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Notes:
1. Commands (and constants) are shown without the
    gl  (or GL_) prefix.
2. The following commands do not appear in this
    diagram: glAccum, glClearAccum , glHint ,
    display list commands, texture object commands,  
    commands for obtaining OpenGL state 
    (glGet  commands and glIsEnabled ), and
    glPushAttrib  and glPopAttrib .  Utility library
    routines are not shown.
3. After their exectution, glDrawArrays  and
    glDrawElements leave affected current values
    indeterminate.
4. This diagram is schematic; it may not directly
    correspond to any actual OpenGL implementation.
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Menu del giorno
Luci e Materiali

Luce e Colore

Proprietà colore materiali

Luci

Geometria

Colore

Proprietà illuminazione



Luce e Colore
Spettro elettromagnetico (dip. temperatura)

Occhio sensibile ad uno spettro dal rosso al violetto

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

Modello additivo e sottrattivo

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



Luce e Materiali

Emissione elettromagnetica (dip. temperatura)

Quando incide su un materiale può essere assorbita, 
diffusa, riflessa,  ...

Ogni raggio di luce conta

Necessaria un’ approssimazione:
Ambient, Diffuse, Specular and Emmissive Color



Diffuse

Luce:

D irezione: öl

I nt ensi t ˆ : I

Vet t ore: !I = I öl

SuperÞce:

N ormale: ön

Fat t ore D i! usione: kd

Vet t ore: !N = kd ön

Colore D i! usione:

Cd = !I á !N = I kdcos"

1

Luce:

D irezione: öl

I nt ensi t ˆ (di ! usione) : L d

Vet t ore: !L d = L d
öl

SuperÞce:

N ormale: ön

Fat t ore D i! usione: kd

Vet t ore: !N = kd ön

I nt ensi t ˆ D i ! usione:

I d = !L d á !N = L dkcos"

Luce:

D irezione: öl

I nt ensi t ˆ (speculare) : L s

Osservat ore:

D irezione: öv

SuperÞce:

N ormale: ön

Fat t ore Speculare: ks

Esponent e speculare: s

Vet t ore: !N = kd ön

I nt ensi t ˆ Spuculare:

I s = L sks((öl + öv) áön)s

1

Luce:

D irezione: öl

I nt ensi t ˆ (di ! usione) : L d

Vet t ore: !L d = L d
öl

SuperÞce:

N ormale: ön

Fat t ore D i! usione: kd

Vet t ore: !N = kd ön

I nt ensi t ˆ D i ! usione:

I d = !L d á !N = L dkcos"

Luce:

D irezione: öl

I nt ensi t ˆ (speculare) : L s

Osservat ore:

D irezione: öv

SuperÞce:

N ormale: ön

Fat t ore Speculare: ks

Esponent e speculare: s

Vet t ore: !N = kd ön

I nt ensi t ˆ Spuculare:

I s = L sks((öl + öv) áön)s

1



Specular

Luce:

D irezione: öl

I nt ensi t ˆ (diffusione) : Ld

Vet t ore: !Ld = Ld
öl

SuperÞce:

N ormale: ön

Fat t ore D iffusione: kd

Vet t ore: !N = kd ön

I nt ensi t ˆ D iffusione:

Id = !Ld á !N = Ldkcos"

Luce:

D irezione: öl

I nt ensi t ˆ (speculare) : Ls

Osservat ore:

D irezione: öv

SuperÞce:

N ormale: ön

Fat t ore Speculare: ks

Esponent e speculare: s

Vet t ore: !N = kd ön

I nt ensi t ˆ Spuculare:

Is = Lsks((öl + öv) áön)s

1

Luce:

D irezione: öl

I nt ensi t ˆ (di ! usione) : L d

Vet t ore: !L d = L d
öl

SuperÞce:

N ormale: ön

Fat t ore D i! usione: kd

Vet t ore: !N = kd ön

I nt ensi t ˆ D i ! usione:

I d = !L d á !N = L dkcos"

Luce:

D irezione: öl

I nt ensi t ˆ (speculare) : L s

Osservat ore:

D irezione: öv

SuperÞce:

N ormale: ön

Fat t ore Speculare: ks

Esponent e speculare: s

Vet t ore: !N = kd ön

I nt ensi t ˆ Spuculare:

I s = L sks((öl + öv) áön)s

1
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I nt ensi t ˆ (di ! usione) : L d

Vet t ore: !L d = L d
öl

SuperÞce:

N ormale: ön

Fat t ore D i! usione: kd

Vet t ore: !N = kd ön

I nt ensi t ˆ D i ! usione:

I d = !L d á !N = L dkcos"

Luce:

D irezione: öl

I nt ensi t ˆ (speculare) : L s

Osservat ore:

D irezione: öv

SuperÞce:

N ormale: ön

Fat t ore Speculare: ks

Esponent e speculare: s

Vet t ore: !N = kd ön

I nt ensi t ˆ Speculare:

I s = L sks((öl + öv) áön)s

1



Ambient & Emmissive
Luce:

I nt ensi t ˆ (ambient e) : L a

SuperÞce:

Fat t ore ambient e: ka

Fat t ore emmisione: ke

I nt ensi t ˆ :

A mbient e: I a = L aka

Emissione: I e = ke

Per ogni luce:

I l uce = I a + I d + I s

G lobale:

I = I e + I a +
∑

I l uce

2

Luce:

Intensità (ambiente): L a

Superfice:

Fattore ambiente: ka

Fattore emmisione: ke

Intensità:

Ambiente: I a = L aka

Emissione: I e = ke

Per ogni luce:

I luce = I a + I d + I s

Globale:

I = I e + I a +
!

I luce

2

Totale

Luce:

I nt ensi t ˆ (ambient e) : La

SuperÞce:

Fat t ore ambient e: ka

Fat t ore emmisione: ke

I nt ensi t ˆ :

A mbient e: Ia = Laka

Emissione: Ie = ke

Per ogni luce:

Iluce = Ia + Id + Is

Globale:

I = Ie + Ia +
!

Iluce

2

Luce:

I nt ensi t ˆ (ambient e) : La

SuperÞce:

Fat t ore ambient e: ka

Fat t ore emmisione: ke

I nt ensi t ˆ :

A mbient e: Ia = Laka

Emissione: Ie = ke

Per ogni luce:

Iluce = Ia + Id + Is

Globale:

I = Ie + Ia +
!

Iluce

2



glMaterial
glMaterial{Þ}[v]
Aggiorna proprietˆ materiale

void glMaterialf ( GLenum face, GLenum pname, GLßoat param )
void glMateriali ( GLenum face, GLenum pname, GLint param )
void glMaterialfv ( GLenum face, GLenum pname, const GLßoat *params )
void glMaterialiv ( GLenum face, GLenum pname, const GLint *params )

face - Faccia alla quale si applica: 
          GL_FRONT, GL_BACK , or GL_FRONT_AND_BACK .

pname - Parametro da aggiornare
              GL_AMBIENT , GL_EMISSION , 
              GL_DIFFUSE, GL_SPECULAR,  GL_SHININESS,
              GL_AMBIENT_AND_DIFFUSE , 

params - Valore parametro



glColor non serve più?
void  glColorMaterial ( enum face, enum  mode );

 Più efficiente se si cambia materiale spesso

Tutor lightmaterial

2.14. COLORSAND COLORING 65

Parameter Name Numberof values
MaterialParameters(Material )

acm AMBIENT 4
dcm DIFFUSE 4

acm, dcm AMBIENTANDDIFFUSE 4
scm SPECULAR 4
ecm EMISSION 4
sr m SHININESS 1

am , dm , sm COLORINDEXES 3
Light SourceParameters(Light )

acli AMBIENT 4
dcli DIFFUSE 4
scli SPECULAR 4
Ppli POSITION 4
sdli SPOTDIRECTION 3
sr l i SPOTEXPONENT 1
cr l i SPOTCUTOFF 1
k0 CONSTANTATTENUATION 1
k1 LINEAR ATTENUATION 1
k2 QUADRATICATTENUATION 1

Lighting ModelParameters(LightModel )
acs LIGHT MODELAMBIENT 4
vbs LIGHT MODELLOCALVIEWER 1
tbs LIGHT MODELTWOSIDE 1
ces LIGHT MODELCOLORCONTROL 1

Table 2.11: Correspondenceof lighting parameter symbols to names.
AMBIENTANDDIFFUSE is usedto setacm anddcm to thesamevalue.

Version2.0- October22,2004



2.14. COLORS AND COLORING 67

Current
Color

Front Ambient
Color

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.

Material*(FRONT,AMB IENT)
To lighting equatio ns

Front Diffuse
Color

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.

Material*(FRONT,DIF FUSE)
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.

Material*(FRONT,SPE CULAR)
To lighting equatio ns

Front Emission
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.

Material*(FRONT,EMI SSION)
To lighting equatio ns

Front Specular
Color

Color*() To  subsequent vert ex operations

State values flow c ontinuously along t his path

State values flow a long this path only  when a command is issued

Figure2.10. ColorMaterial operation. Material propertiesarecontinuouslyup-
datedfrom the currentcolor while ColorMaterial is enabledandhasthe appro-
priate mode. Only the front materialpropertiesare includedin this Þgure. The
backmaterialpropertiesaretreatedidentically, exceptthat facemustbe BACKor
FRONTANDBACK.

Version2.0- October22,2004



ModiÞca parametri fonte di luce
void glLightf ( GLenum light, GLenum pname, GLßoat param )
void glLighti ( GLenum light, GLenum pname, GLint param )
void glLightfv ( GLenum light, GLenum pname, GLßoat* param )
void glLightiv ( GLenum light, GLenum pname, GLint* param )

light - IdentiÞcatore luce.
           Il numero di luci varia da implementazione. 
           Minimo 8:  GL_LIGHT i con 0 ! i < GL_MAX_LIGHTS
pname - Nome parametro da modiÞcare: 
              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_QUADRATIC_ATTENUATION
params - Valore parametro 

Luce



2.14. COLORSAND COLORING 65

Parameter Name Numberof values
MaterialParameters(Material)

acm AMBIENT 4
dcm DIFFUSE 4

acm, dcm AMBIENTANDDIFFUSE 4
scm SPECULAR 4
ecm EMISSION 4
sr m SHININESS 1

am , dm , sm COLORINDEXES 3
Light SourceParameters(Light)

acli AMBIENT 4
dcli DIFFUSE 4
scli SPECULAR 4
Ppli POSITION 4
sdli SPOTDIRECTION 3
sr l i SPOTEXPONENT 1
cr l i SPOTCUTOFF 1
k0 CONSTANTATTENUATION 1
k1 LINEAR ATTENUATION 1
k2 QUADRATICATTENUATION 1

Lighting ModelParameters(LightModel)
acs LIGHT MODELAMBIENT 4
vbs LIGHT MODELLOCALVIEWER 1
tbs LIGHT MODELTWOSIDE 1
ces LIGHT MODELCOLORCONTROL 1

Table 2.11: Correspondenceof lighting parameter symbols to names.
AMBIENTANDDIFFUSE is usedto setacm anddcm to thesamevalue.

Version2.0- October22,2004



Geometria luce
Position=(x,y,z,w)

Coordinata omogenea w

w=0: Luce Direzionale
        (all’infinito)

w!=0: Luce puntiforme

Posizione e direzione?
Spotlight



GL_POSITION è un punto proprio (w!=0)

GL_SPOT_DIRECTION è la direzione

GL_SPOT_CUTOFF è l’angolo di apertura

GL_SPOT_EXPONENT fattore attenuazione angolo

Luce:

I nt ensi t ˆ (ambient e) : L a

SuperÞce:

Fat t ore ambient e: ka

Fat t ore emmisione: ke

I nt ensi t ˆ :

A mbient e: I a = L aka

Emissione: I e = ke

Per ogni luce:

I l uce = I a + I d + I s

G lobale:

I = I e + I a +
!

I l uce

Spot l ight :

D ir ezione spot l ight (SPOT _ DIRECT ION): öl

Versore luce_ ver t ice: öv = !V ! P OSI T I ON
| !V ! P OSI T I ON |

Esponent e: e

S = (öv áöl)e

D ist anza ver t ice posizione luce: d

GL_ CON STA N T _ AT T EN U AT I ON kc

GL_ L I N EA R _ AT T EN U AT I ON kl

GL_ QU A D R AT I C_ AT T EN U AT I ON kq

A = 1
kc + kd + kq

Calcolo complessivo per ogni ver t ice:

I = I = I e + I a +
!

ASI l uce

I = ke+ L aka+
!

l uce

"
L aka + L dkd(öl áön) + L sks

"
(öl + öv) áön

## 1
kc + kd + kq

(öv áöl)e

2



La radiazione eletromagnetica si 
attenua proporzionalmente a 1/r2  

Esperienza comune ci indica che non è 
apparentemente vero:

Fonte non puntiforme

Correzione del cervello

Attenuation



Luce:

I nt ensi t ˆ (ambient e) : La

SuperÞce:

Fat t ore ambient e: ka

Fat t ore emmisione: ke

I nt ensi t ˆ :

A mbient e: Ia = Laka

Emissione: Ie = ke

Per ogni luce:

Il uce = Ia + Id + Is

G lobale:

I = Ie + Ia +
!

Il uce

Spot l ight :

D ir ezione spot l ight (SPOT_DIRECTION): öl

Versore luce_ ver t ice: öv = !V −P OSI T I ON
| !V −P OSI T I ON |

Esponent e: e

Es = (öv áöl)e

D ist anza ver t ice posizione luce: d

GL_ CON STA N T _ AT T EN U AT I ON kc

GL_ L I N EA R _ AT T EN U AT I ON kl

GL_ QU A D R AT I C_ AT T EN U AT I ON kq

A = 1
kc + kd + kq

Calcolo complessivo per ogni ver t ice:

I = Ie + Ia +
!

AEsIl uce

2

Attenuazione

Calcolo complessivo: Luci, Spotlight, attenuazione

Luce:

I nt ensi t ˆ (ambient e) : La

SuperÞce:

Fat t ore ambient e: ka

Fat t ore emmisione: ke

I nt ensi t ˆ :

A mbient e: Ia = Laka

Emissione: Ie = ke

Per ogni luce:

Il uce = Ia + Id + Is

G lobale:

I = Ie + Ia +
!

Il uce

Spot l ight :

D ir ezione spot l ight (SPOT _ DIRECT ION): öl

Versore luce_ ver t ice: öv = !V −P OSI T I ON
| !V −P OSI T I ON |

Esponent e: e

S = (öv áöl)e

D ist anza ver t ice posizione luce: d

GL_ CON STA N T _ AT T EN U AT I ON kc

GL_ L I N EA R _ AT T EN U AT I ON kl

GL_ QU A D R AT I C_ AT T EN U AT I ON kq

A = 1
kc +kd +kq

Calcolo complessivo per ogni ver t ice:

I = I = Ie + Ia +
!

ASIl uce

I = ke+ Laka+
!

l uce

"
Laka + Ldkd(öl áön) + Lsks

"
(öl + öv) áön

## 1
kc + kd + kq

(öv áöl)e

2

Tutor lightmaterial (2)



void glLightModelf ( GLenum pname, GLßoat param )
void glLightModeli ( GLenum pname, GLint param )
void glLightModelfv ( GLenum pname, const GLßoat *params )
void glLightModeliv ( GLenum pname, const GLint *params )

pname - SpeciÞes a lighting model parameter. 
              GL_LIGHT_MODEL_AMBIENT
                      Luce Ambiente globale (r,g,b)
              GL_LIGHT_MODEL_LOCAL_VIEWER
                      Considera osservatore allÕinÞnito nel  contributo speculare
              GL_LIGHT_MODEL_TWO_SIDE
                      Calcola illuminazione separatamente per ogni faccia
              GL_LIGHT_MODEL_COLOR_CONTROL
                      Generare colore diffusione e speculare separatamente
                      (Meglio per texture)
params - Valore del parametro

Parametri Illuminazione



2.14. COLORSAND COLORING 65

Parameter Name Number of values

Material Parameters (Material )
acm AMBIENT 4

dcm DIFFUSE 4

acm, dcm AMBIENTANDDIFFUSE 4

scm SPECULAR 4

ecm EMISSION 4

srm SHININESS 1

am, dm, sm COLORINDEXES 3

Light Source Parameters (Light )
acli AMBIENT 4

dcli DIFFUSE 4

scli SPECULAR 4

P pli POSITION 4

sdli SPOTDIRECTION 3

srli SPOTEXPONENT 1

crli SPOTCUTOFF 1

k0 CONSTANTATTENUATION 1

k1 LINEAR ATTENUATION 1

k2 QUADRATICATTENUATION 1

Lighting Model Parameters (LightModel )
acs LIGHT MODELAMBIENT 4

vbs LIGHT MODELLOCALVIEWER 1

tbs LIGHT MODELTWOSIDE 1

ces LIGHT MODELCOLORCONTROL 1

Table 2.11: Correspondence of lighting parameter symbols to names.

AMBIENTANDDIFFUSE is used to set acm and dcm to the same value.

Version 2.0 - October 22, 2004



Varie ed Eventuali
Luci subiscono le trasformazioni

Sono una proprietà rendering

Con glShadeModel(GL_SMOOTH)   shading di Gouraud

 glEnable( GL_LIGHTING ) 
 glEnable( GL_LIGHTi )

  glEnable( GL_NORMALIZE ) 
  glEnable( GL_RESCALE_NORMAL ) 

Tutor lightmaterial & lightposition



Esempio #1 light.c
void  display_model() {
   /*  Colors to use */
   GLfloat mat_specular[] = { 1.0 , 1.0 , 1.0 , 1.0  };
   GLfloat mat_shininess[] = { 50.0  };
   GLfloat light_position[] = { 1.0 , 1.0 , 1.0 , 0.0  };

   /* 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_LIGHT0, GL_POSITION, light_position);

   /*  Enable light, normal rescale */
   glEnable(GL_RESCALE_NORMAL);
   glEnable(GL_LIGHTING);
   glEnable(GL_LIGHT0);
   glEnable(GL_DEPTH_TEST);

   /*  Draw something */
   glutSolidSphere ( 0.8 , 20, 32);
   
   /*  Disable light, normal rescale */
   glDisable(GL_LIGHTING);
   glDisable(GL_LIGHT0);
   glDisable(GL_RESCALE_NORMAL);
}



Esempio #2 movelight.c
static  int  spin = 0;

void  keyboard_model( unsigned  char  key, int  x, int  y) {
! switch  (key) {
!   /* update spin */
      case  'l' :
!   case  'L' :
            spin = (spin + 30) % 360 ;
            glutPostRedisplay();
         break ;
      default :
         break ;
   }
}

void  display_model() {
   GLfloat position[] = { 0.0 , 0.0 , 1.0 , 1.0  };
   
   /*  enable light and lighting model and normal scaling 
    */
   glEnable(GL_RESCALE_NORMAL);
   glEnable(GL_LIGHTING);
   glEnable(GL_LIGHT0);



   /* Save current matrix, rotate with spin variable, set light, 
      draw marker (with light disabled), reload old matrix */
   glPushMatrix ();   
   glRotated ((GLdouble) spin, 1.0 , 0.0 , 0.0 );
   glLightfv (GL_LIGHT0, GL_POSITION, position);

   glTranslated (position[ 0], position[ 1], position[ 2]);
   glDisable (GL_LIGHTING);
   glColor3f ( 0.0 , 1.0 , 1.0 );
   glutWireCube ( 0.1 );
   glEnable (GL_LIGHTING);
   glPopMatrix ();
   
   /* Draw something */
   glutSolidTorus ( 0.2 , 0.70 , 16, 32);
   
   /* disable light and lighting model and normal scaling */
   glDisable (GL_LIGHTING);
   glDisable(GL_LIGHT0);
   glDisable(GL_RESCALE_NORMAL);

}



Esempio #3 material.c
void  init_model() {
    glClearColor( 0.0 , 0.1 , 0.1 , 0.0 );
}

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

  /* Draw example, scale to fit unit cube */
  glPushMatrix();
  glScalef( 0.2 , 0.2 , 0.2 );
  material_display();
  glPopMatrix();

  /* Example finalization */
  material_fin();
!   
}

/* Disable not needed stuff */
void  material_fin() {
   glDisable(GL_LIGHTING);
   glDisable(GL_LIGHT0);
   glDisable( GL_RESCALE_NORMAL );
}



void  material_init() {
   GLfloat ambient[] = { 0.0 , 0.0 , 0.0 , 1.0  };
   GLfloat diffuse[] = { 1.0 , 1.0 , 1.0 , 1.0  };
   GLfloat position[] = { 0.0 , 3.0 , 2.0 , 0.0  };
   GLfloat lmodel_ambient[] = { 0.4 , 0.4 , 0.4 , 1.0  };
   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_LIGHT0, GL_AMBIENT, ambient);
   glLightfv(GL_LIGHT0, GL_DIFFUSE, diffuse);
   glLightfv(GL_LIGHT0, GL_POSITION, position);
   glLightModelfv(GL_LIGHT_MODEL_AMBIENT, lmodel_ambient);
   glLightModelfv(GL_LIGHT_MODEL_LOCAL_VIEWER, local_view);

   glEnable(GL_LIGHTING);
   glEnable(GL_LIGHT0);
   glEnable( GL_RESCALE_NORMAL );
}



void  material_display( void )
{
   GLfloat no_mat[] = { 0.0 , 0.0 , 0.0 , 1.0  };
   GLfloat mat_ambient[] = { 0.7 , 0.7 , 0.7 , 1.0  };
   GLfloat mat_ambient_color[] = { 0.8 , 0.8 , 0.2 , 1.0  };
   GLfloat mat_diffuse[] = { 0.1 , 0.5 , 0.8 , 1.0  };
   GLfloat mat_specular[] = { 1.0 , 1.0 , 1.0 , 1.0  };
   GLfloat no_shininess[] = { 0.0  };
   GLfloat low_shininess[] = { 5.0  };
   GLfloat high_shininess[] = { 100.0  };
   GLfloat mat_emission[] = { 0.3 , 0.2 , 0.2 , 0.0 };

/* 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 ( -3.75 , 3.0 , 0.0 );
   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( 1.0 , 16, 16);
   glPopMatrix();



/*  draw sphere in first row, second column
 *  diffuse and specular reflection; low shininess; no ambient
 */
   glPushMatrix();
   glTranslatef ( -1.25 , 3.0 , 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( 1.0 , 16, 16);
   glPopMatrix();

/*  draw sphere in first row, third column
 *  diffuse and specular reflection; high shininess; no ambient
 */
   glPushMatrix();
   glTranslatef ( 1.25 , 3.0 , 0.0 );
   ....
   glPopMatrix();

/*  draw sphere in first row, fourth column
 *  diffuse reflection; emission; no ambient or specular reflection
 */
...



/*  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
 */
...
/*  draw sphere in second row, fourth column
 *  ambient and diffuse reflection; emission; no specular
 */
...
/*  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
 */
...
/*  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[ 4] = { 0.5 , 0.5 , 0.5 , 1.0  };

void  keyboard_model( unsigned  char  key, int  x, int  y) {
!  switch  (key) {
! ! case  'r' :
! ! case  'R' :
! ! ! diffuseMaterial[ 0] += 0.1 ;
            if  (diffuseMaterial[ 0] > 1.0 )
               diffuseMaterial[ 0] = 0.0 ;
! ! ! break ;
      case  'g' :
!   case  'G' :
! ! ! diffuseMaterial[ 1] += 0.1 ;
            if  (diffuseMaterial[ 1] > 1.0 )
               diffuseMaterial[ 1] = 0.0 ;
! ! ! break ;
      case  'b' :
!   case  'B' :
! ! ! diffuseMaterial[ 2] += 0.1 ;
            if  (diffuseMaterial[ 2] > 1.0 )
               diffuseMaterial[ 2] = 0.0 ;
! ! ! break ;
      default :
         break ;
! }
! glutPostRedisplay();
}



/*  Initialize material property, light source, lighting model,
 *  and depth buffer.
 */
void  colormaterial_init() {
   GLfloat mat_specular[] = { 1.0 , 1.0 , 1.0 , 1.0  };
   GLfloat light_position[] = { 1.0 , 1.0 , 1.0 , 0.0  };

   
   glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuseMaterial);
   glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
   glMaterialf(GL_FRONT, GL_SHININESS, 25.0 );
   glLightfv(GL_LIGHT0, GL_POSITION, light_position);
   
   glEnable(GL_RESCALE_NORMAL);
   glEnable(GL_LIGHTING);
   glEnable(GL_LIGHT0);

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

/* De-init */
void  colormaterial_fin() {
   glDisable(GL_COLOR_MATERIAL);
   glDisable(GL_LIGHTING);
   glDisable(GL_LIGHT0);
   glDisable(GL_RESCALE_NORMAL);
}



void  init_model() {
    glClearColor( 0.0 , 0.1 , 0.1 , 0.0 );
}

void  colormaterial_display( void )
{
! glColor4fv(diffuseMaterial);
    glutSolidSphere( 0.8 , 20, 16);
}

void  display_model() {
  colormaterial_init();

  colormaterial_display();

  colormaterial_fin();
!   
}


