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(57) Abstract

A railway track condition monitoring system including a plurality of sensors installed on a rail of the
track and spaced by a predetermined distance from each other. The sensors having respective signal
acquisition and recording means for the acquisition and recording of an acoustic signal being
generated by an approaching train and propagated by the rail or by a ground carrying the rail. A signal
transfer means for the transfer of an acquired and recorded signal to the passing train by wireless
transfer at the time of passing of the train in proximity to sensors, and a signal analyzing means for
analysing transferred ones of the acquired and recorded signal on-board the passing train. The signal
analyzing means may be adapted to compare in a processing unit the signals from adjacent sensors
and on that basis indicate a rail discontinuity.
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Field of invention.

The present invention relates to a railway track monitoring system for detecting a partial
or complete disruption of a rail of the railway track, which can help railroad authorities
or railroad operators to continuously monitor the rail tracks on potential breaks in the

rails.

Background.

The continuous evolution or abrupt occurrence of fractures in rail profiles used for
railway tracks is considered as a severe problem as it may cause, in the most extreme
cases, the derailment of trains and railway vehicles, and hence leads to both human and
financial losses. Especially during winter months and extreme low temperatures, broken
rails occur more often. The low temperatures lead to shrinking of the steel profiles
which, in the most severe cases, ends in the complete disruption of the rails (e.g.

http://www.aftenposten.no/nyheter/iriks/Kulden-stopper-togene-8306239.html). See also:

http://www.tu.no/samferdsel/2016/01/17/pa-disse-togstrekningene-er-det-storst-fare-for-

skinnebrudd?utm_source=newsletter-2016-01-

18&utm_medium=email&utm_campaign=newsletter

The herein proposed surveillance procedure is targeting the partial or complete
disruption of the rails (i.e., larger cracks that run through the entire profile and hence
lead to a complete separation of the rail) in a semi-continuous (near-real-time) mode.
The proposed procedure is not intended to identify small fractures (fissures, hairline
cracks) that are slowly developing in the rails and which do not represent a severe threat
to railroad safety. The causes for small fractures in the steel profiles of railway tracks
can be manifold, e.g., mechanical degeneration (abrasion) due to operation, chemical
erosion. However, the complete separation of the rails (known as ‘broken rails’ effect)
may not only be the long-term result of these impacts, but also the sudden effect caused
by

- temperature variations (thermomechanical shrinkage/dilatation of materials)

- defective welding seams/joints

- vandalism, sabotage

- other impacts (e.g., rockfalls, accidents).
The herein proposed procedure shall not substitute existing inspection procedures but

more complement those and simply contribute additional safety to railroad traffic.
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Known solutions, and problems with these.

According to Norsk Jernbaneverkets Teknisk Regelverk (JBV-TR;

https://trv.jbv.no/wiki/Forside), procedures exist to inspect and investigate railway tracks

with respect to the existence of fissures and fractures. As far as it can be taken from the
JBV-TR, two inspection types are mainly in practice:

- visual inspection (a),

- ultrasound control (b).
As visual inspections (a) do only provide a certain level of accuracy, are highly biased,
subjective, and, if conducted regularly for an entire railway network, will be highly
ineffective as well as cost-consuming, a more technical procedure conducted in a more
automated operation mode may be preferable. However, no information is provided in
JBV-TR on the effectivity and reliability of existing monitoring procedures based on
ultrasound control (b). Based on personal communication with Norway’s
Jernbaneverket (JBV), each segment of Norway’s railroad network is inspected once per
year on average (some segments more often, other segments less frequent) by the

ultrasound trolley (ultralydtralle).

What becomes clear, however, is the fact that neither of both inspection methods can be
applied in a continuous mode, hence reducing the chance to identify cracks or broken
segments immediately after their occurrence. [Pers. Comm. with Frode Teigen (JBV):
“viktig & fa beskjed umiddelbart skinnebrudd har skjedd”.]

In addition, a broken rail may be identified if the electric current circuit (stremkrets) in
the rails is interrupted. This, however, will not be possible anymore when ERTMS
(European Rail Traffic Management System) has replaced the traditional standards for
train control and command systems

(https://en.wikipedia.org/wiki/European Rail Traffic Management System).

Also, only the more important segments of the rail network were/are equipped with

current circuits.

Figure 1 illustrates a prior art rail break detection solution disclosed in the publication
with title “Elastic Wave Analysis for Broken rail detection”, wherein a vibration or
acoustic signal on the rail that is generated by a train moving on the rails and
propagated from the train towards the rail break and the signal reflected back from the

rail break towards the train is sensed by a sensor at a location between the train and the
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rail break, the detection of a rail break being made on basis of an increased amplitude of

the total signal at the location of the sensor.

Other technical solutions involving track mounted sensors for monitoring or checking a
railroad track are disclosed in JP2015034452A, W0O2013050244A1, and
US2015285927A1. Other technical solutions for monitoring or checking a railroad track
are disclosed in US2015033864A1 and US2014129154A1.

Problems to be solved.

In view of the weaknesses of existing inspection methodologies, the novel inspection
system aims at solving at least one of the following problems:
- autonomous operation, possibly operated in an automated mode (hence cost-
effective)
- objective assessment, i.e., not being dependent on the subjective opinion of the
screener(s) but on empirical proof (i.e., by instrumental/experimental results)
- robustness, both with respect to the analysis procedure as well as the physical
components (due to weathering effects etc.)
- redundancy, so that the functionality of the system is guaranteed even if certain
components of the system (sensors, analysis units) are malfunctioning
- non-invasiveness, i.e., neither the physical components of the system nor its
operation shall have any negative impact on the train traffic itself or any other
existing installation
- adding safety, i.e., the system shall only provide additional safety, even in cases
where the system is malfunctioning, risks connected with railroad safety are not

increased.
Summary of the solution of the invention.
The present invention provides a railway track condition monitoring system for
detecting a partial or complete disruption of a rail of the railway track according to the

accompanying patent claim 1.

Features of embodiments of the railway track condition monitoring system according to

the accompanying patent claim 1 are recited in the accompanying patent claims 4 — 5.

A railroad surveillance solution as disclosed herein, in a general configuration
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comprises

a first phase, also referred to as the instrumentation phase, wherein both rails and
trains are equipped with components of the rail surveillance system, wherein sensor
units are attached to the rails, advantageously in equal or varying distance to each other,
while receiver/processing units are carried by a single train, a few trains, or many trains,
and

a second phase, also referred to as the excitation and recording phase, wherein
vibrations or acoustic waves that are generated by the train and travelling in the rails
with a wave propagation velocity Vyayes greater than the train’s velocity Viin, and any
sensor located in the train’s moving direction will be able to record wherein the
incoming “wave trains”’, and wherein that the propagation medium, typically a
standardized steel rail profile, between two sensors is uniform, that the surrounding
conditions remain substantially stable, and that wave trains recorded at consecutive
sensors will be highly correlated (irrespective of the time delay) is postulated, and in
case of a broken rail, signals recorded by those sensors located beyond the broken rail
segment will be significantly different and hence uncorrelated when compared with
signals recorded at sensors being located ahead of the broken segment, and

a third phase, also referred to as the data collection, data processing, and alerting
phase, wherein the very same passing train equipped with a receiver unit picks up the
recorded signal at each sensor, and the receiver/processing unit aboard the train
compares/correlates data from consecutive sensors, and inconsistencies, which could be
understood as uncorrelated signals between two sensors, are flagged and reported, or

alerted, to the rail authority’s operation center, TOCC.

In a first embodiment of the general configuration of the surveillance solution of above,
it comprises sensor units for sensing acceleration of a rail of a track, the sensor units
being attached to the rail, spaced with respect to each other. Advantageously, the sensor
units are equidistantly spaced along the track. The inter-sensor distance of the spaced
sensors units may vary along a given rail or from one installation to another, depending
on factors affecting the track’s regularity. Such factors could e.g. be curves,
installations, bridges, and switches/turnouts. Both rails of a rail pair of a typical railroad
track are advantageously equipped with sensors units. Each sensor unit is
advantageously geographically tagged, allowing a potentially broken segment to be

localized easily.

In an advantageous embodiment of the first embodiment of the general configuration of

the surveillance solution of above comprising sensor units, the sensor units are force-fit
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tied to the outside foot of the rail profile so that no interference with the train wheels
can occur. The fastening of the sensor unit to the rails may be done by glue or epoxy

resin.

In an advantageous embodiment of the first embodiment of the general configuration of
the surveillance solution of above comprising sensor units, the sensor unit could
comprise at least one of

a sensor including an acceleration or vibration sensor adapted to sense a time-
dependent acceleration or vibration of the rail generated by an incoming train and
propagated on the rail and to output a sensed acceleration or vibration signal, and a
signal recording means adapted to make a recording of a sensed acceleration or
vibration signal provided by the acceleration or vibration sensor, and

a first processor comprising a processor means adapted to process the sensed
acceleration or vibration signal of a recording for identifying a signal segment
corresponding to a predetermined characteristic signal pattern, and

a first data memory for saving the sensed data to a data file, first signal data
representing an identified one of the signal segment, and

a transmitter including a first wireless data communication means adapted to
communicate wirelessly a saved one of said first signal data to a remotely located
corresponding second wireless data communication means, and

a battery for continuous supply of electric power to said sensor, first processor,

first memory, and transmitter.

In an advantageous embodiment, the acceleration or vibration sensor comprises a sensor
gain control circuit means arranged to control the gain or sensitivity of the acceleration
or vibration sensor so as to operate the sensor in a noise limited sensing mode. In the
noise limited sensing mode, at times when no acceleration or vibration from a train in
motion is present in the rail at the position of the sensor unit, the level of a sensed
acceleration or vibration signal output from the sensor is due to noise and is kept within
a small fraction, preferably within 30%, more preferably within 15%, and even more
preferably within 5%, of the full dynamic range of the acceleration or vibration signal
output of the sensor. The sensor gain control circuit means is in one embodiment
adapted to provide dynamic control of the sensor gain or sensitivity, while in another
embodiment, it is adapted to maintain the sensor gain or sensitivity at a predetermined

level that is either fixed or adjustable.

In an advantageous embodiment of the first embodiment of the general configuration of
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the surveillance solution of above comprising a receiver and processor unit aboard the
train, the receiver and processor unit could comprise at least one of

a locator adapted to determine a location of the train,

at least one of the second wireless data communication means adapted to receive
wirelessly said saved one of said first signal data from the first wireless data
communication means of a sensor unit,

a combiner adapted to associate a determined location of the train with a
received one of said first signal data from a respective sensor unit,

a second memory adapted to store a plurality of ones of said first signal data
received from of a respective ones of a plurality of said sensor unit and associated ones
of said determined locations of the train, and

a second processor adapted to retrieve from the second memory and process a
plurality of ones of said first signal data and to derive an indicator of a rail break at a

location between locations of at least two of said sensor unit.

In an advantageous embodiment of the first embodiment of the general configuration of
the surveillance solution of above comprising seismic sensor units, it is envisioned that
the sensor units are designed as small as possible so as to avoid catching too much
attention from persons walking by the tracks (and thereby being spoiled or vandalized)
and to avoid offering open surface for being damaged by mechanical impacts (stones
ete).

In a second embodiment of the general configuration of the surveillance solution of
above, or in a further embodiment of the first embodiment of above, it comprises one or
more receiver units being carried by a train, wherein the one or more receiver units
is/are adapted to receive the data from one or more sensor units, to do data processing,

and to forward status/alert messages to the train operation control center (TOCC).

In an advantageous embodiment of the second embodiment of the surveillance solution
of above, or in a further embodiment of the first embodiment of above, the solution
comprises one or more receiver units being carried by a train, wherein the one or more
receiver units could advantageously comprise at least one of:

a powerful wireless data transmission device, such as i.e. a Bluetooth type
device, which will pick up the data from each sensor while passing by, such as e.g. over
a period of a few seconds available to do the handing over of the data file, and

a processing unit, such as e.g. implemented by a microchip type processor,

which comprises means for at least one of: unpacking the data file,
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comparing/correlating the data with data from previous/subsequent sensors, identifying
the correlation coefficient, and sending a status message to the train operation control
center, TOCC, such as e.g. using the train’s GSM system, or storing geotagged
information in a database, which geotagged information in a database is advantageously

adapted to be handed over the TOCC once the train reached a major train station.

In a further embodiment of the second embodiment of the general configuration of the
surveillance solution of above, or in a further embodiment of the first embodiment of
above, on the solution’s promptness to identify a broken rail, hence the safety level, is
adapted to be decided by the amount of trains carrying the receiver units and how often
these trains pass a certain rail track, thereby being enabled to pick up their own

produced vibration or movement signals that are sensed at the sensor units.

In an advantageous embodiment of the first embodiment of the general configuration of
the surveillance solution of above comprising seismic sensor units, signals from sub-
groups of sensors are collected in a local track, from where they are transferred to the
train, which would be different from a sensor individual transfer. It is contemplated that
signals collected from sub-groups of sensors are compared in a local track unit, from
where they are transferred to the train, allowing processing at the level of the track. It is
further contemplated that sensor signals are analysed in a central command unit after
being forward by the passing train, allowing processing to be done in other facility than

in the train.

Detailed description.

In the following, the invention will be described by way of example and with reference

to the accompanying drawings, in which:

Figure 2 is a schematic drawing illustrating details of a typical rail sensor to track
installation. The sketch on the left illustrates the cross section of one rail profile (A—A)

while the right sketch represents the side view of the rail track.

Figure 3 shows details of a typical rail sensor installation along a section of a track,

where the inter-sensor distance (520) may vary.

Figure 4 is a schematic drawing illustrating the acoustic/seismic waves generated by the

moving train, typically by the wheels of the train, travelling through the rails and sensed
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by the sensors as a function of time before the train passes the respective sensors. In
case that the wave propagation medium, which would typically be the rail profile itself,
between the moving train and a given line of sensors is intact and substantially
uninterrupted, each of these sensors will sense a signal with a highly similar signature
over time. Sensors located beyond a broken rail segment will sense a highly disturbed
signal of the incoming train as the wave propagation medium between the travelling

train and the sensor is more or less interrupted.

Figure 5 is a schematic drawing illustrating the receiving and processing unit on-board a
train in motion and reception of signals from track rail sensors successively as the train

is proximal to a sensor.

Figure 6A illustrates a recording of the signal sensed by a seismic sensor directly
attached to a rail and being created by an incoming train. In the present example, the
signal versus time diagram clearly indicates various wave trains arriving at the

respective sensor with various amplitude levels.

Figures 6B, 6C and 6D represent detail plots of the three marked windows in Figure 6A.
Figure 6B shows one of the first wavetrains sensed with a very characteristic and
homogenous waveform versus time. Figure 6C shows the rise phase of the sensed signal
which is linearly increasing until it reaches a higher more stable amplitude level. Figure
6D illustrates the sensed signal after the train has long passed the recording sensor,
which basically represents random noise and which is also observed before the first

train-induced vibrations arrive at one sensor.

Figure 7 provides an exemplary illustration of a signal sensed by a sensor employed in
an embodiment of the invention, wherein the upper graph (Figure 7A) displays the
entire signal, and the lower graph (Figure 7B) displays a selected portion of the signal
on an expanded time scale. The selected portion of the signal represents the rectangle
shown in the upper graph (marked as B in Figure 7A) encompassing a time frame in
which the signal rises from a noise level, through a transient signal part, up to a

stationary signal level.

Figure 8 provides an exemplary illustration of five time shifted signals as appearing
when sensed, at an intact rail with no discontinuity at any point between the sensors, by
five respective sensors employed in an embodiment of the invention, and, for each of

the five illustrated signals, rectangles to indicate signal windows selected for sensor
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signal correlations.

Figure 9 provides an exemplary illustration of sensor signal correlations according to
the invention for the signals in the selected windows of the five time shifted signals

illustrated in Figure 8.

Figure 10 provides an exemplary illustration of five time shifted signals as appearing
when sensed, at a rail with one discontinuity at one point between the sensors (i.e.,
between Sensor S3 and Sensor S4), by five respective sensors employed in an
embodiment of the invention, and, for each of the five illustrated signals, rectangles to

indicate signal windows selected for sensor signal correlations.

Figure 11 provides an exemplary illustration of sensor signal correlations according to
the invention for the signals in the selected windows of the five time shifted signals

illustrated in Figure 10.

Figure 12 provides an exemplary flow chart illustration of a procedure of action based
on thresholds for action defined by different cross-correlation coefficients resulting

from correlation of signals from rail sensors.

In the following, a method for triggering recording an acceleration or vibration signal
detected by the acceleration or vibration sensor is described, which method is also
referred to herein as a signal detection algorithm for controlling when shall the

recording of data be triggered.

Once the train-induced accelerations or vibrations in the rail have arrived at the sensor
unit and are sensed by the acceleration or vibration sensor, a portion of the sensed signal
that is considered characteristic of a useful signal is recorded, preferably by data
representing the sensed signal stored into a separate data file in a data storage. The data
representing the sensed signal stored into the separate data file later establishes the basis
for the correlation with data from neighbouring sensor units. The decision to initiate a
recording, herein also referred to as a signal data recording trigger, is made on basis of
one or more of the following:
a) Using a measured signal-to-noise ratio (SNR) within a moving short time
window:
The average amplitude level of all data points in a moving time window are

continuously monitored. At times when no train-induced waveforms arrive at the
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sensor, the sensed signal output from the acceleration or vibration sensor of the
sensor unit is considered a noise signal. A noise signal detector determines and
stores the average amplitude level of the noise signal. As the train-induced
waveforms arrive at the sensor, the average amplitude level of the sensed
accelerations or vibrations increases and rises above the noise level, as
illustrated in Figure 7. A signal-to-noise ratio is computed as the ratio of the
average amplitude level of the sensed accelerations or vibrations to the average
amplitude level of the noise signal. A certain signal-to-noise ratio is set as
threshold, and the recording of the sensed signal will be initiated (triggered) as
soon as the set signal-to-noise ratio threshold is exceeded by the train-induced
vibrations. The time window used is not too short in order to avoid false
recordings triggered by perturbations close to the respective sensor units (e.g.
induced by traffic or other ambient noise).

The trigger threshold using the signal-to-noise ratio can be set as a fixed
threshold value based upon the noise level, i.e., trigger threshold (SNR) = 3 x
noise level.

Short-time average/long-time average (STA/LTA) trigger:

The average amplitudes of all data points sensed in a short and a long time
window, called short-time average (STA) and long-time average (LTA),
respectively, are monitored and compared with each other; once the train-
induced wavetrains arrive at the sensor unit, the STA will experience a sudden
increase while the LTA will only be affected in minor way; the deviation
between STA and LTA (sudden increase of the STA/LTA ratio) is used to
trigger the recording of the sensed signal.

The trigger threshold using the STA/LTA ratio can be set as:

trigger threshold (STA/LTA) > 1.2 x (STA/LTA)"*; i.e., 20% increase of the
previous (STA/LTA) for noise.

Kurtosis of the transient signal:

The shape (tailedness) of the envelope of the steadily increasing sensed transient
signal upon arrival of a train-induced wavetrain and the thereby increasing
amplitudes of the sensed transient signal, is identified and applied to trigger the
recording of the sensed signal.

Autocorrelation of the transient/stationary signal:

The single trace data sensed at each sensor is constantly auto-correlated (i.e.,
cross-correlated with itself at different points in time). In case of random noise
and no train-induced wavetrains arriving at the senor unit, the maximum auto-

correlation coefficient (autocorr = 1) only occurs at zero-lag, else it is zero.
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Once the train-induced wavetrains arrive at the sensor unit, during the transient
part of the signal which is characterized by steadily increasing amplitudes (see
Figure 7A), an increasing number of auto-correlation spikes will occur away
from the zero-lag. When the signal becomes stationary, auto-correlating spikes
of (more or less) constant amplitudes will emerge periodically (depending on the
dominant period of the stationary sensed signal).

e) Amplitude variations of the stationary signal lower than a fixed threshold:
The average maximum amplitudes of successive data points within a certain
time window are monitored and compared with each other; once the train-
induced wavetrains arrive at the sensor unit, the variation of the maximum
amplitudes (peaks) of the stationary part of the sensed signal (compare with
Figure 7) becomes minimal, which will trigger the recording of the sensed
signal. The trigger using the amplitude variations of the stationary part of the
sensed signal can in an embodiment of the invention be set as:
trigger threshold (amplitude variations of stationary part) < 0.05 x average
amplitude of sensed signal; i.e., variation smaller than 5% of the average

amplitudes of the sensed signal.

Figure 7 illustrates a time signal sensed by a sensor unit which indicates the arrival of
the first wavetrain induced by an approaching train at distance. Random seismic noise

can be observed before and after the train-induced signal.

As an example of a sensor element considered applicable for an embodiment of the
present invention, reference is made to the models 4020 dual axis configuration and
4030 triaxial configuration accelerometers from Measurement Specialties Inc., a
member of the TE Connectivity Ltd. Family of companies, which is of silicon MEMS
type, providing DC Response and dual and triaxial output options, respectively, in
respective £2g and £6g measurement ranges with a nominal 0-200Hz bandwidth. For
the model 4020, sensitivity is 1000 mV/g and residual noise over the passband is 600
microvolts RMS. For the model 4030, sensitivity is 333 mV/g and residual noise over
the passband is 240 microvolts RMS. Accordingly, a sensor according to the invention
employing the model 4020 dual axis configuration or the model 4030 triaxial
configuration accelerometer is capable of a useful dynamic signal range of about 35 dB,

which is considered suitable for implementation of the invention.

In the following is described a sanity check of a section of the rail track between two

consecutive sensors.
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Having a number N of sensors distributed along the track, the correlation coefficient
matrix between the signals sensed at a first sensor s, and at a second sensor s+, ,
wherein n and m are integers, n can take any value, and m can take any value different
from zero, is defined as:

_ Cov(s,,S,.m)

Corr (s,,S,,m)

O

Sy Snem

where gy and o, are the standard deviations of the signals at the respective sensors

pairs and Cov(sy, Sp+m) is their covariance. The correlation coefficient is defined in the

interval [— 1 1].

Figure 8 illustrates the recording of a signal generated by an instationary source moving
in the direction of the sensors and thereby mimicking a train moving towards the
sensors. The signal’s wave propagation velocity is set to 6,000 m/s while the inter-
sensor distance (520) is set to 1 km.

Figure 9 shows the correlation matrix between the correlation windows of all five
sensors. The correlation window is located in the stationary parts of the signals (st.s.).
The correlation matrix demonstrates high cross correlation coefficients even between

signals recorded at sensors with inter-sensor distances of 4 km.

Figure 10 illustrates records of the synthetic signal at the eight sensors but with a broken
segment inbetween sensors #3 (s3) and #4 (s3+1). Due to the break in the propagation
medium, the waves generated by the introduced signal do not propagate beyond the
breach point (depending on the width of the break), and the cross correlation
coefficients between the sensors s; and s31; located before and after the breach point,
respectively, suddenly drop as it is indicated in the corresponding cross-correlation

matrix, which is illustrated in Figure 11.

The sensed signals that are recorded at consecutively located sensor units s,, Sy+s ... and
advantageously stored in separate data files that are picked up by the train while passing
the respective sensor units, will be cross-correlated against each other, preferably using

the herein described cross-correlation algorithm.

The sanity check of the rail track inbetween two sensor units s, s,+, will be based upon
the cross-correlation coefficient between the sensed signals at the two sensor units s,

and s,+,. In the case that the cross-correlation coefficient is lower than a certain
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threshold, which in an embodiment of the invention is suggested set for Corr (s, Sy+m) =
0.99, an alert message is sent to the TOCC to indicate the respective section of the rail

track between sensor units s, and s,+,, for a potential broken rail.

The sanity check of the rail track between sensor units s, s,+, can be
verified/corroborated by cross-correlating the sensed signals of sensor units that are not
directly neighbouring each other, i.e., sensor units s,_; and s,+,, sensor units s, and

Sp+m-+1, SENSOT UNItS S+, ANd Syy4,+2, €LC.

The sanity check of the rail track between sensor units s, s,+, can be
verified/corroborated by cross-correlating the signals generated by consecutive trains

and sensed at the very same sensor units s,, S+

In the following, different implementations all covered by the invention will be

exemplified.

Using statistics terminology, the cross-correlation coefficients resulting from correlation
of signals from rail sensors are advantageously distinguished into:

1) “exact” correlation (Corr. value = 1),

2) “strong” correlation (Corr. value > 0.8 and < 1),

3) “medium” correlation (Corr. value = in range 0.5 - 0.8),

4) “weak” correlation (Corr. value < 0.5 and >0), and

5) “no” correlation (Corr. value = 0),
though the values for these thresholds for action could show some variations from one

reference to another reference.

In a first example, now referred to as solution 1, thresholds for action are
advantageously applied as follows:

a) “exact” and “strong” correlation => no alert message is sent

b) “medium” correlation => set flag (“warning”), and perform double-check with
neighbouring sensors (e.g. sensors s, and s,,) before an alert message is sent

¢) “weak” and “no” correlation => alert message is sent

In a second example, now referred to as solution 2: an alert message trigger logic
comprised in an apparatus or method according to the invention is implementing at least

part of the procedure described in Figure 12.
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Advantages.

The present invention is easily adapted for application at different railways from the fact
that railway tracks generally consist of standardized components and standardized
installation means. This especially applies to the rails which are standardized steel
profiles supported by standardized sleepers/crossties, which are typically precast
reinforced concrete sleepers/crossties. In respect of the present invention, the entire rail-
sleeper system can be considered as a stable system that is not undergoing significant
changes, e.g. in terms of stiffness or mass variations, over a period of time of reasonable

length.



20

25

30

35

341972

15

Patent claims

1.

A railway track condition monitoring system for detecting a partial or complete
disruption of a rail of the railway track, comprising

a plurality of sensors installed on a rail of the track and spaced by a predetermined
distance from each other, the sensors having respective signal acquisition and recording
means for the acquisition and recording of an acoustic signal being generated by an
approaching train and propagated by the rail or by a ground carrying the rail,

a signal transfer means for the transfer of an acquired and recorded signal to the passing
train by wireless transfer at the time of passing of the train in proximity to sensors,

a signal analyzing means for analysing transferred ones of the acquired and recorded
signal on-board the passing train, and means adapted to cross-correlating the signals
from a first sensor (s,) and an adjacent second sensor (s,+n) and detecting the partial or

complete disruption of a rail of the railway track.

2.
The rail condition monitoring system of claim 1, wherein the installed sensors are
adapted to be stimulated by an acoustic stimulation passively generated

by the approaching train collecting the data.

3.
The rail condition monitoring system of claim 1 or 2, wherein the installed sensors
comprise means for recording the signal for a given programmed time period upon the

signal exceeding predefined noise level.

4.

The rail condition monitoring system of claim 1 or 2, wherein signal acquisition and
recording means is adapted to identify a start of the signal and to record the start of the
signal, and the signal analyzing means is adapted to analyse a recorded start of the

signal to derive therefrom rail breakage information indicating the rail discontinuity.

5.
The rail condition monitoring system according to any one of claims 1-4, comprising
means adapted to distinguish cross-correlation coefficients obtained into

a) “exact” correlation for Corr. value = 1,

b) “strong” correlation for Corr. value > 0.8,
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¢) “medium” correlation for Corr. value =0.5 - 0.8,

d) “weak” correlation for Corr. value < 0.5, and

e) “no” correlation for Corr. value =0,
and comprising means responsive to said distinguished cross-correlation coefficients
and adapted so to not send an alert message in response to “exact” or “strong”
correlation, to perform double-check with neighbouring sensors (e.g. sensors s, and s,7)
before an alert message is sent in response to “medium” correlation, and to send an alert

message in response to “weak” or “no” correlation.
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Patentkrayw

1.

Jernbanesportilstandsovervakningssystem for detektering av et delvis eller fullstendig
brudd i en jernbanesporskinne, omfattende

en flerhet av sensorer installert pa en jernbaneskinne og romlig skilt med en
forutbestemt avstand fra hverandre, hvilke sensorer har respektive signalinnsamlings-
og registreringsmidler for innsamling og registrering av et akustisk signal generert av et
tog som narmer seg og forplantet av skinnen eller av jord som understetter skinnen,
signaloverferingsmiddel for overferingen av et innsamlet og registrert signal til det
passerende toget pd tidspunktet for togets passering nar sensorene,

karakterisert ved at det omfatter signalanalyseringsmiddel for analysering av
overforte enkelte av det innsamlete og registrerte signalet ombord pé det passerende
toget, og middel anpasset til & krysskorrelere signalene fra en forste sensor (s,) og en
tilliggende andre sensor (s,+m) 0g & detektere det delvise eller fullstendige bruddet i

jernbanesporskinnen.

2.
Jernbanesportilstandsovervidkningssystem ifelge krav 1, hvori de installerte sensorene er
anpasset til & bli stimulert av en akustisk stimulering passivt generert av det toget som

narmer seg innsamlende data.

3.
Jernbanesportilstandsovervakningssystem ifelge krav 1 eller 2, hvori de installerte
sensorene omfatter middel for & registrere signalet i et gitt programmert tidsrom etter at

signalet overskrider et forutdefinert stoyniva.

4.

Jernbanesportilstandsovervakningssystem ifelge krav 1 eller 2, hvori signalinnsamlings-
og registreringsmiddelet er anpasset til 4 identifisere en signalbegynnelse og a registrere
signalbegynnelsen, og signalanalyseringsmiddelet er anpasset til 4 analysere en
registrert signalbegynnelse for & utlede derfra skinnebruddinformasjon som indikerer

skinnediskontinuitet.

5.
Jernbanesportilstandsovervakningssystem ifelge et hvilket som helst av kravene 1 - 4,

omfattende middel anpasset til & inndele oppnddde krysskorrelasjonskoeffisienter i
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a) “eksakt” korrelasjon for korr. verdi = 1,

b) “sterk” korrelasjon for korr. verdi > 0.8,

¢) “middels” korrelasjon for korr. verdi = 0.5 - 0.8,

d) “svak” korrelasjon for korr. verdi < 0.5, and

e) “ingen” korrelasjon for korr. verdi = 0,
og omfattende middel som responderer pé de inndelte krysskorrelasjonskoeffisienter
og er anpasset til ikke & sende varselmelding som reaksjon pé “eksakt” eller “sterk”, &
utfore en dobbeltkontroll med nabosensorer (s, and s,+,) for en varselmelding blir sendt
som reaksjon pa “middels” korrelasjon, og & sende en varselmelding som reaksjon pa

“svak” or “ingen” korrelasjon.
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