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Abstract: The motion of ships and marine structures is a nonlinear motion with time series characteristics.
The Long Short-Term Memory (LSTM) artificial neural network has the characteristics of memorizing time
interval information and processing nonlinear data, which is very suitable for processing such nonlinear
motion with time series characteristics. Therefore, LSTM has significant advantages in predicting the very
short-term motion response of ships. In this paper, an improved LSTM method for the prediction of very
short-term motion response of ships is proposed. This method converts the prediction of ship motion into the
prediction of peak and valley values by means of extracting envelopes, which can reduce the data demand of
the traditional LSTM model and simplify the complexity of the prediction curve, thereby significantly
improving the forecast duration. In this paper, the improved LSTM was used to predict the regular wave
curve, irregular wave curve and real ship motion curve. The results show that the improved LSTM prediction
method can enlarge the maximum forecast duration of the traditional LSTM model from 6~8 s to about 20 s,
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and has ideal prediction results for special signals such as abrupt signals, which has high practical value.

I

5520 455 9 1]

Key words: LSTM; ship movement; very short-term forecast; envelope line analysis

PR A5 AR LE T TR S R AR, 2= A28 A A iR IE 3l XA AR 2K
LG oot R B U e = e = U g (Y A I e B M (N NI A U SN ]
SN, A RE G IS R M T Sl 22 A MO A 2 A N B R B RE VR AR AR AR 1Az A7 20, AT
PRUEVE D 22 4 R AR, TRTADANAS 3 2 M T LR 2 — A BB g

FKIEWHCAZ N T A2 M 4% (Long Short—Term Memory, LSTM) ARV R H 1@ F FAIRZ 8 . INIRE S
BB I T, AR S Tad e T 3hs 5 AR I PR AR Y, 6T LSTM (14 Jac 40 ol i A A LA 1

RN BEHEE Y, AR H, EK Rk, BT LSTM 2k [ B R R | 125 SRR A, 12k
J5 ¥ (R FUATORS 32 A 1E] T R e, A5 R0 0 I 4, wE LR SRz e b i P U AF e bl 5 8 R s

A e — 202 R R B, —SE L T kot LSTM AR S I 41 05 12 Bk W58 7 1), 1X 26 T5 0%

AR, 8

LA

PPN

LSTM HETL55 HA A GESAVARR A DLl 5, IBORANEL, I X0 U RO 2E A7 258 | e S b PR AER A2 2%
JE, —EERE b REAR P B — A BRI A R I LT PSS SR AR . H AT TRkt LST™M 3%
FEAT AR S0 TR A 1 29, A 3 5058 i S R 27

BRIz

eSS &
TXARA 20~40 s IR FIZIS SRS B IR . SRR A" K LSTM AL 5 2 504 /3% (EMD)
IR G, R THRET R La % A 70 EERZESR/INE 5% VA, LR AL T4 LSTM Fidiis
HA

Y25 LSTM f 7Y, 5Pt

R, MEIRUE

AR R g i AR [ B (GPR) B ABIMANIE 50 48 AW 0 PR 11 ey, SR JH 3 A 00 )
T LSTM Al GPR 45 F AP, £33 1) iR 45 T REAE AN LSTM A5Y TR %) )
FIA T ] A B X (R TN 45 R 45 . X LSTM A B ifb A 7 el At Je 309 PR A At BRAS: 1 e Kb e, dnskerk
AT AR T R 2 LR A XL LSTM KA, 58 5 Sl A5 AL OGS N ) A5 A AR, B TR
H U] P F TN B, ol AT TR I Kk B 15 Rb . 2R B QT M M K 2 B0 S 2 i (EMD) 5
LSTM MI%5 4, Jeilfiid EMD 43 IR A5 5 M A4 4, TR LSTM X 45431 20 Bl AR T4, 10y
AR M IR TR P A 58 LSTM IR 25K T 23% %5,
AR SCAERT AFFE B FERN L, 32— Fhah A 4526 10 LSTM M S 3 4 7 32, %0 kil ad i Ak i
PR 228 UFE R LSTM YIZRECR, BeZe4 5 LSTM 1A iR A
1 LSTM REEATIR 7%

1.1 KEHEIRIZ ( LSTM ) #EZ M E &k

LSTM 533k b 4 IR 2 Ak {5 S0 < 1717 S5 A A PO B A, FErp 177 S5 A AR T] L AT TR
T 1 R

2

T, 23 S BT e A S L SR A MRS A PR i A R o IR T e R E R TR
Bl 7, A A DB R ) e e, S 8 1D DO B3 - o i 2

AR LSTM Iy ELUARSS H i 1

®
¥

_/
Kl 1 LSTM FAcasiy A

Fig.1 Structure diagram of LSTM unit



559 1 WA —FhERY LSTM HAfis il Ja - - 1385

LSTM FEZEBCEWT : LSTM Rz Ry 5 2 4540, B 1y s 4% 600, PLibgs it Adam( F id J
PEREAGTT), WG 2% 2 21 B R 0.005, YIZREAUERECH 2000, S RIIGHLIR KN 32, WG ZAE A%
BEE HEEA B 80%, MIAEAR R BN FEAS B 1Y 20%, i R AT st [B) 5 AR 2 20 i, 1
KK 10,

A LSTM BB [ FE A A IR T 8508 (5 5 Sl ok w AR5 . JE (LUK 3% . JONSWAP

TEANHRINI Ko 5 A8 T 5058, P27 i 80 Kb o 150 AR UEESHE Ao A e . REAS PEERHE 4 R 8 = 2 Ml 4y
Ull GRAEFIIALE, 28 Min-Max H— LI 3 6 1 Bk 3, IR H K=5 28 LIk 3z kg 7, fRE 7 #f
LN R AT S
1.2 i LSTM RIEHITIR /5 7%

PSRN 15 25 128 5 i 0 A7 A0 B 0 R, ELIR IR L R A A S o 2, A8 fk v Bl s/,
PRI AS SOR LSTM S Fildi i R A T elctt . B 5, 20 SR A AR Iz 2l i 42 100 e WA AR iple 2 (1 32 422 i th 4k
TE WAL 48 42, 5 X A3z 3l ith 2 i 41 0] 830 25 Ak Ay Xoh A0 4% 42 1 Tt i A (AL &1 2) , AT A s R A1
LSTM IRt 5 i, S TR Fks B2

Raw data Envelope of signal
1.0 H 1.0 . — Upper envelope line
08F \‘ H H ‘ |‘ \‘ ” H 1| | 1 08t \7 Lower envelope line
os) | I HW I | 06 T
0.4 M | HH ‘ ‘ ‘ | ‘ |H ‘“ T (. |‘ “\ “l 0.4 b
021 I HH\IWHMIHMH\”‘\ It 02
: 0|H|\H|HH (il HHIW“““‘\"‘I\H\‘m‘l‘H ‘ 2
= I 5
oz I} H|HH|HI‘HH“~~‘ I 02
-0.4 HH‘HH‘HHHHHHHM“ ul‘l‘u -0.4
st
0.8 M‘”W\‘J‘u‘ & 1 08
-1.0 ] -1.0

0 01 02 03 04 05 06 0.7 08 09 1.0 0 01 02 03 04 05 06 0.7 08 09 1.0
Time/s Time/s

Kl 2 ARz SR BUR 5 R AR R A9 S IR X L

Fig.2 Comparison of the complexity of ship motion data between analog signals and their envelopes
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