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Abstract

In this study, an optimization routine with genetic algorithms is coupled for the selection
of free variables for the production of a control signal for the motion of wave board in the
numerical wave tank. An excitation function for the controlling of the wave board is
formulated on basis of amplitude modulation for the generation of nonlinear wave packets.
The found variables by the optimization serve for the determination of wave board motion
both with the computation and with the experiment. The breaking criterion of the water
waves is implemented as boundary condition for the optimization procedure. With the
analysis of the time registration on the local position in the wave tank the optimization
routine is accomplished until the given design wave with defined surface elevation is found.
Water surface elevation and associated fields of velocity and pressure are numerically

computed.

% Keywords: Design wave(& H ), Optimization(ZI1 &= 3), Breaking criterium(2IHJ|E), Genetic
Algorithms(S & X2 1215), Numerical wave tank(#=XIIF 4=7x)

1. A8

x4

Ml 20058 48 27Y, 2012 20058 118 29 o A=0ILE BHAREZE0N Eol= &2
1=H X, E-mail: denkmal@momaf.go.kr o ZHAHES Pelol= AH2 LLHEEH
Tel: 051-720-2592 O 2CHDavis and Zarnick 1964). Ol2ist

AEANM FBcls EUHEH I JH2Z o
|



52, 22 o7

Zero-down-crossing-Methods Zero-up-crossing-Methods

e =EHaUE 126 HASIH0 oH, &
gt XOI2l dsit FHKsd S40| DD *:“ /\/\; /\ f\/\ /\“ﬂ
T{0F StCE Transient wave®t 262 EON &Ximt ’ '; V \A Ht \f
D] QI TS 02 XA JI2l RIDIE W | § \
HOloHs MBS AISO| MH0| RUEZ Hak ’*Tw AN o o
SI{OF S0, Ol= 2 Dispersion HEAIZ OHF
Bl Olsote WS =ID| MHNSZ oot Fig. 1 Analysing methods for the data of
O 8g = ULL wave registration

SHIE MEAPI=E dse XD EEio)
et dgate=8 AIEoHN IAE0IL SE £

I8 FSAI2IL, AEXIDE |dlk= XA 2 2= UCHL AZIHSENN 245= SHEEl dhat
ot INE *c*!’é/\laljﬂ EICh OlaEQl HR X MEHE UEUE TS 240 YN B8k 2l
IDlE AR Hot MNHASE &5 20t el [l Hy 4 = H, 2 BAZDIT O,
S0 23N F=AXL URE 2 E= &MIH OId2 =08 AlZtERt EEHE IIE & =2
ol gl oz SO0l RO J=e £4 HEH 33%2 HAM S= IIES Hos LiE
OFZ ot IRt i PsEE= HEE O QU CHCE Olgist =8t UEEAel eIEe s3A
= 20| BHEQICH SOI0EE EHN =240| JHs6D] 20 £=X

= AF0AME ZLDIE MOSH| AT A= I +==0MT Al OIiEE4e 8061 FESH
S0 OigH CHRD ALD, =Xl =T(BEM S ods 2 UCH NG JAWAE 2 Wol=
2005)E 0|85l MAE Mg SIS Mdot A3l EMotD UXILE, HE 2HE AMZot=E It
= WEE AlAEo=z PEotn QUCL ZIDI = miEieadol Digel oMt ALSXIel HEH
28 HHASE=E XE HoE &4+E ASEoIY SAQULE A2 SHECZ Hel=ElE X200 o
D, FOHE SXE0 Y= 20 SAHIE 8 20l 1 2= He| SLU5HH LIEHL) o =2
ol= MEES KA ¢nelsez 2AEsE ol OiM= Zero down-~crossing 2t8IE€ AFE5I0{ It
Lk 2E=S WHEAHML ZHEHSZ breaking AANSE 4ot 0O A, &4Sdk=E F
wavelll CHEH DAFQ! HOES HESIRUL N T, B2t H, S8 S46IACL

o=z ol o4 3. Breaking wavel TH&EI|E

AEAN X8 ZUsXL BREZ AISY0 ANZISS0A HES THIGI0IHE 2 =3E S|
HLR FFtlE X =& 0L RO0IE LFA Ol E5H)] oA breaking wavell EHEDIIES
2t HEE WEUEE SHELE ofsdottd hd ZEg WA SHE0 FHIZH2EZ TYFt
ot WAFIIE WSt Ao Zero—up—crossing O0F BHCL DEAQI breaking wavell EHEIIE
I Zero—down-~crossing®#2 AIZE 2= UCH Ol Stokes 2 (Stokes 1847) 210l Fig. 2014 2
0l & JtAl &Y 2 Fig. 10il LIEHHRACE O] & & ol 21 IF 22 02 OHKl HESE HgdE 4+ U
e M2 O T(A)Q FIT)E LI = gk HIIME ==0id ZHAZ RETE HS
JI0 Meicts 2ol M2t 24A52 XHoiot & o &2 TAI|E(NVan Don and Pazan 1975,
Mg = UCH EEF 2FGO S0 S8t Ranberg and Griffin 1987)2 AIE4t212 Stk
RAZA ABEE I A, ¥ FCHIEDO &E0M ==& breaking wave ZEIIEZ2
a48dt= FI T, BA 0 LS S &S Fig. 20l LIERH XS (1)ADF 201 £ = ACH

Journal of SNAK, Vol. 43, No. 1, February 2006



98

Propagation of wave tag

e
N

N

AN
~1

-

0388g

]

Stokes & Michel
(#1.),,=0.14t or
Wyt 0027

QObservation
of KjeldsensMyrhaug
(VBT >3.5

Experiment
in Wave tank
g =0.021

Longuet-Higgins

Aceeleration = - 0.388

Fig. 2 Several breaking criterion

H_ _
g

0.021

—
—_
~—

7 =

N

oIIA

LIEHLHCH,

OlE0l & SR8 4 UCL OIIN HS T=

OIA HMAISH SiESHS SaiA SH 2

Ch 8HLISl =JI0IAI LIEILKE ZICHS ZIADH
A4S SH FOXIN, OI0 HLHoAM =
(0]

SEIIBER2A 9.81 [m/s?

lEe ddne 3L Al

)]
2o

g
ol

=
[
I|

< O

I %

[t}

0

A
=2
=

1>
0 32 K

4=

0d

ﬁl ST

=39 OB} JIEL2E AIEE L

a
10
o
|

ne
K

cl&

Pl
=
[
o

oA

a -
o
K e
N
~
B

E
e

e &
0z o
€ 0
o &

r 10
=N
>

e 1]
v B

Ol

o

on (I

=

T [x

0%
U 40

i
it J
=

Jd
ton

m
z
o

w 10 Mo 4>
02
ol

30 o

o 4>
N

%
nm >

A

4
2
x
>
= 0
rn
m

9

St SEX

x On OF ron pi

Qi HdF(0Is2 S 1995), &
detel EJLN(OlIsS2n
sete] 2| EAZ0IATE O =
2 QUCH Fig. 30l |EX 2102IS
ZHASEAH LIEHARACY.

s

=
>

> JZ b1 O

i 1
= 4y

&
0 02

42 SNEx
AN 2H O SHEt= FAHXAD BH X
NEDl BIE PEIDR GHs B ROIM AIAE

YN2SE 0188 SHI MH L e AAE 2F
< Initialization >
Evaluation of Fitness
]
l Selection I
1!
l Crossover |
1]
l Mutation |
v
I Reproduction
|
Fig. 3 A flow of genetic algorithms
M2I0IE s = (s, -, 8, B AHRSI0 OISTH 2
0l £ == AUt
Min
) @
AHZAR () =0, g'=(g,(s),-,9,(s))
Z HAIE = ACL
S LU2S0M Mg "ite 0 =4
%=2| MEITE HAMELEAN OIFUEICE &XAHIt
MEE 28I TIEE ¢te= RIS MSE M
oot XUEE sk /AXE SE00F st
0l2ist R doE NEE HIAZLZEN E
H MSEAIR 4= UCHBoyd and Chen 2000). 0}
E0| AIE8H S = HIMEUIE M-t |l 2t
=0 Fe s 201 2=

s

{(z,0) = 6usech(Az) - cos <z+ 5) @)

OOIM HIME HetolEe p=1,10 £ LIEHH

1, Dispersion Iet0IE A =110 OICh S8t
sechz =1/cosh xE 20I&H

(ol EAmE Mdoll) ZUDIE MOS0
= HYSIK RSICH [MeIM X8 al&8 DHED|
QGHA 22t JiSTZHN ASDF Bl 220
Aol Z2 125t0 ME2 HoESE Jold
OF g ZRAHO0| QUACL OIE <A (3)2 &==0i
cosineE sine@2 XIEAIF|D Z2HHHE9| B o
E AHEYO B 2 BRO CA] WM 2058

ol

o '3l =& M 43 & M 1 = 20064 2

o

]

J



FEMN, &4E2, 2N 99
X(t) = Py -sech(P; -t) -sin(Ps - 1) (4) B e et SR T2 oS
oww TRIOIE P_y, 52 A4E LIEIC 2
ABUIN Ah Py NB0| REHZIEZ, AL o

P3_ FOE BAIGID oncm ObEE 2 Uk e w e e m W e

XD HOHASUHA =2 LiE= g2 It os A IEE PO P

22| Dispersions E’_@AIBDI Q5 (P, - t)E B

Al (4)9] DFRIZE BHOI ZEHERACEH E3 XZMIJ| & :

SO DI FAUIN ROl &2 2I6t0 =

JI2 tanh (P,)8 D2ABIACHL 012N FIPIS e e re e

HOGH| S8t MBS LIEE A2 2t 322

PJ=(),45. P2=0.l54 Pyl p‘=o.ms Pl =0.45, Pzz(l.!S. P3=345‘ P‘=0.025

IR CHAL W 22 T3t 2Lk

X(t) = Py -sech (P, - t) -sin {Py - cosh(Py - t) - t} - tanh

(
Al(B)0I AFBZID U= & B P2 XIS B T e e
ZIHHRIE HIOISICH Al (5)01 AlBE 2t A48 P PRSP0 P00 o SR OO0
o gte Bist2 Qlof QFE0IXE ZIMNS 2 &
2#SE Fig. 40 LIEHHRACEH SIS Ab4=Pt S5}
AIZID UK &S558 280le 422 445 L ,
= ROAISE 242 HIWEH Fig. 401 2L P, TR e e
& JFHIE LIEHUH, P2 uruu HE = Fig. 4 Influence of parameters P, ,;, in
m==E HMOSHCE Ot2d P, = XEIPD| MOKE function for generation of waveboard control
UROA o2 Al2HE %if% LIEHADD UCH
ZMAISO MEARIE +XI0F SEUHRUAM =
OF OtLict OllQl4=Z AEHIA HHAHILISl SEH0] & Fok= Al HMoS| fIotA ¢, E E2lok™
= HAZ MSe 26 30x2  MISHHACH Ch Olc4gr Lt AIZdIOIS0IA HAH! JtsEt
A 202BHAM RIK ol 2 o= 342 gtE OIEotH =HE+E FdolUlt. £ .
Py, 5,0l A= HOOA &gt FRUCE 8t ojo| Bi4Z IR F= (P -, P) It SXE
& UWRUA ZO HMSE ddAldlis S
5 2/&g 210 £ 85 =Lk
ZI0H SALE MHADID| A8 2FGe| A
HIAE SHLE XSNMA Host SHE4 gIt =Zol0te g2 LE2ZE HMelotA2H
ZH3 J|EE 0125601 MEAIRCE &l (2)2F (5) olRe 2= WA, ), FNT,,,) ¥ Al
2 AIBYOIM S0 MAS F0D H, S 20 Old Al = ZIWEAIS ZMAIRN,  J2Z
N ZIHE Zero-down-crossing2# & ol 44ot FUCHL OIZH B2= SHEE UAl W 28
O SEESE ookl TReE fE =5 Min Hnae = B.\" | (Toas =T\ | (tmas—t:\?
2 Folo| ® BHZ IS SHGI0 DYNTE xS ={"0 ) *( T, ) *( £ )
SHAIGH| st JIELEA AISdI0I80] ML= (6)
=X T=2o YoIRAXE dFotACH £&F 0l 2 02, H, , T, ¥ t, = Fig. 50l LIEHH =3t
X0A 2HIMHDE JtlE 1 7, B AR 20| zH3E 0I&ot0 FotlA ot SHIUS
Ct. Ot221 AlEdI0iEO0l /\I = = FUIOL S LIEHHDY, OIMHe) BAHZHE

Journal of SNAK, Vol. 43, No. 1, February 2006



100

tfs]

Fig. 5 Definition of variables in object
function

g = ——J%QL K};<0

TYL(ICC

2N Ky= (1)A12] breaking wave J1Z0ICH
AlEdI0jEdel A Fig. 60i LIEHH 242t 2
Ch Database= A& AIZC0OIEMIA MHE
LE ZIHEAHIE MESIH 2+ LA ASst
E M4E H=0ll 8 28 I ACH
Fig. B0IA LIEIH zIH3L &RHS 0I&GHH 2
£& DRIO¥S2 H=0.55[m], 7,=2.0[s] %
t,=40[s] o S42 IHXes EALE Mdst
Tab. 10 &fAIE £H OIS SEE ﬁAIof?iD
ge= AlB)s AMESolR0 Mgt

Jo e
= 4

& K, 00218 H4ZUOT BT LESIAL

54
NBHOIS0 NSE O TRIIEES 1m0l
& = Az A g@% 8501 Tab.2 o 2

2= X1 T} —’#ZEE 210l 150[m ] 20l 1.5[m] oIt
(= SISO Z 20002 HIAHE XL
/\}5036}01 ot 01 ’qC} T|me step2 0.005[s]
2 A 2 Fig. 70IM & =
= diet EOI 96Q_J Iteratlongi HE 72
E2XA2ME ZEH A dHel Xt
A2l SOl 0.05% OILHOt &
ZHBO2 WIS
OlZAH FoHE zI1XgHE Table 30 LIEHLIRL
AL /ol AWel =2 HE=E
H S&E 20t 2XE Table 401 &2

= 2
—L

(Pl

mjo Z_

OHﬂ
O

10
2

glelES 0188 M dd & diA Al2E 3=

ACL Ot2 It Zgnt ZHIFEOl LIELEE
AIZFL AIZRI01E0] AIRE & 39[s]0ll CHEt Z
tZ Fig. 80l ZAIGIICE OIIH HAtE! SEZ0
A2 EE Fig. 90 LIEHHRAC

o K

I}

START Initialization of_
Random population

Simulation in
numerical wave tank

)
Analysis of wave height
and period on the local pomt

YES

Analysis of Fitness
Criterion Satisfied?

Selection
Crossover

Mutation

Reproduction Database

NO

Terminate condition?

Fig. 6 Flowchart of GA-optimization

Table 1 Character of design wave

Time domain

H, = 0.55[m]
T, = 2.0[s]
t, = 40.0[s]
Local domain

z; = 30.0[m] from Wave board

Table 2 Maximum and minimum of parameter

015 < P < 045
015 < P, < 04
10 < P, < 35
00 < P < 005
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Table 3 Parameters calculated by GA-optimization

| Parameter |

P B [ B

P; [ P (constand) |

| Solution | 0.4229 | 0.1624 | 2.9298 | 0.0393 {

05|

Table 4 Detailed results of optimization

Waveheight [m] Period [s] Time [s]
Target value 0.55 2.0 40.0
Optimization 0.5651 2.1604 38.6
Deviation +2.75% +8.02% ~35%
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