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ABSTRACT

Adaptive control, which is a well established field in nonlinear control, is used to handle struc-
tured uncertainties in the dynamics by using an online estimator for the unknown parameters.
Classical adaptive controllers typically guarantee global Lyapunov stability (in the extended
state space including tracking and parameter estimation error), and asymptotic convergence of
tracking error to zero, however, parameter convergence is only ensured if a restrictive condition
of persistence of excitation (PE) is satisfied by the regressor signal.
The PE condition is stringent since it depends on the future behaviour of the signal, while mak-
ing it difficult to be verified online. Typically, a persistent disturbance is added to the control
input/reference trajectory to satisfy the PE condition, while hampering the tracking objective.
Past research have shown that the objective of parameter estimation (in the sense of requiring
the PE condition) and tracking are conflicting to each other unless the desired trajectory is
significantly complex (frequency-rich). Moreover, it is not always feasible to enforce the PE
condition through external perturbation. Researchers have reported that parameter conver-
gence enhances the overall closed-loop stability and robustness to unmodeled dynamics, hence,
a practical solution to parameter convergence and thereby improving transient response and
robustness of adaptive controllers is a long-standing research issue. Due to improve transient
performance, composite adaptive controllers have been developed, which in addition to tracking
error uses prediction error to design the adaptive update law. These composite adaptive designs
heuristically lead to better transient performance and lower steady state parameter estimation
erTor.

This dissertation proposes a novel variant of composite adaptive control, which is capable of
ensuring parameter convergence without the restrictive PE condition. The designed adaptive
control algorithms build on two layers of low-pass filters, while guaranteeing parameter conver-

gence using a milder newly defined condition of initial excitation (IE). The online-verifiable IE



condition is shown to be significantly less stringent than PE. The IE-based adaptive controllers
ensure exponential stability of the tracking and parameter estimation error dynamics once the
IE condition is satisfied by the regressor. Unlike conventional adaptive controllers, which can
only ensure asymptotic tracking, the proposed design is practically more superior due to its ca-
pability of exponentially fast tracking performance, which is especially crucial in safety-critical

applications.
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