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Estimation of the Input Height of Irregular Waves Generated at a Wave Maker
by Using Gaussian Process Regression and Artificial Neural Networks

QA Lx . @ AT w

Jung-Eun Oh* and Sang-Ho Oh**

2 K2 EeE el ASE BET A delEE olgslel b Jstug S AN
(NN) % 7RIk 3 B9)(GPR) S Sistn 1 s W7t 9 nlasieich, R B 25t 2 A
o= YT S Fe AIEL 2T 5 A0, NN o] HlshilE GPR 2He
o] B $7e 20 Uehdth ¥ o AuE nigon xugdd $elARe 59
A4 ) AARRE FAOH AR £RHE DS FY £ 9L R0 e

SAIZ0] : AT, 7HPAIRE 314 37, o, Wit 24

J
E:il
&l
i
2
DOJL'
]
>

=

EN

i

o

B

Abstract : A neural network (NN) and Gaussian process regression (GPR) model for predicting the input wave
height of the wave generator were established, and their performance was evaluated and compared using irregular
wave data acquired in a two-dimensional wave flume. Both models were able to predict the input wave height that
can produce the target wave height of irregular waves with a very high accuracy. Among the two models, the GPR
model showed better performance than the NN model. Based on the results of this study, it is expected to reduce
the time required for experiments by shortening trial and error in setting the input wave height of the wave
generator when conducting physical experiments in a wave flume.

Keywords : artificial neural network, gaussian process regression, wave generation, irregular waves, physical

experiment
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Fig. 1. Locations of the wave board (blue) and wave gauges (red) along the wave flume.

<21 LSTM(Long Short-Term Memory) 7|5 0. & %
9 of|F AT E I AT HE 2708HA AL, Lucero
et al.(2023)> MAl#dS E-835F] Wavewatch 11T IF5=4k
ndo] 3= AE /fAS3AtE 3, Cheng et al.(2023)
@ 7)%E TR 9] 1Esks wAle el 2El oSehe
A5 T o] Qe - HlolE 7|HE A7} o]
Folxa Qlom 7 Ak gk AR o F7keke FAlolth

ofe] 71| Elofe] 7Rk A~ W Tl Zhe-AIqk 3 5
#(Gaussian Process Regression: GPR)+= 57 &< FE &
7HdebA] ¢kar vlolge] A g3tk gk R E A oste] Bl
gotnz Head 9 o=yt o] gl HAdsl dio|
EE a8 o2 oS3z 5102 d#A] TH(Kim and Lee,
2022). o]&fst A o= <13 dl|bE8t FofellA = #Ht GPR
S 3go @y A7) o]Fo]x 3 Uth(Liu et al., 2024;
Shashank et al., 2024; Parker et al., 2019). =] “3-%-
Oh and Oh(2022y7} Z3}7]ollA AAdE 23] gyl s

F3

FAs7] S8l 7R-AIRE 1 )9k AFAEY TS &
&3t AFE S vk ek o] AFE Eal 244 9k
Z dlellA AlSo] o]FAA & SIX|elA 9] Haxuta s Ajdst
7] 98t F2&3} Qg uuE AFde)| F48H= dlolE] 7)uE &
1:4212 7H}:ﬂ—6‘]—_j,1)y\-1 )\]-(5:"4- }@Hoﬂ /\OQ ] _% = = —‘g"}r:
NS Kook

B AFeME o] A AFE Eutel il 2geto]
221 IR UlollA] theksl =4, o W 7] 2 ofA

AZ8 25 ARolE S Yo e 23] QJesas
RN S LT BT R ER e O

zr

T8t

1 4%E AR,
2. 7E|Y KR

2z U gty oOF 2l 1S s ) A
3 AtsE o] 50 m, F 1.2 mQ) 23b FuhpFo)A F
5= 2 tHOh and Lee, 2018). ©] =32] 332 Fig. 10]]
et Ao g FAE AT g2 9 & ﬂiTEi 34m ¢
2ol A=)% o] Itk Oh and Oh(2022)] 7]&¥ A4 3}
T A E ek 18 AT E o] ‘%Fﬂﬂ dhars}
AR 237 A A E = gl o thET

B Aol E F 196719 Bt T Ak5E A6 o] &
3kl o, Fig. 19 2 MO ® ASE AAH F22 7é°1
07 Z 20 A =9 m, x =30 m)ollA IS A

eAs

N

319tk Fig. 1914 xiz 293 £ 7502 3 13y
o 2o HUAE on|th x = 9 mol|A] 2] w2 gt
A2 IR (x = 3.4 m)&F 2> 1011*1 ASE Ao, x =
30 moll A 9] e 035 m U &S FAoA ASE A
t}. Table 1°]+= dloJefof] tha)A x =9 moll- 2] 4
el D TN RSIE ATt

P

o

]

A = = Z=AX]
=T

LU

Table 1. Ranges of the water depth, significant wave height, and
peak wave period of the data measured at x =9 m
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Fig. 2. Comparison of the significant wave heights between the
input values to the wave generation system and the mea-
sured values at x = 9 m and x = 30 m.



FRAIRE 39 319 9 QALY OJ% Bt st 2] deisha +4 227

o] rejd o] AR oA F7] 1-3 s HelelA T2
THE 7] wel o] MLlelxe] vlo]Eg 7} thy-itolH, 5
7] 3 s 017429 ol = AR EA T

Fig. 20lli= Z23p7]e] &3t 94319 x=9m % x=30 m°]
A ASE 2T BaE 247 v gk A3E UeRg ik
x=9mellMe S, ) S FETIEH, ) LA
U A A2 18 4 Qlok 3, x =30 mollx <] 9t
A(H, - 30m)T x=10~20m -7l A 8] ZHAFA 2 x=20~
30 m TrollA 2] RS AAEA dojul= 9 sfut
9] 8O x =9 melAC] FHA(H, o)l Bl A 5
7V 2HsHAl vk ol ™ H, 30 nSF Hy iy AO1S] 3
A7} Bl A1 IAE VEhH Bke] 7] 2 vk A
of whzt kg wh] wiitel] el delA x =30 mellAe] &
EIE A7) S8 s 2 w Al s 4

Al At

3. A2 BAM

ke
2

Tl 2R W 2 s QERaLE d5ehes
Tel 2818 98]l Oh and Oh(2022)2} PR/ IA 2 Q15417
B} 7H-AIGE 21 89 R F 7bE 22 Agska o

3.1 USHUBYNN) 2
AL QL T 0] A oM Y3k ol A
o =

e due]Fo ) diofE ] el ksl oS i
Fah= d AM-FtkJordan and Mitchell, 2015). Q132173
O] 7|8 A Q4 FH(EE wE)eH, o5 A7 dF
o] Y5, 2495, 2955 s, 24 ASS AXY
A dlolEfef it E3bet eS8 H3

o

Atolell 10742 ==E 7}
1709 29507 Y A ES AT 9
o] AFEE x =30 m WA BT FAH, 50 )
2 A, — 50m), =3 AXANAY T 54m) B LY
] TN, e, =958 AREE YR ot
(H, e AHE3FATE Fig. 3003 018 745 Q15al
Ae] MEES Jehigith @3k njia)o] 7idks)
T AHoz QA Yel| A5 AMEE Al1Rel=
(sigmoid) 35 AHE-SF3A T

FRE 196712 A 2ks F 80%el dFsh= 157712] A
B Q313 85 (training) 2 A5 (validation)s 3
TEl 5ol ARgFGl o, L R] 20%¢] sidsk= 3970 =
55 oI5 (prediction)°ll AHE-3F3ITE. Fig. 4°l= H, 0 2
H, , —50m AF50] tiato] 8l5 4l Aol ARG dlojele} &

LI

Input layer

Hidden layer Output layer

Fig. 3. Conceptual diagram of the artificial neural network.
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Fig. 4. Distinction of the data used for model training and valida-
tion with the data used for model prediction.
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Fig. 5. Relationship between H, ,,,,, and H, ,_ 5, corresponding to
the measured data (gray open dot), the builded NN model
(blue solid dot), and the predicted result (red solid dot) by
the NN model.
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Fig. 6. Comparison of H, ,,,,, from the measured data and the NN
model. Blue and red dots correspond to the results of model
building and prediction, respectively.
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Table 2. Indicators representing the performance of the NN and

GPR models
NRMSE R’
NN Model 0411 0.986
Prediction 0.791 0.973
Model 0.046 0.995
GPR Prediction 0.533 0.985
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=] = Table 3. Continued
T =/
dx =34m dx =30m Tp input ]Js input Hs. x=30m

Table 3. Experimental data used for establishing the NN and GPR 90.0 54.6 589 500 555
models 90.0 54.6 5.89 9.00 9.92
dx =34m dx =30m Tp input Hs input Hs x=30m 100.0 64.6 1.87 6.00 5.63
100.0 64.6 1.87 10.00 9.31

70.0 34.6 1.07 3.00 248
100.0 64.6 1.87 14.00 12.90

70.0 34.6 1.07 7.00 5.48
100.0 64.6 1.87 18.00 16.47

70.0 34.6 2.14 3.00 2.92
100.0 64.6 2.94 6.00 6.14

70.0 34.6 2.14 7.00 6.69
100.0 64.6 2.94 10.00 10.14

70.0 34.6 2.14 11.00 10.39
100.0 64.6 2.94 14.00 14.17

70.0 34.6 2.14 15.00 13.58
100.0 64.6 2.94 18.00 18.00

70.0 34.6 2.14 19.00 16.06
100.0 64.6 2.94 22.00 21.78

70.0 34.6 2.14 23.00 16.96
100.0 64.6 4.01 6.00 6.73

70.0 34.6 3.21 3.00 3.20
100.0 64.6 4.01 10.00 11.15

70.0 34.6 3.21 7.00 7.32
100.0 64.6 4.01 14.00 15.50

70.0 34.6 3.21 11.00 11.04
100.0 64.6 4.01 18.00 19.70

70.0 34.6 321 15.00 13.64
100.0 64.6 5.08 6.00 647

70.0 34.6 3.21 19.00 15.18
100.0 64.6 5.08 10.00 10.78

70.0 34.6 428 3.00 3.12
100.0 64.6 6.15 6.00 597

70.0 34.6 428 7.00 7.19
70.3 254 2.33 8.00 7.70

70.0 34.6 428 11.00 10.63
70.3 254 2.33 13.00 11.91

70.0 34.6 428 15.00 12.92
70.3 254 2.33 13.20 11.84

70.0 34.6 5.35 3.00 3.29
70.3 254 2.33 13.50 12.27

70.0 34.6 5.35 7.00 7.55
70.3 254 2.33 13.20 11.94

70.0 34.6 5.35 11.00 10.68
70.3 254 2.33 13.40 12.03

80.0 44.6 1.34 4.00 334
70.3 254 3.07 14.00 12.58

80.0 44.6 1.34 8.00 6.53
70.3 254 3.07 14.16 12.79

80.0 44.6 1.34 12.00 9.34
70.3 254 2.33 13.50 12.38

80.0 44.6 241 4.00 4.04
70.3 254 3.07 14.50 12.57

80.0 44.6 241 8.00 7.99
73.9 29.0 2.33 12.10 11.38

80.0 44.6 241 12.00 11.87
73.9 29.0 2.33 12.84 12.09

80.0 44.6 241 16.00 15.66
73.9 29.0 2.33 12.50 11.56

80.0 44.6 241 20.00 18.40
73.9 29.0 2.33 13.50 12.62

80.0 44.6 241 24.00 20.17
73.9 29.0 3.07 12.72 12.21

80.0 44.6 348 4.00 3.96
73.9 29.0 3.07 13.30 12.52

80.0 44.6 348 8.00 7.85
73.9 29.0 3.07 13.50 12.81

80.0 44.6 348 12.00 11.67
73.9 29.0 3.07 14.00 13.21

80.0 44.6 348 16.00 14.93
55.4 20.0 1.50 9.68 7.88

80.0 44.6 348 20.00 17.98
554 20.0 1.50 12.29 9.10

80.0 44.6 4.55 4.00 429
554 20.0 1.50 13.50 9.52

80.0 44.6 4.55 8.00 8.48
554 20.0 1.50 14.18 9.70

80.0 44.6 4.55 12.00 12.52
554 20.0 1.50 14.50 9.76

80.0 44.6 4.55 16.00 1541
55.4 20.0 1.93 9.00 791

80.0 44.6 5.62 4.00 445
55.4 20.0 1.93 11.38 9.33

80.0 44.6 5.62 8.00 8.78
554 20.0 1.93 12.50 9.76

90.0 54.6 1.61 5.00 438
554 20.0 2.35 8.50 7.79

90.0 54.6 1.61 9.00 7.83
554 20.0 2.35 8.72 8.05

90.0 54.6 1.61 13.00 11.14
554 20.0 2.35 12.70 9.90

90.0 54.6 1.61 17.00 14.11
55.4 20.0 2.35 15.20 10.39

90.0 54.6 2.68 5.00 5.03
72.4 37.0 1.50 12.00 10.07

90.0 54.6 2.68 9.00 9.06
724 37.0 1.50 14.30 11.59

90.0 54.6 2.68 13.00 13.06
724 37.0 1.50 14.81 11.88

90.0 54.6 2.68 17.00 16.98
724 37.0 1.50 17.45 13.26

90.0 54.6 2.68 21.00 20.42
724 37.0 1.50 18.42 13.72

90.0 54.6 2.68 25.00 22.98
72.4 37.0 1.50 18.80 13.89

90.0 54.6 3.75 5.00 5.12
72.4 37.0 1.50 21.66 15.07

90.0 54.6 3.75 9.00 9.18
724 37.0 1.50 23.00 15.57

90.0 54.6 3.75 13.00 13.13
724 37.0 1.50 23.63 15.64

90.0 54.6 3.75 17.00 16.66
724 37.0 1.50 25.00 16.01

90.0 54.6 4.82 5.00 527
90.0 546 480 9.00 0.48 72.4 37.0 1.50 28.11 16.60
72.4 37.0 1.93 12.00 10.58

90.0 54.6 4.82 13.00 13.58
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Table 3. Continued Table 3. Continued
dx =34m dx =30m Tp input Hs. input Hs. x=30m dx =34m dx =30m Tp input ]Js input Hs. x=30m
72.4 37.0 1.93 13.61 11.83 81.4 46.0 1.93 22.40 17.87
72.4 37.0 1.93 16.11 13.58 81.4 46.0 2.35 12.00 11.21
72.4 37.0 1.93 16.61 13.89 81.4 46.0 2.35 12.85 11.97
72.4 37.0 1.93 19.13 15.14 81.4 46.0 2.35 15.03 13.84
72.4 37.0 1.93 20.22 15.49 81.4 46.0 2.35 17.38 15.74
72.4 37.0 1.93 20.88 15.72 81.4 46.0 235 17.67 15.96
72.4 37.0 1.93 21.25 15.98 81.4 46.0 2.35 19.93 17.68
72.4 37.0 1.93 23.94 16.53 81.4 46.0 2.35 20.29 17.82
72.4 37.0 1.93 26.07 17.13 1154 80.0 2.14 20.00 18.20
72.4 37.0 2.35 12.00 11.20 115.4 80.0 2.14 23.34 21.01
72.4 37.0 2.35 12.86 11.92 115.4 80.0 2.14 23.63 21.29
72.4 37.0 235 15.10 13.62 1154 80.0 2.14 22.80 19.93
72.4 37.0 2.35 15.52 13.83 1154 80.0 2.14 30.95 25.62
72.4 37.0 2.35 17.96 15.13 1154 80.0 2.68 20.00 18.09
72.4 37.0 2.35 18.99 15.74 1154 80.0 2.68 21.59 19.52
72.4 37.0 2.35 19.31 15.75 1154 80.0 2.68 22.35 19.96
72.4 37.0 2.35 20.00 15.96 115.4 80.0 2.68 25.00 2243
72.4 37.0 235 22.07 16.62 115.4 80.0 2.68 27.24 24.20
72.4 37.0 2.35 23.90 17.05 1154 80.0 2.68 27.62 2448
72.4 37.0 2.35 25.23 17.24 1154 80.0 2.68 28.30 24.83
72.4 37.0 2.35 26.35 17.36 1154 80.0 2.14 30.00 25.79
81.4 46.0 1.50 12.00 10.25 115.4 80.0 2.14 10.00 9.05
81.4 46.0 1.50 14.05 11.72 115.4 80.0 2.14 11.05 9.91
81.4 46.0 1.50 14.38 11.94 115.4 80.0 2.14 15.61 13.97
81.4 46.0 1.50 16.38 13.21 1154 80.0 2.14 20.12 17.59
81.4 46.0 1.50 17.36 13.85 1154 80.0 2.14 20.59 17.94
81.4 46.0 1.50 19.00 14.59 1154 80.0 2.14 22.95 19.76
81.4 46.0 1.50 20.84 15.57 115.4 80.0 2.14 23.23 19.96
81.4 46.0 1.50 2141 15.84 115.4 80.0 2.14 28.30 23.29
81.4 46.0 1.50 24.40 17.04 115.4 80.0 2.14 29.18 23.90
81.4 46.0 1.50 25.77 17.55 1154 80.0 2.57 10.00 9.25
81.4 46.0 1.50 26.44 17.79 1154 80.0 2.57 10.82 9.94
81.4 46.0 1.93 12.00 10.62 1154 80.0 2.57 15.24 13.99
81.4 46.0 1.93 13.56 11.93 1154 80.0 2.57 19.63 18.05
81.4 46.0 1.93 1591 13.75 115.4 80.0 2.57 21.69 19.84
81.4 46.0 1.93 16.20 13.97 1154 80.0 2.57 21.86 20.03
81.4 46.0 1.93 18.55 15.94 1154 80.0 2.57 26.20 23.70
81.4 46.0 1.93 20.95 17.16 1154 80.0 2.57 26.53 23.93

81.4 46.0 1.93 21.98 17.66




