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OpenGL Camera

o OpenGLOj| A= 7t 2t 7F 24| 2] S ZH(drawing
coordinates)2| & (origin)0f Q| X|slH z- g0 2
St QU

_|x__||_
o 2A=372t

= X’J5HX| E=CH, CIEERZ 2x2x2
UHK| O] viewing volumeg At

{right, top, far)
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Viewing functions

o 2 EF (Orthographic parallel projection)
= void glOrtho(GLdouble left, GLdouble right, GLdouble
bottom, GLdouble top, GLdouble zNear, GLdouble zFar);

» void gluOrtho2D(GLdouble left, GLdouble right, GLdouble
bottom, GLdouble top); - 2X+2] JA2jEHAQ| At
¥

glMatrixMode(GL_PROJECTION);

glLoadldentity(); / | Viewing rectangle

gluOrtho2D(0.0, 50.0, 0.0, 50.0); //2D f/.'/’
IMatrixMode(GL_MODELVIEW); - ==

g // Z=0

glMatrixMode(GL_PROJECTION); 250

glLoadIdentity(); ¥

glOrtho(-10, 10, -10, 10, -10, 10);
gIMatrixMode(GL_MODELVIEW);

Viewing functions

o |2 EF (Perspective projection)
m void glFrustum(GLdouble left, GLdouble right, GLdouble
bottom, GLdouble top, GLdouble zNear, GLdouble zFar);
m void gluPerspective(GLdouble fovy, GLdouble aspect,
GLdouble zNear, GLdouble zFar); - &3}EL2 42 M HSI=
Ci &l yhetol A2t (FOV)QF Z&H|(7te & 22|
YHO| HH|E =0|2 Lhw 2)E A8

glMatrixMode(GL_PROJECTION); 4
glLoadIdentity(); ~ .
gluPerspective(60.0, 1.0, 1.0, 10.0); : |
glMatrixMode(GL_MODELVIEW); ¥ > ih




Viewport functions

o fZE (Viewport)
n e RO Aot 37k 27|17 REE YR = HoHE.

o void glViewport(GLint x, GLint y, GLsizei width, GLsizei
height)
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gIViewport() Af%. AHIMOo R QEQ MY E HIEER AR
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m Reshape functionO| & AL, glViewport()7} EtEA
ZotE[OfOf 2t

glViewport(0, 0, glutGet(GLUT_WINDOW_WIDTH),
glutGet(GLUT_WINDOW_HEIGHT));

Viewport functions

o void glScissor(GLint x, GLint y, GLsizei width, GLsizei
height)

glScissor(100, 100, 350, 350);

glEnable(GL_SCISSOR_TEST); Ar —Viewport
o o
x w_- —Graphics window
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@ | - =
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Clipping window

Text Functions

o GLUTO| Feo|E &XF Het M-S EAE0= 2l(stroke) It
Sl AE (raster) &= &7} QUL
O Bitmap font (raster font) text
= void glutBitmapCharacter(void *font, int character);
m font QIXt
I1™¥E ZE - Eg. GLUT_BITMAP_8_BY_13, GLUT_BITMAP_9_BY_15
10,12, 18 LQIE H|Y 7t EE - eg.
GLUT_BITMAP_TIMES_ROMAN_10
m character@ X}= ASCII
o Stroke font text
= void glutStrokeCharacter(void *font, int character);
= font QIXt
GLUT_STROKE_ROMAN, GLUT_STROKE_MONO_ROMAN

Bitmap Text

o glutBitmapCharacter()= H|EH (bitmap = arrays of
pixel data) ZEE A&SH0] T'_'Xl'e g

o HEM™ EXtO| 2|X|&= glRasterPos*& ARSI
x| tct
m glRasterPos2f(x, y)
m glRasterPos3f(x, y, z)

O HHEMO| BEXH= 37|7f HEHK| %=L} (unaffected by
scaling or perspective)

= "'f':”oﬂ 2get 20 |X| ot QACH THOF A X7t
ZE 5o NS QICFABIER 211 12X x|
Ol'l— EI. EBmap ot - Helvobeh 190
(K- gy Bitmap Text - TimesRoman 24

Stroke Test — Roman

Stroke Text — MonoRemon




Stroke Text

o glutStrokeCharacter() = 3%t Mo 2 BXIE J2ICt
o 2k, GLe| H=t (F, position, size, and orientation)d]| 2|d}
dgtg Wt
o glutStrokeCharacter()= LS 2
S

Xt(characten) & 12|7| 2|6l
XM S 2 transformationS $HCL.

Bilmap Test - Helvetica 10
Bitmap Text — TimesRoman 24

Stroke Text — Romaon

Stroke Text — MonoRoman

Sierpinski Gasket

o A sample problem of drawing of the Sierpinski gasket
1. Pick an initial point at random inside the triangle, PO
2. Select one of the 3 vertices at random, v1

Find the point halfway, P1

Display this new point

Replace the initial point with this new point

Return to step 2

w
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Sierpinski Gasket (2D) Sierpinski Gasket (2D)
o . a /* recursive subdivision of triangle to form Sierpinski gasket  void display()
o ARZFS 0| M A|EFSHCE, : {
10 1= #include <GL/gluth> glClear(GL_COLOR_BUFFER_BIT);
glBegin(GL_TRIANGLES);
/* initial triangle */ divide_triangle(v[0], v[1], v[2], n);
GLfloat v[3][2]={{-1.0, -0.58}, {1.0, -0.58}, {0.0, 1.15}}; glEnd();
int n; glFlush();
}
b C void triangle( GLfloat *a, GLfloat *b, GLfloat *c)
" . { void myinit()
— o <+ = . .
O o2t 2 B9l 0|5 = (bisector)2 HZSIL, S| /+specfly one tiangle C e
KO AFZ I__-_:I o o a glVertex2fv(a); glMatrixMode(GL_PROJECTION);
1T TO™F oo = x| e I:-I' glVertex2fv(b); glLoadIdentity();
glVertex2fv(c); gluOrtho2D(-2.0, 2.0, -2.0, 2.0);
} glMatrixMode(GL_MODELVIEW);
glClearColor (1.0, 1.0, 1.0, 1.0);
void divide_triangle(GLfloat *a, GLfloat *b, GLfloat *c, int m) glColor3f(0.0,0.0,0.0);
}
& t /* triangle subdivision using vertex numbers */
b C A A GLfloat v0[2], v1[2], v2[2]; int main(int argc, char **argv)
int j; {
O Hl_I.% (Repeat) AAAL if(m>0) n=atoi(argv[1]); /* or set number of subdivision steps here
{ */
for(j=0; j<2; j++) vO[jl=(aljl+b[j})/2; glutinit(&argc, argv);
.ﬁt ﬂ: for(j=0; j<2; j++) vi[jl=@lj]+c[jl)/2 glutinitDisplayMode(GLUT_SINGLE | GLUT_RGB);
A A r Y A for(j=0; j<2; j++) v2[jl=(b[j]+c[[)/2; glutinitWindowSize(500, 500);
divide_triangle(a, v0, v1, m-1); glutCreateWindow("Sierpinski Gasket");
R A A A A divide_triangle(c, v1, v2, m-1); glutDisplayFunc(display);
55 subdivision divide_triangle(b, v2, v0, m-1); myinit();
} glutMainLoop();

else triangle(a,b,c); /* draw triangle at end of recursion */ }




3D Gasket

3D Gasket

o 3D Gasket2 Zt
a

Zto| 4THO|| M subdivision2 BtC},

O AFHK| (solid tetrahedron) Lf

C

3D Gasket

/* recursive subdivision of a tetrahedron to form 3D Sierpinski ;g divide_tetra(GLfloat *a, GLfloat *b, GLfloat *c, GLfloat *d

gasket */
#include <stdlib.h>
#include <GL/glut.h>

/* initial tetrahedron */

GLfloat v[4][3]={{0.0, 0.0, 1.0}, {0.0, 0.942809, -0.33333},
{-0.816497, -0.471405, -0.333333},
{0.816497, -0.471405, -0.333333}};

GLfloat colors[4][3] = {{1.0, 0.0, 0.0}, {0.0, 1.0, 0.0},

{0.0, 0.0, 1.0}, {0.0, 0.0, 0.0}};
intn;

void triangle(GLfloat *va, GLfloat *vb, GLfloat *vc)

{
glVertex3fv(va);
glVertex3fv(vb);
glVertex3fv(vc);

}

void tetra(GLfloat *a, GLfloat *b, GLfloat *c, GLfloat *d)
{

glColor3fv(colors[0]);

triangle(a, b, c);

glColor3fv(colors[1]);

triangle(a, ¢, d);

glColor3fv(colors[2]);

triangle(a, d, b);

glColor3fv(colors[3]);

triangle(b, d, c);

int m)

{

}

GLfloat mid[6][3];

int j;

if(m>0)

{
/* compute six midpoints */
for(j=0; j<3; j++) mid[0][j]=(a[j]+b(]]
for(j=0; j<3; j++) mid[1]{jl=(@[j]+c[j]
for(j=0; j<3; j++) mid[2][j]=(@a[j]+d[]]
for(j=0; j<3; j++) mid[3][j]=(b[jl+c[j]
for(j=0; j<3; j++) mid[4][j]=(c[jl+dI]]
for(j=0; j<3; j++) mid[5](j]=(b[jl+dl[]]

/2;
/2;
/2;
/2;
/2;
/2;

/* create 4 tetrahedrons by subdivision */
divide_tetra(a, mid[0], mid[1], mid[2], m-1);
divide_tetra(mid[0], b, mid[3], mid[5], m-1);
divide_tetra(mid[1], mid[3], ¢, mid[4], m-1);
divide_tetra(mid[2], mid[4], d, mid[5], m-1);

}

else(tetra(a,b,c,d)); /* draw tetrahedron at end of recursion */

void display()
{

glClear(GL_COLOR_BUFFER_BIT:| ‘GL 'DEPTH BUFFER BIT);

glBegin(GL_TRIANGLES);
divide_tetra(v[0], v[1], v[2], v[3], n);
glEnd();
glFlush();

}

void myReshape(int w, int h)

{
glViewport(0, O, w, h);
glMatrixMode(GL_PROJECTION);
glLoadIdentity();
if (w <=h)

glOrtho(-2.0, 2.0, -2.0 * (GLfloat) h / (GLfloat) w, 2.0 * (GLfloat) h / (GLfloat) w, -10.0, 10.0);

else

glOrtho(-2.0 * (GLfloat) w / (GLfloat) h, 2.0 * (GLfloat) w / (GLfloat) h, -2.0, 2.0, -10.0, 10.0);

glMatrixMode(GL_MODELVIEW);
glutPostRedisplay();
}

int main(int argc, char **argv)

{

n=atoi(argv[1]); /* or enter number of subdivision steps here */

glutlnit(&argc, argv);

glutinitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH);

glutinitWindowsSize(500, 500);
glutCreateWindow("3D Gasket");
glutReshapeFunc(myReshape);
glutDisplayFunc(display):
glEnable(GL_DEPTH_TEST);
glClearColor (1.0, 1.0, 1.0, 1.0);
glutMainLoop();

Z-buffer algorithm ALE




Using the Z-buffer

o 2™ X7 (Hidden surface removal)
m Z10| B (Z-buffer, depth buffer) ¢12|&
o R Z T[St 2 K| (geometry)Q| z (Z0]) 40| 7HEH 22 HHO|
WS J80h Y 20| FE (depth value)E XEdt= 70| BT}
2ag
o Z-buffer 12|
= 70| HIHE 27|39}
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH)
= 70| E HAE 23}
glEnable(GL_DEPTH_TEST);
m display callbackO| Ao Z10| HIH E X|&
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT)

Geometric Primitives

Angles, Degrees, and Radians

Trignometry

o YBEE Ol math library @t radians2 A%t
O 360 degrees(®) = 1 full circle = 2 mradians
o 1 radian = 180.0/m degree =~ 57.29578 degree
or 1 degree = 1/180.0 radian = 0.01745329 radian

#ifndef M_PI

#define M_PI 3.141592654f

#endif

#define DegreesToRadians(degree) ((degree) * (M_PI / 180.0f))
#define RadiansToDegrees(radian) ((radian) * (180.0f / M_PI))

1 o sinB = a/h
cosO = b/h
tanB = a/b

O b = h*cosO
a = h*sinB

o+ ye =1

X = cosO

y = sin®

y/x = sinB/cosb = tan®
"o x = distance * cos@
y = distance * sin®




Trignometry

Trignometric Identity

o Multiplicative inverse:
cscO = 1/sinB
secO = 1/cosB
cotb = 1/tanB = cosB/sin® = x/y
o Inverse:
arcsin(x)= sin-(x)
where y=arcsin(x) x:[-1, 1]-> y:[-1/2, /2]
arccos(x) = cos1(x)
where y=arccos(x) x:[-1, 1]-> y:[0, ]
arctan(x) = tan-1(x)
where y=arctan(x) x:[-oo, 00]-> y:[-T1/2, T1/2]

O sin%0 + cos?0 =1
1 + tan?0 = sec?0
1 + cot?0 = csc?6
O sin(rt/2 - 6) = cosO
cos(rt/2 - B) = sinB
tan(m/2 - B) = cotB
O sin(Xx+y) = sinx cosy + COSX siny
sin(x-y) = sinx COSy - COSX siny
COs(x+y) = COSX COsy - sinx siny
COS(X-y) = COsx cosy + sinx siny
O sin20 = 2sinBcosBb
€0s20 = cos20 - sin20 = 2co0s26 — 1 = 1 — 2sin20

Law of Sines and Law of Cosines

Geometric Primitives

o Law of sines

a b ¢ 5
sinA sinB sinC

o Law of cosines

a’ =b?+c?-2bccos A 5

b?=a?+c?-2accosB
c?=a?+b*>-2abcosC

o 7tgel EME Bost=0H AN 7HE 7|20 = /24
O AAIZE AefEHA0Me 2 Ehaoh JEfS| mod g el
M3 Z2|0|E|E (Linear Primitives)& At2
Point
Line, Line Segment, Ray
Sphere, Cylinder, Cone
Cube (Box)
Triangle
Polygon, ...
o OpenGL 0 42| CHZES 0]l TSt QT At
= MES0| M2 mAISHH Ot
= 22 C12H0E ALRS|OF

= HXHS0[ o B o =XHoof 2




o Draw a wireframe square
GL_LINE_LOOP

o Draw a solid square
GL_QUADS

C:WDocuments and SeﬂingakWparkWMy @@

o Draw a wireframe circle
GL_LINE_LOOP

o Draw a solid circle
GL_TRIANGLE_FAN

void drawCircle(float radius, int step)
{
float x, y, theta;
theta = (float) (2*M_Pl/step);
glBegin(GL_LINE_LOOP);
for (int i=0; i<step; i++) {
x = radius * cos(theta * i);
y = radius * sin(theta * i);
glVertex3f(x, y, 0);
}
glEnd();

&= C:WDocuments and Settings¥parkwiy ... [2[5)[%)
x

o Draw a wireframe cylinder
glPolygonMode(GL_FRONT_AND_BACK, GL_LINE)

o Draw a solid cylinder
glPolygonMode(GL_FRONT_AND_BACK, GL_FILL)

B3 cylinder

void drawCylinder(float r, float h, int
step)
{
float theta = (float) (2*M_PI/step);
glBegin(GL_TRIANGLE_STRIP);
for (int i=0; i<=step; i++) {
float x = r * cos(theta * i);
float z = r * sin(theta * i);
glVertex3f(x, -h/2, z);
glVertex3f(x, h/2, z);
}
glEnd();

o Draw a wireframe sphere
GL_LINE_STRIP

o Draw a solid sphere
GL_TRIANGLE_STRIP




void drawSphere(float radius, int stacks, int slices) o Draw a wireframe cube
{
float lonstep = M_PI/stacks; float latstep = M_PI/slices; . 3 GL_LINE_LOOP
for (lon = 0.0; lon<=2*M_PL, lon+= (lonstep)) { ;
glBegin(GL_TRIANGLE_STRIP); o Draw a solid cube
for (lat=0.0; lat<=M_PI+latstep; lat += (latstep)) { GL_QUADS
x = cosf(lon)*sinf(lat)*radius;
y = sinf(lon)*sinf(lat)*radius; 3 2
z = cosf(lat)*radius;
glNormal3f(x, y, z); 5
glVertex3f(x, y, z); o 9 7 6
x = cosf(lon+lonstep)*sinf(lat)*radius;
y = sinf(lon+lonstep)*sinf(lat)*radius; 0
z = cosf(lat)*radius; dE(lon) ? = (lat) 1
gINormal3f(x,y,z); / j /
glVertex3f(x, y, z); ;
W= cpsecp cosO 4 5
= sin'
glEnd(); Z = sing * cosB (0, 0, 1) front
| } where 0 < @ < 2m, -1/2 <6< /2




