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Performance comparison of numerical simulation of various chemical synapses
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Abstract: Objective To establish different chemical synapse models using numerical simulation method. Methods A simple
chemical synapse connection model was constructed by connecting two Hodgkin-Huxley neurons through chemical synapses.
The mathematical models of 5 kinds of chemical synapse were modeled with Simulink software and DSP Builder software,
respectively, so as to simulate chemical synaptic current. The simulation results of these chemical synapses were quantitatively
analyzed with correlation coefficient method. Results The synaptic current waveforms of different mathematical synapse models
were different. The chemical synapse mode 1 had the simplest mathematical description and modeling process. The correlation
coefficients of chemical synapse model 1, synapse model 2 and synapse model 3 were closer and minimum, followed by the
correlation coefficient of chemical synapse model 4. The chemical synapse model 5 with the largest correlation coefficient realized
the transmission of high precision neuronal action potential. Conclusion The synapse model 5 was closest to the biological reality
of chemical synapses. The simulation results of chemical synapses laid the foundation for the subsequent use of hardware to

achieve the simulation of chemical synapses.
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Tab.1 Correlation coefficient of simulation results

Model Ty

Chemical synapse model 1 0.953 6
Chemical synapse model 2 0.962 8
Chemical synapse model 3 0.951 2
Chemical synapse model 4 0.985 7
Chemical synapse model 5 0.990 1

x is the action potential of neuron 1, and y is the action

potential of neuron 2.
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