Contents

1 Introduction ...............ooiiiiiiiiiiiiiiiiiiiiiiiiii s 1
LT Motivation .........iiuiiit ittt aaenaeeann 1
1.2 Scopeof the Work ... ... .coiiiiiiiiiiiiii i 4
1.3 Objective of the Work ......... . ..., 5
1.4 Outline of the Thesis ..........ccoiiiiiiiiiiii e, 6
2 The Basics of Feedback Control Systems ........................ 9
2.1 Design of Feedback Controllers ...................oooiuee. 9
2.1.1 Description of a Nominal System ..................... 9
2.1.2 A Coprime Factorization Design Tool ................. 10
2.1.3 Well-posedness and Internal Stability ................. 12
2.1.4 Parameterization of Stabilizing Controllers ............. 15
2.2 Model Uncertainty and Robustness .......................... 18
22,1 Small Gain Theorem ...............oiviiiiiiian, 19
2.2.2 Coprime Factor Representation of Model

UnCertainty ..........ouuiininiiinriiininrvniuneannnn 20
2.2.3 Dual YK Representation of Model Uncertainty ......... 22
2.3 Concluding Remarks ..........cooviiiiiiiiiiiiiiiiiiii 25
3 Reinforcement Learning and Feedback Control .................. 27
3.1 AnOverview of RLMethods ...........c...ooiiiiiiiit. 28
3.2 Infinite Horizon Linear Quadratic Regulator .................. 30

3.2.1 An Overview of the Infinite Horizon LQR Problem
and DP ..o e 30
3.2.2 Policy Iteration and Value Iteration ................... 32
323 Q-learning ...ttt 35
324 SARSA o 38

Bibliografische Informationen : HE
http://d-nb.info/1223792668 digitalisiert durch IONAL
‘B IOTHE

|


http://d-nb.info/1223792668

Contents

3.2.5 SimulationResults ............cooiiiiiiiiiiiiiin...
3.3 Infinite Horizon Linear Quadratic Gaussian ...................
3.3.1 An Overview of Infinite Horizon LQG Problem
and Stochastic DP ........ ... . it
3.3.2 On-policy Natural Actor-critic ...........c.ccvoeeeenn...
3.3.3 Simulation Results ............ ...t
34 Concluding Remarks ..........cc. i,
Q-learning Aided Performance Optimization of Deterministic
R A5 72 11 T PP
4.1 Problem Formulation ............ .. ... . il
4.2 Robustness Optimization ............c..cceeeeiiniinnrnnenenn.
4.2.1 Existing Robustness Optimization Approaches .........
4.2.2 Input and Output Recovery ..............ccviiviivnn
4.2.3 Robustness Optimization Using Q-learning ............
4.24 SimulationResults ............ ... . i
4.3 Performance Optimization Using a Prescribed Performance
Index ... e e
43.1 Performance Optimization Using Q-learning ...........
43.2 An Extension to Tracking Performance Optimization . ...
433 SimulationResults .............. ..ol
44 Concluding Remarks ...........oiviiniiiiiiiiiiniinnn,
NAC Aided Performance Optimization of Stochastic Systems . ... ..
5.1 Problem Formulation ..............cccevirieeinnineennnnn..
5.2 Robustness Optimization ............ccovviereeineeinnnnn...
5.2.1 Noise Characteristics ...........oveeeiniieiiininnn.
5.2.2 Conditions of Closed-loop Internal Stability ............
5.2.3 Robustness Optimization using NAC ..................
5.2.4 Simulation Results ........... ... .o
5.3 Performance Optimization using a Prescribed Performance
Index ..o e e
5.3.1 Efficient NAC Learning using Both Nominal Plant
Modeland Data ...........ccoviiiiiiiiiiinennn.,
5.3.2 Data-driven Performance Optimization ................
5.3.3 SimulationResults .......... ...l
5.4 Performance Optimization of Plants with General Output
Feedback Controllers .............coviiiiiiiiiiiiiiiianen,
5.4.1 Problem Formulation ............... ..o,

5.4.2 Performance Optimization using NAC .................



Contents Xi

5.4.3 Experimental Results ................. ..ol 111

5.5 Concluding Remarks ...........c..ciiiiiiiiiiiiiiina 117

6 Conclusionand Future Work ........... ... .. .t 119
6.1 ConCIUSION vttt ittt et eiieeeinee e 119

6.2 Fufure Work ..o i e e 121

Bibliography ...........co. i 123



