Vol.57 No.4 April 2008

2008 4
(©2008 Chin. Phys. Soc.

57 4
ACTA PHYSICA SINICA

1000-3290/2008/57 04 /2053-07

Duffing

264001
2007 4 12 2007 8 28
Duffing
Duffing
PACC 0545
1. 2. Duffing
2.1.
1
1992  Birx'
Holmes  Duffing
3
Y+ kx4 — %+ = rsin wt . 1
- 10 dB. i+ ki+ -0+ o
=rsin wt + asin wt +n t 2
nt asin wt +n t
2—4 . asin wt
. 9 Duffing
" rsin wt

Duffing 00



57

2054
Ly
Lo
3 )
to 2
4
ry r Lo
- - . asin wt +n t
fr# x
| 00
5 )
2.2. Duffing )
I
a.
Duffing 1
3.
10 Duffing
Duffing 31
Duffing 2 3
Duffing
.. N 3 5
X + kx + - X +Xx 2
=rsin wt + T1,8in wi 3
+ asin wl +n t Ut-to .
risin wt U=t ”
asin wt +n it rysin wt
2
| rl - 2
ry
ry ;’L = Kaéb i=12
2 5 wooovod
K
to 220—230 s 300 '
Vi
I

r
‘A 1+ 1 At



4 Duffing 2055
y(t) 7(i y(i)
7 TG b TS T s
e kil p=vetl
2
7t
R; = =FE }7 ¢ }7 I+
- KE &
= Kb . Matlab/Simulink
2 | = I)
_Kg(l— AL | o l< At 6
At . At t
3 10 11
1 2=
At = 100 f.. 9
R; T Z% x 2At x K?ﬁ t fmax rad/s.
=KA5 t . 7 Duffing
Yt c Duffing
o’ Duffing
R, t =001
! Y
K:At=0" Y+ kvt - +2 =0
1 ¥ t o xt |,o=02. 10
KJ =0 INE 8
¢ Duffing 1
7ot k=0.5
}7 ¢ K, 10 T~
4.5s.
8 Duffing 1 E=05 w=1
x0 x0 =00 r0<r<l1.0
Ry(z)
KZ
1
T, =2nw. r
>z T.=2"Ty n=273 r
-At At
12
. 1
Aj=27. 9
3
0.0225 s.
At =0.01 s.
2.
3 Runge-Kutta 0 AP
8 10—10




2056

57

3.3.

Simulink 4 .4

risin(wt)

2

3 At =0.01s x0 x0

Runge-Kutta

x3_x5

E=0.5 w=1

rysin(mt)

Feikian Boras

00

asin(wt)

|

AL

n(t) J

fitgx
1)
TEPE x
2D

X +—J '%
*@

white noise 8

31 2"—1

Graph”

4. Duffing

4.1.

r=0.7256161183
=0.7256161184

220 s 300 s
1500 s. 1

4

band-limited

K:=o"/At.

‘ randseed”

r

0.00001 0.001
©OXY

0.725
0.724
0.723
0.726
0.727
0.728

0.000001 0.0001

0.7256
0.7255
0.7251
0.7257
0.7259
0.7260

0.00000001 0.000001

0.725580
0.725579
0.725575
0.725659
0.725665
0.725670

95%"

100



4 Duffing

2057

4.2, Duffing
4.2.1.
3
r; =0.7256161183
300 s r,
Ty r, = 0.0076903
r, = 0.0076904
10300 s . 500 s
oS r, = 0.007584898
r, = 0.007584899
37990 s . 1 300
500 s r,
2 rn+n 2 Duffing
200 s
00 500 s
to =500
)
)
4.2.2.
)
1000—2000 s
b . 0.00000001
r, =0.00744 46747
143050 s .5 6

r, =0.007584898

4.2.3.

30

1.

I

Duffing

430

1. 432

t/10%

1.434

Matlab

r

150000 s

1900 s

T



2058 57
2 )
3
" Rey/dB
0.00758
0.004
0.00001 0.001 0.003 0.00001 0.001 0.005  0.001 | 0.9691 -13.0103
0.002 0.000001 0.0001 0.0009 0.0001 | -3.9254 -23.0103
0.001 0.00000001 | 0.000001 | 0.00009 0.00001 | -3.9254 -23.0103
0.00758
0.0068
0.000001 0.0001 0.0063 5 .
0.0060
0.0059
0.00758 1
0.00749
0.00000001 0.000001 0.00743
0.00742
0.00741
2 1 2
2
R = 10lg 25
1 3
1
3
Birx D L. 1992 [EEE Internation Joint Conference on Neural Networks Electron . 46 440
Vol.2  New York IEEE Press pp881—=888 8 LiY Yang B J Shi Y W 2003 Acta Phys. Sin. 52 526 in
Zhang] Wang Z P Lii N Yu X Y Chen D Y 2005 Chin. J. Chinese 2003 52 526
Electron . Dev. 28 307 in Chinese 9 Jiang W L Zhang S Q Wang Y Q 2005 Chaos and Wavelet Based
2005 28 307 Fault Information Diagnosis  Beijing National Defence Industry
LiY Yang BJ Lin H B Liu X H 2005 Acta Phys. Sin. 54 1994 Press pp84—=85 in Chinese 2005
in Chinese 2005
54 1994 84—285
LiY LuP Yang B ] Zhao X P 2006 Acta Phys. Sin. 551672 in 10 Wang GY ChenDJ LinJY Chen X 1998 Acta Electron . Sin. 26
Chinese 2006 55 38 in Chinese 1998
1672 26 38
YiW S Shi Y W Nie C Y 2006 Acta Metrol. Sin. 27 156 in 11 Xue D Y 1992 Ph. D. Thesis Sussex University of Sussex
Chinese 2006 27 156 pp35—83
LiY Yang BJ Shi Y W Xiang Y Deng X Y 2003 J. Chin. 12 LiuB Z Peng J] H 2004 Nonlinear Dynamics  Beijing Higher

Commun. 24 25 in Chinese
2003 24 25
Wang GY Chen D J Lin J Y Chen X 1999 [EEE Trans. Ind.

Education Press pp99—110 132—135 in Chinese
2004 99—
110 132—135



4 Duffing 2059

A new method of weak signal detection using Duffing
oscillator and its simulation research

Wang Yong-Sheng Jiang Wen-Zhi  Zhao Jian-Jun Fan Hong-Da
Department of Armament Science and Technology Navy Aeronautical Engineering Institute Yantai 264001 China
Received 12 April 2007 revised manuscript received 28 August 2007

Abstract

The theory and simulation technique of weak signal detection using chaos state phase change is researched in this paper.
The method of weak signal detection by using the Duffing oscillator’ s initial conditions sensitivity was firstly analyzed the
existing transition process would affect the detection capability. Then an improved method was presented. In order to compare
these two methods the input pseudo-noise expression and the calculating step selection in simulation were researched and the
simulation models were established. The new method was shown to have better capability through analyzing the signal detection
experimental results under the condition of typical noise intensity background. The experiments showed that the Duffing oscillator
in special critical chaos state is also sensitive to noise which leads to the difficulty in exactly deciding the minimal detection limit

by phase change and the limitation of the phase change method was discussed.
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