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Transformations are a fundamental part of computer graphics.

Transformations are used to position objects, to shape objects, to change viewing
positions, and even to change how something is viewed. There are 5 main types of
transformations that can be performed in 2 dimensions:

translations

scaling

rotation

reflection

shearing

4.1 Translation

A translation moves all points in an object along the same straight-line path to new
positions.

The path is represented by a vector, called the translation or shift vector.

We can write the components: y ®
P"
Px' = Px+Tx /
T
r —_— » E .
Py' =Py+Ty p .

or in matrix form: P'=P + T

P —

X'=x+t, y=y+t,

)l e

P =P+T
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4.2 Rotation

point p(X,Y) is to be rotated about the origin by angle theta to location p’'(X',Y")

Let us consider the diagram
P'(<', "
» We use some geometric concept here
= cos@= ¥/p ,5ind= }"g'rr = /
. P{x.Y)
x =rcosd ,y = rsingd 7 19
/ O _f’.—""_jﬁ = v
AP v
= cos(@+ 8) = ¥/, X

x"=rcos(0 + 8)
x" = rcos@cosf — rsin@sing
x' = xcosf — ysinf

L
=sinflp+6) ="/,
y' =rsin(0 + )
yv' = rcos@sind — rsin@cost
v' = xsinf + vcosd

in matrix form: PP =R X P

cos —sinf
sinf cos@

[]= (2258 —smé)w [})

Where R = [

4.3 Scaling
» Scaling changes the size of an object and involves two scale factors, S, and S, for the x-
and y- coordinates respectively.
- T
» Scales are about the origin. m -
» Consider the diagram for generating equation -

» We can write the components as:
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X'=Sx.X
Y’ =Sy.Y

P'=S « P ,The matrix represented form is

The matrix form is
=[5 5] *B]
Y: 10 S'u [}J
» If the scale factors are in between 0 and 1 =» the points will be moved closer to the

origin =» the object will be smaller.

» If the scale factors are larger than 1 =» the points will be moved away from the origin =
the object will be larger.

4.4 Reflection
» Areflection is a transformation that produces the mirror image of an object.

» The mirror image for 2D reflection is generated relative to an axis of reflection by rotating
180*

» We can choose an axis of reflection in a xy-plane and perpendicular to the xy-plane.

» The matrix representation with homogeneous coordinate form along x-axis is

Reflection along x-axis and y-axis

Xtaxis v-fX1S

0 0 .
0 =10
001

=100
@ 010
@

x' 1 0 0
Reflection along x-axisis |[y'| = [0 -1 0
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Reflection along y-axis is representation in matrix form
x' -1 0 0 X
Yl =10 10 x{y]

1

1 0 01
Reflection:origin and line x=y

o = O

==
-0 O

-1 0 O
o -1 0
o

45 Shear

» The matrix expression for the shearing transformation of a position P = (x, y,) to produce
x-axis shear and y-axis shear.

» Share along x-axis is represented in matrix form
x' 1 sh, O x

y|f =10 1 0of X { y ]

1 0 0 1 1

Share along y-axis is represented in matrix form

! 1 1 0 x
}:"'] = |:.S'h.}- 1 ﬂ X [}1 :|
1

1 0o 01

1 sk, O r oo
01 0 ch, 1 0|
[0 o 1j 0 1]

' i-.:l |
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4.6 Homogenous Coordinates

» The fact that all the points along each line can be mapped back to the same point in 2D
gives this coordinate system its name — homogeneous coordinates.

Make displacement linear with homogeneous coordinates(x, v) = (x,v, 1)

» Transformation turns into 3X3 matrix. Very big advantage —All transformations are

concatenated by matrix multiplication Using homogenous coordinates we will do all

transformations
i x' ] _1 0] tx 1T X_

2D Translation y'|=|0 1 t, yl|, P'= T(tx t, ) P
1] |0 0 1] |1

(x'] [cos@ —sing O] [ x]

2D Rotation y' |=|sin@ cos@ O0]-|y], p':R(g).p
1] | O 0 1]]1]
(x'] [S, O O0O]][x]

2D Scaling y'|=|0 S, 0|]yl], P’:S(SX,Sy)-P
1] [0 O 1|1

4.7 Composite Transformation Matrix

Forming products of transformation matrix is referred to as concatenation or composition. We
from composite transformation by multiplying matrices in order to form left to right.

General Fixed-Point Rotation:-

» Arrange the transformation matrices in order from right to left.
» General Pivot- Point Rotation
* Operation :-
1. Translate (pivot point is moved to origin)
2. Rotate about origin

3. Translate (pivot point is returned to original position)
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4. Consider the following diagram

Move to origin Rotate Move back
\/- (Xr’yr) " ‘

Original position of the Translate the object Rotate the object Translate the object
object & pivot point so that pivot point about origin  so that the point at the origin

T(pivot) « R(6) * T(—pivot)

The transformation matrix is

1 0 x |[cos® -—sin® O0][1 0O -—x
O 1 vy, |]|sin@ cosd O0[(0 1 -y, |=
0 0 1 0 0 10 0 1

(cos® -—sin@ x, (1—cosé)+y,sind
sin@ cos@ vy, (1-cos@)—x, siné
0 0 1

General Fixed-Point Scaling

Operations:
1. Translate (fixed point is moved to origin)
2. Scale with respect to origin

3. Translate (fixed point is returned to original position)
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Original position of the

Move to origin

A 4

Translate the object

Scale

object & pivot point so that pivot point about origin

T(fixed) « S(scale) * T(—fixed)

The transformation matrix is

1 0 x S,
0O 1 vy, 0]
O 0 1 0

1 0
0 1
0O O

Scale the object

Move back

o

Translate the object

so that the point at the origin
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