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Synchronization Analysis and Circuit Implementation of
Memristor-Coupled Heterogeneous HNN

CHANG Hui, ZHANG Shuang-ting , LI Yu-xia, HAN Bao-xing

(College of Electrical Engineering and Automation, Shandong University of Science and Technology, Qingdao
266590, China. Corresponding author: LI Yu-xia, E-mail: yuxiali2004@sdust.edu.cn)

Abstract: To address the problem that synchronization control is difficult to achieve for neural
networks under mismatched initial conditions and heterogeneous distribution of neuronal synaptic
weights, a memristor-coupled Hopfield neural network (HNN) model with heterogeneous
synaptic weights was constructed in this paper, and synchronous regulation was realized. First,
numerical analysis found that the network exhibited multiple dynamic transition modes with the
variation of synaptic weights, such as period-doubling bifurcations and boundary crises,
indicating that the dynamic behaviors of the neural network could be regulated by tuning synaptic
weights. Second, it was found that the energy compensation of the memristor could be
dynamically adjusted by the memristor coupling strength, realizing the synchronization behavior
of neurons with heterogeneous synaptic weights (heterogeneous neurons for short) , thereby
achieving information transmission and cooperative processing among heterogeneous neurons.
Finally, the synchronization behavior of the coupled network was verified by hardware circuit
experiments. This work contributes to deepening the understanding and cognition of the
synchronization of coupled heterogeneous neural networks.

Key words: memristor; Hopfield neural network; heterogeneous synaptic weights;
synchronization control; circuit implementation
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