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ABSTRACT

Most practical systems have inherent time delay by virtue of the sensors, actuators and
interaction between its various components. Time delay is usually a cause of instability and
poor performance and significantly increases the complexity in analysis and design of such
systems. Consequently, the study of stability and control of these time delay systems (TDSs)
is of significant theoretical and practical importance.

Time delay systems involve a transcendental characteristic equation that has infinite
eigenvalues. The conventional methods for delay-free systems can not be employed directly
for analyzing TDSs due to their transcendental behavior. As an alternative, the concept of
the Lambert W function has been explored in this thesis to facilitate the system analysis
and controller design for TDSs. The Lambert W function based method yields an analytical
solution of TDSs that is analogous to that of ordinary differential equations. The analogy
between the solution forms of the delay differential equation and the ordinary differential
equation aids in the extension of conventional approaches for delay-free systems to systems
with time delay. This thesis proposes various control algorithms for a different class of linear
time-invariant TDSs based on the Lambert W function.

The matrix Lambert W function framework has been utilized in this thesis to investigate
the eigenspectrum of the higher order TDSs. This investigation leads to the development of an
algorithm that circumvents the discrepancies and limitations of the state-of-art approach. The
concept of the Lambert W function for solving multidimensional TDSs with multiple discrete
delays has also been explored in this thesis.

Subsequently, the control design problem for such systems has been addressed through the
Lambert W function based approach. Uncertainties and external disturbances are practical
phenomena, often experienced by dynamical systems. Sliding mode control approach has been

chosen to address such system uncertainties because of its two magnetic properties; first is



the order reduction, and the second one is the invariance property (insensitive to matched
uncertainties). In this context, the Lambert W function based approach is utilized to design
the sliding manifold, which assures the stability of the reduced order system.

As full state measurement is not possible in many practical cases, the work is extended to
the design of an observer-based controller for the artificially induced time delay systems. In
order to accomplish this, the thesis proposes a composite design of a state estimator appended
with a disturbance observer for uncertain input delay systems. The case of state delay systems
with bounded uncertainty have also be handled in this context via sliding mode control.

Furthermore, dynamical systems, like diffusion processes, heat transfer problem, etc. cannot
be represented precisely using integer order differential equations. Hence, fractional differential
equations are utilized to model such systems, and the corresponding systems are referred as
"fractional order systems’. The study of these systems is a challenging task; besides, the presence
of delay contribute to the increased complexity in their analysis. The Lambert W function
concept has also been used to bring about sliding mode control in the framework of fractional
order systems. The unavailability of states has also been handled in this context by proposing
an observer-based control algorithm.

Overall, this thesis proposes a Lambert W function based design framework for the
analysis and design of time-delayed systems. The proposed methodologies not only provide an
alternative to the conventional Lyapunov based techniques but also bring new insights on the

recently established Lambert W function based methodology.

Keywords: Time delay systems; Lambert W function; Sliding mode control.
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