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1.12. TWO DIMENSIONAL (2D) TRANSFORMATION

During modeling of an object, it becomes necessary to transform the geometry many
times. The transformation actually converts the geometry from one coordinate system to other
coordinate system. The main types of 2D transformatxon which are often come across are as

follows.

< Translation

% Scaling



Fundamentals of Computer Graphics 1.43 l '
*» Reflection '

*¢* Rotation

+* Shearing.

1.12.1. Translation

It is one of the most important and easily understood transformations in. CAD.
Translation is the movement of an object from one position to another position. It is
accomplished by adding the distance through which the drawing is to be moved to the co-
ordinates of each corner point. Figure 1.23 shows a square object. Let us now consider a point
on the object, represented by P which is translated along x and y axes by added 7, and T,toa
new position P’.
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Figure 1.23 Translation

The new co-ordinate after transformation is given by the following equation.

P’=[Xf, Y']
X'=X+Tx
Y'= Y+ Ty

P=[X+T,Y+T)
=[x N+ Tl

In matrix form, we can write the above equation as

-_ O

[P)=[x r1)=[x V1]

%] © =
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Pi=:P~T

where T = Translation matrix.

It is normally the operation used in the CAD system as MOVE command.

1.12.2. Scaling ;
Scaling is the transformation applied to change the scale of an entity. It is done by
increasing the distance between points of the drawing. It means that it can be done by
multiplying the coordinates of the drawing by an enlargement or reduction factor called
scaliﬁg factor. The size of the entity altered by the application of scaling factor is shown in

Figure 1.24.
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Figure 1.24 Scaling

The new co-ordinates after scaling are given by the following equations:
P'=[X, ¥']=[5,xX, Syx¥ |

This equation can also represented in a matrix form as

iy [P,]{% S"y][ﬂ

‘ (] [s1[7]
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S, 0
where [S] = [ (; ]= Scaling matrix
Sy

1.45

For example, Figure 1.25(a) shows a triangle to be scaled before scaling. Figure 1.25(b)

shows the same triangle after scaling. Here, all coordinates of the entity are multiplied by
scaling matrix. Therefore, it is enlarged two times the original one.
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Figure 1.25 Scalihg :

1.12.3. Reflection
Refer Chapter 1.11.1 (iv) in this book Page 1.37.

1.12.4. Rotation

Rotation is another important geometric transformation in CAD. Here, the drawing is
rotated about a fixed point. The final position and orientation of geometry is decided by the
angle of rotation () and the base point about which the rotation is to be done. Figure 1.26
shows a rotation transformation of an object about origin O. To develop the transformation
matrix, consider a point P as the object in XY plane, being rotated in anticlockwise direction
to the new position P’ by an angle 6, The new position P"is given by .

P'=[X, Y]

x Frgtn Figure 1,26, the original position is specified by
X=rcos¢
Y=rsind
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The new position P’ is specified by

X' =rcos(¢ + 0)

=rcos 0 cos ¢ — r sin O sin ¢
=xcos0-ysin0
Y' = rsin(¢+6)
=rsin 0 cos ¢ +r cos 0 sin ¢

=xsin0@+ycos0

It can be written in a matrix form as
a | X cos® —sin6|[ X
11 =\:Y']= [sine cosO ] [Y]
[P]=[R}[7]

0 —sind
where [R]= [cf)se sme ] = Rotation matrix.
sin® cos

AL

Y’ r /
Y
0
¢
Y ¥ L
OEX’a X
e X —

Figure 1.26 Rotation transformation

1.12.5. Shearing

‘ A shearing transformation produces distortion of an object or an entnre nmage There are
~ two types of shear mentioned below.,
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(a) X-shear
(b) Y-Shear
A X-shear transforms the point (X, Y) to (X', Y") by a shear factor Sh » where
X'=X-8, Y
Y'=Y
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Figure 1.27 X-shear transformation

Figure 1.28 Y-shear transformation

Figure 1.27 shows X-shear applied to a bése drawing rebre’sented by A-B-C-D-E. The

entity A;-B;-C;-D)-E; represents the Y-sheared drawing.

A Y-shear transforms the point (X, Y) to (X', Y ") by a shear factor S,

where X' =X )
Y'=ShyX+ Y

Figure 1.28 shows Y-shear applied to a drawing; Figure 1.28 shows Y-shear applied to a
base drawing represented by A-B-C-D-E. The entity A1-B)-Cy-Di-E, represents the Y-sheared

drawing.
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