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ABSTRACT

The problem of stabilization of systems with input delay has been well researched in
the last few decades, however, challenges still exist in addressing the problem, owing to
lack of information about the delay, uncertainty in the system dynamics and external
disturbances. Since delay in the input often leads to instability, undesired oscillations
in system’s response and poor performance, it is required to compensate for effect of
the delay. A typical time-delay control design requires knowledge of delay and complete
system information to provide acceptable tracking results. On the other hand, robust
and adaptive control methodologies can be used for compensation of time delay in

uncertain systems by estimating/approximating the system dynamics and delay or delay

bound.

The focus of this thesis is to investigate the problem of control design for nonlinear sys-
tems with unknown input time-delay, uncertain dynamics and external disturbances.
This research intends to address some of the aforementioned limitations by proposing
a novel compensator design, wherein a filtered tracking error signal r (¢) is introduced
using the finite integral of previous values of control signal u (¢) where the limits of inte-
gration are independent of the delay. The sufficient inequality conditions on controller
gains and upper bound of input delay are derived in stability analysis by choosing suit-
able L-K functional, which guarantee a global uniformly ultimately bounded (GUUB)
tracking result.

The control law consists of three terms, where first term is a standard PI (Proportional
- Integral) controller where the integral action provides robustness to external distur-
bances including time delays as proposed in [1]. The second term corresponds to the
delay compensation term as it includes a finite integral of the past control values in
the interval [ t—7 t } This term is responsible for canceling the input delay term

u(t — 7;) in the stability analysis. The last term is used purely for stability reasons,



specifically to cancel the leftover positive terms from the LK functional derivative, in
the stability analysis. Overall, the controller is composed of a PI controller 4 delay

compensator (based on a finite integral of the past control values).

Further, this design is extended for the problem of a class of nonlinear dynamical
systems subjected to parametric uncertainty and simultaneous unknown, time-varying

state and input delays.
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