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Prescribed-time Consensus Control for Multi-agent Systems Under

Complex Spatial Constraints

YANG Liu'  YOU Long-Long' SONG Wen-Long' HUANG Jian-Ping' LIANG Ye' WU Li-Gang?

Abstract During the task execution, multi-agent systems (MAS) are required to avoid obstacles and exchange in-
formation in a distributed manner, so as to ensure operational safety and reliability. Consequently, the workspace of
MAS is constrained by safety regions for collision and obstacle avoidance, as well as by limited relative position
among agents that maintain communication connectivity. To address these challenges, this paper investigates the
prescribed-time consensus control problem for MAS under the aforementioned complex spatial constraints. Based on
the safe distance between agents and obstacles, the entire operational process is described by dividing it into two
distinct modes, including the obstacle avoidance mode and the cooperative operation mode. In the obstacle avoid-
ance mode, in addition to the traditional safety distance constraints for inter-agent and agent-obstacle collisions, an
obstacle avoidance control law with communication distance constraints is designed. Such that the operational
safety is ensured when cooperatively traversing complex spatial obstacle environments and preserves distributed
communication connectivity after the obstacles are passed, thereby preventing agent disconnection and interruption
of cooperative operational tasks after cooperative obstacle avoidance. As for the cooperative operation mode, to
overcome the limitation of traditional finite-time stable methods whose convergence time depends on initial system
conditions, a prescribed-time controller design method with time-varying gain is proposed, which achieves pre-
scribed convergence time under uncertain initial conditions following cooperative obstacle avoidance, thus enhan-
cing the operational reliability of MAS. Finally, numerical simulations are performed to verify the effectiveness of
the proposed method, where a second-order MAS is taken as an example.

Keywords multi-agent systems; prescribed-time control; connectivity maintenance; obstacle avoidance control; con-
sensus control
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