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Abstract: This paper represents a design and development of a mobile sensing unit as well as its prototype

implementation for railway track monitoring. The unit consists of an ultra-small personal computer (PC), a

global positioning system (GPS) receiver, an accelerometer and an ADC (Analog/Digital Converter) so that

the unit can trace the route while capturing an acceleration response of a passenger vehicle. The unit en-

ables more frequent and qualitative data acquisition compared with traditional and the state of the practice

railway track inspection equipments. Locating disorder is the key of our unit, which has a reasonable accu-

racy of positioning with GPS data, existing facilities landmarks, and car acceleration responses. The pro-

posed unit is a promising device for efficient properties management of railway agencies. The prototype im-

plementation shows a result that car acceleration responses are related with the track displacements in low

frequencies. The results also imply that sensor settlement on a vehicle floor, not axes or bogies, is effective

for capturing track vertical displacements.

Key words: mobile sensing; railway track monitoring; instrumentation; data acquisition; passenger vehicle;

global positioning system (GPS)

Introduction

Railway track maintenance is a vital issue of satisfying
commuters’ demands as well as of reducing the risk of
accidents. East Japan Railway Co. operates an inspec-
tion vehicle “East i-E” that investigates railway sys-
tems including electric power, signals, communication,
and tracks!"). In order to measure precise displacements
of tracks, the measurement equipments are installed in
the bogies. Due to the operating cost during the meas-
urement, “East i-E” runs the same route in three months
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in low speed lines.

Railway tracks keep on progressing their displace-
ments continually, especially after heavy rain some-
times brought by typhoons. A small earthquake may
cause track displacement in Japan.

The objectives of the research are to develop a rail-
way track monitoring system that enables more fre-
quent measurements and make our system small and
functionally enough to capture and locate disorders.

1 Instrumentation
1.1 Requirement analysis

A simple and low-cost monitoring system has been
developed™!. The results indicated that high correla-
tion between train acceleration and track irregularity.
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However, their target field, Isumi line, was not good
for global positioning system (GPS) surveying due to
the mountainous environment. The equipments still
need to be downsized.
The below shows the requirements of our prototype
for railway track monitoring.
e Acceleration measurement
e Locating disorders
e Easy settlement in passengers’ vehicle
o Less cabling
o Battery powered
The key element is to be installed in a passengers’ ve-
hicle, which means that the system can be settled as
needed in order to increase a number of measurement
trials. It also restricts the system to being self-enclosed
so that the system may be installed in different type of
train vehicles.

1.2 Components

The prototype of the mobile sensing system for railway
tracks (ms4RAIL) is shown in Fig. 1. It consists of a
three-axis accelerometer, ADC (Analog/Digital Con-
verter), and an ultra portable personal computer (PC).
The accelerometer adopted in this research is manufac-
tured by Silicon Designs. It requires +5 V input and
produces —4 to 4V differential output, which corre-
sponds =5 to 5 G (5%9.8 m/s%) if Model 2422-005™" is
selected. The 2442-005 is sensitive to measure at the
level of 107 G (107> m/s”). The sensitivity is enough to
detect acceleration responses induce by running vehi-
cle on tracks. The ADC USB-6009"! is manufactured
by National Instruments, and has 14-bit resolution. The
combination of these accelerometer and ADC requires

ADC:
NI USB-6009

accelerometer:

Silicon Designs
2422-002/ 005

Data logging,
processing and
distributing PC:

Sony VGN-UXS50

GPS receiver:
VGP-BGU1

Fig. 1 Prototype implementation

only one USB cable for power supply and data acquisi-
tion. The PC VGN-UXS50 is an ultra portable PC with
enough capacity of operating Windows XP Profes-
sional. It has one USB port which is connected to the
ADC, and wired and wireless LAN connections. The
VGP-BGUL is a GPS receiver manufactured by Sony,
which connects a PC or other devices via Bluetooth.

NI LabVIEW! is installed in the PC and a small
data acquisition program is developed in order to col-
lect acceleration response to the PC’s storage. Lab-
VIEW offers very easy and user friendly interface so
that undergraduate students can make their own pro-
gram quickly.

1.3 Settlement

The prototyped mobile sensing unit is installed in the
cockpit of the first vehicle so that it avoids passengers’
footsteps. Figure 2 and 3 show the detail settlements of
a sensing unit and a GPS receiver, respectively.

Fig. 3 GPS receiver settlement

2 Data Acquisition

2.1 Field measurement

The target line is a typical commuter line connecting
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between suburban and urban areas in Tokyo area. The
field measurement was carried out on 24™ April, 2007
and it usually takes an hour in one direction. In the rest
of the paper, data acquired between Station “A” and
Station “B” are discussed mainly for the proof of our
concept.

2.2 Locating a vehicle

The GPS receiver sends National Marine Electronics
Association (NMEA)"! sentence every second. The
format recommended minimum specific GPS/transit
data (§GPRMC) is captured and the latitude and longi-
tude data is converted to local x-y coordinates. The
distance between “A” and “B” stations is 6566 meters
when calculated based on GPS data; however, the ac-
tual distance is 5434 meters as noted in the track
profile.

The locating error is about 20% of original track dis-
tance. The error has been occurred due to the loss of
the GPS satellite data when passing through viaducts
and stations. It is shown that the data when train vehi-
cles starting and stopping around station is not very
stable. The error is distributed to each GPS positioning
points in order to compensate the distance. Figure 4
illustrates the compensated distance.

2.3 Acceleration response

Due to the aliasing noises generated by radio transmis-
sion between train vehicles and the central control cen-
ter and other electro-magnetic noises, the ADC was
changed to NI USB-9233"! that has variable anti-
aliasing filters. The acceleration responses of a vehicle
are measured with 2000 Hz sampling. Longitude, lat-
eral, and vertical acceleration components are meas-
ured by a three-axis accelerometer mentioned above.

Although the vertical and lateral elements of accel-
eration are critical for the safety issues such as derail-
ing, and are important for the comfortability of passen-
gers. Only the vertical components of acceleration and
displacement, described in the next chapter, are inves-
tigated in the rest of the paper for the proof of our
concept.

3 Displacement-Acceleration
3.1 Measured Displacements

The East i-E measures displacement of railway track.

The displacement has five components: gauge, level,
vertical, horizontal, and plane geometry. The dis-
placements were measured on 250 April, 2007. As
mentioned above, the vertical component of displace-
ment is examined.

The vertical displacements are consists of a pair of
rails. The correlation between the displacements of two
rails is relatively good since the correlation coefficient
is equal to 0.87. The average of displacements of both
rails is computed as an index of vertical displacement.

The displacement is measured an interval of one me-
ter. The distance-displacement relation is translated to
the time-displacement relation by using the time-
distance relationship described in Fig. 4.
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3.2 Frequency analysis

Figures 5 and 6 show the vertical acceleration response
and displacement respectively. Figures 7 and 8 are
power spectra of acceleration and displacement respec-
tively. As shown in Fig. 8, the components, which are
greater than 20 Hz, are negligible small compared to

low-frequency components. The frequency distribution
of displacement stems from the measurement method
applied to East i-E.

3
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Fig. 5 Acceleration response
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Figure 7 describes that the components, which are
greater than 20 Hz, still have some power. However,

the high frequency components are not observed in Fig.

8, which indicates that the high frequency components
are generated by train vehicle’s equipments.

Figures 9 and 10 illustrate the wavelet coefficients
of the acceleration response and the displacement. A
vertical axis is shown by the shift parameter b, which
can be converted to time and a vertical axis is

described the scale parameter a, which can be con-
verted to frequency. Figures 9 and 10 describe fre-
quency-time responses. Pseudo-frequencies of accel-
eration and displacement are derived from the below
equation:

E
T M

where a is a scale parameter in a vertical axis, F, is a

specific value depending on a mother wavelet. In this
research, Morlet wavelet is chosen, and F,=0.8125.
dt is a sampling period. Since a mother wavelet usu-
ally has a dominant frequency band in frequency do-
main, not a specific number, the word “pseudo-
frequency” was shown above. However, the band is
very narrow so that the word “frequency” may be used
for a mother wavelet dominant wave component.
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Fig. 9 Wavelet coefficients of acceleration
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Fig. 10 Wavelet coefficient of displacement

The horizontal axis are converted the following
Equation:
t=b-dt 2)
where b shows a shift parameter in a horizontal axis.
dr values in Figs. 9 and 10 are equal to 0.0005 and
0.005 seconds, respectively. Scale b values of 1x10°
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and 1x10" in Figs. 9 and 10 correspond to time of 50
seconds, respectively. In the same way, scale a val-
ues of 800 and 80 in Figs. 9 and 10 correspond to fre-
quency of 2.031 Hz, respectively. It is indicated that
acceleration response of a vehicle shows promising
index for describing rail track vertical displacements.
The similar trends are found in Figs. 9 and 10. From 50
to 100 seconds, and around 200 seconds, the coeffi-
cient intensities are relatively large in the both figures,
as amplitudes of Figs. 5 and 6 are large. The corre-
sponding frequency band is between 1.354 Hz (a val-
ues of 1200 and 120 in Figs. 9 and 10, respectively)
and 2.031 Hz (a values of 800 and 80 in Figs. 9 and 10,
respectively).

4 Conclusions and Future Work

The prototype of a mobile sensing unit for railway
track (ms4RAIL) has been developed. It enables more
frequent track monitoring compared to the conven-
tional method. It also indicates the possibility of in-
strumentation for a number of passenger vehicles. As
the proof of the concept, vertical acceleration response
and the displacement are examined. The results
showed a good performance of measuring method pro-
posed in this research. It may indicate that the accel-
eration response on the floor of a passenger vehicle is a
promising index to capture railway track disorders in
vertical direction.

The further enhancements are to investigate the lon-
gitudinal and lateral components of acceleration
response, and accumulate field measurement cases.
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