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Abstract: During maritime operations, ships are subject to wave-induced disturbances, resulting in complex

multi-degree-of-freedom motions that severely affect the stability of ships during offshore operations. To

address this challenge, this study proposes a CNN-BiLSTM hybrid prediction model for real-time ship

attitude forecasting and designs a dual-layer Stewart platform compensation mechanism to mitigate ship

motion effects. To overcome sensor latency and noise interference, 2011 ship attitude samples collected in the

South China Sea were first filtered using a Savitzky-Golay (SG) filter. The processed data were then fed into

the CNN-BiLSTM hybrid prediction model, which significantly improved the accuracy of attitude prediction.

Furthermore, a platform kinematic model was established using the closed-loop vector method. The predicted

data were utilized to compensate the dual-layer Stewart platform, enabling coordinated control between the

lower platform (simulating wave disturbances) and the upper platform (performing dynamic compensation).
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Experimental results demonstrate that the proposed approach achieves effective ship attitude compensation
and provides a feasible solution for stable landing operations of unmanned aerial vehicles (UAVs) at sea.
Key words: ship attitude prediction; dual-layer Stewart platform compensation system; CNN-BiLSTM
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Fig.20 Visualization of compensation effect

4 & iB

ARCBE T —FpEETF CNN-BILSTM LA Wil A9 XUZ Stewart AHAAE SHME R G 38 13 1% A<
RIS AR A DA TSI 0, I IV /N MR 538 W X Stewart #MEHLIA RS2, AR ZE & T R
S5 XN LS AS B RRAE (O B ERE 7 FOBLI] LSTM XA 5 ARG 7, W e i 1 S S Tl iy
WERfE . SRJEXT Stewart LM RGEHEA T2 Bh2F 44T, H38 1SS I B 107k RAF IR ANEAS
IMEYERE, SRR TCNLTETG B REI AAa B MR MR i T A] SR (s

ARSI A T AT 5 M2 R G A R, 5 ST A A5 ik, DAt — 248 MRS
o ASCNAE Simulink-Multibody H A7 {5 BELIRAIE, F— 1] # H# 504 Stewart M- 15, B4 7T [k
5y, B R G A PRI P RE S T R

& £ X #:

[1] Chen N, Huang D L, et al. A novel inertial parameter identification method for the ship-mounted Stewart platform based on a
wave compensation platform[J]. Measurement, 2025, 242: 116010.

[2] Tang G, Lei J, et al. A modified 6-DOF hybrid serial—parallel platform for ship wave compensation[J]. Ocean Engineering,
2023, 280: 114336.

[3] Li D, Wang S, et al. A BP-Neural-Network-based PID control algorithm of shipborne Stewart platform for wave
compensation[J]. Journal of Marine Science and Engineering, 2024, 12(12): 2160.

[4] Cai Y, Zheng S, et al. Sliding-mode control of ship-mounted Stewart platforms for wave compensation using velocity
feedforward[J]. Ocean Engineering, 2021, 236: 109477.

[5] Zhou Y, She J, et al. Disturbance rejection for Stewart platform based on integration of equivalent-input-disturbance and
sliding-mode control methods[J]. IEEE/ASME Transactions on Mechatronics, 2023, 28(4): 2364-2374.

[6] Zhang Q, Wang X, et al. Wave heave compensation based on an optimized backstepping control method[J]. China Ocean
Engineering, 2022, 36(6): 959-968.

(7] 5K B, 200, 5. R Tk IRRAE (AL PID (9 SR AMEEE 7 ik 0], TRERHE S HR, 2024, 56(1): 22-34.
Zhang Q, Cai HR, et al. An improved sparrow search algorithm optimized control strategy for active wave compensation[J].
Advanced Engineering Sciences, 2024, 56(1): 22-34. (in Chinese)

(8] W ok, X . KT Stewart HLIY A 40z S AMa R B 10 81 1 AR BLARBETT, 2019, 36(S2): 37-40.

Chang Z Y, Liu B. Dynamic simulation of shipboard motion compensation device based on Stewart platform[J]. Journal of


https://doi.org/10.1016/j.measurement.2024.116010
https://doi.org/10.1016/j.oceaneng.2023.114336
https://doi.org/10.3390/jmse12122160
https://doi.org/10.1016/j.oceaneng.2021.109477
https://doi.org/10.1109/TMECH.2023.3237135
https://doi.org/10.1007/s13344-022-0084-x
https://doi.org/10.1007/s13344-022-0084-x
https://doi.org/10.13841/j.cnki.jxsj.2019.s2.009
https://doi.org/10.13841/j.cnki.jxsj.2019.s2.009

1472 AR 27 55 30 55 9 1]

Machine Design, 2019, 36(S2): 37-40. (in Chinese)
[9] Gong M, Yan C, et al. Short-term wind power forecasting model based on temporal convolutional network and informer[J].
Energy, 2023, 283: 129171.
[10] i JLAE, 245 PR, 45 DAk LSTM A 25 160 £ 7 A et 101 6 YR I P T80 o A9 02 P[], 1 ¥ 3858 DR 27 274k, 2023, 57(6):
659-665.
Shang F C, Li C Q, et al. Application of improved LSTM neural network in time-series prediction of extreme short-term
wave[J]. Journal of Shanghai Jiao Tong University, 2023, 57(6): 659—665. (in Chinese)
(1115 &, & FHH, 55 . 2 T ELM-EMD-LSTM 41 & #8019 iy fifl iz 3 22 25 W00 (9] A 00 01 5%, 2020, 24(11):
1413-1421.
Zhang B, Peng X Y, et al. Ship motion attitude prediction based on ELM-EMD-LSTM integrated model[J]. Journal of Ship
Mechanics, 2020, 24(11): 1413-1421. (in Chinese)
[12] B o5 BH, o 0E 55, 45 A 0 0 10 14 Pl 28 090 2 7 fis P 300 VIR 2 30 2 i [i) R S I 50 vl 4y o7 T F 5 [0, A AR 0 2%,
2024, 28(12): 1803-1819.
Chen Z Y, Zhan Z Y, et al. A framework of LSTM neural network model in multi-time scale real-time prediction of ship
motions in head waves[J]. Journal of Ship Mechanics, 2024, 28(12): 1803—1819. (in Chinese)
[13] Wang Y C, Wang H, et al. Ship roll prediction algorithm based on Bi-LSTM-TPA combined model[J]. Journal of Marine
Science and Engineering, 2021, 9(4): 387-387.
(14] AR3fidE, T %%, 55 2T GRU BERL A ARz 21 -5 4301 PR U T 52 [9]. M AR 712, 2025, 29(3): 337-350.
Zhu P Q, Ding J, et al. Rapid prediction of ship motion and load based on GRU neural network[J]. Journal of Ship
Mechanics, 2025, 29(3): 337-350. (in Chinese)
[15] Zhang W, Wu P, et al. Roll motion prediction of unmanned surface vehicle based on coupled CNN and LSTM[J]. Future
Internet, 2019, 11(11): 243.
[16] Yuan P Y, Zhao W G, et al. Intelligent prediction algorithm of ship roll and pitch motion based on SSA-optimized BiLSTM
network[J]. Ocean Engineering, 2025, 320: 120331.
[17] Liu W, Cao Y. Research on offshore vessel trajectory prediction based on PSO-CNN-RGRU-attention[J]. Applied Sciences,
2025, 15(7): 3625-3625.
[18] Chang S W, Lyu Z, et al. Automated six-degree-of-freedom Stewart platform for heavy floor tiling[J]. Automation in
Construction, 2025, 170: 105932.
[19] Wen S R, Jing J Y, et al. Vibration isolation of a double-layered Stewart platform with local oscillators[J]. Mechanics of
Advanced Materials and Structures, 2022, 29(27): 6685-6693.
[20] Wen S Q, Zhang W R, et al. An enhanced principal component analysis method with Savitzky-Golay filter and clustering
algorithm for sensor fault detection and diagnosis[J]. Applied Energy, 2023, 337.
RITALARA, EARME, 55 —Fbop 8 2 € 32 00 AN HLAE L3 & T 22 4 0 5P A6 7 5 (00, o =R A A 92, 2024, 19(1):
272-279.
Kong J J, Wang J Y, et. al. A new multi-rotor UAV landing device and safety boundary assessment method[J]. Chinese
Journal of Ship Research, 2024, 19(1): 272-279. (in Chinese)


https://doi.org/10.13841/j.cnki.jxsj.2019.s2.009
https://doi.org/10.1016/j.energy.2023.129171
https://doi.org/10.16183/j.cnki.jsjtu.2021.438
https://doi.org/10.16183/j.cnki.jsjtu.2021.438
https://doi.org/10.3969/j.issn.1007-7294.2024.12.001
https://doi.org/10.3969/j.issn.1007-7294.2024.12.001
https://doi.org/10.3390/jmse9040387
https://doi.org/10.3390/jmse9040387
https://doi.org/10.3969/j.issn.1007-7294.2025.03.001
https://doi.org/10.3969/j.issn.1007-7294.2025.03.001
https://doi.org/10.3969/j.issn.1007-7294.2025.03.001
https://doi.org/10.3390/fi11110243
https://doi.org/10.3390/fi11110243
https://doi.org/10.1016/j.oceaneng.2025.120331
https://doi.org/10.3390/app15073625
https://doi.org/10.1016/j.autcon.2024.105932
https://doi.org/10.1016/j.autcon.2024.105932
https://doi.org/10.1080/15376494.2021.1983896
https://doi.org/10.1080/15376494.2021.1983896
https://doi.org/10.19693/j.issn.1673-3185.02990
https://doi.org/10.19693/j.issn.1673-3185.02990
https://doi.org/10.19693/j.issn.1673-3185.02990

	0 引　言
	1 基于CNN-BiLSTM的预测模型
	1.1 CNN-BiLSTM模型设计
	1.2 参数设置

	2 双层Stewart平台设计
	2.1 双层Stewart平台系统结构
	2.2 双层Stewart平台运动学

	3 实验与分析
	3.1 数据预处理
	3.2 姿态预测结果分析
	3.3 补偿结果分析

	4 结　语
	参考文献

