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Comparative study on the information encoding mode of neuronal networks based on Hodgkin-

Huxley model

LIU Jinwan, LU Mai
Key Laboratory of Optoelectronic Technology and Intelligent Control (Ministry of Education), Lanzhou Jiaotong University, Lanzhou

730070, China

Abstract: Objective To propose two different types of information encoding methods for the information encoding mode of
neuronal networks based on Hodgkin-Huxley (HH) model. Methods The biological neuronal networks with different
topologies were built with numerical simulations using HH model and chemical synapses. The specificities of two
information encoding methods, namely average frequency encoding and interspike interval encoding, under the stimulus of
sinusoidal signals and random audio signals were investigated, and the information encoding mode of neuronal networks
stimulated by different signals was also analyzed. Results The information encoding mode of the neuronal networks was
correlated with the stimulus signal type. When being stimulated by a continuous periodic signal, the neuronal network would
generate a discharge sequence with periodicity corresponding to the stimulus signal. When the stimulus signal was a random
signal, the discharge rate of the neuronal network would change with the stimulus signal intensity, and the higher the stimulus
signal intensity was, the higher the action potential discharge rate was. Under the same stimulus signal, the temporal structure
of the neuronal network discharge sequence was affected by the topology of the neuronal network. Conclusion The
information encoding mode of neuronal networks is correlated with the stimulus signal, and the temporal structure of the
discharge sequence of neuronal networks with different topologies is different. Interspike interval encoding has higher
accuracy and contains more information, and the combination with the average frequency encoding can effectively express
the dynamic change of the information encoding mode of neuronal networks under the stimulus.
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Figure 1 Chemical synaptic connection model
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Table 1 Simulation parameters of neuronal network model
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Figure 3 Simulink model of the simple ring network of 10 neurons

2.1 EZESRIETHEMERNE BRDIFEST

W 1E 3% 45 5 1,=10sin(0.04n0)+10 1E H HE (5 =
i AP TT M 4%, 1E 5505 5 B R [ an 1 4 r s
P2 7T 2% rh NTIEBORER 5, oAy ph 2o o il
WO B ELNHA] £ 24 300 ms. [ 5 ks i A A
HROULI (14 AS TR0 D 235 460 1 I 265 v N 1O 174 3 A H A7
o &S A%, 3 R N2 A G o 0 I 25 A IE 5%
T BT K B A H AL 34 B 7 R
S I vl e RAES L L el = B L SRR O 2
1 S HOA 3R R0, e 290 £ B 8 235 49 1l T $ F 4 A8 1
AR 2E S

207

10

I/pA -cm?

00 50 100 150 200 250 300

t/ms

4 ERESHHEERE
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Figure 5 N10 action potential of neuronal network stimulated by sinusoidal signal
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Figure 6 Time domain diagram of N10 average discharge rate of neuronal network stimulated by sinusoidal signals
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Figure 7 Time domain diagram of N10 peak potential interval of neuronal network stimulated by sinusoidal signal
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Figure 8 Time domain waveform of random audio signal
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Figure 9 N10 action potential of neuronal network stimulated by random audio signal
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Figure 10 Time domain diagram of N10 average discharge rate of neuronal network stimulated by random audio signal
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Figure 11 Time domain diagram of N10 peak potential interval of neuronal network stimulated by random audio signal
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