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ABSTRACT

Concepts of time-frequency window and the Heisenberg uncertainty principal asso-
ciated with various time-scale analyses are outlined in the beginning. The theoretical
relevance among the analytic signal procedure, the Hilbert transform, and the Fourier
transform are investigated further. With these understandings, data from experiments are
used to illustrate many concerns regarding transient effects, phase noises, repeatability
problems, and the blackbox mechanism linking to a somewhat random system. Numer-
ical simulations exemplify the properties, in particular a few paradoxical and controver-
sial phenomena, of the instantaneous frequency related to the analytic signal procedure.
Moreover, we attribute these properties to a few factors originated from their theoretical
genes, such as, the incompatible concepts between “instantaneous” and “frequency”, the
conflicting requirements of “support length” and “regularity”, and the interplays between
amplitude and frequency modulations. We also show that the rapid changes of the in-
stantaneous frequency is related to the relative rate of change of amplitude rather than
the amplitude alone, that those singular variations are located where there are little en-
ergy contents, and that the negative frequency is not related to phase reversal. Finally, to
minimize errors and to avoid misinterpretations, we provide a few optimizations for the
discrete numerical processing, such as, a consistent method for phase differentiation, base
band conversions, and designs of Hilbert filters and the relevant concerns of resolution and
choices of parameters. Overall, the research puts up fundamental understanding concern-
ing the application of the analytic signal procedure to the study of the time-frequency
features in complex systems, and hopefully solidifies a sound and objective approach to
water wave instability and its physics. With these precautions, we further apply the rele-
vant analyses based upon somewhat statistical and macroscopic approaches to study the
energy phenomena in the wave and aqueous flow fields. A few topics are: the negation
of the existence of a bound wave system; the modulation mechanism in the wave and
aqueous flow fields; and the characterizations of wave growth and decay time spans and

their physics.
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MR ATHIRER - H— o Ok R HE IR SR o g HY » AT
R o HT o BEGAISEGIE M ~ Atk ~ el B A A o = » 4%
BEELEAF ~ AR > AEVTIEGHEANFEEE o K » £352 AR ~ Edly
Y~ FEER ~ BAREUEHY ~ AHIIAE R B o KT » BEGEMH A R B A
BT FERRE N o HoS o MBS - (HLAGEH S > R 5eRHEs - REEEIR
HAFE)T » BORHERTHEER > HER R SEERR BTN » B i SR
TEINTITEZ FI » NHEWEHTS ©

R b RIS L » DamE PR ARG BREGE R E o AT —#EH ~ 2red
B RN ELRGE E AR - (Bt — i eV BT R > bRk R U RER:
o M EUuENE ~ Bl - 2 EIRH o

B BRI AREER P2 RFRE - AFWH > REDIAHEPT
farysi s o AR Rk TR E > AT ER S B EAA YIS o R HAFA]
SIATHYE EERE > SERERIR T AT < B BRI G Y YRR aR » B G E AR



o IRERNE PR A R/ MiE BB & o bR A A Y — S PEASOR S 2 - FRAMT AT
DIAF 85 Bk PRGN FEIRREFRECEE » Pearbs i SO b r s PR A (o F R 1
PESRIBHIE B o iE BT RS AR TS DL LAY — (AR o tboh » EHS
St B BER A [FR B G BRI > — SB35 TR ERAAZH o
SUKBERRINSE S » (e F RFEALH A LSRR - sEEAT
A1 KECH MR AT

o EME (significant wave )
o T/ EEJFEEEE (Fourier transform )

o fHIRFE LEE SN INE 2 & 7 B Ak (short time Fourier transform or

windowed Fourier transform )
o ZIHMATENEEL: (Gabor’s analytic signal procedure )
o T {HMEHEAHRE M % (Hilbert transform )
o FUPBHIEARFREA T B S HERAA AT (time-frequency kernels [3])

o HLFE {7 A 55 AT £ (continuous wavelet transform or the integral wavelet

transform )

o HEEF I IEHASHTEE (discrete wavelet transform )

SRR » i A AR B R R R B B U RS R Y. o3& — AN AR > Bl
HE R B N ORI [ » R H E SRR o DRI R A s AR Y B
HATE A ~ JRERA A B RUE HE R RICH . — B 2800 > SRRy s e i
AR 2 > — 7 B S AT DUSE AR o 1 55— 05 i eI ss ik
B A HEE R B A b e BRI o N B W R SkAT n] DU H —
B JEK. ©

FELL NI » AL — ARSI E Rait B » P s sl 54T /5
AR KB ~ RE R ~ AHA MRS -
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LT — IR P YRR —BEESFPY1) > HR— 3 Y B B S 55— AN ]

TEERA g 7 BB o
B LT I RIS S — 5 BRIRe e 1 ] _EHISEES N > ARSI E L3

STV ER NI E R AE RS P81 1 e b — (AT - i o v i o TR e Bl Rl it v
LIS BN R XN BN [R5 P 2 - 38 P R R — {18 PR B8 2 51 R o — L T e
B AR W 1] B B IR AR R 501

EES SR (kernel ) (2 IRRSEIEHR » HME& B BT & BT H
SEARIN > SR B AT B AT A AR B AR B B e A [ iR W BB B
AR B ERRERE » 5 B SR et MG & L AT B WS 27K B
A DS 5 57

BRI R R — I —HERIRE RS R 2 — i — AR R R IR > Hifg
— RIS RN R N AR > H— RIS > 50— IR BB - g e
6% 7 SR EIUE DR R B E AR EUR St OO B ARRGE o R L BRI
B LR ME 20 o

B LA IR ST — A Y IR P 1Rk — I A R R P8 » 5B
AEE AR R AR 1) HO R 37 B B — SRR ] ~ — IR UL » g —fEliRF el 5 HLRUEE (3R
ASUEEIEER ) o9t - i — FUEE R s AR — R XL E B At o th—i
$RH R PR TR DS AE IS B AL AT W > B IRF AR 4= B2 51 ml i £ o
i L U8 o B E > B SR RAY IR R B A A TR R 5 # A DLUE R AE
fFime > ARSI ASIER: (the admissibility condition ) » [T AJ S AR T
HEHR o SO ONArE — A o BRAPT AT DARB AN iU R R e A R U RIS A A
fy o

SION o AR G R A AR A > PR T AT DAESEEORI LA [13] - fEFE R 2
BT N SRR RIZR Y RO M FRAEER - R AE BN L > BERERES o

MR AR i U TS — IR P 51 R o 155 — TR R IR ] 7 R IR AR (7]
FEAFSER E53 ) INE AT DARIRE SRR H — {1l R R ] iy B Bl Y 98¢ B 41l B0
i o b — IS SRR A i 37 SR U IR > RSN ER AT 25 [ 2 B2
BERPIARERAE o 5551 » & — JTERRVELS » IREOSR ATRF S E AR R — s &




— o RN > T — A RO T IR S s AR 2 F 2 R o e T &k > st 2
it > ARIGHA T —MEIRFSEAT > HOMRATENAE R HORS RS —HERY » BRI
FRESEI 2 HR 3L UG IR - SO B R IR AR o g — felie U T H
P FEREIRAY B AR B IR B U i o

FHEL ERUERET » 602 T8 - sh—HEIFLARNIR T S > S EURAI P IszE B E
IR —ME ~ HE ~ IRER—HEE o MILLERATIHSTRIMATIN S > Fa g R S
AT ER B R AR N T B — Ml /NG5 52 o 2R E A RE B B e PR BVIRE FU AT A s
PRARYEEE I - BB 22 BB TTRS 2 e & S B AT 2T FEE > th e
YRR SR ] 2 AT o DUN PRI — LE RS kIR R AT AR - 52t
BISHE ST ESRAII S EREEL o

1.2 Bk IR R < E

AL EEHGE TR IR AN - 058 2 S B IR R A KRR IERRME » T
UL ATV E RS HAF S R AR fi o

o WL AR T EEIN S T AR, B T AR, o B —
BRI — I e B PR (BUSEMAE ) BIH S eI 7 i s B AR
TEIERRAE R o TIAE HARAAIRIL » SR ERRIUFHIAIR » IREGEER 2 B
SN B - IR HIR R s Z2 R SR BRI o BhAh » Bz el iR RE R 25 b
AR H S RAZ IR ~ S IR R o KRt > FRAMK BRI 5w
FEBEMATE RGN Wl ERE TEONTCE'EE LG AT —LE
BERIIRIL o 1T AGLIRE &8 X2 5 55 M7 9 3 g S50 AL 70 85 1R {5 i LB AR B P 155
% ARG E LTINS > S R A RAR M) 21
iy » &G AT DA Balian-Low EHHETH] | & BB EUS ¢ (1) » & MHAURBSEREK
# ( Gabor type frame ) £

—2mimt

gmn(t) =e gt —n), (1.1)




K m, n € Z o HeX E eI E G E AT #itk » RIS By & 7 5
R e i ERIAE o iEERVERIIERT A LE MR - (HENEE TR
LR SRAY — R o

o HAAHTELAR (Gibbs phenomenon ) F5H} » F— 3N N EREAYZEEE » AIE T
BE SRS 2 AMA AR Ik B AR — B - B e (R R a4 — Lk
FEER o 1T ELE A ORAME B 2 Sl A 5 ot ] R/ N RS P P Sy e
My > BR TRk RIEER T oM MR (the concept of distribution ) .2
MR o B R H B hAtER » —E58R 2 BN LI ZHGE
S B ARNGLE > BRI AR 0 B R L3 5o ot [ R AR » & — IR e
Ui e U 5 (A1 g (1) B Rydelta g8 ( BRFEIEEMIfRdelta 231 ) > (fidelta B
S A = 2 B AR S5 1T 17 1E AR AR i o

o B L BEEUOH B R SO o i T e R (AR (o o DRI B AT R
R BAAE I > i HLEdr th2 v DURERR AR » AR RE MR iE 2L 20K
AU LSBT NRVEITE | ORI R ~ &S ~ JTER ~ YEIERE ~ AT
i o [l 1.1 R— RS TR RS - i M Es o HFRIRDUZ A DUERAE
AsfiiAy — - Nyquist HERIIFIE » Mo FARBERENE B — R MR SR AR 5 1 =
BEENAE o FH RN AT L EE et — 25 N Sl RS IR T AR — 255238 o

RS - Ll AR JER A R A U FTRRA o

1.3 PR tR R JHE L&

AUSHA A » AR AT BB Mk () s 2 TR PRI B T RRAEAES 2 o
EREEE FAER—EEENE - NEE2FSEEM (Heisenberg uncertainty
principle ) ZIFLIFAEMIHAIRZR o i@ —MERAIT © BATB NI R -2 e
HIEMEENRY » BIFERHL S 52 B FTas a0 > AR e AL AIR I —
A6 sy B By 9 — i o MR IR > i aE (IR TR » RSB D > KRB DA
IR BT ARANSR > SoiE — (AR 1 TR Hoie M > BNFR i 2 il 2 et - 55
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18— R LSRN Z AR o SIRFSEES IR T USRS 2 TR O
E

ool e VLR A R IR R R R B LB R A > I E L SR
T IR R P R A8 S IR — ANl R R P 170 S 1 B » T2 ol — {1 ey 23 P B Py Jeg
ESENEE T IE ARV B & > FEDUER ST 25 H A o RIS & LTS - H
HATIT AR E K 11 FHY m ~ oo 10 g(0) BIANEE § RIS » DALY B
Fil (Morlet ) {51 » HIZRE RSO RAIAH T (mother wavelet) ZHTEZR
Z o WEkE m, n, g(t) BIZ B o 15 R FEE RIS 1Y Ja 5 e Berred s R RUEE
R SRR E LRI S » FSEER ~ Hz ~ BREEREE r DA IESE » (H3H7
& » IERERHTIE R RS s RS o BLfShiutBalian-Low 5E# » JEIRFE YL 5E5)
MTELRE b2 A ) M _E A RO R TE 1 - DRI RS BB B PO B3 A7 S
HAAEh 5 2B IR » SRR AT E — T R Al 4 S e R R ZK - BkH
) AR 59t H v IR S L AEFRE AR R EEER - B AR R
BEHESHURR S > DA N PRt — 25 i M R 2 S PR ER AR 2

o HA b IR E N BE AT B IR AT R T RS B i o R » GRS YL S
WIS » & E w55 BRI P B - 58— D SRR e F N i 7 —
TERAN e 5 ] BB A R T - o N ALK iE — gy AR f T 1 BEEAL > b
— AR SRR SR (S AR ) AR B AR 2R b — Sl S
i B B KR LS IR A > BRI 6.5 E W flal ] DA R = PR 2 R o X
it JERFE YL EEDNT  SEEIRE AT - 0B R E AT AR LR o SR
FHPREIRIT S - SR ED SRR IR T A > R af S BT — S
kit - BEMEARE SRk S A IR - MR S s Es B FE LIS
FEIGIE R DA P b ry s 2 B ) 1 55X 111 .2 Gabor BURE A St
B oo > BI5E — e 0T 22 e B S 90 8 ik i U FRR B s ) i S A
DAY o it n] 51 - S8 R {EEHRE O — B9 » IRBIR S — A > DL
(S 55 H AR AR SR B S i Rk 55 o

o BIGIRFE BT S HISHE B8 IR BRI » AEAFIRESH T #HERF A




5 > SERPIRA LI g (1) SR8 n i B m SERH - BRI ] B A
BEAS T AT FH RO IR SEES Y LB S SHERE N5 - DRITO AR AR AT —
Al E TR AN REIR ST A E 1 o BRI AT B2 B FUS i &L » |
M b LU IR By > HETR R/ NE R AR » st st S B S
B E RS L » TSR HIEE - 5338 —Hp it SR BUGE A i R 2 W
Ry o fil 1.1 82 1.2 AT DU R ENE — 18 » @ R AT U A R R (R AU E 32 i
BB E, - WA 2 I5a BRI > (EIEHA SR B S SR [ B AL - — 1
MRS B EESLE (best basis ) > 55— {EHIFHBHIS B FEFEAL (best level ) » AT
FHENaR B 1.1 2 2l HARSS —WE g o it N s 2 i 1E 523
R > BT HIIR SR AR AN R » HO DRI PR {18 R A T A RS g HLIKR BT i
A DLGSURAH BT RS EBAE > R AR st e (¥ > JRIESS
BRI AR RE ) o ESEEI R A FIRH IR AT
ARFURERAE i » EEEE - KA B RST BRI SR AT 2 > 1T
ELMEE R E IR SR EAE T — I AT K IMER A FR » TS AT 4
i DU s [ 3R R el B > A0SR AT FARATT EE AR > o RADUEEAE 55 2 Fs
& o

IRF & L BE AT HL B B F IR S8 2 5 1 e BOATRELEK, » H DM e — > 1o
BRI S > HE R RERRH T B I A] DU R FRARERIE B B2 » 5858
ARHIMGRTE - AR p R T S AR (S R RE W A ST (the admissibility
condition ) HIa] (RIAEHFHESTEMIZ ) - Mt BERUIREAm S
WA RETRE MR BT (stability condition ) MIEL °

SR &L BE AT AR BT R R R, - e AR e — R
T (BB R AR SRR SRS I FRBEER -t R R R R Sy
RARTEER: o 30— > INMTEN LRt S » HE Ak B ] DL A S M 5%
HAAERE © 2B FTRERY A R A ALY » A AVIME » R
IR b B — R R A U B P REIE SRV RS » alaRse e 5 Bl
RO S BB = (R S e P R e AR A S R B 1 > S
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% 5 AUTE (multi-voice ) [6] ~ Z{7 RS (multi-wavelet) [4, 5, 20] ~ FELA
RS BB 3L JEC, 2 I (different dilation factors ) [1] ~ Z555 » — sk » 15t
(AR LB B RE S ME FH BRI K - ZRTOAEAREIT S - DRI
FRIKZ B R B E R I RE S ARG L - INITDE 2 E AR B
T ARG 2 N - 16REES > BEDAEA o

EE AR EEM £ > L*(R) Banach Z2 ] » 78 8k # {F122 [ (Hilbert
space ) » FIEtCLix BAH HSZ & > AT BB A A — £E IR B
# L2(R) 22 ZH5E [6, 151 » HELARIEET S » FRAMIFTHERT Y RIEA
REEEN G » WAL L 220 rIEREAEE o KBUE » AFZER RIS »
TEARB BT E R EGEEE » 20T 8o ~ SEREE ~ ALRIEE ~ ZREMAT AT
(multiresolution analysis ) fF{EPESE » SELEFOKIAIEL » HA b a3 E A H
AN - R > Az B E e o e B K o

1.4 HWi5eaE

teE b5 e N AR S AAfATENA = ( Gabor analytic signal procedure ) > H;
JIAERBEHAGERISEERS AT - 10 B R AR IR R T > (Bl ek
AR~ 2 i B A R IR R A7k A B R R B P AT ~ A2
{7 o SCHE SEAFE AT IR » RSB EMATENI L ~ A (E ~ = L
Z BRI - Al 22 B AR R B B ] > SR RS R T BRI B
ARG - 2 PG EPEE F L B s AR LY — 2Bk o —SEAHERRE
B T ETIREEES ~ AR ~ B A T IRER | SIRIEEUE ~ A
fIREE ~ Ba TG ~ PG REBEMSFNEE | BEREEH TR P EEL
R FIEARRERNRES | BERREZ — B R0 | Ersbasy
TR BT | A EREGRG T35 o FESE L RmEBI T » Btk > BMPURI
Rt b ELHAY B B T3k FL M F AR 50% SRS < A S RE R TIR IR
af o FEIHHA © BREAGRZATAENE | AT RS SRS H A ] UL EE




Y | AN FISEER RS /KB R B FERAG I LR T o




o db Below Peak [BEST BASIS] >0

W.P. PHASE PLANE [ON55C——chirp—al.dat (9,2)] (1998/7/7—12:22:5)

o T T

Cn e e
N - N
el W\"\ H
N |

0 0.5 1 1.5 2 2.5
Time (sec)

1.1 BRBEAE M ZE N o thE Jh )% s i (wavelet packet transform ) 1F {3 K
(best basis ) f6efF NAYIRESEET -l ( RI& ) > PR EZAHER Coiflet » 55

H et e et B REUE S 30 » AT FHENAR B — R MEIe @ searar (&) -
,\%If}ﬂ!ﬁ&l 0 % 100 Hz » grpgRIRIE LSRR (BTSSR Nyquist rate —
) o BUEITRERR o WINETERE IR & JEE R0 e 2 FARRR - B AT

%@%Tﬁ%g 7 ©
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Normalized Maganitude [BEST LEVEL (5)] 0

W.P. PHASE PLANE [ON55C——chirp—al.dat (9,2)] (1998/7/7—10:55:40)

100 [ | |
O N
' |
80 ] |
= - | |
= —
z 60 |  m
;| e
T 40t I N
= — |
3 N H
20 | H |
= — H
0 B
0 0.5 1 1.5 2 2.5
Time (sec)
0 db Below Peak [BEST LEVEL (5)] 20
W.P. PHASE PLANE [ON55C——chirp—al.dat (9,2)] (1998/7/7—12:20:25)
100 : : 1 : .—.‘ 1
' IF | |
_ 80 e H I ]
= |
= : [ |
s 60 | h
-] ' N -
240t ' H
¥ | C B
2 e om =
20 .
- -
o || ‘ ‘ ‘ B ] ]
0 0.5 1 1.5 2 2.5
Time (sec)
el 1.2 SRARSEE ML SE R o A EBIALE e EFEAT (best level ) fiy & ibel: NIy

ISR ol > b DASHBEROR < B R R I R RV R &
g > FTA IR C B A P ER A (=) A — T > BLpi s St sk » BAMTmT DA & 2195
EOR SR B 5 O 2 B B HL AT RERS AR N B o Gt 2 X B A ~ E 2R 50
&~ NFEGEALEE ~ ARIERT i ~ F5F o
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2

AT s B 7 {4

21 5|5

SIS A A AR S B > SR B B IR DL AR » 2R B
S —EELE TEE ) SRR OB > T e Ak AT - AR R
[T PR RS B » 0PI RERY VB AR BT AR & S et > Sl o AR Tat i th i
ZLEE o (HigR sk R i A B R % - 38 IE RS AT HAS RS HLR
FriZHE

it BN s, (1) > FCRERCH — (e BGRAR R i (r) » 1T WA T2 ) 2 Gl
5 z(1) » 5 U EGERMG PARBURIE a(t)  (amplitude » JREAEE modulus )
BUFHRL ¢ (¢) » 10— e E SRR ZRAVIBFTEISEES o () SEARRCHYE ISR < B

2(t) = 5,(t) + s:(t) = a(r)e'?D, (2.1)

wi(t) = ¢'(1). (2.2)
EANLERRAMTE BB © (e TS R TEE, AR AL o K
BE o REWEBEIEE | EH S5 ENEEENR T E —EBRE ~ FaiiErER
R o UIE > BRI TLRBIIAME A RESUE

o AT Z NI AT FE H I TR SEES ) RS — ME R M (a primitive
concept ) [f] FEHERTE SR ©



o (A PR saE H SR A RE LR E B R sk U HE o

o ARG RAVYIEEMEAA » 3 > GRS UM A B TR sk
e e

o JTattRBENIRELEE N ACE e AR B S BRIV » ST A TR T
il B R S A R LSRR A T Z2HITEIE - R sk e R e S5
AN ©

o YRV » BHam LR IR A A B LR BRIk 5

2.2 HEBGENR ST AR

A BN RG E S — FEAH AL IESCREE (quadrature model ) - AT aA B
i a] SRR Hrp (SRR E T =X
AT EBENAE s (1) B T LA

s(t)=a(t)cosp(t). (2.3)
FEIESZHEEA T H i 5] B R ARG 2 () 1%
2(t) = a(1)e'?®. (2.4)

2.3 IR He 1 b > HHGREIREI L - BT AT A B
LR o

Z 1 (Gabor) 1 19464 T 42 H B %2 W AR B S BB MR HT 0L (amalytic sig-
mal ) 9] » HL e 12 2 A S SRRl LI SR e 2 Y £ S 5 1
G BULAESBENE <(1) SaR T :

s(t) <— S(w),

(1) = 2\/%_” /0 ooS(a))ei‘“’da). (2.5)
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AT S(w) RN s (1) HYE L EEER > MARER 2 25 [ ARIZ R 8 e i &
HIS DL RS AR AT o i5 —fa e B — M » HE B — A R MAT R AR (the
analytic signal procedure ) o fREAIARY > b = RGN R B RGN A B AH0 R e A
B ALERCER o R » ARV AR R Y E LR FRAS IR S > (BARY
SEREIN IEAAZS - > RITE — AR B MR A 2 B M O e el » BT — e
FR's 5 SO U IESEES R 5 o AN E 3 TGN ETF &8 A E
15 > NS EHERIRIERISR » BRI AL » RN G TR T > A H
ALY o

EISEINTIE—RATENIRAY TRENT ) R > TR EATISIAERRIRES - BEEE AL
PRBCHLEIIR S B, » IRERAF AR SR ERE - TRIERNRH 38 > WST HEUERARAS o
WATE » FAHE B IR E G B AT AT LA (R A VIR (R o

2.3 AT IR B R
L ARAT R T DASR RS
2(t) = FH{S(w) + S(w)sgn(w)} . (2.6)

110 FHS 37 BE R EL Y B RS, b B RS AR i el T R (S SRR AR - B SEIR,
FUFEFE (product ) 7F¥TFEREMR FIZBHEf8TEFE (convolution) » A[fE

2(t) = FH{S()} + FH{S(w)} » F ! {sgn(w)} , 2.7)

z2(t) =s(t) +1i [s(t) * L] . (2.8)
Tt

SR
s(r)

z2()=s@)+i 7?/ (2.9)

A P REEHLAE (Cauchy principal value ) F555 » iy Ho ST E BN
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R > BN Hs ()]

His(1)] = s(0) = %P /oo @ e, (2.10)

o — T

Hrp P FORREET 2L (singularity ) FIFESS

t—e€q o0
P/:lim(/ +/ ) @2.11)
€~0\J -0 t+€;

ke =€ 0 54 -
1
t’

{5 AN i & 3 B R S R S o I S S Y SRR B (the duality

relations of the Fourier transform pairs )

[ = (2.12)

h(t) < H(w), (2.13)

h(t)x f(t) < H(@)F(o), (2.14)
RS (B8 Yy e 2 BN
§GY=%@*fXD- (2.15)
R 75 A 5 7 SR,
ﬂﬁﬂ=ﬁ@=%ﬂ@ﬂ@- (2.16)

EXBLEE S(0) 8 F (o) 5553 » ATLARTIL S ERE 5 mRBER KA f (1) &3
LR RREATT

oo ,—iwt
]:[f(z)]zF(w):P/ ‘ » dt =
7D/C’o cosia)t)dt _l,/oo Sin(twt)dt. (2.17)
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EXFEHESNEFEGSATME (antisymmetric) » HEERS I > MH
JiE AR RE 53 P A RN B 45 ELIE =T BEREAAAE > K sin(oox) /x SHIA x AHCBIUS—
fEEfE » B2 x =0 Bz o Bl

X0 1 X0 1
/ RO ix = sgn(w) / Y, (2.18)
0 0

X u

BAEGH] F(0) FEA EH o FRIREEESHRIUE BRI o BIMEAILE » F(0) UK
B A TE R B FE S (complex calculus ) HHAYAREUERE (residue theorem ) o
#8227 Greenberg FTE AR E [10] EFEHEE RS T ¢

—imsgn(w) w #0;

F(w) = (2.19)

0 o =0.

BEAAE RS - ERIR o WIEEYEER o EME STl Als ()] BYE L3
HEHOER PR

28S(w) w > 0;
FlLAIs@)]] = S(w) + i F[Hs()]] = | (2.20)
0 o <0.

PRt A BT > RSN A i Ry T SERR S

~ —iS(w) o> 0;
S(w) = (2.21)

iS(w) o <0.

FLL RS > BRAMPREGA » R E R —REERE T (operator) » H
FESEESTEIRAI T E I 20 N CESAER

—i o> 0;
Op(@) = —isgn(@) =1 0 w=0; (2.22)
i o < 0.

17



AUE M > A AU SS9 AR REAL 90 JEE » i IEAEERS R 79 < A
AL E90 L o tHIKIEL » MARNT AR H B AL B SRR SRR R - B N BN
it IEHEARIRST ©

24 HEEE

SRR HEE » HEEHE R SE IR = - (B R AL IR R - Ein
iRt st B AT MU B (T I R B 3R - 1Tt IE IR T 2t SR AR 2 1 3 LR
s (BT BRI S AT A28 R R R SR 15 DUB AR M AOIS S > [RIIKHB IR A T
SRS TAE » B AAEBARD T FIRE ~ VM Stambiiic - SERE R Rr— fE = Blad
T~ SRESREAVREIE o ML g N — S Z MBI » I8 ot — 25 {a b
ZARRELENR o <

il

.
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Ky

ZERISLE S VQERR S

3.1 5|5

AEATEREE AR 7T ASAEE AR AT > (EREF BB ST > WyER R B S A e
& o ME R E R A - BRIV T T B AT M o {E5E

> PRAPFIAT A B N B 2 b B R I S AT T ik RS D B A VL T
A g - YERE I ERAE S e LG > JRERAIE IS DLE B » &4
BAIFTRE R FRRREAEATT 2 I A REZKIBERE FIAET] 2

3.2 F{HEHRELE 7 SR

A Bl — B ERA TG AT SRR AT VD BB » 1Tt B 21 H B (AR R (R U2
BTN RO ERL T R PTA REN E AE S  BE R N T o SERAE
R © A (P U e & N SR B SR R AVARIER & SRR
E— M ATTE T EE SR o A2 > BEFE — e - B AT A —E 1R A6 M =A%
AR RE A R o £ 3.1 B —EX > EFTHEXFES S ASYST » 5|
EAEG AT » £ ASYST iz B—1EE4) (word) » HR5E[A] Fortran FIEIFE
(subroutine ) o ‘&R IRAE FlA FEHGRR 2 S ST BEEURIE — LT BE ~ AR
& o (EIEBREBL A EE) - 8P AR L BANINY) o A2 28 o Ay 5L
DRI ELRESAE 4 o AT DABRAE 5% TRAM 25 RV L SRR T R AR Y B A - AR RAE S



IR 0 T ARAT AR ) SE AT DR BT AT, TE ?

3.3 freRsaeta il iR o TR

ANAEAE — BHER A TS BN HIE ETE ~ IR IR LR R AT » M 7Y
TR E PO R B SR R A Rl o SR E AR — (H FiR B 2 B A 5 81T 7 2
f o BEIKEEEE(TERE ? 5L MERE - FE L ERGT > B R AR
HEEOR o ANt > — (R LAY RS TR el 2 LUR RS —BEOR ~ siE— Lt
WAERS o [ 3.1 At SR A R - BRI LR B e e R B A R R - 1T BN
far oy NPEIE LR AT rTRESR HERI(E B 5T A o

s R T EHEIESRIAT | REROTE AR f(¢) - TofE— {8
WY AL — ST B SRR T RIS S IRESZAIIRRIITER » RIS R &1
SUFEBN SRS h(t) » T FTREZE RS RS g (1) » LIRS BRAPTAEREIE L2 R 7 B 25k 57
PEIRR S A - U — {5 JE 5 B SRA R R 2 Pt Al By i aMa o2
AR BB TR RIEE B S o LR R A > iEiE
AR » @ — Mgy ~ I8 D2 FREEERES o NS > —5 Dl
Z > iE— A LEBGA AT ] RERR S (R — {9 7 fief8 R (deconvolution ) AT
A o T HouE A AT Ay H R R B L

& f ()~ g(t) ~ h(t) WE N BERI T ERE B F () ~ G() ~ H(t) » HIEAL
SRR A S R R

f@t) < F(o), (3.1)
h(t) <— H(w), (3.2)
g() == G(o), (3.3)
h(t) x f(t) < H(o)F(w). (3.4)
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bR BRI ¢ B o AT DUA AR o (R S AT 1S R
H(w)F(w) = G(w), (3.5)

FHIE AT F DA E E S HIREE - (8 — B & TR L B Bk B E 220
Z R R RHER

_ 6@

H(w) = Fo)

(3.6)
AL » RHAIVE R BEi5 S R EVE R B (impulse response function ) FRIEAN
N E B e e fE R # (direct deconvolution )

(3.7)

h(t) = F~! [@]

xE AR AT R 2 5 T Y > (ELALZ Bl o BRI th S S E SO L BT
{S - ZBVRREHET T > 1TE— WO EBAERA S BRAE - RHT L F () o ZEH1HEE

H—> #am E 3.7 ArRERE =AY » KIS F (o) FHEESEATRERE S
Ry o K= EEE b e E AT b > — A BUEUE o AT R AR B A B
PEERY > L AIRE — s & BT i o0 Y B SO D S A AR » 5@ 5 %
FERIEHFTERE » KB oM Fo) ATRERAERFK | K= BRGSO
B o iy — R IR 54E (periodogram estimations ) » M ANEE V7 BERREE —
FEARHE S AE > — e R RV BANENE - A HL A SR N DA S Bk
HER (170 7 FLPY > BB SN SRR AR 55 RS T B DA S i RO TR - 2 S ERATAL ©
11 > RZ EHEORIHE R I o a5 — e bane » HIEEA iRt etk
R S5 B SR SRR s ] P Y — (I e i ] > PRI R 53R R /N [
S > LB R KSR B B B > BREREERRAE » IREERANEAE o

WU > WA RS L AAHPR A g — RS HOR 4s - AME IR A AT5E »
LB ARERRAL o N » Bl b s8E E R R — RS R IERI AR Sy > AR
(EER A KR AL T o BN S » HRAVIERSZRTARN IR E R0 g
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B3t ;  (direct source deconvolution ) » EAEYE S HTHIR - #eFB5S " ki i
L5, (effects of amplitude equalization ) » EHAEER—ESHASTHIR A =i
(high-pass window ) > fERGE 2% 1 » th—JEEE— DR ANEMEIOK [18] ©
DU ERERER A 7 2R S TR s T AR RS - it > 5 GRS - 8
— Al P TR R A — 2B ST - BT R & AR Aam s A
AACERAY FURE T LB SR ERER 1 AU © DU HYFEER 55 ] S B B R st

3.4 RIS SRR

BAHE U e 2 Ul IR TR A Rl i HE RALE @i ALK » Hip2E B
WIS L SR B 8 » 6] 3.2 fEME S b 28 HE S B R S IEAC B AR fE H
AT AR S © 38— [El St A RS Mum I BRE » (EALELIFe st © DA 2Eh5T
LB SAT HIBE 5 I ~ BRI SY ~ AR ~ HEEER A o
TepeaE B G _EERMIALE » 2R — a2 A B AR (SO I E AR A S
B ) HUstikZRERs (BRILRERE) - Bt — MRk ks Az a0 » RIAHRA
FR% R AH R R 50 T LA AR IR RN AR - o AHIE L RERE PN A EIAH 1 1 55 5%
NHARETTD LA 1) > (58 PRI 1 99 82 aI P i A bl v iR Sl vl e A LT % -
HE R IBOLIR A AT o [@ 3.2 AR URURFTEE R » R HEEPIE o B8
LURA i Lemarié {3522 & IR AAESE— AT & S 8B VR e o HA b thpa s X
RIE NI > HA KB RIS B AL R EBUT €600 {750 (BN
RLFSSE 600 B BATMEA T SOBHAMAS » MAFBREREESS 1024 Bh) - HIRENRRAHNE
FEEAREA IR REIUT €470 (27 SO » HREERETL €600 2 K —F o igLhidds—
J7HUERERE - — T I AU RR o SRR E/ N » SRR AT DA B AZ S5
SR BB AR 53 I T i) BEAP ARHI T8 » i e 18] (7 15 PO 8 3 Ay 1) AL 2 A o 2
(LEFTS [ BHTER S > JRERESUEARALENE » Mg — AL TS [ BRI EAR T8
air gy ELNERED o BEELHRAYEL > FTRRAVECE - ERE RSN S B ER 0 1
AlE R FISE — B MR BRI o M ATREAIRERE » RIUZEHE — B ERAUIRIL T »
B 22 BB o B > B AN SERIIERR AT 9 AR 2 T
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sk Lo sl ersaetE - IPEEUS 2 A RENIRER |
AL 2 55 B A0 SR P R N AR R - 32 T [ WAl A7 ZE A R AR
£

flt—1) < e '“"F(w), (3.8)

If()+g? < |F(o)+ G (3.9)

[FIARIM - R S ¢ B o AT DU AR R ((EATRESA(E —H BoRia L » il &
AR BRI ) o AN BRERMSRE > £ EER AR E
FRET FERE SR P AR » A FIALIE S5 SR IERR 55— R SRR B © SR E L
SEpR s g TSR (duality properties ) Z— o FRE » RIS Al IR ED
ORI RERRAE (modulus ) JE[RISEE — (8 RED H G YL ARG - (E R AR EDHY
BRI B A A [ AR IR ED H AR Sk o thabiEst » MEINE i
HREF AR e 2 — ERR PRV ESE - (HRERR I IR IR » IREREUE St L R
W o M AT B RERE 5T FTT o

DA RG22 BB SR » HEE 5% RS E R EUE AT fTRES AR
—EEAHEENE - A IRMNT ~ BERSAFRE ~ BRI 2R K ~ R
HERERG BB VI ) ST o

3.5 PELEAMRE

ARSIV - EIE BT AT CRRRIELR o i@ —Eith B A E SRR
R M F T ARG TR R AT Bty R IR o 10 Rt — 25 i St 3 SR A REE g
T it et & i B G AR R B IR SE SE R & - AR R i i i 7 X e HLAE
BIRIGER » PR b R A R AR BB T IR > 3 =AM 8 Ay A 9
WG ELRIZ N AL R EL 25 o

3.2 g =AU E AT - AR S S B AGRE B IAfER T - & LERRET
TE AR AEAA A BERAR AL AR TR SRR o (8 =AU RO B R A e e —
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skl NS > BI=KEAbe S B\ ST 72 A0IR » Mo EathoE A g » (HE 5
A NEDAGEAE 75 IRIEIENS = EANFIAKEE o bLESHETIURIERS 1 240 ) > HURSHZR
540 Hz » = fHaNaR .2 58 —SHE R —Rh 2 s sl > 5928 —SE A HIE 551
FERERR/KOE 3 ~ 4~ 5 emY = fEKEEZ AR NEJIZAGHR » LRS- e B AGH B AT ik
A b AT AE ] — AT b (B NIEAHER 0.6 cm) o A > BB HHIEZ B E A
b rl S E A AR AR o Sk b ] R EA B I s et L A A T P R M
S & o BRI PERRIRATRGTELRETT S > tb—B0RIRYL - PSR T ~ sk
BN > HAfET I ~ sROATRER L B ARMIERSE (stationary ) IR o

R B TE R LB 38 » B A LB » IReERElE R
[l 3.3 A~iE — A ANARAE —REBGE 2 WO VRERE > 5T 12 R MiHhg o At E e mT
LSy SRR R » H— » Rt — R EIERE rlUE e e tERl © H— >
FEAERE H ZIEAR o bl H b5 el Foid = B s 2 BERY - N ER 1 [l HIU R AN A 7K
PR AR RERY © Mu/e A 11 5 B U A& L BE AT 28 o FhRa i b 5[]
o] RUH B S RER R EL R R R o (H 5 — 7 AR el bl L N TfElL
Al — LB R > BIERAT AT DUE B = SRR REREIR P R — By » 1Y
DRIFSAE [F) — R B3 » 3 S B AGRIARAL » MG R AE IR ] b skzefe] | - #EAH—
By o SCBAF AL » HAH AR s AR T IR _ERIARRLZE » e e — R
PRI AR » g7 AR T e B A o BRIV R o b iy RORE IR I 7 0 REER B E FH AL
55 TARACEE ) o BAL o B (iR R AT A AR [ A AR
ARPLHY o Bt » HHESHRERE Feisd T RS RE NN S T | A T iEhimas o » 2R
LIS 0 B SR AT L) PR 7 R it v RS SR e M T AR » TSR AT e
—25 TRSTRTAIREE > AT DUE B el AL B i i SR R T R A o

Sl 3.3 Ao a1 HE L BE AT 22 B i i B R ARG B = AL > D
PR L o3 o2 BB S > i HBlackman 758 DAk 235 FUSUE o e 1l H 1 BB
5512 0 1B FHIEERS 36 » A7 H s BORGEOR 1024 B » HHEERS 17 - HHEE
e RIRRE R AAT L 22 » S B FR AR R b ST T B P ME R BE A

FIAR » GRS — R, ~ R LAIBRIL )T =X » w7t LEr5E
RIS M S A rTER BT » [ 3.4 7 B ACKE B b7 3l Al Sz st TSR e o

it
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EAHB RE R - i AT i A ALEIPEAR - EL B AH B S SRR, ©
EAHRR#SANLL » BOEGRSCHERE T o EARAVIRIUIEAR SRR » SRIGEEIENT S - Gt
BORMRGL L T EMR S 55 » AGEl sy B HHRF IR 22H04 01 o

3.6 EAHRRREELRERS 73 Hhilst 2 s

PFERIEA R I T HE e [ AR » U H A IR ESE R - it > KahE R » 1F
LA BEFEIIRIAE R - /NAIHTREIE - REHTEIR o FHs RSB » B A
JERRFEE AT H o BRIF S » 57 2R E AR » REZITYTREEL © /£
1 — BT P T SRR P At R SR /N e AH B SR B S A B AR B AR
A s (fiE— @B R HERAER S TRY NS > BERIRR A T EEOR o 2SR > 2
ALbE— LT - REE ~ THEE » HIEEMIE ~ AT s th il - (HatBRny i
AFRHIFHR Y » ZOEIRME AR SERAE ~ GBRkEEE ~ WIMERERIR 8 S B
FERIFAAT S o MRSt —EN » 15 DI St B Y /I VER ©

ATALATRE R SN - R ER AR AR RIS EAH B (R 00 i BLRERE 49y A
[F) 2> it H ARG HIE /K B SASAESHYFIE o ISR - Bilai b RERE 2 EAHRB REK
SRV E LB > MR — eI T - (EtbE T DI E B EIRE SR 2

BB = S VKR B SSRBEBHAATE ] » AGRGARNAERD » GG 2E R AL R FAEES
KIER 2.5 Hz » K B ZASCE S REMUH S = bar i 2L e i - K R EI 5
EPAHEHESARRFESEES o FEDU NRURGIR > Beff ] DU B AKEHY B SASH AR BLE A= 9
Y A KRR 30 (YRR » AE S L SRR I s

[l 3.5 2— PGkl B AASEESH KA B et el - i&— et BA I RRE
o (FTHB SRR EE ) o i — AR s iR T b8 > JRZE AR
AFLNEIZRALAE o [ R 5L GHERE BN B ZASR AR I ] 55 o 2R > SREE—KaE
AR EAHBR RIS > BITSHE] 3.6 253 MihfR o HiE— BRI DUS L& H
FEHRE A KA B SRBAZSIIEHZ 1 13.3 sec o ith—38 I DI 2 U2 B gz
WA T KA IS > BRI W) & 1 LA » JRED B SRBEER 2 s C 2 AH S 7K
BRI Co = C = Jgh » A g [SEIINREE ~ h B o Sl =T
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(tapering ) RIZEAE I i 5E ( zero padding ) FITHMEZHLAR ©

55 E SRAEAR IS KB AT EH e R Sle R i s B I A F R AR 15 o [l 3.7 A b —{EdaN
W o SRR P e AR a3 > BRI SRS (cutoff frequency ) J& =%5—iEH) »
1M AU R R Blackman o H iR A RLB2IERIRS 0.15mm » 55 thfE /R LR K 2 By
RE SRR A T BLE AR (/NAR 10 Hz ) AR o

P TR e —Ra i N HLRER -t 20T o fidl 3.8 J2 555 F W e 454V Ik B
R (segmentation ) FYRI{EIREREHIAR » MIRMY » R T [El A {556 28 BPEEEK »
25 H B A AR th LR R o

fork o HBsC R Y E SRAE ARSI FRENE » BT DA T M2 - RIS ERGR - ABRE 2 EAH
[ (R 3 B ' S B > (R PRI S0 AT AT P R et SRAN KPS AN ] o T bt
IR 4= S ARRRS S5 e 5 A7 BLERARGIR 8 T SSCER B G HR [EIRE AR » RE40 & 3Rk
BHE ~ B E ~ HHEEZ S ~ S ~ RATES ~ JEEFRI T ~ 55 o

3.7 #EEE

1 — B B A (S R B T R FRIIREAR - Sam TR 2 R — T
1T DAER e B RO - — 7 T DAGABR Bt S s » AR St ok 25 1R AR AT
NI R R - DA IR ST L T RERY R ACHERE ©
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% 3.1 N ASYST 35 = AT RS 09 ) BERE U5 PR SREX— S BN A A (AL o ph L

AL s AR e AL RTE FFT K IFFT SEfEELFRS IR & o Mo S hOMERCE
A7 BRI B PR EEFTR AR AR SO R N PR > BT DA Er bt — T
TSFRATT RN IR I BE A T 5% P e AR S i 1T AP

| = e

\ 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

\ naximum allowable power of 2.

| = e

: my.hilbert

fft  [Isize n.fft.pts
dup becomes> tl

dup sub[ 1, n.fft.pts 2 / ]
0+ z=xty o«
t1 swl[1,nfftpts 2 /] :=

sib[ m.fft.pts 2 / 1+ , n.fftpts 2/ ]
0 -1 z=xtly «
t1 sw[n.fftpts 2 / 1+ , nfftpts 2/] =

t1 ifft
zreal
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Ioput 1] Outpt, 4}

BlackBox Nechanism

v ' iy

Input Response

Impulse Response

I 3.1

] Fe o — I R R EE EE Y B S R - ' FH DARZRE R AR o R R o i Y T 22
RIE 2 A A EE AV E EE o 2N BeE U H Sl A BN Z B RERg il Beay » i
G2 S FE RSB ey B 2 Rl AR B R — A HR S FE B #80 (impulse
response function ) Z figf43Efg (convolution) » tHEEEHHE— B & THEHIE Sl
HHER IR By A G aR 2 RV m efgale i (deconvolution ) o 35— 8RBT A B
JEFERGE » B — R AR R E AR o fY 2 IVERANA SCATR © 1tk
PNAE Y R RE A B R 1 1z L T AZE DR R Y R > [RIRF BN EL ] 3.2 A3k
ERAYIRER 075 e R ZE R 1 e B SR U S T A R o
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. L 4
ie]
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- — /ﬂ
©
c - -
o
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Point series (time or space)
12 [ T T T T | T T T T T T i
T A M — =
9 ol N 7
— - -
2 0B 1 T -
5 I | ]
ko] C _
P R SR L | ’ e — E
g C I ' i
0.2 oot IR B
0.0 C I I I | I I I I | I L]
0 200 400
Point series (wave frequency or wave number)
. i BRSSO BLAEA ARG o S 3T BERRRE o8 o AL
3.2 ZAK[E F DAESTHIRSORA S RE BLAR ARG & B & YL B RE A EURSEEE o FTHGNaR A0 b+

» HARER A AH A RS S ST Ak, o iEbpa af B FREE 155 1024 386 » iy i f
FEARI G R i/ N UL Lemarié £ » HAMREIFHIE S ERAL R AR EUT €600
AT AIRED (RAHFE A BT (R FREIUT e470 LR SCIHA o T [ H
TN B VL BERERY o wbIE FE (IS AR A B S E A fIE R 1 T AR R AT R o it
Ih > BRI TR IESCE . (L EEBRAARIES ) AT » SRl
TS e AT R o
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# 3.2 DUMEHAEIR BRI AR Z —HHa 2R 5 R 5 5 s HIH AR AR il © 35

= S HE A e — A EERIRIE N AT o 3 SHER AR — B
W > 5B — BEE AN A 5 B AE = A KEE (BEARRAKNAZSHIRS 3 ~4~5em) &2
ARG > 7175 = B A ST i B A b R S AE ] — R b o SRR EDURR IR IR
155 240 b » HUBBHASTS 40 Hz © A1E » 38 ZAE s A A L w] i i B i
WM > FHAAGH - A RRER b ek e H A A T TR e M) 5 - BRIEE »
BN HEURET S - e BE AT TR AR E IR © FhE—1H Bl
IEELRE RALENE ©

Case ¢ f0w6030.dat ( £1 p3 cl s9 )

Date : 01/05/96

Time : 02:19:05.48 Sampling frequency : 40 Hz
Specifics Sampling time length : 240 Sec

Cch #W H1 H2 H3 H1/10 H1/3 H1/2 H.ave H.rms T1/10 Ti/3 T1/2 T.ave T.rms

1. 554 26.74 23.67 23.04  20.20 17.38 15.92 12.03 12.93 440 44 44 43 4

2. 572 2,90 2.69 2.61 2,33 2.04 1.89 1.44 1.54 A4 44 43 42 42
Case : fOw6040.dat ( 1 p3 cl s9)
Date : 01/05/9%
Time : 02:14:05.76 Sampling frequency : 40 Hz
Specifics Sampling time length : 240 Sec

Ch #W H1 H2 H3 H1/10 H1/3 Hi/2 H.ave H.rms T1/10 Ti/3 Ti/2 T.ave T.rms

1. 546 22.81 20.65 20.52  17.04 14.48 13.32 10.35 11.01 A5 .44 44 44 4B
2. 563 2.98 2.88 2.72 2,36 2,04 1.89 1.46 1.55 44043 .43 43 .43
Case . fOw6050.dat ( £1 p3 cl s9 )
Date : 01/05/96
Time :02:00:30.72 Sampling frequency : 40 Hz
Specifics Sampling time length : 240 Sec

Cch #W H1 H2 H3 H1/10 H1/3 H1/2 H.ave H.rms T1/10 Ti/3 T1/2 T.ave T.rms

1. 546 17.62 16.49 16.30  14.02 11.94 10.97 8.22 8.88 45 44 44 44 45
2, 562 2.83 2.4 2.72 236 2.06 1.91 1.45 1.5 A4 44 44 43 43

Units:: Aqueous flow (Chi:H): cm/s
Surface wave (Ch2:H): cm
Period (T): s
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(Pts:51220, Wd: K, DF: 36, Gfset:y,{Lovmass:O) 07/23/97%*22: 54 (Pts: 1024, Wd: K, DF: 17, Gfset:?l,i Lowpass: 0) 07/ 23/ 97+*22: 54
f il
I
A |" CASE " (WAVES) i CASE " (WAVES)
T . 104 —1006020.2
g i — £ 0u6030. 2 g‘ — £0u6030. 2
al HED ~~f0u6040.2 hal L ~~f0u6040.2
0 0 ESD
¢ mt T
£ £
S A
2 1 2 I
7 4
§ 10t § 10t
b 4
5 5T
s (s
204+ 204
1 \\\ L
20 . 30 Mo
000 200 400 6.00 000 400 6.00
XEO XEO
Frequency (Hz) Frequency (H2)
(Pts:512, Whd:K, DF:36, Ofset:y, Lowpass:0) 07/ 23/ 97%*22: 54 (Pts: 10261, Wd: K, DF:17, Offset:y, Lowpass:0) 07/ 23/ 97+*22: 54
CASE : ( CURRENTS) . CASE : ( CURRENTS)
1 1046020, 1 T i 10460201
- ESD _ - | _
< f0w6030. 1 < | f0w6030. 1
a —- 0U6040. 1 a l —- 046040, 1
= gl 1] g JED I
? 30 I ? 30 |
N | N |
£ ‘ £ |
0 | 0 |
> T g . |
£ N : i
: fil ; i
|
g o204 ik g 204 R IRNiE.
: \| g i
g ! 0 i
. { A
i il | 1|
+ - + -
o N
| | \\\
\ "
!
. A Y,
00 200 40 600 o 200 40 600
XEO XEO
Frequency (Hz) Frequency (Hz)
33 HAMERSSR 3.2 s = KLBORBSAANE L AR » H 10 7 P e A L 2 sl »

T B R A [ AER B AGR AN RERY © 1M1 /E A 8 43 B2 HX [F) & AL BE AT
2000 HAHBRRS B H Rl Bl 5 B A R85 512 B 1024 1 o fysk 3.2 Bil b f]
LMl s Al R ] AR AL RN S o b BERIIRI
FIBRRRSEIRE | (Habat Bk > & —EfaE el il E o = HiHER)
T o hEELE 3.1 Je 3.2 IRA RS RRHARAY o [FlIRFIRES S AIUE S ORI R B TS

IR HE R TR st i e R R R S T 75 5 ISR
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1.00 l’V_”?dWa‘{,e,, e - R ,:08/1,6/97"0,13,38,,‘
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XEO i S B R B B RN B T B S
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34 Rl DL EAE R REURIRE S5 i s AKE R R BB HL B 0 A o H R (@l 5
IS b IR AR A ) E AH B GRS MR o it B HRR R B EL b
PR, - 3 PR PIER F 08 T DU SRS | DUE L ZE AT T S > ARSI A AR e e
KEFK » HAhalER > moasfs IR R PR o
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428

Displacement (cm)

f0p3,cl,s5,,)ﬂ,¢ ,,,,,,, — S _— - 09719/97%*15: 40
| | Case nf - oank§

-4.28
XEQ

4.3

|\

-4.36

440 4

Displacement (cm)

44+

f0p3,cl,s‘5ﬂ),,,,7 ,,,,,,, o _09/19197**1540
R R T e ?_,Cas,e,,n,f ,,,,, tank

35

-448
100.
Time (sec)
e 2R AR /A B SR L > LR PSS 1 B 2 KA il o
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Correl ation coefficient
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3.6
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@fiEds]) ,,,09/19197**17 0
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Displacement (cm)
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3.7 RS AN FH R R e e R e BRI iR o HLAT I S R IMEE (—
TEHA = BE ) JERzY Blackman BU32E ©




(Pts: 1024, Whd: K, DF: 14, Ofset:y, Lowpass:0) 09/ 19/ 97**15: 35

Power density (cm”2 sec) [10M]

.100 .700 4.00 10.0 70.0
xXE-1

Frequency (Hz)

(Pts: 2048, Wid: K, DF:6, Ofset:y, Lowpass:0) 09/ 19/ 97**15: 43
“LU0 e g e
CASE :
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4% 41
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B 40 g
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3.8 Atk E NI AEREIE o H N FREHAREI A S Em B R E o A BB
St - B PR R B RS ASHBRAE ©
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4.

FERATT e T S AR R R B B A

41 {[F

KRR AT AR 2 - HIBHAISHER L FOn BAHIE » B BT — R 2Rk AR w]
LS E HERS — EFF IR A% (time-frequency kernel ) o 4 » BRESHAGLAN &
TELIESTE » KR IEPE —EEon kB AR T » BIEHER 25T
R e R (HRETIRERERIIE/\[ > S HEH0R > E—5¢k » thigidk
I B SR EL R Ta A K S 8y & ~ JRek T &8, 8l T ARG
My 2B o AN o PRATRNAG IS B SIS ©

ALVEE AV ERERR AN LA B & - 15 IR S BHE S ASHT ST TR A IR LR s S
IS EARARY e KA » B2 - MM a0 — (R AR A AR AR i
AR T (EAHREE BOR ) A0 > (FE g2 BN E e EFE— K
B FRVEREEA o fiE—RRIEE » ERLEEARPIR » thEDIEERAH
BRHYERIEIE » LA AN o LA » b LA BE o 7 i R B N7 ST o
M5 » EEERFIFEISTHE LB R— RIEEIE ~ ARG ~ B TR ~ ek
HAEMESF o fEE—F o P EOtE e KMESIERRE (SREEEY
BRELRERE ) HYJT DA » B2 T DL R R S T AN R A — 251 TR R
SRR FEAH R EEA 1 o MEPA LR IR RIS E 52X - (EHAT S B e AR
JEAZIE— SRS RIAS nI TEEA VR BRI o Mo BUE A e HI B il — LBl 2 ~ oF
JEEAR o



4.2 TR, H TS | AR ME

U SRR G Bl SR G T 2 A i B B AR AT - BSIREEZR IR B N2 %
EHC > RETLATRMIBII St A A TRl o THRfEsEE  BEARIE E AR
R RS EE S RS T S N HE AT/ o TR, A T
A, o VA AE "B, o MEEH R IEREEARGRBIIATEARE » E— A
i AR » AIRIVEE » B A RMEEL (cycles) A&
2 o WIS AN IE ~ BRIEHEL » IR AR E ~ fR5% B BUR{E
—itd o WISRMMUERE AR - DIRENRFRENA o

S5 > AL BRI R SR A - — (AR T, o (PR
2RZEfE ) o AER IR AU MBS RNV (SHARERR) o RS o —{H B
) ER T RAE SRR E R R ~ BRI SR o A1 > SEASBUGEIAE
AN [E RS T DABR AT - (EHERS 2 5 [F] — RE EAR AR AN A o RS2 8 = i
% (modulated Gaussian ) » ‘& 17 SERER HABMHRE S S TR B o LRI AE
ASHNER AT B — > ERIIZR S M HIR Z RSN - BT B R SEEs B pk 45
SEES R O S IR 3

4.3 THHIE, B SHERE ) IARHEK

"HLRIEE ) (regularity ) B " SZHFFRREE | (support length ) & R A #5CER 4 A AL AT
ZIRSE AT T S T B R A (6] » BT H B iR SR 8- this
Ve SRR > SRR | BT ~ SO ~ BRI o HESRIELETH
H = ZHR 2 FEBE R s 8 SR ETIAT SR & th S B S 54T 5
FRI o LEAN > —{EIBERRE FRVHR ] DA B AR 2 A o i vy — (4 o
EOLBESNT B — {E E I R R B 1 5 SR BT EE (Tocal
regularity ) » HIISHEREIR b 1S 15 R B AT o thIRIEE » 21 SR ERAMIY 2 —(E3R
RN TFEIAPE ELAT > P B Ak - SRR a e H R s Bt . T
RLHIEE ELEE » TfE (e SRR B2 aft Hopk oo Bt - sl %2 - S RaiiRr i B
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45 o EIE—AE BRI AYIE — K A AR F ok, - HIIZ ESKEE - A28
B TR0z o SARESF RIER Wi REANLL o 22 28K - MM HFEEZE
Siltee S R RIS > e T — P [l ) Y ek » A1 5 Rz s BB E R A5 K - 3&
—IRUAIE THLUERR ) o U ERE R > VIR IR R > 5 TR R
HERE TR A REFRRYIEE o S Lbim SR BRI R B R B OISR | ST A R
VPRAZE BT B RAIRIT » A0 FSEBHE SEAR S — AR 8 > AR e it
FIFE » BB A SR 2 A LEW ] U AR b — 388 o FTDAEE > BERARE WU T
PP I IR — RIS B TR SR B B R 2K - B2 » HpEdt
RPN VRIS

44 SEASSLYRIR SRR 2 R 8

AT —HH B - GRS IR R - #RE A B T R o SE RS
VI = - A — el H IR - SRR S AH R IR ] seze ] U » ERVBALRE
I > BIPAR S YEEA BAE S - BT > BN, - B e ES
FTRlES o A2 » FEEMBEHAKT o 153y i s B Es
HUFHBE O R > IARIAAE > —F D8 B FH W o HABDUE I
FEHER RN - JELEEDITEIRY rTRERR T AR o DU BRI S - ERMIVE
BHBUSA > HRiE BB AL SAAESEOE T AL, 2R EEARRULS o SR ENAAEERS
BT A EEER R A K2 B - PRI RRBEEAM A) DG 2SR A A8 L il i 328 2
LLs3 il o FRIE 1 > B H 28 82 H IR BLAH AL A R 37 - (HIE(BERE AR > A
BRI SRS o RUERIENEE 2 S » BERr DU TP, o
ERZEEEEy WL AT

4.5 fEATNER BRI SEER R P JE B R

B EYIEE A HRE 2 mm - H4 o BISRENL e A R 20 - 28 &
HF RS » BIUNFEHHARBAEE o th—1BBSETE » — g A
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B — D5t EEBERIHTHEGE o fERiTFEE - BRI 15 2 Gy B
YRR ~ RBEE > A3 — B TR S LR BT A AR P JE R R o M DU AR T
HARIRAE LTI o 2L » SR ARAT A AC & B AR BRI 152 37 R e B AL
Al > TR ERL AT B YR R e 15 AR B A MBI B L o DU S HA AT
MBI SEAS AHRR TR SR TS ER R

o THIIBFHEISAZS FTREA B HSRNAR B P R IR AR o

o P — {6 S A R AR S i B R A > TR BRI — L BRI AR R 45 Pt
G o B ST SAES S PSR - 1T H e 55 R gS 21 o

o —fEH AR TN HESAAR T A SRR - HoAE ] = Al o
o HESR— AT AT 12 EHESHY AR (EIBFREISEES A AT HE R ERY ©

o ESNBHEISHASHY B S HEAE 8o BT RS » {EBFRSAER I I E ALK R
S H TR R IR A e NR ©

o WFEISHASE RARNIHY RS » E5E L » BHFESEASHYRRE) ek Bl iiciE (2R
AR ) A RERAL - BRI SE AT B LRI A B 0 S T 1 > B A AR

o

4%

o IS AT S B H BB B FR BOA AR A AR RE 2 nI BB S HORHAR ~ 8 ~ Tk o
e LEAHRE R AT IV SR AT FE N ~ BT RS MR ~ A
BEEPER > 5N » TG DAY E B R T A sRIR - f > G2l
KB AN - 3= - BT AR ?

4.6 BfEBEE

BB S — Ml PR =Ml PR TR SRR 1

s(t) = ae'® + pe'Pt 4 cel’t = A(t)ei¢([)t. 4.1)
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X a, b, cISHRNE > o, B,y TOSHES » EE b A RE R W - Al — AR & 2 B
HRUE FHIEEARAY = delta B2 (5K delta 737 ) FITRHRR » Bl

S(w) =ad(w —a) +bd(w — ) + co(w —7y). 4.2)

SE =M LD RIS o, By ko B o, B,y HSRSIEMEHIAN S(w) {257
WldsEEs Il b >t S () SRRV ISEAT AR
SRIGE b — AT RN AL R B LR B B 75

. a sin(at) + b sin(ft) + c sin(y t)
¢ (1) = arctan [a cos(at) + b cos(Bt) + c cos(y t)] ’ (4.3)
A() =a? +b* 4+ +
2abcos[(a— p)t]+2accos[(a—y)t]+2bccos[(f—y)t]. 4.4)
FHUEAL RS B AR RS

wi(t) = 20 {(aza +b*p+cty+

(a + Blab cos[(a — ) 1]+

(B +y)bccos[(B—y)t]l+
(@ +y)accos[(a—y)t] } 4.5)

LA L EA S OA [(a, b, ¢ )i(a, B,y )] AR BART AN TP HY P AR o
41 TR PR AR RS EERLSS [(a, b, ¢ )i(a, B,y )= 1(—1.2,1, =1 );( 1.6
x2m, 3.2 x2x, 3 x2x )] I ZHRIEFBRELSEASTIRRG I o LhS R ¢ RIS
BRABAR e > 59 HORV/INE A LG - i Ak o e B - (BB SH
AR AN R A oM o

A — SRR Y = (S ES E LEBB A [(a, b, e )i(a, By )1=1(—1.2,1, -1
);:(1.592 x2x, 3.183 x2x, 3.024 x2x )] HIIfS[&E 4.2 Z 55 o & r] B A fERIsEER
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FRHEER 5 (b A7 SR ] A e R 8 { L 8 A (7 1 OB K > R AR 3y TR
BLR/INZSE » (BIBFREISEER - i IR A RG2S ©

4.3~ 44~ A5 R =R R E - & = fHEBUERVSEER B E (modulus 7R
SRIREEAIRE B E ) (ERAHR » HATA R D HANBHARAL - MiE A FEHBARAE
FIAEM AR RIS IE S A2 R E o b2 RAHE IR —BAERS © o

4.3 ~ 4.4 55RITAEFER [(a,b,c);(a, By ) =1(—=2,1.5,2)5(2.5 x2x, 2.75
x2m,3 x2x ) 8 [(a,b,c)i(a, B,y ) =[(—2,—1.5,2);(2.5 x2x,2.75 x2x, 3 x2x
)] o b lEIFY HRiER SR ST e AR - (EAEESTRR IR DUREPAAIL » ZAEEIE o

4.5 HIoRAHFERS [(a, b, c)i(a, B,y )1 =1(—2,—1.5,—2);(2.5 x2x, 2.75 x2=x,
3 X2 )] RN BLAHAS TR o 35— [ FIT RS O L i ] R RS - FE A R
s SR AR I R > LR ] S AT B L I DA 5 o ot — [P S 7 [ L Al 3
L Z AT LA— RO RAFAE R B EEIRYL » SHIMIORIE ~ SRR KB SR ES 4] 7] AE
FEHE o KRS Z o LA FRIABAL ATAH &Y = (8 BT BN AR A B R A TR
ELEIRYL > — 7 MR P JE B R A AT RE M Bl B - 55— 07 1D SR B R iy L5
B TR Y e 2 A ETERI SR 0 R BIEBRAL TR A E R LI e RS S Rl

( deconvolution ) FIFHAIRESS ©

4.7 B RREE =

A — B A B e RS R SRR — S0P JE B R £ ATSIRT YRS - fEiE— B
AT — 25 gt — L6 L B S i RIIAERR R 3 o HRpl i Bt B S 2 B )
FHA 8 -

A 4.5 T EL AT RS MBI SRS 2 BliRE (ishR ) 28 (AT A
g RE) » AEERMENTEE AT - IS E R R LB
E RIS 5 M SOERI A B AR LR - M R HAR B RN o R bR TRy T
fif > LR MERE — SL R > HUDRHRR S HU TR AT R BN B TRBIEE > JRERAH
RIS B S R ~ SEA T ~ AL ~ MBS o ENELEBIS
FESAERG I L SE AR S M B > (AR R RV SR el
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o HFHBHBGAIE 2() = a0 > HBREATAIR @ & a(r) B9 HLHIHE

(Lipschitz regularity ) £ » A HAHGE A(w) DL o Z I BE RS H00 0 3 18

S aS L ERAE AR - H SRR A R SRR R R > E—1HE TR

SKAHFERS z(0) FOFRATTARAE » BN RS{EAEAS -1 IAE IE MR E > AZEHE A(o)

TERETE ER RS ) » thst B fA AR RIS I S o Soth— B A E T I

R FERE b IE S AT TR R (duality properties ) (iR » Bl—%8
IR B A 5 — GBSk _EIERS# (shift versus modulation ) o

o #a(r) fERLERE A vl iR A EAg > HIl Aw) fEfiih b S A B > B
ERRMRAE > RUES > LR a () IR EE S A F IR MATENIT > =
PRI TR S, - FITRE 5 R A ST BN REER AN o

o FRATTRNAIR LI SEESTE LB HIRENE. - & DUFRIRS U Bl 55 » RILP
AELE © 518 A L Meyer {738 Battle and Lemerié {3 ERE
B AR AR PR BRI O I i e BLER I © PRI Re A i 5% (kernel )
B HRBRE AR o (HH HREIR H i HI S AR o Meyer {1 R SRR S 45
1717 S S SRS I R S A PR oM - 5 HOA R IRe BRUSERE SR ) i SR 18 AR
A > 1] Battle and “Lemerié {382 H7F I BLAEBE I 1 1) S 45 i [EE 22 5 PR 50
i o 55 HARIR BUBE AR E S SO JE SRR AT G o {HLE Wl (e A AR AR R
Hm P —8E ([13,14]) ° iS5 » AT Nk B sy LB 45
Al n] IR HAABRIZUMERY ©

o HITHISE B T 51 SR r Ay S A A1 2 % L 2 e B 52 e R » DRI S
SR 5 ) B S A TR 5 3 o MR AL 2 e SRR B 75 {1 i
2P [ 3Dy s Rk ForR 1 R R T — (R 2R o 3 AR
1352 o 4 DI—Hli Gibbs B GMHEY o £ FIRN A ETE, » BILUS 7 St
RIS S 15 2 T R 7E SN BRI 224576 AR SR RIS R - th—
HRi% DUBT RS U D SO RB M5 » 38— R ORI AR I S S PRA ) HE R 2
BT RE SRS SRR, o BT 3ok e R A A MRS b o S NPHIRE IR »
LRI AR S AENERS 2 2 JE i b 2 A 47 L 9BV INGR 5> » BRI
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SR {RE IR FIIBHAISHES ) A i (e, L aE A= > BIUHA#E) SRS H TR o

o (EFCRTBUEREEI AR F » BRSNS HERAMIRIE (Bl EAgiiE ) - 59
R E R R IRIERE I » 5 SRR T i AE A R BRI
NGRS I R T S A AR R A IR AH B LR - Tk
HEEHRIEEV RN o SEFEE AN LU B 2 o B 2 A WU e e AU HL R e A
A5 EBENRIEEINZ. o [ 4.6 7R JFUAFF R LE U e RS AL R 20k 5
i S H s toag A » H S 2 RO OMEER 73 Bl 2.40 ~ 4.50 ~ 6.70 ~ 8.50
Hz o [ 4.7 7l 4.6 MIRK S AN _F 28 & S5 50t B IR Eo AR - I
FiT FH %7 £% Hamming window » E[I&] 4.8 2 4G T RIAMIERE o mlE 4.9 HIRG
SN |- S e B S MR B R AR 4 H E PR N RIS
BEEE o el RAE 2 oM E SRR ER—B0 > RIRIERHE
PR/ INI A SRR ESEES > IR SEES RS S8 L 3 A A ARIEAE B8 b
ARHL KW » B IRBE B MEBE LSRR K - BT > R B A AL
& o b AR R LR BRI BT B GR o HhANE S IR 7R o] S fiE A ] ey
Al > REA IS E RIS EASKR S ERIRT T » SAEA AT Jm B R E i o

o ST BRI RAENL L ST E05% 4T (phase reversal ) > {HH B
SR R AS ZIFTEI A ES TR R ZRAMT AT LIS AL AT RB I SOT AR R S22
AR o AT H 38 AL RIS NI G T » SNSRI
EAE BB L AS LK o RHERAVAR » HUAE AR B AN » BLI T i T 2 A
A5 AR o

o RIS » AEERAIRSH T HIFISEASAE LA BHE AT - (HREER B\ s
i HI S BAT RI S U A B iR A8 (b WCsd W e S AR A B ) S oF T
TR R -

4.8 FhaE

PRI S L > 15— 5 P BRI AT AR ISR AT IR AR E > SR T A2 M ek,
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ANETTEEANE » TR R BB © PR - hRERE 2 I SOREE & AT SR AL
{EEHRERTE > & HAD SRR A ~ JREAHR B AR o G e R E A
BRR Bk T Je AT S B R AN - R BB AN ABRIRE  ~ BRSSO ~ BRI
HTEE ~ WEREFH ~ SSRGS - A e — TR AE L - B AN
SCER T BAHIERUE » AREN R EHRITR » FHSHE YR - B
DUtz ~ Eimis R EHIED o <

45



3 [-fh2 1, -1 1.6 3.2 3
25 A ﬂ
2
()
g f |
g 15
1

0.5
O 1 L L L L L 1
0 2 4 6 8 10
14/9/2@19:20:14 Time (sec)
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N
z
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3
3
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5
g
S
T, N fa
0 [ 1 n n n n n 1
0 2 4 6 8 10
14/9/2@19:20:14 Time (sec)
4.1 FELEERAT AR o HIRIE FAG R A B S SR AR BRI © b — IR BE T i — (K e Al

ALK > HRTHERIE S AHER2 BRI AR [(a,b,¢)i(a, B,y )1 =[(—1.2,1, =1 );( 1.6

x2m,3.2 x2m,3 x2x )]
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E
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1
0.5 “ | |
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g SR
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0
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[l 4.2 fhlE =R B2 ERR [(a,b,c)i(a, B,y N =1(—1.2,1, =1 );( 1.592 x2x,
3.183 x2m, 3.024 x2x )] HEUEL | — @2 22 BAELE S 2 Safisi L o Bl | —
EIAHEL > HiRR o M KRR AR » SR A E 1 o
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43 JEZ =SB [((a,b,c )i(a, B,y )1 =1(—2,1.5,2);(2.5 x2x, 2.75
x2mw,3 xX27 )]
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- hf2- Ao Alp oA o] AN
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Ll | |
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!

0
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5 10
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15 20

[l 4.4 bl < SRR AT AL = (R R B [(a,b, ¢ )i(a, B,y )1 =[(—2,-15,2
)i(2.5 x2m, 2.75 x2m, 3 x2x )] Bl | —[EIFHE » H2BERIEAERS H A —Epk 5
FRAL o BEPAHRIE B ASRAAHIRD » (EIHRISEER - M HI (R E o
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4.5  thlEz = RSB [(a, b, c)i(a, B,y )] =[( -2, —1.5,-2)(2.5 x2x, 2.75
x2m, 3 2 )] Bl b —{l[EAHE > HEZ2BEERIMEA S —ERR AL E ©
BEIRFHRIE AR LA » S o (i I A S S 2 o Ak B R flE]
el FJ RLFE A S S ke SRS T R A AR TR B2 > RS HL Y R FEIIME RS 8 o S5 1
[ L T (il PR A ) — B S DA B B R R o
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B {HI:25Vf 1. 187’% 203} \ _
P 1 ] \ \\ " Band:3 [ 6.7® 1 o
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000 545 ! ' 512 ' 102 ' 15.3 ' 2055 ' 256
| XEO
| .
I Time (sec)

49 b b~ FrEs IR R (8 4.0) REAREE (8 4.7) ZIHEsEsy
FIREI AR o R o FR L ERBsetS DARE IR SR A T S HR D R A2 ) 52 B AE AR
EFAHET SR LA » 7 JR(E R R NRSE ©
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kg

51 515

S P B R HE S TR A A PR L G R RE e L S Y — 28R - HLERHE R
BRI AIHIER o — i S > BHae (R ELARIRYC » i S s B A S
AR EST » BRI » BUEEIEE 8 — LMK - RSN
B > PEana il R B A R H A RIS & o SO0 » — SRRk B
LRI » G2 — 5 PR IE E AR R ~ PR ~ BT » — et 2
JTREIGE? ~ BOZR AT ~ IR SO AEBUR: » F - RILRAE ~ ISR o fEiE—F
ATl B B FE A Tk B — R AT LAOAHER o

5.2 MHBLZEE

EIGAIR 2 FANTAR 2(1) = A(0)e D) S b R RIG HR B - MABAZ I ET ~
JiE SRR EEAERE - BRI i e AR ] DU B DUt AR IRp ] 22 9 T B > {HL
i DUE— 7 2REUG A Es Rl e AR A 5.1 A NEEBLER » RS —1E <
T AT S 2118 2 ORTPSARER o [ 5.1 Z MU BRIRR RS IE R B IE RIS R i » 55 K
AN IERER THHUE RS BRI, o Ryl oot — N E WU I > AR EDLT
G T R

dz(1) w

_ i) 1 A(1)e'?®
o ” e +iA(t)e

dg (1)
— (5.1)



2 dA@) . do(r)
A@r) dr +iz(0) dr ’

dp(r) 1 [dz(t) B z(1) dA(t)]

= 5.2
dr iz | dt A(t) dt (5-2)

5.3 FLRRSE T O e

‘B PR G TV A i DR A B AT G T 350 - TR &g | ABINI R
HE > 5 H e A P RS AT EE AT R B 5 o LEA (RGN BRAAT K3 B 1
R ARRE RS T » BATIRTAIA SRR AR » B » SLLUER R B
Fl AN S > B IR EIHASKIAE 2.4 He » B RHESRIDSEER 40 Hz » 55
5 N AR ATREAAZ A& K2 10 Hz » kg Nyquist rate S &42 20
Hz o K[ Bt R Bt 45 R PEHIE A [ » A DA 73515 2.4 ~ 4.5~ 6.7 ~ 8.5
Hz » FHRET 3 LRI RISEES i o (B AR E B0 H JFn BoRt KRk 4
Ao i I FTAS A R & 5.2 & b AR o b7l H A SR B S 2 51
Ik RS SRy TR » RRRIEAE SR T B REE RS - SR E T N RS
K o G TR DASEERIR R TS HT A R (aliasing ) » ‘EAHRBARSERIEEEAT)
FRATTIE R > (B BR A A BRI AN F] > 25 BRI s R B 7 A B
FH (R S 2 HI BB R R AH R o Eb A — B o SRR 2 X R e e B 2 AH
15 z(t) B A(r) WYWRS R ELE > 1T BB RS EEAH RIS AT FE A B > S B s AP
5 o [EERIDUSIEES HAH S RAT FE AR - BRI Sk SRR R b » e A= Btk
HIRE » RIS RIAKR » SRR RS o FdiEiEa— IR - [ERsa
HERIEAE SREIHTEI SHES B 5 SV F RS TR B > b DR s a2 Hh DR AR
BJGURE2 BHHE o BEESR RS 25 (1) » TTEALOSEERRS wc, HIFRSEZ AR 26, (¢)

2y (1) = zp(£)e T, (5.3)

b IR SRR PSRN By B AR o IR > DUHLIBARAN A SRS R ] S s
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PRFFSEAS TR TIRIE IR EE - e — PRI ERE AT BB S BT T o fiE ©
RS » BRI X 3.8 AT QR ARG A7 Bl s e oy S FERR (% > EIRHaR AT b
HY AR HAERE -l < B0 » T HEIE R RS R BRI © [ 5.2 R AESE RS 2
THE > BN B EER TR ¢ BR T ARAY — (R o JEE — Bh - BE =S
AR » SIS RO K » R Al M sy > F o s LRk
IRELE BREL A ©

54 F{ABaEEET

IEAMNRTEEFEE AT > 75 P & 3T SE RO JE R BRI BB - a2 - 7558
— Hi R AT RSB LA F AR E I DA RERR & ML SE R AT b i kB - H9AHRE
TA BRI FRAE IR AU B R P S o BEARIR I 72 ST 2K » 1Ty H A9 B E 42 S gt
o PR ERE > R BZHRRGS IR T4 o HoAR b R E A SR ]
DU RS R I S B AR 1 > B S BRI (band pass filtering ) » ¥ 2/ 1H
R R (TR B EER ) o

2 3.1 FR A (ORI R R A ES s R B » =X 2.15 Ay A RI2AE
IRF RSV e RS et o MRS Rfa B A 35 IR e F 1S > BIE AR RIS bt — 11
BN > LR - A EEGENE R E R — I IR R BRI > EAME T
(AT T » IR AT IR AR B © P2 > Mam sk 3.1 3R 2.15 #f 2 HAR R
PN IR EORAR > SR B BERL SR B S AT AT b Y BRAE IRy [ B B A IR » &
BB M0 o PR AE 5 [ — SRS E RS o MRS NERATT AT AR iy Py a0 ) S B A 1%
BER— B > 1M E AR b — e L RS RE Sk I AH 7 B e % > B IS DU R
BRI A B B b BOEITIRE A ©

FH 5 1 e R R X T 4T84 1% R 7 88 i A B (R B Fh 1 T2
1717 AEb e B 7 {198 i 2 M FH Efy Parks - McClellan $2 M 22 B/ M b e oK R 5 B O
B (Mini-max filter design) A5 [16] > i@ —BRERE LR Z R RELER
IR 7 28 FE 82 2% (finite impulse response filter ) (A2 HE -3k » H - TSl R 7E—
2 W H HUREEL RIS @AY (pass band ) FYSHASHERIERR 2 /MU » JRENEAEES
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HEHER) SE AL IRIRE (equiripple ) FETR AR o BAARIEIN S » ATHRIREEN 2
W = o BNIERE IR _EAERS AR AE S RIEE (length of FIR) ~ ffip{R3RAEAR
(start frequency ) ~ #&1EfUESHES (end frequency ) o 554b » BARMIEE a7
% & Nyquist rate » 111 8 2 50— B2 DA— > Nyquist rate £35)-ffi .0 © F FIR 3%
it b o AEBERER R E R E S BN 2RI L E » DU H SR
TRERET I o TEMBIECEE T - SHASIEE 2 IEBTRIES M » HATICAESR IR E FH 5
A FMERAE S | AT HOREE T o AR ERIES M - BINEFTSI R IMb
R SRR RS M ~ WS sk s o Fbdb— KR » s — Rl
HUET B o BAMRIRZ BRI 3= TR DRt AR B - Sk — BRI AR B 11
RESEARME - RBERD > WEBK  REERZ > A RERRE R E
fiEl » MERRER i 2 RIE » TREE# R BRI ITEUER Z S LR © @ 5.3 K 5.4 /R~ iR
S S DA ) (B SRR P 75 PR 0 o ELBH Il b B SR IR pEUa I e R e f R
i > N TR SRS AR S 5 o 8 5.5 52 5.6 HITR (RS fs PO A 5] =1
SRS R 75 PR > LR T BTN 2 R e (RIS AR A 7 o P 3E L [l e T LA
e — 5 WS AT AR BB SR BT 2K > DURAS 7T S O SR A B SR © 55—
JilH > SR B RBUREN S » B AR ER (FAEA I - RIS B 1t
Koo TEE o IR o] (L9 4 7% (R S A /N T S AU BT 7 e/ N s
Koo BEAN » E R M RSB KRR » SR 2 S B8 5 A LR Y% A S S U AR T %
R BLE > HLTIAEBIFSERE A 22 R0 (Remez error due to spectral
interpolation failure ) » ZM& 5.7 A7 » dtlElz E ~ M52 BHER 25 ik 45 {lEhe
TR - FRIEFH 25 EREKIMT R » AR PHESEER I AP T S A B v SR
{EFHFERS 45 TEREEIBER AR TR - B AE SR R AR A o

5.8 TRIE B ALARSEES AN R FE N A HRIE S L » 5 i ] {5 FH AR IR L
FHIE > SEE—{ESHR AT S - ACARSHES R R B R LE PR R L ©

5.9 IR IRA FMHEIRRI RIS R - HERRAY S ARHRIE ) IR SRR S 2 7%
B o R R RIS RS AN H HOAAR SR B ES » SR A (R e 2 B0RE Al %
HREsetiiR o
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at |0

CASE POMl WHA 5L, 1024] <S0w nd: X F: 40> 1225/14 18: 43

L
g L b
m)
L R S
L R R
'Ooo.ocm L4080~ —120—" 0 Y 200
XEQ
Time (sec)
S0 FRATINGE L A R B B KB ~ IR R > s R SRS MR

FERR M IRV » SRS FIERNEE o MR HURIR O SR FR B50R - K
IEHERE B SR ERR I o
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10,0 ——CASEIFOW6020.2[1,1024] <S.Ownd:X,F:40> o 12/31/14-18:54

XEQ o= B N A e RN o T

800 + e e TR T T e e T N |

Frequency (H2)
|
[

Time (sec)

10,0 —-CASEIFOW6020.2[1,1024] <S:Ownd:X,F40> 12/31/14-18:51

XEOQ =

.00 ey Nl :

BO0 -

ooL fffffff N N e T I

Frequency (H2)
|
[

Time (sec)

52  ERURASAEHUZ IR o B b~ TTEIRS IS ~ A ESRE R G SHaEs
i o BESHE RIS - BREESSEEIHE A » BEAEITRUAR » B M fRirEd
fR/IN > [ PR SR o
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™ o0 CASEAOMIODALL 0N SSOmX A DT
XEO ——{Hl 15W;1.40,18. 60} : : f f f

Response
|
\
)
/
\
/

100460 070 T 140 T 210 T 280 xpo 350
Time (sec) --- Hilbert FIR in Time Domain |
b 125 < L 5
i XEO NPT SO, :
1 14 N L S e S P 5 \
: 1.00 4/ SIS pae 5 .
B TB0 e
250 o
000 556 ' 4.00 ' 8.00 ' 12.0 ' 160 xgo 200 |
i Frequency (Hz) --- Hilbert FIR in Frequency Domain .
[T 100 -—CASE:AOM1020. 4_[1_162I] <S0 WnEx_ Iﬂ&_f,fff,ffszﬁﬁliﬁzﬁf_
XEO ——{HI 35W;1.40,18. 60} ‘ . ? 3 ? ? ?
600 - oA
. g,//\ .
8 200 -~ / \\/ ‘ N ‘
e ———
i IR S VAN ) N e :
O S200 e NSl

100560 170 ) 510 T 680 xpo 850

Time (sec) --- Hilbert FIR in Time Domain |
Fr T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TS TSI E ST T TSI TSI I T s s e e 1
! 125 — !
. xEO :
100 T T e e e e oo
e 750—— :
LS B [ 2 R .
:; BOO —=/ !
1 | \ 1
! 250 ‘| i
| T Yo
| 000 556 ' 4.00 ' 8.00 ' 12.0 ' 160 xgo 200 .
| Frequency (Hz) --- Hilbert FIR in Frequency Domain .

5.3 FHEBRRSEL A1 B e SRR R MU A5 (PRl L IR BLBE - S et > LS TR AR IS
RIRSL R TR RN » (R P o Jﬂzlﬁﬂﬂ PREERS 15 ) 25 °
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|7 00 CASEAOMIORATLI00] SO IR
XEO ——{HI 35W;1.40,18. 60} : : : : : :

" \/\VN

TN —

8
5
g I i -t VAN

000 170 340 510 T 680 xgo 850
Time (sec) --- Hilbert FIR in Time Domain |

Window

000 T 400 T 800 T 120 160 xgo 200
Frequency (Hz) --- Hilbert FIR in Frequency Domain

__________________________________________________________________________

|7 o0 TCASEAOMIODALL 0] SSOmX A IR
XEO ——{HI 75W;1.40,18. 60} : : f f f

20 s DOV

SB00 =

Response

|

I

I

I

I

I

I

|

|

)

I,I
‘ )H‘

.

\

(

(

I

|

|

I

I

I

|

I

000 T 370 T 740 141 T 148 xpo 185
Time (sec) --- Hilbert FIR in Time Domain |

Window

000 T 400 T 800 T 120 T 160 xpo 200
Frequency (Hz) --- Hilbert FIR in Frequency Domain

54 FHBRRAEZ BT BOR RS TR PRI 5 (1520 L IR SRR 25 3 Rt > g 5k FH R
w35 750
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™ o0 CASEAOMIOALLI0M] SSOmAX e LT
XEO ——{Hl 20W;1.40,18. 60} : : f f f

Response
|
I

- L

100560 T 095 T 190 T 285 T 380 xgo 475
Time (sec) --- Hilbert FIR in Time Domain |
L 125 o 5
i XEO = 5 oo - o :
E 1.00 +— '/"/” '\\‘\\‘_,,"’ ‘\‘\\"_,,”"’ \—\‘\—\:_—’,/— 7\\\\__',/’7"\\\ |
g ~cr A
250 o
| 000 556 ' 4.00 ' 8.00 ' 12.0 ' 160 xgo 200 |
E Frequency (Hz) --- Hilbert FIR in Frequency Domain :
f———z@tzﬁimﬂmﬁﬂf@ﬂzﬁmﬂmﬂ$—iffifff3ﬁmzﬁﬁj——
XEO ——{HI 30W;1.40,18. 60} ‘ e : : ? ? ?
600 —- N
T T
%ii 200 + N
@  -200 T~ |

100500 T 145 T 290 T a3 T 580 xgo 725

Time (sec) --- Hilbert FIR in Time Domain |
F- - T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ST T T T T T T T ST T T T T T TS TSI T ST T e e T ]
! 1.25 T !
: XEOQO — \\'\' :
0O N e L R B LS B cmms SeeemT
e T
: e R RS B
| 250
| 000 5565 ' 4.00 ' 8.00 ' 12.0 ' 160 xgo 200 .
:. Frequency (Hz) --- Hilbert FIR in Frequency Domain .

______________________________________________________________________________________

5.5 FHBRRSE BB R SR FREUL A (PR H IR BB ) (i S et > OB RS AE IR
PR SRR TR RN » (R PR o Jﬂzlﬁﬂﬂ (RECETS 20 J2 30 ©
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[ 100 -—CASE:AOM1020. 4_[1_162?] <Ss0 WnEx_ 12_40_>_fff ~ . 1230141829
XEO ——{HI 40W;1.40,18. 60} ‘ s : ; : 3

Tt ——

.000 ' .195 ' .390 ' 585 ' 780 xgo 975
Time (sec) --- Hilbert FIR in Time Domain |

Window

000 T 400 T 800 T 120 160 xgo 200
Frequency (Hz) --- Hilbert FIR in Frequency Domain

__________________________________________________________________________

|7 o0 CASEAOMIODALL 0] SSOmX A IR
XEO ——{HI 80W;1.40,18. 60} ‘ : : f f f

Response
|
I
I
|
!
|
[
[

/
[
(
I
|
|
I
I
I
|
I
I
|
|
I
|

000 T T 790 T 1419 T 188 xpo 198
Time (sec) --- Hilbert FIR in Time Domain |

1T T T N

Window

D280
; s s ; s s ; : s i

000 T 400 T 800 T 120 T 160 xpo 200
Frequency (Hz) --- Hilbert FIR in Frequency Domain

5.6 AHBRRAEZ (R B TERS el PRI 5 (1520 L IKF SRR 5 39 Rt > gbb s {5k FH R
w40 f2 80 ©
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100 ——CASEIFOW6020.2[1,1024] <S:Ownd:X,F40> 12/31/14-18:51

XEO o R e e R o e LR R EEEEEEEEEEE SEEEREEEREEE SRERREREEE

BO0 -

oo[\ fffffff e et ot S

Frequency (H2)
|
[

Time (sec)

10,0 —-CASE:FOW6020.2[1,1024] <S:Ownd:X,F:40> s 12/31/14-20:07

I e R
BOD -

R e S R

y (ABSR NN

Frequency (H2)
|
|

Time (sec)

5.7 RN BERS ei R IR G S AR 5 (i L] o b (AL 25 fERE > T
TREHIF 45 [ERE o 75 F 7T R Remez error £ 88325 5R T B S R E S8 -
1t ) e AR B AS LEfls e 6 ) o
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150 —CASEPOM4-WHA 5[1,1024] <SOwnd:X,F:40> 12/07/14-15:14
’ }Hl 25\/\/}2001800| A
P U/ N . SR NN W &,f—Bandl[280] ,,,,,, TN
\ //'—N\ ) : ’\ \\‘/\ ; /T 3
T : T : W, :
900 = M1 N ERE EEREEEEEE : 6 o 1N
i N ! i |
T g
T 10EAY e
3
S 300 1
3] 3
-c H
2 -
=
£ 1
< -.300
i R— !
. | | |
150680 ' 4.00 ' 8.00 ' 120 ' 16.0 ' 20.0
XEO
Time (sec)

150 —CASE:POM4-WHA 5[1,1024] <SOwnd:X,F:40> 12/07na-1r:42

: kHI 25\/\/}1101890| I L
o b ,,,,r—,Bandl[,ZBO] ,,,,,, TN
N o\ AN ‘ ; i
YN v, e ALTTE
200 5 PN PR pee] 1Y AHTTHSAT s
: : V\?T/N ﬂ :
T kA e
g
S 300 11
3] 3
= :
2 -
=
£ 1
< -300
_ooo ST bt
. | | |
150640 ' 4.00 ' 8.00 ' 120 ' 16.0 ' 200

XEO
Time (sec)

& 5.8

BERER A EIE A HC RS ES R R A I RIE (AR ) ¥

o BNl

FIT FHRE R (AR BB 1S 25 Ml > AdBsEASTE B TIEIHY 2.20 Hz » N7 [E[HY 1.10 Hz © gt

V] ST AR S A B i R A S A
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g CEAIBALOSOED RS

R S

Amplitude (cm)

Time (sec)

5.9 phREREEAFEVEIRIIIRIE (EAGHE ) B8 o FTHIRE R (RECER TS 25 I o HEHR
FORHRBRIS SR ONE » TR BIAHBE AU A B ARRARSEES « BA L » Fifd
RS HUCRERS OIS & HELIUST AR o
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6.1 5|5

SEASHUIRIG & AR AT AR A BT SRME R - 7R ELZ R AR BREE i DU o
HoA b > SREGER ST TR & TR, B9EL o AU RTBEAY LSRR
PR IRBK S MU B TRV ER KRR - ATAAZH T S E E R AR T
[l B "Il R AT T o 3E— R RERY J- SRR AT LR —{E M H e B A B
BT DAL 28 BT BLRETEELL THRIE B TSR, o A
"R L B TR o AMEEREE EerEE BAEC B EEEEREZ P
IRECEE NIRRT o FPiE LERCBRREAT - iR 2 /KB M F 22 B e > LS B i EL AR
AT EMERRGT o SELE A ¢ S (bound waves ) fFAEMEZRER § JHIZ
B AR 12 30 o L b HL B R GRBR RAME VD BT | R [RISEER R S0 L R Bl R B B
A HgE o

6.2 Fbm

SEBR T 53T 1 BRI B 7S R DA B KR 2 G e > 18] 6.1 RS AKE 23 fid B A B 415
[ o RN RS EETEAR - BB » H EBE SRR - TR AT Bl
THSIGE R © ZKIETLRS 31 cm » 55545 cm > EARBLHIET RIS S m o> fia]
B R s JR RS ELIJAR fr BESLSE T TE FP RE SR - 59 L i 7 A K R SR, o 1 HE I R,



MRS BT /KB > 5 2838 i AR L Bk » AR — 2K
BLSR o ORI b R I 155 — 5L A G 6 s Py D Ay S0 iy M2 i g B - lfe Al
BB o SATA B KR 1524 cm » /KAL) U LIRS 2UH 5 68

(tantalum ) #5552 » M7KIGLERI DU S48 NI > H s 5 s R af K
AZLAR2~3~4~5~9 cm o AR NEEE S /K IRIEIR— et ~ TOEE ~ —HERE SR
7] SR R T o -2 Rl St o S B B B FL NI 3 T R DU 2 BT HE RS B
BARL » TEEAGESHEMH ASYST 385 » Wifi&#ksk (spreadsheet) HKEE SR
2\ ~ Postscript BEFEFF o ATGEBREGMIAT » DBk E L R EZRAER R
HEhE ~ BIRHE ~ FHSE L » BB SRR o

6.3 HPAFAEMERE

15— B BRAMT LG BR K R B R R KR A AR OB R o A% (B
¢ bound waves ) ZRAY) 0 —IME @ W MAGRES » AEEEAG HAER
EIRRELERAN o HKWIN S » AL RRAAE L — LT » Mo r—
IR 39 » TR Fo i RS RO o {EL B R SEABII I AT S > AP AEBUE
PRI RIS > & R T DU AR TN T LUR AR R G [ B BRE
A3 IS AR AR M IR RIS EE (side band instability ) [2, 7, 8] o #Af—
4 N GRIRFAE A AR AR AL R EE A AR 07K » HUH SRR K E.45 DURE R — 2 TR (E
& (11,12, 19] © GhIFE ZFRH > Rl RS S 551G Lt vy SERy B m St /R 8
BTFY SR B BB U - RSN S P e B Y o BRET R IR AME PR IE oAT i
LA (A ST AR BRI (AT » TR RUKIIE R K > TRE R FE
VAR EMEIR R A > IR ERAT B A REAENE o

R DU RS R KRR » BIRAACKE i S o B8 HOsR o5 e A8k ERI B EIR
HNDASEESE o & #HA S I sw TR A AR A L8R ~ AN EIR R IR RS > HA G
KN o BRAMHORE LB LR R | {8k E AT - R pR - BA R AT R 72 B R
RS VIR BTN B S AT 2 A B R o A () SE I o 0T g8 0 S PO » ELA ) i
IpaadEAR A5 1.4 ~ 2.1 ~ 2.2 ~ 3.0 Hz » HAEREEAIE 6.2 Fias » 59 H ARS8
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A HAHIRIERE TS o 1 LA B R HI ey B I HiRmes AR R SREN - 59 H Lt
ARBEAS A HIMIE 55 0.06 ~ 0.20 ~ 0.21 ~ 3.00 © [&] 6.3 DUZE] 6.6 235 L8 B AH
25 Je Ho Ao A BEAS Y 3 e W TSR AR SR B TR > B8 HAEREIRE R b R AR [F AT
& b (B~ s TR ) BOEAE o HE LRI AT RATR R 2 A S B - B
T B ASBREE EL/ N SR S TR N AR A, o A I e L b A Bt R B o
lial 6.8 ~ 6.9 FNEL#k i FISHAS S 1.4 Hz MRS 1S 0.06 i S 5 Hir gk H BL ikl 55
J2 B AR Sy 2 B A IR ) B 22 R _E e AR o @] 6.10 ~ 6.11 HFRS34h
R IERSS St AR 2 o Bh it — L/ NSE IR e W AR BRIE T S » H AL AN AR Bl 22
PP TE e P AR/ N > SRS gk S A HI CUREER oAb » 597 ml H— 2555
FIRLRERL S » JRERER B R ~ B E) 2 1B o

FAME 6.12 ~ 6.13 ~ 6.14 ARV {EaRSEES B 3R AT IRr e Bl 2= s b
PERHIFE R IR - 35 L8l (RAE RS Bk b AR RS 2.1 Hz AR EERS 0.20 2 St
ST s H—EEBIEREE » Hitb— R inim s - K esaimtnafng o s
IR fi] B 22 T P e L R AR PR A S P e 35 - R AR v i B SR A IR ]
AL R B AT KA o 7 T YTt S A B SRR U B R L | ~ i 2l fs
R > IR IR B AR SRS Bl » 18 — B RS AR A R PRI
HRETR > IR H H LRI pE G LVRE R TS ©

R BRI > AR AT AR 5T A R BRI E — 2 TS » TSR
BAFE PR B E TR e

6.4  BRARREEL A 2E e H Bt mai B B ISE AR M

258 — B EAM LI AE [F) 25 S N B35 K s HAA A B RIE A A MEIR - itk
SMB PR BRI BB A= TSN [FIPUER » JRERAN R B JIREHI N B i Bt it
AR o [l 6.15 ~ 6.16 7 W fIE[ A~ 7] 5L A 5 ST 97 FL 22 1T 62 e /R a5 Y8 B > HL 2511 b
s S ESTBE AR o ] 6.15 Z FEREImEa SN 1.6 Hz » 2R HELSS 0.06 |
[l 6.16 FRRIEREFASEZRS 2.1 Hz » MZRHEESS 0.20 o SOFHNEZ BARMHYBES K
K IR AR AR R e] 6.17 Jeli] 6.18 o — {8 R H ARIATELSUE @ B Ehlikis
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M5 » KB G i gmap Gk 5608 - BAEEIAASAINE » RrlEf e
il SEAH SR o tb— SRR B I R i L SRR AL B T AU AE RS /KIS - B
SR KAL SR = FUR KIS SO - IR K R RE B A T RS AR HE /K IS T
REFMREE B RAIG SR > LRSI EDIRYLE SR KA HIRR AR
I NEE e

FHES i At SR s TR » [l 6.19 ~ 6.20 HIDRIEVAEBGIRYL T~ (EGESS 6.0
m sec™! ) ZKHIEESBIRILEAKIE N 2 cm B 3 em R HBGS 2 St diSE A1 S8 A
5 o iy TR o N T RIS KR o BLRBERIRIE A AHEE - RITRIDIERE
EIRE i SR VIR AT A » BIZK R EE B8 LIRF CLIBOR B ARHIBAN Y © LIS
AT AR SR R B R a - LEIR AR B S AU R 22 s 3@ AL » 7K
B ke R PRYE R EH » 22 R &R G AT S AN FREE » AHBLAS LR K
B A [F] U ARG A S = RE R FUS BRI © 153 » KIS RE R AQRZ
fE B HRIEESS » B EREE RIS RMIZER Bl &R A » RSN » 1
PR L T A2 o )y )R B3 gL R B KRR, > RS U o b » KK
L RLITBEH SRR » EE NS HIER o

6.21 Jz 6.22 SR FGIRIL N Wl K it A A EfIAT E T s 5 i 5 ik
A - [ 6.21 UK T 2 om 25 - (Mol 6.22 HISS/KE F 9 cm 2 o 55ELRE
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Concepts of time-frequency window (1/2) '
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Figure 1: Phase plane of a wavelet packet’s best basis time-frequency windows (top) for a linear chirp signal that is sampled
under aliasing condition (bottom). Here wavelet packets associated with coiflet of 30 convolution weights is used. The
original signal, if not under-sampled, has linear instantaneous frequency distribution form 0 to 100 Hz. Note the non-symmetric
effects and the scattering of windows due to the composite frequency bands that form the wavelet.

Concepts of time-frequency window (2/2) '
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Figure 2: Phase planes (t op: logarithmic measure; bot tom: linear measure) of a wavelet packet’s best level time-frequency
windows using the same linear chirp and wavelet packets as in the previous figure. In view of the fact that a single orthonormal
mother wavelet can yield many different wavelet packet representations, that there are basically infinitely many wavelet bases,
and that we may use different graphic renderings, we are easily trapped in the dilemmas of choosing an appropriate basis.
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The Analytic Signal and the HT

Complex signal and the instantaneous frequency

sr(t) = a(t) cos (1),
2(t) = s,(t) + 5 (t) = a(t)e'??,
wi(t) = ¢'(1).

The instantaneous frequency and the Hilbert transform

) =r"" {S(w) + S(w)sgn(w)} .
2(1) = FHS(0)} + F 1 {S(@)} x F ! {sgn(w)}

HOERMNGER] [s(z‘) * l:| .
Tt

z2(t) =2 / S(w)e'“ dw
0

Var
Z(f) =s(t) ‘I’Ilp / s(7)
T

J-ool =7

dt

5/59

His ()] = 50) = ~F / s

T J_xol—7T

dt

(r)—1
f)=-

1
s(t)=—(s* )
T

Fls()] = S(w) = lS(w)F((a)
T

FIAIs(0)]] = S(o) + i FIHIs(0)]] = ‘ (2)5(60) . . 8

~ | =iS(w) >0
() = [ iS@) ©<0

—i w>0;

Op(w)=—isgn(w) =4 0 w=0;
i <0
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An ASYST word for Hilbert transform '

Table 1: An ASYST word (equivalently, a subroutine in some programming languages) for performing the Hilbert transform of an array.
The word takes a one dimensional array as its input argument. As is clearly seen, the basic algorithm is related to several processes that
manipulate on the contents of the FFT of the input signal. It is therefore of no doubt that those inherent features of the Fourier transform are
going to affect the explications of the results of the analytic signal procedure.

N
\ 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

\ maximum allowable power of 2.

N\

my .hilbert

fft [Isize n.fft.pts :=
dup becomes> t1
dup subl[ 1 , n.fft.pts 2 / 1]
o +1 Z=x+iy *
t1 subl 1 , n.fft.pts 2 / 1 1=
subl[ n.fft.pts 2 / 1 + , mn.fft.pts 2 / ]
[¢] -1 z=x+iy *
t1 sub[ n.fft.pts 2 / 1+ N n.fft.pts 2 / 1] 1=
t1l ifft
zreal

7/59

Inherited Hilbert Transform Properties
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The Problematic blackbox mechanism '

G(o)

Spectral division: H () = 7

G(w)

Direct deconvolution: h(r) = F~! [W]

Input f£(t)

E—

F(w)

BlackBox Mechanism

Input Response
vs.
Impulse Response

Output g(t)

I

G(w)

Figure 3: The simple blackbox here is to illustrate the following problem: Does direct quotient of spectral coefficients of two spectra
physically significant? If a direct division of two spectra is taken, this blackbox implies that the output is the convolution of the input signal
and a certain impulse response function, or alternatively speaking, the blackbox mechanism is the deconvolution between the output and the
input signals. The concept is intuitively simple, but it is generally of little use due to the fact that the process is extremely error prone. The
figure fully illustrates the inherent problems regarding a direct comparison of two spectra when there are concerns of non-stationary effects

and other possible uncertainties.

Effects of ambiguity and phase noise '

Siopd megniuce
0

400 600
Point series (time or space)

Aoy 1)
0
0

My
WOV

Figure 4: Effects of ambiguity and phase noise arising from local transient features of a signal are illustrated using two separated
wavelets. Here two Lemarié wavelets located at two neighboring scales (the least two scales within a 1024-point series) are
shown in the top figure. The pulse at left corresponds to the inverse wavelet transform for unit wavelet coefficient e600; the
right corresponds to €470. The power spectrum is shown in the bottom figure.

200
Point series (wave frequency or wave number)

4ao00
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Table 2: Zero-upcrossing statistics for three different measurements under the same wind condition. Channel 1 is for aqueous flows measured
with an LDV at a depth of 3, 4, and 5 cm, respectively, below the mean water surface. Channel 2 is for surface displacements measured
at nearly the same cross section. Statistics for channel 2 can basically be regarded as results from repeated measurements. Various results
from channel 2 indicate that the wave field is well stationary; however, this situation can hardly be appreciated when viewed from spectral

Stationarity as viewed from Zero-up-crossing '

perspective shown in the next figure.

Case fOw6030.dat C £1 p3 c1 s9 )
Date 01/05/96
Time 02:19:05.48 Sampling frequency 40 Hz
Specifics Sampling time length 240 Sec
Ch #_W H.1 H.2 H.3 H1/10 H1/3 H1/2 H.ave H.rms T1/10 T1/3 T1/2 T.ave T.rms
1. 554 26.74 23.67 23.04 20.20 17.38 15.92 12.03 12.93 .44 .44 .44 .43 .44
2. 572 2.90 2.69 2.61 2.33 2.04 1.89 1.44 1.54 .44 .44 .43 .42 .42
Case fOw6040 .dat C £1 p3 c1 s9 )
Date 01/05/96
Time 02:14:05.76 Sampling frequency 40 Hz
Specifics Sampling time length 240 Sec
Ch #_W H.1 H.2 H.3 H1/10 H1/3 H1/2 H.ave H.rms T1/10 T1/3 T1/2 T.ave T.rms
1. 546 22.81 20.65 20.52 17 .04 14 .48 13.32 10.35 11.01 .45 .44 .44 .44 .45
2. 563 2.98 2.88 2.72 2.35 2.04 1.89 1.46 1.55 .44 .43 .43 .43 .43
Case fOw6050.dat C £1 p3 c1 s9 )
Date 01/05/96
Time 02:00:30.72 Sampling frequency 40 H=z
Specifics Sampling time length 240 Sec
Ch #_W H.1 H.2 H.3 H1/10 H1/3 H1/2 H.ave H.rms T1/10 T1/3 T1/2 T.ave T.rms
1. 546 17.62 16.49 16.30 14.02 11.94 10.97 8.22 8.88 .45 .44 .44 .44 .45
2. se2 =2.s3 =2.7a 2.72 2.36 =2.06 1.1 1.45 1.s5 laa  laa  _aa  laz  .as
Units: : Aqueous flow (Chl:H): cm/s
Surface wave (Ch2:H): cm
Period (T): s
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Figure 5: Spectra corresponding to the signals shown in the previous table (7uble 2) — The figures on the left use a segment length of
512 points; those on the right of 1024 points. The figures on the top show power spectra for the repeated measurements of water-surface
displacement; those on the bottom for aqueous flows measured with an LDV at several depths. It is seen that the repeatability of power spectra
is rather poor even though the zero-upcrossing statistics indicates a well stationary condition. In fact, the curves here hint poor performances
of spectral coherence to be given in a later chapter and also explain the possible deficiency regarding direct deconvolution for two signals

acquired either under the same wind condition or not (or from different batches).
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Physical implication of the autocorrelation coefficients '
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Figure 6: Wind waves in the tank soon lose their identities — the auto-correlation coefficients of two series of wind-wave signals measured
at upstream and downstream locations in the oval tank. Here we see that the correlation level is low and diminishes rapidly. A sensible
feeling is that these waves lose their identities extremely fast when viewed from Fourier spectral perspective.

Noisy wave form where natural frequency embedded '
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Figure 7: A noisy wave form in which the natural frequency of the wave tank imbeds within.
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The autocorrelation function of the noisy wave form '

1.00 |
xEO -+
.600
5
8 200
g A ]
E 7N
3
S -.200 B B
o
-.600 —+
—1'00.000 20.0 40.0 60.0 80.0 1

xEO
Time (sec)

Figure 8: The embedded natural frequency of the wave tank — the figure shows the distribution of autocorrelation coefficients of the noisy

wave form.
Minimally filtered signal of the noisy wave form '
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Figure 9: Low-passed signal of the noisy wave of little energy — Here Blackman filter with minimum degree of filtering is used. And one
see that most of the noise is associated with relatively high frequency, in reference to those of water waves.

112



»

Power spectra for the noisy wave form '
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Figure 10: Power spectra for the signal shown in figure (Fig. 7). Since power spectrum is the Fourier transform of the auto-correlation func-
tion of the signal, the comparison with the auto-correlation curve indicates the existence of intricate differences between the two numerical
implementations for a single formulation.

Characterizations and Numerical Modeling Ma

CAUSES: Incompatible concepts and conflicting requirements

e The incompatible concepts between “instantaneous” and “frequency”
e The conflicting requirements of “support length” and “regularity”

e The interplays between amplitude modulation, frequency modulation, and phase

RESULTS: Paradoxes regarding the instantaneous frequency

e May not be one of the frequency in the spectrum

o Invariably continuous for a discrete spectrum

o May go well beyond the band, both higher or lower.
o May be negative.
e The whole signal at all time is needed to calculate any local

o Bear on local energy content
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Simulations

s(t) = ae'® + bePt 4 cel’t = A(r)e? O,
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2abcos[(a —p)t]+2ac cos[(a —y)t]+2bccos[(f —y)t].
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Continuously distributed and out of range '

WA AR
o NEANAYANAEA ANANAVAVAD
N AVRVRVRIAYA AYRIRTETANA
= A YA AT A
viy vy vyv Vv "y iwviy v

o
6 =1 1o
Time (sec)

z

g | Lol

£ JTUIC JTTIC
17V VY V

o 2 a =3 8 10

L a/9/2@19:20: 14 Time (sec)

Figure 11: The amplitude and frequency modulation curves for a signal with three constituent components of the wave parameter set
{(a,b,c); (a, B, y)} =[(=1.2,1,=1); (1.6 x 27,3.2 x 27,3 x 27)}.
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‘Negative frequency '
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Figure 12: The amplitude and frequency modulation curves for a signal with three constituent components of another parameter set
{(a,b,¢); (@, B,7)} = [(-1.2,1,—1); (1.592 x 27, 3.183 x 27,3.024 x 2x)}. Here there are slight modifications to the frequencies
of the sinusoidal constituents as used in the previous figure. As can be seen the modifications induce dramatic differences in the general

shapes of the instantaneous frequency.

\Phase effects '
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Figure 13: The amplitude and frequency modulations for two different sets of parameters, [(a, b, ¢); (@, f,7)] = [(=2,1.5,2); (2.5 x
27,2.75 x 27,3 x 2x)] and [(=2, —1.5, 2); (2.5 x 27, 2.75 x 27, 3 x 27)]. Relatively, the only difference is a constant phase shift in one
of the sinusoidal components. The figure is to be compared with the following one.
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‘Another case of phase effects '
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Figure 14: The amplitude and frequency modulations for another set of parameters [(a, b, ¢); (a, 8, 7)1 = [(=2, 1.5, =2); (2.5%x 27, 2.75%
27,3 x 2m)]. Again, there is only a constant phase shift in one of their sinusoidal components. This figure together with the previous one
indicates the sensitivity of the instantaneous frequency on the relative phases of the spectral components. One concludes that the analytic
signal procedure suffers severely from the phase noise effects just as the power spectra do. Note that the tick labels for the y axes of the
instantaneous frequency are all of the same value; this is to reflect that the instantaneous frequencies are basically the same except that there
exist unbounded points under machine-precision.

Amplitude modulations of band-filtered components'
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Figure 15: Amplitude modulation curves (the envelopes in dashed lines) for four different filtered bands of a wind wave signal in an oval
tank.
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Windowed band-filtered components '
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Figure 16: The windowed amplitude modulations for the four different bands of the same wind wave signal of Figure (Fig. 15).
Data windows '
10 Different Window functions 10/14/14-15:58 10 Different Window functions 10114/14-15:58
—Blackman nming
XD 7 \ Bartlet X0 T ise ()
N . / .
200 4 \\\ Hanning a0 e ser (9)
\ ]
i \\\ 1 // /
\\\ S
\Y Al
600 \ 600 - AN,
g \ H i
° \ kel /
5] \ s T
2 A\ / / \\ \
400 \ 400 ) .
/ / \ \\
A\
i A € / / \ \
A / \
W\ / / | \
200 \ 200+ \
\ \ / ; \ \
L // Y
| \ Y / \ \
/
\ N\ y; N
S g >
'OOO.OCO 200, 600, 800. 1000 'OOO.OCO/ 200. 400. 600. 800. \1000
XE0 XEO
Point Point

Figure 17: A few data windows for use in various numerical computations — the Hamming window is used in Figure (Fig. 16).
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Amplitude’s interplays -- relative rate of variation '
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Figure 18: Instantaneous frequency distribution curves for the four different frequency bands with (bottom) and without (top) a data window
being applied to the original signal (those shown in Figures (Fig. 15) and (Fig. 16)). The figure indicates that sharp variation of instantaneous
frequency is mostly determined by local variation of amplitude envelope rather than its magnitude only.

Optimizations of Numerical Process

Twists and tricks

¢ Consistent differentiations of phases — automate the process
¢ Base band conversions — remove frequency aliasing

e Designs of Hilbert filters — fine-tune and reduce undesirable interfer-
ences

e Choices of filter parameters — case dependent
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Consistent phase differentiations '
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Figure 19: An improper treatment of the time differentiation of phase induces undesirable bad effects (shown as jumps) for the frequency
modulation curves. The symptom is cause by a direct differentiation of phase values (arguments) based on the real and imaginary parts of
z only. Note that the modulation curve situated around the horizontal axis (dashed line) is plotted with an offset equal to the value of the

centering frequency of the solid line.

Aliasing and base band conversions '
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Figure 20: Frequency modulation curves without (top) and with (bottom) individual base band conversions. Without a base band conversion
there is a frequency aliasing into the lower frequency region. And the aliasing downshifts of the center (or averaged) frequencies are ever

more significant for higher frequency bands.
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Hilbert filters -- odd number of convolution weights '
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Figure 21: Hilbert filter pairs in time and frequency domains for various odd-value lengths (15 ~ 25 ~ 35 ~ 75) of convolution filter weights.

Hilbert filters -- even number of convolution weights '
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Figure 22: Hilbert filter pairs in time and frequency domains for various odd-value lengths (20 ~ 30 ~ 40 ~ 80) of convolution filter weights.
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Remez errors i
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Figure 23: The frequency modulation curves for four individual bands of a signal using two different lengths of filter weight of 25 (top) and
45 (bottom) respectively. For the 45 convolution length the modulation curves can only be obtained for the lowest two bands. Beyond band
3 (centering around 6.7 Hz) there occur Remez errors.

Effects of start and end frequencies of Hilbert filter '
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Figure 24: Effects on the amplitude modulation curves using Hilbert filter windows of the same filter length but with different start (as well
as the end) frequencies. For the lowest band the start frequency of the Hilbert filter window is not to be chosen too close to the origin of the
frequency axis.
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Edge effects and improper filtering -- case dependent ' ’\3
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Figure 25: Two amplitude modulation curves with undesirable effects: the solid line is associated with edge effects; the dashed line is
associated with an improper range of the Hilbert filter window. The proper choice of hilbert filter is not a fixed one. It is case dependent and
needs flexibility.

Applications and Case Studies 36/59

A few macroscopic characterizations

¢ The negation of the existence of bound waves.

e Comparisons of modulation features in the wave and aqueous flow
fields.

e Characterizations of wave growth and decay time span ratio.
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Layout of experiment'
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Figure 27: Power Spectra of the four Stokes waves with fundamental harmonic frequency of 1.4 (top left), 2.1 (bottom left),
2.2 (top right), and 3.0 Hz (bottom right), respectively.
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Evolutions of FMs of the Stokes wave (1.4

Hz, steepness 0.06)'
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Figure 28: Downstream evolutions of the frequency modulation curves for the various harmonic components of the Stokes

wave with fundamental harmonic frequency of 1.4 Hz and corresponding wave steepness of 0.06. The top sub-figure is for
station 2.3 m away from the wave generator. The middle sub-figure for 3.5 m. And the bottom sub-figure for 4.5 m.

Evolutions of FMs of the Stokes wave (2.1 Hz and steepness 0.20)'
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Figure 29: Downstream evolutions of the frequency modulation curves for the various harmonic components of the Stokes
wave with fundamental harmonic frequency of 2.1 Hz and corresponding wave steepness of 0.20. The measurement locations
of the sub-figures are the same as those of the previous figure.
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Evolutions of FMs of the Stokes wave (2.2 Hz and steepness O.2l)|
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Figure 30: Downstream evolutions of the frequency modulation curves for the various harmonic components of the Stokes
wave with fundamental harmonic frequency of 2.2 Hz and corresponding wave steepness of 0.21. The measurement locations
of the sub-figures are the same as those of the previous figure.

Evolutions of FMs of the Stokes wave (3.0 Hz and steepness 0.30)'
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Figure 31: Downstream evolutions of the frequency modulation curves for the various harmonic components of the Stokes
wave with fundamental harmonic frequency of 3.0 Hz and corresponding wave steepness of 0.30. The measurement locations
of the sub-figures are the same as those of the previous figure.
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Figure 33: Downstream evolutions of the amplitude modulation curves for the third (left) and fourth (right) harmonic bands of

the Stokes wave with fundamental harmonic frequency of 1.4 Hz and corresponding wave steepness of 0.06.
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Figure 32: Downstream evolutions of the amplitude modulation curves for the first (left) and second (right) harmonic bands of

the Stokes wave with fundamental harmonic frequency of 1.4 Hz and corresponding wave steepness of 0.06.

‘Evolutions of the AMs of the Stokes wave (lst, 2nd; 1.4 Hz, 0.06)'
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Evolutions of the AMs of the Stokes wave (lst--4th; 2.1 Hz, 0.20)'

=T ST == o oo e E= s
vy Ao, As. mols e, Ao a0l e ey

U
T T

C=oc>

Miterr
A YR

S.ae. acie

= ke . AT 34
: == i . B
B coo e S I it e AT
= e e VYR O ANk ittt

ARy

Figure 34: Downstream evolutions of the amplitude modulation curves (each two sub-figures is in a group) for all the harmonic
bands of the Stokes wave with fundamental harmonic frequency of 2.1 Hz and corresponding wave steepness of 0.20. It is seen
that the curves for the high frequency bands develop a more regularly oscillating (or up-and-down) pattern.

FMs in the wave and aqueous flow fields (Stokes, 0.06 and 0.20)'
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Figure 35: The frequency modulations curves in the wave (top) and aqueous flow (bottom) fields for the various bands of the
Stokes waves with wave steepness values of the fundamental harmonics of 0.06 (left) and 0.20 (right). Here the aqueous flows
are measured at 2 cm below the still water surface. It is seen that the flow fields are more complicate and their modulations are
more significant and irregular, especially for the higher bands.
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FM curves for wind waves and aqueous flows (depth 2 , 3 cm)'
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Figure 38: The frequency modulations curves for the 6 m sec™! wind wave (top) and the corresponding aqueous flow (bottom)
fields. Here the two measurement sets are for aqueous flow measurement points at 2 (left) and 3 (right) cm below the still water
surface. In contrast to the Stokes wave cases shown in several previous figures, the figure clearly shows that the modulations
in the flow fields are not as violent as those of the surface waves.

AM curves in the wave and aqueous flow fields (Wind, depth 2)'
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Figure 39: The amplitude modulation curves for the wave (top two sub-figures) and aqueous flow (bottom two sub-figures)
fields. Here the flow is measured at 2 cm below the still water surface and the wind has a speed of 6.0 m sec™".
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AM curves 1in the wave and aqueous flow fields (Wind, depth 9)'
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Figure 40: The amplitude modulation curves for the wave (top two sub-figures) and aqueous flow (bottom two sub-figures)
fields in which the flow measurement points is 9 cm below the still water surface and the wind is the same as the previous
figure. The modulation patterns show a tendency less directly brought down by the surface forcing, as are compared with those
of the previous figure.

Wave growth to decay time span ratios'
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Figure 41: The characterization of wave growth and decay time span ratio as a function of representative center frequency of

each individual band. The solid line is for the surface waves of 6.0 m sec™

! wind. The dashed line is for the Stokes wave

cases with the fundamental harmonic frequency around 2.1 Hz. For the frequency range appropriate for the present oval tank
experiments, it is seen that longer waves take relatively less time in gaining energy input. That is to say longer waves acquire
energy in a relatively rapid process and spend relatively more time in giving out their energy. Explanations are given in the

text.
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Wave growth to decay time span ratios.

iell

Table 3: The wave growth to decay time span ratios for the wind wave and Stokes wave cases in the oval tank. Representative
band frequencies should be referred to Figure (Fig. 41). 53/59

Frequency band

Cases Band 1 Band 2 Band 3 Band 4

- 4697 A8 4950 4998
Windwaves | 7 = = =

4853 4969 5004 5047

Stokeswaves| o = o o
Wind wave cases under 6mswind
*Mechanically generated Stokes wave cases with fundamiemonic band centered at 2.2 Hz

54/59

Conclusions

e Instantaneous frequency — an open question

e The Gabor analytic signal procedure — one and a half dimension
approach

e The frequency domain of the time-frequency window is compressed
into one point — an extreme situation calls for utmost thought =

e Applications to complex or random wave systems — cautions needed
and challenges ahead

e A few macroscopic wave characterizations — negation of bound
waves, FM and AM of both surface waves and aqueous flow, wave
growth and decay time spans
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