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Three-dimensional Encirclement Control of Multiple AUVs for
Moving Target under Limited Information

Shi Linlin  Wu Haoming Lii Simin Wei Biao Li Jun Chen Yu
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract; The three-dimensional encirclement control problem of a moving target was investigated by
multiple autonomous underwater vehicles ( AUVs) under limited information conditions, where absolute
position information was unavailable and some AUVs cannot continuously obtain target measurements due
to sensing constraints. To achieve close-range omnidirectional monitoring of the target, a distributed
relative position — velocity estimator was firstly developed over a directed ring communication topology,
enabling AUVs without direct target observations to estimate the target state through local information
exchange. Subsequently, a virtual auxiliary system was constructed by taking the target motion direction
as the virtual encirclement axis, thereby generating a three-dimensional spherical encirclement formation.
Based on the estimated relative states, a kinematic encirclement controller using only local relative
position information was designed, and a velocity tracking controller was further developed by
incorporating the AUV dynamic model. Stability analysis showed that the local tracking errors converged
exponentially under ideal conditions, while the closed-loop system remained ultimately bounded in the
presence of target motion disturbances and estimation errors. Simulation results demonstrated that the
proposed method enabled multiple AUVs to form and maintain a stable three-dimensional spherical
encirclement formation under both complete and partial target information scenarios. Moreover, when
target information was partially unavailable, the relative position — velocity estimation errors rapidly

converged to a neighborhood of zero, and both the encirclement radius and separation angles approached
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their desired values. The proposed framework provided an effective solution for three-dimensional moving-

target encirclement under limited information conditions, featuring an integrated design of distributed

target-state estimation and spherical encirclement control without relying on absolute position information.

Key words: autonomous underwater vehicle (AUV) ; three-dimensional target encirclement; distributed

control ; limited information; target state estimation
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Tab.2 Controller parameters with target information

SR AUVI AUV2 AUV3 AUV4
r;/m 3.83 9.24 9.24 3.83
¢, /rad 0.39 1.18 1.96 2.75

LR/BH N R/m k, 8/m  Q/(rad-s™") ky

BE 4 10 2 0.5 0.9 10

Kl 4 o2 AUV Xz 3l 3 br i [ 08 . al L
B RN AUV NEEHL0I U668 k5, REAS 12 i 4 1T
FI A Ji] 161 (0 397 22 6] 41l X3, 5 Bl F sz 3 98 A 2
A = HERRCIRFE L . 5 R, % AUV fEAR R Y
T B8] 22 A8 AN [R) AR 2 L A 15 W 3¢ 1 2 400 4l B
RYLHENE 5T AUV JE B = 4 BOIR Bl A 2

—AUV1 A AUVERANE
—AUV2 o B &
AUV3 — HirE A& E
20F —AUV4 = HirHk _
o AUVYIHAENIE  — ligikii )
15F !
KL \ 2
] 7 ‘ ,
5 ‘;‘W'ﬂ ’.
OF ¢ \.‘bh
= A =

0102036 45705 0 5 10 1520 25 30 35
&/m y/m

4 BAREBEL ST =412 5 B AR B i Pk
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encirclement with full target information
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Fig.7 Separation angles between adjacent AUVs with target
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Fig.8 Three-dimensional trajectories under partial

target-information loss
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Fig. 10 Cross-sectional radius tracking under partial

target-information loss
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