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A Comparative Study on the Methods Estimating
Wave Directional Spectrum
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B B THA RS BRoYES HEEk dile] wEsigch gAY Ed HEHEGKL Bae
Longuet-Higgins ef al.(1963)°] #/R3 ko= WA Wol FAEL slov} HEREY) s Y
RAeg vepygrl neln grsdEle [0, 2nldAe] EREEERE BT Entropy HAIS
A% Kobune of al.(1986) &) £k N EZ5H(MEM) & Longuet-Higgins ef al. &} W (LHM) o] ttaf
Eme ggee] w & A= Jehdol 55 MEM2 s e=do] Delta HHQ il
2 EEadER] S Emsh #Eshy, BEH 29239 il s Mitsuyasu®] HiasaiHE(sprea-
ding coefficient) 7} 5 Ll to)® ¥EE7 ol$ & Ao vehrh =3l #RF HasdEde) 1
ol F peakE o)F= WS MEXI} T2 SRSl RIFSIY, peak®) 480% (peakedness) 7}
2 Zol it (smoothing) Fe o] #srel A 7t KPIETT T peakFZo R BHER- AL
o g olddch €8 LHMe #%Fe) EBds BRpes #Eshe fHae] alshn, HEksiol
whE B BRSMESPH MEMol sl S5fgage] vl HgelAE Hikeldh & 4 qlrh

AbstractCIWave directional spectrum estimation methods for irregular waves were considered in this
study. Until now, the Longuet-Higgins Method (LHM) initiated by Longuet-Higgins et al. (1963) has
been widely used, but resolutions of the estimation were found to be low.

Kobune’s Maximum Entropy Method (MEM) for the estimation of wave directional spectrum, bas-
ed on the entropy principle showed higher resolutions comparing with the LHM. If the wave directional
spectrum is of Delta functions, the MEM is exact in its estimation. It was also found that for a uni-
modal spectrum, if the Mitsuyasu’s spreading coefficient is above 5, the estimation resolutions were
high. In bimodal spectrum, as the angle difference between the two peaks increased, the resolution im-
proved. The energy seems to transfer to the smoother peak in the smoothing of peak’s peakedness.
LHM has a tendency to estimate bimodal spectrum as a unimodal spectrum; thus, except for its com-
putational speed, the resolution of LHM falls far below that of MEM.
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(1974)-2- Longuet-Higgins et al. H#E(LHM) S #&
Fale] EBREE ] KEE, FigNA GiEs] & HEol
EES wERe wiRd ®BAY 5 e Fik(locked
phase analysis)® E\Jtel ol HEEE MEd #
A& 4 3l+= HH:(random phase analysis)S #E/v
shsdct

Isobe ef al.(1984)-& Capon(1969) 2] maximum li-
kelihood method(MLM)-$ ‘K8 Liske] JEhaE
Z KEAR, AKT BE 5= BHEE & U=E
#haE skl o, Kobune ef al (1986)2 B2 Jial
SAiEEE [0, 2n]oA ﬁ%ﬂ“ EREE RN E
st BRI e o] HAS BAste HifEe]
EHI FEEEEe ﬁ:’ﬁﬂ‘ﬁu}(mammum entropy
method : MEM).

& Bl A= LHM3} MEMS Hisrfgaes H
#4554t shede). 53] MEME Delta = %Tﬁﬂt
Fia el dstde R ShEHE 295 &
Belrhs 7o) ¥ Aok

2. RAAHED #FS| EAER

HFiRe] ERaHERL o Heog EHEHE H
¥ - B 2~= =% (wave number - frequency spe-
ctrum) 2256 FHE= 5 lch(Davis®} Regier,
1977).

” 1 4 _ikE-aT) c
S(K, a)TngfrC(g,r)e dedf (1)

o17)4 ke W, o= FEEE, Ct 3t48i(covari-

ance)oltl. &
Clt, ©)=Elp & ) n&X+E. t+1)] (2)

o|m n& Ki#EEio] 2 E[ - ]+ ensemble average &
Tkl ohebA EHC- BER SYNEGE A4
A M= o anEEe] FHEel Lfrsejor gk 3
SEERE time#} space lag®] BREC)PE AETH
gk Bhol A2 ﬁ??ﬂ*ﬁ’ﬂ glo 2= 3 ¢ glow,
ole] HBhellA HEIES BHElstlol EIMEEE
FHEE 7 ok 131‘* ke HEEES] HE
wel HiEs #Heesty) Aste] RSt eA(dgE5Y
Capon et al, 1967), BiIHEE GHEM FLES 3t
&l Haubrich(1968) 9] %7} slch Z2vt g B2

M Eabe o] ofe] BrelA HEE-S [ HiEsh
do] AHEA o] L wo| FrEAT] depy
e 7 Bholl A KIEEE) Stoll IR Hmel B
HEE 2 e A9 EEE(EEY KESE,
KERR, KNTFHEE, IBEE $)& [ gBillskd
BEsHER S s Aol wigrAsd

BEasEo] Foial BB, x =001 K
B o9 L5 (pseudo-integral) &2 viehd
T itk

7= [ [eo¢ VS, o) dRdo 3

o]7]4] & random phaseo]t}.
T, KEEE) o) 9] HEhE-S (RHEHM (transfer
function) HE {#f3s}te]

§)= [’ fk H(K, o )e-"ot-) /2S(k, o)dkde  (4)

2 wRg & Ao,
H(k, o)=H(f) cos®8 sin® @ (5)

o). #INE B3Rl & H(P), a, B & Table 1¢j
Wsg=lol ot & Bhell BARE F ()@ﬁ%& a4t &,
&2} 1 &9 &9 cross 292 @,(0)F Tl

8,(0)= [H& )HK 0)Sk o)k (6)

2 "} o714 * = ANEFREE vebdch 4] (6)
011 Al (5)& ftA3}a, Jacobiand FIH3l] EHE
(k, o)l 4] (f, 0) 2 #hfas}s IR 23 2t

2¢., ()

TEtrsD 1D os )%

(sind )P+ +4: dg (D

al7]4], @;(f) =two-sided cross spectrum
H(f) =transfer function

S(f) =one-sided heave spectrum
G(0 | f) =directional spectrum

a, B=constants determined by wave

properties

=g A (12 o2 B7t o] obd EHol= 2 Table
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Table 1. Transfer functions from linear wave theory
Measured quantity Symbol H(E, o) H() a B
Water surface
. 1 1 0 0
elevation
. cosh _kz cosh _kz
Excess pressure P P& rosh kA S 0 0
Vertical water ]
. n ~ic ic 0 0
surface velocity
Vertical water . ,
. Mer -0 -0 0 0
surface acceleration
Surface slope(x) N ik cos® ik 1 0
Surface slope(y) n ik sind ik 0 1
Surface curvature(x) Nw —k* cos* 0 -k’ 2 0
Surface curvature(y) oy —k* sin* 0 —k? 0 2
% (xy) No —k? cos O sinB —k* 1 1
Water particle ) o cos b cosh kz o cosh_kz . 0
velocity(x-direc.) sinh kh sinh_kh
/ . . cosh kz cosh kz
s (y-direc.) v o sin =G b kh S inh kh 0 !
. . sinh kz . sinh kz
v (z-direc.) w T ik kh 'O sinh kh 0 0
Water particle
acceleration u —ic’ cos 9% _iczr%(}zz— ! 0
(x-direc.)
. Ca cosh kz . 5 conh kz
* (ydire) | i O =0 ik 0| 1
P i 2 sinh_kz —gisinh kz
> (z-dire.) Wi T sink kh O sinh kh 0 0

f frequency, c=2nf ' angular frequency, k : wave number, 0 . wave direction, & . water depth, z ! elevation from
the bottom, p . fluid density, g . gravitational acceleration.

194 EET fEeS ekl o1 2o MiEs &
g ok
fo”G<ﬁlf)lt(€)d0=m,, 1=0,1,2,3,4 (8)

4714, () =1

1,(8) = cosB

1,(8) =sinB

15(6) =cos20

1,(6) =sin20
i JEEEe] KEEE(n), KmAE (., 1) 5
Bell mv ohg Ao kel zch



122 SR - RS

me=1

Q0
™TRCL@

Qu(®
M=o ® 10

m _sz(f)'cas(f)
T KCu®

2@
G

o]714, k¥ i (wave number) 2 SFHEIRRCE
FH FHA, Ci(H< Qe (n, nw n)=(6 &,
&L)E T B8 27 co-spectrum¥} quad-spect-
rum$ vreRATL el n B EEiEe] BH(P), K
SEFE(U, V)4l SE58dle A (8)2] m7t oS- Ao g
e

me=1

_K.Ci,()
" KCu(

K,Cul
M= K.CnlD 1

m _KL[sz(f) - Caa(f)]
TOKICLO

 2K2C,(f)
TR

714, (P, U, V)=(&, & &°ld, K, K& %7
BT ke EEREE o8 Aoz HEsd

_cosh kd,
# cosh kh

_ cosh kd,
* sinh kh

pan
7}

12)

13

oJ714, h=water depth

d,=distance between pressure sensor and
sea bed

d, =distance between velocity sensor and
sea bed

2.1 LHM2| #FERX

Longuet-Higgins et al(1963)% HFEAHEH-S
Fourier series® REBfsle] A& 57 mHez vjeh
Art. o] o 1He] Y (truncation)el] o}sle] HEE

SlI‘lie

H ¥ e®] g window, —— )
21 gin 9
9} convolutiondt &H7} k. 22} o] windows
2ol S Ax JJoEE HEAdEYdE k9
i (negative lobes) o] vjebd 5 it} o]& Rk
3}7] ¢13led Longuet-Higgins et al. (1963)2 15
InEEF (weighted functlon) cos? —e—i H
T Y EZ S convolutlonal-“l:]- o] harmomc°ﬂ
& INEFHE Panicker and Borgman(1974) ¢
28t EFHE=
LHMe) 23t Fa~ded] #HEXS g3 2o}

EECES

G(ﬁ |H)= —{1+2m cosf +2m,sind

+2m,c0s 204-2m, sin26 } {14
G(e If)— {1+——(m cosd +m,sing)
—i~%(m3 €0s28 +m, sin24 )} {15

714 me A (10 4 (1DERE Fszc 4
(14) & negative lobe & BiE3HA] o3& Aol Al (15)
£ negative lobeE EF AL vlehhw i)

2.2 MEM®| #E

Foi7] mRBEEH GO | Dl 3 fFHEA=
A& ohg e Fo9200.(58)1 %, 1983 ; Kobune
et al., 1986).

E— f G6 ) Iner— (16)

G(¢9 If)
A (8) 9] HHOEMES WA ZIHA Figel 4] (16)2
AR sk G(0] )& Lagrangian multipliers} %
4y#h(variational method) 2] Euler A2 {3}
#rEshd oS Al gEri(Wylie, 1975).

G(6 | D—e-razé e iy
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o{7]A, A Lagrangian multiplierolm o} Aoz
T4kt

fm[mz - 1;(0)]6‘;51 As8) dg =0 18

Ao=1n[f02”e'1§1"f‘f“” de] {19

A71A, L, mas A (99 A (10) E= A QDA
Tkt

3. Jia EEES! HtBieEt

HiRS HAE KE#E, XNEIE S 29
EENCOE BRE 7 ¢ o8 EERY BERE
HAESH BENSE dox]7] wiol K HEAA=
B HEel 23 HEs e HERe) BEd HE
ShEEE dept 3 BEAZIE JHE HEsEE
Bg @] BEYTh 5 G BRED ALY
E]) #Eke] FHasbed A3 BEE 87 9t
Qo)) P e e FEsta o)q) Wi & Jike
RS I HsPI12 do) BiEEEsER Bye
o7 2o, KmEEr KEAEE NR HEE
o2 3k

D EEER FB2 EaadeRdS HEdo)

& HEAN A= HEsr MEHEA Delta 5ot Mi-
tsuysu?| S FAsI)

2) Folxl WA ER 02 NE KEmRE), KES
fefl el cross ~HERS g}

3) F#Zl cross ~¥EZ o g ] LHM3 MEM
o) o8 Friadey HEEsS Foch

4) #HEEY ~9ERE BE AHEHI HEg
=3

3.1 BUEMEE

311 LHM

A (10258 m7h FalxE A (14) 2 A
(15) 248 rAg e 0] H#xEdoh

3.1.2 MEM

4] (18)-% Lagrangian multiplierel] ¢+ JEgas)
Hir A eld, o]9] ##%= Newton-Raphsont (Press
et al, 1986)& fEEsle) € 4= Uk 4] (18)&
#HULsrE og A)e Qe

% Audr,=B, i=1,23.4 00
s=1

Ay=[T10)-mI @) e striwo dg gy

714,
Bt=A‘z”[l;(a)_mt]e_"é‘;\klkw) dé (22
B, =ATew— \oie @

A (20)2 Bz vector SAe] B Fir LAHEKS
A PUEE 2°F FT, I6k1hel FHE Aol
w7hx) REEEE shd A HAME Tach o)
He PIEE A=02 sz, |oAl, <10x10°
ofe HEE BT 2 u2) AF A (19)9] JHUEE
Testsiv

3.2 AHrmaEaee et

3.2.1 Delta &%

Aol FEECI g HEas ot Delta &l
Gor Fojxirhy svEzke

GOID=2 a,8(6~6.) 2y
2 FolArh
o374, )T‘:'_at—-;l, a; =0 {29

3128
Al (24)23E] mE by o}ea zil

3

m,= X a,; C0s8,
1

i

1

m,= z a, siné,
i=1
m,= é a, cos2d,
n >
m4== té‘l a,; Sln20,
maha] A (26)8 A (14) 2 4] (15)o] {eAsId
HEsyEge] LHM #EES 9< £ 9t a9

A (26)% 4 (18)e ftAs}a Lagrangian multip-
lierol W THeSl FEN B HERS Qe
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DIRECTIONAL DENSITY
. '

LHM without smoothing
LHM with smoothing

1.0 1 § 1 i i L 1
-180 -90 [1} 90 180
WAVE DIRECTION (DEG.)

Fig. 1. Numerical simulation for a spreading of a Deita
function.
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harmonic7}#] 2} Fourier seriesZ RBEAT wl £AF
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ct.
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LHME peak® {7+ true spectrum¥ 3 —F
st glov), MRy e 2 MEMd Blsle] EE7E 94
Yol x|, HEEAH e ) HkE s L=
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Fig. 2. Numerical simulations for unimodal spreadings. (a)
s=1,(b)s=35, (c) s =100.
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Fig. 3. Numerical simulations for bimodal spreadings with
equal peaks (@; =a; =0.5, 8, =5, =20). (a) Af =
70°, (b) A8 =90°, (c) A =180°.
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Fig. 4. Numerical simulations for bimodal spreadings with
unequal peaks ((¢;MCS;)/(2;MCSp =0.5, s, =100,
s;=10). (a) A8 =70° (b) AF =90° (c) Af=
180°.

o] W& true spectrum, LHM, MEM HEfEE 2
ojFct Y& (swel)# EFE(wind seas)7} sl
FEhgo) o) HEildl EHdy A4 T Ut
MEM-& <ol 5i@st viazixl2 A6t Eingds
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212 peakE o AfikEle ERS o 4 Usdch

gt LHM-2 first peak (iE S & FH, 28
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BEX g dolxx glch

4. % B

& Bgcol A T AN mmAad ey Hewrhel SREE
o #ate] HtERTsha L L R o 2 KRS
E sk o
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FgbE R #ETtch
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