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Fig. 1. Logarithmic function.
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Table 1.  Equilibrium points, eigenvalues and types of equilibrium points for the 12-scroll chaotic attractor.

A FHIEE SRR
Qo (0,0,0) 67.2809, —0.5730 + i3.9544
Q1,2 (£10,0,0) 67.2809, —0.5730 + i3.9544
Q3,4 (£20,0,0) 67.2809 ,—0.5730 + i3.9544
Q5,6 (£30,0,0) 67.2809, —0.5730 + i3.9544

Q7.8 (£40,0,0)
Q9,10 (£50,0,0)
Q11,12 (£5,0,0)
Q13,14 (£15,0,0)
Q15,16 (£25,0,0)
Q17,18 (£35,0,0)
Q19,20 (+£45,0,0)
Q21,22 (£55,0,0)

67.2809,—0.5730 +13.9544
67.2809,—0.5730 £ 13.9544
—6.2777,0.1389 £13.5671
—6.2777,0.1389 £i3.5671
—6.2777,0.1389 £13.5671
—6.2777,0.1389 £i3.5671
—6.2777,0.1389 £13.5671
—6.2777,0.1389 £ i3.5671
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Fig. 15. Largest Lyapunov exponent.
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Fig. 16. Poincaré mapping on the 2~y plane.
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Fig. 17. Time domain diagram of state variables and de-
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Fig. 18. Time domain diagram of state variables and de-

sired values (0,0,0): (a) z, 2g; (b) v, yg; (¢) 2, 24

4 FHF Chua Z R & RERE O
515 5 A
4.1 NEBIGE
AT KA Chua 2R BIRMER G 5% H 4
RN AR AR EE A B ok AT R A5 AT ASE I
Bl LTRSS S Chua ZIRBIRTE RGN
T ST RS A B e, A I BB R AR S A

130503-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 13 (2019) 130503
T 7 7 2 S 9% 5 Chua 218 % A (1)
R RGP RIS A, SRJE A TATE ST R X ()= N gg ) (46)
T RAAIR, A R E an i 19 P,
0 a O
IR At)=11 -1 1], (47)
s 0 —b 0
0
R R ChuaZifis _— N@t)=|n(®) |- (48)
Pt TR BT 0
TN

B 19 K s B R

Fig. 19. Detection schematic diagram.
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Fig. 20. Phase diagram of system [Equation(52)].
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Fig. 21. Phase diagram of the detection system [Equation(53)].
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Abstract

Chaos has great potential applications in engineering fields, such as secure communication and digital
encryption. Since the double-scroll Chua’s circuit was developed first by Chua, it has quickly become a
paradigm to study the double-scroll chaotic attractors. Compared with the conventional double-scroll chaotic
attractors, the multi-scroll chaotic attractors have complex structures and rich nonlinear dynamical behaviors.
The multi-scroll chaotic attractors have been applied to various chaos-based information technologies, such as
secure communication and chaotic cryptanalysis. Hence, the generation of the multi-scroll chaotic attractors has
become a hot topic in research field of chaos at present. In this paper, a novel Chua multi-scroll chaotic system
is constructed by using a logarithmic function series. The nonlinear dynamical behaviors of the novel Chua
multi-scroll chaotic system are analyzed, including symmetry, invariance, equilibrium points, the largest
Lyapunov exponent, etc. The existence of chaos is confirmed by theoretical analyses and numerical simulations.
The results show that the rich Chua multi-scroll chaotic attractors can be generated by combining the
logarithmic function series with the novel Chua double-scroll chaotic system. The generation mechanism of the
Chua multi-scroll chaotic attractors is that the saddle-focus equilibrium points of index 2 are used to generate
the scrolls, and the saddle-focus equilibrium points of index 1 are used to connect these scrolls. Then, three
recursive back-stepping controllers are designed to control the chaotic behavior in the novel Chua multi-scroll
chaotic system. The recursive back-stepping controllers can control the novel Chua multi-scroll chaotic system
to a fixed point or a given sinusoidal function. Finally, a new method of detecting a weak signal embedded in
the Gaussian noise is proposed on the basis of the novel Chua multi-scroll chaotic system and the recursive
back-stepping controllers. The immunity of the novel Chua multi-scroll chaotic system to the Gaussian noise
with the zero mean is analyzed by using the stochastic differential equation theory. The results show that the
proposed new method of detecting the weak signal can detect the frequencies of the multi-frequency weak
periodic signal embedded in the Gaussian noise. In addition, the novel Chua multi-scroll chaotic system has
strong immunity to any Gaussian noise with the zero mean. The proposed method provides a new thought for

detecting the weak signal.

Keywords: Chua multi-scroll chaotic system, logarithmic function series, recursive back-stepping controllers,

weak signal detection
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