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ABSTRACT

Higher order sliding mode has been successfully applied to many control problems
due to its attractive features such as improved sliding accuracy and smoother control
input. This thesis investigates the existence of higher order sliding mode in discrete-time
systems and propounds a new concept of “Discrete-time Higher Order Sliding Mode”. A
definition of “Discrete-time Higher Order Sliding Mode” is proposed and a control law is
designed through the proposed concept for an uncertain linear-time invariant system. The
behaviour of the closed-loop system is analysed analytically and experimentally validated
on a rectilinear plant.

Next, this thesis proposes a technique for designing a sliding surface such that when
confined to the surface, the closed-loop system has optimality in the linear quadratic sense.
The corresponding optimal discrete-time higher order sliding mode control is designed for
an LTI system with partial state information. Hence, the implementation of the proposed
technique requires lesser sensors. Moreover, the uncertainties in the system may not
always satisfy the matching condition. So, a discrete-time higher order sliding control is
designed in the thesis considering the unmatched uncertainties in the system.

Further, this thesis also proposes an adaptive discrete-time higher order sliding mode
control. The proposed adaptive technique does not require the knowledge of the bound
on uncertainty in the system and requires less control effort. Thus, the practicability of
discrete-time higher order sliding mode has been improved.

Many practical systems do not have a deterministic nature. For these type of stochastic
systems, this thesis defines a discrete-time higher order sliding mode in probabilistic sense
and named as “Stochastic Discrete-time Higher Order Sliding Mode”. A control input is
designed for a stochastic system such that the proposed stochastic discrete-time sliding

mode is achieved.



Keywords: Higher order sliding mode, Discrete-time systems, Adaptive discrete-time

sliding mode, Optimal discrete-time sliding mode, Stochastic systems.
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