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Input 1D signal
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Approximation coefficients
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Approximation coefficients
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Analysis: a(-1) = (3(0) * h)l h— %[1 1]
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Synthesis: a(®) ~ (3(71))T2 x h h=1[11]



Approximation coefficients
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Analysis: a(~2) = (a(=1) « h) h=3[11]
Synthesis: a(~1) ~ (3(_2))T2 «h h=[11]



Approximation coefficients
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Synthesis: a(=2) ~ (a(=3));, « h h=[11]



Detail coefficients
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a(_l) = (a(o) * h)lg 'i]: %[1 1]
a(o) ~ (a(_l))T2 x h h= []. 1]



Detail coefficients
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Analysis: a(~1) = (a(o) % h) 12 h=3[11]
b(fl) — (a(o) * g)l2 ) %’ = %[1 — 1]
Synthesis: a(®) = (a(_l))p * h+ (b(_l))Tz * g h=[11]
g=[1 —1]



Detail coefficients
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Analysis: a(~1) = (a(® x h)i2 h=1[11]
b1 = (a0 & g)lz ) g= 31 —1]
Synthesis: a(® = (a(=D)p x h+ (b)) x & h=1[11]
g=[1—1]



Hierarchical decomposition
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Hierarchical decomposition
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Hierarchical decomposition
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Hierarchical decomposition
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Analysis/synthesis equations
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Analysis/synthesis numerical example

Analysis:

a® =[1246]

a=1) = [1.5 5] b(=1) = (0.5 1]
al=2) = [3.25] b(=2) = [1.75]
Synthesis:

([3-25]) , * [1 1] = [3.25 3.25]
(L75) o+ 1L~ 1 =[-175 1.75]
b(=2)

[3.25 3.25] 4 [~1.75 1.75] = [1.5 5] = a(- 1)
([1.5 5])12 * [11] = [1.5 1.5 5 5]
a(-1)
([0.51])12%[1 —1] = [-0.505 —11]
p(—1)
[1.51.555]4+[-0505 —11] =[1246]=a®



lterated filterbank (Mallat’s algorithm, DWT):

Analysis:
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Analysis/synthesis flowchart
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Analysis/synthesis flowchart




Wavelet examples

Haar Wavelet

0.15
0.1
0.05

-0.05
-0.1
-0.15

-0.2
0

C3 Coiflet

0.2
0.15
0.1
0.05

-0.05
-0.1

-0.15
0.2

04

0.2

D4 Wavelet

0.1

-0.1

-0.2

0.2

$8 Symmlet

0.15
0.1
0.05

-0.05
-0.1

-0.15
0.2

0.4




Wavelet examples
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Mother D4 Wavelet
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Wavelet examples

Some S8 Symmlets at Various Scales and Locations
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Wavelet compression

» Wavelet transform (analysis)
» Order coefficients by magnitude
» Only use M largest (set the rest to zero)

> Inverse wavelet transform (synthesis)



Wavelet denoising

» Wavelet transform (analysis)
» Threshold coefficients (smaller than T — set to zero)

> Inverse wavelet transform (synthesis)



Wavelet compression

example

Seismic Trace
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Wavelet compression example

Seismic Trace
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2D Wavelet compression example

Separable decomposition, alternate x and y.

Ingrid Daubechies




2D Wavelet compression example

Separable decomposition, alternate x and y.

Wavelet Transform of Ingrid Daubechies




2D Wavelet compression example
Separable decomposition, alternate x and y.

Nonzero Pattern in Sparsification of WT[Daubechies]
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2D Wavelet compression example

Separable decomposition, alternate x and y.

95% Wavelet Co/Dec of Daubechies




2D Wavelet compression example

Separable decomposition, alternate x and y.

95% DCT Co/Dec of Ingrid




Dyadic wavelets — conclusions

» Good basis for piecewise signals
» Tunable
» Fast algoprithms



