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constituents of
3d scene
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3d graphics

* Modeling
* Rendering
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modeling

./.
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triangle mesh

rendering
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3d scene

lights “world"”
coordinate

system

graphics
pr‘imi‘rivis o« -z
eye/camera .
C X
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putting it together

transforms

- scale
* rotate
- translate
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triangle

A
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triangle
ke A
rotate
translate A
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points

point

you are herel
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scale ’
rotate . ®

translate . .
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linear spaces

- scalars
* vectors

2/15/2003 €5155 - 3D Graphics Overview 13

scalars: real numbers

3.8

27

41
-1000.2
5
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vector: distance & direction in (34) space

Y q v: the way you get from p
toq
\4
P
X
z
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vector: magnitude & direction in 3d) space

A vector does hot have a
position in space |
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naming vectors

V = <QxPx. qy'Pyl 9,-P7
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linear spaces

- scalars

* vectors

+ scalar multiplication
+ vector addition
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scalar multiplication

v
/ 2v 2v = <2v,, 2vy, 2v,p
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vector addition

VHW = <V, W, VW, VoW,

scaling a point

2v = <2v,, 2vy, 2v,y

z
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rotating a point

v rotated 90° X
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scale
s 00 X SX
0t 0 [|y|:|ty
0 O wu 4 uz
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rotation
cos 90 -sin 90 Vi v, cos 90 - v, sin 90
in 90 05 90 vy | = | vk Sin90 +v, cos 90
(can do it in 3d too)
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translating a point

Y
p translated 2 units
v to the right
x
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operators

- scale } )
linear

* rotate
* translate non-linear
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linear transformation

- f(v)is linear if
f(au+pv) = af(u)+pf(v)

+  translation is not a linear transform:
define T(v) = v+w, where w, is a non-
zero vector

T(u+v) = U + v +wg
T(u)+T(v) = u+v+2w,
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transform composition

MMy Mg p = p’

it would be
incredibly
convenient if
we could
compose
transforms
using matrix
multiplication
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transform polygon mesh

1,000,000 10,000,000
vertices uta
- computations

10 transforms
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transform polygon mesh

1,000,000

1,000,000
vertices - 1m
computations
Ws

1 composite transform
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transform composition

MM Mgp=p'

it would be
incredibly
convenient if
we could
compose
transforms
using matrix
multiplication
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a little trick ...

(X+X0.y+Y0) i
° (X0 ¥+Y0.1)
() °
X,y
. (x¥)
not a linear xfm linear xfm
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a little trick ...

homogenous coordinates

(x.y) (x.y.1)

-

10x J[X) [*x
01y, Y | =| Yo (xXo.+Yo1)
1 1 °
001 (xd)
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scale
s 00 X SX
001 1 1
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rotate
2954)4’ _Smsd:b % X1 | xcos¢-ysing
in co Y- ;
=| XSiho+Yycos
o o 1|1 $rycoss
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translate

s 00 X SX
oo 1llt| g
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transform form

— ~
2 92 2 % X
2 2 2 yl-ly
o001 ||1] |1
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we are not alone...

the parallel universe view of homogenous coordinates

x¥)
°

(%)
[ J

we live in this
universe
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we are not alone...

the parallel universe view of homogenous coordinates

( ’, ! o -
X1 xyD)
o

(x.y)
[ J

(1)
=)

we live in this

d it's not the only one, but
universe

it is the only one we can
experience!
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and its better not to think about it ...

the parallel universe view of homogenous coordinates

(xl’ !) 5 "
° (xy'.1)
(x.y) *
pA (1)
our universe has center?

center (0,0)
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2d and 2d homogenous

(xy) (xy.1)
[ )

our universe our universe when
it comes to
computing modeling
transforms
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3d and 3d homogenous

(xy.z (xy.z1
[) )
our universe our universe when
it comes to
computing modeling
transforms
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rotate about z axis

cos$ -sing

scale
s 0 00(|x SX
0t 00ly|-|ty
0o0 u 0 y4 uz
00011 1
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translate
100 XO X X+XO
01 0vygl|y|[-]y+
00 1z)|z L\QZ
00011t 1
2/15/2003 €S155 - 3D Graphics Overview 46

00 X .
sing cos¢ O O yl. i;?:¢;¥5'2¢
0 o 10 ||%° ¢+ycosé
0 0 0 1 1 f

rotate about x & y axes are similar
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transform form

X x'

Y| <Y

z z

1 1
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3d and 3d homogenous

(xy.z (xy.z1
) °
our universe our universe when
it comes to
computing modeling
transforms
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transform composition
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scene graph
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hierarchical coordinates

body xfm \
body description
head translate wrt body
head rotate
head description
eyel translate wrt head
eyel scale
eyel description

order of
operations
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hierarchical coordinates

body xfm
body description
head translate wrt body
head rotate
head description
{eyel translate wrt head
eyel scale .
eyel description}
{eye2 translate wrt head
eye2 scale
eye?2 description} «——
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hierarchical coordinates

body xfm
body description
head translate wrt body
head rotate
head description
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale = +——
eye2 description}
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hierarchical coordinates

body xfm
body description
head translate wrt body
head rotate
head description
{eyel translate wrt head o
eyel scale
eyel description}
{eye2 translate wrt head +——
eye2 scale
eye2 description}
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hierarchical coordinates

body xfm
body description
head translate wrt body
head rotate
head description
{eyel translate wrt head +—— ® e

hierarchical coordinates

eyel scale

eyel description}

{eye2 translate wrt head
eye? scale

eye2 description}
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55

body xfm

body description
head translate wrt body
head rotate

head description «——
{eyel translate wrt head
eyel scale

eyel description}

{eye2 translate wrt head
eye? scale

eye2 description}
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hierarchical coordinates

body xfm

body description
head translate wrt body
head rotate +——

hierarchical coordinates

head description
{eyel translate wrt head
eyel scale

eyel description}

{eye2 translate wrt head
eye2 scale

eye2 description}
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body xfm
body description
head translate wrt body +——
head rotate
head description
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale
eye2 description}
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hierarchical coordinates

body xfm
body description *—
head translate wrt body
head rotate
head description
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale
eye2 description}
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hierarchical coordinates

body xfm *—
body description
head translate wrt body
head rotate
head description
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale
eye2 description}
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hierarchical coordinates

eyel and eye2
coordinates
relative to head

body head coordinates
coordinates relative to body
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