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Abstract 

Circuit Research of stochastic resonance (SR) method is a hotspot in the domain of fault 

detection. Based on the introduction of the original circuit model of double steady-state 

stochastic resonance, an improved algorithm, which is combining square demodulation and 

stochastic resonance algorithm, is proposed for rolling bearing fault features extraction in 

the paper. Before the mixed signals to be analyzed are dealt by SR module, low-frequency 

signals that contain the rolling bearing fault signal are amplified selectively by the square 

demodulation module. Then, an improved circuit based on the improved algorithm is 

designed out with the popular circuit designing software of NI Multisim 10.0. After that, the 

public general test data from the University of Cincinnati data center bearing (IMS-

www.imscenter.net) are used to evaluate the performance of the improved circuit. The 

experimental results show that the improved circuit not only can be realized easily but also 

has a higher accuracy in fault features extraction than the original one. What’s more, the 

improved circuit can effectively recognize the typical bearing faults during the whole fault 

evolution process from weak fault to serious one. Finally, in order to deeply analyze the 

factors that influencing the fault detection performance of the improved circuit, four 

parameters, which are the amplitudes and the frequencies of the modulation signal and 

carrier signal, are selected out and their setting rules are gained based on the corresponding 

experiments. 
 

Keywords:  improved circuit design, rolling bearing fault detection, square demodulation, 

stochastic resonance, parameters setting rules 
 

1. Introduction 

Application of stochastic resonance for weak signal enhancement detection is new 

technologies with a kind of practical application value. 1998, Mitaim proposed the concept of 

adaptive stochastic resonance
 
[1]. Asdi with others studied the adaptive stochastic resonance 

and its application in weak signal detection [2]. Hu Gang, Beijing Normal University 

Professor, had done a lot of work in theory research, which laid the foundation for the further 

application study of stochastic resonance [3].  

In the field of mechanical fault diagnosis, Yonggang Leng, Tianjin University, applied 

stochastic resonance to the early fault detection of weak characteristic signals
 
[4]. Jiyong Tan, 

Xi'an Jiaotong University, put forward a novel adaptive frequency shift variable-dimension 

stochastic resonance algorithm based on a time-frequency index, which can effectively 

detected high-frequency weak periodic signal from strong noise background [5]. Yuxin Gao, 
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Tianjin Polytechnic University, designed a parameter adjustment method based on LMS 

adaptive stochastic resonance cascade algorithm [6]. Dongying Han, Yanshan University, 

proposed an adaptive band-pass stochastic resonance algorithm based on EMD (empirical 

mode decomposition) for the detection of multi-frequency signal from background noises [7]. 

Zengjiang Ma, Shijiazhuang Tiedao University, summarized large parameters regulation rules 

of stochastic resonance in detail, and used it in rolling bearing fault features extraction [8]. 

But the accurate value assignment of the SR parameters and their reasonable matching 

between each other are both difficult problems and selective amplification of the rolling 

bearing fault signal are uneasy to achieve. Further more, the parameters regulation rules of SR 

produce little effect for selective amplification of the rolling bearing fault signal from the 

strong background noise. In order to overcome the above disadvantages of these methods, an 

improved stochastic resonance circuit with the application of square demodulation before the 

SR module is proposed in this paper. The experiment results show that the improved circuit 

not only increases the fault detection ability than the original one but also has several 

advantages such as simple circuit structure and convenient measuring operation. 

 

2. Rolling Bearing Fault Vibration Model 

Rolling bearing can generate two kinds of vibration under the normal operation. One is 

faulty vibration related to the surface, which reflects the damage condition of the bearing. 

Natural vibration [9] is another vibration belonging to forced vibration, induced by the crash 

of rolling element with inner and outer ring. Usually, natural vibration has a large natural 

frequency at 1~20 KHz, and sometimes up to 80 KHz. 

Once some local damage appears in rolling bearing, periodic collision will occurs on 

contact surface with other components, which is called through vibration (fault vibration). 

When rolling bearing faults happen, the actual collected vibration signal always contains 

normal vibration and natural vibration. Various kinds of signals produced by different 

vibration sources are relatively independent. They are superimposed into the measured 

vibration signal by way of multiplication or plus, whose multi-mixed mechanism is similar to 

amplitude modulation. Because the natural vibration signal has the largest amplitude and 

frequency, the rolling bearing modulation model can be simplified to the formula (1)
 
[10]. 

(1) 
1 1

( ) (1 cos(2 ))cos(2 ) ( )
m n

j i r i z j

j i

s t A r f i t f j t n t   
 

           

Aj
 

and φj are the amplitude and phase of natural vibration of the j order harmonic 

component; ri 
and θi are the amplitude and phase of faulty vibration of the i order harmonic 

component;
 
fr 

is the faulty vibration frequency and fz 
is the natural frequency;

 
n(t) is the noise 

signal. 

Because fz>> fr 
and Aj>>ri, the faulty signal can be regard as low-frequency weak 

vibration signal comparing with the high-frequency natural vibration. Therefore, j order 

harmonic component of the natural vibration can be simplified as follows: 

(2)  j 1 1( ) [1 cos( )]cos2 2( )r zj jf tx t A f jr t         

 

3. Original Circuit for Fault Signal Detection based on SR Algorithm  

Because the original circuit for fault signal detection based on SR algorithm is the base for 

the improved circuit, the SR principle and the original circuit are introduced in this section. 
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3.1. Principle of SR algorithm 

Double steady-state system is the research basis of SR, its structure as shown in Figure 1. 

The Langevin of formula (3) with double potential wells is typical model
 
to describe 

nonlinear double steady-state nonlinear system: 

 

Double steady-state 

nonlinear systems U(x)+

n(t)  

Figure 1.  Double steady-state nonlinear stochastic resonance system 

 

(3)

                        
   3dx

ax bx s t n t
dt

     

                              

In the formula (3), x (t) is the system output, s(t) is input signal of the nonlinear systems 

and n(t) is random noise signal. 

 

3.2. Original circuit based on double steady-state nonlinear SR 

 

 

Figure 2.  Original circuit based on double steady-state nonlinear SR 
 

As shown in the Figure 2, a circuit, named as original circuit, was designed according to 

formula (3). 

① op amp U7, U8 and resistors R20-R25 constitute the first feedback branch, 

corresponding to “ax” in the formula (3). Adjustment of parameter a can be realized by 

changing the resistance of R22 or R25. 

② op amp U5, U6, multipliers A1, A2 and resistors R14-R18 constitute the second 

feedback branch , corresponding to “bx3” in the formula (3). Adjustment of parameter b can 

be realized by changing the resistance of R15 or R19; 

③ op amp U1-U4, capacitor C1 and resistor R1-R13 constitute the backbone circuit. Op 

amp U1, U2 and resistors R1-R8 constitute a summator that performing accumulation of the 

input signal, the first feedback signal and the second feedback signal. Op amp U3, capacitor 
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C1 and resistor R9, R10 constitute an integral circuitry that performing integration of the 

accumulated signal. op amp U4 and resistors R11-R13 constitute an inverter.  
 

4. The Improved Circuit for Fault Signal Detection 

The faulty vibration signal and the natural vibration signal caused by bearing rotation form 

a kind of AM modulated signal with multi- frequency and high order harmonics. Because the 

algorithm of square demodulation can enhance low frequency signals, the paper proposes an 

improved SR algorithm with the square demodulation algorithm is employed to detect weak 

fault signal. In Figure 3, the part in the dotted line is the improved algorithm proposed in this 

paper. 
 

Square demodulation SR system Feature analysisThe input signal 

 

Figure 3.  Flow chart of the improved algorithm 
 

4.1. Principle of the improved algorithm 

Formula (2) is a simplified function of the natural vibration and it is dealt by square 

demodulation algorithm as follows: 

(4) 
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There are several difference frequency components in Formula (3): DC component, fr, 2fr, 

2jfz, 2jfz+fr, and 2jfz±2fr. Because fz>>fr, such frequency components as 2jfz, 2jfz+fr, and 

2jfz±2fr are high frequency signals. DC, fr and 2fr are the low frequency components and their 

signal amplitudes are 

2 2

1(1 )
2 2

jA r


, 1

2

jA r , 

2 2

1

2 2

jA r


 respectively.  Because xj(t) in formula (2) 

is one part of mixed signal to dealt s(t) in formula (1), square processing result of s(t) will 

also contain DC component, low-frequency fault signal and its low-order harmonic 

components. Besides, beacause Aj>>ri, the amplitude of the fault signal ri will be greatly 

magnified for after multiplication operation and add operation with the amplitude of the 

natural vibration signal Aj. 
 

4.2. Fault signal detection circuit based on the improved algorithm  

Based on the improved algorithm in Section 4.1 and the original SR circuit in Figure 2, the 

improved circuit is designed as Figure 4 and the square demodulation part is circled by the 

dotted line. 
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①V1 is a module designed in LabView and it can transfer the experiment data into the 

simulation circuit. 

②Integrated operational amplifier U9, U10 and resistors R26-R31 constitute attenuator 

module. Adjusting the value of R26 can avoid waveform distortion caused by signal 

amplification function of the square demodulation part. 

③SR module in Figure 4 is sheet symbol to stand for the original SR circuit in Figure 2. 

④XSA1 and XSA2 are the spectrum analyzers to observe input and output signal spectrum. 

                               
Figure 4.  The improved circuit for fault signal detection 

 

4.3. Experiment results comparison between the improved circuit and the original one 
 

4.3.1. Data sources: The data used in the simulation circuit is provided by the University of 

Cincinnati data center bearing (IMS-www.imscenter.net) in this paper. The entire data packet 

contains 984 samples collected during six days uninterruptedly and the fault on bearing outer 

ring appears in the last day. Spectrum analysis is the basic method of rolling bearing vibration 

diagnosis, so the method is used to extract fault signal in the experiments. Theoretical value 

of the fault on bearing outer ring, 236.4Hz, is calculated out according to formula (5) based 

on the bearing parameters showed in Table 1.  

 

Table 1. Bearing parameters in the experiments 

Pitch diameter   

(D/mm) 

Roller diameter 

(d/mm) 

Contact angle( 

α/◦) 

Number 

of rollers 

( z) 

Roller 

speed 

(N/r/min) 

Sampling frequency 

(fs/Hz) 

Outer ring fault 

frequency (fr/Hz) 

71.501 8.407 15.17 16 2000 20K 236.4Hz 

 

(5)                            (1 cos )
2 60

r

z d N
f

D
   

 

4.3.2. Experiment results comparison between the improved circuit and the original one: One 

data section acquired after the fault on bearing outer ring appeared was used as the input 

signal for the simulation circuits. Spectrum of the input signal is showed in Figure 5. 

Spectrum of the output signal from the original circuit is showed in Figure 6 and that from the 

improved circuit is showed in Figure 7. 
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Figure 5.  Spectrum of the input signal 
 

 

Figure 6.  Spectrum of the output signal from the original circuit 
 

 

Figure 7.  Spectrum of the output signal from the improved circuit 
 

There are three low- frequency components shown in Figure 6 and Figure 7: 236.468Hz, 

461.712Hz and 698.198Hz.  Because the three spectral components are roughly equal to the 

one time, two times and three times of the theoretical value of 236.4Hz respectively, they can 

be regarded as the bearing outer ring faulty frequency, its double frequency and triple 

frequency. The amplitude comparison of the three spectral components gained by the original 

circuit and the improved one are given in Table 2. From Figure 5, Figure 6 and Table 2, 

following conclusions can be drawn: 

① There are complex frequency components in the input signal for the circuits and the 

faulty signal is submerged and difficult to recognize. 

② Although the three kinds of faulty components can be discerned from the Fig 5, but 

there are powerful interference signals in the frequency range less than 234.468Hz and 700Hz 

~ 1000Hz.  
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③ Compared with the original circuit, faulty signal detection performance of the improved 

circuit has been greatly increased. 

 

Table 2. Comparison of the fault signal amplitude gained by the original circuit 
and the improved one 

Frequency component 236.468Hz 461.712Hz 698.198Hz 

fault signal amplitude gained by the original circuit(a) 31.820mv 12.782mv 15.207mv 

fault signal amplitude gained by the improved 

circuit(b) 
184.613mv 61.882mv 40.188mv 

performance improvement percentage: (b-a)/a 480% 384% 163% 

 

4.3.3. Evolutionary process monitoring for bearing fault using the improved circuit: The 

experiment data from the University of Cincinnati records the entire evolutionary process of 

the bearing fault, from no fault to fault generation. All of the 984 samples acquired during six 

days were used as the input signal of   the improved circuit and its output signal spectrum 

shown in Figure 7. From 4:42 am of forth day, the fault feature appeared and increased 

gradually. According the experiment data From forth day to sixth day, the bearing fault signal 

amplitude at fundamental frequency, double frequency and triple frequency were recorded 

and shown in Figure 8, Figure 9 and Figure 10. 
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Figure 8.   Bearing fault evolution during the forth day 
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Figure 9.  Bearing fault evolution during the fifth day 
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Figure 10. Bearing fault evolution during the sixth day 

 

From Figure 8, the fault signal component has not yet appeared during the first four hours. 

Then, the fault signal component appeared and gradually increased, but maintained a low 

level. From Figure 9, the fault signal component increased to a high level quickly and this 

indicated that the bearing outer ring fault became more serious or the surface peeled off. From 

Figure 10, the fault signal component showed greater fluctuations, and the bearing fault is 

very dangerous in the actual project. 

In conclusion, the bearing fault monitoring results using the improved circuit is identical 

with the bearing state of Cincinnati, and this means that the improved circuit can monitor the 

bearing fault effectively. 

 

5. The Impact Factor Analysis for Fault Detection Performance of the 

Improved Circuit 

The analysis in the Section of 4.3 shows that the fault signal detection performance of the 

improved circuit has been significantly increased than the original one. In order to deeply 

understand the impact factors for its fault signal detection performance, the mixed signal to be 

dealt will be decomposed into modulating signal and the carrier signal to investigate how 

their signal parameters influence the fault signal detection performance of the improved 

circuit. 

 

5.1. Signal components influencing the fault detection performance of the improved 

circuit 

In order to figure out what kind of signal components influence the fault detection 

performance of the improved circuit, the rolling bearing fault vibration model that is showed 

in formula ( 1 ) can be simplified as follows: the mixed signal to be dealt will be obtained as 

formula ( 6 ) under the conditions of m-1, n=1. 

(6)       1 1 1 1 1( ) (1 cos(2 ))cos(2 ) ( )r zs t A r f t f t n t         
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In formula (6), there are seven uncertain parameters of A1, r1, fr, θ1, fz, φ1and n(t). Because 

the initial phase of θ1 and φ1 have no effect on the spectrum analysis and the noise n(t) is 

uncertain, only four parameters of A1, r1, fr and fz are selected to study how they affect the 

fault detection performance of the improved circuit in this paper. The four parameters are 

initialized as A1=1V, r1=50mV, fr =50Hz and fz =1KHz. The other three parameters are 

initialized as θ1=0, φ1=0 and the SNR (signal noise ratio) = 1000. The AM-modulated signal 

input to the improved circuit is showed in Figure 11. 

 

 

Figure 11. AM-modulated signal components 
 

Curve 1: noise, SNR = 1000; 

Curve 2: fault signal using as the modulation signal in the experiment. It can be known that 

from the Figure 11 that the modulation signal is a weak low-frequency signal; 

Curve 3: Carrier signal using as the natural oscillation signal in the experiment. It can be 

known that from the Figure 11 that its amplitude is stronger and frequency higher comparing 

with curve 2; 

Curve 4: the mixed signal using as the AM-modulated signal input to the improved circuit. 

Two spectrums of input signal and the output signal were gained by spectrum analyzer 

XSA1 and XSA2 (in Figure 4) and shown in Figures 12 and 13 respectively. 
 

 

Figure 12.  Input signal spectrum of the improved circuit 
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Figure 13.  Output signal spectrum of the improved circuit 
 

From Figure 12 and Figure 13, it can be known that the input signal contains the carrier 

signal of 1000Hz and the output signal contains only the fault signal component of 50Hz. The 

amplitude of the fault signal extracted by the improved circuit is 100mv, two times the initial 

value 50mv in the input signal. The experiment result shows that the improved circuit can 

detect the rolling bearing fault signal accurately. 

After the input signal s(t) in formula (6) was transformed by the square demodulation  

algorithm, its high frequency components can be omitted, recording as s’(t) shown in formula 

(7), because the latter module of SR has a strong ability of suppressing the high frequency 

signals. 

(7)     

2 2 2

1 1 1
1 1 1

2 2 2 2
21 1 1 1

1 1 1 1

( ) [1 2 cos(2 ) cos(4 2 )]+ ( )
2 2 2

= (1 ) cos(2 ) cos(4 2 )+ ( )
2 2 4

r r

r r

A r r
s t r f t f t n t

A r A r
A r f t f t n t

   

   

      

    

 

In formula (7), A1
2
r1 is the output signal amplitude of the improved circuit and it means that 

only the modulating signal amplitude r1 and the carrier signal amplitude A1 have an effect on 

the fault detection performance of the improved circuit.  

Because the low frequency components in s’(t) are the main concern in the fault signal 

extraction, four parameters of A1, r1, fr and fz are selected to study how they affect the fault 

detection performance of the improved circuit in this paper. 

 

5.2. Influence of modulating signal parameters to the fault detection performance of the 

improved circuit 

In order to figure out how the two fault signal parameters of amplitude r1 and frequency fr 

influence the fault detection performance of the improved circuit, the two parameters were 

taken as fr =50, 100, 200 Hz, r1=1, 5, 10, 15, 20, 25, 30, 35 mV and other parameters 

remained the same in the following experiments. The amplitude of the periodic signal 

abstracted by the improved circuit is shown in Figure 14 and the corresponding voltage gain 

of the circuit is shown in Figure 15. 

From Figure 14 (a), following conclusions can be drawn: 

①In the case of a fixed frequency of the modulating signal, the amplitude of the fault 

signal increases along with the modulating signal amplitude. It is a linear proportional 

relationship between the two kinds of amplitudes.  
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②In the case of a fixed fault signal frequency of fr, the slope of the fault signal amplitude 

curve is approximately a constant.  

③The slope of the fault signal amplitude curve changes with its frequency, that is, the 

smaller the frequency, the greater the slope.  

From Figure 14 (b), following conclusions can be drawn: 

①Voltage gain of the abstracted fault signal is less than 1, although SNR (signal to noise 

ratio) in the output signal is significantly increased than that in the original input signal. It 

means that the fault signal decays more significantly and the noise signals at the same time. 

②the slope of the fault signal voltage gain curve is close to zero. It indicates that the fault 

signal voltage gain is not affected by the amplitude but the frequency of the modulating 

signal. Further more, the smaller the frequency, the greater the slope. 
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                                     (a)                                                                    (b) 

Figure 14. Curves of fault signal voltage amplitude and its gain varying with 
modulating signal amplitude 

 

5.3. Influence of carrier signal parameters to the fault detection performance of the 

improved circuit 

Under the condition of a = 1, b = 1 (SR structure parameters), the output signal of the 

improved circuit were recorded as two carrier signal parameters of A1 and fz Changing their 

values. Figure 15 (a) and Figure 15 (b) show how the carrier signal amplitude A1 influences 

the fault signal amplitude and the fault signal gain respectively. Figure 16 (a) and Figure 16 

(b) show how the carrier signal frequency fz influences the fault signal amplitude and the fault 

signal gain respectively. 
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Figure 15.  Influence of the carrier signal amplitude to fault signal amplitude 
and its gain 
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Figure 16.  Influence of the carrier signal frequency to fault signal amplitude 
and gain 

 

① The cures in Figure 15 (a) and Figure 15 (b) look like parabola lines. It means that the 

fault signal amplitude and its gain are all proportional to the square of the carrier signal 

amplitude A1; 

② The cures in Figure 16 (a) and Figure 16 (b) look like horizontal lines. It means that the 

fault signal amplitude and its gain are not changing with the carrier signal frequency fz, in 

other words they are not influenced by fz. 

 

6. Summary 

Based on the simplified model of rolling bearing fault vibration modulation, an improved 

method combined with the square demodulation algorithm and SR algorithm is proposed and 

corresponding circuit is designed in the paper. In order to test the fault detecting performance 

of the improved circuit, the bearing vibration monitoring data from the University of 

Cincinnati rolling data centers was used as the input signal. Experimental results show: the 

improved circuit structure not only has a higher performance to detect rolling bearing faults 
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than the original circuit but also can be able to efficiently monitoring the evolution process of 

the rolling bearing fault from weak fault to serious one.  

In order to deeply analyze the factors that influencing the functional features of the 

improved circuit, four parameters of the input signal, which are the amplitudes and the 

frequencies of the modulation signal and carrier signal, are selected out through the 

theoretical analysis. Finally, the rules that how the four parameters influence the fault 

detection performance of the improved circuit were figured out through the corresponding 

experiments.These rules can provide valuable theoretical basis for using the improved circuit 

in wider application fields except for the rolling bearing fault detection. 
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