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ABSTRACT

Euler-Lagrange (EL) systems encompass a colossal amount of real world systems ranging
from simple robotic manipulator, mobile robot, pneumatic muscles to complex systems such as
humanoids, ship dynamics, aircraft systems etc. These systems have found enormous applica-
tions over the years in multitude of domains such as industry automation, planetary mission,
surveillance etc. to name a few. Therefore, achieving autonomy while accomplishing a speci-
fied task has always attracted the control systems research community and tracking problem
of EL systems is one such task. Broadly, researchers have applied two different class of control
strategies, namely, adaptive control and robust control, to negotiate the inevitable parametric
uncertainties of system and external disturbances. However, conventional adaptive control re-
quires structural knowledge of the system as well as it is computationally intensive compared to
a robust control strategy. On the other side, unlike an adaptive controller, a conventional robust
controller requires predefined bound on the uncertainties. Therefore, the recent advancements
are focused on developing a class of adaptive-robust control (ARC) law that can address the
issues of both the adaptive and robust controllers while retaining their individual advantages.
Nevertheless, the existing works on ARC still require complete knowledge of system model to
either satisfy certain assumptions or develop the control law; moreover, the switching law based
ARCs suffer from the over- and under-estimation problems of switching gain.

In the quest to reduce modelling dependency while designing controller, researchers have ap-
plied black-box techniques like neural-network (NN); however, such schemes require expertise
knowledge apart from being computationally expensive. In view of such scenario, an alter-
nate literature is growing where time delay is invoked intentionally into a delay-free system to
approximate the unknown dynamics, accordingly called time-delayed estimation (TDE). Com-
pared to a NN-based controller, time-delayed control (TDC), a TDE-based strategy, is easier

to implement as well as does not require any expertise knowledge. Nonetheless, there exist un-



solved design issues of TDC which, apart from restricting its flexibility in practical applications,
even may cause serious impediment to system stability. Hence, the aforementioned prevailing
issues foster the aim of the thesis as to develop an ARC' framework for a class of uncertain EL
systems with minimal or no knowledge of system dynamics parameters. Detailed discussions
regarding the issues of the conventional TDE-based controllers as well as the ARCs are given
in Chapter 1. This thesis has four major contributions as briefly enumerated below, which also

constitute the core essence of Chapters 2-5 respectively:

e A new stability analysis, based on the Lyapunov-Razumikhin theorem, is carried out for
a TDE-based controller to bring out the solutions of its design issues. Accordingly, the
study establishes a relation between controller gains and time delay; provides analytical
measure to the impact of the selection of time delay on system stability and allows the

continuous-time system to assimilate discrete-time feedback used for TDE process.

e A TDE-based ARC framework is proposed which can alleviate the over- and under-
estimation problems of switching gain by avoiding any explicit usage of threshold value

in the adaptive evaluation of switching gain.

e To reduce the effect of measurement error in absence of state-derivatives, a new TDE-
based controller as well as an ARC are derived for a class of EL systems with merely
position feedback. The proposed controllers utilize past position data to estimate the

state-derivative terms.

e A novel ARC strategy is derived for a class of EL systems which, in contrast to a TDE-
based law, does not require any knowledge of system dynamics parameters. Furthermore,
the proposed ARC avoids any separate module for the uncertainty approximation and

hence, simplifies the controller structure.

All the controllers in this thesis are specifically developed for a class of EL systems and ac-

vi



cordingly suitable experimental validations are provided using a wheeled mobile robot, which
serves as an appropriate exemplar of EL systems. At the end, concluding remarks and some

future directions of this thesis are provided in Chapter 6.
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