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Deterministic learning control of multiple autonomous underwater
vehicles based on a distributed observer

WANG Min', NI Jun, SHI Hao-tian
(School of Automation Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: This paper focuses on the problem of the consensus tracking control for multiple autonomous underwater
vehicles (AUVs) based on a novel distributed observer. To achieve a good estimate performance of a distributed observer
without knowing the leader’s dynamics, firstly, using the deterministic learning theory, the uncertain nonlinearity of the
leader is described by constant radial basis function (RBF) neural networks (NNs). Based on the constant RBF NN, a
novel deterministic learning-based distributed observer is proposed for multiple AUVs, and the observer error is proven
to exponentially converge to a small neighborhood of the origin. By means of the observed leader’s output, a distributed
tracking control scheme is proposed by backstepping and dynamic surface techniques. Lyapunov stability analysis is used
to prove that all the signals in the closed-loop system are bounded and the consensus tracking errors converge to a small
neighborhood of the origin. Finally, a simulation example is implemented to illustrate the effectiveness of the proposed
scheme.
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1B:() < b
13X (37) 1 Young AN 25 ] 1§
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min ()\min(QCi,1 — I3), Amin(2¢i,2 — ai I3),

0.50;
A (2 — oy — I ,Amin(il»,
(2u; Qi2l3 3) max(F.*l)

1 v oW |I?
Qaif;fei * % ! 2F| '
REEEE p; > @i/, WARIEEU; = ¢ U <0,
U; < g MAZE X T U (0) < ¢, BU(t) <
Gi, Vt > 0. X THIEEZAH R U, (0) < o, EIFEEIEN]
BRI UME 251+ 250~ Wi eqs TR — 80k E, R &
A, R0 AL RERRE ) = 21 +ya & H
FHH, A (29) (30) A1 (34) FT 15 a v p o 7 S

t 2 (36) A1 (38) Al 15

Z;{‘lzi’l < 2Ui(0)e_pit +

860 = /20 pin FTEIR 2 2, W S AE B BRI ] T 2
JE i 21 < 0. BEAM IR Anin (3.1)~ Ammin (€5.2) ~
Ammin (167 1) P A (17 1), T LA 2; 3 A3 T~ £ /NAD
s b AR S B 1, A0 B OIS o H/NABIR . 45 E
I, BRERR 22 1y — s, S SR B I /N . O

2R S0 FEAR P R A 5T BSOS S N — AR
Rys = no + di, Hh d; WEEA AUV FEIES) T 55|
SRR £ P B R i 2 B B T LA B 5
i AUV F % n; BB BRBE 5. BHIL WAL M d; #
OB, B4 AUV it 5 51 5 3% 75 47— 52 110 56 5 o, 1
BRI 51 5 %38 3, AT 2 W 42 ) B2 (34) R s e L %
AUV 2 58 12 B . 5 10 07 2045 B3 W T %55
BAF 1 1 A 2
4 iESHr

e LA LG S5 134 A AUV 43
(% 8 Btk R 45, FOBEHI LB 51 S HRE N
TR IR B ARG

Xo = Axo + f(Xo)-

Pi =

2¢;

7
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y
+
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0 I
~I; 0|’
f(XO) = [07 Oa Ov (1 - mg)“O) (1 - yg)UO) (l - ’(/JO)TO]Ta
xo0(0) = [-2,-2,-2,2,2,2]".

1 @SR

% BUSCHR [10] 7 AT 3 4> AUV R GEAE N R BE &
i B AR TSI gm A ), 51 58 F RS AUV AL
PRE RN = [-1,1,0]7,dy = [0,1,0]",ds =
[—1,0,0)T. WitZH N, = 15,04 = 0.000001, A
=59 = 10,72 = 20,¢;1 = 30,¢,0 = 50,1} = 15,
o; = 0.001,i = 1,2, 3.
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