Contents

To Our Families oo v
Preface oo vil
CRAPLET 1ot s 1
INErOAUCTION Lot !
CRAaPLEr 2. 13
PrelimMINaries ...ooivi ittt 13
2.1 Review of Some Mathematical Background ..................coi, 14
2.2 Lyapunov Stability Theory ..., 31
2.3 Frobenius Theorem ... 35
2.4 SHAINE CONrol ... 39
2.5 Adaptive CONMIol.....ccccoiiiiiiiiiiiiie st 45
2.6 Robust Adaptive Control ... 49
2.7 General UnCertainties. .. ..ooueiriuireriir e 53
2.8 FAT-Based Adaptive Controller Design.........cccocviviiniiiniiiiinnenn, 57
2.9 Backstepping Procedure...........ocoviiiiiiiiiii e 66
2.10 Multiple-Surface Sliding Control ... 70
CRAPLET 3.t 77
Underactuated System Dynamics and Coordinate Transformation........ 77
3.1 Dynamics of Mechanical SyStems ........occooeciviiiinnireiiiee, 77
3.2 Underactuated SYSteMS ......oooiiiiie i 80
3.3 Collocated Partial Feedback Linearization ............coccoooeeiviiiniennn. 82
3.4 Decoupling of General Underactuated Systems .........ccccooocveeeannen. 84
3.5 Decoupling for 2-DOF Systems........cccoveveiiieioiiiiieiciie e, 88
3.6 Decoupling of Single-Input High-Order Systems.......cc.coocoorieieen. 95
CRAPIET oot 100
Controller DeSI@N.....cocviiiiiii e 100
4.1 Control Problem Formulation...........c.cccoooiiiviiiniii e, 100
4.2 Controller Desi@n.....cocooiiiiiiiii e 104



X Adaptive Control of Underactuated Mechanical Svstems

B3 SUITIMIATY 1ottt T
CRAPEET S 121
Cart Pole Systems oo 121
5.1 System DYNAMICS oo 122
5.2 Coordinate TransfOrmalion........oooooeiieeeiii e 125
5.3 SIMUIATON CaSES e 126
CRAPLET O 133
Overhead Cranes. ... e 133
6.1 System DYNamiCs ......cccoevoviiiiiiiiiiiii e 135
6.2 Coordinate TransfOrmMationN ..... ..o veeeeiee e 137
6.3 SIMULALION CASES.....ci oottt 139
CRAPLET 7t 147
TORA SYSEEIM ..ottt 147
7.1 System DYNAMICS ..oovvveeiieiioieie et e 148
7.2 Coordinate TranstormatiOn . ....cocovvveeer it e e 151
7.3 SIMUIATON CASES. ..ot 152
CRAPLET 8. 159
Rotary Inverted Pendulum ...l 159
8.1 System DynamicCs ........ccocieniiininiiiiiiiiiic i 160
8.2 Coordinate Transformation .........cccovveeiveieeiieiiie e 163
8.3 SIMULALON CASCS it a e 164
CRAPLET O e 171
ViIbration ADSOIDEr ....oovvniii e 171
9.1 System DYNAMICS ...coeoviiiiiiiiiiieii e 175
9.2 Coordinate Transformation...........oooveiiiiieeee e 176
9.3 Steady State Performance Analysis ......occcooeiiiiiiiiniiiiniin, 177
9.4 SIMUIAtION CaSES...ciiiiie i 178
Chapter 10 oo 189
PENAUDOL ..o e 189
10.1 System DynamicCs ...o.ccooeiiiiiio e 190
10.2 Coordinate Transformation............oiiiiieei i 193
10.3 SIMUIATON CaASES..uveiiiiii i e e e e 194
Biblio@raphy ... 201



