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ABSTRACT

Evolutionary computation, an important the computational intelligence method, is a kind of self-
organization and self-adaptation intelligent computational technique for solving optimization and searching
problem by imitating the nature biological evolution process and principle. Particle swarm optimizer (PSO)
algorithm, a high-efficient optimization method, is one of the evolutionary computation methods based on the
swarm intelligence. However, there is the lack of completely theoretic analysis and research of engineering
application for the PSO algorithm. Here, three typical kinetic models of PSO are built and analyzed. The largest
covering space based on simplex information of the three models is deduced. The result explains the reason of
premature convergence of particle optimization without new information introduced. Moreover the stability of
PSO is analyzed as a time-varying dynamic system. The sufficient conditions for asymptotic stability of
parameters are proved and the inertia weight parameter value is enhanced. It provides a theoretic foundation for
the parameter selection and stability of PSO. According to the analysis, several improvements have been
proposed. The improved PSO algorithm is applied to the controller design and system identification of a servo
system driven by the linear motor. A new fitness function is designed for the system identification, which can
achieve the order selection and parameter estimation at the same time. The design work of PID, changing
integration rate PID, single neuron PID and fuzzy PID controller, demonstrate the effectiveness. And it provides
a new method for the design and optimization of control system.
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