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2.7.5 Brunovský states and a controller form for flat systems . . . 50



vi CONTENTS

2.7.6 State representations: examples . . . . . . . . . . . . . . . . 54

2.7.7 Flatness and controllability of the linearized system . . . . . 56

3 Flatness-based trajectory planning and feed-forward control 59

3.1 Flatness-based analysis of equilibria . . . . . . . . . . . . . . . . . . 60

3.2 Example: chemical reactor . . . . . . . . . . . . . . . . . . . . . . . 61

3.2.1 Chemical reactor: mathematical model . . . . . . . . . . . . 61

3.2.2 Chemical reactor: flatness . . . . . . . . . . . . . . . . . . . 62

3.2.3 Chemical reactor: stationary analysis . . . . . . . . . . . . . 63

3.2.4 Chemical reactor: flatness and equilibrium points with two
controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

3.3 Trajectory planning and feed-forward control . . . . . . . . . . . . . 66

3.3.1 Transition between stationary operating points . . . . . . . . 68

3.3.2 Crane: trajectory planning and open-loop control design . . 70

3.3.3 DC motor: start-up . . . . . . . . . . . . . . . . . . . . . . . 73

3.3.4 Steering along trajectories of quantities not belonging to a
flat output . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

3.3.5 Accounting for constraints . . . . . . . . . . . . . . . . . . . 78

3.3.6 Car: setpoint transitions . . . . . . . . . . . . . . . . . . . . 79

4 Stable tracking by state feedback 85

4.1 State feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

4.1.1 Endogenous state feedback . . . . . . . . . . . . . . . . . . . 89

4.1.2 Quasi-static and static state feedback . . . . . . . . . . . . . 91

4.1.3 Comparison of the feedback classes . . . . . . . . . . . . . . 92

4.2 Linearization of flat systems by state feedback . . . . . . . . . . . . 94

4.3 Stabilization of the tracking error dynamics . . . . . . . . . . . . . 96

4.4 Example: planar motion of a VTOL aircraft . . . . . . . . . . . . . 99

4.4.1 VTOL: model . . . . . . . . . . . . . . . . . . . . . . . . . . 99

4.4.2 VTOL: flatness . . . . . . . . . . . . . . . . . . . . . . . . . 100
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