CompSci 373 Tutorial

OpenGL
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What Is OpenGL?

® What is OpenGL?
= A cross-plattorm API (library) to produce 2D and 3D

computer graphics application
® How can we use it?

= It provides a set of primitive but powerful high—level

rendering command. All drawing must be done through
these.
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Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
//Drawings are done here

¥

void init(wvodd})

1
//setup properties of the scene such as background color,
//lidth, height of the scene, etc.

¥

int main{int argc, char** argv)

1
glutInit(&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGE)j
glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);
glutCreateWindow("Simple OpenGL Program™);
init();
glutDisplayFunc(display);
glutMainLoop();
return &;

¥

™




s

Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
//Drawings are done here

¥

void init(wvodd})

1
//setup properties of the scene such as background
//lidth, height of the scene, etc.

¥

int main{int argc, char** argv)

1
glutInit(&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGE)j
glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);
glutCreateWindow("Simple OpenGL Program™);
init();
glutDisplayFunc(display);
glutMainLoop();
return &;

¥

color,

File Headers to be
included
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Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
//Drawings are done here
¥
void init(wvodid)
1
//setup properties of the scene such as background color,
//lidth, height of the scene, etc.
¥
int main(int argc, char** argv) Mam() Program’s
[ :
glutInit(&argc, argv); entry point

glutInitDisplayMode(GLUT SINGLE | GLUT RGE)j

glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);

glutCreateWindow("Simple OpenGL Program™);

init();
glutDisplayFunc(display);

glutMainLoop();
return &;
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Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
//Drawings are done here

¥

void init(wvodd})

1
//setup properties of the scene such as background
//lidth, height of the scene, etc.

¥

int main{int argc, char** argv)

{
glutInit(&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGE)j
glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);
glutCreateWindow("Simple OpenGL Program™);
init();
glutDisplayFunc(display);
glutMainLoop();
return &;

¥

color,

Setup the display

window




s

Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
¥

//Drawings are done here

void init(wvodid)

i

int

//setup properties of the scene such as background
//lidth, height of the scene, etc.

main(int argc, char** argv)

glutInit(&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGE)j

glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);

glutCreateWindow("Simple OpenGL Program™);

init();
glutDisplayFunc(display);

glutMainLoop();
return &;

color,

Tell OpenGL that the display()

is where we do our drawing
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Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
¥

//Drawings are done here

void init(wvodid)

i

int

//setup properties of the scene such as background
//lidth, height of the scene, etc.

main(int argc, char** argv)

glutInit(&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGB);

glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);

glutCreateWindow("Simple OpenGL Program™);

init();
glutDisplayFunc(display);

glutMainLoop();
return &;

color,

Tell OpenGL that our program is
ready and will stand there waiting

for input events
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Structure of an OpenGL Program

#include <windows.h>
#include <cmath>
#include "gl/glut.h™

const int windowlWidth = 466;
const int windowHeight = 488;

void display(void)

1
¥

//Drawings are done here

void init(wvodid)

i

int

//setup properties of the scene such as background
//lidth, height of the scene, etc.

main(int argc, char** argv)

glutInit(&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGE)j

glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(1088, 188);

glutCreateWindow("Simple OpenGL Program™);

init();
glutDisplayFunc(display);

glutMainLoop();
return &;

color,

o
& Simple OpenGL Progr.. IS

™
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A Simple OpenGL Program

wvoid display(void)
{

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES); // Drawing Using Triangles
glvertex3f( @.ef, lea.ef, @.of); // Top Vertex
glvertex3f(-10e.0f,-108.0f, a.0f); // Bottom Left Vertex
glvertex3f( 1lee.ef,-1es.ef, a.ef); // Bottom Right Vertex

glEnd();

f{ start processing buffered OpenGL routines
glFlush(};

¥

woid init(wvoid}

{

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

int main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);

| glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;
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A Simple OpenGL Program

wvoid display(wvoid)

{

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

// Drawing Using Triangles
// Top Vertex
// Bottom Left Vertex
// Bottom Right Vertex

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init(); |

glutDisplayFunc(display);

glutMainLoop();
return @;

v

Setup necessary properties

/
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A Simple OpenGL Program

wvoid display(wvoid)

{

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

// Drawing Using Triangles
// Top Vertex
// Bottom Left Vertex
// Bottom Right Vertex

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

Specify the background color
(RGBA)
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A Simple OpenGL Program

wvoid display(wvoid)

{

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

// Drawing Using Triangles
// Top Vertex
// Bottom Left Vertex
// Bottom Right Vertex

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

Specify a simple orthographic

proj ection
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A Simple OpenGL Program

wvoid display(wvoid)

{

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

// Drawing Using Triangles
// Top Vertex
// Bottom Left Vertex
// Bottom Right Vertex

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection
glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;
Gldnuhle halfHeight={Gldouhla) windowHeicht /2 6.

gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT SINGLE | GLUT RGB);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

Specify the screen coordinates

-200 200

- >

200 4

0.0

200y /
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A Simple OpenGL Program

wvoid display(wvoid)

{

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

// Drawing Using Triangles
[/ Top Vertex
// Bottom Left Vertex
[/ Bottom Right Vertex

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

The actual drawings in here
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A Simple OpenGL Program

wvoid display(wvoid)
i

L

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

// Drawing Using Triangles
// Top Vertex
// Bottom Left Vertex
// Bottom Right Vertex

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

- Clear all the buffers.
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A Simple OpenGL Program

wvoid display(wvoid)

{

¥

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

F/draw SomeThing here

glBegin(GL TRIANGLES); // Drawing Usinz Triangles
glvertex3f( @.ef, lea.ef, @.of); // Top Vertex
glvertex3f(-10e.0f,-108.0f, a.0f); // Bottom LSTT Vertex
glvertex3f( 1lee.ef,-1es.ef, a.ef); // Bottom Right Vertex
glEnd();

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

Draw a triangle
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A Simple OpenGL Program

wvoid display(wvoid)

{

2
I

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL _DEPTH BUFFER BIT);

//draw something here

glBegin(GL TRIANGLES);
glvertex3f( @.ef, lea.ef, @.of);
glvertex3f(-10e.0f,-108.0f, a.0f);
glvertex3f( 1lee.ef,-1es.ef, a.ef);

glEnd();

f{ start processing buffered OpenGL routines
glFlush(};

wvold init(wvodid)

{

int

glClearColor(@.8, 8.8, 8.8, @.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTION);

glLoadIdentity();

GLdouble halfWidth=(GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

main{int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode(GLUT_SINGLE | GLUT_RGE);
glutInitWindowSize (windowWidth, windowHeight);
glutInitWindowPosition (188, 188);
glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc(display);

glutMainLoop();
return @;

// Drawing Using Triangles
// Top Vertex
// Bottom Left Vertex
// Bottom Right Vertex

Process the buffers and display

onto the screen
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A Simple OpenGL Program

void display(wvoid)

{
'/ Clear The Screen Buffer And The Depth Buffer - -
glClear{GL_COLOR_BUFFER_BIT | GL_DEPTH BUFFER _BIT); < Simple OpenGL Program | Gl e

//draw something here

glBegin(GL TRIANGLES); // Drawing Using Triangles
glvertex3f( @.ef, lea.ef, @.of); // Top Vertex
glvertex3f(-10e.0f,-108.0f, a.0f); // Bottom Left Vertex
glvertex3f( 1lee.ef,-1es.ef, a.ef); J// Bottom Right Vertex

g1End();

f{ start processing buffered OpenGL routines
glFlush(};
}

vold init(wvoid)

{

glClearColor(@.8, @.8, 8.8, B.8);

f{simple orthographic projection

glMatrixMode(GL PROJECTIONY);

gliLoadIdentity();

GLdouble halfWidth=({GLdouble) windowwWidth/2.@;

GLdouble halfHeight=(GLdouble) windowHeight/2.8;
gluortho2D(-halfwidth, halfWidth,-halfHeight, halfHeight);

int main(int argc, char** argv)

glutInit{&argc, argv);
glutInitDisplayMode (GLUT_SINGLE | GLUT_RGEB);
glutInitWindowsize (windowWidth, windowHeight);
glutInitWindowPosition(lee, 18@);

| glutCreateWindow("Simple OpenGL Program");

init();
glutDisplayFunc (display);

glutMainLoop();
return @;
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A Simple OpenGL Program

void display(void) o o= 3 )
{

// Clear The Screen Buffer And The Depth Buffer
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER BIT);
S dranw SO l::_I[IJI.[IE Mere

glColor3f(l.ef, @.af, a.08f);

glBegln(aGl TRIANGLES); J/ Dra
glvertex3f( @.6f, 1ee.ef, 8.8f); /
glvertex3f(-10e.ef,-180.8f, @.8f); /
glvertex3f( lee.ef,-18e.ef, @.8f); !
glEnd();

// start processing buffered OpenGL routines
glFlush(};
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A Simple OpenGL Program

i i j (= im nGL Pr - - ol N
void display(wvoid) Simple OpenGL Program |- - ]
1

{f Clear The Screen Buffer And The Depth Buffer
glClear(GL COLOR_BUFFER BIT | GL DEPTH BUFFER_BIT);

//draw something here

glBegin(GL_TRIANGLES); /! Drawing
glColor3f(l.ef, e.af, e.af);
glVertex3f( @.8f, 1ew.ef, 0.6f); /7 Top |

glColor3f(e.ef, 1.8f, e.af);
glVertex3f(-100.67,-100.6f, 0.87); // Bott

glColor3f(e.ef, e.af, 1.a8f);
glVertex3f( 1ee.ef,-1e6.8f, a.ef); // Bott
glEnd();

{// start processing buffered OpenGL routines
glFlush();
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glBegin(...)

GL_POINTS

GL_LINES

GL_LINE_STRIP

GL_LINE_LOOP

W —
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glBegin(...)

e GL_POINTS

glBegin(GL_POINTS);
glColor3f(l.6f, 6.6f, 6.67T);
glVertex3f( @.ef, 186.6f, 0.8T);

glColoraf(e.ef, 1.8f, @.8f);
glVertex3f(-106.6f1,-166.67T, 6.6T);

glColor3f(@.ef, @.8f, 1.01);
glVertex3f( 1lee.ef,-166.8f, a.6f);
glEnd();
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glBegin(...)

e GL_POINTS

glEIE_ginl:E_=F'E-IHTS:|j.
glColor3f(l.8f, 0.6+, 8.061);
glvertex3f( @.0f, 1@8.8f, 0.6f1);

glColor3f(e.ef, 1.8f, 8.06f);
glvertex3f(-10@.ef,-1808.8f, 6.8T);

glColor3f(e.ef, e.ef, 1.01);
glvertex3f( 1ee.ef,-1e8.ef, 6.8f);
glEnd();




e
glBegin(...)

e GL_LINES

glBegin{GL LINES);
glColor3f(l.8f, B.8T, 0.61);
glvertex3f( @.ef, lea.ef, @8.8f);

glColor3f(@.0f, 1.8f, 0.061);
glVertex3f(1ee.ef,1e0.0f, E.Ef}ﬁ

glColor3f(@.af, 6.0f, 1.6T);
glVertex3f( @.0,-106.06f, 0.8T);
elVertex3f( 1e0.6f,-100.6f, 0.61);
glEnd( Y
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glBegin(...)
e GL_LINE_STRIP

glBegin({GL LINE STRIP);

glColor3f(l.ef, @.6f, 8.8f):
glVertex3f( @.ef, 1e6.ef, a@.ef7;
glVertex3f(lea.ef,166.0f, @.6T);

glColor3f(e.ef, 1.8f, @.0f);
glVertex3f( @.8,-188.8f, 8.8T);

glColor3f(e.8f, @.ef, 1l.ef);
glvertex3f( lee.ef,-1ee.e8f, o.6f);
glEnd();
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glBegin(...)
e GL_LINE_STRIP

glBegin({GL LINE STRIP);
glColor3f(l.ef, @.6f, 8.8f):
glVertex3f( @.ef, 186.6f, .
glVertex3f(lea.6f,106.61, 8.6T);

glColor3f(e.ef, 1.8f, @.0f);
glvVertex3f( @.8,-188.8f, 8.8T);

glColor3f(e.8f, @.ef, 1l.ef);
glvertex3f( lee.ef,-1ee.e8f, o.6f);
glEnd();
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glBegin(...)
e GL_LINE_STRIP

glBegin({GL LINE STRIP);
glColor3f(l.ef, @.6f, 8.8f):
glVertex3f( @.ef, 186.6f, .
glVertex3f(lea.6f,106.61, 8.6T);

glColor3f(e.ef, 1.8f, @.0f);
glvVertex3f( @.8,-188.8f, 8.8T);

glColor3f(e.8f, @.ef, 1l.ef);
glvertex3f( lee.ef,-1ee.e8f, o.6f);
glEnd();




e

glBegin(...)

e GL_LINE_LOOP

glBegin(GL_LINE_LOOP);

Py I iy P, B o oL N - = T = = =
E.LH_U.LUI_'II".I.JUIJ. L'aL'IJ. L'aL'llllJ

glVertex3f( @.0f, 186.0f, @.06T);
glvVertex3f(lee.ef,1e6.0f, @.08T);

glColor3f(@.ef, 1.8f, @.81);

glVertex3f( 0.0,-108.6f, 0.08T);

plColur3T({6.61, ©.61,

glVertex3f( lee.ef,-lea.ef, @.ef);
glEnd();




e

glBegin(...)

e GL_TRIANGLES

e GL_TRIANGLE_STRIP

e GL_TRIANGLE_FAN
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glBegin(...)

e GL_TRIANGLES

glBegin(GL_TRIANGLES);
glColor3f(l.ef, @.af, @.a6f);
glVertex3f( -lea.ef, lea.ef, @.ef);
glVertex3f(-1ea.ef, -186.ef, @.0f);
glVertex3f( @0.0,-100.6f, 8.08T);
glend();




e
glBegin(...)

e GL_TRIANGLE_STRIP

glBegin{Gl TRTANGIE STRTPY.
glColor3f(l.af, 8.8f, 8.07);
glvertex3f( -lee.af, 1es.ef, a.a8f);
glvertex3f(-1ee.ef, -1es.8f, a.a8f);
glvertex3f( 8.8,-186.8f, a.8f);

glColor3f(e.af, 1.8f, 8.8f);

glvertex3f( lee.8,-1ee.8f, 8.8f);

glvertex3f( lee.e, 1lee.ef, @.8f);
glEnd();




e
glBegin(...)

e GL_TRIANGLE_STRIP

_IBTANGIE STRTDY -
glColor3f(l.af, 8.8f, 8.07);
glvertex3f( -lee.af, 1es.ef, a.a8f);
glvertex3f(-1ea.a8f, -1ea.8f, 8.61);
glvertex3f( 8.8,-186.8f, a.8f);

glB

glColor3f(e.af, 1.8f, 8.8f);

glvertex3f( lee.8,-1ee.8f, 8.8f);

glvertex3f( lee.e, 1lee.ef, @.8f);
glEnd();
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glBegin(...)

e GL_TRIANGLE_FAN

glBegin(GL_TRIANGLE FAN);

glvertex3f( -1lee.8f, les.af, @.af);
glvertex3f(-1e6.08f, -lea.af, @.af);
glVertex3f( @.68,-188.6861, 8.61);

glColor3f({a.af, 1.8f, @.af);

glvertex3f( 186.0,-160.6f, @.8T);

glvertex3f( 106.8, 180.8f, @.8f);
glEnd();




s

glBegin(...)

e GL_TRIANGLE_FAN

glBegin(GL_TRIANGLE FAN);
glColor3f({l.ef, a.8f, @.af);
EIVertex3T{ -100.8T, 100.87, B.07); |
glertex3f(-168.6f, -186.8f, 6.6Ff%;
glvertex3f( @.08,-188.6f, 8.8f);

glColor3f({a.af, 1.8f, @.af);
glvertex3f( 186.0,-160.6f, @.8T);
gIVertex iy LBT, Y. 3

glEnd();




4 .
glBegin(...)

e GL_TRIANGLE_FAN

glBegin(GL_TRIANGLE FAN);
glColor3f({l.ef, a.8f, @.af);
EIVertex3T{ -100.8T, 100.87, B.07); |
glvertex3f(-1e6.08f, -lea.af, @.af);
glvertex3f( @.08,-188.6f, 8.8f);

glColor3f({a.af, 1.8f, @.af);
glvertex3f( 186.0,-160.6f, @.8T);
gllectex3f( 100 8 100 6f 0. 0f) .
glEnd();




e

glBegin(...)

e GL_POLYGON

e GL_QUADS

e GL_QUAD_STRIP

vl
vG
v2
V3 vh

Polygon must be convex! v
If not, the result is undefined.

5 vid
vl v4 X va vi2
VG
vis vi3
vB
v v3
VT vi0 v

vl v3 vo vi v

V2 vd vB vB v10




OpenGL Basic Command

Given are the vertices
const int num Vertices=3§;

const float vertices|num Vertices|[2] =

{{50,50}, {150,100}, {400,100}, {250,300},
{300,400}, {200,50},{100, 200}, {50, 300} };

Which calling sequence of these vertices (using glVertex2fv) results in the shape

on the right if we use the OpenGL commands ngegin(G
glEnd()?
4

A, 0,1,2,3,4,5,6,7

B, 3,5.2,4,7,0,1,6 : ;

C. 2.5.4,3.7.6,0, 1

D. 0,7,1,6,3,4,5,2 ’

E.  None of the others correct 1 )

0 S




OpenGL Basic Command

Given are the vertices
const int num Vertices=3§;

const float vertices|num Vertices|[2] =

{{50,50}, {150,100}, {400,100}, {250,300},
{300,400}, {200,50},{100, 200}, {50, 300} };

Which calling sequence of these vertices (using glVertex2fv) results in the shape

on the right if we use the OpenGL commands ngegin(G
glEnd()?
4

A, 0,1,2,3,4,5,6,7

B, 3,5.2,4,7,0,1,6 : ;

C. 2,5,4,3,7.6,0, 1

D. 0,7,1,6,3,4,5,2 ’

E.  None of the others correct 1 )

0 S




e

Transformations

e Translation

® glTranslatef(xUnits, yUnits, zUnits);
* Ex: glTranslatef(100.0f, 0.0f, 0.0f);

* Scaling
® glScalef(xUnits, yUnits, zUnits);
® Ex: glScalef(1, 2, 1);

e Rotation
° glRotatef(degree, xAxis, yAxis, zAxis);
* Ex: glRotatef(45, 0.0f, 0.0f, 1.0f);




4 |
Transformations

OpenGLl's transformations are done with right
multiply of matrices, which is the opposite order of
the operation applied:

glRotatef(...);
glTranslatef(...);

=R * T
—First Translate THEN Rotate




Parametric Curves and Surfaces

Describe the x, y, z coordinates by other parameters:

2D (1) (x(z)]
curve. ) =
g ()

where x(t) and y(t) are simple functions t goes from
Oto1l




Parametric Curves and Surfaces

Ex: Circle
““-I-.....O f (t)
“‘ '0’ t _ X
..0‘ 0“‘ p( ) [ fy (t)]
. . 0<t<l1
0 —
x’ ‘.:




Parametric Curves and Surfaces

Ex: Circle
gt LN N
* T f (t)
“‘ 'o. . X
> p(t) =
.:o y ““ [ fy (t)]
. ] . 0<t<1
0 —
x’ ":




Parametric Curves and Surfaces

Ex: Circle
r=1

We can compute the tangent and normal at any point

PPN
— Tangent: ((ox | _
=] or )| (—27 sin(27r)
Py (v ) 27w cos(2ar)
\ ot /)

— Normal is perpendicular to tangent




Parametric Curves and Surfaces

Ex: Circle
r=1

We can compute the tangent and normal at any point

PPN
— Tangent: ((ox | _
=] or )| (—27 sin(27r)
Py (v ) 27w cos(2ar)
\ ot /)

— Normal is perpendicular to tangent




Parametric Curves and Surfaces

Ex: Circle

We can compute the tangent and normal at any point

PPN
— Tangent: ((ox | _
=] or )| (—27 sin(27r)
Py (v ) 27w cos(2ar)
\ ot /)

— Normal is perpendicular to tangent




~ ™
Parametric Curves and Surfaces

Ex: Circle

| C5 373 Assignment 1 - Ray Trace

const float MAX T = 368;
const float PI 3.14159265;
float radius = B;

void display(void)

1

glclear(GL_COLOR_BUFFER_BIT);
glLineWidth(3.8);
glColor3f(l.e, 1.0, 0.08);

glBegin(GL_LINE_LOOP);
for(int i = @; 1 < MAX_T; i++)

1
float t = (float) i / MAX T;
float x = radius * cos(2 * PI * t);
float y = radius * sin(2 * PI * t);
glVertex2f(x, y);
¥
glEnd();




The picture on the right shows a parametric curve which 1s a
spiral with 3 revolutions, a height of 4 units, and a radius
rising from O to 2 units. The spiral starts at the origin and its
centre axis 1s the z-axis.

What 1s the parametric equation of this curve?




The picture on the right shows a parametric curve which 1s a
spiral with 3 revolutions, a height of 4 units, and a radius
rising from 0 to 2 units. The spiral starts at the origin and its
centre axis 1s the z-axis.

What 1s the parametric equation of this curve?

2 cos(3mt)
(a) | 2 sin(3mt)
4t

3t cos(bmt)
(b) | 3t sin(6mt)
4

2 cos(3mt)
(¢) | 2 sin(3mt)
!

2t cos(61t)
(d) | 2t sin(6mt)
4t

(e) None of the above



e

The surface of revolution in the image below on the right is created by revolving the profile
curve ¢(t)=(x(1). (). 0) in the image below on the left around the y-axis.

\ L tertmr of R ——
o

t=05

h

-

L] b X

What is the equation of the x-coordinate x(t) of the profile curve above? Note that the profile
curve starts on the x-axis and ends on the y-axis.




The surface of revolution in the image below on the right is created by revolving the profile
curve ¢(t)=(x(z), y(7). 0) in the image below on the left around the y-axis.

‘\‘ © Ltme of Revcison i
A
t=05

h

L

()Jr:(t)—{ 2ht ift < 0.5
2 ~ lr+r=cos(2n(t—0.5)) ift=05

2ht ift < 0.5
(b) x(2) = {r +7xsin(2n(t—0.5)) ift = 0.5

ift < 0.5
(c) x(t) = {*r + 71+ cﬂs{zﬁ{t —0.5)) ift=05

or ift < 0.5
() x(2) = {r +7«sin(2n(t—0.5)) ift=0.5

(¢) None of the others
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Question 46:

Which of the formulas
parameftric curve on the right?

below

defines

the




e

Question 46:

Which of the formulas below

parameftric curve on the right?

b cos Gﬂ: + t%n) + b

(a) ,  te01]
asin Gﬂr + t%n) —a
acos(2mt) —a

©) (b sin(2mt) + b) ’ t&(0,1]

defines the

v
(c) M?S(?HER)_H ,  te[01]
bsan(5ﬂ+t5n)+b
bcos(n+r—n)+b
@| ., tE[0]]
asm.(n+t—n)—a
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Parametric Curves and Surfaces

Ex: Torus

™




\

/

Parametric Curves and Surfaces

Ex: Torus




s

Parametric Curves and Surfaces
Ex: Spring

™




Surfaces and Curves

53

Given is the parametric surface p(S P t) = (t Slﬂ(ZTl’S)). What is the normal (before normalization) at the point p(s,t)?
t
e "+s

@ n(st) = (Sln(2ﬂ5)> t cos(Zns)Zn)
(b) n(s,t) = (sm(Zns) +

() n(st) = (sm(Zns)) X (t cos(Zns))

(d) n(S,t)—<Sln(21TS) + tcos(Zns))

t cos(Zns)Zn)

()  None of the above




Surfaces and Curves

53

Given is the parametric surface p(S P t) = (t Slﬂ(ZTl’S)). What is the normal (before normalization) at the point p(s,t)?
t
e "+s

(@) n(st) = (Sln(2ﬂ5)> t cos(Zns)Zn)
(b) n(st) = (sm(Zns) +1t cos(Zns)Zn)

() n(st) = (sm(Zns)) X <t cos(Zns))

(d) n(S,t)—<Sln(21TS) + tcos(Zns))

()  None of the above




Surfaces and Curves

Given is a parametric curve p,(t)=(x(t), y(t), 0) in the xy-plane. An extruded surfac
is constructed by defining another curve p,(r)=(x(¢), y(t), z), where z >0, and

connecting all points with the same ¢ parameter.

What is the direction of the surface normal n at the point p=(x(t), y(r), z/2)? Le.
which of the following vectors n is orthogonal to the surface at the point p?

x(t)
A. n=\vy(t)

e
B. n= y’(t))

(yqt))
¢om={-x'(t)

00
D.. n=1|0
1

E. None of the others correct

™




Surfaces and Curves

Given is a parametric curve p,(t)=(x(t), y(t), 0) in the xy-plane. An extruded
surface is constructed by defining another curve p,(t)=(x(t), y(¢), z), where z
>0, and connecting all points with the same ¢ parameter.

What is the direction of the surface normal n at the point p=(x(t), y(t), z/2)?
I[.e. which of the following vectors n is orthogonal to the surface at the point p?

x(t)
A. n= (y(t))
1
x'(t)
B. n= <y'(t)>

0
(y’(t)>
C n=|—x'(t)

0
0

D. n= <0>
1

E. None of the others correct




™
Texture Mapping

When texturing a mesh, you need a way to tell to
OpenGL which part of the image has to be used for
each triangle. This is done with UV coordinates




Texture Mapping

Must Setup Texture Before You can use it

GLuint texturelD;

void init(wvoid)

...... Tells OpenGL we

glGenTextures (1, &textureID}; want to generate

// "Bind" the newly created texture one texture name

glBindTexture{GL TEXTURE 20, textureID});

// Give the image to OpenGlL

glTexImage2D(GL_TEXTURE 2D, @,GL_RGB, width, height, @, GL BGR, GL UNSIGNED BYTE, data);
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE MAG FILTER, GL_LINEAR);
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE MIN FILTER, GL_LINEAR);




Texture Mapping

Must Setup Texture Before You can use it

GLuint texturelD;

void init(wvoid)

1

glaenTextures(1l, &textureID);
Tells OpenGL we

// "Bind™ the newly created texture .
glBindTexture(GL TEXTURE 2D, textureID); are gomg to use
// Give the image to OpenGlL texture Wlth the
glTexImage2D(GL_TEXTURE 2D, @,GL_RGB, width, height, @, GL BGR, GL UNSIGNED BYTE, data); iven ID
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE_MAG FILTER, GL_LINEAR); g
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE MIN FILTER, GL_LINEAR);

¥




Texture Mapping

Must Setup Texture Before You can use it

GLuint texturelD;
void init(wvoid)

glaenTextures(1l, &textureID);

// "Bind™ the newly created texture

glBindTexture(GL TEXTURE 2D, textureID); Create the actual
// Give the image to OpenGlL texture
glTexImage2D(GL_TEXTURE 2D, @,GL_RGB, width, height, @, GL BGR, GL UNSIGNED BYTE, data);
glTexParameteri(GL_TEXTURE 20, GL_TEXTURE MAG FILTER, GL_LINEAR);
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE MIN FILTER, GL_LINEAR);




Texture Mapping

Must Setup Texture Before You can use it

GLuint texturelD;

void init(wvoid)

1
glaenTextures(1l, &textureID);
// "Bind™ the newly created texture
glBindTexture{GL TEXTURE 20, textureID}); How we want
// Give the image to OpenGlL ()I)erl(}14}1a11(1le
glTexImage2D(GL TEXTURE 2D, @,GL RGB, width, height, @, GL BGR, GL UNSIGNED BYTE, data);
glTexParameteri(GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL_LINEAR); the texture when
glTexParameteri(GL_TEXTURE 2D, GL_TEXTURE MIN FILTER, GL_LINEAR); the obj ect is

} bigger or smaller

than the texture
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Texture Mapping




e

Texture Mapping

[ -1.0,-1.0,1.0 |
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Texture Mapping

The coordinate of the texture

to be mapped with this vertex

™

glBegin(GL QUADS);
// Front Face
glTexCoord2f(6.8f, 6.0f)

ertex3f(-1.8f, -1.8f,

; BlVertex3f( l.ef, -1.ef,
glTexCoord2f(1.08f, 1.8f); glVertex3f( 1.ef, 1.6f,
glTexCoord2f(@.0f, 1.8f); glVertex3f(-1.ef, 1.6f,
// Back Face
glTexCoord2f(1.0f,
glTexCoord2f(1.0f,
glTexCoord2f (8.0f,
glTexCoord2f (8.0f,
// Top Face
glTexCoord2f (8.0f,
glTexCoord2f (8.0f,
glTexCoord2f(1.0f,
glTexCoord2f(1.0f,
// Bottom Face
glTexCoord2f(1.0f,
glTexCoord2f (8.0f,
glTexCoord2f (8.0f,
glTexCoord2f(1.0f,
// Right face
glTexCoord2f(1.0f,
glTexCoord2f(1.0f,
glTexCoord2f (8.0f,
glTexCoord2f (8.0f,
!/ Left Face
glTexCoord2f (8.0f,
glTexCoord2f(1.0f,
glTexCoord2f(1.0f,
glTexCoord2f (8.0f,

glEnd();

=
&

glvertex3f(-1.ef, -1.8f,
glvertex3f(-1.8f, 1.ef,
glvertex3f( 1.ef, 1.ef,
glvertex3f( 1.ef, -1.8f,

&
" e

&
b
.

I

Mt et et
-

b

1 1 1 1
SRR e

glvertex3f(-1.8f, 1.ef, -
glvertex3f(-1.8f, 1.ef,
glvertex3f( 1.ef, 1.ef,
glvertex3f( 1.8f, 1.ef, -

0
" e

b

.HF'I@H

b

Mt et et
-

glvertex3f(-1.ef, -1.8f,
glvertex3f( 1.ef, -1.8f,
glvertex3f( 1.ef, -1.8f,
glvertex3f(-1.ef, -1.8f,

&
" e

b

1 1
sl

F'-IF'-II—"I—"
et Mt et
-
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b

glvertex3f( 1.ef, -1.8f,
glvertex3f( 1.ef, 1.ef,
glvertex3f( 1.ef, 1.ef,
glvertex3f( 1.ef, -1.8f,

&
" e

&
b
.

I

Mt et et
-

b

1 1
sl

glvertex3f(-1.0f,
glvertex3f(-1.ef, -1.8f,
glvertex3f(-1.8f, 1.ef,
glvertex3f(-1.0f,

1
=
1 ]
E
1
SRS RS

" e
.

b
.
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$233 3333 353%3% 58588 3333

Mt et et
-

b

Hup@l

E

i
i
i
i

i
i
i
i

i
i
i
i

i
i
i
i

i
i
i
i

i
i
i
i

Bottom Left Of The Texture and Quad
Bottom Right Of The Texture and Quad
Top Right Of The Texture and Quad
Top Left Of The Texture and Quad

Bottom Right Of The Texture and Quad
Top Right Of The Texture and Quad
Top Left Of The Texture and Quad
Bottom Left Of The Texture and Quad

Top Left Of The Texture and Quad
Bottom Left Of The Texture and Quad
Bottom Right Of The Texture and Quad
Top Right Of The Texture and Quad

Top Right Of The Texture and Quad
Top Left Of The Texture and Quad
Bottom Left Of The Texture and Quad
Bottom Right Of The Texture and Quad

Bottom Right Of The Texture and Quad
Top Right Of The Texture and Quad
Top Left Of The Texture and Quad
Bottom Left Of The Texture and Quad

Bottom Left Of The Texture and Quad
Bottom Right Of The Texture and Quad
Top Right Of The Texture and Quad
Top Left Of The Texture and Quad
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Texture Mapping




Texture

< COMPSCII72 Testure Mapping Question = ver )

The image below on the left is used to texture map a rectangle as illustrated in the image below on the right. Assume the bottom-
right vertex of the rectangle has the texture coordinates (0, 0).

What are the texture coordinates of the other three vertices?

(a)  Bottom-left vertex: (1, 0); Top-left vertex: (1, 1.5); Top-right vertex: (0, 1.5)
(b)  Bottom-left vertex: (0, 4); Top-left vertex: (1.5, 4); Top-right vertex: (1.5, 0)
(c)  Bottom-left vertex: (0, 1); Top-left vertex: (1.5, 1); Top-right vertex: (1.5, 0)
(d)  Bottom-left vertex: (1, 0); Top-left vertex: (1, 1); Top-right vertex: (0, 1)

()  None of the others




Texture

< COMPSCII72 Testure Mapping Question = ver )

The image below on the left is used to texture map a rectangle as illustrated in the image below on the right. Assume the bottom-
right vertex of the rectangle has the texture coordinates (0, 0).

What are the texture coordinates of the other three vertices?

(a)  Bottom-left vertex: (1, 0); Top-left vertex: (1, 1.5); Top-right vertex: (0, 1.5)

(b)  Bottom-left vertex: (0, 4); Top-left vertex: (1.5, 4); Top-right vertex: (1.5, 0)

(c)  Bottom-left vertex: (0, 1); Top-left vertex: (1.5, 1); Top-right vertex: (1.5, 0)

(d)  Bottom-left vertex: (1, 0); Top-left vertex: (1, 1); Top-right vertex: (0, 1)

None of the others - The correct answer should be Bottom-left (4.0), bottom-right (0,0), top-left (4, 1.5), top-right (0, 1.5)






