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Nonlinear Control Systems Design under Input

Constraints and Local Optimality Matching *

Yasuyuki Sato

Abstract

Control Lyapunov functions (CLFs) play important roles in nonlinear con-
trol theory. By using CLFs, asymptotically stabilizing controllers for nonlinear
systems with input constraints and inverse optimal controllers which minimize
meaningful cost functions can be designed systematically. In this dissertation,
CLF based two control design methods are proposed.

Firstly, an asymptotically stabilizing controller design method for nonlinear
control systems with convex input constraints is proposed. The proposed method
consists of two steps. In the first step, an input which minimizes the time deriva-
tive of a local control Lyapunov function is obtained by convex optimization.
Then, in the second step, the continuous asymptotically stabilizing controller
is constructed by transforming the obtained minimizing input to a continuous
function. A robust controller that guarantees a sector margin is also designed.

Secondly, a local LQ optimal and globally inverse optimal controller design
method for feedback linearizable nonlinear control systems is proposed. The ad-
vantages of the method are smoothness with respect to the state and is guaranteed
the gain margin (1/2,00). The proposed controlelr is easily transformed from LQ

optimal controllers.

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861005, June 4, 2012.
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Proposed methods are applied to a magnetic levitation system and their effec-

tiveness is confirmed by computer simulation and experiments.

Keywords:

Nonlinear systems, Control Lyapunov function(CLF),Input constraint, Local op-

timality, Convex optimization
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Fig. 7 Experimental Result of Controller (149).
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Table. 2 Comparison of Controllers

Controller Mean Residual | Residual Variance
[m] (]
Proposed Method 1.6 x 107 3.95 x 10710
LQR 3.0 x 107° 3.85 x 10710
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