Fixed-Order H-infinity Optimization of Time-Delay Systems
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1 Abstract

We consider theZ,, or 7%, norm optimization of the trans-
fer functionG,

o -1
G(jw,x) =C(x) (wa—AO(X) —_ZA (X)ejw‘> B(x)
+D(x)e” ¥ (1)

where the system matricg®\y,B,C,D), i = 0,...,m are

real-valued, depending on fixed number of parameters
R™, and where the time delayérp, ..., Tm), are nonnega-
tive real numbers.

This type of problems is encountered in control problems
such as thes%, norm optimization or pseudospectral ab-

scissa optimization of time-delay systems using fixed struc
ture controllers.

Let the plant have the following state-space represemtatio

Xp(t) = AoXp(t)+ _ZAixp(t — Tj) + Baw(t) 4 Bau(t — 10),
z(t) = CiXp(t)+Diw(t),
y(t) = Coxp(t)+D2ou(t — 1), (2)
and let the dynamic controller be represented by
*(t) = Ax(t)+Bgy(t),
ut) = Ckxk(t)+Dxky(t) )

where the system matrices are real valued with appropriate
dimensions. The connection between the plant (2) and the
controller (3) leads to a transfer function fromto z of the
form (1) where the controller parametetgepresents the
elements of the matricé#\, Bk, Ck, Dk ).

We optimize thes%, norm of G over the feasible design
parameters in two steps:

¢ finding a point in the parameter space stabilizing the
time-delay systen®. This is done by minimizing the
spectral abscissa @. The resulting controller of the
stabilization step is used as an initial point for thg,
optimization step,

e directly minimizing 5%, norm over the parameter
space. Since the algorithm is monotonically decreas-
ing, it is guaranteed that the feasible set in the param-
eter space, whei@ is stable, is not left.

In both cases the objective function is nonsmooth, butdiffe
entiable almost everywhere. The optimization is done with
the algorithm [1], which relies on the computation of the
objective function and its gradient (where it exists).

This approach has been successfully applied in the finite di-
mensional case [2]. We present the extension of this ap-
proach to time-delay systems. Th#, optimization re-
quires thesz, norm computation oG given the fixed pa-
rametersx. This computation is based on the connection
between the singular values of a transfer funct®and the
imaginary axis eigenvalues of an infinite dimensional opera
tor Z¢. Using a spectral method this operator is discretized,
leading to an approximation of th#, norm. Finally the ap-
proximate results are corrected by solving a set of equstion
which are obtained from the reformulation of the eigenvalue
problem for.Zs as a finite dimensional nonlinear eigenvalue
problem.

The computation or optimization of pseudospectral abaciss
can be done in a similar way.
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