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Abstract

This paper investigates the adaptive output-feedback control problem for a class of uncertain
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nonlinear systems subject to irregular denial-of-service (DoS) attacks, under the condition of input
and output quantization. The study aims to address the challenges of signal discontinuity and non-
differentiability caused by output quantization, the difficulty in differentiating virtual control laws
in backstepping design, and the irregular communication interruptions induced by DoS attacks, while
ensuring the closed-loop stability and control performance. To achieve this goal, a dynamic filtering
technique, a parameter projection estimator, and a gain-switching state observer are introduced.
Specifically, dynamic filtering is employed to avoid direct differentiation of virtual control signals
in backstepping, and the parameter projection method is combined to mitigate the influence of quan-
tization errors on parameter estimation. A gain-switching state observer is designed to accommo-
date output feedback control under DoS attacks, based on which an adaptive backstepping control
strategy with input-output quantization is derived. Theoretical analysis shows that all closed-loop
signals are semi-globally uniformly ultimately bounded, and the tracking error performance can
be tuned by design parameters. Numerical simulations verify the effectiveness of the proposed
scheme.
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Figure 1. Simulation results under no-attack conditions
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Figure 2. Simulation results under attack
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Figure 3. Comparative simulation results for the presence or absence of an elastic mechanism
3. BREMABIMXEEITESER
DOI: 10.12677/aam.2026.1510401 122 82 FH 0  k fre


https://doi.org/10.12677/aam.2026.1510401

=3
=
i)
&

(a) DoST Ik os (b) fiath S B
T T T T T 8 T T T
1 - - - - -
04} =
0.8 03} =
Y
[¢]
02F =
0.6
o & 0.1 =
=
04
0
0.2 -0.1 =
-0.2 —
0 || I
L Il 1 L Il 1 L Il 1 0.3 Il L Il Il L Il Il L 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
BT (s) w1 (s)

Figure 4. Service denial-of-service attack characteristics
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