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Constrained control strategy for strict-feedback nonlinear systems based
on natural boundary
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Abstract: This paper investigates the state-constrained control problem for a class of strict-feedback nonlinear systems.
Existing constraint-handling approaches, such as prescribed performance control, generally require the constraint
boundaries to be specified a priori, which may lead to control redundancy when the prescribed boundaries are
considerably wider than the actual dynamic range of the system states. To address this issue, a novel switching control
framework based on the principle of “evaluation before constraint enforcement” is proposed. First, under the
assumption that the system nonlinearities and their partial derivatives are bounded, an explicit upper bound of the state
trajectories under an unconstrained controller is analytically derived by combining the backstepping technique with
Lyapunov stability theory. The obtained bound characterizes the maximum attainable state magnitude in the absence of
constraint enforcement. Subsequently, a switching control strategy is developed. Specifically, the constrained controller
is activated only when the prescribed boundary is smaller than the estimated natural boundary; otherwise, the
unconstrained controller is employed. In this way, state constraints are guaranteed while avoiding the control
redundancy and increased complexity caused by unnecessary constraint-enforcing terms. Compared with conventional
constrained control methods, the proposed strategy achieves the desired tracking performance with reduced control
effort while satisfying state constraints. Simulation results demonstrate the effectiveness and feasibility of the proposed
method.
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