Chapter 4 Geometric
° Transformations

R E

° Modeling Transform

@ Specify transformation for objects

2 Allow definitions of objects in own
coordinate systems

= Allow use of object definition multiple
times in a scene

° Overview
2 2D transformations i J}
= Basic 2-D transformations

= Matrix representation
2 Matrix composition
@ 3D transformations
= Basic 3-D transformation
= Same as 2-D
@ Transformation Hierarchies
2 Scene graphs

I nstancing

€ In modeling, we often start with a simple
object centered at the origin, oriented with
the axis, and at a standard size

€ We apply an instance transformation to its

vertices to {
Scale ————0—
Orient | |
Locate movs | r
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’ 2-D Transformations
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’ 2-D Transformations
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C Basic 2D Transformations

* Translation:

o X' =X+
oy =y tty
* Scale:
o X' =X *sx
° Y =yTsy
* Shear: )
L X =X+ hxy Transformations
V= v+ can be combined
CyEyrhy (with simple algebra)
* Rotation:

o X =X*cos® - y*sin®
o Y =X'sin® + y*cose

’ Basic 2D Transformations

* Translation:
o X =X +1X
oy EyHty

* Scale:

o X=X *sx HR
oy =y*sy (X'y/
=

* Shear:
e X' =EXHNXY [ oy
oy =y +hy* y' = y'sy

* Rotation:

o X' = Xx*cos® - y*sin®
oy =X*sin® + y*cos®

(x.y)




’ Basic 2D Transformations

¢ Translation:

o X=X+
o y‘ =y+iy
* Scale:
o X =X Fsx
ey =y sy .
* Shear: J
X =XYYL = (x#ex) cose — (y'sy) 'sine
o y' =y +hyX y' = (X*sx)*sin® + (y*sy)*cos®@

» Rotation:
o X' = X*Cos® - y'sin®
oy = X*sin® + y*cos®

ORofa'rion around the origin (2-D)

* X, =rcos(0)

* Y, = rsin(6)

’ Rotation around the origin (2-D)
* X, =T cos(8)
* Y, = rsin(e)
* X', =rcos(o+ 0)
* yp,=rsin(a+8)
/ e

ORofa'rion around the origin (2-D)

+ X, =rcos(e+ 6) = r (cos(e) cos(6) - sin(x) sin())
* Y, = rsin(o+ 8) = r(sin(o) cos(8) + sin(8) cos(a))
* X5 =X, cos(o) -y, sin(c) N

* ¥, =X, sin(a) +y, cos(o)
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’Rotation (3-D)

* Rotations around the principal axis in 3-D can be
derived from rotations in 2-D

« Example: rotation around Z-axis

cosa  —sina

i 0 0
0 0

X
0 sin  cosa
z
1l
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’ Rotation (3-D)

Rotation around X-axis
i 0 0 0
_|0 cosa —sina 0
|0 sing cosa 0
0

1__

cos¢ 0 sin O

—_ N W

0 I @ @
“|-sinez 0 cosax 0
0 D @ |

—_— N M

’Basic 2D Transformations

+ Translation:

) S:Cj]iix *sX }?

o X =X+
oy =y tty
« Scale:
o X' =X Fsx
oy =yTsy .
* Shear: i
o X=X hX:V X' = (X*sx)*cos® — (y*sy)*sin®
SV EYEIYX Ly = (vrex)*sin® + (y*sy)*cos®
+ Rotation:

o X' = X*C0os® - y*sin®
oy =x*sin® + y*cos®
19

oy =y Tsy
¢ Shear: W
o X =X+ hx*y

o X'=X X
oy =y+ty

’ Basic 2D Transformations

* Translation:

. . X' = ((X*sX)*cos® — (y*sy)*sin®) + tx
S =YX [y o (cfex)*sin® + (v sy)*cos®) + ty

* Rotation:

o X' = X*Cos® - y*sin®
o ¥ = X*SiNG + y*cos®

20




0 Basic 2D Transformations

* Translation:

o X =X+ X
oy =Yty
e Scale: m
X=X *sx i
oy =y sy
* Shear:
o X XA hx:y X' = ((x*sx)*cos® — (y*sy)*sin®) + tx
=y =y hy Y = ((x*sx)*sin® + (y*sy)*cos®) + ty
* Rotation:

o X' =X*C0s® - y'sin®
oy =X*sin® + y*cos®

0 Matrix Representation

* We can represent a 2D transformation
by a matrix

<

* Multiplying a matrix by a column vector
corresponds to applying the transformation to
a point

i o R
V' c dly 3= cext dy

0 Matrix Representation

+ Transformations can be combined by
matrix multiplication

IR M B

Matrices are a convenient and efficient way
to represent a sequence of transformations

0 2x2 Matrix

+ What types of transformations can be
represented with a 2x2 matrix?

2D Identity?
x'=x X1_[1 o«
Y=y Y10 1|y
2D Scale around (0,0)?

x'= sxtx M _[sx 0 x
};r= S}’*}" },r - 0 syl v

24




QS Scaling ’Scaling Around A Point

+ Translate the point to the origin, then scale and translate
the origin back to the point Y In 2-D

@ 2x2 Matrix

* What types of transformations can be
represented with a 2x2 matrix?

2D Rotate around (0,0)?

08 *x—sin@ * y E\"} _ [CDS ® —sin (E')}ﬂ\}

x=c
V=smnB®*x+cos@*y VT sm®  cos® |y

2D Shear?

X'=x+ shyky x'
V=shy*x+y V'

1 shx| x
shy 1 ||y

27




0 Shear (3-D)

The same idea, but with more degrees of freedom
Most interesting case: shear of x and y along z

X =x+hz

y=ythz

29

@ 2x2 Matrix

+ What types of transformations can be
represented with a 2x2 matrix?

2D Rotate around (0,0)?

X=cos®*x—sin@*y ﬂ\“} _ [cos ® —sin (%)}[,\}

V'=smmO*x+cosO*y V| [sm®  cos® |y

2D Shear?

X'= Xt shaty M| 1 shx|x
y=shy*xty Vo Lshy 1Ly

@ 2x2 Matrix

* What types of transformations can be
represented with a 2x2 matrix?

2D Mirror over Y axis?
N ] _[-1 o«
Y= y' 1o 1 ¥

2D Mirror over (0,0)?
-1 0] =x
0 -1f»

X=—x o
V=-=y [‘1,}
31

Reflection (mirror)
corresponds to neaative scale factors
¥

i
Sk:-]_Sy:]_ & = orlglnal
R 7t
Yy
s=-15=-1 ‘ﬁ m’ s=15=-1




0 2x2 Matrix

+ What types of transformations can be
represented with a 2x2 matrix?

2D Translation?

N=x+x

Yy NOI

Only linear 2D transformations
can be represented with a 2x2 matrix

3

0 2D Translation

+ 2D translation can be represented by a 3x3 matrix
» Point represented with homogeneous coordinates

L0 f|x
M= xtte _
Y=yt VIO Ly

10100 1|1

0 Basic 2D Transformations

+ Basic 2D transformations as 3x3 matrices

Ry 1 0 mfx Ry sx. 0 0]«
vi=10 1 t|v V=0 s 0w
1 0 0 11 1 0 0 1]1

Translate Scale
At cos® —sm® Ofx & 1 sy 0~
=] sm® cos® 0y V= shy 1 ol »
1 0 0 1)1 1 0 0 1]1
Rotate Shear

0 Homogeneous Coordinates

+ Add a 3rd coordinate to every 2D point
= (X, y, W) represents a point at location (x/w, y/w)
= (X, y, 0) represents a point at infinity
= (0, 0, 0) is not allowed

J,
2
1

(2,1,1) or (4,2,2) or (6,3,3)

Convenient coordinate system to
represent many useful transformations




’ Matrix Composition

* Transformations can be combined by
matrix multiplication

#1 (1 0 t[cos® —sin® 0sx
¥ :‘ 0 1 t|sin® cos® 0
wl [0 0 1 0 0 1

’ Matrix Composition

+ Matrices are a convenient and efficient way to
represent a sequence of transformations
o General purpose representation
. Hardware matrix multiply
- Efficiency with premultiplication
» Matrix multiplication is associative

p = Txty) R(®) S(sx,sy) p
P =(T*(R*(SP)))
! p = (TR*'S) “p ¢
’ Matrix Composition ' Matrix Composition
» Be aware: order of transformations matters * Rotate by ® around arbitrary point (a,b)
» Matrix multiplication is not commutative o M=T(-a-b) *R(®) * T(a,b)
p7 = T * R * S * p
+——»
“Global” “Local’
+ Scale by sx,sy around arbitrary point (a,b)
o M=T(-a,-b) * S(sx,sy) * T(a,b)
H
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0 3D Transformations

+ Same idea as 2D transformations
o Homogeneous coordinates: (x,y,z,w)
o 4x4 transformation matrices

X la b ¢ d|x
Vi le f g hi)
ol RO R B S
Wm0 plw

41

OBasic 3D Transformations

&' 1 0 0 0 x X' ssx 0 0 0fx
010 0y VI |0 sy 0 0y
B I T 21100 sz 0z
) 00 0 1w w 0 0 0 1|w

Identity Scale
X' 1 0 0 i~fx X' -1 0 0 0|«
BN B L B Vsl [ Yo 10 ofw
21001 =)z STl 0 0 L0
w 00 0 1w w 00 0 1w
Translation Mirror over X axis

42

0 Basic 3D Transformations

Rotate around Z axis:
x'

cos® —sin® 0 O]~
Vo |sin® cos® 0 Of|lw
- = o 0 1 o=
w O 0 O 1w
Rotate around Y axis:
B [cos® 0 —sin® O][x
Wl _] o 1 0 of|l»
z sm® 0 cos® o1l =
W o 0 o 1w
Rotate around X axis:
[~ T1 o] 0 o[~
VI _ |0 cos® —sm® O »
=7 |0 sin® cos® O]z
w 0] O (o] 1|]w

Oiotation About a Fixed Point
other than the Origin

Move fixed point to origin

Rotate

Move fixed point back

M =PT(-p;) R(®) T(p;) (i.e,Pisarow major)

M =T(p) R(0) T(-p)P (i.e, Pisacolumn major)

S AP

L.

11



‘ GENERAL ROTATION ABOUT ANAXIS

Anaxisin spaceis specified by apoint P and a vector direction
Suppose that we wish to rotate an object about thisarbitrary axis.

‘ Developing the General Rotation Matrix

First assume that the asis of ofation can be specifed interms of Cartesian coordinaes, i . can be represeted by the point P = (2, yp,7p) ant the vestor

=< &1, yt, % >. Then a rotation of v derees about this s can be defined by concatenating the following transformations

« Tranglate so that the pomt P moves to the origin

Tisptoi-s) -+

‘ Developing the General Rotation Matrix

[+ Use the elementary rotation transformations to rotate the vector until t comcides with one o the coordinate axes. To do this, first rotate the vector until i3 in the]
o lane by vsing a reation Ry,_p sboutthe v s

wtere § = arctan (%v'l) and then use an x-axis otaton, of Ry, to rotae the vector uatl it coinoides with the 2 axs,

47

‘ Developing the General Rotation Matrix

where § = arctan (%) and then use an s-axis rotaton of Ry, tosotat the veetor unl i concides with the # asis

where ¢ = arctan(—2—)

12



0 Developing the General Rotation Matrix

0 Developing the General Rotation Matrix

Then use an @ rotation sbout the 7 axis, R

then by a rotation Ry bout the v axis

T2y ,=tp:=2)YBy;~0 Bap Rria R Ry 0T (a, y.2,)

The mafrix representation of the general rotafion is given by the pracuct of the ahove transformations

0 Developing the Gen

eral Rotation Matrix 0
root «——— TIX(T2(T3*P))
= Final global coord. of P
T
— TZ*(T3*P) Lf‘t(l;\_i;cor‘m
T2 {
— e T;:r(l_sr;o)rm {
Transform {
#(T3)
}
}

(+4)

T3

@ Be careful ........
X
T +0 ~ 0
// > Z
[,’/ \ P is a local coordinate
) In both cases, tan(y/x) are positive.
So, we need to carefully choose }
it by checking the signs of x and y I

13



OTransformaﬁon Hierarchies
* Build scene with hierarchy of coordinate systems

- Each level stores matrix s
. . ase
representing transformation
from parent’s coordinate system

s
/’ Upper Arm |-
/ [M,] |\_, e

Ve Angel Figures 8.8 & 8.9

53

OpenGL Matrices

€ In OpenGL matrices are part of the state
@ Three types

@ Model-View (GL_MODEL_VI EW

= Projection (GL_PRQIECTI ON)

= Texture (GL_TEXTURE) (ignore for now)
€ Single set of functions for manipulation
& Select which to manipulated by

=gl Matri xMbde( G._MODEL_VI EW ;

= gl Matri xMbde( G._PRQIECTI ON) ;

°:urrent Transformation Matrix
(CTM)

€ Conceptually there is a 4 x 4 homogeneous
coordinate matrix, the current transformation
matrix (CTM) that is part of the state and is
applied to all vertices that pass down the
pipeline

€ The CTM is defined in the user program and
loaded into a transformation unit

C
p p'=Cp
vertices CT™M vertices

0 CTM in OpenGL

€ OpenGL has a model-view and a
projection matrix in the pipeline which
are concatenated together to form the
CT™

@ Can manipulate each by first setting the
matrix mode

Verlices Yerfices
———— B Modsl-view ——Be Projection

\—'—1

CTMm




Rotation, Translation,
Scaling
Load an identity matrix:
gl Loadl dentity()
Multiply onright:
gl Rotatef (theta, vx, vy, vz)

t het ain degrees, (vx, vy, vz) define axis of rotation
gl Transl atef (dx, dy, dz)
gl Scal ef ( sx, sy, sz)
Each has afloat (f) and double (d) format (gl Scal ed)

57

0 Example

@ Rotation about z axis by 30 degrees with a
fixed point of (1.0, 2.0, 3.0)

gl Matri xMode( GL_MODELVI EW ;

gl Loadl dentity();

gl Transl atef (1.0, 2.0, 3.0);

gl Rotatef (30.0, 0.0, 0.0, .10);
gl Transl atef(-1.0, -2.0, -3.0);

# Remember that last matrix specified in the
program is the first applied

0 Arbitrary Matrices

€Can load and multiply by matrices defined in
the application program
gl LoadMat ri xf (m
gl Mul t Mat ri xf(m
€The matrix mis a one dimension array of 16
elements which are the components of the
desired 4 x 4 matrix stored by columns
€In gl Mul t Mat ri xf, mmultiplies the existing
matrix on the right

0 Matrix Stacks
€ In many situations we want to save
transformation matrices for use later
= Traversing hierarchical data structures
(Chapter 9)
a iAvoiding state changes when executing display
ists
€ OpenGL maintains stacks for each type of
matrix

= Access present type (as set by gl Mat ri xMode)

gl PushMat ri x()
gl PopMatri x()

15



Using Transformations

@ Example: use idle function to rotate a cube
and mouse function to change direction of
rotation

@ Start with a program that draws a cube
(col orcube. ¢) in a standard way
= Centered at origin

= Sides aligned with axes
2 Will discuss modeling in next lecture

61

main.c

void mai n(int argc, char **argv)

glutlnit(&rgc, argv);
gl utlnitD spl ayMde( GLUT_DQOUBLE |
GLUT_RGB |
GLUT_DEPTH) ;
gl utlni t WndowSi ze( 500, 500);
gl ut Creat eW ndow( "col or cube") ;
gl ut ReshapeFunc( nyReshape) ;
gl ut Di spl ayFunc(display);
gl ut 1 dl eFunc(spi nCube);
gl ut MouseFunc( nouse) ;
gl Enabl e( GL_DEPTH_TEST) ;
gl ut Mai nLoop() ;

OI dle and Mouse callbacks

voi d spi nCube()
{
theta[axis] += 2.0;
if( theta[axis] > 360.0 ) theta[axis] -=
360. 0;
gl ut Post Redi spl ay();

}
voi d nouse(int btn, int state, int x, int y)

{
i f (bt n==GLUT_LEFT_BUTTON && state == GLUT_DOWN)

axis = 0;

i f (bt n==GLUT_M DDLE_BUTTON && state == GLUT_DOM)
axis = 1;

i f (bt n==GLUT_RI GHT_BUTTON && state == GLUT_DOM)
axis = 2;

0 Display callback

voi d display()
{

}

gl Cl ear (GL_COLOR BUFFER BI T |
GL_DEPTH_BUFFER_BI T) ;
gl Loadldentity();

gl Rotatef (theta[0], 1.0, 0.0, 0.0);
gl Rotatef (theta[1], 0.0, 1.0, 0.0);
gl Rotatef (theta[2], 0.0, 0.0, 1.0);

col or cube();
gl ut SwapBuf fers();

Note that because of fixed from of callbacks, variables
such as theta and axi s must be defined as globals

Camera information is in standard reshape callback

16



Using the Model-View
Matrix

o

> In OpenGL the model-view matrix is used to
= Position the camera
« Can be done by rotations and translations but is often
easier to use gl uLookAt (Chapter 5)
= Build models of obejcts
> The projection matrix is used to define the view volume and
to select a camera lens
% Although both are manipulated by the same functions, we
have to be careful because incremental changes are always
made by postmultiplication

= For example, rotating model-view and projection matrices by the
same matrix are not equivalent operations. Postmultiplication of the
model-view matrix is equivalent to premultiplication of the
projection matrix

o

o

°OpenGL transformation
‘Matrices

~ Matrix that is applied to all primitives is the
product of
. the model-view matrix (GL_MODELVIEW), and
. the projection matrix (GL_PROJECTION)
= We can
- load a matrix, or
glLoadMatrix(pointer_to_matrix)
- set a matrix to the identity matrix
glLoadIdentity()

° OpenGL transformation
“Matrices

- We alter the selected matrix with

glMultMatrix(pointer_to_matrix), or
glRotatef(angle, vx,vy, vz)
glTranslatef(dx, dy, dz)
glScalef(sx, sy, sz)

- Example: rotation about a fixed point
gIMatrixMode(GL_MODELVIEW)
glLoadIdentity();
glTranslatef(4.0, 5.0, 6.0);
glRotatef(45.0, 1.0, 2.0, 3.0);
glTranslatef(-4.0, -5.0, -6.0);

67

° OpenGL transformation
“Matrices

| Pushing and popping matrices

- Sometimes we need to do a transformation and
then return to the same state as before its
execution. This can be done by pushing the matrix on
a stack before we do the transformation.

glPushMatrix();
glTranslatef(...);
glRotatef(....);
glScalef(...);

glPopMatrix();

17



’OpenGL transformation

Matrices e
{
) . . glPushMatrix(); glPopMatrix();
Object hierarchical models oo Pushaixy
glTranslate glTranslate

—‘::J glRotate 3 glRoate3
head(): right_upper_leg();

= [ e
Tabca] P glPushMatrix(); - glPushMatrix();
e “ = - glTranslate

glPopMatrix();  glPopMarix();
glRoate3

left_upper_leg():
glTranslate
glRotate3
left_lower_leg();

@rransformation Example 1

» Welksuited for humanoid characters

\ Rt J

.r'-fhw I J:th | _--Rllil;
T —L B
olln] Lol Lhaee] RKnee

| load Ll | [ Lsuld Lankk| .R.l.lﬂ'\]\‘]
|

| Noek LC

_
LLlsow) L
=

v
Lt |Lnst

@ Transformation Example 2

+ An object may appear in a scene multiple times

Draw same 3D data with
different transformations

71

@ Transformation Example 2

[Floor 1 ] [Floor 2] [Floor 3] [Floor 4] [FIoorS ]

Floor Furnuture

[Ofﬁce 1 J

[Ofﬁce N]

Ottice Furmture

(Bookshelf 1] [ Desk 1 | [Desk 2 ] (Chair 1 (Chair K|

(Bookshelf] [ Desk | ( Chair |

18



Example 1

% planet.c
Control:
o g

o 'd
o A

Example -

#include <GL/glut.h>
static GLfloat year=0.0f, day=0.0f;

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

void GL_reshape(GLsizei w, GLsizei h)

glviewport(0, 0, w, h);
glMatrixMode(GL_PROJECTION);

¥
// GLUT reshape function

// viewport transformation
// projection transformation

glLoadIdentity();

gluPerspective(60.0, (GLfloat)w/(GLfloat)h, 1.0, 20.0);
glMatrixMode(GL_MODELVIEW); // viewing and modeling transformation
glLoadIdentity();

gluLookAt(0.0, 3.0, 5.0, 1/ eye

0.0, 0.0, 0.0, /] center
0.0, 1.0, 0.0); //'up

¥
74
Example s Example -4
void GL_display() // GLUT display function void GL_idle() // GLUT idle function
{ {
// clear the buffer day += 10.0;
glClear(GL_COLOR_BUFFER_BIT); if(day > 360.0) day -= 360.0;
glColor3f(1.0, 1.0, 1.0); _
) year += 1.0;
glPushMatrix(); y _ .
glutWireSphere(1.0, 20, 16);  // the Sun if(year > 360.0) year -= 360.0;
glRotatef(year, 0.0, 1.0, 0.0); . .
glTranslatef(3.0, 0.0, 0.0); // recall GL_display() function
glRotatef(day, 0.0, 1.0, 0.0); glutPostRedisplay();
glutWireSphere(0.5, 10, 8); // the Planet b
glPopMatrix();
// swap the front and back buffers
glutSwapBuffers();
¥
76
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Example s

void GL_keyboard(unsigned char key, int x, int y) // GLUT keyboard function

switch(key)

case'd: day += 10.0;
if(day > 360.0) day -= 360.0;
glutPostRedisplay();
break;

case'y': year += 1.0;
if(year > 360.0) year -= 360.0;
glutPostRedisplay();

Example s

int main(int argc, char** argv)

{
glutInit(&argc, argv);
glutinitWindowSize(500, 500);
glutInitWindowPosition(0, 0);
glutnitDisplayMode(GLUT_DOUBLE | GLUT_RGB);
glutCreateWindow("Planet");
init();
glutDisplayFunc(GL_display);

break; glutReshapeFunc(GL_reshape);
case'a:  glutidleFunc(GL_idle); // assign idle function glutKeyboardFunc(GL_keyboard);
break; glutMainLoop();
case'A":  glutldleFunc(0); retum 0;
break; ¥
case 27:  exit(0);
}
}
7 78
Qe y
& 4 P . . -
jection Transformation
Viewing Transformations
@ Position the camera/eye in the scene o <
z place the tripod down; aim camera tripod € Shape of viewing frustum
€ To “fly through” a scene @ Perspective projection
= change viewing transformation and ﬁ gl uPer spective( fovy, aspect, zNear, zFar )
redraw scene

@ gluLookAt ( eye,, eye,, eye,,
aim, ai m, ai m,
up)(Y upyY upZ )
= up vector determines unique orientation
= careful of degenerate positions

gl Frustum( left, right, bottom top, zNear, zFar )
€ Orthographic parallel projection
gl Ortho( left, right, bottom top, zNear, zFar )
gluOrtho2D( left, right, bottom top )
« calls gl Ot ho with z values near zero

20



pplyi ng Projection
Transformations

@ Typical use (orthographic projection)
gl Mat ri xMbde( GL_PRQIJECTION ) ;
gl Loadl dentity();
gl Ortho( left, right, bottom top, zNear,
zFar );

81

Qroj ection Tutorial

Sereen-space view

World=space view

fovy aspect zNear zFar
gluPerspective( 60.0 ,1.00 ,1.0 ,10.0 )
gluLookAt( 0.00 , 0.00 . ceye
0.00 , 0, 0, <~ center

0.00 ,1.00 ,0.00 ); <-up

Click on the arguments and move the mouse to modify values.

Qother Example: Robot

i
s0id keyboard (unsigned char key, int z, int v}

switch (key) {
case 's'’
shoulder = (shoulder + 5) % 360;
glutPostRedisplay();
break;

case 'S
shoulder = (shoulder - 5) % 360;
glutPastRedisplay();
break;
case ‘e
elbow = (elbaw + 3) % 360;
glutPastRedisplay();
reak;
case E"
elbow = (glbaw - 5} % 360;
glutPastRedisplay();
break:

case 27

“ s1Popvatrix () glTrandate(-1,0,0.0,0.0);
default;
break; slPoplvlatriz();
, 2lutSwapB uffers(y; elbow )
8 i

[701d Qisplaylvatdy
{

glClear (GL_COLOR_BUFFER_BITk Rotation center isat

olPushivatriz(k 1) i
alTranslatef (- 1.0, 0.0, 0.0% (0.0,-1) instead of
glRotatef (G Lfloat) shaulder, 0.0, 0.0, 1.0% (0,0,0)
glTranslatef (1G G0

olPushivatriz(

plScalef (2.0, 0.4, 1.0V
slutWireCube (1.0
olPoplvlatriz (0,0,0)

glRotatef (G Liloat) elbow, 0hg, 0.0, 1.0%
olTranslatef (1.0, 0.0, GOk
glPushivatriz(k

glScalef (2.0, 0.4, 1.0

olutWireCube [ 1.0% gITrandate(Z.0,0.0,0.0);
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