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Abstract- The bearing fault is the most common in the rotating machines faults. Envelope analysis for rolling element 
bearing diagnostics has gained in the last years a leading role among the different digital signal processing techniques. This 
paper deals with the use of a simple and effective signal processing technique of square and Hilbert-based envelope analysis 
for detecting rolling element bearing faults. This paper also compares the bearing fault detection capability obtained with 
square and Hilbert-based envelope analysis. For this purpose additional white Gaussian noise (AWGN) and random noise 
are used with different SNR. Simulation results show that the noise sensitivity of the Hilbert-based envelope is higher than 
that of the square envelope. Square envelope shows steady in response to both AWGN and random noise. 
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I. INTRODUCTION 
 
Rolling element bearings in the rotating machinery 
consist one of the most widely used industrial 
machine elements, being the interface between the 
stationary and the rotating part of the machine. Due to 
the internal geometry of the bearing and the 
magnitude of the external load, the charge 
distribution of the rolling elements is unequal. As a 
result, there is huge chance of failure in the rolling 
elements. Its unexpected failures will result in 
economic loss and even human casualty. In order to 
prevent daily accidents/shutdowns, bearing early fault 
detection is especially valuable.  
The failures of bearings will produce inimitable 
frequency components in the vibration of the machine. 
Distributed and localized faults are two categories of 
bearing faults.  This paper only focused on localized 
faults for rolling elements bearings. When there is a 
single point occurs on the rolling surface, which 
caused localized faults As a result, opposing and 
tearing off of material can rapidly accelerate the wear 
of a bearing which finally generated strong vibrations.  
At each time one of the balls rolls the excitation and 
response generate over the flaw. So the fundamental 
frequency of the response waveforms is the rate at 
which the elements roll over the flaw. The unique 
bearing characteristic frequencies are named as ball 
pass frequency of inner race (BPFI), ball pass 
frequency of outer race (BPFO) and ball spin 
frequency (BSF). 
In order to keep machinery operating at its best, 
several bearing fault diagnosis techniques have been 
developed. For detection and diagnosis of rolling 
element bearing defects [2], vibration or acoustic 
measurement is the most widely used method. 
Various approaches for bearing fault diagnosis have 
been developed based on vibration analysis. Many 
authors already proposed various methods such as 
multi-wavelet analysis [3], kurtogram [4], 

independent component analysis [5], the improved 
Hilbert-Huang transform [6] and ensemble empirical 
mode decomposition [7],  for bearing fault detection. 
Generally, these methods are classified as time 
domain, frequency domain and time-frequency 
domain. Time domain includes statistical parameters 
where frequency domain includes Fourier spectra 
analysis and envelope spectra analysis. The time-
frequency domain includes the Short Time Fourier 
Transform, the Wigner-Ville Distribution, and the 
Wavelet Packet Transform. There is also some non-
stationary signal processing methods like artificial 
intelligence (AI) methods include artificial neural 
networks (ANN), support vector machine (SVM) and 
fuzzy logic, etc. Since the background noise can be 
involved easily to rotating machine signals, incipient 
bearing faults can be mask due to this noise. 
Therefore, in this paper, the comparison between 
square and Hilbert-based envelope is performed in 
term of the noise. For this purpose, additional white 
Gaussian noise (AWGN) and random noise are used 
in the simulation.  The rest of the paper is organized 
as follows. In Section II, the literature of Hilbert 
transform regarding bearing fault analysis is 
presented briefly. In Section III, we describe the 
envelope analysis technique and Section IV is 
devoted to the performance assessment of this work. 
The performances have been presented on computer-
based simulation. Finally, some conclusions are given 
in Section V. 
 
II. HILBERT TRANSFORM 
 
The German Mathematician David Hilbert first 
introduced the well-known tool is called Hilbert 
transform (HT) [8]. After that it has been widely used 
in many areas, such as theory of modulation [8], edge 
detection [9], [10], and so on. It is a linear operator 
connecting the real and imaginary parts of an analytic 
function. In an analytical signal, the imaginary part is 
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the Hilbert transform of the real part. In signal 
processing and communication theory the Hilbert 
transform is an important tool in constructing analytic 
signals for various purposes, such as obtaining the 
envelope of a signal in instantaneous frequency 
analysis, amplitude modulation, signal demodulation, 
and many other domains.   
There are many ways to define the Hilbert transform 
meaningfully. Suppose we have a signal 	x(t) , the 
conventional Hilbert transform of a continuous signal 
x(t) is computed as [8] 
            x(t) = PV∫ ( ) dτ∞

∞                    (1) 
Where x(t) is the Hilbert transform and the Cauchy 
principle Value, PV is taken in the integral. 
The continuous Hilbert transform consists of a π/2 
radian phase shift (for positive frequencies only) in 
the frequency domain [13].The Fourier transform of 
the Hilbert transform is given by [11] 
 X(ω) = −jsgn(ω)X(ω)                               (2) 
Where 

   −jsgn(ω) =
					j,						for	ω > 0
		0,							for	ω = 0
−j,							for	ω < 0

                 (3)                

And X(ω) is the Fourier transform of	x(t). 
The discrete Hilbert transform is developed as an 
exact equivalent of the Hilbert transform for discrete 
domain sequences and is defined as [11]  
     x(n) = x(n) ∗ h(n)                                     (4) 
Where h(n)	is the impulse response of the discrete 
Hilbert transformer. 

   h(n) = 	
( / ) 			n ≠ 0

0																				n = 0
 

The transfer function of the discrete Hilbert transform 
is defined as [12] 

   H(ω) =
	j,						0 < ω < π

									0,								ω = 0	&		ω = π
−j,						 − π < ω < o

              (5) 

 
The procedure to identify the components in the 
vibration signal spectrum related to the bearing faults 
relying on Hilbert transformation is as follows [13]  

 
 
III. ENVELOPE ANALYSIS 
 
Envelope analysis is another approach to separate 
modulation signals from the carrier. For rolling 
element bearing fault detection, Envelope analysis 

has been successfully used for decades [13, 
14].Basically, it is used in rolling element bearing 
diagnostics to justify cyclostationary analysis. This 
method can be used to obtain with high accuracy the 
modulating signals for increasing the signal to noise 
ratio of results [15]. 
Figure 1 shows the example of envelope analysis 
where the red line and the green line indicates the 
upper envelope (E ) and lower envelope (E ), 
respectively. If the modulation index is lower than 1 
for amplitude modulation, the carrier signal, and the 
modulating signal is computed by m(t) = E −
E  and C(t) = E + E , respectively. 
 

 
Figure 1. Example of envelope analysis 

 
The general way of performing an envelope analysis 
contains two steps. 

 
 
Analogue band-pass filter and rectifier are normally 
used for demodulation, even when the final analysis 
was done digitally with an FFT analyzer. To obtain 
high accuracy, the envelope detectors have to select a 
resonant frequency band in which the impulsive 
components excited by defects are dominant. But in 
the practical case, it is very challenging to specify 
which resonant modes of neighboring structures will 
be excited. Envelope analysis has a few advantages 
over Hilbert transformation like the computational 
cost is lower, bandpass filtering is not required and 
the method is effective even without a carrier. 
However, square envelope provides greater benefits 
than the envelope itself. 
 
IV. SIMULATION AND RESULTS ANALYSIS 
 
Simulation results are presented in this section to 
demonstrate the performance of square and Hilbert-
based envelope analysis for detecting the incipient 
bearing faults under heavy surrounding noise. Here 
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only bearing outer race fault is considered and these 
simulation results show the close relation between 
noise and magnitude of outer race fault. The noise 
samples used in the simulation are modeled as 
additional white Gaussian noise and random noise 
with different SNR. The simulations are carried out 
360 rpm for SNR values ranging from 10 dB to 40 dB.  

 
Table 1: outer race fault values of rolling element bearing at 

360 rpm 

 
 

Vibration signal of rolling elements is shown in 
figure 2(a). The corresponding frequency spectrum of 
the vibration signal is shown in figure 2(b) and it 
contains no diagnostic information. After applying 
square and Hilbert-based envelope analysis, the 
frequency spectrums of the vibration signal is 
presented in figure 3. This figure illustrates the 
benefits achieving diagnostic information (circle with 
magenta color) by envelope analysis. Hilbert-based 
envelope shown in Figure 3(b) provides higher fault 
magnitude in compare to square envelope shown in 
figure 3(a). 
 

 
Figure 2. (a) Vibration signal of rolling elements from 

accelerometer, (b) Corresponding frequency spectrum of 
vibration signal 

 

 
Figure 3. The frequency spectrum of figure. 2(a). (a) Square 

envelope (b) Hilbert transform 

 
Figure 4. Frequency spectrum of vibration signal which is 

contaminated by AWGN with 10 dB. (a) Square envelope (b) 
Hilbert transform 

 
The response of this two methods is verified by 
adding additional noises in the vibration signal. 
Figure 4, figure 5, figure 6 and figure 7 displays 
frequency spectrum of vibration signal which is 
contaminated by AWGN with different SNR. As can 
be seen, the variation of outer race fault value with 
respect to SNR value is totally different for the square 
and Hilbert-based envelope. Hilbert-based envelope 
shows a wide range of variation with respect to 
AWGN with different SNR while square envelope 
provides less variation shown in figure 12. Here it is 
worth to mention that Hilbert-based envelope is more 
sensitive to AWGN than the square envelope. 
 

 
Figure 5. Frequency spectrum of vibration signal which is 

contaminated by AWGN with 20 dB. (a) Square envelope (b) 
Hilbert transform 

 
Figure 6. Frequency spectrum of vibration signal which is 

contaminated by AWGN with 30 dB. (a) Square envelope (b) 
Hilbert transform 
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Figure 7. Frequency spectrum of vibration signal which is 

contaminated by AWGN with 40 dB. (a) Square envelope (b) 
Hilbert transform 

 
Frequency spectrums of vibration signal which is 
contaminated by random noise with different SNR 
are shown in figure 8, figure 9, figure 10 and figure 
11. Like the AGWN, the variation of outer race fault 
value with respect to SNR value is not similar for 
square and Hilbert-based envelope. In this case also, 
Hilbert-based envelope shows a wide range of 
variation with respect to different SNR while square 
envelope provides less variation shown in figure 13. 
 

 
Figure 8. Frequency spectrum of vibration signal which is 

contaminated by Random noise with 10 dB. (a) Square 
envelope (b) Hilbert transform 

 

 
Figure 9. Frequency spectrum of vibration signal which is 

contaminated by Random noise with 20 dB. (a) Square 
envelope (b) Hilbert transform 

 
Figure 10. Frequency spectrum of vibration signal which is 

contaminated by Random noise with 30 dB. (a) Square 
envelope (b) Hilbert transform 

 

 
Figure 11. Frequency spectrum of vibration signal which is 

contaminated by Random noise with 40 dB. (a) Square 
envelope (b) Hilbert transform 

Figure 12 and figure 13 show the comparison results 
of the square and Hilbert-based envelope for AWGN 
and random noise respectively. It can be noticed that 
the sensitivity of the Hilbert-based envelope is higher 
to the noise than that of the square envelope. Square 
envelope shows steady in response to both AWGN 
and random noise shown in table 1. Here, Fault 
values and variation in the fault values are almost 
same for the both type of noise. For the random noise 
fault values are slightly increased. This implies 
squared envelope is less sensitive to noises. On the 
other hand, the Hilbert-based envelope is very 
sensitive to both noises. Both cases variation in the 
fault values are higher. With the low SNR, Hilbert-
based envelope shows poor performance for the outer 
race fault value. This implies that when the bearing 
signal is merged under severe noise, the Hilbert-based 
envelope would not be able to provide the fault 
signature properly without denoising the raw signal. 

 
Figure 12. Performance of square and Hilbert-based envelope 

to AWGN 
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Figure 13. Performance of square and Hilbert-based envelope 

to random noise 
 
Upon the results are shown in figure 12, figure 13 and 
Table 1, between the AWGN and random noise, 
bearing signal is more affected by random noise. 
Hilbert-based envelope provides the lower fault value 
for random noise with lots of variation. Square 
envelope provides good diagnosis information for 
random noise. However, Hilbert-based envelope 
provides higher fault magnitude in compare to the 
square envelope is reported in figure 3 where the 
bearing signal is noiseless. 
 
CONCLUSION 
 
This paper has described the use of a simple and 
effective signal processing technique of square and 
Hilbert-based envelope analysis for detecting rolling 
element bearing faults. A theoretical analysis is 
presented on Hilbert transform and squared envelope 
analysis and a comparison between them also given 
for incipient rolling element bearing fault detection. 
Computer simulation results are presented to 
demonstrate the performance of the Incipient rolling 
element bearing fault detection capability under 
heavy surrounding noise (to both AWGN and random 
noise). The results presented in this paper indicate 
that the sensitivity of the Hilbert transform is higher 
to the noise than that of the squared envelope. The 
square envelope shows steady in response to both 
AWGN and random noise. 
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