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Abstract- For the research of bearing fault diagnosis based on
correlation entropy time-frequency analysis and deep learning,
the vibration signal obtained by the sensor is divided according
to the training set and test set, the correlation entropy function
of the segmented signal is calculated to reduce the noise, then the
short-time Fourier transform is carried out to further filter the
noise, and the two-dimensional time-frequency map of the
segmented signal is obtained. Finally, the two-dimensional time-
frequency map is input into the neural network,Automatic fault
feature extraction, and draw the accuracy ACC curve, target
value loss curve, confusion matrix and other visual graphics to
automatically complete the classification of fault types.
Keywords- Graph wavelet; Feature extraction;
Sparse; local

Figure signal;

I. INTRODUCTION

With the continuous development of modern industry,
mechanical equipment is widely used. It is developing towards
large-scale, complex, digital, information and intelligence in
both industrial production and daily transportation. At the
same time, it also increases the uncertainty of the safe
operation of mechanical equipment.In case of failure of these
equipment, it will degrade the performance of the equipment,
affect the processing accuracy of processed products, and
cause great damage to the economy, life safety and
environment. Therefore, in order to ensure the safe operation
of the equipment and improve the service life of the equipment,
it is necessary to monitor the operation status of the equipment
in real time and detect and diagnose the key components of the
equipment,Ensure the safe operation of the equipment.
Bearing is a very important component in rotating machinery.
Many industrial products and consumer electronics and other
equipment will use bearings. The stability of bearings directly
affects the accuracy, reliability and comfort of equipment
operation.If the faults and problems of bearings are found in
time, the stability of rotating machinery can be greatly
improved.Traditional bearing fault diagnosis is based on
vibration signal analysis. When the background noise is strong
or there are other impact elements, the diagnosis effect is very
poor.The performance of simple time-frequency analysis
method will degrade or even fail in the face of strong noise
environment, and the correlation entropy can be used for noise
reduction, which will have an ideal effect on Gaussian noise
and non Gaussian noise. Therefore, a research on Bearing

Fault Diagnosis Based on correlation entropy time-frequency
analysis and deep learning is proposed,This method makes
comprehensive use of the correlation entropy time-frequency
analysis, which can effectively extract fault features in the
environment of low signal-to-noise ratio, and the method
based on deep learning, which can adaptively extract
representative features without any manual intervention, and
can achieve the advantage of higher accuracy than vibration
signal analysis and diagnosis in most tasks when the data set
is large enough.

As a key component of rotating machinery, the running
state of rolling bearing is not only related to major economic
interests, but also has a far-reaching impact on social
security. Therefore, the running condition monitoring and fault
diagnosis of rolling bearing is very important.With the advent
of the era of artificial intelligence, fault diagnosis is also
developing towards the trend of intelligence. Therefore, it is of
great significance to apply entropy based fault diagnosis in
theory and practice.

1. RESEARCH ON BEARING FAULT DIAGNOSIS
BASED ON CORRELATION ENTROPY TIME-
FREQUENCY ANALYSIS AND DEEP LEARNING
= A. research status of bearing fault diagnosis methods at
home and abroad
The fault diagnosis technology of bearing is to identify
the fault type and degree according to the signal processing
method or data-driven fault diagnosis method through the
bearing operation state information collected by the sensor.
As the key mechanical equipment of modern industry,
bearing has been operating in the complex environment of
high temperature, fatigue and heavy load for a long time.In
case of failure, it may lead to serious accidents, resulting in
huge economic losses and casualties.Therefore, the running
condition monitoring and fault diagnosis of rolling bearing is
very important.
= B. fault diagnosis method based on signal processing
In actual working conditions, most of the fault signals
generated by bearing faults are non-stationary and nonlinear
signals. Time domain analysis methods and frequency domain
analysis methods can only reflect the fault information from a
single aspect, and can not reflect the information in time
domain and frequency domain at the same time. Therefore, it
is difficult to accurately extract the fault characteristics. For
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non-stationary and nonlinear gearbox bearing fault
signals, Time frequency analysis is a more effective method.In
recent years, the research results of time-frequency analysis
methods for rolling bearing fault diagnosis include: in
literature [1], Guo Yuting and others proposed rolling bearing
fault signal analysis based on wavelet transform, which
proved that compared with short-time Fourier transform, the
rolling bearing fault signal analysis method based on wavelet
transform can more clearly reflect the information in time
domain and frequency domain.In reference [2], Wang
Chaohai and others proposed a rolling bearing fault diagnosis
method based on empirical mode decomposition and principal
component analysis. This method can accurately identify
faults, improve the efficiency of fault feature extraction and
shorten the diagnosis time.In reference [3], Yue Xiaofeng and
others proposed a time-frequency comprehensive analysis
method based on wavelet packet analysis and Hilbert envelope
analysis, and proved the effectiveness of this method.In
reference [4], Li Xinyi and others proposed a new method for
rolling bearing fault diagnosis based on haanning window
interpolation fast Fourier transform. This method is based on
minimum entropy deconvolution and Teager Energy Operator
Demodulation, which can select fewer analysis points and
identify the characteristic frequency of bearing fault in most
cases.

However, the short-time Fourier transform has the
problem of fixed time window width, the wavelet transform
has the problem of reasonable selection of basis function [5],
and the Wigner Ville distribution has defects such as cross
interference term. When processing non-stationary signals, in
order to obtain the information in time domain and frequency
domain, it is necessary to process the fault signals with special
means [6], The periodic time-varying characteristic caused by
the physical structure and operation mechanism of the rotating
equipment is an inherent attribute, which is internally related
to the physical parameters of the system itself. The fault signal
is non-stationary and non Gaussian.
= C. Application of noise reduction mechanism based on

correlation entropy in fault diagnosis

Correlation entropy [7-10] proposes a generalized
correlation function based on the comprehensive use of
reproducing kernel and information theory learning method. It
is also an efficient method for analyzing Gaussian noise and
non Gaussian noise. In literature [11], Li Hui et al proposed
that correlation entropy includes not only the second-order
moment of random variable amplitude, but also the higher-
order moment of random variable amplitude, Therefore, it can
effectively characterize the nonlinear characteristics of the
signal and effectively process the nonlinear signal.Correlation
entropy can effectively suppress Gaussian and non Gaussian
noise. Correlation entropy based on kernel function provides
a new robust solution for the treatment of Gaussian and non
Gaussian noise.Document [12] proposed that the processing
method of cyclostationary signal is combined with correlation
entropy theory for signal processing.However, the
cyclostationary signal processing method has limitations. That
is, the correlation entropy time-frequency analysis method is

proposed, which can reduce the above
shortcomings.
=  D. fault diagnosis method based on deep learning

Traditional intelligent diagnosis methods mainly include
feature extraction based on signal processing method [13,14]
and fault classification based on machine learning method [15].
These methods have made great progress.However, in the face
of a large number of structural data, the feature extraction
method and mapping ability from signal to condition designed
and selected by experts largely depend on previous knowledge,
which is time-consuming and requires experience.Therefore,
how to diagnose more accurately and efficiently is still a
challenging problem.As the latest application technology in
the field of machine learning and pattern recognition, deep
learning has been widely used in image processing, computer
vision [16,17], natural language processing [18-20],
electromechanical equipment fault diagnosis and other fields
with strong feature modeling and representation ability, and
has achieved fruitful results.

In 2006, the concept of deep learning was first introduced
into technology through proposal [21].In 2015, a review
published in the journal Nature [22] pointed out that deep
learning allows computing models composed of multiple
processing layers to learn data representation through multiple
layers of abstraction.Due to its strong representation learning
ability, deep learning is very suitable for data analysis and
classification.Therefore, in the field of intelligent diagnosis,
many researchers apply technologies based on deep learning,
such as multilayer sensing (MLP), self encoder (AE),
convolutional neural network (CNN), DBN, recursive neural
network (RNN) and so on.However, different researchers
often recommend using different inputs (such as time domain
input, frequency domain input, time-frequency domain input,
etc.) and setting different superparameters (such as learning
rate, batch scale, network architecture, etc.). Therefore, fault
features in mechanical signals can be effectively mined
through deep learning.

Each analysis method has its own advantages or
disadvantages. Combining several methods can get a more
effective method. Therefore, the combination of correlation
entropy time-frequency analysis and deep learning can
diagnose bearing faults more quickly and efficiently, so as to
reduce the economic loss caused by rotating machinery.

effectively

1. TIME FREQUENCY ANALYSIS METHOD
= A. Research on Bearing Fault Diagnosis Based on
correlation entropy time-frequency analysis and two-
dimensional convolution neural network

In view of the pollution of the sensor signal caused by the
environmental noise in the running environment of the bearing,
the correlation entropy of the training set and the test set is
calculated to reduce the signal noise, and then the one-
dimensional signal after noise reduction is time-frequency
transformed to obtain the two-dimensional characteristic map
of the fault signal. Finally, the preprocessed characteristic map
is input into the convolutional neural network,In order to solve
the accurate identification of vibration signal under the
condition of noise.
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Time frequency analysis method:
1)  Short time Fourier transform

The process of calculating the short-time Fourier
transform is to adopt the sliding window mechanism, set the
window size and step size on the longer time-domain signal,
divide it into small segments of signals with the same length,
perform fast Fourier transform on each small segment of
signals, and stack the transformed frequency-domain signals
to form a complete STFT time-frequency diagram to reflect
the change of frequency with time.

2) Wavelet transform

Wavelet transform (WT) is a time-frequency analysis
method for analyzing non-stationary signals. It can be used for
fault feature extraction and can effectively extract the weak
pulse signal of small defects in vibration signals.The wavelet
transform basis function adopts finite length and attenuated
wavelet basis. By scaling and translating the wavelet basis to
a certain point, the amplitude of the frequency corresponding
to the wavelet of this size at that point is obtained through the
inner product of the signal
3)  Wigner Ville distribution

WVD is the Fourier transform of the instantaneous
correlation function of the signal, which reflects the
instantaneous time-frequency relationship of the signal.For a
single component LFM signal, the projection of WVD on the
time-frequency plane is a straight line, that is, the linear
variation of frequency with time.Because there is no window
operation in the calculation, it avoids the mutual restriction
between time domain resolution and frequency domain
resolution.For single component LFM signal, the time-
frequency representation of WVD has the best energy
concentration.However, because the window function is not
involved, WVD will be disturbed by cross terms when
analyzing multi-component signals.

Through the combination of correlation entropy and the
above time-frequency analysis methods, the two-dimensional
characteristic map is obtained and input into the neural
network to complete the classification of bearing faults.

IV. FLOW CHART
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V. RESEARCH CONTENT
This research adopts the method of combining theoretical

In view of the wear, pitting, fracture and other faults of
rolling bearings, most of them will produce periodic vibration
signals during rotation, and some of them can be regarded as
cyclostationary signals, but some signals can not be regarded
as cyclostationary signals.Therefore, the bearing fault
diagnosis can only be carried out through the time-frequency
analysis methods (short-time Fourier transform, wavelet
transform, Wigner Ville distribution) to solve the non-
stationary signal, so as to reveal the characteristic law of the
complex and changeable vibration signal of the rolling bearing
and effectively improve the reliability of the fault diagnosis of
the rolling bearing.

In the case of low signal-to-noise ratio, the fault diagnosis
of bearing by time-frequency analysis method may deteriorate
or even fail, and Gaussian noise and non Gaussian noise will
be generated when bearing fault occurs.Therefore, the method
of correlation entropy is proposed to reduce noise and solve
the influence of low noise ratio, Gaussian noise and non
Gaussian noise on bearing fault diagnosis.

The traditional intelligent diagnosis method is feature
extraction based on signal processing method, which largely
depends on artificial feature extraction and artificial feature
selection, which is time-consuming and requires
experience. Therefore, a bearing fault diagnosis based on deep
learning is proposed, which extracts the features of the training
sample set and the test sample set, so that the extracted
information has the fault features to the greatest extent, and
then classifies the fault.Reduce the manual fault diagnosis of
bearing as much as possible, so as to make its use more concise
and convenient, time-saving and labor-saving.

VI. CONCLUSION

A Dbearing fault diagnosis network model based on
correlation entropy time-frequency analysis and deep learning
is built.The research of bearing fault diagnosis based on
correlation entropy and deep learning is completed to make its
application more concise and convenient.It can achieve the
effect of noise reduction. Using the deep learning framework
based on pycharm, it completes the construction of neural
network structure, parameter adjustment, data training and
testing, and visualization of classification results. Finally, it
successfully distinguishes the fault type and degree of bearing.
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