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Abstract

In optimal control design, we need information about nominal system model.
Optimal controllers can be designed by solving the well known Hamilton-Jacobi-Bellman
(HJB) equation, but it is very difficult to find an exact solution of it, except for simple
problems. Some researchers assume the solution of HIB equation and formulate optimal
control problem into a standard linear quadratic regulator problem. Approximate
solutions of the HJB equation can be found using the well known techniques like
successive Galerkin’s approximation method and Neural Network (NN)-based method.
NN based optimal control employs a method to approximate a value-function which
gives an approximate solution of the HJB equation. The design of control systems
requires one to consider various types of constraints and performance measures.
Constraints encountered in control systems design are due to physical limitations
imposed on the controller and the plant. This includes actuator saturation and constraints
on the states. Performance measures on the other hand are related to optimality issues.
This includes objectives like minimum fuel, minimum energy, minimum time and
robustness. Combining constraints with performance measures requires, in general,
solving complicated optimal control problems. Only in limited cases, one may obtain a
closed-form solution of the controller. However, the design of a constrained optimal
control using the solution of HJB equation is a challenging problem. Attempts have been
made in the recent past to find constrained control laws using a non-quadratic
performance functional and still the research work is going on. All these HIB-based
optimal controller designs need exact information about the system model and nominal

model. However, all practical control systems have to be robust with respect to model



uncertainties such as unknown or partially known time-varying process parameters,
exogenous disturbances, etc. So, model uncertainties need to be considered during the
process of controller design to avoid deterioration of nominal closed-loop performance.
In other words, we need to design a robust feedback control law to tackle system
uncertainties.

Considerable efforts have been made for the development of robust control theory
in the recent years. It has been recognized that the Lyapunov concept and the Hamilton-
Jacobi theory are the major analytic paradigms for designing and analyzing uncertain
systems. A realistic approach is to design an HJB equation with modified performance
functional that can tackle system uncertainties and constraints on the input. An
approximate solution of the HJB equation can be obtained using NN. However,
constrained robust controller design using NN-based HJB solution has not been explored
till date.

The present research puts across a constrained robust controller design for
continuous-time and discrete-time nonlinear systems using optimal control approach. The
optimal control problem is formulated using modified performance functional to tackle
system uncertainties and constraints on the input. The HJB equation-based formulation to
solve corresponding optimal control problem is proposed. Neural Networks have been
used to find an approximate solution of the HIB equation with modified performance
functional. The proposed algorithm has been applied on various classes of systems like
matched and unmatched uncertain systems, weakly coupled nonlinear systems and
discrete-time systems. With theoretical proofs, it has been shown that the Lyapunov

function guaranteeing stability is the solution of HIB equation of the nominal system.
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