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ABSTRACT: This report includes three sub-projects: (1) Harbor Resonance of Hualien Harbor (3/4), (2)
Construction and Maintenance for Harbor Environment Information System (2/3), and (3) Shape
Parameters of Typhoon Wave Spectral (3/4). The summaries of the above three projects are as follows:

(1) Harbor Resonance of Hualien Harbor (3/4)

In this third year of a four-year research, the harbor resonance problem of Hualien Harbor was
studied. In this third year project, we continue studying the transfer function, long period wave
observations, and numerical simulations of harbor tranquilities induced by directional waves or practical
irregular waves, and also the improvements about the long period oscillations of Hualien Port. In the first
half year, we have maintained the wave observations around Hualien Harbor, and a new observation was
deployed outside the Taichung Harbor. The Hilbert-Huang Transform (HHT) were also introduced and
programmed to analyze the observed data to explore the component in the signal, and seeking the long
period component.

(2) Construction and Maintenance for Harbor Environment Information System (2/3)

Important tasks of this project include: 1. Building a database of ocean conditions constituted with
relational database managing system, which can compile the wind speed and direction, tide level, wave
height and period, current speed and direction obtained from site observation, as well as forecast
information on ocean model at sea area near harbor and obtained from simulation experiments, 2.
Development of interface controlled software on integration of sub systems of weather observation and
numerical forecast, 3. Planning for the construction of a real-time video monitoring and transmitted
communication system in Hualien Harbor, as well as real-time images searching function via Web
homepage, and 4. Expansion on constructing harbor-environment-information-management-system,
which ensures the stability of overall system operation, reliability of information quality, and system’s
security and safety.

(3) Shape Parameters of Typhoon Wave Spectra (3/4)

In this study, a new method for calculating the wave spectral shape parameter was defined by main|
energy region of spectra. The new shape parameter was applied to the typhoon wave site observations
around Hualien Harbor, and examined the variation trend of wave spectral shape during the wave
generation, decay process. Furthermore, we analyzed the relativity between the new shape parameter and
other parameters; the suitability for using the theoretic spectrum fitting was also rechecked.
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% = % Hilbert-Huangig& % &t & £ 47 + ch *

STRRAEFL S b TER 2 B Aok R Rk L BT
LI > v T A AR T X F DA B A E
¥ 51 »~ Hilbert-Huangi# #% (Hilbert-Huang Transform, HHT):& {7 4p F&g Ik
1o AR AL HHATSIL G ARE > #1F- 4> AR LHERTF
P A -

3.1 Hilbert-Huangi& 3% c1f 4

< 5 B Hilbert-Huang## #% < 4 2 & & %% Huang ¥ (1996, 1998,
1999) %2 Huang and Shen(2005) 7% T o & Lot gL o 473 2 5 2& 2 304
B2 2 ¥ Bk ™ > B SE kA F AT 2 hadrtay 2
L@ A o bilde o o] L 4 $7(wavelet analysis) 2 Wagner-Ville 4 i
(Flandrin 1999; Gréchenig 2001) 8 % kA 4rauprie b F hF L o A o4

PR R 7|4 472 2 (4-Tong 1990; Kantz and Schreiber 1997; Diks
1999)7?,5‘\'** Ko7 2LaR e ¥ ¥ oFr T e,k Xi(nonlinear but stationary

and deterministic systems) » # I8 > &% WA F Een kY > 2 F E_
Aoirend 4 5o ?1‘*' R AT CAER LN E WS
,pmﬁ'ﬁl '«L—" l~’§& ff;'f&{-mﬁc%\ Bt g’\a ‘;ﬁﬂ%/ii%-iélé_

T pE R R ¢ (a priori basis)ehg B ?‘ﬂ“iﬁf L 'S 1 SR
Bo T rEFaERar B E T €318 L it iE o B AR
M LT BT RACLFEECRRG - 'BLEA‘ IR o - B
BT A e 3 R AR R R A
= & - B A=A o 4rWindrow and Stearns (1985)sE 32 » © 3 (%% i
ORGP ONELS YT o a0 Bl S AL AT B ah 2 A
N ERDTHR LY 2 AP HTR RN RSP F o
BB R R AcRE 2 QR R L P B R R
W22 - BERAITDEF > 20 F i ®R(7 743 84



77’ (adaptive) & dp & P T & 2 R E 7o @ % ih(data-dependent) » &
- i# { % & (a posteriori-defined) e ] > £ - B % 2fre g = 5 B F
HAFT B FE A ™ 2 o FP s ol R L LR EE foh
— AP o T EBIR o - BT UKRAE ERE Y PR AR 2
™ F & e - BEiTd Huang % (1996, 1998, 1999)i7% & 1 % »
Hilbert-Huang# $# (Hilber-Huang Transform » 12 & f§ #HHT) » 2" # 12

BE AP

HHT ¢ z & & i & % 3 © 5 5% 4] 7 5L 4 &t (Empirical Mode
Decomposition > ™ T #§ fEMD)4frHilbert#f & 3# 4 47 (Hilbert Spectral
Analysis > 12T ﬁ;HSA)o AFFEB 32 AT ko g2z 2
LA AT A AL ARSI ERIT B PR vy S A
B R RE(H EF AR % fﬁwmamm!) BTG AT R D
Z5¢ HHT P B - -t BAPT BFenZ 2 7 U F E 6 e @
e 2 L P ESR R LB e &mﬁxﬁmpf 2% ¢ > HHT
TR RGO & 1R AT iE'@""’JZKm [ SR
e 20 21 RREB A F{ ey g2 By 3F S 2 HHATS
M end & SB RPAE P R AR -

\*V

ED

EMD:AJL 3 & £ 4 ¥ ik e FHIE § 7 off 8 0 R

7% ¢hidR B (intrinsic mode of oscillations)  # — B P '£355% » 2 ¢ LA
R 2R R A - BE G ARRED RES o BOH R
B0 32 EMDV B R AR Y 8 LR RAF S BHY
FPRAEEG HEEY R RGO R L HME o HHTY » BFR 5L
F A1 % EMDeh™ 25 (7 U/ ol B A B0 B - B A dpeh
PE R UELAL 2 5 p '8 A S c(Intrinsic Mode Function » 12 & f§ #L &
IMF)o @ {8 f 445 — BIMF:i& {7 Hilbertd# 4% & & {7 it £ 4 38020 F 8 &
I P s 5L enHilbertiE 5 3# o fzdimEMDZ v 0 3 i,T* 22 HHT4p B e
Bt PF 4f 5 (Instantancous Frequency) 2 p *Z 3] I #c (Intrinsic Mode

Function) it— @ H 4 % o

b=



3.1.1 Hilberti# 3% 22 g p¥ 47 & (Instantaneous Frequency)

B3R - ELOFRIMEL > X(1) 0 APF IET SN BT
v erHilbert# #% > Y(¢) »

Y=L pP “&"’)df ....................................................................... (3.1)
T ™ 1—t

;7 > P %5 Cauchy i & (Cauchy principal value.) o iz $k e 3 47 3
L P s o IR B EE > X0 F YOI~ - B X AT
A e BN - BRREITREL > Z(r) 0 40T AT

Z() = X () F Y () = (1)€Y oo (3.2)

He

a(t)=[X*()+Y* )], 6(t) = arctan( j(((’t))) ..................................... (3.3)

P RE > ARG mEINS 25 &5 > 7 iEHilbert
BiEET - Bra- 32 o Flpt v gk A BFdT Sl AP
F9(3.1) % & 7 Hilbert#g 4% 5 X(¢) ™ 1/¢ 5788 F1P T 52 3 1 X (1) % B
ﬁ%ﬁoﬂ*@@ﬂ’ﬁﬁﬁﬁiﬁiéiﬁ—%'g$w—%ﬁﬁ
DERBEAT DT A - BHX(OMREIRGEAP 0= b SRR T
Boif B4 4R £ 0 T i B4 * Hilbertid 3 » ¥ B3 P4 35 ch 2 5 0 438 (3.4)
oo BEA G AR F R o

Cohen(1995)z_% 7 — i B — = & & H(monocomponent function) °
Bl b od NG A) TR A B S A ol B Sl TR
R Gl PR Y o MR G B - - B RN S A
S - AL VIR SR N LA S 4 ¢ R f_%f * BT L P
ITET S SEVE SR TP S E A SN R
s E_3& 0 FAF (narrow band)a * K 1® 5 TR et UA )00 @ pr Pl 5 £ @ L



(Schwartz et al. 1966) -

HAEF Feneih- B3 A F- A AWMELE A H
LR 1o ARG 5 R PR B ATA fine FR o A R
U E B AT N AT AR aiE 8 o B pF Y AT R S 2 e
# AR R

L L S (3.5)
z\m,

H lﬁfﬁﬁ&%mfgﬁﬁﬁ_g&.&mﬂﬁ FEMAETE S
1 |m,

N = [ ettt e e st e e s braee s (3.6)
z\m,

SRR TR EE c HAWFAAE > Hy=0 L2757
}”%ﬁﬁﬁ@%&ﬁk°

FoRERBL R H TS ARAREET N A W eyt
B2k gAY - B AtRAAR L A o i

Z(E) = Q1) Y oo (3.8)
P a) R 00 AP R S dic o BArt - Sl ko) 0 RIH T35

Ny
=
Ly

el

. g
VR -



()= z*(t)l_iz(t)dt
_I(e(t) 8) (VAL eeveeeeeeeeeeeeeeeeee e (3.10)
= [6()a* (t)at

145 B 4 77 5% 5 Cohen(1995)i 2% #-0(1) AL 5 BEPEAE 5 o F]pb » 47
E‘? 1 »L%;‘ ,5.

sz(a)—{a)))z: L [(o-(0)|S() do
<a)>2 <a)>2.[( < >) |S( )| d

(___ jzz(t)dt ..................................... (3.11)

= [j a* @ty + | ( 49(t)—<a)>)2a2(t)dt]
(@)

30— FAREL > g - BRI 0 @ oa) R 6 R R ELE R
Sl o 3 % ()2 (B.11)4F %k o B8 22 5 {4 (global)eh -
v lfakfﬁigmﬁ}imﬁ? i% 24 B e TPt s Hilbertd® 3 g 5 A4 H
F ARG P TR e Bldo o Melville(1983)% g3 74 &% 77 ,fa

d qug;{, fe q.\l’b«’\l—:i'] %5 2 f 12 ,E,?&mé na%f}p_, v Tty iu/ﬁﬁg
A A RANEINFRE AL MEBEL D ¥V - RF gD T

e gakd Wbz b F TR A B ERELATT R -

2T REPBES > BTG R AR AT
Gabor (1946), Bedrosian (1963) % Boashash (1992): ¥t**z® &3 - B
7R EBEPE S endi i 0 H Fourieri 4 P B3NP % F R G 1
F oo B UF|F 0L jE K b kP (Titchmarsh > 1948) > ¥ §_v
Blehe BERAED 0 NP TR M B E AR PRy
2 R e 2 i Bg* oo AR Py AP IER
LY ST T RS SR R IR R S Ry
BiFe .

!



3.1.2 p % 7] S B (Intrinsic Mode Function, IMF)

I

m A S B(IMF)2_AEMD:E A2 7 #7144 cnpF BB v & Jf & 8
S| - R E N

() &FBFHAY - REL R Bl TR ESE S L1
(2) AiEPEY » HINERSBE LA ¢ RRDOTIDELIF 50

B4eB3.1% 5 - BIMF o

Aamgiiiuds

®3.1 IMF:h# 5|(Huang and Shen, 2005)

¥ BRI B - B BATERSOEME R A K
S BEERE - BATOREL > v RS LB KRB E HIVER
FopBiFE &g Flo vy URBRFIEF 3 RF]SF HEAEER
m AL A CRAORF o WRRT o ip- BEPGZA H IV
' 321 % 0°(the local mean of the data being zero) o e $f3t 2L 2§ eF
» B 38T 351 (local mean)eit & % 3| - B &
PR 2 & (local time scale) o F]pt » i * &+ (B2 %]
TIDME e il H IV AT R o Bl AL T
@z&mw@ﬁm%eopﬂéﬁgaﬂﬁ
, v 42 2L R SR O

3
)



IMFéfid & 2 F 5 0 i & F? SRR 2)5t - S ek
- B* FoBIEOREEY DIMFE ¢ 35 H- - BiRH
PR NBAF RSB LT NI E R E o+ B IMFE LT
R B - BEARE @ 2 U AFRFERIITAE S F
boe v WAL o ot Ah e B - S RIGH
B3 v L EIMF o 5608 Ry AR T PIEF CUF Ta AR

¥ P

E- NN

i)

‘gls’(

<k

A & IMFfS » TR NG E B Gk Tk o - B
IMF g i Hilberti 42 5 » 7 10 & 7 5 (3.2)575 5% » 4% 2 P54 (3.2)

e11Z(¢) i& 7 Fourierd# 4% c3E » 7 11 {8 3
W(@)=[_a@ee ™ dt =" a(t)e ™ "l i (3.12)

i% i T_¥ AP = > % (stationary phase method) - % % Copson
(1967) » W (@) b = T 1JUH &7 75 ﬁﬁ§$%§ﬁ

d

T (BE) = @) =0 et 3.13
4 (00)- ) (.13)
Flpt > ApE T UED NG A TN B ARARE Y > WA

RREE SRR 3 F- B RBE BACE S > @ X NRFHE D D
B3RP R % R ehip| Bt o PR E AT IR T e e Flpt o FEEFWKP
FHOERPL BRI B G E o TR EEN o BB S

[ SR S ﬁEi»,‘ v » 3tCohen(1995) c3ff » Z_& > 4038 (3.10)#757 > @
Frvae BA TR REAR TS T & 0 |4-Whitham(1975) -

430 (3.13) % 8 (3.2) 2 (3.4) o 0 B IE TA AP AT 00 AT A IR
%’ﬁ%%ﬁm&uzéﬁﬁﬁwgr,ﬂyﬁwx%gg@ﬁ@ﬁ
#p

).

2

PEE- BREFE c APTILAE - B R A T oL AL E
g1 o FRpigH e 2 > T i@ ¥ - B H A S f(monotonic function)
UALE H - BIRE Sdca- N  a 2 RGN G4 E I HE g
FEAE 5 o 1x A e 1 fE2 5 34 4 (frequency modulation) < F % 1 3
)2

E&ﬁ&
“.l

(w

I
gl
Zlﬁi

BH o ﬁﬁ Do B2 2 FY en(interwave) % & P (intrawave) ST AR o & - 4
AN b BN RE DI AR BERBR L o AR



FoOFAAE IO A BARY L R R T ITAF AL
- BRI S TR LG AREE o F

Fooo BAeg — BB FNEPE et BV kAR
Z ok Sfice Flt o E K S b S fA N A A ’T} A AR
(intrawave frequency modulation) » #iF 2 > =k I A F = 3F A 83
(harmonic distortions) > 4R Z A p AIFHE § HILE &K o

3.1.3 &5 4 f2; (EMD)

4rHuang % (1996, 1998, 1999)% ¢ 1t » EMDE &J2 2L % ¥ % 2
RMPFARDFT AL AL & 252 o pBATHD 2 0 e BT A1 e
PR ARBFHDREFE - BRIEKDRR > AE - fEE
EH B RGP 2 VAN F o A, B> 2 A5G- BHE o
B xR FAREd 2 R EpEARE T eS o B - BREA- AR
Hinjrde chp FE3 Sl 3 R AR PR 2R P e B B ikS 7
”%%ﬁgihﬁfﬂ%@ﬁﬁ*%ﬁﬁ?%@mem’A%{ﬁ
£ @it cRIMFen L o i@ o PERVEE Y > A 45 TR e PRI 37
PR EAME) A 2 - Bapde ¥ - B2 b o B S AN AF el # o

FURIMFenE & > 2V 7 008 7 L % PF B UL enk fR(6 38 o
Sifting process) :

L @ EL{TRARST Ry, o B3.2() 7T
2. % hy=n,
3. HOFpehr R (TSR )R

4, A1 = X PR REEFES B(R] B) (F)e L3 f250 >
S MUBTEE B AT TR A BI3.2(0) 71T -

5. P EAEE BMNTIOES Mmoo 4oB13.20) T o

6. PFEEmBEALEL > Wh=h—m 4B 3.2(c)TT o



7. H|ETR A E B EIMFR T 4ok 3 B EGRE £ ¢ =h  £AFH

8. 4ok h ¥ EIMFeh# % v Bl £ po=n—h > SFHFE L@
IMF(h,i=2,..)°

9. Bis T UAFER Y 4, B AR L Vo - BAR

i=1

P Agei o by T Ad T R E A A2 anEiL o

BI2(d) 52 b ~ @ 2E m REB] 5 B3.2e) 5 h, ~ ¢ LRE m,d RE
M B3.2(0) 5% SiE12K 2 A {891 3% — BIMFc, o

MELEFE N IT L PR F B2 BR > P X RG S BRI
% ¢ % - B ¥ Huang % (1998)12 45 Cauchy 7| i1z acip] 7 (Cauchy type of
convergence test)#73& 1! o FZPE R KA AP HS X G AR TIEL A,
hsE T3 E fos FR ] o

5D, = Tl O e (3.14)

> ki
ok SDk 3= Bdn TENF FE 0 BT iR L~ B IMF 0 iE B
- FFEAER A P XA FEED AR PR A
FIRFFER S ) A X2 ?2:F7 B FFEALT BZELF 7 P
IMFa % ? % = #i% 2+ # P ¥ Huang % (1999, 2003) #74& 3% 1 & ¥ & 15 i
R MK TP F R AR R REpE S L]
PF o s (B F| i LR > B G AST o R o B A fen

FRERZE P ? ™ F 8 Al o Huang & (2003) A /5 iF & Ho=t P38
»IER M4 8 E R G PR

BI33@ETRIFHE X p - TP E24 ] pFeng B gL
B FI33(0)E 33(c)* 5467 et (R iR L S HGE FRER S e B A
fe L ¥2IMF (& 11 % ﬂ%ﬂéimﬁlﬂ PR - FE N s I C R TR I 2
Pl g B3ELY 2 eniz B84 2 B8 anpd o
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3.1.4 ) 2

&m =2 > HHTH_d EMDZ% HST#r%e & m = » - B F‘?ﬁﬂﬁi"ﬁ =3
£ EMD2 3§ § chie b % plie (7 IMFené 5 A » @ (5 £ 4] % HST2
% & IMFrHilbert#g 5 3% » T 38 F & gp4e o d 202k BRI P = & EAT
v i R BRHHT 5 1L B % = 5 e (7 B B 23U B e
f2> e § d 3T B A APFR B (time domain) P A fRA BB F]p 2 R
B e J2 2L B R R M ehpE B B Y FFT @ 7 iy & 24 5L
iz d (4o d 37 5 BARMA L S - BERP ) A K "3’)3 E
G B 8 gt 3 B o Huang and Shen(2005) T 4% ) — & 3T e B 2 %
AR ET R M AL o BT B o 5

1. Hilbertd# 3% et it (normalized Hilbert transform)
2. 1% #F "L & (confidence limit)
3. IMF %t 4F 14 (statistical significance of the IMFs)

5ok A AE R A4 R S HHT A fRIUEPET & ¥ chlic = % 4
B o 4o

1. 7 AT AL 473 2 eh— 41 (adaptive data analysis methodology
in general)
2. Ak By S (nonlinear system identification methods)

3. 2L w ¥ i A% e I B R BE -- =¥ 2k 2% R (prediction problem for
nonstationary processes - end effect)

4., FHed R R ¢ 35 SHHT B E P d M~ feagh B - 2
e d & (spline problem, including best spline implementation for the

HHT, convergence and 2-D)

5, BE iR 2k EIMFa:E & 2 38 2 rEE — |4 (optimization

problem, including the best IMF selection and uniqueness)

3-12



6. i 7 B %8 > T Hilbert i& 3% % AE o ﬁf (approximation problems,

including Hilbert transform and quadrature)

7. B s 4p B ekt & 48 (miscellaneous statistical questions concerning
the HHT)

32HHT ke A EAESRT

Gy R ERAEPIEN ) A FZREFET %G M OHHT 5
matlabs $548;% > ¥ #HH B Y AFEE DT RIA LY o LT L APk s

-

32195257 2 87 g & pip] T

hod - FLTE ST > SBHETERES LIREE D A AT
g2 L3N fLenehob BT T B S BB o BI3.41 B35 AW9SE
435021 1 58T E N B h B OTELBI TR A 175 % - BI3.61 B
375 A R95&4% 6p 5 10Tk P B2 *h B arpLp TR e 4758
% o B3.85 B3.105 X KOSEST 18P 14 : SOA TR P B % ¢k ~ U
ZORFhB TR TR TE % - B3 B32R 4 B 5 T kB
AR F9SER Y 18P 1910012 2 & /g B> A FO95#8% 18p 23 1 100
BLRlied s 178 % o LB Y ¥ & A f2IMF 2 % Fourier#g & 3% £2
Hilbert#g & 2 o d ** BB I F ek ;27 X s K A d ] > s e
g R EH R -
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Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)

1.0E+7

TIM Typhoon

0.40

1 0E+6 1994/07
1.0E+5
1.0E+4
1.0E+3
Wy FIEg
(gﬁi (sec)  (m/d h:m)
1.0E+2 1047.3 14.0 07/10 15:58
8357 132 07/1011:30
1.0E+1 5607 12.0 07/1005:23
382.8 104 07/1001:20
2126 9.2  07/09 18:
1 0E+0 6 9 07/09 18:30
1384 7.6  07/09 14:26
1177 72 07/09 08:26 P
1.0E-1
\ ! I ! I ! I ! I ! I ! I ! I !
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
frequency(Hz)
1.0E47 —
3 G G Rt |
] () seo)  (midhm) A TIM Typhoon
1.0E+6 — 1047.3 140  07/10 15:58 { \v“ 1994/07
3  —— 8357 132 071011:30 - i
1.0E+5 — 560.7 12.0 07/1005:23
S ——— 3828 104 07/1001:20
4 —— 2126 92 07/0918:30
1.0B+4 = 1384 76 07/0914:26
4 —4— 1177 7.2 07/09 08:26
1.0E+3 —
1.0E+2 —
1.0E+1 —
1.0E+0 —
B tim-sp2.grf
1.0E-1 T T L T T LI A T
0.00 0.01 0.10
frequency(Hz)

B 3-3TIM B b L 2a #B (X EPEFR)

3-6



Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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1.0E+1 = ——— 4928 109 09/23 00:02
3 ——— 617.9 10.7 09/22 09:58
- —+— 6594 109 09/2206:19
red-spla.grf
1.0E+0 T { T { T { T { T { T { T { T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
frequency(Hz)
1.0E+8 — .
E| Wy T [y
= (c ; (sec)  (m/d him) TED Typhoon
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Spectral Density (cm*cm/Hz)

Spectral Density (cm*cm/Hz)
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Power Spectral (cm*cm/Hz)

Power Spectral (cm*cm/Hz)
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Power Spectral (cm*cm/Hz)

Power Spectral (cm*cm/Hz)
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