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ABSTRACT

Satisfaction of state and input constraints is one of the most critical requirements
in control engineering applications, especially in safety-critical systems. The constrained
control problem becomes even more challenging in the presence of uncertainties and dis-
turbances. In classical adaptive control formulations, although the states and the input
remain bounded, the bounds are neither user-defined nor known a priori. This disser-
tation presents a constrained adaptive control framework for uncertain systems in the
presence of plant uncertainties and bounded external disturbances. The study begins with
the development of state and input constrained adaptive controllers for both multi-input
multi-output (MIMO) linear time-invariant (LTT) systems and Euler-Lagrange (E-L) sys-
tems. In these designs, a barrier Lyapunov function (BLF) is strategically integrated with
a saturated control law to ensure that the plant states and control input remain within
user-defined bounds. Unlike popular optimization-based approaches for constrained con-
trol, such as model predictive control (MPC) and control barrier function (CBF) that solve
a constrained optimization problem at each step using the system model, the proposed ap-
proach is optimization-free and adaptive. A key contribution is to derive offline, verifiable
feasibility conditions that certify the existence of an admissible control policy. Projection-
based adaptive update law ensures robustness in the presence of bounded disturbances.
Furthermore, in many practical systems, actuator dynamics and hardware limitations im-
pose constraints not only on the magnitude of the control input but also on the rate at
which the input can vary; neglecting these limitations can lead to actuator saturation,
chattering, or hardware degradation. Motivated by this, the state and input constrained
adaptive control framework is subsequently extended to incorporate predefined actuator
rate limits for uncertain MIMO LTI systems. A two-layer BLF-based adaptive control
architecture is proposed that simultaneously guarantees the satisfaction of state, input
magnitude, and input rate constraints, ensuring safe and feasible operation of uncertain
systems without relying on online optimization.

Building upon these results, the framework is further extended to address time-varying
state and input constraints under parametric uncertainties and disturbances for both un-
certain MIMO LTT and uncertain E-L systems. A time-varying barrier Lyapunov function
(TVBLF) is introduced to enforce dynamic constraint envelopes, and a saturated control
law guarantees that the control input also remains within a time-varying limit. An of-
fline verifiable sufficient feasibility condition is derived to check the feasibility of any given
constraint set. Simulation and experimental results on a 2-DoF helicopter validate the

efficacy of the proposed framework.
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