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ABSTRACT

Based on the continuous wavelet transform technique we propose a complex wavelet
variant and its associated numerical processing and characterization. The time frequency
plane renditions of transform coefficient, both modulus and phase, are facilitated and
compared to those relevant to the Morlet wavelet. The facilitation of the extraction of
instantaneous frequencies or power ridges of a signal is not completely in accord with the
traditional method. But we show a few superior performances over the conventional ones.
Both simulated and experimental signals are used to validate its serviceability and possi-
ble applications. A few analytical aspects of the wavelet variant, such as basis fulfillment,
frequency leakage-in or leakage-out, ambiguity effect, phase noise, and the ridge criteria,

are also studied and compared to the corresponding counterparts of the Morlet wavelet.
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TEFRATHAEEIR > S N —F s o &
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T 18 5 N SRR = = St SRR
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©
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>
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7T e 1 T
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730 560 300. 600. 900. 1200
XEO
Point Series
750 J£5v1024)] 12/03/05_ ,17:,,55,,,
XEO Psi-Im(d) Im-R.eps
T 0 ;]MV—VRW B
.375
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0 O N 2 N O
=
>
[
S 000
©
[
>
W N v
SB75
_ | | | i
30500 300. 600. 900. 1200
XEO
Point Series

2.0 ASCATRSAF R R i B B s ] > HCEER B S SRR i o Stk
— BRI FEMEAT K (analytic signal ) o

10



750 J_(5,,102,,4)],,3 e ,,12/,03{05117?,55,,,:
x0 | PR ReNees
—REN
375 A
o W)l s
5
=
>
c
S 000
©
[
>
o VN
-.375
"~ .0do 300. 600. 900. 1200
XEO
Point Series
750 J_(5,,102,4)],,3 e ,,12,,03{05117255,,3
XEO Im-N.eps
- —IMN e
375
() o
Q ,
=
>
[
.S  .000
©
[
>
o Ve N
-.375
750 I ‘ | ‘ I : | '
"~ .0do 300. 600. 900. 1200
XEO
Point Series
[l 2.2 ZEFESUFH (Gabor wavelet ) JREGERIEAYZ EFIfT ¢ (Morlet wavelet) H

B R B ] > 1T B AR B S50 R R e B B A B o b — 1R
AR K AU ESS AT S (analytic signal ) » &8¢ HkAH
AEARE . K HRHE RGO 2 N E T MR
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23,

SYNVAR KR kS

3.1 5|5

R —E R IR R > AF ] — i IRE S BRI FORE 5 %85 B2 59 41 FH B 02 BUAS -
B3 (Wigner-Ville distribution ) > 7R B[ i — f 55 i &1 35 FE /5> — (Il Fr R A%
(kernel ) o To{EREMHEAAZA » HRAEEE » HERARER R FR 7 U5 s T
R 2 LS YRR fRa » i B2 B o ISR ATIERR N o » — &9
FPHEE RS (spectrogram) » SH— 2K RAEERIE i (scalogram) o FijE 2
FINE R 2 BT » R SR AT & 5B SR AR BE 2 i B 0 AR T e %
AL BRI o FLSE —a8 A0 » 18 AR R Rl 55 AR 9T Y 2255 BLE o
B Bt BBy RO AT e - 3 S SRR L AT AT REZ AHFEIETE © tHRBEEERTTEH
5 {FWASMENE (admissibility condition) ~ HA5ZHENE (completeness) ~ 1T
WeZHEVME (complete oscillation) ~ fEATHEEFE ( analytic signal procedure ) ~ 75
{fiE (Hilbert transform) ~ BEZFHS (power ridge) ~ BFSISEZS (instantaneous
frequency ) ~ KERIENE (ambiguity effects) 2% o

3.2 AN RO RAE

AHIHI A AAHBERS T RAGFIE, IR EAR > 2Nl B R G L L A [ R B
R o gt EUEW RGHRE TR Z TR ASCIRIT (admissibility condition ) o



H By () AL Edi b R TR A ke > S e — SORERE
w(t) /e TASRE

oo |1 2
27[/ v (@) dw = C,, G.1)

ol

R €, EREW G Wy ERUE 1 v () 25 v (@) WEITIEEIR - HE
ALZEIE ~ SR FE AR R A A R R U 2R EDUR

—~ 1 o0 .

y(w) = \/T_n/ (e dt (3.2)
1 RPN -

w(t) = E/ w(w)e'”do. (3.3)

tb— ASCRAEREE THVRERE A - ERBEREIIDIRETR » 1T LR FZ SR A AR A 51
8 o IRAEAS R S B R > BEESIREREE S > SANGRATFEER o
it AR > PR RIS A RE E A E LR - JRERHHE
L E IR > ABUREIAAS k5 o 38— B AR I R BCER EK
AP IRIE R LA R S B BIHTEEATRRE © FHaEtE
R o —HBEZGRAEAT > FREAR OB SR SRR . H
S RE IR A G HAVIREE » BDREEEE F At - (HE AR
o M TS ~ BRI o A2 > PRI EBLRSE RAE T RN JTTE 0 T
e TERA R o o TH—EE s HEHNEARZER - FEERH
AR > ATLUE wavelet FRES T/NKE 0 AMERE > kK wavelet AL

L o

EAHL (1) BLERRHTEE » BEMIRTEFIOER vas () = Sy (5H) > Rifta 2
FUE2M RE UL IR ZACT TR - b RSO L2 (RERTETT
WA o fia > 00 acRo beRo FNMEy o2 EEHE L2-norm H 1
WG NS LR R > (RF TR 0. ZIRA D o B8 vap BAFE AT
PFo SYHEC) SEEREE PRI PR AL 523 (completeness ) | T
B ARRTZE I — B U o bR AE — K220 (L2-space) T > RAMHRILK ¢ 8L h B

14



HI NIRRT Z (resolution of identity )

1 [ 1 [ -
(8, h) = —/ —2/ (8 Wa,b)(h, yap)dbda. (3.4)
Cy Jo a”J-o0

ASCIRM AR ECRR - 18 GRS SR R R A IR R A » RIS
HE G GO — (1 R B B i o TS DU S TR ML RRTE - FRAMTHTLA
—RCER TSI AN TR > FIESCEERMLUS A AR o SAMESIATE ©

FEBSAT: {60 e SRR B 7 (A0 JB S IE 22 ~ SR IE3E ~ 2 I 38 6 KL X I
SATWE ) IR A AT WL A SRR > DALk — M T e P S A
B AT I A T B 52 BV (completeness ) 2 REYT - FRfFIsE
A DA T B O R o I T AR B AT AR 2L 2K g b i () =
a0~y (ag 't — kbo) » TR @ SRR A R U af > 1T b SRt
(RSB L ajkbo » '3 jok € Z5 ap # 17 by > 0o Ll rp AT A fbt
BEIIIFIE T (wavelet atoms ) PR S BORRE R o 3 - — (BT s4
HEALA AN S F— TRSEIEIE ) (stability condition )

MA§2n§]awd@ﬁ§hﬁ. (3.5)
jel

X A B B FHIEMEHE > M0 <A< B <ooo by bo B 27 H B RBURLR
Mo — TSP AR R ER » B—I7mteE A B B EN KNS
FEERERE o E—BERUEISAE DRI SR > EHERESRALAE > 3
SEAATT ¢ T EECE R FhY L > BT A BB S i
(I R 7 o L5 S LR 3 (1)) 4 ) o AN o 129 s S A S R ST i
755 o Wt » BER S NIEWRE RS SRS > IR AR o A0k
% > BT o B ERE R » BIFE LRk o RS H R U -1
PR BRI E » BT RERAER - SUR KRB » EATmA S8
> FER P TR AR MR E R R (vector basis ) o S3AM
FEATHHIE » ASCRIHES I ETRHTE > (BFERRC AR BT A AR IR
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AREN TR R R BOR B A — (S B IR G B — (U RC e (BRIESS
RS » HUCEAFR RIS AF3E » BIHULES ) o SoT{ oo i Sl AR AR
HAF P EL VT PS8 A8 oo v) A ARY > BRI b e e I 9 BRI 5 FH S U B A
B SR IR AUEMER I Bk 22 5 o

A SRR WO (normalization) » MGREEIHEPE 2 b IEREMDL AT
fbs BG4 BB A5 :

A = [i—”z (adw)ﬁ] (3.6)
V4
b= [b_n% (aojw)|2:|, (3.7)

A BB AEIE > BIEERMEMURSRADE RS A B B IRl » BN 452 o FpHEHELT
PR B BRME P DA T st o 5 — HELAH RERSRE ARFg FURE SR 22 U AR
IesM LB LS (ao, bo) T IR A HAMEMRE IS A B B > HIZ ZRAPIHELEE A (e
[ MR 2 AR L B (a0/2, bo/2) » FILHAHEMRER MG A 3 3 85 1)
SHERRFRAE - MoXELL AL PR SR AL IBTE o 38 —IRDUINREAE 1
LA SO (A

S EARE SIS T IR E LR B TR (R AU P RS AT S RS
RERCERIE: > B —EREEMS > ErERRIEZ B - r2 R
A DUEEHTEMAT UL > R EMIRA EE A AR 2 i iR R/ i A
MR ML ST A - TRIVER A E#ARG - EERECREENGRZE
AT RER > B 55 —J5 1 > SFIRRE R BINE—EME o & » WIERRIEFHA
FE LR - AR > R R HNRAHIL - AR R o B
FRIERE

BERVEAE— e A RIS HEIRARICR, - FopEan © BAAEME D ~ IEX
R TR ~ R E RS | (E e BRI H R - 20
I T R e B S
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H— EMRMEARELITOEREER - RMBFHEHIER 2R
DU HUS ANSR < BAF s S o thEtaat » B EEIER » TREE RIEEHHE
28 A LIAH B 6 DR R B0 2 EBLF 2R AR © 38— Y5 AT L Mallat and
Zhong [22] % Froment and Mallat [6] FURFFEE L o E2E—EIINTFEEE » A HT
= XI5 (quadratic ) MEE K BUE R IR LA ST —MERI R AL » myfRAFATHET
FHRER RO A B s b BT A B B KAE R E o A& » M ATHUHE
(FIRIE B — FERR UM ARERSHEE LR > HEIEE A 2IRAIRR > HHHL
D) SRR - HATROE BRI I R O B L o

H= s BREFORB A SRR R RS RS o Bl R S S SRR T |
ARBHERRZE (WIS ) > AT DURE K S R R B A T I LB ER sk
Wk o HINTINGEIARYE > EEARIE 2L B e FRURGES e HRR S o H @K
o IEA— {8 S T B UL SBAE R > AF F— P B DAt B AR My A FH e
Jill o

SEAE IR A S e BB BT R R e R A A B KO 2 5 - 13
ERRAR AR - MIHTEEEIC—H (v, a0, bo) BLATTERUFFHESR o FHERRE
i EESRE B R IR T BT (HERE b B EUE TR AR A S TR
B o MiE— AR E AT DIFORIECHIEIESS » JREEREZ A » HATA
BEE A RS o

BE B RA T LB SR B SR R S BN 5 > DRIIT H B B A R S A A e
{4 SRINICER AT B S0l 0 AT B 2 BRIk AT R 2 R e ik > g » 2k
TR H AT o SHINRIH—BEIRE > IR IR b B RUR RS (A S R
P o

EREEH L EHGE BRI - @5 AP e B i [
W B BRSNS SRR R 0 1R % > BEM AR ESK - if:
[ B R e s > e BRSO IRaREALMAT (resolution of identity )
ZIIRE o BRI ERATE AT DA BB R IR & B S B SO TR - T AR & AS
et o E—FARCERR T 5 I AR ATEIARIESN - 5 | A—Sli o HnE
BRI » i T AR ORI R B o SR iE — AR AT RE Er At
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FEATARI RN BUE R PRI G BREK - R MR B e s & H > A i
SERMEZ [ERE - TSR RO S A o U 5 5 o

3.3 (TRt AT A AR < B

BRI IS DU IIRIE S ARG EOR > 17 ARG o BB SRS, » (BB
R SRR EARESI A - G AR R 2L AT R (analytic
signal procedure ) o fEE BATFRHIFHEH IR (complete oscillation )  BLAFATTEN
AR L B > DL R SR IR AT S BRI BEES > JRBIEERE {7 R FLlAR
Y o T Pk o PRl A0 5 DU R B SR

H— B EER S EER A2 MY H a2 B R (duality
properties ) o Hrf—fHIE R BUHIAE (multiplication ) HYRIHUE 55— sHIR L /Y
B B R R Y e R 3l (convolution ) > PRI ARATT MR DR T2 [F] — REDE A T 1%
RIS st BAMT A] DAt rt — Ml RAE IESEAS B T 5 B ST > B E — S Bl D
JFIRANa SRR > B RIS 22 ISR ARRATT AN

HZ» balt 5 —fi i Hoal C IR AR - — 3 LRSS B 55—
TR EHIRBAL > PRI ERIRF s A 8 v DI S e R IESE AT ) o

H= BAEEE n DI AR B AR - HILH A b kR 50 A 2EGE
B ERPOR TR - B RS g BRI - RS A @Ry > iR iR
s M HIAHERLHIEE R > Al 3 o

HY - JFUAA TR A iR P IR S [R] A5 ST R P RS AT S T A
T E AR — FF S AT FIE (R R - SERRAAE R B IR IR 5 A
HTaNEE ©

o e Lt AT T ARG 2 (R e iR M L AT XU VRS Y BB A, > fifo
HE B 25 GO SRS RN T BE A VB RS - ST s Rt ~ &
AT BERNERG | AR R ERBENE ~ BRI SR NG I IRED T ~ I R anak e R {5
G o S5 o REHMETIERRY G A o IRA 1S DI T — B AT R S R RE
R LB SEAS E HERA 1 o
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BRI SEASIE HARRLATTS: > A B BB AT 2 1 1 DA 2 IR 50 i 2
REWFRISEARHY o 5 £ BUE RERIPARAL B LR - AR eI Sa AR T
Wi IR BRI EESR o SAEGL i A B DL O Bl 27 SR > HMGRISEZ 25
ARG & BRI s - S AE AR » R HARR AR E i S E K
/NTFEREE RUINTE » RS - B BE E/ N IR E il > AFENAE
orffi > Ry ROl PG o DLEEsUERIFRIN S » AR AEALIT
5 o BRI R B R ST A R R HRERRAE ©

E R TN AT S > B 5 A — A A R B > K]
1t HERE 55 M A A FURSRATEN AR RS o M BB N B EE 5 = DU 0595
B O HEIR R — B A F BUEAE R o gl 2.5 5 - HSAATERIR S
[FIRE LRUAI A BERUEFIRE © kX 2.6 TS > FLIHGRE R LSS AU > (ERLE AT
BRIN S i ZIE AR DU SERULFE > SRR S5 B LU PRI PRI 25X 2.4

3.4 G SEER SaE B AL

BT SR 2 S B8 B LB 00 M Z ) Y R AR AR IR SR ATT B T A > AN A A LA
FIBHE MRS - SR 2 AU E T » —ER B PRSERNEAMESR
e RERRE LB - N HEE 2 ERAHE B SR R B A R 0 2 R
i L VL BEER o TAE(T IR AU AR AU A SR8 ] U B 2 AT
WAL » SEFIREERIGESR > S IESCHERENEE 15 ( semi-orthogonal cardinal spline
wavelet ) BB FEAS SRR A EERR BB E I o 3 Loy B SV LS (0] 1
EELORN: =

o FEZKPENITRREE I - FRATHH TR S B2y RO Z SEEXT 5T [16] > Elami
1 20 o R R R LS E R T KO A R M FH e FeAH o

o HEERWMESMZ RIS o M HEHMATS < AE % 55 RIEKH
HHREEENEE » TERENSERAREREEL S o

o HIE PLIHAGRE I T DL E SRMIAR & TF S TN DA o
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o HEMIHE HEAHB ST AR RS - fER BRI T - HIBHE SR B AE
R M EUBEFRR  (power ridge ) 45 ELATEIFERI(R ©

o IHLELTRIRAAT H SRHIAERRAS TH#REH,  (carrier frequency ) o HAHZHEHAK
PETTHAHE ERYFER o 10 K 2 iR e SO0 e {5k YA S DR Ry O B
18— FRp L S L S | AT FH SR B SR o

o FHEIISHERR » HAMBHE ARG SR HGE S » R - A

S3IE 3.1 8 3.2 LU L R B M (730 2R R s T SN R R T b
it o SER AT S E ST - PR E Aot » o Bk
LR o TSR M AR o H TR PO L
KAV T W AT B BT » IR SRR » B EL B o 4 o
R R 52 I S T S U 2 B e LU B ik -
BB 26 ENBOR RUSREES (26,212,21%) o [B] 3.1 238 AP KT
W (RIS 4 > T 3.2 ATV i R R (RIS 20 i o 51 4 RIfE R
RN EARESER T H BRI Bk LR M L e
RRKIEE B F BT T o () 20 (EHERE(RING » HBME R At
REARIEAE » i LA F P A A RS o i IS 4 RIS 20 AR AR IR
BB TR DI BRS AR UERT ATRER AR o TIFTEE— L
> BRI TTLURZIESE ~ JEE S R B 7E o

BT I3 A FPRIE T BRI BRI > D P WL AR o

BT S

1 .
l//(t) — m(e—la)()t . e—a)g/Z)e_ﬂ/Z’ (38)

FR wo B EE R T e/ THE R BRI ST AT s
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TE o T BRI TR E T B S
&;(w) — ﬁ[e—(w—wo)z/z _ e—wZ/Ze—w(Z)/Z]' (3.9)

bR FIR TR — AR = T 5 ffi (shifted Gaussian) o & HHY
2wy REFIR2Y > CBRRT 2B EIEAER » BINNEBEYELEERTR v ()
POEHRED_F 28 KAl BRI KB EEE r

r=y()/y), (3.10)

A B T KR 24N, » n WREME o] DA LR 5 #2280  (transcendent
equation ) SR » i EAEERSHECREL ML 2 a7 DI R 0K »

2 ( 2 )1/2
g X — gl —— . 3.11)
t Inr

SE SRR EE AT R O R ROEEHEE R aRE S & b > SRR AR Bl 4= i
T B fRii g 72 o B BRI R o BRI r HBUN » 3 oo RHEL > BT
e AR AN ) RUBE 2 AR L v A AEIR] - RIS [F) RUBE 3 i B oo i AR B AR X o
> 28 oo ERJUL s i HATB FERTHIERR wo/s » ASCELATAE
A UATER IS U S E S 2oR b — Y HL R o SINRPINE - BT
2 3.8 HRVAERIE - Bl w () EATFHFRASIRIE - AE b~ SR bR —
TS A O e o AT SR > (EBAPH15 DR L R R AU SR Re - 32N
A BT — M B NT ] DA i o

DU BAMIEE R At A (B2 Ii vh > BT SEAS FITAH B Y 2 8 H B K i REFf ©
ANt > FedEIE o R RA IR SRR Lt S A R B B o MR I A IS
AL E RS ©

i g(1) B—Eed i » HEFBLE (unitnorm) » 55 H S5 55 i & 2=
WAt = 0 Folirful > TRENEO) = [7 g()dr > T g(0) J25% &) ZEKAH >
S HAEE (order) 510 BHIRFIIAGE— 85 L & 7 SR AT (Fourier
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atom ) 25

ge(t) = g(t)e's" = g(t)e'. (3.12)
BIE T2 EES DTS s MU REAT u S8 2 B A I

1 t—u

gs,u,é‘(t) = «/Eg(

)e'<! = gy (t — u)e', (3.13)
S

Kt & RAHEEAR » 00(1) = 28 () 1 g() ZAARK » IREHBLILAE o 53t
SRUAS LN R PR TR BB AL BT BHS T BN P T (wavelet

atom ) o©

e S SERAJE T 3,13 9 BRI £ () ST - B
Fo o) = / F)gs(t — wye<d. (3.14)

BERFETRE f (1) RISHAT R AT IS A B — PR A » Bl f = a(t) cos (1) »
ATLISALE [21, 28] 21 N R

() = La@e @0 (3 (s - g W) + e D). @19

-

le(u, &) < €aq,1 T €42+ €p 2+ €g. (3.16)

R e FYREARIEIE » HA R AT |

o JRIRBEZAAEEBILA > ¢ < ol

= BN = o,
o HRIGHIIEARBHERREAS 5 €0 < sup” i,

o B HIEIELE » €pn < sup[s719" ()]);

o 7T HAEA g(w) ZAE B = I TR AR A €c = Sup|w|zs¢’(u)||§(a))|-
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it € nlig > HIl bR e 0 i L B KB R B AEAE 2(0) S - BllthiE

&—¢'(u) =0, (3.17)

¢(u) — u = Const. (3.18)

ity EH TR 3.13 R RIS H AR E S5 i AR AVEE R ¢ () — Su > AN
B BRANGEIBHESAES ~ GEFHE ~ RAFEEAZ BREFRBAHAL ( stationary phase )
&= HHIBGR o BIFEMATANA R AHRR R N > ERGERRITET AT > S W]
BEES T AT B R AR MBS HE AR S AT B EARAL

EREE R REE T > JEOIRVHEE » NG HBERE S 5 < B KIEE 5
AAEZO) R > HIE — ¢'(w) = 0> BELUIRE HARAER R M ARRLHEZSS () 1T
HPu) — Su > INMFEEAAREGAE - MURETRR 3 AT RS S ASAT 5 AT
FERAERE S5 2 IR B > g e R I SRS T 3 2 A SR A RS % R AR 531
IR o

P _E L HESE RS DR 1 Ji 25 PR ~ JRERECF TRk > FLi RO
PR ERMAL M > B LA E G B SR C AT o AHE M » bR
KL R AR R 53t i SR SR B A R R IR I L RaUS, > AT R el %
EHE -

[l 3.3 BRal s\ 2.5 HAF ST AR SRR » @l AR R — X AR
f@)» TATER (f @), Alyl — ) » Xt A LSKIAHIEMENT AT o I HAER i
TS HTH FARE, BAFRMENTENAR o 110 E HARGE S5 MRS DA - AEOZ S5 fli 2 2t
PERY > A 2 KR/NBTE B - bt - IR IEaian & & 56l -
IREAERERE ~ (KRR » AT NS SE ST ARV AR > SHCHABRRLIRE RS
i > AKEHT B SR E B A PR o
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I

3.5 FEAT A BLA (L

E S B LA T AAATT AT D Fee Bl 5 TR b SRR R B > e B B
AT REE SR > AEE — B EAERGETRAT aFa LA {EiE R AR > fEm LA
25 T AT TR - SRR o

—HEENITECSS f() = fr(0) 0 ATDUERE] — 585 R A s £ ()
SIS R E AL SRR 2 (1) » M5 HARIEEE a (1) SABRLEEL o (1) » 1TTEH ¢(1)
L EEAG HIBHASEER oi (1) » BRI

2(6) = £,(t) + Lfi(t) = a(t)e'?D, (3.19)

w; (1) = ¢'(1). (3.20)

AR R B SR AT DU B A
Jr(0) = a(t) cos g (1), (3.21)

AR HEESEEEER £ (1) B fi() R alE o JREEE i) EERE 0 B
BAVFNE a(t) F2 ¢(r) BHEESZ ATHE o IKI0EARAY RS » {58 E & 1 5 TR
BB o 1 iE— AR AR T AR AR > IR R A R T AaEs » —fl fi (1)
A — (AR AR AEER o AR » MRS ERE S — R
5 (open question) o

SRMZETH (Gabor ) {£1946 [7] » {ESHZSHE IR SOEURIEIRE 2% » P —EE
WENARATT

(1) = 2% /0 Fr(w)e'”do, (3.22)

A Fr(o) 55 fr () ELZEER o TG LI BB - B F (o) F£EH
S S M A DS B - 1T IEAEESHY -l BB > 2t & P T8 YL B SR
B K 2(0) AT E LIRS RGBS AR o AR 0 2(0) B 1H
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G ERM A YEETR AL o AN ATHIRE 2 » EELUE— T
EFR I f(6) = f(t) o S3HE L EEBREY AR 2(r) MINE R

— O

AT AN B A (E R B > RILRZEERRS N —S5RR1R (4]

dﬂ_ﬁ@+zp/ f@ (3.23)
i = E HOE BN A e R
Hmvnzﬁﬁizlpfmf“”m (3.24)
T ) oot —

HAFIFFR P 2L 5 F EfE% (Cauchy principal value ) » HfI
l/: lim (/ /m). (3.25)
€1= 62—)0 t+62
A 3.24 FIVFE SR — e sk AL b EE TS
1
8U)=;3 (3.26)

BRI R
— 1
0 = —(h* ). (327)

11 FH & 7 BE R B B 5 7] m] T84 (Fourier duality properties ) » 5 b hef% e
T2 & 2T B R LA P & N G A N RRAR -

FUf, (0] = H) = —F (@)G (). (3.28)

LIRS Fr () B G () B BHAR > s R o R SRS g () » 10 g () &
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VES SV

oo, —iwt
]:[g(f)]=G(w):P/ dr =
77/ cosia)t)dt_i/ Sin(twt)a’t. (3.29)

s E— X EEFEE A H REECATE (antisymmetry ) HUHTESRE o E0E
B RS G SO0 HIK S o i x = 0 20K 0 HREMR ARG
féfEs » S EEE S BB MR » BB R E 2GS W fsEE
(L ( change of variable ) 5

O 1 O 1
/ RO ix = sgn(w) / M . (3.30)
0 X 0 u

ARSI G(w) Bl o BRI LI BRE » 1 _REERER > 5 HE
5 NHEIRDARG B > (ELIE A2 — (i i 2 iR B AR IGE R - BT AR
% (complex integral calculus ) FRIEREH (residue theorem ) SREY » Z1Z=H
Greenberg [T i3 T#BARHT & [8] o HAGRATH

() = —izsgn(w) w #0 (3.31)
0 w = 0.

T A FRAT AN & L SRR ALS (0] 5

2F,(w) ©>0
FILALFON = Fr(w) + i FTHLf()])(w) = (3.32)

0 o <0.

FE—AFERE R 3.22 815 3.23 » st2&H gl T EmE 2R —
54T o it - FRAG e HA iR = 3 SRS

—iF(w) o>0

H(w) = FIHLf ()]1(w) = (3.33)

i F(w) w < 0.
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fERE— TR BRAMIAGE - 7 PR S OB AR Y & 2 R SR — L5 R
FRME P TE LS SOEIR AN o HEAE TR EEITHNS » 413k 3.1 1L ASYST
PO E TR —E T (word) my.hilbert o

Fh SRR AR B At R - AR IR » AR S O S S AT
BAEWRER S SERZR » 385 P £ 20N AT A > Aas B i
(degree of freedom ) BR3FFEANEMEFTPSIIE o SHINRMFERTAHSEH (131> IR
FE215E L Parks-McClellan minimax algorithm 7EHERAEIE 1R B S8 L » e L
AT REA AR R B @S0 AF (trade off) 1753 o RIS Z » MATAASRIR
TS S A AN R ALE R T » A DI T R R P BB » 41
ESRAAAT A HAE R AR AR IEAEE > (HIBFRISEES r] DURS AL o

DA E ARSI FRRE BRI » gk & MR SRR S - HIBHE SR B RE R
PR HERBRR AR H— 2R > — R B HIE SRR BRI 5 A2 o 1M
— B HET[E N T EATELES

FEE s AFERRREER T £ (—EERAARER a1 315
A DUEHALE — i e afefa = » MR R—R R psEs ) » Al L XFEAE
9958 H M (weak continuity ) » JREE f(r) HAAHGERR: - Lf () Bt REHT
PREIBEA L o st — 5958 B 1 — 3 T H S e HEEAE A b HOB BRI (B e - — T T
S H B RO b B Y TESS SEERAF P EE LA A Y USRS DL
HR2HT - ZE LRI g B o A& 3.1 Bl 3.2 Ty Ak b HAHEER
R o

3.6 FEfr iRy RO R

E—EIAE HE AU AR DL E R o 10 AT RS R AR T R S (R AR R
FE o T MAASTRIISSNE th A 15 MR RE R A AR o

SRR E SR PR ARATT S 5 (transform atoms ) HYPEIR » T RFSEMEAT B 5
R HEARTSRAE M2 AN E MR o A5 — A RIVIKSEREEIRIRA > Aim ey
SREERCEIR - HRE R A BRRRR O > A RTRER R - BARZ &L
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i o FNERANEL » ST IR AL oSSRl B b iz o e I B b R AR
REEETE » HinElA v e AALRIRUER o MR EHAR RS IR ST ~ BRRIEE
B DR HERE TAER S M Lo BB IR EE > 5O R BB R o ikt
—HUE > R RIS B AR M AR R I
PR 7 IRp B 0 LR A T S BB T A AR RS o SO ANATRR AR » IO
SRR TAEIRHRE R ] | > — et it R UR MR B R Tk -
Ik B BB 0 > UEE . HAL DB RIRAERRER S MO - mHAT
5 i Bt KRR AU A 9 WIS e ] o BRIimo SE IR ST FE RV B » ISR ES TR
BEM > LA ZHEN o SRS EEEEIE (ambiguity effects) o fE3E—Hf
s RIS LR ARG SRR B LB SR R AR PR 22 B > M A
HIRA R AR B TR 5~ - B E SRR SR ELFERRE & AT s o

RIS Rk 2 T BEA AR » —fEEER (SRS ) BLHGEERISAES (5T
) ARvERe > g R M > Az e U R INu AR o
BEANA] UL R ETE S o i — RERVSIREST » BRE 2 — FEMAIRE S 54T o
DU BA R 2 i R SRS SR At Ho o e o

o [l 3.4 ;RIERAIF I L A IMEIRTFE S Mt o g SR ) B A7 J O 4
5 S AR T AT BRI S T B AR TE L o SRR A B R MR AR
A~ ARME R (BN EEAR M S 55 S MUE A B ) ~ B R
Z—IE—Eo M tE =R R AUEF R SRR E R 2T, o B2
wo =515 » HERARME R ARG JUE 1.0313 o

o [l 3.5 IREFIFRLLIMEREE il o SEARVRHELUE SR 2=
IES MR APARE » R RO 1 AR, (R ENEREE A Ef HH AE AR B
FISEARIIBGR ) o Mh—IFEfEEEHE wo = 5S> EFELESUE 0.9622 (RS
AERUEN TP AERRE ) o FHIIRE RS /e A AR AH AL B PR SR BN - AR
TABREIBAES 2 T (A o SOshAT BE LAY SEES i B E TS > ALl
BRI > MMk Hisne S B W o 5 (AR BRI B 1 - & LU
IR IR 2] o
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o i 3.6 RH{TIRE HL AN PRSI PR (iR o EINARTE I JOAHA O f
MR 5 S BSOS ERIE T RO o 38— HIRREEA L B TEASHE] 3.4 o H
bz e > (AR - BIARME AR, (iR ARMERIES 0.9696)
ARE R R S ~ AR B S E Y B P ~ B 2 — IE— 59 o
55 A R RS BN (2 T A s R o

o [ 3.7 IR ELFULFB . SN A B SERG Z0-ffi fif o 3E— iR A b S Rl
3.5 o HAFEN SRR L 2 IR HRTT A EARME > Bl RS 1 BIEfiE G
(FEAEAEUE1.0393 ) BLbpr iy AHIRAEIE ©

o [ 3.8 N MEIT IR HARRERG B RF Moo M hR o LEARERE 5 % Fh W (I8 I O
{EA A AEAL A 5T~ B AT XU T R B S R > IR BILRE — RSy B L
FEEMAR I E IS ARG AL R 5 > S5 ALY B B D 2 FARAL L AIARE
R o BB H A R B LRRS N — [ A B A BN o S INSEHIRY
0 OARE e A W (R EL EO AR 2 e > BRI RO R S5 o

o [ 3.9 IREFUF IR ARG & A PR Mt o RO 55 i FAHAL
A A PEARME T — (] Ee IR IE G - 5 LR R B R BRI

Ao b S LR BT AT o BRAFY R e RORE B % 1 5 R AT 95 £ W et
T HRE SR ES RS T AU AN FIME o BRI S » BSR4
— W PR E AR RV THERAGLE - AR S » HEUEHERREESIK o S5
FLIRE RO b AE ISR B BIAAN R o SRS » I FUHAL S 6
RE LG MBS S AT > AR IS - B AT IR H R
B BTSSRI o
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3.1 fh— ASYST FEFREA RS RIN— BN <A {HiiR o Fhig— R »
o {FEHR e AR L FET B IFFTEAFELHESIRE & o TARAS FFT 2 5 i
FITRT A o R RE TR SR el A R R BT mT DAl & bt — T ST AR o
WFTAIBE AR SR B T 1 FTRE M DUSRAR - 0 HUR o Bl HR i SR AR A 2 AH SRR B A K
IR AT ARAVEE S ER o T b AHRR S SR HRE AR BL AR RBARAL ( stationary
phase ) ZFHIBRFRZITAERSME o

\ A small program piece which finds the imaginary part of a real signal

\  based on the analytic signal procedure.

\ The computation makes use of the final results of complex calculus based
\  on Cauchy principal value integration.

\ The length of the input array will be automatically truncated to the

\ maximm allowable power of 2.

: my.hilbert
fft [Isize n.fft.pts
dup  Dbecomes> tl

dip swbl !, nfftpts 2 /]
0 4 z=xtiy &
t1 swb[1,nfftpts 2/ ] =

sub[ n.fft.pts 2 / 1+ , nfftpts 2/ ]
0 -1 z=xtiy
t1 sub[nfftpts 2 / 1+ , nfftpts 2/] =

t1 ifft
zreal
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3.1 BEAERAMNTEE - REl g A SR U R - ettt

FHEARE » T IEACR VB ARE L RE B R ot R — SRS R H R — R
B2 (dFIE) HY)5EEmEeR - Ha SR EEBRs 2° > BIBCR RS RE RS
(2°,2'2,2"%) (a~b~cFfE) o MESZIESSFRH TSR RE B RIS 4 {1 >
BRI AR > HREGERAR T HEMGBUE N EC 2K - atEs » Ham k1
FERTHCBEAE BUER T S AAR T o MR L OEERS 150 ©
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32 HERETRREATRAER 28 0 HEDAURRERACE Z VIEEAREE o IR H 3B RS RHT I
EHRIE RSP S IEPERATRTZE PR o RIS 50— SRS I L R — U
ZPIEHEEEREACR (AT ERR SR ) - HIR RGBS 2° > AU
JREERERS (2°,212,2"%) (a~b~cFlEl) o MSZIESF R H TSR RE B (R I 1Y
20 %’ FHE T A5 > BRI T R R DT o VAR IR o AHBREE Jgbrerh
OGRS 256 o
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° db Below Peak [CW T Amplitude 40|

[Adapted CWT, x—lines2.dat (9.50,8.00)N] (2005/9/7—20:59:36)

100 jF‘ " : T ' ' ; 1
80 . . .
= L
= 60 |
§ L
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= a0
D
& [
20 r
o
(o] 1 2 3 4 5
Time (sec)
SPBi Radian [CWT Phase] o I
[Adapted CWT ,x—lines2.dat (9.50,8.00)N] (2005/9/7—20:59:36)
100 [ | r 1 1 7 I'
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g 6o | IR | el ]
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= [ i |'| i i i T ]
Z 40 _4 fofedh L% . ] IM!IJ‘"'I"'H '““ "f 1L |.I
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20 Pl 1.:. A Jl-ql II """|-'|-|' ,1
A
o ' Hial “'h'i.lrl.fi l' “J 'l'” e
(o] 1 2 5

Time (sec)
Signal (CPU=0:1:2) |

[c:/per/mat/O—cwt/data/x—lines2] (2005/9/7—20:59:36)

Acqueous flow (cm/sec)
o)

(o] i 2 3 4 5

Time (sec)

3.3 WEURHBARS 2.5 278 v HaE DT BUCRREE - ETIEDR (F (1), Aly]) 8
(f@), y) FSRERB L MM o P BN (f (), Aly] — w) FTSARRL M o
N TRERIRSATAT AR > AR R R TS RT SR XA &R ©
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Wavelet Variant a=1, =0.5x, £=5, (0-7n), =01 05/11/09@16:29:51
04 Ambiguity Effects: Leakage OUT from a wave packet
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34 PR HSRIR R INERR D Ml - TRsREE BT R R A R
LI o H w0 = 5 IS LEHIRRZ ARMERISS 1.0313 o b — 3l S HoAe 4 2 e 55
MLl SEBURSE S i b BRI SEER 2 05 (a0 ©

Morlet Wavelet: a=1, f=0.x, £=5, (0-7n), 6=0. 05/11/09@16:29:51
biguity Effects: Leakage OUT from a wave packet
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Scale
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FUEZ865% o H—HIRRAE w0 = 5 HIBMEFERS UL 0.9622 o HfS IR/
ATHAH A SRR EL]N > ORI FMBRESEER 2 05 (a1 o
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Wavelet Variant: a=1, 5=0.57, £=5, (0-7r), =01 05/11/09@16:29:51
% > [ Ambiguity Effésts : Leakage IN from different wave packets
7]
S 15|
%
= 1
D
2
% 05 r
8
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e 0
9
Z
5 _os !
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o
T
0 1 2 3 4 5
Scale

3.6 RAfFBH FAGI A [ U AT A SN R ol - IR sREUE A R
PRI UERR L GE o H wo = 5 IR ARAERI1550.9696

Morlet Wavelet: a=1, f=0.x, ¢£=5, (0-7n), §=0. 05/11/09@16:29:51
%; Ambiguity Effects: Leakage IN from different wave packets
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IR LR o th—HIRRAE o = 5 HIREZEEASE1.0393 o
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Wavelet Variant @=0.96962, =0.57, £=5, (0 7n), =0.1 05/11/09@16:29:51
5 [ Phase Noise | Related to differnet locations of awave packet

= 1t
: A A
RS
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e 0
=
Iz
i)
3 -1
i<}
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-2

—-20 -10 0 10 20
Phase

il 3.8 RAMF IR ARG B BRI R A8 (7 i REORHTSOONE 2t o REAHERE B )45 R {lEAH ]
JUE (BB SN EALE LB o BT AT AR B AR ARG b st S AR -
5y HETE AR B EY N o 55— R R Rt R HR RO B AR ahIE: o

Morlet Wavelet: a=1, f=0.x, ¢£=5, (0-7n), 6=0.7 05/11/09@16:29:51
4 + Phase Noise: Related to differnet locations of a wave packet
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x
_4 ‘ ‘ ) )
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Phase

[l 3.9 2 AL R HAHRDRE B SIS B (7 . RORI SRS 55 M SR o R BB T RO 9z i
HIFRRARA L B KA o AH B RS A B AR BT R — AR o [RIAR
Wb > HA AR S EUE A R R AR ES 5 R o
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4.

e A Bl A

4.1 HREEN I FL BRI B
e 5 o A — 5 SRR B o = /K R AR B (3B T8 2 5
B+ A BUSTRIFPSET RS S Lkt o Hoop IR AT T IR

o K THiERH ( parabolic chirp) 3 » HAHHIERMLLZIE LI

(Nyquist rate ) 100 Hz

o —{IE| FHRIAR S HEIEMIESE (linear chirps ) SZEFIIKAY X BUENAR o LERABES?
Mg JE SE A% 100 Hz > HAHSZRS S0 Hz o S5k 7 Z HRIEAHSE > BTk
T REE SN o

o HitZ X BUGHAR » MEH R > Z RERIEMESS 0.01 o

[

o — R 0 S5 HRIE 2R A T - MR R T s BE Al S i 2 AR » HAEERS IR e &
fELLZIE w3 100 Hz o

1

o HUMLZPITaNAR » MEHRRER LSS 0.04

AT AR = R RSB AN B0 > A 2R SR LR B
o — g EE AV AEZKEE > HAHRE FIRARAHASKY 2.0 Hz o
o FHEFFMIEJRGE N Apz - HAERE LI iPhaasH 2.6 Hz o

o DIBEMRATIE < — (St 5e =] (Stokes) 3¢



4.2

i A AL i

o [ 4.1 307 e e FL o B iR IRy U By FORE AL 2] o AT

JAUK 8 Bt S AEHEIE] FH 20 LIS 57.5 Hz o H ERg T @l S HHIERS L FIfF R
BRLIGEAE 2.5 £3:Z o N Rl A DU RRIG  p il BUBEAL 5 (X
24} 27) o {KAARAND > PRERXAR AN G DARE B BB AR - HOE o
FUEHIE ~ R FRE o sAEES WIS > SEFIFRAVEEERAT B ERS R
MY IERLE o BRSNS SR RS R E R R R R - (BXE
Y BRI 52 S i EU SRR 55 (i A E L i EL RO B - EL T e R B ~ —
BRI

4.2 Z FARE AR » (LA RIS EE S A R AR E (B wo 28K
WEANE ) SRR fitsiiE (fhoiE ) AGE (B~ NFE >
THFHIERS 2.4 20 2.6) o EESRILER AT A ROEE SR fE AT Bk - HL H IR
A AR 2 5B I RS T o T e o RrAlBse o BISTARE FORHAE 50 HL A5 g Bt i
M EE ARV TERE RIS AEES I > (51S DAERTEIT S #Lil - EE 2 B
HirlE o 59 wo 2HBH LTS SEE NI - E—BAE S NR R o0 B
{LISHEAEERER A o

4.3 FtHIRENOL e 2 SO o Ho b T E iR b TR 2 T 5 e o
it — el B AT SO SR TE R R o 55 b 1 (81 8 S B A KB M
TR SN IR R IR ©

4.4 JH K5 N R N bR GEFELLE) e s
100 Hz ) ZAfE SRR HalE] o 59 B REFrff L ST HERES ©

4.5 Jh 27 i e AN OGRS Bk L RS AR A7 55 [ o
5 F T e HR S R (B SRR - DARIRG 2 o AR 5501 » AR
JUE (EIMEHERSE ) 18 BRI s o

o [ 4.6 ;R A EAHSE S 2 S RE S AR BB SERR I T AR L X FRBE IR AR -
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AN BROK o b lEl AR iE i - N IERARAL i o ZEfllE RIS F
P » ATIERIAHB A o i EsRARAL - HAE#SH) o

A7 (3T — [ X A L S B b o W AR i AR T 55 o L e {30 ] 7 S
e > ATIERRAFEE o HaNWEs XA ETESRE o 55 B e
mE - R (AMESHE ) B/ NUEAEEAVSER > SUsSHE 2 SURA
Al » 5 HARRCHRR DDA E ST » (B (SR T 5 KR &R

o

= o
&

4.8 71— XFRBRAERA TR T HARNL e 2 S5 - R SRR
BERTESZ s il (P TE ) o 55 b7 EDIER B ES  fii sk
A ERERRAE L [H] o

4.9 AT HENIRIREE — S5 RE R 2 A TR S AE S kAR - ELRIRR I 2 A8
R0 — e (Nyquistrate) » B[l 10 Hz o phEl fREHEFIF
FIT PSRRI o1 > HLATHR AL SHUE AR B8 P oe i » SR ORI o

410 TR AHIF AR — R 2P TaRSE T AR AT o > phfl AT DARE
G| H SN B E0 S B 99 R TR ©

4.11 BT AR R — SR SRR R P TR S S S RN - HL AR
[l SRS ZE RS+ 70 L — JE ST AR (Nyquist rate ) » {HRIR 7ot Z E
HIER 0.04 o fth—REE 2 BAEAIREEIR N - HAKAEE IR 939 BetsU R FT
g o DIBUEGE PR o ERtERInS » KBRS o K
BIERIrRE - RERNEBRGUERR - e/ UL (Sl ) 5
72 o JRBNEEGRRE B A AR B T34 ©

4.12 7R AEFRE R ST SRR = S S X BN aR AL -l > HCRg
k5N L BERLEERS 0.01 o b T BRI EFIFRATS > 7 & BRI
o B FRT RN ARRI UG 99RERR S aN R - (EDPRE I8 AR (RS
i 1 EFZHIENE, o
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o [ 4.13 AT opAT .2 il R RS RABR = /K A L B A6 > LGS L IB(E S 2.0 Hz o

AR ] B SR RS A SR 5 o A {300 5~ el HU RS R 1382
o MEmERMESARNL S L » AP BEI SRR DY I BT AUE B
FEIE » B RRARNL i Kk I 22 B EK o

414 R 5y — M A (JHRE LB S 2.0 Hz) (2 A7 R I A {1 B A
253 el bk — Jal A= 9 Bl piy — ] o Jo A 92 bt e 2 g SV AE 3 =
Bt > JRBIRGR AR ET A (less developed ) > JRBRARMEAS U NEGA ©
ot i AT G CE AL SRAHAL 5 F o RN BB B H MR - K
sk AN S 2 RS B A B 2 ST IR » R SRR Kl 3 A
(wave modulation ) FI#EARFEEL 4 (Benjamin-Feir side band instability )
[1,2,9,10, 11, 12, 17, 19, 20, 23, 24, 27, 29] ©

4.15 At 5 AT Rk (R DABSAR AT i i S0 I 5 ) A8 > stk — Sk o ) 9 L ik
Wt F04E77 (fundamental harmonic ) b (#9 1.15 Hz) Z PR RENE
0.06 o H 7 {7 el £ B I TR i AT 15 2 AL Al BRI - - A 180l EU) S5 6 £ 1
Wt o MEmAEAEMEBAHAL M b o BEFEOIORERZ - I HBE YN
B o QA 2 F| 3 He ] H B 1 sg AU IR E > 597K v S Rt FAE
LA R WTHATEEARIM R - MBI SRS o it
FAFF RO E L E R AR IR B RER » R AT DAGR » ZE/KpeWEl EIRE &1t
BHTHS (recurrence phenomenon ) JRERMSEAFIELGRANSE L > HIRIFREAAE
RAIKRE > ERTEAE SARA A RE R HE B A AR R M o
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o db Belovww Peak [CWT Amplitude] a0 I

[Adapted CWWT, chirp—nNn2.dat (6.58,5.83)N] (2005/7/1—23:18:29)

S~ frequencyinHo)
A
0

35
30
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20
o a =2 3 a (=3
Time (sec)
>Pi Radian [CWT Phasel o I
[Adapted CWT,chirp—n2Z.dat (6.58,5.83)N] (2005/7/1—23:18:29)
55

m
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>
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il

i I i

o a =2 3
Time (sec)
o db Belowvw Peak [CWT Amplitudeg] a0 I
[Adapted CWT, chirp—nZ.dat (6.58,5.83)R] (2005/7/1—22:8:23)
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[Adapted CWT,chirp—nZ2Z.dat (6.58,5.83)R] (2005/7/1—22:8:23)
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4.1 s — i = 207 S N A L [ B A s U AL SRR AL S5l o itk AR
BEASEREIELS 0 DISfE seliias (Nyquistrate ) 100 Hz o bR /S LABSFIIT .2
EMI 2.5 Bz o PRTERIDOEFBORE (24 & 2.7) o RUIREHL > A5
DIfE S gAR RGPS - UERIR A E T A S ©
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Radian [CWT Phase] P |

2Pi
[Adapted CWT,.chirp—n2.dat (6.56,5.83)0] (2005/7/1—22:55:29)
55 [
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=~y F
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(=24 n
& =0 |
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o db Below Peak [CWT Amplitude] 40 I
[Adapted CWT, chirp—n2.dat (9.56,8.83)R] (2005/7/1—23:3:25)
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[Adapted CWT,chirp—n2.dat (9.56,8.83)R] (2005/7/1—23:3:25)
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TS LI sl (rth1°E ) MARRL (b~ ST ) 55 o BEZACLEEFT I
FEATRIPRECK » (HEBHRSAAS LA TR E0E o JLHIE - BIsEIRE FUHALS S Hi
H AR AR B HERERIEISEA L > (S DA TSI S5
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Py Radian [CWT Phasa P |

[Adapted CWT,chirp—n2.dat (6.58,5.83)0] (2005/7/1—22:36:33)
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[Adapted CWT, chirp—n2.dat (6.58,5.83)X] (2005/7/1—23:38:39)
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[Adapted CWT,chirp—n2.dat (6.58,5.83)X] (2005/7/1—23:38:39)
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db Below Peak [CWT Amplitudel 20 |

o
[Adapted CWT, chirp—n2.dat (9.82,8.15)N] (2005/7/1—17:6:2)
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[Adapted CWT,chirp—n2.dat (9.82,8.15)N] (2005/7/1—17:6:2)
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P db Below Peak [CW T Amplitude 20 |

[Adapted CWT, chirp—n2.dat (9.82,8.15)R] (2005/7/1—18:26:37)
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[Adapted CWT,chirp—n2.dat (9.82,8.15)R] (2005/7/1—18:26:37)
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o db Below Peak [CWT Amplitudel 40| ‘0 db Below Peak [CWT Amplitude] 20
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P db Below Peak [CW T Amplitude 20 I
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1 Normalized Magnitude [CWT Amplitude] o

[Adapted CWT, p—lines3.dat (9.72,8.15)N] (2005/7/1—20:27:45)
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Scale (~ frequency in Hz)
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db Below Peak [CWT Amplitude] 40
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A Wavelet Variant and Its Characterization
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The Wavelet Variant

The devising

The wavelet variant:

2

1 - =
p(t)=— [Sgn(r) sinwgt — i cos a)ot] ez,
T4

The scaled and translated versions of the wavelet variant:

) | , t—b , t—b\] -(D»?
Wab(t) = - |sgn(t) sinwy | —— ) — i cosmp e 2 .
\/571'1 a a

3/29

The rendering

The modulus:
Wf(a,b) = (f(t), yas(t)),
or
Wf(a,b) = (f ), Imyan()) +iH [(f(f)7 Im l/’a,b“))] )
or
Wf(a,b) = (f(t), Rewap(t)) +iH [(f(t), Re%b(ﬂ)] .

The phase:
-1 Le(f (1), wa,p())

R (f (1), wa,n(1)) ’

Rm(f(f), l//(ub(f)) 2 '

¢(a, b) = tan

¢(a,b) = tan

4/29
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The quasi wavelet basis function'
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Figure 1: The real and imaginary parts of the quasi wavelet basis function for the renditions of modulus and phase as defined
by equations 4, 5, ?? and ??. The wavelet variant is poorly analytic.

Time-Scale Characterizations

A few topics

7/29

e The admissibility condition and the completeness and redundancy
e Analytic versus complete oscillation and total positivity
e Instantaneous frequency, stationary phase, power ridge

e The analytic signal procedure and the Hilbert transform

e Time-frequency resolution, frequency leakage, and phase ambiguity

o Power ridge vs. trough
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The frequency leakage-out distribution curves'

Wavelet Variant a—1, 5—0. 5%, £—5, (O« 770, O—O. ©5/11/09w 162051

o Ambiguity Effects : L eakage OUT from a wave packet
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Figure 5: The frequency leakage-out distribution curve for the proposed wavelet variant. The frequency leakage-out is the
projection of the unit scale basis function into its neighboring scales. For wp = 5 the curve has a root at scale 1.0313. This
zero value and the sharp steep slopes at both sides of the root make possible the easy identification of energy ridges.

Morlet Wavelet a—1, F—Or. £—5. (O<=77). 0—Our. O5/11/09w 162051
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Figure 6: The frequency leakage-out distribution curve for the simplified Morlet wavelet. Again the frequency leakage-out is
the projection of the unit scale basis function into its neighboring scales. The curve has a peak at scale close to 0.9622. The
weight centers around the peak and contributes to a relatively broader leakage of energy.

The phase noise distribution curves'
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Figure 9: Phase noise or time smearing effects associated with the proposed wavelet variant. The phase noise is caused by
the phase mismatch between two identical but translated basis functions. That is to say, it is calculated by projecting a unit
scale basis function into its various time-translated versions. There is a root at the zero phase point. Again, this zero value and
smallness around it provide the reasons for the proposed basis’ successful applications using the phase plane information.

g
9
i
H
!
i

St . oo =5, o7, oo o= iasoomae oo s

A

Phase Noise : Rolated to diff Y locations of a wave packet ]
) /\

—a L 1
— zo — 10 o 10 zo

N
T

Pt et s

Figure 10: Phase noise or time smearing effects associated with the simplified Morlet wavelet. The phase noise is calculated
by projecting a unit scale basis function into its various time-translated versions. There is a peak rather than a root at the center.
The large values around the center point indicate that it is hard to get informative features from the phase plane information
using such a basis.
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Tests and Applications

Simulated signals

o A parabolic chirp with a frequency range of zero to Nyquist rate of 100 Hz;

o A signal composed of two liner chirps with equal power contents

o An X-signal with a power ratio 0.01 between the two component signals;

o A signal composed of two liner chirps that are parallel and have the same power contents;

o A signal composed of two liner chirps that are parallel but with a power ratio of 0.04.

Water wave signals in laboratory tank

o Wind waves;

o Short wind waves with respective spectral peaks at about 2.0 to 2.6 Hz;

o Stokes waves with different fundamental harmonic frequencies and different wave steep-

ness values.

Q
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Conclusions

1. A wavelet variant

2. Modulus and phase renditions

3. Characterizations

4. Comparisons with the Morlet wavelet

5. Tests and applications
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