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Sequential design of decentralized dynamic compensators using the
optimal projection equations

DENNIS S. BERNSTEINt

The optimal projection equations for quadratically optimal centralized fixed-order
dynamic compensation are generalized to the case in which the dynamic com-
pensator has, in addition, a fixed decentralized structure. Under a stabilizability
assumption for the particular feedback configuration, the resulting optimality
conditions explicitly characterize each subcontroller in terms of the plant and
remaining subcontrollers. This characterization associates an oblique projection
with each subcontroller and suggests an iterative sequential design algorithm. The
results are applied to an interconnected flexible beam example.
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1. Introduction
The purpose of this note is to consider the problem of designing decentralized

dynamic feedback controllers using recently obtained results on quadratically optimal
fixed-order dynamic compensation (Hyland and Bernstein 1984). As in Bernussou
and Titli (1982), Looze et al. (1978), and Singh (1981), the overall approach is to fix the
structure (information pattern and order) of the linear controller and optimize the
steady-state regulation cost with respect to the controller parameters. The underlying
philosophy is that the ability to carry out such an optimization procedure permits the
evaluation of a particular decentralized configuration which may be dictated by
implementation constraints. If there is some flexibility in designing the decentralized
architecture, then these results can be used to evaluate the optimal performance of
each permissible configuration, and hence to determine preferable structures. Since
the present paper is confined to the question of optimal regulation, trade-offs with
regard to robustness in the presence of plant variations are not considered. Such
trade-offs can be included, however, by utilizing the Stratonovich multiplicative white
noise approach developed by Bernstein and Hyland (1985).

To further motivate our approach, consider the problem of controlling an nth-
order plant 9 by means of a decentralized dynamic compensator consisting of
subcontrollers rc1 and rc2. A straightforward design technique that immediately
comes to mind is that of sequential optimization (Davison and Gesing 1979,Jamshidi
1983).To begin, ignore rc2 and design rc1 as a centralized controller for 9. Next,
regard the closed-loop system consisting of 9 and rc1as an augmented system 9' and
design rc2 as a centralized controller for 9'. Now redesign rc1 to be a centralized
controller for the augmented closed-loop system composed of 9 and f(j2' and so forth.
One difficultywith this scheme, however, is that of dimension.If, for example, one were
to employ LQG at each step of this algorithm, then on the first iteration rc1 would
have dimension n and thus rc2 would have dimension 2n. On the second iteration, f(j1
would require dimension 3n and f(j2 would have order 4n, and so forth. Such
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