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Motivation
• Targeting the limited adaptability and robustness of conventional 

circuits under strong time-varying disturbances, as well as the lack 
of a unified framework linking neural synchronization, network 
topology, and hardware implementation, this study investigates 
Hodgkin–Huxley (HH) and Izhikevich (IZH) neural networks with 
different topological structures. By evaluating synchronization 
stability, energy deviation, disturbance tolerance, and field-
programmable gate array (FPGA) resource consumption, a bio-
inspired anti-interference circuit framework is developed to achieve 
stable rhythmic responses and reliable operation under external 
interference.
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Main idea
 A bio-inspired anti-interference circuit framework based on neural 

synchronization is proposed, which integrates neuron models, 
network topologies, synchronization stability, and hardware 
implementation into a unified evaluation system.
 HH and IZH neural networks with different topological structures 

are constructed and compared, which reveals the effects of 
coupling strength and topology on synchronization retention, 
energy deviation, and disturbance tolerance.
 An FPGA-based hardware implementation is developed, which 

verifies that both HH and IZH circuits can maintain rhythmic firing 
and waveform integrity under external interference, while the IZH 
network achieves lower hardware resource consumption.
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Method

HH Neuron Dynamics
Chemical Synaptic Coupling

Hardware experimental system diagram
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Results
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Conclusions
In this work, we propose a neural synchronization-based bio-
inspired anti-interference circuit framework to improve circuit 
robustness under external disturbances. HH and IZH 
networks with different topologies are compared in terms of 
synchronization stability, energy deviation, and disturbance 
tolerance. FPGA experiments confirm that both circuits 
maintain rhythmic firing and waveform integrity under 
interference, while the IZH network requires fewer hardware 
resources. These results provide a practical reference for 
adaptive anti-interference circuit design.
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