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Estimation of Weak Signal Phase by Using
Duffing— Vanderpol Oscillator
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Abstract; When Duffing—Vanderpol oscillator is in large—scale periodic motion, there are some nexus be-
tween the largest Lyapunov exponent and system driving force. According to this conclusion,an algorithm
for detecting weak signals’ phase based on Duffing—Vanderpol oscillator is proposed. Through finding the
relationship between system driving force and the phase of weak signal,the weak signals’ phase is detec-
ted. The noise impact on system is also considered. Theoretical analysis and simulation result show that this
algorithm is easy to be realized in engineering with strong restrain ability to noise and high estimation accu-
racy. When the signal—to—noise ratio( SNR) of to—be—detected signals is equal to —30 dB,the mean—
square error( MSE) is only 0. 1.
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Fig. 1 The detection system composed of multiple
Duffing—Vanderpol oscillators array
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Fig. 2 The relationship between the largest Lyapunov

exponent and periodic driving force strength
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Fig. 3 The adaptive mean—square error of periodic driving force
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Fig. 4 The phase detection results of weak signals
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Tab. 1 The detection error of weak signals
with different initial phases

[Eika BRI KSR rad  HU5ERE
sl 0 0.177 6 0.044 1
s2 /8 0.403 4 0.009 5
S3 /4 0.843 9 0.007 9
S4 3n/8 1.1897 0.002 6
S5 /2 1.5539 0.001 6
S6 57/8 1.9354 0.003 8
S7 3m/4 2.300 6 0.006 5
S8 /8 2.678 7 0.007 6
S9 o 3.047 7 0.018 6
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