV,
GL_TEXTURE_ENV_MODE, GL _MODULATE);
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Programok ri(0i0atbiblaclt Dhial

e .cpp CPU program:
J+H1SOhOalddeUrd DeOnOdvOiOdrDoOnOmUeOnOdtO O10EU
JH1GOPOULD UkOeOpUeUdsOsHelgl ObOedalllUlOibtOals
[1Vertex/fragment program CbCetI6L1tHé s [1éls] [Iflc
-EVOeOrOtHeOxO/0f0rHallglm Cetnaki tLOAR Ir[oglir[ e
O+H1VOeOrOtOeOxO/Of0r0a0glmOeOnOdt0 OpOrHodglrg
O+ UOni10f0o0rOmO OvOeOrOtOeOxO/Of0r0algOmOel]
O+ UOni0f0o0rOmO OvOedrOtdeOxO/Of0rOaldg0mOel]
JH1VOaOlOtDoOzOoO DidnOpUudtd OvOdaOlOtdoOzOoO I

Inicializllal 1

[—"

J——

Display

le .Cq vertex program
J+FOr0a0g0mOeOnUt0 OpOrDJodgOrOalmO OvOJalldtO

ne .cg fragment program
O-E1S0z0i0n0 OkOiOmOe0OnOet




Ii| bOe It

CPU program - Cl0nOiCciCal

ﬁmclude <Cg/cgGL.h> I 1Cg Cf il Iglglvi1élInl)

[ﬁGparameter LightPos, LightInt, Shine, Ks, Kd; //uniformpara CPU-n

[gnt main( ) {

CGcontext shaderContext = cgCreateContext(); // Uallrlnylalllllo

VU elrtllel x[] s h[]

CGprofile vertexProf = cgGLGetLatestProfile (CG_GL VERTEX) ;
cgGLEnableProfile (vertexProf) ;

CGprogram vertexProgram = cgCreateProgramFromFile (
shaderContext,
HchicL_slOLULIRLICLEL, LI Mvllelr
vertexProf, NULL, NULL) ;

cgGLLoadProgram (vertexProgram) ; [l GPU-Urall TtDe0I0t€ls
cgGLBindProgram (vertexProgram) ; I Oelz0O OI0eOgOyOel0nO Oal

[/ vertex program uniform CpUOarCal0m O énd_ightgos] GPU-nCclghRpob/
LightPos = cgGetNamedParameter (vertexProgram, [/@lightpos") ;



FUrJallgiimUelInl]s aLlrl

CGprofile fragmentProf = cgGLGetLatestProfile (CG_GL FRAGMENT) ;
cgGLEnableProfile (fragmentProf) ;

CGprogram fragmentProgram = cgCreateProgramFromFile (
shaderContext,
CG_SOURCE, [Mfllrllallgim lelInl/tl
fragmentProf,
NULL, NULL);

cgGLLoadProgram (fragmentProgram) ; // GPU-Urlall CtoIteéls
cgGLBindProgram (fragmentProgram) ; // ez a program fusson

Il fragmens program uniform paramlél ¢ e Irllel].
Shine = cgGetNamedParameter (fragmentProgram, "shininess");
Kd = cgGetNamedParameter (fragmentProgram, "kd");
Ks = cgGetNamedParameter (fragmentProgram, "ks");
LightInt = cgGetNamedParameter (fragmentProgram, [/Yightint");

1.0penGL inilclilalldilz0a0l0a s



CPU program - OpenGL display
void Display( ) {

glLoadIdentity () ; // a1 I0al lpllellel] [I(péram i per e el il el

gluLookaAt (0, 0, -10, O, O, O, O, 1, O);

glRotatef (angle, 0, 1, 0);

/] explicit uniform paramter el 1k[] (b e lal 1l 1l

cgGLSetParameter4f (LightPos, 10,20,30,1); // clightpos
cgGLSetParameter3f (LightInt, 1, 1, 1); // lightint
cgGLSetParameterlf (Shine, 40); // shininess
cgGLSetParameter3f(Kd, 1, 0.8, 0.2); // kd
cgGLSetParameter3f (Ks, 2, 2, 2); // ks

Il Civllal 1t oltereld/a PASG( 1l lal im(1é
glBegin( GL TRIANGLES ) ;
forll (0 (.0 O)O [
glNormal3f (nx, ny, nz); // NORMAL regiszter
glVertex3f(x, y, z); [/ POSITION regiszter + trigger

}
glEnd() ;



Phong LlalirlinlClyCatllliallsll:

void main (

in float4 position : POSITION,

in float4 normal : NORMAL,

uniform floatd4x4 MVP : state.matrix.mvp,
uniform floatdx4 MV : state.matrix.modelview,

uniform float4x4 MVIT : state.matrix.modelview.invtrans,
uniform float4 Uel10ilgthitlpllolsl], [ [I/L1/0) £ énllyl lfbenlr
out float4 hposition : POSITION,

out float3 cnormal : TEXCOORDO, L4
out float3 cview : TEXCOORD1, ,”f
out float3 clight : TEXCOORD2 e

hposition = mul (MVP, position);
float4 cp = mul (MV, position);
cnormal = mul (MVIT, normal) .xyz;
clight = clightpos.xyz * cp.w [J-cp.xyz * clightpos.w;
cview = -Cp.XYyZ;




Phong

void main (

N
\"/
L

float3

float costheta
float cosdelta

ocolor

= normalize (
normalize (
normalize (

r

alil

nt fyagméns:

in float3 N TEXCOORDO ,
in float3 V TEXCOORD1 ,
in float3 L TEXCOORD2,

uniform float3 lightint,
uniform float shininess,
uniform float3 kd,
uniform float3 ks,

Slzader

out float3 ocolor COLOR )

N );
v )
L );

14

H = normalize(V + L) ;
= max(dot(N, L), 0);
= max (dot (N, H), 0);

lightint *
(kd * costheta + ks * pow(cosdelta

, shininess)) ;




void main ( in float3 N : TEXCOORDO, N PR

in float3 Vv : TEXCOORD1,
in float3 L : TEXCOORD2,
uniform float3 kd,

out float3 ocolor : COLOR )

N = normalize( N
V = normalize( V
L = normalize( L

.
4

- N’
N

.
14

float costheta = dot(N, L) ;

float y = (costheta > 0.5) ? 1 : 0.5;

if (abs(dot(N, V)) < 0.2) ocolor = float3(0, 0, 0);
else ocolor = y * kd;
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C:/cikk/npr/trollanim_moria.avi

1. pass:

glMatrixMode(GL_MODELVIEW);

] lg:Loadldentity();

uLookAt(lightx, lighty, lightz,
lookatx, lookaty, lookatz,

X lupx, lupy, lupz);
» Modellel Iz &l sil] DthralinlIsl]

q OKOeOpUOsOziOnOtdéMzO10s

Y“ T| ' Z-buffer -> textlJulr[Jall OmJallsl]
2. pass:
glMatrixMode(GL_MODELVIEW);
glLoadldentity();
gluLookAt(eyex, eyey, eyez,

lookatx, lookaty, lookatz,

upx, upy, upz);

Modellellz[0ésil] CtrJalinsl]
DKDéDpDSMWE@@M@]{[
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Pixel
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Norm[la Transzf. Poz.

F1é0n[ ]yl [InKloérpme abliyz |
MVP, LMVP JKDalmDelrDall [t 1

VNV VT DepthMa
Ot0OrOal0nUsOz0f0o0rUmdallcUilolk P P
texelek




Vertex shader

void main ( in float4 position : POSITION,
in float4d normal : NORMAL,
uniform float4x4 MVP, LMVP, MV, MVIT, [0®
uniform float4 clightpos,

out float4d hPosition : POSITION,
out floatd4d lPosition : TEXCOORDO,
out float3 cnormal : TEXCOORD1,
out float3 clight : TEXCOORD2

) |
hPosition = mul (MVP, position); // to eye's clip space
lPosition mul (LMVP, position);// to light's clip space
floatd4 cp = mul (MV, position); // camera space (Phong shade)
cnormal = mul (MVIT, normal) .xyz;
clight = clightpos.xyz * cp.w [l-cp.xyz * clightpos.w;

?
. '

position

hppsitipn




1,1
Fragment shader

void main ( X
in floatd4 1lPosition : TEXCOORDO,
in float3 N : TEXCOORD1,
in float3 L : TEXCOORDZ2,
uniform float4 lightint, kd, 0® X
uniform sampler2D depthMap, 00 >
uniform float bias, !
out float4 ocolor : COLOR )

{
float3 lPosCartesian = lPosition.xyz/lPosition.w; ) Clipping
float2 texcoord;
texcoord.x = (lPosCartesian.x + 1)/2; >spamau)
texcoord.y = (lPosCartesian.y + 1)/2; Texture
float this depth = (lPosCartesian.z + 1)/2 - bias; | Space

float stored depth = tex2D (depthMap, texcoord)
if (this depth <= stored depth) { // == kllélnlle
N = normalize(N); L = normalize(L);
ocolor = lightint * kd * max(dot(N,L), O0);
} else
ocolor

float3(0, O, 0);



F)

float3 lPosCartesian

O

e

K

V t

texcoord.x = (lPosCartesian.x + 1)/2;
texcoord.y = (lPosCartesian.y + 1)/2;
float this depth = (lPosCartesian.z + 1)/2 - bias;

el

= lPosition.xyz/lPosition.w;

XY, Z 1
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ECIgllylls elim@Le

void SM VS ( in float4 position : POSITION,
in float4 normal : NORMAL,
uniform floatd4x4 MVP, LMVPT, MV, MVIT, [I®
uniform float4 clightpos,

out float4 hPosition : POSITION,
out float4 tPosition : TEXCOORDO,
out float3 cnormal, clight I®)

hPosition = mul (MVP, position); // to eye's clip space

tPosition = mul (LMVPT, position); // to depth texture space

float4 cp = mul (MV, position); // camera space

cnormal = mul (MVIT, normal) .xyz;

clight = clightpos.xyz * cp.w [|-cp.xyz * clightpos.w; ~
} Returns 0/1

_ _ . ifitisa
void SM FS ( in float4 tPosition : TEXCOORDO, depﬂHexUne

in float3 N, L O®

uniform float4 lightint, kd, [I®
uniform sampler2D depthMap,

out float4 ocolor : COLOR )

float costheta = max(dot(normalize (N), normaliz& (L)), O0);
ocolor = lightint * kd * costheta * tex2Dproj(depthMap, tPosition);






?

Allrln

shadow map

eali|

o

\

lixel




il

Ulrsikzie




Percentage Closer Filtering

' shadow map

point in filtered shadow

Shadow map: depths at discrete points
[ between: depth is a random variable Z
[ P(Z > z) = shadowing factor



(O T T

classic shadow map 2 x 2 PCF, no focusing foc-.using

Classic shadow map Variance shadow map
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Sima objektum vertex shader

void main ( in float4 position : POSITION,

in floatd4d normal : NORMAL,
uniform float4x4 MVP, // modelviewproj
uniform floatdx4 M, // model
uniform floatdx4 MIT, // IT of model
uniform float3 eye, // eye in world
out float4d hPos : POSITION,
out float3 Vv : TEXCOORDO,// view in world
out float3 N : TEXCOORD1l)// normal in world

{

hPos = mul (MVP, position);

float3 p = mul (M, position) .xyz; // transform to world sp.
V = eye - p;
N = mul (MIT, normal) .xyz;



Sima objektum
fragment shader

void main (
in float3 V : TEXCOORDO,
in float3 N : TEXCOORD1,

uniform float n, // tlélrllélls mlulltjallt 16 -
uniform float FO, // FO =[(n-1)/(n+1)]? ‘
uniform samplerCUBE envMap, e

out float3 color )

V = normalize (V) ;
N = normalize (N) ; ek
float3 T = refract(Vv, N, 1/n); g"&%
float3 R = reflect(V, N); e R

float3 refractedRad = texCUBE (envMap, T) .rgb;
float3 reflectedRad = texCUBE (envMap, R) .rgb;
float F = FO + (1-F0) * pow(l-dot(N,V), 5); -
color = F * reflectedRad + (1l F) * refractedRad; ?(tf°
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../../../aizu/SpaceStation 2007-09-04 22-07-25-29.avi
C:/ppt/ppt/grafika/SpaceStation.avi
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../../../aizu/ocean1.avi
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Bemeneti
adat

L1, 0T Jel /I Jj/ /el Is/] Dkﬂéﬂgﬂeﬂlj’jnﬂ y  LIs[J7[]:

glViewport(0, 0, HRES, VRES)
glBegin(GL_QUADS);

glTexCoord2f(1,1); glVertex4f(-1,-1, 0, 1);
glTexCoord2f(1,0); glVertex4f(-1, 1, 0, 1);
glTexCoord2f(0,0); glVertex4f( 1, 1, 0, 1);
glTexCoord2f(0,1); glVertex4f( 1,-1, 0, 1);
glEnd( );

Vertex shader (Cq):

void main ( in float4 Pos : POSITION,
in float2 Tex : TEXCOORDO,
out float4 hPos : POSITION,
out float2 oTex : TEXCOORDO ) {
hPos = Pos;
olex = Tex;

b
Fragment shader (Cq):

void main ( in float2 Tex **TEXCOORDO ,

— uniform samplerZD bemAdat,

out float4 result : COLOR )
result = [TBJelIm[JeldnJelTt[Ti[J7 [&[TJé,
tex2D(bemAdat, f(Tex)) [JalJl[;Jalp

Melyik

kimeneti
Jtoomibllel
OdsOzO0aOmOil

ELIrLlel]c

plyp 500 OG0z
B[ In




MISS NOYEMBER

Tex[dd))/2/du;
TexLdiv))/2/dv;
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http://en.wikipedia.org/wiki/File:Kette_und_Schu%C3%9F.jpg

Kllellt N e llllellm C

A GPU-n fut, de a CPU-[Ir[161[] Diﬂ]sD ChiJilvhaltllé

_gub.{_ void AddVectorGPU( float *C, float *A, float *B, int N ) {
int i = blockIdx.x * blockDim.x + threadIdx.x[1;0 OO0/00/0 OsOz[d3
if (i < N)

\ Clil = Alil + B[il; | ror D,D...D,B]Dém[rmmmmﬂimmm%jlz
float C[100000], A[100000], B[100000];
int main () {

O...

int N = 100000;

O

int blockDim = 256; // #threads in a block: 128, 256, 512
int gridDim = (N + blockDim [1+) / blockDim; // #blocks
AddVectorGPU<<<gridDim, blockDim>>>(C, A, B, N);
...
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../../../HPVis/avis/fluid-grid.avi
../../../HPVis/avis/fluid-grid3.avi
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../../../HPVis/avis/fluidbox_render.avi
../../../HPVis/avis/fluid-sph2.avi
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C:/HPVis/avis/clip0006_3_2.avi
C:/aizu/pathmap3.avi
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j sl lel]
S ®
L(s+ds) &' @ U L(s)

L(s+ds)= L(s) Ok(ss)s + 0d 0/0/0 DKOi0sOz060r
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Back-to-front ray marching
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N\

L(s+.8) = (1 Li=gsL))[LYs) + C(s)

5), ¢))

=0

<

N

L=L,;
for(s=0;s<T,s+=/8){

}

L = (1 0=¢s)L)# C(s); [




Front-to-back ray marching

L* D=lal 0] L=
for(sd;s>0;s=<4) {
L* +€1 Flal3C(s); [

Clou ] (BB 1 CS)) [
if (o %) [>break:— e )]

L*(sCIEg)=L*(s)+(1Elos#]) [O(S)
1 0—(Soi=)=(11 —(Sa )y =N IS
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HolpalwX|y,ztll)&tis[] [1=[]
(1E(0) = 100,00 DellglQgs)e0blIk1én

pe IK1HalsHsOzO10kHuOs Halr:s
EloUpavicloillstAltsTalll[y[lolz g sl 1a
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ne HolpHallcitMads ] D* .
neMagasabb rend CU UdUelrHilvIalINg T LIgllc
ne Transzlucens anyagok (subsurface scattering)



CHy=Tv) = [

SebEl Lt 402 FPS
Color rofation i ——— | 0.50

Alpha exponent [ | 1.7)
Level of Detail O — | 0.50

Cloipow(vivmax, aexp) /&t
C = HLS((v/vmax+rot)(360, 0.5, 1) /&
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Klasszikus BRDF modellek

First hit ray casting:
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Marching cubes
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First hit (Isosurface) ray casting

normal = grad v

V(X,y,z) < szint




GPU first hit ray-casting

eye
a p = lookat + X right + Y up

Y ONE X, Y in [-1,1]

JEDgDyDsOé0g0 OkOoDeOkDal 030D0 Dtelx [



CPU first hit ray-casting

For each pixel — q———— Full screen quad
Find pixel center p <¢=—————— |nterpolation
raydir = normalize(p [leye); from the corners
Find exit and entry <=—————————— Clipping
for(t = entry; t < exit; t+=dt) {

g = eye + raydir * t;
If (volume[q] > i1sovalue) break;

}

normal vector estimation; == central differences
IHlumination



GPU Isosurface ray-casting

V°'“T“e N : Ray casting
eye, isolevel, material/light properties

Pixel
CPU Vertex = Rasterization shader
program shader Interpolation

\ertices

of the hpos=fullscreen  ray/window
window textcoords

quad

Volume




CPU program - OpenGL display

void Display( ) {
// PASS: non uniform parameters
glBegin( GL QUADS ) ;
Vector p = lookat - Right + Up;
glTexCoord3f(p.x, p.Y- P-2); glVertex3f(-1, 1, 0);

p = lookat - Right - Up;
glTexCoord3f(p.x, p.Y- P-2); glVertex3f (-1, -1, 0);

p = lookat + Right - Up;
glTexCoord3f (p.x, p.yY. pP.2);, glVertex3f(1, -1, 0);

p = lookat + Right + Up;
glTexCoord3f(p.x, p.yY. pP.2); glVertex3f(1, 1, 0);

1

glEnd() ;

L)

Camera window as texture coordinates Full screen quad



Ray casting: vertex shader

void VertexShader (

in floatd4d hPosln : POSITION,
in float3 wPosIn : TEXCOORDO,
out float4 hPosOut : POSITION,
out float3 wPosOut : TEXCOORDO )

hPosOut = hPosIn;
wPosOut = wPosIn;



Ray casting: fragment shader

void FragmentShader( in float3 p : TEXCOORDO, // point on window
uniform float3 eye,
uniform sampler3D volume, // voxels
uniform float isolevel,
uniform float3 lightdir, lightint, kd O0®
out float3 color : COLOR )

float3 raydir = normalize (p [|—eye) ;
float3 t0 = (float3(0,0,0)-eye)/raydir;
float3 tl = (float3(1l,1,1)-eye)/raydir; _
float3 ti = min(t0, t1); tL.yl-g.y,/** > 1
float3 to = max(t0, tl);

float entry = max(max(ti.x, ti.y), ti.z); \J//<tLXD431X
float exit = min(min(to.x, to.y), to.z); k?if; 0
color = float(0, 0, O0);
bool found = (exit <= entry); 0 1

el lolinl 1€l ] 7LId |...



Ray casting fragment shader [cliol

if ( '"found ) {
float3 g, normal;
float dt = (exit [l-entry) / STEPS;
for(t = entry; t < exit; t += dt) ({
if ( 'found ) {
q = eye + raydir * t;
if (tex3D(volume, q).r > isolevel) found = true;
}

}
if ( found ) {

normal .x = tex3d (volume,
tex3d (volume,
normal.y = tex3d(volume,
tex3d (volume,

+ float3(1/RES,0,0)) [I-

- float3(1/RES,0,0));

float3(0,1/RES,0)) [-

- float3(0,1/RES,0)) ;

normal .z = tex3d (volume, + float3(0,0,1/RES)) [I-
tex3d (volume, - float3(0,0,1/RES)) ;

normal = normalize( normal );

color = lightint * kd * max(dot(lightdir, normal), O0);

Q QQ Q9 QQ
<+
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L(s)= L(O@xp([1H¢s)ds)]

L(s)= [L/e(s)ds

Tis)ds = [Clag(L(s)/L(0))
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Sliz CUrth Dvlilsls
(FBP=Filtered backprojection)
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Algebrai visszavetl il ]t[]el]s

Lin egyenlet (V<D):
d = A L, d=[d,,..., dg]
(©) @) (V) V= [Viyees W]

" Moore fl1é1 e[ -inpergtle Tullc
AT [d =|ATIA| v

(V(DB) (D)

(VIM)

dl = Allvl +A13V3 V= (ATM\)'WXT[EI = At d
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N =2 N=4 N =38
1 1 1

r=— r=— r=—
2 2 2

N= 1/rP D= (logN) / (log 1/r)
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_Kaotikus dinamikus rendszerek
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Kaotikus dinamikus rendszer:

nyulak kis C [elIrl it el K[
Sn+1: C Sn (1'Sn)




Kaotikus dinamikus rendszer:
nClyDutlDallkC Mo lizieell




Kaotikus dinamikus rendszer:
nyulak nagy C [ellrlitl el kT
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Rossz: I',,.,= F(r,)

(rn’ rn+1) pairs
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Attraktor: H = F(H)
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divergens

[1z.,, = 2,%: ha z_< [oakkor fekete
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1z ,, = 2,2 attraktora labilis



H = F(H)

Zn+1 - Zn2

e

ellrl]z 101

- H=F1(H)
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Julia halmaz: z[—¥4+ C




KOiotOooto ottt OJOudI

Im z ¢ H(X,Y)
FilledJuliaDraw ()
FORY =0TO Ymax DO ”
FOR X = 0 TO Xmax DO e
ViewportWindow(X,Y [—X, Y)
Z=X+]Yy

FORi=0TOnDOz=272+c¢
JIOFO 0|0zO|0 O>0 O“0i0n0f0i0On0i0t0y0”0 L

A= WRITE(X,Y, black)
ENDFOR

ENDFOR
END







JuliaDrawlnverselterate ()

JOudlDida hODaOlOmOaDzl

Im z¢ 3 (X,Y)

END

[ KOeOzOdOeJtOi Oz Délrtlé[] a1 ]allsl
FORi=0TOn DO Re z
X=Rez, y=Imz
IF ClipWindow(X, y)
WindowViewport(x, y 0=X, Y)
Pixel(X, Y) = fekete
ENDIF
7=[1¥-¢
If (rand()>0.5)z=-z
ENDFOR Kezdeti z [1é[r[Jt[]é
z2=7-cOglyllo]]




Julia halmaz
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Mandelbrot halmaz

Azon ¢ UkDoOmOpUldedx D OsHzOal0OmCo
Z[1—%+ ¢ JJOuD1010ald DhOadlOmOdadzO:




Mandelbrot halmaz, algoritmus

MandelbrotDraw ()
FORY=0TO Ymax DO
FOR X=0TO Xmax DO

ViewportWindow(X,Y [—X, V)
C=X+]y
z=0
FORiIi=0TONnDOz=2z°+c
JI0FO U|0zO|0 O0>0 D*“0i0n0f0i0nUidt0y 0>

ELSE WRITE(X,Y, black)
ENDFOR

ENDFOR
END
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Mandelbrot halmazok




H 0=F

U Attraktor:

H = F(H)
FO:O OsOzOaObOaldDoOn0 OvOeOzOeOrDedI0OhOedt 50,LC




FO:00 CtElolibllb

F =W, [N, VLW,

W(x,y) = [ax + by + c, dx + ey + f]

H=W,(H) W, (H) L. LW, (H)

H = F(H)

riltlellk
DSDtDanﬂi[
kolntlr k
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IFSDraw ()

yAle]

la )

Legyen [X,y] = [X,y]A; + g, [Im[lelJgllol 1 ]dJalIs[lall [le

FORI1=0TO nDO
IF ClipWindow(X, V)
WindowViewport(x, y 0=X, Y)
Write(X, Y, color);
ENDIF y
VEallll-tap sl s Jal 111K sz il In

[X,y] = [X,y] A + Qi

ENDFOR
END
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Kohanek-Bartels (Catmull-Rom)
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Explicit up vektor Frenet keretek:
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Egy kis mechanika
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Ha t* < dt Collision

for(t=0;t<T;t+=dt) { . ) ] ]
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n, = CollisionNormal
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TOrOalOnOdsOzOf0oOr

glTranslatef(l, 0, 0);
gl\Vertex3f(x, y, 2);

glTranslatef(l, O, 0);
glRotatef(theta2, 0, 0, 1)
gl\Vertex3f(x, vy, 2);

glRotatef(thetal, 0, 0, 1)
glTranslatef(l, 0, 0);
gl\Vertex3f(x, v, 2);




zfOolOr

glRotatef(thetal, 0, O, 1)
glTranslatef(l, 0, 0);
glRotatef(theta2, 0, 0, 1)
gl\Vertex3f(x, y, z);

glRotatef(thetal, 0, O, 1)
glTranslatef(l, 0, 0);
glRotatef(theta2, 0, 0, 1)
gl\Vertex3f(x, vy, z);

m




P Man Pman

T1, T2

Head || Torso || Legl ||Leg2 || Arm

Armz2

TO=Pman [Jelll SCrlJellm[JollzlJol]g
glTranslatef(xpm, ypm, zpm);

2 (L
0TO10=0 OvO401010 OpOo0zDire™NI6

glTranslatef(xsh, ysh, zsh);

OTO20=0 OvOadlolo Of0oOr
glRotatef(angle, xshax, yshax, zshax);




Pman LIr

void DrawPman (float dt)

xpm += vx*dt; ypm += vy*dt;

glPushMatrix() ;

glTranslatef (xpm, ypm,

angle += av * dt;

d

{

if (angle>30 || angle<-30) av*=-1;

glPushMatrix() ;

glTranslatef (xsh, ysh,

glRotatef (angle, xshax, yshax,

DrawArm( ) ;
glPopMatrix() ;

zLloUJlOalds el
zpm += vz*dt;
zpm) ; // %ﬂi\
Arml || Arm2 || Head || Torso
zsh); // T1
zshax); // T2

1.0ther arm, legs, torso, head

glPopMatrix () ;



Inverz kinematika

OTOO0O O=0 Qe

v

forward

SOrUeUmUolzgldal

OTO20 O=0 0l0a0b0d OgdodrOglaldta

JTUaUmUOaOsOzOkOoOddod Un

forward += leg * fabs (sin (angNew)
up = leg * cos(angNew) ;

- sin(ang0Old)) ;




Inverz kinematika

up(CIp09 = 1, sinp+ 1, sin(C1p+ 19

forward(C99 = I, cos P+ |, cos(Cp+ [
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[13: jobbra ford (0.5sec)
1B:balra ford (0.5sec)
1SP: lecsap (0.5sec)
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JEludgUri 0Ok, 0 Oml

pelISHilkOrall Ovle
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pe IMUoUzOgHaOsOsHalld OmOedgl Hald U40.0 OhOa
010 Ol0eOpUedsd/OsOelced OsUedbOedsOsHel g
(inverz kinematika). A [Jt1°[] by ICHL lelnelltn[Jy[ o[ In
HJalUl0Oab0t0t0 01000 Of0o0OkOoOtH yHoObObOrOa
(kOB rCIa10, CTBTH? Ta I et [ RCTI T i Ttml 1y 1a6] ' m[ 4
OSOPUOAOCOED OhOaOtHalsOalrOal] Dald Onlyle
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HalUmOht0 Dald OnOalpd OvOeOtd O(OsOi0kOrDa
J10e0hOedt SOsOelgl,d DhOoUgHyd Hald OtHeld







SlzOteOrJelJo |

P = vrp + (2X/XMAX-1)U + (2Y/YMAX-1)v
. ¢l + (P1-c1)tL = (X, ¥, 2)
ﬂ 62 + (P2-C201)2 = (X, Y 2)

NS

6 egyenlet, 5 ismeretlen (x, vy, z, t1, t2)

OHO1ObOal:0 OkO10tde0r 50 O

P

c,u,Vv,vrp Om[Jellgllhalltlal0roz0al0sHall: [0 DkJalmel]:




M

O

t

\Y Vi

M3

O

M hi0n0dHelOnl] OmDallr[k el s

n c.d

tengely:

d=(M3-M2) x (M2-M1)

tL

Pl Yoz 10O c1L

cos m(M3-M2)° (M2-M1)°
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Ismeretlenek: vrp, f, u, v
3+ 1+2+2 =18
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Ne[JA[lz[]

Do JA[]z[]

JalUvUOaUtOaOr
(keyboard(1,[] [Im[lo[Julls

1,,0i0n0t0e 010
OvOeDzOé0r010é0s0el O(DADID)

Ned,0 OWDOiDi0,!
Di0gDeOnOs0”

peJAL UflhOzhUkOalhd OviOIOalgO s



Controllt(dt)

Animatelt(dt), Drawlt()

JUaltle

OkDéOpst

Lvl]ellz

Processinput()
SetCameraTransform()



JUlalitl el kI &amgObjekt 1t U
leControlIt():

_1Fiszteletben tartja a virtulJalJ100i0s) CvEi104al gl
1,,0g000n0d00o010k0o0d0i0k0”0 Dé0sO Da
HallOkODaOlOmOalOzOzOal O(DpUl0.0 OrOal

leInteractIt():

JEITOaOyjdeOkDoOzOoOd 10k OmOJaldsHokE
leAnimateIt ():

1Mozog
leDrawIt ():

CEILeIfO1é My IRATStm Tl 17 al ][ TdnHagkg (14!




ALl DvUiOrOti(beemelgna@) Cv

ne JOLIbjlellktHuldmUollk) dHibnHaldm1 Lk D
teIHOeOtHeUOrOoUOgeOnD OkOoUlU10eUOkHcidoL
e JLallnUcUo 10t Oli0sOtOal) O(Of0albk)

world

= shipl|| |ship2 spacer sun rbulletr
avatar explosion

Joinl[]:[J Jullj0 DeOl0ettmt—th
KillTItll:[] Dellgllyll ellll0elImL

Control ()
Animate () o |ter[lallcl]1[100] [Jall koI el0k[Iell1l

Draw ()



SlizUiLimUulllJaGame loop) | [h
%/ tstart tend

ywae —fg——m—r—r—r—
i float tend = 0;

void IdleFunc( ) { // 1dle call back
float tstart = tend;

/-. tend = glutGet (GLUT ELAPSED TIME) ;

<4 avatar -> ProcessInput( );
for(float t = tstart; t < tend; t += dt) {
float Dt = min(dt, tend [I-t);
for each obj of world: obj->ControlIt(Dt)
for each obj of world: obj->AnimateIt(Dt)

}
glClear (GL_COLOR BUFFER BIT |

GL DEPTH BUFFER BIT) ;
avatar->SetCameraTransform() ;
for each obj of world: obj->DrawIt() ;
glutSwapBuffers( ) ;
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GllolIm[ btlfelesllisuzlle=t

O

0.0 OPHallralim]etUelrUels] Delglly[lel]
X =Xx0 + r cos 200ut sin [t L P ¢

y =y0 + rsin 20 sSin [ e o o

2 =20 +r cos [t u,v 40,1] .\. . 4

OPOalrOalmOetedr0t0elr] OhOallrJoln

2. GLU kvadratikus felCli 10 eJt[:

// Udlellfllillni)clilJo

GLUquadricObj * quadric = gluNewQuadric( );
gluQuadricTexture (quadric, GL TRUE) ;

L...

// URUalljlizUoelllldalls

gluSphere (quadric, R, 16, 10);




Planet: Animate, Draw

class Planet : public GameObject ({
float rot angle, rot speed, radius;
unsigned int texture id;
GLUquadricObj * quadric; ra——
public:
OPL1MallnUelI€ (0 .. L) O O{0 0.0 U}
void ControlIt( float dt ) { }
void InteractIt( GameObject * o ) { }

void AnimateIt( float dt ) { rot angle += rot speed * dt; }

void DrawIt( ) {
glEnable (GL_TEXTURE 2D) ;
glBindTexture (GL _TEXTURE 2D, texture id);
glPushMatrix( ) ;
glRotatef( rot angle, 0, O, 1 );
gluSphere ( quadric, radius, 16, 10 );
glPopMatrix( ) ;
glDisable (GL_TEXTURE_ZD) ;




[_[D]x]

@rot_angle

dist

rev_angle

A

Frlolltdrl [kl le

void Planet :: AnimatelIt(float dt) {

}

rot angle += rot speed * dt;
rev_angle += rev speed * dt;

void Planet :: DrawIt( ) {

glBindTexture (GL TEXTURE 2D,
texture id);
glPushMatrix( ) ;
glRotatef (rev_angle, 0, 0, 1);
glTranslatef (dist, 0, 0 );
glRotatef (rot angle, 0, 0, 1);
gluSphere (quadric, 1, 16, 10);
glPopMatrix( ) ;



SS,SS,SS

Allz Clr

void Space :: DrawIt( ) {
N glBindTexture (GL TEXTURE 2D,
space_ texture);

glBegin (GL QUADS) ;
glTexCoord2£f (0, O) ;
glVertex3i (-SS, -SS, -SS);

glTexCoord2£f (0, 1) ;
glVertex3i (-SS, SS, -SS);

glTexCoord2£ (1, 1);
glVertex3i( SS, SS, -SS);

glTexCoord2£ (1, O0);
glVertex3i( SS, -SS, -SS);

glEnd() ;
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neKomplex geometria -
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felIKHoUmUpUlDex Otextulra

felJF10Jz010kOal1d DalOnUiOmUalcO100
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JPOoUIOIOgHoOnd OmOo|
1. extruding




JPOoUIOIOgHoOnd OmOo|
2. extruding
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Spaceship OBJ formLialit[]u

< < <

vn
vn
vn
L]

o O O

.708698 -0.679666 2.277417
.708698 -0.679666 2.277417
.735419 0.754681 2.256846

o

.510655 0.078673
0.509594 0.070000
0.496429 0.079059

-0.843091 0.000000 0.537771

-0.670151 -0.543088 0.505918
-0.000000 -0.783747 0.621081

fm65/1/1 37/2/2 62/3/3 61/4/4
£ 70/8/5 45/217/6 67/218/7 66/241/8
£ 75/9/9 57/10/10 72/11/11 71/12/12
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void Ship :: AnimateIt( float dt ) {
acceleration = force/m;
velocity += acceleration * dt;
position += velocity * dt;

}

void Ship :: DrawIt( ) {
glPushMatrix( ),
glTranslatef (position.x, position.y, position.z);
glBegin( GL QUADS ); ... ; glEnd( );
glPopMatrix () ;




| modell head

/ OUrUi0eOnOtoallcl

world head = velocity.UnitVector() ;

void Ship :: DrawIt() ({
glPushMatrix( ) ;

glTranslatef (position.x, position.y, position.z);

Vector modell head( O, 0, 1 );
Vector world head = velocity.UnitVector() ;
Vector rotate axis = modell head % world head;

float cos rotate angle = world head * modell head;

glRotatef ( acos(cos rotate angle)* 180 / M PI,
rotate axis.x,rotate axis.y,rotate axis.z);

glBegin( GL QUADS ); ... ; glEnd( );

glPopMatrix( ) ;



Ship :: Controllt

void Ship :: ControlIt( float dt ) {
force = Vector (0, 0, 0);
Interact( world ) ;

void Ship::InteractIt( GameObject * object )

world /
. shipl|] |[ship2 space_r sun rbulletr
avatar explosion




Ship: Interactlt

void Ship :: InteractIt( GameObject * object ) {
if ( object->GetType( ) == PLANET ) {

‘@ O -0

if ( object->GetType( ) == AVATAR ) {
bullet

avatar & avatar \‘\®<

alming angle

}
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adott t @

dist = objl.position - obj2.position
min = objl.BoundingRadius () + obj2.BoundingRadius ()
if (dist.Length() < min) Collision!

OPOrOoUbUl0éImOal],[0 ODhDad O
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t+ 0A
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../../../palya/euro/vienna/classicalBillboardDemo.avi
../../../palya/euro/vienna/butterfly.avi

void Bullet :: DrawIt() {
glPushMatrix( ) ;
Vector w = eye - position;

Vector r = w $ Vector(0, 1, 0); W
Vector u =r $ w;
r = r.UnitVector() * size;

u = u.UnitVector () * size;
glTranslatef (position.x, position.y, position.z);

glEnable (GL BLEND) ; 0/0/0 Dadt0l0adt0s0z0é0s0alg
glBlendFunc (GL_SRC_ALPHA, GL ONE); // [hiolzliz[lallalldllalls
glBindTexture (GL TEXTURE 2D, bullet texture);

glBegin (GL_QUADS) ;

glTexCoord2f (0,0) ; glVertex3f (-r.x-u.
glTexCoord2f (1,0) ; glVertex3f( r.x-u.
glTexCoord2f (1,1) ; glVertex3f( r.x+u.
glTexCoord2f (0,1) ; glVertex3f (-r.x+u.
glEnd() ;

, —r.y-u.y, -r.z-u.z);
r.y-u.y, .zZ-u.z);
r.ytu.y, .ztu.z) ;

-r.ytu.y, -r.z+u.z);

H

~

H

-

~

glDisable (GL_BLEND) ;
glPopMatrix( ) ;
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@ position
vel2

velocity

hit object

world

O

I

S

ray-tracing

rel_velocity = velocity - vel2
ray: rel_pos + rel velocity! |-[ |7

If (ray Intersects bounding sphere first
AND tintersect < dt) Collision!

= world->Intersect (position,velocity,t);

(3=

shipl

[

ship2

[

avatar

[

space

[

sun

[

bullet

[

explosion
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sl
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‘ ‘ 0(0s0z0é010 Of040j0j0a0 Oa0 Of0i0

position:
velocity:

Kezdeti

Nénritl el k[ etfgtime
age:

size, dsize:

weight, dweight:

color, dcolor:

position += velocity * dt
velocity += acceleration * dt
acceleration = force / weight

age += dt; if (age > lifetime) Kill();

Size += dsize * dt;
weight += dweight * dt
o] (o] g =00 (0] (o] gialo |



ROolblbllallnlalls pL

> > var
Rand(mean, var) mean
& >
position = center; // Uklellzl0d el 1t 1blle Inl] [
lifetime = Rand (2, 1);
size = 0.001; // Kezdetben kicsi

dsize = Rand(0.5, 0.25) / lifetime;

velocity = Vector (Rand(0,0.4) ,Rand(0,0.4) ,Rand(0,0.4));
acceleration = Vector (Rand(0,1) ,Rand(0,1) ,Rand(0,1)) ;

// OPOI0a0nOcUk0 O¢té0rOvOednOyd:0 OsOaldrig
color = Color(l, Rand (0.5, 0.25) 0, 1 );
dcolor = Color (0, -0.25, 0, -1) / lifetime;


../../robbanas/explosion.avi

Allvalitfiallr
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_JProcesslInput
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[1SetCameraTransform
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eyboardFunc
KeyboardUpFun
SpecialKeysFunc
secialKeysUpF

Input

virtual
world




Avatar . Processlnput
head

Avatar ::

right :

ProcessInput ( KeyStates * input ) {

if ( input->IsSpace( ) ) // Lt! Cliz

world -> Join(new Bullet (position, velocity)) ;

[l KormalnOyOz0alsU: 0 Dallz0 DallvOatla

Vector head = velocity.UnitVector( )

if
if
if
if

PN N N N

input->IsUp( ) )

input->IsDown( ) )
input->IsLeft( ) )
input->IsRight( ) )

force
force
force
force



Avatar :: SetCameraTlransform

Avatar :: SetCameraTransform( ) {
glMatrixMode (GL MODELVIEW) ;
glLoadIdentity () ;
glulLookAt (position.x, position.y, position.z,
position.x + head.x,
position.y + head.y,
position.z + head.z,

up.x, up.y, up.z);

up =10, 1, 0] vagy a
HJeglyUoeUrOsOull0alsObOo 10 Léllst

eye?

A

lookat

\ 4




GameObject
position, velocity, acceleration

GameController

. Controllt(float dt ) . - |
DisplayFunc | | » imatelt(float dt) JUalltl'e

i Interactlt( GameObject * 0)
KeyboardFunc Drawlt( )
500 C++ sor
AEplopelTlLplmune Intersectit(Ray r, float& t)
JAN
world Texture
Load( char * fname)
Control, Animate, Draw <«— Particle
Interact, Intersect, Join

JAN
avatar %\

ParticleSystem
5 Avatar TexturedObject || BillBoard o)
rocessinput() — Emit(int n)
SetCameraTransform() rawlt()




BlrJjOaldtDelk
_ . GameEngine
Avatar BillBoard TexturedObject
AN AN AN % AN A
Self Bullet Slanet Ship
Processinput | | Controllt Drawli Drawlt
Controllt Space . Interactlt
Interactlt Animatelt
Drawlt Controllt
350 C++ sor
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neNem gondolkodik

JeNem mozog
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neMegemeli az objektumokat
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If (height(x,y) > 2)
Collision!

(SOeUtOal) Dald OthedrOeUpUeln:
Position(x, y) = (X, vy, height(x,y) + legsize)
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G

GLUquadricObj * quadric;
quadric = gluNewQuadric( ) ;

L

U

K

d

[/l definition

gluQuadricTexture (quadric, GL TRUE);

// draw

glBindTexture (GL TEXTURE 2D, sky texture id);

d

gluSphere (quadric, sky radius, 32, 20);

I

al
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TrollMoveFUll.avi
trollfaceanim.avi

Mesh morphing:
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position += velocity * dt
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MD2, MD3
neTipikus clip-ek:

[1Run, stand, attack, die, pain, salute, crouch,

wave, point, taunt, etc.
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stand.mpg
orgorun.mpg
D:/Education/ComputerGraphics/game/salute.mpg

M{ollz
Al state
J10d  St:0
Clip = Keyframe
start, stop animation
keyframe

Keyframe-ek
MD2 fllalljl]
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Dont Care

E ] niisllellg
Dist< 4 &&
Avatar_angle <40
‘ | Escape

Dist<4 &&
Avatar_angle > 60

Dist > 6

Chase

Dist< 1

Avatar_angle < 20

Attack

Collision
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with the bullet
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force, acceleration

acceleration = (0, 0, -g)
velocity += acceleration * dt
position += velocity * dt



ROSOpIGT1T Amimate pDrave

void Bullet::AnimateIt( float dt ) {
acceleration = Vector(0,0,-9g);
velocity += acceleration * dt;
position += velocity * dt;

}

void Bullet: :DrawIt( ) {
glPushMatrix( ) ;
glTranslate (position.x, position.y, position.z);
glBindTexture (GL TEXTURE 2D, bullet texture);
gluSphere (quadric, 1.0, 16, 10);
glPopMatrix( ) ;
}
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