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Anti-disturbance constrained control for underwater unmanned vehicles
based on multi-objective optimization

SUN Xiao-yu, WANG Wei-xin, YI YangT, ZHANG En-ze, ZHANG Tian-ping
(College of Information and Artificial Intelligence, Yangzhou University, Yangzhou 225127, China)

Abstract: Taking into comprehensive consideration the tracking performance, energy consumption, and stability
requirements of underwater unmanned vehicles (UUVs), this paper investigates a novel stability-constrained-based
multi-objective particle swarm optimization (SC-based MOPSO) algorithm. Firstly, a disturbance observer is designed
to estimate system disturbances. To tackle the state constraint problem, by leveraging barrier Lyapunov functions and
the backstepping method, the controller design problem, which aims to guarantee both system constraints and stability,
is reformulated as a controller gain constraint problem. Secondly, by taking system tracking error, energy consumption,
disturbance observer estimation error, and gain magnitude as performance indicators, a multi-objective optimization
model for the UUV anti-disturbance control problem is established. Subsequently, the constrained problem is
incorporated into the performance index calculation in the form of a penalty term during the optimization process. This
algorithm is employed to optimize the control and disturbance observer gains. Finally, through comparisons with other
multi-objective optimization algorithms and gains obtained via the traditional linear matrix inequality method, the
proposed SC-based MOPSO algorithm is shown to achieve better control performance while ensuring state constraints.
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6) for AR EE = 18T, do

7)  for ANk T i = 1FIN do

8) WEERREBIET,, Jo, Js, s &)

9)  MAETIHT, « J. 4+ ¢ (k=1,2,3,4)

10) for N HArk = 1214 do

g5, WHRFTHTIE

11) if J, < Ji , then

12) BERAMEBALp + K,
13) end if

14) if J, < J; then

15) EHr ety « ki
16) end if

17) end for

18) FoEE 2FERTIE P

19) end for

20) for HMRLTi = 1FIN do
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23) end for

24) end for
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