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(54) Detection system and method for railway track circuits using BPSK modulated coding

(57)  The present invention relates to a system for
detecting the presence or absence of a rail vehicle (2)
on a track section unit (3) of a track (1), comprising:
- a track section unit transmitter (5) generating a BPSK
signal that carries a digital message which is transmitted
into the track section unit (3) and carries a unique code
dependent upon the track section unit (3), and
- at least one track section unit receiver (7) of said BPSK
signal, the receiver (7) only indicating that the track sec-
tion unit (3) is clear having received and demodulated a
BPSK signal, found that the correlation of the demodu-
lated BPSK signal with the unique code is greater than
or equal to a preset threshold and found that said corre-
lation represents a pre-determined minimum proportion
of the total energy of the demodulated BPSK signal.
The present invention also relates to a method for
monitoring such a system.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a system for detecting
the presence or absence of a rail vehicle on a track sec-
tion unit of a track, comprising a track section unit trans-
mitter and at least a track section unit receiver.

BACKGROUND OF THE INVENTION

[0002] Track circuits are commonly used as fail-safe
means of rail vehicle detection within complete railway
signalling systems. For electrified railways these typically
consist of an audio-frequency transmitter connected via
the tracks to a tuned receiver, which will only indicate the
absence of a rail vehicle if the transmitted signal is re-
ceived. Thus the presence of a rail vehicle on the track
will block the transmitted signal. Railways are divided
into section units, each section unit having such a trans-
mitter and a tuned receiver to determine the section unit
occupied by the train.

[0003] Single audio frequency transmitter systems
have two potential unsafe failure modes. On the one
hand, track circuits must share the railway track with train
traction control systems, which generate a signal at the
track circuit frequency. Due to interference, signals from
these traction systems can potentially mimic track circuit
signals. On the other hand, cross-coupling between
tracks may cause a connection to exist between a re-
ceiver and a transmitter at the same frequency but on
different track circuits. The acceptance of a signal from
another track may lead to a false detection.

[0004] These failure modes can be overcome by ap-
plying modulation techniques to the track circuit signal.
Existing modulation techniques in use on railway track
circuits include Frequency Shift Keying (FSK) and Phase
Shift Keying (PSK) in order to form a distinct electrical
signal that is transmitted along the track. PSK is well
known to the communications industry for providing good
data rate in potentially noisy track circuit environment
conditions. Thus, it makes it possible to develop a signal
with some level of uniqueness, which differentiates itfrom
any other track circuit and from the signals generated in
the traction return system.

[0005] An apparatus using PSK modulation technique
forrailway track circuits is known from US 2003/0112131.
This apparatus may be set on at least one section unit
of railway and focuses on a Quadrature Phase Shift Key-
ing (QPSK) modulated signal that carries a digital mes-
sage including an indication of the identity of the track
section unit. A transmitter generates the signal, which is
transmitted to the track circuit. A receiver may detect the
signal, the receiver only indicating that the track section
unit is clear having received a QPSK signal of amplitude
greater than a threshold and carrying the correct track
section unit identity. Such an apparatus is able to carry
enough data to contain unique track identities and to
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transfer other data external to the track circuit system.
Moreover, using a threshold allows the equipment to re-
liably detect only signals having an amplitude greater
than potential noise sources.

[0006] Unfortunately, this apparatus uses a fixed
threshold in order to make the correct decision about
presence of the train or not under most circumstances.
Yet, there are many unpredictable situations, which may
interfere with the received signal and hence reduce the
ability of a simple threshold to make the right decision.
In noisy conditions, particularly in presence of interfer-
ence between several track circuits, the ratio between
the signal to be received from the transmitter and noise
signals may influence signal detection towards this fixed
threshold. Thus, such an apparatus will tend to unrelia-
bility when the interfering signal causes too much noise
for a safe track section unit clear decision to be made.
[0007] Moreover, QPSKis a complex modulation tech-
nique, which requires sophisticated data processing sys-
tems.

[0008] There is therefore a need for a simple and ro-
bust system for detecting the presence or absence of a
rail vehicle on a track section unit of a track, that is able
to detect PSK modulating signals in order to make safe
track section unit clear decision under whatever circum-
stances, and more particularly when high levels of inter-
ference are present.

SUMMARY OF THE INVENTION

[0009] For this purpose, the present invention ad-
dresses these problems by providing a system for de-
tecting the presence or absence of a rail vehicle on a
track section unit of a track, comprising:

- atrack section unit transmitter generating a BPSK
signal that carries a digital message which is trans-
mitted into the track section unit and carries a unique
code dependent upon the track section unit, and

- atleast one track section unit receiver of said BPSK
signal, the receiver only indicating that the track sec-
tion unit is clear having received and demodulated
a BPSK signal, found that the correlation of the de-
modulated BPSK signal with the unique code is
greater than or equal to a preset threshold and found
that said correlation represents a pre-determined
minimum proportion of the total energy of the de-
modulated BPSK signal.

[0010] This detection system takes a track section unit
clear decision only after having met two essential condi-
tions. First, the track section unit receiver has to receive
a BPSK signal at least one portion of which carries the
expected indication of the identity of the track section
unit, this portion being greater than or equal to a preset
threshold. Second, the energy of this portion has to be
greater than or equal to a pre-determined proportion of
the total received energy.
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[0011] The energy value of the portion correlated to
the expected indication of the identity of the track section
unit represents the energy value of the signal from the
track section unit transmitter. The total energy of the sig-
nal received by the receiver includes the energy value of
this portion, as well as those of any unexpected signal
from other track circuits and any noise By comparing
these two energy values against each other and against
a conventional and preset threshold, a highly robust track
section unit clear or occupied decision can be made even
when high levels of interference are present.

[0012] According to a preferred embodiment of the in-
vention, a coherent BPSK modulation may be used. This
will allow the correlation to be implemented with no re-
quirement for synchronisation. The necessary informa-
tion needed to determine the amount of received energy
that correlates with the expected digital information signal
will be contained in a single baseband channel.

[0013] By contrast with this preferred embodiment of
the invention, the more complex systems of the prior art
have to synchronise to the received data, which will not
be reliable under high interference conditions, and then
measure the received energy symbol by symbol. Even
then immunity to interference is not guaranteed as un-
wanted energy will be mixed with the wanted energy sym-
bol by symbol. Thus detection and response to this situ-
ation will be very complex.

[0014] For the purpose of producing a BPSK signal
with a high form factor, the BPSK signal may further be
constrained to a narrow frequency band.

[0015] The BPSK signal may further be a coherent or
a differential (DBPSK) form of a BPSK modulated signal.
[0016] Forthe purpose of a precise recognition and to
avoid ambiguous detection, the pre-determined mini-
mum proportion of the total received energy is combined
with a specific subset of code words with a defined min-
imum distance at all cyclic rotations to be used with said
track section unit.

[0017] For the purpose of reducing the level of equip-
ment required and to increase the maximum track circuit
length, the detection system may further comprise at
least two receivers, each receiver being on an opposite
side of the track section unit.

[0018] For the purpose of adapting the system to the
track section unit is relied to, the preset threshold may
further be set for the track section unit. This threshold
may be set for that particular track section unit on the
basis of the expected energy level of the signal transmit-
ted by the track section unit transmitter through the par-
ticular set of track circuit conditions carrying the indication
of the identity of the track section unit.

[0019] According to a further aspect of the invention,
there is provided a method for monitoring a system for
detecting the presence or absence of a rail vehicle on a
track section unit of a track, said system comprising a
track section unit transmitter and at least one track sec-
tion unit receiver, said method comprising:
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- generating a BPSK signal that carries a digital mes-
sage including a unique code dependent upon the
track section unit,

- transmitting said BPSK signal into the track section
unit,

- receiving a signal from said track section unit,

- demodulating said signal from said track section unit
into a demodulated BPSK signal,

- calculating a correlation of said demodulated BPSK
signal to the expected unique code,

- onlyindicating that the track section unit is clear hav-
ing found that said correlation is greater than or equal
to a preset threshold and represents a pre-deter-
mined minimum proportion of the total energy of the
demodulated BPSK signal.

[0020] According to a preferred embodiment, the
method may further comprise:

- determining whether the energy value of the corre-
lation represents a pre-determined minimum propor-
tion of the total energy of the demodulated BPSK
signal, and

- if the energy value of the correlation represents a
pre-determined minimum proportion of the total en-
ergy of the demodulated BPSK signal, then compar-
ing said correlation to the preset threshold.

[0021] Ifthe second condition is met, the detection sys-
tem will consider that measurement conditions are good
enough to make a track section unit safe decision. Oth-
erwise, the detection system will detect that interfering
signal is too great for a safe track decision to be made
and will indicate an occupied track section unit for the
duration of this condition. The first condition will be ex-
amined only if the second condition is met. If the first
condition is filled, a track section unit clear decision will
be made. Otherwise, a track section unit occupied deci-
sion will be made.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A detailed description of examples of imple-
mentation of the present invention is provided herein be-
low with reference to the following drawings in which:

- figure 1 is a schematic illustration of a rail vehicle
which may have train-carried equipment on arailway
track,

- figure 2 is a schematic illustration of a railway track
circuit on a track section unit including a detection
system according to the present invention,

- figure 3 is a schematic illustration of a constellation
diagram for Binary PSK modulation technique,

- figure 4 is a schematic illustration of a block diagram
of a track section unit transmitter of the detection
system,

- figure 5is a schematic illustration of a block diagram
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of a track section unit receiver of the detection sys-
tem,

- figure 6 is a schematic illustration of a method used
by track section unit decision module of track section
unit receiver to determine the absence or presence
of a train on track section unit, and

- figure 7 is a schematic illustration of a railway track
circuit on a track section unit including a detection
system according to another embodiment of the
present invention.

DETAILED DESCRIPTION

[0023] Figure 1 illustrates an example of a rail vehicle
2 which may have train-carried equipment on a railway
track 1. Railway track circuits with detection systems ac-
cording to the present invention are used for determining
the position of the rail vehicle 2. To this end, the railway
1 is divided in track section units 3,3’,3" set on different
parts of the railway track 1. Each track section unit 3,3’,
3" is associated with a detection system according to the
invention, in order to detect the presence or absence of
the said rail vehicle 2 on said track section unit.

[0024] Figure 2 illustrates a railway track circuit on a
track section unit 3 including a detection system accord-
ing to the present invention.

[0025] The detection system forms a track circuit and
contains a track section unit transmitter 5 coupled with
the track section unit 3 via a track interface 6 and, at or
adjacent the other end of the track section unit 3, a track
section unit receiver 7 coupled with the track section unit
3 via a track interface 8.

[0026] The transmitter 5 may receive external data on
an input 9 and an indication of the identity of the track
section unit on an input 10. The receiver 7 receives an
indication of track section unit identity on an input 13 and
supplies external data on an output 11, and an indication
of whether or not the track section unit is clear on an
output 12.

[0027] The train-carried equipment 4 comprises a re-
ceiver 14 providing external data on an output 15 and an
indication of track section unit identity on an output 16.
Typically, said receiver 14 has a structure identical with
or similar to that of receiver 7.

[0028] The track section unit transmitter 5 generates
a unique signal that is coupled into the track section unit
3 and propagates alongthe track to receiver 7. This signal
carries a BPSK modulated message that is repeated on
a cyclic basis. This message is a digital identification
message that contains a track section unit identity, which
is unique to that track section unit within a given geo-
graphic area. Other external data may also be included,
e.g. trackside communication information or information
to a train on the track circuit.

[0029] The track section unit receiver 7 receives a sig-
nal and measures its amplitude and the energy level of
the portion of the signal carrying this unique digital iden-
tification message. If the portion containing the expected
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track section unit identity has an amplitude greater than
or equal to a threshold set for that particular track section
unit and its energy is greater than or equal to a pre-de-
termined minimum proportion of the total energy of the
signal, the receiver 7 drives a track section unit clear
output.

[0030] The detection system uses a Binary Phase Shift
Keying (BPSK) modulation technique. This type of PSK
modulation technique provides good data rate in the po-
tentially noisy track circuit environment. Thus it allows to
transmit high information rate, a part of this information
containing track section unit identities that are unique
over a large geographic area.

[0031] Theinformationis conveyed by a phase change
in a carrier waveform. The available range of phase
change is 2n radians. This range is divided into an even
number M of phase transitions, each transition represent-
ing a different information data value. Common numbers
M of transitions are 2 (Binary), 4 (Quadrature), 8, 16 and
32. The higher the order M of transitions, the higher the
error rate for a given signal to noise ratio.

[0032] Figure 3 represents the constellation diagram
for Binary PSK modulation technique. It uses two phases
17,18 which are separated by 180°. These two constel-
lation points 17,18 are positioned on the real axis at 0°
and 180°, but they may be anywhere as long as they are
separated by 180°. This modulation is the most robust
of all PSK modulations since it takes serious distortion
to make the demodulator reach incorrect decision. As
the bandwidth of the signal is limited, this modulation is
sufficient, although it is only able to modulate one bit per
symbol.

[0033] Figure 4 illustrates a block diagram of a track
section unit transmitter 5 of the detection system. The
transmitter 5 comprises a BPSK modulation module 20,
and, where applicable, a BPSK signal orthogonal addi-
tion module 21, a data appending module 22, an internal
condition data monitoring module 23 and a DBPSK mod-
ulation module 24. The BPSK modulation module 20 re-
ceives track section unit unique ID on input 10 and con-
verts it into a BPSK signal, using a carrier signal. The
BPSK signal orthogonal addition module 21 receives this
BPSK signal and other differential BPSK (or DBPSK) sig-
nals issued from external data. This external data is re-
ceived via said input 9 by the data appending module 22,
which also receives monitoring data from the internal
condition data monitoring module 23. Then the data out-
put of module 22 is applied to DBPSK modulation module
24 in order to convert this data! in a differential BPSK
signal. Module 21 receives signals from modules 20 and
24, and adds them orthogonally. The output data of mod-
ule 22 is then transmitted to each of the two rails of track
section unit 3 via track interface 6.

[0034] In a preferred embodiment of the invention, the
BPSK modulation is coherent. The use of such a modu-
lation allows a single baseband channel (demodulated
signal) to contain all the necessary information needed
to determine the amount of received energy that corre-
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lates with the expected digital identification message (the
expected signal) as well as the total energy of the re-
ceived signal (the expected signal combined with any
unexpected signal and any noise).

[0035] Figure 5 illustrates a block diagram of a track
section unit receiver 7 of the detection system. It should
be clear that such a detection system may have more
than one such receiver. The receiver 7 comprises fre-
quency-limited carrier recovery module 30, a down con-
verter 31, a cross correlation module 32, an energy level
measurement module 33, a track section unit clear de-
cision 34, and, where applicable, second down
converter31’, a DBPSK baseband to data module 35, a
data appending module 36 and an internal condition data
monitoring module 37. Receiver 7 receives a signal from
the track section unit 3 via track interface 8. This input
signal from the track section unit 3 is transmitted to the
frequency-limited carrier recovery module 30 in order to
recover the initial carrier signal. The down converter 31
receives the recovered carrier signal from module 30 and
the input signal from the track section unit 3. These sig-
nals are converted to obtain a demodulated BPSK signal,
which is expected to contain the track section unit unique
ID. For the purpose of determining the occupation of the
track section unit 3 by a train, the demodulated BPSK
signal is applied to modules 32, 33 and 35.

[0036] Where applicable, the second down converter
31’ also receives the recovered carrier signal from mod-
ule 30 and the input signal from the track section unit 3.
These signals are converted to obtain a demodulated
DBPSK signal, which is expected to contain the external
data. The DBPSK baseband to data module 35 allows
extracting external data, which was differentially BPSK
modulated in transmitter 5. The appending data module
36 receives data extracted from the demodulated signal
via module 35 and data from the internal condition data
monitoring 37. Appended data is then determined in or-
der to obtain external data on output 11.

[0037] The cross-correlation module 32 also receives
the expected track section unit unique ID in order to ex-
tractthe portion of the BPSK demodulated signal carrying
the expected track section unit unique ID. Module 32 de-
livers on its output the energy level of this portion of the
BPSK demodulated signal.

[0038] The energy level measurement module 33 de-
termines energy level of the demodulated signal. Module
33 delivers on its output the total energy level of the de-
modulated signal, including any unexpected signal, for
example from a transmitter of another track section unit,
and any noise.

[0039] Signals from module 32 and module 33 are ap-
plied to track section unit clear decision module 34 in
order to determine the absence or presence of a train on
the corresponding track section unit 3. For this purpose,
two operations are achieved. First, the energy value of
the portion of the signal carrying the expected track sec-
tion unit unique ID is compared with a pre-determined
minimum proportion of the total received energy value.
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This minimum proportion value is stored in said module
34. The proportion may be set between 30% and 100%
dependent upon the coding scheme used. If the energy
value of the portion of the signal carrying the expected
track section unit unique ID is greater than or equal to
the pre-determined minimum proportion of the! total re-
ceived energy value, module 34 determines that a track
section unit safe decision can be made. Otherwise, mod-
ule 34 detects that the interfering signal is too high for a
safe track section unit decision to be made and indicates
an occupied track for the duration of this condition.
[0040] Ifmodule 34 has determined that a track section
unit safe decision can be made, the energy value of the
portion of the signal carrying the expected track section
unit unique ID is compared with a threshold value set for
that particular track circuit. This threshold value is stored
in module 34. Typical threshold currents will be in the
range of 10mA to 200mA. If the energy value of the por-
tion of the signal carrying the expected track section unit
unique ID is greater than or equal to said preset threshold
value, a track section unit clear decision will be made.
Otherwise, a track section unit occupied decision will be
made.

[0041] By combining the two above-mentioned oper-
ations, the detection system is able to determine the ab-
sence or presence of a train on a track section unit 3 of
a track 1 even when high levels of interference are
present.

[0042] In a preferred embodiment where the BPSK
modulationis coherentand where only a single baseband
channel is used, these two operations are simplified. A
simple and robust cross-correlation against the expected
digital identification message can be used to determine
the energy of expected signal, while simple "magnitude-
only" addition of the BPSK demodulated signal can be
used to determine the total energy of the received signal.
By comparing these two energy values against each oth-
er and against a pre-determined threshold, a highly ro-
bust and noise immune track section unit clear or occu-
pied decision can be made.

[0043] Figure 6 illustrates a method used by above-
mentioned track section unit clear decision module 34 of
track section unit receiver 7 to determine the absence or
presence of a rail vehicle on track section unit 3. The first
step 40 consists in comparing the energy value of the
portion of the signal carrying the expected track section
unitunique ID with a pre-determined minimum proportion
of the total received energy value. If said energy value
of the portion of the signal carrying the expected track
section unit unique ID is greater than or equal to said pre-
determined minimum proportion of the total received en-
ergy value, there will be a shutdown 41 and a fault indi-
cation 42 to indicate that interfering signal is too great for
a safe track section unit clear decision to be made. Oth-
erwise a determination of absence or presence of a train
on the track section unit 3 will be possible. In this case,
the next step 43 consists in comparing the energy value
of the portion of the signal carrying the expected track
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section unit unique ID with the preset threshold value. If
said energy value of the portion of the signal carrying the
expected track section unit unique ID is greater than or
equal to said preset threshold value, it will be indicated
an absence 45 of a rail vehicle on the track section unit
3. Otherwise it will be indicated a presence 44 of a rail
vehicle. This method is repeated on a cyclic basis.
[0044] Figure 7 illustrates a railway track circuit on a
track section unit including a detection system according
to another embodiment of the present invention. Said
detection system contains a track section unit transmitter
5 coupled with the track section unit 3 via track interface
circuitry 6, a track section unit receiver 7 at the one end
of the track section unit 3, coupled with the track section
unit 3 via track interface circuitry 8 and, at the other end
of said track section unit 3, a track section unit receiver
7’ coupled with the track section unit 3 via track interface
circuitry 8. The transmitter 5 is therefore! arranged be-
tween the two receivers 7,7’. The detection system ac-
cording to this embodiment of the invention allows a sin-
gle transmitter 5 to drive two track section units or for the
length of a single track section unit 3 to be twice that
which would otherwise be possible, because of the ar-
rangement of said receivers 7,7’.

[0045] The detection system according to above-men-
tioned embodiments may replace existing track circuit
apparatus world wide, in particular on electric lines with
high levels of traction interference and in complex station
areas with high risk of false feed from a nearby track
circuit.

[0046] It is to be understood that the invention is not
intended to be restricted to the details of the above em-
bodiments, which are described only by way of example.
Various modifications will become apparent to those
skilled in the art and are within the scope of this invention,
which is defined more particularly by the attached claims.

Claims

1. A system for detecting the presence or absence of
a rail vehicle (2) on a track section unit (3) of a track
(1), comprising:

- a track section unit transmitter (5) generating
a BPSK signal that carries a digital message
which is transmitted into the track section unit
(3) and carries a unique code dependent upon
the track section unit (3), and

- at least one track section unit receiver (7) of
said BPSK signal, the receiver (7) only indicating
that the track section unit (3) is clear having re-
ceived and demodulated a BPSK signal, found
that the correlation of the demodulated BPSK
signal with the unique code is greater than or
equal to a preset threshold and found that said
correlation represents a pre-determined mini-
mum proportion of the total energy of the de-
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modulated BPSK signal.

2. The system of claim 1, wherein the BPSK signal is
coherent.

3. The system of any of claims 1 and 2, wherein the
BPSK signal is constrained to a narrow frequency
band.

4. The system of any of the preceding claims, wherein
the BPSK signal is a differential form (DBPSK) of a
BPSK modulated signal.

5. The system of any of the preceding claims, wherein
said pre-determined minimum proportion of the total
received energy is combined with a specific subset
of code words with a defined minimum distance at
all cyclic rotations to be used with said track section
unit (3).

6. The system of any of the preceding claims, compris-
ing at least two receivers (7,7’), each receiver (7,7°)
being on an opposite side of the track section unit (3).

7. The system of any of the preceding claims, wherein
the preset threshold is set for the track section unit

(3).

8. A method for monitoring a system for detecting the
presence or absence of a rail vehicle (2) on a track
section unit (3) of a track (1), said system comprising
a track section unit transmitter (5) and at least one
track section unit receiver (7), said method compris-

ing:

- generating a BPSK signal that carries a digital
message including a unique code dependent
upon the track section unit (3),

- transmitting said BPSK signal into the track
section unit (3),

- receiving a signal from said track section unit
),

- demodulating said signal from said track sec-
tion unit (3) into a demodulated BPSK signal,

- calculating a correlation of said demodulated
BPSK signal to the expected unique code,

- only indicating that the track section unit (3) is
clear having found that said correlation is greater
than or equal to a preset threshold and repre-
sents a pre-determined minimum proportion of
the total energy of the demodulated BPSK sig-
nal.

9. The method of claim 8, comprising:
- determining whether the energy value of the

correlation represents a pre-determined mini-
mum proportion of the total energy of the de-
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modulated BPSK signal, and

- ifthe energy value of the correlation represents
a pre-determined minimum proportion of the to-
tal energy of the demodulated BPSK signal, then
comparing said correlation to the preset thresh-
old.
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Figure 3
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