Geometric Objects
and Transformation

OpenGL Transformation
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O Translation: ©] 5 ¥ 82 3214 o] 5 WL W (dx, dy, dz)&
]j T

O Rotation: Q AW 3L axis(3] W %)<} angle(ZE)S ¥

O Scaling: =171 tﬂﬁh scaling factor (713 g E Y&
o o] Z+7}e] 4= 4xda A3 S H S KA S A Ao H8o)
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OpenGL Transformation

O glTranslate*(dx, dy, dz)
m o] FWE Q1A dx, dy, dz= AT
= 22k ©]F :dz=0.0
= glTranslatef(25.0, -10.0, 0.0);
O glRotate* (theta, vx, vy, Vz)
u 3] Q1A thetat™ 3] W% 7} = (rotation angle in degrees)+=
0~360 AFo] o] @& 717
m 9 (v, vy, vz)= 3] A5 (rotation axis)
= glRotatef(90, 0, 0, 1);
O glScale*(sx, sy, sz)
w 7|3 Q1AL sx, sy, sz AT
u BFA} (reflection) 1AMl &8 4§
= glScalef(2.0, -3.0, 1.0);
O Suffix code (*)== f (float) 5=+= d (double)

Translation in OpenGL

O glTranslatef(x, y, z)
» AAE (xy, 2 )u}ﬁ o] %=
= 273+ glTranslate 35+ §lth.
O Example:
glTranslatef(0.5, -0.2, 0.0);
glBegin(GL_TRIANGLES);
glVertex2£(0.0, 0.0); e ‘
glVertex2£(0.5, 0.0); i
glVertex2£(0.25, 0.5);
glEnd();




Rotation in OpenGL

Scale in OpenGL

O glRotatef(angle, x, y, z)
m A9 F axis (x,y,z) W3l ZHE angle
w 22k 314 S 2-F (0,0, 1) = AFE-gHT)
O Example:
glRotatef(90.0, 0.0, 0.0, 1.0);
glBegin(GL_TRIANGLES);
glVertex2£(0.5, 0.0);
glVertex2£(0.8, 0.0);
glVertex2f(0.65, 0.5);
glEnd();

O glScalef(x, y, z)
 x-F O X, y-F O R yUbE, 2-FH 0 % W A7 E W
m o] ujj, scale factor>1°]™ 7] #] i, O<scale factor<=10]™H Zro}x| 11,
scale factor<0™ WHAl(reflection) ¥ t.
w 22k A7) 3L 2ol 18 Y=t

O Example: ‘
glScalef(0.25, 0.5, 1.0); o

glBegin(GL_TRIANGLES);
glVertex2£(0.5, 0.0); i
glVertex2£(0.8, 0.0);
glVertex2£(0.65, 0.5);
glEnd();
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Transformation Order

Transformation Order
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glTranslatef(0.5, 0, 0);
glRotatef(45, 0, 0, 1);
drawTriangle();

glRotatef(45, 0, 0, 1);
glTranslatef(0.5, 0, 0);
drawTriangle();

D M=R*T
p'=Mp

glColor3f(1.0, 0.0, 1.0);
glutWireCube(1);

glPushMatrix();
glRotatef(45.0, 0.0, 0.0, 1.0);
glTranslatef(1.5, 0.0, 0.0);
glColor3f(1.0, 0.0, 0.0);
glutWireCube(1);
glPopMatrix();

glPushMatrix();
glTranslatef(1.5, 0.0, 0.0);
glRotatef(45.0, 0.0, 0.0, 1.0);
glColor3f(0.0, 1.0, 0.0);
glutWireCube(1);
glPopMatrix();




Matrix Operations

O glMatrixMode(GLenum mode)
= glMatrixMode= 4 R =5 A sttt A Al o] melF
(model view), % (projection), Bl 2% (texture) & % o] W
AAA = HEtl = ol
O glMatrixMode(GL_PROJECTION)

w A& = B AdE F9 W (projection matrix) 2o 4 8-Fhct,
k!

T 423D 37t Fivlgt A S e o2 nds s
O glMatrixMode(GL_MODEL_VIEW)

s AS5EE PY ALS 7]8F W3 3 (geometric transformation
matrix) 228l 283ttt 3D ¥kl EA Q] wjX & FH oz
Xdg PHo|t}

® A modelview Z=9l 3 24
A7|A3 g5 PE S 7|shAs 3

Matrix Operations

O glLoadIdentity()
w AAlo] P& x4 @9 4 (identity matrix) 2 A A e}, F,
Aol P& %73} g}
O glLoadMatrix{d/f}(const GLdouble/GLfloat *M)
= AR FHol o] skl 16709 gk MS g et
= o] w], M®] elementi= &-5 4] (column-major) =41 = A 4 &l oF

sk,

m; ms; Mg Myz (|Vq

m; 1My My Myg ||Vy

Matrix Operations

gIMatrixMode(GL_MODELVIEW);
GLfloat M[16];
GLint k;
for (k=0; k<16; k++)

elements[k] = float(k);
glLoadMatrixf(M);

M=[(00 40 8.0 120
1.0 50 9.0 13.0
20 6.0 10.0 14.0
30 70 11.0 15.0

Matrix Operations

O glMultMatrix{d/f}(const GLdouble/GLfloat *M)
= HA 9 Ao ME 3t}
m o] wf, M9] 16719 k& 7HA 3L 9131, 7} element= E-%F 4! (column-
major) =4 = 4] g 8l of gt
w AA] P H L gMultMatrixell 4] A 78 g s Hell ©] 3} postmultipy ¥
T gkel nhyitt,

I &3S F Akl 18] 7] 98] 3 d 2= = GL, MODELVIEW = A4
glMatrixMode(GL_MODELVIEW);

glLoadldentity();  // FHS %73}

gIMultMatrixf(M2); // M23} &S 333t

gMultMatrixf(M1); // M134S 3t




Matrix Operations

Matrix Operations

O glGetFloatv(GL_MODELVIEW_MATRIX, M)
w o] WS PHS MO E

GLfloat M[16];
glGetFloatv(GL_MODELVIEW, M);

O glPushMatrix() & glPopMatrix()
» P 2~Hof| glPushMatrix()= @A Bl & A FstaL

= glPopMatrix()= Z=® 9] Wil o] A7¢H dej = HAA 7T

oC<l glLoadIdentity();

oC&«CT glTranslatef(dx, dy, dz);
oC&«CS glScalef(sx, sy, sz);

o C€«<CR glRotatef(angle, ax, ay, az);
oC<M glLoadMatrixf(ptr_to_matrix);

gIMatrixMode(GL_MODELVIEW);

glLoadldentity(); IIc=lI

glTranslatef(2.0, 1.0, 0.0); IC=T(p)

glRotatef(60, 1.0, 0.0, 0.0); IIC=CR(0)=T(p) R(O)
glTranslatef(-2.0, 1.0, 0.0); /I C=C T(-p) = T(p) R(6) T(-p)
drawObject();

Hierarchical Transformations

Hierarchical Transformations

m] 3} (hierarchical transformation)< ¢t ¥ 8¢
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Draw body
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Example: Car

glLoadldentity();
glColor3f(0.0, 0.0, 1.0);

glTranslatef(carpos|0], carpos[1], carpos[2]);

drawBody();

glColor3f(1.0, 1.0, 0.0);
glPushMatrix();
glTranslatef(-0.2, 0.0, 0.0);
glRotatef(angle, 0, 0, 1);
drawWheel();
glPopMatrix();

glColor3f(1.0, 0.0, 0.0);
glPushMatrix();
glTranslatef(0.2, 0.0, 0.0);
glRotatef(angle, 0, 0, 1);
drawWheel();
glPopMatrix();

Transformation Hierarchy

o Al 4 W3 (hierarchical transformations)< &% ¥ 3]

E ] (tree) TZ = X AT

o 3xkd JNEH & Y xRIs7] 9138l A
parts) O = Wh=o| X A5 HE %

o 183, Bk A3 3k A EE YxpRlS Y=
o 9] Al T2 WS A 8] 4] o] ARE-Elof st

o o] AlSS W I1E3E (scene graph) ] 7] 9 & Y3}
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Example: Robot

Display()

{
glPushMatrix();
glRotatef (theta, 0.0, 1.0, 0.0);
Base();

glTranslatef (0.0, h1, 0.0);
glRotatef(phi, 0.0, 0.0, 1.0);
DrawLowerArm ();

glTranslatef (0.0, h2, 0.0);
glRotatef (psi, 0.0, 0.0, 1.0);
DrawUpperArm();

glPopMatrix();
by

UpperArm

LowerArm

Example: Solar

// global variables

float g_ElpasedTime;

double g_CurrentTime, g_PreviousTime;
float g_SunRadius = 5.0f;

float g_EarthRadius = 1.0f;

float g_MoonRadius = 0.5f;

float g_EarthDistanceFromSun = -12.0f;
float g_MoonDistanceFromEarth = -2.0f;

void update()
{
g_CurrentTime = timeGetTime();
g_ElpasedTime = (float)((g_CurrentTime - g_PreviousTime) * 0.001);
g_PreviousTime = g_CurrentTime;
glutPostRedisplay();




Example: Solar

Example: Solar

void display (void)
{

static float SunSpin = 0.0f;

static float EarthSpin = 0.0f;

static float EarthOrbit = 0.0f;

static float MoonSpin = 0.0f;

static float MoonOrbit = 0.0f;

if( g_OrbitOn == true )

{
SunSpin -= g_Speed * (g_ElpasedTime * 10.0f);
EarthSpin -= g_Speed * (g_ElpasedTime * 100.0f);
EarthOrbit -= g_Speed * (g_ElpasedTime * 20.0f);
MoonSpin -= g_Speed * (g_ElpasedTime * 50.0f);
MoonOrbit -= g_Speed * (g_ElpasedTime * 200.0f);

// The Sun (spins by rotating it about y-axis)

glPushMatrix();
glRotatef( SunSpin, 0.0f, 1.0f, 0.0f ); // spin on its own axis.
glColor3f( 1.0f, 1.0f, 0.0f );
glutWireSphere( g_SunRadius, 20, 20 );

glPopMatrix();

// The Earth spins on its own axis and orbit the Sun.
glPushMatrix();
glRotatef( EarthOrbit, 0.0f, 1.0f, 0.0f);
glTranslatef( 0.0f, 0.0f, g_EarthDistanceFromSun );
glRotatef( EarthSpin, 0.0f, 1.0f, 0.0f);
glColor3f( 0.0f, 1.0f, 0.0f );
glutWireSphere( g_EarthRadius, 10, 10 );
glPopMatrix();

Example: Solar

Example: Solar Using Matrix & Vector Class

// The Moon spins on its own axis and orbit the Earth.
glPushMatrix();
glRotatef( EarthOrbit, 0.0f, 1.0f, 0.0f);
glTranslatef( 0.0f, 0.0f, g_EarthDistanceFromSun );

glRotatef( MoonOrbit, 0.0f, 1.0f, 0.0f);
glTranslatef( 0.0f, 0.0f, g_MoonDistanceFromEarth );
glRotatef( MoonSpin, 0.0f, 1.0f, 0.0f );

glColor3f( 1.0f, 1.0f, 1.0f);
glutWireSphere( g_MoonRadius, 8, 8 );
glPopMatrix();

glutSwapBuffers();

#include “matrix4x4.h”
#include “vector3.h”

void display (void)

// The Sun (spins by rotating it about y-axis)
matrix4x4 mSunSpinRotation;

matrix4x4 mSunMatrix;

mSunSpinRotation.rotate( SunSpin, 'y");

mSunMatrix = mSunSpinRotation; // spin it on its axis.

glPushMatrix();
glMultMatrixf( mSunMatrix.m );
glColor4f( 1.0f, 1.0f, 0.0f, 1.0f);
glutWireSphere( g_SunRadius, 20, 20);
glPopMatrix();




Example: Solar Using Matrix & Vector Class

// The Earth spins on its own axis and orbit the Sun.
matrix4x4 mEarthTranslationToOrbit;

matrix4x4 mEarthSpinRotation;

matrix4x4 mEearthOrbitRotation;

matrix4x4 mEarthMatrix;
mEarthSpinRotation.rotate( EarthSpin, 'y' );

mEarthTranslationToOrbit.translate(vector3(0.0f, 0.0f,
g_EarthDistanceFromSun));

mEarthOrbitRotation.rotate( EarthOrbit, 'y' );
mEarthMatrix = mEarthOrbitRotation *
mEarthTranslationToOrbit *
mEarthSpinRotation;
glPushMatrix();
glMultMatrixf( mEarthMatrix.m );
glColor4f( 0.0f, 1.0f, 0.0f, 1.0f );
glutWireSphere( g_EarthRadius, 10, 10 );
glPopMatrix();

Example: Solar Using Matrix & Vector Class

// The Moon spins on its own axis and orbit the Earth
matrix4x4 mMoonTranslationToOrbit;

matrix4x4 mMoonSpinRotation;

matrix4x4 mMoonOrbitRotation;

matrix4x4 mMoonMatrix;

mMoonSpinRotation.rotate( MoonSpin, 'y');

mMoonTranslationToOrbit.translate( vector3(0.0f, 0.0f,
g_MoonDistanceFromEarth) );

mMoonOrbitRotation.rotate( MoonOrbit, 'y' );
mMoonMatrix = mEarthOrbitRotation *
mEarthTranslationToOrbit *
mMoonOrbitRotation *
mMoonTranslationToOrbit *
mMoonSpinRotation;
glPushMatrix();
glMultMatrixf( mMoonMatrix.m );
glColor4f( 1.0f, 1.0f, 1.0f, 1.0f);
glutWireSphere( g_MoonRadius, 8, 8);
glPopMatrix();
glutSwapBuffers();
T

3D Geometry Functions

O GLUT shapes

0 GLU quadrics

O Modeling a cube

O 3D Model Loading

GLUT Shapes

0 GLUT= U438 72 =8 =2 S AEdn. o &
9], platonic solids, simple curves, teapots &5
P P P
0 GLUT =38 =293+ solidH wireframe &
o) T;]—
%S .
= glutSolidSphere(1.5, 16, 8)
m glutWireDodecahedron()
o o A
= glutShapes.cpp




GLUT Shapes

GLU Quadrics

O glutSolidCube(size)

O glutSolidSphere(radius, slices, stacks)

O glutSolidCone(baseRadius, height, slices, stacks)

O glutSolidTorus(innerRadius, outerRadius, sides, rings)
O glutSolidOctahedron()

O glutSolidDodecahedron()

O glutSolidIcosahedron()

O glutSolidTeapot(size)

0 Quadrics©] & o & ><2+y2+z2 12 9F & theFet
=do|v xS “Véoi Uli="go| t}. are various
smooth surfaces described by functlons like:

o 7|24 < GLU quadrics = spheres, cylinders, cone,
disk= 38k 91T},

0 GLU quadrics= 12| 2] ¥ quadric object= 4843 ol 4]
CLU S5cell Y A7 ok ghe. c19] a1 dLUO% R

uadricsS points, lines, &=+ olygons o] o A 1™ A
LEEES CSaE E e
quadric = gluNewQuadric();
gluQuadricDrawStyle(quadric, GLU_LINE);
gluSphere(quadric, 2.5, 32, 24);
o o A
= gluQuadrics.cpp

GLUT Quadrics

Modeling a Cube

O gluSphere(quadric, radius, slices, stacks)

O gluCylinder(quadric, baseRadius, topRadius, height,
slices, stacks)

O Cone using gluClinder(quadric, 0, topRadius, height,
slices, stacks)

O gluDisk(quadric, innerRadius, outerRadius, slides, rings)

O glutPartialDisk(quadric, innerRadius, outerRadius,
slides, rings, startAngle, sweepAngle)

0 OpenGLol| A A H ¢ winding T vy, Vs, Vo, v {vy, vy,
V3,V2}L§ 1:}7L&0 sol ity 18y, A A 9
winding A1 {vy, v,, v3, v} TFET}

O OpenGLol| A &= &&= A & AHE-38IE 2, counter-
clockwise encirclement® %S Aol & ] v} 2% &
st WA E (normal)S WHE o] W}, T

"
£




Modeling a Cube

O Vertex liste} Index listE AF-83}¢] cubeE 19T}

GLfloat vertex[][3] = {

Modeling a Cube

void polygon(int n, int b, int ¢, int d)

glBegin(GL_POLYGON);
gINormalfv(normal[n]);

Eigllgll(?}} Eigigigi glVertex3fv(vertex[a]); 3
(I0T0 1o (101010 3 glVertex3fv(vertex[b]);
1'0' 1'0’ 1'0 ! 1'0’ 1'0' 1'0 ! glVertex3fv(vertex|c]);
. {1.0,10,1.0} {1.0,1.0,1.0} glVertex3fv(vertex[d]); 7 6
2 7 6 glEnd();
}
GLfloat normal[][3] = { : 0
{1.0, 0.0, 0.0}, //right 0 }’o'd cube()
Egg ég 28{ x ;?c?nt polygon(0, 5, 1, 2, 6);  // right
{_1.0, 0.0 0'0}’ et 4 5 polygon(1, 6, 2, 3,7);  // top 4 5
S e D polygon(2, 6, 7, 4,5); [/l front 1) fron
{0.0,-1.0, 0.0}, //bottom ! (0,0,1) front
0.0, 0.0,-1.0}, // back (0,0, 1) front polygon(3, 4,7,3,0); /I left
) {0.0, 0.0,-1.0}, polygon(4, 4, 0, 1, 5);  // bottom
h polygon(s, 0, 3,2, 1);  // back
}
Model Files Wavefront OB]J Files
o33y w28 O OB] flle-— ARt Y ~E w2 47 (vertice is]), 7}
Wavefront (.obi é%on faces) , Al 2 (materlal) 5 G0
= Wavefron .(.0 7) ;QE 3k 9l
= Inventor (.iv) 0 7} line& zq A uuq %) E1 Bl Zolw AR b
= VRML / X3D linedl #] ok e & (token) o R
= 3D Studio (.3ds) EVXYZ
= OpenFlight (flt) Vertex position
. B Vnxyz
Vertex normal
|:|3X]'°J M) 2L ool e AWE ¥3Faa g} = vtuov
= Geometry data - vertex positions, faces texture coordinate
= Colors/material properties = fol o203
Face (list of vertex numbers)
m Textures u Mtllib file.mtl

m Transformations

File containing material descriptions
Usemtl name
Current material to apply to geometry




