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Abstract

This paper presents the design and implementation of a robust adaptive fuzzy sliding mode controller for the synchronization of
non-canonical chaotic systems. Unlike most conventional approaches reported in the literature, the system dynamics are assumed to
be completely unknown, and no prior information or bounds on uncertainties, external disturbances, or unknown parameters are
required. The proposed control strategy employs an Adaptive Neuro-Fuzzy Inference System (ANFIS) to approximate and identify
the unknown chaotic system dynamics in an online manner. Subsequently, a sliding mode control law is developed to ensure accurate
and stable synchronization between the drive and response systems. To rigorously analyze the closed-loop behavior, the asymptotic
stability of the overall system and the convergence of the synchronization error are mathematically guaranteed using Lyapunov
stability theory. Numerical simulation results conducted on the Lorenz and Chen chaotic systems demonstrate the effectiveness,
high accuracy, and strong robustness of the proposed method in the presence of external disturbances and unbounded uncertainties,
highlighting its potential for practical engineering applications.
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1. Short Introduction

Chaos theory has attracted significant attention due to the complex and unpredictable behavior of nonlinear chaotic systems.
Synchronization of chaotic systems, first introduced by Carroll and Pecora, has become essential in various engineering applications,
with numerous methods such as sliding mode control, adaptive control, and fuzzy control proposed in the literature. Despite these
advances, many existing approaches assume bounded uncertainties or fully known system dynamics. This paper proposes a robust
adaptive fuzzy sliding mode control strategy capable of synchronizing chaotic systems in the presence of external disturbances and
unbounded uncertainties. The effectiveness of the method is validated through several simulation examples involving different
chaotic systems.

2. Proposed Work

This study introduces an adaptive fuzzy sliding mode control strategy for synchronizing chaotic systems under external
disturbances and unbounded uncertainties. The controller design integrates multiple linear sliding surfaces with an adaptive
switching law, while an adaptive neuro-fuzzy network is employed to identify unknown nonlinearities without requiring prior
bounds. Stability of the synchronization scheme is rigorously proven using Lyapunov theory, ensuring asymptotic convergence of
the synchronization error. To demonstrate the effectiveness and robustness of the proposed method, three simulation scenarios are
conducted: synchronization of the Chen system with different initial conditions, synchronization of the Lorenz system with different
initial conditions, and cross-synchronization between the Chen and Lorenz systems. The results confirm that the proposed controller
achieves fast convergence, strong robustness against disturbances, and superior performance compared to conventional sliding mode
approaches.

3. Conclusion

This paper introduced a novel adaptive fuzzy sliding mode control approach for synchronizing non-canonical chaotic systems
under uncertainties and disturbances. The stability of the proposed method was rigorously established through Lyapunov theory,
and the adaptive neuro-fuzzy structure successfully estimated unknown system parameters. Using adaptive rules, the required control
input for achieving synchronization was derived. Numerical simulations involving Chen—Chen, Lorenz—Lorenz, and Chen—Lorenz
synchronization scenarios confirmed the robustness and effectiveness of the proposed strategy.
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