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Abstract:

Pole assignment (placement) is a basic approach for linear control system design. It is concerned with
the assignment of the poles (eigenvalues) and their associated eigenvectors via feedback control
laws, which can meet the various closed-loop design specifications in control systems. Given a linear
system and the desired closed-loop spectrum, the robust pole assignment problem is to find the
feedback gains such that the robustness of the eigensystem is optimized. The robust pole assignment
problem was first formulated by means of minimizing the spectral condition number of the eigenvector
matrix, as the closed-loop poles change at a rate less than the condition number per unit change in
the norm of the variation of the closed-loop system matrix. As the spectral condition number is
nonconvey, it is difficult to reach its global minima. Although several alternative robustness measures
were developed, they are still nonconvex with limited successes by means of conventional or
gradient-flow approaches.

In this talk, novel neurodynamic optimization approaches to robust pole assignment will be presented
for synthesizing linear control systems via state and output feedback. The problem is formulated as a
pseudoconvex optimization problem with the spectral condition number as the objective function
(robustness measure) and linear matrix equality constraints for exact pole assignment. Two coupled
recurrent neural networks are applied for solving the formulated problem in real time. In contrast to
existing approaches, the exponential convergence of proposed neurodynamcs to global optimal
solutions can be guaranteed even with lower model complexity in terms of the number of variables.
Simulation results of the proposed neurodynamic approaches for eleven benchmark problems will be
reported to demonstrate their superiority. In addition, the application of the proposed approach to
piecewise linear systems will be delineated. The extensions of the present results based on convex
reformulations will be also discussed. In addition to first-order control systems, a neurodynamic
optimization approach to robust pole assignment for high-order descriptor singular systems.
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