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(54) Signalling system

(57) Wayside equipment cannot acquire control in-
formation when an interlocking controller is terminated.
Therefore, signals inside the premises show stop indica-
tions, and operations of trains stop. Field controllers of a
signalling system realizes route control, the field control-
lers having a transmission path for transmitting and re-
ceiving state information between the field controllers
constituting a route, having wayside equipment control
logic for realizing the route control of a train based on the
received state information, having first wayside equip-

ment control logic used when communication from the
interlocking controller to the field controllers continues,
having second wayside equipment control logic for con-
tinuing the route control when the communication from
the interlocking controller to the field controllers is inter-
rupted, and switching the control logic from the first way-
side equipment control logic to the second wayside
equipment control logic to continue the route control if
the interrupt of communication with the interlocking con-
troller is detected.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a signalling
system for railway, and particularly, to a signalling system
configured to connect an interlocking device for railway
and a wayside signalling device through a network.

Description of the Related Art

[0002] In order to reduce a large number of power ca-
bles installed for each control output from a station ap-
paratus room, in which an interlocking controller exists,
to wayside equipment, such as a track circuit, a signal,
and points, in an electronic interlocking device, field con-
trollers including arithmetic processing units are connect-
ed to the wayside equipment to progress communication
networking of connection between the interlocking con-
troller and the field controllers. In Japanese Patent No.
2705818 (Patent Document 1), wiring is reduced by net-
working. There is also an example as in Japanese Patent
Laid-Open Publication No. 2007-91178 (Patent Docu-
ment 2) for autonomous distributed control of the wayside
equipment to improve the operating rate of the interlock-
ing device.

SUMMARY OF THE INVENTION

[0003] Although the distributed control of the wayside
equipment is proposed, the distributed control is difficult
due to problems caused by difficulty in maintaining com-
munication lines and complexity of autonomous distrib-
uted control logic. Therefore, an interlocking device is
still mainly used, in which an interlocking controller cen-
trally processes state information from the wayside
equipment. Although the communications between the
interlocking controller and the field controllers are net-
worked, a format, in which the interlocking controller
processes the route control at the center, is mainly used.
[0004] In the central processing-type interlocking de-
vice, evenifthere are field controllers including arithmetic
processing units that control the wayside equipment, the
field controllers only execute a process of interpreting a
control message transmitted through the network to per-
form control output, and the interlocking controller exe-
cutes all central processing of determining the occupa-
tion of track section of a track circuit, instructing switching
of points, changing a signal indication, and the like.

[0005] Therefore, the field controllers cannot receive
the control message if the interlocking controller stops,
and correct control output becomes unclear. As a result,
all signals inside the premises show stop indications for
safety control, and the operations of the trains stop. Much
time is required to restore the normal schedule due to
the time before recovery and the disordered schedule
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after the recovery, and the stop of the train operations is
an incident that the railway company wants to avoid.
Therefore, it is desirable not to completely stop the op-
erations of the trains even if the interlocking controller at
the center stops.

[0006] An object of the present invention is to provide
a signalling system that realizes operations in a degen-
erate mode for continuing route control only by field con-
trollers, even if communication from an interlocking con-
troller to the field controllers is interrupted.

[0007] A signalling system of the present invention re-
alizes route control by field controllers, the field control-
lers having a transmission path for transmitting and re-
ceiving state information between the field controllers
constituting a route, having wayside equipment control
logic for realizing the route control of a train based on the
received state information, having first wayside equip-
ment control logic used when communication from an
interlocking controller to the field controllers continues,
having second wayside equipment control logic for con-
tinuing the route control when the communication from
the interlocking controller to the field controllers is inter-
rupted, and switching the control logic from the first way-
side equipment control logic to the second wayside
equipment control logic to continue the route control if
the interrupt of communication with the interlocking con-
troller is detected.

[0008] According to the present invention, a signalling
system that realizes operations in a degenerate mode
for continuing route control only by field controllers is re-
alized even if communication from an interlocking con-
troller to the field controllers is interrupted after termina-
tion of the interlocking controller. Therefore, the operation
stop time and the schedule recovery time can be reduced,
and the operating rate of the signalling system can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1is a diagram showing a configuration of a first
embodiment of a signalling system according to the
present invention;

FIG. 2 is a diagram showing a configuration during
normal operation of a network-type electronic inter-
locking device;

FIG. 3 is a diagram showing a block configuration of
logic in a field controller according to the present
invention;

FIGS. 4A and 4B are diagrams showing interlocking
tables of the first embodiment of the signalling sys-
tem according to the present invention;

FIG. 5 is a diagram showing a flow chart of a switch
process from a normal control mode to a degenerate
mode of a track circuit controller of the first embod-
iment according to the present invention;

FIG. 6 is a diagram showing a flow chart of a switch
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process from the normal control mode to the degen-
erate mode of a point controller of the first embodi-
ment according to the present invention;

FIG. 7 is a diagram showing a flow chart of a switch
process from the normal control mode to the degen-
erate mode of a signal controller of the first embod-
iment according to the present invention;

FIG. 8 is a diagram showing a flow chart of a switch
process from the degenerate mode to the normal
control mode of the track circuit controller of the first
embodiment according to the present invention;
FIG. 9 is a diagram showing a flow chart of a switch
process from the degenerate mode to the normal
control mode of the point controller of the first em-
bodiment according to the present invention;

FIG. 10 is a diagram showing a flow chart of a switch
process from the degenerate mode to the normal
control mode of the signal controller of the first em-
bodiment according to the present invention;

FIGS. 11A to 11C are diagrams showing block con-
figurations of logic in the field controllers according
to a second embodiment of the present invention;
FIGS. 12A to 12C are diagrams showing block con-
figurations of logic in the field controllers according
to a third embodiment of the present invention;
FIG. 13 is a diagram showing a block configuration
of logic in the field controllers of points according to
a fourth embodiment of the present invention;

FIG. 14 is a diagram showing a flow chart of an op-
eration of the degenerate mode of the point controller
of the fourth embodiment according to the present
invention;

FIG. 15 is a diagram showing a configuration of a
fifth embodiment of the signalling system according
to the present invention;

FIG. 16 is a diagram showing a configuration during
normal operation of the interlocking controller of the
fifth embodiment of the signalling system according
to the present invention;

FIGS. 17A and 17B are diagrams showing block con-
figurations of logic in the field controllers according
to the fifth embodiment of the present invention;
FIG. 18 is a diagram showing routing data of the fifth
embodiment of the present invention;

FIG. 19 is a diagram showing a flow chart of an op-
eration of the degenerate mode of the point controller
of the fifth embodiment according to the present in-
vention;

FIG. 20 is a diagram showing a flow chart of an op-
eration of the degenerate mode of the signal control-
ler of the fifth embodiment according to the present
invention; and

FIGS.21A and 21B are diagrams showing block con-
figurations of logic in the field controllers according
to a seventh embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Embodiments of a signalling system that real-
izes operations in a degenerate mode for continuing
route control only by field controllers even if communica-
tion from an interlocking controller to the field controllers
is interrupted after termination of the interlocking control-
ler will be described using the drawings.

[First Embodiment]

[0011] FIG. 1 is a diagram showing a configuration of
the signalling system according to a first embodiment of
the present invention and shows a state in which the in-
terlocking controller is terminated. FIG. 2 shows a state
in which the interlocking controller operates normally in
the signalling system of FIG. 1.

[0012] The interlocking controller and each field con-
troller including an arithmetic processing unit are con-
nected through a network. The field controllers are also
connected to each other through the network. The inter-
connected field controllers at least include field control-
lers that constitute a route.

[0013] Inaninterlocking device connected through the
network, an interlocking controller 10 calculates control
output of the next control period based on a status mes-
sage 30 (such as track section information from a track
circuit, a switching direction of points, and an indication
of a signal) transmitted by field controllers 21 to 23 to the
interlocking controller 10 and transmits a control mes-
sage 40 to the field controllers 21 to 23.

[0014] The field controllers 21 to 23 decipher the con-
trol message 40 and output instructed control output. The
field controllers 21 to 23 then set the output result as the
status message 30 again and transmit the status mes-
sage 30 to the interlocking controller 10. The field con-
trollers 21 to 23 are installed in a station apparatus room
in some cases and installed approximate to wayside
equipment in other cases.

[0015] The operation described above is carried out
as a normal control mode in the embodiments of the
presentinvention if the interlocking controller 10 operates
normally. If the interlocking controller 10 is terminated,
the termination is detected. A degenerate mode is set,
and only the field controllers realize simple route control
without the interlocking controller.

[0016] FIG. 3 is adiagram showing a logic block struc-
ture in the field controller 20. An arithmetic processing
unit (CPU) includes: an interlocking controller termination
determination unit and logic switching unit 20a that re-
ceives a control message from the interlocking controller
to determine the termination of the interlocking controller
to switch wayside equipment control logic; wayside
equipment control logic of normal control mode 20b; and
wayside equipment control logic of degenerate mode
20c.

[0017] A control input/output unit 20d carries out input
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of track section information of the track circuit and control
output to points and a signal through the interlocking con-
troller termination determination unit and logic switching
unit 20a. The interlocking controller termination determi-
nation unit and logic switching unit 20a determines with
which of the wayside equipment control logic of normal
control mode 20b and the wayside equipment control log-
ic of degenerate mode 20c the controllers will be oper-
ated. The interlocking controller termination determina-
tion unit and logic switching unit 20a switches the control
logic.

[0018] The control input/output unit 20d includes a cir-
cuit constituted by a relay, a switch, and a sensor. The
arithmetic processing unit (CPU) activates the relay and
the switch to control the wayside equipment and imports
the status of the relay and the switch by a sensor to rec-
ognize the status of the wayside equipment.

[0019] Operations of the field controllers 21 to 23 of
the present invention in the degenerate mode will be de-
scribed in FIG. 1. When the degenerate mode is set, the
field controller transmits the status message 30 of the
field controller to related field controllers.

[0020] Inthe case of the field controller of track circuit
21, the status message 30 is transmitted to the field con-
troller of points 22 and the field controller of signal 23.
[0021] In the case of the field controller of points 22,
the status message 30 is transmitted to the field controller
of signal 23. In the case of the field controller of signal
23, the status message 30 is transmitted to the field con-
troller of points 22.

[0022] The field controllers control the control output
inaccordance with presetwayside equipment control log-
ic based on the status message 30 received by the way-
side equipment control logic of degenerate mode.
[0023] FIGS. 4A and 4B are diagrams showing inter-
locking tables as an example of the control logic. The
interlocking controller 10 holds the interlocking table in
the control logic of normal control mode, and the opera-
tions of the wayside equipment are controlled in accord-
ance with the interlocking table based on information
from the wayside equipment.

[0024] On the other hand, the field controllers hold a
necessary interlocking table in the control logic of degen-
erate mode, and the field controllers control the opera-
tions of the wayside equipment based on information of
the wayside equipment from other field controllers.
[0025] If astation has arailway track shaped as shown
in FIG. 4A, track circuits 2T and 3AT need to be unoccu-
pied, and a point 2 needs to be locked ata normal position
to output an advance indication to the signal of a route
1RA. Furthermore, track section information of a track
circuit 1T needs to be acquired for approach locking.
[0026] Therefore, the signal of the route 1RA acquires
status information of track circuits 1T, 2T, and 3AT and
status information of the point 2 to control the signal in-
dication.

[0027] FIGS. 5 to 7 are diagrams showing switching
conditions of the field controllers of track circuit, points,
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and signal to the degenerate mode and operations after
the transition to the degenerate mode. The mode transi-
tions of the field controllers will be described in FIGS. 5
to7.

[0028] FIG. 5is a diagram showing a switching condi-
tion to the degenerate mode of the field controller of track
circuit 21. The field controller of track circuit 21 in the
normal control mode (101) transmits track circuit infor-
mation to the interlocking controller 10 (102). If the com-
munication with the interlocking controller is interrupted
(103, Yes), it triggers mode switching to the degenerate
mode (104), and the track circuit information is transmit-
ted to related wayside equipment (points and signal,
105).

[0029] The transmission of the track circuitinformation
to the related wayside equipment may be unicast trans-
mission for one-to-one transmission to the wayside
equipment, multicast transmission for transmission to all
wayside equipment within a transmission target group,
or broadcast transmission for transmission to all devices
connected to the network. If the communication with the
interlocking controller is not interrupted (103, No), the
normal control mode continues (101).

[0030] FIG. 6 is a diagram showing a switching condi-
tion to the degenerate mode of the field controller of
points 22. The field controller of points 22 in the normal
control mode (201) transmits point state information to
the interlocking controller (202). If communication with
the interlocking controller is interrupted (203, Yes), it trig-
gers the points to be locked (204).

[0031] After the points are locked, if the track circuit
information is received from the field controller of track
circuit 21 (205, Yes), the mode moves to the degenerate
mode (206). After the transition to the degenerate mode,
the point state information is transmitted to the related
signal (207). In the degenerate mode, the points are con-
trolled in accordance with a locking condition of the in-
terlocking table (208). If the communication with the in-
terlocking controller is not interrupted (203, No) or if the
track circuit information is not received (205, No), the
normal control mode continues (201).

[0032] FIG. 7 is a diagram showing a switching condi-
tion to the degenerate mode of the field controller of signal
23. The field controller of signal 23 in the normal control
mode (301) transmits signal state information to the con-
troller (302).

[0033] If the communication with the interlocking con-
troller is interrupted (303, Yes), it triggers the signal to
be temporarily changed to a stop indication (304). After
the output of the stop indication, if the track circuit infor-
mation is received from the field controller of track circuit
21 (305, Yes), the mode moves to the degenerate mode
(306).

[0034] After the transition to the degenerate mode, the
signal state information is transmitted to the related
points (307). In the degenerate mode, the signal indica-
tion is controlled in accordance with a signal control con-
dition of the interlocking table (308). If the communication
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with the interlocking controller is not interrupted (303, No)
orif the track circuit information is not received (305, No),
the normal control mode continues (301).

[0035] FIGS. 8to 10 are diagrams showing conditions
for returning from the degenerate mode to the normal
control mode of the field controllers of track circuit, points,
and signal and operations after the transition to the nor-
mal control mode. The mode transitions of the field con-
trollers will be described in FIGS. 8 to 10.

[0036] FIG. 8 is a diagram showing a condition for re-
turning from the degenerate mode to the normal control
mode of the field controller of track circuit 21. In the de-
generate mode (111), the track circuit information is
transmitted to related equipment (112). After the com-
munication with the interlocking controller is restored
(113, Yes), if the normal control mode restoration is re-
ceived from the related signal (114, Yes), the normal con-
trol mode is restored (115), and the transmission of the
track circuitinformation to the related wayside equipment
is terminated (116). If the communication with the inter-
locking controller is not restored (113, No) or if the com-
munication control mode restoration is not received from
the related signal (114, No), the degenerate mode con-
tinues (111).

[0037] FIG. 9is a diagram showing a condition for re-
turning from the degenerate mode to the normal control
mode of the field controller of points 22. In the degenerate
mode (211), the point state information is transmitted to
the related signal (212). After the restoration of the com-
munication with the interlocking controller (213, Yes), if
the normal control mode restoration is received from the
related signal (214, Yes), the normal control mode is re-
stored (215), and the transmission of the point state in-
formation to the related signal is terminated (216). An
instruction of the interlocking controller is then followed
(217). If the communication with the interlocking control-
ler is not restored (213, No) or if the communication con-
trol mode restoration is not received from the related sig-
nal (214, No), the degenerate mode continues (211).
[0038] FIG. 10 is a diagram showing a condition for
returning from the degenerate mode to the normal control
mode of the field controller of signal 23. In the degenerate
mode (311), the signal indication is controlled in accord-
ance with the signal control condition of the interlocking
table (312), and the signal state information is transmitted
to the related points (313). After the communication with
the interlocking controller is restored (314, Yes), if the
instruction of the interlocking controller is below the signal
indication (315, Yes), the normal control mode is restored
(316), the related wayside equipment is notified of the
restoration of the normal control mode (317), and the
transmission of the signal state information to the related
points is terminated (318).

[0039] After that, an instruction of the interlocking con-
troller is followed (319). If the communication with the
interlocking controller is not restored (314, No) or if the
instruction of the interlocking controller is above the sig-
nal indication (315, No), the degenerate mode continues
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(311).
[Second Embodiment]

[0040] FIGS. 11Ato 11C are diagrams showing block
configurations of logic in the field controllers according
to a second embodiment of the present invention. In the
field controller of track circuit 21 of the first embodiment,
the normal control mode control logic 21b may be de-
signed to transmit the track circuit information not only
to the interlocking controller 10, but also to the related
field controllers 22 and 23, and the receiving field con-
trollers may discard the track circuit information in modes
other than the degenerate mode. As a result, the degen-
erate mode does not have to be set in the field controller
of track circuit 21, and the logic can be simplified.
[0041] The field controller of points 22 in the first em-
bodiment may be configured to be locked in a state at
the time of detection of the communication interrupt if the
communication with the controller is interrupted, and the
lock may be continued until the communication with the
controller is restored.

[0042] As aresult, the points cannot be switched while
the interlocking controller is stopped. However, since the
points are not in operation, the degenerate mode does
not have to be set in the field controller of points 22, and
the logic can be simplified only by the normal control
mode control logic 22b.

[0043] Atthis point, the point state information may be
transmitted to the signal related to the interlocking con-
troller along with the deletion of the degenerate mode,
and the point state information may be discarded in the
field controller of signal 23 in modes other than the de-
generate mode. As a result, the field controller of signal
23 can obtain the point state information in the degener-
ate mode.

[0044] The track circuit information from the field con-
troller of track circuit 21 is discarded. This can prevent
the track circuit information from the field controller of
track circuit 21 from affecting the normal control mode.
[0045] In the field controller of signal 23, a status mes-
sage discard circuit 23f discards status messages (track
circuit information and point state information) transmit-
ted from the field controllers of track circuit and points 21
and 22 in the normal control mode. This can prevent the
status messages of the field controllers of track circuit
and points 21 and 22 in the second embodiment from
affecting the normal control mode.

[Third Embodiment]

[0046] FIGS. 12A to 12C are diagrams showing block
configurations of logic in the field controllers according
to a third embodiment of the present invention. In the
field controller of points 22 of the second embodiment,
only the pointlock and the approach locking may be made
effective by control logic of point lock and approach lock-
ing 22b’, regardless of the mode.
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[0047] The point lock based on the track circuit infor-
mation from the field controller of track circuit 21 in the
control mode makes the response faster than the recep-
tion of a point locking instruction from the interlocking
controller. The logic of approach locking is activated
when the signal indication is changed.

[0048] Since the field controller of signal 23 does not
transmit the signal state information in the normal control
mode, the field controller of points 22 does not receive
the change in the signal indication during normal control.
The interlocking controller has the logic of approach lock-
ing during normal operation and transmits the control
message to the points, and the field controller of points
22 just performs the control output in accordance with
the control message. Therefore, the control is not affect-
ed in the normal control mode of the field controller of
points 22.

[Fourth Embodiment]

[0049] FIG. 13 is a diagram showing a block configu-
ration of logic in the field controller of points 22 according
to a fourth embodiment. Station passing route configu-
ration logic 229 is added to wayside equipment control
logic during degenerate mode 22c. In the fourth embod-
iment, the field controller of track circuit 21 may be any
of the field controllers of track circuit 21 in the first to third
embodiments. The field controller of signal 23 may also
be any of the field controllers of signal 23 in the first to
third embodiments.

[0050] FIG. 14 is a diagram showing an operation of
the field controller of points 22 in the degenerate mode
according to the fourth embodiment. In the degenerate
mode, the point state information is first acquired (401),
and whether the direction of the points is a set station
passing route direction is checked (402). If the point di-
rection is not the station passing direction (402, No),
whether the points are locked is checked (403). If the
points are not locked (403, No), the points are switched
to the station passing route direction (404), and the points
are controlled in accordance with the locking condition
of the interlocking table based on the state information
of other wayside equipment control devices (405). If the
point direction is the station passing direction (402, Yes)
or if the points are locked (403, Yes), the points are not
switched to the station passing direction, and the points
are controlled in accordance with the locking condition
of the interlocking table (405). After the control of the
points, the point state is transmitted to the related signal.
The process returns to the point state information acqui-
sition (401), and the same process continues.

[0051] As a result, the station passing route can be
constituted regardless of the point switching direction
during the degenerate mode transition, and the trains
passing through the station can be operated.
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[Fifth Embodiment]

[0052] FIG. 15 is a diagram showing a configuration
of the signalling system according to a fifth embodiment
of the present invention and shows a state in which the
interlocking controller is terminated. FIG. 16 shows a
state in which the interlocking controller operates nor-
mally in the signalling system of FIG. 15.

[0053] In the fifth embodiment, routing data 50 for sev-
eral hours is transmitted to the field controllers of points
and signal 22 and 23 if the interlocking controller 10 op-
erates normally. If the interlocking controller 10 is termi-
nated, the field controllers 22 and 23 detect the termina-
tion, and simple route control is realized only by the field
controllers, without the interlocking controller in the de-
generate mode.

[0054] FIGS. 17A and 17B are diagrams showing logic
block structuresin the field controllers of points and signal
22 and 23 according to the fifth embodiment. In the fifth
embodiment, the field controller of track circuit 21 may
be any of the field controllers of track circuit 21 in the first
to third embodiments.

[0055] The logic block structure of the field controller
of points 22 of FIG. 17A will be described. The arithmetic
processing unit (CPU) includes: an interlocking controller
termination determination unit and logic switching unit
22a that receives the control message 40 from the inter-
locking controller 10 to determine the termination of the
interlocking controller 10 to switch the wayside equip-
ment control logic; the wayside equipment control logic
of normal control mode 22b; and wayside equipment con-
trol logic of degenerate mode 22c¢’ including train passing
detection logic 22j. The arithmetic processing unit (CPU)
also includes a routing data receiver 22h that receives
the routing data 50 from the interlocking controller 10 and
arouting data storage 22i that stores the routing data 50.
The routing data 50 stored in the routing data storage 22i
is used by the wayside equipment control logic of degen-
erate mode 22¢’ including the train passing detection log-

ic 22j.

[0056] The same applies to the field controller of signal
23 of FIG. 17B.

[0057] FIG. 18 shows an example of the routing data

50 received and stored by the field controllers of points
and signal 22 and 23. Routes corresponding to the order
of passing trains are described. The data may include
only the routes in one line as long as the order can be
determined.

[0058] FIGS.19and 20 are diagrams showing how the
control logics of generate mode 22¢’ and 23¢’ of the field
controllers of points and signal 22 and 23 use the routing
data 50 to execute a switching process and a signal in-
dicating process. The contents of the processes will be
described with reference to FIGS. 19 and 20.

[0059] FIG. 19 is a diagram showing the switching
process using the routing data 50 of the field controller
of points 22. The routing data 50 is first acquired in the
degenerate mode control logic 22¢’ (501). The next route



11 EP 2 347 943 A2 12

direction is checked in the acquired routing data 50 (502).
After the check of the next route direction, the point di-
rection is checked (503), and whether the point direction
and the next route direction match is determined (504).
[0060] If the point direction and the next route direction
do not match (No), whether the points are locked is de-
termined (505). If the points are locked (Yes), the deter-
mination (505) is repeated until the lock is released. If
the lock of the points is released (No), the points are
switched to the next route direction (506). After the
switch, whetherthe train has passed is determined based
on the train passing detection logic 22j (507) .

[0061] Ifthe point direction and the next route direction
match in the determination (504, Yes), the switching
process is not carried out (skip 505 and 506), and whether
the train has passed is determined (507).

[0062] If the train has not passed (No), the determina-
tion (507) is repeated until the train passes. If the train
has passed (Yes), the information of the current route is
discarded, and the information of the next route is select-
ed (508). After the selection of the next routing data, the
next route direction is checked again (502), and the same
process continues.

[0063] FIG. 20 is a diagram showing the indication
process using the routing data 50 of the field controller
of signal 23. The routing data 50 is first acquired in the
degenerate mode control logic 23c’ (601). The next route
direction is checked in the acquired routing data 50 (602).
After the check of the next route direction, whether the
track section is clear is determined from the status infor-
mation of the related wayside equipment (603).

[0064] If the track section is not clear (No), the stop
indication is displayed (604), and the determination (603)
is repeated until the track section is clear. If the track
sectionis clear (Yes), the advance indication is displayed
(605), and whether the train has passed is determined
based on train passing detection logic 23j (606). If the
train has not passed (No), the determination (606) is re-
peated until the train passes. If the train has passed
(Yes), the information of the current route is discarded,
and the information of the next route is selected (607).
After the selection of the next routing data, the next route
direction is checked again (602), and the same process
continues.

[0065] As a result, operations of a normal schedule
can be continued for several hours even if the interlocking
controller is stopped. The routing data of one day may
be stored, instead of the routing data for several hours.
In this case, the operations of the normal schedule can
be carried out only by the wayside equipment control
device. If the schedule is disordered, operations can be
carried out based on a new schedule by receiving new
routing data from the interlocking controller or by directly
receiving routing data from the operation management
device through wired transmission or wireless transmis-
sion.
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[Sixth Embodiment]

[0066] Instead of storing the routing data 50 in both
the field controllers of points and signal 22 and 23, the
routing data 50 may be stored only in the field controller
of points 22, and the train passing detection logic 22j may
be used to determine the passage of the train to change
the route. In this case, the field controller of track circuit
21 may be any of the field controllers of track circuit 21
in the first to third embodiments. The field controller of
signal 23 may also be any of the field controllers of signal
23 in the first to third embodiments.

[0067] As a result, the routing data receiver 23h, the
routing data storage 23i, and the train passing detection
logic 23j in the degenerate mode control logic may not
be included in the field controller of signal 23, and the
configuration and logic of the field controller of signal 23
can be simplified. Storing the routing data only in the
points can prevent a situation in which the signal contin-
ues to show the stop indication when the routing data
stored in the field controllers of points and signal are dif-
ferent and the constituted routes do not match.

[Seventh Embodiment]

[0068] FIGS.21Aand21B arediagrams showingblock
configurations of logic in the field controllers according
to aseventh embodiment of the presentinvention. Switch
instruction logic 23k is additionally included in the degen-
erate mode control logic 23c¢’ of the field controller of sig-
nal 23, and a control message 41 as a switch instruction
can be outputted to the field controller of points 22 in the
degenerate mode. The routing data receiver 22h, the
routing data storage 22i, and the train passing detection
logic 22j are deleted in the field controller of points 22,
and degenerate mode control logic 22¢" is switched by
the control message 41 from the field controller of signal
23. In the seventh embodiment, the field controller of
track circuit 21 may be any of the field controllers of track
circuit 21 in the first to third embodiments.

[0069] This can prevent a situation, in which the points
are incompatibly switched and the route cannot be con-
stituted, even in a route where a plurality of points inter-
lock.

Claims
1. A signalling system characterized by comprising:

one or more wayside equipments including a
track circuit, points, and a signal;

field controllers that are arranged in association
with the wayside equipments and that control
the wayside equipments;

an interlocking controller that controls the field
controllers based on state information from the
wayside equipments; and
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a network that connects the interlocking control-
ler and the field controllers, wherein

control information is transmitted from the inter-
locking controller to the field controllers through
the network,

state information is transmitted from the field
controllers to the interlocking controller, and
route control of a train is performed by field con-
trollers, the field controllers comprising: a trans-
mission path and a function for transmitting and
receiving the state information between the field
controllers that constitute a route; and

wayside equipment control logic for receiving
the state information necessary for the route
control from the field controllers and for main-
taining the route control of the train based on
the state information if the information from the
interlocking controller cannot be received.

2. The signalling system according to claim 1, charac-

terized by comprising field controllers, the field con-
trollers comprising:

first wayside equipment control logic used when
the interlocking controller is in operation and
second wayside equipment control logic for
maintaining the route control when the interlock-
ing controller according to claim 1 is terminated;
afunction for detecting a fact that the information
from the interlocking controller cannot be re-
ceived; and

a function for switching the wayside equipment
control logic from the first wayside equipment
control logic to the second wayside equipment
control logic if the fact that the information from
the interlocking controller cannot be received is
detected.

The signalling system according to claim 2, charac-
terized in that

the field controllers detects the fact that the informa-
tion from the interlocking controller cannot be re-
ceived when communication from the interlocking
controller is interrupted.

The signalling system according to claim 3, charac-
terized in that

in the case of the field controllers of the points and
the signal, a condition for switching the wayside
equipment control logic is a reception of the state
information from the field controller of the track cir-
cuit.

The signalling system according to claim 1, charac-
terized in that

the field controller of the track circuit transmits the
state information to the interlocking controller and
the field controllers constituting the route,
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the field controller of the points has control logic of
point lock and approach locking and transmits the
state information to the interlocking controller and
the field controllers constituting the route, and

the field controller of the signal has the first wayside
equipment control logic and the second wayside
equipment control logic, has a function for detecting
the termination of the interlocking controller based
on the communication interrupt, has a function for
switching the route control logic from the first way-
side equipment control logic to the second wayside
equipment control logic if the termination of the in-
terlocking controller is detected, and transmits the
state information to the interlocking controller and
the field controllers constituting the route.

The signalling system according to claim 2, charac-
terized in that

the field controller of the points constitutes a route
enabling to pass through a station based on the sec-
ond wayside equipment control logic.

The signalling system according to any of claims 1
to 4, characterized in that

the field controllers have a function for receiving and
storing routing data from the interlocking controller,
have a function for detecting passage of a train if the
information from the interlocking controller cannot
be received, and control the points or the signal in
accordance with the passage of the train based on
the routing data.

The signalling system according to claim 7, charac-
terized in that

the field controller of the signal has logic for creating
a switch instruction to the points in the second way-
side equipment control logic and has a function for
transmitting the switch instruction to the field control-
ler of the points, and

the field controller of the points controls the points in
accordance with the switch instruction transmitted
by the field controller of the signalin the second way-
side equipment control logic for maintaining the route
control during the termination of the interlocking con-
troller.
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FIG. 14
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FIG. 20
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