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Abstract

This paper presents and analyzes a new four-dimensional (4D) jounce hysteresis chaotic
dynamical system and investigates its application to robust communication. An adaptive
chaotic synchronization scheme is developed based on the proposed 4D jounce system, in
which an adaptive controller is designed at the receiver to achieve robust synchronization
between the master and slave systems in the presence of uncertain system parameters.
Lyapunov stability theory is employed to derive the adaptive control laws and parameter-
update rules required for online estimation of the uncertain receiver-side parameters. For
chaos-based communication, multiple information signals are encoded by modulating se-
lected parameters of the chaotic transmitter system. At the receiver, the adaptive parameter
estimator tracks the transmitted time-varying parameter, enabling reliable information
recovery through a midpoint-thresholding decision scheme after the initial transient pe-
riod. The performance and robustness of the proposed communication framework are
evaluated through comprehensive numerical simulations under additive white Gaussian
noise (AWGN) at different noise levels. The results demonstrate accurate chaotic synchro-
nization, reliable information recovery, and robustness against channel noise, indicating
the potential of the proposed 4D jounce chaotic system for robust and noise-tolerant
communication applications.
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1. Introduction
Over the past several decades, chaotic systems have attracted increasing attention in

both theoretical research and practical circuit implementation because of their distinctive
nonlinear dynamics and broad range of applications. They have been investigated exten-
sively in various fields, including engineering [1–3], biology and ecological models [4,5],
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