AR O Bil{tFIk

ACTA AUTOMATICA SINICA

TR B IAE T 258 AE IR R Gt B <2 i 18] B R Bl B 4w BA 4= ]

Y W& AT

Fixed-time Formation Control of Multi-agent Systems With Collision and Isolation Avoidance Under Communication
Path Loss

YANG Hai-Jiao, LIU An, HE Shu—Ping

TELR 5L View online: https://doi.org/10.16383/j.aas.c240445

L] RERGBR Y HAN S R

BB YTACT 2R RER R e o0 A 2T A A4
Distributed Fixed—time Optimization Control for Multi—agent Systems With Set Constraints
H Eh L2447 2022, 48(9): 2254-2264  htips://doi.org/10.16383/j.aas.¢190416

AR T Sh 25 i A 228 e A 2 G i 7 1 ) — 2k

Dynamic Event—triggered Fixed—time Consensus Control of Multi—agent Systems Under Switching Topologies
H sl fb2A4i. 2023, 49(6): 12951305  https://doi.org/10.16383/j.aas.c211123

ARDCECH BN T B 22 REIAR ZR ST 1] 2 I ] — S5
Fixed-time Consensus Tracking of Multi—agent Systems Under Unmatched Disturbances

A Zh k2447 2021, 47(6): 1368-1376  htips://doi.org/10.16383/j.aas.¢190339
LTk 22 B9 AUV s [ 52 I 1) 2 A 1

Fixed—time Formation of AUVs Based on Event—triggered Control
H s k2745, 2022, 48(9): 2277-2287 hitps://doi.org/10.16383/j.aas.c190816

TRl A B 28 BBV R LA 1 I ) L — 2o
Distributed Event—triggered Fixed—time Scaled Consensus Control for Second—order Multi—agent Systems

H Zh k2447, 2022, 48(1): 261-270  https:/doi.org/10.16383/j.aas.¢190128

ST B A ol A3 05 M) 228 R AR T 11 T 7 T 4%

Adaptive Reliable Control of Multi—agent Systems Based on Dynamic Event—triggered Communication Protocol

H sl fk2A4. 2024, 50(5): 924-936  https://doi.org/10.16383/j.aas.¢230766


http://www.aas.net.cn/article/doi/10.16383/j.aas.c240445
http://www.aas.net.cn/article/doi/10.16383/j.aas.c190416
http://www.aas.net.cn/article/doi/10.16383/j.aas.c211123
http://www.aas.net.cn/article/doi/10.16383/j.aas.c190339
http://www.aas.net.cn/article/doi/10.16383/j.aas.c190816
http://www.aas.net.cn/article/doi/10.16383/j.aas.c190128
http://www.aas.net.cn/article/doi/10.16383/j.aas.c230766

¥51% F3W H 3 # % Vol. 51, No. 3
2025 £ 3 A ACTA AUTOMATICA SINICA March, 2025

B S BRIRFE T 28 RE I R G [E E B 18] Byl By &5 4R PAIE H

wigd ' % e

W OF X R R R G b A RS AR S B AR R AR O, B TR A EE E A T AR 2 R Re ik R S
S I 1) [575 R 9728 2 AL 42 1) 10 AL, 576 73 =% R8I A B AR ARG P 51 2 P 9 #0340 RO AS 0 5 PR AT B B A O M L R g rh R Sl e i 3
JIEA A DA R ] 5 I T YAT S PR 42 1 1k 8 SR 4% DU ok DAL TR, 1 e 8 A A B v X8 A SR AR R AN B R,
TAE B AR TURE B IR P S M AT AR . ook, BT N L3 JR B, B Th— 0 ) B 0] 7 R By 25 SR, DA R 14N
AE VA2 TI U I [R] Py 8 Tl 43 5 0 O T X, 3l Sl 13 5 B RF LR (R, 3 HH — Mol AN LA o 20 2 F) 2 2 T A TR 4544
B RGN A TERE. UL b, 258 BB N EOR, M — 28 B IE R0 2 1R ] 5 I (8] 55 RIE 977 25 2 DA 20 7 5. e
FTTRAMUE R T RGEA 5 UGBS BR AR BUFE T 51 B AF M s AR & i 8, 10 HLORAIE 1B BR AR BN 0L T 2 B Re iR &
G5 1) s AT 55 5[] 5 o 1) P9 58 A, DB 93 7 il R B B R B s, 4 HE P RO B o AT DA Bk L 0 B85 SR, BIE B 1 BT 4%
7 1 A R R R A

REIE DR ARG, WE BT, BN RIGTRERT B, 202 MR 8] 52 I 1) 24 A £

SIMME Wiy, W%, (&P, EE AL T 2 8 A8k 5 Gt [ 5 N 5] 55 8 B 2 g A2 ). B sl ik, 2025, 51(3):
1001-1015

DOI 10.16383/j.aas.c240445 CSTR 32138.14.j.aas.c240445

Fixed-time Formation Control of Multi-agent Systems With Collision and

Isolation Avoidance Under Communication Path Loss

YANG Hai-Jiao' LIU An' HE Shu-Ping"*?

Abstract Addressing the issue of communication path loss in multi-agent systems where neighbors communicate,
this paper investigates the fixed-time formation control problem of nonlinear multi-agent systems with collision and
isolation avoidance under distance-based weight-varying communication topology, where we synthetically consider
the uncertainties and distance-related aspects of topology changes caused by communication path loss, the un-
known nonlinear dynamic characteristics within the system, and the control performance requirements for fixed-time
convergence. To tackle these issues, firstly, a quantified modeling of the topology structure under communication
path loss is conducted by integrating communication loss models from communication theory and knowledge from
mathematical graph theory. Secondly, based on the principle of artificial potential fields, a novel prescribed-time
collision and isolation avoidance strategy is designed to ensure that each agent leaves the collision and deviation
warning area within a preset time, avoiding collisions and deviations. Concurrently, a new hierarchical sliding mode
surface structure with adaptive gains is proposed to further enhance the system’s dynamic performance. Building
upon this, an adaptive hierarchical sliding mode fixed-time formation control scheme with collision and isolation
avoidance is constructed by incorporating adaptive technique. The proposed scheme not only resolves the nonlinear
dynamic coupling issues arising from the system itself and communication path loss but also ensures that the forma-
tion task of the multi-agent systems is completed within a fixed time under communication path loss conditions,
with no collisions or deviations. Finally, rigorous theoretical analysis and comparative simulation results are
provided to demonstrate the effectiveness and superiority of the proposed control method.

Key words Multi-agent systems, communication path loss, prescribed-time collision and isolation avoidance, hier-
archical sliding mode control, fixed-time formation control
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