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Abstract: Time delay frequently appears in many real-world engineering systems, whether in the state
function, the control input signal, or even in the measurement process. This phenomenon essentially rep-
resents the time interval during which, after an input is applied, the system’s output is not yet observed; in
other words, time delay is precisely the time gap between the moment an input is applied and the onset of
a detectable system response. Systems involving time delays are of great significance; however, obtaining
analytical solutions for them is typically difficult or even impossible. Consequently, numerical methods
serve as a key tool for solving optimal control problems based on such systems. In recent years, the use of
orthogonal functions for the numerical solution of optimal control problems has attracted considerable at-
tention. These functions act as a powerful instrument by approximating unknown functions (such as state
and control) using an appropriate basis set, thereby transforming the original problem into an algebraic
one that is considerably easier to solve than the original problem. In this paper, a numerical method based
on shifted Chebyshev functions is presented for solving optimal control problems of linear systems with
piecewise-constant delay. The choice of these basis functions is justified not only by their high approxi-
mation accuracy over arbitrary intervals but also by their numerical stability and the reduction they offer in
the condition number of the associated operational matrices. Unlike standard Chebyshev functions, which
are defined only over the interval [—1, 1], shifted Chebyshev functions enable direct discretization over
the system’s physical time intervals and prevent errors arising from unnecessary variable transformations.
Using these basis functions, the original problem is converted into a nonlinear programming problem and
solved using an interior-point algorithm in the MATLAB environment. Furthermore, convergence analysis
of the proposed method is provided over a general interval, and numerical studies, including comparisons
with methods based on block-pulse and Legendre functions, are conducted. The obtained results demon-
strate that the proposed method not only achieves superior accuracy but also exhibits better performance
in terms of numerical stability and computational cost.
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