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Controller Design and Analysis for Nonlinear

Systems with Input Constraints*

Nami Kidane

Abstract

Most of actual systems are nonlinear and have input constraints due to the per-
formance limits of actuators and for protection of the systems. Parameter tuning
for PID or sliding-mode controllers is hard work because input constraints are
not considered in the design schemes. Easy construction of controllers demands
consideration of nonlinearity and input constraints. Moreover, controllers must
be robust against modeling errors and disturbances. In this dissertation, robust
controllers for nonlinear systems with input constraints are proposed by using
smooth local control Lyapunov functions.

Control-Lyapunov-based design scheme consists of two steps: In Step 1, we
construct a control Lyapunov function, then in Step 2, we design a stabilizing
controller by decreasing the control Lyapunov function everywhere except the
origin. Although the first issue is very difficult, we can employ several methods;
e.g. exact linearization and backstepping. In this dissertation, the second issue is
focused under the assumption that a local control Lyapunov function is obtained
by these methods. First, an asymptotical stabilizable domain is clarified, and an
input that gives the infimum of the derivative of a local control Lyapunov function
is obtained. Second, generalized Malisoft’s controller is provided. If the input

space is not a hyper-polyhedron, the generalized controller is continuous except

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0361010, March 17, 2006.
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the origin. If a hyper-polyhedron, however, the controller may be discontinuous.
Then, an improved controller is proposed. It is continuous except the origin in
any case.

Inverse optimal problem plays an important role in robust controller design.
It is discovered that directional vectors of inverse optimal controllers determine
the lower limits of sector margins, and inverse optimal controllers are provided
to guarantee the robustness by the sector margin. In case of input constraints,
domains of attraction become small if controllers achieve large sector margins,
and become large if small sector margins. Namely, sector margins and domains
of attraction have trade-off relations under input constraints. Hence, inverse
optimal controllers may not hold enough sector margins, or domains of inverse
optimal controllers may be small. Then, robust controllers are composed in order
to adjust sector margins and domains of attraction.

The existence of continuous asymptotic stabilizers depends on the existence
of control Lyapunov functions with the small control property. Conditions for
the existence of control Lyapunov functions with the small control property are

clarified, finally.

Keywords:

nonlinear system, input constraint, control Lyapunov function, small control

property, controller design
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bi(z) = §(P+|P|)+bz($) (70)

0000by: {zeWy| L,V #0}— (0,1-1(P+|P))) D0D0D0O0O00OO
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