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(57) Abstract: This application describes method and apparatus for detecting train separation, where one or more railway cars/car -
riages (401)accidentally decouple from the rest of the train. The method involves performing distributed acoustic sensing on at least
one optical fibre (104a, 104b) to provide a plurality of longitudinal acoustic sensor portions along the railway (201). The acoustic re -
sponse is analysed to detect a signature indicative of a train separation. This may involve detecting acoustic events (302, 303) associ -
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Detecting Train Separation

The present invention relates to the detection of separation of sections of a train on a
railway and especially to methods and apparatus for detecting train separation/split

using fibre optic distributed acoustic sensing.

Train separation, sometimes referred to as train-split or ‘break-in-two’, can occur where
one or more of the carriages or cars of a train become accidentally decoupled from the
rest of the carriages/cars and/or the locomotive. This can happen during train
operation, i.e. when the train is moving, for example due to failure of the coupling

mechanism.

In many train designs each car or carriage may be provided with its own set of brakes
and the braking system may be arranged to fail-safe to on. For example air brakes are
known where compressed air is provided from the locomotive via hoses connecting the
cars together and in the event of a drop of air pressure, which would occur if two cars
were to decouple, the brakes on both sections of the separated train would
automatically apply using compressed air stored in a reservoir in each car. Thus both

sections of the separated train would automatically come to a halt.

However in some railway operations fail-safe braking systems may not be employed. It
is also possible that the fail-safe braking system may not be available for the whole
train and/or may be defective. For example in the air brake system mentioned above a
fault in the flow of compressed air, for instance due to one or more faulty or incorrectly
controlled valves, could potentially mean that cars in a first part of a train receive a high
pressure supply but cars in a second part of the train have no or only a low pressure
supply. The reservoirs of compressed air in the cars of the second part of the train
may therefore not be sufficiently pressurised to apply the brakes. Whilst this would
mean the rear part of the train may have no brakes this may not be noticeable in a long
train. A train separation resulting from a decoupling in the second section of the train

would therefore not result in any fail-safe being employed.

If train separation does occur in the absence of a working fail-safe the train separation
may not be readily detectable by the train driving crew, especially in the case of long
freight trains which can be anything from several hundred meters to kilometres in

length.
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Clearly an undetected train separation can represent a serious hazard. The decoupled
section could slow to a standstill on the line where it represents an unknown hazard on
the line. The decoupled rear section may however have significant momentum and
thus can continue to run for quite some distance. If the relative speed of the decoupled
section compared to the driven section of the train increases, as may happen if the
driven section of train decelerates and/or the decoupled section picks up speed down a
decline, the decoupled section may impact with the rear of the rest of the train, possibly
causing damage to the train and with a possible risk of derailment. In some instance
the decoupled section could impact into the driven section, rebound, pick-up more
speed and impact again. Alternatively if the decoupled section is travelling up an
incline it could slow and then reverse direction and become a runaway travelling back

in the direction it came from.

Various systems for train monitoring and control are known to provide automatic train
protection but there are many rail networks that do not operate with such train
protection systems. In any case such systems are typically unable to detect a train
separation and would require detection of a train separation by some other means in

order to provide protection for the separated train and any traffic on the network.

For instance some train control systems rely on the train itself providing positional
information for example based on one or more of a GPS locator, various on-board
inertial guidance systems and/or transceivers for communicating with trackside
information systems/position markers. Typically the various locators, sensors or
transceivers are housed in the locomotive or otherwise at the front of the train and thus
realistically only provide information about the location of the front of the train. The
position of the end of the train is then assumed from knowledge of the number of cars
of the train. In a train separation such as described above the front of the train may
continue as expected without the driver being aware of the separation. The train
control system will therefore detect the expected motion of the front of the train and will

not detect any problem.

There is therefore a desire for method and apparatus that can detect train separations.

Thus according to an aspect of the present invention there is provided a method

detecting separation of a train comprising: performing distributed acoustic sensing on
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at least one optical fibre deployed along the length of a railway so as to provide a
plurality of longitudinal acoustic sensor portions along the railway; analysing the
acoustic response from said acoustic sensor portions to detect a signature indicative of

a train having separated.

The method of this aspect of the present invention therefore uses the principles of fibre
optic distributed acoustic sensing (DAS). Distributed acoustic sensing is a known type
of sensing where an optical fibre is deployed as a sensing fibre and repeatedly
interrogated with electromagnetic radiation to provide sensing of acoustic activity along
its length. Typically one or more input pulses of radiation are launched into the optical
fibre. By analysing the radiation backscattered from within the fibre, the fibre can
effectively be divided into a plurality of discrete sensing portions which may be (but do
not have to be) contiguous. Within each discrete sensing portion mechanical
disturbances of the fibre, for instance, strains due to incident acoustic waves, cause a
variation in the properties of the radiation which is backscattered from that portion.
This variation can be detected and analysed and used to give a measure of the
intensity of disturbance of the fibre at that sensing portion. Thus the DAS sensor
effectively acts as a linear sensing array of acoustic sensing portions of optical fibre.
The length of the sensing portions of fibre is determined by the characteristics of the
interrogating radiation and the processing applied to the backscatter signals but
typically sensing portions of the order of a few meters to a few tens of meters or so
may be used. As used in this specification the term “distributed acoustic sensing” will
be taken to mean sensing by optically interrogating an optical fibre to provide a plurality
of discrete acoustic sensing portions distributed longitudinally along the fibre and the
term “distributed acoustic sensor’ shall be interpreted accordingly. The term “acoustic”
shall mean any type of pressure wave or mechanical disturbance that may resultin a
change of strain on an optical fibre and for the avoidance of doubt the term acoustic be

taken to include ultrasonic and subsonic waves as well as seismic waves.

DAS can be operated to provide many sensing channels over a long length of fibre, for
example DAS can be applied on fibre lengths of up to 40km or more with contiguous
sensing channels of the order of 10m long. Thus a long length of railway can be
monitored but with high spatial resolution sampling. For length of more that 40km or so
several DAS sensors units can be deployed at various intervals to provide continuous

monitoring of any desired length of railway.
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The ability to detect acoustic signals over a plurality of separate channels which can be
contiguous over a long length of the railway allows signals indicative of train

separation, i.e. a train split, to be detected as will be described in more detail below.

Detecting the signature indicative of a train having separated may involve detecting a
first acoustic event associated with a first part of a train and a second acoustic event
associated with a second different part of the train and detecting that the separation,
i.e. the distance, between the first acoustic event and second acoustic event is beyond
a threshold. In other words the method may involve uses the acoustic response from
the DAS sensor(s) to identify different parts of the train. It will be appreciated that as a
train move along the railway it produces a significant noise in the section of track that it
travels along. In the present invention the acoustic signals produced by the train as it
moves are detected and used to distinguish different part of the train. As the train
moves there may be some change in distance between any two given locations on the
train (not on the same car/carriage) arising from the normal operation of the couplings
between cars. However for any two given locations on a train the amount of separation
will stay within a range (which will depend on how far apart the two locations are, e.g.
how many couplings there may be between the two locations). The method may
therefore detect whether the separation between the two parts of the train exceeds a
threshold. The threshold will clearly be set at a level which is greater than the amount

of normal distance variation that may be experienced.

In one embodiment the method comprises analysing the acoustic response from the
acoustic sensor portions to locate an acoustic signal indicative of the front of the train
and an acoustic signal associated with the rear of the train and determining the

distance between the acoustic signals indicative of the front and the rear of the train.

In this embodiment acoustic signals associated with the front and rear of the train are
detected. This could be performed by analysing the acoustic responses from a plurality
of acoustic sensor portions to detect an acoustic response from extended length of the
fibre, i.e. from a plurality of contiguous sensor portions. As mentioned above the train
will create a sound as it moves which will be detected by the sensing portions of fibre
adjacent the relevant part of the track. All the sensing portions adjacent the train will
detect a significant acoustic signal and thus the position of the train will show up as
continuous area of acoustic noise. It will be appreciated of course that sound produced

by the train will also travel ahead of the front of the train and backwards from the train
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and thus sections of fibre ahead of and behind the train will also detect noise due to the
train movement. However although some sounds associated with train movement,
such as ringing of the rails, may travel for a significant distance, such sounds will have
a different characteristic to the sounds detected when the train is actually adjacent a
sensing portion. Thus the acoustic response can be analysed to detect a generally
continuous acoustic signal indicative of the train being adjacent or very near the
sensing portions. The method may therefore involve identifying the beginning and end

of a continuous acoustic disturbance indicative of the train.

The start and end of the acoustic response due to the train can therefore be detected.
As the deployment of the optical fibre alongside the railway will be known the distance

between the front and rear of the train can thus be determined.

If the length of the particular train being monitored at a given time is known it would be
possible to compare the determined distance to a threshold based on the maximum
expected length of the train (possibly including some margin for slight inaccuracies in
detecting the front and rear of the train). If the length of the train exceeds the threshold

a train separation event may be detected.

However sometimes the expected length or the train may not be known or the actual
length may be different from the expected length as a different number of cars may
have been attached in reality than the number expected. This is not a problem with
embodiments of the present invention as the DAS sensor can provide continual
monitoring of the train as it progressed along a monitored section of track. Thus the
method may involve repeatedly determining the distance between the acoustic signals
indicative of the front and the rear of the train and detecting if said distance increases
beyond a threshold amount. In this way it doesn’t matter what the initial length of the
train was, any changes in the distance between the front and rear of the train above a
threshold amount may be detected. Thus train separation can be detected even on
trains of unknown nominal length. The threshold may therefore be based on the
previously determined distance between the front and rear of the train. In other words
the DAS system will provide an indication of the general length of the train as it moves
on a monitored section of track by detecting the distance between the acoustic signals
associated with the front and rear of the train. If this measured distance then increases
by a unexpected amount, for instance the length increase above a certain percentage

of the originally measured length, this may indicate a train separation event.
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As mentioned above the distance between the front and rear of the train will vary in
normal operation as cars either get closer together (if the train is decelerating or going
downhill say) or further apart (if the train is accelerating or going uphill say). An initial
value of train length may therefore be obtained and compared with subsequent values
of train length. A threshold based on the initial value plus a certain percentage may be
established. If the distance between front and rear exceeds this threshold a train
separation may be detected. If the train stays within threshold for a period of time the
further values of distance between front and rear determined in the interim may used to
refine the initial value and/or threshold. The fact that a long section of track can be
monitored with high spatial resolution with a DAS system, e.g. 40km or so of track with
of the order of 10m sensing portions all along that 40km, is what enables such a

method to be implemented in an effective manner.

In one embodiment detecting the acoustic signals associated with the front and rear of
the train respectively comprises identifying the first sensing portion and last sensing
portion to detect an acoustic signature resulting from the train passing track features.
In particular the method may comprise identifying acoustic signals associated with the
wheelsets of the train passing track features. As will be appreciated as the train moves
there will be a variety of sounds produced. However in particular any track features
that produce a noise as the wheelsets of the train pass over the feature will produce a
characteristic repetitive pattern resulting from the arrangement of the wheelsets. Thus
for instance for a jointed track there may be a noise produced when the wheels pass
from one rail section to another. This will typically produce an acoustic signal. As the
following wheelsets pass over the same joint they will also each produce a similar
acoustic signal. Thus an acoustic sensing portion in the vicinity of the rail joint will
detect a characteristic pattern. For instance consider a train having a locomotive with
two front wheelsets and, after a larger gap, two rear wheelsets. If the train is travelling
at a relatively constant speed the sensing portion adjacent the joint or other track
feature may detect four distinct sounds corresponding to each of the four wheelsets
crossing the feature in turn, with two sounds relatively close in time followed, after a
larger gap by another two sounds relatively close in time. The distinctive repetitive
pattern of the wheelsets crossing track features may therefore be used to detect the
location of the train and identify the front and rear of the train by identifying the first and
last sensing portions to reliably detect the characteristic sounds. In general however

the passage of the train on a track which is relatively featureless with generate acoustic
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signals associated with the passage of the wheelsets/axels of the train which manifest
as relatively intense broadband noise ‘spikes’ within the general acoustic signal due to

passage of the train.

In addition to or as an alternative to detecting the front and rear of the train the method
may comprise identifying acoustic features associated with separate cars of the train.
Thus an acoustic signal associated with a first car of the train may be detected and
distinguished from an acoustic signal associated with a second car of the train. Again
the responses to wheelsets crossing track features or general broadband noise spikes

due to the wheelsets could be used to discriminate between different cars of the train.

Consider that a train consists of several cars of the same arrangement. Each with
have a particular arrangement of wheelsets. For example, as a simple example, a car
may have just two wheelsets, front and rear, which are separated by a first distance —
which is effectively fixed. There will also a separation between the front and rear
wheelsets of adjacent cars. This second distance, which may well be different to the
first distance, may vary within a range as the train moves. For the sake of argument
assume that maximum amount of the second distance in normal use is still shorter than
the first distance. As a series of cars passes a given track feature each wheelset
would result in a similar acoustic signal being produced. For a train travelling at
relatively constant speed this would produce a series of instances of a distinctive
acoustic response separated by gaps in a pattern long, short, long, short and so on.
The duration of the long gaps would be reasonably constant whereas the duration of
the short gaps may vary slightly. If such a pattern were detected it could be identified
that the signals detected on either side of the long gaps correspond to the wheelsets of
an individual car crossing the track feature whereas the short gaps represents the time
between wheelsets of adjacent cars. Thus the separation between cars can be

determined and monitored against a threshold.

The method may therefore involve identifying acoustic signals associated with a
wheelset passing a track feature and detecting the interval between acoustic signals
corresponding to different wheelsets. The interval between acoustic features
generated by the wheelsets on the same car and the interval between features

generated by wheelsets on different cars may be determined.
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In order to determine the actual distance between the cars it would be necessary to
know the speed of the train. This however could be calculated by looking at the rate of
progression of the front and/or rear of the train which can be determined as set out
above. Alternatively if the length between the axles of the cars is known the distance
between cars can be determined from comparing the measured duration between cars
to the duration between acoustic signals due to the wheelsets of a single car. Once the
distance between the rear wheelset of one car and the front wheelset of the next car
has been determined the distance could be compared to a maximum allowable
threshold.

Alternatively the separation between cars, in time, could be monitored directly against a
time threshold which could for instance by adjusted based on the speed of the train.
Alternatively the method may involve determining whether the interval between
features generated by wheelsets on different cars exceeds a threshold based on the
interval between wheelsets on the same car. For example if it is possible to determine
the time between the first and last wheelsets of a single car and it is known that the
distance between wheelset of adjoining cars should never be greater than distance
between the first and last wheelsets of a single car the measured duration for the
wheelsets of a single car to pass a track feature could be used directly to determine an

appropriate threshold.

In practice the actual arrangement of the wheelsets of the cars may be more complex.
For instance each car may have front and rear bogies each supporting two wheelsets.
In general though for an individual car there will therefore be generally fixed distances
between the various wheelsets (subject to motion of the bogies in use). There will also
be a separation between wheelsets of adjoining cars — which is typically unlikely to be
the same as the separation between the wheelsets on the same car. Thus the same
type of analysis can be performed but, for example, looking for pairs of acoustic signals
in relatively quick succession corresponding to a pair of wheelsets on a bogie followed

later by another pair of acoustic signals representing the next bogie.

It is of course possible that the separation between wheelsets of adjoining cars may be
nearly the same as the separation between wheelsets on a given car. In this case it
might not be possible to uniquely identify which signals correspond to the wheelsets of
the same car and which signals correspond to wheelsets of adjacent cars. However

the relatively duration can still be compared to one another and monitored over time.
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Also the train may comprise a number of different cars, each having different wheel
arrangements, and connected together in an unknown order. However the method can

still be applied to detect train separation.

In practice the train will pass a number of track features along the length of the track
and each one may be adjacent different sensing portions of the distributed acoustic
sensor. Thus the relative durations of the acoustic signals as detected when the train
passes one track feature may be compared to the relative durations detected by
another sensing portion at a later point in time as the train passes another track
feature. In effect the relative pattern obtained at one part of the track may be
compared to the relative pattern obtained at another part of the track. A change in train
speed will affect the absolute spacing between acoustic signals but not the relative
spacing. If a significant change is detected, and the duration between two parts of the
pattern of acoustic signals has increased significantly out of proportion with the rest of

the pattern this could be an indication of train separation.

Rail joints have been mentioned as suitable track features. Rail joints are typically
separated every few tens of metres and thus each joint could be located adjacent a
separate sensing portion of optical fibre with a sensing portion length of the order of
10m or so. This allows monitoring of almost the whole length of the train continuously
which also allows for changes in durations between events due to train
acceleration/deceleration to be readily determined. However any track feature that
responds to passage of the train by producing a distinct acoustic response to set parts

of multiple different parts of the train would be suitable.

In general therefore the method may involve identifying the general acoustic signals
detected by a DAS sensor due to passage of a train on a monitored section of track.
The detected acoustic signals due to the train may then be analysed to detect a series
of relatively intense broadband signals, i.e. signals at a broad range of frequencies.
Such signals have been found to correspond to signals generated by the wheelsets of
the trains and thus can be used to identify the wheelsets/axels of the train. By
identifying the signals due to the wheelsets of the train, as it moves along the track, any
train separation events, i.e. train split, can be readily detected by looking at the

distance (or time) separation between the signals due to the wheelsets.



10

15

20

25

30

35

WO 2013/114129 PCT/GB2013/050233

10

It should be noted that strain sensors have been used for axel counting applications in
the past, for instance for detecting whether a train has completely cleared a section of
track (such as a level crossing). The embodiments of the present would allow axel
counting but axel counting is generally applied in a fixed location and requires a
knowledge of the number of axels of a train. The embodiments of the present invention
use acoustic sensing to determine the signals due to the wheelsets continually along
the monitored section of track and determine the distance between the signals due to

the wheelsets as the train moves. This is quite different to axel counting.

In use the optical fibre may be deployed alongside the track. At least part of the optical
fibre may be buried along the path of the track. The optical fibre that is used may be
part of a communications infrastructure that already runs alongside the track or it may
be installed specifically for distributed acoustic sensing. Additionally or alternatively at
least part of the optical fibre may be attached to the track. Buried optical fibre is
protected from environmental effects and can be left in-situ for many years without
requiring any maintenance. Although the ground may provide some attenuation of
acoustic signals good signals can still be detected. However a fibre attached to part of
the track, for instance attached to a rail, may be able to detect additional signals and

may be able to offer better discrimination in some applications.

At least part of the optical fibre may be deployed adjacent to a plurality of adjacent
tracks. In other words at least part of the optical fibre may run alongside two or more
rail lines in parallel. In this case the distributed acoustic sensing may provide detection
of train separation for trains travelling on two or more of the parallel tracks. If train
movements are known in advance the particular track being monitored will be apparent
from the context, i.e. the time and location along the tracks of the acoustic signals.
However in some embodiments the method may identify which of the plurality of
adjacent tracks a train is travelling on. There are a variety of ways that the particular
track could be identified. If the location of at least some track features varies from track
such that relevant sensing portions of fibre that are alongside the track features differ
for each track then the passage in a train on a given track will be identifiable from the

location of the acoustic responses to such features.

Additionally or alternatively the characteristic of the acoustic signals generated by
passage of the train may be analysed to determine the lateral offset from the fibre to

source of the signals. This could be performed by detecting the time of arrival of a
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given acoustic stimulus at different portions of the sensing fibre. The difference in time
of arrival between the sensing portions will vary depending on the degree of lateral
offset. Thus a distinctive signal, such as the train sounding its horn, could be detected
at multiple different sensing portions and the difference in time of arrival determined.
Alternatively any suitable distinctive acoustic signal could be used. Additionally or
alternatively the signals could be analysed to detect a rate of change of Doppler shift in
any signal of relatively constant frequency. The maximum rate of change in Doppler
shift will depend on how close the sensing portion is to the source of the constant

frequency sound.

In the event that a train separation is detected, the method may comprise identifying
the location of the train split. Where the method is monitoring the front and rear of the
train the method may identify the general location of the split in terms of the location of
the rear of the decoupled part of the train. Where the method involves monitoring the
acoustic signals in response to track features the actual section of decoupled train may
be identified and tracked. The method may also include generating an alarm which
may include at least one of a visible and/or an audible alarm in a control room or an
alert to a control room. Automatically signalling may go into effect to prevent other
trains on the same line from proceeding and if the decoupled section is runaway then
alerts may be sent to crossings and stations on the line. The driver of the train which
has separated may also be automatically notified by radio. In the event that the
decoupled part of the train is still travelling in the same direction the driver may be able
to gradually reduce speed to avoid a high momentum collision and slowly bring both

sections of the train to a halt.

In some implementations a control room will receive data from a plurality of DAS
sensor deployed along the rail network and process the returns to detect train split.
Thus in another aspect of the invention there is provided a method of detecting train
separation comprising: receiving measurement signals corresponding to detected
acoustic signals from a plurality of locations along the length of a railway; and
analysing the measurement signals to detect a signature indicative of a train

separation.

The method of this aspect of the invention offers all the same advantages and may be
used in the same ways as the first aspect of the invention. In particular the

measurement signals are acquired by performing distributed acoustic sensing on an
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optical fibre deployed along the length of the railway. Any type of acoustic sensor array
where a plurality of sensor are deployed along the length of the railway could be used
but DAS offers a relatively cheap and reliable way of providing acoustic sensor over
long continuous lengths that does not require lots of individual sensors with individual
power demands and maintenance requirements. Thus DAS is a practical way of
providing acoustic sensing along the length of railway in a way that was not otherwise

practical.

The invention also relates to a computer program for performing the method as

described above.

In general the present invention relates to the use of fibre optic distributed acoustic

sensing to detect a train split.

In another aspect there is provided a system for detecting for train split comprising:

a controller configured to: receive measurement signals from at least one distributed
acoustic sensor unit configured to perform distributed acoustic sensing on at least one
optical fibre deployed along the length of a railway so as to provide a plurality of
longitudinal acoustic sensor portions along the railway; and analyse the acoustic
response from said acoustic sensor portions to detect a signature indicative of a train

separation.

The system may operate in the same way as described above in relation to the method
and may be implemented in any of the described embodiments. The system may

include at least one distributed acoustic sensor unit.

The invention also relates to a computer system programmed to perform the method

described above.
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The invention will now be described by way of example only with respect to the

following drawings; of which:

Figure 1 illustrates a convention DAS sensor;

Figure 2 illustrates a how a DAS sensor may be deployed along a railway;

Figure 3 illustrates the response of a DAS system to a train moving on the railway;

Figure 4 illustrates the how repeatedly acoustic signals can be used to determine the

relative locations of parts of a train; and

Figure 5 shows the acoustic signal detected by a DAS sensor from a train passing on a

monitored section of track.

Figure 1 shows a schematic of a distributed fibre optic sensing arrangement. A length
of sensing fibre 104 is removably connected at one end to an interrogator 106. The
output from interrogator 106 is passed to a signal processor 108, which may be co-
located with the interrogator or may be remote therefrom, and optionally a user
interface/graphical display 110, which in practice may be realised by an appropriately
specified PC. The user interface may be co-located with the signal processor or may

be remote therefrom.

The sensing fibre 104 can be many kilometres in length and can be, for instance 40km
or more in length. The sensing fibre may be a standard, unmodified single mode optic
fibre such as is routinely used in telecommunications applications without the need for
deliberately introduced reflection sites such a fibre Bragg grating or the like. The ability
to use an unmodified length of standard optical fibre to provide sensing means that low
cost readily available fibre may be used. However in some embodiments the fibre may
comprise a fibre which has been fabricated to be especially sensitive to incident
vibrations. The fibre will be protected by containing it with a cable structure. In use the
fibre 104 is deployed in an area of interest to be monitored which, in the present

invention may be along the path of a railway as will be described.
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In operation the interrogator 106 launches interrogating electromagnetic radiation,
which may for example comprise a series of optical pulses having a selected frequency
pattern, into the sensing fibre. The optical pulses may have a frequency pattern as
described in GB patent publication GB2,442,745 the contents of which are hereby
incorporated by reference thereto, although DAS sensors relying on a single
interrogating pulse are also known and may be used. Note that as used herein the
term “optical” is not restricted to the visible spectrum and optical radiation includes
infrared radiation and ultraviolet radiation. As described in GB2,442,745 the
phenomenon of Rayleigh backscattering results in some fraction of the light input into
the fibre being reflected back to the interrogator, where it is detected to provide an
output signal which is representative of acoustic disturbances in the vicinity of the fibre.
The interrogator therefore conveniently comprises at least one laser 112 and at least
one optical modulator 114 for producing a plurality of optical pulses separated by a
known optical frequency difference. The interrogator also comprises at least one
photodetector 116 arranged to detect radiation which is Rayleigh backscattered from
the intrinsic scattering sites within the fibre 104. A Rayleigh backscatter DAS sensor is
very useful in embodiments of the present invention but systems based on Brillouin or

Raman scattering are also known and could be used in embodiments of the invention.

The signal from the photodetector is processed by signal processor 108. The signal
processor conveniently demodulates the returned signal based on the frequency
difference between the optical pulses, for example as described in GB2,442,745. The
signal processor may also apply a phase unwrap algorithm as described in
GB2,442,745. The phase of the backscattered light from various sections of the optical
fibre can therefore be monitored. Any changes in the effective optical path length
within a given section of fibre, such as would be due to incident pressure waves

causing strain on the fibre, can therefore be detected.

The form of the optical input and the method of detection allow a single continuous
fibre to be spatially resolved into discrete longitudinal sensing portions. That is, the
acoustic signal sensed at one sensing portion can be provided substantially
independently of the sensed signal at an adjacent portion. Such a sensor may be seen
as a fully distributed or intrinsic sensor, as it uses the intrinsic scattering processed
inherent in an optical fibre and thus distributes the sensing function throughout the
whole of the optical fibre. The spatial resolution of the sensing portions of optical fibre

may, for example, be approximately 10m, which for a continuous length of fibre of the
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order of 40km say provides 4000 independent acoustic channels or so deployed along
the 40km of railway. This can provide effectively simultaneous monitoring of the entire
40km section of track. In an application to train monitoring the individual sensing

portions may each be of the order of 10m in length or less.

As the sensing optical fibre is relatively inexpensive the sensing fibre may be deployed
in a location in a permanent fashion as the costs of leaving the fibre in situ are not
significant. The fibre may be deployed alongside the track and may for instance be

buried alongside a section of track.

Figure 2 illustrate a section of rail track 201 with an optical fibre buried alongside the
track. As mentioned above fibre optic sensing can be performed on fibre lengths of the
order of 40 — 50km. However for some DAS sensors it can be difficult to reliably sense
beyond 50km or so along a fibre. A length of 40-50km may be sufficient to monitor a
desired section of track, say between main stations, and other fibres could be deployed
to monitor other sections of track. For very long tracks it may be necessary to chain
several DAS sensors together. Figure 2 illustrates one interrogator unit 106 arranged
to monitor one optical fibre 104a deployed along one part of the track and another
optical fibre 104b deployed along another length of track. The interrogator unit could
house two lasers and detectors etc., i.e. dedicated components for each fibre or the
laser and possibly detector could be multiplexed between the two fibres. After 40km
say of fibre 104b another fibre could be deployed which is monitored by another

interrogator unit. Thus there could be 80km or so between interrogator units.

In use the interrogator operates as described above to provide a series of contiguous
acoustic sensing channels along the path of the track. In use the acoustic signals
generated by a train 202 in motion along the track 201 may be detected and analysed
to detect train separation. The DAS sensor thus provides a monitoring system that can
monitor long lengths of track with a high spatial resolution. As mentioned the sensing
portions may be the order of metres in length. Deploying the sensor however simply
involves laying a fibre optic cable along the path of the track — and in some instance

suitable fibre optics may already be in place.

As a significant length of track can be monitored by contiguous sensing portions of fibre
it can relatively straightforward to detect train movement along the track. Clearly

movement of the train will create a range of noises, from the engine noise of the
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locomotive, noises from the train cars and the couplings and noise from the wheels on
the track. The acoustic signals will be greatest in the vicinity of the train and thus be
looking at the intensity of the signals detected by the sensor the returns from the
sensing portions of fibre adjacent the current position of the train will exhibit a relatively
high acoustic intensity. As illustrated in figure 3, which illustrates detected acoustic
intensity against channel of the DAS sensor, the position of the train can thus be
generally determined by detecting a continuous acoustic disturbance of relatively high

intensity.

It is therefore possible to try to estimate the position of the front and rear of the train by
detecting where the continuous disturbance starts 302 and ends 303. By monitoring
the position of the front and rear of the train as it moves any changes in total length of
the train can be detected and if the change in length is greater than a threshold amount
a train separation can be detected. It will be understood that a certain amount of
change in train length will occur as the couplings are designed to allow a certain
degree of relative movement between the cars, e.g. for shock absorbing. Thusin a
long freight train there may be noticeable changes in the separation between the front
and rear of the train in normal operation. If however the coupling permit a relative
movement of at most 5% of the length of an average car then clearly a change in
length of the order of 10% may indicate a train split. Thus the present invention may
monitor the separation of the front and rear of the train over time to determine a change
in length above a threshold amount. If such a change in length is detected a train split

could be detected.

Note it is not necessary to know the exact length of the train or the arrangement of cars
that make up to the train although this information can be used to provide additional
accuracy if available. The train length can be determined by monitoring the initial
separation of the front and rear of the train over a period of time. For instance imagine
a train leaves a station onto a monitored section of track. The exact length of the train
is not known but in some scenarios it may be assumed that a train split would have
been noticed in the station. The front of the train is tracked along the monitored section
of track and once all the train is on the monitor section the position of the rear of the
train and thus an initial value of separation between the front and rear can be acquired.
As the train continues the positions of the front and rear will be continually tracked and
further values of the separation of the front and rear obtained. If these values stay

within a set range (say within 5% for example) then over time the initial value for the
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separation may be refined into an average value. The initial, or refined average value
can be used to set a threshold, e.g. 10% of the separation, and if the determined
separation is found to change by more than the threshold amount a train separation

event may be detected.

As illustrated in Figure 3 it may be possible to detect the position of the front or rear of
the train simply by looking at the intensity profile of the sensing portions and identify the
beginning and end of a generally continuous acoustic disturbance above a certain
intensity. However general noise associated with train movement may travel away
from the train and the speed of sound, especially along the rails, will be much faster

than the train speed.

Thus in one embodiment a distinctive sound associated with the train passing track
features may be used to detect where parts of the train are. For example in jointed
track where there are gaps between rail sections there may be a noise generated at
the wheel passes from one rail section to the next. This will create a relatively short
duration relatively high intensity noise. A repeated pattern of such noises will then
occur due to the passage of the various wheel sets over the same joint. Note that any
track feature that leads to an acoustic response from a wheelset will generate such a
repeated pattern of acoustic signals. This could be a rail junction, rail joint, rail weld or
the like or a defect on the rail. It will be understood that rail joints tend to occur every
few tens of metres of track. Thus typically there will be at most one rail joint per 10m
sensing portion of fibre allowing the response of a single track feature to be detected

by an individual sensing portion.

Figure 4a illustrates this principle. Figure 4a shows part of a train comprising three
similar coupled cars 401, for example boxcars, on a rail track 201. Each car 401 has a

front bogie supporting two wheelsets and a rear bogie supporting two wheelsets.

As illustrated the distance between the axles of the wheelsets of the front bogie is d,
and in this example the same spacing applies to the rear bogie. The distance between
the inner axles of the front and rear bogies on a car is d,. The nominal distance
between the last axle of one car and the first axle of the next car is d;. In this example
d, > d; > d; although the skilled person will appreciate that other arrangements are

possible.
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Figure 4a shows this section of the train moving towards a feature 402 on the track,
e.g. a rail joint, which will result in an acoustic signature as the wheelset moves over it.
If the train moves at a constant speed this will result in a series of distinct acoustic
signals as shown in Figure 4b. Figure 4b shows intensity against time (ignoring
background noise of the general train motion for clarity). At a certain time there is a
first acoustic signal followed a time T4 later by a second signal. These signals
correspond to the wheelsets of the front bogie of the front car. There is then a gap of
T, before another pair of signals separated by T,. This corresponds to the time taken
for the rear of the first car to travel to the feature 402 and the wheelsets of the rear
bogie to pass over. There is then a gap of T, before the front bogie of the second car

reaches the feature.

It can therefore be seen that sensing portion in the vicinity of feature 402 will detect a
repeated pattern of acoustic signals as the wheels pass the feature at that location.
This allows the determination of the fact that wheels of the train are passing that

location.

It is of course possible that the acoustic signal from the wheels the feature may travel
to the next sensing portion. Given the level of general noise the signals from a given
track feature may only be detectable by sensing portions close to that feature. If any
signals do propagate relatively long distances and thus are detected by several
sensing portions the time of arrival at the different portions can be determined to detect
the earliest time of arrival — which obviously corresponds to the closest sensing portion
to that feature. Thus by analysing the signals detected by the sensing portions at the
front and rear of the continuous series of disturbances illustrated in Figure 3 sensing
portion which detects the sounds of the wheelsets of the front or rear of the train can be

determined.

The repetitive pattern of acoustic signals shown in Figure 4b can however be used to
determine which wheelsets the signals correspond to and thus the relative separation
of the cars. As mentioned above the pattern consists of signals having successive
gaps of Ty, To, T4, T3, Ty, T2 and so on where T,>T5>T,. It will be appreciated that the
pairs of signals separated by T, correspond to the two wheelsets of a bogie. Given
that the gap T, is greater than the gap T; it can be expected that the gap T»
corresponds to the gap between bogies of an individual car and the gap T,

corresponds to the gap between cars. Assuming the cars are the same and the wheel
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arrangement is known this can be easily verified by listening to a few more sequences.
As long as the train speed is relatively constant (and typically long train of the type
which may be most desirably monitored do not have high acceleration or deceleration)
then the gap between bogies on the same car should relatively constant and whereas

the gap between cars may vary.

This can therefore be used to detect train separation. Figure 4c illustrates the train with
the last car having become decoupled and dropped back behind the rest of the train.
Figure 4d then shows the acoustic signals that may be detected. In this instance the
gap between the first few acoustic signals detected may exhibit the same relative
pattern with durations (relative to one another) between the acoustic signals of T4, T,
T4, Ta, T4, T2 respectively with T, > T; > T4. From this sequence it can be deduced that
T, is due to the gap between wheel sets of a bogie, T, is due to gap between bogies on
one car and T3 is due to the gap between the first and second cars. However the next
signals only occur after a gap of T, which is greater than T, and T;. At this stage in the
sequence it is known that T, is due to the gap between the second the third carriages.
The duration T, may therefore be compared to a threshold, which may be based on the
duration T; (or indeed the durations T, or T,) and it can be determined that the duration
T, exceeds the duration. In this case it indicates that the corresponding distance d,
between the bogies of the second and third cars is greater than the normal maximum

distance — indicating that the cars have become decoupled.

The analysis above assumed some knowledge that the cars were all the same that
thus longer duration T, wasn’'t due to a longer coupling or actually T, being due to the
coupling between cars with T3 representing a short car and T, a longer car. However
the method can be applied even with no knowledge of the train arrangement by
comparing the response as the train passes over one track feature with the response
as the train passes another, later, train feature. In this instance the train speed may
have varied, changing the absolute durations, but the relative durations between the
acoustic signals would be substantially the same (allowing for normal movement of the
coupling). Thus the patterns may be normalised and compared and any variation

above a threshold used to indicate train separation.

In general the acoustic signal detected from a train by a DAS sensor will therefore
produce a relatively intense acoustic signal which will be detected by the sensing

portions of the DAS sensor in the vicinity of the train. Within this general signal there
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will be a series of identifiable acoustic signals corresponding to the wheelsets/axels of
the train. These signals will typically be relatively intense broadband signals. Figure 5
shows the acoustic signals recorded by multiples channels of a DAS sensor acquired
from a sensing fibre alongside a rail track when a train passed by. It can be seen that
there is a clear acoustic signal detected by multiple contiguous channels of the DAS
sensor which corresponds to the train. It can be seen that this signal is relatively well
defined in terms of a leading and trailing edge of the high intensity signals. This can be
used generally to determine the position of the front and rear of the train and thus the

general length of the train can be determined as discussed above.

The presence of a repetitive series of broadband noise spikes are also readily
apparent. These signals are due to the passage of the wheelsets/axles of the train
along the track. These signals are detectable due to the high spatial resolution of the
DAS sensor and the ability of the DAS sensor to detect acoustic signals at a range of

frequencies from a long length of track.

A DAS sensor according to embodiments of the present invention may therefore be
arranged to analyse the acoustic signals to detect such broadband noise spikes. From
a detection of such broadband noise spikes the train is effectively monitored along its
whole length as it moves along the track. The separation between such signals can
thus be monitored to detect an increase in separation greater than a certain amount,
e.g. greater than a set percentage, in order to detect an unplanned train separation

event.

If a train separation event is detected it could be an initial tentative alert which initiates
some initial precautions whilst the separation is being confirmed, for instance by further
tracking of the train. The driver could also be contacted to see if he can confirm or
deny the train separation. For instance a slight acceleration may be applied to see if
the detected excess separation increases. Once a train separation is detected a
definite alert may be generated in a train control room. The driver may be contacted to
bring the train to a controlled halt to try to gently halt the decoupled section. If the
decoupled section comes to a separate halt the position on the track can be noted and
other trains controlled to avoid that section of track until the hazard is cleared. If the
decoupled section starts to runaway, for instance by rolling back down a slope, any

trains, stations, crossing etc on that line could be notified and precautions taken.
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Whilst the decoupled section is moving it can be tracked using the same techniques as

discussed generally above.

The use of DAS therefore allows train separation to be detected. When a train
separation is detected the location is readily available and appropriate precautions can
be putin place. The motion of the decoupled section can be tracked, as can other

trains on the monitored network until the decoupled section is safely recovered.

DAS is particularly applicable to such monitoring as it provides low cost continuous
monitoring of long lengths of railway whilst providing data from contiguous sensing

portions from along the whole length of the railway is required.
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CLAIMS

1. A method detecting separation of a train comprising:

10

15

20

25

30

35

performing distributed acoustic sensing on at least one optical fibre deployed
along the length of a railway so as to provide a plurality of longitudinal
acoustic sensor portions along the railway;

analysing the acoustic response from said acoustic sensor portions to detect a

signature indicative of a train having separated.

A method as claimed in claim 1 wherein said detecting said signature comprises
detecting a first acoustic event associated with a first part of a train and a second
acoustic event associated with a second different part of the train and detecting

that the separation between the first acoustic event and second acoustic event is

beyond a threshold.

A method as claimed in claim 1 or claim 2 comprising analysing the acoustic

response from the acoustic sensor portions to locate an acoustic signal indicative
of the front of the train and an acoustic signal associated with the rear of the train
and determining the distance between the acoustic signals indicative of the front

and the rear of the train.

A method as claimed in claim 3 comprising repeatedly determining the distance
between the acoustic signals indicative of the front and the rear of the train and

detecting if said distance increases beyond a threshold amount.

A method as claimed in claim 4 wherein said threshold is based on the previously

determined distance between the front and rear of the train.

A method as claimed in any of claims 3 to 5 wherein detecting the acoustic
signals associated with the front and rear of the train respectively comprises
identifying the beginning and end of a continuous acoustic disturbance indicative

of the train.

A method as claimed in any of claims 3 to 6 wherein detecting the acoustic

signals associated with the front and rear of the train respectively comprises
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14.

15.

16.
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identifying the first sensing portion and last sensing portion to detect an acoustic

signature resulting from the wheelsets passing track features.

A method as claimed in any preceding claim comprising identifying acoustic

features associated with separate cars of the train.

A method as claimed in claim 8 comprising identifying acoustic signals
associated with a wheelset and detecting the interval between acoustic signals

corresponding to different wheelsets.

A method as claimed in claim 9 wherein identifying acoustic signals associated
with a wheelset comprises identifying a relatively intense broadband noise

component in the acoustic response from said acoustic sensor portions.

A method as claimed in claim 9 or claim 10 wherein identifying acoustic signals
associated with a wheelset comprises identifying acoustic signals associated with

a wheelset passing a track feature.

A method as claimed in any of claims 9 to 11 comprising identifying the interval
between acoustic features generated by the wheelsets on the same car and the

interval between features generated by wheelsets on different cars.

A method as claimed in claim 12 wherein the method comprises determining
whether the interval between features generated by wheelsets on different cars

exceeds a threshold based on the interval between wheelsets on the same car.

A method as claimed in any preceding claim wherein the optical fibre is deployed

alongside the track.

A method as claimed in any preceding claim wherein at least part of the optical

fibre is buried along the path of the track.

A method as claimed in any preceding claim wherein at least part of the optical

fibre is attached to the track.
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22.
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25.
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A method as claimed in any preceding claim wherein at least part of the optical

fibre is deployed adjacent to a plurality of adjacent tracks.

A method as claimed in claim 17 further comprising identifying which of the

plurality of adjacent tracks a train is travelling on.

A method as claimed in any preceding claim comprising, in the event a train

having separated is detected, identifying the location of the train split.

A method as claimed in any preceding claim comprising, in the event a train

having separated is detected, generating an alarm.

A method of detecting separation of a train comprising:

receiving measurement signals corresponding to detected acoustic signals from
a plurality of locations along the length of a railway; and

analysing the measurement signals to detect a signature indicative of a train

having separated.

A method as claimed in claim 21 wherein said measurement signals are acquired
by performing distributed acoustic sensing on an optical fibre deployed along the

length of the railway.

A computer program for performing the method of any preceding claim.

The use of fibre optic distributed acoustic sensing to detect a train spilit.

A system for detecting for train split comprising:
a controller configured to:
receive measurement signals from at least one distributed acoustic sensor
unit configured to perform distributed acoustic sensing on at least one
optical fibre deployed along the length of a railway so as to provide a
plurality of longitudinal acoustic sensor portions along the railway;
and
analyse the acoustic response from said acoustic sensor portions to detect

a signature indicative of a train separation.
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26. A system as claimed in claim 25 further comprising at least one distributed

acoustic sensor unit.

27. A computer system programmed to perform the method of any of claims 1 to 23.
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