Abstract

Time delay and external disturbance exist in many practical systems such as aircrafts,
robotic manipulators, process control and manufacturing systems. It is the main source
of instability or oscillation in many systems. The thesis work is based on Lyapunov
analysis and control designs for systems with disturbance and time delay. The work can
be divided into three main parts. The first part deals with the stabilization of systems with
nonsmooth PI controller under uncertainty. The proposed control law has been designed
by replacing the integral part of the proportional-integral controller by a discontinuous
integrator such that it can handle all types of Lipschitz disturbances either non-vanishing
or vanishing ones at the origin. Due to the addition of this extra integrator, overall
control becomes absolutely continuous and the property of invariance concerning Lipschitz
matched uncertainties is preserved. The main advantage of this controller is that it does
not requires any additional information other than state variables. The stability of the
proposed nonsmooth PI controller for an uncertain chain of an integrator is established
for first order system via non-trivial strict Lyapunov function; then it is extended to
an uncertain chain of an integrator.The performances of the controller are demonstrated

using Matlab simulations of a magnetic suspension system.

In the second part an artificially delayed output feedback based controller which is
structurally similar to the twisting algorithm has been designed for the uncertain sys-
tem. The proposed controller uses the information of output and an artificially delayed
version of it instead of using the information of output and its derivative. The condition
on controller gains are obtained by the application of standard Lyapunov technique in
the presence of time-varying disturbance. The maximum delay upto which the controller
remains stable has been obtained by the application of Lyapunov-Razumikhin approach.
Apart from time-varying disturbance rejection, the controller can also be used as an ob-

server. Moreover, it can also mitigate the unmatched disturbance for an uncertain second



order system. The simulation results illustrates the convergence of states to equilibrium
point when the controller gains and artificial delay are selected.

The third part mainly consists of the application of Lyapunov-Krasovskii theorem
for the stability analysis of linear system with time-varying delay. Lyapunov-Krasovskii
approach are used for obtaining delay-dependent stability criteria in terms of linear ma-
trix inequalitics. The key problem of this approach is that the stability criterion es-
tablished involves conservativeness and requires consistent efforts to reduce such con-
servatism. In order to overcome the conservativeness, some novel delay product based
Lyapunov-Krasovskii functionals are formed by introducing new states in the augmented
vectors. These functionals have quadratic terms with time-varying delay coefficients so
that their derivative leads to terms with the product of delay and its derivative so as to
well reflect the information of delay. Further, some zero equalities are used by involving
the integral states and its normalized versions with slack variable matrices of appropriate
dimensions. These inequalities will be merged with the derivative of functionals to exploit
the time relation among the integral states. The effectiveness of the proposed LKF's and

zero equalities are demonstrated by considering several numerical examples.



