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The design of the flters is particulardy important for the transbrm to ocewr correctly and the necessary chamcteristics are

® The low-pass filters in the two trees must differ by half asample peried
= Reconstiction fiters are the reverse of analysis

u All filters from the same orthonomal set

® Tree & fiters are the reverse of tree b filters

® Both trees have the same frequency response
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depending on two parameters:

+ fuiza bandwidth parameter

+ f.18 a8 wavelst center frequency.

When At islarge,

1. Bad time maolution
2 Good frequency resclution

3 Low frequency, large scaling factor

When Al l3amal

1, Good time resalution
2, Bad frequency resclution

3, High frequency, small scaling factor
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Artificial Threshol
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Optical Wavelet ; ;
Receiver Neural Network Detector ~ ® Stationary signals:
Statistics don't change with time
“Frequency contents don't change with time
Feature Fattern “Information doesn't change with time
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Wavelet Transform
Fourier Transform

® Continuous Fourier Transform _{ [ NE I [I__"' Azl

@ Short-Time Fourier Transform (STFT) )= J- Ty, Vsl E{'F.‘ W

Wisishet Trarnsform Gives good lime resolution for hagh frequency events, and good frequency resolution for low

o Multi-Resolution Analysis (MRA) fraquency avents, which & the type of analysis best suited for many real signats.

e Continuous Wavelet Transform [CWT) E H -

o Wavelet Functions Properties Moy H‘HEIE’[‘ — jyf{f}.‘ft =0 “W{fﬂdf i “WH dt=1
properties b _, .

Discrete Wavelet Transform

@ Discrete and Continuous Wavelet Transform A 5 L
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@ Matrix Interpretation bo_1 ¥
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Haar Transform Continuous Wavelet

Transform
! n - n tflf
Haar wavelet function For Discrete Data ( ¢ Z X
1 Dsx < % I—i n'=i
Wix=i-1 Lcxsgl X i i
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0 otherwise (1) Wavelet w1 and translated version of
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Continuous  ourier ransform (FT)
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Some traditional Multi-Resolution Analysis techniques are:
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* Image pyramids v £
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» Short Term Fourier Transform (STFT)
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CWT of the signal x(t):
v N-1

W (s, 0)= (X, ) = }5 f :an:]#r* (T) g X(u, k)= E; x(n) w(n — u)e~#2mkn/N



o alding | —
Hame Wi FFE] thme T, weaveleagth i
s
i} Vi [ A s 1o}
{i, = Feerpiensy) e
TFmi el % L. )
e N2 o
]::me.:. JEEm Ty HiE Twal
g
- L] -
- =1 | ;ﬂ‘. ) -4 - fraf* e . .m,
i " 'Ilr[ﬂi-j lll'[w+? vt ..Mi-—
Haar Meyer Marlet Daubechies-4 Mexican hat

f{t}:[ fc[.s-_f}lli,r.,.tt}dsdr.
JR+ SR

Inverse continuous wavelet transform

d,
o3f & :
00- 5 8 |I'l
o 2 U\
03 AL i e R SN 1 i
4 2 0 F 4 2 A4 0 1

* The mather wavelst should be oscillabory J||r_ " Titldt =0.

iy "
* Maother wavelet has to have a finlte energy J{-\._ |'I"“}|Jf!f = o0



tad oS- 0lay g as bl s g 5 4ali @
Spectrogram s jl eslical
:JL‘.‘.« [

' e ’

. \ .r. : ‘\. - "\. '
S=spectrogram(x, window, (noverlap:

o\ o

fft, ifs)

N, -

o ) e B2)[eee)




Rectangular window
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FOURIER TRANSFORM

WAVELET TRANSFORM

Areal=Area2

FOURIER TRANSFORM

frequency time

WAVELET TRANSFORM




TRANSLATION AND SCALE

RESOLUTION

frequency resolution

time resolution

frequency resolution

cy resolution

time resolution

time resolution



CORRELATION

SELECTIVITYIN FREQUENCY VA'f"S”'TS'G MOW_WS

Moment k "vanishes” if the integral is zero

REGULARITY




