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Abstract

The component wave method and the individual wave method are proposed to
estimate the directional spectrum of wind waves by the use of three wave detectors.
The former was investigated on the basis of method indicated by Mobarek (1965),
while the latter by Tokuda and Toba (1981).

These new analyses were applied to the laboratory wind waves from three wave
detectors. The following facts were indicated:

(1) The individual wave method is the most successful of the methods for the
estimation of the two-dimensional characteristics of wind waves from a three-
detector array.

(2) The waves generated by wind in the laboratory have a rather narrow directional

spectruim.
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ENHERICELTY — 7 LB LALRLEERZLDDTH D, ROBERIOSHEEE
— 7 WEMILRE L THMT 508, A KRERERCALTEMLE C—7kE—D DKk
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$1 (8, 0)= I H(,6) ¢, 0)df {a
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H(0,8)=1+2 Ea ?osk( (cosf—cosf' )X+ (sinf—sind') Y, ) (2)
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Y —ORIRT, a &4 - OREAERT. BIBHO.0)RBBTELANE LS
748 —FEEFFEN S DT, Eaitot v+ —0OBRE~Ns b (X, Y)TikHoh
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LT, Hepiz Barber C b ~TIHEICHOAMBREAT T 20F 4R Th, KA L
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Vit = %‘ A, coswpt+ Zﬂ' B, 8in wy,t (5)
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Ramamonjiarisoa (1974) # | 7 Kato and Tsuruya(1974) it kL A if O EBE R Hh L
JEEOAAEE AR DBEObDE—FK LS LiciEA L, MHAEESEHRRARY ks
mD EAREFE~ . 2 OBRIBEEOH AR A <7 P LA RICEREEEERITS T
EERVHLE. ZOLHUET LS, AARS b LSHICER ALV LENCED
T RWFE—E— s HEET AL, imaginary peak )3 H A DIRE L 7z A HHE 5
APREOMIC—H L LN LI LB EFEL, RO LD KHERBOKOHEOLANHEE O FER
w7 LT,
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CCTgENMEEERLT. a=1 BEHICEBEOMEEEOMERELE. HREA
ST PADTHICTE AR TEEVEEHONES VLS IZOD aEdins. TDHkizd oh
UhBEgtfb LA~y b VEERREL, IheDEES/N _RETRDALAICENT
Mobarek ZE S HEL L TV B LS4 5. LD EithD, TOHKE LD —BRLENE
FHEEL, £ —Ebt+nik S RETEATLEMMRL LT, L0 LEHEAMERES
MEAMAANRY b NFEHEERICRDA L ECTHRABEV LD L LTEKESH S LS LD,
PlESC OMEOMBETH 555, KOBIKEBRRTILENS L, FH—ig, AEANRS b
AR ERONLEEFESHTERIGIOUHEEOHEI P D T, — it v —0HP
BElcLsameEr s s & B, BEONHEEE SUERZFICL - THEshal,
INOHEEXGIOET FRieEban s, B, TOKNER ergodicityD{E% H
WL DA AETH B, COCELRBROBINLTHEOEERELLHNT &
EEbNA ZOHMRKOLHINRCETHA, HEOBRIKB W TIZMMEICEL THEy
taends, EHMICEEE D HAREBERESBLNEVEEPEL. LT, LD
TEEERE & ZERICE L T OB OEEH S it ergodicityDEABA LTI QS
Moo ThsD,
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YH—iCLBHEART F VDB, Barberhil Mobarek g SH#Fd 52 &icd 3.
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D% BRI B0 TED XS U HENENNTS B0%, KHXTHLhICT S

2, iRk
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E—HILLEEEO, £ LTEFEKEOBEONEEEZROEOEDE—BLLNWEE
IRBEENSH D, TRHHERANS b AGHIR T TIIRAT £ 5 T A7 EE QBRI < K
FTolHEEALTVWACLLETHS. 20LINT LG, LDESENNHFEEIRSEORN
HEEICE L TREEMVT, o0 UnBAlRBOKAEMD 7 02 « 27 kLS
SOUAHEE & TEETAHNALZ KD, ChoDBIcESOTHRR <Y b VD HEFRITT
55DEMND. ZDLHINFAT, H2 3HICH T Mobarek ZOFELERFT L. <
NEMBHNT, =ZROHERT = v+ — ORIEICH L TO Barber & Mobarek o
oW THkT A

Ch ookt cross—covariance DR E T T - FOREIZES 40O THS. oF
DEHEOBR AT - FEEZE T EEEN randomBIETEIREN B EKET S, 20K
EWC L -T, covariance B RIZBEH it oo - TEHT 3L EHII(RE. D
T EERMIZEL THAMET2IRESTAR, EEREVWKEAE AN —T2LDOHEL D
HEit v —2HV BB LRI LAEKT 3,

ZOoDEEF L v —ORERDKEEN 7 (53, 8) & y{a+X, y+Y. 1+ T) B® co-
variance ¥R (X, Y, T 2RO LS5 ICTEHT A

1 [

T %%jﬁﬂ@yﬁy@+xwﬂﬂﬁﬂ@mm (7

R(X Y T)=

CLZTW, Z2 LT SRzNTH 28 A, yéihmE L THEESRCEL TORAE
HErd. XEYEdeshThaofhmE s yAeicELTow 4+ —BOBEAFbHT.
covariance Bif R 2 A2~ b WBEE E(L, m, fYOBZREROLHICET A,

R(X, T) = [SSECk, £)etChk-x=22/T) gigmay 8)

k=(2zl, 2zm), x=(X, Y)
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CCTHERBENTNHHEHMEBE N7 v ATHS, | Lmizzhdhatiid vilic B8 L
T@%ﬁﬁﬁﬁ&ﬁ%.iﬁxutyﬁﬁmﬁﬁéﬁbTN9FWT%%.ﬁ@#éﬁ%i
20, R(x,T) Bl ok ECk.BRShBCEES, R(x, T)izzn
T— FHDORBIZ L O BB ICHMICE L TOTHILL > TEDLS NS, Z0OZ &R FRER
FkIic, covariance BAE{ R /5 co-spectrum Co( x,f) & quadrature spectrum
Qu (x, fIERDBCEILL>TITHIT EHBTEE,

Co( x, f):fR(x, T)cos2zf TdT

(9
Qu(x,f)=F R(x,T)sin2xfTd1
KO 5
Co(x,f)+iQu(x, H=ITECk, N ek didm 10
A 10) Z 3t L
ECk.f)=JJ (CoCx,f)+iQu(x,f) etk X gxqy an

LA EADMZvT— KL covariance DBRIZ b &5 HER <7 b LSHERD D
EANLEASB. Barber Z& Mobarek i c WS DEARICS 5 bDOTH L. Ch
D HEDBERASHENE, K1 CRIZADES €y H—DF— 5 TH~NE.

R BIEOBE, B—IcBAO single wave DT, %Iz Tokuda and Toba ( 1981 )
O/NEARKEEROBREOHEFUBE L S 0BRSS ETEL HEORRE &
HITRT.

=ARDOERH Y —DORBEREK 1 ITRd. 2RO+ v 4—0BELE2hFh Gl, G2,
G3&BL. INoORBEEDT <2 bV GIG2, G2G3, GI1G3 KL T, #zhzh
X%, %), Xo( X, )2 LT Xa( X, Y3) &9 53, S5ic MGL = [, MG2=1,,
MG%=%&E<.ﬁﬁﬁ7rww%ﬁ&ﬁ%é&%ﬂ%haﬁi%@=h&@&?%&,
KRADMFEAES. |

Xi:Disin a; 4 Yl-=D1-cosa1- o E=18.8
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D=+ 12", D=+ Dy=1, +1, 12
tIl:taIl_'(lg/ll), asy :—tanl(l;?/‘lg), ag =0

ERNLIce Yy —OEEBRE]I TRLALIR=ZFBEOODTH 1. RUDHEH5ELD
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7= +v2cos(ko-x—2zft)

ko= (kosindy, kocosty), ko= k]| 1%

YA

Single Wave

ly
G1

1 =Foi@Eitt v+ — 08 Gl, G2, G3HEADHSIT v r—DRESYE,
By 1% single wave @ i fT AL A 1.

Fig. 1 Arrangement of three wave detectors for single wave train. The symbols G1, G2 and G3
are the positions of these detectors. The symbol 8, is the direction of a single wave train.

x1 HEiteryv—0oRE

Table 1 Arrangement of three wave detectors for a single wave train.

BB o R I lg I3

IE =8/ 8(Type A) 2, ppem 3, 460 2, gpem

_EI=—mER(Type B) 2.01 4,39 2.00

=1 5% I Type C) 2.00 0. 00 2.00

2.1 Barber iZM4F%
LOHEFRUDEREFRELTWS, ZDRADAHITE T % Co-spectrum, Co & qua-
drature spectrum, Qu Offif, = v+ —OEESEET LA FLOGOH L. Lo
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TLOHERENUADECAETD Cok QudfEid~TEoiiElrx. COKREILX
=T, BoNEHMANT FSHEEED Codb Qu OHIF V5 B A (x) it ifED
&35, COBBEt Yy —ORBBERTHLIATIERD, ZhEADLETATT
NTEO LD, TARICEBONEARA ST b VEER, HEoOHER~s b VEE A
(x)D7— 1) 2454 -8 H (k) convolution & 15 2. ¢ GEE A 7 4 5 —BE &
MR &icd 3, 7 o092 —PBABL H (k) 3% TIHAT A2 LS IcERALESH =y bOJ
EEHEEOLTVA, K-> TRELCESIOAMEEER, Ho0UD7 vy —BERH
(R)DBHERNBCERE > THIBT EWTES. LR LRE,S, KA FRICE
x5,
E(k,f):ig[Co(anDcosk-x¢+Qu(xn,f)ﬂnk-xn} a4

=-a
é%di( an; Y...n) = ( _an _Yn) %L/T CO( X—-n? Y—n:f) - CO( an Yn )
EQu(X ), Y ) =—0Qu(X,, Y, )il

E(k,f)=Co(0,f) +22, (Col %y, f) cosk xp+Qu( ¥y, f)sin ke xy) 13

LCTHmitery—0fax3 sk, £/ Colof)idery4-Gl DNT—-2~7 }
wkish, FRRICT 4 vy —BE H (k) &

e : 3
H(k)=Jh(x)ek ¥ dxdy=1+2 Jcos k- x,, (16)
A, 2

(1) v —OREOEEZ FTRO NS, AR EFZTNODEELBICI DA -
Rg b Co( xp,f) & Quxy.f) OEBKLEELILE, LLEDT Ltk D, Barber &
DB AT b RTOBEHALREN., &> TR THA bh iz single wave DIFIC
SWTHRUS) LU EKEBIHEL, CoREOFEZHLRICT S

EillE Gl, G2, G3 To single wave D/KEENIZ T NEN 17,7, £EL. S HICH
filfs G1 T single wave OMEAEEICE 0 EINEST S &, &% DEAADOKELAZ
TAELS.

7= V2 cos 2rft

7,= \/2_cos( ky - x,—2nft)
= (\/Z—cosko- x, ) cos 2nfi+ (J2_sin Ky« x, ) sin 2rft an

7, = V2 cos ( ko x,—2zft)
= (/2 cos k, - x, ) cos2aft+ (+/2 sin Ky x, ) sin 2xft ‘
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sy FigE Af &5 5L, Tosingle wave © x 2ovF —HEEIEET 53 (35) &£

D1/AfEIE. L-TRUBDICEENIC Af 23 TEL. TOFER Co(0, H=1 LD,
oA« 227 b Col Quid@BDHSTATHRENS.

CO()“‘l’f) :COSkO'xl » Qu(xlsf):Sinko'x]
Co(x,,f)=cosk,-x, > Qu(xZ,f)=sin.‘c0-x2 (18
Co(x,,f)=cosky-x, , Qu(x,,f)=sink;-x,

RUER 1 TR LR~ 2 v x; (1= 1,2,3) OEDHEICH > TRDIEDTH S,
AU ERXUDIRAT 5 LRXERS.

E(k,f) =142 cos [ x;-(k—k,) ] 19

7 408 —BHRAUE) EHAMRA Y b ARHRADELET 5L, BREIMNEORLE k,
EOBEBXEhNHmTHAT EMN5. TOLIITER~Z v ky @ single wave T3 L
T, BarberZETHBONBAMARYS b ARTHIR 7 4 V8 —BI H( k—k,) L—ELT.

Barber (1 %[ 2 THRMICT L. CORBHEORBIOR 3.2.3 g 56D
ThH5 HPOEEONHR H(K)OAHT, MEOERLOSHEB H(k—k ) X3 E
(k.f)onfistssd. BlEoz Lickh, Barber @ FEOHHEIZR16) XIZR 19 ZF~
Brllitk-THOhITENBT Eimant. BENIKER 1 KH 2 =BEOREIC 2T
HBI Lo LT A ChiEEFTTEEAK, RUE)EUDEFELPTVRICEELTEL.

H(l,m)=1+2{cos 2z ( X, +mY, ) +cos2r ( IX,+mY,)
+cos 2r ( le-}—mYa)} 20)

E(y.0) =142 (cos [P, ( cos(f—a,)—cos(¥—a,)) ]
+cos [P, ( cos(ﬂ—az)—cos(ﬁo—az) )]
+cos [P ¢ cos(ﬁ—%)—cos(ﬁufaa) )] 1)

P;=kD;=2z(DyD,) x, 1=D,/4, 1=1,2,3 29)

T Tk=22/2T, A 3EEERT. K33l m>0 OfFHTO7 4 vy —BHERDL
Eb0THE hirXQ0) I =BHOEGt v+ - ORREERALTELGNILOT
55 toOEickdE, F=@K (Type A)(3 Barber 53 2 TR Lick ic, HEAMKE
CRAEEHAVNS VERTIRIEAEE ST AR EL S, h, ZHL=AE(Type
B) 3AEOS &1 -, DEMARIE € v+ —MENE - & bEAL Yy #J7 E X
g 3m EAREE > TW5. BEEE (Type B) R y@hmic LB R~ b

P
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B2 WM~y bk L7005 —BA$ (Barber (1963 ) 1o )

Fig. 2 Relation between the filter function H and the wave number vector kg for a single
wave train using Type A array. This figures was indicated by Barber (1963).

0-5-
0

0-4
E
&
503
g_
o Type
w
y 02 B e
a B =—
@ c

o

|
}

0.2 03 04 05
Space Frequency, |

3  Barber o 7 4 4 — ML

Fig. 3 Calculations of the filter function H for a single wave train using Type A,
Type B, and Type C arrays.

BELRZOOT, L e iThiafilii-tn, DX 7 108 — B OB S H iz
Mok T, Thids iz LT single waveiz st L COH[EA RS F w34 RL S T & B
TE5, hRRCHEESHOMEBE~<7 FvOEERATHEEBEONS. T single

wave DETAHME 00 %2 0 & B, TOLHIUEIFHLTOHRB R~ b S FHIFZH2D
55B LDt KL THHLEDELE, Hide I+ —EEF=ZAFE (Type A): "%
A=FHER (Type B) iz £ % single wave @[ A <2 b LA RLTVS. TONMIRE
—JETHEEINTOSE, TONMS, KO EMEDE St ioREick 278 TS
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Barber's Method
8,=0°

AN T W\ 4 0.7
f S e ey e s i
- / \! \ )

TN 5 0.9

[P R R U S S T U S SN SN TR ST SN NN ST SN S SR T WA T TR A S SO S SO S S W |
180° 90° 0° 90° 180
4 HEHile v+ —0iiE Type A QE=MER) & Type B ZH=HFH) it TD
single wave ( p=0) O AR AT b IS F
Fig. 4 Results of calculation for Type A and Type B arrays for a single wave train with 6, =0.

i B IEEL St Lt 1. dHbb, single wave DESRENII+ >~ + — [ D;
IES BENS AL, BITHEMIICET 20HORIIH LD, 0ENIS 180 E
FLT-90E»L - 180FEORBICEENTEELLTHE. E ik, _EI=AIEE=H
Pz kb7, 0=0zBL THETHRMEICEVTL D@V A OIREEL T 5D, 6=90°

Barber’s Method

1.0
i B8,=0
Type C
05 X
1 01
203
305
L 4 0.7
0.0 50.9
_0_['-
| YIS N NU TN WA T NN T RN T NS SN S S B |
0° 90 180°

B5 Emite v —0OfRE Type C (BEHE) 124 L TD single wave (=0
DANR Y b5,

Fig. 5 Calculation for Type C array for a single wave train with 8, =0.
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THBITEWSFIEL 5. ), BHRE (Type COOEREIN 512l 72, TORP 545
L&Ak, HHEAS FEEOs A T EEULAENHE LN, ROLHILHEES LD, Oy
A7RG=0DFFICETIZ0.7 OFEFICEVWTHE VEREAE LIV, Z20REHE
TTHRATEDOT RS BEICE L T L. RADKAR o =0 DEE > E DESiO+
Y4 —ODJj& single wave D#T AR E BB LB OEES, =6 OFREIKE—27%246D
XFFEAHMER D, BEORTHAASRETEALVILTHS. COLERERICR6
(Bo=60F) DR LRENS. LT &ick, Barber ZDREBEKROLSICE &
HELENTEB.

(1) BIELAZWEOERIEH L TRENLESHT € v+ —ORBE 0.1 55 0.5 % TO#
Bz &g, ERLFEETHUE & LEMICERODLOWHR R~ b vEH%
BEIENTE S,

@) WRiCE > THRIGHENRTL S, THbENENRBNLES T+ ¥ —0lMRic
ELCIEBRBENESCEBIZONT, EFANBEOHENBIERS 550, 20K
HMZNLUNDECATERSELHNS,

B) EEitetvy+-—OEE F=fAER —SI=fkEiz CEHEFRNIEVT, F=f
BRE_FU=AEEDEDIRIEILALEUARR Y P A HEET B0, BEHEDD
BE =0 Opic L THEIRELGHHONHLLEDT, BHOFEETHUAEZIES
BT EFTEIW,

Barber's Method

8,= 60
X =04

h 7
i e T e A,
7 P L ;’

-0.4L
e v oo | ogen vy ooy Uopow o005 g% 0 G 5 pa 5w
-180° -90 0 90 180°

BO6 T AN 6y =60 Bt L T single wave ((=D/1=0.4) DH[E AT LS.
ZZTAEDELTA HehThiioupll, AFERNSE Y+ —HBORSE LTHE
ERT.
Fig. 6 Calculation for a single wave train with 8, =60° and 2 =0.4. Nondimensional wave number x is
defined as D,/A, where A is the wave length and D, the typical span between the wave gauges.
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LZCHETNEC LY, single wave DEDHERA N b VSHBIERICETR, 6
OB TCOAMEPEETAEHOTIROBEV A THEETHL, TDTLEMLLELS
L, ZHOHRSOERIZS &9 Barber gRid o FE#TANMAICELTEHRTXAME
52 5%, zoXEAMMICH L TORRESE CHEA <7 bvaHmoEEE LT
HhHT DR Y, Ol LS single wave 4RI 0. 1 <X=0. 5icsat L THIBOREE &
R,

2.2 MobarekED4HE

COLHFEFRADEREARE LTS, ZoORDOELDMEESHOKEZEMGEEE D 7
O« 227 b AHLRHOLNE., ThEDflEicky), AADHBER~S b VEE ECk, )
ZRONEF L., TOHEREW 20O0H BEELAFAIC LPED L 3 v F—BHELLEL
EBGEL, IROE DI EETL .

Coi( f) +iQu;( f) f etkjt¥i =12, 0 W

Ll Tabd@3enetne v+ —MROMBLERAM £; ORfERLY. EXE E;
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RATHRDT &,

2;4135% B; , i=12, 2atl (25)

RPN 2FEHEICL ST, R2DEBROL D EET—RGEREES

ZCSJEJ.—.D s=1,--, d (26)
2a+1 2a+l
Csj:'J{IAis Az‘j ; DszizleiAis @D

(26)H Mobarek Jhic L B Hala~o b vS5HhOBEHEXTH S, Barber ik & FA#fc single
wave DM & EA A - Ti7id 5. Barber ECHONILERL G, CITRE/H—O
flEs L CE=MEME SO =AEAK0A2ELI 5 Licd 5. I o@mEEHEY
AEHITAHESILOERERASNEZ0T, EQIRE AP ODVWTHLIHNET Lt 3
COHEDS » &b REUMHER, BRlNOE & REGRCHTT SREBRIS T 2L F —D
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F-OHAEHEFCELT L3, HobkBVHLOBIELXZE”RT I LETERL, T
DEIBE LSRR LD ORBESF A EB S 10, d=4 & L THOTEET
BE O BB ->THBEEELT, KOL S L EEETHAAMEIcED L
BRI T 2 A F —D A 0; EBELT

0j=00+(2.5ﬁj).49, 7=1,2,3,4 (28)

LT ARARGHEEZRZOLT NI A -2 THLH., LRAOBHNET % v ¥ —BHIcE -
TRONBNMA RS b i, BOXEETHAUE 6 % Dt EG WO Ao K
TELENZLDENDE, L-oTRODIZEROLE S ITEIT 2

{ 1 1 1 1

cos(xi - k) cos(x k) cos (X, * ks) cos(x:» k)
cos(x: ki) cos (x,* k) cos (X~ ky) cos(x:-k)
LAzl =] cos(xi ki) cos(xy k) cos(xsshs) cos(xs+k) | (20
sin(x+ k) sin(xi- k) sin( xi- ko) sin(x - k)

sin{ x;+ ki) sin ( x;+ ky) sin ( xz+ ky) sin(xz- k)

L sin ( xz+ k) sin ( x;+ ko) sin { xy- ks) sin(x - k)

I:BL:F = [CO(O’f)I CO(Xl,f), C‘O(xfbf)! CO(xSJf),
Qu(xl’f)$Qu(x2,f)r Qu(x?nf)] (30)

Xy ¢ kj: P, cos ( ﬁj—crz-) (31)

P 3RQDEFMLGDTH S, ->TREO R+ v+ —DOERE x;( g D; &a;) (1=1,2,
3), e A6 L TERIGHEE IA525 LM LMNTES,

B 7TRFE=AERE SIS L TOMETHS. single wave DT H R 0,
HO&EL, HRADBIED T A —4 A0=20FTH5. MBI TicEW\T =605,
1=0.4 L LEBORBRTHE. ChoORELLROIEDPHLOhicEND, A% —FiTd
L, Barbero#hiE LB - T, Mobarek Db DRBEOERICIEEALEKELIZVE
RS b HATRT I ENTES. £ LTHET 25RO 2A0 % HEE L TF
BN OEHIC—8T 5 LD ic L hid, FEAEERDBE ULV EOHASHESE ST
TBLTLENTEA. fih, COHERSLHUDTEETHA 6 & HADIREE A0 %
BARBNELLHOREAERED, B 20 TIHELT 2L ehoh Lhken s Ak
BEY, BELODVTREDELATZLUEMEERD L LESEL, LT AJILOOTVA
WABIEERALT, BoNiDfHmhoHYT AOMEEFM LTINS, Zhic
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Fig. 7 Results of calculation for Type A and Type B arrays for a single wave train with 0,=0.
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Fig. 8 Calculation for a single wave train with
8, =60°and X=0.4.
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Mobarek's Method

Type A
(a)X=01

20 %

ae=90 76 S0 30
-0.4L

]_LlJllIJIII:Jl_IlIILl]IIIII]Illllllll]
-180° -90

(b) X=0.9

29=50"
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B9 AREASZ b &GRS EE A6 DRIE.

Fig. 9 Dependence of value of A8 on the spectral spreading. The symbol
A9 indicates the width of directional resolution.

Barber DR (M 4) LHEFICEL L TV S, EBOBMKE single waved L 5712 & —

LY ZADMEPEIT I LB B TREODOT, BOBEEHN€ v+ LB D:DESIZFES ic

DNT, Ty -—HOIb - LY REEL, EEOHB I 0R « Z2H LS AE AR S
NN ETEHES. TDEINTEDD, BEOBEIEZIETVAILTIEETS
BWESABH., DT &ino Mobarek BDHMEA S LB B EKODE S ITH B,

(1) &5 LOBROEELETHME 6 EETRLDRIE A6 B52 5N B 51, 1=
LbNBHEANY PARHRBERICBEAEERELLOVEERRIAG LD, HlEaSERE
B LC Barber 03 L 0 S W& DTH B,

(2) FHRIANZ b ARESHE AGickE kET 5. BOBESKRENL €Yo —
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fIfg Dt L hEThidd 53 L, BOARR~7 LB HEHELNE.

X 9 DFERH G single wave DA 0.1 ¥ 0. 9op@Eicet LT, BT A0 ofE iy
WETHALEZ OGNS, Bl L LS, single wave @ED AR <7 b LsTRIZ o=
o DHFHHDETALPIHRAF-BEALENEDTHES. L LEEOHENHENS
FELAFHE 2 v —OHPEDPITVZ EILh D, LaoTE2 - OB VESOERR
N7 bR ERCGETAMMICE L TS EETR T, SHOENDICME L TIREHE
MBHLEEDERIBNILETHE. LITEETNECLE, ZAKDE v+ —DHAKS
WTh, single wave DT HAIMA S BH T 3 L F - DEAT B AUADERIC—KT 58
3, BEOHARANS fGHEBLLEDNTES.

Pl bai~7c & 54z, Barberihd Mobarek iz oW THEHER UL S e L, &
wENLLEE, B LAVWHOBICBUTHABROEERUA RSO BN 2T 518
Bicid, Mobarek k3D iz kD Barber kX DVENTWVW AL ETH B, FIE IS M
OERETHUAMEICEL L 2 v F-2FMT 2 H0A%E R EBTEL0IC, BE
CHNTHRGREEE DB ENTE, DOEBRODILVHRR RS F VS HE DM
Thd CDLHINT Eirh, ZRKDEE 4 v H—ICLBHRRNY b LSO E
LT, COTEDHH THdFz Mobarek iz E-5 B xBRT A LicLic. TOHE
ZEPENIBE T 0¥ -k (Modified Mobarek Method ) &R Ligd 5. ks
BOTEETHOA O ENAERE DM, BOHTHL L B<EH, FRIRART 3%
KROBANTT AR « ANT P ARTHLOHEL EHTES. HEEOEGE T HOLEORE
F# LR DBIR L single wave OB A TRUETH b - fohs, BkOBSEAELLE,
2.3 HEPEZh BB T & /L¥—i% ( Modified Mobarek % )

T OFHERFIE T~/ 2 5 ic Mobarek fhic s &5 DT, RSO AR <Y kb
DAEFHN S BANCHESEOFEHTHMALE S 5 LRI STV, FhmaSiEo
FHEFREZRELSVES, COBFRLESLUOROTHBLCEMUELLE, ChA6D
T &R, TTelh~fc ks, Wittt v —ROKEZEMD 7 0 « X5 b v 5 [EE
WBAI LB TEL, FRTHEMPLGI OR « A~ b LA 5 it Taira (1971 & -
TRENTVE., TNAH-TEANICRT C Licd 5.

HHBMEP B LRSS c REOKTMEM p % Al BT LicaAME T Eicd b
TS BB AT 5. J BHOKEEN 7; 2RO L S iTkL.

7j = n(jAt) =Z(iAt) , j=L- N (32)
T N=t1/At
i 2n

N/ . -
Z(jAU) = 3 (A;(Z)cos 55 ij+B;( Z )sin 5Fij } (33)
=0
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i - 3 i
Nii=2afit; » fi=w . 4=jAl (34)

A d BilidenZ R & RO RIEEFHT. FFTHELLAE, R@ED0 AL B;
(i=0.1, -, N/2) BSEBEMIC KD S5, & - THHE 2 238 L THMES ;050 %
W R
1 ; 2 T 2 2
¢i:¢(fﬂ2232?(A§+Bi)zz—(Ai+Bi) .
Af=2/t , i=0,1, -, N/2

CNEF—RART P EFENS. EHEOHBZ 2RI bLdEbbRANT P VEES
Hiclt, COBMITT 48 — 5T TERETHRE L.
MOBRALTOKEEN S, ROLHICEBRICEDENS

. 12 27 .. . O ..
W( jAt) :1_%0 {A;( W)cos—r ij+B;( W)sin—g-1j } (36)

o _REosaz « 227 g b co-spectrum Co (f;) & quadrature spect
rum Qu(f;) FkdD L HRENSD.
Co(fd)=4 (A;(Z)A;( W)+ B;(Z)B;( W)}

(37
Qufp="7 (A;(Z)B{(W)— A;(Z)B;( W)}

INSOBHITT 4 & = COlEbThiE, CHOH29H4283CE8TEE. F
BILS NS TS, ROLIBabe—Ly2 ROSf) EMMEL( fibkpbhs.

. [ +0WF)
R‘f)‘/;z(mﬁwm G

(39

v (D=tan™( Qu(f)/ Co(f))
CTTCH, L, RENTNOMENTOT 2 ¥ —FRERDT. HEH f ORABICH
LT_MofiEzsEA ohnid, o EEETHMNA EMERE CBRbohns. vy
— G1& G3 ofth LB NAMMEE s &L, £v9— Gl & G2 OB LT
ve EFBE, TOERORMBICHS B t RRDE I 5,

‘t13:. ”13/(2’1'f) . Ly = l“12/(2%70) (40)
CRHOHN S, BAKD 6 & CHBROLIICRING.

4 L+
TZ)*(

fo=tan"! {(

) £}

" A (41)
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k=2rf/C (43)

et v —HOEBMP L7 0R « 27 FWEFET L Ltk -, ETHETHMA
ENTHEESTEZ RO BADR N, ERXEE - TRUTD) TG4 S0/ single wave D
BERNBILicE 5. RUDEGBICRATEE, ZE—L B 1ERS. [ 39)
ERVASE, v(f) =k x(1=1,23) &7, KUK tis=(Li+13)/( f2), tu=
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FA—9LLTHRARARY P ANGETETLLDEELS

3. (B4aiEfReTiR

/2 WEOBBE I —E T/, £ T, Tokuda and Toba (1980) iz & - T8 SR
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by, Af=17(2MAE). M 35 78T, At id##AE0 HREmERT.

¢ =R,nHy - Hy=H/Hp (45)
H ] _
R, n= ) muiy . fy=1/F, . H=y3 (46)
+1
m,, =m,/ (zaf) , r:ML' my T)- 47)
i

ZZTm HE LTT @REhZfnlE#sc o, Bciofss FEESE L TOHIN
MTHB. my i3 unit time, unit FEHEHYS 0 OBKEL L. HoONRRERKEERT
BoNkBEOBERRO L S IGRENT:. CTREDERTRONT T~ Tl & KL
BicEFELEVnbD & S,

[¢Mﬁ? f,21 7
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N g f, <1 (48)
£ fuz1
ff}\r: { ! Y
fu fu<1 (49)
3.52 f fyz1
mu = "
3.52 fy fa1 (50)
B f = B Fus Byl (51)
§y=1 Fur by =1 (52)

CZTCLG BENFNANEE SWRIEAR ( HAA) 259, Be, BEARF L TAiER
Bk, 0SS sLHBHICHII TR,

C= 2 =Hf/¢ (63)

CHoM>OEBHEEORE SN O0R, ©— 2 Bkt SEBEBCBO TG %
mEL. PERNEERSZADL v —DHAIEIL S LT bDTH 7. RILZOHE
PR L, =AONHGETt v —OERF— ¥ O RTINS, Z0H0EHES BAL
ICRg.

FUHICEeHEILBT 2 HRA~T bV E(f)DERRERT &iICE S

E(f,8)=¢(H-G(f.0), [ G(f0)d=1 (54)

TZTH(f) E—IRILARY bov ND—2~=F b)) T, G(f,0)3HRSGEHEETH
5. FRAEABETEDLT L,
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Ej=¢;- Gj | =12, M+1;j=1,2,.9 (55)
1 s m; T; 1
% =8Hi Wa — " Af (56)
2 m;T;
A Mty
2 2 1 .2
Gij=Pij/ 2 Py o Piy=g Hij(my+ Tyj) (57)(58)

9 9 g
coT =2 Hy/miy Ti=2 Ty/mis my=2 mij . R (44) & RIS SRR LALZ 1T
LH&, MOLI TS,

b .
En=-3 Eij = 0; Gy (59)

BWEiE] BenThi BHOMENEL | FHOSMASERT. BOFMBIET~<TO
BT EBGE L T—101. 2505 +101. 25 EOEM%E 9 545 L, 16 05 % & —%
TR
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_ Wave Gage D (—) and Q (----)
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B0 =Aopmste v+ —0KEEGTE L WIS 5 #2 #o Lo E.
Fig. 10  Central point of the corresponding individual waves from the three wave records.
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Table 2 Arrangement of three wave detectors for the laboratory wind waves.
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Fig. 11 Comparison of normalized energy spectra between the component waves and individual waves

for three wind conditions. A: traditional energy spectra for the component waves. B1, B2:
energy spectra for individual waves. Bl-spectra are estimated on the basis of G1 wave record,

B2-spectra indicate the mean spectra of the corresponding individual waves from three wave
records.
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Fig. 12 The normalized wave height for three wind conditions. The heavy
lines indicate Eq.(49). B1 and B2 are the same as Fig. 11.
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Fig. 13  Number distribution of individual waves. The heavy lines represent Eq.(50).
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Fig. 14 An example of the comparison of phase speeds and main wave directions between the
component waves determined from cross-spectra and the individual waves for the case of
Ul. Peak frequencies are indicated by arrows. The range of oblique lines is the main

frequency rang which corresponds to the higher energy density. The phase speed of linear
deep water waves is shown by the full lines.
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Fig. 15 Normalized phase speed and coherence of component waves. Symbols (), (@) and (@)
correspond to wind conditions Ul, U2 and U3, respectively. In the lower part, the heavy

line and the dotted line show the coherence of the coss-spectra of pairs of detectors
G1 - G3 and G2 - G3, respectively.
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Fig. 17  Effective wind drift. The heavy lines indicate Eq.(63).
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Fig. 18 Comparison between normalized directional spectra estimated by the Barber method and

by the Modified Mobarek method. Profiles indicated by the heavy lines and the dotted

lines are normalized as the value of peak equals 1.0 and the ratio of energy density,
respectively.
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Fig. 20 Normalized directional spectra estimated by the individual wave method. Profiles
of the heavy lines and the dotted lines are normalized by the same way as Fig. 18.
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Fig. 21 Normalized directional spectra estimated by the individual waves method.
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Fig. 22 Normalized phase speed estimated by the individual wave method.
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