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In this thesis, we consider the H.- control problem for discrete time systems. First we state H.- control for time-
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invariant discrete systems. Consider the system (denoted by G)

]
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y(k)

n

output and the measurement output, respectively. For the system G, we consider a controller X of the form
M, p(k)+May(k),
K1 plk)+Kay(k).

pk+1)
u(k)

Ax(k)+Biw(k)Bau(k),
Cix(k)+D1iw(k)+D12u(k),
Cax(k)+Dnw(k)

where x € R%, w e R™, u € R™, z € R” and y € R”: are the state, the disturbance, the control input, the controlled

Then H.~ control with measurement feedback is described as follows:

(i) Find necessary and sufficient conditions for the existence of an internally stablilzing controller K with || Gz (z;

K) o< Y, T > 0 where G, is the transfer function from the disturbance w to the controlled output zand Il » ll. is

the H. norm.

(ii) The characterization of all stabilizing controllers K such that | G ke < 1.
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This problem was originally formulated by Zames (1981) in the context of sensitivity reduction in linear systems
using the H. norm. Since it was formulated in the frequency domain, the main tools used at the early stage have
been operator and approximation theory, spectral factorization and Youla parametrization. An early state space
solution was presented by Francis (1984). But a more convenient form of the solution was given in terms of two
Riccati equations by Doyle, Glover, Khargonekar and Francis (1989) for continuous time systems. After publica-
tion of their paper, H- control has been studied widely in a state space for both continuous and discrete time

systems and the relationship between Hx- control and a game theory has been also discussed.

In this thesis we mainly study H.- control for linear time-varying discrete systems. We assume all matrices in the
system G and the controller K are bounded function of k. We use a state space approach and the max-min theory of
quadratic games. Contrary to time-invariant cases, we can not get necessary and sufficient conditions in general.
We obtain necessary conditions and sufficient conditions in terms of two Riccati equations. However, restricting
ourselves to periodic systems, we have necessary and sufficient conditions for the existence of an intemnally stabi-

lizing controller such that | Gow lle < T,

We also study two special He- control. One is He- control with state feedback and the other is full information He-
control. In H..- control with state feedback (full information H.~ control), we want to find necessary and sufficient
conditions for the existence of a state feedback u=Fx (u=Fx+Gw) such that il G, ll. < Y. The solutions of these

problems are given in terms of Riccati equations which are derived from max-min quadratic games.

The outline of this thesis is as follows: In Chapter 1, we state Hw- control for general linear systems and recall its
brief history. In Chapter 2, we collect preliminary results which we use later and mainly discuss the properties of
time-varying systems. In Chapter 3, we study the relationship between H.-control and quadratic games and we
derive a Riccati equation which gives the solution of H.-control. In Chapter 4, we study H.-control with state
feedback and full information H..-control. We discuss both finite and infinite horizon cases and give the solutions
in terms of Riccati equations which are obtained in Chapter 3. In Chapter 5, we discuss our main result, i.e., the
solution of Hw-control with measurement feedback. In Section 5.2, we give a precise problem formulation and its
solution in terms of two Riccati equations. In Section 5.3, we assume the existence of a stabilizing controller X
satisfying Il Gz ll. < Y. Then we obtain a stabilizing solution to the first Riccati equation using the results in
Chapter 3. We then follow the approach of Stoorvogel (1992). Assuming some extra condition, we can transform
the original system G to a new system Gx. Considering H.- control for this new system Gx, we obtain the
stablilzing solution to the second Riccati equation. In Section 5.4, considering a system of a special form and a
system which is obtained from Gx using the second Riccati equation, we show the sufficient conditions for the
existence of a stabilizing controller such that ll G ll. < Y. In Section 5.5, we consider periodic systems and give

necessary and sufficient conditions and the characterization of all controllers. As a special case, we consider time-
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invariant systems and recover the result obtained by Stoorvogel (1992). In Chapter 6, we give a simple application.
We treat the stabilization of an inverted pendulum positioning system and get Hw- controllers. We then show

expérimental results and discuss its robustness. In Chapter 7, we give a summary of this thesis.
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