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ABSTRACT: An optimization—based consensus design and analysis method was proposed to ad—
dress the prescribed performance state consensus problems of general high—order linear swarm
systems under switching topologies, which could adapt to changes in communication topology

structure. First, an optimization index capable of regulating the global consensus performance of
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the swarm system was constructed, and a consensus control protocol with adaptive communica—
tion weights was designed. Through orthogonal transformation, the overall dynamics of the
swarm system under the consensus control protocol were decomposed into two parts, namely the
consensus dynamics describing the macro-movement of the system and the consensus—comple-
mentary dynamics representing the internal cooperative errors of the system. Subsequently, an ex-
plicit expression of the consensus function was derived by integrating the consensus dynamics. It
was shown that the consensus function was unaffected by time-varying communication weights
and topology switching, only depending on the average initial states of the agents and the system
matrix. For the consensus component dynamics, a quadratic Lyapunov function was established
based on the cooperative error and a positive definite matrix of the system. By correlating the per-
formance index function with the derivative of the Lyapunov function, the relationship between
the upper bound of the performance index function and matrix variables was determined. The pre-
scribed performance values were then employed to constrain the upper bound, thereby imposing
indirect restrictions on the matrix variables and yielding linear matrix inequality conditions. Based
on this framework, prescribed—performance consensus design and analysis criteria were formulat-
ed, and an explicit expression for the energy substitution value was obtained. A regulation meth—
od for both the consensus gain matrix and performance substitution value was proposed. Finally,
simulation experiments on prescribed performance consensus control were conducted based on a
fourth—order linear swarm system consisting of six intelligent agents. The results indicate that the
proposed method can effectively address adaptive optimization consensus problems under the con-
straints of prescribed performance consensus of swarm systems.

KEYWORDS: prescribed performance; swarm system; adaptive control; consensus; optimiza—

tion—based control
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