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Abstract

In this paper, by using the coupling Hodgkin-Huxley (HH) neural model, the bifurcation characte-
ristic of neurons affected by noise, coupling strength, as well as system scale, is studied by com-
puter simulation. It is found that, on the one hand, in the coupling system with certain scale and
coupling strength, the bifurcation current of neurons may decrease with the increasing strength of
noise, and this indicates that the appropriate noise can improve the response ability to the exter-
nal weak signal. On the other hand, the bifurcation point will increase with the coupling strength,
while will reduce with the increase of the number of coupling units. These indicate that the ap-
propriate system scale and coupling strength are beneficial to the transmission of information. A
better understanding of bifurcation characteristics is helpful to understand the regulation and in-
ternal mechanism of these factors on the dynamics of the system. The results will provide new in-
sights for understanding the complex functions of the brain neural network and the relationship
between the pathology and the state of the brain.
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Figure 1. Setting the three coupling intensities, diagrammatic sketch of the bi-
furcation about bifurcation parameters of neuron. (a) g = 0.8, (b) g = 0.5, (c) g
=01
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Figure 2. Under three typical coupling strengths, the effect of noise intensity on the critical
bifurcation current value I of neuron
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Figure 3. Under different noise intensity, schematic diagram of bifurcation parameters with the varia-
tion of coupling strength. The noise intensity respectively is (a) D=10.2, (b)) D=0.5, (c) D=10.8, (d) D
= 1.5. The size of N in different graphs corresponding to different system scales
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Figure 4. Under different coupling strengths, the effect of the system scale on the critical bi-
furcation current value of neuron. (a) D=0.2, () D=0.8, (c) D=3.0,(d)D=6.0

E4 TRBABET, REREMHBETSRIRAFBRENTMW. @) D=02, (h)D=
0.8, (c)D=3.0, (dD=6.0

10.4 —— D=0.2

(a) (b) —®—D=05
—A—D-03
—w—D-15
—_ 10.24 —4—D=3.0
NE —»—D=6.0
S
i 10.0
e’
HQ
9.8 - - - - ’Z’ - - -
104
(c) (d)
10.2
Nf-\
g
2
< 100
v()
—
9.8 T T T T

00 02 04 06 08 10 00 02 04 06 08 1.0

g g

Figure 5. Under certain scale of system, Schematic diagram of bifurcation characteristics
with the variation of coupling strength and noise intensity. (a) N = 10, (b) N = 20, (c) N = 30,
(d)N=40
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