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The continual rise in fuel prices and increasingly stringent environmental regulations imposed by the International Maritime
Organization (IMO) have made energy efficiency a critical challenge for the shipping and shipbuilding industries, Accurate
prediction of ship propulsion performance and fuel consumption at the design and early operational stages is essential not only
for the development of eco—friendly ships but also for establishing cost—effective operational strategies, This study aims to
develop a prediction framework for predicting ship fuel consumption that can be practically applied in ship design and
operational decision—making, Unlike previous approaches relying on operational data from in—service vessels, the proposed
method leverages model test results and computational fluid dynamics (CFD) simulations to construct regression—based ship
performance models, By incorporating ship principal particulars and route—specific environmental conditions, these models
generate full-scale power curves and estimate fuel consumption, The proposed methodology provides a systematic means to
support shipyards in performance guarantee evaluations and design optimization, as well as to enable ship operators to make
informed economic decisions in route planning and fleet operation,

Keywords : Regression model(3|7] 2%, Fuel oil consumption(HZ ALEH  Route—based estimation(Sf27[8 01=), Ship
performance prediction(MEl Ns 7))
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al. (2018)2 Mule| FoXH 3 J|A HpES QEHOE Lasso
S E MEsio] o= AFHS ook ZHE ATHeI¥on,
Yan et al. (202002 H3Me| ¢l ARs WHEAE
(Random Forest) 7S X504 0| F35I9Ct Hu et a

AHTE dhgsioict

S AAYE AS Zste AN HE ARZE of|Fske B
HET AV JCH (Wang et al., 2023; Wang et al., 2024).
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= DES Moksial 28 HIo|g 7[dh 22D} v WSt o QICE

Z2FH 0,

S
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Ao} 28 ARE #88HLCCO| A7 222 BE g K5t
ich ClolEfHo|AS J|uloz Bt Mute] M of= wio of  E0l 78 MdS, Aees, FW|HELS, Ut 47l
3 9I71= Holtrop and Mennen (1978)2] 2&AIE Zt 572 &7/IMe S22 XM & 34 450l tieh cleket 78 2
M2 AXtoZ SIMIX|IE YE| 251 9on, 2ol 7|A =0| Zesich = FolMe Zzfe| 34 2 Mo 2 2 2.1
s Jlee M3 HTST LESD ok Kmet al. 2021, 2 75 MELS HISTE 258 SIS S| L0 7|
Kim et al. 2022). =olien, ¥ 12 24 d5 8 Yol A&yt HERES
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2L 3 [UE FYoks LS AMSSP| tEol 2HAl s MRE ooz sln JZAAUEE Enfsio] Qoix|stH
& X CFD siMS saliohk| &1 M2 At ARI2R WE oS y42 z2ioz s1= A2 ZH=c) = AT0IAES Kim et al.
2oE A2 T US IHO| 2kck (2023)0] MAISH 27) BRS AMeBion, 27| Mael sat
= =x2o TH2 1E ME Ma = 280Me MEf ds of Mol 9lS o ALSt 4 9l= FQFelnle ooz sl B
5 =d JeS ol ASE 2B X CFD GOl tet £ en) Msdo] @M (offset) MEIF US HP, T M52 B
Yoh Zizfe| 37 2Ye| 74 & ofF ZAzntE Eelct 3FoIAM AlZI 2 27 X2 ®@sich
= 2|7 2= ofF HuE ALSSio] M 32 J4 7Y 2wl 27 2E shgol ARSE HolEE MdlciUSHEATE
X HE OIS K5I, 470 ZES TSt (KRISO)olA] $-34El RAIE ZBP| ALREIRICE UMD} Y7
ME EStE MEH[THM, ZEo|HM, ZiARERIO] MAIES
2. MEIM S _ﬁc_igl odl AEfol A2 %ﬂk_% Ol%ﬁ_ﬁ’igﬂ#, dFu2 X1_|9|EI91EF. & MY
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Table 1 Input/Output for each prediction model
Stillwater resistance Wakg & thru;t Propeller opgnlwater Added resistance Wind load
deduction fraction characteristics
L/B, BT, LIV, L/B, LCB, L/v", J. P/Dom. " Ship type,
Input Cb, LCB, Loun, Fn oo/ T, FN, P/Do7r P/Drean, NZ, L/B’Llé/Bv F’ Co, relative wind
Offset (for CNN model) EAR - direction
Model MLP or CNN MLP MLP Dataset
Output Cp Wy t Kpyn Koy ®max: Cawap Cawr Cuy
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Fig. 2 Overall concept of the regression models (Kim et
al. 2022, 2023)

2 AT MAIBkE 271K] 2R & A Hlls T
otg eldoz sh= ciE HYEZE(Multilayer Perceptron, MLP)
DOl MLP 22 2A &M 3Rt SEANET} GlofE Mut

Q|| 2|45 oz o F0| Jtssicke AEE Zher

£ glzdoz 27H°| MPES M &= "d’E

FHML(L, B, T, Cb, LCB)T} M=,
‘?:.E—. T2 AZECE F a3
_T'_E13J & Ald2HConvolutional
ZEZA MLP ZHoj|
ABEE MY XOX1I°J01| —’F— 2 My =AM o|o|Xjof &AF
AlATle X250 sAF B3 EMS 7;150137| _|_|op EE-IIO||:|.
(Kim et al. 2022). 2 Mooz ¢ H
= A2 AfAA 201S3P| o] MAe ?é“ E’S% fesi

(=]
FEsI0] stgol Algeict 22 =M o[BS

L

i

H

FO[L

MEgdez FE5
2let 3712 CNNS2t FHE flet 17§2] MLPE, J2(1 0]
£ Aslst Mool M=l 37He] MLPEe=z A EQICH 2t 2
ol 7j2xol TEE Fig, 20 Holck ofE mHe| T4 o
g 2ot FAHAM2l E2 Kim et al. (2022, 2023)2 &=
UEL,

Fig. 3(a)= MLP 225 X&st g5 2 2ot 7Iz5

Ol ofExj0|2 MZ=0| ZHARZARE LIEIN, A AE
2 ZHClo[=ol| thet of F HIHE, AT Y ME2 gotd|
O|E{oll CHSt of = Z1}E LIERHCE C|o|E{e| EAF ME=Z o|F
of DpMer2 2E=X| b=t °E4E1IOIE101I st ZHA4R)
= 0.96, FIHo[E{o] CHet ZHAIT= 0.93 TESE LIER

F E°“\|§. Tjof| CHEt o ZZ o oi%% °F 6~7% M 2t
F Fig. 3(b)el CNN 22 S XE%t skg 212 23, of
ZYPAlERL Hets| Ux|shs AMT|EMo]|
1 LEE ZZE 20[1 A0IM MLP 2 o] ShetEl &
U geleh 4= Qlot o=l thet ZEAI710.99, HIt

° train data
+  testdata o traindata
4 T 4 . test data

ground truth
ground truth

(a) MLP model (b) CNN model

Fig. 3 Prediction results of Cp
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Fig. 4 Prediction results of w,, and ¢ (MLP model)
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Fig. 5 Prediction results of w,, and ¢ (CNN model)
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Fig. 7 Prediction results of added resistance coefficients
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Table 2 Main dimensions of KCS and propeller

Hull
LBP (m) 230.0
Beam (m) 32.2
Ta (M)/Tf (m) 10.8/10.8
Cb () 0.651
LCB (%) +:forward -1.48
WSA (m2) 9643.7
Lo (M) 7.04
Propeller
Diameter (m) 7.9
NZ (-) 5
EAR (-) 0.7357
P/Do 7= 1.0216
P/Drreen 0.9845
127
I ----B--- Ky, Pred
----A---- 10K, Pred
1 ceeogeees Mg, Pred |
Ky Exp
10K o, Exp
0.8 Tow EXP i

Fig. 11 Comparison of propeller open water characteristics
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Fig. 13 Route sample of Busan—Prince Rupert
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Table 3 Estimated FOC of voyage route between Busan
and Prince—Rupert
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