Pole Assignment
for Uncertain Systems

Mehmet Turan Soylemez
Control Systems Centre, UMIST, UK

RESEARCH STUDIES PRESS LTD.
Baldock, Hertfordshire, England




Contents

Editorial Foreword
Preface
Acknowledgements
List of Figures
Notation

1 Introduction

1.1 Preliminaries . . ... ... . .. . . ...

1.1.1 Poles and Zeros of MIMO Systems . . . .. ... ....

1.1.2 Pole Assignment and Desired Locations of Poles . . . .
1.2 Formulation of the Pole Assignment Problem . .. .. ... ..
1.3 Parametric Uncertain Systems and Pole Assignment . . .. ..
1.4 A Few Words on Computer Algebra . . ... ... ... ....
1.5 The Structure of This Book . . . . . ... ... .........

2 A Brief History of Pole Assignment
2.1 Introduction. . . .. ... . .. .. ...
2:2. Farly Developments . o =« 6 o e wsemmmesosimm wisme s s s w8
23 State-Peedback Methodd : « = & 4w ammarmmmsasimnrd & w0
2.4 Constant Output-Feedback Methods . . . . ... ... ... ..
2.5 Dynamic Output-Feedback Methods . . . ... ... ... ...
2.6 Miscellaneous Results . . . . . .. .. ..............
2.7 Use of Geometric Algebra and Generic Results . . ... .. ..
2.8 Eigenstructure Assignment Methods . . . . ... ........
29 Decoupling Methods . . . ... ... i,
2.10 Robust Pole Assignment . . . . .. .. ... ...........

xi

vii

ix

Xv

xix



xii

3

Contents
Dyadic State-Feedback Pole Assignment Methods 33
3.1 Imtroduction. . . . . . . . . o v i i 33
3.2 The Controllable Standard Form and Pole Assignment . . . . . 36
3.3 Ackermann’s Formula . . ... .. .. .............. 44
34 The Mapping Approach . . . . .. .. ... ... ... 46
3.5 The Transfer Function Matrix Approach . . . . .. ... .. .. 49
3.6 The Spectral Approach . . ... ................. 51
3.7 The Use of Closed-Loop Eigenvectors. . . . . ... ....... 55
3.8 A Brief Comparison of Dyadic Methods . . . ... .. ... .. 58
3.9 Summary . . ... . e e e e e e e e e 61
Full-Rank State-Feedback Pole Assignment Methods 63
A1 Inbroduction:. & . » 5 5 5 e e 5 0 0 0 e 550 s e e e 63
4.2 Closing the Loop Twice . . . . ... ... ... ......... 64
4.3 Using the Controllable Standard Form . . . ... ... ... .. 66
4.4 Eigenvector Assignment Methods . . . . . ... .. ... .... 73
4471, Resl Eigenvaluts Case » « « 5 wowisssresrsmayaems s 74
44.2 Complex Eigenvalues Case. . . . ... .......... 7
4.5 Sylvester's Equation and Pole Assignment . . . . ... ... .. 84

4.6 A Generalised Mapping Approach to the Pole Assignment Prob-
lems s w5 2 55 23 ERAGUR RSB B a%a3E 5 el 88
47 SUMIMATY . . . o v v v v e e e e e e e e e e e e 93
Pole Assignment Using Output-Feedback 95
8. Imlrodughions s s s 653 S 38 &5 45 ¥ 5 aamahaiiine 95
5.2 A Generalised Matrix Inverse Approach . . .. ... ... ... 96
5.3 Use of Dynamic Compensators . . . . . . .. ... ....... 104
5.4 SUMMATY . . . . . . o e e e e e e e 113
Partial Pole Assignment 115
6.1 Introduction. . .. .. ... ... ... 115
6.2 Dyadic Methods . .. .. ... ... ... .. ..., 116
6% Ball-Ragle Methoids!, o« o 5 mommmevmmmses s s 120

6.3.1 Generalised Mapping Approach and Partial Pole Place-
THBHE . 5 o w5 0 5 % ot s o o e R B R e 122

6.3.2 Eigenvector Assignment Methods for Partial Pole Place-
menbos 7w 5 8 kGG E L SRS SR E 123
6.3.3 Two-Step Algorithms . . . .. ... ........... 126
6.4 A Multi-Step Technique for Partial Pole Assignment . . . . . . 131
6.4.1 PoleRetention . ... ................... 132
642 TheMethod . ......... ... . . ......... 137
6.5 A Root-Locus Approach to Partial Pole Assignment . . . ... 148

6.6 Generalised Hermite-Biehler Theorem . . ... ... .. .. .. 150



Contents

6.7 SUMMALY . . .« v v v v e e et e e e e e e e e

7 Robust Controller Design
7.1 Imtroduction. . . ... .. ... . ... ... ...,
7.2 Analysis of Robustness in Uncertain Systems . . . .. ... ..
7.2.1 Kharitonov’s Theorem . . . . . ... ... ... .....
722 The Edge Theorem . . . . . .. ... ... ........
7.2.3 The Value-Set Concept . ... ... ...........
7.2.4 The Pole-Colouring Approach . . . . . ... ... .. ..
7.3 Robust Pole Assignment Controller Design using GAs . . . . .
7.3.1 What are Genetic Algorithms? . . . ... ... ... ..
7.3.2 A Design Methodology for Robust Pole Assignment .
7.4 Satisfying Further Design Requirements . . . . ... ... ...
7.4.1 Improving The Real Stability Radius . . . . . .. .. ..
7.4.2 Zero Assignment . . . ... .. ... ...
7.5 SUmMMAary . . . . . o e e e e e e e e e e

A Proofs
Al Proofof Theorem 3.2. . . ... .. .. .. ... . . . ......
A2 Proofof Theorem4.1. ... ... ... .. ... ... ......
A3 Proofof Temma Bl . . v v v v viv oo w v v e ma o s v o i

B Possible Cost Functions for Pole Colouring
B.1 Minimum Perturbation Based Cost Functions . . . . . ... ..
B.2 Settling-Time Based Cost Functions . . . . ... ... ... ..
B.3 Rise-Time Based Cost Functions . . . .. ... .........
B.4 Damping-Ratio Based Cost Functions . . . .. ... ... ...
B.5 A Composite Cost Function . . . . ... ... ... .......

References

Index

xiil

158

161
161
162
163
164
166
171
174
176

. 181

186
187
193
198

199
199
201
206

209
209
210
212
214
215

217

234



