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Lighting Principles

" EE B |

o Lighting simulates how objects reflect light

H material composition of object.

| light’s color and position

dglobal lighting parameters
=ambient light
stwo sided lighting

Havailable in both color index and RGBA mode

o How to apply lighting in OpenGL?
H Assign Normals to vertices.
Normals define how a surface reflects light glNormal3f( x, y, z) .
H Create, position and enable lights.
H Select a lighting model
H Define the material properties of objects in the scene



Types of Lights

o there are 3 main types of light:
1) Ambient:

® Light scattered by environment.
= Unable to determine direction.
»* Based on surfaces in scene

2) Diffuse:

= Coming from one direction.
=Scattered equally in all directions from surface

2) Specular:
= Coming from particular direction.
=Bounce off the surface in particular direction
=Based on law of reflection
=Specularity = shininess
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Lights Source

oTo Turn on the power of the light use:

glEnable (GL LIGHTING) ; and Can be disabled at any time.
= glDisable ( GL_LIGHTING) ;

oEnable the depth:
glEnable (GL DEPTH TEST) ;

oEnable and set properties for light sources:

H Use glEnable (GL LIGHTO) ; to enable light zero. You can use at

most 8 light sources in OpenGL spec. (GL_LIGHTO - GL_LIGHT7)
H Use:
glLight{if} [v] (GLenum light, Glenum pname, TYPE value);

and Specify the attribute of light:
= light: can be GL_LIGHTO ~ GL_ LIGHT7
= pname : (Parameter name) is the characteristic (property) of the
light
"value: is the value of pname.

H Example:
"GLfloat sourcelLight[] = { 0.25, 0.25, 0.25, 1.0 }:
"glLightfv (GL_ LIGHTO,GL AMBIENT, sourceLight)



LighTs Prospetities

Color:
d The default values listed for GL. DIFFUSE and GL_SPECULAR apply only to
GL LIGHTO.
@For other lights, the default valueis (0.0, 0.0, 0.0, 1.0 ) for both
GL DIFFUSE and GL SPECULAR.
dAmbient, diffuse = color of material.
@Specular = usually white.
@ Emissive color = light coming from object.

» Position: ( X, Y, Z, W)
+OpenGL supports two types of Lights:
1. Local (Point) light sources
2. Infinite (Directional) light sources
Type of light controlled by w coordinate:
1. W is ZERO, Directional light, (x,v,z) specify its direction.
2. Wis NONZERO, Positional light, (x,y,z) specify the location of the light source




Material ProperTies

o Material : Describe the percentages of the incoming red, green, blue light
it reflects on a surface.

O Material has different ambient, diffuse and specular colors.

o Define the material properties for objects in the scene:
B glMaterialfv( face, property, value );

» face:canbe: GL FRONT, GL BACK, GL FRONT AND BACK.

= property(pname ): identifier of property of the light.
= value: is the value of pname.

Pname Def. Value Meaning
GL_AMBIENT (0.2,0.2,0.2.1.0) ambient color of material
GL_DIFFUSE (0.8,0.8,0.8,1.0) diffuse color of material
GL_SPECULAR (0.0,0.0,0.0,1.0) specular color of material
GL_SHININESS 0.0 specular exponent
GL_EMISSION (0.0, 0.0, 0.0, 1.0) emissive color of material

oTo enable the color of object: glEnable (GL_COLOR MATERIAL) ;
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A Lighting Prograrusing OpenGL

B #include<windows.h>

: #include<GL/glut.h>

m void Draw() {
glClear (GL COLOR BUFFER BIT | GL DEPTH_BUFFER BIT) ;
gluLookAt(O 3,5,0,1,0,0, 1, 2);
//Lighting Part
GLfloat mat_specular[] = {0, O, 0, 0};
GLfloat light position[] = {-1, 0, 0, 0};
glMaterialfv (GL_FRONT, GL_SPECULAR, mat_specular) ;
glLightfv (GL_LIGHTO, GL_| POSITION, light position) ;
glEnable (GL LIGHTING) ;
glEnable (GL LIGHTO) ;
//Ending of the Lighting Part
glColor3£f(1.0, 1.0, 1.0);
glutSolidSphere(l.S, 30, 30);
glTranslatef (0.5, 3, 0.0);
glColor3£(0,0,0) ;
glutSolidTeapot (1) ;
glFlush(); }

void init() {
glClearColor(1l, 0.9, 0.8, 0.0);
glShadeModel (GL_FLAT) ;
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity () ;
glFrustum(-1, 1, -1, 1, 1, 15);
glMatrixMode (GL_MODELVIEW) ; }

int main() {
glutInitDisplayMode (GLUT SINGLE | GLUT_RGB);
glutInitWindowSize (500, 500),
glutInitWindowPosition (0,0) ;
glutCreateWindow ("Adding a Light Effects") ;
init();
glutDisplayFunc (Draw) ;
glutMainLoop () ;

return 0; }
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A Lighting Prograrusing OpenGL
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&= Adding a Light Effects

Black
light from x = -1
position (left)

|
u lexBlocks 17.12
| ild Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
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|
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|
™ 1 #include<windows.h>
u 2 #include<GL/glut.h>
- 3 [FHwvoid Draw() {
- 4 glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT):
] gluLookAt (O, 3, 5, 0, 1, 0, 0, 1, 2):
u 6
u 7 GLfloat mat_specular[] = {0, 0, O,
n 8 GLfloat light_position[] = {-1, 0, 0, 0};
|| -] glMaterialfv (GL_FRONT, GL_SPECULAR, mat_specular);
| 10 glLightfv(GL_LIGHTO, GL_POSITION, light_position):
[ ] 11 glEnable (GL_LIGHTING) :
n 12 glEnable (GL_LIGHTO) ;
u 13
n 14 glColox3f(1.0, 1.0,
n 15 glutSolidSphere (1
- 16 glTranslatef (0.5
17 glColoxr3£(0,0,0);
n 18 glutSolidTeapot (1) ;
u 19 L glFlush() ;
n 20 |Hvoid init() {
| 2] glClearColor(l, 0.9, O 0.0);
| 22 glShadeModel (GL_FLAT) ;
| 23 glMatrixMode (GL_PROJECTION) ;
] 24 glLoadIdentity()
u 25 glFrustum(-1, 1, -1, 1, 1, 15);
n 26 5 glMatrixMode (GL_MODELVIEW) ;
- 27 |Hint main() {
- 28 glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):;
29 glutInitWindowSize (500, )) :
. 30 glutInitWindowPosition (0,0);
n 31 glutCreateWindow ("Adding a Light Effects"):
| 32 inic();
u 33 glutDisplayFunc (Draw) :
n 34 glutMainLoop () ;
m 35 return 0;
| 36 =
|
%




A Lighting Prograrusing OpenGL
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J Lighting.cpp >
1 #¥include<windows.h:
2 #include<GL/glut
3 [“Jvoid Draw() f &= Adding a Light Effects X
4 glClear (GL_COLOR BUFFER BIT | GL_DEPTH_BUFFER_BIT):
= gluLookAtr (0, 3, 5, 0, 1, O, 0, 1, 2):
6
7 GLfloat mat_specular[] = {0 ) ) )} :
8 GLfloat light_position[] = {1, 0, 0, O};
] glMaterialfv (GL_FRONT, GL_SPECULAR, mat_specular); BlIICk
10 glLightfv (GL_LIGHTO, GL_POSITICON, light_position);
11 glEnable (GL_LIGHTING) ; “ghi from X = 'I
12 glEnable (GL_LIGHTO) ; Oy o
1 position (Right)
14 glColoxr3f(l.0, 1.0,
15 glutSolidSphere(l.5,
16 glTranslatef (0.5, 3, 0.0);
17 glColor3£(0,0,0):
18 glutSolidTeapot(l):
19 e glFlush():
20 |Hvoid inic() {
21 glClearColor(l, 0.9, 0.0);
22 glShadeModel (GL_FLAT) ;
23 glMatrixMode (GL_PROJECTION) ;
24 glLoadIdentity():
25 glFrustum(-1, 1, -1, 1, 1, 15);
26 = glMatrixMode (GL_MODELVIEW) ;
27 |EHint main() {
28 glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):
28 glutInitWindowSize (500, Q) ;
30 glutInicWindowPosition(0,0)
31 glutCreateWindow ("Adding a Light Effects"):
32 inic():
sf] glutDisplayFunc (Draw) ;
34 glutMainLoop ()
35 return 0;
36 =
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A Lighting Prograrusing OpenGL
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#include<wi
#include<GL/glut

void Draw() |{
glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT):
gluLookAt (0, 3, 5, ¢, 1, 0, 0, 1, 2):
GLfloat mat_specular[] = {1, 0.5,
GLfloat light_position[] = {1, 1,

glMaterialfv (GL_FRONT, GL_SPECULAR, mat_specular);
glLightfv (GL_LIGHTO, GL_PCSITICN, light_position):
glEnable (GL_LIGHTING) ;

glEnable (GL_LIGHTO);

glColoxr3f(1.0, 1.0
glutSolidSphere(l.
glTranslatef (0.5
glColoxr3£(0,0,0
glutSolidTeapot (1)
glFlush():

[Fwoid init() ¢

glClearColor(l, 0.%, 0.8, 0.0);
glShadeModel (GL_FLAT) ;
glMatrixMode (GL_PROJECTICN) ;
glLoadIdentity ()
glFrustum(-1, 1, -1, 1, 1, 15);
glMatrixMode (GL_MODELVIEW) ;

int main() {
glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):
glutInitWindowSize (500, 500);
glutInitWindowPosition(0,0);
glutCreateWindow ("Adding a Light Effects"):
inic():
glutDisplayFunc (Draw) ;
glutMainLoop () :
return 0;

&= Adding a Light Effects

>

Pink
Light From x =1, Y=1
position (Right&Top)




A Lighting Prograrusing OpenGL
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@ Adding a Light Effects

Disable
the light before the
teapot

|
n ode:Blocks 17.12
|| Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
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|
- Lok
u 1
n 2 #includes« h:
- 3 |Hwoid Draw() {
4 glClear (GL_COLOR BUFFER BIT | GL_DEPTH BUFFER BIT):
| | - . T - T - T - -
5 gluLookAt (0, 3, 5, 0, 1, 0, 0, 1, 2):
n 6
u 7 GLfloat mat_specular[] = {0, O
L 8 GLfloat light_pesition[] = {1, O, , }:
|| =] glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
| 10 glLightfv (GL_LIGHTO, GL_POSITION, light position):
u 11 glEnable (GL_LIGHTING) ;
u 12 glEnable (GL_LIGHTO) ;
n 13
- 14 glColor3f(l.0, 1.0, 1.0
m 15 glutSolidSphere (1.5, 30, 30);
- 16 glDisable (GL_LIGHTING) ;
17 glTranslatef (O 3, 0.0):
n 18 glColor3£(0,0,0
u 19 glutSolidTeapot (1) ;
u 20 L glFlush();
[ ] 21  |[Hvoid init() {
[ | 22 glClearColor(l, 0.9, 0.8, 0.0);
[ ] 23 glShadeModel (GL_FLAT) ;
n 24 glMatrixMode (GL_PROJECTICN) :
™ 25 glLoadIdentity ()
™ 26 glFrustum(-1, 1, -1, 1, 1, 15):
27 - glMatrixMode (GL. MODELVIEW)
| " 2.
- 28 |Hint main() {
29 glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):
u 30 glutInitWindowSize (500 0) ;
u 31 glutInitWindowPosition (0,0
u 32 glutCreateWindow ("ARdding a Light Effects"):
] 33 init();
|| 34 glutDisplayFunc (Draw) ;
n 35 glutMainLoop () :
n 36 return 0;
™ 37 =
%




A Show ManPrograriUsing OpenGL
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= #include<windows.h>

'#1nclude<GL/glut h>
= void ChangeSize(int w, int h) { //Change viewing volume and view port.
GLfloat fAspect;
if (h == 0) //Prevent a divide by zero
glviewport (0, 0, w, h); //Set Viewport to window dimensions
fAspect = (GLfloat)w/ (GLfloat)h;
glMatrixMode (GL_PROJECTION) ; //Reset coordinate system
glLoadIdentity () ;
gluPerspect1ve(35 0f, fAspect, 1.0, 40.0); //Produce the perspective projection
glMatrixMode (GL | MODELVIEW)
glLoadIdentity (); }
void SetupRC() {
GLfloat whiteLight[] = {0.05f, 0.05f, 0.05f, 1.0f};
GLfloat sourcelight[] = {0.25f, 0.25f, 0.25f, 1.0f};
GLfloat lightPos[] = {-10.£f, 5.0f, 5.0f, 1.0f};
glEnable (GL_DEPTH TEST) ;
glFrontFace(GL CCW) ;
glEnable (GL_ CULL _FACE) ;
glEnable(GL LIGHTING) ;
glLightModeIlfv (GL LIGHT MODEL AMBIENT, whitelLight); //Setup and Enable Light 0
glLightfv (GL LIGHTO, GL AMBIENT, sourcenght),
glLightfv (GL_LIGHTO, GL DIFFUSE, sourcelLight);
glnghtfv(GL LIGHTO, GL POSITION lightPos) ;
glEnable (GL _ LIGHTO),
//Enable color tracking
glEnable (GL_COLOR MATERIAL) ;
//Set Material properties to follow glClolor values
glColorMaterial (GL_FRONT, GL AMBIENT AND DIFFUSE) ;
glClearColor(0.50, 0.50, 0.80, 1.0);
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A Show ManPrograriUsing OpenGL

void RenderScene() {
GLUquadricObj *pObj;
glClear (GL_COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;
glPushMatrix() ;
glTranslatef (0, -1, -5);
glRotatef (0, 1, 0, 0);
glRotatef (0, 0, 1, 0);
//Draw something
pObj = gluNewQuadric() ;
gluQuadricNormals (pObj, GLU_SMOOTH) ;
//Main Body
glPushMatrix() ;
glColor3£(1,1,1);

gluSphere (pObj, 0.40, 26, 13); //Bottom
glTranslatef (0, 0.55, 0); //Mid Section
gluSphere (pObj, 0.3, 26, 13);
glTranslatef (0, 0.45, 0); //Head
gluSphere (pObj, 0.24, 26, 13);

//Eyes

glColor3£(0,0,0);
glTranslatef (0.1, 0.1, 0.21);
gluSphere (pObj, 0.02, 26, 13);
glTranslatef(-0.2, 0, 0);
gluSphere (pObj, 0.02, 26, 13);
//Nose
glColor3£(1.0, 0.3, 0.3);
glTranslatef (0.1, -0.12, 0.0);
gluCylinder (pObj, 0.04, 0, 0.3, 26, 13);
glPopMatrix() ;
//Hat
glPushMatrix() ;
glColor3£(0,0,0);
glTranslatef (0, 1.17, 0);
glRotatef (-90.0£, 1, 0, 0);
gluCylinder (pObj, 0.17, 0.17, 0.4, 26, 13);
//Hat brim
glDisable (GL_CULL_FACE) ;
gluDisk (pObj, 0.17£, 0.28, 26, 13);
glEnable (GL_CULL_FACE) ;
glTranslatef(0.0£, 0.0f, 0.40f);
gluDisk (pObj, 0.0f, 0.17£, 26, 13);
glPopMatrix() ;
//Restore the Matrix State
glPopMatrix() ;
//Buffer swap
glutSwapBuffers(); }

int main() {
glutInitDisplayMode (GLUT DOUBLE | GLUT RGB| GLUT DEPTH) ;
glutInitWindowSize (400, 600);
glutInitWindowPosition (0,0) ;
glutCreateWindow ("A 3D Snow Man");
glutReshapeFunc (ChangeSize) ;
glutDisplayFunc (RenderScene) ;
SetupRC() ;
glutMainLoop() ;

return 0; }
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A Show ManPrograriUsing OpenGL
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Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
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| Uohting.cop | Snow.cpp < |

‘ & A 3D Snow Man

1 #include<windows.h>

2 #include<GL/glut.h>

3 E‘vnid ChangeSize(int w, int h) {

4 GLfloat fAspect;

5 if (h == 0)

€ h=1;

7 glViewport (0, 0, w, h):

8 fAspect = (GLfloat)w/ (GLfloat)h;

<! glMatrixMode (GL_PROJECTION) ;

10 glLoadIdentity():

11 gluPerspective (35.0f, fAspect, 1.0, 40.0);

12 glMatrixMode (GL_MODELVIEW) ;

13 = gllLoadIdentity():; }

12 |[void SetupRC() {

15 GLfloat whiteLight[] = {0.05f, 0.05f, 0.05f, 1,0f}:
16 GLfloat sourcelLight[] = {0.25f, 0.25f, 0.25f, 1.0f};
17 GLfloat lightPos[] = {-10.f, 5.0f, 5.0f, 1.0f};

18 glEnable (GL_DEPTH_TEST) ;

19 glFrontFace (GL_CCW) ;

20 glEnable (GL_CULL_FACE)

21 glEnable (GL_LIGHTING) ;

22 glLightModelfv (GL_LIGHT_MODEL_AMBIENT, whiteLight):
23 glLightfv(GL_LIGHTO, GL_AMBIENT, sourceLight):

24 glLightfv(GL_LIGHTO, GL_DIFFUSE, sourcelight):

i glLightfv (GL_LIGHTO, GL_POSITION, lightPos);

26 glEnable (GL_LIGHTO) ;

27

28 glEnable (GL_COLOR MATERIAL);

29

30 glColoxMaterial (GL_FRONT, GL_AMBIENT AND DIFFUSE):
31 glClearColor(0.50, 0.50, 0.80, 1.0):

32 =}

33 |[-] void RenderScens() |

34 GLUguadricCbj *plkj;

35 glClear (GL_CCLOR_BUFFER_BIT | GL_DEPTH BUFFER_BIT):
e AT DuehMaryisv i) -
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A Show ManPrograriUsing OpenGL

| |
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] Lighting.cpp X] Snow.cpp X] ‘ &= A 3D Snow Man - O X ' n
: 33 E wvoid RenderScene() { ~ L
. 34 GLUquadricObj *pObj;: u
35 glClear (GL_COLCR BUFFER BIT | GL_DEPTH BUFFER BIT): u
- 36 glPushMatrix(): |
. 37 glTranslatef (0, -1, -5): | |
u 38 glRotatef (0, 1, 0, 0): | |
: 39 glRotatef (0, 0, 1, 0); n
40 |
u 41 pObj = gluNewQuadric(): ™
u 42 gluQuadricNormals (pObj, GLU_SMOCTH) ; [
u 43 m
u 44 glPushMatrix(); n
| 45 glColor3f(1,1,1): ™
| 46 gluSphere (pObj, 0.40, 26, 13):; u
| 47 glTranslatef (0, 0.55, 0): n
| 48 gluSphere (pObj, 0.3, 26, 13): -
| | 45 glTranslatef (0, 0.45, 0): -
] 50 gluSphere (pObj, 0.24, 26, 13): -
n 51
- 52 glColor3£(0,0,0); .
u 53 glTranslatef (0.1, 0.1, 0.21); .
n 54 gluSphere (pObj, 0 o
. 55 glTranslatef(-0.2, 0, 0); u
- 56 gluSphere (pObj, 0.02, 26, 13);: :
57
: 58 glColor3f (1.0, 0.3, 0.3): u
- 59 glTranslatef (0.1, -0.12, 0.0); u
- 60 gluCylinder (pObj, 0.04, O, 0.3, 26, 13): | |
. 61 glPopMatrix () : |
62 | |
. 63 glPushMatrix() ; | |
a 64 glColor3f (0,0,0) ; n
a €5 glTranslatef(0, 1.17, 0);: n
u 66 glRotatef (-90.0f, 1, 0, 0);: ™
L &7 gluCylinder (pObj, 0.17, 0.17, 0.4, 26, 13): n
m & e n
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A Show ManPrograriUsing OpenGL

| |
L 31712 - X u
. Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help ™
] ~ @ [k q - em m m e g
L alQR)o > ¢ o ok UBir e o 5M 1
m v i | WRBRIES| /<A e .
u 4 il P I
- coLdm | O EA=mEE COD[ QRIS C -l ;
S .
[ ] Lighting.cop X | Snow.cpp X] ‘ <= A 3D Snow Man - O X ’ -
- 2 |
- 54 gluSphere (pObj, 0.02, 1 ) L
. 55 glTranslatef (-0.2 |
- 56 gluSphere (pObj, 0.02, | |
57 | |
. s8 glColor3f (1.0, 0. n
- 59 glTranslatef (0.1, | |
. &0 gluCylinder (pObj, 0.04, 0, 0.3, 26, 13); [ ]
Ly €1 glPopMatzix () : [
. 62 n
n 63 glPushMatrix() : =
n 64 glColor3f(0,0,0); -
. 65 glTranslatef (0, 1.17, 0); -
u €6 glRotatef (-90.0f, 1, 0, 0); L
u &7 gluCylinder (p0bj, ©0.17, 0.17, 0.4, 26, 13);: m
u 68 m
L] €9 glDisable (GL_CULL FACE); -
] 70 gluDisk(pObj, 0.17f, 0.28, 26, 13): n
] 71 glEnable (GL_CULL_FACE) ; ™
|| 72 glTranslatef (0.0f, 0.0f, 0.40f); u
] 73 gluDisk (pObj, 0.0f, 0.17f£, 26, 13); -
| 74 glPopMatzrix(): u
| 75 -
| | 76 glPopMatrix(); u
| 77 -
] 78 = glutSwapBuffers(); 1} -
n 79 |Eint main() { -
] 80 glutInitDisplayMode (GLUT_DOUBLE | GLUT_RGB| GLUT_DEPTH) ; -
n 81 glutInitWindowSize (400, €00); -
u 82 glutInitWindowPosition(0,0) -
u 83 glutCreateWindow ("A 3D Snow Man"):
] 84 glutReshapeFunc (ChangeSize) ; L
=z 85 glutDisplayFunc (RenderScene) ; .
3 g6 SetupRC() : .
u 87 glutMainLoop() ; u
n 88 retarn 0; } .
ac & v | |
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