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Description

[0001] This invention relates to a method of initialising
a rail signalling system for a rail network with a plurality
of trains located therein and a rail signalling system for
controlling the movement of one or more trains on a rail
network.

[0002] Fig. 1 schematically shows a typical computer-
based train control system, such as could be used, for
example, with an unmanned metro or underground rail
network. Two trains 1a, 1 b are shown on a line 2. A
platform 3 is shown near train 1a’s location. The network
is divided into signalling sections, shown by the dotted
lines, with signalling equipment 4, in this case a signalling
equipment hub, in each section. In this example, both
trains 1 a, 1 b are within the same section. The trains are
in bi-directional radio communication 5a, 5b with signal-
ling equipment 4 within the section. Each signalling
equipment 4 is connected to a central control system 6
allowing bi-directional communication therebetween.
[0003] When the system is fully operational, train loca-
tion is detected on the train 1 a, 1 b, for example via
absolute position references ("APR"s), for example
where the train passes a unique identifiable marker (not
shown in Fig. 1), or derived via odometry and / or via a
tachometer. With these methods, the train location may
only be determined if the train is moving. The trains report
their location to the signalling equipment 4 by radio. The
signalling equipment hub 4 uses the train location reports
and requests from the control system 6 to compute the
signalling data sent to trains 1 a, 1 b.

[0004] As other prior art may be mentioned
US2005/0192720, US2005/0133673, US5950966,
US2002/0062181, EP0638469, JP2004338520 and

JP2002187552. Additionally, EP-A2-1547899 discloses
a back-up safety system, while EP-A1-0836978 disclos-
es avehicle initialisation system reliant on train and track-
side interaction.

[0005] There are systems where train location may be
determined while stationary, for example by using GPS
positioning techniques or by the use of track circuits.
However, such techniques are not appropriate for all rail
systems, for example metro or underground rail systems.
[0006] Such systems, while generally working well in
normal use, may have problems associated with them,
which are generally associated with one or more failures
within the system. These include:

- Communications failures, such that the signalling
system is not able to receive train locations;

- Failure of individual trains;

- Partial trackside signalling system failure; and

- Complete signalling system failure.

[0007] In the event of a partial or complete signalling
system failure, for safety any trains located on the route
in question are stopped. This may lead to problems fol-
lowing rectification of the signalling failure. In particular,
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and as mentioned previously, train locations may gener-
ally only be determined if the trains are moving. Therefore
there is a problem re-starting the system, as some or all
of the train locations may not be known. In addition, cer-
tain trains may have been moved since the system failed,
for example under manual supervision to allow egress
of passengers.

[0008] The nature of the system demands that, as de-
scribed above, trains need to move in order to determine
their position. However, if the train positions are not all
known, it is difficult to know which trains can move.
[0009] With a manned system, voice protocols can be
used to report locations of "lost" trains, and verbal au-
thorities can be given to move trains at slow speeds.
[0010] With an unmanned system however, this solu-
tion is not available.

[0011] Itis anaim of the presentinventionto overcome
these problems, such that the locations of trains can be
determined sufficiently accurately to enable a timely re-
turn to operation following a system failure. The invention
is considered to be particularly advantageous in relation
to metro / underground rail systems and unmanned sys-
tems. In practice, unmanned systems are often also met-
ro / underground systems.

[0012] This aimis achieved by providing a diverse, rel-
atively coarse train detection system in a centralised,
overseeing capacity, together with a train database,
which monitors the locations of all trains within the railway
(or area) under consideration.

[0013] Suchasystem provides forinitialisation of a sig-
nalling system which does not have continuous trackside
train detection, such as that provided by track circuits.
[0014] This enables re-starting of the railway in the fol-
lowing scenarios: after partial or complete failure of the
signalling system, or after failure of an individual train.
[0015] In accordance with a first aspect of the present
invention there is provided a method of initialising a rail
signalling system for a rail network, as defined by claim
1. In accordance with a second aspect of the present
invention there is provided a rail signalling system for
controlling the movement of one or more trains on a rail
network, the system having a signalling architecture com-
prising: signalling equipment, as defined by claim 7. The
present invention is therefore capable of providing, inter
alia, the following advantages:

- the restarting of a railway without continuous track-
side train detection, following a partial or complete
signalling system failure;

- the restarting of a railway without continuous track-
side train detection, following failure of an individual
train within the system;

- ameans of providing "occupied areas" for individual
trains which have failed, until those trains have been
repaired or removed from the system, including over
difficult border and transition areas;

- the ability to take into consideration any train moves
which may have taken place under verbal controls,
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whilst the signalling system is failed;

- the ability to control trolleys and other track-mounted
equipment during possessions for maintenance
work.

[0016] The invention will now be described with refer-
ence to the accompanying drawings, in which:

Fig. 1 schematically shows a typical computer-based
train control ("CBTC") system; and

Fig. 2 schematically shows a computer-based train
control system in accordance with the presentinven-
tion.

[0017] Anembodimentof the invention is schematical-
ly shown in Fig. 2. As for as possible, the numbering
system used in Fig. 1 has been retained for like items.
[0018] As mentioned previously, the present invention
can be directly applied to "closed" railway, with captive
stock, such as a metro system or to an "open" railway,
by transitioning trains into and out of the area. The em-
bodiment shown and described with reference to Fig. 2
is for a typical computer-based train control ("CBTC")
system, with no use of either track circuits or GPS.
[0019] AsinFig. 1, a portion of a rail network is shown
having two trains, 1 a and 1b. Platforms are shown at 3,
signalling equipment at 4 and a controller at 6. Bi-direc-
tional communications, for example bi-directional radio
communications, between signalling equipment 4 and
trains 1a and 1b are shown as 5a and 5b respectively.
The combination of signalling equipment 4, controller 6
and train-carried signalling communication apparatus
(not explicitly shown in Fig. 2) constitutes a signalling
architecture.

[0020] In this embodiment, the network is divided into
a plurality of relatively coarse train location blocks by
trackside-located beacons 7. As shown, one beacon 7
is provided at each end of a platform 3. There need not
be many of these beacons/sensors, as only coarse train
detection is required. As will be described below, the pro-
vision of these beacons 7 enables each train 1 to be
located within a block, each block being delimited by two
beacons 7. The location definition provided is relatively
coarse compared to that available through the signalling
architecture in fault-free operation. Each block can con-
tain more than one train.

[0021] Eachbeacon 7 has a unique identifier or ID, and
furthermore is in communication with a train database 8,
in this example via fixed lines which give optimum relia-
bility, although wireless transmission, for example radio
transmission, may alternatively be used. Train database
8 maintains a record of the location of each train on a
block level. Train database 8 is communicatively con-
nected to controller 6, for example by hard-wiring or wire-
less means, for communication therewith. In this embod-
iment, beacons 7 are capable of both wirelessly trans-
mitting their unique identifiers to train-carried beacon de-
tection means in the form of transceivers 9a, b when they
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pass, and of receiving train identifiers (i.e. comprising the
train-specific ID) from the transceivers 9a, b. Such wire-
less transmission may comprise radio frequency trans-
mission, Bluetooth (RTM) or the like. In this embodiment,
the transceivers 9a, b are also able to detect movement
of the train using inertial navigation sensors. The trans-
ceivers 9a, b are fitted externally to the trains, and are
battery-backed such that they contain their own power
source. The beacons 7 are operable to send the received
train identifiers from transceivers 9a, b, together with the
beacons’ own unique identifiers, to train database 8. In
addition, transceivers 9a, b are operable to send their
train identifiers together with the received beacon iden-
tifiers, to signalling equipment 4, via the train-carried sig-
nalling communication equipment using bi-directional
communication 5. The beacon identifiers and train iden-
tifiers may then be forwarded to controller 6 and then on
totrain database 8. Therefore, whenever atrain 1 passes
a beacon 7, both the train identifier and beacon identifier
are sent to the train database 8 so that the block location
of the train 1 is recorded. Having this information sent by
both the beacon 7 and train 1 provides the security of a
back-up transmission path for redundancy.

[0022] Fig. 2 shows that each train 1 carries two trans-
ceivers 9, typically one (9a) proximate the front of the
train, and one (9b) proximate the rear. Such an arrange-
ment is useful to confirm that the entirety of the train has
passed into one block, or conversely that the train strad-
dles two adjacent blocks, with this confirmation being per-
formed by the controller 6. Having two transceivers 9a,
b also provides redundancy if one transceiver should fail.
[0023] The beacon to train database communications
system is wholly diverse to the signalling architecture.
Therefore, if one system should fail, the other will be un-
affected.

[0024] The controller 6 has a processor which receives
train reports from all valid sources as is known in the art,
including from the train database 8. During failure con-
ditions, it is possible that only this coarse train location
may be received in certain areas.

Train Database

[0025] The following summarises the functions in the
train database 8:

1. Maintain the location of all trains in the system
againsttherailway layout, using all train location data
available. Where possible maintain a fine level of
train location, but a coarse level must always be
maintained. Algorithms using time-dependent "train-
growing" variables may need to be used. Note that
there may be more than one train per section. The
time of entry of a train into a section should also be
recorded.

2. Continually process train location reports from
trackside beacons and train-carried sensors. There
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is redundant information in this, which needs to be
resolved to both fine level and simple coarse block
level occupancy.

3. Process addition / removal of trains to / from the
network, such thatthe trains are added to or removed
from the database following their entry or exiting the
network. In a"closed" railway, this should nothappen
very often. Joining and splitting of trains will also
need to be catered for.

4. Publish the coarse train locations to the signalling
system. Also indicate whether there are any "lost"

trains in the system.

System operation under initialisation conditions

[0026]

A) The following summarises the required restarting
operation of the signalling system, when recovering
from a partial or complete signalling system failure:

1. Check if all trains are accounted for, by using
the data published by the train database. If there
are trains for which the location is not known,
then manual intervention will be required.

2. Treat any coarse train location blocks con-
taining one or more trains as occupied in the
signalling system.

3. Starttrains moving one by one, dependent on
the order of entry into the block if the block ahead
of that train in the direction of travel is not occu-
pied. The trains may be restarted in the order in
which they entered the block, or alternatively in
the reverse order if they need to change direc-
tion, for example if for operational reasons (such
as the line being blocked), it is necessary to re-
verse and detrain passengers atthe nearest sta-
tion in rear. This may be via an automated algo-
rithm, or via the intervention of a single central
controller.

4. As each train moves, it will report location
again. This information can be correlated with
the train database information, until such time
as the coarse train location blocks can be re-
garded as "clear".

B) The following non-claimed summary describes
the required restarting operation of the signalling
system, when recovering from the failure of an indi-
vidual train:

1. Check if all trains are accounted for, by using
the data published by the train database. If there
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are trains for which the location is not known,
then manual intervention will be required.

2. Treat any coarse train location blocks con-
taining one or more trains as occupied in the
signalling system.

3. Check using the train locations stored in the
database 8 which trains are in the same coarse
section as the failed train, and permit those in
front of the failed or "lost" train to proceed if the
coarse block ahead of that train in the direction
of travel is not occupied, whilst sending stop
messages to those behind the failed or "lost"
train.

4. After the failed or "lost" train has been re-
moved via manual procedures, permit those
which were behind the failed or "lost" train to
proceed in dependence on their order of entry
into the block. Ifitis required to reverse the trains
behind the failed or "lost" train, in order to permit
egress of passengers at a station, the trains can
be given permission to move inthe reverse order
to that which they entered the coarse section.

5. Once all trains have been removed from the
coarse section, including the failed or "lost" train,
normal operation can be resumed.

[0027] The above-described embodiments are exem-
plary only, and other possibilities and alternatives within
the scope of the invention will be apparent to those skilled
in the art. For example, while the embodiment shown in
Fig. 2 enables the train and beacon identifiers to be trans-
mitted to the train database via two diverse communica-
tions routes, for simplicity only one such route could be
used. In this case, it is preferable to rely upon the beacon
- train database route so that this communication will not
be affected by failure of the signalling architecture.
[0028] In addition, other modifications / alternative ar-
rangements are possible within the scope of the inven-
tion, for example:

- Train locations may be passed from the signalling
system to the train database, in order to enable clear-
ing of the "coarse blocks".

- The communications system could be "mesh"
based, with limited use of fixed communications.

- Inasystem with visibility to the skies, i.e. not entirely
within tunnels, the train location in these areas could
be determined via GPS, rather than via trackside
beacons.

- The system could be extended to include other
equipment, for example trolleys and other track-
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mounted equipment etc. used during possessions.
This would require different types of trains in the train
database, and then an output from the train database
to indicate whether or not such items were still on
the railway.

Claims

A method of initialising a rail signalling system for a
rail network with a plurality of trains (1a, 1b) located
therein, the signalling system having a signalling ar-
chitecture comprising signalling equipment (4), sig-
nalling communication equipment located on each
train for enabling train location information (5a, 5b)
to be sent from the train to the signalling equipment
(4); and a controller (6), in communication with the
signalling equipment (4), for controlling the signalling
equipment;

the method comprising the steps of:

a) dividing the network into a plurality of blocks;
b) providing a train location detection system,
diverse to the signalling architecture, comprising
a train database (8) for storing the location of
each train (1a, 1b) within the network at a block
level, the train database (8) being in communi-
cation with the controller (6) for sending train
location information thereto; and

for restarting the signalling system following a partial
or complete failure of the signalling system causing
the trains to stop the steps of:

c) setting the controller (6) to treat any blocks
with at least one train located therein as occu-
pied;

d) causing one train to move if the block ahead
of that train in the direction of travel is not occu-
pied; and

e) repeating the previous step for each of the
plurality of trains in the order in which they en-
tered the block or in the reverse order.

A method according to 1, wherein the train database
(8) additionally stores the location of trolleys or other
track-mounted equipment within the network.

A method according to any preceding claim, further
comprising the step of:

f) determining the location of each train at a high-
er resolution than at the block level once the
train is moving, using the signalling architecture.

A method according to any preceding claim, wherein
step c) includes the initial step of consultation of the
location information stored by the train database (8)
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to check that the location of all trains on the network
is known at the block level.

A method according to any preceding claim, wherein
the train location detection system further comprises
aplurality of beacons (7), defining the blocks, located
at spaced locations within the network, and commu-
nications means for enabling information confirming
that a train has passed a beacon to be sent to the
train database (8).

A method according to any preceding claim, com-
prising the step of updating the train database (8)
with train location information from the signalling ar-
chitecture.

A rail signalling system for controlling the movement
of one or more trains (1a, 1b) on a rail network, the
system having a signalling architecture comprising:

signalling equipment (4), signalling communica-
tion equipment located on each train (1a, 1b) for
enabling train location information to be sent
from the train to the signalling equipment (4);
and a controller (6) in communication with the
signalling equipment (4), for controlling the sig-
nalling equipment (4);

wherein the rail signalling system further comprises:
a train location detection system comprising:

a train database (8) for storing the location
of each train (1a, 1b) at a block level within
the network, the train database (8) being in
communication with the controller (6) for
sending train location information thereto;
a plurality of beacons (7), defining the
blocks, located at spaced locations within
the network;

means for detecting that a train (1a, 1b)
passes a beacon (7); and
communications means for enabling infor-
mation confirming that a train has passed a
beacon to be sent

to the train database (8);

the signalling architecture and train location detec-
tion system being diverse, wherein following a partial
or complete failure of the signalling architecture
causing the trains to stop, the signalling system is
restarted by a) setting the controller (6) to treat any
blocks with at least one train located therein as oc-
cupied; b) causing one train to move if the block
ahead of that train in the direction of travel is not
occupied; and
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c) repeating the previous step for each of the
plurality of trains in the order in which they en-
tered the block or in the reverse order.

A system according to claim 7, wherein each beacon
(7) has a unique identifier.

A system according to claim 8, wherein the detecting
means comprises beacon detection means (9a, 9b)
located on each train, and means for receiving the
identifier from that beacon.

A system according to claim 9, wherein the commu-
nications means comprises communication equip-
ment located on each train for sending the received
identifier information to the train database (8) via the
signalling equipment (4).

A system according to either of claims 9and 10, com-
prising a first beacon detection means (9a) located
substantially at the front of each train and a second
beacon detection means (9b) located substantially
at the rear of each train.

A system according to any of claims 7 to 11, wherein
the detecting means comprises train detection
means located at each beacon.

A system according to claim 12, wherein the com-
munications means comprises beacon communica-
tion equipment for enabling communication between
each beacon and the train database.

A system according to any of claims 7 to 13, wherein
the controller (6) is adapted to send train location
information to the train database (8).

A system according to any of claims 7 to 14, wherein
the train database (8) is adapted for storing the lo-
cation of trolleys or other track-mounted equipment
within the network.

Patentanspriiche

1.

Verfahren zur Initialisierung eines Bahnsignalisie-
rungssystems fir ein Schienennetz mit mehreren
darin befindlichen Zigen (1a, 1b), wobei das Signa-
lisierungssystem eine Signalisierungsarchitektur
aufweist, welche Signalisierungsausristung (4), Si-
gnaliibertragungseinrichtungen, die an jedem Zug
angeordnet sind, um zu erméglichen, dass Zugpo-
sitionsinformationen (5a, 5b) vom Zug zu der Signa-
lisierungsausristung (4) gesendet werden, und eine
Steuereinheit (6), die mit der Signalisierungsausris-
tung (4) in Kommunikation steht, zum Steuern der
Signalisierungsausristung umfasst;

wobei das Verfahren die folgenden Schritte umfasst:
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a) Aufteilen des Netzes in mehrere Blécke;

b) Bereitstellen eines von der Signalisierungs-
architektur verschiedenen Zugortungssystems,
das eine Zugdatenbank (8) zum Speichern der
Position jedes Zuges (1a, 1b) innerhalb des Net-
zes auf einer Blockebene umfasst, wobei die
Zugdatenbank (8) in Kommunikation mit der
Steuereinheit (6) steht, um Zugpositionsinfor-
mationen an sie zu senden; und

zum Neustarten des Signalisierungssystems nach
einem teilweisen oder vollstandigen Ausfall des Si-
gnalisierungssystems, der ein Anhalten der Ziige
bewirkt, die folgenden Schritte:

c) Einstellen der Steuereinheit (6) dafir, alle Bl6-
cke, in denen sich wenigstens ein Zug befindet,
als belegt zu behandeln;

d) Bewirken, dass sich ein Zug bewegt, falls der
in der Fahrtrichtung vor diesem Zug befindliche
Block nicht belegt ist; und

e) Wiederholen des vorhergehenden Schrittes
firjeden der mehreren Zlge in der Reihenfolge,
in der sie in den Block eingefahren sind, oder in
der umgekehrten Reihenfolge.

Verfahren nach Anspruch 1, wobei die Zugdaten-
bank (8) zusatzlich die Position von Rollbécken oder
anderen auf den Gleisen angebrachten Einrichtun-
gen innerhalb des Netzes speichert.

Verfahren nach einem der vorhergehenden Anspri-
che, welches ferner den folgenden Schritt umfasst:

f) Bestimmen der Position jedes Zuges mit einer
héheren Auflésung als auf der Blockebene, so-
bald sich der Zug bewegt, unter Verwendung
der Signalisierungsarchitektur.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei Schritt c) den Anfangsschritt der Durch-
sicht der von der Zugdatenbank (8) gespeicherten
Positionsinformationen beinhaltet, um zu priifen, ob
die Position aller Ziige auf dem Netz auf der Blocke-
bene bekannt ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Zugortungssystem ferner mehrere
die Blocke definierende Baken (7), die an voneinan-
der beabstandeten Orten innerhalb des Netzes an-
geordnet sind, und Kommunikationsmittel zum Er-
mdoglichen, dass Informationen, welche bestétigen,
dass ein Zug eine Bake passiert hat, an die Zugda-
tenbank (8) gesendet werden, umfasst.

Verfahren nach einem der vorhergehenden Anspri-
che, welches den Schritt des Aktualisierens der Zug-
datenbank (8) mit Zugpositionsinformationen von
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der Signalisierungsarchitektur umfasst.

Bahnsignalisierungssystem zum Steuern der Bewe-
gung eines oder mehrerer Ziige (1a, 1b) auf einem
Schienennetz, wobei das System eine Signalisie-
rungsarchitektur aufweist, welche umfasst:

Signalisierungsausristung (4),
Signaliibertragungseinrichtungen, die an jedem
Zug (1a, 1b) angeordnet sind, um zu ermogli-
chen, dass

Zugpositionsinformationen vom Zug zu der
Signalisierungsausristung (4) gesendet wer-
den, und eine Steuereinheit (6), die mit der Si-
gnalisierungsausristung (4) in Kommunikation
steht, zum Steuern der
Signalisierungsausristung (4);

wobei das Bahnsignalisierungssystem ferner um-
fasst:

ein Zugortungssystem, welches umfasst:

eine Zugdatenbank (8) zum Speichern der
Position jedes Zuges (1a, 1b) auf einer Blo-
ckebene innerhalb des Netzes, wobei die
Zugdatenbank (8)in Kommunikation mitder
Steuereinheit (6) steht, um Zugpositionsin-
formationen an sie zu senden;

mehrere die Blécke definierende Baken (7),
die an voneinander beabstandeten Orten
innerhalb des Netzes angeordnet sind;
Mittel zum Erkennen, dass ein Zug (1a, 1b)
eine Bake (7) passiert; und
Kommunikationsmittel zum Ermdglichen,
dass Informationen, welche bestatigen,
dass ein Zug eine Bake

passiert hat, an die Zugdatenbank (8) gesendet
werden;

wobei die Signalisierungsarchitektur und das Zugor-
tungssystem voneinander verschieden sind, wobei
nach einem teilweisen oder vollstdndigen Ausfall der
Signalisierungsarchitektur, der ein Anhalten der Zi-
ge bewirkt, das Signalisierungssystem neu gestartet
wird durch a) Einstellen der Steuereinheit (6) dafir,
alle Blécke, in denen sich wenigstens ein Zug befin-
det, als belegt zu behandeln; b) Bewirken, dass sich
ein Zug bewegt, falls der in der Fahrtrichtung vor
diesem Zug befindliche Block nicht belegt ist; und

c) Wiederholen des vorhergehenden Schrittes
fur jeden der mehreren Ziige in der Reihenfolge,
in der sie in den Block eingefahren sind, oder in
der umgekehrten Reihenfolge.

System nach Anspruch 7, wobei jede Bake (7) eine
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10.

1.

12.

13.

14.

15.

eindeutige Kennung aufweist.

System nach Anspruch 8, wobei die Erkennungsmit-
tel an jedem Zug angeordnete Bakenerkennungs-
mittel (9a, 9b) und Mittel zum Empfangen der Ken-
nung von der betreffenden Bake umfassen.

System nach Anspruch 9, wobei die Kommunikati-
onsmittel an jedem Zug angeordnete Kommunikati-
onseinrichtungen zum Senden der empfangenen
Kennungsinformationen uber die Signalisierungs-
ausriistung (4) an die Zugdatenbank (8) umfassen.

System nach einem der Anspriiche 9 und 10, wel-
ches ein erstes Bakenerkennungsmittel (9a), das im
Wesentlichen an der Vorderseite jedes Zuges ange-
ordnet ist, und ein zweites Bakenerkennungsmittel
(9b), das im Wesentlichen an der Rickseite jedes
Zuges angeordnet ist, umfasst.

System nach einem der Anspriiche 7 bis 11, wobei
die Erkennungsmittel Zugerkennungsmittel umfas-
sen, die an jeder Bake angeordnet sind.

System nach Anspruch 12, wobei die Kommunika-
tionsmittel Baken-Kommunikationseinrichtungen
zum Ermdglichen einer Kommunikation zwischen je-
der Bake und der Zugdatenbank umfassen.

System nach einem der Anspriiche 7 bis 13, wobei
die Steuereinheit (6) daflr ausgelegt ist, Zugpositi-
onsinformationen an die Zugdatenbank (8) zu sen-
den.

System nach einem der Anspriiche 7 bis 14, wobei
die Zugdatenbank (8) daflr ausgelegt ist, die Posi-
tion von Rollbécken oder anderen auf den Gleisen
angebrachten Einrichtungen innerhalb des Netzes
zu speichern.

Revendications

Procédé d'initialisation d’'un systeme de signalisa-
tion ferroviaire destiné a un réseau ferroviaire dans
lequel une pluralité de trains (1a, 1b) sont situés, le
systeme de signalisation ayant une architecture de
signalisation comprenant un équipement de signa-
lisation (4), un équipement de communication de si-
gnalisation situé sur chaque train en vue de permet-
tre que des informations (5a, 5b) sur la position des
trains soient envoyées du train a I'’équipement de
signalisation (4), et un dispositif de commande (6),
communiquant avec I'équipement de signalisation
(4), en vue de commander I'équipement de signali-
sation,

le procédé comprenant les étapes consistant :
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a) a diviser le réseau en une pluralit¢ de
cantonnements ;

b) a réaliser un systéme de détection de la po-
sition des trains, distinct de I'architecture de si-
gnalisation, comprenant une base de données
(8) sur les trains en vue de stocker la position
de chaque train (1a, 1b) dans le réseau a I'éche-
lon d’'un cantonnement, la base de données (8)
sur les trains communiquant avec le dispositif
de commande (6) pour lui envoyer des informa-
tions sur la position des trains, et

en vue de relancer le systéme de signalisation aprés
une défaillance partielle ou totale du systeme de si-
gnalisation amenantles trains a s’arréter, les étapes
consistant :

c) a régler le dispositif de commande (6) pour
qu’il traite comme étant occupé tout cantonne-
ment dans lequel au moins un train est situé ;
d) a amener un train a se déplacer si le canton-
nement en aval de ce train dans le sens de mar-
che n'est pas occupé, et

e) a répéter I'étape précédente pour chaque
train de la pluralité de trains dans l'ordre dans
lequel ils sont entrés dans le cantonnement, ou
dans l'ordre inverse.

Procédé selon la revendication 1, dans lequel la ba-
se de données (8) sur les trains stocke en plus la
position de draisines ou d’autres équipements mon-
tés sur les voies a l'intérieur du réseau.

Procédé selon I'une quelconque des revendications
précédentes, comprenant par ailleurs [I'étape
consistant :

f) a déterminer, en utilisant I'architecture de si-
gnalisation, la position de chaque train suivant
une résolution plus élevée que I'échelon du can-
tonnement une fois que le train se déplace.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'étape c) comprend I'éta-
pe initiale de consultation des informations sur la po-
sition stockées par la base de données (8) sur les
trains afin de vérifier que la position de tous les trains
sur le réseau est connue a I'échelon du cantonne-
ment

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le systéme de détection
de la position des trains comprend par ailleurs une
pluralité de balises (7), définissant les cantonne-
ments, situées en des endroits espacés a l'intérieur
du réseau, et des moyens de communication en vue
de permettre que les informations confirmant qu’un
train a dépassé unebalise, soientenvoyées alabase
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de données (8) sur les trains.

Procédé selon 'une quelconque des revendications
précédentes, comprenant I'étape consistant a met-
tre a jour la base de données (8) sur les trains au
moyen d’'informations sur la position des trains pro-
venant de I'architecture de signalisation.

Systeme de signalisation ferroviaire permettant de
réguler le mouvement d’'un ou de plusieurs trains
(1a, 1b) sur un réseau ferroviaire, le systéme ayant
une architecture de signalisation comprenant :

un équipement de signalisation (4), un équipe-
ment de communication de signalisation situé
sur chaque train (1a, 1b) en vue de permettre
que les informations sur la position d’'un train
soient envoyées du train a I'équipement de si-
gnalisation (4), et un dispositif de commande (6)
communiquant avec I'’équipement de signalisa-
tion (4) en vue de commander I'équipement de
signalisation (4),

étant entendu que le systéme de signalisation
ferroviaire comprend par ailleurs :

un systeme de détection de la position des
trains comprenant :

une base de données (8) sur les trains
envue de stocker la position de chaque
train (1a, 1b) a I'échelon d'un canton-
nement a l'intérieur du réseau, la base
de données (8) sur les trains commu-
niquant avecle dispositif de commande
(6) en vue de lui envoyer des informa-
tions sur la position des trains ;

une pluralité de balises (7), définissant
les cantonnements, situées a des en-
droits espacés a l'intérieur du réseau ;
des moyens permettant de détecter
qu’untrain (1a, 1b) dépasse une balise
(7), et

des moyens de communication en vue
de permettre que des informations con-
firmant qu’un train a dépassé une bali-
se,

soient envoyées a la base de données (8)
sur les trains, I'architecture de signalisation
etle systéme de détection de la position des
trains étant distincts, étant entendu que,
aprés une défaillance partielle ou totale de
I'architecture de signalisation amenant les
trains a s’arréter, on relance le systéme de
signalisation a) en réglant le dispositif de
commande (6) de fagon qu’il traite comme
étant occupé tout cantonnement dans le-
quel au moins un train est situé ; b) en ame-



10.

1.

12.

13.

14.

15.

15 EP 2 470 408 B1

nant un train a se déplacer si le cantonne-
ment en aval de ce train dans le sens de
marche n’est pas occupé, et ¢) a répéter
I'étape précédente pour chaque train de la
pluralité de trains dans I'ordre dans lequel
ils sont entrés dans le cantonnement, ou
dans l'ordre inverse.

Systeme selon la revendication 7, dans lequel cha-
que balise (7) a un identifiant unique.

Systeme selon la revendication 8, dans lequel les
moyens de détection comprennent des moyens de
détection (9a, 9b) de balises situés sur chaque train
etdes moyens permettant de recevoir 'identifiant de
cette balise.

Systeme selon la revendication 9, dans lequel les
moyens de communication comprennent un équipe-
ment de communication situé sur chaque train en
vue d’envoyer les informations regues sur l'identi-
fiant a la base de données (8) sur les trains par le
biais de I'’équipement de signalisation (4).

Systeme selon I'une ou l'autre des revendications 9
et 10, comprenant un premier moyen de détection
(9a) de balises situé sensiblement au niveau de la
téte de chaque train et un second moyen de détec-
tion (9b) de balises situé sensiblement au niveau de
la queue de chaque train.

Systeme selon I'une quelconque des revendications
7 a 11, dans lequel les moyens de détection com-
prennent un moyen de détection de trains situé sur
chaque balise.

Systeme selon la revendication 12, dans lequel les
moyens de communication comprennent un équipe-
ment de communication pour balise en vue de per-
mettre la communication entre chaque balise et la
base de données sur les trains.

Systeme selon I'une quelconque des revendications
7 a 13, dans lequel le dispositif de commande (6)
est adapté en vue d’envoyer des informations sur la
position des trains a la base de données (8) sur les
trains.

Systeme selon I'une quelconque des revendications
7 a 14, dans lequel la base de données (8) sur les
trains est adaptée en vue de stocker la position de
draisines ou d’autres équipements montés sur les
voies a l'intérieur du réseau.
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