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Safe Control of Multi-agent Systems via Control Barrier Functions

LI Bo-Qian' HU Cheng® ZHU Song® WEN Shi-Ping’

Abstract This paper investigates the collision avoidance safety control for multi-agent systems, with the objective
of guaranteeing a safe distance between any pair of agents while preserving nominal control input as much as pos-
sible. For second-order systems, the safety constraint functions have relative degree two, which makes it difficult to
directly impose control constraints using classical control barrier functions. To address this issue, a high-order con-
trol barrier function framework is introduced to formulate collision avoidance conditions, which are then incorpor-
ated into a minimally invasive quadratic programming controller. Furthermore, by exploiting the symmetry of the
safety constraints, the originally coupled inequality constraints are decomposed into linear constraints that can be
solved independently by each agent. On this basis, the proposed approach is extended to uncertain multi-agent sys-
tems. Robust control barrier functions are designed to construct a realizable controller, and the forward invariance
of the system safety set is rigorously proved. Numerical simulation results demonstrate that the proposed method
can maintain system security while achieving satisfactory tracking performance.
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Fig.1 Communication topology of multi-agent system
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