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Abstract: -The rolling bearing signal is investigated according to the principal that the Wavelet can extract the 
signal envelope. A Wavelet-based self-information extracting envelope method (WSEM) is applied. Application 
of the method demonstrates that the method is effective to extract the rolling bearing signal envelope and is 
useful to analysis the rolling bearing faults.  
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1.Introduction 
Bearings are among the most important and 
frequently encountered components in the vast 
majority of rotating machines, their carrying capacity 
and reliability being prominent for the overall 
machine performance[1]. Vibration analysis is wildly 
used in rolling bearing fault diagnosis. Many 
methods have been developed for this purpose 
[2-6] .In bearing failure analysis, the low frequency 
phenomenon is the impact caused by a defect of a 
bearing , the high frequency carrier is a combination 
of the natural frequencies of the associated rolling 
element or even of the machine. In general, the 
Hilbert transform is used to extract the envelope of 
the vibration signal, but the Hilbert transform has no 
ability of exhibiting local features of signals[7].And 
this method is of leak error[8]. 

A major advantage of the wavelets is that this 
method can exhibit the local features of the signals 
and give an account of how energy distribution over 
frequencies changes from one instant to the next. 
They have already been used in specific case studies 

for bearing fault detection[9-11]. The method based 
on the wavelet to exact the envelope is proposed in 
this paper. 

In section 2 of the paper, a brief review of the 
basic concepts of wavelet analysis is performed. The 
procedures of the proposed method are described in 
section 3. In section 4, the implementation of this 
method is provided, verifying the effectiveness of the 
method. The conclusion is given in section 5. 
 
 

2.Basic concept of wavelet 
(1) Wavelet function 

)(tUsually, wavelet function ψ is a band-pass filter. 

Wavelets refer to a family obtained from a single 

function )(tψ by translation and dilation: 
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Where )(tψ  is so-called ‘mother wavelet’, the 

functions )}({ , tbaψ obtained from )(tψ  are called 

the wavelet which is bi-parameter band-pass filters. 
Where is the so-called scaling parameter, which 
changes the width of the filter frequency. The 
parameter is the time localization parameter, 
which balance the information of time domain. As 
seen from above, the wavelet is the function with 
time and frequency domain localization. The wavelet 

transform of a finite energy signal is following:  
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Where )(t∗ψ denotes the complex conjugate of 

)(tψ . 

(2)Morlet wavelet : 
The Morlet wavelet in the time domain is defined:  
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where 

0>a

)(tψ is a sinusoidal wave multiplied by 

Gaussian function. The imaginary part is the Hilbert 
transform of the real part.The Fourier transform of 

)(tψ is: 
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According to Equation (4), if 0=ω then 

0)( =ωψ ,that is ,the wavelet function 
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ωψ satisfies the admissible 
condition. 

If 50 ≥ω  then 02
0

≅
−ω

e .The function )(tψ can 

be expressed as: 
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The Fourier transform of equation(5) is: 
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3.Procedures of envelope construction 
The Morlet wavelet transform of the  

)(tx ( ∈)(tx )(2 RL ) is: 
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where )(tψ is Morlet wavelet. )(*

a
bt −ψ is the 

complex conjugate of )(tψ .If taking =0 then 

getting: 
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substitute (8) into (7), the envelop of signal is 

formed: 
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where aπ2/1 is to keep the amplitude of  

the same. Fig.1 shows that the spectrum of envelope 

of Morlet wavelet when . 
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    Fig.1 The spectrum of envelope of Morlet 
wavelet 
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 As shown in Fig.1, the spectrum can extract the  

signal of the harmonics frequency equal to .  af /

The parameter a  balances the width. When   a
increases, the decay ratio of the Morlet wavelet in  
time domain increases. The decay ratio of  
corresponding Gaussian window increase too. 
 

(1) Choosing  criterion: a

The self-information of signal  is defined as: )(tx
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The self-information of signal  presents that 

the information amount of the signal( ) when the 

signal( ) happens. First choosing the certain 

frequency band at (  is 

Nyquist frequency of the signal ).Calculation 

the self-information of the every series wavelet 

transform coefficients  when changing 

the parameter . The optimal value of the parameter 
 is the one that leads to the minimal value of 

 of . 
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(2)The envelope of the signal 

The final envelope of the signal  is formed as 

follows: 

)(tx

Expression(2) can take the following alternative 
form: 

)}()({),( *1 ffXFjiW ij ψ−=              (12) 

where: 

 : the Fourier transform of the discrete signal 
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The wavelet coefficients of the signal 

:)(tx ),(),( jiWjiCw = ,the element of the matrix 

 is the certain frequency  envelope value 

at the certain time 
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determining the final envelope of the signal . 

The value of the parameter  is 20,

)(tx

N Nyqff 2.00 = . 

4.Implement and result 
The single outer ring fault point bearing of the 
experiment is of the type 307, the rotor speed is 
534 , the sampling frequency is 4.6kHz. The 
sensor is mounted near the bearing in radial 
direction. 

min/r

The measured signal is presented in Fig.2. Fig.3 
is the Hilbert transform envelope of the signal. Fig.4 
shows the spectrum of the envelope of the Hilbert 
transform. The  variation of the Morlet wavelet 
coefficients self-information as the parameter 

range from 0.1~1.6 is presented in Fig.5. From the 

Fig.5 , the minimal value of =5.142 is at 

a

)( ixI

2.0=a .So the optimal value of the parameter is 
0.2. The WSEM is shown in Fig.6.The spectrum of 
the WSEM is presented in Fig.7.The impulse series 

a
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in time domain can be seen clearly in Fig.6 through 
comparing the Fig.3 and Fig.6.Comparing Fig.4 and 
Fig.7, the spectrum of WSME can be clearly seen the 
resonance amplitude of the frequency 

corresponding to the frequency of the 

ball passing the outer ring (24Hz). 

03.25=f

Bof

The single inner ring fault points bearing of the 
experiment is of the type 307, the rotor speed is 
2396 , the sampling frequency is 40.9kHz. 
The sensor is mounted near the bearing in radial 
direction. 

min/r

The measured signal is presented in Fig.8. Fig.9 
is the Hilbert transform envelope of the signal. 
Fig.10 shows the spectrum of the envelope of the 
Hilbert transform. The  variation of the Morlet 
wavelet coefficients self-information as the 
parameter range from 0.1~1.6 is presented in 
Fig.11。From the Fig.11 , the minimal value of 

=9.0517 is at .So the optimal value of 

the parameter is 0.6. The WSEM is shown in 
Fig.12.The spectrum of the WSEM is presented in 
Fig.13.The impulse series in time domain can be 
seen clearly in Fig.12. through comparing the Fig.9 
and Fig.12.Comparing the Fig.10 and Fig.13, the 
spectrum of WSME can be clearly seen the 
resonance amplitude of the frequency 

corresponding to the frequency of the ball 

passing the inner ring (175Hz). 
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    Fig.2 The measured signal(outer fault) 
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    Fig.3 The Hilbert envelope(outer fault) 
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Fig.4 Spectrum of the Hilbert envelope(outer fault) 
frequency（Hz） 
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      Fig.7 Spectrum of WSEM(outer fault) 
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Fig.8 The measured signal (inner fault) 
 
 
 
 

0

0.5

1

1.5

2

2.5

3

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

 
      Fig.9 The Hilbert envelope (inner fault) 
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Fig.10 Spectrum of the Hilbert envelope(inner 
fault) 
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5.Conclusion 
The complex Morlet wavelet can be effectively 
construct the envelope of the signal. The implement of 
the WSEM is an effective demodulation method . 
After processing the vibration data using the 
proposed wavelet-based envelope analysis method, 
the corresponding fault characteristic frequency can 
be recognized easily .It can isolate the main impulses 
from the rest of the frequency of the signal. In 
generally, the envelope obtained from WSEM can 
retain all the corresponding necessary information.  
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