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3D graphics

scene graphs
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3d scene

lights * “world"
coordinate

system
graphics

pr‘imiﬂvis -z

eye/camera

1
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overview

* brief overview of 3D

* modeling transforms & homogenous
coordinates

+ hierarchical coordinates
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overview

+ brief overview of 3D

* modeling fransforms & homogenous
coordinates

+ hierarchical coordinates

9/17/2003

rendering
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today: composing the scene

“world”
coordinate

system
graphics 4

primiﬁvis -z
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geometric primitives triangle mesh

* point
* line

* polygon
- curved surfaces
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3d model store

receipt

one triangle mesh teapot

one friangle mesh table
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putting it fogether putting it together

call Martha Stewart
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making it fit making it fit

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

now rotate it a little
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transforms triangle

- scale
* rotate
- translate

scale

translate
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triangle points

you are herel!
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call prof gu linear algebra

- scalars
+ vectors

rotate

translate
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scalars: real numbers vector: distance & direction in (34) space

3.8

4 v: the way you get from p
41 foq

-1000.2

5
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vector: magnitude & direction in 34) space

A vector does not have a
position in space !
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linear spaces

scalars

vectors

scalar multiplication
vector addition
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vector addition

V=<V, vy, V2

W = Wy, Wy, W,
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naming vectors

V = <QxPx, qy—pyf 9:7P7

(qx'Px: 9y=Py. qz'Pz)

X
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scalar multiplication

\
/Zv
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vector addition
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2v = <2v,, 2vy, 2v,>

VHW = <V, VW, VoW,




triangle

transform vectors!
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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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triangle scale
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triangle

scale

A
)

translate
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rotating a vector rotation

cos 90  -sin90 Of | v, v, cos 90 - v, sin 90
sin 90 cos 90 Vy | = [v«sin90 +v, cos 90

vz vl
v rotated 90° about 0 g !

Z axis
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rotate about z axis rotation in 3D about x axis

*the first column

. specifies what
cos¢ -sing O happens to (1,0,0)
sing cosd¢ O
0] 0] 1

fill in the blanks

*the second column
specifies what
happens to (0,1,0)

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

scale

translate
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triangle rotate
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triangle rotate
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translating a point

p translated 2 units
to the right
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operators linear transformation

- scale Fo « f(v) is linear if
* rotate flou+pv) = af(u)+pf(v)

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

Zero vector

T(u+v) = u + v +w,

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

My —> M,(MV)

T

1000000 - 10,000,000
vertices A J
computations
10 transforms
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transform polygon mesh operators

- scale ;
linear
* rotate

- translate non-linear
1,000,000

1,000,000
vertices - 1m

computations

Ws

1 composite transform
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operators
- scale
* rotate

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

X.y)
. (x,' 1)

not a 2D linear 3D linear xfm
xfm
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2D homogenous coordinates

(x.y) h (x.y.1)
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rotate translate

cos ¢ -sind;) X €os ¢ - y sin ¢

0 0 xsin41)+ycos¢
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transform form we are not alone...

the parallel universe view of homogenous coordinates

xy

x.y)
[ J

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

the parallel universe view of homogenous coordinates the parallel universe view of homogenous coordinates

(X" ) , , (X’ ) 0 e
° (x ,y.,l) ° (x ,y'.,l)
(x.y:1) . x,z) (xy:1)

X.y)
)

we ll\?e ms’rhls it's not the only one, but our universe has center?
SNEIEE it is the only one we can center (0,0)
experiencel!
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2d and 2d homogenous

(x.y
[}

our universe our universe when
it comes to
computing modeling
transforms
9/17/2003
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translate
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cosd -sino
sing cos ¢
0 0
(0] (0]

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

X cos ¢ -ysind
=[x sin¢ +ycos ¢
z
1

rotate about x & y axes are similar
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transform form
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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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cool action figure
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overview

+ brief overview of 3D

* modeling fransforms & homogenous
coordinates

+ hierarchical coordinates
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cool action figure
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cool action figure
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transform composition
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hierarchical coordinates

sphere
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hierarchical coordinates

translated scaled sphere
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scene graph
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hierarchical coordinates

scaled sphere
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hierarchical coordinates

translated scaled sphere
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hierarchical coordinates hierarchical coordinates

/sphere @ local transform:

scale
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hierarchical coordinates hierarchical coordinates

@ local transform: @ global transform:

translate

. / ‘ / translate
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hierarchical coordinates hierarchical coordinates

cube '
@ global rotate &

translate

CONCD
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hierarchical coordinates

locally scaled cube
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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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more infuitive to specify

inr

transforms

bverse order

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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the transforms

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 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 [ J

{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
eye? scale

eye?2 description}

9/17/2003

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 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 hierarchical coordinates

azgz:llfoﬁd‘y — body head coordinates
body description} coordinates relative to body
head translate wrt body
head rotate
head description
{eyel translate wrt head
eyel scale
eyel description}
{eye2 translate wrt head
eye2 scale
eye2 description}

eyel and eye2
coordinates
relative to head
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now nod scene graph

body xfm

el ety seeli @ build a scene graph
body description} for a snowman
head translate wrt body
head rotate
head description

{eyel translate wrt head

eyel description}
{eye2 translate wrt head

eye? scale
eye?2 description}
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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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