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Abstract: To address the insufficient real-time capability and long-horizon accuracy degradation of ship maneuvering motion
prediction under environmental disturbances such as waves, an online prediction method based on an improved Long Short-
Term Memory (LSTM) neural network is proposed. A multi-layer LSTM is adopted as the core predictor, and an embedded
sliding-window structure is introduced to compute the error metrics within the window in real time. When the window-
averaged error exceeds a preset threshold, model retraining and updating are triggered, thereby achieving timely online
prediction. The results indicate that, compared with offline prediction, the proposed online method maintains stable
prediction accuracy under long-horizon conditions with continuously switching wave states. With the same window length,
the online method with a stricter threshold achieves a maximum RMSE improvement of 56. 85% , while the cumulative
update time is only 3. 82 s. The proposed online prediction method delivers satisfactory long-horizon prediction performance
for ship maneuvering motion and shows practical value for accurate long-horizon prediction under complex sea conditions.

Key words: navigation safety; online prediction; long short-term memory neural network; ship maneuvering; wave

influence; sliding time window
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Fig. 1  Ship motion coordinate system
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Tab.1 Parameters and symbols of the ship maneuvering

motion
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Fig.2 Online prediction process of ship maneuvering motion
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Fig.9 Online prediction of zigzag tests under wave influence the zigzag tests under wave influence
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Tab.4 Quantitative evaluation of online prediction method for zigzag tests

TEL TR v u P r

ik RMSE MAE RMSE MAE RMSE MAE RMSE MAE
LR HI 1 0.072 3 0.066 1 0.213 5 0.063 1 0.0236  0.0062  0.0339 0.009 8
ELWHR2  0.0312  0.0313 0.1706  0.0332  0.0146  0.0033  0.016 4 0.005 2
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T 1SR 13 3k, 33t 2.55 sy iR 22 BME B E Y BRI IS S e BIN . A FTRVE T T
K, =0. 5 HYTELe il 2 ST 19 W, H6it3.82 s, &5 iR Z IR 8 9iz 3 i H AR i AT R I B il e, OF
BARS WIRZEEN S RO, TELR Bl 1 A SO X4l A BURG BE PP  15hr 508 2 IR AT Y
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Tab.5 Statistical results of online prediction updates for the zigzag test

BRI/ ORI 2/ e,/ (%) FEBY SR ]/
TEL TR 1 TEL T 2
TELRTUR | fEZRTER 2 TEZRTER | 7EZRTER 2 (K. =1.0°) (K. =0.5°) TEL TR 1 TEL TR 2
[ [

1 1 100 100 / / 0.18 0.21
2 2 231 301 .01 0.50 0.16 0.21
3 3 473 384 .04 0.50 0.20 0.22
4 4 600 461 .03 0.52 0.22 0.20
5 5 722 550 .14 0.51 0.22 0.18
6 6 838 729 .02 0.51 0.17 0.18
7 7 971 847 .06 0.50 0.18 0.19
8 8 1 092 962 .01 0.52 0.18 0.15
9 9 1282 1052 .07 0.51 0.22 0.25
10 10 1 449 1091 11 0.53 0.21 0.20
11 11 1575 1189 .05 0.51 0.23 0.19
12 12 1 600 1287 .02 0.53 0.18 0.20
13 13 1713 1410 .02 0.50 0.20 0.17
14 1 455 0.50 0.24

15 1541 0.50 0.23

16 1598 0.64 0.21

17 1674 0.55 0.20

18 1 819 0.55 0.17

19 1 843 0.51 0.22
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