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Digital Image 

Processing: 
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Introduction to Fourier Transform 

 Fourier Transform pair : 

 

 

 

Fourier spectrum: 
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Introduction to Fourier Transform(cont.) 

 Example: f(x)=A, 0<x<X 
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Discrete Fourier Transform 

 Discrete Fourier Transform pair 

 

 

 

 Example:    
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2-Dimensional Discrete Fourier Transform 
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2-D IDFT 
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2-D DFT 

u = frequency in x direction, u = 0 ,…, M-1 

v = frequency in y direction, v = 0 ,…, N-1 

x = 0 ,…, M-1 

y = 0 ,…, N-1 

For an image of size MxN pixels 
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 2-D DFT (cont.) 

 example 

 

image Lena 512512 a of DFT dim2 

(a) Original Image (b) Magnitude (c) Phase 
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2-D FFT 
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2-D DFT (cont.)  

 Properties of 2D DFT  

 Separability 
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 2-D DFT (cont.)  

 Properties of 2D DFT (cont.) 

 Rotation  

 sin  ,cos     ,sin  ,cos  lkrnrm

),(),( 00   Frf

(a) a sample image (b) its spectrum (c) rotated image (d) resulting spectrum 
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2-D DFT (cont.) 

Convolution 

 

 

 

 

 

 Convolution Theorem 
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Other separable image transforms: 
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Other Separable Image Transforms: 

 Regular Form : 

   

 

   g(x, u) is called forward transformation kernel, and h(x, u) is 

called inverse transformation kernel. 

 Walsh Transform 
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Other Separable Image 

Transforms(cont.) 
 Walsh Transform(cont.) 

 Example : N= 4=  
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Here we calculate the matrix of Walsh coefficients 



13:23 16 

Two-Dimensional Walsh Transform 
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Two-dimensional Walsh 

Inverse Two-dimensional Walsh 
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Other Separable Image 

Transforms(cont.) 

white:+1 

black:-1 
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Standard Trivial Functions for Hadamard 

One change 

two changes 
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 Haar transform 

 Haar function (1910, Haar) : periodic, 

orthonormal, complete 

Haar Transform: 



13:23 30 










































































22000000

00220000

00002200

00000022

22220000

00002222

11111111

11111111

8

1

2200

0022

1111

1111

4

1

8

4

H

H



13:23 31 

Haar transform example: 

Original Cameraman 

256x256 

256x256 Haar transform 

of Cameraman 
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Slant transform: 
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Slant transform contd..: 
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Slant transform contd..: 
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DCT: 

 Discrete Cosine Transform 
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