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(54) ON-VEHICLE APPARATUS

(57)  Aftersetting astarting point Aand an arrival point
B, an operation management apparatus extracts a route
traveling on the track R up to the arrival point B of the
own train 10a. Subsequently, the own train 10a travels
on the extracted route, trouble positions that hinder
traveling are extracted, and among these trouble posi-
tions, a trouble position first existing is extracted as a
trouble point S. Once only an occupied section T1 up to
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the trouble point S is locked in the route and the trouble
point S is set, the own train 10a starts traveling in the
occupied section T1. By repeating operation manage-
ment control of route-locking only the occupied section
T1 up to a trouble point S first existing on the route, and
then traveling, unnecessary passage waiting is prevent-
ed based on the route-locking by another train 10.
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Description
Technical Field

[0001] The present invention relates to an on-vehicle
apparatus of a train of which the operation control is per-
formed by a train operation management system.

Background Art

[0002] JP-2000-229574 discloses an operation man-
agement apparatus including an interlocking device state
receiving unit that receives information from an interlock-
ing device, a route control determining unit that deter-
mines route control based on the information of the in-
terlocking device from the interlocking device state re-
ceiving unit, a facility state receiving unit that receives an
existence of a train on a track circuit together with time
information, and a route control command unit thatissues
a route control command. In order to allow the train to
travel to a destination position, the operation manage-
ment apparatus performs operation management to pre-
vent another train from traveling in a route-locked section
by setting the track circuit on a route in a locked state.
[0003] In the operation management apparatus of JP-
2000-229574, in a case where a preceding train up to
the destination position is locked in a route, once a po-
sition at which a route of a next train conflicts with the
route of the preceding train exists, the next train needs
to wait until the route-locking of the preceding train is
released. Then, since the route-locking of the preceding
train is released, and the route-locking of a route in which
the next train travels is performed, the operation control
is performed to allow the next train to enter the route.
[0004] However, in the operation management appa-
ratus of JP-2000-229574, even though it is obvious that
the next train is able to pass through a conflicting section
in the route earlier than the preceding train, since a train
that has secured the route earlier takes precedence, the
next train needs to wait at a predetermined position until
the train, which has secured the route, passes through
the route-locked section.

[0005] Furthermore, in the operation management ap-
paratus of JP-2000-229574, since a section for ensuring
the route is a unit of the track circuit, there is also a prob-
lem that it is impossible to perform operation control of
setting a route from a position of the own train on the
track to an optional position in a locked state.

[0006] Tosolve the aforementioned problem, an object
of the invention is to provide an on-vehicle apparatus of
a train of which traveling management control is per-
formed by a train operation management system that per-
forms operation management control of locking an op-
tional section on atrackin aroute and preferentially route-
locking a train first attempting to pass through a passage
section, to be allowed to pass therethrough.
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Summary of the Invention

[0007] In order to achieve the object, there is provided
an on-vehicle apparatus according to the invention which
communicates with an operation management appara-
tus that performs operation control of extracting a route
up to an arrival point in a case where the arrival point of
an own train is set, extracting a first trouble position that
hinders traveling on the route as a trouble point, and set-
ting the trouble point by route-locking only a section up
to the trouble point as an occupied section of the own
train, such that it is possible to prevent another train from
entering the occupied section; and is disposed on the
own train traveling on a track, the on-vehicle apparatus
performing traveling management control by setting the
trouble pointin a case where traveling information includ-
ing the trouble point is received from the operation man-
agement apparatus.

[0008] According to the on-vehicle apparatus of the in-
vention, by repeating the operation management control,
by a train operation management system, such that each
train locks only an occupied section up to a trouble point
first existing on the route, in the route, sets a stop deter-
mination position, and travels in the occupied section, it
is possible to prevent unnecessary passage waiting
based on the route-locking by another train.

[0009] Also, by traveling management control of the
on-vehicle apparatus, without the passage waiting, the
own train is able to travel in a section which the own train
is able to pass through until the other train arrives, and
itis possible to safely move each train to the arrival point.

Brief Description of the Drawings
[0010]

Fig. 1 is a system configuration diagram of a train
operation management system.

Fig. 2 is an explanatory diagram of a point machine
disposed in a track.

Fig. 3 is a flowchart diagram of the operation control
of an operation management apparatus.

Fig. 4 is a flowchart diagram of traveling manage-
ment control of an on-vehicle apparatus.

Fig. 5 is a route map on which a starting point and
an arrival point of the own train are set.

Fig. 6 is a route map when the first trouble point is
extracted.

Fig. 7 is a route map when a trouble point occurring
at a railroad crossing is interrupted on the route map
of Fig. 6.

Fig. 8 is a route map in a state where an occupied
section up to a next trouble point is locked at a stop
determination position in the route.

Fig. 9 is a route map when an occupied section of
another train exists and the own train arrives at the
stop determination position.

Fig. 10 is a route map when the own train stops be-
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fore a trouble point due to the occupied section by
another train.

Fig. 11 is a route map in a state where an occupied
section of another train exists and the own train locks
the occupied section up to the trouble point in the
route.

Fig. 12 is a route map in a state in which the own
train locks the occupied section up to the trouble
point that is another train, in the route.

Fig. 13 is a route map in a state where the occupied
section up to the trouble point moved by the own
train is locked in the route.

Fig. 14 is a route map when a trouble point occurring
at a railroad crossing is interrupted on a route map
in Fig. 6 as a modified example.

Mode for Carrying Out the Invention

[0011] The invention will be described in detail, by way
of example, based on the embodiments illustrated in the
drawings.

[0012] Fig. 1 is a configuration diagram of a train op-
eration management system according to this embodi-
ment. This train operation management system includes:
a train 10 traveling on a track R; a central control unit 20
that performs communication control with a ground ap-
paratus installed in the vicinity of each train 10 and the
track R; a point machine 30 and a railroad crossing ap-
paratus 40 that are ground apparatus and that are con-
nected to the central control unit 20; and a radio commu-
nication unit 50 that is connected to the central control
unit 20 and performs communication with each train 10
through a radio communication line.

[0013] The point machine 30 and the railroad crossing
apparatus 40 and the central control unit 20 are connect-
ed by a first communication network L1, and the radio
communication unit 50 and the central control unit 20 are
connected by a second communication network L2.
[0014] Although the first communication network L1
and the second communication network L2 are illustrated
as a wired network, they may be wireless networks, and
the first communication network L1 and the second com-
munication network L2 may be a single network.

[0015] A radio communication unit 50, which is a base
station having a communication area in a predetermined
range, is installed, for example, at certain distance inter-
vals, and by partially overlapping communication areas,
communication between the train 10 and the central con-
trol unit 20 is prevented from being interrupted. In the
communication between the train 10 and the central con-
trol unit 20, it is possible to perform communication using
aloop antenna and a leaking coaxial cable laid along the
track R as the radio communication unit 50, in addition
to performing communication through the radio commu-
nication line.

[0016] Thetrain 10is provided with an antenna unit 11
for transmitting and receiving various types of information
to and from the radio communication unit 50, and an on-
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vehicle apparatus 12 connected to the antenna unit 11.
The on-vehicle apparatus 12 incorporates an arithmetic
processing unit and a storage unit (not illustrated), man-
ages the speed control of the train 10, and displays
traveling information such as information on the opera-
tion management received from the central control unit
20 and the current position of the train 10, on a route map
or the like displayed on a monitor apparatus provided in
an operator console of a driver’s seat (not illustrated) or
the like.

[0017] Furthermore, it is possible to perform various
types of setting processing and the like by the driver
through an input unit such as a keyboard (not illustrated).
Also, on-vehicle information including a train ID, a
traveling speed and a traveling position, and the like of
the train 10, to be processed by the on-vehicle apparatus
12 is transmitted to the central control unit 20, through
the antenna unit 11 and the radio communication unit 50
at any time, independently of transmission information
based on a flowchart to be described later.

[0018] The traveling speed of on-vehicle information
is calculated based on, for example, the number of rev-
olutions detected by a tachometer attached to an axle.
Also, the traveling position is calculated, for example, in
kilometers. Alternatively, a GPS terminal may be mount-
ed so that latitude and longitude information may be
transmitted as the traveling position. Furthermore, the
on-vehicle apparatus 12 performs speed control and the
like of the train 10, according to command information
such as speed control information transmitted from the
central control unit 20.

[0019] The central control unit 20 installed at a station
or the like in the train operation management system in-
cludes an operation management apparatus 21 connect-
ed to the first communication network L1 and the second
communication network L2; and an operation terminal
22 connected to the operation management apparatus
21 and operated by an operator.

[0020] The operation management apparatus 21 is a
so-called server apparatus, incorporating an arithmetic
processing unit and a storage unit (not illustrated). The
operation management apparatus 21 receives various
types of information from the train 10, the point machine
30 and the railroad crossing apparatus 40 at any time,
stores the various types of information thereof in the stor-
age unit, and transmits various types of command infor-
mation to the train 10 and the point machine 30 at any
time, through arithmetic processing of the operation man-
agement control by the arithmetic processing unit to be
described later.

[0021] The operation terminal 22 is a so-called client
apparatus connected to the operation management ap-
paratus 21. By means of a route map or the like displayed
on a monitor apparatus (not illustrated), the operation
terminal 22 is able to monitor a position and an operation
management state of each train based on the on-vehicle
information from each train 10, and a state of the ground
apparatus such as a locked state of the point machine
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30, at any time. Furthermore, it is possible to perform
various types of setting processing and the like by an
operator through an input unit such as a keyboard and a
mouse (not illustrated).

[0022] The point machine 30 includes a changeover
unit 31 for moving a switch rail of a branch point of the
track R, and a locking lock unit 32 for maintaining the
locked state by issuing an operation command to the
changeover unit 31.

[0023] The locking lock unit 32 is connected to the op-
eration management apparatus 21 of the central control
unit 20 through the firstcommunication network L1. Then,
the locking lock unit 32 performs a changeover operation
on the changeover unit 31 based on the command infor-
mation from the operation management apparatus 21,
and transmits locking lock information indicating the
locked state of a normal position or an opposite position
to be described later, to the operation management ap-
paratus 21 of the central control unit 20.

[0024] Fig. 2 is an explanatory diagram of point ma-
chinees 30a and 30b disposed at the branch point of the
track R. The point machine 30a is disposed at a position
where a main track R1 and a sub track R2 are joined,
and the pointmachine 30b is disposed at a position where
a sub track R3 branches from the main track R1.
[0025] The pointmachinees 30a and 30b are disposed
such that the locked state is at a normal position relative
to a central linear main track R1. The state of the normal
position is a state in which the switch rail is changed such
that the train 10 goes straight along the main track R1,
and conversely, a state in which the switch rail is changed
such that the train 10 proceeds to the sub tracks R2 and
R3 on sides branching from the main track R1 is referred
to as the locked state of the opposite position.

[0026] Also, the diagonal lines as illustrated at the in-
stalled positions of the point machinees 30a and 30b rep-
resent a normal position side, and the arrows indicate
the locked state of the current normal position and op-
posite position. Therefore, Fig. 2 illustrates in the explan-
atory diagram that both of the point machinees 30a and
30b are locked in the state of the normal position.
[0027] Fig. 3 is a flowchart of the operation manage-
ment control of the train 10 in the operation management
apparatus 21 of the central control unit 20, and Fig. 4 is
a flowchart diagram of traveling management control of
a train 10, by the on-vehicle apparatus 12 of the train 10.
[0028] As illustrated in Fig. 5, for example, the opera-
tion management control for the own train 10a and the
traveling management control on the own train 10a in a
case where the own train 10a exists in the sub track R2
will be described based on the flowcharts illustrated in
Figs. 3 and 4.

[0029] On-vehicle information transmitted from each
train 10 including the own train 10a and locking lock in-
formation transmitted from the point machine 30 are
stored in the storage unit of operation management ap-
paratus 21 of the central control unit 20. Then, the arith-
metic processing unit of the operation management ap-
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paratus 21 performs the operation management control
to transmit the command information to each train 10
including the own train 10a on the track at any time, or
to transmit command information for locking control, and
changeover of the point machine 30 at any time, so that
itis possible to safely operate the own train 10a up to the
arrival point that is a set destination.

[0030] After the operation management apparatus 21
of the central control unit 20 starts an operation manage-
ment control program which is the flowchart of the oper-
ation management control, in step ST1 of Fig. 3, first, a
starting point A and an arrival point B in the traveling
direction of the own train 10a are set and a route is ex-
tracted.

[0031] This setting may be input by operating a monitor
screen using the operation terminal 22, or conditions may
be input to the operation management apparatus 21 in
advance. The starting point A may be a traveling position
on the track where the own train 10a exists, and in this
case, only the arrival point B is input.

[0032] Alternatively, by receiving the destination infor-
mation of the current position which is the starting point
A and the arrival point B set in the on-vehicle apparatus
12 of the own train 10a to be described later, the starting
point A and the arrival point B may be set in operation
management apparatus 21.

[0033] After setting the starting point A and the arrival
point B in this manner, the arithmetic processing unit of
the operation management apparatus 21 extracts a route
traveling on the track R up to the arrival point B.

[0034] Subsequently, the processing proceeds to step
ST2, in which the own train 10a travels on the extracted
route, trouble positions that hinder traveling are extract-
ed, and among these trouble positions, a trouble position
first existing on the route, after departing from the starting
point A that is the current position of the own train 10a,
is extracted as a trouble point S.

[0035] Itis possible to divide this trouble point S into a
mobile trouble point Sa that moves on the track like an-
other train 10 and a stationary trouble point Sb that stays
stationary at a position on the track. Incidentally, in a case
where there is not one of a mobile trouble point Sa and
a stationary trouble point Sb up to the arrival point B, the
arrival point B is extracted as a trouble point S.

[0036] On the track R where the own train 10a travels,
the mobile trouble point Sa corresponds to another train
10b approaching or the other train 10c preceding the own
train, so that the position of the trouble point moves on
the track R over time. Also, in addition to processing of
another train 10 itself as the mobile trouble point Sa, it is
also possible to process an occupied section T occupied
by the other train 10 as the mobile trouble point Sa.
[0037] On the other hand, the stationary trouble point
Sb such as the point machine 30 stays stationary at a
predetermined position on the track R. Furthermore, the
stationary trouble point Sb is a trouble point Sc based on
the point machine 30, a trouble point Sd occurring at a
railroad crossing F where the railroad crossing apparatus
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40 is installed, and a trouble point Se occurring at a po-
sition where crossing of the track R occurs in a cross
shape, and so on. Also, the stationary trouble point Sb
is not limited thereto, but may include any trouble point
appropriately occurring that is detectable on the track R.
[0038] In the trouble point Sc based on the point ma-
chine 30, it is changed whether or not a certain point is
extracted as the trouble point Sc according to the locked
state of the normal position and the opposite position
relative to the traveling direction. In a state where the
traveling direction according to the locked state of the
normal position and the opposite position of the point
machine 30 does not coincide with the traveling direction
of the train 10, that is, in a case where it is impossible to
pass through the point machine 30 in the current locked
state of the point machine 30, a certain point is extracted
as the trouble point Sc, and the trouble point Sc occurs
at a predetermined position on the track R provided on
a train 10 side of the point machine 30.

[0039] Conversely, in a state where the traveling direc-
tion according to the locked state of the normal position
and the opposite position of the point machine 30 coin-
cides with the traveling direction of the train 10, that is,
in a case where it is possible to pass through the point
machine 30 in the current locked state, a certain pointis
not extracted as the trouble point Sc.

[0040] In this way, the own train 10a travels on the
track R, and in a case where positions where crossing
of the point machine 30, the railroad crossing F and the
track R occurs in a cross shape are in a state of hindering
traveling, these positions are extracted as trouble posi-
tions, and a trouble position first existing on the track R
from the current position of the own train 10a is extracted
as a trouble point S. Also, in a case of not hindering the
own train 10a from traveling, the positions will not be
extracted as a trouble position or a trouble point S.
[0041] Fig. 6 is a route map when the trouble point S
is extracted as the trouble point Sc based on the route
in step ST2 of Fig. 3 and the point machine 30. It is un-
derstood that the point machine 30a in front of the own
train 10ais maintained in the state of the normal position
from the direction of an arrow indicating the current
locked state of the normal position and the opposite po-
sition.

[0042] Therefore, since the locked state of the point
machine 30a is different from the locked state of the op-
posite position which corresponds to the traveling direc-
tion of the own train 10a, the point machine 30a is deter-
mined to be the trouble point Sc that is the first trouble
position on the route of the own train 10a, and corre-
sponds to a trouble point S. Once this trouble point S is
set at a position before the point machine 30a, and is
confirmed and set as the trouble point S to be described
later, the trouble point is presented as a triangular mark
for representing the trouble point S on the sub track R2.
[0043] Also, the trouble point Sd occurring at the afore-
mentioned railroad crossing F is a trouble point occurring
in response to an emergency signal being transmitted
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from the railroad crossing apparatus 40 to the central
control unit 20, when an object is detected in the line by
an object detector or the like, after an interrupter, which
operates as the own train 10a approaches the railroad
crossing F, completely shuts off the passage of vehicles
or passersby.

[0044] Alternatively, by pressing an emergency button
provided at the railroad crossing F, the emergency signal
is transmitted from the railroad crossing apparatus 40 to
the central control unit 20, and a trouble position occurs.
In a case where this trouble position is determined as a
trouble point S first existing on the route, the trouble point
occurs at a predetermined position on the track R on the
own train 10a side of the railroad crossing F, as the trou-
ble point Sd. In a case where the trouble position is con-
firmed and set as a trouble point S that is the first trouble
position, the trouble point is presented as a triangular
mark on the track, similarly to the trouble point Sc.
[0045] Also, the trouble point Se occurring at a position
where crossing of the track R occurs in a cross shape,
is a trouble point occurring in a case where a crossing
track crossing the track R, on which the own train 10a
travels, exists and this crossing track is locked by another
train 10 in the occupied section T on the route. This trou-
ble point Se occurs at a predetermined position on the
track R provided on the own train 10a side of the crossing
position, and once the trouble point is confirmed and set
as a trouble point S, the trouble point is presented as a
triangular mark on the track, similarly to the trouble point
Sc.

[0046] These stationary trouble points Sb, of which oc-
curring positions stay stationary in advance, are man-
aged by the operation management apparatus 21, so as
to be located at a predetermined distance, for example,
30 meters before positions where crossing of installed
positions of the point machinees 30a and 30b, the in-
stalled position of the railroad crossing F, and the track
R occurs in a cross shape.

[0047] Similarly, the operation management appara-
tus 21 will manage the mobile trouble point Sa to be lo-
cated at, for example, 30 meters before the leading end
of another train 10b in the case of the approaching, and
to be located at, for example, 30 meters behind the rear
end of still another train 10c in the case of the preceding
vehicle.

[0048] In this way, after extracting the trouble point S
that is the first trouble position, the processing proceeds
to step ST3 in Fig. 3. Then, it is determined in step ST3
whether or not a route up to the trouble point S is occu-
piable. Incidentally, the occupancy of the route does not
mean a locked state based on a track circuit using the
track R in the related art, but may mean locking a route
on software.

[0049] Then,inacase where the route up to the trouble
point S is occupiable, the processing proceeds to step
ST4 in Fig. 3, where the route from the starting point A
to the trouble point S is occupied, and only the occupied
section T is locked in the route.
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[0050] Conversely, for some reasons, in a case where
the route up to the trouble point S is not occupiable, for
example, in a case where a distance to the trouble point
S is very short, and the like, it is not possible to proceed
to step ST4 in Fig. 3, and by performing repetition from
the extraction processing of the trouble point S in step
ST2 to the occupancy determination processing in step
ST3, the own train 10a waits until the route up to the
trouble point is occupiable.

[0051] Since the own train 10a locks a section from the
starting point A to the trouble point S in the route as the
occupied section T1 illustrated in Fig. 6, the own train
10a is able to enter the occupied section T1.

[0052] Then, for the occupied section T1 locked by the
own train 10a in the route, in order to prevent another
train 10 from entering the occupied section T1, the op-
eration control is performed not to permit the other train
10 to set and lock an occupied section T including part
or all of the occupied section T1.

[0053] Therefore, the other train 10 is not able to set a
route including part or all of the occupied section T1 as
the occupied section T, until the own train 10a passes
through the occupied section T1 and the occupied sec-
tion T1 is released.

[0054] Once asection up to the trouble point S is locked
in the route as the occupied section T1, the trouble point
is presented as a triangular mark representing a trouble
point S on the sub track R2, and the trouble point S is set.
[0055] Next, the processing proceeds to step ST5 in
Fig. 3, and the traveling information of the starting point
A, the arrival point B, the route and the trouble point S
for permitting the own train 10a to enter the occupied
section T1 is transmitted from the operation management
apparatus 21 to the own train 10a, through the radio com-
munication unit 50 and the antenna unit 11. In the
processing of transmitting the traveling information from
the operation management apparatus 21, the traveling
information may be transmitted, after a request signal for
requesting the traveling information is received from the
on-vehicle apparatus 12 of the own train 10a.

[0056] Subsequently, a flowchart of the on-vehicle ap-
paratus 12 of the own train 10a in Fig. 4 including the
processing of the traveling information received by the
own train 10a will be described. First, in a case where a
program is started on the on-vehicle apparatus 12, in
step TST1, using the monitor apparatus in the operator
console of the train 10a or the like, it is determined, by
the driver, whether or not the starting point A and the
arrival point B have been set.

[0057] Inthis determination processing, the on-vehicle
apparatus 12 may wait for a predetermined period of time
until the starting point A and the arrival point B are set,
or without setting the starting point A and the arrival point
B, that is, by providing a setting unit such as a point ma-
chine for requesting traveling information to the operation
management apparatus 21 of the central control unit 20,
the determination may be performed by setting of the
setting unit.
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[0058] In a case where setting of the starting point A
and the arrival point B is performed by the on-vehicle
apparatus 12, the processing proceeds to step TST2,
and the destination information of the starting point A and
the arrival point B is transmitted to the operation man-
agement apparatus 21 of the central control unit 20. The
operation management apparatus 21 performs the
processing of step ST1 in Fig. 3, based on the received
destination information.

[0059] In a case where the starting point A and the
arrival point B have not been set in the on-vehicle appa-
ratus 12 of step TST1 in Fig. 4, the processing proceeds
to step TST3 and waits for the reception of the traveling
information from the operation management apparatus
21 of the central control unit 20. Also, a request signal
for requesting traveling information may be transmitted
tothe operation management apparatus 21 untiltraveling
information is received.

[0060] Then, in step TST3, once the on-vehicle appa-
ratus 12 receives the traveling information of the starting
point A, the arrival point B, the route and the trouble point
S obtained in step ST5 of Fig. 3, from the operation man-
agement apparatus 21 of the central control unit 20, the
traveling information is stored in the storage unit of the
on-vehicle apparatus 12. According to the information of
these trouble points S, the traveling management control
is performed by the own train 10a, and traveling to the
arrival point B that is the destination is possible.

[0061] In a case where the traveling information is re-
ceived from the central control unit 20 in step TST3 of
Fig. 4, the starting point A, the arrival point B, the route
and the trouble point S of the traveling information are
displayed on the monitor apparatus provided in the op-
erator console or the like.

[0062] Subsequently, the processing proceeds to step
TST4, and once the on-vehicle apparatus 12 sets a trou-
ble point S and a stop determination position P based on
the trouble point S, and permits traveling of the own train
10a, the own train 10a starts traveling.

[0063] The stop determination position P is a position
located at a stop distance d before the trouble point S.
The stop distance d may be a fixed distance or the stop
distance d may be appropriately varied according to a
traveling speed and the like. This stop distance d is a
distance that does not exceed the trouble point S when
stopping is executed according to a normal deceleration
pattern from the stop determination position P, and is set
with some margin in distance. Then, the stop determina-
tion position P is displayed on the monitor apparatus pro-
vided in the operator console or the like.

[0064] Next, in step TST5 of Fig. 4, confirmation of the
traveling information from the operation management ap-
paratus 21 of the central control unit 20, that is, confir-
mation of whether or not a new trouble point S has been
received, is performed. In step TST5, upon receiving the
new trouble point S, the on-vehicle apparatus 12 pro-
ceeds to step TST6.

[0065] In step TST6, the setting of the latest trouble
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point S is released, and a new trouble point S which is a
trouble position different from the latest trouble point S
is set. Then, the setting of the latest stop determination
position P is released, a new stop determination position
P is set based on the new trouble point S, and the
processing proceeds to step TST7.

[0066] In this way, whenever the on-vehicle apparatus
12 receives traveling information including the trouble
point S, including the loop processing of returning to the
step TST5 to be described later, the setting of this trouble
point S and the stop determination position P based on
this trouble point S is performed.

[0067] In step TST5 of Fig. 4, the traveling information
from the operation management apparatus 21 of the cen-
tral control unit 20 is confirmed, and in a case where a
new trouble point S has not been received, the process-
ing proceeds to step TST7, in which the on-vehicle ap-
paratus 12 monitors whether or not the own train 10a has
passed through the stop determination position P located
at a predetermined distance before the trouble point S,
based on the traveling position.

[0068] In acase where the own train 10a arrives at the
stop determination position P and has passed through
the stop determination position P, the processing pro-
ceeds to step TST8 in Fig. 4. In step TST8, stop control
is performed by decelerating the own train 10a according
to the deceleration pattern or the like stored in the on-
vehicle apparatus 12. In other words, the deceleration
stop processing, in which deceleration is started and
stopped before the trouble point S of the point machine
304, is performed.

[0069] Alternatively, the deceleration stop command
information transmitted from operation management ap-
paratus 21 of the central control unit 20 includes the de-
celeration pattern calculated from the speed, position,
and the like of the own train 10a, and the own train 10a
may perform deceleration stop processing of stopping
before the trouble point S, according to the deceleration
pattern of the received deceleration stop command in-
formation.

[0070] Next, the processing proceeds to step TST9 in
Fig. 4, and it is determined whether or not the own train
10a has arrived at the arrival point B. Once the own train
10a arrives atthe arrival point B and stops, the processing
proceeds to step TST10, in which the arrival information
arriving at the arrival point B is transmitted to the central
control unit 20, and the on-vehicle apparatus 12 ends the
traveling management control program.

[0071] Instep TST9 of Fig. 4, in a case where the own
train 10a has not arrived at arrival point B, the processing
proceeds to step TST5 in Fig. 4. In a case where the
trouble point S is not released and the new trouble point
S is not received in the step TST5, the loop processing
of the steps TST5, and steps TST7 to TST9 is repeatedly
performed. The own train 10a continues deceleration
stop processing of stopping before the point machine 30a
that is the trouble point S, so that the own train 10a is
unable to pass through the point machine 30a.

10

15

20

25

30

35

40

45

50

55

[0072] Also, in the operation management apparatus
21 ofthe central control unit 20, according to the flowchart
of the operation management control in Fig. 3, the
processing from steps ST6 to ST8, or the processing
from step ST6 to ST9 is repeatedly performed.

[0073] In a case where arrival information arriving at
the arrival point B is not received from the own train 10a
in step ST6in Fig. 3, the trouble position from the current
position to the arrival point B, and the trouble points S
are extracted in step ST7, similarly to step ST2.

[0074] In a case where, even though the trouble point
S is extracted, the trouble point is not different from the
latest trouble point S, it is determined in step ST8 that
there is no change in the trouble point S, and the process-
ing proceeds to step ST6. Also, in a case where the arrival
information arriving at the arrival point B is received from
the own train 10ain step ST6, the operation management
apparatus 21 ends the operation management control
program.

[0075] In step ST7 of Fig. 3, the trouble point S is ex-
tracted. Once itis determined in step ST8 that this trouble
point S has been changed to a new trouble point S, the
processing proceeds to step ST9, in which it is deter-
mined whether or not a route up to the new trouble point
S is occupiable.

[0076] In a case where it is impossible to occupy the
route up to the new trouble point S in step ST9, the
processing returns to step ST6, and the processing of
extracting the trouble point S in step ST7, and the
processing of determining in step ST8 whether or not the
trouble point S is changed to the new trouble point S, and
the occupancy determination processing in step ST9 are
repeated.

[0077] Inacasewhereitispossible to occupy the route
up to the new trouble point S in step ST9, the processing
proceeds to step ST10, and the setting of the latest trou-
ble point S is released. Then, a new occupied section T1
from the current vehicle position to a new trouble point
S is locked in the route and a new trouble point S is set.
[0078] Next, the processing proceeds to step ST11 in
Fig. 3, and the traveling information including a new trou-
ble point S, for permitting the traveling of the own train
10a to the new occupied section T1, is transmitted from
the operation management apparatus 21 to the own train
10a, through the radio communication unit 50 and the
antenna unit 11.

[0079] According to the flowchart of the traveling man-
agement control in Fig. 4, once the on-vehicle apparatus
12 of the own train 10a receives traveling information
including a new trouble point S from the operation man-
agement apparatus 21 of the central control unit 20 in
step TST5 of Fig. 4, the traveling information is stored in
the storage unit of the on-vehicle apparatus 12.

[0080] Upon receiving the traveling information includ-
ing the new trouble point S, the on-vehicle apparatus 12
of the own train 10a sets a new trouble point S and a new
stop determination position P based on this new trouble
point S in step TST6 of Fig. 4.
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[0081] Instep TST7,inacase where the own train 10a
has not passed the stop determination position P, the
processing proceeds to step TST11, in which it is deter-
mined whether or not the deceleration stop processing
is being executed.

[0082] The step TST11 of Fig. 4 is a step in which,
when a new trouble point S and a new stop determination
position P are set after the deceleration stop processing
is started in the step TST8, the deceleration stop process-
ing is released for the own train 10a that has not passed
the new stop determination position P.

[0083] In acase where itis determined in step TST11
in Fig. 4 that the deceleration stop processing is being
executed, the processing proceeds to step TST12. Once
the deceleration stop processing is released in step
TST12, the own train 10a stops deceleration and returns
to a normal traveling. Thereafter, the processing returns
to step TSTS.

[0084] Also, in a case where it is also determined in
step TST11inFig. 4 thatthe deceleration stop processing
is not being executed, the processing returns to step
TST5, and the loop processing of these steps are also
repeatedly performed.

[0085] In a case where the own train 10a has not
passed the stop determination position P of the trouble
point S, that is, in a case where the own train 10a is
traveling toward the stop determination position P, the
processing of steps TST5 to TST7, and TST11 in Fig. 4,
and the processing of returning to step TST5 are repeat-
edly performed, and in this loop processing, as illustrated
in Fig. 7, there is a case where a trouble point Sd occur-
ring at the railroad crossing F occurs by interruption be-
fore the trouble point Sc in Fig. 6.

[0086] In such a case, in the operation management
apparatus 21 of the central control unit 20, the trouble
point Sd, which has occurred by interruption, is extracted
as a new trouble point S in step ST7 of Fig. 3, and in a
step ST9, in the case where a route up to a new trouble
point S is occupiable, the occupied section T1 is also
changed to the occupied section T up to the trouble point
Sd.

[0087] Then, the processing proceeds to ST10, in
which the setting of the trouble point S by interruption is
released, the new occupied section T1 is locked in the
route, and a new trouble point S is set, and then in a step
ST11, traveling information including a new trouble point
S is transmitted.

[0088] Next, once the on-vehicle apparatus 12 of the
own train 10areceives the traveling information including
the new trouble point S in step TST5 of Fig. 4, in the step
TST6, the setting of the trouble point S before interruption
is released and a new trouble point S is set. Then, the
setting of the stop determination position P before inter-
ruption is released, a new stop determination position P
based on the new trouble point S is set, and the own train
10a travels in the occupied section T1.

[0089] In a case where the trouble point Sd occurring
at the railroad crossing F, that is, the trouble point S is
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notreleased, the loop processing of step TST5, and steps
TST7 to step TST9in Fig. 4 is repeatedly performed, and
finally, the own train 10a will stop before the railroad
crossing F that is the trouble point S.

[0090] Fig. 8 is a route map when the own train 10a in
Fig. 6 travels in the occupied section T1 and arrives at
the stop determination position P. The figure indicates a
state in which, according to the approach of the own train
10a to the point machine 30a, the point machine 30a is
changed from the locked state of the normal position to
the locked state of the opposite position, in response to
aninstruction from the operation managementapparatus
21.

[0091] In a case where the own train 10a approaches
the point machine 30a on a condition that the point ma-
chine 30a does not maintain the locked state of the nor-
mal position by the route-locking of the other train 10, in
order for the own train 10a to pass, the operation man-
agementapparatus 21 of the central control unit 20 trans-
mits, to the point machine 30a, command information for
moving the switch rail of the changeover unit 31, thereby
changing the point machine 30a from the locked state of
the normal position to the locked state of the opposite
position.

[0092] Under the control in this way, the trouble point
S of the point machine 30a is released, and according to
the repetition from step ST6 to step ST10 in Fig. 3, the
trouble point Sc of the point machine 30b will be newly
extracted as the next trouble point S.

[0093] A new trouble point S is set by releasing the
setting of the trouble point S of point machine 30a and
locking the occupied section T1 up to the new trouble
point S in the route. Then, in step ST11, the traveling
information including the new trouble point S is transmit-
ted to the own train 10a.

[0094] Next, upon receiving traveling information in-
cluding a new trouble point S in step TST5 of Fig. 4, the
on-vehicle apparatus 12 of the own train 10a releases
the setting of the latest trouble point S in step TST6, and
sets the new trouble point S. Then, after releasing the
setting of the latest stop determination position P, a new
stop determination position P based on the new trouble
point S is set, and the own train 10a starts traveling in
the occupied section T1.

[0095] Figs. 9 and 10 are route maps in a state where,
at the time when the own train 10a arrives at the stop
determination position P, for example, another train 10b
traveling from a sub track R3 direction toward a sub track
R2 direction has already locked an occupied section T2
that is an occupied section T, in the route, to travel on
the main track R1.

[0096] In acase where the other train 10b has already
locked the occupied section T2 of the other train 10b in
the route, the own train 10a starts deceleration stop
processing after passing through the stop determination
position P. Then, as long as the trouble point S of point
machine 30a is not released, the own train 10a performs
deceleration stop control of stopping before the trouble
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point S.

[0097] Since the occupied section T2 of the other train
10b is open at any time for allowing the other train 10b
to pass therethrough, and the other train 10b passes
through the point machine 30a, it is possible to change
the point machine 30a from the locked state of the normal
position to the locked state of the opposite position.
[0098] According to an instruction from the operation
management apparatus 21 of the central control unit 20,
the point machine 30a is changed from the locked state
of the normal position to the locked state of the opposite
position, thereby releasing the trouble point S of the point
machine 30a. Then, the operation management appara-
tus 21 extracts the trouble point Sc of the point machine
30b as a new trouble point S, similarly to the route map
in Fig. 8.

[0099] Theoperation managementapparatus 21 ofthe
central control unit 20 releases the setting of the trouble
point S of the point machine 30a, locks only an occupied
section T1 up to a new trouble point S in the route, and
sets the new trouble point S, and then transmits traveling
information including the new trouble point S to the own
train 10a.

[0100] Once the on-vehicle apparatus 12 of the own
train 10a receives traveling information including a new
trouble point S and sets a new trouble point S, a new
stop determination position P based on the new trouble
point S is set, so that traveling in the occupied section
T1 is started.

[0101] Figs. 11 to 13 are route maps in a state where,
for example, a starting point A of the own train 10a and
an arrival point B on the main track R1 are set, and an-
other train 10c traveling from the sub track R2 direction
toward the sub track R3 direction has already occupied
an occupied section T3 that is an occupied section T of
the other train 10c traveling on the main track R1.
[0102] Theoperation managementapparatus 21 ofthe
central control unit 20 extracts a trouble point S that is a
first trouble position on the route of the own train 10a,
locks an occupied section T1 up to the trouble point S in
the route, and sets the trouble point S, and then transmits
traveling information including the trouble point S from
the operation management apparatus 21 to the own train
10a. Once the on-vehicle apparatus 12 of the own train
10a receives traveling information and sets a trouble
point S, a stop determination position P based on this
trouble point S is set, and the own train 10a starts
traveling.

[0103] Then, in a case where, when the own train 10a
travels and passes through the stop determination posi-
tion P, the other train 10c is not passing through the point
machine 30a, the locked state of the point machine 30a
is not changed from the state of the normal position, and
the trouble point S is not released. Therefore, the own
train 10a will stop before the trouble point S.

[0104] Asillustratedin Fig. 12, since the other train 10c
passes through the point machine 30a, it is possible to
change the point machine 30a from the locked state of
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the normal position to the locked state of the opposite
position. Since, according to the instruction from the op-
eration management apparatus 21, the point machine
30a is changed from the locked state of the normal po-
sition to the locked state of the opposite position, the
trouble point S of the point machine 30a is released.
[0105] Then, the operation management apparatus 21
extracts a mobile trouble point Sa of the other train 10c
as a new trouble point S, and releases the setting of the
trouble point S of the point machine 30a. The operation
management apparatus 21 locks an occupied section T1
up to the new trouble point S that is the mobile trouble
point Sa, and then transmits the traveling information in-
cluding the new trouble point S to the own train 10a.
[0106] Once the on-vehicle apparatus 12 of the own
train 10a receives traveling information including a new
trouble point S and sets the new trouble point S, a new
stop determination position P based on the new trouble
point S is set, and the own train 10a starts traveling in
the occupied section T1. Since this mobile trouble point
Sa is moving, the stop determination position P also
moves according to the movement of the other train 10c.
[0107] Therefore, in a case where the mobile trouble
point Sa is set as a trouble point S, and in a case where
the other train 10c that is the mobile trouble point Sa
continues to stop, once the own train 10a passes the stop
determination position P, the processing proceeds to the
step TST8 in Fig. 4, in which the on-vehicle apparatus
12 of the own train 10a starts deceleration stop process-
ing, and the own train 10a also stops before the other
train 10c.

[0108] Also,ina case where another stationary trouble
point Sb has occurred by interruption while the own train
10afollows the othertrain 10c, the stationary trouble point
Sb is extracted as a new trouble point S.

[0109] Onthe route map of Fig. 13, once the other train
10c travels as it is, it is expected that the arrival point B,
which is the last trouble position, occurs by interruption
as a trouble point S, and the operation management ap-
paratus 21 of the central control unit 20 locks the occu-
pied section T1 up to the arrival point B in the route, sets
the arrival point B as the trouble point S, and then trans-
mits the traveling information including the trouble point
S to the own train 10a.

[0110] Upon receiving the traveling information includ-
ing the trouble point S, the on-vehicle apparatus 12 of
the own train 10a sets the received trouble point S and
sets the stop determination position P based on the set
trouble point S, so that the own train 10a is able to arrive
at the arrival point B.

Modified Example

[0111] A modified example of the train operation man-
agement system will be described by exemplifying a case
where atrouble point Sd occurring atthe railroad crossing
F has occurred by interruption before the trouble point
Sc in Fig. 6, for example, as illustrated in Fig. 14. As
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illustrated in the figure, while the trouble point S, the oc-
cupied section T1, and the stop determination position P
of the point machine 30a, that have been already set, are
maintained as they are, it is considered for the trouble
point Sd occurring at the railroad crossing F to perform
interruption processing.

[0112] In such a case, the trouble point S of the point
machine 30a illustrated in Fig. 14 is not released, and
the trouble point Sd, which has occurred by interruption,
is set as a trouble point S’. Since the occupied section
T1 from the own train 10a to the trouble point S including
the trouble point S’ is locked in the route, it is not neces-
sary to perform route-locking for the trouble point S’,
again.

[0113] Theoperation management apparatus 21 ofthe
central control unit 20 transmits traveling information for
setting the trouble point S’ as a new trouble point S to
the own train 10a. The own train 10a receives traveling
information including a new trouble point S (trouble point
S’) as usual, sets a new stop determination position P
based on the new trouble point S, and performs control
of starting deceleration stop processing or releasing de-
celeration stop processing.

[0114] In acase where the trouble point S’ is released,
the operation management apparatus 21 needs not to
newly extract a trouble point S of the point machine 30a,
needs not to lock the occupied section T1 in the route,
and needs not to set the trouble point S, and it is possible
to transmit traveling information including the maintained
trouble point S to the own train 10a.

[0115] In this way, according to the train operation
management system, by repeating the operation man-
agement control such that each train 10 locks only an
occupied section T1 up to the trouble point S first existing
onaroute, inthe route, sets a stop determination position
P, and travels in the occupied section T1, it is possible
to prevent unnecessary passage waiting based on the
route-locking by another train 10. Then, without the pas-
sage waiting, the own train 10a is able to travel in a sec-
tion which the own train is able to pass through until an-
other train 10 arrives.

[0116] The operation management control is per-
formed such that the route is preferentially locked for the
train 10 first arriving at a passage section to pass through
the passage section, and each train 10 is able to safely
move to the arrival point B.

[0117] Also, since the operation management control
of each train 10 is performed on the software of the op-
eration management apparatus 21 without using the
track circuit, it is possible to set optional positions as the
starting point A and the arrival point B. Reference Signs
List

10 Train

10a Own train

10b, 10c Another train

12 On-vehicle apparatus
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10

15

20

25

30

35

40

45

50

55

10

21 Operation management apparatus
22 Operation terminal

30, 30a, 30b  Point machine

50 Radio communication unit

Claims

1.  An on-vehicle apparatus which communicates with
an operation management apparatus that performs
operation control of extracting a route up to an arrival
pointin a case where the arrival point of an own train
is set, extracting a first trouble position that hinders
traveling on the route as a trouble point, and setting
the trouble point by route-locking only a section up
to the trouble point as an occupied section of the
own train, such that it is possible to prevent another
train from entering the occupied section; and is dis-
posed on the own train traveling on a track,
the on-vehicle apparatus performing traveling man-
agement control by setting the trouble pointin a case
where traveling information including the trouble
point is received from the operation management
apparatus.

2. The on-vehicle apparatus according to claim 1,
wherein the traveling management control is per-
formed to prevent the own train from passing through
the trouble point.

3. Theon-vehicle apparatus according to claims 1 or 2,
wherein the arrival point set by the own train is trans-
mitted to the operation management apparatus.

4. The on-vehicle apparatus according to any one of
claims 1 to 3,
wherein a stop determination position is set at a pre-
determined distance before the trouble point, and
the own train starts deceleration stop control, in a
case where the own train travels in the occupied sec-
tion and has passed through the stop determination
position.

5. The on-vehicle apparatus according to claim 4,
wherein, after passing through the stop determina-
tion position, in a case where a new trouble point is
newly set as the trouble point, the deceleration stop
control of the own train is released.

6. The on-vehicle apparatus according to any one of
claims 1 to 5,
wherein, whenever traveling information including
the trouble point is received, a stop determination
position is set at a predetermined distance before
the received trouble point.
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FIG. 3
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FIG. 4
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