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Dynamic positioning ship adaptive backstepping sliding mode control
based on dynamic event-triggered

Gao Diju” , Bai Zuchao, Liu Zhiquan
(Key Laboratory of Transport Industry of Marine Technology and Control Engineering, Shanghai Maritime
University, Shanghai 201306, China)

Abstract: In order to solve the problems of low positioning accuracy, poor anti-interference performance and actuator wear
due to the uncertainty of model parameters and unknown time-varying environmental interference in the control of Dynamic
Positioning Vessel (DPV), an adaptive backstepping sliding mode control method based on a dynamic event triggering
mechanism was proposed. Firstly, sliding mode control is combined with backstepping technology to ensure the robustness
of the system to uncertainty and interference. At the same time, the adaptive law is used to estimate the unknown
uncertainty term. Based on this, an adaptive backstepping sliding mode control controller is designed. Finally, a dynamic
event-triggered mechanism is designed to reduce the frequency of actuator update, thereby reducing unnecessary wear and
tear. In order to verify the effectiveness and stability of the proposed control method, the Lyapunov stability theory method
is used to prove that all signals in the system are uniformly and ultimately bounded, and Zeno phenomenon can be
effectively avoided. The simulation results further verify the superior performance and wide application prospect of the
proposed control method in DPV control system.
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Tab.3 Three control methods of IAE and ITAE

Pk E,/m By /m Ey,/(°) Epy /m Eyy /m B,/ (%)
ABSMC 157.98 157.979 473.966 745 533. 11 223 203.778 1 669 881.365 9
SMC 174.28 174.199 523.123 271 476.0242 268 319.056 5 810 575.315 0
PID 190. 52 164. 965 609. 514 239 684.3827 195 835.558 2 103 1640. 4077

SIS B BB O 14,142 1 m, ff — 2 55k
T PR PRI E B U, RIVEE S 1R B Ik A A
(i e, WEAT f S LR, AR REAE T TN R A — 2
P

B9 J7n 1 rde i 45 il 7 95 /8 DETM Al SETM
N, = A s R R LA AR O, o A
AR g P S WL P i o 1) R B, (A1 0 0
JEAE R T A€ i, DETM R 1 7 45 AH X SETM
PSR AR, 2 W LA Faf AT PIAT e SEOBIT 4005 7 1
ADEBEE . 18 10 feon 1 = A i BORZS ) & E A 9E
SHLIEE R, 29 1R 227390 0.18 N,0.42 N,
0.02 N, [ 11 M 12 75 JER T AR fik A AL
il T i A R, e SETM 14 fiph A B 212 1K
DETM Ffiph 5 Ky 140 ¢, # LT SETM FEAIE T
349% W) fith e UK, TR IIAT 45 14 S T ORI 1
34% , 7R T DETM 7i 52 BRI R R AR AT i JE5 454
DRV

x4 FEESS[TMITEEX L

Tab.4 Comparison of mileage under different controllers

Ff:m
USRS ik AR
ABSMC 14.372 4
SMC 14.941 7
PID 15.881 2
4 HRE

HFRIRAEIE 22 M L5, DPV 536 R4t
HIFAE R G B B 25 AR e v 5 R AN A LA
ST BT e T SO B P S5 (), $ T —
BT Al R AL Y B S R R P R
Bio Jel RO S RIARZS &, IR 5] A A IE R
BT Tl Pk rE 4 A, 3 R R e ISk LA
MEIENRE T . SR )G R T DETM, 4§ Lt T SETM
BEAIR T 34% 1 fl 2 OB, B0 T IZ 7 TR FERRARINA T
BT A T . fE a0 e IR T
Jrd t ABSMC J7 75 AH L F SMC il PID, 7€ — H
JERSAE ) Bt iR 22 T 8.2% M 18. 1% , 7

ST LR TS T, 080 T 3. 8% M1 9. 5% o £i
MR ASSCHE 4R I SR S DPV 45 il 4@ 415 1 — b
TR PR T 5
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