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Fig. 1. (color online) Lyapunov index of Duffing sys-

tem.
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Fig. 9. Circuit design of similar Liu system.
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Fig. 10. Circuit board debugging of similar Liu system.

11 (WP f) EhRBiRiE (o) RHDRE y 1 2 WF;
(b) MAFESFy 52z W0%; (c) MABRESFy 5 2z ¥

Fig. 11. (color online) Screenshots of actual circuit: (a) Wave
of y and z in chaotic state; (b) wave of y and z after adding

weak signal; (c) wave of y and z after adding big signal.

3) N7 VRS IAE 5, SR 11 (c) B
AN RGUMAAFIIE 215 5 e RN K, y
A 2 AEASEEAUWSCT . IEWIZE Lin KRG 8K
.
S FEL B R X 45 RAE WK Lin RGEATEN —Fh
KA S A5 S A I R 5
R WEE SR RS REXT

Table 1. Performance comparison of weak signal de-

tection system.
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Abstract

Weak signal detection is a vital technology in underwater acoustic communication with strong noise background.
In this area, non-autonomous Duffing system is still widely used, and a lot of researches focus on enhancing the ability
to detect weak signal and to find out the detection limitation of the Duffing system. Moreover, great achievements have
already made. But problems still exist such as non-convergence of the periodic state of the Duffing system and its narrow
detection domain. Unfortunately, researches on weak signal detection by using other systems are still rare. In order to
solve the above problems, a new three-dimensional similar Liu chaotic system for weak signal detection is proposed. A
thorough theoretical analysis for the similar Liu chaotic system is given, and its equilibrium point and the Lyapunov
index are deduced and analyzed in detail. The major conclusion is that the variable x of the new system becomes a
deformation signal when the input signal amplitude is greater than a certain critical value, the variables y and z converge
to zero, and the Lyapunov exponents are less than zero at the same time. This means that no matter how strong the
input signal is, the detection can be achieved by using a similar Liu chaotic system as long as its amplitude exceeds
the threshold value. The periodic convergence and wide area detection of the similar Liu chaotic system are proved
by the Matlab simulation, the Multisim circuit simulation, and the actual circuit test. This new system solves the two
problems of the period convergence and narrow detection domain for the traditional Duffing system. The periodic state
and chaotic state are easy to distinguish when detected. The periodic state can be maintained when the signal amplitude
changes from short distance to long distance in a new system. The spectral signal-to-noise ratio range increases up to
—46.57 dB in the similar Liu chaotic system. The characteristics of the new system are only effected by its structure and
parameters. The system does not rely on the external factors, and it can be extended. By using some switching devices,
the conversion between the chaotic state and periodic state can be realized in the practical engineering applications with
a higher detection accuracy. The new design concept of the similar Liu chaotic system shows a very high practical value.

It will lay a certain foundation for the underwater acoustic communication of the ocean internet of things in the future.

Keywords: similar Liu system, Duffing system, chaotic circuit, weak signal detection
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