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3D graphics

scene graphs

9/22/2004

overview

* brief overview of 3D

* modeling tfransforms & homogenous
coordinates

* hierarchical coordinates
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3d scene
lights “world"
coordinate
system
graphics
primh‘ﬁs o -z
eye/camera R

I
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rendering

#

Ml 9
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overview

* brief overview of 3D DONE

* modeling transforms & homogenous
coordinates

+ hierarchical coordinates
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today: composing the scene

“world”
coordinate

system
graphics Y

prim%s «—° -z
°

X

9/22/2004




geometric primitives

* points

* lines

* triangles
* spheres
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triangle mesh

9/22/2004
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3d model store

receipt

one triangle mesh teapot

one triangle mesh table
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putting it fogether

| H
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putting it fogether

call Martha Stewart

9/22/2004




making it fit

transform teapot
scale by .1
translate by (20,10,2)
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making it fit

for each triangle in the teapot
scale by .1
translate by (20,10,2)

will this work?
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scale and translate teapot triangles ...

I H
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now rotate it a little
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transforms

- scale
* rotate
- translate
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triangle
scale A
rotate XZ
translate &
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triangle

A
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points

you are here!
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point

scale O

rotate o “

call prof gu

translate ° °
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linear algebra

- scalars
+ vectors
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scalars: real numbers

3.8

27

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

v: the way you get from p
toq
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vector: magnitude & direction in 34) space

A vector does not have a
position in space !
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naming vectors

V = <QxPx. qy—py' 9P
A

(qx‘px: Gy=Py. qz_pz)

X
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linear spaces

- scalars

+ vectors

+ scalar multiplication
+ vector addition
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scalar multiplication

v
/ 2v 2v = <2vy, 2v,, 2vy

z
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vector addition

V=<V, vy, V2

v w W = <Wy, Wy, W,
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vector addition

VHW = <V, W, VH W, VW,
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triangle

transform vectors!
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triangle

S\
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triangle scale
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triangle scale
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triangle scale
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triangle scale
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scale triangle
“o
s 00 X SX
0 Owu z
uz rotate
translate
9/22/2004 9/22/2004
rotating a vector rotation
Y
v'=
cos 90  -sin90 O] [ v, v, cos 90 - v, sin 90
sin 90 cos 90 Vy | = [vxsin90 +v, cos 90
vI vx
v rotated 90° about X 0 0 !
Z axis
9/22/2004 9/22/2004

rotate about z axis rotation in 3D about x axis

*the first column
. specifies what
cosd¢ -sing O happens to (1,0,0)
sing  cos¢ (1) “the second column
0 0 specifies what

happens to (0,1,0)

fill in the blanks

the third column
specifies what
happens to (0,0,1)

9/22/2004 9/22/2004




triangle rotate
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triangle rotate
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triangle rotate
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triangle rotate
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triangle

scale

rotate

B8t b

translate
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translating a point

p translated 2 units
to the right
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operators
- scale ’
Inear
* rotate
* translate non-linear
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linear transformation

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

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

T(u+v) = u + v +wy

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

My —> M(M)

T

(MaMy)v
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transform polygon mesh

1000000 :> 10,000,000
vertices A /
computations
10 transforms
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transform polygon mesh

1,000,000

1,000,000
vertices |:> 1m
computations
WS

1 composite transform
9/22/2004

operators
- scale "
Ihear
* rotate grand
theft auto
at 1 fps
* franslate non-linear
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operators

* scale linear this

. rotate sounds
like a job
for Prof

* translate non-linear
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let's step back into 2D for a moment
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a little trick ... 2D translate

(XtX0.Y*Yo)
° Oy YO (X+X01Y+y0:1)
Ge) (D)

not a 2D linear

3D linear xfm
xfm
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2D homogenous coordinates

(x.y) <:> (x.y.1)
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a little trick ... 2D translate

10x, |[X% X+Xg
01y, [|Y]|=]YY0 (XXo¥*Yo.1)
(o]
001 1 1 (xy.0)
9/22/2004
scale
s 00 X SX
001 |[1| |1
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rotate
cos¢ -sing O || x X COS - y Si
; y sin ¢
sing cosd Of|y]|- ;
0 0 1111 X sind +ycos ¢

1
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translate

oo+
o~O
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transform form

o\)v\
oIV v
gy AV RV
=< X
"

—<_ X
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we are not alone...

the parallel universe view of homogenous coordinates

x'¥)
o

(x.y)
)

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

the parallel universe view of homogenous coordinates

4 - :
o Xy.0)
o

(x.y)

o (xyu1)

it's not the only one, but
it is the only one we can
experiencel!

we live in this
universe
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and its better not to think about it ...

the parallel universe view of homogenous coordinates

) ¢
o (xy.1)
(x.y) ©
X,
Y ()
)
our universe has center?

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

(x.y) (xy.1)
(o]

our universe our universe when

it comes to
computing modeling
transforms
9/22/2004

3d and 3d homogenous

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

cosd -sing O O X .

. X cosh-ysing
sing cos¢ O O yl- X Sin ¢ +y cos o
0 0 1 0 z
0 0 01 1 z

1

rotate about x & y axes are similar
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scale
s 0 00][x sx
Ot 00|y |- ty
OO0OuoO V4 uz
00011 1
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translate
1 0 0 x¢f| x X+Xg
0 1 Ovyol|ly |-]|y+
00 1z z LZ‘;
00 01]|1 1
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transform form

?
?
2
0]

oN VvV

o VY

Ll S JESIRN)

— N < X
1
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3d and 3d homogenous

(xy.z (xy.z1
o )
our universe our universe when
it comes to
computing modeling
transforms
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overview

* brief overview of 3D

* modeling tfransforms & homogenous
coordinates DONE

* hierarchical coordinates

9/22/2004

werd! i'm going to make
a fortune with my
teapot/table game
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cool action figure
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cool action figure

Lok
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cool action figure

&)
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transform composition

) |
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scene graph
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hierarchical coordinates

)
\/

sphere
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hierarchical coordinates

scaled sphere
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hierarchical coordinates

translated scaled sphere
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hierarchical coordinates

translated scaled sphere
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hierarchical coordinates

@ /Spher‘e
Chead)

(D
o
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hierarchical coordinates

@ local transform:

scale
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hierarchical coordinates

@ local transform:

@ / franslate EB\O
(e D
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hierarchical coordinates

@ global transform:

translate

‘/ 6
b

o/
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hierarchical coordinates

& &

global rotate &

@ /mnsla're {6
<

L/
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hierarchical coordinates

cube

S
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hierarchical coordinates

locally scaled cube @
Sl

9/22/2004

the transforms

body xfm M,
{local body scale MM, @
body description draw
} M,
head translate wrt body - M @
head rotate ~ M;M3M, s

head description  draw
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale

eye2 description}
9/22/2004

hierarchical coordinates

body xfm \
{local body scale
body description}
head translate wrt body
head rotate
head description

{eyel franslate wrt head  more infuitive to specify

eyel scale

eyel description} transforms
{eye2 translate wrt head - d
eye2 scale In reverse oraer

eye2 description}
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hierarchical coordinates

body xfm
{local body scale
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
{local body scale
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
{local body scale
body description}
head translate wrt body
head rotate
head description o
{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

{local body scale

body description}
head translate wrt body
head rotate
head description o|o

{eyel translate wrt head «——
eyel scale

eyel description}

{eye2 translate wrt head

eye2 scale

eye2 description}
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hierarchical coordinates

body xfm

{local body scale

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}

9/22/2004

o
N[

hierarchical coordinates

body xfm

{local body scale

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}

AR
%
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hierarchical coordinates

body xfm

{local body scale

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
{local body scale

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
{local body scale *+——
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
{local body scale
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 head coordinates | €Y¢l %’!d ":rYeZ
coordinates relative to body coordinates

relative to head
@ 3 r
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now nhod

body xfm
{local body scale
body description}
head translate wrt body
head rotate
rotate head description
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale
eye?2 description}
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scene graph

@ build a scene graph

for a snowman
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snowman scene graph

+ sphere: radius 1 drawn with center at
origin

+ cylinder: radius 1 and height 1 sitting on
the origin

+ cone: bottom radius 1 and height 1 sitting
at the origin

+ scale (s,t,u)
+ rotate (theta, vector)
translate (dx,dy,dz)
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