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Fig. 1. System state transition: (a) System state transition;

(b) periodic state.
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Fig. 2. Variation of multi-scale entropy in square wave

signal detection system.
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# 1 Duffing T/FHIBEE (r = 0.826)
Table 1.  Entropy value of the Duffing subsequence
segment (r = 0.826 ).

gl 1 2 3 4 5 6
MsEn 0.1188 0.0779 0.0768 0.0796 0.0766 0.0780

rRTER 1 AT, BRI S it R AR B T 4 4
AR T 0.0778 BIRIET 75, ek 2 RERE
7 0.1188. r = 0.827Hf, Rk FRIMPIRE, ZR
FE 7 v 3K A5 MsEn=0.0754, F FH 5 Kk £ R
A - = 0.827 I Duffing 75 R, 45540
7 2 frg.

# 2 Duffing F/FFIE MsEn {8 (r = 0.827)
Table 2. Entropy value of the Duffing  sub-

sequence segment(r = 0.827 ).

;2] 1 2 3 4 5 6
MsEn 0.0820 0.0822 0.0802 0.0790 0.0777 0.0753

W& 2 HER, ot et fb R E T 5 4K
T 0.0754 BT %5, fix K MsEn & 0.0822, {H[A
r = 0.827 Bf RGE L0 FRIIPIRE, Frakg5 RS
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Fig. 14. Variation of maximum multi-scale entropy of
5 rad/s sinusoidal signal detection system.
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Abstract

Entropy is one of the parameters describing the state of matter in thermodynamics, it can be used to
measure the degree of confusion. The entropy of the signal can be used to express the complexity of the signal.
The threshold for the transition of the Duffing chaotic system from the critical chaotic state to the large-scale
periodic state is called the transition threshold. It is an important parameter for the analysis of chaotic systems,
and its solution method is one of the problems urgently to be solved in chaos theory. If the jump threshold is
smaller than the real threshold of the system, it will affect its detection signal-to-noise ratio. If the jump
threshold is larger than the real threshold, it will cause incorrect detection results, so it is very important to
accurately determine the jump threshold. In this study, we found that the multiscale sample entropy value of
the Duffing system is significantly different when the system is in the chaotic state and the periodic state, when
the system is in a chaotic state, the entropy value is larger, when the system is in a periodic state, the entropy
value is smaller, and when the system enters the periodic state, the multiscale entropy value tends to be stable,
this paper proposes to use this phenomenon to determine the transition threshold by analyzing the relationship
between the entropy of the system and the amplitude of the driving force. When the entropy value is obviously
smaller and tends to be stable, the corresponding driving force amplitude is the jump threshold. using this
method, the jump threshold of the sinusoidal signal and square wave signal detection system is calculated, the
results show that the method is fast, accurate and simple to calculate. However, this method may have a
problem that the calculated threshold value is smaller than the real threshold value, our analysis is that the
random selection of the subsequence used for calculation causes the calculation threshold value to be too small,
so the method is improved in conjunction with genetic algorithm, using genetic algorithm to find the most
complicated subsequence in the whole sequence, then this subsequence is used to solve the threshold, Through a
large number of calculations and analysis, it can be seen that the problem of a small threshold is no longer

present, and the improved method can obtain the jump threshold of the Duffing system very accurately.

Keywords: weak signal detection, Duffing system, multi-scale sample entropy, genetic algorithm
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