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Abstract

The vast expanse of ocean on earth has permeated interest in researchers to develop
autonomous underwater vehicle (AUV) as a tool to study and utilize marine life more
appropriately. An underwater vehicle provides a way for interaction and possible ma-
nipulation in hazardous and uncertain ocean environment. The focus of this dissertation
is to design robust controllers for an AUV, which can navigate in presence of obstacles,
input time delay, parametric uncertainty, environmental disturbances, etc.

Presently, most research work focuses on set point regulation and tracking of an
AUV based on different mission scenario. This research work utilizes potential field
based method to develop a new region reaching/tracking based controller with appli-
cation to an AUV. Assuming position measurement is available to the controller, an
auxiliary velocity signal is generated to eliminate the requirement of velocity measure-
ment. Further, the region reaching based controller design is modified appropriately to
avoid static obstacles.

A region tracking controller is developed for an AUV with application to pipeline
inspection like scenario. In addition, uncertain restoring forces are estimated using
adaptive law and compensated in the closed loop dynamics. To facilitate the design of
this controller and analysis, a high pass filter is introduced which obviates the use of
velocity sensor.

Leveraging the result obtained during region tracking controller design, a robust
controller is designed for an AUV with constant input delay. A rigorous stability analy-
sis using Lyapunov-Krasovskii functional is performed to prove Uniformly Ultimately
Bounded (UUB) stability of the closed loop system.

Since environmental disturbances such as waves, currents generally affect an AUV



operation, a nonlinear disturbance observer (DO) structure is proposed to estimate the
disturbance. An exo-system is used to generate the disturbance with unknown ampli-
tude and phase. The observer estimates the state of the exo-system and the disturbance
is canceled out in the composite closed loop dynamics. Extending the previous results
obtained for DO, a new DO is presented to estimate periodic disturbances with unknown
amplitude, phase and frequency. The unknown frequency is estimated using adaptive
control technique and bounds of the unknown quantities are used to achieve asymptotic
stability of the composite closed loop dynamics.

Lyapunov based stability analyses and simulations are provided to demonstrate the

performance of each of the controller and observer designed throughout the dissertation.
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