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Wavelet Functions
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Relations Between the Scaling and Wavelet Functions
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Relations Between the Scaling and Wavelet Functions
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Relations Between the Scaling and Wavelet Functions
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Discrete Wavelet Transform
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Fast Wavelet Transform
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Fast Wavelet Transform
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Fast Wavelet Transform
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Fast Wavelet Transform
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Fast Wavelet Transform
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Discrete Wavelet Transform
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Discrete Wavelet Transform
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Example: Discrete Wavelet Transform

n h,(n) TABLE 7.2
Orthonormal
0 1 / V2 Haar filter
_ coefficients for
1 1/V?2 h(n).
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Example: Discrete Wavelet Transform

{=1/\2, =3/2,7/+2, =3/2, 0}

|

*{—1/N2,1/\2} H 21 F——8 Wy(l,n) = {-3/N2,-3/2}
“i‘(ﬁ”}ié‘f’(); We(l.n) = {5/~2, =3/2} \ *{—1/\2,1/\2} H 2 ——®W,0,0) = {4}
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{25,1,-1.5}

13



Inverse Discrete Wavelet Transform
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Inverse Discrete Wavelet Transform
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Example: Inverse Discrete Wavelet Transform

n h,(n)
0 1/V?2
1 1/V2
{=3/N2,0, -3/42, 0}
o f (-15,15, -15,15,0}
Wy(1,n) = {=3/N2, =3/\2}@— 21 | *{1/v2,—-1/2}
{4,0}
| {4/\2, —4/\2, 0}
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W, (0,0) = {4} @— 21 —— *{1/42, —=1/2 T 23
(0,0) = {4} {1/N2, =1/~2} J/W:(l-n)={5/ﬁ-*3/v7l = {1,4,-3,0}
| [
2! ' * /21723 {2.5,2.5,-1.5,-1.5,0}
{5/2,0, =3/, 0}
Wy (0,0) = {1} @— 2t — *{1/42,1/42}
A {1/2,1/+2,0}
{1,0}
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2D Scaling and Wavelet Functions

p(x,y) = o(x)e(y)

17



2D Scaling and Wavelet Functions

2D Scaling and Wavelet Functions
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2D Discrete Wavelet Transform
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2D Discrete Wavelet Transform

W (z,y) = p(2)e(y)
o(x,y) = p(x)e(y) O (z,y) = o(x)b(y)

PP (2,y) = Y(2)v(y)

%go(2j:1: —m, 2y —n)
i

Soj,m,n(xv y) =2
=2

Ul (@) V(2 —m, 2y —n), i=H,V,D

18



2D Discrete Wavelet Transform
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2D Discrete Wavelet Transform
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2D DWT
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2D DWT
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Uncertainty Principle

Energy spread of a function and its Fourier transform
CANNOT BE

simultaneously arbitrarily small.
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Example: Uncertainty Principle
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FIGURE 4.13 (a) A 2-D function, and (b) a section of its spectrum (not to scale). The
block is longer along the #-axis, so the spectrum is more “contracted” along the u-axis.
Compare with Fig. 4.4.
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Example: Uncertainty Principle
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FIGURE 4.53 Spatial representation of typical (a) ideal, (b) Butterworth, and (c) Gaussian frequency domain
highpass filters, and corresponding intensity profiles through their centers.

FIGURE 4.52 Top row: Perspect ntal  ypical idel highpas
filter. Middle and bottom rows: The s e for pcalB ermort and G ighpass fil

1D Case: Gabor -- Ville -- Wigner

» Decompose a signal
» over elementary waveforms

« that have a minimal spread in the time-frequency plane



1D Case: Time-Frequency Plane

A Wavelet Tour of Signal Processing
Stéphane Mallat, Academic Press 1999 (2nd edition)
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Figure 1.1: Time-frequency boxes (“Heisenberg rectangles”) representing the
energy spread of two Gabor atoms

25

Gabor Functions

Constructed by:

» Translating the window function g in
* Time by u
* Frequency by §

» Scaling the window function g

[STES

True(t) =22 g(2%t —u) &
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Example




