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Abstract - Seakeeping safety module in Korean e-Navigation system is one of the ship remote monitoring services that is employed to
ensure the satety of ships by monitoring the ship’s real time performance and providing a warning in advance when the abnormal conditions
are encountered in seakeeping performance. In general, seakeeping performance has been evaluated by simulating ship motion analysis
under specific conditions for its design. However, due to restriction of computation time, it 1s not realistic to perform simulations to
evaluate seakeeping performance under real-time operation conditions. This study aims to introduce a reasonable and faster method to
predict a ship’s roll motion which is one of the fictors used to evaluate a ship’s seakeeping performance by using a machine learning-basec
surrogate model. Through the application of various learning techniques and sampling conditions on training data, it was observed that
the diflerence of roll motion between a given surrogate model and motion analysis was within 1%. Therefore, it can be concluded that this
method can be usefill to evaluate the seakeeping performance of a ship In real-time operation.
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Table 2 Simulation cases for test data set

Ship speed Heading angle Wave frequency
(knot) (degree) (rad/sec)
0 - 20 0 - 180 02 - 1.80

(Interval : 1 knot\(Interval - 1 deg)(Interval - 0.04 rad’s)
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Table 3 Classification guidances for ship’s motion &
strength analysis

Ship's ABS DNV LR
classification
Ship Cb=0.7, 0 knot 2/3 of 4 uniform
speed Cb<<0.7, 5 knot | design speed|  section
Heading 15 degree 30 degree 20 degree
angle increment increment increment
Wave 0.05 rad/sec | 0.05 rad/sec | 0.04 rad/sec
frequency increment increment increment
Table 4 Sampling intervals for training data set
Input variable Ou.tput
variable
Case ;
Ship speed Heading Wave
(section) angle frequency
(degree) (rad/sec)
1 5 Roll RAO
2
5 0 (rad/m)
0.04
3 5
5
4 30
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Table 5 Prediction accuracy of top four techniques

Case Techi GpRr ITA TGP PLA
1 0.979 0.992 0.997 0.997
2 0.839 0.626 0.935 0.937
3 0.981 0.993 0.999 0.999
4 0.838 0.644 0.936 0.939
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Table 6 Sampling intervals for training data set
. Output
Input variable variable
Case Ship speed H{eadmg Wave
(section) angle frequency
(degree) (rad/sec)
1 5
2 10
— 2
3 15
4 30
5 5
6 5 10
78 0 rad/m
0.04
9 5
10 10
— 4
11 15
12 30
13 5
14 10
— 5
15 15
16 30
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Table 7 Prediction accuracy of TGP & PLA models

Tech)  pqp PLA
Case
1 0.997 0.997
2 0.994 0.991
3 0.986 0.978
4 0.935 0.937
5 0.998 0.998
6 0.996 0.993
7 0.988 0.979
8 0.937 0.938
9 0.999 0.999
10 0.996 0.993
11 0.988 0.979
12 0.937 0.938
13 0.999 0.999
14 0.99 0.993
15 0.988 0.979
16 0.936 0.939
TGP
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Fig. 3 R? of PLA model by heading sampling interval
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Table 9 Prediction accuracy of model with minimum
sampling interval

R Ave. Error Max. Error
rate (%) rate (%)
0.988 2.16 18.15

Error rate [%]

Heading [degree] U

Speed [knot]

Fig. 7 Error rate by ship’s speed and heading
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Table 10 Sampling intervals for training data set of
alternative models

Input variable \2;?5&2
Case | Ship |Heading| Wave Remark
speed | angle |frequency

(section)| (degree) | (rad/sec)
1 15
2 15 60-120(10)%
3 15 Roll RAO | 60-120(5)%
4 15 (rad/m) | 60-120(2)*
5 4 10 0.04 -
6 10 | 60-120(5)%
7 10 | 60-120(2)%
8 5
9 5 | 60-120(2)%

%

: For 60-120 degree range, the heading interval of
training data is composed of the numbers in parentheses.

Table 11 Prediction accuracy of alternative models

Case Training R Ave. Error | Max. Error
data set rate (%) rate (%)
1 2665 0.988 2.16 18.15
2 3075 0.99 1.55 11.53
3 4305 0.991 2.96 10.77
4 7995 0.99% 211 9.37
5 3895 0.996 1.37 11.57
6 5125 0.998 1.00 7.50
7 8315 0.998 1.10 6.78
8 7585 0.999 0.69 7.44
9 11275 0.999 0.70 5.95
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Table 12 Comparison of actual values and predicted values
for mg, m,, ), at maximum error rate

Relative error

Predicted value
rate

Actual value

mg | 0.0002783 rad-s | 0.0002753 rad-s 1.08%

my | 0.0000617 rad-s | 0.0000605 rad-s 1.94%
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