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Simply, Computer Graphics is......
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=l

/

What we do with this ‘Computer Graphics’

Simply, Computer Graphics is......
Producing pictures or images using a computer




=

What we do with this ‘Computer Graphics’

/

Simply, Computer Graphics is......
Producing pictures or images using a computer
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basic terms

related to computer graphics
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square circle triangle rectangle
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cone cuboid sphere cube cylinder
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2D vs. 3D
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2D vs. 3D




‘Computer Graphics’ Definition

To be more precise,

Computer Graphicsis...

Creation, Manipulation, and Storage of
geometric objects (modeling) and their

images (rendering)










Modeling and Rendering




openGL



, What is openGL ?
/ p

* Open Graphics Library
* It's a way to draw stuffin 3D.

*The graphics card is where the 3D computation happens. The purpose of
OpenGLis to communicate with the graphics card about your 3D scene.

* So why not talk to the graphics card directly? Each graphics card is a little
different. In a sense, they all speak different "languages”. To talk to them
all, you can either learn all of their languages, or find a "translator” that
knows all of their languages and talk to the translator, so that you only
have to know one language. OpenGL serves as a "translator” for graphics
cards.



/ What is openGL ?

Programmer’s View

Applicaton
7
‘ Applicaton ‘ ‘ Graphics Package ‘

I I

| OpenGL Application Programming Interface ‘

I

‘ Hardware and software ‘

I I I

Output Device Input Device Input Device
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OpenGL
Utility Toolkit

( GLUT)



What is GLUT ?

v The OpenGL Utility Toolkit (GLUT) is a library of utilities for OpenGL

programs

v'GLUT makes it considerably easier to learn about and explore OpenGL
programming.

v'GLUT provides a portable API so you can write a single OpenGL
program that works across all PC and workstation OS platforms.
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Let's Start



/ Lets configure openGL in our PC!

https://sites.google.com/site /imruljubair/teaching

OOOOOO

Visual Studio

=| glut.def

|.:L glut.h

) glut32.dll
“d glut32.lib
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Lets configure openGL in our PC!

oD
Microsoft® "

Visual Studio

=| glut.def

|=L glut.h

) glut32.dll
“d glut32.lib

» VC » include »

ch

E=

Burn New folder

LI SR N )

Type: C Header File

gcroot.h
Type: C Header File

glut.h
Type: C Header File

immintrin.h
Type: C Header File

intrin.h



/I Lets configure openGL in our PC'! i

-

oD

Microsoft®

Visual Studio - VC o dib

=| glut.def Burn Mew folder

ah gluth ¥¥_| UETayIimp.Io

%) gluts2.dll Type: Object File Library
#d glut32.lib

4¢3 glut32lib
Type: Object File Library

## % lihemt ik
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/ Lets configure openGL in our PC!

Microsoft®

Visual Studio N _ _

) glut.def Local Disk (C:) » Windows » system
|=L gluth rary v Share with « Burn Mes
) glut32.dI

73 9"—'1'33-“h\[\>i glut32.dll




/ How to code?

Just create a new empty project

+ Solution Explorer

= | 2| E s

<+ _j Solution 'newProject’ (1 project)
) . ; o B :ﬂ newProject
There are some built-in things for 4 External Dependencies
. - - [ Header Files
you, which makes coding easier © £ Resource Files
| 4 L Source Files

. ¢+ main.cpp
Lets know about those.



Lets explain our first code

#include <glut.h>

void Draw/( ) {




#include <glut.h>

void Draw() {

int main(int iArgc, char** cppArgv) ¢




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");

Initialize();

glutDisplayFunc(Draw);

glutMainLoop();

return O;



int main(int iArgc, char** cppArgV)<—_

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();
glutDisplayFunc(Draw);
glutMainLoop();
return O;



int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgC, cppArgv); <€ _

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");

Initialize();

glutDisplayFunc(Draw);

glutMainLoop();

return O;



int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLuT SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);

glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();
glutDisplayFunc(Draw);
glutMainLoop();

return O;




int main(int iArgc, char** cppArgv)
{
glutlnit(&iArgc, cppArgv);

glutInitDisplayMode(GLUT_SINGLE | GLUT_RGB),

glutlnitWindowSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();
glutDisplayFunc(Draw);
glutMainLoop();

return 0; Display Mode Meaning

} GLUT_RGB Use RGB colors
GLUT_RGBA Use RGB plus « (for transparency)
GLUT_INDEX Use colormapped colors (not recommended)

GLUT_DOUBLE | Use double buffering (recommended)
GLUT_SINGLE | Use single buffering (not recommended)

GLUT_DEPTH Use depth buffer (needed for hidden surface removal)




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize (250, 250);€
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");

Initialize();

glutDisplayFunc(Draw);

glutMainLoop();

return O;




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);

glutlnitWindowPosition(200,200);
glutCreateWindow("CSE_404");

Initialize();

glutDisplayFunc(Draw);

glutMainLoop();

return O;




int main(int iArgc, char** cppArgv)
{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutInitWindowPosition(200, 200);

glutCreateWindow/("csk 404");
Initialize();

glutDisplayFunc(Draw);

glutMainLoop();

return O;




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404"); - .
Initialize(); 5| void Initialize( ) (
slutDisplayFunc(Draw); glClear.Color(0.0, 0.0, 0.0, 0.0);
alutMainLoop(); glMatrlxMoclle(GL_PRO]ECTION);
return 0- glLoadldentity();

) ’ glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);

}




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);
glutInitWindowPosition(200, 200);
glutCreateWindow("CSE_404");

Initialize();
glutDisplayFunc(Draw);

glutMainLoop();
return 0;

void Initialize( ) {

glClearColor (0.0, 0.0, 0.0, 0.0);
glMatrixMode(GL_PROJECTION);
glLoadldentity();

glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glut-Cr-eate-Wlndow( CSE_404"); void Initialize( ) {
Initialize(); slClearColor(0.0, 0.0, 0.0, 0.0):
glutDisplayFunc(Draw); glMatrixMode(GL_PrROJECTION);
glutMainLoop(); _
return 0: glLoadldentity();
) ’ glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);
}




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);
glutInitWindowPosition(200, 200);
glutCreateWindow("CSE_404");

Initialize();
glutDisplayFunc(Draw);

glutMainLoop();
return 0;

void Initialize( ) {
glClearColor(0.0, 0.0, 0.0, 0.0);

v

glMatrixMode(GL_PRO]ECTION);

glLoadldentity();
glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glut-Cr-eate-Wlndow( CSE_404"); void Initialize( ) {
Initialize(); slClearColor(0.0, 0.0, 0.0, 0.0);
glutDisplayFunc(Draw); glMatrixMode(GL_PROJECTION);
gl‘;tMa‘O“_LOOPO? glLoadlIdentity();
\ e glortho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);
}




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glut-Cr-eate-Wlndow( CSE_404"); void Initialize( ) {
Initialize(); slClearColor(0.0, 0.0, 0.0, 0.0);
glutDisplayFunc(Draw); glMatrixMode(GL_PROJECTION);
glutMainLoop(); glLoadldentity();
} return 0; glortho(-1,1,-1,1,1,-1);
)y
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«void Initialize( ) {
glClearColor(0.0, 0.0, 0.0, 0.0);
glMatrixMode(GL_PROJECTION);
glLoadldentity();

glOrtho('l, 1, '1, 1, 1, '1);




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
lutCreateWindow("CSE_404");
s ] r-ea e- indow( - ) void Initialize( ) {
Initialize(); glClearColor(0.0, 0.0, 0.0, 0.0);
glutDisplayFunc(Draw); glMatrixMode(GL_PROJECTION);
glutMainLoop(); glLoadldentity();
} return 0; glOrtho(-l, 1,-1,1,1, '1);
}




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");

Initialize();

glutDisplayFunc(praw);

glutMainLoop();
return O;



int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();

glutDisplayFunc(D raw);

glutMainLoop();
return 0;

void Draw ()
{
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 1.0, 1.0);
glBegin(GL_POINTS);
glVertex3f(0.2, 0.2, 0.0);
glEnd();
glFlush();




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);

glutInitWindowPosition(200, 200); void Draw()

glutCreateWindow("CSE_404"); {

Initialize();

ize0 glClear(GL_cOLOR_BUFFER_BIT);

glutDisplayFunc(Draw); glColor3f(1.0, 1.0, 1.0);

glutMainLoop(); glBegin(GL_POINTS);

return 0; glVertex3£(0.2, 0.2, 0.0);
} glEnd();

glFlush();
}




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();

glutDisplayFunc(D raw);

glutMainLoop();
return 0;

void Draw()

{
glClear(GL_COLOR_BUFFER_BIT);

glColor3f(1.0,1.0,1.0);
/' glBegin(GL_POINTS);
glVertex3f(0.2, 0.2, 0.0);
glEnd();
glFlush();




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();

glutDisplayFunc(D raw);

glutMainLoop();
return 0;

void Draw()

{
glClear(GL_COLOR_BUFFER_BIT);

glColor3£(1.0, 1.0, 1.0);

glBegin(cL_roiNTS);
A7 glVertex3f(0.2, 0.2, 0.0);

glEnd();

glFlush();




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200); void Draw()
glutCreateWindow("CSE_404"); {
Initialize(); glClear(GL_COLOR_BUFFER_BIT);
glutDisplayFunc(DraW); glColor3f(1.0, 1.0, 1.0);
glutMainLoop(); ngegin(GL_POlNTS);
return 0; glVertex3f(0.2, 0.2, 0.0);
} glEnd();
glFlush();
}




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);

glutlnitWindowPosition(200, 200); void Draw()

glutCreateWindow("CSE_404"); {

Initialize(); glClear(GL_COLOR_BUFFER_BIT);

glutDisplayFunc(Dl'aW); glColor3f(1.0, 1.0, 1.0);

glutMainLoop(); glBegin(GL_POINTS);

return 0; _5 glVertex3f(0.2,0.2,00);
J glEnd();

glFlush();
}
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void Draw()

{

glClear(GL_COLOR_BUFFER_BIT);
glColor3£(1.0, 1.0, 1.0);
glBegin(GL_POINTS);

glVertex3f(0.2,0.2,00);
glEnd();
glFlush();




int main(int iArgc, char** cppArgv)

{

glutlnit(&iArgc, cppArgv);

glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);

glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();

glutDisplayFunc(D raw);

glutMainLoop();
return O;

void Draw()
{
glClear(GL_COLOR_BUFFER_BIT);
glColor3£(1.0, 1.0, 1.0);
glBegin(GL_POINTS);
glVertex3f(0.2, 0.2, 0.0);
glEnd();

—> glFlush();

}




int main(int iArgc, char** cppArgv)

{
glutlnit(&iArgc, cppArgv);
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutlnitWindowsSize(250, 250);
glutlnitWindowPosition(200, 200);
glutCreateWindow("CSE_404");
Initialize();
glutDisplayFunc(Draw);

glutMainLoop(); <

return O;
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#include <glut.h>

void Draw( ) {
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transformation
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Translate:

Y 4

TRANSFORMATION

(0.5,0.3) @
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Translate:

Y 4

TRANSFORMATION

V4
(0.8,0.6) o

Suppose, we’ve translated it
by (0.3, 0.3) -
/05+03=08
¢ 03+0.3=0.6




Scale:

TRANSFORMATION

(x2,y2)

(x3,y3)




TRANSFORMATION
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TRANSFORMATION
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/ TRANSFORMATION

(x2',y2’)

(x1,y1’)

(x3’,y3’)
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TRANSFORMATION

(x1,y1’)

(x2',y2’)

W, Suppose, we've scaled it

s, by 130% with respect to
\\\ origin-

(x3’,y3’) x1* 1.3 =x1

yl1*1.3 =yl




; ; TRANSFORMATION i
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Rotate:

TRANSFORMATION




Rotate:

TRANSFORMATION




p» — TRANSFORMATION

Rotate:

Suppose, we’ve rotated it
by O degree with respect
to X axis
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glPushMatrix()
glPopMatrix()



Example - 1

void Draw()
R

glClear(GL_COLOR_BUFFER_BIT);

glPointSize(16);

glColor3£(1.0, 1.0, 1.0);
glBegin(GL_POINTS); O

glVertex3f(0.2, 0.2, 0.0); (0.5,0.5)
glEnd(); T
®
(0.2,0.2)

glColor3f(1.0, 0.0, 0.0);
glBegin(GL_POINTS);
glVertex3£(0.5, 0.5, 0.0);
glEnd();
glFlush();



Example - 1

void Draw()
A
glClear(GL_COLOR_BUFFER_BIT);
glPointSize(16);

glColor3£(1.0, 1.0, 1.0);

glTranslatef(0.1,0.2,0.0); (0.6,0.7)

glBegin(GL_POINTS);
glVertex3f(0.2, 0.2, 0.0);
glEnd(); ®

(0.3,0.4)

glColor3f(1.0, 0.0, 0.0);
glBegin(GL_POINTS);
glVertex3£(0.5, 0.5, 0.0);
glEnd();
glFlush();



void Draw()

A

glClear(GL_COLOR_BUFFER BIT);
glPointSize(16);

glColor3£(1.0, 1.0, 1.0);
glPushMatrix();
glTranslatef(0.1,0.2,0.0);
glBegin(GL_POINTS);
glVertex3£(0.2, 0.2, 0.0);
glEnd();
glPopMatrix();

glColor3f(1.0, 0.0, 0.0);
glBegin(GL_POINTS);
glVertex3£(0.5, 0.5, 0.0);
glEnd();
glFlush();

Example - 1

=

o
(0.5,0.5)
®
(0.3,0.4)



void Draw()

A

glClear(GL_COLOR_BUFFER BIT);
glPointSize(16);

glColor3£(1.0, 1.0, 1.0);
glPushMatrix();
glTranslatef(0.1,0.2,0.0);
glBegin(GL_POINTS);
glVertex3£(0.2, 0.2, 0.0);
glEnd();
glPopMatrix();

glColor3f(1.0, 0.0, 0.0);
glBegin(GL_POINTS);
glVertex3£(0.5, 0.5, 0.0);
glEnd();
glFlush();

Example - 1

=

o
(0.5,0.5)
®
(0.3,0.4)



Example - 2

D /
void Draw()
/{ glClear(GL_COLOR_BUFFER_BIT);
glPointSize(16); ®
glPushMatrix(); (0:5,0.5)
glTranslatef(-0.1,0.2,0.0);
®
glColor3f(1.0, 1.0, 1.0); (0.2,0.2)

glPushMatrix();
glRotatef(45, 0.0, 0.0, 1.0);
glBegin(GL_POINTS);
glVertex3f(0.2, 0.2, 0.0);
glEnd();
glPopMatrix();
glBegin(GL_POINTS);
glVertex3f(0.5, 0.5, 0.0);
glEnd();
glFlush();

glPopMatrix(); }



Example - 2

. T R ——
void Draw()
= { glClear(GL_COLOR_BUFFER_BIT);
glPointSize(16); ®
glPushMatrix(); (0.5,0.5)
glTranslatef(-0.1,0.2,0.0); ®

glColor3f(1.0, 1.0, 1.0);
glPushMatrix();

glRotatef(45, 0.0, 0.0, 1.0);
glBegin(GL_POINTS);
glVertex3£(0.2, 0.2, 0.0);
glEnd();
glPopMatrix();
glBegin(GL_POINTS);
glVertex3f(0.5, 0.5, 0.0);
glEnd();
glFlush();

glPopMatrix(); }



Example - 2

- T

void Draw/() O
~ [ giClear(GL_COLOR_BUFFER_BIT);

glPointSize(16); o
- s (- -~
7 glPushMatrix(); \

glTranslatef(-0.1,0.2,0.0); )

glColor3f(1.0, 1.0, 1.0);
glPushMatrix();
glRotatef(45, 0.0, 0.0, 1.0);
glBegin(GL_POINTS);
glVertex3£(0.2, 0.2, 0.0);
glEnd();
glPopMatrix();
glBegin(GL_POINTS);
glVertex3f(0.5, 0.5, 0.0);
glEnd();
glFlush();

”-------~\
D T —————————_
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glPopMatrix(); }

\

~

1
\



