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▪ General Two-Dimensional Composite Transformations and Computational Efficiency.
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General Two-Dimensional Scaling Directions
Parameters sx and sy scale objects along the x and y directions. We can scale an
object in other directions by rotating the object to align the desired scaling
directions with the coordinate axes before applying the scaling transformation.

Scaling with rotation



General Two-Dimensional Scaling Directions
To accomplish the scaling without changing the orientation of the object,

➢ we first perform a rotation so that the directions for s1 and s2 coincide with the x

and y axes, respectively.

➢ Then the scaling transformation S(s1, s2) is applied, followed by an opposite

rotation to return points to their original orientations.

➢ The composite matrix resulting from the product of these three transformations is



General Two-Dimensional Scaling Directions
Example

1- Rotate by θ = 45
2-Stretch the square shown in figure a, 
in x axis direction by factor 1 and in y-
direction by factor 2, sx = 1 and sy = 2.
3- Turn back by θ = 45



General Two-Dimensional Scaling Directions



Matrix Concatenation Properties Depending upon the order in 
which the transformations are 
specified, we can construct a 
composite matrix either by 
multiplying from left to right 
(premultiplying) or by 
multiplying from right to left 
(postmultiplying). 



Matrix Concatenation Properties
❖ Transformation products, on the other hand, may not be commutative. تبادلي

➢ M2 ×M1 is not equal to M1 ×M2

❖ This means that if we want to translate and rotate an object, we must be 
careful about the order in which the composite matrix is evaluated 



General Two-Dimensional Composite 
Transformations and Computational Efficiency

A two-dimensional transformation, representing any combination of
translations, rotations, and scaling, can be expressed as

The four elements rsjk are the multiplicative rotation-scaling terms in the
transformation, which involve only rotation angles and scaling factors. Elements trsx
and trsyare the translational terms

Eqn(1)



General Two-Dimensional Composite 
Transformations and Computational Efficiency

For example, if an object is to be scaled and rotated about its centroid coordinates
(xc, yc) and then translated, the values for the elements of the composite
transformation matrix are

Eqn(2)

❑ From eqn(1) it requires , it requires 9 multiplications and 6 additions

❑Actually, only 4 multiplications and 4 additions



General Two-Dimensional Composite 
Transformations and Computational Efficiency

➢ Once matrix is concatenated, it is maximum number of computations

required.

➢ Without concatenation, individual transformations would be applied

one at a time, and the number of calculations could be significantly

increase.



Computational Efficiency



Computational Efficiency 



Two-Dimensional Rigid-Body Transformation
If a transformation matrix includes only translation and rotation parameters, 
it is a rigid-body transformation matrix



Two-Dimensional Rigid-Body Transformation



Two-Dimensional Rigid-Body Transformation




