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ABSTRACT: Computer Graphics is transforming our world significantly and rapidly. Computer Graphics is itself a
very broad term and describes everything on the computer which is not text or sound. It can be a video, image,
animation or anything else. It can be anything but everything is made up of ‘pixel’. Pixel is the smallest unit of
computer graphics. Computer Graphics is an art of drawing line, object, pictures etc. with the help of computer
programming. There are two types of computer graphics: Interactive Graphics and Non- Interactive Graphics.
Interactive graphics are those which have a two-way communication and the operator can control the operations like
playing a video game on a computer. Non- interactive graphics are those in which where the user doesn’t have any kind
of control over the graphics.
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I. INTRODUCTION

Computer Graphics definitely looks stunning and are often very complicated and takes a lot of time and effort to
make. The techniques and hardware used today are very advanced and has automated most of the things. But this was
not the case always. The development of Computer Graphics started in 1950°s when it was designed using the vector
graphics. Times changed and the methods also changed. Raster graphics comes into play and make things interesting
and easy. But the problem was it doesn’t look real and that’s what stopped it being the mainstream technology.

Nowadays, 3D graphics are used to design everything due to extra features of depth and originality. They are not
very much different than 2D graphics apart from the fact that they have an extra dimension. 3D graphics rely on similar
algorithms which are used to design 2D graphics. Even 2D graphics can also achieve 3D effects by using different
techniques like lightening. The animation is one step ahead 3D graphics where moving objects or graphics are used. No
matter how much complicated and advanced the graphic is, it will be using the same basic algorithms and
transformation techniques to get the work done.

To design and work on 2D graphics, various techniques are used. The most important techniques are
transformations. It simply means changing some graphics into something else by applying rules. We have various types
of transformations which are translation, rotation, scaling, reflection and shearing. When the transformation takes place
in the 2D plane, then it is called 2D transformations. It plays and important role to reposition the graphic on the screen
and change their orientation and size to get the desired result.

Il. BASIC TRANSFORMATIONS

2D graphics may combine images, text, equations and more. These components can be modified and manipulated by
using two-dimensional geometric transformations such as translation, rotation, and scaling.

A. TRANSLATION
A translation is applied to an object to move every pixel of that object a constant distance in a specified
direction. It can be described as rigid motion due to the fact that the shape of the object doesn’t change at all. To
translate a two-dimensional point, we need to add translation distances t and t,, to the original coordinate
position (X,Y) to move the point to a new position (X’,Y’).
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X'=X+4Y’=Y +t,
The translation distance pair (t,.t,) is called a translation vector. The above equations can also be represented
using column vectors.

_ X v X _ It
P=m "7 T &
We can write it as:
P=P+T
I1l. ROTATION

Rotation is applied to an object by repositioning it along a circular path in atwo-dimensional plane. In order to
generate a rotation, we have to specify a rotational angle © (theta) and the position (x,y;) of the rotation point
about which the object is to be rotated. Rotation can be done either in aclockwise direction or anti-clockwise
direction. This transformation is also rigid motion because the shape of the object will be the same.

y4

P'(x",y)

-
0 X
The original coordinate of point P(X,Y) can be represented as — )
K =reoad..cc (1)
Y=rsing......(2)
The point P’ can be represented as —
' =rcos (¢ + 0)=rcospcosf — rsingsiné....... (3)
y' =rsin (¢ + 0)=rcosedsinf + rsingdeosh....... (4)

Substituting the above 4 equations, we get-
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[XrYr] . [XFYF] 6039 S'Eﬂ.g OR
—sinfl  cosb
PP=P.R
Where R is the Rotation matrix.
IV.SCALING

This transformation is applied to resize the object. In the scaling process, we can either expand or compress the
dimensions of the object. It can be achieved by multiplying the original coordinates of the object with the scaling factor
to get the desired size. There are, further, two types of scaling transformations: uniform and non-uniform. In the
uniform scaling, the coordinate values change uniformly which means all three coordinates have the same scaling
factor. In the non-uniform scaling, it is not necessarily the same in all the coordinate directions.

To scale a 2D-object with original coordinates (X,Y), the scaling factors are (S,,S,) and the produced coordinates
are (X’,Y’). This can be represented as shown below —

X' =X.Sy and Y'=Y.Sy

Where S, and S, are the scaling factors for x and y coordinates respectively. Representing this relation in the matrix

form —
X' xX\[&, O
)=G)[5 s
or

PP=P.S

Where S is the Scaling matrix.

Scaling is a non-rigid motion transformation due to the fact that the shape and size of the original object changes
after the transformation. When the scaling factor is 1, then the size does not change. If both factors S, and S, are equal
to 1, then there will be no change on the object at all.

The transformations are not used directly. Most of the times, we need to apply multiple transformations to the single
object. To tackle this problem, matrix representations, and homogeneous coordinates are used.

V. MATRIXREPRESENTATIONS AND HOMOGENEOUS COORDINATES

Most of the graphics applications involve asequence of geometric representations. We need to apply each set of
transformations in the exact sequence to get the desired result. A simple animation may require translation and scaling
at each increment of the motion. When using these transformations collectively, they can create a little difficulty.
Scaling and Rotation transformations both are handled using the matrix multiplication but Translation is handled using
the addition. To use all the transformations, in the same way, we give each point a third coordinate which means
instead of using (X)Y), we will be using (X,Y,W). This allows translations to be handled using the matrix
multiplication.

To represent a two-dimensional transformation as a matrix multiplication, we represent each Cartesian coordinate
position (x,y) with the homogeneous coordinate triple (X, Yr,h) where

X:Xh/h and Y:Yh/h

Thus, a general homogeneous coordinate representation can also be written as (h*X,h*Y,h).

When a point (x,y) is converted into a homogeneous representation (X,,Yh,h), equations containing x and y, such as
f(x,y)=0, become homogeneous equations in the three parameters. This means that if each of the parameters is replaced
by any value u times that parameter, the value u can be factored out of the equation.
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The matrix representations are standard methods for implementing the transformations in computer graphics. In
many systems, the transformations take place with respect to the coordinate origin. If we want to apply transformations
with respect to some other coordinate point, then the successive transformations will take place. In doing so, the matrix
representations are used and this method makes things clear and easy. The sequence of the transformations will take
effect on the result and it will not be the same correct result.

VI.OTHER TRANSFORMATIONS

Basic transformations such as translation, scaling and rotation are included in the graphics package. Some packages
also include other transformations which are not used that much but are useful. Two such transformations are shearing
and reflection. Reflection is a rigid motion transformation but shearing is a not-rigid motion transformation.

A. SHEARING

It is a transformation which distorts the shape of the object such that the object was made of a number of layers and
these layers have slid over each other. It is called a shear. There are two shear transformations X-Shear and Y-Shear.

In X-Shear transformation, the Y coordinates are preserved and changes are made to the X coordinates, which causes
the vertical line to tilt either left or right. The transformation matrix for X-Shear can be represented as —

1 0 0
Xa=\|shz 1 0O
0 0 1

W =R

Y=Y

In Y-Shear transformation, the X coordinates are left unchanged and Y coordinates are changed, which causes the
horizontal line to tilt. The transformation matrix for Y-Shear can be represented as —

1 shy 0
Y10 1 0
5 TR |

Y =Y+ Shy . X
X' = X

VII. REFLECTION

It is a transformation that produces the mirror image of the object. The mirror image of the object will be produced
relative to an axis of reflection by rotating the object at 180 degrees along the reflection axis. The axis of reflection can
be chosen anywhere in the x-y plane.

In Reflection about the line y=0 or the x-axis, this transformation keeps the x values the same but flips the y values
of the coordinate positions. Similarly, in the reflection about the y-axis, the values of y coordinates remain the same but
flips the x values of the coordinate positions.
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VIIl.  COMPOSITE TRANSFORMATIONS

We can set up a matrix for any number or sequence of transformations as a composite transformation matrix by
calculating the matrix product for the individual transformations. It is often referred as concatenation or composition of
matrices. It is a combination of two or more transformations performed after each other. Sometimes, this results in a
single transformation.

If a transformation of a plane T1 is performed and followed by a transformation T2 of an another plane, then the result
can be expressed as a single transformation T which is the combination of T1 and T2 in the same order. This can be
written as T=T1*T2. Similarly, we can apply a number of transformations, one after another to get the desired result. A
combined matrix —

[TIDX] = DX[TA[T2)[T3][T4][T5]. .. ...

Where [T;] is any combination of any kind of transformation.

In composite transformation, the sequence of the transformations is important. The change in the sequence will result in
a different solution. [T1]*[T2] is not equal to the [T2]*[T1]. The purpose of the composite transformations is to gain
efficiency by applying a single composed transformation to a point instead of applying a number of transformations.

IX.CONCLUSION AND FUTURE WORK

In this paper, we have reviewed the 2D transformations in computer graphics and how these transformations are
done. We have discussed the difference between these transformations and how they are applied. These transformations
are the basis of computer graphics and also used in 3D graphics, modeling, and animation. We have discussed the
methods and techniques of implementing these transformations in an efficient way. In future, other transformations
which are not much used will be discussed. There is always a scope of finding a better method of doing things and we
will try to find a more efficient and faster method to solve these transformations with the use of least resources than the
existing ones.
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