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Signal Theory
- No.8 Wavelet -

Hiroshi Watanabe
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Wavelet is a technique to describe signal using a set of filters

having varied frequency and time axis resolutions based on a
basic filter

DFT(Discrete Fourier Transform) is a technique to analyze
signal using maximum frequency resolution in a long term

Subband analysis is a technique to describe signal using

filters having certain frequency and time axis resolution
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Fourier Transform Wavelet Transform
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Jx—2JLvk (2)

B EGEROYT—TJLYMEE
— dilation: AT —)LEZEZH/\TA—3 a [ZLBiEE
— translation: 7k NSA—3 b [Z&BBE

B Or—JLyrDIT—IEH

X,p(@)=+aX(aw)exp(-job)
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B Continuous Wavelet signal
— dilation: operation by scaling parameter a
— translation: operation by shift parameter b

B Fourier transform of Wavelet

X,po(@)=+vaX(aw)exp(—jab)
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X(a))zfooox(t)exp(—ja)t)dt

B ESOHK-HE/NMNIXITEHIT—)ITEH

[ x ljexp(—ja)t)dt:r X(s)exp(— jwas )ads
—0 a —0

:aﬁox(s)exp(—j(a}a)s)ds
=aX(aw)
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Review

B Fourier Transform

X(a))sfwx(t)exp(—ja)t)dt

B Fourier Transform for expanded (shrunk) signal

| X(é) exp(—jot)dt = [ x(s)exp(— jeas )ads

= af; X(s)exp(—j(wa)s)ds
=aX(aw)
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EE (2)

B EBDOUIMINT B T7—1) IR
f X(t—Db)exp(—jat )dt :f X(s)exp(—jw(s+b))ds

= [ x(s)exp(—jeos )exp(—jeb )ds

=exp(—ja)b)foox(s)exp(—ja)s)ds
= exp(—job)X (o)

{E5#5% / Signal Theory




Review (2)

B Fourier Transform for shifted signal
f X(t—b)exp(—]Jot )dt = f X(s)exp(—jo(s+b))ds

= [ x(s)exp(—jeos )exp(—jeb )ds

=exp(—ja)b)foox(s)exp(—ja)s)ds
= exp(—job)X (o)
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Dx—JLwk (

B dilation[TXBIEFRIENDZEIL
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B Signal variation by dilation

-5t
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Dx—JLvk (4)

B dilation[ZT&BAAXRIKILDZEE

_ |8y 2@
X (w)=+aX(aw) Xg(”)_ 2X( 2)
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Wavelet (4)

B Spectrum variation by dilation

X (w)=+aX(aw)
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Hrx—JLyhZE R

B Translation N\SA—42ZFAVTERXREEZ{ER
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BRI T—J Lk

dilation & translation M/\SA—42%BEEE

BE T —J Ly RIERE
m

X, (1)=2 2x(27"t-n)

X(t) ZERBEALLIZBEIE o) EEET DL H(2), Hy(@) DAY
h

INILREZEh(n), hy(n) 2L TREHA Y ILD

o(1) =23 h(n)a(2t-n)  o(t)=23 h,(np(2t—n)
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Discretized dilation and translation parameters

Basis function of discrete wavelet

¢(t>=2N§ho(n>¢(2t—n) o(1)=23 h ()2t 1)
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IN—)LZEHA

B SHEHEGUI—TJLyb
B EiET/LA Hy(2), B&ET70/L3 Hy(2)

t 0(20) t 0(20)
1 1

1

o(t)=o(2t)+¢(2t+1)
o(t)=(2t)-¢(2t+1)
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Harr Transform

B The simplest wavelet
B LPF: Hy(z), HPF: H.(2)

t 0(20) t 0(20)
1 1

1

o(t)=o(2t)+¢(2t+1)
o(t)=(2t)-¢(2t+1)
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B 8x8 N\—ILEHDEENTFIL

"

{E5 1% / Signal Theory




Harr Transform Basis

B 8x8 Harr transform basis

"
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B 4-band (diadic) filterbank structure

Ho(2) ‘B
H,(2) ‘B

-~
-
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A03—THE| (2)

B A U3—THENDTILRZIN D FEREEFE (4band)

ADASE |

1

/8 mwl4
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Octave Spli

B Frequency responses of ideal octave splitting filterbank
(4-band diadic)

Power %

1

/8 /4 /2
Frequency
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DI—JLyrEHBER (2)

1w ~

B DWTEDCTDRIERE KR A7 (1/64)
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Wavelet Transform Im

B The lowest frequency component of DWT and DCT
(1/64)
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B Excel [CEAFREBSFENDEE
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JPEG 2000

Joint Photographic Experts Group
ISO/IEC JTC1/SC29/WG1 THERL
1 E{®R(RGB&SE yrM24E vy h5—EE)
SER[E ML R E CEMBIICEH ARG =1L
Hrx—JLwvk +EBCOT(EMHFE1L)
ISO/IEC 15444: 2000

Jx—JLwk

— YIT427, BEEFIE

— EBCOT(Embedded Block Coding with Optimized
Truncation), #3379 ALDEMF 51 (MQ-coder)
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JPEG 2000

Joint Photographic Experts Group
ISO/IEC JTC1/SC29/WG1
Still Image(RGB&8SE kM 24E v AS—EI)
From lossy to lossless
Wavelet +EBCOT (Arithmetic coding)
ISO/IEC 15444: 2000

Wavelet
— Lifting scheme, linear quantizer

— EBCOT(Embedded Block Coding with Optimized
Truncation), multi-context arithmetic coding(MQ-

coder)
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B F—JLI\NRTAILRA(2)IZ&BHLPFEHPF

H.(2) = g{ZZKlA(ZZ) + A(Z%)]

H,(2) =%{z2“A(z2>—A(z2>}
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A—ILINR D4 )LA

B REBNROA—ILINZARTALILA

jo —jNow n= ‘ _ -1 n= )
Ae!¥)y=zMn0  MO(w)=-No+2tan™ 10

> a,{cos(nw) - jsin(nw)| > a,cos(nw)
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All Pass Filter

B N-th order all pass filter A(z)

jo —jNw n= ‘ -1 n=
Ae¥)y=zMNeno__ MO(w)=-No+2tan™ 2=

> a,{cos(nw) - jsin(nw)| > a,cos(nw)
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A—ILIRRT4ILE (2)

B LPF, HPFORLR (X B $R A 4E

H,(e°) =2 e cos[@(Za)) +(k+ %)a)}

H, ") =2 2 sin{@(Za)) +(k +%)a)}

B IRIEIXER

Ho(e™) +|H (")) =2
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All Pass Filter (2)

B Frequency Characteristics of LPF, HPF are linear phase

H,(e°) =2 e cos[@(Za)) +(k+ %)a)}

H, ") =2 2 sin{@(Za)) +(k +%)a)}

B Amplitudes are in an orthogonal relation

2

Ho(e™) +|H (")) =2
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B D747 (R)ICEDEHLNIE

4.@_.
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B Integer operation by (R)

A(z)

4.@_.
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] 8

B STEH(y(D)=(a+b)/2, y(2)=a-b)ZLL T D2RTT—2IE
A+ L.

128 132
126 128
120 125
125 130
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Quiz

B Apply S-transform (y(1)=(a+b)/2, y(2)=a-b) to the 2-
dimensional data below.

128 132 134 141
126 128 130 135
120 125 128 133
125 130 134 131
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