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Description
Technical Field

[0001] The presentinvention relates to a train-centric
electronic interlocking system and method for an auton-
omous train control system based on connection be-
tween trains.

Background Art

[0002] Generally, a railroad vehicle is large-scale
transportation machine that transports large amounts of
freight or many passengers, and a railroad vehicle is
equipped with various types of train control systems hav-
ing various degrees of complexity so that the vehicle can
be safely driven along a track.

[0003] Here, train control systems utilize complicated
system configurations where various types of supervi-
sions and controls are possible to take charge of safe
operation of the train. For safe operation of two trains, it
is extremely important to secure a safe distance between
preceding and following trains and a safe speed, and an
example thereof is proposed in Korean Patent No.
10-1449742 that relates to a device for controlling a dis-
tance between trains. In a conventional wayside-centric
wireless communications-based train control system, it
is impossible to directly transmit and receive control in-
formation between afollowing train and a preceding train,
and thus proximate driving with a preceding train is im-
possible.

[0004] Therefore, a device for measuring a position
and a speed of a preceding train in real time is provided
in a train, and an onboard system is configured to calcu-
late a safe distance between trains by using movement
authority received from a wayside system and speed and
position values of the preceding train measured in the
train, whereby it is proposed that train distance control
between the preceding train and the following train is
automatically performed in a range where the proximate
driving is possible without human intervention.

[0005] Among such conventional wireless communi-
cations-based train control systems, a wayside-centric
wireless communications-based train control system
such as a communications-based train control (CBTC)
system performs wayside-centric distance control based
on control information between an onboard system and
a wayside system.

[0006] DocumentEP 1695 890 A1 describes a signal-
ling system for ensuring the protection of a train, com-
prising an interlocking device.

[0007] However, all trains of the control area at the
wayside are controlled depending on centralized control
systems such as a wayside automatic train protection
(ATP), a wayside electronic interlocking system (EIS),
etc., and thus when more than the predetermined number
of trains are deployed, there is a limit to the processing
capacity. Therefore, it is required to establish more facil-
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ities depending on a predetermined section or the
processing capacity. For example, document EP-A-
1695890 discloses signaling system, train with control
apparatus and point protection apparatus.

[0008] In order to solve such problems, it is required
that a new autonomous train control system based on
communication connection between trains performs safe
train operation through control information interchange
between trains without wayside facilities such as wayside
ATP, EIS, etc.

Disclosure
Technical Problem

[0009] Accordingly, the present invention has been
made keeping in mind the above problems occurring in
the related art, and an object of the present invention is
to provide a train-centric electronic interlocking system
and method for an autonomous train control system
based on connection between trains, the train-centric
electronic interlocking system and method reducing sys-
tem installation and maintenance costs by reducing way-
side EIS facilities.

[0010] Particularly, an object of the present invention
is to provide a train-centric electronic interlocking system
and method for an autonomous train control system
based on connection between trains, the train-centric
electronic interlocking system and method simplifying a
control path by enhancing flexibility and scalability of the
system based on an onboard EIS.

Technical Solution

[0011] In order to accomplish the above object, the
present invention provides:

a train-centric electronic interlocking system for an au-
tonomous train control system based on connection be-
tween trains, the train-centric electronic interlocking sys-
temincluding: a control automatic train supervision (ATS)
configured to perform a path command according to a
unique schedule of a train; an onboard electronic inter-
locking system (EIS) configured to control a path of the
train according to the command of the control ATS, and
identifying integrity of the control; a point machine (PM)
configured to switch a track of a switching area; and an
object controller (OC) configured to control the PM ac-
cording to a command of the onboard EIS, and providing
state information of the PM to the onboard EIS. The state
information of the point machine managed by the on-
board electronic interlocking system includes a unique
ID of the point machine, the switching area, a nominal or
reverse state, a lock or unlock state of the point machine,
and a key value for accessing the point machine. The
object controller is configured to change the state of the
point machine to the lock state while generating a unique
key value and providing the unique key value to the on-
board electronic interlocking system.
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[0012] Here, the OC may identify the state information
of the PM and may provide the state information to the
onboard EIS, the state information including a nominal
or reverse state, a lock or unlock state, a fault or normal
state of the PM.

[0013] Inaddition, the PM may have the switching area
to which a fouling point is applied, and the onboard EIS
may receive an operation state of the PM from the OC
to identify the operation state, and may provide the path
as much as the switching area of the secured PM to an
onboard automatic train protection (ATP).

[0014] In addition, the present invention provides:

a train-centric electronic interlocking method for an au-
tonomous train control system based on connection be-
tween trains, the train-centric electronic interlocking
method including: receiving, by an onboard electronic
interlocking system (EIS) of a train at step 1, state infor-
mation of a point machine (PM) list of multiple PMs com-
posing a path based on a path command of a control
automatic train supervision (ATS) from an object control-
ler (OC) of a PM to identify the state information of the
point machines of said list; identifying, by the onboard
EIS at step 2, whether a particular PM in said list is in an
unlock or lock state, and requesting a change of the state
of the particular PM to the lock state, from the OC con-
nected to the particular PM when determining the partic-
ular PM is in the unlock state; receiving, by the onboard
EIS at step 3, a unique key value required for accessing
the particular PM from the OC, the unique key value being
generated while changing the state of the particular PM
to the lock state; and transmitting, by the onboard EIS at
step 4, an unlock command to the OC connected with
the particular PM by using the key value received from
the OC, whereby the particular PM is unlocked.

[0015] Here, the step 1 may include: transmitting, by
the onboard EIS of the train at step 1_1, a state request
message requesting the state information of the partic-
ular PM to all OCs of a route; and receiving, by the on-
board EIS at step 1_2, the state information of the par-
ticular PM from the OC of the particular PM.

[0016] In addition, atthe step 1, the onboard EIS of the
train may receive supervised state information of the PMs
from all OCs that are individually connected with the PMs.
[0017] Furthermore, before the step 1, the method may
include receiving, by the onboard EIS at step 5, the path
command from the control ATS according to a unique
schedule of the train, and storing IDs of all PMs of a route
and switching areas of the PMs.

[0018] Also, the state information of the PM managed
by the onboard EIS may include a unique ID of the PM,
a switching area, a nominal or reverse state, a lock or
unlock state of the PM, and a key value for accessing
the PM.

[0019] Furthermore, at the step 2, the path of the train
may be postponed until all PMs in the PM list requested
by the onboard EIS are in the unlock state.

[0020] Inaddition, the step 4 may include: continuously
receiving, by the onboard EIS at step 4_1, the position
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of the train and an occupied section of the track from an
onboard automatic train protection (ATP), and when a
rear end portion of the train moves out of a PM area,
commanding the OC of the PM to unlock the PM; and
receiving, by the onboard EIS at step 4_2, state informa-
tion after changing the state of the PM to the unlock state,
from the OC that received the unlock command for the
PM.

[0021] Furthermore, at the step 4, when the onboard
EIS receives the forced unlock command for the locked
PM from the OC of the PM in the lock state or from a
control center while the train exists in a switching area,
the onboard EIS may transmit unlock impossibility infor-
mation to the control center or the OC.

[0022] Inaddition, atthe step 4, when a current braking
distance of the train received from an automatic train pro-
tection (ATP) exists in a non-switching area of the par-
ticular PM, the forced unlock command for the particular
PM may be transmitted from a control center to the OC
connected with the particular PM and to the onboard EIS;
and the onboard EIS having the key of the particular PM
may identify whether the particular PM can be unlocked,
and may return the key to the OC of the particular PM,
whereby the particular PM is unlocked.

Advantageous Effects

[0023] As described above, according to the present
invention, a system for the autonomous train control sys-
tem based on connection between trains is simplified
based on the onboard EIS without requiring wayside EIS
facilities, whereby installation and maintenance costs of
the system can be reduced.

[0024] In addition, according to the present invention,
it is possible to enhance flexibility and scalability of a
system based on the onboard EIS. That is, the present
invention can provide onboard facilities that were used
as wayside facilities in a conventional wayside-centric
wireless communications-based train driving safety sys-
tem, whereby a control path can be simplified and can
flexibly reply to operational change.

Description of Drawings
[0025]

FIG. 1 is a block diagram showing an autonomous
train control system based on connection between
trains for the present invention.

FIG. 2 is a configuration diagram showing a train-
centric electronic interlocking system for an autono-
mous train control system based on connection be-
tween trains according for an embodiment of the
present invention.

FIG. 3 is a configuration diagram showing a train-
centric electronic interlocking system for an autono-
mous train control system based on connection be-
tween trains for another embodiment of the present
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invention.

FIG. 4 is a view showing an example of a switching
area of an object controller (OC) and a point machine
(PM) for the present invention.

FIG. 5 is a view for explaining a process of transmit-
ting and receiving information between components
of a train-centric electronic interlocking system for to
the present invention.

FIGS. 6a and 6b are views for explaining processes
of requesting and responding to state information of
a PM by an onboard electronic interlocking system
(EIS) for the present invention.

FIG. 7 is a view for explaining a process of periodi-
cally reporting state information of a PM to an on-
board EIS for the present invention.

FIG. 8 is a view for explaining a switching area of a
PM for the present invention.

FIG. 9 is a view for explaining a lock process of a
PM through an OC for the present invention.

FIG. 10 is a view for explaining an unlock process
of a PM through an OC of the present invention.
FIG. 11 is a view for explaining an example of sep-
aration of a track section managed by an onboard
EIS for the present invention.

FIG. 12 is a view for explaining an example of train
path configurations for the present invention.

FIGS. 13 and 14 are views for explaining a process
of determining whether approach (stick) locking is
performed by an onboard EIS for the present inven-
tion.

FIG. 15 is a view for explaining a situation where
movement authority (MA) is shortened by reducing
a path due to forced unlock by an operator for the
present invention.

Best Mode

[0026] Hereinafter, features of atrain-centric electronic
interlocking system and method for an autonomous train
control system based on connection between trains ac-
cording to the present invention will be understood
through a detailed description of the embodiment of the
present invention with reference to the accompanying
drawings.

[0027] First, referring to FIG. 1, a train control system
based on connection between trains is broadly com-
posed of wayside facilities and onboard equipment.
[0028] Here, the wayside facilities are composed of a
control automatic train supervision (ATS) 1, a wayside
data communication network, a precision stop marker
(PSM) 2, and a trackside beacon 3 such as TAG/Balise.
Onboard facilities are composed of an onboard wireless
communication device 4,aPSM sensor5, abeaconread-
er and antenna 6, the onboard equipment 7 such as on-
board automatic train protection (ATP)/ onboard auto-
matic train operation (ATO)/ onboard electronic interlock-
ing system (EIS), etc., and a traction/braking system 8
of a train as a sub-system.
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[0029] In the meantime, there are no wayside control
facilities in the present invention, and thus a platform
screen door (PSD) 9, a point machine (PM) 10, and an
onboard ATP of the adjacent train transmit and receive
control information therebetween through a wireless
communication network. The onboard equipment 7 such
as onboard ATP/ATO, etc. interfaces with the trac-
tion/braking system 8 of a train to control acceleration
and deceleration of the train so as to secure a safe dis-
tance.

[0030] Insuch a train control system based on connec-
tion between trains, the onboard equipment 7 calculates
atrack occupied section of a train and movement author-
ity of a train by itself, and provides them to an adjacent
train (following train). In addition, it is possible to provide
real-time information such as acceleration and deceler-
ation control information, etc. including train characteris-
tics.

[0031] Hereinafter, configurations of the train-centric
electronic interlocking system for the autonomous train
control system based on connection between trains ac-
cording to the present invention will be described.
[0032] Here, in the electronic interlocking system of
the train control system based on connection between
trains, as shown in FIG. 2, an object controller (OC) 20
performs wireless communication with the control ATS
1and an onboard EIS 30. Alternatively, as shown in FIG.
3, when it is easy to connect the point machine (PM)
(track switch) 10 to a trackside wireless communication
network base station 15, the OC 20 performs wired com-
munication with the control ATS 1 and the onboard EIS
30 through the trackside wireless communication net-
work base station 15.

[0033] More specifically, in a case of FIG. 2, the OC
20 autonomously has wireless facilities, and thus the OC
transmits and receives control information to and from
the control ATS 1 and the onboard EIS 30 through wire-
less communication. In contrast, in a case of FIG. 3, the
OC 20 is connected to the trackside wireless communi-
cation facilities through a cable, and thus control infor-
mation is transmitted and received through wireless com-
munication between the onboard EIS 30 and the track-
side wireless communication base station 15.

[0034] Such electronic interlocking system includes:
the control ATS 1 performing a path command according
to a unique schedule of a train; the onboard EIS 30 con-
trolling the path of the train according to the command
of the control ATS, and identifying integrity of the control;
the PM 10 switching the track; and the OC 20 controlling
the PM 10 according to a command of the onboard EIS
30, and providing state information of the PM 10 to the
onboard EIS 30.

[0035] Here, the OC 20 is connected with at least one
PM 10, and identifies state information of the PM such
as a nominal or reverse state, a lock or unlock state, a
fault or normal state, etc. of the PM, and provides the
state information of the PM to the onboard EIS 30 or the
control ATS 1.
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[0036] In the concept of Mutex, lock or unlock means
that in order to control a particular PM 10 by the onboard
EIS 30 through the OC 20, lock or unlock is performed
on the resource (here, the PM) so as to prevent the par-
ticular PM 10 from being duplicately controlled by an on-
board EIS 30 of another train.

[0037] Here, as shown in FIG. 4, all PMs 10 at the
trackside have a switching area 10a to which a fouling
pointis applied. Here, for example, in a case of twin PMs
such as PM 21A and PM 21B, and a reverse state, the
switching area is meaningful. Through this, the onboard
EIS 30 of atrain commands the OC 20 tolock and operate
the PM 10. In addition, the onboard EIS 30 receives an
operation state of the PM 10 from the OC 20 to identify
the operation state, and provides the path as much as
the switching area 10a of the secured PM 10 to the on-
board ATP 32.

[0038] A process of transmitting and receiving infor-
mation between components of each part of the train-
centric electronic interlocking system is shown in FIG. 5.
According to this, the onboard EIS 30 receives a position,
a travel direction of a train T, train route section occu-
pancy information, and movement authority from the on-
board ATP 32. In addition, the onboard EIS 30 receives
a braking distance based on a current position and a
current speed of the train in order to decide a lock con-
dition. In addition, the onboard EIS 30 provides the end
of the safe path to the onboard ATP 32. Also, the onboard
EIS 30 identifies a state of a PM 10 and commands con-
trol of the PM 10 through the OC 20. Furthermore, the
OC 20 receives real-time state information of the PM 10
and provides the information to the onboard EIS 30.
[0039] Hereinafter, an operation process of the train-
centric electronicinterlocking system for the autonomous
train control system based on connection between trains
according to the present invention will be described with
reference to FIGS. 6 to 15.

[0040] First,a communication method between the on-
board EIS 30 and the OC 20 will be described with ref-
erence to FIGS. 6 and 7.

[0041] An onboard EIS 30 of every train T running on
the route and wayside OCs 20 are respectively registered
at single and multicast addresses. The onboard EIS 30
transmits and receives control information to and from
the OC 20 through the communication addresses.
[0042] Here, there are two methods of identifying the
state of the PM 10 by the onboard EIS 30 as shown in
FIGS. 6 to 7. The first method is receiving state informa-
tion of the PM 10 from the OC 20 in response to a request
of the onboard EIS 30, and the second method is peri-
odically reporting supervised state information of the PM
10 by each OC 20, to the onboard EIS 30.

[0043] First,FIG. 6is aview for explaining request and
response of the onboard EIS 30.

[0044] According to this, assuming that K trains T and
N PMs 10 exist on the route, for example, as shown in
FIG. 6a, when an onboard EIS 30 of train #1, which is a
particular train, requests state information of a particular

10

15

20

25

30

35

40

45

50

55

PM 10, a state request message is transmitted to all OCs
20.

[0045] In the meantime, as shown in FIG. 6b, in re-
sponse to the state request message, the onboard EIS
30 receives the state information from a particular OC 20
connected with the particular PM 10 among all OCs.
Here, all trains running on the route receive the state
information of the particular PM 10. However, an onboard
EIS 30 that does not request the state information of the
particular PM 10 among multiple onboard EISs 30 ig-
nores the state information of the PM regardless of the
reception.

[0046] Thatis, when an onboard EIS 30 of a particular
train requests state information of a particular PM 10, a
state request message is transmitted to all OCs 20, and
the state information is received from a particular OC 20
connected to the particular PM 10 among all OCs.
[0047] In addition, FIG. 7 shows a case where all PMs
on the route periodically provide state information of
themselves to all trains. According to this, assuming that
K trains T and N PMs 10 exist on the route, an onboard
EIS 30 of a particular train does not request state infor-
mation of a particular PM 10. All OCs 20 periodically
transmit supervised state information of the PMs 10 in-
dividually connected therewith, to onboard EIS 30s of all
trains running on the route.

[0048] Hereinafter, a process of storing state informa-
tion of a PM by an onboard EIS will be described with
reference to FIG. 8.

[0049] The onboard EIS 30 stores IDs of all PMs 10
on the route and switching areas 10a of all PMs 10. Al-
ternatively, an OC corresponding to a PM may be con-
figured to provide a switching area of the PM.

[0050] Here, the switching area 10a of the PM 10 is
indicated as a distance from the trackside beacon 3 such
as trackside TAG/Balise. That is, as shownin FIG. 8, the
switching area 10a may be indicated by using distances
x and y from a random reference TAG. Therefore, the
start point of the switching area may be indicated as a
point spaced apart from TG_K that is an ID of the refer-
ence TAG by distance y, and the end point of the switch-
ing area may be indicated as a point spaced apart from
TG_K by distance x.

[0051] In the meantime, state information of a PM 10
managed by the onboard EIS 30 may be composed of
as follows: a unique ID of the PM 10, a switching area,
a nominal or reverse state, a lock or unlock state of the
PM 10, a key value for accessing the PM, and an ID of
the PM 10 in a case of twins.

[0052] Here, inthe state information of the PM 10 man-
aged by the onboard EIS 30, only when the nominal or
reverse state and the lock or unlock state of the PM 10
are received through the OC 20, the values thereof may
be set.

[0053] Such state information of the PM 10 is com-
posed as "<PM_ID, [TG_K +y, TG_K + x], Nominal/Re-
verse, Lock/Unlock, Key, Twin PM_ID>."

[0054] Next, lock and unlock processes of a single PM
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will be described with reference to FIGS. 9 and 10.
[0055] First, a method of locking an unlocked PM 10
by an onboard EIS 30 of a train through the OC 20 to
secure the unlocked PM for its own resources is as fol-
lows.

[0056] Referring to FIG. 9, the onboard EIS 30 identi-
fies whether a particular PM 10 is in an unlock state.
When the particular PM 10 is identified as in the unlock
state, the onboard EIS requests a change of the state of
the particular PM 10 to a lock state, from an OC 20 con-
nected to the particular PM 10. Accordingly, the OC 20
changes the state of the particular PM 10 to the lock state
while generating a unique key value and providing the
unique key value to the onboard EIS 30.

[0057] The OC 20 receives state information from the
PM 10 and identifies whether the PM is in a lock state,
and generates a unique key value and provides the
unique key value to the onboard EIS 30.

[0058] Here, whenthe PM 10 is in an unlock state and
whenever the onboard EIS 30 has a lock request for the
PM 10, the OC 20 always generates a new key value
and provides the key value to the onboard EIS 30.
[0059] In addition, the key value generated by the OC
20 should be long enough so as to prevent the onboard
EIS 30 from being operated by an existing value and to
prevent several OCs 20 from generating duplicate val-
ues.

[0060] When several PMs exist within the path rather
than a single PM, the onboard EIS 30 of a train postpones
configuration of the path until all PMs that exist within the
path received from the ATS 1 are secured. That is, only
when all PMs are secured, a key value is obtained.
[0061] In the meantime, referring to FIG. 10, in order
to unlock the PM 10 secured by the onboard EIS 30, the
onboard EIS 30 transmits an unlock command to the OC
20 by using a key value received from the OC 20. Ac-
cordingly, the OC 20 enables the PM 10 to be unlock
only by a command of an onboard EIS 30 that locked the
PM 10.

[0062] In the locking of the PM, the path is postponed
until all PMs received from an ATS path command are
secured. In contrast, in the unlock state, whenever a train
moves out of a PM area, each PM is unlocked in order.
[0063] Such locking and unlocking of the PM 10 may
be performed by manual handling of an operator of a
control center besides the onboard EIS 30. The operator
may identify the state of the PM 10 to be handled, through
an operation monitor. When the PM 10 is in the unlock
state by another train, a lock or unlock process is per-
formed in the same manner as the case of the onboard
EIS 30.

[0064] In addition, separation of a track section will be
described with reference to FIG. 11.

[0065] In the train-centric electronic interlocking sys-
tem according to the present invention, track sections
are separated into a switching area and a non-switching
area that is not the switching area. Path information pro-
vided to the onboard ATP 32 by the onboard EIS 30 man-
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ages only the switching area of the PM 10. That is, as
shown in FIG. 11, in a case of all track sections except
for the switching area 10a (non-switching area), the on-
board EIS 30 provides a path to the onboard ATP 32
without any conditions.

[0066] Next, train path configurations and provisions,
and unlocking will be described with reference to FIG. 12.
[0067] The path provided by the onboard EIS 30 to the
onboard ATP 32 is configured based on a schedule com-
mand of the control ATS 1. Here, when a path to be pro-
vided includes a switching area 10a, the onboard EIS 30
should identify a list of PMs 10 composing the path and
a condition of each PM 10.

[0068] Here,inordertosecure the PMlist, the onboard
EIS 30 receives the state by using the multicast address
of the OC 20. In FIG. 12, the onboard EIS 30 of a train
provided the path before a switching area corresponding
to PM 21A and PM 21B, to the onboard ATP 32, and thus
movement authority of the train may be extended to the
X point as maximum.

[0069] For example, a train A receives the schedule
command of the control ATS 1, and intends to enter a
station in the direction of the red arrow. The control ATS
1 commands the onboard EIS 30 of the train A for a path
related to the red arrow. Based on the path command of
the control ATS 1, the onboard EIS 30 of the train A re-
quests state information of PM list <21A, 21B, 23, 25>
composing the path orreceives a periodical report on the
PM state from the OC 20.

[0070] Here, for example, when all PMs 10 in the PM
listnamely, all states of <21A, 21B, 23, 25> are the unlock
state (resource not occupied by another train), the on-
board EIS 30 of the train A locks the PM list (the train A
performs locking before performing unlocking so as to
prevent the PM list from being occupied by another train),
and next, a PM control command is transmitted to each
OC 20 by using a control key value received from each
PM and a multicast communication address.

[0071] That is, <21A-nominal, 21B-nominal, 23-re-
verse, 25-nominal> command is transmitted. PM 21A
and PM 21B are twin PMs, and thus when PM 21B is
nominal, PM 21A is also nominal. The OC 20 of the PM
10 controls the PM 10 according to the command of the
onboard EIS 30. The onboard EIS 30 of the train A re-
ceives state information of the PM from the OC 20 with
respect to the control command, and identifies that the
control of the PM is faultlessly performed.

[0072] Here, when any PM in the requested PM list is
not in the unlock state, the onboard EIS 30 of the train A
postpones the path of the train until all PMs in the re-
quested list are in the unlock state. That is, the train A is
unable to receive a path after the X point.

[0073] Inthe meantime, when providing the path of the
train, the onboard EIS 30 identifies that the control of the
PM 10 is faultlessly performed, and next, provides the
path including switching areas of the PM list to the on-
board ATP of the train. In FIG. 12, when the end of the
path to be provided to the train A is the Y point, the on-
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board EIS 30 secured switching areas required to move
fromthe X pointtothe Y point, namely, all switching areas
of PM 21A & 21B, PM 23, and PM 25, whereby the end
of the path that is safe to the Y point may be provided to
the onboard ATP. Accordingly, the onboard ATP allows
the onboard ATO (or the driver) to move the train to the
Y point.

[0074] Inaddition, when unlocking the path of the train,
the onboard EIS 30 continuously receives the position of
the train and an occupied section of the track from the
onboard ATP 32. Therefore, whenever the rear end por-
tion of the train moves out of the PM area while the train
travels to the Y point, the onboard EIS 30 commands the
OC 20 to unlock the PM 10 in order. Accordingly, the OC
20 that received the unlock command of the PM 10 un-
locks the PM 10, and next, transmits the state information
to the onboard EIS 30.

[0075] Hereinafter, a process of performing lock logic
will be described with reference to FIGS. 13 to 15.
[0076] First, detectorlocking means thatwhen the train
exists in the switching area of the track, namely, when
the occupied section of the train exists in the switching
area, the PM 10 is locked to be prevented from being
arbitrarily switched. In a normal situation, the OC 20 does
not allow another train to access, and thus when the train
T exists in the switching area 10a of the PM 10, unlocking
is not performed.

[0077] When the operator uses the OC 20 to unlock a
PM 10 that is already locked by an onboard EIS 30 of a
particulartrain T, the information ofthe commandis trans-
mitted to all OCs 20 on the route and onboard EISs 30
of all trains.

[0078] Thatis, the ID of the PM 10 and the unlock com-
mand for the PM 10 that the operator requires to unlock
are transmitted to all onboard EISs 30 through the mul-
ticast communication address. The onboard EIS 30 oc-
cupying the PM 10 continuously receives the position of
the train and the occupied section of the track from the
onboard ATP 32. The onboard EIS 30 exists in the switch-
ing area 10a of the PM 10, and thus the onboard EIS 30
transmits unlock impossibility information to the control
center or the OC 20 for the cognition of the operator.
Otherwise, namely, when a train does not exist in the
switching area of the PM and there is enough distance
not to enter the switching area by a current train being
stopping, a control key of the PM is returned to the OC
20 and the state of the PM is changed to the unlock state.
Next, the control ATS has a right to control the PM by
obtaining the key returned to the OC 20.

[0079] Next, approach (stick) locking means that when
the train T enters the switching area 10a, the PM handling
the switching area 10a is locked to be prevented from
being arbitrarily switched. In the train-centric electronic
interlocking system, the onboard EIS 30, from the ATP
32, may receive real-time position and occupancy infor-
mation of the train, a current braking distance, and move-
ment authority. In addition, movement authority of the
ATP 32 and a limit speed may be set to stop the train T
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in front of an unauthorized PM 10 without fail.

[0080] When the operator forces to implement unlock-
ing while the train T normally approaches to the switching
area, information is transmitted to all OCs 20 on the route
and the onboard EIS 30 of the train. Based on the ID of
the PM 10, the onboard EIS 30 of the train having the
key identifies whether the current braking distance of the
train reaches the switching area 10a (namely, whether
derailment may occur when the train brakes now), where-
by whether the command is applied is decided.

[0081] FIG. 13 is a view showing a case where it is
impossible for the operator to force to implement unlock-
ing when determining whether approach (stick) locking
is performed. When the train approaches the switching
area and the operator intends to unlock the PM 10
through the OC 20, the request of the operator is trans-
mitted to the onboard EIS 30 occupying the PM 10. How-
ever, the current braking distance of the train T reaches
the switching area 10a, and thus the onboard EIS 30 may
refuse the command of the operator.

[0082] FIG. 14 is a view showing a case where it is
possible for the operator to force to implement unlocking
when determining whether approach (stick) locking is
performed. When the current braking distance of the train
received from the ATP 32 exists outside of the switching
area 10a, the onboard EIS 30 accepts the request of the
operator, and unlocks the PM 10. In response to the un-
lock, movement authority of the train is shortened as
shown in FIG. 15, and the train T stops outside of the
switching area 10a.

[0083] Next, in the train-centric electronic interlocking
system, the path of the train T means a list of PMs in
series. Path locking means that start and end PMs com-
posing the path of the train should not be unlocked until
the train requests unlock while passing. As shown in FIG.
11, rather than the switching section, a general track sec-
tion (non-switching area) may exist between the PMs of
the list.

[0084] When the operator forces the particular PM 10
to be unlocked after the path for the train T is configured,
the request of the operator is transmitted to the onboard
EIS 30 occupying the resource of the particular PM 10.
An unlock request is decided in the same manner as the
case of the approach (stick) locking.

[0085] Although exemplary embodiments of the
presentinvention have been described forillustrative pur-
poses, the invention is defined by the features of the in-
dependent claims.

Industrial Applicability

[0086] The present invention relates to a train-centric
electronic interlocking system and method for an auton-
omous train control system based on connection be-
tween trains.
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Claims

A train-centric electronic interlocking method for an
autonomous train control system based on connec-
tion between trains, the train-centric electronic inter-
locking method comprising:

receiving, by an onboard electronic interlocking
system (30) of a train at step 1, state information
of a point machine (10) list of multiple point ma-
chines (10) composing a path based on a path
command of a control automatic train supervi-
sion (1) from an object controller (20) of a point
machine (10) to identify the state information of
the point machines (10) of said list;

identifying, by the onboard electronic interlock-
ing system (30) at step 2, whether a particular
point machine (10) in said list is in an unlock or
lock state, and requesting a change of the state
of the particular point machine (10) to the lock
state, from the object controller (20) connected
to the particular point machine (10) when deter-
mining the particular point machine (10) is in the
unlock state;

characterised by

receiving, by the onboard electronic interlocking
system (30) at step 3, a unique key value re-
quired for accessing the particular point ma-
chine (10) from the object controller (20), the
unique key value being generated while chang-
ing the state of the particular point machine (10)
to the lock state; and

transmitting, by the onboard electronic interlock-
ing system (30) at step 4, an unlock command
to the object controller (20) connected with the
particular point machine (10) by using the key
value received from the object controller (20),
whereby the particular point machine (10) is un-
locked.

2. The train-centric electronic interlocking method of

claim 1, wherein the step 1 comprises:

transmitting, by the onboard electronic interlock-
ing system (30) of the train at step 1_1, a state
request message requesting the state informa-
tion of the particular point machine (10) to all
object controllers (20) of a route; and
receiving, by the onboard electronic interlocking
system (30) at step 1_2, the state information of
the particular point machine (10) from the object
controller (20) of the particular point machine
(10).

The train-centric electronic interlocking method of
claim 1, wherein at the step 1, the onboard electronic
interlocking system (30) of the train receives super-
vised state information of the point machines (10)
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from all object controllers (20) that are individually
connected with the point machines (10).

The train-centric electronic interlocking method of
claim 1, further comprising, before the step 1:
receiving, by the onboard electronic interlocking sys-
tem (30) atstep 5, the path command from the control
automatic train supervision (1) according to a unique
schedule of the train, and storing IDs of all point ma-
chines (10) of a route and switching areas of the
point machines (10).

The train-centric electronic interlocking method of
claim 1, wherein the state information of the point
machine (10) managed by the onboard electronic
interlocking system (30) includes a unique ID of the
point machine (10), a switching area, a nominal or
reverse state, a lock or unlock state of the point ma-
chine (10), and a key value for accessing the point
machine (10).

The train-centric electronic interlocking method of
claim 1, wherein at the step 2, the path of the train
is postponed until all point machines (10) in the point
machine (10) listrequested by the onboard electron-
ic interlocking system (30) are in the unlock state.

The train-centric electronic interlocking method of
claim 1, wherein the step 4 comprises:

continuously receiving, by the onboard electron-
ic interlocking system (30) at step 4_1, the po-
sition of the train and an occupied section of the
track from an onboard automatic train protection
(32), and when a rear end portion of the train
moves out of a point machine (10) area, com-
manding the object controller (20) of the point
machine (10) to unlock the point machine (10);
and

receiving, by the onboard electronic interlocking
system (30) at step 4_2, state information after
changing the state of the point machine (10) to
the unlock state, from the object controller (20)
that received the unlock command for the point
machine (10).

The train-centric electronic interlocking method of
claim 1, wherein at the step 4, when the onboard
electronic interlocking system (30) receives the
forced unlock command for the locked point machine
(10) from the object controller (20) of the point ma-
chine (10) in the lock state or from a control center
while the train exists in a switching area, the onboard
electronic interlocking system (30) transmits unlock
impossibility information to the control center or the
object controller (20).

The train-centric electronic interlocking method of
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claim 1, wherein at the step 4,

when a current braking distance of the train re-
ceived from an automatic train protection (32)
exists in a non-switching area of the particular
point machine (10), the onboard electronic in-
terlocking system (30) transmits the forced un-
lock command for the particular point machine
(10) from a control center to the object controller
(20) connected with the particular point machine
(10) and to the onboard electronic interlocking
system (30); and

the onboard electronic interlocking system (30)
having the key of the particular point machine
(10) identifies whether the particular point ma-
chine (10) can be unlocked, and returns the key
to the object controller (20) of the particular point
machine (10), whereby the particular point ma-
chine (10) is unlocked.

10. A train-centric electronic interlocking system for an

autonomous train control system based on connec-
tion between trains, the train-centric electronic inter-
locking system being suitable for carrying out a train-
centric electronic interlocking method according to
any preceding claims and comprising:

a control automatic train supervision (1) config-
ured to perform a path command according to
a unique schedule of a train;

an onboard electronic interlocking system (30)
configured to control a path of the train according
to the command of the control automatic train
supervision (1), and identifying integrity of the
control;

a point machine (10) configured to switch a track
of a switching area; and

an object controller (20) configured to control
the point machine (10) according to a command
of the onboard electronic interlocking system
(30), and providing state information of the point
machine (10) to the onboard electronic interlock-
ing system (30),

wherein the state information of the point ma-
chine (10) managed by the onboard electronic
interlocking system (30) includes a unique ID of
the point machine (10), the switching area, a
nominal or reverse state, a lock or unlock state
of the point machine (10), and a key value for
accessing the point machine (10), and
wherein the object controller (20) is configured
to change the state of the point machine (10) to
the lock state while generating a unique key val-
ue and providing the unique key value to the
onboard electronic interlocking system (30) .

11. The train-centric electronic interlocking system of

claim 10, wherein the object controller (20) is con-
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12.

figured to identify the state information of the point
machine (10) and to provide the state information to
the onboard electronic interlocking system (30), the
state information including a nominal or reverse
state, a lock or unlock state, a fault or normal state
of the point machine (10).

The train-centric electronic interlocking system of
claim 10, wherein the point machine (10) has the
switching area to which a fouling point is applied, and

the onboard electronic interlocking system (30)
is configured to receive an operation state of the
pointmachine (10)from the object controller (20)
to identify the operation state, and to provide
the path as much as the switching area of the
secured point machine (10) to an onboard au-
tomatic train protection (32).

Patentanspriiche

1.

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
ren fir ein autonomes Zugsteuerungssystem basie-
rend auf einer Verbindung zwischen Zligen, wobei
das Zugzentri sches-Elektroni sches- Stellwerk-Ver-
fahren aufwei st:

Empfangen, durch ein bordseitiges elektroni-
sches Stellwerkssystem (30) eines Zuges in ei-
nem Schritt 1, von Zustandsinformationen einer
Weichenantrieb (10)-Liste mehrerer Weichen-
antriebe (10), die eine Strecke bilden, basierend
auf einem Streckenbefehl einer Automatischer-
Zug-Steuerungstberwachung (1) von einer Ob-
jektsteuereinrichtung (20) eines Weichenan-
triebs (10), um die Zustandsinformationen der
Weichenantriebe (10) der Liste zu identifizieren,
Identifizieren, durch das bordseitige elektroni-
sche Stellwerk-System (30) in einem Schritt 2,
ob sich ein bestimmter Weichenantrieb (10) in
der Liste in einem Entriegelungs- oder Verrie-
gelungszustand befindet, und Anfordern einer
Anderung des Zustands des bestimmten Wei-
chenantriebs (10) in den Verriegelungszustand
von der mit dem bestimmten Weichenantrieb
(10) verbundenen Objektsteuereinrichtung (20),
wenn festgestellt wird, dass sich der bestimmte
Weichenantrieb (10) in dem Entriegelungszu-
stand befindet,

gekennzeichnet durch

Empfangen eines eindeutigen Schlisselwerts,
derfir den Zugriff auf den bestimmten Weichen-
antrieb (10) erforderlich ist, von der Objektsteu-
ereinrichtung (20) durch das bordseitige elek-
tronische Stellwerk-System (30) in einem Schritt
3, wobei der eindeutige Schlisselwert erzeugt
wird, wahrend der Zustand des bestimmten
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Weichenantriebs (10) in den Verriegelungszu-
stand gedndert wird; und

Ubertragen eines Entriegelungsbefehls durch
das bordseitige elektronische Stellwerk-System
(30) in einem Schritt 4 an die mit dem bestimm-
ten Weichenantrieb (10) verbundene Objekt-
steuereinrichtung (20) unter Verwendung des
von der Objektsteuereinrichtung (20) empfan-
genen Schlisselwerts, wodurch der bestimmte
Weichenantrieb (10) entriegelt wird.

2. Zugzentrisches-Elektronisches-Stellwerk-Verfah-

ren nach Anspruch 1, wobei der Schritt 1 aufweist:

Senden einer Zustandsanfragenachricht durch
das bordseitige elektronische Stellwerk-System
(30) des Zuges in einem Schritt 1_1, die die Zu-
standsinformationen des bestimmten Weichen-
antriebs (10) anfragt, an alle Objektsteuerein-
richtungen (20) einer Route; und

Empfangen, durch das bordseitige elektroni-
sche Stellwerk-System (30) in einem Schritt
1_2, der Zustandsinformationen des bestimm-
ten Weichenantriebs (10) von der Objektsteuer-
einrichtung (20) des bestimmten Weichenan-
triebs (10).

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
ren nach Anspruch 1, wobei das bordseitige elektro-
nische Stellwerk-System (30) des Zuges im Schritt
1 Uberwachter-Zustand-Informationen der Wei-
chenantriebe (10) von allen Objektsteuereinrichtun-
gen (20) empfangt, die einzeln mit den Weichenan-
trieben (10) verbunden sind.

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
ren nach Anspruch 1, das ferner vor dem Schritt 1
aufweist:

Empfangen des Streckenbefehls durch das bordsei-
tige elektronische Stellwerk-System (30) in einem
Schritt 5 von der Automatischer-Zug-Steuerungsui-
berwachung (1) gemaR einem eindeutigen Fahrplan
des Zuges und Speichern der IDs aller Weichenan-
triebe (10) einer Route und der Schaltbereiche der
Weichenantriebe (10).

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
ren nach Anspruch 1, wobei die Zustandsinformati-
onen des vom bordseitigen elektronischen Stell-
werk-System (30) verwalteten Weichenantriebs (10)
eine eindeutige ID des Weichenantriebs (10), einen
Schaltbereich, einen nominellen oder inversen Zu-
stand, einen Verriegelungs- oder Entriegelungszu-
stand des Weichenantriebs (10) und einen Schlis-
selwert fir den Zugriff auf den Weichenantrieb (10)
aufweisen.

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
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ren nach Anspruch 1, wobei im Schritt 2 die Zugfahrt
so lange verschoben wird, bis sich alle Weichenan-
triebe (10) in der vom bordseitigen elektronischen
Stellwerk-System (30) angeforderten Weichenan-
trieb (10)-Liste im Entriegelungszustand befinden.

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
ren nach Anspruch 1, wobei der Schritt 4 aufweist:

kontinuierliches Empfangen der Position des
Zuges und eines belegten Abschnitts des Glei-
ses von einer bordseitigen automatischen Zug-
sicherung (32) durch das bordseitige elektroni-
sche Stellwerk-System (30) in einem Schritt4_1
und, wenn sich ein hinterer Endabschnitt des
Zuges aus dem Bereich eines Weichenantriebs
(10) herausbewegt, Anweisen der Objektsteu-
ereinrichtung (20) des Weichenantriebs (10),
den Weichenantrieb (10) zu entriegeln; und
Empfangen, durch das bordseitige elektroni-
sche Stellwerk-System (30) in einem Schritt
4 2, von Zustandsinformationen, nachdem der
Zustand des Weichenantriebs (10) in den Ent-
riegelungszustand gedndert wurde, von der Ob-
jektsteuereinrichtung (20), die den Entriege-
lungsbefehl fir den Weichenantrieb (10) emp-
fangen hat.

8. Zugzentrisches-Elektronisches-Stellwerk-Verfah-

ren nach Anspruch 1, wobei im Schritt 4, wenn das
bordseitige elektronische Stellwerk-System (30) den
Zwangsentriegelungsbefehl fir den verriegelten
Weichenantrieb (10) von der Objektsteuereinrich-
tung (20) des Weichenantriebs (10) im Verriege-
lungszustand oder von einer Steuerzentrale emp-
fangt, wahrend sich der Zug in einem Schaltbereich
befindet, das bordseitige elektronische Stellwerk-
System (30) Informationen liber die Unmdglichkeit
der Entriegelung an die Steuerzentrale oder die Ob-
jektsteuereinrichtung (20) Gbertragt.

Zugzentrisches-Elektronisches-Stellwerk-Verfah-
ren nach Anspruch 1, wobei im Schritt 4, wenn ein
von einer automatischen Zugsicherung (32) empfan-
gener aktuellerBremsweg des Zuges in einem Nicht-
schaltbereich des bestimmten Weichenantriebs (10)
liegt, das bordseitige elektronische Stellwerk-Sys-
tem (30) den Zwangsentriegelungsbefehl fir den be-
stimmten Weichenantrieb (10) von einer Steuerzen-
trale an die mitdem bestimmten Weichenantrieb (10)
verbundene Objektsteuereinrichtung (20) und an
das bordseitige elektronische Stellwerk-System (30)
Ubertragt; und

das bordseitige elektronische Stellwerk-System
(30), das den Schlussel des bestimmten Weichen-
antriebs (10) aufweist, identifiziert, ob der bestimmte
Weichenantrieb (10) entriegelt werden kann, und
gibt den Schlissel an die Objektsteuereinrichtung
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(20) des bestimmten Weichenantriebs (10) zurtick,
wodurch der bestimmte Weichenantrieb (10) entrie-
gelt wird.

Zugzentrisches elektronisches Stellwerk-System fiir
ein autonomes Zugsteuerungssystem basierend auf
einer Verbindung zwischen Zligen, wobei das zug-
zentrische elektronische Stellwerk-System geeignet
ist, ein Zugzentrisches-Elektronisches-Stellwerk-
Verfahren nach einem der vorhergehenden Ansprii-
che auszufiihren, und aufweist:

eine  Automatischer-Zug-Steuerungsiiberwa-
chung (1), die so konfiguriert ist, dass sie einen
Streckenbefehl gemaR einem eindeutigen Fahr-
plan eines Zuges ausfihrt;

ein bordseitiges elektronisches Stellwerk-Sys-
tem (30), das so konfiguriert ist, dass es eine
Strecke des Zuges gemall dem Befehl der Au-
tomatischer-Zug-Steuerungsiberwachung (1)
steuert und die Integritat der Steuerung identifi-
ziert,

einen Weichenantrieb (10), der so konfiguriert
ist, dass er ein Gleis eines Schaltbereichs schal-
tet; und

eine Objektsteuereinrichtung (20), die so konfi-
guriert ist, dass sie den Weichenantrieb (10) ge-
mafl einem Befehl des bordseitigen elektroni-
schen Stellwerk-Systems (30) steuert und Zu-
standsinformationen des Weichenantriebs (10)
an das bordseitige elektronische Stellwerk-Sys-
tem (30) liefert,

wobei die Zustandsinformationen des Weichen-
antriebs (10), welcher von dem bordseitigen
elektronischen Stellwerk-System (30) verwaltet
wird, aufweisen: eine eindeutige ID des Wei-
chenantriebs (10), den Schaltbereich, einen no-
minellen oder inversen Zustand, einen Verrie-
gelungs- oder Entriegelungszustand des Wei-
chenantriebs (10) und einen Schlisselwert flr
einen Zugriff auf den Weichenantrieb (10), und
wobei die Objektsteuereinrichtung (20) dazu
eingerichtet ist, den Zustand des Weichenan-
triebs (10) in den Verriegelungszustand zu an-
dern, wahrend ein eindeutiger Schliisselwert er-
zeugt wird und der eindeutige Schllisselwert
dem bordseitigen elektronischen Stellwerk-Sys-
tem (30) bereitgestellt wird.

Zugzentrisches elektronisches Stellwerk-System
nach Anspruch 10, wobei die Objektsteuereinrich-
tung (20) so konfiguriert ist, dass sie die Zustands-
informationen des Weichenantriebs (10) identifiziert
und die Zustandsinformationen dem bordseitigen
elektronischen Stellwerk-System (30) bereitstellt,
wobei die Zustandsinformationen einen nominellen
oder inversen Zustand, einen Verriegelungs- oder
Entriegelungszustand, einen Fehler- oder Normal-
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1"

zustand des Weichenantriebs (10) aufweisen.

12. Zugzentrisches elektronisches Stellwerk-System

nach Anspruch 10, wobei der Weichenantrieb (10)
den Schaltbereich aufweist, an dem ein Grenzzei-
chen angebracht ist, und

das bordseitige elektronische Stellwerk-System
(30) so konfiguriert ist, dass es einen Betriebs-
zustand des Weichenantriebs (10) von der Ob-
jektsteuereinrichtung (20) empfangt, um den
Betriebszustand zu identifizieren, und

die Strecke bis zum Schaltbereich des gesicher-
ten Weichenantriebs (10) einer bordseitigen au-
tomatischen Zugsicherung (32) bereitstellt.

Revendications

Procédé de verrouillage électronique centré sur le
train pour un systeme de commande de train auto-
nome basé sur une connexion entre trains, le pro-
cédé de verrouillage électronique centré sur le train
comprenant :

recevoir, par un systeme de verrouillage élec-
tronique embarqué (30) d’'un train a I'étape 1,
des informations d’état d’'une liste de machines
d’aiguillage (10) de multiples machines
d’aiguillage (10) composant un trajet basé sur
une commande de trajet d’une supervision auto-
matique de train de commande (1) a partir d’'un
contrbleur d’objets (20) d'une machine
d’aiguillage (10) pour identifier les informations
d’état des machines d’aiguillage (10) de ladite
liste ;

identifier, par le systéme de verrouillage élec-
tronique embarqué (30) a I'étape 2, si une ma-
chine d’aiguillage particuliere (10) dans ladite
liste est dans un état déverrouillé ou verrouillé,
et demander un changement de I'état de la ma-
chine d’aiguillage particuliere (10) a I'état ver-
rouillé, a partir du contréleur d’objets (20) con-
necté a la machine d’aiguillage particuliére (10)
lors de la détermination que la machine
d’aiguillage particuliere (10) est dans l'état
déverrovuillé ;

caractérisé par la réception, par le systeme de
verrouillage électronique embarqué (30) a I'éta-
pe 3, d’une valeur de clé unique requise pour
accéder a la machine d’aiguillage particuliere
(10) a partir du contréleur d’objets (20), la valeur
de clé unique étant générée tout en changeant
I’état de la machine d’aiguillage particuliere (10)
a I'état verrouillé ; et

transmettre, parle systéme de verrouillage élec-
tronique embarqué (30) a I'étape 4, une com-
mande de déverrouillage au contrdleur d’objets
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(20) connecté a la machine d’aiguillage particu-
liere (10) en utilisant la valeur de clé regcue du
contréleur d’objets (20), moyennant quoi la ma-
chine d’aiguillage particuliére (10) est déver-
rouillée.

2. Procédé de verrouillage électronique centré sur le

train selon la revendication 1, dans lequel I'étape 1
comprend :

transmettre, parle systéme de verrouillage élec-
tronique embarqué (30) du train a I'étape 1_1,
un message de demande d’état demandant les
informations d’état de la machine d’aiguillage
particuliere (10) a tous les contrdleurs d’objets
(20) d’un itinéraire ; et

recevoir, par le systeme de verrouillage électro-
nique embarqué (30) a I'étape 1_2, les informa-
tions d’état de la machine d’aiguillage particu-
liere (10) du contréleur d’objets (20) de la ma-
chine d’aiguillage particuliere (10).

Procédé de verrouillage électronique centré sur le
train selon la revendication 1, dans lequel a I'étape
1, le systeme de verrouillage électronique embarqué
(30) du train regoit des informations d’état supervi-
sées des machines d’aiguillage (10) de tous les con-
tréleurs d’objets (20) qui sont individuellement con-
nectés aux machines d’aiguillage (10).

Procédé de verrouillage électronique centré sur le
train selon la revendication 1, comprenant en outre,
avant |'étape 1 :

recevoir, par le systeme de verrouillage électronique
embarqué (30) a I'étape 5, de la commande de trajet
provenant de la supervision automatique de train de
commande (1) selon un horaire unique du train, et
stocker des identifiants de toutes les machines
d’aiguillage (10) d’un itinéraire et des zones de com-
mutation des machines d’aiguillage (10).

Procédé de verrouillage électronique centré sur le
train selon la revendication 1, dans lequel les infor-
mations d’état de la machine d’aiguillage (10) gérées
par le systéme de verrouillage électronique embar-
qué (30) comprennent un identifiant unique de la ma-
chine d’aiguillage (10), une zone de commutation,
un état nominal ou inversé, un état de verrouillage
ou de déverrouillage de la machine d’aiguillage (10),
et une valeur de clé pour accéder a la machine
d’aiguillage (10).

Procédé de verrouillage électronique centré sur le
train selon la revendication 1, dans lequel a I'étape
2, le trajet du train est reporté jusqu’a ce que toutes
les machines d’aiguillage (10) dans la liste des ma-
chines d’aiguillage (10) demandées par le systéeme
de verrouillage électronique embarqué (30) soient
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dans I'état déverrouillé.

Procédé de verrouillage électronique centré sur le
train selon la revendication 1, dans lequel I'étape 4
comprend :

recevoir en continu, par le systéeme de verrouilla-
ge électronique embarqué (30) a I'étape 4_1, la
position du train et une section occupée de la
voie a partir d’'une protection de train automati-
que embarquée (32), et lorsqu’une partie d’ex-
trémité arriére du train sort d’'une zone de ma-
chine d’aiguillage (10), commander le contrdleur
d’objets (20) de lamachine d’aiguillage (10) pour
déverrouiller la machine d’aiguillage (10) ; et
recevoir, par le systeme de verrouillage électro-
nique embarqué (30) a I'étape 4_2, des infor-
mations d’état aprés avoir changé I'état de la
machine d’aiguillage (10) a I'état de déver-
rouillage, a partir du contréleur d’objets (20) qui
a regu la commande de déverrouillage pour la
machine d’aiguillage (10).

Procédé de verrouillage électronique centré sur le
train selon la revendication 1, dans lequel a I'étape
4, lorsque le systeme de verrouillage électronique
embarqué (30) recoit la commande de déverrouilla-
ge forcé pour la machine d’'aiguillage verrouillé (10)
du contréleur d’objets (20) de lamachine d’aiguillage
(10)dansI'état verrouillé ou d’'un centre de comman-
de alors que le train subsiste dans une zone de com-
mutation, le systéeme de verrouillage électronique
embarqué (30) transmet des informations d’impos-
sibilité de déverrouillage au centre de commande ou
au contréleur d’objets (20).

Procédé de verrouillage électronique centré sur le
train selon larevendication 1, dans lequel al'étape 4,

lorsqu’une distance de freinage actuelle du train
recue d’une protection de train automatique (32)
subsiste dans une zone de non commutation de
la machine d’aiguillage particuliere (10), le sys-
teme de verrouillage électronique embarqué
(30) transmet la commande de déverrouillage
forcé pour la machine d’aiguillage particuliére
(10) a partir d’'un centre de commande au con-
tréleur d’objets (20) connecté a la machine
d’aiguillage particuliere (10) et au systeme de
verrouillage électronique embarqué (30) ; et

le systeme de verrouillage électronique embar-
qué (30) ayant la clé de la machine d’aiguillage
particuliere (10) identifie sila machine d’aiguilla-
ge particuliere (10) peut étre déverrouillée, et
renvoie la clé au contréleur d’objets (20) de la
machine d’aiguillage particuliere (10), moyen-
nant quoi la machine d’aiguillage particuliere
(10) est déverrouillée.
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Systeme de verrouillage électronique centré sur le
train pour un systéeme de commande de train auto-
nome basé sur une connexion entre trains, le syste-
me de verrouillage électronique centré sur le train
étant approprié pour mettre en oeuvre un procédé
de verrouillage électronique centré sur le train selon
I'une quelconque des revendications précédentes et
comprenant :

une supervision automatique de train de com-
mande (1) configurée pour exécuter une com-
mande de trajet selon un horaire unique d'un
train ;

un systéme de verrouillage électronique embar-
qué (30) configuré pour contrbler un trajet du
train en fonction de la commande de la super-
vision automatique de train de commande (1),
et identifier I'intégrité de la commande ;

une machine d’aiguillage (10) configurée pour
commuter une voie dune zone de
commutation ; et

un contréleur d’objets (20) configuré pour com-
mander la machine d’aiguillage (10) selon une
commande du systeme de verrouillage électro-
nique embarqué (30), etfournir des informations
d’état de la machine d’aiguillage (10) au syste-
me de verrouillage électronique embarqué (30),
danslequellesinformations d’état de lamachine
d’aiguillage (10) gérées par le systeme de ver-
rouillage électronique embarqué (30) compren-
nent un identifiant unique de la machine
d’aiguillage (10), la zone de commutation, un
état nominal ou inversé, un état de verrouillage
ou de déverrouillage de la machine d’aiguillage
(10), et une valeur de clé pour accéder a la ma-
chine d’aiguillage (10), et

dans lequel le contréleur d’objets (20) est con-
figuré pour changer I'état de la machine
d’aiguillage (10) a I'état verrouillé tout en géné-
rant une valeur de clé unique et en fournissant
la valeur de clé unique au systéme de verrouilla-
ge électronique embarqué (30).

Systeme de verrouillage électronique centré sur le
train selon la revendication 10, dans lequel le con-
tréleur d’objets (20) est configuré pour identifier les
informations d’état de la machine d’aiguillage (10)
et pour fournir les informations d’état au systéme de
verrouillage électronique embarqué (30), les infor-
mations d’état comprenant un état nominal ou inver-
sé, un état de verrouillage ou de déverrouillage, un
état de défaut ou normal de la machine d’aiguillage
(10).

Systeme de verrouillage électronique centré sur le
train selon la revendication 10, dans lequel la ma-
chine d’aiguillage (10) a la zone de commutation a
laquelle un point d’encrassement est appliqué, et
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le systéme de verrouillage électronique embarqué
(30) est configuré pour recevoir un état de fonction-
nement de la machine d’aiguillage (10) a partir du
contréleur d’objets (20) pour identifier I'état de fonc-
tionnement, et pour fournirle trajetautantque lazone
de commutation de la machine d’aiguillage sécuri-
sée (10) vers une protection de train automatique
embarquée (32).
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[Figure 5]

Position
Travel Direction

Traim Occupancy Info.
Movement Authority
Braking Distance

Route command End of safe routg

Onboard
El

30 10

State Info.
(Lock/Untock,
Nominal/Reverse)

State report

Request State(optional)
Command Lock/Unlock

Command Nominal/Reverse Command Nominal/Reverse

20

17



[Figure 6a]

EP 3 299 250 B1

Train #1
Onboard EIS

—~—30

Train #2
Onboard EIS

request

R
P

Train #3
Onboard EIS

O
O
O

Train #K
Onboard EIS

18

10 —

PM #1




[Figure 6b]

EP 3

Train #1
Onboard EIS

—— 30

Train #2

Onboard EIS |

,\ﬂ

Train #3
Onboard EIS

Train #K
Onboard EIS

299 250 B1

10 —

response /

T,

Network

19

A f)
gt

PM #1

PM #2

PM #3

PM #N




[Figure 7]

Train #1
Onboard EI

Train #2
Onboard EI

Train #3
Onboard EI

O
O
O

Train #K
Onboard El

EP 3 299 250 B1

10

Periodic report

20

PM #1

PM #2

1 PM #3

O

O

PM #N




EP 3 299 250 B1

[Figure 8]
X
TG_K
3
[Figure 9]
820
Lock
EIS Token
/ Token & Nominal/reverse
Operator command
State

CC

Nominal/reverse

control

State

21

PM




EP 3 299 250 B1

[Figure 10]
30

2

Token & Unlock

EIS
/

Operator

State

Y

A

[Figure 11]

0C

Platform

] Platform

[Figure 12]

0c_218 0023 0C_25

[Y]

N

Platform

0C_55 0C_ 548 0C_51

T

51
52

l Platform

D4R

h

N

22

0C_53

1
\]i]OC“54A 06_52




[Figure 13]
T

e Y

EP 3 299 250 B1

ATP Profile\

Cab Radio

Braking Curve

\,\/ Braking Distance AN
EIS K ATP/ATO /( \
I > W\
] TAG Reader ] \\ {
007 V=00 0~ |
82 20 —~ 0C T~ 1 Oa
Switching Area
[Figure 14]
T
2 V ATP Profile \
T / Braking Curve T
™ < Braking Distance “
eis H o am/amo / ™
J > N
] TAG Reader ‘\‘ Y
007 =00 108 |
32 20— oc —~—10a
Switching Area
[Figure 15]
T
ATP Profile
z Y —
\\\\\\\\\\\\\\\ ) \\>/ Braking Curve
T 4 "¢ Braking Distance
gis o aw/an XN
MA \' \\
TAG Reader \ \‘
10 \,A)J\
I / /_)
—~—10a

30 g3

20—

Switching Area

23




EP 3 299 250 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

KR 101449742 [0003]  EP 1695890 A [0007]
« EP 1695890 A1 [0006]

24



	bibliography
	description
	claims
	drawings
	cited references

