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#include <gl/glut.h> // (or others, depending on the system in use)
#include <math.h>
#include <iostream.h>

void init (void)

{
glClearColor (0.0, 0.0, 0.0, 0.0) ;
glShadeModel(GL_FLAT);

b

void display(void)

{
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 1.0, 1.0);
glLoadldentity();
gluLookAt(0.0, 0.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
glScalef(1.0, 2.0, 1.0);
glutWireCube(1.0);
glFlush();

¥
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void reshape(int w, int h)

{

glViewport(0, 0, (GLsizei) w, (GLsizei) h);
gIMatrixMode(GL_PROJECTION);
glLoadldentity();

glFrustum(-1.0, 1.0, -1.0, 1.0, 1.5, 20.0);
glMatrixMode (GL_MODELVIEW);

}

void main (int argc, char** argv)

{
glutInit (&argc, argv);
glutinitDisplayMode (GLUT_SINGLE | GLUT_RGB);
glutinitWindowPosition (100, 100);
glutinitWindowsSize (500, 500);
glutCreateWindow (argv([0]);
init();
glutDisplayFunc (display);
glutReshapeFunc (reshape);
glutMainLoop();
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world vy
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o &% :GL_MODELVIEW, GL_PROJECTION
o 2E XA

o glMatrixMode(GL_MODELVIEW);

o glMatrixMode(GL_PROJECTION);
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m  O|=Y & : glTranslatef(dx, dy, dz);

(a)

m 3J|HE: glScalef(sx, sy, s2);
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b glRotatef( @, rx, ry, rz);
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m FYHES
= JlHI2IE EXlole &Y
o Jtoizt AX : VRP (view reference point)

o Jtollet & VPN (view plane normal)
o ot 2 gsk: VUP (view up vector)

View-up vector

. ______________________________________
view reference point
=< view-plane normal vector
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m FYGE
= OpenGL &= : Look-At Function

o gluLookAt(eyeX, eyeY, eyeZ, atX, atY, atZ, upX-eyeX, upY-eyeY, upZ-eyeZ);
o O) gluLookAt(0, 0, 5, 0,0, 0, 0, 1, 0);

(atx, aty, atz)

wp,,up,,up, g

z
(eye_, eye , eye, )
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Viewing Transformation

= OIA 1: gluLookAt(0.0, 0.0, 13.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
m Ol Al 2: gluLookAt(5.0, 5.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
= Ol Al 3: gluLookAt(5.0, 5.0, 5.0, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0);
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n 2= S22t (Viewing Volume) 2 &
o J2 §Z (Perspective Viewing)
o finite COP
o1 center of projection
o & £ (Orthographic Viewing)
o finite COP
o center of projection

Object

\'““Projector

Projection plane

DOP

Projection plane

COP
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m  Perspective Projection
m  glFrustum( xmin, xmax, ymin, ymax, znear, zfar);

o znear, zfar> 0 i
o zmin = —znear, zmax = —zfar 252,
s e (xmax’ Y max? szin)
(xm_m’ Y min? 2‘zm_in)
X
Z w
m  gluPerspective(fovy, aspect, znear, zfar) "' .

o fovy : field of view in y-direction, in degree
o aspect : width / height

fov
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Projection Transformation

m  Ji0l2t f Xl : gluLookAt(5.0, 5.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
Ol Ml 1 : gluPerspective(45.0, 1.0, 1, 30)
Ol Ml 2 : gluPerspective(15.0, 1.0, 1, 30)
Ol Xl 3 : gluPerspective(60.0, 1.0, 1, 30)
Ol Ml 4 : gluPerspective(45.0, 0.5, 1, 30)
Ol Ml 5 : gluPerspective(45.0, 1.0, 1, 8)
Gl Xl 6 :
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m  Orthographic Projection
= glOrtho(xmin, xmax, ymin, ymax, zmin, zmax);
= gluOrtho2D(xmin, xmax, ymin, ymax);
o glOrtho(xmin, xmax, ymin, ymax, -1, 1);

(x 2z )
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Projection Transformation

= JtOilek ?I Xl : gluLookAt(5.0, 5.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);

Ol Ml 1 : glOrtho(-5.0, 5.0, -5.0, 5.0, -5.0, 25.0)
Ol Xl 2 : glOrtho(-5.0, 5.0, -5.0, 5.0, 1.0, 8.0)
Ol Ml 3 : glOrtho(-1.0, 1.0, -1.0, 1.0, 1.0, 30.0)
Oil Ml 4 : glOrtho(-1.0, 1.0, -5.0, 5.0, 7.0, 8.0)
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= Viewport &%

= void glViewport(GLint x, y, GLsizei w, h);
o (xY) XA, wx h A0 ==

Dongeui Universit 21



Math&Com
Graphics Lab.

Modeling a Cube
vertex & 2
GLfloat vertices[8][3] = {

{-1.0,-1.0,-1.0}, // 0
{1.0,-1.0,-1.0}, /1
{1.0,1.0,-1.0}, /2
{-1.0,1.0,-1.0}, /3
{-1.0,-1.0,1.0}, /4
{1.0,-1.0,1.0}, /5
{10,10,1.0}, /6
{-1.0,1.0,1.0} /7
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m  Modeling a Cube
= face &2
glBegin(GL_POLYGON);
glVertex3fv(vertices[0]);
glVertex3fv(vertices[3]);
glVertex3fv(vertices[2]);
glVertex3fv(vertices[1]); .
gIENd(); 47 0
m outward facing

o normal vector = &HAF Q|2
o right-hand rule

i
0!
i
a
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Data Structure

= vertex-list representation
o 142 vertexE 3JH2| facelt &7 It=
o list & :index 2 vertex € share

Polygon Faces Vertex lists Vertices
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Modeling a Colored Cube

m Color Cube
vertex 0OtCt color & &

GLfloat colors[8][3] = {
{0.0,0.0,0.0},
{1.0,0.0,0.0},
{1.0,1.0,0.0},
{0.0,1.0,0.0},
{0.0,0.0,1.0},
{1.0,0.0,1.0},
{1.0,1.0,1.0},
{0.0,1.0,1.0}

Il black

/Il red

Il yellow

/Il green

/Il blue

/[ magenta
I/ white

/[ cyan
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m Face =& &= [*face 2 =2 ¥
void quad(int a, int b, intc, intd) {
glBegin(GL_POLYGON); void colorcube(void) {

glColor3fv(colors[a]); quad(0,3,2,1);
glVertex3fv(vertices[a)); quad(2,3,7,6);
glColor3fv(colors[b]); quad(0,4,7,3);
glVertex3fv(vertices[b]); quad(1,2,6,5);
glColor3fv(colors[c]); quad(4,5,6,7);
glVertex3fv(vertices[c)); quad(0,1,5,4);
glColor3fv(colors[d]); }

glVertex3fv(vertices[d]);
glEnd();
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#include <gl/glut.h>
GLfloat vertices[8][3] = {
{-1.0,-1.0,-1.0}, /IO
{1.0,-1.0,-1.0}, N1
{1.0,1.0,-1.0}, 2
{-1.0,1.0,-1.0}, 113
{-1.0,-1.0,1.0}, N4

{1.0,-1.0,1.0}, I'5
{1.0,1.0,1.0}, /6
{-1.0,1.0,1.0} 17

h

GLfloat colors[8][3] = {
{0.0,0.0,0.0}, //black
{1.0,0.0,0.0}, //red
{1.0,1.0,0.0}, //yellow
{0.0,1.0,0.0}, // green
{0.0,0.0,1.0}, //blue
{1.0, 0.0, 1.0}, // magenta
{1.0,1.0, 1.0}, /I white
{0.0,1.0,1.0} //cyan

Dongeui Universit 27



Math&Com
Graphics Lab.

void init (void)

{

glClearColor (0.0, 0.0, 0.0, 0.0) ;
glShadeModel(GL_FLAT);
¥
void quad(inta, intb, intc,intd) {
glBegin(GL_POLYGON);,
glColor3fv(colors[a));
glVertex3fv(vertices[a]);
glColor3fv(colors[b]);
glVertex3fv(vertices[b]);
glColor3fv(colors|c]);
glVertex3fv(vertices[c]);
glColor3fv(colors[d]);
glVertex3fv(vertices[d]);
glEnd();
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void colorcube(void) {
quad(0,3,2,1);
quad(2,3,7,6);
quad(0,4,7,3);
quad(1,2,6,5);
quad(4,5,6,7);
quad(0,1,5,4);

by

void display(void)
{
glClear(GL_COLOR_BUFFER_BIT);
glColor3f(1.0, 1.0, 1.0);
glLoadldentity();
gluLookAt(0.0, 0.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
glScalef(1.0, 2.0, 1.0);
colorcube();
glFlush();

Dongeui Universit 29



Math&Com
Graphics Lab.

void reshape(int w, int h)

{

glViewport(0, 0, (GLsizei) w, (GLsizei) h);
gIMatrixMode(GL_PROJECTION);
glLoadldentity();

glFrustum(-1.0, 1.0, -1.0, 1.0, 1.5, 20.0);
glMatrixMode (GL_MODELVIEW);

}

void main (int argc, char** argv)

{
glutInit (&argc, argv);
glutinitDisplayMode (GLUT_SINGLE | GLUT_RGB);
glutinitWindowPosition (100, 100);
glutinitWindowsSize (500, 500);
glutCreateWindow (argv([0]);
init();
glutDisplayFunc (display);
glutReshapeFunc (reshape);
glutMainLoop();
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B =AM
n SHHIIAHOZ OHA KK Z=C.

o Jdele=NMUZ A4 XI| =
DA2E Jdel= &= Quad2l =AM E HH N S A

=> Z-buffer £ A0t 0F &
glEnable(GL_DEPTH_TEST);
glClear(GL_DEPTH_BUFFER_BIT);
glutinitDisplayMode (GLUT_DEPTH);

w AMAO| Ol Kl &2 2t 2F T2,
o SF HO0l ofLtel AROF LIEHHCE
=>Shading 2= 0t = A

=>»glShadeModel(GL_SMOOTH);,
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BB A
w glMatrixMode(Glenum mode)

o P2E€RF 54 84AddEs 3= A 0HF A&

o GL_MODELVIEW, GL_PROJECTION, GL_TEXTURE
m glLoadldentity(void)
o SMxEIIsSttdZS x4 thel gz &5

w glLoadMatrix{fd}(const TYPE *m)

ol

o S EO 1600 AUS MOZ XHE o gioz 4%
w  glMultMatrix{fd}(const TYPE *m)
o EMS M DN S6tD, JZUE S HEZZ =L

ml m5 m9 m13 mll m21 m31 m41
m = m2 m6 mlO m14 m = m12 m22 m32 m42
m3 m7 mll m15 m13 m23 m33 m43
m4 m8 m12 m16 m14 m24 m34 m44
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m Code

w glMatrixMode(GL_MODELVIEW);
m  glLoadldentity();
= glMultMatrixf(N); IHE NS EE
= glMultMatrixf(M); HEM S EE
= glMultMatrixf(L); A LS EE
w  glBegin(GL_POINTYS);
o glVertex3f(x, y, 2);

m  glEnd();

SR
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= glTranslatef(4.0, 0.0, 0.0);
glRotatef(45.0, 0.0, 0.0, 1.0);
= colorcube();

= glRotatef(45.0, 0.0, 0.0, 1.0);
= glTranslatef(4.0, 0.0, 0.0);
= colorcube();
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