
Lecture 8: 1D and 2D Discrete transforms and introduction to wavelets 
Learning Objectives: 

 Performing 2D discrete Fourier transforms in Matlab 

 Generalized basis functions, hybrid space and “basis” images 

 Introduction to wavelet transforms 

 

Assignment: 

1. Read Chapter 7 of Digital Image Processing Using MATLAB,  titled “Wavelets” 

 

I. 2D DFT shift example in Matlab (courtesy Dr. Wieben): 

   

fftshiftfftshift in 2Din 2D

Use Use fftshiftfftshift for 2D functionsfor 2D functions

 >>smiley2 = >>smiley2 = fftshift(smileyfftshift(smiley););

2D Discrete Fourier Transform2D Discrete Fourier Transform

 >>Z=fftshift(fft2(fftshift(z)));>>Z=fftshift(fft2(fftshift(z)));

 >>>>whoswhos

 >>figure>>figure

 >>>>imshow(real(Zimshow(real(Z))))

 >>>>imshow(real(Zimshow(real(Z),[])),[])

 >>>>colorbarcolorbar

20 40 60

20

40

60 -2

-1

0

1

2

x 10
-14

20 40 60

20

40

60
0

50

100

20 40 60

20

40

60 -2

-1

0

1

2

x 10
-14

 >>figure>>figure

 >>>>imshow(imag(Zimshow(imag(Z),[])),[])

 >>>>colorbarcolorbar

Real (Z) Imag (Z)
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2D Sampling/Discrete-Space Signal
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2D Sampling/Discrete-Space Signal
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2D Discrete Fourier Transform

1k

k2

22

22
),(

2
2

2

1
1

1
21

N
n

N

N
n

N
wherennx







11

11),(

22

1121





Nk

NkwherekkF

2D Discrete Fourier Transform
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DCT case more explicitly: 

 

Recall 2D DCT: 
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        2D DCT of Rose Image (from Lecture 6): 

  

2D Discrete Cosine Transform
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II. Generalized 1D and 2D transforms: 

 

General Requirements of a Basis Set: 

 

1. Review of linear transforms 

• Definition of a transform kernel 

– Defines a finite set of vectors  

– Span an n-dimensional vector space 

• The kernel is a set of vectors  

– Linearly independent 

• Any vector v = c1 v1+c2 v2+c3 v3+… 

– Often impose orthogonality 

• Inner product < v1, v2>  = 0 

– <u,v> = u1 v1 +u2 v2 +u3 v3 +… 

– And orthonormality 

•  Inner product < v1, v1> = 1. 

 

2. Subset includes linear integral transforms: 

 

 

 

 

 

 

 

Examples: 

• T(i,t) = e-it, Fourier Transform 

 

• T(k,x) = x Jn(kx), Hankel Transform 

 where Jn(kx) are the nth order Bessel functions 

 

• T(s,t) = e-st, Laplace Transform 

 where the s can in general be complex valued:  

Laplace to z-Transform
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2. Discrete forms can be represented as a matrix/array computation: 

space. vector  thespans""set that  basist independen

linearly a forming of by virtuer nonsingula is T where

such that T inversematrix  a is  therewhere
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 Kernel T is Orthonormal: 
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where “*” is the complex conjugate and “t” is the transpose.  

 

Examples:  

 

1DFT: 

  vectors.spectrum and signal 1by  N are  and  where
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2DFT:  

 matrix. spectrum  theis  andmatrix  image  theis where

and

now,only 
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Separability and “hybrid space”: 
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Rose image Example: 

Hybrid DFT space (DFT row-wise): 
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DFT. 2D  theof images" basis"  theform  thesespace, image conjugateIn 

 otherwise. 0 and )n,(n with arrays 2D basis ofset  a is
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Matrix of basis images of the Discrete Cosine Transform: 

(From Wandell)

Case I

DFT

k-space: Image Space:

Bernstein MA, Fain SB, and Riederer SJ, JMRI 14: 270-280 (2001)

kz

ky

 

Case II

FT

k-space: Image Space:
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ky
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Example: The Gabor transform: 

Daugman, 2000, University of Cambridge, The Computer Laboratory, Cambridge CB2 3QG, U.K., 

www.CL.cam.ac.uk/users/jgd1000/ 

 
 

 

file:///F:/My%20Documents/Teaching/MP574_Spring2008/www.CL.cam.ac.uk/users/jgd1000/
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Haar Wavelets 

 

• Symmetric separable unitary transform 

– Haar functions form the basis 

• Haar functions vary in both scale (width) and position 

– Whereas FT basis functions vary only in frequency 

 

 

 

 

 
 

First step of the 1D Wavelet transform is the Haar Transform: 
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