Probabilistic modeling of powering performance of a full-scale ship
using machine learning techniques

Byunghyun Yoo*, Jinwhan Kim*
*Department of mechanical engineering, KAIST, Korea

KEY WORDS: Ship powering performance
=23 24

A8} 37143, Machine learning 7174 8l<, Regression model 37 &4, Physical knowledge

ABSTRACT: With the increasing interest in reducing environmental pollution and global warming, regulations for fuel efficiency have
been strengthened and much research has been conducted to improve fuel efficiency. For this, the powering performance of a
full-scale ship under real-sea weather and operating conditions needs fo be accurately estimated However, existing empirical and
Statistical methods do not provide satistactory estimation performance of full-scale ships under operational uncertainfies due to
environmental disturbances. In this study, machine-learning techniques are applied to model the ship”’ s powering performance using
on-board measurement and weather forecast data. To demonstrate the validity of the proposed method the proposed model is

compared with [SO15016 and the results are discussed
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Table 1 Error comparison in the model for STW

RMSE(kn) NRMSE(%)
Training  Test  Training  Test
w/o regularization 0.195 0.504 1.331 3.429
w/ regularization 0.290 0.319 1973 2171
polynomial 0.621 0.628 4.225 4.273
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Fig. 1 Results of the GP model without regularization
18 18 18
20
E 16 16 16
B 14 h 14 _ 14
Z |
10 12 12 ‘ 12
40 60 80 0 2 4 0 2 4 0 20
RPM Head-wave Head-swell Headwind

STW (kn)
5 2 oo 8
& 2 o »
52 N B > »

-2 0 2 10 12 0 5 10 15
Trim Draft Rudder

Fig. 2 Results of the GP model with regularization

Table 2 Error comparison in the model for engine power

RMSE(kW) NRMSE(%)
real-sea model test real-sea model test
data data data data
Training set ~ 395.8 441.6 2.57 2.87
Test set 509.4 571.1 3.58 4.01
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Table 3 Error comparison with ISO15016 according to
Beaufort number

Beaufort Power prediction error Speed prediction error

number

ISO15016 ~ Proposed.  ISO15016  Proposed.
1 191 3.82 197 1.01
2 3.21 4.30 2.62 1.71
3 6.07 4.06 2.67 191
4 3.16 197 3.08 1.37
5 14.63 540 7.20 4.11
6 11.39 3.26 6.96 3.37
7 12.55 727 7.03 4.18
Mean 7.56 4.30 450 252
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Fig. 3 Error plots of the proposed model with 1SO15016
according to Beaufort number
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