Contents

An Overview . . . .. .. ... ... 1
1.1 Introduction. . .. ... ... ... ...t 1
1.2 Robust Stabilization of Linear Systems. . ... ............. 2
1.3 Regulation and Tracking in Linear Systems. . ............. 6
1.4  From Regulation to Consensus . . ..................... 7
1.5 Feedback Stabilization and State Observers

for Nonlinear Systems . .. ........ ... ... ... ... ...... 8
1.6 Robust Stabilization of Nonlinear Systems . .............. 12
1.7 Multi-input Multi-output Nonlinear Systems . ............. 13
1.8  Regulation and Tracking in Nonlinear Systems . ........... 17

Part I Linear Systems

2

Stabilization of Minimum-Phase Linear Systems . . . ... ........ 21
2.1  Normal Form and System Zeroes. . . ................... 21
2.2 The Hypothesis of Minimum-Phase . . .................. 28
2.3  The Case of Relative Degree 1 .. ..................... 30
2.4  The Case of Higher Relative

Degree: Partial State Feedback. . ... ....... ... ... ... ... 32
2.5 The Case of Higher Relative Degree: Output Feedback. . . . . . . 37
References . . .. ... .. . 42

The Small-Gain Theorem for Linear Systems and Its

Applications to Robust Stability . . . ....................... 43
3.1 The ¥, Gain of a Stable Linear System. . ............... 43
3.2  An LMI Characterization of the ¥, Gain................ 47
3.3 The Hy, Norm of a Transfer Function .................. 49
34 The Bounded Real Lemma . ......................... 52
3.5 Small-Gain Theorem and Robust Stability. .. ............. 57
3.6 The Coupled LMIs Approach to the Problem

of y-Suboptimal H,, Feedback Design . ... .............. 71
References . . .. ... ... e 81

ix


http://dx.doi.org/10.1007/978-3-319-42031-8_1
http://dx.doi.org/10.1007/978-3-319-42031-8_1
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec7
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec7
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec8
http://dx.doi.org/10.1007/978-3-319-42031-8_1#Sec8
http://dx.doi.org/10.1007/978-3-319-42031-8_2
http://dx.doi.org/10.1007/978-3-319-42031-8_2
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_2#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_3
http://dx.doi.org/10.1007/978-3-319-42031-8_3
http://dx.doi.org/10.1007/978-3-319-42031-8_3
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_3#Bib1

X Contents

4  Regulation and Tracking in Linear Systems . . ...............
4.1  The Problem of Asymptotic Tracking and Disturbance
Rejection . . ... ... ..
4.2 The Case of Full Information and Francis’ Equations . . . . .. ..
4.3  The Case of Measurement Feedback: Steady-State Analysis . . .
4.4  The Case of Measurement Feedback: Construction
ofaController. . .. ... ... ... ... ...
4.5 Robust Output Regulation. . .. ........ ... ... ... .....
4.6  The Special Case in Whichm =pandp, =0.............
477 The Case of SISO Systems . . . . ...... ...,
4.8 Internal Model Adaptation. . .. .......................
4.9 Robust Regulation via H, Methods. . . .................
References . . ... ... .. .

5  Coordination and Consensus of Linear Systems ..............
5.1  Control of a Network of Systems. . . ...................
5.2 Communication Graphs . ............... ...,
5.3  Leader—Follower Coordination. . ... ...................
5.4  Consensus in a Homogeneous Network: Preliminaries . . ... ..
5.5 Consensus in a Homogeneous Network: Design. . . .........
5.6  Consensus in a Heterogeneous Network . . ...............
References . . ... ... .

Part I Nonlinear Systems

6  Stabilization of Nonlinear Systems via State Feedback. . ...... ..
6.1  Relative Degree and Local Normal Forms. . ... ...........
6.2 Global Normal Forms. . ............................
6.3 The Zero Dynamics . . . .. ...
6.4  Stabilization via Full State Feedback . ..................
6.5  Stabilization via Partial State Feedback. .. ...............
6.6  Examples and Counterexamples. . . ... .................
References . . .. ... ... . .

7  Nonlinear Observers and Separation Principle . ... ...........
7.1  The Observability Canonical Form. . ...................
7.2 The Case of Input-Affine Systems . ....................
7.3  High-Gain Nonlinear Observers. . .. ...................
7.4  The Gains of the Nonlinear Observer . . . .. ..............
7.5 A Nonlinear Separation Principle. . . . ..................
7.6 Examples ... .. ... ..
References . . ... ... .

173


http://dx.doi.org/10.1007/978-3-319-42031-8_4
http://dx.doi.org/10.1007/978-3-319-42031-8_4
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec7
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec7
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec8
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec8
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec9
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec9
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Sec9
http://dx.doi.org/10.1007/978-3-319-42031-8_4#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_5
http://dx.doi.org/10.1007/978-3-319-42031-8_5
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_5#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_6
http://dx.doi.org/10.1007/978-3-319-42031-8_6
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_6#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_7
http://dx.doi.org/10.1007/978-3-319-42031-8_7
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_7#Bib1

Contents

8 The Small-Gain Theorem for Nonlinear Systems
and Its Applications to Robust Stability . ...................
8.1  The Small-Gain Theorem for Input-to-State Stable Systems. . . .
8.2 Gain Assignment. .. .......... ..
8.3  An Application to Robust Stability. . ... ................
References . . ... ... ...

9  The Structure of Multivariable Nonlinear Systems . ...........
9.1 Preliminaries . . ... ... .. ... ...ttt
9.2  The Basic Inversion Algorithm .. ........ ... ... ... ....
9.3  An Underlying Recursive Structure of the Derivatives
ofthe Output. . . . ... ... ... ... . ..
9.4  Partial and Full Normal Forms. . ... ...................
9.5 The Case of Input—Output Linearizable Systems ...........
9.6  The Special Case of Systems Having Vector
Relative Degree. . . ... ... ... .
References . .. ... ... ... L

10 Stabilization of Multivariable Nonlinear Systems: Part I ... ... ..
10.1 The Hypothesis of Strong Minimum-Phase . . .. ...........

10.2 Systems Having Vector Relative Degree: Stabilization
via Full State Feedback. . . . ....... ... .. ... ... ... ...
10.3 A Robust “Observer” . ... ........ ...
10.4 Convergence Analysis . .. ......... ...,
References . . .. ... .. .

11 Stabilization of Multivariable Nonlinear Systems: Part IT . ... ...
11.1 Handling Invertible Systems that Are Input—Output

Linearizable . .. ... .. ... .. .. .. . . .

11.2  Stabilization by Partial-State Feedback . . ... .............

11.3 Stabilization via Dynamic Output Feedback. . . ... .........

11.4 Handling More General Classes of Invertible Systems . ... ...

References . . ... ... . .

12 Regulation and Tracking in Nonlinear Systems. . .. ...........
12.1 Preliminaries . . . .. ... .. ...ttt
12.2  Steady-State Analysis. . ............c.. ..
12.3 The Case of SISO Systems . . . . ...... ...,
12.4 The Design of an Internal Model . . .. ............... ...
12.5 Consensus in a Network of Nonlinear Systems . ...........
References . . ... ... . .

Appendix A: Background Material in Linear Systems Theory . ... ...

Appendix B: Stability and Asymptotic Behavior
of Nonlinear Systems. . . .. ........ ... ... ... ......

xi


http://dx.doi.org/10.1007/978-3-319-42031-8_8
http://dx.doi.org/10.1007/978-3-319-42031-8_8
http://dx.doi.org/10.1007/978-3-319-42031-8_8
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_8#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_9
http://dx.doi.org/10.1007/978-3-319-42031-8_9
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Sec6
http://dx.doi.org/10.1007/978-3-319-42031-8_9#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_10
http://dx.doi.org/10.1007/978-3-319-42031-8_10
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_10#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_11
http://dx.doi.org/10.1007/978-3-319-42031-8_11
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Bib1
http://dx.doi.org/10.1007/978-3-319-42031-8_12
http://dx.doi.org/10.1007/978-3-319-42031-8_12
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec1
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec2
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec3
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec4
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_12#Sec5
http://dx.doi.org/10.1007/978-3-319-42031-8_11#Bib1

2 Springer
http://www.springer.com/978-3-319-42030-1

Lectures in Feedback Design for Multivariable Systems
Isidori, A,

2017, ¥, 413 p. 27 illus., 5 illus. in color., Hardcowver
ISBN: 978-3-319-42030-1



	Contents



