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Fig. 6. Chaotic attractors of the MFCS chaotic cell neuron model.
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Table 3. Values of other parameters when chan-
ging ¢, ¢, n.
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Fig. 9. Bifurcation diagram and Lyapunov exponential spec-
trum of the system varying with n: (a) Bifurcation diagram;

(b) Lyapunov exponents.
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(a) n=10.2; (b) n=10.53; (c) n=0.61; (d) n=0.7; (e) n = 1.62; (f) n=2.98; (g) n = 3.16

Fig. 10. Chaotic attractors of the system changing with parameter n: (a) n = 0.2; (b) n = 0.53; (¢) n = 0.61; (d) n = 0.7; (e) n =

1.62; (f) n = 2.98; (g) n = 3.16.
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Fig. 11. Bifurcation diagram and Lyapunov exponential spectrum of the system varying with ¢: (a) Bifurcation diagram; (b) Lya-

punov exponents.

1.8
= >
= =
1 . . .
0.5 1.0 1.5 2.0 2.5
T x T

B 12 RGEHSHE B MHE  (a) c = 0.08; (b) ¢ = 0.118; (c) ¢ = 0.25; (d) ¢ = 0.50; (e) ¢ = 0.52; (f) ¢ = 0.73
Fig. 12. Chaotic attractors of the system changing with parameter ¢: (a) ¢ = 0.08; (b) ¢ = 0.118; (¢) ¢ = 0.25; (d) ¢ = 0.50; (e) ¢ =
0.52; (f) ¢ = 0.73.
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Fig. 13. Bifurcation diagram and Lyapunov exponential spectrum of the system varying with ¢ (a) Bifurcation diagram; (b) Lya-

punov exponents.
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Fig. 14. Chaotic attractors of the system changing with parameter ¢: (a) ¢ = ~1.26; (b) ¢ = —0.75; (¢) ¢ = —0.38; (d) ¢ = —0.25.
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-1, n=25;(d) ¢=0.25 ¢g=-1, n=0.715; (¢) ¢ =0.118, ¢ = -1, n=2.5; (f) ¢ =025, ¢= -1, n=0.2; (g) ¢=0.73, ¢ = 0.9,
n=25;(h) ¢c=025¢=-1,n=298; (1) ¢=0.25,¢= -1, n=3.16; (j) ¢=0.08, ¢= -1, n=2.5; (k) ¢ = -0.25, ¢= 0.9, n =
25 (1) ¢=0.25, g = 1, n= 0.61

Fig. 15. Several typical chaotic attractors of the system changing with parameter ¢, ¢, n: (a) ¢ = 0.25, ¢ = -1, n = 2.5; (b) ¢ = 0.73,
g=-1,n=25;(c) c=052, ¢g=-1,n=2.5;(d) ¢=0.25, ¢=-1,n=0.715; (e) ¢=0.118, ¢ =-1, n=2.5; (f) ¢ =0.25, ¢=-1,n =
0.2; (g) ¢=0.73, ¢g=-09,n=25; (h) ¢=0.25 ¢g=-1,n=298; (i) ¢ =025, ¢ = -1, n = 3.16; (j) ¢ =0.08, ¢ = -1, n = 2.5;
(k) ¢=-0.25, ¢ =-0.9, n=2.5; (1) ¢=0.25, ¢=-1, n = 0.61.
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Fig. 16. Bifurcation diagram and Lyapunov exponential
spectrum of the system varying with the initial value y(0):

(a) Bifurcation diagram; (b) Lyapunov exponents.
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Fig. 17. Chaotic attractors of the system changing with the

initial value y(0)-coexistence attractor.
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Table 4.  Values of parameters corresponding Fig. 18..
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Fig. 18. Coexistence attractor of the system in the a-y-z
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plane: (a) Chaotic attractors coexist; (b) chaos attractors

coexist with limit cycles; (c) limit cycles coexist.
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Table 5. Values of initial conditions.
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WY LA (5.5, 5.81, 0.305, 0.4, 0.5, 0.6001),
P FREA 17,2 (0.1, -1.51, 0.3, 0.4, 0.5, 0.6)

y(0) Fl 2(0)-2(0) W51 ZE 4Nl 19 PR, Hr o]
B0 XA AR A B A5 7. B 19(a)

R AR T, Y, 2T (a3 T, Y, Wi e 1, Y,
B 19(b) T o feFe 1,80 4R I8, Hi
&1L, 2.

y(0)

0.35
0.30
0.25
z(0)
K19 R 2(0), y(0), 200) ZBILW S (a) REHE

2(0), y(0) AR T 45 (b) RGERE 2(0), 2(0) LRI %5
Fig. 19. Suction basin of the system varying with 2(0), y(0)
and 2(0): (a) The suction basin of the system varying with
(0), y(0); (b) the suction basin of the system varying with
(0), 2(0).
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Abstract

A large number of animal experiments show that there is irregular chaos in the biological nervous systems.
An artificial chaotic neural network is a highly nonlinear dynamic system, which can realize a series of complex
dynamic behaviors, optimize global search and neural computation, and generate pseudo-random sequences for
information encryption. According to the superposition theory of sinusoidal signals with different frequencies of
brain waves, a non-monotone activation function based on the multifrequency-frequency conversion sinusoidal
function and a piecewise function is proposed to make a neural network more consistent with the biological
characteristics. The analysis shows that by adjusting the parameters, the activation function can exhibit the
EEG signals in its different states, which can simulate the rich and varying brain activities when the brain
waves of different frequencies and types work at the same time. According to the activation function we design
a new chaotic cellular neural network. The complexity of the chaotic neural network is analyzed by the
structural complexity based SE algorithm and CO algorithm. By means of Lyapunov exponential spectrum,
bifurcation diagram and basin of attraction, the effects of the activation function’s parameters on its dynamic
characteristics are analyzed in detail, and it is found that a series of complex phenomena appears in the chaotic
neural network, such as many different types of chaotic attractors, coexistent chaotic attractors and coexistence
limit cycles, which improves the performance of the chaotic neural network, and proves that the multi-frequency
sinusoidal chaotic neural network has rich dynamic characteristics, so it has a good prospect in information

processing, information encryption and other aspects.

Keywords: cellular neural network, chaos, multifrequency sinusoidal activation function
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