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Rapid prediction of ship motion and load based on GRU
neural network
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(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: In this paper, a fast prediction model was established for ship motion and load based on Gated
Recurrent Neural Networks (GRU). GRU neural network is a concise and efficient recurrent neural network
that captures the temporal information of training samples to establish a model for predicting unknown

samples. The forecast model consisted of two independent GRU neural networks used to predict ship motion
and load respectively. The historical ship pitch and heave data were jointly used as the input of the motion

prediction model to predict the ship pitch and heave in the next few seconds. The motion prediction results

i1

were used as the input of the load prediction model to achieve the prediction of the vertical bending moment

in the midship. The method was validated through model test data, and the results showed that the prediction

results at different lead times were in good agreement with the test results in terms of amplitude and phase,
verifying the feasibility of the established ship motion and load prediction model.
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Fig.2 Flowchart of ship motion and load forecasting
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2.1 ARPRIE N S HETHE

AR BN EREEF RN 1 PR Az sh 588 & TN I . 9% KAH
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80% FH TR, FI4s 20% FFIHRBRPERE

®1 MHERE

Tab.1 Ship principal dimensions

BRI B
MK Loy/m 179.40
VR H/m 12.80
WKL 5 B/m 20.60
WITZK T /m 6.5
BT HEK RV /t 12 200.00

®2 BEkIRBH
Tab.2 Specific working condition parameters
TGS AXWEH/m AT TR/ fiL# V/kn

Thl— 6 6 180 18
TH 9 6.5 135 10
TH= 14 7.5 180 10
T4 6 9 180 10

XF T PR IO 4 B 6 Kt B AT VA — AR LU, A RE T TSI ZR, (X (8) HEATHude 1 —1k,
xR EE, X X TIPSR RAE RN B/ MEL X A — A0S 80
X — Xi
x: — 1 min (8)

Xmax ~ Xmin
2.2 HEE R F X SEMNTER
2.2.1 BUEHE ik
PR AAAET: b IR s AT, 32 BN = A 7N B B EE iz 2, T R NIAZ e, PR h 16
T e e, Hosz sl fe

6
Z [—wi(m,—, + i) = 1w (Ai + A84;) + c,-_,] X;=f+f €
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K, w AT m AEVERE R g RIS A B S R %G A2, SRR AR YRR R4
84; 24 Kronecker 75, ‘& HAEM AN T ARAH R I AN SE T 0, fF5H1 £2 5350 A AT 52 1Y Froude-Krylov /)
MGG J7 . kKA (9), (AT BIANS A HEE i s % .

SESAM JX A AESEAT M AAZK B0 77 3 A Bk BT il FH A J2 = 233 m B i i ) PR TETAR AR R B0, 1
WHEFR R i1 o0 (Boundary element method ), HFEAR FUAEJE A FH 10 SRR 4307 Bl sy 0 1o Rk AR
5 Hh AR R AR, S SR AR T RS BRI R . AR T FRITIR S LAY



53 SRIMESE . 6T GRU BUBANANZ 8 540 Pk - 341

BUEAR G 5, ARk HRR XSRSl 0 30 A A TR, AR T IR R, BT & B =il 4K
ERRSK iRt B2 27% SESAM fd I Tt
2.2 2 WFHHE R

SCH AR Z Bl 5 3 P A FH ST 3446 X 1% 25 (Mean Absolute Error , MAE) | SE3446 X0 A 41 HoiR 22
(Mean Absolute Percentage Error , MAPE) | #5%E 2 U ( Coefficient of Determination , R? ) =P 5452k
i AR A RIS . A SCHE 1) MAPE SH{&48 MAPE BB, H R 1505 8 v O 251 s
2 T /3 HHA T I 4800 | 43 FeiR 22 W15, I RE TRz 25 28 far it s Bl 28 Al A — AP i
Z I B, A ok 0 T 23 H B/ 22/ DML, 388/ IMELS 2 EHE2 I MAPE 1315, S 80 Jok )t
by Sz AR R PR 45 2R . FESEBR TR, TR G B OG0 SR NS 3l 5 28y i B BOR B A T4 45
(SO RAE AT MAPE B3R RF A L PR oK, P AR SCfdt FH el k() MAPE 7B WAL PF-h 5 45
TEX =AM 8FRH, MAE 2 Wil 45 1 4 X 15 2%, MAPE ST 235 5 A o 37 5 1 A9 RABL AR X 15 22,
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Fig.3 Variation of prediction errors versus advance prediction time for heave and pitch in Case 1
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Fig.4 Variation of prediction errors versus advance prediction time for heave and pitch in Case 2
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Fig.5 Variation of prediction errors versus advance prediction time for heave and pitch in Case 3

R 3 L0 2 NEBWMNGHES HRERT 10 s TRIREXTLE
Tab.3 Comparison of prediction errors for 10 s lead in heave and pitch with

different inputs and outputs in Case 2

PNl HiniE 3 MAE MAPE R
o Heave 0.4145 0.3043 0.6046
v Pitch 0.7361 0.2736 0.7899
T Heave 0.3407 0.2279 0.7324
) Pitch 0.6258 02136 0.8514

T TR A R e 25 0 B R R T, RS S PR B S 00 0 4 R L TR ) A SRR R L
FHSE, I ELYIR ) X RO BE B 52 00 SN ™ 5, T AR A 13500}, AR T — . = TR AT
(0 00, FHARORS B2l 25 W 0 F R . 00— BB TR A BN, HoR TRURATAT, PR AR 00 4 A e
DAL, (P A A — St s A Py 2t RS 30— A B SR SR, DR A TR 2 i T
L
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Fig.6 Comparison of time domain results between two prediction models with 2 s lead time in heave and pitch for Case 2

1.5 ——True
J —— Multiple-prediction
. (1)(5)_ 'Singlc'prcdiuon g
o 04 5
> 2
5 051 g
T —1.04 &
—1.54
—2.04
2.5+ . . . . . .
3450 3475 3500 3525 3550 3575 3600
Time/s
(a) G TIRES
——True Multiple-prediction
g: p *?\;luluplerpredlclmn : o
—— Single-prediction
o %- .g
Y 8
59 E
£ =
,3.
-4 . : . . . . B
3450 3475 3500 3525 3550 3575 3600 -4 2 0 2 4
Time/s True

(b) I FiHR LR
B 7 PR IHRA AR . YRR 10 s BURIHREE RxT . (LAT = A1)

Fig.7 Comparison of time domain results between two prediction models with 10 s lead time in heave and pitch for Case 2
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Fig.8 Variation of prediction errors of three models with advanced prediction time for heave and pitch (Case 2)

% 4-5 Al %1, GRU BBAHH T LSTM. TCN-AM A BILE 3¢ =AM PEM 85 T BUS T 5 4145 5,
AN AS [ ASE R R A TR 10 s 0 B sk TR 45 SR X e an i 9 FEaR, A48T LSTM fil TCN-AM £
GRU 715 B {14 3 355 245 L 76 88 1T WA B (8] 10 s B A9 °F- 34 248 %% 25 43 51 B T 0.031 m Al 0.047 m, Hij
1/3 RAERPEIL 35 43 U iR 22435 FRE T 0.009 A1 0.048, HH5E R EERTE T 0.047 F1 0.073; AFEH T
FE] 10 s BSR4 5522 MAE 2050 F BT 0.072 F10.058, R/l 1/3 KAAAIFI 455 43 LR 2250 3 F
F% T 0.004 A1 0.052, FH5C R EHETH T 0.036 A1 0.031, LA, AHET LSTM Al TCN-AM #%, GRU 7Y
(1A 25 FA) TIN5 B, PR T /N, PR AR SO i GRU RS AU A A AR A 0 235 PR TR A7

T4 T2 ARBRBESMIRG R

Tab.4 Prediction results of heave for different models in Case 2

R LSTM : GRU : TCN-AM :
MAE  MAPE R MAE  MAPE R MAE  MAPE R

2s 0.1693  0.1076 09341 01382  0.0971 09559 0206  0.1551  0.9014

4s 0.1999  0.1322 0906 01935  0.1242 09123 03226 02280  0.7587

6s 02743 02091  0.8237 02306  0.1756  0.8788 03293 02622  0.7493

8s 03097 02123 0778 02723  0.1971  0.8272 03569 02741  0.7076

10 03717 02372 0.6852 03407 02279 07324 03877 02755  0.6598

2.4 fRAHES FE TR

FEARAT T ARIZ S I 45 55 , K ARz s B As 21 0 R T i 45 RAE 0 GRU & far iR A5 750 1%
FA, BT ARE T S5 R IR RN 5 22 7 AR A [R)— B 220 %) P o 2 [ 250 2 TR A Bl B 56 2R, AT S B
T [0 A AT I . AR SOREER 2 = AN TE] T B AR AR RN A 3 R T T A5 SRAE A,
GRU BERY, X = ASAN[F] T00 T M 2 [ 25 4R 047 il . Horh GRU ALRY 1) Bt 2 51 ek 64, IZE0H
3 )2, WAL PRI A 128, AL #5645~ Adam(adaptive moment estimation), 2% > &% &4 0.001, )|
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Tab.5 Prediction results of pitch for different models in Case 2
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Fig.9 Comparison of time domain results among three prediction models with 10 s lead time in heave and pitch (Case 2)
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