Geir E. Dullerud

Control of Uncertain
Sampled-Data Systems

Birkhauser 1996

Boston ® Basel ¢ Berlin



Contents

1 Introduction

1.1
1.2

Modelling and Uncertainty . . ... ...... ...,
Summaryof Contents . .. .. .. ..« ovi ..

2 Preliminaries

2.1
2.2
2.3
2.4
2.5
2.6

Hilbert Space and Banach Algebras . .. .............
Operator Theory ... ......... ... .. ... .. ... ..
Analytic Functions . . ... ... . . it ettt vy
Time Domain Spaces and Lifting . . . ... ............
Frequency Domain Function Spaces . . . ... ... .......
The Structured Singular Value . ..................

3 Uncertain Sampled-data Systems

3.1

SUMMATY . . o v v v ettt e e e e e e e e

4 Analysis of LTI Uncertainty

4.1
4.2
4.3
4.4
4.5

Converting to Frequency Domain . ... .............
Destabilizing Perturbations . ...................
Robustness Test . . ... ... ... ...,
Sampled-data Frequency Response . .. .............
SUIMMArY . . . . . . . . e e e e e e e e e

5 A Computational Framework

5.1
5.2

5.3

LowerBounds . ............. ... . ...,
UpperBounds . .............. .. .. 0.,
5.2.1 Convergence . . ... ... ...,
5.2.2 Characterization in Finite Dimensions ..........
523 Evaluating My, . . o v v v vt e e e e e e
AnAlgorithm . .. ... ....... ... ... .. ... ....

12
12
15
17
20
24
29

31
40

41
43
46
53
60
64



6 Robust Performance

6.1

6.2

6.3

6.4

6.5

Robust Performance Conditions . ... .......
6.1.1 Periodic Perturbations . ...........
6.1.2 Quasi-Periodic Perturbations ... ... ..
6.1.3 Arbitrary Time-Varying Uncertainty . . . .
Computational Tools . . . ... ...........
6.2.1 Definition and Properties .. ........
6.2.2 Reduction to Finite Dimensions . ... ..

Example Algorithm

6.3.1 A Cutting Plane Approach. . ... ... ..
6.3.2 Numerical Example . . . ...........

Minimizing the Scaled Hilbert-Schmidt Norm

6.4.1 The Hilbert-Schmidt Norm ....... ..

6.4.2 Scaling the Hilbert-Schmidt Norm and
" Osborne’s Method

Summary . ... ... ... e

A State space for M

B
C
D
E
F
G

Proof of Proposition 5.4

State space for M,

State Space for Section 6.2

Proof of Lemma 6.10

The Hilbert-Schmidt Norm of E,ME,

The S-Procedure

Bibliography

CONTENTS

144
148
150
153
160
164
166

171



