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[DESCRIPTION]

[TITLE OF INVENTION]

TRAIN TRAFFIC CONTROL INSPECTION DEVICE, TRAIN TRAHC CONTROL
INSPECTION METHOD AND PROGRAM

[Technical Field]

[0001]

The present invention relates to a train traffintool inspection device, a train
traffic control inspection method, and a programohitserve to inspect a traffic schedule
of a train traveling a previously-provided railroad

Priority is claimed on Japanese Patent Applicaltion2013-8563, filed January
21, 2013, the content of which is incorporated imelg reference.

[Background Art]
[0002]

Existing systems for controlling traffic of railrdavehicles are classified into
“safety related systems” for securing safety inrapen thereof and “non-safety related
systems” for achieving various purposes indepeyémtreof.

[0003]

“Security systems” are systems for controllingficadf trains such that the
trains neither collide nor derail. Representaéixamples thereof include an automatic
train control (ATC) system and an “interlock systemHere, an “interlock system”
means a system that controls traffic signals arittbwstands (devices that switch a route
of a train in a branch) to interlock with each athe

On the other hand, “non-safety related systems’msgatems not
corresponding to the “safety related systems” anmsys¢ems mainly required for

operating railroads as a transportation systemrepfesentative example thereof is a
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“traffic control system” that causes a train tovebor stop in accordance with a train
diagram. Ticket examination facilities and theslére also examples thereof.
[0004]

In a train traffic control system that controlsffiof trains while causing the
traffic control system which is a non-safety rethsystem and the interlock system
which is a safety related system to function inaeleatly, it is necessary to form a traffic
logic which do not cause “deadlock” in a traffiopesses thereof. Here, the
“deadlock” means a state in communication betwienraffic control system and the
interlock system in which the traffic processesrains can no longer progress.

Therefore, a designer of traffic logic needs tdfyen advance whether the
“deadlock” can occur in the traffic processes tratsequentially performed in
accordance with the traffic logic.

[0005]

Regarding the “interlock system” as the “safetyatetl system”, a method of
automating verification of such an operation andrgpenergy is disclosed (Patent
Literature 1).

[Citation List]
[Patent Literature]
[0006]

[Patent Literature 1]

Japanese Unexamined Patent Application, First Patidn No. 2011-131812
[Summary of Invention]

[Technical Problem]
[0007]

However, a train does not travel merely in accocdanith a train diagram and a
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certain degree of delay may occur. Combinationsositions and routes of the train in
which the delay may occur are enormous and itfiedit for even an expert to design
traffic logic that avoids the deadlock in all comdions.

[0008]

The “interlock system” and the “traffic control $gm” control trains
independently (asynchronously) based on a varietyfarmation such as railroad
topology information, positions of trains, routetdins, and train diagrams. In the
method described in Patent Literature 1, althobghoperation of the “interlock system”
can be verified, the operation of the entire ttaaffic control system in which the
“interlock system” and the “traffic control systerafe combined cannot be verified.
[0009]

The “interlock system” and the “traffic control $gm” asynchronously control
traffic of a train independently as described abov&ccordingly, a very large number of
combinations of instruction patterns which are sraitted therefrom can be considered
for the traffic processes which progress from man@moment. EXisting inspection
systems cannot verify whether there is a posgitolit‘deadlock” occurring in all of the
very large number of instruction patterns. Fomegke, there is actually a slight time
lag between a timing at which a train enters albbrtd a timing at which the interlock
system actually recognizes the entrance of the.tralHitherto, it has not been possible
to verify problems such as what happens when & negjuest of another train is given
from the traffic control system during the time.lag
[0010]

An object of the present invention is to provideaan traffic control inspection
device, a train traffic control inspection methadd a program which can solve the

above-identified problems.
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[Solution to Problem]
[0011]

According to a first aspect of the present invamtithere is provided a train
traffic control inspection device that verifies @peration of a train traffic control system
including an interlock system and a traffic conggétem, including: an information
acquiring unit configured to acquire railroad tamp/ information indicating a
configuration of a railroad network in which a g@lity of blocks are connected and
which includes one or more branches, travel pdtirnmation specifying a path of a train
which travels in the railroad network by combinatmf one or more routes for each train,
route setting information in which conditions todaisfied when a route request for
reserving a path on which a train will travel ise are defined for each route, and
interlock system operation information in whichesaperation logics of the interlock
system are defined; a state transition model géingranit configured to generate a state
transition model for each of the train, the braribk,interlock system, and the traffic
control system based on the information acquirethbynformation acquiring unit; and
a state transition model inspecting unit configu@determine whether a predetermined
requirement is satisfied by combinations of statesimed in the train, the branch, the
interlock system, and the traffic control systerpaetaing on the state transition models.
[0012]

A second aspect of the present invention providegrain traffic control
inspection device according to the first aspecensim the state transition model
generating unit generates a state transition madkeiding at least a state in which the
train is in each route element obtained by dividimgroute in units of the blocks and a
state in which the train crosses a boundary of eawte element as the states assumed in

the train.
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[0013]

A third aspect of the present invention providesttiain traffic control
inspection device according to the first or secagpect, wherein the state transition
model generating unit generates a state transitiotel including at least a
forward-opened state, an in-transition state, arevarsely opened state as the states
assumed in the branch.

[0014]

A fourth aspect of the present invention providesttain traffic control
inspection device according to any one of the foghird aspects, wherein the state
transition model generating unit generates a $tateition model including at least a
state indicating whether each route is locked asi@t® indicating whether a train is
present in each block as the states assumed inténock system.

[0015]

A fifth aspect of the present invention provides tfain traffic control
inspection device according to any one of the fodburth aspects, wherein the state
transition model generating unit generates a statesition model including at least a
progress state of a route request step for eaichanal a state indicating whether a route
request for each route is present as the statemadsn the traffic control system.
[0016]

According to a sixth aspect of the present inventibere is provided a train
traffic control inspection method of verifying aperation of a train traffic control
system including an interlock system and a trafintrol system, including: acquiring
railroad topology information indicating a configtion of a railroad network in which a
plurality of blocks are connected and which inclidee or more branches, travel path

information specifying a path of a train which tets/on the railroad network by
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combination of one or more routes for each trainte setting information in which
conditions to be satisfied when a route requestdeerving a path on which a train will
travel is given are defined for each route, andrlotk system operation information in
which safe operation logics of the interlock systema defined; generating a state
transition model for each of the train, the braribk,interlock system, and the traffic
control system based on the acquired informatiad;determining whether a
predetermined requirement is satisfied by combamstiof states assumed in the train, the
branch, the interlock system, and the traffic colrgystem depending on the state
transition models.

[0017]

According to a seventh aspect of the present inwmenthere is provided a
program which causes a computer of a train traffiatrol inspection device, which
verifies an operation of a train traffic controkgm including an interlock system and a
traffic control system, to serve as: informatio@icing means configured to acquire
railroad topology information indicating a configtion of a railroad network in which a
plurality of blocks are connected and which inclidee or more branches, travel path
information specifying a path of a train which tets/on the railroad network by
combination of one or more routes for each trainte setting information in which
conditions to be satisfied when a route requestdserving a path on which a train will
travel is given are defined for each route, andrlotk system operation information in
which safe operation logics of the interlock systmm defined; state transition model
generating means configured to generate a staisiticm model for each of the train, the
branch, the interlock system, and the traffic colrgystem based on the information
acquired by the information acquiring unit; andetaansition model inspecting means

configured to determine whether a predeterminedirement is satisfied by



10

15

20

25

7

combinations of states assumed in the train, taedbr, the interlock system, and the
traffic control system depending on the state iteomsmodels.

[Advantageous Effects of Invention]

[0018]

According to the train traffic control inspectioawce, the train traffic control
inspection method, and the program, it is possibiaspect the train traffic control
system to include situations with a low probabibfyoccurring in operation of the train
traffic control system.

[Brief Description of Drawings]
[0019]

Fig. 1 is a diagram showing a functional configimaiof a train traffic control
inspection device according to an embodiment optiesent invention.

Fig. 2 is a diagram showing positions of trainsirailroad network and a path
of each train.

Fig. 3Ais a first diagram showing railroad topojagformation according to an
embodiment of the present invention.

Fig. 3B is a second diagram showing railroad togploaformation according to
an embodiment of the present invention.

Fig. 4Ais a third diagram showing railroad topofagformation according to
an embodiment of the present invention.

Fig. 4B is a fourth diagram showing railroad togplanformation according to
an embodiment of the present invention.

Fig. 5Ais a first diagram showing travel path imf@tion according to an
embodiment of the present invention.

Fig. 5B is a second diagram showing travel patbrmftion according to an
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Fig. 6 is a diagram showing route setting inform@atccording to an
embodiment of the present invention.

Fig. 7 is a diagram showing interlock system openaihformation according to
an embodiment of the present invention.

Fig. 8 is a diagram showing a state transition rhotla train according to an
embodiment of the present invention.

Fig. 9 is a diagram showing a state transition rhizda branch according to an
embodiment of the present invention.

Fig. 10Ais a first diagram showing a state traosimodel in an interlock
system according to an embodiment of the preseenition.

Fig. 10B is a second diagram showing a state tiansnodel in an interlock
system according to an embodiment of the preseehiion.

Fig. 10C is a third diagram showing a state tramsiinodel in an interlock
system according to an embodiment of the preseehiion.

Fig. 10D is a fourth diagram showing a state tt@msimodel in an interlock
system according to an embodiment of the preseehiion.

Fig. 11Ais a first diagram showing a state traositnodel in a traffic control
system according to an embodiment of the preseeniion.

Fig. 11B is a second diagram showing a state tiangnodel in a traffic control
system according to an embodiment of the preseeniion.

Fig. 12 is a diagram showing a verification flowngsthe train traffic control
inspection device according to an embodiment optiesent invention.

Fig. 13 is a first diagram showing a verificatiam@ess of the train traffic

control inspection device according to an embodinoéthe present invention.
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Fig. 14 is a second diagram showing a verificagioycess of the train traffic
control inspection device according to an embodinoéthe present invention.

Fig. 15 is a third diagram showing a verificatiangess of the train traffic
control inspection device according to an embodinoéthe present invention.

Fig. 16Ais a first diagram showing a state traosimodel in a predetermined
model inspection language according to an embodiofehe present invention.

Fig. 16B is a second diagram showing a state tiansnodel in a
predetermined model inspection language accordirg tembodiment of the present
invention.

Fig. 16C is a third diagram showing a state tramsiinodel in a predetermined
model inspection language according to an embodiwfethe present invention.
[Description of Embodiments]

[0020]

Hereinafter, a train traffic control inspection évaccording to an embodiment
of the present invention will be described witherehce to the accompanying drawings.

Fig. 1 is a diagram showing a functional configimaif a train traffic control
inspection device according to an embodiment optiesent invention. In the drawing,
reference numeral 1 denotes the train traffic @dmtispection device.

The train traffic control inspection device 1 isiaapection device for verifying
an operation of a train traffic control system udihg an “interlock system” and a
“traffic control system.” In order to realize thespection function, the train traffic
control inspection device 1 includes an informataquiring unit 10, a state transition
model generating unit 11, a state transition mgtielage unit 12, a state transition model
inspecting unit 13, a counterexample analyzing i4hjta result displaying unit 15, and a

state transition model editing unit 16.
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[0021]

The information acquiring unit 10 is a functionaltthat acquires information
required for inspection of train traffic controlThe information acquired by the
information acquiring unit 10 includes railroad obggy information, travel path
information, route setting information, and intekcsystem operation information.
Here, the “railroad topology information” is infoation indicating a configuration of a
railroad network in which a plurality of blocks azennected and which includes one or
more branches. The “travel path information” immation for specifying a “path” of
a train traveling in the railroad network on a camation of one or more “routes” for
each train. The “route setting information” isanhation for setting conditions in
which a route request for causing the interlockesyisto reserve a path on which a train
will travel is given for each route. The “interlosystem operation information” is
information for defining safe operation logic oktnterlock system. The train traffic
control inspection device 1 may include a particgtarage unit for storing the variety of
information. Specific meanings and details ofthaety of information will be
described later.

[0022]

The state transition model generating unit 11 geesra state transition model
for each of a train, a branch, the interlock systend the traffic control system based on
the variety of information acquired by the informatacquiring unit 10. The train
traffic control inspection device 1 according testambodiment can inspect the entire
train traffic control system in which the “interkosystem” and the “traffic control
system” work in cooperation depending on varioasestransition models generated by
the state transition model generating unit 11.

[0023]
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The state transition model storage unit 12 temjdgrsiiores the state transition
models for repeated verification of the state titeorts models generated by the state
transition model generating unit 11. The traifficacontrol inspection device 1
according to this embodiment may not include tla¢estransition model storage unit 12
and the state transition model generating unit &§ directly output a state transition
model to the state transition model inspecting WLAit
[0024]

The state transition model inspecting unit 13 deiees whether predetermined
conditions are satisfied by combinations of stategh are assumed in the train, the
branch, the interlock system, and the traffic colrgystem depending on the state
transition models generated by the state transitiodel generating unit 11. A user of
the train traffic control inspection device 1 catatmine whether details of the variety
of originally-provided information such as the ‘fraad topology information,” the
“travel path information,” the “route setting infaation,” and the “interlock system
operation information” satisfy requirements basedh® inspection result by the state
transition model inspecting unit 13.

[0025]

When a counterexample not satisfying the requirésn@ccurs in the inspection
result by the state transition model inspecting L8j the counterexample analyzing unit
14 facilitates detailed tracking of reasons fordleeurrence of the counterexample.
The counterexample analyzing unit 14 correspondsso-called debugging tool. The
train traffic control inspection device 1 accordioghis embodiment may not include the
counterexample analyzing unit 14 and the resufilaisng unit 15 may merely display
the inspection result through the state transmtnmalel inspecting unit 13.

[0026]
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The result displaying unit 15 outputs the countanegle analysis result from
the counterexample analyzing unit 14 or the ingpeaesult from the state transition
model inspecting unit 13 in a form which can beuall recognized by a user. In this
embodiment, the result displaying unit 15 is, feample, a general-purpose display
monitor.

[0027]

The state transition model editing unit 16 conggw@cdesired state transition
model by allowing a user to directly edit the stasmsition models temporarily stored in
the state transition model storage unit 12. Thtedtansition model editing unit 16
allows the user to freely edit the state transitiodel when the state transition model
constructed by the state transition model genegatmt 11 is not intended by the user, or
the like. In this embodiment, this editing functis not necessary.

[0028]

Now, before the train traffic control inspectionva® 1 is described, the
“interlock system” and the “traffic control systemwhich are assumed to be included
therein will be described.

[0029]

The “interlock system” is a representative exangbla “safety related system”
and is a device that controls traffic lights andtslwstands (devices that switch a route of
a train in a branch) to interlock with each othelfor example, if a train passes through a
place while a switch stand is moving, the train adrail. Accordingly, the interlock
system performs interlock control for displayingdf with a predetermined traffic light
such that the train does not enter the place ofwhich stand while the switch stand is
moving. When a train is present in a certain “kfdto be described later) the interlock

system controls a traffic light such that no otlnam enters the block. The interlock
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system prevents collision or derailment of traind aecures safety as a transportation
system by performing this control.
[0030]

The interlock system receives a route request trantraffic control system (the
“traffic control system” and the “route request’IMde described later). The interlock
system secures the route in response to the receuée request. This is called route
reservation. For example, when the interlock systeceives a route request for a
“route” (to be described later) on which train Alviavel from the traffic control system,
the interlock system establishes the route reservaf train A for the route by
controlling the traffic lights and the switch starglich that train A can safely travel in the
route (and no other train enters the route) inalsp to the route request. When a route
request for another train includes a section comg@etith the route reserved for train A,
the interlock system does not receive the routaasty The interlock system
determines whether the route reservation is estaddiin accordance with a
predetermined “safe operation logic” (to be destilater).

[0031]

A “block” means a section when a given railroadayeek is partitioned into
regular sections. The interlock system allocatesique identifier to each block to
identify and manage the blocks. The interlockeysprevents collision of trains by
preventing two or more trains from entering onecklo In general, the interlock system
uses a track circuit as means for determining wdredhirain is present in a block. The
track circuit is a device that electrically detewtsether two rails constituting a railroad
are short-circuited due to presence of a train. cofdingly, the interlock system can
determine whether a train is present in the block.

[0032]
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The “traffic control system” is a system that penfis control for causing a train
to travel in accordance with a predetermined tdiéigram. The traffic control system
has a function (referred to as a “route requestttion) of identifying a path on which a
train will travel based on a scheduled train diag(d) and an actual train state and
position (2) for each train and requesting resématf a route for each train for the
interlock system. Here, an “automatic route sgttimnction to be described later is a
representative function of the traffic control st The traffic control system is a
system that gives an instruction to a train sueth tiie train merely travels in accordance
with the train diagram and does not consider safeth as whether the train will collide.
Safe traveling in which a train avoids collisiordaterailment is secured by allowing the
interlock system as the “safety related systemhamitor a train traffic situation
independently of the traffic control system.

[0033]

Fig. 2 is a diagram showing positions of trainsirailroad network and a path
of each train. Now, the “automatic route settirthg “path,” the “route,” and the
“deadlock” will be described in detail with refento Fig. 2.

[0034]

The “automatic route setting” is one function o tinaffic control system. Ina
train diagram, it is assumed that train A stamsnfiblock T2 (Fig. 2) at time X and
arrives as block T8 at time Y. Then, the traflomtrol system automatically extracts a
“path” for train A for realizing this assumptiorofn a predetermined railroad network
using the “automatic route setting” function, desdithe path into predetermined
“routes,” and gives a route request to the intéregstem.

[0035]

Here, the “path” is the overall road connectingier@nt position of a train to a
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destination thereof and is specified by a combamatif one or more “routes.” The
“route” means a predetermined traveling sectioa wéin including one or more adjacent
blocks. A traffic light of the interlock systemgenerally installed in an entrance of a
route and the interlock system sequentially gimstructions indicating whether a train
may travel on the respective routes using thei¢raghts.

[0036]

The “deadlock” means a state in which the excharigeroute request and a
route reservation between the interlock systemth@draffic control system no longer
progresses in a traffic process of a train.  Aagitan in which the deadlock occurs will
be specifically described below with referenceitp E.

Fig. 2 shows a situation in which train A and trBitravel along paths shown in
the drawing. Here, it is assumed that train Btstaom block T7 at time Y (Fig. 2) and
arrives at block T2 at time Y, in addition to thesamption of train A. It is also assumed
that the route reservation of train B is establisbarlier in a step in which the path of
train A has not yet been reserved in the intergtem. Then, since the route on
which train A earlier travels from block T2 is aidy reserved for train B, train A cannot
move from block T2 (traffic light a maintains a tfedisplay and the interlock system
does not receive the route request for train A)n tli@ other hand, the interlock system
causes traffic light b and traffic light c to diagl“green” lighting for train B. Train B
travels to the front of traffic light a accordingthe “green” lighting of traffic light b and
traffic light c. However, since train A is locatatiead in block T2, the interlock system
causes train B not to move any more so as to aaiion (traffic light a displays “red”
lighting for train B). Then, train A and train B chot move ahead due to their presence
and the route reservations. In this way, the 8tinan which the traffic process does

not progress and train A and train B do not arat/eheir destinations is referred to as
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“deadlock”. Since the deadlock is caused by thenaboperation of the interlock
system, the deadlock does not cause any probleéennts of safety (train A and train B
do not collide with each other). However, the deeklis a case in which the traffic
process of trains does not progress as schedutbe tnaffic control system, and
problems in a traffic schedule occur. Accordingtyactual operation of the traffic
control system, the route request is given basdati®@froute setting information” (to be
described later) in which conditions for the rorgquest to satisfy in order to avoid
causing the deadlock are described.

[0037]

Hereinafter, specific details of the “railroad tégpgy information,” the “travel
path information,” the “route setting informatiorahd the “interlock system operation
information” which are acquired by the informatiaoquiring unit 10 of the train traffic
control inspection device 1 will be described wiference to the drawings.

[0038]

Figs. 3A and 3B are first and second diagrams sigie railroad topology
information according to an embodiment of the pnegevention.

The “railroad topology information” used in this badiment is information
indicating a configuration of a railroad networkvitich a plurality of blocks are
connected and which includes one or more branchdsre, the railroad topology
information according to this embodiment is consed by extracting “route elements”
(to be described later) in units of blocks constithe railroad , defining mutual
connection relationships between the route elenardsa correspondence relationship
with the route, and specifying the overall railrostwork. The railroad topology
information to be described below is an exampletarsdlembodiment is not limited to

this example.
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[0039]

Here, a “route element” means a section correspgradi one block from a
boundary of a block to a boundary of a block is #inbodiment. That is, route
elements are the smallest units for defining aadaytcombination thereof. All routes
are defined by combinations of route elements abthby dividing the routes into units
of blocks.

[0040]

Here, it is assumed that a given railroad netwstk failroad shown in Fig. 3A.
The railroad shown in Fig. 3A includes a totakajht blocks, that is, blocks T1 to T8.
The railroad includes a line connecting block Tid &lock T4 to each other.

Reference signs such as “1R,” “4BR,” and “4L” igFBA denote routes in the railroad .
For example, route 1R is a route correspondingildock and going through block T1
from left to right in the drawing. Course 4L isaute corresponding to two blocks and
going through block T4 and block T2 from right &ftlon the drawing. Reference signs
such as “1R” and “3R” may be considered to beitrdifjhts installed in entrances of the
routes.

[0041]

The railroad topology information according to terebodiment specifies the
overall railroad network using the route elemeitamed by dividing each route into
units of blocks as the smallest units, as showfign3B. As shown in Fig. 3B, the
given railroad network can be expressed to inchutidal of 20 route elements, that is,
route elements S1 to S20. Specifically, the mutoahection relationships between the
route elements and the correspondence relatiomsthghe routes are defined for each
route element and for each route.

[0042]
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Figs. 4A and 4B are third and fourth diagrams shgwailroad topology

information according to an embodiment of the pnesgvention.

Specifically, the railroad topology informationirdormation constructed in
tables shown in Figs. 4A and 4B. The table shawfig. 4A is a correspondence table
indicating the connection relationships betweernrthute elements. For example, route
element S1 belongs to block T1 and the directi@nebf is right &), a subsequent route
element thereof is S2, and a reverse route elecoerésponding to route element S1 is
S11. The table shown in Fig. 4B indicates the sygieroute elements constituting each
route. For example, route 1R includes only roldenent S1. Course 4BR includes
three route elements, that is, route elements §7ar®l S4 (see Figs. 3Aand 3B). The
information acquiring unit 10 according to this esdbnent receives a correspondence
table shown in Figs. 4A and 4B as the railroad kogy information.

[0043]

Figs. 5A and 5B are first and second diagrams shgivie travel path
information according to an embodiment of the pnesgvention.

The “travel path information” used in this embodimheiill be described below.
The “travel path information” is information for fil®ing a traffic pattern of a train which
is assumed to be inspected. For example, theétt@ath information” specifies a path
of a train, which travels in the railroad netwaook, a combination of one or more routes
for each train. More specifically, a path of eéehin is specified by giving an initial
position (initial route element) and permutatiofisautes through which a train passes
for each train. For example, it is assumed tlzah th and train B travel on the paths
(see Figs. 3A and 3B), and the path on which thawill travel is specified by assigning

routes 4BR and 7R thereto. The initial positionti@l route element) of train B is S20
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(see Figs. 3A and 3B), and the path on which tBawill travel is specified by assigning

routes 6L and 4L thereto. In this way, the talbleven in Fig. 5B is prepared. The
information acquiring unit 10 according to this esdbnent receives the correspondence
table shown in Fig. 5B as the travel path informrati The travel path information
which is described above is an example, and thizoeiment is not limited to this
example.
[0044]

Fig. 6 is a diagram showing route setting inform@atccording to an
embodiment of the present invention.

The “route setting information” used in this embudnt will be described below.
The “route setting information” is information inieh conditions to be satisfied when a
route request for reserving a path on which a tnalintravel is given are defined for each
route. More specifically, the “route setting infeation” is constituted by a table in
which conditions under which a route request cagiben when the traffic control
system gives the route request to the interloctesysn the automatic route setting
function of the traffic control system are arranged combined. For example, the
dead lock described with reference to Fig. 2 ocbersause the route request of train B is
given up to the front of traffic light a in a stepwhich train A is present in block T2.
Accordingly, the traffic control system needs tos@the route request of train B to stay
in front of traffic light b (block T5) under the ndition that train A is present in block T2.
Then, while train B is stopped due to the “redhligg of traffic light b, train A can
arrive at block T8 as a destination by giving date request (the route request is
received and reserved for a route by the interkystem). When train B (which has
stopped in block T5) gives a route request forcii@e up to block T2 again after train A

departs from block T2, train B can arrive at thetohation. The route setting table is a
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table in which conditions of whether the traffimtm| system may give a route request
to the interlock system are arranged in order éwv@nt a deadlock.
[0045]

The route setting information according to this ediment is constituted by a
condition correspondence table shown in Fig. 6.

First, in the table shown in Fig. 6, a route reqeesdition is defined. This
means that, for example, when the traffic contystam transmits a route request for
route 3R to the interlock system, the route regisesansmitted only when a condition
that “a train is present in block T1 and no traimpresent in block T3” is satisfied as the
route request condition. Here, when the traffiotoa system transmits a request for
route 3R on the condition that “a train is preserilock T1,” it is assumed that a train
which will travel in route 3R enters block T1 amai$ transmits a request for a next route
(3R). The condition that “no train is present ladik T3” is set to prevent two or more
trains from being present in one block. The coadits also set to avoid a deadlock
which may occur when a train is present in block T3
[0046]

In the table shown in Fig. 6, a request cancehatiandition is defined. The
traffic control system continuously transmits ateorequest until a target train enters a
predetermined route. Accordingly, the traffic gohsystem needs to cancel the route
request at an appropriate timing after the tratemrthe route. The “cancellation of a
route request” means that transmission of the nmgeest is cancelled after a target train
enters the route.

For example, when the traffic control system ingsuhe interlock system to
cancel the route request for route 3R, it meartsthigaroute request is cancelled only

when a condition that “a train is present in blddkand a train is also present in block
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T3” is satisfied as the request cancellation camadlit Here, when the traffic control
system cancels a route request for route 3R oonahéition that “trains are present in
block T1 and block T3,” it is assumed that a trahich will travel in route 3R enters
block T3 from block T1 and thus the route requestlie route is cancelled.

In the table shown in Fig. 6, the underlined bloakes blocks in which a train is
present, and the non-underlined blocks are blatkghich no train is present.

Like the route request condition for route 4L (F8Y. the route request condition
may include whether the interlock system does stattish a route reservation for the
routes (4AR and 4BR) competing with the sectionhe Tinderlining of a route indicates
that the route is in a state in which the interlegktem has not established a route
reservation for the route yet. The route settaigé is a table which is normally
manually prepared by a person, and needs to bang@eguch that the above-identified
deadlock does not occur in the traffic process.

[0047]

Fig. 7 is a diagram showing the interlock systerarapon information
according to an embodiment of the present invention

The “interlock system operation information” isenfmation in which a safe
operation logic of the interlock system is defined:he safe operation logic of the
interlock system determines whether a route retiervahould be established in
response to the route request from the trafficrobsiystem based on various conditions.
When a route request for requesting a reservafiarraute is transmitted from the traffic
control system, the interlock system determinestidrea route competing therewith has
already been reserved. When a route has been emtypleserved, the interlock
system does not reserve the route in response t@tjuest until the request condition is

satisfied. For example, when a request for ro®eés3ransmitted, the interlock system
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starts control of route 3R on the condition th&eotroutes 3AL, 3BL, 5L, and 4BR

which compete with route 3R are not being conttblleThese conditions are expressed
and arranged using logical expressions, wherebintedock system operation
information shown in Fig. 7 is obtained. In Fig.“"™BAL"” means that the control of
route 3AL is not performed. “3RX” means that ateorequest for route 3R is
transmitted.

The safe operation logic of the interlock systeniudes various definitions in
addition to the above-identified definitions foettoute reservation. For example, the
interlock system detects whether a train is preseatpredetermined block using the
above-identified track circuit, and defines theesgfperation logic in which two or more
trains do not enter one block. Since the safggddsgic of the interlock system is a
limitation for defining whether a route should leserved in response to a route request
received from the traffic control system so asdouse safe traveling, whether the
deadlock occurs as a result of the safety corgrobt considered and is not set. The
avoidance of the deadlock is achieved by causiegrdific control system to transmit
the route request after the condition determinethbyroute setting information is
satisfied as described above.

[0048]

A “requirement” input from the state transition nebdchspecting unit 13 is
information serving as a condition for causing $kege transition model inspecting unit
13 to determine whether the inspection of a givatedransition model is appropriate.
Specifically, the requirement regards whether ia travels without causing the deadlock
in any state transition pattern in the state ttarsimodels generated by the state
transition model inspecting unit 13 based on aepaf information acquired by the

information acquiring unit 10.
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[0049]

Various state transition models generated by thte $tansition model
generating unit 11 of the train traffic controlpestion device 1 will be specifically
described below with reference to the drawings.

[0050]

Fig. 8 is a diagram showing state transition modétsains according to an
embodiment of the present invention. The statesttian model generating unit 11
constructs a state transition model of a train asethe railroad topology information
(Figs. 4A and 4B) acquired by the information acepgi unit 10. Here, the state
transition model generating unit 11 generatesta stansition model including at least a
state in which the train is in each route elemeut @ state in which the train crosses a
boundary of each route element as the states adfomthe train.  Specifically, the
state transition model generating unit 11 cons$radransition diagram of states of a
train, that is, route elements in which the traitocated as shown in Fig. 8, with
reference to statuses of the route elements (tohallock each route element belongs
and connection relationships between the routeeé&shdefined in the railroad topology
information. The state of each train defined hereireflected in a state transition
condition of a traffic process to be describedrlat&d’he numbers described in the states
shown in the state transition diagram of Fig. 8alemoute elements. The white circles
denote states in which a train is crossing the dapnbetween two route elements and
thus is in both route elements. In this way, bystoucting a state transition model by
abstracting the process in which an actual tramioaously travels, it is possible to
perform inspection to include all the states afaantwhich are assumed in actual
operations. Accordingly, the train traffic controspection device 1 can further reduce

omissions of the inspection of the train traffiaitol system.
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[0051]

The actual train traffic control system has tosgtrequirements given in
operation of a train regardless of a train spe&ktcordingly, the state transition model
inspecting unit 13 of the train traffic control pesction device 1 verifies the state
transition model of a train shown in Fig. 8 witle thtate transition patterns at all timings.
At a position at which a traffic light is installeilis assumed that a limitation that a train
can enter the position only when the traffic ligigplays “green” lighting is provided
(when a previous route reservation is established).

[0052]

Fig. 9 is a diagram showing a state transition rhotla branch according to an
embodiment of the present invention. The statesttian model generating unit 11
constructs a state transition model of a brancle&ah branch installed in a given
railroad network. In an actual branch, a routengched under the mechanical control
of a switch stand in response to an instructiomftbe interlock system. Accordingly,
the state transition model generating unit 11 gaeera state transition model including
at least a forward-opened state, an in-switchiaesand a reversely opened state as the
states assumed in a branch. Specifically, the stamsition model generating unit 11
constructs the state transition model of a brahdws in Fig. 9 and considers the state
transition independently of the interlock systeniere, the state transition model shown
in Fig. 9 represents that the state transitionsuigjin “forward-opened state’

“in-switching state”- “reversely opened state” on the condition thatittesch is in a
state in which a “reversely opened state switcinatgiest” is received from the interlock
system and a “forward-opened state switching retjigenot received when the branch is
in the “forward-opened state.” Similarly, the stétansition model represents that the

state transitions through “reversely opened statéin-switching state”—



10

15

20

25

25

“forward-opened state” on the condition that thaneh is in a state in which a
“forward-opened state switching request” is receifrem the interlock system and a
“reversely opened state switching request” is roeived when the branch is in the
“reversely opened state.” A direction in whichrarxh is opened forward is referred to
as a “forward-opened state” and the opposite doeds referred to as a “reversely
opened state.” The state transition model gemgyatnit 11 constructs the state
transition model of a branch for all branches wrach present on the railroad network.
The “forward-opened state switching request” ared“teversely opened state switching
request” are input depending on the state tramsitiodels of the interlock system to be
described below. In this way, by constructing phacess in which an actual branch
(switch stand) operates independently of the s$tatesition of the interlock system, it is
possible to perform the inspection in consideratibthe time lag between the
transmission of an instruction from the interlogktem and the specific operation of the
branch based thereon.

[0053]

The actual train traffic control system has tosggtconditions given in
operation of a train regardless of a switching dp#fea branch.  Accordingly, the state
transition model inspecting unit 13 verifies thatsttransition model of a branch shown
in Fig. 9 with the state transition patterns atiafings.

[0054]

Figs. 10A, 10B, 10C, and 10D are first to fourthgiems showing state
transition models of the interlock system accordmgn embodiment of the present
invention.

The state transition model generating unit 11 coott a state transition model

of the interlock system based on the interlockeaypsbperation information (security
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operation logic) (Fig. 7) acquired by the inforneatiacquiring unit 10. The state

transition model generating unit 11 generatesta stansition model including at least a
state indicating whether each route is lockedateshdicating whether a train is present
in each block, and a state in which set routesaindranch are detected as the states
assumed in the interlock system. Specifically,itherlock system actually controlling
traffic of a train is constituted by a set of etaxl circuits (relays) for giving an
instruction to traffic lights and switch stands. coardingly, the state transition model
generating unit 11 constructs a state transitiodehfor each relay constituting the
interlock system.
[0055]

First, the state transition model generating ubitdnstructs a state transition
model of a route lever relay that determines whretlaeh route is locked (whether a
reservation thereof is established). The routerleglay is a relay constituting the
interlock system and is a relay that determinestivdrea route is locked. The state
transition model of the route lever relay is comstied for each route on a railroad . As
shown in Fig. 10A, the route lever relay can hawg @ne of a state (ON) in which the
route is reserved and a state (OFF) in which theers not reserved. The condition of
the state transition is defined based on the mt&rsystem operation information (Fig. 7).
For example, “relay 3R” for setting route 3R trdiasis from the OFF state to the ON
state when none of route reservations 3AL, 3BL,dd 4BL are established and a route
request for route 3R is transmitted (3RX). Ondtteer hand, when the above-identified
condition is not satisfied, relay 3R is maintaimedhe OFF state. The reversely opened
(forward-opened) state switching request” is outpu branch (switch stand)
corresponding to relay 3R on the condition thaayéR is in the ON state. The state

transition model generating unit 11 constructsagedransition model of the interlock
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system in consideration of whether each routedkdd in this way.
[0056]

The state transition model generating unit 11 coott a state transition model
for a train-presence detection relay, separately fthe route lever relay. The
train-presence detection relay is a relay (a tcaduit) that is installed in each block to
detect whether a train is present in the corresipgrialock (whether a train is present).
For example, the state transition model of thetpaesence detection relay
corresponding to block T1 is shown in Fig. 10B. eTrain-presence detection relay has
one of a “train” state and a “no train” state degieg on whether train A or train B is
present in block T1. That is, when train A is gr@sin any one of S1, S11, S1-2, and
S11-12, block T1 is in the “train” state. Heresiassumed that S1 and S11 represent
states in which train A is present in each rougeneint shown in Fig. 3B (Fig. 8) and
S1-2 and S11-12 represents that train A crossdsainedary between route elements.
The same is true of train B. The state transitmuel generating unit 11 constructs the
state transition model of the interlock systemansideration of whether a train is
present in each block in this way.

[0057]

The state transition model generating unit 11 coots a state transition model
of a branch detection relay. The branch detecttay is a relay which is used for the
interlock system to detect and recognize set raateach branch. Here, a state of a
branch and recognition of a state of a branch byrterlock system are separate matters.
Accordingly, the state transition model generating 11 constructs the state transition
model of the branch detection relay shown in FI§&C and 10D as a state transition
model of the interlock system. For example, whémaach is in the “forward-opened”

state, the branch (forward-opened state) deteotilay of the interlock system transitions
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to “ON” as shown in Fig. 10C and thus the interlegktem recognizes that the branch is
in the “forward-opened” state. The branch (revgrepened state) detection relay at
this time is in an “OFF” state as shown in Fig. 100Dn the other hand, when the
branch is in the “reversely opened” state, the digneversely opened state) detection
relay transitions “ON” and the interlock systemagugizes that the branch is in the
“reversely opened” state. The branch (forward-egestate) detection relay at this time
is in the “OFF” state. When the branch is in threswitching” state, every branch
detection relay is in the “OFF” state.

[0058]

As described above, by causing the state transitiotiel generating unit 11 to
abstract the actual interlock system as a setrdws electrical circuits (relays), the train
traffic control inspection device 1 can verify gmeoation pattern which has not been
verified through the existing operation verificatio For example, the state transition
model inspecting unit 13 can perform the inspectoimclude the time lag until the
interlock system actually recognizes the entraffitee a train enters a block and a time
lag until a switch stand starts its operation aherinterlock system reserves a route.
[0059]

Figs. 11A and 11B are diagrams showing a stateitran model of the traffic
control system according to the embodiment of tiesgnt invention.

The state transition model generating unit 11 coots a state transition model
of the traffic control system based on the trawhpnformation (Figs. 5A and 5B) and
the route setting information (Fig. 6) acquiredtbg information acquiring unit 10.

The state transition model generating unit 11 geesra state transition model including
at least a progress state of a route requestategath train and a state indicating

whether a route request for each route is givehastates assumed in the traffic control
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system. In this embodiment, the state transitionlehgenerating unit 11 constructs a
state transition model for the “automatic routeisgt function which is a partial

function of the traffic control system. Here, #etual traffic control system transmits a
route request for a predetermined route to thelotke system such that each train travels
in a path determined depending on the travel pditrtmation when the condition
defined in the route setting information to avdid tleadlock is satisfied. Here, the
state transition model generating unit 11 has atdoequest step” corresponding to the
travel path information for each train as a stedadition model of the traffic control
system. When the route setting information isldstaed, the route request step
progresses and the state transitions.

[0060]

For example, the state transition model generatmgll constructs a state
transition model of the traffic control system witte route request step shown in Fig.
11A. Here, the state transition diagram shownign ELA represents the route request
step for train B in the travel path information smin Figs. 5A and 5B. That is, since
train B is in S20 as an initial state, the traffantrol system causes the route request step
to progress so as to cause train B to transitiom fstate S20 to state S16. Specifically,
the traffic control system does not request rolitéo6 a train other than train B in the
initial state P1 and the request step progressiartsition to a next state P2 when the
request condition for route 6L (Fig. 6) is estdindid. The traffic control system does
not request route 4L for a train other than traim Bhe state P2, and the request step
progresses to transition to a next state “end” (thuee request step for train B ends)
when the request condition for route 4L is esthlelis
[0061]

The state transition model generating unit 11 coots a state transition model
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in which the traffic control system actually trantsya route request to the interlock
system, regardless of the state of the route régtegs. Here, the state transition
diagram shown in Fig. 11B represents a state ichvtiie route request for route 6L is
given. That is, the traffic control system is “ORhe state in which the route request
for route 6L is not transmitted to the interloclsgm) in the initial state, and transitions
to “ON” (the state in which the route request foute 6L is transmitted to the interlock
system) when the route request step of train B the state P1 and the request condition
for route 6L (Fig. 6) is established. In the stadé@sition model of the interlock system,
the route lever relay (Fig. 10A) can transitiorf@N” in response to the switching of the
route request for route 6L to “ON.” Here, in ordemctually reserve the route in the
interlock system, it is necessary to satisfy thedétion of the safe operation logic of the
interlock system.

When a predetermined request cancellation cond{ian 6) is satisfied, the
route request of the traffic control system itsedhsitions to “OFF.” In Fig. 11B, when
the request cancellation condition for route 6kasisfied, the traffic control system
considers the purpose to have been achieved andlsdhe route request for route 6L.
In the state transition model of the interlock syst the route lever relay for the route
transitions to “OFF” in response to the switchirighe route request for route 6L to
“OFF” (Fig. 10A).

[0062]

As described above, by causing the state transitiotiel generating unit 11 to
abstract the actual traffic control system indeenigt of the interlock system, the traffic
control system and the interlock system asynchrsiyquerform processes and it is thus
possible to verify the operation patterns whichenagt been verifiable hitherto. For

example, the state transition model inspecting L@itan verify a problem with what
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happens when a new route request is transmittéeitime lag until the interlock system
actually recognizes a route request after thei¢raffntrol system transmits the route
request to the interlock system. That is, by aqoiesing the entire state transition
models such that only one of the train, the inteklsystem, and the traffic control system
causes the transition at certain timing, it is g@ego perform the inspection to include
the time lag and the like.

[0063]

Fig. 12 is a diagram showing a verification flowngsthe train traffic control
inspection device according to an embodiment optiesent invention.

A specific verification flow using the train traficontrol inspection device 1
according to this embodiment will be described eldth reference to Fig. 12. First,
the information acquiring unit 10 acquires a varigtinformation (step ST1). Here,
the acquired information includes the “railroaddtmgy information,” the “travel path
information,” the “route setting information,” arlde “interlock system operation
information.” Then, the state transition model g&ting unit 11 constructs various
state transition models based on the informati@uiaed by the information acquiring
unit 10 (step ST2). The state transition modetstracted herein include, for example,
the state transition model of a “train,” the stagasition model of a “branch,” the state
transition model of the “interlock system,” and state transition model of the “traffic
control system.” For example, the state transitiadel of the “interlock system” is
constituted by a set of the state transition modelarious relays (the “route lever
relay” for each route, the “train-presence detectlay” for each block, and the “branch
detection relay” for each branch (Figs. 10A to 10DJhe state transition model of the
“traffic control system” is constituted particubatby the “route request step” for each

train and the “route request” for each route (FigsA and 11B). Then, if necessary, a



10

15

20

25

32

user edits the state transition models generatdéssibed above into a desired state
transition model using the state transition modiireg unit 16 (step ST3). Then, the
state transition model inspecting unit 13 receivequirements” set by the user (step
ST4). Here, for example, the requirements aredireqnents for performing the traffic
schedule without delay (without causing the deddlataccordance with a prearranged
traffic schedule regardless of a state transitequsnce followed by train traffic control
system,” and are given in a format which can bdyaed by a computer, such as
computed tree logic (CTL). Specifically, the statnsition model inspecting unit 13
receives the conditions determined for each tragh sis whether train A arrives at the
destination of block T8 and whether train B arria¢she destination of block T2 as the
requirements.

[0064]

The state transition model inspecting unit 13 vesithe state transition patterns
which can be assumed in the real world based ogitles state transition models and
the “requirements” thereof using a predeterminedehmspection method, and
determines whether the given “requirements” arsfead in all the state transition
patterns which can be taken by the train traffioctoal system (step ST5). Since the
number of combinations of states in the state ifiansnodels is vast, inspection using
simulation is not possible, but it is possibledgitally determine whether the state
transition model is appropriate using a model icipa method.

In this embodiment, the state transition model gaimgg unit 11 independently
defines the states which can be taken by the adledystem (various relays) and the
states which can be taken by the traffic contrsteay as described above. Then, the
state transition model inspecting unit 13 can inspeoblems with what happens when a

new route request for another train is transmiftech the traffic control system in the
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time lag until the interlock system actually recizgs a route request after the traffic
control system transmits the route request toritexlock system.
[0065]

Through this comprehensive inspection, it is pdedib verify all combinations
which can occur in the asynchronous state tramsitad the interlock system and the
traffic control system without being limited to ttest patterns of the interlock system
and the traffic control system.

[0066]

When the requirements are satisfied, the traificrabntrol inspection device 1
determines that the given information does not feaverror and ends the processes.
On the other hand, when a state transition naifgatg the requirements is present, the
initially-prepared information (particularly theute setting information) is considered to
include a defective that may cause the deadloclkccorlingly, the user finds the defect
using the counterexample analyzing unit 14 andectsrthe information (step ST7).
The corrected information is input to the inforroatacquiring unit 10 again and the
inspection processes are repeated subsequently.

[0067]

Hereinafter, an example of verification which isfpemed by the train traffic
control inspection device 1 will be specificallysdeibed.
[0068]

Fig. 13 is a first diagram showing a verificatiamgess of the train traffic
control inspection device according to the embodinoé the present invention.

The requirements added in Fig. 13 are a requirethantrain A travels to block
T7 via routes 4BR and 7R and a requirement that Bdravels to block T2 via route 4L.

Fig. 13 shows a state in which the route requeasdliion for route 4BR for train A is
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satisfied and the route request is transmitted fitoertraffic control system to the
interlock system, but the interlock system doesrecbgnize the route request yet (this
state is maintained for about 0.3 seconds in kgalitBlocks indicated by bold lines are
blocks which are detected to be in the “train”etay the interlock system. Since train
B enters block T6 in this state, the traffic cohystem transmits a route request for
route 4L to the interlock system. The conditidmatta train is present in block T6 and
no train is present in block T4 in the state inathtihe interlock system has not
established the route reservation for 4AR and 4BRsatisfied (Fig. 6). Here, the route
request for 4BR has already been transmitted. h®mther hand, since the interlock
system separately recognizes that a train is praséhock T2 using the train-presence
detection relay, the interlock system does notruesmute 4L in response to the route
request for route 4L and defers the determination.
[0069]

Fig. 14 is a second diagram showing a verificagioycess of the train traffic
control inspection device according to the embodineé the present invention.

Subsequently to the state shown in Fig. 13, thexlotk system establishes the
route reservation for route 4BR in response ta e request for the route 4BR from
the traffic control system. Then, train A travielsaccordance with the “green” lighting
of the traffic light corresponding to route 4BR atters block T4 (Fig. 14). At this
time, the traffic control system cancels the raetpest for route 4L transmitted for train
B, because the route request cancellation conditioroute 4L is satisfied (a train is
present in block T6 and a train is present in bl6ék (Fig. 6).
[0070]

Fig. 15 is a third diagram showing a verificatiangess of the train traffic

control inspection device according to the embodineé the present invention.
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Train A travels in route 4BR as scheduled in tla¢esshown in Fig. 14 and

arrives at block T5. Then, since the route resemaequest for route 4BR for train A
satisfies the request cancellation condition, ta#i¢ control system cancels the route
request for route 4BR and cancels the route reserva However, although the
reservation for route 4BR is cancelled and theaoeservation for route 4L is
maintained, the traffic control system is in aeiatwhich the route request is cancelled
again via the state in which the route requestdate 4L has been transmitted.
Accordingly, the traffic control system does naingmit the route request for route 4L
again (for train B). As a result, since the sulosed route is not secured after train B
travels to block T6, train B is maintained in thepped state (deadlock occurs).
[0071]

Basically, the route setting information is pregbhoa the assumption that train
B crosses between block T6 and block T4 and theisdfjuest cancellation condition is
satisfied. However, the deadlock described witbresmce to Figs. 13 to 15 occurs
because the request cancellation condition isfigatisn an unexpected form in which
train A enters block T4 and train B enters block T@his causes an event in which train
B enters block T6 from block T8 in unlikely state & short period of time) in which the
route request is not recognized by the interloctesy just after the traffic control system
transmits the route request for route 4BR for tAain In the inspection method in the
related art, this unlikely case could not be vedfi
[0072]

As described above, according to the train traffintrol inspection device 1, it
is possible to verify cases which have not beefiiable by independently constructing
the state transition model of the interlock systerd the state transition model of the

traffic control system and giving the causal relaships to only the state transition
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conditions. For example, it is possible to veafyen the above-identified case (a new
event occurs in a time zone in which the traffiatcol system transmits a route request
but the interlock system does not recognize theeroequest).

According to this embodiment, it is possible tofpan the inspection to include
situations with a low probability of occurring iperation of the train traffic control
system.

[0073]

Figs. 16A, 16B, and 16C are diagrams showing & $tansition model in a
predetermined model inspection language accordirg tembodiment of the present
invention.

The train traffic control inspection device 1 aatiag to this embodiment may
have a configuration in which the above-identifidte transition models are described
in a predetermined model inspection language. highdase, for example, a state
transition model of the interlock system is desedlibvith source codes shown in Figs.
16Ato 16C.

[0074]

The train traffic control inspection device 1 hasomputer system therein.

The processes of the train traffic control inspmttilevice 1 are stored in a
computer-readable recording medium in the form pfagram and the processes are
performed by causing the computer to read and ¢xe¢loa program. Here, examples of
the computer-readable recording medium include gneigc disk, a magneto-optical disc,
a CD-ROM, a DVD-ROM, and a semiconductor memoryhe Tomputer program may
be transmitted to a computer via a communicatioa #ind the computer having received
the computer program may execute the program.

[Industrial Applicability]
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[0075]

According to the train traffic control inspectioawce, the train traffic control
inspection method, and the program, it is posdibiaspect the train traffic control
system to include situations with a low probabibfyoccurring in operation of the train
traffic control system.

[Reference Signs List]
[0076]

1 Train traffic control inspection device

10 Information acquiring unit

11 State transition model generating unit

12 State transition model storage unit

13 State transition model inspecting unit

14 Counterexample analyzing unit

15 Result displaying unit

16 State transition model editing unit



10

15

20

25

38
[CLAIMS]

[Claim 1]

A train traffic control inspection device that iegs an operation of a train
traffic control system including an interlock systand a traffic control system, the train
traffic control inspection device comprising:

an information acquiring unit configured to acquiadroad topology
information indicating a configuration of a railebaetwork in which a plurality of
blocks are connected and which includes one or imi@eches, travel path information
specifying a path of a train which travels on th#groad network by combination of one
or more routes for each train, route setting infation in which conditions to be satisfied
when a route request for reserving a path on waithin will travel is given are defined
for each route, and interlock system operationrmétion in which safe operation logics
of the interlock system are defined,

a state transition model generating unit configucedenerate a state transition
model for each of the train, the branch, the iotklsystem, and the traffic control
system based on the information acquired by tr@mmétion acquiring unit; and

a state transition model inspecting unit configu@determine whether a
predetermined requirement is satisfied by combamatiof states assumed in the train, the
branch, the interlock system, and the traffic colrgystem depending on the state
transition models.

[Claim 2]

The train traffic control inspection device accogglio claim 1, wherein the state
transition model generating unit generates a $tatesition model including at least a
state in which the train is in each route elemdénaioed by dividing the route in units of

the blocks and a state in which the train crosdesuadary of each route element as the
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states assumed in the train.
[Claim 3]

The train traffic control inspection device accoglio claim 1, wherein the state
transition model generating unit generates a $tatesition model including at least a
forward-opened state, an in-switching state, arelarsely-opened state as the states
assumed in the branch.

[Claim 4]

The train traffic control inspection device accogglio claim 1, wherein the state
transition model generating unit generates a $tateition model including at least a
state indicating whether each route is locked asi@t® indicating whether a train is
present in each block as the states assumed inténock system.

[Claim 5]

The train traffic control inspection device accoglio claim 1, wherein the state
transition model generating unit generates a $tatesition model including at least a
progress state of a route request step for eaichanal a state indicating whether a route
request for each route is present as the statemasdsn the traffic control system.
[Claim 6]

A train traffic control inspection method of verirfig an operation of a train
traffic control system including an interlock systand a traffic control system, the train
traffic control inspection method comprising:

acquiring railroad topology information indicatiagconfiguration of a railroad
network in which a plurality of blocks are connetend which includes one or more
branches, travel path information specifying a pdta train which travels in the railroad
network on a combination of one or more routesefarh train, route setting information

in which conditions to be satisfied when a routguest for reserving a path on which a
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train will travel is given are defined for each t®uand interlock system operation

information in which safe operation logics of tinéerlock system are defined;
generating a state transition model for each ofrtdua, the branch, the interlock

system, and the traffic control system based oratiggired information; and
determining whether a predetermined requiremesudtisfied by combinations

of states assumed in the train, the branch, teelatk system, and the traffic control

system depending on the state transition models.

[Claim 7]

A program causing a computer of a train traffictcolnnspection device, which
verifies an operation of a train traffic controktgm including an interlock system and a
traffic control system, to serve as:

information acquiring means configured to acquaigoad topology
information indicating a configuration of a railebaetwork in which a plurality of
blocks are connected and which includes one or fmi@meches, travel path information
specifying a path of a train which travels in thédroad network on a combination of one
or more routes for each train, route setting infation in which conditions to be satisfied
when a route request for reserving a path on waithin will travel is given are defined
for each route, and interlock system operationrmétion in which safe operation logics
of the interlock system are defined;

state transition model generating means configtoggnerate a state transition
model for each of the train, the branch, the iotklsystem, and the traffic control
system based on the information acquired by th@mmétion acquiring unit; and

state transition model inspecting means configtwedktermine whether a
predetermined requirement is satisfied by combamstof states assumed in the train, the

branch, the interlock system, and the traffic cordystem depending on the state



transition models.
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