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Fig. 1 Phase diagram for the Duffing oscillator system

2 Duffing #RFRIKi#*

X E A Duffing 4R 193 L & T3 -
x+x PATEGHE - " + o R, 158 20y
TRk +ex—x +x =feos(wt +0) , B E XS
Duffing 4z —#F , SR J5 X i A 78 12553 .

2.1 R%H Lyapunov FE¥E E

Lyapunov 8802 H BT IR R I — MR EZ 4R
i, ISR B K Lyapunov 880 A5 R T 0 kK &
SLRAS, M K Lyapunov KT 0 B, RELETR I
[, 111 2485 K Lyapunov 850N T 0 B, RGENIE A1
(7). 81 2 24 Lyapunov $580GE K, @1 & 2 AT LIE H &
Gt FEAE AR S AR MRS Z 18] 388 B, 76 )]
WIS JIMEAE f /NF 0. 18 B, e K Lyapunov #8450/

T 0, RStz Shul R TR AL T A IR ZS, AR
JakEE AWK, Fok Lyapunov 45 40T i H 2L
KT 0 MT§EL, RIGE BB H BEZR LG AR AR
&, RMEAE £=0. 43 oAy, RGN Wz 3l , 4k
SEMUR S BE, RGN ARMARE, IR R —
Bk ah Iy g {d N AR AR IR TR 2, 25 AE £ =0. 75 /2
A, RGOGEA KA 3, I — EARRE T . Bt
RIS AR SR AL A, R B Poincare J

ST BIAS B .
P M
: . 1
ol IA\I/J o f
B L

f

K2 Pt Duffing 241 Lyapunov 841

Fig. 2 Lyapunov exponent of the improved Duffing system
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Fig. 4 Response of the improved Duffing system
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RESEARCH OF WEAK SIGNAL DETECTION BASED ON
THE IMPROVED DUFFING OSCILLATOR"
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Wang Xiaodong'*"  Yang Shaopu'~?

Abstract The effect of the traditional weak signal detection on low SNR is undesirable. this paper proposes an
improved method for the detection of the weak signal under strong noise background. It replaces the nonlinear re-
storing force of a chaotic system by a equation of —x” +x’ by means of a single Duffing oscillator. Compared with
the traditional Duffing oscillator detection system, this method performs stronger robustness. It states the working
principle of weak signal detection based on the phase plane changes, and any unknown weak periodic signal de-
tection can be achieved through the conversion of the time scale. The simulation study on the weak periodic signal
detection under the noise background is also carried out, and verified against the detecting results of the real
bearing fault signal. It is found that the proposed method obtains good effect. It provides a reasonable method for

the engineering application.
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