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Geometric Transformation

T:Ra - Rm
{p} - {P}=T{P}

Linear Transformation:

T(a {P} + B {Q} ) =a T{P} + B T{Q}

V a,BeR
{PL{Q} €Rn

{T{O} = {0}

{P} = T{P} = [M]{P}



Geometric Transformations
Example: R3— R?
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Linear Transformations
R*— R?
y)\

Show that:




Linear Transformations
(scale with respect to origin)

Shorten(0< s, <1) ,
Ellongation (s, >1)




Linear Transformations
(mirror with respect to y axis)




Linear Transformations
(rotation with respect to origin)

Y., P- (X)
y
P

X =X.cos 0 - y.seno
X) y =X.sen 0 + y.cos 0
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Linear Transformations
(rotation -vs- base change)

Y, P=(X:) Y \'}
y
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Rotation of a point by an angle 6 has the same effect as
base axis rotation by an angle -0.

The matrix that implements the transformation is
constructed assembling the coefficients of the new base
normalized vectors in its rows.




Linear Transformations
Properties

Straight Line T .S Straight Line

(Very important property in Computer Graphics)
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Linear Transformations
(translation)

Y\

X’ i 2 2| [X = Cannot be written
v 2?2 \y in this manner

(X) (tx) 5 Not good for

implementation



Affine Transformations
(linear transformations with translation)

Generalizing:
X1 fabjrxy. re
(3= o J(3)+1E]
T{0} # {0} = This is not a linear transformation

However, it preserves colinearity,
ratio and parallelism

Transformations of this form aré called: Affine Transformations




Transformation

Window-Viewport
Q J
object coordinate system screen coordinate system
(world) (display)

A window defines a rectangular area in world coordinates. You can define the window
to be larger than, the same size as, or smaller than the actual range of data values,
depending on whether you want to show all of the data or only part of the data.

A viewport defines in normalized coordinates a rectangular area on the display device
where the image of the data appears. You can have your graph take up the entire
display device or show it in only a portion, say the upper right part.



Definitions

World Coordinate System - This is object space or the space in which the application
model is defined.

Screen Coordinate System - The space in which the image is displayed.

World Window (or clipping) - This is the rectangle in the world defining the region
that is to be displayed.

Interface Window - The window opened on the raster graphics screen in which the
image will be displayed.

Viewport - The rectangular portion of the interface window that defines where the
image will actually appear (usually the entire interface window but in some cases
modified to be a portion of the interface window).

Viewing Transformation - The process of mapping a world window in World
Coordinates to the Viewport.

World Coordinates Viewport Coordinates

Clipping Window

Viewport
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(Source: Hankins, 2014 — Lecture Notes on Computer Graphics at MTSU)



Transformation Window-Viewport
is an Affine Transformation

Proportion: Xw =Wy
Wyt
(xﬁg“ﬂ)
W I
1pd 8w I
W, W,
(xw B wxl) 7
X = s (V. -v..) + Vv
x1 x1
B8 (er‘ wﬂ) xr

‘ , "

fraction of dis- viewport viewport
- placement of width offset
full viewport
v_-~V,)
xr__x1 .
x . (x" - “ﬁl) + vxl
xr x1°
X, a 0]|x, e a 0 e
o 10 djy) ) 10 d f

Vot —f
_ { 0%,4)
v‘" ‘ l’uwflfﬁ
A4 %w
(., - W.,)
ys'-——y—y" L - V) Y
yt yb

(vt"vb)
y -—.L.-—-L (y -W )+v
5 (W -w.) ¥ ¥ yb
. yt yb



