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Abstract

Recent development in the linear robust control theory provides many systematic con-
trol design procedures which solve stabilization, tracking, robustness, noise reduction
problems. However none of these is able to cope with constraints. Nowadays one of the
most important practical and theoretical open problem in control is the analysis and de-
sign of feedback controllers for systems with state and control constraints. Constraints on
the inputs and often also on the state are present inherently in all real physical systems.
The former are dictated by physical limitations of the actuators; the latter by the necessity
to keep some plant variables within safe limits. If constraints are not properly accounted
for in the design procedure, this would lead to serious performance deterioration and even
instability.

This dissertation includes contributions on the analysis and design of control system-
s subject to pointwise-in-time state and control constraints. First, the necessary and
sufficient condition for safe operation of constrained systems is derived. This result is
obtained by constructing a certain subset in the state space such that avoiding constraint
violation is equivalent to restricting the state dynamics to this subset. This fundamental
result has important applications in the area of stability analysis and controller design.

Many control specifications, stability, performance, robustness, are required of control
system design. This makes complicate or even impossible to design a single special feed-
back controller which satisfies required specifications as well as attempts to handle the
effects caused by constraints. Therefore despite its importance in practice, various prob-
lems associated with control of constrained systems still remained unsolved. However
in constraint free case, systematic techniques are available to solve design problem and
provide efficient conventional feedback controllers. Even in constrained case, there is no
necessity to replace a conventional techniques with completely new one which attempt to
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satisfy many control specifications and also constraints handling at the same time. Al-
ternatively, introducing a higher hierarchical level mechanism which utilizes conventional
feedback controllers also attempts to handle constraints would have potential benefits.

Control system design techniques utilizing hierarchical structures are proposed. Switch-
ing control scheme which includes fixed structure controllers and a supervisor. Where
supervisor selects the highest performance controller which is safe for the current state
of the plant. Because supervisor avoids constraint violation, controlled system remains
stable and controller switching improves control performance. The other method consist-
s of adding to a primal closed—loop system a nonlinear device called reference governor
which manipulates the desired reference signal in order to avoid constraint violation. This
control scheme is proved to fulfill the constraints and tracking requirements. All resulting
control systems has separation structure: first stabilize the system and improve perfor-
mance by using the conventional feedback controller in the absence of constraints; then
adding switching mechanism or reference governor those operate at a higher hierarchical
level for constraints fulfillment.
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