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Abstract

This thesis presents an in-depth documentation of new techniques and their applications in the
area of discretization of continuous-time dynamical systems. The concept of exact discretization
has been explored that for continuous-time nonlinear and linear time-varying systems. Exact
discretization means the state trajectories of a given continuous-time system should match ex-
actly with state trajectories of the discretized system at each sampling instant. The detailed
literature review about the developments made in the field of discretization techniques has
been presented after a basic introduction on discretization. An explanation of existing canon-
ical techniques, like Euler and Taylor methods, has been given. Taylor methods are based on
Taylor series expansion which results in the exact discretization of continuous-time systems.
Linear time-invariant systems are exactly discretizable by Taylor methods. The extension of
this class of exactly discretizable systems has been done. A new formulation has been proposed
which uses Lie algebraic operators in Taylor series expansion to obtain the discrete version
of given continuous-time system. The proposed formulation is the generalised version of an
earlier proposed theory. The method has been tested on three different standard nonlinear
oscillator models: Van der Pol Oscillator, Duffing Oscillator, and FitzHugh Nagumo model. A
comparative analysis with existing canonical methods has been done which shows the effective-
ness of proposed method over existing methods for discretization. Usually, Taylor series based
methods are used for exact discretization of the continuous-time systems but they have been
found to be ineffective in case of linear time varying (LTV) systems. The reason for avoiding
Taylor based methods for exact discretization has been discussed and an alternative method
has been suggested. This is an integration approach based method for obtaining the exact
discrete version. Parameter-based analysis has been done with the help of Matlab simulations
for all proposed techniques with the support of different numerical examples.

Chapter 1 is the introduction to the thesis which explains the motivation and builds the
background for subsequent chapters. Chapter 2 contains a detailed review of important works in
the field of discretization with emphasis on nonlinear dynamical systems. Chapter 3 deals with
the issue of discretization of continuous time dynamical systems, it presents existing method of

exact discretization fro linear systems and extends it to nonlinear systems. Chapter 4 proposes



a new theory for discretizing the nonlinear system by using Lie algebraic operators and in
Chapter 5 the applicability of Taylor-Lie formulation to more classical nonlinear systems is
analyzed. Chapter 6 deals with LTV systems and proposes the strategy for their discretization.
Finally, in the concluding chapter, a summary of the thesis is presented and future directions

of research are identified.
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