EnableCentState

DisableCiieniState _l

EdgeFlagPointer ——]
TexCoordpointer ——m]
Colorpointer ——]
Vertex
Indexpointer ——al  pray Vevord
NormalPointer ——  Contiol
VertexPointer ——!
Inerteavedaniays ——]
Evaluator
Evalvtesh —f  Grd Contol
ArrayElement Evalpaint ——{ Application
DrawElements
Drawirrays
=
Map
Evaluation
Evalcoot ———— ]
Map_t
EnableiDisable
i Curent
Edgeriag Edge
Flag
TexCoordl —{ 160
TexCoordz —{ 1¢-0 P
Texcoorss —{ a1
] Curtent
TexCoords Texure

Goortinates

colora

Current
Colors

Golor

Convert
RGEA o float
Convert
index o float

JREN

Current
Index

2

Index EnableiDisatie.

EnableiDisable

Parameters

Convert
Current

RGBA Lighing Equation

)b

4
Pt

Nomala Nomaize
o float Homal
Colo Index Lighting Equation
Rasterposz >~ FrontFace
Rasterpos3 <!
Vertexa oBJECT
RasterPos

EnableiDisable
(ighting)

Campto
o primiive
Assembly
Masko
p2"h

COORDINATES.

Rectangle
Generaton

Model View

Matixtode
Pushiarrix

Clppiane
Maix

Contrl

Poparix
Loadidenty ]
Loadarn ——— .
ofecion
Wt
Shadevodel ot
Folvgon
[ e— View volume |——4-0"""]
Clgping H o
Taanstae L
scale Lo
waix View Volume. |—3
Fowte Generators SEGMENTS (Vertex Clipping °/
Frusum ont o
ome Fonrs "o el vewveune |—
RASTER POS o o

enG

The OpenGL Machine

The OpenGL' graphics system diagram, Version 1.1. Copyright" 1996 Silicon Graphics, Inc. All rights reserved.

Vertices

eXtOrnNg;
Fog,

i and

Antialiasing

Rendertode.

Notes:
1. Commands (and constants) are shown without the
gl (or GL_) prefix.

. The following commands do not appear in this
diagram: glAccum, glClearAccum |, glHint ,

ds, texture object commands,

isiagOpe v
led

. Ut

N

SelectBute

re, D:

an
lib

w

. After their exectution, glDrawArrays and
glDrawElements leave affected current values
indeterminate.

. This diagram is schematic; it may not directly
correspond to any actual OpenGL implementation.

IS

PassThrough

Feedback
Encoding

— Primitives Fragments ———
CullFace olvgoniode
Pobgon ayoon Rasraton
(Antialiasing)
LineStipple
b ‘Segment
EnablefDisable. Enable/Disable
Tewt oo (omataon) sisor Apna Senct Depn sendog
L
Clear Clear
Clear. DepthMask-
PolygonStipple PlxeiZoom Values. StencilMask
e — -
DrawPixels ”"V“‘CK Pixel c‘
2 ! o
frexture Jindex
Texsfilhage Janste v [ Coor
-

Esecitazione 29/3/2005

CopyTeximage
CopyTexsubimage

ReadBuffer

Portuesi Simone



Menu del giorno
Luci e Materiali

* Luce e Colore
* Proprieta colore materiali
* Luci
* Geometria
* Colore
* Proprieta illuminazione



Luce e Colore

* Spettro elettromagnetico (dip. temperatural
* (cchio sensibile ad uno spettro dal rosso al violetto

* Simulato da una combinazione convessa” di tre colori:
Rosso, Verde e Blu

* Modello additivo e sottrattivo

T

Cyan - White

Y alowy

(R,G,B)=(1,0,0.5)
(-R,-G,-B)=(0,1,0.5)

> Red

\
/ \Magenta

Blue Black



Luce e Materiali

* Ewmissione elettromagnetica (dip. femperatural

* Quando incide su un materiale puo essere assorbita,
diffusa, riflessa, ...

* Qgni ragqio di luce conta

* Necessaria un’ approssimazione:
Awbient, Diffuse, Specular and Emwmissive Color



Ditfuse

Luce: Super pce:
Direzione: P Normale: b
Intensit™ (di! usione): Ly Fattore Di! usione: kg
Vettore: g = L4P Vettore: N = kyo

|ntensit™ Di! usione:

— Ed éN = L 4ykcos"




Specular

Luce: Superbce:
Direzione: P Normale: i
Intensit”™ (speculare): Lg Fattore Speculare: ks

Esponente speculare: s

Osservatore: ]
Vettore: N:'= kg0

Direzione: 0

A7

Intensit™ Speculare:

ls = Lsks((P+ @) a0)




Awmbient & Emwmissive

Luce;

Intensit™ (ambiente): L, Intensita:

Super bce: Ambiente: |, = Lk,

Fattore ambiente: k, Emissione: |, = k

Totale

Globale:

Fattore emmisione: ke

Per ogni luce:

|
Iluce — Ia + Id + IS I=1+1,+ Tiyce



glMaterial{P}|v]
Aggiorna propriet” materiale

void glMaterialf ( GLenumface GLenumpname GL[3oatparam)

void glMateriali ( GLenumface GLenumpname GLint param)

void glMaterialfv ( GLenumface GLenumpname const GLR3oatparams)
void glMaterialiv ( GLenumface GLenumpname const GLint*params)

face -Faccia alla quale si applica:
GL _FRONT, GL_BACK, orGL FRONT _AND_BACK.

pname Parametro da aggiornare

GL AMBIENT , GL_EMISSION,

GL DIFFUSE, GL_SPECULAR, GL_SHININESS,
GL AMBIENT AND DIFFUSE ,

params -Valore parametro



AMBIENT

DIFFUSE

AMBIENTANDDIFFUSE

SPECULAR

EMISSION

R AR DD

SHININESS

* glColor non serve pii?

void glColorMaterial ( enum face enum mode);

* Piv efficiente se si cambia materiale spesso
*Tutor lightmaterial




Current

----------*

Color*()

Color

Material*(FRONT,AMB IENT) pennnns 0

Material*(FRONT,DIF FUSE) prnnnnsp0

Material*(FRONT,SPE CULAR) EELEL] Jo

Material*(FRONT,EMI SSION)

/

—— O

/

. =

/

I, N

/

EEERLIS QKD N

> To subsequent vert ex operations

Up while ColorMater ial face is FRONT or FRONT_A ND_BACK,
and ColorMaterial mode is AMBIENT or AMBIE NT_AND_DIFFUSE,
and ColorMaterial i s enabled. Down ot herwise.

Front Ambient
Color

> To lighting equatio ns

Up while ColorMater ial face is FRONT or FRONT_A ND_BACK,
and ColorMaterial mode is DIFFUSE or AMBIE NT_AND_DIFFUSE,
and ColorMaterial i s enabled. Down ot herwise.

Front Diffuse
Color

> To lighting equatio ns

Up while ColorMater ial face is FRONT or FRONT_A ND_BACK,
and ColorMaterial mode is SPECULAR, and Co lorMaterial is
enabled. Down othe rwise.

Front Specular

> To lighting equatio ns
Color

Up while ColorMater ial face is FRONT or FRONT_A ND_BACK,
and ColorMaterial mode is EMISSION, and Co lorMaterial is
enabled. Down othe rwise.

Front Emission
Color

> To lighting equatio ns




Modibca parametri fonte di luce

void glLightf ( GLenumlight, GLenumpname GL[3oatparam)
void glLighti ( GLenumlight, GLenumpname GLint param)
void glLightfv ( GLenumlight, GLenumpname GL[3oat*param)
void glLightiv ( GLenumlight, GLenumpname GLint* param)

light - Identibcatore luce.
Il numero di luci varia da implementazione.
Minimo 8:GL _LIGHT iconO!i<GL MAX LIGHTS
pname Nome parametro da modibcare:
Colore:
GL_AMBIENT , GL_DIFFUSE, GL_SPECULAR
Geometria:
GL_POSITION, GL_SPOT_DIRECTION,
GL_SPOT_EXPONENT, GL_SPOT_ CUTOFF
Attenuazione:
GL_CONSTANT_ATTENUATION,
GL LINEAR_A TTENUATION
GL_QUADRAIC_ATTENUATION

params -Valore parametro



AMBIENT

DIFFUSE

SPECULAR

POSITION

SPOLDIRECTION

SPOTLEXPONENT

SPOTCUTOFF

CONSTANJATTENUATION

LINEAR_ATTENUATION

QUADRATICATTENUATION

R R RR WA DD




Geometria luce

* Position=(xy,zw)
* (oordinata omogenea / .
* w=0: Luce Direzionale

(all’infinito)
* wi=0: Luce puntiforme —

* Posizione e direzione? -
Spotlight



GL_POSITION € un punto proprio (w!=0)
éL SPOT_DIRECTION ¢ la direzione
GL SPOT_CUTOFF ¢ I'angolo di apertura

GL SPOT EXPONENT fattore attenvazione angolo
"-____Dlrezmne spotlight (SPOT_DIRECTION): P

— VI POSITION
Yersor61uce vertice: v = VI POSITION|

Esponente e

:‘— (0 aF)e




Attenvation

* Laradiazione eletromagnetica si
attenua proporzionalmente a 1/r2

* Esperienza comune ci indica che non ¢
apparentewmente vero:

* Fonte non puntiforme
* (orrezione del cervello



Attenvazione

Distanza vertice posizione luce: d

GL CONSTANT ATTENUATION k.
GL LINEAR ATTENUATION Kk
GL_QUADRATIC_ATTENUATION kq

e 1

Calcolo complessivo: Luei, Spotlight, attenvazione

P e e
' 1 [ ] ## 1

" /7 - T /7 T /" e
Laka + Lgkq(Paf) + Lsks (P+ 6) a0 T —— (6 &P

I = ket Lakat

luce

Tutor lightwmaterial (2)



void glLightModelf ( GLenumpname GL[3oatparam)

void glLightModeli ( GLenumpname GLint param)

void glLightModelfv ( GLenumpname const GL[3oatparams)
void glLightModeliv ( GLenumpname const GLint*params)

Q Q Q

pname -Specibes a lighting model parameter
GL LIGHT _MODEL AMBIENT
LuceAmbiente globale (g,b)
GL LIGHT MODEL LOCAL_VIEWER
Considera osservatore allOinbnito nel contributo specu
GL LIGHT MODEL TWOQO_SIDE
Calcola illuminazione separatamente per ogni faccia
GL LIGHT MODEL COLOR_CONTROL
Generare colore difsione e speculare separatamente
(Meglio per texture)
params -Valore del parametro



LIGHT_MObELAMBIENT

LIGHT MODELLOCALVIEWER

LIGHT _MODELTWGOSIDE

LIGHT _MODELCOLORCONTROL

[ | [N




Varie ed Eventuali

* Luci subiscono le trasformazioni
* Sono una proprieta rendering
* (0N glShadeMode{GL_SMOOTH) shading di Gouraud

¥k glEnable( GL_LIGHTING )
glEnable( GL _LIGHTI)

% glEnablel GL_ NORMALIZE )
glEnable GL. RESCALE_NORMAL)

* Tutor lightwmaterial & lightposition



Esempio #1 light.c

void display_model() {
[* Colors to use */

GLfloat mat_specular[] = { 1.0 ;-120;-1.0; 1.0 }
GLfloat mat_shininess[] = { 50.0 }
GLfloat light_position[] = { TIO1, [ [TI0] . 1107, 1010] };

/* Not needed, already in main.c
glClearColor (0.0, 0.0, 0.0, 0.0);
glShadeModel (GL_SMOOTH);*/

[* Initialize material property, light source, lighting model */
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialfv(GL_FRONT, GL_SHININESS, mat_shininess);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

[* Enable light, normal rescale */
glEnable(GL_RESCALE _NORMAL);
glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);
glEnable(GL_DEPTH_TEST);

[* Draw something */
glutSolidSphere ( 0.8, 20, 32);

[* Disable light, normal rescale */
glDisable(GL_LIGHTING);
glDisable(GL_LIGHTO);
giDisable(GL_RESCALE_NORMAL);

}



Esempio #2 movelight.c

static Int  spin = 0;

void keyboard model( unsigned char key, int X, int y){
I switch (key) {
! [* update spin */
case 'I
! gase| [
spin = (spin + 30) % 360;
glutPostRedisplay();

break ;
default

break ;

}
}

void display_model() {
GLfloat position[] = { 00—+ 00101+ 101

[* enable light and lighting model and normal scaling
*/
glEnable(GL_RESCALE_NORMAL);
glEnable(GL_LIGHTING);
glEnable(GL_LIGHTO);



[* Save current matrix, rotate with spin variable, set light,
draw marker (with light disabled), reload old matrix */
glPushMatrix ();
glRotated ((GLdouble) spin, 1O 10O T 0107):;
glLightfv (GL_LIGHTO, GL_POSITION, position);

glTranslated (position| 0], position| 1], position]|
glDisable (GL_LIGHTING);
glColor3f ( 0.0.,-1.0,; 1.0

glutWireCube ( 0.1);
glEnable (GL_LIGHTING);
glPopMatrix ();

[* Draw something */
glutSolidTorus ( 0.2, 070,16, 32);

/* disable light and lighting model and normal scaling */
glDisable (GL_LIGHTING);
giDisable(GL_LIGHTO);
glDisable(GL_RESCALE_NORMAL);

2));



Esempio #2 material.c

void init_model() {
glClearColor( 8-:0-+—0:3-16-14 00

}

void display_model() {
[* Example init */
material_init();

[* Draw example, scale to fit unit cube */
glPushMatrix();
glScalef( N2 1021 02 )
material_display();
glPopMatrix();

[* Example finalization */
material_fin();
!

}

[* Disable not needed stuff */

void material_fin() {
glDisable(GL_LIGHTING);
glDisable(GL_LIGHTO);
giDisable( GL_RESCALE_NORMAL );

}



void material_init() {

GLfloat ambient[] = { -0 1, 1T DO 10:01, 1101

GLfloat diffuse[] = { L ) ) e 1 e e L

GLfloat position[] = { 0.0 [ B0 12:0 T 0.0 §;
GLfloat Imodel ambient[] = { 0471104 T 104, 130 1H
GLfloat local_view[] = { 0.0 };

/* Moved to init model
glClearColor(0.0, 0.1, 0.1, 0.0);

*/

[* Already there
glEnable(GL_DEPTH_TEST);

glShadeModel(GL_SMOOTH);
*/

glLightfv(GL_LIGHTO, GL_AMBIENT, ambient);

glLightfv(GL _LIGHTO, GL_DIFFUSE, diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, position);
glLightModelfv(GL _LIGHT _MODEL_AMBIENT, Imodel _ambient);
glLightModelfv(GL _LIGHT _MODEL LOCAL VIEWER, local view);

glEnable(GL_LIGHTING);

glEnable(GL_LIGHTO);
glEnable( GL_RESCALE_NORMAL );



void material_display(

{

GLfloat no_mat[] = { 0.0,

GLfloat mat_ambient[] = {
GLfloat mat_ambient_color[] = {
GLfloat mat_diffuse[] = {
GLfloat mat_specular[] = {
GLfloat no_shininess[] = {

void )

0.0, 00, 1.0 }
Q1+ 0+ O He
0.811 0.8+ 02 | 1.0 0
Q.1 10511 081 [0
1.0, 1.0, 1.0, 1.0 }
0.0 };

GLfloat low_shininess|[] = { 59—
GLfloat high_shininess[] = { 100.0 };
GLfloat mat_emission[] = { 03 L1021 oL 001

[* Removed, in display() already
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
=

[* draw sphere in first row, first column

* diffuse reflection only; no ambient or specular

*
glPushMatrix();
glTranslatef ( -B i D13:0——10:0-);
glMaterialfv(GL_FRONT, GL_AMBIENT, no_mat);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_SPECULAR, no_mat);
glMaterialfv(GL_FRONT, GL_SHININESS, no_shininess);
glMaterialfv(GL_FRONT, GL_EMISSION, no_mat);
glutSolidSphere( 101 116+1+316)1
glPopMatrix();



[* draw sphere in first row, second column

* diffuse and specular reflection; low shininess; no ambient

*/
glPushMatrix();
glTranslatef ( 1251 L 310 11+ 0.0);
glMaterialfv(GL_FRONT, GL_AMBIENT, no_mat);
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialfv(GL_FRONT, GL_SHININESS, low_shininess);
glMaterialfv(GL_FRONT, GL_EMISSION, no_mat);
glutSolidSphere( 11 8 o I o)
glPopMatrix();

[* draw sphere in first row, third column
* diffuse and specular reflection; high shininess; no ambient
*/

glPushMatrix();

glTranslatef ( 125—+—+8:60110:0-);

glPopMatrix();

[* draw sphere In first row, fourth column

* diffuse reflection; emission; no ambient or specular reflection
1



[* draw sphere in second row, first column

* ambient and diffuse reflection; no specular
*/

[* draw sphere in second row, second column

* ambient, diffuse and specular reflection; low shininess
i

[* draw sphere in second row, fourth column

* ambient and diffuse reflection; emission; no specular
4

[* draw sphere in third row, first column

* colored ambient and diffuse reflection; no specular
*/

[* draw sphere in third row, second column

* colored ambient, diffuse and specular reflection; low shininess
*/

[* draw sphere in third row, third column

* colored ambient, diffuse and specular reflection; high shininess
2]

[* draw sphere in third row, fourth column

* colored ambient and diffuse reflection; emission; no specular
*/



Esempio #4 colormaterial.c

/* Color to change and use */
GLfloat diffuseMaterial[ AI=0110N [105] 10511 1.0}

void keyboard model( unsigned char key, int x, int y){
I switch (key) {
L-l+-ease—r+—:
L+l 1 casel 1R 1.
I 1 1 diffuseMaterial[ 0]+= 0.1;
if (diffuseMaterial[ 0]> 1.0)
diffuseMaterial| 0]= 0.0;
1 -break—
case ¢
! gase L G L.
11 1 diffuseMaterial[ 1]1+= 0.1 ;
If (diffuseMaterial[ 11> 1.0)
diffuseMaterial[ H=170:01
I I 1 Dreak ;
case 'b'
! case 'B' :
11 1 diffuseMaterial[ 2l¢=1 101}
if (diffuseMaterial[ 21> 11147
diffuseMaterial[ =1 10.0¢
I I 1 Dbreak ;
default
break :
HER
I glutPostRedisplay();



[* Initialize material property, light source, lighting model,

* and depth buffer.

*/

void colormaterial _init() {
GLfloat mat_specular[] = { OG0, T O (10 Tk
GLfloat light_position[] = { 1.0, 10, 10, 0.0 }

glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuseMaterial);

glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
giMaterialf(GL_FRONT, GL_SHININESS, 25.0 );

glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable(GL_RESCALE_NORMAL);
glEnable(GL_LIGHTING);

glEnable(GL_LIGHTO);

glColorMaterial(GL_FRONT, GL_DIFFUSE);
glEnable(GL_COLOR_MATERIAL);

[* De-init */

void colormaterial _fin() {
glDisable(GL_COLOR_MATERIAL);
glDisable(GL_LIGHTING);

glDisable(GL_LIGHTO);
giDisable(GL_RESCALE_NORMAL);

}



void init_model() {

glClearColor( 000t 011 0r0T);
}
void colormaterial_display( void )
{
| glColor4fv(diffuseMaterial);
glutSolidSphere( QI8 TR20 T 16 );
}

void display _model() {
colormaterial_init();

colormaterial_display();
colormaterial_fin();

}



