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An Inverse Computation Method of Optimal Regulator

Tadayasu DEGAWA

When the linear plant is time invariant and when the quadratic performance index is an in-
tegral with constant coefficients over an infinite period, the control law feedback matrix is a con-
stant, yielding time-invariant regulator system. The inverse problem of optimal regulator is to
find necessary and sufficient conditions on the system and stable feedback gain matrices so that
the quadratic performance index is minimized, and to determine all weighting matrices.

This report describes a computation method for the inverse problem of optimal regulator for
the multi-input system in terms of polynomial matrix equation.

The polynomial matrix equation is derived from Kalman equation, which is frequency domain
version of Riccati equation. The new computation method provides a better insight into the
weighting matrix of optimal regulator, but also indicates duality between the time domain and fre-
quency domain. The optimality of a feedback control law is characterized in terms of return dif-
ference condition. A stable control law is optimal if and only if the absolute value of the corres-
ponding return difference is at least equal to one at all frequencies. However, the condition is
satisfied necessarily when Kalman equation is satisfied with definiteness condition with respect to
the weighting matrix. Therefore, the main objective is to formulate a computation method for
finding a suitable weighting matrix in the quadratic performance index so that the given stable
feedback control law is optimal. ‘

In this method, it is not required to treat solution for Riccati equation, the direct relationship
between gains and weighting matrices are obtained and computation becomes simple.

As for numerical example, from given state variable feedback gain, weighting matrices of the
quadratic performance index are computed by the proposed method.

Keywords: linear system, optimal regulator, performance index, feedback control law.
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