CS421-Lecture 3

i Transformations

= Based on homogeneous coordinates

= Actual Point Homogeneous Coord.
X Xn
P= y *h _|Yn
z Zn
h

sx=x,/h y=y/h z=12z/h
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i Translation

= Move in X, y, and z directions
o X'=X+T,, y=y+T,, 27=2+T,, h'=h

T=

(= = R )

T,
T,
TZ

1

S o = O

1
0
0
0

i Scaling

= Use translation to scale about any point
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i Shearing
=[]

= Shear in x based on y coordinate

1 sh, 00
- 0 1 00
Shehy)=| 0 0
0 0 01
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i Rotation (1)

= There are an infinite # of rotation axes

= Simplest cases first
= Ex. CCW about z-axis

9 cos0 -sind 0 0] X'=xcosd-ysind
Yoo sind cosd 0 0| Y'=xsind+ycosd
R,(6)= .
0 0 10| Z=z
X 0 0 o0 1| h=h

Right-hand rule!

i Rotation (2)

= Rotation about x-axis and y-axis
= Do by permutation not computation

z X o
y z X
X y z
1 0 0 0 cosp 0 sinp 0
Rx((l): 0 cf)su -sina 0 & (13): 0 10 0
0 sino coso 0O 4 -sinp 0 cosp O
(U] 0 1 0o 0 0 1
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i Arbitrary Rotation (1)

= About point and axis
xr

B =|y,
Zr
Xn

fi=ly, |;
Zn

2 2, .2 X
X, 4y, +7, =1

i Arbitrary Rotation (2)

R, (0)= T(F’, ) R, (-a)R, (-B)R, ()R, (B)R, (a)T(-F’r)

cos o= = cosB=yy’+7,

sin g =——2 sinf=-x,

i 3-D Viewing

1. Modeling Xform: Model > World
= Draw the picture
2. Viewing Xform: World - View
= Observer position
Clip
= Remove objects which can't be seen
Projection Xform: View - Projection

Global

Global 3

4.
Global

. D20
. 5. Workstation Xform: Projection > Device
= Adjust size and position on screen
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i Viewing Coordinates (1)

= Convenient reference for viewing
= Account for observer
= Position

= Orientation
= Direction of gaze
= Which direction is “up”
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i Viewing Coordinates (2)

1. Define a plane whose normal vector is
in the view direction: z, = N

= “The film”
o, Determine if viewing is relative to a ||
point Yo
= Should we clip behind the camera? Zy |

3. Select a view-up vector v that is not
parallel to z, that will specify vy,

11

i Transformation Process (1)

1. Translate the world to the view origin

= T(-Xo, -Yo: ~Z0)

2. Rotate the world coordinate system to
align with the viewing coordinate
system

= Make three rotations: R,, Ry, R,
= A reflection may also be needed
= Or make a basis transformation
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i Transformation Process (2)
~|n
A= =|n, |=2
‘N‘ 2] v u u, u; 0
03 - olvyovy, vy 0
R=
-~ n, n, n; 0
ﬁ:YXIj{uZ]:,‘;V 0 0 0 1
VxN| u
N Wi, =RT
Q:ﬁxﬁ:{vzizy

i Projection Transformation

= Moving 3-D viewed scene to 2-D
window
= Two types

= Parallel
= Viewed size is not a function of distance

= Perspective
= Viewed size is a function of distance
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i Orthographic Projection

= Project parallel to the direction of view
= E.g. front, side, and plan views

= Aligned axes make this easy
= Might clip for z, < 0

Af. & -

3-D object Two possible orthographic views

[1 | }
1 -1
1 1 15
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i Obligue Projection

= Project at angle to the direction of view
= Like looking out of the side of our eye

B ;|

% 3-D object Noangle,  An oblique view
Orthographic

1 a
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Axonometric Projection (1)

= All 3 axes projected onto x-y plane
= Parallel lines still remain parallel
= Generalized extension to oblique
= View “all” 3 sides at a time
= |sometric
= All 3 units have same projected length
= Dimetric
= Exactly 2 units have the same projected length
= Typically up (y) remains up
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i Axonometric Projection (2)

= Common Isometric Formats
= 30° — x & z 30° above horizontal
= All axes 120° apart
» 1:2 —x & zrise by 1 for run of 2
= (Bresenham?) (atan(1/2) = 26.5...°)
= Military — x & z 45° above horizontal
= separated by 90°, so building tops (x-z plane)
not skewed
= Dimetric Example (x-y vs. z)
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i Axonometric Projection (3)
= General, with y upward a b ]
= Isometric (all projected lengths cde
equal)
[,2 2 g4 he? 2 -
a’+c =d=vb +e cosé -cosé@
= Dimetric? sind 1 sin@
= General?
i Perspective Projection (1)
View Volume Rear Clip Plane
T
Front Clip Plane
View Plane
Projection Point
i Perspective Projection (2)
view plane
%Zgrp (0,0,va)
z-axis
(vaxyvplvp) * (X,y,Z)
X Xy 10 0 0
Z-Zprp Z\,p*pr 0 1 0 0
7x(ZVp_Zprp) Mpro]ectinn: 00 0 0
v o2z, 00 —
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