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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.
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