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Target Enclosing Control of Unmanned Aerial Vehicle Swarm Based on

Socialized Collaboration
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Abstract A socialized collaboration-based control strategy is proposed for mobile-target enclosing under percep-
tion and communication constraints in the presence of environmental obstacles. First, inspired by socialized behavi-
ors in biological swarms, a cooperative response model and a hierarchical interaction mechanism are established; un-
der topology switching and packet-loss conditions, the constrained information flow is explicitly modeled to drive

the swarm to achieve target enclosing. Second, a strongly guided task Collision-avoidance parallel cooperative
control scheme is proposed to realize robust enclosing control while prioritizing flight safety. Third, a consensus-
based target-state observer is designed to robustly estimate the target position and velocity. Finally, simulation res-
ults demonstrate that the proposed method can achieve stable encirclement in obstacle-laden environments under
perception and communication constraints, exhibiting favorable robustness.
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go _ 0P —Pall = ds) _
= =
op;
T — Tq : Yi — Ya 7 Zi = Za (43)
||pi*pa|| ||pi*pa” sz‘*PaH

ﬁqj, Do = [xm Yas Za]T '—5171‘ = [xz', Yi, Zi]T AR
NEL R 5 TN @ B =4, B AL RS
VIR R 22 2 PR d,, T AHLIERE S AZ H 0t wf
I H AR B S 101 2w, SRERLIEHITE 2 uf

ZH A R
ui = uy +
ek
-1
<I3J5‘T(J;‘J5T) Jg) u; (44)

&gt

HI TSR R B ARIE WAT Z e, fit— D%
JEPAT H AR FBIE S5, Bt DUBERL 2 il 5 & L Se 2 5
. R SE 2 AT 5542 1 BB 1500 2 i L B 4 0
WAL 164 b, DL RAT RERE B 1R, [ St 5
b BUESS, SEBLFAT F.

XFREREAR ), 2 HAL e A B BG4 A 2R

NI R Z A BRI R, SR BN HER R 3

a __
u =

b )

|:pa (xz - xa) ds Pa (yz -

Tia Tia Tia
(45)
Hr, po RHEFRTIREL, ria = [|pi — pal| AW
5 ng 4] A .
o Ouf 1.1 T
Ji (91)2 pads <7"iaI3 g)a (pz pa) (pz pa) )
(46)
A
Tia = Pi — Pa = [A$7 A% AZ]T
r= \/Ax2 + Ay? + Az?
U
1 Aixz 7A$Ay AxAz
r r3 73 , r3
J¢ = pad, CAyAxz 1 Ayt AyAz (47)
73 r r3 r3
_AzAm AzAy 1 AizQ
r3 r3 r r3
ﬁ':fj, Ar =x; —xqy, AY =Y; — Ya, Dz = 2; — 24.
4 HEDH
EFXFER 7 220 AMLAE R TE AMLERRE R S, 1

FIOUE 1 ASSCHR ) T Ak A RV H AR & %
| S A Rk

41 BHRE

ASON PRI a5 AE . L H AR, LA RS
KESHCRRWATHAR. et 5372 LRSS
RIS 1T (design of experiments, DoE) =5 F5 &

1) AATIHA W

WHAEE A B4 v = 100 m, NERIE ZBYALE
ik, B HYAE Ry = min(re, r.) INA

Rine > 2r* sin (%) ~ 86.7

GAFEE N S B RKE L Vipax~ BRI 2 nax
SHUA. BASPISERCEAR ruaws Tobs AT

2
max

(48)

ds >
2Nmaxg

2) faEt 5iRZE RIS AT T 5
X T Bk H RIS S R o BYIRZE L
FBE 5/(e)), MRIERSMITRZENT . X5 TH
b Bz 3 2 24, 20 (36) M Lyapunov B

+ Tyav + Tobs (49)



2 A BT A AU A T AL RE F AR £ B2

291

5 H S HAT 0 U A 55 B R WU FE LR 45 7
Iy AL, SE RN A, FAE RTAT SN ANE .

3) Ik

BT ERPOP R AATIR, DARL T ST R
ARk 60 gk, REAAEAFBEYLRF R EE 20 X,
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57, AW Pareto BI ML N & Hibs., BAR%
ZHHEREWE 1 P

*1 (iESHRE
Table 1  Settings of simulation parameters
Bl 755 HifE
TENHUERE R N 7
HE TR (Vnin, Vinax) (10, 80) m/s
BRI Tomax 6
NIV Fanasx x/4
FE1 311725 B ASC I ) 4 Tuy Txs Ty 2.55,2.5s, 2.55
e P ) 2 k1, k2 2, 2
AR Td 200 m
AR RS e 200 m
M EFT r* 100 m
W A 1R R eir -
WU EET e €3 o 2
HERF 1 250 Pa 2
TR ds 150 m
P a5 T V2, Y35 V4 5 1,5, 8
HETWERE  weo, wr, wa, ww 0.40, 0.40, 0.15, 0.05
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Table 2 Settings of obstacle parameters
FiGbs S rhl g AR bR U AR
1 (400, 280) 150 m
2 (800, —280) 50 m
3 (1200, 150) 150 m
4 (1600, ~150) 50 m
5 (2300, 150) 150 m

NG AIE—ZME F AR LI &5 72 R A 5 015 32 BRI
DU PR A THIERE, Wit sl & HARRER T 5. H
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[l 25 5l 3 B LI 25 BE % 3 L 48 JE 15 8 A8 EL ST
Z )R — BPRE AL T

Kl 2(b) IR T SR 40t iR 2 5 3 77 kiR
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(b) Mean absolute error and root mean square error
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Target observer performance analysis diagram
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—— H#z
600 - o AL
o TAHL 2
400 - —o— AW 3
o— AN 4
o EAMLS
200 —— AW 6
g —o— AN T
< 0
>
—200
—400
—600 -
| | 1 | |
0 500 1 000 1 500 2 000 2 500 3 000
X /m

4
Fig.4

ToABUERE Hbx - B AT 4Rl
2D flight paths of UAV swarm target enclosing control



2 A BT A AU A T AL RE F AR £ B2 293

18] T, FRASFARI T IRE B, Jo AHLIA] L fig
it D% P 5 H RIS T2 U7 RIRZE RMSE.
KR EIEEA FBEHUR 5 T ERIEAT 30 K, it
IR 3 (CFHME £ FaiEE).

Al /s

K5 T AW Rahs YA X BE 2
Fig.5 Relative distance between UAV and obstacles

AHXHEE B /m

5H#z

0 50 100 150
1) /s

K6 TCANLSGEH HARA
Fig.6 Relative distance between UAV and
the enclosing target

®3 ZREEN O ST AE R
Table 3
three algorithms comparison

Simulation statistics results for
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