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Background

• Fundamental motivation for multiresolution
processing
• Fig. 7.1

• Image pyramid – representation of images at 
more than one resolution
• Fig. 7.2(a)
• Prediction residual pyramids – Fig. 7.2(b)
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物體小或對比低→高解析度
物體大或對比高→低解析度
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• Example 7.1-Gaussian and Laplacian pyramids.
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Preview

Fourier transform
Basis functions are sinusoids

Wavelet transform 小波

Basis functions are small waves, of 
varying frequency and limited 
duration
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Signal representation (1)
Fourier transform ∫

∞

∞−
= dueuFxf uxj π2)()(

Sinusoid has unlimited duration
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Signal representation (2)
Wavelet transform

∫
∞

∞−
= dttpositionscalepositionscaleCtf ),,(),()( ψ

A wavelet has compact support (limited duration)
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Scaling (1)

What is the scale factor?

Ex#1: Plot the above diagrams (hint: plot command)
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Scaling (2)

Scaling for wavelet function



Shift

Shift for wavelet function
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Steps to compute a continuous 
wavelet transform

Take a wavelet 
and calculate its 
similarity to the 
original signal

Shift the wavelet 
and repeat
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Steps to compute a continuous 
wavelet transform (2)

Scale the wavelet and repeat
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Scale and frequency

Rapid change
High frequency

Slow change
Low frequency
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Discrete wavelet transform

Continuous wavelet transform: calculate 
wavelet coefficient at every possible scale
and shift
Discrete wavelet transform: choose scale 
and shift on powers of two (dyadic scale 
and shift)

Fast wavelet transform exist
Perfect reconstruction
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Filtering structure for wavelet 
transform

S. Mallat derived the subband filtering
structure for wavelet transform

DetailApproximation
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Multi-level decomposition

Wavelet decomposition tree
High pass
filters

Low pass
filters

HL

22

HL

22

HL

HL
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Two-dimensional wavelet transform
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DWT using Matlab

wavemenu
Choose wavelet 2-D
Load image ->
toolbox/wavelet/waved
emo/wbarb.mat
Bior3.7, level 2
Square and tree mode
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• Subband coding
• An important multiresolution image analysis
• An image is decomposed into a set of band-limited 

components- subbands
• Each subband is generated by bandpass filtering

• Since the bandwith of subbands is smaller than that of 
the original image the subbands can be 
downsampled without loss of information.



21

Image
Video
Processing
Laboratory

IVP Lab., CSIE@Tunghai University

• Reconstruction of the original image is accomplished by 
upampling, filtering, and summing the  subbands.

• See Fig. 7.4.

• Analysis filters h0(n) and h1(n)
• Synthesis filters g0(n) and g1(n)
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Background

• Perfect reconstruction filters
• Quadrature mirror filters (QMF)
• Conjugate quadrature filters (CQF)
• Orthonormal filters ( used for wavelet transformation)
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2D subband filtering
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• Example 7.2
• 8-tap orthonormal filters ; Results in Fig. 7.7
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Background

• Haar Transform
• Oldest and simplest orthonormal wavelets
• Transformation matrix in page 362.

• Example 7.3
• Discrete wavelet transformation using Haar basis.
• In Fig. 7.8
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Multiresolution Expansions

• Series expansions
• Expansion coefficients
• Expansion functions.

• If the expansion is unique - Basis functions

• Scaling function
• Binary scalings

• Eq. 7.2-10
• Example 7.4

• The Haar scaling function
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Subapaces containing high-resolution function must
also contain all low resolution functions
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Wavelet Functions
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7.3 WT in 1-D

• Wavelet Series expansions
• Example 7.7

• The Haar Wavelet Series expansion of y = x 2

• Discrete Wavelet Transform
• Eq. 7.3-5 ~7.3-7

• Continuous Wavelet Transform
• Eq. 7.3-8 ~7.3-11
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The Fast WT
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Example 7-10 1-D FWT
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FWT-1
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Two scale FWT-1
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Example 7-10 1-D FWT-1
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The 2-D WT
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Fig. 7.24 (Con’t)
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