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Abstract. In this paper we consider optimal relaxed control problem for a class of nonlin-

ear and nonconvex dynamic systems governed by ordinary differential equations. We first

formulate the regular control problem and briefly discuss its limitations and then trans-

form it into a more general relaxed control problem. Thereafter, we present some results on

existence and uniqueness of solutions and introduce the necessary conditions of optimality

using a general minimum principle. Then a computational algorithm is developed to find

the optimal switching functions representing the frequencies of usage of distinct control

values. Finally, for the purpose of illustration, we present a series of numerical simulation

results for two different dynamic systems.
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1 Introduction

Control theory has gone through phenomenal development over the past few
decades. In addition to its significance in creating theoretical foundations,
control theory also plays a pivotal role in a broad range of real-world appli-
cations. In recent years control theory has been applied to a great number
of research areas, such as computer communication networks [3], transporta-
tion systems [9], [11], energy economics [6], operations research [10], etc. As
an indispensable part of control theory, optimal control has gained enormous
attention from scientific community due to its power in optimal decision mak-
ing and finding an optimal control law to meet any given objective. Apart
from theoretical advancement, there have been many numerical techniques [8]
developed for the computation of optimal control problems. In the applica-
tions of optimal control theory, there are many practical problems where the
control constraint set is nonconvex indicating that there may not exist an
optimal solution from the class of measurable functions (called regular con-
trols), and that the classical calculus of variations is not applicable. In order
to address such problems, we can extend the class of admissible controls to a
larger class known as relaxed controls covering the regular controls as a sub-
class so that an optimal solution can be found in the sense of probabilistic


