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Abstract

In the initial design stage, the geometry of systems needs to be optimized regarding its performance, However, performance analysis
is very time-consuming, Therefore, optimization becomes difficult/impossible problems because we need to evaluate the system
performance for altemative design cases, To overcome this problem, many researchers perform predliction of system performance
using the approximation model, The response surface method (RSM) is typically used to predlict the system performance in the
various research fields, but it presents prediction errors for highly nonlinear systems, The major objective of this paper is to propose a
proper prediction method for marine system problems, Case studies of marine systems (the substructure of a floating offshore wind
turbine considering hydrodynamic performance and bulk carier bottom stiffened panels considering structure performance) verify
that the proposed method is applicable to performance prediiction in marine systems,
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38} A28l (Engineering system) 2] 342 A5} gt AAPL Sk, 22 B2 38} ool
Al=E o] AdeE A Slete] AFEE o83 AlEdlol el of&staL gl
ZA8okg8HNaval architecture & Ocean engineering; NAOF) EA12 E315h 3-3kA| 28] o]
HAAAEARE A HAsE ZAR T, aT = st F2de] Badalilel wet
5ol B Ate] o7EL ofget BAIE d4sh] 8, B ITAES 2AkRd
(Approximation model)& 0]-8-g+ Ads-ell S of] T3t Thekst A5 Al=staL oict.

WEE- 3 (Response surface method; RSM) 82 0 2 A| 28l 0] A3 50| 5] 4-8- 1 WP o]t}
Bucher®} Bourgund[1}i= RSME o]-4-5}0] Tz20] 224 EA1E th59]a, Kahraman[2ke- AISI
4140 7] 2d2+g73 (turning process) ol 4} slhulel ok T A7 o] #A1E ¢S3817] 95t
RSME: o]-83}3rt. Bgh Yu et al 3] & RSMS: o] 83fo] Ak 7320] 5|2 A1) Aol A3t A&
Al it sEARE RIM-2 1A A 0] 73 A €] g5 oll5 o] $lo] & e b igho= Al &
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AYaL ek, HZoll= RMe] TS Bekslr] el vhakeh Wi
A gato] & ALEE Fol7] $13 7t &ds] Fe AL gl
Shinfle- 72-HA] ¢a1E]ENeuro-Fuzzy algorithm)S 0]%‘8}04
Aeke] F(Waket- 2] 3788 A3 3laL, Xubks Qe 4l 7dn
(Artificial neural network; ANN) o]-85}o] 3] =
Al=stoict. Leclols #7314 LE:LEH“‘(Geneuc programming;
GP)E ol83le] ug T F7HARHAdded resistance)®] o5&
AlEgho 24 A7 A87 s ekt w=a
Yang et al [7k F2]7 ¥ (Kriging method)-& 2]-8-3}0] -5-2] #|oF
Z0)| w2 s -5 Bl o] Al she] Al 71k A A
75 31kt gict.

TRl FehiofollA] 2AE S o] 83t AsalEe a7t
3] P gl v, ZAMsGEE okl #Hd
AT AlgHAolt), wba], sloFA gl AAREA el At
AR A 9 A g #gh A7t Fasirt B AFexe
ZAFA|2El 0] A5z Adsl AR dl AL _A—g].o:]
BZEA v, B1AA s Al (Atificial mtelhgence
method; ADell 2Jal] AAJE AR ES] of|& A3AdS B8,
d&stazt sh= sAlARe 4 7("7‘:‘&, FrADel H]‘E} et
AR A ARk} ket Al W & vl 0 & 23kt
ARz o] A 9o 5127“}‘ 9 A FF 74, 772
S PA7] sh TR T B Q1 FA)el| A-8sto] Al=E
"AAIF ellx o] 2.8 7Fs A3 - EAS 1 Zlolnt

B =R 24s Bnd, 3FREd ArPR(ANN, GP)
o AsdS A S el vdd Fakgkrell A8sto
A HlulAeaL, 37%1]’\1 Ak ZARES o]g3}o]
2 FA2E A3 oS FAGA S B 724350l A8l

g &l thsl 71egich niAlto 2 4gollM AR 9 3T A
8- 7l=3it.

of,

2. ZAI2 2 (Approximation model)

SApmeloldt A AT §Design varkble)
# ZHOystem performance)rtole] BAE oAl RdR
Akt Wit 2AREe $e] 5ol we ughmas)
ARde 273 5 glon] ®rhwde] 9 AZelel(Spline),
A7 52 7IHEo] a1, AR = thaks]# 4] (Polynomial
Regression model), SVR(Support Vector Regression) 5-2] 7|HE9]
et AR AL ot WAk, 39 Rd, Al
WS ARgsheAlel wet ) A wEbA, Akt
sp o] Zulo|A 288 ile] 240] Pasict,

o

& Ayl ok Bekg o] 83 ke, Fe7d W,
e AV A Zeae e olgste] AR
§g5taL, 7k 71l <fal A g 2Akdle] ol AeAS Hlay
g A2 e S AR 5845 @71 g1l o]
I 9= T A TR TR A3k S AT
AR HoeR, BIS 8] 99 A= FEe HFow

zghet, o2fRt SAISAR] WS olgsto] fhe I
| e e 9T v A= glte] Ze] ek ot o]
123 7H 274 3t Atole] d=E wgdith Js A8

ot 5
o oly %(Input layer)-% %(Hldden layen)-Z3Z(Output

>

2

OFH
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HhHolct, l UL Tree %Lz% Al%okﬂ _i:w“g ﬁﬁ—
A3} darelF o g Bt Alibe
7HAaL glet, AH BAVFARE- B 2L o] tﬁﬁlﬂv}wbhﬂ%»"—
31738, 9, 10, 11k #=6t7] vty

M 2

FHHRSM), 2|7, 218 A7dEANN)
o] o= A—E—Hlﬂ/ﬂﬁdﬁ}%

21 :.AI.EIHIO' .;Ex gl
A olgatel whg
I3 22 3 (GP) Y

Problem: Bazaraa function [12]
f(xl*, 'ZQ) = (-731 _2)4_ (551 - 2-732)2
) M
st xi—xy< 0
Table 19] 8l%; Blo[E](Training data)E o185te] AL S
AAJskaL, Table 2¢] B]AE Hlo]E](Test data)Z o]&5}o] AAJE
Ab ] oz HEe sl

H 1. & ooy
Table 1. Training data set

Case Design variables Desire

Case %, %, f(x,, x,)
1 0.000 0.000 16.000
2 0.000 0.200 16.160
3 0.000 0.400 16.640
5 0.000 0.800 18.560
6 0.000 1.000 20,000
7 0.200 0.200 10.538
9 0.200 0.600 11.498
10 0.200 0.800 12.458
11 0.200 1.000 13.738
13 0.400 0.400 6.714
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14 0.400 0.600 7.194
15 0.400 0.800 7.994
17 0.600 0.400 3.882
18 0.600 0.600 4,202
19 0.600 0.800 4.842
21 0.800 0.800 2.714
22 0.800 1.000 3.514

H 2. HAE H|0|F
Table 2, Test data set

Case Design variables Desire
Case X, X, f(x,, x,)
4 0.000 0.600 17.440
8 0.200 0.400 10.858
12 0.400 0.200 6.554
16 0.400 1,000 9.114
20 0.600 1.000 5.802

S A7) $180 olat Tk male A el AR
n}q} 3‘4?1*—1% ol galo] A TAITTE Hole

M

Flxy, 7,) =0.6876 4 (—0.1624 X ;) +
(0.02724 X ) +(0.0346 < ) + Q)
(—0.00842 Xz, X x,) + (0.009073 X 3

A7) o83t AR Ayt e (ordinary kriging)
S A8, AABAITE 7RARIEE A2 (Gaussian
process) = AMSSIITE ANNS o] g-8F AR ] Al 93

A7ge] T2 Fg 13 21, 50008¢] 5312 Algsto]
e AR
In-put layer ‘ Hidden layer | Out-put layer

a1, s AMEY 2
Fig. 1. Structure of ANN

PpAke 2 Gpe] Al Aol P stehlel Table 3
o] S B8319a, NG GPE olgsto] AE RS
Hojze}

Flz), z,) = (1.007 X 2,)* X 0.2577

—(0.2577 X 2,) + (2, — (1.007 X 2, ) )?

% 0.189+ (0.5927  tanh (sin (z, ) ®
X (sin(z,)—4.507) +2.011

283 | OIxfH - AMYHE - ol - US

Al
=
OB
rel

H 3 M= ZzJafo| ot
Table 3, Parameters of GP

Population size 100
Number of
generations 500
Max tree depth 4
Using function set TIMES, MINUS, PLUS, SQUARE, TANH,
SIN, COS

Table 49} Fig 2= 7} #hio] oJs] Y 2AREe] o=
A HolErh of/d QAkEmoe AAE ol8ste
ARkt

[(Calculation) — (Desire or Prediction))

B =
rror (Caleulation) @
H 4 ZAEEO| o 2%t
Table 4. Prediction error of approximation models
Prediction error
Case RSM Kriging ANN GP
4 7.529 17.141 17.096 17.427
8 6.843 10.300 11.288 10.884
12 6.208 6.729 0.517 06.548
16 6.698 9.583 8.937 9.059
20 6.203 5.955 5.787 5.730
RMSE 4908 0.367 0.259 0.241
Prediction accuracy
18.000
" u Desire
16.000 RSM
< Kriging
, 14000 © ANN
T‘i * GP
7 12.000
£ i
£ 10.000
S .
&
3.000
[}
6.000 & &
4.000
0 1 2 3 4 5
Number of data
a3 2, o= MEy
Fig, 2. Prediction accuracy
2273 &4

A GAI=EL o] AARZARE theket Aol B3 Ao
J5S0] aEEojof st} Table 49 ZA7E BARH,
RSMJ,} F2)7) voe|| 93l o= 9 27} vjwA IA VeSS &
4 olrk. wehA, 2 rolrte ol% QA7) Hlad Zhe ANN(

200) 7} G 1200) - ol§3k0) e 2Re)
*3%041572 Al=ght,
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3. Ak

B A7 FHEFEae ARES ol8e
o webd, 2 ede Akt
7.

L =
33 daikest EAlEel A8t FEde

2|25 2]
e Hlgos

(1= A @4ge))

AAdiRte] AAA ARE Slste]  Awe|IRIE
ARGkl Aol A5 ARE olgstol SRS
AR

@ A ZAEE A E o)

AIH(ANN, GP)& A3} o] AR ELS A AJ3ICE S| ofa] 28]
TZES] AARRNA AR B e dEs S8l
A ] A Ado] 71 F et FEstalzt k= Aol A4t
AR Ee] S fleted, 7 HhHe] BAS wAskaL, A
ZAde T2 A ellS ol A8ste] S vlaL Az
A 2AR ] eSS Ejlsh] st 14 DA
7 o] elx] A A tikE: 3l HlofE| ¢t Bl AE To[E =
Eiete] A Zlsgik

)5 dlo]E] (Training data): AR A4

H|2E to[E] (Test data): A5l A8H4d 8ol

31 SHASUHY | RHlMSHE

sPFEE Ao fAAd sl Nacelle  acceleration,  Line
tension)}S $Jste] 370¢] AAHSES; the submerged depth of
a column (m), H; the height of the cylinder (m), 2} ; the cylinder
radius (m))& AL2f8} Tk, Fig. 3:& T Al=gl o] A A dlo] ol
Kol

_S, 2m
H /
I Fi‘
i Rc
Rg
1
S — Ry Radius of H

28 m Rc:Radius of S

I3 3 AAZES o
Fig, 3. Example for design case [14]

Al GE (L, (21 }31) 5 ol83te] A AAR Table
59} 2t} Case 99] Ralg 7]E0 g 3lal, Case S, 109} 15=
A5 =S 9J3t | 2E t|o]E] & ARg-3h}

3 5, M7AcHet
Table 5. Alternative design cases [14]

Design variables Desire e
el R, | H N(g” Line tension (N) | - mark
1 6 6 20 0.345 1862740.00 -
2 151 6 20 0.185 229549350 -
3 6 6 | 25 | 0219 2573576.25 -

4 5] 6 25 0.181 2653005.00

5 6 6 | 30 | 02006 2876034.25 Test
6 15 6 | 30 | 0169 2077680.75 -
7 6 8 | 20 | 0255 2745077.00 -
8 5] 8 | 20 | 0203 3242407.25 -
9 6 8 25 0.237 3153885.75 Base
10115 8 | 25 | 019 3817764.75 Test
11 6 | 8 | 3 | 0218 3825181.00 -
2|15 8 | 3 | 0177 4503894,00 -
13| 6 | 10| 2 | 0271 3940402.00 -
4 |15 10 | 20 | 0212 424760800 -
15 10| 25 | 0249 3580220,75 Test
6 |15 ] 10 | 25 | 0197 3775073.00 -
17 | 6 | 10| 30 | 0225 6142682,00 -
18 | 15| 10 | 30 | 0183 0030033.00 -

AL O] AY S 913l ANNC] 7-25=Fig 49+ 2L, 33l
20,0003 2 A48k gict. 2L, GPH el AR Aol Jagh
EHEE Table 6 9] 748 43131, 215)9} (02 GPHHE
olg3to] g E AR S HofE,

Performance results

A\l

il

i
. il MNacelle
S (m) Ry m) | Hm J|\acceleration (g)

Line tension () |
#

<Inputlayer » < Hidden layer> < Output layer >

e o  m #

et Neuwral Networks |===============z=-=- ’
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H 6 S mZ2zaaiuo| o2t g
Table 6, Parameters of GP

Nacelle acceleration

Population size 100
Number of generations 1,000
Max tree depth 5

TIMES, MINUS, PLUS,
SQUARE, TANH, SIN, COS

Line tension

Using function set

Population size 150
Number of generations 5,000
Max tree depth 5

TIMES, MINUS, PLUS,

Using function set
TANH, SIN, COS, EXP

(Nacelle acceleration)

0.1684 %< cos (.9) X (84 3Rz+sin (S+ Rp))

—0.0676 % (R < Hx (cos(9))?) < (S+ Rp))? )
—0.1103 X % cos (S+ Ry+ 2H) —698.9 <
tanh (2S+ 3R+ 3H) + 699

(Line tension)

0.01509 < exp(4.94 X Ry =< H) — (0.03945 X
exp(4.967 X Ry X sin (H))) —0.01509 ¥

sin (5.765 X Ry X (8§+5.754)) —0.5972/
(exp(0.8139 < S) X exp(0.8139 x H) X

exp(1 < tanh (H))) —0.0003081 X Rz x

sin (H) X (tanh (S) +211.7) X (Rp+ H—18.93)
+0.5982

Table 7, 83} Fig, 5= 72} Ao &J3F Adsel5e] A=
HojErt, o)X QA= A(4)E ol8ste] Azt

H 7 Q3 AMFYS olE 2%t
Table 7, Prediction error of ANN

ANN_ Prediction ANN_Error
Case . , g
N.A, Line tension Line
Case N.A. .
(g) (N) tension
5 0.205 2701608.632 0.007 0.061
10 0.203 3496967.669 0.068 0.084
15 0.252 3771594.132 0.011 0.054
H 8 [N Z22Yo olE 2%t
Table 8, Prediction error of GP
GP_ Prediction GP_Error
Case K
N.A. . . Line
Case Line tension(N) N.A, )
(g) tension
5 0.198 2954814.063 0.039 0.027
10 0.197 3711249.650 0.036 0.028
15 0.255 3697603.149 0.024 0.033

200 | olxjH - MgE - ol

ox

A==
=k

Al
=
OB
rel

Prediction
027
0I5 &
=
So23
'E; 021 | CODwesire
g @ @ ANN
& 019 i
B P
S017
013
i 1 2 3
Number ofdata
(a) LI JH&5 =
(a) Nacelle acceleration
Prediction
3900000 .
O
1700000 & 3
%3500000 | -
§ 3300000 CDesize
£
3100000 NN
3 2900000 s 3P
2700000
2500000
0 1 2 3
Nunt er of data

(b) M &2

(b) Line tension
SEEREEE
Fig. 5. Prediction accuracy

32 REMe| M2l AEMS|

Ao AALdee] FRATAE(Steel weight, Ultimate
stength)2- $J5hed S7l2] AAMS (the plate thickness, the web
thickness, the flange thickness, the web height¢} the flange breadlth)
£ aefetsict. 5709 AdAre] ©9te mmo]aL, AT Al Steel
weight; )9} 257 & (Ultimate strength; £ ) 0] @9}k MPao]t},
Fig. 62 AAINTE E33 oA RS HofErt,

r A

O3 6, A7 29| o
Fig. 6, Example for design case [14]
Z) e 9% (modified 3evel L 15 amay)Z o]g3}o] AAdH
AR Table 99} 231, Table 10& 5122 98t €| AE
tlo[H & X ojErt
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H 9 & HolH
Table 9. Training data set [14]

EN MM o

L™ |

2721yl nf2tE

Table 11, Parameters of GP

Case Design variables Desire Steel of weight
tp tw tf hw bf fl fZ . .
Population size 100
1 5 12 138 70 1797.295 | 0.531
519 ’ 97.295 o3 Number of generations 1,000
2 [95] 10| 15| 150 | 80 | 1896.766 | 0.520 Max tree depth 5
3 9.5 12 17 235 90 2162.343 | 0.575 . . TIMES, MINUS, PLUS,
Using function set . .
- | 12 TANH, SIN, COS, EXP
4 9.5 15 19 383 130 | 2784.438 | 0.714
Ultimate strength
5 9.5 | 17 20 | 580 | 150 | 3532.079 | 0.906
Population size 500
6 13 9 15 | 235 | 130 | 2655.170 | 0.428 Number of generations 3,000
7 13 | 10 | 17 | 383 | 150 | 3027.784 | 0.499 Max tree depth 6
8 | 13 | 12 | 19 | 580 | 70 | 3335.210 | 0.651 e TIMES, MINUS, PLUS,
TANH, EXP
9 13 15 20 138 80 2591.593 | 0.739
(Steel weight)
10 13 17 12 150 90 2585.155 | 0.719 .
0.4693 > t,—0.1808 x t,, —0.03671 < exp(sin (¢,,))
11 16| 9 | 17 | 580 | 80 | 3521.717 | 0.497 —0.1086 x cos (tanh (sin (¢;))) —0.09211 < cos(t,) )
12 |16 10| 190 138 90 | 2050981 | 0.969 +0.582><twxhw—0.1086X.tanh(sm(tf))><
cos(h,,) +0.09211 < tanh (sin (tf)) X exp(bf)
13 | 16 | 12 | 20 | 150 | 130 | 3170.833 | 1,122 +0.03671 % t,, > sin (t,,) +0.4134
14 16 | 15 | 12 | 235 | 150 | 3319.718 | 1.229 (Ultimate strength)
15 16 17 15 | 383 70 3679.615 | 1.296 exp(tanh(1.473><tw)) ><0.04399—tanh(tp+2tw
—bf—l—bfXexp(exp(bf))—th(hw—bf))x36.92 ®
¥ 10, HAE 40| +tanh (1.904tf) % 0.04399 — 0.04399 < exp (tp)
Table 10, Test data set[14] —0.04399 < exp(t, ) +0.04399 < t, < exp(exp(t,))
Design variables Desire +0.7973><(tp—tw)><(tw+hw—exp(hw))+37.33
Case
t, |t | t | h | b fi £
1 |10 | 11|13 | 140 | 75 | 1943.946 | 0.468 Table 12, 139} Fig. 8& 7 ZAIEHo| o3t AJ5d|&e] 9=
2 |12 [ 13|16 | 200 | 95 | 2510.109 | 0.786 Hojgs
3! 15 | 16 | 18 | 350 | 120 | 3557.731 1.027 _ -
H 12, 218 MEY9| o|F 2kt
Table 12, Prediction error of ANN
AR ] AL A3 ANNY %= 5 (Input neuron) - 8
Fslel A2 213l o (inp ) ‘) Case ANN_ Prediction ANN_Error
(Hidden neuron) - 2 (Output neuron) ©|3L(Fig, 7), 534+ Case f ‘ f f
1 2 1 2
30000812 AAstgict. —1elal, GPe] AR AAdel] Aash 1 19041620 | 0.4441 | 0.0205 | 0.0504
sl Table 119] gt E-85130tt. 273 ©)2 GPHHS 2! 2417.0438 | 0.7405 | 0.0371 | 0.0579
olg3to] AAJE AR S B ofErt, 3 33157740 | 1.0001 | 0.0680 | 0.0261
H 13, ST o249l oS 2%t
< Input layer > < Hidden layer = < Qutput layer = Table 13, Prediction error of GP
Case GP_ Prediction GP_Error
Case f, f, f, f,
1' 1940.2597 0.5373 0.0019 0.1489
2! 2503.2420 0.6221 0.0027 0.2084
3! 3553.2323 1.0219 0.0013 0.0050
ZAIRHEES 0|28 SHUAAEH M5S0 et A | 291
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Prediction
4000.000
3500000 »
=1
= 3000.000
.E ODesire
= 2500000 & -
% 2000000 * *GP
1500.000
1 2 3
Numher of data
(a) 2R 2A|
(a) Steel weight
Prediction
1.100
1000 *
Eqg00 |
E 0300
Eﬁ . o ODesire
20700
£ N ANN
Zo600 . oGP
Soson | 5
0.400
] 1 2 3
Numbhber of data
(b) 3t 2=
(b) Utimate strength
I8 8. o5 Fay
Fig. 8. Predliction accuracy
33ZnEA
FASs 7IMANN GP)E 7)hksl ZApRES o]f3)o]
ZAB G2 2] AP5elZ A= Table 7, 8, 12, 139 2}
A odE EAl 739 ANNHPT GPHPY R oF 84%
olste] OAHE BYlo P, Tl A GRS o83 A}

oF21%9] il QA7 H AR 301 847 glek 2 Aol 488
BAIE WO R S FAEEE, AN ol §31o] 448
SAEle] ZNHPAAS P A dlSo] A
WpHo BebEch ofs GP el vl B4Fadivaion
funcion)2 ol§3te] U Wrsh 28 WS ko) WHFA
QAge] Edlo] $53haL, alZ 2ol Foldh AN ] Eol
ojgh A 2y

4 72 U

x

oo
Job

AT
B AP AR 0|83 SPAH] APselol
@

e A2 Al=shiaL, 2E2 ol el 2t

202 | OIXfH - MYE - ol - US

015

Al
rel

LAY e olgsle] FARARW), HitRd
(Kiiging)¥} Q1A o] €18 eZ:0] B3 2498 A =shiet.
AMPHANN, GPell ofal A48 2Afmelo] whemwvz)

APy Wyo s AE ARt uE o] 4g EAld
1k 2o 2 weheict

(AN, GP)E o] §3 ZAIRELE 2SN 28 s
FAGA s R 720 H8stol S S B
QBAFFHANNE ol8q 2Apmdo] ZAsAlEle]
s ellZell Akt g o= A

3. AQHE Asell WP AP AR ARte] Hzsle} it
Al Bale] shsatas 2 WARN Ase Teld
A4F3S A9Y ol 8 A 5 e Ao
Alg i}

A
2,
=

A5

?%—‘F ool e Fol7] laixe AT it

EAF} a7 s A2l AA Bl Age A8 ANN)

‘TL of digt BAo] Faslar, 2] 4k dge] 282 sl
ot Aol 283 A5 o] a7
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