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The Other Transformations in OpenGL
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Rotate Objects using Modeling Transformation

Scale Objects using Modeling Transtormation

Rotate 3D Teapot Program

Order of Transformation

Viewport Transtformation

Put Multiple Images in One Window Using View Port Functions
Program



Rotate Ob jects usingModeling Transforration

In order to rotate an object

You have to rotate the coordinate system (e.g.
rotation of 40° around the Z axis)

You draw the object in the rotated coordinate system
The Rotation function: void glRotatef(theta, x,y,z)
Example: glRotatef(45 ,0 ,1 ,0 ); //Rotate 45 deg
around the y axis

Note: The argument of x , y and z can take only the
values (0, 1 or -1) means rotate around the given
QxIs.



Rotate Ob jects usingModeling Transformation




Scale Ob jects usingModeling Transformation

In order to scale an object

You first scale the coordinate system (e.g. uniform
scaling of 1/2)

You draw the object in the scaled coordinate system
the Scale function: void glScalef(sx ,sy , sz).
Example: giScalef(2, 1,1 ); //scale the x-axis by 2,
don't scale the y and z axes



Scale Ob jects usingModeling Transformation
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RoTate 30 TeapoTProgram

= #include<windows.h>
= #include<GL/glut.h>

= void Draw () {

:glClear (GL COLOR BUFFER BIT) ;

= gluLookAt (0O, 3, 5, 0, 1,7 0, O, 1, 2);
= glColor3£(1.0,0.5,0.5); //Pink Color

" glutSolidTeapot(4); //Draw the Teapot

= glRotatef (60, 1, 1, 0); //Rotate the Teapot
*glColor3£f(1, 0.2, 0.2); //Color after the rotation
= glutSolidTeapot(4); //Redraw the Teapot

= glFlush() ;

void init()

- {

u glClearColor(l1, 0.9, 0.8, 0.0);

E glShadeModel (GL FLAT); //Use one Color.
n glMatrixMode (GL PROJECTION) ;

n glLoadIdentity () ;

. glFrustum(-2, 2, -3, 3, 1, 20);

o glMatrixMode (GL MODELVIEW) ;

£} B

=« int main ()

:glutInitDisplayMode(GLUT SINGLE | GLUT_RGB) ;

glutInitWindowSize (500, 500) ;

» glutInitWindowPosition (0,0) ;

" glutCreateWindow ("Rotating a Teapot");
w1nit();

» glutDisplayFunc (Draw) ;

s glutMainLoop() ;

.feturn 0,
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RoTate 30 TeapoTProgram
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Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
BAKio > 3 o 0 EHAI RN N 1] ]
v e o PEBREFS| <@ e
@ = 4 d ba _xlgl.g- D@ =@ oDOoo| & s C“ V-\_:gq.\‘
S
| *Rotate3DTeapot.cpp X |
1 #include<windows.h> ©* Rotating a Teapot - d X
2 #include<GL/glut.h>
3
4 |[Hvoid Draw() {
= glClear (GL_COLOR_BUFFER_BIT); a8
6 gluLookAt (0, 3, 5, O, 1, 0, O, 1, 2);
7 glColor3f£(1.0,0.5,0.5);
8 glutSolidTeapot (4); Rotate 60 degree
-] glRotatef (€0, 1, 1, 0); *
10 glColor3f (1, 0.2, 0.2); =315 4 d d v
11 glutSolidTeapot (4): aroun x an axls
12 glFlush();
13 | Ly N—
14 |[Hvoid init() {
15 glClearColor(l, 0.9, 0.3, 0.0);
16 glShadeModel (GL_FLAT) ; (e} Ke) o
17 glMatrixMode (GL_PROJECTION) ;
18 glLoadIdentity():
19 glFrustum(-2, 2, -3, 3, 1, 20):
20 glMatrixMode (GL_MODELVIEW) ;
21 s |
22 [Hint main() {
23 glutInitDisplayMode (GLUT_SINGLE | GLUI_RGB) :
24 glutInitWindowSize (500, 500);
25 glutInitWindowPosition(0,0) ;
26 glutCreateWindow ("Rotating a Teapot"):
27 init():
28 glutDisplayFunc (Draw) ;
29 glutMainLoop () :
30 retorn 0;
31 “}




RoTate 30 TeapoTProgram

|
[ ] ot] - Code:Blocks 17.12 —
. Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help
. RIAAS > 3 o O[5S B> sEesise Y 1B 5N
n v i [P BREFS| <[ B N)ied o
E ¥ TN NEFEEEEL I EEEIES .
- i &= Rotating a Teapot - | X
b | Rotate3DTeapot.cpp |
[ ] 1 #include<windows.h>
[ ] 2 #include<GL/glut.h>
5 = a8 N
[ 4 |[Fvoid Draw() {
| 5 glClear (GL COLOR BUFFER BIT): e
: 6 ||swstoomancs, 3, 5, 0, 2 0, 0, 1, 2 One Teapot without
n 7 glColor3f(1.0,0.5,0.5); Goloxn
| s -
. 2 glutSolidTeapot (4) Rotqte
' 10
Ly 11 7
: 12 glFlush();
13 L}
: 14 |Hvoid init() {
b 15 glClearColor(l, 0.9, 0.3, 0.0);
- 16 gl5hadeModel (GL_FLAT) ;
- 17 glMatrixMode (GL_PROJECTION) ;
m 18 glLoadIdentity ()
- 19 glFrustum(-2, 2, -3, 3, 1, 20):
n 20 glMatrixMode (GL_MODELVIEW) ;
n 21 =}
- 22 |Hint main() {
] 23 glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):
u 24 glutInicWindowSize (500, 500);
[ 25 glutInitWindowPosition (0,0);
| | 26 glutCreateWindow ("Rotating a Teapot"™):
[ | 27 init():
] 28 glutDisplayFunc (Draw) ;
u 29 glutMainLoop():
] 30 return 0;
L 31 }
. P
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RoTate 30 TeapoTProgram

Jot] - Code:Blocks 17.12
Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings
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| Rotate3DTeapot.cpp X

1 #include<windows.h>

2 $include<GL/glut.h>

3

4 |[=lvoid Draw() f{

5 glClear (GL_COLOR_BUFFER_BIT):

[ gluLookAt (0O, 3, 5, 0, 1, 0, 0, 1, 2):
7 glColor3f(1.0,0.5,0.5); Goloxr
8 glutSolidTeapot(4):

=] glRotatef (180, 0, 1, Q);

10 glColor3£(1, 0.2, 0.2);

11 glutSolidTeapot(4):

12 glFlush();

13 —}

14 [[Flvoid init() {

15 glClearColor(l, 0.5, 0.8, 0.0):
16 glShadeModel (GL_FLAT) ;

17 glMatrixMode (GL_PROJECTICN) ;

18 glLoadIdentity();

19 glFrustum(-2, 2, -3, 3, 1, 20):
20 glMatrixMode (GL_MODELVIEW) ;

21 -}

22 |[Hint main() {

2 glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):
24 glutInitWindowSize (500, 500);

25 glutInitWindowPosition (0,0);

26 glutCreateWindow ("Rotating a Teapot"™);
27 init():

28 glutDisplayFunc (Draw) ;

29 glutMainLoop ()

30 return O;

31 }
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Rotate 180 degree
around y axis
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RoTate 30 TeapoTProgram
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|| Rotate3DTeapotcpp X
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#include<windows.h>

o #include<GL/glut.h>
3
4 Hwoid Draw() !
5 glClear (GL_COLOR_BUFFER BIT):
& gluLookat (0, 3, 5, 0, 1, O, O, 1, 2Z);
7 glColor4f(1,0.9,0.8, 0.0);
8 glutSolidTeapot (4);
9 glRotatef (60, 1, 1, 0);
10 glColoxr3f(l, 0.2, 0.2): //Loios
11 glutSolidTeapot (4):
12 glFlush();
13 = }
15 |Elvoid init() {
16 glClearColoxr(l, 0.9, 0.8, 0.0);
17 glShadeModel (GL_FLAT) ;
18 glMatrixMode (GL_PROJECTICHN) ;
19 glLoadIdentity() :
20 glFrustum(-2, 2, -3, 3, 1, 20);
23 glMatrixMode (GL_MODELVIEW) ;
22 =
23 |[Hint main() {
24 glutInitDisplayMode (GLUT_SINGLE | GLUT_RGB):
25 glutInitWindowSize (500, 500);

glutInitWindowPosition(0,0);
glutCreateWindow ("Rotating a Teapot"™):
init ()

glutDisplayFunc (Draw) ;

glutMainLoop () ;

return 0;

%= Rotating a Teapot

Pt

~ ™
Present only the
rotated teapot

N— _

We can hide
the original
object by
changing its color
to be the same as the
background color




order of Transformation

[ The commands of modelling transformation are issued in
reverse order of operation.

O Consider the following code fragment:

glScalef(2.0f1.0f.1.0f); /[This is performed last

glTranslatef(2.0£,0.0£0.0);  //This is performed second
glRotatef(43.0,0.0£1.0£,0.0); //This is performed first

glutWireCube(1.0);

dThe first operation performed on the cube is the Rotation, followed
by the translation followed by the scaling.

» See the different when we change the order of transformation:

Tnitial Position Rotation then Translation Translation then Rotation




Viewport Transforriation

* View port transftormation tfransforms x and y from

normalized device coordinates to window
coordinates.

* Note that z value are not transtormed in this stage,

because z axis is orthogonal to the window (2D) and Z
values have no effect in the mapping.



Viewport Transforriation

The function:

void glViewport(GLint x, GLint y, Glsizei width,GLsizei height)
X, y: are normally set to (0, 0).
width, height: are normally set 1o window width and height.
This means your 2D image size matches your window size.
(view port usually same as window size)
You can make your image smaller or bigger than the window
by adjusting those values (E.g. put multiple images in one
window)
We can use viewport to divide the main window as the
games that support tow players.



Viewport Transforriation

height

(X.V) width




Put Multiple Irages in One Window Using View Port Functions Prograr

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEERN
#include<windows.h>
#include<GL/glut.h>
#include<math.h>

glVertex2i (70,15) ;

glVertex2i (68,15) ;

glEnd () ;}
Il S S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERm

h n
u [ ]
: void Display (void) { void init() { un
glColor3f(1, 0.6, 0); // 5Ubil wi, ;!
L e B glClearColor(0.6,0.9,0.5,0) ; un
L {  float angle, x2 = 75, y2 = 35, radius = 5; glClear (GL_COLOR BUFFER BIT | .
for (angle = 0; angle<= 360; angle++) TT R e .
[ ] glVertex2f (x2+sin(angle) *radius, y2+cos(angle)*radius); } GL_DEPTH_BUFFER_BIT) ; -
glEnd() ; s .
. glColor3£(1,1,1); //gasdl +jall «osandl glMatrixMode (GL_PROJECTION) ; n
] ngegin(GL_pouGorzq); y s ) glLoadIdentity () ; ™
{ float angle, x2 = 77, y2 = 37, radius = 2;
u for (angle = 0; angle<= 360; angle++) glortho (40, 100, -10, 60, -20, n
| ] glVertex2f (x2+sin(angle) *radius, y2+cos(angle)*radius); } 2 0) . [
glEnd() ; !
: glColor3£(0,0,0); //5swd | +iadl «(sandl glMatrixMode (GL MODELVIEW) ; |
glBegin (GL_POLYGON) ; ; 1 g
m { £float angle, x2 = 77, y2 = 37, radius = 1; glviewport(0,0,100,200) ; :
for (angle = 0; angle<= 360; angle++) B 4L
L glvertex2f (x2+sin(angle) *radius, y2+cos(angle)*radius); } //H}Y I3 . | [ |
Ly L (00 (g iy glLoadIdentity () ; "
glColor , 0.6, 0); 5 > .
n glBegin (GL_POLYGON) ; ’ = glTranslatef(-30, -10, 0); ]
] glVertex2f (73,30) ; o
Sven i g]..Scalef(l.S, il dlaliks ™
u glVertex2f (80,25) ; Display () ; u
] 1Vertex2f (75,20) ; ] )
g glvzt::zf(so,zo); glViewport (100,0,100,100) ; ]
glEnd() ; /7o e L
[ | glColor3£(1, 0.6, 0); //JziJ! i . | |
- glBegin (gL_TRIANGLES) ; glLoadIdentity () ; T
glVertex2f (55,25) ; - o
- S Vorton2f (50.23) ¢ glTranslatef (-27, 0, 0); 1
- gi\ée;t;_)efo(GO,ZO)? glScalef (1.5, 1.5, 1.5); n
glEn g L
[ ] glColor3£(0.5, 0.2, 0.0); //,Uiiell Display() ; ™
n glLineWidth(2) ; s .
S Begin(GL, LINES) ; glViewport (100,100,100,100) ; ™
u glvVertex2£ (80, 33); // L300 e [
[ ] glVertex2f (84, 31); glLoadIdentity () . n
glEnd() ; 4
|
glColor3£(0.5, 0.2, 0.0); 3 . | |
n glBegin (GL_TRIANGLES) ; Display() ;
- glvertex2£(80,33) ; glTranslatef (10, -10, 0); .
glvertex2f (80,35) ; : o L
n glvertex2f (85,35) Display() ; 4
glEnd() ; .
. glLineWidth(3); //,5Unll Jayi glutSw?pBuffers ();: } -
[ ] glBegin (GL_LINES) ; int main() { m
glColor3£(0.5, 0.2, 0.0); A
: glvertex2i (75,20) ; glutInitDisplayMode (GLUT _DEPTH | ]
glVertex2i (75,13) ; GLUT_DOUBLE | GLUT RGB) ; .
u glvVertex2i (75,15) ; - . . q T
= glvertex2i (77,15) ; glutInitWindowSize (300, 300); u
1Vertex2i (75,15) ; s gros P
b glv:;::z;:n,ls;; glutInitWindowPosition (100, 100); u
glVertex2i (70,20) ; glutCreateWindow ("Some Birds") ; .
L glVertex2i (70,13) ; . sy u
] glVertex2i(70,15) ; glutDisplayFunc(init) ; 4
u glVertex2i (72,15) ; glutMainLoop () ;} =
m
| |
v L



|
: fiewPort.cpp [MultiplelmagesinOneWindowUsingViewPort] - Code:Blocks 17.12 - > :
] Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help =
L dlaaicr oo UBIPEG LY 1 BN -
. LA L LI YRR N .
» n
» n
» n
u
- 1 $include<windows.h> u
n 2 #include<GL/glut.h> u
™ 3 #include<math.h> [ ]
n 2 |Elvoid Display(void) ( & Some Birds — O X :
- 5 /bl 1
] 6 glColoxr3£(1l, 0.6, 0): a
] T glBegin (GL_POLYGON) ; -
(] s | { 4
| | ] float angle, x2 = 75, y2 = 35, radius = 5; -
u 10 for (angle = 0; angle<= 360; angle++) -
] i glVertex2f (x2+sin(angle) *radius, y2+cos(angle)*radius); -
] 12 = } u
] 13 glEnd(): u
u 14 VYIRS PR T Tee N ™
u 15 glColor3f(1,1,1); -
u 16 glBegin (GL_POLYGON) ; ™
u 17 & { |
u 18 float angle, x2 = 77, y2 = 37, radius = 2; ]
. 19 for (angle = 0; angle<= 360; angle++) o
. 20 glVertex2f (x2+sin (angle) *radius, y2+cos(angle) *radius): [ ]
» 21 |+ } m
» : 22 glEnd () ; [ |
? = 23 ZEYSV IR ST R v T u
- 24 glColor3f£(0,0,0); u
25 glBegin (GL POLYGON) ; u
. -
= 26 |B { [
- 27 float angle, x2 = 77, y2 = 37, radius = 1; [ ]
28 for (angle = 0; angle<= 360; angle++) u
e glVertex2f (x2+sin (angle) *radius, y2+cos(angle) *radius): u
30 |+ ) L
31 glEnd() ; :
32 /aiiind! sk
u
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENRY



|

|
] WiewPort.cpp [MultiplelmagesinOneWindowUsingViewPort] - CodenBlocks 17.12 — ) :
u Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help n
. alaaiorsenks B> EeNaLs v I 0| E N n
- oo PR RIES| <R e b .
. n
. n
. n

|
[ 32 L e it u
= 33 glColor3f(l, 0.6, 0): u
b 34 glBegin (GL_POLYGON) ; u
= 35 glVertex2f (73,30) ; - Some Birds - O X u
™ 36 glVertex2f(77,30); "
- 37 glVertex2f (30,25) -
n 38 glVertex2f (75,20); .
™ 39 glvVertex2f (€0,20); .-
n 40 glEnd(): :
n 41 [/ dsicdh, o
] 42 glColor3f(l, 0.6, 0); -
] 43 glBegin (GL_TRIARNGLES) ; -
] 44 glVertex2f (55,25); -
[ ] 45 glvVertex2f (50,23); -
] 46 glvertex2f (60,20); ]
] 47 glEnd(): |
] 48 JAE TRy a
| 49 glColox3£f (0.5, 0.2, 0.0): =
| 50 glLineWidth(2); |
u 51 glBegin (GL_LINES) ; ™
L] 52 glVertex2f (20, 33); u
, u 53 glVertex2f (24, 31): u
| 54 glEnd() ; -
? u 55 glColoxr3f£(0.5, 0.2, 0.0): n
u 56 glBegin (GL_TRIANGLES) ; u
u 57 glVertex2f (30, 33) ; u
u 58 glVertex2f (20, 35) ; -
u 59 glVertex2f (85,35); [ ]
60 glEnd(); ]
€1 [ il Stk |
€2 glLineWidth(3); ]
63 glBegin (GL_LINES); |
- [
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[
: JiewPort.cpp [MultiplelmagesinOneWindowlUsingViewPort] - Code:Blocks 17.12 — = u
] Build Debug Fortran waSmith Tools Tools+ Plugins DoxyBlocks Settings Help :
» alaajiorsoniEllllNBIr =L N BN n
3 LA L L R YR IR :
- NEFEEELL I EEEIEC T XY n
u MultipleImagesInOneWindowUsingViewPort.cpp X :
u —
B 61 TRTETEN ]
= 62 glLineWidch (3): u
b €3 glBegin (GL_LINES); L
- 64 glColor3f£ (0.5, 0.2, 0.0); &= Some Birds - O x u
b €5 glVertex2i(75,20); u
= 66 glVertex2i(75,13): u
- 67 glVertex2i(75,15); .
= €8 glVertex2i (77, 15) ; .
] (3] glVertex2i(75,15); :
] 70 glVertex2i(73,15): -
n 71 glVertex2i(70,20); 4
[ 72 glVertex2i(70,13); -
] 73 glVertex2i(70,15); -
] 74 glVertex2i(72,15); -
[ 75 glVertex2i(70,15); -
] 76 glVertex2i (68, 15); n
L] 77 glEnd(): n
u 78 -
n 79 o } ™
u 80 |Hwoid init() { ™
u 81 glClearColor(0.6,0.9,0.5,0); ]
; u 82 glClear (GL_CCLCR_BUFFER BIT | GL_DEPTH BUFFER BIT): ™
? . 83 glMatrixMode (GL_PROJECTION) ; (]
. 84 glLoadIdentity () : n
. 85 glOrtho (40, 100, -10, €0, =20, 20); [
. 86 glMatrixMode (GL MODELVIEW) ; ™
: g7 [/ 381 Bidlidl u
88 glViewport (0,0,100,200); u
89 glLoadIdentity(): n
%0 glTranslatef (-30, -10, 0): u
91 glscalef(l.5, 1.5, 1.5): u
92 Display () :
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERY



|

: JiewPort.cpp [MultiplelmagesinOneWindowUsingViewPort] - Code:Blocks 17.12 — = n
™ Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings Help :
3 alaaiorsonml B IPEa S N8| FN 4
. LA L L R WERICIEN RN 1
- NEFEELLTEEERCETY Y !
o r
: 84 glLoadIdentity(): u
b g5 glOrtho (40, 100, -10, 60, -20, 20); u
» 26 glMatrixMode (GL_MODELVIEW) ; .
. &7 ot Rl &= Some Birds — O X .
b g8 glViewport (0,0, 100,200) : o
™ 89 glLoadIdentity(): :
] 90 glTranslatef(-30, -10, 0): -
] 91 glScalef(1.5, 1.5, 1.5); ]
[ ] a2 Display(): -
] 93 [ G, jaajidd ™
[ 94 glViewport (100,0,100,100); -
u 85 glLoadIdentity(); ™
u %€ glTranslatef (-27, 0, 0): ]
u 97 glScalef(1.5, 1.5, 1.5); [
u 98 Display() : ]
: 99 [ &3y, giala), -
100 glViewport (100,100,100,100); |

. 101 glLoadIdentity () : L]
: 102 Display(): u
g 103 glTranslatef (10, -10, 0); .
= 104 Display(): 1
’ - 105 glutSwapBuffers(); u
™ 106 )} ]
- 107 .
- 108 J|Hint main() { -
] 109 glutInitDisplayMode (GLUT_DEPTH | GLUT_DOUBLE | GLUT_RGB): :
] 110 glutInitWindowSize (300, 300): .
111 glutInitWindowPosition (100, 100); n

112 glutCreateWindow ("Some Birds"):; ™

113 glutDisplayFunc (inict) ; n

114 glutMainLoop () : n

115 } | |
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENRY



ExercisSe

* Using OpenGL, draw a brown Teapot with size = 5, then

perform the following:

= Rotate the Teapot 150 degree aroud y axis

= Change the color of the Rotated Teapot to Orange.
= Display only the Rotated Teapot in Window.
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