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Viewport Transformation (1)

= assumption: scene is in clip space !

= clip space = [-1,1] x [-1,1] x [-1,1]

m orthographic camera looking in —z direction
= screen resolution N, x N pixels

clip space: (-1,-1) > (0,0)
| (11) > (nn,)
1 | screen
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Viewport Transformation (2)

can be done with the matrix

Xereen n/2 0 nJ2| |x
Yscreen| = | O Ny/2 nyJ21. 1y
1 o 0 1] |1

(-1,-1) > (0,0)
(11) > (nn,)

this ignores the z-coordinate, but...

Viewport Transformation (3)

... we will need z later to remove hidden parts
of the image, so we add a row and a column

to keep z :
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y O 0 1 O Z

1 0 0 0 1 1

LT )L g 4L
M




Projection Transformation
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Parallel Projection (Orthographic Projection)

TRY

side front
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3 parallel-projection views of an
object, showing relative proportions
from different viewing positions

Parallel vs. Perspective Projection
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Projection Transformation (Orthographic)

assumption: scene in box [L,R]x[B,T]x[F,N]
orthographic camera looking in —z direction

transformation to clip space
(L,B,F) > (-1,-1,-1)

(R,T,N) > (1,1,1)

orthographic view volume clip space:

in camera space: $ / n
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Projection Transformation (Orthographic)

(L,B,F) > (=1,-1,-1)
(R,T,N) > (1,1,1)

_F%_ - _%_
.
I\/Iorth = ) -%3 (2) _ﬁ
0 0 RZF "N-F
0 0 0 1
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Parallel Projection (1)

viewing plane viewing plane

—9 —9

orthographic oblique
projection projection

orientation of the projection vector —g
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Camera Transformation
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Viewing: Projection Plane

display

lane
o P
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coordinate reference for obtaining a
selected view of a 3D scene
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Viewing: Camera Definition

= Ssimilar to taking a photograph
= involves selection of
4 camera position
¢ camera direction
4 camera orientation
¢ “window” (aperture) of camera

world
coordinates S
7%
ﬂv
N\
camera

coordinates
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Viewing: Camera Transformation (1)

= view reference point
4+ origin of camera coordinate system
4 camera position or look-at point

right-handed

system,
with axes u, v, w,
relative to world-
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coordinate scene

#

11



Viewing: Camera Transformation (2)

e ... eye position
g ... gaze direction

(positive w-axis points to the viewer)
t ... view-up vector

we_ 9
o]l
txw

U=

[t x w]

V=WXU
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Viewing: Camera Transformation (3)

Meam = Ry Ry R T

aligning viewing system with world-coordinate
axes using translate-rotate transformations
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For Now: Parallel (Orthographic) Projection
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Perspective Projection
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Perspective Projection
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Perspective Projection

projection
reference
point

perspective projection of equal-sized objects
at different distances from the view plane
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Parallel vs. Perspective Projection

projection:
preserves relative

proportions & pergpedtive projection:

parallel features center of projection,
(affine transform.) o jjistic views
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Perspective Transform
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Perspective Transformation (1)

view plane

@)
S ——
<
o

A A
—h
\ 4

Werner Purgathofer 33

v

y f ... focal length

17



Perspective Transformation (2)

view plane
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Perspective Transformation (3)

N O 0 X
P = 0 N 0 y '
0 0 N+F -F-N|'| 2|~ |z:(N+F)-F-N
0o 0o 1 o0 |[1] | Z |
homogenization: divide by z
yp—7N y [ xN/iz ]
y-N/z
N ~Z| (N+F) —F-N/z
Xp :? X 1
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Example: Right Top Near Corner

N 0 O 0
0O N O 0
0 0 N+F -F-N
0 0 1 0

L-F
B-F
F-(N+F) —F-N

~>
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Perspective Transform
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Nonlinear z-Behaviour
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Nonlinear z-Behaviour

Werner Purgathofer

40

c V7
modeling camera
transformation”’ { transformatio N/

%@

object space

“projection
1 transformation,

.

clip space

" o
viewport

‘ transformatio

screen spaceﬁ

21



Xscreen Mpef X
Yscreen =( M P‘ M) y
77 |7 Vivp Mlorth ™ Wicam 7
L. O o Q
L) s ey L
® ()
AN
% %93
pixels on % 2, 7 ’{;, world coordinates
A e
the screen %}o S o O
S, & %<
2.5 %%
% 2 5 %
%% 2 >
Werner Purgathofer 42 o ﬁ

object space

projection
transformation viewport

transformation

clip space

k|
\
,‘;ﬁ%ﬁf*
L

screen spaceﬁ




z-Values Remain in Order

N 0 0 0 X X-N/z
0N 0 0 Y| o | YNz
0 0 N+F —=E-N y4 (N+F) —F-N/z
0o 0 1 0 | | 1_ i 1 |
Z,,Z,, N,F<O0
7, <7,
1/z, > 1/z, | - (-F-N) (<0)

—F-N/z, <-F:N/z, |+ (N+F)
(N+F) — F-N/z; < (N+F) — F-N/z,
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Perspective Projection Properties

m parallel lines parallel to view plane =
parallel lines

= parallel lines not parallel to view plane =
converging lines (vanishing point)

= lines parallel to coordinate axis =
principal vanishing point (one, two or three)
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Principle Vanishing Points
vanishing point

-point 3-point
perSpective persp. proj_
projection

2-point
persp. proj.
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Outlook: lllumination and Shadows
m perspective
projection
= local and global

illumination
models

= shadow
generation
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