Hans Journal of Computational Biology T}H 412, 2026, 16(2), 89-101 Hans X
Published Online June 2026 in Hans. https://www.hanspub.org/journal/hjcb
https://doi.org/10.12677/hjcb.2026.162008

ETEEESEMRWZHEA TiER i
EMEHREB @Rz hERR

I KA EBE, #T N

Wk H . 20264F5 H26H; A EM: 20264F6 190 &4 HI: 20264F6H26H

HE

MashfERAEISIG RS RARZ S ENEMZRROM NS, WERAEREE. KTH
HREREUET BT EAENEN KR . HERAWZREFER TXELEREA . EEER R
& LB R R LG TR RIE SRS, AV A BESR M N | R X WZAR R BEAT
ROt KaifEaaiRls AR BRiR. SR BT ERLTR. BRRENA R, 8o
B2HRESBMBEEEAR, SIANREENSFESIfERA “ 2RI fek; EHEM ETRE
SR PRI TSR TR, FEHE 4 x 4BLRES S MG RL,  SCOUAL I B 22 1T I S 32
BHahhHRil. GRRY, SHRATEEINIMERASRIEE, MREmReERE, EESR
BB TRREE; TREREREIAS O - BOtRLKNERZE R, RBOLHR T mNMES,
54ELR . ACRAERETERMERK RN 2ERA BRI S5 RER M, AL THRE
SN, MBI E R BRR S WA 2 RRHEA N TR

XK ia
WZHER, FhfErafs, 7-BofiE, KP4AK, MeTFaK, e

Improvement of WZ Neuron Model Based on
Physiological Continuity and Dynamic
Simulation of Retinal Ganglion Cells

Chenye Lin, Chuankui Yan*

College of Mathematics and Physics, Wenzhou University, Wenzhou Zhejiang

Received: May 26, 2026; accepted: June 19, 2026; published: June 26, 2026

CHERERE

SCEG|F: MURME, AR FET AR TESEE A Wz 28 O R SO S AL I R 28 T AR B ) 2 D). TR,
2026, 16(2): 89-101. DOI: 10.12677/hjch.2026.162008


https://www.hanspub.org/journal/hjcb
https://doi.org/10.12677/hjcb.2026.162008
https://doi.org/10.12677/hjcb.2026.162008
https://www.hanspub.org/

MORME, ikt

Abstract

The dynamic mechanism of neuronal action potentials constitutes the core research content in neu-
roelectrophysiology and computational neuroscience. Constructing quantitative models with high
physiological fidelity and low computational complexity is crucial for analyzing its intrinsic laws.
Aiming at the defects of the traditional WZ model, such as the absence of subthreshold excitation
processes, low physiological compatibility, restricted continuous firing scenarios, and a sharp in-
crease in computational complexity after optimization, this paper systematically improves the WZ
model guided by biological electrophysiological continuity. The action potential is divided into four
stages: threshold potential triggering, depolarization rising, repolarization falling, and hyperpolar-
ization recovery. Piecewise parameter regulation and cross-stage continuity constraints are estab-
lished, and a time reset mechanism is introduced to ensure the “all-or-none” characteristic of action
potentials. On this basis, neuronal firing simulations under continuous sequential stimulation are
carried out, and a 4 x 4 photoreceptor array together with a lateral inhibition model is constructed
to realize the dynamic simulation of the antagonistic receptive field of retinal ganglion cells. The
results show that the improved model can fully reproduce the full-cycle waveform of action poten-
tials, strictly follow electrophysiological laws, and maintain stable firing rhythms under continuous
stimulation. The simulation results accurately replicate the classical receptive field characteristics
of ON-center/OFF-surround, with weak responses under diffuse illumination, which is consistent
with physiological experiments. While retaining computational simplicity, the model in this paper
significantly improves physiological authenticity and scenario applicability, providing an effective
tool for the analysis of neuronal electrical signals, modeling of retinal visual pathways, and neural
dynamic simulation.
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Figure 1. Neuronal biophysical model
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Figure 2. Numerical simulation of neuronal membrane current and membrane potential during action potential
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Table 1. Stimulus intensity parameter table for action potential simulation experiments
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Figure 3. Numerical simulation of neuronal membrane potential under different stimuli
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Figure 4. Photoreceptor clusters arranged in a 4 x 4 array
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Figure 5. Diffuse light stimulation
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Figure 6. Membrane potential of ganglion cells under diffuse light stimulation
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Figure 7. Central excitatory region stimulation
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Figure 8. Membrane potential of ganglion cells during stimulation of the central excitatory region
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Figure 9. Stimulation of the surrounding inhibitory region
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Figure 10. Membrane potential of ganglion cells during stimulation of the surrounding inhibitory region
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