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(57) A train operation simulator (200) avoids occur-
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a train opera-
tion control system, a train operation simulation device,
and a train operation simulation method.

[0002] With the advance of computer control, train op-
eration control has changed from conventional signal
control exercised by a station employee to automatic sig-
nal control exercised by a railroad operation control sys-
tem. In the railroad operation control system, signal con-
trol is exercised by a course control device. The root con-
trol device is a device that controls a signal on the basis
of a state of ground facilities, on-rail position of a train,
and a timetable which is a predetermined operation
schedule of the train.

[0003] The railroad operation control system is a com-
plicated method relating to a large number of trains and
passengers, and cooperation among various elements
such as an operation plan, a control method, and facility
arrangement is indispensable. As a technique for imple-
menting simulation of train traveling, there is a technique
described in JP-A-2001-354139. In the technique de-
scribed in JP-A-2001-354139, a simple station simulator
conducts automatic recognition of a non-operating sta-
tion and conducts automatically generation and elimina-
tion of a substitute simulator for simulating the station
system. Correction of a difference between a plan time-
table and an actual timetable in stationary traveling, an
automatic adjustment of travel time based on a notifying
result, and an on-rail position based on an operation ar-
rangement journal in an operation arrangement input de-
vice and the actual timetable are reproduced on the sim-
ple station simulator.

SUMMARY OF THE INVENTION

[0004] According to the technique described in JP-A-
2001-354139, however, the on-rail position based on an
actual timetable is reproduced on the simple station sim-
ulator. Unless timetable information (info) is used, there-
fore, operation simulation of trains cannot be executed.
In an upstream phase such as, for example, trial calcu-
lation of effects of new line opening and section through
operation, a strict timetable is not determined in many
cases. Especially in an area such as a city where railroad
track networks are complicated and a large number of
trains operate, creation of the timetable needs a long-
term study mobilizing technical experts. Furthermore,
when an unexpected situation such as a natural disaster
has occurred, re-creation of the timetable is difficult and
application to use such as making a substitute plan at
the time of disaster is also restricted. In addition, since
passengers are not included in the simulation target, the
effect on human flow cannot be calculated.

[0005] Therefore, itis demanded to conduct operation
simulation of trains without using timetable information.
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[0006] A disclosed train operation control system in-
cludes a planning system, an external device, and a train
operation simulation device. The planning system trans-
mits facility information concerning train facilities and
train information including on-rail positions of trains to
the train operation simulation device. The external device
transmits environmental information concerning environ-
ment of a train to the train operation simulation device.
A facility information storage unit in the train operation
simulation device stores the facility information acquired
from the planning system. A train information storage unit
stores the train information acquired from the planning
system. An environmental information update unit up-
dates the environmental information acquired from the
external device. A train traveling course update unit up-
dates the facility information and the train information on
the basis of the environmental information and calculates
a traveling course of a train.

[0007] According to the present embodiment, it be-
comes possible to conduct operation simulation of trains
without using timetable information.

[0008] Other objects, features and advantages of the
invention will become apparent from the following de-
scription of the embodiments of the invention taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 shows a general configuration example of a
railroad operation control system;

Fig. 2 shows a hardware configuration example of a
train operation simulation device;

Fig. 3 shows a software configuration example of the
train operation simulation device;

Fig. 4A shows an example of a weather-disaster in-
formation table;

Fig. 4B shows an example of a human flow informa-
tion table;

Fig. 4C shows an example of a train information ta-
ble;

Fig. 4D shows an example of a facility information
table;

Fig. 4E shows an example of a route information
table;

Fig. 4F shows an example of a topological informa-
tion table;

Fig. 4G shows an example of asequence information
table;

Fig. 5A shows an example of a general processing
flow;

Fig. 5B shows an example of a processing flow ex-
ecuted by a facility-train information update unit;
Fig. 5C shows an example of a processing flow ex-
ecuted by a train traveling course update unit;

Fig. 5D shows an example of a processing flow ex-
ecuted by the train traveling course update unit;
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Fig. 5E shows an example of a processing flow ex-
ecuted by the train traveling course update unit;
Fig. 5F shows an example of a processing flow ex-
ecuted by a train traveling situation evaluation unit;
Fig. 5G shows an example of a processing flow ex-
ecuted by the train traveling situation evaluation unit;
and

Fig. 6 shows an example of a screen displayed by
the train traveling situation evaluation unit.

DESCRIPTION OF THE EMBODIMENTS

[0010] Hereafter,an embodiment of the presentinven-
tion willbe described in detail with reference to Figs 1 to 6.
[0011] Fig. 1 shows a system general configuration of
a railroad operation control system which controls oper-
ation of trains while monitoring a train operation plan, an
on-rail position of a train, and states of facilities such as
signals and points. The railroad operation control system
includes a course control device 100, a planning system
110, a ground device 120, a train 130, and a ground fa-
cility group 140 (in Fig. 1, only a track circuit 141, a signal
142 and points 143 are shown).

[0012] The course control device 100 receives, via a
network, train timetable information determined by the
planning system 110 and states of the ground facility
group 140 collected by the ground device 120. The
course control device 100 retains the received informa-
tion and states therein. The course control device 100
refers to an on-rail position of the train 130 obtained from
the track circuit 141 and departure time and a planned
route stated in the train timetable information, and con-
trols the signal 142 and the points 143 installed on aroute
of the train 130 via the ground device 140.

[0013] The planning system 110 is a system that sup-
ports creation of train timetable and plans relating to op-
eration of trains such as a vehicle operation plan and an
inspection-maintenance plan. The planning system 110
is connected to the course control device 100 via a net-
work.

[0014] The ground device 140 is connected to the
course control device 100 via a network. The ground de-
vice 140 exercises reverse control of the signal 142 and
the points 143 in response to a control request from the
course control device 100. Furthermore, the ground de-
vice 140 monitors states (normal position/reverse posi-
tion) of the signal 142 and the points 143 and a state
(occupied/free) of the track circuit 141, and transmits the
states to the course control device 100.

[0015] The train 130 includes therein onboard devices
including a safety device which conducts automatic stop
and automatic control of the train, such as an ATS (Au-
tomatic Train Stop) or an ATC (Automatic Train Control),
and an information management system which collects,
displays and records detailed onboard operation states
and failure information. Furthermore, it is possible to
transmit information retained by the onboard device to
the ground device 120 via a digital radio. The course
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control device 100 judges the on-rail position of the train
130 by using the state of the track circuit 141. Or the
onboard device calculates or measures the position of
the own train and transmits the position to the ground
device via a digital radio, and thereby the course control
device 100 judges the on-rail position of the train 130.
[0016] A train operation simulation device 200 which
will be described later simulates states of the course con-
trol device 100, the planning system 110, the ground de-
vice 120, the train 130, and the ground facility group 140.
[0017] Fig. 2 shows a hardware configuration example
of the train operation simulation device 200. Hardware
of the train operation simulation device 200 includes a
central processing unit 210, a main storage device 220,
an internal bus 230, a bus interface 240, an external bus
250, an input/output (I/O) device 260, an input/output
(I/0O) interface (I/F) 261, a large capacity storage device
270, a large capacity storage device interface 271, and
a communication device 280, and a communication de-
vice interface 281.

[0018] The central processing unit 210 is a processor
for performing operation such as program execution. The
main storage device 220 is used as a processing area
attime of execution of a program and used as atemporary
storage area of data used for transmission and reception
with the planning system 110 and the ground device 120.
The main storage device 220 stores a basic program,
such as, for example, an OS (Operating System), and
basic data. In addition, the main storage device 220 tem-
porarily stores a program that implements an environ-
mental information update unit 311, a train-facility state
update unit 312, a train traveling course update unit 313,
a signal control unit 314, a train traveling situation eval-
uation unit 315, a controller unit 320, a screen control
unit 330, an input interface 341, and an output interface
342, at the time of execution of the program. The central
processing unit 210 and the main storage device 220 are
connected to each other by the internal bus 230. The
internal bus 230 is connected to the external bus 250 via
the bus interface 240.

[0019] The input/output device 260 includes an inter-
face device for a user, such as a display, a keyboard,
and a mouse, and a drive device capable of reading and
writing on external media. The user can control program
execution by using an input device such as a keyboard
or a mouse.

[0020] The large capacity storage device 270 is a de-
vice such as, for example, an HDD (Hard Disk Drive).
The large capacity storage device 270 can permanently
store a basic program, a processing result, and the pro-
gram that implements the environmental information up-
date unit 311, the train-facility state update unit 312, the
train traveling course update unit 313, the signal control
unit 314, the train traveling situation evaluation unit 315,
the controller unit 320, the screen control unit 330, the
input interface 341, and the output interface 342. When
executing each processing, the central processing unit
210 reads out the program into the main storage device
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220, and executes the program. Furthermore, various
data such as a weather-disaster information table 351,
a human flow information table 352, a train information
table 361, a facility information table 362, a route infor-
mation table 363, a topological information table 364, a
sequence information table 365, a train traveling actual
result 371, and a simulation log 372 are stored in the train
operation simulation device 200.

[0021] The communication device 280 is a device for
connecting to an external server device such as, for ex-
ample, Ethernet (registered trademark). It is possible to
input and output information between the course control
device 100 and the external server device via a network.
It becomes possible to provide a computer connected
via a network with, for example, the function of the course
control device 100 as service, by using the communica-
tion device 280.

[0022] The input input/output device 260, the large ca-
pacity storage device 270 and the communication device
280 are connected to the external bus 250 via the in-
put/output device interface 261, the large capacity stor-
age device interface 271 and the communication device
interface 281, respectively. The train operation simula-
tion device 200 may have a configuration including the
input input/output device 260, the large capacity storage
device 270 and the communication device 280.

[0023] Fig. 3 shows a software configuration example
of the train operation simulation device 200. Software of
the train operation simulation device 200 includes the
environmental information update unit 311, the train-fa-
cility state update unit 312, the train traveling course up-
date unit 313, the signal control unit 314, the train
traveling situation evaluation unit 315, the controller unit
320, the screen control unit 330, the input interface 341,
the output interface 342, the weather-disaster informa-
tion table 351, the human flow information table 352, the
train information table 361, the facility information table
362, the route information table 363, the topological in-
formation table 364, the sequence information table 365,
the train traveling actual result 371, and the simulation
log 372.

[0024] The program that implements the environmen-
tal information update unit 311, the train-facility state up-
date unit 312, the train traveling course update unit 313,
the signal control unit 314, the train traveling situation
evaluation unit 315, the controller unit 320, the screen
control unit 330, the input interface 341, and the output
interface 342 is developed from the large capacity stor-
age device 270 into the main storage device 220 at the
time of execution, and the central processing unit 210
performs operation. Furthermore, the weather-disaster
information table 351, the human flow information table
352, the train information table 361, the facility informa-
tion table 362, the route information table 363, the topo-
logical information table 364, the sequence information
table 365, the train traveling actual result 371, and the
simulation log 372 generated by execution of the program
are developed into the main storage device 220. The
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user can control execution of the program by giving an
instruction to the input interface 341 via the input/output
device 260 such as a keyboard, a mouse and a display.
Furthermore, the user can input and output data by using
portable storage media that can be attached and de-
tached as the input/output device 260. The user can also
conduct inputting and outputting with another device via
the communication device 280. The program that imple-
ments the function units may be previously stored in the
large capacity storage device 270, or may be introduced
from a different device into the large capacity storage
device 270 or the main storage device 220 via available
media. The media mean, for example, storage media that
can be attached and detached, as the input/output device
260, and mean a network, or communication media such
as a carrier wave or a digital signal propagating through
a network as the communication device 280.

[0025] The environmental information update unit 311
is a part that updates the weather-disaster information
table 351 and the human flow information table 352 from
an external file via the input interface 341. Time changes
of the weather-disaster information table 351 and the hu-
man flow information table 352 are previously recorded
in the external file. The user may directly rewrite these
tables from a GUI via the input interface 341. Here, en-
vironmental information is information concerning weath-
er and a disaster and human flow information of passen-
gers. In the present embodiment, operation simulation
at the time of, for example, a disaster can be executed
without conducting troublesome timetable changes, by
conducting train operation simulation using environmen-
tal information. Furthermore, it is possible to easily exe-
cute maintenance capability measurement of train oper-
ation service, prediction of risk potentials, establishing
countermeasures against a disaster, and measurement
of countermeasure effects by conducting simulation in-
cluding human flow information.

[0026] The train-facility state update unit 312 is a part
that calculates changes of on-rail positions of trains, fa-
cility states, and human flow, and updates the train infor-
mation table 361, the facility information table 362 and
the human flow information table 352. Furthermore, the
train-facility state update unit 312 is a part that stores
actual traveling results of trains into the train traveling
actual result 371, and stores current states of the weath-
er-disaster information table 351, the human flow infor-
mation table 352, the train information table 361, the fa-
cility information table 362, the route information table
363 and the sequence information table 365 into the sim-
ulation log 372. Furthermore, the train-facility state up-
date unit 312is a part that displays contents of the weath-
er-disaster information table 351, the human flow infor-
mation table 352, the train information table 361, the fa-
cility information table 362, the route information table
363, the topological information table 364, the sequence
information table 365 and the train traveling actual result
371 on the GUI via the output interface 342.

[0027] The train traveling course update unit 313 is a
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part that calculates a train route as regards a train that
is not determined in route, and registers the train route
into the train information table 361. Furthermore, the train
traveling course update unit 313 is a part that determines
an interrupted part of the railroad track on the basis of
the weather-disaster information table 351, the facility
information table 362 and the route information table 363,
and executes course changes as for trains having the
interrupted part on the route. Achangeresultis registered
in the train information table 361.

[0028] The signal control unit 314 is a part that controls
signals by using the train information table 361, the facility
information table 362 and the sequence information table
365, and updates the facility information table 362.
[0029] The train traveling situation evaluation unit 315
is a partthat checks whether train deadlock occurs during
simulation by using the route information table 363 and
the topological information table 364. In a case where
deadlock occurs, the train traveling situation evaluation
unit 315 rewinds the simulation situation to before the
occurrence of the deadlock by using the simulation log
372. In addition, the train traveling situation evaluation
unit 315 determines travelling sequence of trains to avoid
deadlock.

[0030] The weather-disasterinformation table 351, the
human flow information table 352, the train information
table 361, the facility information table 362, the route in-
formation table 363, the topological information table 364
and the sequence information table 365 will be described
later by using configuration examples.

[0031] The train traveling actual result 371 stores
traveling time of trains in each position on the railroad
track. For example, the actual result is represented as a
set of a position, a train and time.

[0032] The simulation log 372 stores contents of the
weather-disaster information table 351, the human flow
information table 352, the train information table 361, the
facility information table 362, the route information table
363, the sequence information table 365 and the train
traveling actual result 371 in each section of internal time
of the simulator. Itis possible to restore a simulation state
in each time section by extracting stored values in the
table group in a specified time section from the simulation
log 372 and developing the extracted values.

[0033] The controller unit 320 is a part that receives
input information from the user via the screen control unit
330 and controls the environmental information update
unit 311, the train-facility state update unit 312, the train
traveling course update unit 313, the signal control unit
314 and the train traveling situation evaluation unit 315.
The screen control unit 330 is a part that receives input
information from the user via the input interface 341 and
delivers the input information to the controller unit 320.
Furthermore, the screen control unit 330 is a part that
receives processing results in the environmental infor-
mation update unit 311, the train-facility state update unit
312, the train traveling course update unit 313, the signal
control unit 314 and the train traveling situation evalua-
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tion unit 315, and delivers a screen output to the output
interface 342. The input interface 341 is a part that re-
ceives input information from the user and delivers the
input information to the screen control unit 330. The out-
put interface 342 is a part that outputs the screen output
received from the screen control unit 330 to a user inter-
face such as a display.

[0034] Fig. 4A, Fig. 4B, Fig. 4C, Fig. 4D, Fig. 4E, Fig.
4F and Fig. 4G show examples of various tables used in
the train operation simulation device 200.

[0035] Fig. 4A shows an example of the weather-dis-
aster information table 351. The example of the weather-
disaster information table 351 has "route ID" and weath-
er-disaster information as elements. In the present ex-
ample, the weather-disaster information has "wind ve-
locity," "rainfall" and "fall of rock" as elements. In the
"route ID," a key for uniquely identifying a route is stored.
Here, "route" means one signal and a railroad track area
protected by the signal. In the on-rail trail position detec-
tion method using a track circuit, the railroad track area
is an area from a first signal protection area track circuit
to a final signal protection area track circuit installed in a
protection area of the signal. Or, forexample, ina scheme
an onboard device on the train 130 includes a positioning
sensor such as a position calculation device or a GPS
(Global Positioning System) and the on-rail position of a
trainis calculated by using a value in the sensor, the track
area is an area where the signal instructs stop indication
due to the train 130 on the rail. In the "wind velocity," for
example, a maximum wind velocity during a determinate
period immediately preceding current time is stored. The
determinate period immediately preceding current time
is set equal to, for example, 30 minutes. In the "rainfall,"
forexample, a continuous rainfall is stored with mm taken
as the unit.

[0036] Fig. 4B shows an example of the human flow
information table 352. The example of the human flow
information table 352 has "station name" and "passenger
information" as elements. In the "station name," a key for
uniquely identifying a station is stored. In the "passenger
information," the number of passengers staying in the
station is stated every destination. The example shown
in Fig. 4B indicates that twelve passengers whose des-
tination is Station_#2 and twenty-one passengers whose
destination is Station_#3 are waiting for a train in
Station_#1.

[0037] Fig. 4C shows an example of the train informa-
tion table 361. The example of the train information table
361 has "train ID," "length," "train classification," "on-rail
route," "on-rail position," "passenger information," "des-
tination," "transit station," "transit route," and "course
change target train" as elements. In the "train ID," a key
for uniquely identifying a train is stored. In the "length,"
a length from a tip to an end of the train is stored. In the
"on-rail route," a route ID of a route corresponding to a
signal on which a train has confirmed clear indication in
close vicinity and progressed in advance is stored. A tip
partofthe train exists on arailroad track arearepresented
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by the route. In the "on-rail position," a length from a start
end of the on-rail route to the tip part of the train is stored.
In the example shown in Fig. 4C, it is represented that a
tip part of Train_#1 exists in a position of 37 m from a
start end of Block_#5. In the "passenger information,"
the number of passengers on the train is stored every
passenger destination. In the example shown in Fig. 4C,
it is represented that fifty-two passengers whose desti-
nation is Station_#1 and ninety-five passengers whose
destination is Station_#2 are on Train_#1. In the "desti-
nation," a terminal station of the train is stored. In the
"transit station," stations the train goes by way of are
stored in the order the train goes by way of. In the "transit
route," routes the train goes by way of as far as the des-
tination are stored in the order the train goes by way of.
The "course change target train" stores whether the train
is a target of the traveling course change conducted by
the train traveling course update unit 313.

[0038] Fig, 4D shows an example of the facility infor-
mation table 362. The example of the facility information
table 362 has "facility ID," "facility state" and "state du-
ration" as elements. In the "facility ID," a key for uniquely
identifying facilities is stored. In the "facility state," a state
of the facilities is stored. For example, in the case of a
signal, a state of "clear indication," "under progress con-
trol," "stop indication," "under stop control" or "in failure"
is stored. In the case of a track circuit, a state of "occu-
pied," "free," or "abnormal" is stored. In the "continuation
time," time over which the same facility state continues
is stored with a second taken as the unit.

[0039] Fig, 4E shows an example of the route informa-
tion table 363. The example of the route information table
363 has "route ID," "station," "platform," "next route ID,"
"length," "signal," "track circuit," "priority," "passing pos-
sible," "under control trial," and "control train" as ele-
ments. In the "route ID," a key for uniquely identifying a
route is stored. The "station" is set in a case where the
route is in a place where passengers can get on and off.
In the "station," a station where passengers get on and
off is stored. The "platform" is set under the same con-
dition as the "station." In the "platform," a platform where
passengers get on an off is stored. In the "next route ID,"
all routes into which a train on the rail of the route can
enter subsequently are stored. The example in Fig. 4E
represents that a train on the rail of Block_#1 can enter
Block_#2 or Block_#3 when exiting B lock_#1. In the
"length," a course length from a start end to a final end
is stored. In the "signal," a signal corresponding to the
route is stored. In the "track circuit," track circuits existing
on a track area corresponding to the route and lengths
of the track circuits in order from a start end of the route.
The example shown in Fig. 4E represents that Block_#1
has TrackCircuit_#1, TrackCircuit_#2 and
TrackCircuit_#3 in advance thereofin order from the start
end, and their lengths are 200 m, 250 m and 175 m. In
the "priority," two values, i.e., "preference" and "no pref-
erence" are stored. For example, in a situation in which
a preference direction of the railroad track is previously
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specified, "preference" is stored when a direction of the
route coincides with a preference direction of a railroad
track existing at a final end of the route. Otherwise, "no
preference" is stored. In the "passing possible," it is rep-
resented whether the route is judged to be an interrupted
part by the train traveling course update unit 313. In the
example shown in Fig. 4E, "X" represents that the route
is an interrupted part whereas "O" represents that the
route is not aninterrupted part. In the "under control trial,"
it is stored whether the route became a target of control
exercised by the signal control unit 314 in the last period.
In the example shown in Fig. 4E, it is represented that
Block_#1 became a target of control exercised by the
signal control unit 314 in the last period whereas
Block_#2 did not become a target of the control. In the
"control train," a train that has issued a control request
to the route is stored. In the "control train," a value is
stored when the "under control trial" is "Yes" or the state
of the light of route is "clear indication" or "under progress
control."

[0040] Fig. 4F shows an example of the topological
information table 364. The example of the topological
information table 364 has "topology ID," "topology clas-
sification," "route 1 ID," "route 2 ID" and "sequence com-
petition" as elements. In the "topology ID," a key for
uniquely identifying a topological relation is stored. In the
"topology classification," a classification of the topologi-
cal relation is stored. In the "route 1 ID" and "route 2 ID,"
two routes that are in the topological relation are stored.
In the "sequence competition," "Yes" is stored in a case
where the topological relation is a topological relation that
needs a control logic of a sequence decision, and other-
wise "No" is stored. Whether the topological relation
needs a control logic of a sequence decision is deter-
mined according to WO2013/014989.

[0041] FIG 4G shows an example of the sequence in-
formation table 365. The example of the sequence infor-
mation table 365 has "topology ID," "preference train"
and "no preference train" as elements. In the "topology
ID," a key for uniquely identifying a topological relation
is stored. The "preference train" and "no preference train"
represent that a train stated in the "no preference train"
cannot enter either route in the topological relation until
a train stated in the "preference train" passes through
either one of the two routes in the topological relation.
The sequence information table 365 has no records at
the start time of the simulation.

[0042] FIG 5A shows a general flow of processing ex-
ecuted by the train operation simulation device 200.
Processing 500 is started by taking depression of a sim-
ulation control button 613 as a trigger, and processing
501, 510, 520, 530, 570 and 580 is executed.

[0043] The processing 501 is processing that repeats
the processing 510,520,530, 570 and 580. The repetition
is executed periodically with a predetermined time inter-
val. The repetition is executed with a period of, for exam-
ple, one second. Furthermore, internal time of the simu-
lator is advanced at the time of repetition. At this time,
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apparent acceleration and deceleration of the simulation
becomes possible by providing the repetition period and
the advanced quantity of the internal time of the simulator
with a difference. For example, in a case where the rep-
etition interval of the processing 501 is set equal to one
second and the advanced quantity of the internal time of
the simulator is set equal to five seconds, the simulation
looks like being executed with a speed of five times from
the user. Theratio of the repetition interval of the process-
ing 501 to the advanced quantity of the internal time of
the simulator can be changed suitably if, for example,
the user operates a simulation speed change window
612 shown in Fig. 6.

[0044] The processing 510 is processing executed by
the environmental information update unit 311. The
processing 510 updates the weather-disaster informa-
tion table 351 and the human flow information table 352.
Update of the tables is implemented by, for example,
previously preparing external files that record time
changes of the weather-disaster information table 351
and the human flow information table 352 and acquiring
data pertinent to the present time period from the files
via the inputinterface 341. Selection of afile is conducted
using, for example, a dialogue box displayed by depress-
ing a file setting button 602 shown in Fig. 6. Or the user
may directly rewrite the table from a GUI via the input
interface 341. In other words, the planning system 110
transmits train information including an on-rail position
of a train to the train operation simulation device 200. An
external device transmits environmental information con-
cerning environment of the train to the train operation
simulation device 200. The train operation simulation de-
vice 200 includes a facility information storage unit (the
facility information table 362) which stores facility infor-
mation acquired from the planning system 110 and atrain
information storage unit (the train information table 361)
which stores train information acquired from the planning
system 110.

[0045] The processing 520 is executed by the train-
facility state update unit 312. The processing 520 is
processing that simulates changes of on-rail positions of
trains, facility states, and human flow, and updates the
train information table 361, the facility information table
362 and the human flow information table 352. Further-
more, in the present processing, traveling actual results
of trains and current states of various tables are stored
in the train traveling actual result 371 and the simulation
log 372.

[0046] A detailed flow of the processing 520 is shown
in Fig. 5B. In the processing 520, processing 521, 522,
523 and 524 is executed successively.

[0047] The processing 521 is processing that calcu-
lates a moving distance of a train and stores a new on-
rail position of the train into the train information table
361. The moving distance of the train is calculated, for
example, as a product of the execution period and a pre-
determined reference speed of the train. Here, in a case
where a reference speed differing from train to train is
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used, it can be implemented by, for example, adding a
train reference speed item to the train information table
362. Furthermore, a new on-rail position of a train is de-
termined by adding the moving distance of the train cal-
culated as described above to the on-rail position of the
train before movement stored in the "on-rail position" in
the train information table 362. Here, in a case where the
new on-rail position of the train exceeds the length of a
route where the train is on the rail, the train is moved into
the next route. The route where the train is on the rail,
the length of the route and the route of the movement
destination are acquired from the facility information table
362 and the route information table 363. By the way, the
route of the movement destination is a route that is in-
cluded in routes stated in the "next route ID" of the on-
rail route before movement and that is "clear indication"
in the "facility state" of the signal. The on-rail position of
the train in the route of the movement destination is set
equal to an excess of the moving distance of the train
over the length of the route of the movement source.
[0048] The processing 522 is processing that calcu-
lates changes of facility states such as track circuits and
signal caused by movement of the on-rail position of the
train and stores the changes into the facility information
table 362. As for the track circuit state, a track circuit
where a train is on the rail is in the occupied state. Oth-
erwise, a track circuit is in the free state. The track circuit
existing in the on-rail position of the train is determined
by determining an on-rail range of the train on the basis
of the "on-rail position" and "length" of the train in the
train information table 361 and comparing track circuits
stored in the "track circuit" in the route information table
363 corresponding to the "on-rail route" in the train infor-
mation table 361 with the on-rail range of the train. Be-
sides the signal state and the track circuit state, the user
can input an abnormal state such as a facility failure from
a GUI via the inputinterface 341. Or it is also possible to
previously define a time change of an abnormal state of
facilities in an external file and acquire data pertinent to
the present time period from the external file via the input
interface 341.

[0049] The processing 523 is conducted for a train
stopping at a station. The processing 523 is processing
that causes passengers whose destination or junction
station is the station to get off the train and updates the
train information table 361. The passengers whose des-
tination is the station can be judged from the "passenger
information" in the train information table 361. Getting off
the train of passengers is implemented as an operation
of removing data of passengers whose destination or
junction station is the station from the "passenger infor-
mation" in the train information table 361. Furthermore,
at the same time, data of passengers who have got off
the train is added to the "passenger information" of a
station pertinent to the station where the passengers got
off the train, in the human flow information table 352.
[0050] The processing 524 is conducted for a train
stopping at a station. The processing 524 is processing
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that causes passengers whose destination or junction
station coincides with a transit station of the train to get
on the train and updates the train information table 361.
It can be determined whether the destination of a pas-
senger is included in the transit stations of the train by
comparing the human flow information table 352 with the
train information table 361. Getting on the train of pas-
sengers is implemented as an operation of adding data
of passengers to the "passenger information” in the train
information table 361. Furthermore, at the same time,
data of passengers who have got on the train is removed
from the human flow information table 352.

[0051] The processing 525 is processing that displays
a state of simulation on the screen. Prior to description
of the processing 525, first, Fig. 6 will be described in
detail.

[0052] Fig. 6 shows a screen which displays the oper-
ation state of the train operation simulation device 200.
The screen includes an end button 601, a file setting but-
ton 602, a simulator operation control window 610, an
information display window 620 and a simulation situa-
tion display window 630.

[0053] The end button 601 is a button that terminates
asimulation program executed by the train operation sim-
ulation device 200. The user can terminate the program
by depressing the end button 601.

[0054] The file setting button 602 is a button for spec-
ifying a file thatbecomes a reading source of the weather-
disaster information table 351 or the human flow infor-
mation table 352. For example, a dialogue box is dis-
played by depressing the file setting button 602. The user
can specify a file by using the dialogue box.

[0055] The simulator operation control window 610 is
a window for controlling the operation of the train oper-
ation simulation device 200. The simulator operation con-
trol window 610 includes a simulator internal time display
window 611, a simulation speed change window 612 and
a simulation control button 613.

[0056] The simulator internal time display window 611
is a window that displays the internal time of the train
operation simulation device 200. The user can directly
rewrite the internal time of the simulator from the window.
The simulation speed change window 612 is a window
for controlling the simulation speed. The user can accel-
erate or decelerate the simulation speed from the win-
dow. The simulation control button 613 is a window for
controlling drawing on the screen. The user can conduct
temporary stop or resumption of drawing and reproduc-
tion of a past simulation state by operating the window.
[0057] Theinformation display window 620 is a window
for displaying the weather-disaster information table 351,
the human flow information table 352, the train informa-
tion table 361, the facility information table 362, the route
information table 363, the topological information table
364, the sequence information table 365 and the train
traveling actual result 371 on the screen. Furthermore,
the user can directly edit contents of the tables from the
window.
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[0058] The simulation situation display window 630 is
a window for graphically displaying contents such as on-
rail positions of trains, control states of signals, atmos-
pheric phenomenon information, and human flow infor-
mation. Reference numerals 631 and 632 denote trains.
A shade of color of a train represents a boarding rate.
The user can grasp at a glance whether the boarding
rate is large on the basis of the color of the train. Refer-
ence numeral 633 denotes a traveling course of a train
#1. Reference numeral 634 denotes a signal, and 635 a
route. Reference numeral 636 denotes a station where
passengers can get on and off a train, and a shade of
color represents a rate of crowdedness at the station.
[0059] Description with reference to Fig. 6 will be fin-
ished, and description of the processing 525 will be re-
sumed. In the processing 525, information required for
drawing of the simulator operation control window 610,
the information display window 620 and the simulation
display window 630 is transmitted to the screen control
unit 330. The screen control unit 330 creates drawing
information, and presents the screen shown in Fig. 6 to
the user via the output interface 342.

[0060] The processing 520 is finished as described
heretofore, and a shift to the processing 530 is conduct-
ed. The processing 530 is processing executed by the
train traveling course update unit 313. The processing
530 is processing that stores a result obtained by calcu-
lating or changing a train course for each train into the
train information table 361. In other words, the train op-
eration simulation device 200 includes the environmental
information update unit 311 which acquires environmen-
tal information acquired from an external device, and the
train traveling course update unit 313 which updates fa-
cility information and train information on the basis of the
environmental information and calculates a traveling
course of a train.

[0061] A detailed flow of the processing 530 is shown
in Fig. 5C. In the processing 530, processing 540, 550
and 560 is executed.

[0062] In the processing 540, for a train a traveling
course of which is not registered in the train information
table 361, a route group on the course is determined on
the basis of a destination and transit stations of the train.
Extraction of the course can be implemented by, for ex-
ample, taking out route rows that go by way of all transit
stations of the train from among route rows capable of
arriving at a destination obtained by following the route
information table 363 with a route where the train is on
the rail taken as a base point. In a case where there are
aplurality of extracted courses, the courses are narrowed
down to one. For this purpose, the train operation simu-
lation device 200 further includes a priority storage unit
which previously determines a preference direction on a
railroad track that is a preference traveling railroad track.
And a course that is the shortest in sum total of lengths
of routes each having a direction that does not coincide
with a preference direction of a railroad track existing at
an exit point of the route is selected.
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[0063] In the processing 550, trains that become tar-
gets of traveling course change are determined on the
basis of the weather-disaster information table 351, the
train information table 361, the facility information table
362 and the route information table 363. A detailed flow
of the processing 550 is shown in Fig. 5D. In the process-
ing 550, processing 551, 552, 553 and 554 is executed
successively.

[0064] Inthe processing 551, an interrupted part of the
railroad track is determined on the basis of the weather-
disaster information table 351 and the facility information
table 362. Determination whether a railroad track is in-
terrupted is conducted by, for example, determining
whether the wind velocity or rainfall stored in the weather-
disaster information table 351 exceeds a previously stip-
ulated operation stop standard. For example, a route that
exceeds 25 m/second in wind velocity or exceeds 100
mm in rainfall is determined to be an interrupted part.
Furthermore, determination whether a railroad track is
interrupted is conducted by determining whether the "fall
of rock" information in the weather-disaster information
table 3 51 or the "facility state" in the facility information
table 362 indicates an abnormality. The interrupted part
of the railroad track is linked to a route, and the determi-
nation result is stored in the route information table 363.
Correspondence between facilities and a route can be
determined by referring to the route information table
363.

[0065] Inthe processing 552, arailroad track interrupt-
ed range which becomes interrupted secondarily due to
the interrupted part of the railroad track determined in
the processing 551 is determined. The railroad track in-
terrupted range which becomes interrupted secondarily
is determined for each of routes in the route information
table 363. Determination whether the route is included
in the railroad track interrupted range which becomes
interrupted secondarily is conducted, for example, in a
case where a train is on the rail in the route, by determin-
ing whether it is inevitable for the train to pass through
the interrupted part of the railroad track determined in
the processing 551. Such a route can be extracted by
repeating processing of adding a route for which allroutes
stored in the "next route ID" in the route information table
363 are interrupted to routes included in the railroad track
interrupted range until routes newly included in the rail-
road track interrupted range do not increase.

[0066] In the processing 553, a train that becomes a
target of traveling course change is determined by using
the result of the processing 552. For example, among
trains existing in the train information table 361, trains
that include the interrupted range of the railroad track
determined in the processing 552 in the "transit route” in
the train information table 361 and that have expected
time of arrival at the route within determinate minutes
can be determined to be trains that become targets of
traveling course change. The expected time of arrival at
the route can be determined by, for example, calculating
a distance up to arrival on the basis of the "transit route"
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in the train information table 361 and the "length" in the
route information table 363 and dividing the distance by
a predetermined reference speed of the train. In a case
where the reference speed of the train differs from train
to train, an item of "train reference speed" may be added
to the train information table 362. As for a train that has
become a target of traveling course change, "Yes" is
stored in the "route change target" in the train information
table 362.

[0067] Inthe processing 554, in a case where there is
a predetermined standard for determining a traveling
course change train besides the processing 553, a train
that satisfies the standard is added to trains of traveling
course change target. The predetermined standard is,
for example, arrival of the train at a specified station. A
train that satisfies the reference is set to be a target of
course change regardless of the traveling course. At this
time, if the specified course change causes a destination
change, a new destination is also specified at the same
time.

[0068] The processing 550 is completed as described
heretofore, and a shift to the processing 560 is conduct-
ed. In the processing 560, for a train registered in the
train information table 361 as a course change target, a
course change of the train is conducted by referring to
the route information table 363 and a result is registered
in the train information table 361. In other words, the train
traveling course update unit 313 in the train operation
simulation device 200 calculates a railroad track inter-
rupted range in which the railroad track is interrupted, on
the basis of environmental information and facility infor-
mation, determines a train relating to the railroad inter-
rupted range to be a train to be changed in traveling
course, and updates the traveling course.

[0069] A detailed flow of the processing 560 is shown
in Fig. 5E. In the processing 560, processing 561, 562,
563, 564, 565, 566 and 567 is executed.

[0070] Inthe processing 561, the processing 562, 563,
564, 565 and 566 is repeated for all trains of course
change target determined in the processing 550.
[0071] Inthe processing 562, fora train thatis currently
the target of repetition, all courses leading from the on-
rail position of the train to a destination are searched for.
The courses obtained by the search are represented as
rows of routes. The search for courses can be imple-
mented by, for example, taking out route rows that go by
way of all transit stations of the train from among route
rows capable of arriving at a destination obtained by fol-
lowing the route information table 363 with a route where
the train is on the rail taken as a base point.

[0072] Intheprocessing563, branchingtothe process-
ing 564, 565 and 566 is conducted according to the
number of courses obtained in the processing 562. When
the number of courses is one, the processing 566 is ex-
ecuted. When the number of courses is at least two, the
processing 565 is executed. If there are no courses, the
processing 564 is executed.

[0073] The processing 564 is processing executed in
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a case where a course is not obtained in the processing
562. In the processing 564, a destination of the train is
newly set. For example, from among stations on a course
of a posterior operation train of the target train, a station
existing on the former course of the target train and lo-
cated farthest from the current position of the target train
is setto be a new destination. In this case, after the target
train has arrived at the new destination, the target train
is changed to a posterior operation train in operation.
[0074] The processing 565 is processing executed in
a case where a plurality of courses are obtained in the
processing 562. In the processing 565, one course is
selected from among the plurality of obtained courses.
For example, from among courses obtained as a result
of the search in the processing 562, a course that goes
by way of the most transit stations on the former course
is selected. The transit stations on the former course can
be determined by referring to the train information table
361. In a case where there are a plurality of courses sat-
isfying the condition, the courses are narrowed down to
one. As for a method therefor, for example, a preference
direction is determined on the railroad track and a course
that is the shortest in sum total of lengths of routes each
having a direction that does not coincide with a prefer-
ence direction of a railroad track existing at an exit point
of the route is selected.

[0075] In the processing 566, the course obtained by
narrowing down courses in the processing 562 or the
processing 565 is stored in the train information table 361
as a new train traveling course.

[0076] The processing 560 and 530 is completed as
described heretofore, and a shift to the processing 570
is conducted. The processing 570 is processing executed
by the signal control unit 314. A signal to be controlled
is determined on the basis of the train information table
361, the facility information table 362 and the sequence
information table 365. Determination of the controllable
signal is conducted by executing a control program used
in the course control device 100. For example, a course
control program generated by a device according to
W02013/014989 should be previously prepared. Here,
the train information table 361 and the sequence infor-
mation table 365 simulate the input to the course control
device 100 from the planning system 110 and the on-rail
position information of the train 130. And contents of the
facility information table 362 simulate the input from the
ground device 120. When previously generating a course
control program, a control logic belonging to a course
selection logic type is set to read and execute a train
traveling course stored in the train information table361,
and a control logic belonging to a sequence decision logic
type is set to read and execute the sequence information
table 365. The state of the signal obtained by the course
control device 100 is reflected to the facility state in the
facility state table 362.

[0077] The processing 580 is processing executed by
the train traveling situation evaluation unit 315. In the
processing 580, it is checked whether deadlock of a train
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has occurred during simulation by using the route infor-
mation table 363 and the topological information table
364. In a case where deadlock has occurred, the simu-
lation situation is rewound to before the occurrence of
the deadlock by using the simulation log 372 and the
traveling sequence of the train is determined to avoid
deadlock.

[0078] A detailed flow of the processing 580 is shown
in Fig. 5F. In the processing 580, processing 581, 582,
583, 584, 585 and 586 is executed.

[0079] In the processing 581, a deadlock occurrence
place between trains is detected by using a result in the
signal control unit 314. Detection of the deadlock occur-
rence place is conducted by using the route information
table 363 and the topological information table 364. De-
tection of the deadlock occurrence place is conducted in
accordance with, for example, the following procedure.
First, in the route information table 363, a set (hereafter
represented as B, where elements ofB are B1, B2, --- Bn
(n: natural number)) obtained by collecting all routes for
which the "under control trial" is "Yes" is acquired. Sub-
sequently, topological relations among elements of B are
discriminated from the topological information table 364.
Subsequently, as regards a partial set Bp = (Bp1, Bp2,
- Bpk) (p1, p2, -+ pk: natural number, k < n) of B, it is
determined whether a topological relation in which the
ith route includes a entry point of the (i+1)-st holds true,
foralliin 1 <i<k-1. In a case where Bp satisfying the
condition for all i exists, it is determined that deadlock
has occurredin Bp. Atthis time, a train (hereafter referred
to as Tp) concerning deadlock is obtained by extracting
a control train for all element routes of Bp from the route
information table 363. By the way, when the number of
elements of Bpis two, it may be determined that deadlock
has occurred in Bp in a case where elements of Bp are
in topological relation of (8) deadlock B, (14) reverse di-
rection connection B, or (22) deadlock A.

[0080] The processing 582 is processing that repeats
the processing 583, 584 and 585 for all Bp obtained in
the processing 581.

[0081] In the processing 583, priority of Tp is deter-
mined. The processing 583 can be implemented by, for
example, previously determining priority for train classi-
fication and destination and comparing values stored in
the train information table 361 for each train of Tp.
[0082] In the processing 584, a train that is the lowest
in priority determined in the processing 583 is determined
from among Tp. Hereafter, the train determined in the
present processing is referred to as Td.

[0083] In other words, the train operation simulation
device 200 includes the train traveling situation evalua-
tion unit 315 which evaluates the calculated traveling
course. The priority storage unit previously stores priority
of the train. The train traveling situation evaluation unit
315 detects occurrence of deadlock for the calculated
traveling course. In a case where deadlock is detected,
the traveling sequence of the train is changed on the
basis of the priority of the train.
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[0084] A detailed flow of the processing 590 is shown
in Fig. 5G. In the processing 590, processing 591, 592,
593, 594, 595, 596, 597 and 598 is executed.

[0085] Inthe processing 591, the processing 592, 593,
594, 595, 596, 597 and 598 is loop-executed. Here,
processing loop is executed for routes obtained by sort-
ing routes controlled by the train Td in order from a distant
side of the traveling course of Td. Extraction and sort of
routes can be implemented by referring to the "control
train" and the "nextroute ID" in the route information table
363.

[0086] In the processing 592, from among topological
relations held by a route that is the loop target in the
processing 591, all topological relations that are "Yes" in
the "sequence competition" in the topological information
table 364 are extracted.

[0087] In a case where any topological relation is not
obtained in the processing 592, processing is shifted in
the processing 593 to the next loop. In a case where at
least one topological relation is obtained, the processing
594 is executed.

[0088] In the processing 594, from among trains Tp
concerned in deadlock, a train having at least one route
that is in the topological relation obtained in the process-
ing 592 to the route of loop target is acquired.

[0089] In a case where even one topological relation
is not obtained in the processing 594, the processing is
shifted to the next loop in the processing 595. In a case
where at least one topological relation is obtained in the
processing 594, the processing 596 is executed.
[0090] In the processing 596, new records are added
to the sequence information table 365. As for added
records, the topological relation obtained in the process-
ing 593 is stored in the "topological ID," the train obtained
in the processing 595 is stored in the "preference train,"
and Tb is stored in the "no reference train."

[0091] Inthe processing 597, it is determined whether
records corresponding to all trains in Tp have been added
to the sequence information table 365 in the processing
591. In a case where there is an unprocessed train,
processing is shifted to the next loop. In a case where
record addition has been conducted for all trains, the
processing 598 is executed.

[0092] In the processing 598, time when Tb has con-
trolled the route thatis the target of the loop at the present
time is acquired by referring to the simulation log 372.
The obtained time is stored ina temporary area in a mem-
ory or the like. By the way, at the time obtained in the
present processing, deadlock among the train group Tp
has not yet occurred. In a case where records newly add-
ed to the sequence information table 365 in the process-
ing 591 are used and simulation is re-executed from the
time, deadlock among Tp does not occur.

[0093] The processing 590 is finished as described
heretofore. Referring back to Fig. 5D, the processing 585
will now be described.

[0094] In the processing 585, the earliest time In the
processing 585, the earliest time In the processing 585,
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the earliest time is calculated from among time points
obtained in the processing 598 in the repeated process-
ing 582.

[0095] In the processing 586, stored values in various
tables at the time calculated from the simulation log 372
in the processing 585 are reconstructed. Here, various
tables are the weather-disaster information table 351,
the human flow information table 352, the train informa-
tion table 361, the facility information table 362, the route
information table 363 and the train traveling actual result
371. The topological information table 364 is constants,
and is not rewritten by simulation. Therefore, itis not nec-
essary to reconstruct the topological information table
364. Furthermore, as for the sequence information table,
reconstruction is not conducted and contents obtained
in the processing 590 of the present time period are taken
over intact.

[0096] According to the present embodiment, it be-
comes possible to cause trains to travel without causing
deadlock even in a situation in which timetable informa-
tion such as time and sequence of trains is not deter-
mined as described heretofore. Simple and rapid train
operation simulation can be implemented. Furthermore,
operation simulation atthe time of, for example, a disaster
can be executed without conducting troublesome time-
table changes. Therefore, it is possible to easily execute
maintenance capability measurement of train operation
service, prediction of risk potentials, establishing coun-
termeasures against a disaster, and measurement of
countermeasure effects. In addition, train operation pos-
sibility at the time of disaster can be largely improved by
connecting the present simulator to the planning system
110 and using the train traveling actual result generated
by the present simulator as timetable when an unexpect-
ed situation has occurred.

[0097] By the way, the presentinvention is not restrict-
ed to the described embodiment. A change can be made
suitably without departing from the spirit of the present
invention.

[0098] It should be further understood by those skilled
inthe artthat although the foregoing description has been
made on embodiments of the invention, the invention is
not limited thereto and various changes and modifica-
tions may be made without departing from the spirit of
the invention and the scope of the appended claims.
[0099] Embodiments oftheinvention are also specified
in the following paragraphs.

1. A train operation simulation device (200) compris-
ing:

a facility information storage unit (362) for stor-
ing facility information concerning train facilities;
a train information storage unit (361) for storing
train information including on-rail positions of
trains;

an environmental information update unit (311)
for acquiring environmental information; and
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a train traveling course update unit (313) for up-
dating the facility information and the train infor-
mation on the basis of the environmental infor-
mation and calculating a traveling course of a
train.

2. The train operation simulation device (200) ac-
cording to paragraph 1, wherein the train traveling
course update unit (313) calculates a railroad track
interrupted range in which a railroad track is inter-
rupted, on the basis of the environmental information
and the facility information, determines trains relat-
ing to the railroad track interrupted range to be trains
to be changed in traveling course, and updates
traveling courses.

3. The train operation simulation device (200) ac-
cording to paragraph 2,

further comprising a priority storage unit for previ-
ously storing a traveling railroad track given priority,
wherein

in a case where a plurality of the traveling courses
are calculated, the train traveling course update unit
(313) selects a course that is the shortest in sum
total of lengths of routes each having a direction that
does not coincide with a preference direction of a
railroad track existing at an exit point of the route.
4. The train operation simulation device (200) ac-
cording to paragraph 3, further comprising a train
traveling situation evaluation unit (315) to evaluate
the calculated traveling course,

wherein

the priority storage unit previously stores priorities
of trains as well, and

the train traveling situation evaluation unit detects
occurrence of deadlock with respect to the calculated
traveling course, and in a case where occurrence of
the deadlock is detected, the train traveling situation
evaluation unit changes traveling sequence of trains
on the basis of the priorities of trains.

Claims

A train operation control system comprising:

a planning system (110) for transmitting facility
information concerning train facilities and train
information including on-rail positions of trains
to a train operation simulation device;

an external device for transmitting environmen-
talinformation concerning environment of a train
to the train operation simulation device; and
the train operation simulation device (200),

the train operation simulation device (200) com-
prising:

a facility information storage unit (362) for
storing the facility information acquired from

10

15

20

25

30

35

40

45

50

55

12

the planning system;

a train information storage unit (361) for
storing the train information acquired from
the planning system;

an environmental information update unit
(311) for updating the environmental infor-
mation acquired from the external device;
and

atrain traveling course update unit (313) for
updating the facility information and the
train information on the basis of the envi-
ronmental information and calculating a
traveling course of a train.

The train operation control system according to claim
1, wherein the train traveling course update unit
(313) in the train operation simulation device (200)
calculates arailroad track interrupted range in which
a railroad track is interrupted, on the basis of the
environmental information and the facility informa-
tion, determines trains relating to the railroad track
interrupted range to be trains to be changed in
traveling course, and updates traveling courses.

The train operation control system according to claim
2, wherein

the train operation simulation device (200) further
comprises a priority storage unit for previously stor-
ing a traveling railroad track given priority, and

in a case where a plurality of the traveling courses
are calculated, the train traveling course update unit
(313) selects a course that is the shortest in sum
total of lengths of routes each having a direction that
does not coincide with a preference direction of a
railroad track existing at an exit point of the route.

The train operation control system according to claim
2, wherein

the train operation simulation device (200) further
includes a train traveling situation evaluation unit
(315) to evaluate the calculated traveling course,
the priority storage unit previously stores priorities
of trains as well, and

the train traveling situation evaluation unit detects
occurrence of deadlock with respectto the calculated
traveling course, and in a case where occurrence of
the deadlock is detected, the train traveling situation
evaluation unit changes traveling sequence of trains
on the basis of the priorities of trains.

A train operation simulation method executed by a
train operation simulation device (200),

storing facility information concerning train facilities;
storing train information including on-rail positions of
trains;

acquiring environmental information; and

updating the facility information and the train infor-
mation on the basis of the environmental information
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and calculating a traveling course of a train.

6. The train operation simulation method according to
claim 5, wherein the train operation simulation device
(200) calculates arailroad track interrupted range in
which a railroad track is interrupted, on the basis of
the environmental information and the facility infor-
mation, determines ftrains relating to the railroad
track interrupted range to be trains to be changed in
traveling course, and updates traveling courses.

7. The train operation simulation method according to
claim 6, comprising:

previously storing a traveling railroad track given
priority; and

in a case where a plurality of the traveling cours-
es are calculated, selecting a course that is the
shortest in sum total of lengths of routes each
having a direction that does not coincide with a
preference direction of a railroad track existing
at an exit point of the route.

8. The train operation simulation method according to
claim 7, comprising:

evaluating the calculated traveling course;
previously storing priorities of trains as well; and
detecting occurrence of deadlock with respect
to the calculated traveling course, and in a case
where occurrence of the deadlock is detected,
changing traveling sequence of trains on the ba-
sis of the priorities of trains.
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FIG. 4A
351
WEATHER-DISASTER INFO TABLE <
/
WIND
ROUTE ID VELOCITY RAINFALL FALL OF ROCK
Block #1 5.4m/s Omm NONE
Block #2 15.2m/s Omm NONE
352
HUMAN FLOW INFO TABLE <
/
STATION NAME PASSENGER INFO

| FOR Station_#2: 12 PERSONS
Station_#1 FOR Station #3: 21 PERSONS

| FOR Station_#3: 15 PERSONS
Station_#2 FOR Station_#4: 33 PERSONS
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362
FACILITY INFO TABLE <
7
FACILITY ID FACILITY STATE STATE DURATION
Signal_#1 STOP INDICATION 158

TrackCircuit_#1 OCCUPIED 4s

19
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FIG. 4F
364
TOPOLOGICAL INFO TABLE <
/
TOPOLOGY | TOPOLOGY ROUTE ROUTE SEQUENCE
ID CLASSIFICATION 11D 21D COMPETITION
(6) END POINT
Topology_#1 SINGLE BLOCKADE B Block #1 Block_#2 Yes
(19) END POINT
Topology #2 BOTH BLOCKADE B Block #1 Block #3 Yes
(12): FORWARD
Topology_ #3 CONNECTION Block #2 Block_#4 No
FIG. 4G
365
SEQUENCE INFO TABLE <
]
PREFERENCE NO PREFERENCE
TOPOLOGYID TRAIN TRAIN
Topology #1 ~Train_#5 Train_#6
Topology #1 Train_#7 Train_#6
Topology #2 Train_#8 Train_#9
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ENVIRONMENTAL
INFO UPDATE
UNIT

311

TRAIN-FACILITY
STATE UPDATE
UNIT
312

TRAIN TRAVELING
COURSE UPDATE
UNIT

313

SIGNAL
CONTROL UNIT

314

TRAIN TRAVELING
SITUATION
EVALUATION UNIT

315

i
i
i
i
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N

|

M=

|~
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EXECUTE PERIODICALLY UNTIL

7 SIMULATION BUTTON xxx IS DEPRESSED%

UPDATE ENVIRONMENTAL INFO
(WEATHER-DISASTER INFO
TABLE AND HUMAN FLOW INFO)

520

UPDATE FACILITY INFO AND TRAIN INFO 7]

|/

530

UPDATE TRAVELING COURSE OF EACH
TRAIN IN SYSTEM ON THE BASIS OF /]
ENVIRONMENTAL INFO

/

570

EXERCISE SIGNAL CONTROL BY USING
FACILITY INFO, ON-RAIL POSITION OF

TRAIN AND TRAIN INFO

580

OUTPUT TRAIN OPERATION ACTUAL
RESULT AND HUMAN FLOW INFO TO FILE”]
AND GUI AS EVALUATION INDEX

_\

END OF PERIOD

C )

END
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CALCULATE MOVING DISTANCE OF TRAIN AND | 521
UPDATE TRAIN INFO TABLE. IF MOVING |/
DISTANCE EXCEEDS LENGTH OF ROUTE |
WHERE TRAIN IS ON RAIL, MOVE TRAIN INTO
NEXT ROUTE
522
UPDATE TRACK CIRCUIT WHERE TRAIN IS ON /

RAIL TO OCCUPIED STATE. IF ROUTE WHERE
TRAIN IS ON RAIL CHANGES, UPDATE STATE OF
SIGNAL IN ROUTE OF MOVEMENT DESTINATION

TO STOP INDICATION

AS FOR TRAIN STOPPING AT STATION, CAUSE
PASSENGERS WHOSE DESTINATION OR
JUNCTION STATION IS STATION TO GET

OFF TRAIN AND UPDATE TRAIN INFO TABLE

AS FOR TRAIN STOPPING AT STATION, CAUSE
PASSENGERS WHOSE DESTINATION OR
JUNCTION STATION COINCIDES WITH TRANSIT
STATION TO GET ON TRAIN AND UPDATE
TRAIN INFO TABLE

DISPLAY STATE OF SIMULATOR ON GUI 1

523

524

525

( ENnD )
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FIG. 5C

230

( START B/
540

FOR TRAIN THAT IS NOT DETERMINED IN W
TRAVELING COURSE, DETERMINE TRAVELING/
COURSE

DETERMINE TRAINS THAT BECOME TARGET | 990
OF TRAVELING COURSE CHANGE ON THE |/

BASIS OF WEATHER-DISASTER INFO TABLE

351, TRAIN INFO TABLE 361, FACILITY INFO
TABLE 362 AND ROUTE INFO TABLE 363

560

FOR ALL TRAINS DETERMINED IN 550, //
CHANGE TRAVELING COURSE

( END )
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DETERMINE INTERRUPTED PART OF RAILROAD
TRACK BY USING WEATHER-DISASTER INFO 7
TABLE 351 AND FACILITY INFO TABLE 362

551

DETERMINE RAILROAD TRACK INTERRUPTED
RANGE WHICH BECOMES INTERRUPTED e
SECONDARILY DUE TO INTERRUPTED
PART OF RAILROAD TRACK DETERMINED IN 551

552

FROM AMONG TRAINS EXISTING IN TRAIN INFO
TABLE 361, DETERMINE TRAINS THAT INCLUDE
INTERRUPTED RANGE OF RAILROAD TRACK
DETERMINED IN 552 ON COURSE AND THAT

HAVE EXPECTED TIME OF ARRIVALAT INTERRUPTE

RANGE OF RAILROAD TRACK WITHIN DETERMINATE

MINUTES TO BE TRAINS THAT BECOME TARGETS OF
TRAVELING COURSE CHANGE

553

IF THERE IS PREDETERMINED STANDARD FOR
DETERMINING TRAVELING COURSE CHANGE
TRAIN, ADD TRAIN THAT SATISFIES STANDARD

TO TRAINS OF TRAVELING COURSE CHANGE 7|
TARGET. AT THAT TIME, IF DESTINATION CHANGE
IS CAUSED, SPECIFY NEW DESTINATION AS
WELL SIMULTANEOUSLY

554
|/

( Eno )
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FIG. 5E
- (sTART — 560

REPEAT FOR ALL TRAINS
DETERMINED IN 550

561

SEARCH FOR ALL COURSES CAPABLE /562

OF ARRIVING AT DESTINATION OF
TRAIN WITH ON-RAIL POSITION OF
TRAIN TAKEN AS BASE POINT 564

/

FROM AMONG TRANSIT STATIOKS OF
POSTERIOR OPERATION TRAIN OF OWN
TRAIN, SET STATION EXISTING ON
COURSE OF OWN TRAIN AND LOCATED
FARTHEST TO BE NEW DESTINATION

563

FROM AMONG COURSES OBTAINED BY

SEARCH IN 562, SELECT COURSE THAT 565
GOES BY WAY OF MOST TRANSIT STATIONS ON| /
ORIGINAL TRAVELING COURSE. IF THERE ARE/]

PLURAL COURSES SATISFYING CONDITION,

SELECT COURSE THAT IS SHORTEST IN

DISTANCE OF TRAVELING IN NO PREFERENCE
DIRECTION OF RAILROAD TRACK

566
REGISTER OBTAINED COURSE IN | /

TRAIN INFO TABLE 361 AS /]
NEW TRAIN TRAVELING COURSE

J\ END OF REPETITIVE PROCESSING /

( END )
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FIG. 5F
( START )’\/580
581

DETECT DEADLOCK OCCURRENCE //
PLACE BETWEEN TRAINS

582
REPEAT FOR ALL DEADLOCK OCCURRENCE
PLACES DETERMINED IN 581
583
DETERMINE PRIORITY OF TRAINS //
CONCERED IN DEADLOCK
584

FROM AMONG TRAINS CONCERNED IN |/
DEADLOCK, DETERMINE TRAIN THAT IS /]
LOWEST IN PRIORITY

290

DETERMINE CANDIDATES OF SIMULATION //
RECONSTRUCTION TIME

_J\ END OF REPETITIVE PROCESSING /

585

FROM AMONG TIME POINTS OBTAINED IN //
590, CALCULATE EARLIEST TIME

586

RECONSTRUCT STATES OF VARIOUS TABLES //
AT TIME IN 585 FROM SIMULATION LOG

( EnD )
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FIG. 5G
(" sTART )%

FOR ROUTES CONTROLLED BY TRAIN IN
584, LOOP IN ORDER FROM DISTANT SIDE
592

DETERMINE WHETHER ROUTE OF LOOP | /
TARGET HAS TOPOLOGICAL RELATION OF
SEQUENCE COMPETITION

591

IS 592 SATISFIED?

FROM AMONG TRAINS CONCERNED IN | 594
DEADLOCK, ACQUIRE TRAIN HAVING ON |/
COURSE ROUTE THAT IS IN TOPOLOGICAL’
RELATION IN 592 TO ROUTE IN 591

295

IS THERE TRAIN
SATISFYING 5947

596
WITH RESPECT TO TOPOLOGICAL /
RELATION IN 593, SET TRAIN IN 594 TO /]
TAKE PREFERENCE IN SEQUENCE OVER
TRAIN IN 584

997

ARE ALL TRAINS
CONCERNED IN DEADLOCK ACQUIRED
IN 5947

No

ACQUIRE TIME IMMEDIATELY BEFORE |
TRAIN IN 584 CONTROLS ROUTE OF LOOR/
TARGET AND EXIT LOOP

A—A\ LOOP END /

[END)
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