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Parametric (global) warping

 Transformation T is a coordinate-changing machine: 
        p’ = T(p) 
  
 What does it mean that T is global? 

– Is the same for any point p 
– can be described by just a few numbers (parameters) 

  
 For linear transformations, we can represent T as a matrix 
            p’ = Mp

T

p = (x,y) p’ = (x’,y’)
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Parametric (global) warping
Examples of parametric warps:

translation rotation aspect

affine
perspective

cylindrical
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Scaling
• Scaling a coordinate means multiplying each of its 

components by a scalar 
• Uniform scaling means this scalar is the same for 

all components:

× 2
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• Non-uniform scaling has different scalars per 
component:

Scaling

X × 2, 
Y × 0.5
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Scaling

• Scaling operation: 

• Or, in matrix form:

byy
axx

=

=

'
'

What is the transformation from (x’, y’) to (x, y)?
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Fig. Viewing from the side
- In order to see the 2D scaling, 

we need to observe the top 
surface from a top-down 
perspective on the x-y plane.
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2x2 Transformation Matrices
• What types of transformations can be  

represented with a 2x2 matrix?

2D Identity? 
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2D Scale around (0,0)?
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2x2 Transformation Matrices
• What types of transformations can be  

represented with a 2x2 matrix?

2D Mirror about Y axis?
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2D Mirror over (0,0)?
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2x2 Transformation Matrices
• What types of transformations can be  

represented with a 2x2 matrix?
2D Rotate around (0,0)? 
- Below, the figure shows a 3D cube. We are observing the top 

surface from a top-down perspective on the x-y plane.

CS 195: Computer Vision (Dr Alimoor Reza)

x

y θ

(x, y)

(x’, y’)

φ
x

y

r 

r 

Fig. Viewing from the side
- In order to see the 2D rotation, 

we need to observe the top 
surface from a top-down 
perspective on the x-y plane.



2-D Rotation

θ

(x, y)

(x’, y’)

x’ = x cos(θ) - y sin(θ) 
y’ = x sin(θ) + y cos(θ)
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Fig. Viewing from the side
- In order to see the 2D rotation, 

we need to observe the top 
surface from a top-down 
perspective on the x-y plane.

Fig. Viewing from the top

φ



2-D Rotation Polar coordinates… 
x = r cos (φ) 
y = r sin (φ) 
x’ = r cos (φ + θ) 
y’ = r sin (φ + θ) 

Trig Identity… 
x’ = r cos (φ + θ) 
    = r cos(φ) cos(θ) – r sin(φ) sin(θ) 
    = r cos(φ) cos(θ) – r sin(φ) sin(θ) 

y’ = r sin (φ + θ)  
    = r sin(φ) cos(θ) + r cos(φ) sin(θ) 
    = r sin(φ) cos(θ) + r cos(φ) sin(θ) 
    = r cos(φ) sin(θ) + r sin(φ) cos(θ) 

Substitute… 
x’ = x cos(θ) - y sin(θ) 
y’ = x sin(θ) + y cos(θ)

θ

(x, y)

(x’, y’)

φ
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2-D Rotation
• This is easy to capture in matrix form: 

• Even though sin(θ) and cos(θ) are nonlinear functions of θ, 
– x’ is a linear combination of x and y 
– y’ is a linear combination of x and y 

• Inverse transformation, rotation by –θ 
– For rotation matrices, det(R) = 1 and
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From last slide … 
x’ = x cos(θ) - y sin(θ) 
y’ = x sin(θ) + y cos(θ)

rotation matrix

Matrix Vector
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2x2 Transformation Matrices
• What types of transformations can be  

represented with a 2x2 matrix?
2D Shear? 
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Fig. Viewing from the side

- In order to see the 2D shear, 
we need to observe the top 
surface from a top-down 
perspective on the x-y plane.

Matrix Vector



2D Linear Transformations

• Any linear transformation can be written as a combination of 
scale, rotation, shear, and mirror 
– And written as p’=Mp 

• Properties of linear transformations: 
– Origin maps to origin 
– Lines map to lines 
– Parallel lines remain parallel 
– Ratios are preserved 
– Closed under composition 
– Cheap to apply
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2D Linear Transformations
• Any linear transformation can be written as a combination of scale, 

rotation, shear, and mirror 
– And written as p’=Mp 

• Properties of linear transformations: 
– Origin maps to origin 
– Lines map to lines 
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2x2 Matrices

 What types of transformations can be  
represented with a 2x2 matrix?
2D Translation?
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Only linear 2D transformations  
can be represented with a 2x2 matrix
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2x2 Matrices

 What types of transformations can be  
represented with a 2x2 matrix?
2D Translation?
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Group Activity#6
 Find the transformed coordinates with given 

2x2 transformation matrix

Only linear 2D transformations can be represented with a 2x2 matrix
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