IJCSI International Journal of Computer Science Issues, Volume 17, Issue 5, September 2020
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784

www.lJCSl.org https://doi.org/10.5281/zenodo.4418876 15

Denoising of Disturbed Signal using Reconstruction Technique of
EMD for Railway Bearing Condition Monitoring

Agus Susanto?, Budi Artono?, Surajet Khonjun?, Rizal Mahmud*

! Department of Railway Engineering, State Polytechnic of Madiun
East Java, 63131, Indonesia

2 Department of Electrical Engineering, State Polytechnic of Madiun
East Java, 63131, Indonesia

3 Department of Mechanical Engineering, Ubon Ratchathani University
Ubon Ratchathani, Thailand

4 Department of Mechanical Engineering, Hiroshima University
Hiroshima, Japan

Abstract
Railway bearing is one of the important parts which constructs
boogie structure in a passenger train. This part should be
monitored from bearing failure phenomena at any time for
passenger safety during traveling. This study presents an

effective denoising noisy signal for bearing condition monitoring.

A noisy signal was created first, then separated by Empirical
Mode Decomposition (EMD) to be intrinsic mode
decompositions (IMFs). From IMFs, the noise can be detected,
and then it was removed. Following, IMFs which contain no
noise was then reconstructed to be a new signal. The Hilbert-
Huang spectrum (HHT) spectrum of reconstruction signal was
generated by applying Hilbert transform. HHT of the
reconstruction signal was then compared to the HHT baseline
spectrum and HHT contained noise. The result showed that the
proposed technique works well for analyzing signals. Without
reconstruction technique, the railway bearing condition was
difficult to be revealed by the HHT spectrum.

Keywords: HHT, EMD, denoising signal, HHT spectrum,
bearing condition monitoring.

1. Introduction

Railway bearing is one of the most important parts which
constructs boogie structure in a passenger train. A railway
bearing failure can lead to the unsafety of passengers
during traveling. Therefore bearing condition monitoring
at any time is one of the important tasks.

Bearing condition monitoring generally can be divided into
two fundamental methods. The first is the direct method.
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This approach is including the use of optical and vision,
which has the benefit of capturing the actual geometric
changes of bearing during operation. Unfortunately, this
method is difficult to be applied in real conditions. The
reason is needed the complex additional feature for setup
those devices [1]. Second is the indirect method. The
vibrations [2], [3], sound [4], [5], and acoustic emissions
signal [6] are common signals which measured in the
observed system to monitor the bearing condition. Besides,
for analyzing those kinds of signals, fast Fourier transform
(FFT) is commonly employed for monitoring in frequency
spectrum [7], [8], [9]. In this method, a signal is measured
during operation, and the signal is then processed using
any signal processing technique. However, FFT contains
the weakness which is impossible to be applied for
processing the transient signal. Because the transient signal
is typically nonlinear and non-stationary signal. On the
other hand, the real process is described as a nonlinear and
non-stationary process [10]. Besides, FFT provides feature
results only in the frequency domain. It is another
weakness of FFT.

Time-frequency analysis (TFA) methods have a great
potential benefit to detect the failure of bearing condition.
Because the methods can map time-domain signal into a
two-dimensional plane, namely the time-frequency domain.
It means that this method can be used to monitor the
bearing condition in both time and also the frequency at
one time. The TFA methods are being developed and used
in bearing condition monitoring recently, such as short-
time Fourier transform [11], [12], Wavelet transforms [13],

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Volume 17, Issue 5, September 2020
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784

www.lJCSl.org https://doi.org/10.5281/zenodo.4418876 16

[14], and Stockwell transforms [15]. However, these
methods are blind to transient signal processing.

Hilbert-Huang transform (HHT) is appropriate for
processing the signal obtained in the real system process. It
is suitable for transient vibration. Authors have been
successfully applied HHT to process signal obtained in
machining application [16], [17], [18], [19], [20]. In this
research, they used HHT for chatter detection in milling
and turning processes.

Even though HHT is a powerful method for TFA, the
presence of noise still disturbs the analysis, especially the
noise that will disturb the HHT spectrum. Denoising
technique to reduce noise from the noisy signal may
improve the performance of HHT. However, general filters
is constrained to eliminate the noise effectively [21].
Empirical Mode Process (EMD) process is the first step of
HHT, which can be employed for reducing noise from a
noisy signal. It may be a good way before generating the
HHT spectrum after Hilbert transform applied.

In this paper, the reconstruction technique by EMD is
introduced for reducing noise from noisy signals in order
to monitor the bearing condition. The signals are first
decomposed by the EMD process to get a set of intrinsic
mode function (IMF) components. From IMF components,
the noisy signal can be detected and then removed from the
clear signal. All IMFs which clear from noise are then
reconstructed to be processed in the next step.

2. Method

There are two major steps in the Hilbert-Huang Transform
(HHT), namely Empirical Mode Decomposition (EMD)
process and Hilbert transform. These steps should be done
consecutively.

2.1 Empirical Mode Decomposition Process

The complex signal is spelled out into a simple oscillation
by EMD, which is called as IMFs and a monotonic residue.
An example of IMF components is shown in Fig. 1. From
this figure, C1 — C12 are the IMF components and the
monotonic residue is provided in the last panel. As can be
seen, the signal is arranged from the high frequency in the
first IMF and low frequency in the last IMF.

2.2 Hilbert Transform

Hilbert transform is then applied for each IMF to generate
the HHT spectrum of the signal. Figure 2 displays an
example of the HHT spectrum. From this spectrum, HHT
provides spectrum with high resolution and we can detect

2020 International Journal of Computer Science Issues

any mechanical process, for instant bearing condition
monitoring, in time and frequency domain using this
spectrum.
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Fig. 1 IMF component obtained by EMD [18].
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Fig. 2 HHT spectrum obtained by Hilbert transform [18].

The task of bearing condition monitoring is to find out the
anomaly frequencies from the measured signals during
operation. However, the measured signals are usually
contaminated by the noise during the machining process.
The removal of noise is so much important for the correct
feature extraction of the measured signal.

This study presents an effective method of denoising noisy
signals for bearing condition monitoring by means
analyzing the synthetic vibration signals. First, a clear
signal was created as
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x(t) = 6sin(27zayt) +1.5sin(27zw,t) + 2.5sin(2za,t) (1)

where t is the time interval, and w is the signal frequency
which set to be w1 = 20 Hz, w, = 40 Hz, and w3 = 60 Hz,
respectively.

The synthetic signal in the Eq. (1) is used for the baseline
signal and it is displayed as shown in Fig. 3.
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Fig. 3 Time domain of clear vibration signal.

Second, the noisy synthetic signal was created by adding
signal noise into the clear signal mentioned in Eq. (1). The
noisy signal is set as

noise(t) = sin(2500t) (2)

From Eq. (2), the noise frequency is 500 Hz and it is
displayed as follow;
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Fig. 4 Synthetic noise signal.

Following, HHT is applied onto a noisy synthetic signal.
The first step of HHT is applying EMD to separate the
noisy synthetic signal to be intrinsic mode decompositions
(IMFs). From IMFs, the noise can be detected, and then it
was removed. Following, IMFs which contain no noise
was then reconstructed to be a new signal. Hilbert
transform is then applied to the clear, noisy, and new
signals to generate the HHT spectrum.
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3. Result and Discussion

3.1 Synthetic Signal in Time Domain and Its
Frequency Spectrum

To confirm the proposed method, two synthetic signals are
generated in this section. First is a clear signal as shown in
Fig. 5(a). This signal is used for baseline signals in our
discussion and represents the vibration without noise
measured during operation. From the figure, the vibration
is clear and no noise disturb the signal.

Let us investigate the frequency content of this vibration
signal by its frequency spectrum. The frequency spectrum
of this signal is shown in Fig. 5(b). This spectrum was
calculated by fast Fourier transform (FFT). As shown in
the figure, the spectrum consists of spindle rotational
frequency (20 Hz) which is associated with spindle
rotation of 1200 rpm. Besides, the harmonic frequencies of
the rotational railway axle (40 and 60 Hz) can also be
observed in this spectrum, which was multiplying the faxe
frequency. These frequencies are well-known as the
characteristic frequency of bearing.
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(b) Frequency spectrum of clear vibration signal.

Fig. 5 Clear vibration signal.

Second is the noisy signal as shown in Fig. 6(a). This
noisy signal was generated by added the clear signal shown
in Fig. 3 with the synthetic noise signal in Fig. 4. This
signal represents the vibration with noise measured during
operation. It can be seen that the vibration is similar to the
clear signal, but some noises disturb the signal. Therefore,
the signal is distorted by noise. This signal is generally
obtained in real measurements of any system.

Let us investigate the frequency content of this vibration
signal by FFT. And the result is shown in Fig. 6(b). Here,
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the spectrum also consists of some frequency same as in
Fig. 3(b), namely; spindle rotational frequency (20 Hz)
which is associated with spindle rotation of 1200 rpm and
its harmonic frequencies (40 and 60 Hz). Unfortunately,
the frequency spectrum is distorted by noise. As the result,
the figure provides not a smooth spectrum.
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(a) Time-domain of clear vibration signal.
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(b) Frequency spectrum of noisy vibration signal.

Fig. 6 Noisy vibration signal.

3.2. Vibration analysis using HHT

The vibration signals are shown in Figs. 5(a) and 6(a) then
preprocessed by EMD first to get a set of IMF
components. The IMF components of clear and noisy
signals are shown in Figs. 7(a) and 7(b), respectively.
EMD produces six IMF components in Fig. 5(a) and Fig.
5(b) produces eight IMF components. C1 to C5 of Fig.
7(a) are components IMF1 to IMF5 correspond to clear
signal, and C1 to C7 of Fig. 5(b) are components IMF1 to
IMF7 correspond to noisy signal. On the other hand, C6
and C8 are the monotonic residues of the EMD process for
each case. Now let us investigate the frequency content of
each IMF by FFT to find the exact reason why noisy
signals produced eight IMFs and different from the clear
signal.

The frequency spectra that correspond to all IMF
components for each case are shown in Fig. 8. According
to Fig. 8(a), IMF 1 and IMF 2 have significant vibration of
the observed signal because they contained characteristic
frequencies. IMF 1 consists of harmonic frequencies (40,
60 Hz). IMF 2 consists of spindle rotational frequency (20
Hz). On the other hand, IMF 3 and IMF 4 have significant
vibration of the observed noisy signal. They are consisting
of spindle rotational, and its harmonic frequencies.

[e2)

Besides, IMF 1 and IMF 2 contain signal noise. Therefore,
the presence of noise caused two additional IMFs in the
case (b). It needs to be noted that the EMD can separate
the clear signal from noise. It means that the EMD process
can be used for filtering messy signals caused by noise. We
will discuss it later in the following sub-chapter; denoising
signal using reconstruction technique by EMD.
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(b) IMF components correspond to noisy signal.

Fig. 7 IMF components in time domain obtained by EMD process.
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(b) Frequency spectrum of IMF components for noisy signal.

Fig. 8 IMF components in frequency domain.

The second step of HHT is applying the Hilbert transform
to generate the HHT spectrum. The HHT spectra of each
vibration signal are shown in Fig. 9. Figure 9(a)
represents the HHT spectrum of a clear signal. As
mentioned before that this signal is used for baseline data.
It can be seen that the energy gathers in line with certain
frequency components, namely, spindle rotational
frequency and harmonic of tooth passing frequency.
Besides, Fig. 9(b) is the HHT spectrum correspond to the
noisy signal. As can be seen from the figure, the energy is
messy and higher than the HHT spectrum of Fig. 9(a).
Besides, there is no characteristic frequency component
which can be found in this spectrum like the spectrum in
Fig. 9(a). Thus, the noise was also disturbing the spectra
when HHT is employed for bearing condition monitoring.

To fix this problem, the EMD process will be used for
denoising signals by reconstruction technique.
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(b) HHT spectrum correspond to noisy signal.

Fig. 9 HHT spectra obtained by Hilbert transform.

3.3 Denoising signal reconstruction

technique by EMD

using

In this discussion, the reconstruction technique by EMD
for the de-noise noisy signal. In this way, we have to
remove IMF 1 and IMF 2 of Fig. 7(b) for the
reconstruction technique, because they were the noise
signals as explained in the previous discussion.

The sequence steps of the reconstruction IMFs are
displayed in Fig 10. In each of the sub-panels, it has been
plotted the original signal as a black curve and the partial
summing of the IMFs as a red curve. Figure 10 displays
for synthetic noisy signals in case (b), meanwhile clear
signal (case a) can be produced in the same way.
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(@) (b) IMF components shown in Fig. 10(g). It looks like the

B baseline vibration signal in Fig. 5(a). This reconstruction

signal means filtered signal and it is shown in Fig. 11. This

reconstruction procedure the utility of the EMD process as

RARARRAN , _ LN a data filter. If we stop at any step, we would have the
et LW trend of the vibration process.

(m/s”)

In order to demonstrate the efficiency of the EMD process
as the filter data, the HHT spectrum of reconstruction
signal was provided as shown in Fig. 12. This HHT
. TR T spectrum is quite similar to the baseline spectrum shown in
o @ Fig. 9(a). After de-noise using the reconstruction
technique of EMD, the energy now gathers in line of
certain frequency components clearly, namely spindle
rotational frequency and its harmonic frequency even

though did not perfect as HHT spectrum of Fig. 7(a).

(m/s”)

@ : ®

It means that HHT works well with the reconstruction
technique for bearing condition monitoring. It can be seen
that HHT after denoising the signal using the

! reconstruction technique works well than HHT without
P E denoising the signal using the reconstruction technique for
bearing condition monitoring.
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Fig. 10 Reconstruction signal of IMF components. Black curve is

original signal and red curve is reconstruction IMFs. 5
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05 Fig. 12 HHT spectrum correspond to reconstruction signal.
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4. Conclusions
Fig. 11 Time domain of reconstruction signal.
In this paper, railway bearing condition monitoring was
studied using Hilbert-Huang Transform (HHT) by mean
Figure 10(a) is plotting the monotonic residue (C8) onto analyzing the synthetic vibration signals. To improve the
original signal. This certainly is not a significant trend performanc_e of HHT, den9|SIng signal  using
because the vibration amplitude of monotonic residue as reconstruction technique for data filter and HHT spectrum
small as shown in the last sub-panel of Fig. 7(b). When the was obtained, and the results have shown that:
monotonic residue (C8) was added with IMF 7, then Fig. (@. The complex signal can be decomposed by the
10(b) has resulted. When the monotonic residue (C8) was EMD process to be IMF components.
added with C7, C6, C5, C4, and C3, then Fig. 10(f) has (b). Noise can be detected based on IMFs. In our case
resulted. These curves provide the smoothest trend of the Cl and C4 of the case (b) are noise. _
data variation. With step by step adding of the IMF (c). EMD can_be used for data filter by reconstruction
components, we finally arrive at the summing of all the data technique.
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HHT with the denoising signal using reconstruction
technique works well efficiently than HHT without
denoising signal using reconstruction technique for bearing
condition monitoring
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