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Event-triggered Cooperative Path Following of Multiple Autonomous Underwater Vehicles

WANG Hao-Liang' CHAI Ya-Xing' WANG Dan® LIU Lu> WANG An-Qing® PENG Zhou-Hua’

Abstract A cooperative path following problem under limited communication resources and limited energy of mul-
tiple under-actuated autonomous underwater vehicles (AUV) subject to external marine environment disturbances
and internal model uncertainty is considered. Firstly, a cooperative communication strategy based on an event-
triggered mechanism (ETM) is proposed to solve the problem of limited communication resources caused by the
narrow acoustic communication channel. Secondly, a linear extended state observer (ESO) based on an event-
triggered mechanism is designed to deal with the model uncertainty and marine environment disturbance, and the
observer is used to approximate the unknown dynamics of the underwater vehicles, such that the sampling times of
the system could be reduced. Finally, a kinetic control law based on an event-triggered mechanism is designed to
deal with the problem of limited energy, and this control law reduces the action times of the actuators while ensur-
ing control accuracy, such that the energy consumption could be saved. It is proved that the closed loop system is
input-to-state stable by using a cascade stability analysis, and Zeno behavior is excluded. The simulation results are
given to demonstrate the effectiveness of the proposed event-triggered cooperative path following of multiple
autonomous underwater vehicles.
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Fig.2  Architecture of event-triggered cooperative

path following controller
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(22)

div), fig() = mi;l [fiq (t,kui, wi, 05, ¢;) + dig).

Bt Gin fiu()VF fig()AIA win qin fru()M

fig () BIAETHE, 18 %0 ETM-ESO SRAtii- 2330
;= flu() + biuTiv — Biut (Ui — i)
fzu() = —5iu2(ﬁi - uis)
éi = fzq() + biqTiq - Biql ((jz - QZS)
ﬁq() = 7ﬁiq2(in - %.s)
HH, Biut~ Biuz~ Bigt M Bigz 795 ETM-ESO Ml
T8 AH IR I BB wis AN s 23 900 9 KR BT A FR) T
FIREBERMABRAE. Fu() B Fo() 0 SHUEH T
(I, B AR | Fius ()] < fhs [ fig(] < Sy o £, A0 £,
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Table 1  Triggering times
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UVI AUV2 AUVS (123 (%)

MEEHE () 91 102 124 10000  0.04 1.24
REERE (ui) 324 352 420
REEREL (q) 286 363 297
PATUHL (750 ) 585 592 451
PATIREL (739) 487 523 553

10 000 0.04 4.20
10 000 0.04 3.63
10 000 0.04 5.92
10 000 0.04 5.53
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