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who's who for today

user > |9raphics

pipeline
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who's who

!

end user

application

program

v

graphics

pipeline
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* models
* lights
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* view (eye/camera)

user defined scene description

graphics pipeline

user's description
of scene

2. Projection |4. Perspectiv 5. Viewport
—>| 3.clp
eeeee transform

transform

eeeeee
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graphics pipeline 1

1. build scene

<
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graphics pipeline 2
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2. projection

transform

transform vertices to

Py

\

(almost) projected vertices
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graphics pipeline 3

3. clip

?A.

%’
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graphics pipeline

user's description
of scene

1. Build 2. Projection 5. Viewport
—>| s |—> >
ggggg transform division transform

hard to summarize
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graphics pipeline 5

5. viewport
transform

y
Y .,

vertices in modified vertices in image
world coordinates coordinates
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graphics pipeline 6

N

vertices in image
coordinates
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drawn image in
frame buffer

graphics pipeline

user's description
of scene

—> —>| acap  [—> —> —>
eeeee transform division transform conver

1. Build 2. Projection |4. Perspective 5. Viewport 6. Scan

~N 7

linear transforms
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build scene

YObjecT
User
described
primitives V3 \Z]
Object
coordinates
Xobject
Vo vy objec
Zobjecf

Vo= (0,0,0), v;= (1,0,0), v,= (1,1,0), v3= (0,1,0)
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build scene

YcubjecT
pipeline
representation Vs V2
is in

homogeneous

coordinates
Xobject
VO vl objec

zobjecf

vo= (0,0,0,1), vy= (1,0,0,1), v,= (1,1,0,1), v5= (0,1,0,1)
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primitives
* points

* line segments
+ polygons
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build scene

Yworld
Yobject

User described
modeling
transforms

World
coordinates

~ Xobject

Z

object

Xworld

Vertex in world

coordinates: Myv 2

world
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modeling transforms

- scale
* rotate
* translate
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build scene

User described

Yworld
Yobject
lights

ey
coordinates

z

object

4

world

Xworld
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Lights

* Ambient

- Directional
+ Point

* Spot
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Exercise (teams of 2)

+ Vertex in object coordinates: (1,1,2)

+ Scale by 2 in x

*+ Translate by 3 in x and -4 in z

+ What is result?

+ Write sequence of modeling fransform

* Multiply to get composite transform

* Multiply to get vertex in world coordinates
+ Put your matrix on the board
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build scene

YObjecf

Yworld .
User defined Yview

viewpoint

View coordinates — X biect
- Xobj

“Zygpld Zobject

vertex in view

coordinates: . int
MMy viewpoin x

wor

view
lights in view
coordinates:

MVP, Mvd Zyiew
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view in world coordinates

Yuorld upu(ult)
toward t
right r=txu
viewpoint p
Xworld
Zyorld
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world < view coordinates

translate & rotate: My=MM,

up toward
\A" right
p

world

Yworld

X,

Zyorld
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world < view coordinates
M+ translate by (-p,.-p,.p.)

Yworld p
toward

right
....................... p=(Px1Perx)

world

Zyorld
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world < view coordinates

rotation
Mgr=(1,0,0)T
Yworld Mgu=(0,1,0)7
Mqt=(0,0,-1)T
up:u toward: t

right: r

world

4

world
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world < view coordinates

rotation
r=Mg1(1,0,0)7
Yworld u=My(0,1,0)™
t=Mg1(0,0,-1)7
toward

Exercise cont.

The viewer is at (4,0,-2) looking in the (1,0,0) direction. Up
is (0,1,0).
What is our vertex in view coordinates?

Wereite the translation and rotation matrices needed to
convert to viewpoint coordinates. (You should be able to
compute the inverse matrix by inspection.)

* Multiply to create the composite view transform.
Multiply to get point in view coordinates.
Werite your view transform on the board.
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rIX LIX _TX
right M= ry u, -1,
Xworld Iz u, -t
Zyorid
10/27/2003
build scene
YDbjecT
Yworld
view
vertex in view
coordinates: — Xobject
MM v
. P -Z .
lights in view world Zobject
coordinates:
Mp, Md viewpoint
Xorl Xview
Zjiew
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geometric primitives

object coordinates: v description of vertex

description of vertex

world coordinates: Myv
situated in world

description of vertex in
world as seen from a
particular viewpoint

view coordinates: MyM,v
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lights

world coordinates: p,d

description of light
position/direction in
world

view coordinates: Mp,
Md

description of light
position/direction in
world as seen from a
particular viewpoint

note: M,d is shorthand for the “multiply
vector" operation we've used before!
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graphics pipeline

user's description

of scene
1. Build 2. Projection l4. Perspective 5. Viewport 6.5can
—>| l—>| scip  |—> —> —>
scene transform division transform convert
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