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a b s t r a c t

The wayside Acoustic Defective Bearing Detector (ADBD) system plays an important role in
ensuring the safety of railway transportation. However, Doppler distortion and multi-
bearing source aliasing in the acquired acoustic bearing signals significantly decrease the
accuracy of bearing diagnosis. Traditional multisource separation schemes using time-
frequency filters constructed by a single microphone signal always show poor performance
on weak signal separation. Inspired by an assumption that the spatial location of different
sources is different, this paper proposes a novel time-varying spatial filtering rearrange-
ment (TSFR) scheme based on a microphone array to overcome current difficulties. In
the scheme, a zero-angle spatial filter and peak searching are proposed to obtain the
time-centers of corresponding sources. Based on these time-centers, several time-
varying spatial filters are designed to extract different source signals. Then interpolation
and rearrangement are used to correct the Doppler distortion and reconstruct the corre-
sponding separated signals. Finally, the train bearing fault diagnosis is implemented by
analyzing the envelope spectrum of the corrected signals. Because the time-varying spatial
filter construction is only dependent on the source location and has little relationship with
the signal energy, the proposed TSFR scheme has significant advantages in weak signal sep-
aration and diagnosis in comparison with traditional ones. With the verifications by both
simulation and experiment cases, the proposed array-based TSFR scheme shows a good
performance on multiple fault source separation and is expected to be used in the ADBD
system.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Railway service, as a main component of modern transportation, plays a significant role in nation economy. To satisfy the
people’s demand for more efficient and more convenient transportation, increasing train speed is a necessary trend. How-
ever, it will increase the severity of catastrophes when the train accidents happen. As the key components of a train, hun-
dreds of wheelset bearings support the entire weight of the train and rotate at a high speed. Their running statuses are bound
up with the train safety. As reported, defective train-bearings may cause serious accidents and further make the railway
transportation suffer huge losses [1,2]. Hence, it is of great significance for real-time bearing health monitoring and fault
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diagnosis in ensuring the safety operation of a train [3,4]. Currently, non-disassembling diagnosis techniques have attracted
increasing attentions, such as oil monitoring [5], hot-box detection [6], acoustic emission [7], vibration signal analysis [8],
wayside Acoustic Defective Bearing Detector (ADBD) system [9,10]. Among these techniques, the ADBD system as a non-
contact measurement technology, sets a microphone array on the wayside as shown in Fig. 1, thus it costs lower in compar-
ison with the on-board systems. The ADBD system acquires acoustic signals and detects bearing faults by assuming that the
acoustic signal generated by the bearings of a passing train contains relevant diagnostic information. However, two issues,
including Doppler distortion and multiple acoustic sources aliasing, bring considerable difficulties to accurate diagnosis for
train bearings.

The acquired acoustic signals in the ADBD system suffer from the Doppler distortion severely due to the train moving. The
spectrum of the acquired signal is shifted and extended in comparison with the source signal. It is an obstacle to identify the
fault frequency and further diagnose the bearing fault. So far, many works focus on reduction of Doppler distortion especially
in the wayside acoustic diagnosis for train bearings [11–13]. Dybala and his co-workers firstly proposed a disturbance-
oriented dynamic signal resampling method [14]. The core of the method is searching for the instantaneous frequency
(IF) from the acquired signal to calculate its corresponding resampling time vector. The method is simple and effective,
but does not perform well in a high background noise. He et al. combined this method with the stochastic resonance to over-
come the noise influence [15]. However, knowing a characteristic frequency beforehand limits its application. Liu et al. pro-
posed a time-domain interpolation resampling method based on a kinematic model analysis [16]. The problems of IF
calculation and knowing characteristic frequency beforehand are effectively avoided. Nevertheless, its result accuracy is
dependent on estimation of the geometry parameters. Subsequently, Liu et al. further proposed a data-driven method based
on multiple parameter matching [17]. However, it’s limited by failure to build the real-time Doppler correction diagnosis
system because of the huge computation requirement.

Note that all the methods mentioned above are in the assumption that the fault signal is from a single train bearing. How-
ever, in fact, the acquired signal is a superposition of signals from multiple bearings because a train is supported by many
train bearings. The bearing signals from different bogies can be identified easily because the distance between them is long
enough. However, in the same bogie, the distance between two train bearings is only about 2.3 m.When the train moves fast,
the signals from the two bearings will be significantly disturbed with each other in the time domain. Moreover, as the nat-
ural frequencies of these bearings are in the same frequency band, the frequency shift and expansion caused by Doppler dis-
tortion will result in spectrum aliasing. Although we can correct the acquired signal to conform to one of the multiple
sources, the time- and frequency- domain aliasing caused by other sources will not be eliminated, which still decreases diag-
nosis accuracy. Therefore, multi-bearing sources separation and correction is the basis of accurate diagnosis for train bear-
ings. Recently, several publications aimed to solve the issue. Emerging methods include pseudo time-frequency and
Dopplerlet filtering [18], time-frequency data fusion and time-frequency filtering [19], and generalized S-transform and
morphological filtering [20]. These schemes separate the multiple source signals by searching the time-centers (the time
when the train bearing moves in front of the microphone) from different sources and building corresponding time-
frequency filters to separate the sources in the time-frequency domain. However, all these traditional schemes should satisfy
two premises: (1) different acoustic sources should have similar energy magnitude; (2) background noise cannot be too
heavy. These schemes always calculate the time-centers by assuming that the time-centers are energy extreme points in
the whole time-frequency distribution (TFD) or pseudo TFD, and use the signal energy as an indicator to decide the time-
frequency filter boundary. Therefore, for the weak fault source, its time-center will be submerged in a strong fault source
or noise and the corresponding time-frequency filter cannot be constructed, which are fatal drawbacks of these schemes lim-
iting their practical application.

Fig. 1. Basic model of the ADBD system: (a) solid model view, and (b) schematic diagram.
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