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Consensus formation tracking control of multiple autonomous
underwater vehicle systems

WANG Yin-taof, YAN Wei-sheng
(College of Marine, Northwestern Polytechnical University, Xian Shaanxi 710072, China)

Abstract: This paper investigates the problem of steering a group of autonomous underwater vehicles along specified
paths while keeping a desired spatial formation. Based on passivity and consensus tracking theories, a distributed control
strategy was derived, by which the consensus formation tracking problems for a group of autonomous underwater vehicles
can be accomplished, when the common reference velocity signal is available to only a subset of the cooperating vehicles.
The proposed control strategy can be divided into two parts. Firstly, a passivity channel from coordinated error to tracking
error is established based on the passivity theory. Secondly, a coordinated consensus tracking strategy is derived to ensure
each AUV for reaching a consistent state about the inconsistent reference information. The stability of the overall closed-
loop system is analyzed mathematically by adopting Nested Matrosov theorem. Simulation results are presented and
discussed for validating the proposed controller.
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1 5|E (Introduction)
H A7, B E /K FHi4T 2% (autonomous underwater
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e PR 1A O, AOE I AN AUVAE P AT £ 3 DL5E K
145, MRS 5 B R 2 ASAUV 2 Ja] (1) AV R0 i i ok
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D7, SN T Wb AR 2 B ER IR R 25 22 18] 1 G YR
T, B a2E T oA X — S0k oh R ERER R, vl T 2%
R A, SEIL T & B B AN R 40045
H S WARI —BUEIRER. SCR IS FURR] T 8
MRGERLE M, R BN T GmBA R I8 H 1.
2 1) @338 (Problem statement)
2.1 AUVHEH!(Model of AUV)
B8 4 BN B 2% vh 645 NASAUY, A 25N AUV
FEZKFTH N 18 ) T 2 R 4 )
M0, + C;(vi)v; + Di(vi)v; + gi(ms) = 14, (1)
1 = R(¥i)vi, (2)
Hrp: i = 1,--- N, n = [l‘i Yi wl]TﬁfﬁiﬂEEFﬂ
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SCWSCHR 8], B xR Fe e BB AR AR R N A
My, (n:)ihi + C, (0 03)7 +
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FEA LI 53 # R e X G)H 1 25 R BE A
UM EGE
PR 1 M, (n;) %k IE 2 50 BE AT S, BT
Ve € R3 # 04
Amin (M) [[2]* < 27 My, (1) < Ao (M) || ]|,
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PN i (4) 5 Amas () 70 501 2 7 568 . 5 6 1) B2 7 A
B RFFIEAE.
HIR2 M, (1) —2C,, (n;, o) BAT ROMFREE, 11
XVr € R3F

1.
xT(ng (n:) — Cy, (i, 7)) = 0. (5)
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2.2 ¥ H #5(Objectives of control)
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1 GRBABR AR IR 7R B
Fig. 1 Example of formation tracking setup for three AUVs
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li= S ay, ly = —ay, i # j. EAE% AUV (i) — Kai (o — vos) + i, (20)
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3 #HIE T (Controller design)
3.1 JG Y5 % [ 2P ¥ Th(Passivity synchronization

design)
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3.2 — B PR BR R 7 (Consensus tracking de-
sign)
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4 F25EPE 5 Hr(Stability analysis)
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5 {HHE45 % (Simulation results)
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Fig. 2 Communication topology between AUV's
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Table 1 Initial states of AUV and the desired
formation vector
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Fig. 3 Formation paths of AUV
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6 %58 (Conclusions)
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