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Fig. 1. (color online) Amplitude T of the periodic
component of the bi-stable SR system response vs the
noise intensity D for the same potential parameters
a = b = 1 and different periodic input signals with
the same amplitude A = 0.4 and different frequencies
fo =0.01, 0.05, 0.1, 0.3 and 1 Hz.
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Fig. 2. The flowchart of frequency-information exchange (FIE).
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Fig. 3. (color online) The response of the bi-stable SR system for the large-parameter input signal: (a) The input

signal waveform; (b) the input signal spectrum; (c) the output signal waveform; (d) the output signal spectrum.
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Fig. 4. (color online) The response of the bi-stable SR system based on FIE (FIESR): (a) The input signal

wave form processed by FIE; (b) the input signal spectrum of waveform (a); (c¢) the waveform and (d)

spectrum of the response of the bi-stable SR, system.
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Fig. 7. (color online) A comparison of FIE and DSB: (a) The waveform of a multi-frequency signal with 1.2 Hz and

1 Hz; (b) the spectrum of the multi-frequency signal; (c¢) the spectrum of the multi-frequency signal modulated by

DSB; (d) the spectrum of the multi-frequency signal processed by FIE.
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Fig. 8. (color online) The spectrum leakage of FFT: (a) The waveform and (b) spectrum of a non-integer

period sampling signal.
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Fig. 9. Waveforms of the signal processed by exchanging single frequency information and narrow band spectrum

respectively: (a) The output waveform of the FIE system works at the single frequency 1.535 Hz; (b) the output

waveform of the FIE system works at the narrow band spectrum [1.49 Hz, 1.535 Hz].
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Fig. 10. Signal detection based on re-scaling frequency stochastic resonance (RFSR) system at a low sampling

ratio: (a) The waveform of the input signal sin(t) ; (b) the spectrum of the signal sin(t); (c¢) the waveform

of the RFSR system response; (d) the spectrum of the RFSR system response.
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Fig. 11. (color online) Signal detection based on FIESR at a low sampling ratio: (a) The waveform and (b) spectrum
of the signal derived from the original input signal si (¢) by FIE; (c) the waveform and (d) spectrum of the FIESR

system response to the input signal siy ().
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Fig. 12. (color online) Signal detection based on FIE and RFSR system (named F-RFSR) at a low sampling ratio:
(a) The waveform of the signal s, (#') derived from the original input signal by re-scaling frequency and FIE; (b) the
spectrum of the signal sin (¢'); (c) the waveform of the F-RFSR system response to the signal si, (t'); (d) the spectrum
of the F-RFSR system response to the signal sin(t).
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Fig. 13. (color online) The DP of target signal with FFT.
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Abstract

In the past few decades, stochastic resonance (SR) has attracted considerable attention of researchers due to a
curious phenomenon appearing in a nonlinear system: an input weak periodic signal can be amplified and optimized
by the assistance of noise. It has been proved that the classical stochastic resonance (CSR) has the adiabatic limit, so
the performance of CSR in high-frequency signal detection is restricted in practical engineering. To break the restric-
tion, a number of methods have been suggested, such as re-scaling frequency stochastic resonance (RFSR), parameters
normalized stochastic resonance, modulated stochastic resonance, etc. Although the high-frequency signal can be de-
tected by the above methods in specific conditions, there are some problems that restrict their applications in different
circumstances. In this paper, a new method, stochastic resonance based on frequency-information exchange (FIESR),
is developed to deal with the adiabatic limit of CSR. The mechanism of FIESR is analyzed in detail by the theory of
single-side band modulation (SSB) which is based on phase shift. The information in small-parameter frequency domain
is swapped with the information of the high-frequency target signal. Then the amplitude and phase of the target signal
are moved to the small-parameter frequency domain. Consequently the target signal can be enhanced and detected by
CSR in small-parameter frequency domain. Besides, a necessary plan, narrow band spectrum exchange, is put forward
to diminish the influence of the spectrum leakage of FIESR. It is well known that the RFSR is a method of detecting
the practical signal with large-parameter frequency. Through rescaling the time interval of the signal and compressing
its frequency according to the scale R, the large-parameter frequency is compressed into a small-parameter frequency.
The RFSR has a good performance in mechanical incipient fault diagnosis. However, it has a high sampling ratio limi-
tation. The ratio of sampling frequency to target signal frequency is more than 50. To overcome this weakness of RFSR,
frequency-information exchange (FIE) is introduced into RFSR. A new signal detection method based on FIE and RFSR,
named F-RFSR, is put forward simultaneously. The flow of F-RFSR consists of three steps. Firstly, the frequency of
the original input signal is compressed linearly according to the estimated scale. Then, the frequency information is
exchanged between the compressed target signal and the small-parameter signal in the frequency domain. Finally, the
CSR is used to amplify and detect the weak target signal processed by re-scaling frequency and FIE. Performance analysis
of signal detection and numerical simulation are carried out to demonstrate that F-RFSR has more efficient sampling

ratio than RFSR for practical application.
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