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Abstract

This paper addresses the finite-time stability problem for discrete-time Delta systems subject to
parameter uncertainties and external disturbances. The Delta operator is introduced to describe
the discrete system, effectively avoiding the numerical ill-conditioning issues associated with tradi-
tional shift operators under high-speed sampling conditions. Utilizing Lyapunov stability theory,
Young's inequality, and other mathematical tools, sufficient conditions for finite-time stability are es-
tablished. By constructing a quadratic Lyapunov function, combined with the norm-bounded condition
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for parametric uncertainties and the energy-bounded assumption for external disturbances, a sta-
bility criterion expressed in the form of Linear Matrix Inequalities (LMIs) is derived. Numerical re-
sults demonstrate that the proposed method not only effectively ensures finite-time stability but
also, through multi-rate sampling comparison simulations, highlights the unique advantages of the
Delta operator in high-speed sampling scenarios—namely, superior numerical consistency and sta-
bility. This work provides a more reliable theoretical tool for the analysis and design of discrete
control systems in high-speed sampling applications.
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