DESCRIPTION

Title of Invention
OPERATION MANAGEMENT DEVICE, OPERATION MANAGEMENT METHOD,

VEHICLE, VEHICULAR TRAFFIC SYSTEM, AND PROGRAM

Technical Field

[0001]

The present invention relates to a vehicle traveling
along a track, an operation management device that manages
an operation of a vehicle, a vehicular traffic system
including the wvehicle and the operation management device,
an operation management method, and a program. Priority
is claimed on Japanese Patent Application No. 2013-114553,
filed May 30, 2013, the content of which is incorporated
herein by reference.

Background Art

[0002]

In a conventional vehicular traffic system that
provides a transportation service using vehicles (for
example, a train) traveling along a predetermined track
(lLine), the operation of each vehicle is managed on the
basis of a predefined timetable. Specifically, the
operation management device that 1is a so-called ground

facility outputs an instruction to each vehicle based on



an arrival time, a departure time, and the like determined
for each vehicle, and the vehicle operates according to
the instruction. In operation control based on such a
timetable, the timetable is changed when the operation is
disturbed, and the vehicles operate according to the
changed timetable to achieve elimination of the service
disruption. This timetable change is advanced work that
requires securing of rationality, and effort and time are
accordingly required. Further, the time 1is not only
simply consumed, but also reasonably performing timetable
changing work requires a lot of experience. Measures are
limited according to the abundance of the experience. 1In
particular, this trend 1s significant 1in cities in
emerging countries where there is no railway.

[0003]

Meanwhile, 1in recent vyears, with the significant
development of information transfer means and the
establishment of an information transfer method and
facilities between an operation management system and a
vehicle and Dbetween a vehicle and a wvehicle, an
environment in which a cooperation operation between the
operation management system and the vehicle or a
cooperation operation between the vehicles is possible can
be built. Further, high performance of information

processing means 1is significant, and the wvehicle, the



ground facility, and an individual device can perform
independent information processing and control operation
within a range of individual discretion.

[0004]

For example, according to a train operation control
method described in PTL 1, when a time delay of another
vehicle is equal to or greater than a predetermined wvalue,
a departure time of the own vehicle is determined while
vehicle spacing between the other wvehicle and the own
vehicle is autonomously adjusted.
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[0005]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2010-228688
Summary of Invention
Technical Problem

[0006]

Here, according to the train operation control
method described in PTL 1, the vehicle spacing between the
own vehicle and the other vehicle is controlled only when
the delay is short, and the timetable 1is separately
changed when the delay is long. However, since changing
the timetable requires effort and time, it may take more

time to recover the timetable when the delay is long.



[0007]

Further, according to the train operation control
method described in PTL 1, in particular, a scheme of
controlling the wvehicle spacing with one front or rear
vehicle 1is included. Each of a plurality of wvehicles
performs an operation (recovery operation) to adjust the
time interval between the vehicle and a nearest vehicle
traveling in front and rear of the vehicle, and thus, the
time interval of the vehicle is uniformized as a whole
vehicular traffic system.

However, in the method in which each wvehicle
controls the time interval Dbetween the vehicle and one
front or rear vehicle, it is not sufficient to uniformize
the time intervals of the vehicles most rapidly as the
whole vehicular traffic system, and it takes time until
nonuniform time intervals of the vehicles are completely
eliminated after a delay of the vehicle occurs.
Accordingly, when provision of a transportation service
using vehicles becomes nonuniform due to a delay in a
specific vehicle, it may take time until the return to a
state in which a uniform transportation service can be
provided.

[0008]

Further, in PTL 1, the vehicle spacing is controlled

on the basis of delay time information of each wvehicle.



In this case, adjustment is difficult when a plurality of
vehicles are simultaneously delayed. For example, when
one of the delayed vehicles attempts to perform a time
interval recovery operation, if the other wvehicle cannot
yet operate (due to failure or the 1like), the wvehicle
performing the recovery operation may eventually stop
immediately before the vehicle that cannot operate.

Thus, it is difficult to adjust the vehicle spacing
while performing the recovery operation among the
plurality of delayed vehicles, but a solution to this has
not been described in PTL 1.

[0009]

Further, with a train spacing control method based
on a delay time described in PTL 1, it is not possible to
cope with an unexpected event, such as a case in which a
vehicle is suddenly withdrawn to a vehicle depot or a case
in which a failure wvehicle 1is on a 1line, rather than a
case in which departure of a vehicle is delayed.

[0010]

Further, when the vehicle performs an operation that
is not based on a timetable, information indicating an
arrival platform, an arrival vehicle, and an arrival time
is not displayed on the display screen of the station.

[0011]

The present invention provides an operation



management device, an operation management method, a
vehicle, a vehicular traffic system, and a program capable
of solving the above-described problems.

Solution to Problem

[0012]

According to a first aspect of the invention, there
is provided an operation management device that manages an
operation of a plurality of vehicles traveling along a
track, the operation management device including: a
vehicle position acquisition unit that acquires positions
of the plurality of vehicles present on the track; a
density calculation unit that calculates density of the
plurality of wvehicles traveling within a predetermined
range on the track; and a departure determination unit
that adjusts a departure time of a predetermined target
vehicle by changing a time to transmit a departure
instruction to the target vehicle on the basis of one or
both of front direction density indicating density of
vehicles traveling within a predetermined range in front
in a travel direction of the target vehicle, and rear
direction density indicating density of wvehicles traveling
within a predetermined range at the rear in the travel
direction of the target wvehicle.

[0013]

According to a second aspect of the invention, in



the operation management device described above, the
departure determination unit adjusts the departure time at
a stop station of the target vehicle on the basis of a
magnitude relationship between the front direction density
and a predetermined front direction density threshold
value.

[0014]

According to a fourth aspect of the invention, in
the operation management device described above, the
departure determination unit adjusts the departure time at
a stop station of the target vehicle on the basis of a
magnitude relationship between the rear direction density
and a predetermined rear direction density threshold wvalue.

[0015]

According to a fourth aspect of the invention, in
the operation management device described above, the
departure determination unit delays the departure time at
the stop station of the target vehicle when a front and
rear direction density difference that is a value obtained
by subtracting the rear direction density from the front
direction density is greater than a predetermined density
difference threshold value.

[0016]

According to a fifth aspect of the invention, in the

operation management device described above, the departure



determination unit further adjusts the departure time at
the stop station of the target vehicle on the basis of one
or both of an inter-vehicle distance between the target
vehicle and another wvehicle +traveling in a nearest
position in front 1in a travel direction of the target
vehicle and an inter-vehicle distance between the target
vehicle and another wvehicle traveling in a nearest
position at the rear in the travel direction.

[0017]

According to a sixth aspect of the invention, in the
operation management device described above, the vehicle
position acquisition unit further acquires a travel
direction of the plurality of wvehicles, and the density
calculation unit performs a correction to increase the
front direction density when it 1is determined that there
is a wvehicle traveling 1in a direction opposite to the
travel direction of the target vehicle, in front in the
travel direction on the track along which the target
vehicle travels.

[0018]

According to a seventh aspect of the invention, in
the operation management device described above, the
departure determination unit further adjusts the departure
time not to be a time earlier than an earliest departure

time determined for each wvehicle and each station by



referring to operation timetable information in which the
earliest departure time has been recorded.

[0019]

According to an eighth aspect of the invention, in
the operation management device described above, the
departure determination unit further obtains permission of
progress for a security device that performs control of
the operation while securing safety for a path along which
the target wvehicle should progress, the path being
specified on the basis of path information of the track,
before transmitting the departure instruction to the
target vehicle.

[0020]

According to a ninth aspect of the invention, there
is provided a vehicular traffic system including: the
operation management device described above; and a
passenger information system that receives identification
information, position information, and path information of
the target vehicle from the operation management device,
calculates a scheduled arrival time for each station of
the target vehicle, and displays the calculated scheduled
arrival time on a display screen installed in each station.

[0021]

According to a tenth aspect of the invention, there

is provided a wvehicle that travels along a track,



including: a vehicle position acguisition unit that
acquires positions of a plurality of vehicles including an
own vehicle present on the track; a density calculation
unit that calculates density of the plurality of wvehicles
traveling within a predetermined range on the track; and a
departure determination unit that adjusts a departure time
at a stop station of the own vehicle on the basis of one
or both of front direction density indicating density of
other vehicles traveling within a predetermined range in
front in a travel direction of the own vehicle, and rear
direction density indicating density of other wvehicles
traveling within a predetermined range at the rear in the
travel direction of the own vehicle.

[0022]

According to an eleventh aspect of the invention,
there 1is provided an operation management method for
managing an operation of a plurality of vehicles traveling
along a track, the operation management method including
the steps of: acquiring positions of the plurality of
vehicles present on the track; calculating front direction
density indicating density of vehicles traveling within a
predetermined range in front in a travel direction of a
predetermined target vehicle, and rear direction density
indicating density of vehicles traveling within a

predetermined range at the rear in the travel direction of
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the target wvehicle; and adjusting a departure time at a
stop station of the target vehicle on the basis of one or
both of the front direction density and the rear direction
density.

[0023]

According to a thirteenth aspect of the invention,
there is provided a program that causes a computer of an
operation management device that manages an operation of a
plurality of vehicles traveling along a track to function
as: vehicle position acguisition means for acquiring
positions of the plurality of vehicles present on the
track; density calculation means for calculating density
of the plurality of vehicles traveling within a
predetermined range on the track; and time adjustment
means for adjusting a departure time at a stop station of
a predetermined target vehicle on the basis of one or both
of front direction density indicating density of wvehicles
traveling within a predetermined range in front 1in a
travel direction of the target vehicle, and rear direction
density indicating density of vehicles traveling within a
predetermined range at the rear in the travel direction of

the target vehicle.

Advantageous Effects of Invention

[0024]
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According to the operation management device, the
operation management method, the wvehicle, the wvehicular
traffic system, and the program, when the provision of the
transportation service using vehicles becomes nonuniform,
an effect of resolving this can be obtained more rapidly.
Further, even when an unexpected event, such as a case in
which a certain vehicle 1is suddenly withdrawn to the
vehicle depot or a case in which there is a failure
vehicle on the 1line, occurs, it is possible to continue
the operation without ©performing adjustment of the
timetable.

Brief Description of Drawings

[0025]

Fig. 1 is a diagram illustrating a functional
configuration of a vehicular traffic system according to a
first embodiment of the present invention.

Fig. 2 1s a diagram illustrating functions of a
density calculation wunit and a departure determination
unit according to the first embodiment of the present
invention.

Fig. 3 is a flowchart illustrating a process flow of
an operation management device according to the first
embodiment of the present invention.

Fig. 4A is a first diagram illustrating effects of a

vehicular traffic system according to the first embodiment
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of the present invention.

Fig. 4B is a second diagram illustrating effects of
the wvehicular traffic system according to the first
embodiment of the present invention.

Fig. 5A 1s a third diagram illustrating effects of
the wvehicular traffic system according to the first
embodiment of the present invention.

Fig. 5B is a fourth diagram illustrating effects of
the wvehicular traffic system according to the first
embodiment of the present invention.

Fig. 6 is a flowchart illustrating a process flow of
an operation management device according to a second
embodiment of the present invention.

Fig. 7 is a diagram i1illustrating effects of a
vehicular traffic system according to the second
embodiment of the present invention.

Fig. 8 is a diagram illustrating a functional
configuration of a vehicular traffic system according to a
third embodiment of the present invention.

Fig. 9A 1s a first diagram illustrating effects of
the wvehicular traffic system according to the third
embodiment of the present invention.

Fig. 9B is a second diagram illustrating effects of
the wvehicular traffic system according to the third

embodiment of the present invention.
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Fig. 10A is a third diagram illustrating effects of
the wvehicular traffic system according to the third
embodiment of the present invention.

Fig. 10B is a fourth diagram illustrating effects of
the wvehicular traffic system according to the third
embodiment of the present invention.

Fig. 11 1is a diagram illustrating a functional
configuration of a vehicular traffic system according to a
fourth embodiment of the present invention.

Fig. 12 is a diagram illustrating a functional
configuration of a vehicular traffic system according to a
fifth embodiment of the present invention.

Fig. 13 is a first diagram illustrating a function
of a spacing adjustment unit according to the fifth
embodiment of the present invention.

Fig. 14 is a second diagram illustrating a function
of the spacing adjustment wunit according to the fifth
embodiment of the present invention.

Fig. 15 is a flowchart illustrating a process flow
of an operation management device according to the fifth
embodiment of the present invention.

Fig. 16 1is a diagram illustrating a functional
configuration of a vehicular traffic system according to a
sixth embodiment of the present invention.

Fig. 17 1is a diagram illustrating a functional

- 14 -



configuration of a vehicular traffic system according to a
seventh embodiment of the present invention.

Fig. 18 is a diagram illustrating a functional
configuration of a vehicular traffic system according to
an eighth embodiment of the present invention.

Fig. 19 1is a diagram illustrating a functional
configuration of a vehicular traffic system according to
another embodiment.

Description of Embodiments

[0026]
<First Embodiment>

Hereinafter, a vehicular traffic system according to
a first embodiment of the present invention will be
described with reference to the drawings.

Fig. 1 is a diagram illustrating a functional
configuration of a vehicular traffic system according to a
first embodiment of the present invention. In Fig. 1,
reference sign 1 indicates a vehicular traffic system.

[0027]

(Configuration of entire vehicular traffic system)

First, an entire configuration of the wvehicular
traffic system 1 will be described.

As illustrated in Fig. 1, a vehicular traffic system
1 according to the ©present embodiment includes an

operation management device 10, and a plurality of
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vehicles 201, 202, .., and 20n (n is an integer equal to or
greater than 2) that travel along a track 3. The
operation management device 10 is called a ground facility,
and 1is a device for controlling an operation of the
plurality of vehicles 201, 202, .., and 20n.

The operation management device 10 according to the
present embodiment is a functional unit that transmits a
departure instruction to each of the vehicles 201, 202, ..,
and 20n on the basis of a determination of the departure
determination wunit 102 to be described below. The
operation management device 10 transmits the departure
instruction to each of the wvehicles 201 to 20n wusing
wireless communication means or the 1like. Each of the
vehicles 201 to 20n operates on the basis of the departure
instruction received from the operation management device
10.

In an actual operation of the wvehicle, operation
control based on a security device (interlocking device)
or a signal 1s further added. However, a case in which
the operation control of the vehicles 201 to 20n is simply
performed on the basis of the operation management device
10 will be described for simplification of the description
of the present embodiment (a case in which the security
device or the like 1is used will be described below with

reference to Fig. 19.)
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[0028]

The vehicles 201, 202, .., and 20n constitute a train
that travels along the track 3 (line). The vehicles 201
to 20n travel while arriving at and departing from a
plurality of stations (not illustrated in Fig. 1) provided
along the track 3 according to an operation instruction
received from the operation management device 10. Further,
predetermined position detection devices (not illustrated)
are provided at regular intervals in the track 3, and each
of the vehicles 201 to 20n communicates with the position
detection device, and thus, can recognize a position on
the track 3 in which the own vehicle travels.

This function will be described in greater detail.
Each of the wvehicles 201 to 20n includes its own line
database. Also, each of the wvehicles 201 to 20n has a
function of measuring the number of tire rotations of the
own vehicle to calculate a travel distance and recognizing
a current position of the own vehicle. However, in this
case, the current position recognized from the number of
tire rotations may deviate from an actual position due to
tire slip. Each of the vehicles 201 to 20n corrects the
deviation through a comparison with a position detection
device placed on the ground, and accurately recognizes a
position on the track 3 1in which the own wvehicle 1is

traveling.
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[0029]

Here, in a high density line section as arranged in
an inner city portion (a 1line in which the number of
operations of the wvehicle is relatively large), it may be
important for the vehicle to arrive and depart at regular
time intervals, rather than coming and going according to
a timetable. That 1s, a passenger does not use a
transportation service with recognition of a definite
arrival and departure time, and there are a number of
passengers using the transportation service with
recognition of an approximate travel time to a destination
station on the basis of a time interval of coming and
going of the vehicle. In this case, the passenger lays
weight on the vehicle coming and going at desired time
intervals, rather than the vehicle departing and arriving
on time. Here, in operation control to perform timetables
change work to eliminate disturbance of the operation, the
timetable changing work consumes time. Accordingly, as a
result, it takes excessive time to eliminate the
disturbance of the operation. It 1is believed that an
appropriate transportation service <can be provided to
passengers by rapidly uniformizing the time intervals
among the respective vehicles regardless of the timetable.
Accordingly, the wvehicular traffic system 1 according to

the present embodiment has a function of more rapidly
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uniformizing the time intervals among the respective
vehicles on the basis of the operation of the operation
management device 10 to be described below when a delay
occurs in a specific wvehicle and provision of the
transportation service is nonuniform.

[0030]

(Configuration of operation management device)

Next, a configuration of the operation management
device 10 will be described.

As illustrated in Fig. 1, the operation management
device 10 according to the present embodiment includes a
vehicle position acquisition unit 100, a density
calculation unit 101, and a departure determination unit
102.

[0031]

The vehicle position acquisition wunit 100 1is a
functional unit that acquires positions of the plurality
of wvehicles 201 to 20n present on the track 3. Each of
the wvehicles 201 to 20n can communicate with a position
detection device (not illustrated) provided on the track 3
to recognize a position on the track 3 in which the own
vehicle 1is traveling, as described above. Also, the
respective vehicles 201 to 20n sequentially transmit
“position information” indicating the positions of the own

vehicles to the operation management device 10 through
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wireless communication. The vehicle position acquisition
unit 100 of the operation management device 10 receives
the position information of the respective vehicles 201 to
20n to acquire the positions of the wvehicles 201 to 20n.
Further, in another embodiment, each of the wvehicles 201

to 20n may transmit the position information to the

operation management device 10 through priority
communication.
[0032]

The density calculation wunit 101 is a functional
unit that calculates density of the plurality of vehicles
201 to 20n that travel within a predetermined range on the
track 3. Specifically, the density calculation unit 101
acquires the number of vehicles traveling within the
predetermined range on the basis of the positions of the
respective vehicles 201 to 20n acquired by the wvehicle
position acquisition unit 100. The density calculation
unit 101 stores the number of vehicles as the “density” of
the wvehicles traveling within the predetermined range. A
specific function of the density calculation unit 101 will
be described below.

[0033]

The departure determination unit 102 is a functional
unit that adjusts a departure time at a stop station of a

predetermined target vehicle 20i (1 1s an integer
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satisfying 1 £ i <[n, the same applies below) on the basis
of one or both of a “front direction density Df” and a
“rear direction density Dr” of the target vehicle 20i.
Here, “to adjust a departure time” 1is specifically to
adjust a departure time by changing a time to transmit a
departure instruction to the target vehicle 20i.

Here, the front direction density Df is density of
the vehicles traveling in the predetermined range at the
front in the travel direction of the target vehicle 20i.
Further, the rear direction density Dr is density of
vehicles traveling within a predetermined range at the
rear in the travel direction of the target vehicle 20i.
Specifically, the departure determination unit 102
performs a ©process of suspending transmission of the
departure instruction of the target vehicle 20i wuntil
predetermined condition is satisfied on the basis of one
or both of the “front direction density Df” and the “rear
direction density Dr”. Also, the departure determination
unit 102 performs a process of transmitting the departure
instruction at a timing at which the predetermined
condition has been satisfied. The target wvehicle 201
departs from the stop station at a timing at which the
departure instruction has been received (more precisely,
requirements for another departure have been satisfied).

Also, 1in another embodiment, instead of the above
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aspect, the departure determination unit 102 may perform a
process of continuing to transmit a predetermined
“departure suspending instruction” while the predetermined
condition has been not satisfied, and stopping the
transmission of the departure suspending instruction
(releasing the departure suspending instruction) at a
timing at which the predetermined condition has Dbeen
satisfied. 1In this case, the target vehicle 20i does not
depart while continuing to receive the departure
suspending instruction, and departs from the stop station
at a timing at which the departure suspending instruction
has been released.

Specific content of predetermined condition on the
basis of one or both of “front direction density Df” and
“rear direction density Dr” will be described below.

[0034]

(Functions of density calculation unit and departure
determination unit)

Fig. 2 1is a diagram illustrating functions of the
density calculation unit and the departure determination
unit according to the first embodiment of the present
invention. Further, vehicles 201 to 204 illustrated in
Fig. 2 are vehicles that travel along a first track 3a
from the left of a paper surface to the right. On the

other hand, a vehicle 205 is a vehicle that travels along
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a second track 3b different from the first track 3a from
the right of the ©paper surface to the left. The
respective vehicles 201 to 205 travel in the respective
travel directions while arriving at and departing from
each station illustrated in Fig. 2. Further, a plurality
of branches 3c are provided between the first track 3a and
the second track 3b, and each of the vehicles 201 to 205
may follow a path to and from the first track 3a and the
second track 3b via the branch 3c.

[0035]

Hereinafter, the function of the density calculation
unit 101 will be described with reference to Fig. 2.

The density <calculation wunit 101 calculates the
“front direction density Df” and the “rear direction
density Dr” for each of the vehicles 201 to 20n on the
basis of the position information of each of the vehicles
201 to 20n acquired by the vehicle position acquisition
unit 100. Specifically, the density calculation unit 101
according to the present embodiment acquires the number of
the vehicles 201 to 20n which travel within the range from
the nearest position in front in the travel direction of
the specific target vehicle 20i to kf stations in front in
the travel direction (kf is an integer equal to or greater
than 1), and calculates the front direction density Df of

the target vehicle 20i to be “Df = number of vehicles/kf”.
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Similarly, the density calculation unit 101 acgquires the
number of the vehicles 201 to 20n which travel within the
range from the nearest position at the rear in the travel
direction of the target wvehicle 20i to kr stations at the
rear in the travel direction (kr is an integer equal to or
greater than 1), and calculates the rear direction density
Dr of the target vehicle 20i to be “Dr = number of
vehicles/kr”. Further, 1in the following description, a
range from the nearest position in front in the travel
direction of the target vehicle 201 to front kf stations
in the travel direction is referred to as a “wvehicle 201
front region”. Further, a range from the nearest position
at the rear in the travel direction of the target wvehicle
20i to rear kr stations 1in the travel direction 1is
referred to as a “vehicle 201 rear region”.

[0036]

Fig. 2 illustrates, for example, a case in which the
target wvehicle 20i is the wvehicle 203, and the density
calculation unit 101 obtains the front direction density
Df and the rear direction density Dr of the vehicle 203
within the range of three stations (kf = 3) in front in
the travel direction of the vehicle 203 and three stations
(kr = 3) at the rear thereof. The vehicle 203 stops at a
station H4, as illustrated in Fig. 2. In this case, a

front region of the vehicle 203 is a range determined to
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be a section from a nearest position in front in the
travel direction of the own vehicle to a station H7 (Fig.
2) . On the other hand, a rear region of the wvehicle 203
is a range determined to be a section from a nearest
position at the rear in the travel direction of the own
vehicle to the station H3 (Fig. 2). Further, the front
region of the wvehicle 203 and the rear region of the
vehicle 203 move to follow the travel of the vehicle 203.
For example, if the vehicle 203 has moved from the station
H4 to the station H5, the front region of the wvehicle 203
includes three stations (stations H6 to H8 (the station HS8
is not illustrated)) in front in the travel direction from
the station H5, and the rear region of the vehicle 203
includes the three stations (stations H2 to H4) at the
rear in the travel direction from the station H5.

[0037]

According to the example illustrated 1in Fig. 2,
another vehicle 202 1is present in the front region (kf =
3) of the wvehicle 203. Accordingly, the density
calculation wunit 101 <calculates the front direction
density Df to be “1/3”. Another vehicle 204 is present in
the rear region (kr = 3) of the vehicle 203. Accordingly,
the density calculation wunit 101 calculates the rear
direction density Dr to be “1/3”. Further, when the

density calculation unit 101 calculates the front
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direction density Df, the density calculation wunit 101
considers only the wvehicles 201 to 20n that travel in
advance along a path along which the wvehicle 203 1is
scheduled to travel. Accordingly, in the example
illustrated in Fig. 2, in the calculation of the front
direction density Df of the wvehicle 203, the wvehicle 205
traveling a path (second track 3b) different from the path
(first track 3a) along which the wvehicle 203 is scheduled
to travel 1is not considered. Further, in the calculation
of the rear direction density Dr, the other vehicles 201
to 20n traveling along the path (second track 3b)
different from the path (first track 3a) along which the
vehicle 203 has travelled is not considered.

[0038]

Next, a function of the departure determination unit
102 will be described.

The departure determination wunit 102 adjusts a
departure time at a stop station of the target vehicle 201
on the basis of the front direction density Df and the
rear direction density Dr of the target vehicle 201i.
Specifically, when a front and rear direction density
difference AD that is a value obtained by subtracting the
rear direction density Dr from the front direction density
Df exceeds a predetermined density difference threshold

value o (00 1is a value greater than or equal to 0) (AD > o),
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the departure determination unit 102 suspends trans mission
of the departure instruction to the target vehicle 20i
until a condition that the front and rear direction

density difference AD is equal to or less than the density

difference threshold value a ( AD < aq) is satisfied, to

delay the departure time of the target vehicle 20i.

[0039]
Here, the density difference threshold value a is
assumed to have been set to “0”. In this case, acc ording

to the example illustrated in Fig. 2, the departure

determination unit 102 calculates the front and rea r
direction density difference AD to be * AD = 0 (= Df-Dr)”

from the front direction density Df = 1/3 and the r ear
direction density Dr = 1/3 for the vehicle 203 that is the
target vehicle 20i. Then, the vehicle 203 satisfie s AD <
a (= 0), and thus, the departure determination unit 102
transmits the departure instruction to the vehicle 203 at
a predetermined timing of departure. The vehicle 2 03
receives the departure instruction and departs from the

stop station H4.

[0040]

Here, in the above description, in the departure
determination unit 102, a condition that the transm ission
of the departure instruction to the target vehicle 20i is

suspended are AD > qa, and a condition that the departure
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instruction is transmitted to the target vehicle 20i are
also AD £ o. However, 1in the departure determination unit
102 according to another embodiment, the condition that
the transmission of the departure instruction to the
target vehicle 20i is suspended may be AD > o, and the
condition that the departure instruction is transmitted to
the target vehicle 20i may be AD < B (< o) using B
different from .

By doing so, a period in which the departure
instruction is suspended is set to be longer, and thus, it
is possible to reduce a frequency at which adjustment is
performed.

[0041]

(Process flow of operation management device according to
first embodiment)

Fig. 3 is a flowchart illustrating a process flow of
the operation management device according to the first
embodiment of the present invention.

The operation management device 10 according to the
present embodiment executes the ©process flow to Dbe
described below (Fig. 3) using the vehicle position
acquisition unit 100, the density calculation unit 101,
and the departure determination unit 102 described above.
Further, the process flow in Fig. 3 1is a process flow

until the departure instruction 1s transmitted to the
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target vehicle 20i which has stopped at a predetermined
station.

[0042]

In the operation management device 10 according to
the present embodiment, a minimum stop time Tmin which 1is
a period of time in which each of the wvehicles 201 to 20n
should at 1least stop at the stop station in order to
ensure a time taken for a passenger to get on or off is
defined in advance. The departure determination unit 102
of the operation management device 10 first determines
whether the minimum stop time Tmin has elapsed after
receiving a notification indicating that the target
vehicle 201 arrives at the stop station (step S10). Here,
when the minimum stop time Tmin has not elapsed (“NO” in
step S10), the process does not proceed to the next step
until the minimum stop time Tmin elapses.

[0043]

If the minimum stop time Tmin has elapsed (“YES” in
step S10), the wvehicle position acquisition unit 100 of
the operation management device 10 first acquires the
position information of the respective vehicles 201 to 20n
traveling along the track 3 from the vehicles 201 to 20n
(step S11). Further, as described above, each of the
vehicles 201 to 20n can appropriately acquire, for example,

the number of tire rotations of the own vehicle, or
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position information indicating an exact position of the
own vehicle Dby communicating with position detection
devices (not illustrated) provided at regular intervals in
the track 3. Here, the position information 1is, for
example, information represented in km on the track 3.
Specifically, each of the vehicles 201 to 20n acquires a
position (km) in which the position detection device has
been installed on the tracks 3 through the communication
with the position detection device, and uniquely defines
the position (km) of the own vehicle on the basis of an
elapsed time from a timing of the communication, a travel
speed, or the like.

Further, means with which the wvehicle ©position
acquisition unit 100 acquires the position information of
each of the vehicles 201 to 20n is not limited to the
above-described embodiment. For example, the position of
each of the wvehicles 201 to 20n may be acquired from
predetermined coordinate information received by the
respective vehicles 201 to 20n from a satellite on the
basis of a GPS (Global Positioning System).

[0044]

Then, the density calculation unit 101 calculates
the front direction density Df and the rear direction
density Dr for the target vehicle 20i on the basis of the

position information of each of the wvehicles 201 to 20n
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acquired in step S11 (step S12). Also, the departure
determination wunit 102 <calculates the front and rear
direction density difference AD on the basis of the front
direction density Df and the rear direction density Dr
calculated in step S12, and determines whether the front
and rear direction density difference AD is equal to or
less than the density difference threshold wvalue o (step
S13). Here, when the condition that the front and rear
direction density difference AD is equal to or less than
the density difference threshold wvalue o is not satisfied
("NO” in step S13), the departure determination unit 102
proceeds to step S11 and performs the process of acquiring
the ©position information and calculating the front
direction density Df and the rear direction density Dr
again. On the other hand, when the condition that the
front and rear direction density difference AD is equal to
or less than the density difference threshold wvalue o 1is
satisfied (“YES” in step S13), the departure determination
unit 102 immediately transmits the departure instruction
to the target vehicle 20i (step S14).

[0045]

The operation management device 10 executes the
above-described process flow to realize a process of
suspending departure of the target vehicle 20i when the

front and rear direction density difference AD is greater
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than the density difference threshold wvalue o and
transmitting the departure instruction to the target
vehicle 20i at a time at which the front and rear
direction density difference AD is less than the density
difference threshold value «.

[0046]

Further, 1in the example of the above-described
flowchart, the departure determination unit 102 of the
operation management device 10 first determines whether
the minimum stop time Tmin has elapsed to detect that the
minimum stop time Tmin has elapsed in step S10, and then,
performs the departure determination based on the
determination of the front direction density Df, the rear
direction density Dr, and the front and rear direction
density difference AD (steps S11 to S13). However, other
embodiments are not limited to such a processing order.
For example, the operation management device 10 may
perform the determination as to whether the minimum stop
time Tmin has elapsed (step S10) after the determination
of the front and rear direction density difference AD has
been performed or may perform the determination
simultaneously with and in parallel to the determination
of the front and rear direction density difference AD.
More specifically, for example, the operation management

device 10 first performs the process in steps S11, S12,
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and S13, and repeats the process when the determination of
the front and rear direction density difference AD is NO
in step S13. Also, the operation management device 10 may
then perform the determination as to whether the minimum
stop time Tmin has elapsed (step S10) when the
determination 1is YES 1in step S13, and may perform a
process of executing steps S11, S12, and S13 again when
the determination is NO.

By doing so, the process of comparing the front
direction density with the rear direction density (steps
S11 to S13) 1is performed without waiting for the minimum
stop time Tmin, and thus, it is possible to include a time
required for the process itself in the waiting time of
Tmin, and to eliminate a delay of departure instruction
transmission.

[0047]

(Effects of operation management device according to first
embodiment)

Figs. 4A and 4B are first and second diagrams
illustrating effects of the vehicular traffic system
according to the first embodiment of the present invention.
The respective vehicles 201 to 204 illustrated in Figs. 4A
and 4B are vehicles that travel along a first track 3a
from the left of a paper surface to the right. Figs. 5A

and 5B are third and fourth diagrams illustrating effects
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of the wvehicular traffic system according to the first
embodiment of the present invention. The respective
vehicles 201 to 205 illustrated in Figs. 5A and 5B are
vehicles that travel along the first track 3a from the
left of a paper surface to the right, as in Figs. 4A and
4B.

[0048]

The operation management device 10 of the vehicular
traffic system 1 according to the present embodiment
performs operation management so that the vehicles 201 to
20n operate at equal intervals on the basis of the
processes of the respective functional wunits of the
vehicle position acquisition unit 100, the density
calculation unit 101, and the departure determination unit
102 described above. Here, specific effects of the
operation management of the operation management device 10
according to the present embodiment will be described with
reference to Figs. 4A and 4B and Figs. 5A and 5B. Further,
in an example described with reference to Figs. 4A and 4B
and Figs. 5A and 5B, the example 1is focused on the
operation of the wvehicle 203 as the target vehicle 20i,
and it is assumed that kf = kr = 3 and a = 0, as in the
example illustrated in Fig. 2.

[0049]

First, effects of the operation management performed
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in consideration of the front direction density Df will be
described with reference to Figs. 4A and 4B.

In Fig. 4A, a state in which a wvehicle (not
illustrated) that travels in front in the travel direction
of the wvehicle 201 traveling on the first track 3a suffers
from any trouble and the departure time is delayed in the
vehicular traffic system 1 is illustrated. As illustrated
in Fig. 44, vehicle spacing between the wvehicle 201 and
the vehicle 202 is shorter than a normal vehicle spacing
under the influence of the delay of the departure time.
Here, the description 1is focused on the vehicle 203
illustrated in Fig. 4A. The density calculation unit 101
detects that two wvehicles including the vehicle 201 and
the wvehicle 202 are present in the front region of the
vehicle 203 on the basis of the position information
acquired through the vehicle position acquisition unit 100.
Similarly, the density calculation unit 101 detects that
one vehicle including the wvehicle 204 1is present in the
rear region of the wvehicle 203 on the basis of the
acquired position information. Also, the density
calculation wunit 101 <calculates the front direction
density Df for the wvehicle 203 to be “2/3” the rear
direction density Dr to be “1/3”.

[0050]

Then, the departure determination unit 102
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calculates the front and rear direction density difference
AD (= Df-Dr) to be “AD = +1/3” from the front direction
density Df and the rear direction density Dr calculated by
the density calculation wunit 101. Thus, since the
condition (AD < o) that the front and rear direction
density difference AD (= +1/3) 1is equal to or less than
the density difference threshold wvalue o (= 0) 1is not
satisfied, the departure determination unit 102 suspends
the transmission of the departure instruction to the
vehicle 203. In the example illustrated in Fig. 4A,
although there are no other wvehicles 201 to 20n stop at a
station H5, the wvehicle 203 intentionally waits at the
stop station H4 without proceeding to the station H5.

[0051]

Then, the vehicular traffic system 1 transitions
from the state illustrated in Fig. 4A to a state
illustrated in Fig. 4B. Here, Fig. 4B illustrates a state
immediately after the wvehicle 201 has departed from the
station H7 in front in the travel direction of the vehicle
203. Then, the wvehicle in the front region of the wvehicle
203 1is only one vehicle including the vehicle 202. Thus,
the density calculation wunit 101 calculates the front
direction density Df of the wvehicle 203 to be “1/3”.
Subsequently, the departure determination unit 102

calculates the front and rear direction density difference
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AD (= Df-Dr) to be “AD = 0”. Thus, since the condition
(AD < o) that the front and rear direction density
difference AD (= 0) 1is equal to or less than the density
difference threshold wvalue o (= 0) 1is satisfied, the
departure determination unit 102 immediately transmits the
departure instruction to the wvehicle 203 (at this point,
the minimum stop time Tmin is assumed to have elapsed).
The wvehicle 203 receives the departure instruction from
the departure determination unit 102 and departs from the
stop station HA4.

[0052]

According to the vehicular traffic system 1 of the
present embodiment, when the operation of the vehicles 201
to 20n becomes nonuniform due to vehicle’s trouble or the
like (Fig. 4A), the operation management device 10
performs the operation management as described above, and
thus, 1t 1is possible to rapidly uniformize the wvehicle
spacing. For example, in the case of a conventionally
used operation management device, the vehicle 203 departs
from the station H4 toward the station H5 according to a
determined timetable even when the vehicle spacing in
front of the wvehicle 203 becomes short as illustrated in
Fig. 4A. As a result, the wvehicles 201 to 203 enter a
more overcrowded state (overcrowding state), causing

nonuniform provision of a transportation service. Further,
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once the wvehicles enter such an overcrowded state, it
takes time to return to normal vehicle spacing.

[0053]

On the other hand, according to the wvehicular
traffic system 1 of the present embodiment, in the example
illustrated in Figs. 4A and 4B, the density calculation
unit 101 detects a state of the density of the other
vehicles 201 and 202 that are in the range of the front
region of the wvehicle 203. Also, 1f the vehicles are
“dense” in the region, the departure determination unit
102 immediately suspends the departure of the vehicle 203
even though the next station is available, and thus it is
possible to prevent a more overcrowded state (overcrowding
state) in advance. Further, when a delay is generated in
front of the wvehicle 203, according to the conventional
operation management device, the departure time of the
vehicle 203 1is adjusted on the basis of vehicle spacing
with the nearest vehicle 202 in front of the vehicle 203,
whereas according to the vehicular traffic system 1 of the
present embodiment, the departure of the vehicle 203 is
determined on the basis of departure of the vehicle 201
from the station H7, as in Fig. 4B. That is, when it is
determined that the wvehicles is out of the “dense” state
in the front region of the wvehicle 203, the departure

determination unit 102 immediately transmits the departure
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instruction to the wvehicle 203 regardless of the wvehicle
spacing between the vehicle 203 and the wvehicle 202
traveling in a nearest position. This process implicitly
involves prediction that if the vehicle spacing between
the vehicle 203 and the vehicle 202 has been small, there
is some room in the vehicle spacing between the wvehicle
202 and the wvehicle 201, and thus, the wvehicle 202 will
smoothly travel.

[0054]

That 1is, when the wvehicular traffic system 1
according to the present embodiment detects that the
vehicles enter a “dense” state in the target vehicle 20i
front region, the vehicular traffic system 1 immediately
delays the departure and prevents a more overcrowded state
(overcrowding state) 1in advance. Further, when it 1is
determined that the vehicle 20i front region is out of the
“dense” state, the target vehicle 20i is caused to depart
without waiting for the vehicle spacing between the target
vehicle 20i and the vehicles 201 to 20n traveling 1in a
nearest position in front in the travel direction of the
target vehicle 20i increases. Thus, the vehicular traffic
system 1 according to the present embodiment determines,
for the target vehicle 20i, the departure/stop of the
target vehicle 201 from a step before the vehicles 201 to

20n enter the overcrowded state on the basis of the
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vehicle density in the vehicle 20i front region, and thus,
when provision of a transportation service Dbecomes
nonuniform, it is possible to shorten the time to solve
this.

[0055]

Next, the effects of +the operation management
performed in consideration of the rear direction density
Dr will be described with reference to Figs. 5A and 5B.

Fig. b5A illustrates a state in which two vehicles
including the wvehicles 201 and 202 travel in the front
region of the wvehicle 203 and two vehicles including the
vehicles 204 and 205 travel in the rear region of the
vehicle 203 in the vehicular traffic system 1. Here, the
front direction density Df and the rear direction density
Dr of the wvehicle 203 are “Df = 2/3” and “Dr = 2/3”,
respectively, and the vehicle 203 satisfies the departure
condition AD £ o (= 0). Thus, the departure determination
unit 102 transmits the departure instruction to the
vehicle 203 after the minimum stop time Tmin has elapsed.

[0056]

Here, a delay of the departure time 1is assumed to
occur in the vehicle 205 (which stops at the station HI1)
located in the rear of the wvehicle 203. Then, the
vehicles other than the vehicle 205 travel, and

accordingly, the respective vehicles 201 to 205 enter the

- 40 -



state illustrated in Fig. 5B. As illustrated in Fig. b5B,
as a result of the delay, the wvehicle 205 is out of the
rear region of the vehicle 203 and only the wvehicle 204 is
included, and thus, the rear direction density Dr of the
vehicle 203 becomes “Dr = 1/3”. Then, the front direction
density Df and the rear direction density Dr are “Df =
2/3” and “Dr = 1/3”, respectively, and the vehicle 203
does not satisfy the departure condition AD < o (= 0).
Thus, the departure determination unit 102 suspends the
transmission of the departure instruction to the wvehicle
203 in the stop station H5.

[0057]

Thus, in the example illustrated in Figs. 5A and 5B,
the vehicle 203 detects a state of the density of the
other vehicles 204 and 205 that are within the range of
the rear region of the wvehicle 203, and immediately
suspends the departure when the region 1is “uncrowded”,
thereby preventing a further uncrowded state (uncrowded
state) 1in advance. Further, when the delay 1is generated
in the rear of the vehicle 203, the departure time of the
vehicle 203 1s adjusted on the basis of the wvehicle
spacing between the vehicle 203 and the rear nearest
vehicle 204 according to the conventional operation
management device, whereas according to the wvehicular

traffic system 1 of the present embodiment, when the
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vehicle 205 arrives at the station H2 after the state of
Fig. 5B, the departure of the wvehicle 203 1is determined
regardless of the wvehicle spacing between the vehicle 203
and the vehicle 204.

[0058]

Thus, the vehicular traffic system 1 according to
the present embodiment determines departure/stop of the
target vehicle 20i from a step before each of the vehicles
201 to 20n enters a uncrowded state on the basis of the
vehicle density in the wvehicle 20i rear region for the
target wvehicle 20i, and thus, when the provision of the
transportation service becomes nonuniform, it is possible
to advance a time wuntil the nonuniform provision is
resolved.

[0059]

Further, a case in which the preceding vehicle 201
has been out of the front region of the wvehicle 203 before
the vehicle 205 belongs to the vehicle 203 rear region due
to the stop of the wvehicle 203 in the example illustrated
in Fig. 5B will be described. In this case, the front
direction density Df and the rear direction density Dr for
the vehicle 203 are “Df = 1/3” (only one vehicle 202) and
“Dr = 1/3” (only one vehicle 204), respectively.
Accordingly, in this case, since condition that the front

and rear direction density difference AD is equal to or
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less than the density difference threshold value o (AD <
o) 1is satisfied, the departure determination wunit 102
immediately transmits the departure instruction to the
vehicle 203 (at this time, the minimum stop time Tmin is
assumed to elapse).

[0060]

Here, in Fig. 5B, the departure determination unit
102 suspends departure of the wvehicle 203 in order to
prevent the rear region of the vehicle 203 from entering
an uncrowded state (uncrowding state), and as a result,
this time, the front region of the vehicle 203 may enter
uncrowded state. Accordingly, the departure determination
unit 102 transmits a departure instruction to the vehicle
203 even when the preceding vehicle 201 is out of the
front region of the wvehicle 203 before the wvehicle 205
belongs to the vehicle 203 rear region as described above,
such that the front direction density Df and the rear
direction density Dr become uniform as much as possible.
Thus, the departure determination unit 102 determines a
transmission timing of the departure instruction on the
basis of information of Dboth of the front direction
density Df and the rear direction density Dr, and thus, it
is possible to more effectively suppress nonuniform
provision of the transportation service.

[0061]
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As described above, according to the wvehicular
traffic system 1 of the first embodiment of the present
invention, when the ©provision of the transportation
service using vehicles becomes nonuniform, the adjustment
of the departure time of each of the vehicles 201 to 20n
is performed from a step before the wvehicles enter the
overcrowded state or the uncrowded state, and thus, it 1is
possible to resolve such a state more rapidly.

Further, according to the wvehicular traffic system 1,
the departure time is adjusted so as to prevent each
vehicle from entering the overcrowded state and the
uncrowded state, and thus, for example, even when it 1is
difficult for some vehicles to operate due to their
failure, other vehicles can wait for while maintaining the
vehicle spacing not to enter the overcrowded state and the
uncrowded state according to the stop of the failure
vehicles.

[0062]

Further, the examples (Figs. 4A, 4B, 5A, and 5B)
used in the above description are examples simplified for
convenience of description, and application of the
vehicular traffic system 1 according to the present
embodiment is not limited to such examples. For example,
while the density calculation wunit 101 calculates the

front direction density Df and the rear direction density
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Dr in a range corresponding to three stations in front of
the target vehicle 20i and three stations at the rear
thereof (kf = kr = 3) in the above description, a wider
range, for example, ten stations in front of the target
vehicle and ten stations at the rear thereof (kf = kr =
10), may be set in the case of a route including tens of
stations. Further, the wvalues of kf and kr may be
different.

[0063]

Further, while the density calculation wunit 101
according to the present embodiment has calculated the
front direction density Df and the rear direction density
Dr using the number of vehicles present within the range
corresponding to the front kf stations and the rear kr
stations in the travel direction in the position in which
the target vehicle 20i is present, the density calculation
unit 101 according to another embodiment of the present
invention is not limited to such an aspect. The density
calculation unit 101 according to another embodiment may
calculate the front direction density Df and the rear
direction density Dr, for example, using the number of
vehicles present within a predetermined line distance in
the track 3 (for example, 10 km in front of the target
vehicle 20i and 10 km at the rear thereof).

Similarly, the density calculation wunit 101 may
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calculate the front direction density Df and the rear
direction density Dr using the number of vehicles present
within a predetermined 1line section divided at regular
intervals 1in the track 3 (for example, 10 sections in
front of the target wvehicle 20i and 10 sections at the
rear thereof). Thus, even when the spacing between
stations installed in the track 3 is greatly nonuniform,
the adjustment of the departure time can be appropriately
performed on the basis of the density of the vehicles in
an actual line distance or line section.

Further, the density calculation unit 101, for
example, may calculate an inter-vehicle distance L from a
third vehicle through counting from the nearest position
in front (at the rear) 1in the travel direction of the
target wvehicle 20i, and calculate the front direction
density Df (the rear direction density Dr) for the target
vehicle 20i on the basis of the inter-vehicle distance L.
In this case, the density calculation wunit 101 may
calculate, for example, the front direction density Df
(the rear direction density Dr) to be “Df(Dr) = 3/L”.

Further, the density calculation unit 101 may obtain
an inter-vehicle distance L1 from a first vehicle through
counting from the nearest position in front (at the rear)
in the travel direction of the target vehicle 20i, an

inter-vehicle distance L2 from a second vehicle, and an
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inter-vehicle distance L3 from a third vehicle, and
calculate the front direction density Df (the rear
direction density Dr) to be Df(Dr) = 1/L1+1/L2+1/L3. BY
doing so, density comparison can be performed in
consideration of the distance of each vehicle located in
front and rear of the target vehicle 20i, and a timing of
departure can be controlled in greater detail.

[0064]

Further, the process of the departure determination
unit 102 of the vehicular traffic system 1 according to
another embodiment of the present invention is not limited
to the aspect in which the departure time is adjusted on
the Dbasis of both of the front direction density Df and
the rear direction density Dr. That 1is, while the
departure determination unit 102 according to the first
embodiment has adjusted the departure time at the stop
station of the target wvehicle 20i on the basis of the
front and rear direction density difference AD (= Df-Dr),
the departure determination unit 102 according to the
other embodiment may adjust the departure time of the
target vehicle 20i, for example, on the basis of only one
of the front direction density Df and the rear direction
density Dr.

[0065]

For example, the departure determination wunit 102
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may adjust the departure time at the stop station of the
target vehicle 201 on the basis of a magnitude
relationship between the front direction density Df and a
predetermined front direction density threshold wvalue Dfth
(Dfth is a wvalue equal to or greater than 0). More
specifically, when the front direction density Df is
greater than the predetermined front direction density
threshold value Dfth (Df > Dfth), the departure
determination unit 102 may suspend the transmission of the
departure instruction until the front direction density Df
is equal to or smaller than the front direction density
threshold wvalue Dfth to delay the departure time at the
stop station of the target wvehicle 20i. Conversely, when
the front direction density Df is smaller than the
predetermined front direction density threshold value Dfth
(Df < Dfth), the departure determination unit 102 advances
a transmission time of the departure instruction until the
front direction density Df is equal to or greater than the
front direction density threshold wvalue Dfth to advance
the departure time at the stop station of the target
vehicle 201i.

[0066]

Similarly, the departure determination unit 102 may
adjust the departure time at the stop station of the

target vehicle 201 on the Dbasis of a magnitude

- 48 -



relationship between the rear direction density Dr and a
predetermined rear direction density threshold wvalue Drth
(Drth is a wvalue equal to or greater than 0). More
specifically, when the rear direction density Dr 1is
smaller than the predetermined rear direction density
threshold value Drth (Dr < Drth), the departure
determination unit 102 may suspend the transmission of the
departure instruction until the rear direction density Dr
is equal to or greater than the rear direction density
threshold wvalue Drth to delay the departure time at the
stop station of the target wvehicle 20i. Conversely, when
the rear direction density Dr 1is greater than the
predetermined rear direction density threshold wvalue Drth
(Dr > Drth), the departure determination unit 102 may
advance a transmission time of the departure instruction
until the rear direction density Dr is equal to or smaller
than the rear direction density threshold wvalue Drth to
advance the departure time at the stop station of the
target vehicle 20i.

[0067]

Thus, even when the operation management of the
respective wvehicles 201 to 20n is performed on the basis
of only any one of the front direction density Df and the
rear direction density Dr, if the provision of the

transportation service becomes nonuniform, an effect of
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advancing a time wuntil this 1is resolved 1is obtained.
Further, since information to be referred to in the
operation management of the respective vehicles 201 to 20n
is only any one of the front direction density Df and the
rear direction density Dr, a load of the process in each
of the vehicle position acquisition unit 100, the density
calculation unit 101, and the departure determination unit
102 can be reduced.

[0068]

Further, while the operation management device 10
according to the present embodiment adjusts the departure
time at the stop station of the target vehicle 20i to
obtain effects of uniformizing the vehicle spacing of the
respective vehicles 201 to 20n, the operation management
device 10 according to the present embodiment 1s not
limited to this process when uniformizing the wvehicle
spacing of the respective vehicles 201 to 20n. For
example, the operation management device 10 decreases the
travel speed of the target vehicle 201 or stops the
vehicle between stations, instead of adjusting the
departure time of the stop station when uniformizing the
vehicle spacing of the respective vehicles 201 to 20n.

[0069]
<Second Embodiment>

Next, a vehicular traffic system according to a
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second embodiment of the ©present invention will Dbe
described. Since a functional <configuration of a
vehicular traffic system 1 according to the second
embodiment is the same as that of the vehicular traffic
system 1 (Fig. 1) according to the first embodiment,
description thereof is omitted.

[0070]

The vehicular traffic system 1 according to the
second embodiment is different from that of the first
embodiment in a process flow executed by the operation
management device 10. Here, the operation management
device 10 according to the first embodiment performs a
process flow in which the operation management device 10
waits for the front and rear direction density difference
AD to be equal to or smaller than the predetermined
density difference threshold value o (AD £ o) on the basis
of both pieces of information including the front
direction density Df and the rear direction density Dr,
and then, transmits the departure instruction to the
target vehicle 20i, as described above. On the other hand,
the departure determination wunit 102 according to the
second embodiment calculates a time for which the target
vehicle 20i should wait at the stop station (waiting time
Tw) from a value of the front and rear direction density

difference AD calculated from the front direction density
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Df and the rear direction density Dr, and transmits the
departure instruction when the waiting time Tw has elapsed.

[0071]

The departure determination unit 102 calculates, for
example, the waiting time Tw as shown in Equation (1) on
the basis of the front and rear direction density
difference AD.

[0072]

[Equation 1]

Tw=gq-AD (AD=0)
Tw=10 (AD <0)

[0073]

Here, the wvalue g 1s a predetermined coefficient
having a wvalue equal to or greater than 0. According to
Equation (1), as the front and rear direction density
difference AD of the target vehicle 20i increases, that is,
as the front is “denser” than the rear, the waiting time
Tw of the target wvehicle 20i increases. Thus, when
density of the other vehicles 201 to 20n is small before
and after the target vehicle 20i, the waiting time Tw 1is
set to be small, and when the density of the other
vehicles 201 to 20n 1is great, the waiting time Tw 1is
accordingly set to be great. Accordingly, the effect of
solving the nonuniformity of the operation of vehicles 201

to 20n is obtained. Further, when the front and rear
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direction density difference AD is smaller than 0 (that is,
when the rear is “denser” than the front), the waiting is
not performed (Tw = 0). For the coefficient g, an optimal
constant obtained from, for example, an empirical rule or
a simulation result may be selected.

[0074]

Further, the coefficient g may be, for example, a
variable based on a “front inter-vehicle distance Lf” and
a “rear inter-vehicle distance Lr” of the target vehicle
201. Here, the “front inter-vehicle distance Lf” is an
inter-vehicle distance between the target vehicle 20i and
the other vehicles 201 to 20n traveling in the nearest
position in front in the travel direction of the target
vehicle 201i. The “rear inter-vehicle distance Lr” 1is an
inter-vehicle distance between the target vehicle 201 and
other vehicles 201 to 20n traveling in the nearest
position at the rear in the travel direction of the target
vehicle 201i. In this case, the departure determination
unit 102 may calculate the coefficient g as shown in
Equation (2) on the Dbasis of the front inter-vehicle
distance Lf and the rear inter-vehicle distance Lr.

[0075]

[Equation 2]
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q=q"(Lf - Lr) (Lf - Lr 2 0) (2)
g=0 (Lf —Lr <0)
[0076]
Here, the wvalue g’ 1is a predetermined coefficient
having a value equal to or greater than 0. According to

Equation (2), as the front inter-vehicle distance Lf 1is
greater than the rear inter-vehicle distance Lr, the wvalue
of the coefficient g tends to increase and the waiting
time Tw tends to increase. Conversely, when the front
inter-vehicle distance Lf is smaller than the rear inter-
vehicle distance Lr, the value of the coefficient g tends
to decrease and the waiting time Tw tends to decrease.
Further, when the rear inter-vehicle distance Lr 1is
greater than the front inter-vehicle distance Lf, the
coefficient g is set to 0 and, in this case, waiting is
not performed (Tw = 0). Effects of the process in which
the departure determination unit 102 determines the
waiting time Tw of the target wvehicle 20i according to
such an algorithm will be described below.

[0077]
(Process flow of operation management device according to
second embodiment)

Fig. 6 is a flowchart illustrating a process flow of

the operation management device according to the second
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embodiment of the present invention.

The operation management device 10 according to the
present embodiment executes the process flow (Fig. 6) to
be described below. Further, the process flow of Fig. 6
is a process flow until the departure instruction is
transmitted to the target wvehicle 20i which stops at a
predetermined station.

[0078]

First, the vehicle position acquisition unit 100 of
the operation management device 10 acquires the position
information of each of the vehicles 201 to 20n traveling
along the track 3 (step S21).

Then, the density calculation wunit 101 calculates
the front direction density Df and the rear direction
density Dr of the target vehicle 201 on the basis of the
position information of each of the wvehicles 201 to 20n
acquired in step S21. Further, the density calculation
unit 101 acquires the front inter-vehicle distance Lf and
the rear inter-vehicle distance Lr of the target wvehicle
201 (step S22). Also, the departure determination unit
102 calculates the front and rear direction density
difference AD on the basis of the front direction density
Df and the rear direction density Dr calculated in step
S22, and calculates the coefficient g (Equation (2)) on

the basis of the front inter-vehicle distance Lf and the

- 55 -



rear 1inter-vehicle distance Lr. Also, the departure
determination unit 102 calculates the waiting time Tw on
the basis of Equation (1) (step S23). Here, when the
calculated waiting time Tw is less than the minimum stop
time Tmin determined to ensure the time taken for a
passenger to get on or off, the departure determination
unit 102 sets the minimum stop time Tmin to the waiting
time Tw.

[0079]

Then, the departure determination wunit 102 first
determines whether the waiting time Tw has elapsed after
the target vehicle 20i arrives at the stop station (step
S24) . Here, when the waiting time Tw has not elapsed
("NO” in step S24), the process does not proceed to the
next step until the waiting time Tw elapses. When the
waiting time Tw has elapsed (“YES” 1in step S24), the
departure determination unit 102 transmits the departure
instruction to the target vehicle 20i (step S$S25).

[0080]

The operation management device 10 executes the
above-described process flow to realize a process in which
the departure instruction is transmitted to the target
vehicle 20i at a time at which the waiting time Tw
obtained using a predetermined calculation equation on the

basis of the front and rear direction density difference
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AD, the front inter-vehicle distance Lf, and the rear
inter-vehicle distance Lr has elapsed.

[0081]

According to the process flow (Fig. 6) as described
above, the operation management device 10 performs the
acquisition of the position information of the wvehicles
201 to 20n (step S21) and the calculation of wvarious
parameters (Df, Dr, Lf, and Lr) (step S22), and then,
waits for the waiting time Tw calculated according to
these. Accordingly, the operation management device 10
according to the present embodiment may perform, once, a
process of the acquisition of the position information of
the wvehicles 201 to 20n in the vehicle position
acquisition unit 100 and the calculation of the wvarious
parameters (Df, Dr, Lf, and Lr) in the density calculation
unit 101 in the process of adjusting the departure time of
the target vehicle 20i. Accordingly, the repeated
acquisition of the position information and the repeated
calculation of the various parameters (Df and Dr) (Fig. 3)
are not performed unlike the operation management device
10 according to the first embodiment, and thus, 1t is
possible to reduce a processing load of the operation
management device 10 as compared to the first embodiment.

[0082]

(Effects of operation management device according to
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second embodiment)

Fig. 7 1is a diagram illustrating effects of the
vehicular traffic system according to the second
embodiment of the present invention. Here, wvehicles 201
to 204 dillustrated in Fig. 7 are vehicles that travel
along a first track 3a from the left of a paper surface to
the right. Further, in the example described with
reference to Fig. 7, the example 1is focused on an
operation of the vehicle 203 as a target vehicle 20i, and
it is assumed that kf = kr = 3 is set, similarly to the
example illustrated in Figs. 2, 4A, 4B, 5A, and b5B.

[0083]

Effects of the operation management performed in
consideration of the front inter-vehicle distance Lf and
the rear inter-vehicle distance Lr will be described with
reference to Fig. 7.

As illustrated in Fig. 7, for the vehicle 203 stop
at a station H4, two vehicles including the vehicle 201
and the vehicle 202 are present in a front region of the
vehicle 203. Further, vehicle spacing therebetween 1is
smaller than normal vehicle spacing. Further, as
illustrated in Fig. 7, an inter-vehicle distance between
the vehicle 202 and the wvehicle 203 is great, and a front
inter-vehicle distance Lf that is a distance between the

vehicle 203 and the nearest vehicle 202 in front in the
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travel direction of the wvehicle 203 1is relatively great.
On the other hand, only one vehicle including a vehicle
204 is present 1in a rear region of the wvehicle 203.
Further, as illustrated in Fig. 7, the vehicle spacing
between the vehicle 204 and the vehicle 203 is small, and
a rear inter-vehicle distance Lr that 1is a distance
between the vehicle 203 and the nearest vehicle 204 at the
rear in the travel direction of the vehicle 203 is smaller
than the front inter-vehicle distance Lf (Lf-Lr <0).

[0084]

Here, when the departure determination wunit 102
simply calculates the waiting time Tw on the basis of only
the front direction density Df and the rear direction
density Dr of the wvehicle 203, the front and rear
direction density difference AD has a positive value in
the state illustrated in Fig. 7, and thus, the vehicle 203
walts for a predetermined waiting time Tw at the station
H4 (Equation (1)). However, in the case of Fig. 7, 1in
fact, the front inter-vehicle distance Lf of the wvehicle
203 1s greater than the rear inter-vehicle distance Lr,
and the vehicle 203 rather enters a state in which wvehicle
spacing between the wvehicle 203 and the rear vehicle 204
is small. In such a state, when the waiting time Tw 1is
generated for the wvehicle 203, a more overcrowded state

(overcrowding state) may be caused at the rear of the
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vehicle 203. Therefore, in such a case, it is preferable
to rapidly cause the vehicle 203 to depart by setting the
waiting time Tw to 0 even when the front direction density
Df is high. That is, the operation management device 10
according to the ©present embodiment can select an
appropriate operation even when the wvehicle spacing
between the vehicle 203 and the nearest vehicle in front
in the travel direction of the wvehicle 203 is great
despite the high front direction density Df.

[0085]

Thus, when the waiting time Tw is calculated, the
waiting time Tw is weighted according to not only the
front direction density Df and the rear direction density
Dr, but also the rear inter-vehicle distance Lr and the
front inter-vehicle distance Lf. Thus, when provision of
a transportation service 1is nonuniform, the waiting time
is determined more accurately. Accordingly, it is
possible to rapidly uniformize the provision of the
transportation service.

[0086]
<Third Embodiment>

Next, a vehicular traffic system according to a
third embodiment of the ©present invention will be
described.

Fig. 8 is a diagram illustrating a functional
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configuration of a vehicular traffic system according to
the third embodiment of the present invention. Among
functional components of a vehicular traffic system 1
according to the third embodiment, the same functional
components as those of the vehicular traffic system 1
according to the first embodiment (Fig. 1) are denoted
with the same reference signs, and description thereof is
omitted.

[0087]

As illustrated in Fig. 8, the operation management
device 10 of the vehicular traffic system 1 according to
the present embodiment is configured to further include a
path determination unit 103, in addition to the functional
components of the vehicular traffic system 1 according to
the first embodiment. Here, the path determination unit
103 is a functional unit that designates a travel path on
the track 3 for each of the vehicles 201 to 20n. The path
determination unit 103 transmits predetermined path
information to each of the vehicles 201 to 20n according
to operation situation. Here, the path information 1is
information for specifying a path of one of branches when
there are the branches or the like in the track 3. When
the vehicles 201 to 20n receive the path information, the
vehicles 201 to 20n select a path specified in the path

information and travel along the path. Further, the path
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determination unit 103 also outputs the same path
information to the density calculation unit 101. F
example, the density calculation unit 101 receiving
path information transmitted to the predetermined t
vehicle 20i sets the vehicle 20i front region and t
vehicle 20i rear region on the basis of the travel
designated in the path information. Also, the dens
calculation unit 101 calculates the front direction
density Df on the basis of the vehicle 20i front re

set here and the rear direction density Dr on the b

the vehicle 20i rear region. By doing so, when the

path of the target vehicle 20i is changed by the pa
determination unit 103, the density calculation uni

can calculate the front direction density Df and th
direction density Dr for the target vehicle 20i on
basis of the travel path set newly each time.

[0088]

Further, the vehicle position acquisition unit 100
according to the present embodiment has a function
acquiring a travel direction of the plurality of ve
201 to 20n. Specifically, the vehicle position
acquisition unit 100 first detects transition of th
position of the vehicles 201 to 20n indicated by th
position information received from the vehicles 201

Further, the vehicle position acquisition wunit 100
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determines the travel direction of the vehicles 201 to 20n
to be, for example, “up” or “down” from the transition of
the position of the wvehicles 201 to 20n in the path by
referring to the path information of each of the wvehicles
201 to 20n from the path determination unit 103. Further,
means with which the vehicle position acquisition unit 100
acquires the travel direction of the vehicles 201 to 20n
is not limited to the above-described means, and may be
any means as long as there 1s an effect of obtaining
travel direction information of the vehicles 201 to 20n.

[0089]

Figs. ©9A and 9B are first and second diagrams
illustrating effects of a wvehicular traffic system
according to the third embodiment of the present invention.
Further, wvehicles 201 to 204 illustrated in Figs. 9A and
9B are vehicles traveling a first track 3a from the left
of a paper surface to the right. On the other hand, a
vehicle 205 is a vehicle traveling along a second track 3b
different from the first track 3a from the right of the
paper surface to the left. In an example to be described
with reference to Figs. 9A and 9B, the example is focused
on an operation of the vehicle 203 as a target vehicle 201,
and it 1is assumed that kf = kr = 3 and o = 0 are set,
similarly to the example illustrated in Fig. 2 or the like.

Further, the ©process flow of the operation management
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device 10 according to the third embodiment is assumed to
be the same as the process flow (Fig. 3) in the first
embodiment.

[0090]

Effects of the operation management performed in
consideration of the change in the path will be described
with reference to Figs. 9A and 9B.

As illustrated in Fig. 9A, two vehicles including a
vehicle 201 stopping at a station H7 on a first track 3a
and a vehicle 202 stopping at a station H5 are present in
front in a travel direction of the vehicle 203 stop at a
station H4. Further, only one vehicle including a vehicle
204 is present at the rear in the travel direction of the
vehicle 203 (in a rear region of vehicle 203). Further,
the wvehicle 205 traveling along the second track 3b in a
direction opposite to the vehicle 203 stops at the station
H5 in front in the travel direction of the vehicle 203.

[0091]

As illustrated in Fig. 9A, the nearest vehicle 202
in front in the travel direction of the wvehicle 203 is
assumed to have been unable to operate at the station HS
due to vehicle failure. Then, the vehicle 203 is unable
to pass through a path on the first track 3a that has been
set initially. Here, the path determination wunit 103

transmits path information indicating a new path (path A)
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to the wvehicle 203 so that the vehicle 203 continues to
operate. Here, the path determination unit 103 sets, for
example, a path (path A) for passing through the branch 3c
between the station H4 and the station H5 to enter the
second track 3b and passing through the branch 3¢ between
the station H5 and the station H6 to return to the first
track 3a, as illustrated in Fig. 9A. That is, the path
determination unit 103 transmits, to the wvehicle 203, the
path information indicating the path (path A) that
bypasses the vehicle 202 that is unable to operate due to
failure.

[0092]

Then, the path determination unit 103 also outputs
the path information indicating the same path (path A) to
the density calculation wunit 101. When the density
calculation unit 101 receives the path information, the
density calculation unit 101 detects that the path of the
vehicle 203 has been changed. Also, the density
calculation wunit 101 resets the front region of the
vehicle 203 for the path that has been newly set for the
vehicle 203. Here, the front region of the vehicle 203 is
reset according to the newly set path A. That 1is, the
front region of the wvehicle 203 1is a range corresponding
to three stations in front in the travel direction along

the path for passing through the branch 3c between the
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station H4 and the station H5 to enter the second track 3b
and passing through the branch 3c between the station HS5
and the station H6 to return to the first track 3a, as
illustrated in Fig. O9A.

[0093]

When the density calculation wunit 101 resets the
front region of the wvehicle 203, the density calculation
unit 101 immediately <calculates the front direction
density Df on the basis of the newly set front region of
the wvehicle 203. Here, the wvehicle 201 stopping at the
station H7 and the vehicle 205 traveling along the second
track 3b are included in the reset front region of the
vehicle 203, as illustrated in Fig. 9A. Accordingly, the
density calculation unit 101 calculates the front
direction density Df to be “2/3”. 1In this case, since the
rear direction density Dr is “1/3,” the vehicle 203 waits
at the station HA4.

[0094]

Next, 1t 1is assumed that the wvehicle 205 departs
from the station H5 and travels toward the station H4
along a path B, as illustrated in Fig. 9B. Then, the
vehicle 205 is out of the front region of the wvehicle 203,
and only the wvehicle 201 belongs to the front region of
the vehicle 203. As a result, the front direction density

Df becomes 1/3, and the vehicle 203 resumes the operation
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along the path A.

[0095]

Thus, the path determination wunit 103 according to
the present embodiment sequentially outputs the path
information indicating the changed path to the density
calculation unit 101, and thus, the density calculation
unit 101 can calculate the front direction density Df for
the newly selected path. Accordingly, even when the
change of the path is instructed, the departure time of
each of the wvehicles 201 to 20n is adjusted so that the
vehicle spacing is uniform on the basis of the front
direction density Df and the rear direction density Dr
that have been newly calculated.

[0096]

Further, the vehicular traffic system 1 according to
the present embodiment may further have the following
functions.

Specifically, the wvehicle position acquisition unit
100 acquires position information of the plurality of
vehicles 201 to 20n and acquires travel direction
information indicating a travel direction of each of the
vehicles 201 to 20n. Also, the density calculation unit
101 receives the travel direction information, and
determines whether there 1s a vehicle traveling in a

direction opposite to the travel direction of the target
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vehicle 201 in front in the travel direction of the track
3 along which the target vehicle 20i travels. Also, when
it is determined that there is a vehicle traveling in a
direction opposite to the travel direction of the target
vehicle 20i, the operation management device 10 performs a
predetermined correction process of increasing the front
direction density Df for the target vehicle 20i. Here, in
the example of Figs. 9A and 9B, the target vehicle 201i is
a vehicle 203, and the “vehicle traveling in a direction
opposite to the travel direction of the target vehicle
201" is a vehicle 205.

[0097]

Here, the case in which the wvehicle 205 travels
along the path B and is out of the front region of the
vehicle 203 while the wvehicle 203 1is stopping at the
station H4, and as a result, the front direction density
Df of the vehicles 203 decreases and the vehicle 203 can
depart from the station H4 in the example illustrated in
Figs. 9A and 9B has been described. However, 1in the
example illustrated in Fig. 9A, in addition to the above
description, the front direction density Df of the vehicle
203 decreases and the vehicle 203 can depart from the
station H4 even when the vehicle 201 departs from the
station H7 before the wvehicle 205 departs from the station

H5. In this case, since the wvehicle 205 traveling in an
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opposite direction 1is present 1in front 1in the travel
direction of the wvehicle 203, it 1is dangerous for the
vehicle 203 to directly start the operation, and this
should be prevented from the beginning.

[0098]

Therefore, when it 1is determined that there is the
vehicle 205 traveling in a direction opposite to the
travel direction of the wvehicle 203, the density
calculation unit 101 according to the present embodiment
performs a correction to increase the front direction
density Df. That is, the density calculation unit 101
performs a correction process such that a count of the
number of vehicles for the vehicle 205 is greater than 1.
In the example of Figs. 9A and 9B, for example, the
density calculation wunit 101 performs the correction
process in which four vehicles rather than one vehicle are
regarded as being present for the wvehicle 205 traveling in
the opposite direction of the vehicle 203, and performs
calculation of the front direction density Df. Thus, the
front direction density Df is calculated to be at least Df
= 4/3 as long as there is one vehicle 205. That is, as
long as there is the vehicle 205, the wvehicle 203 does not
depart from the station H4 if the rear direction density
Dr is not 4/3 or more. Further, in the above-described

correction process (for example, the process of regarding
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one vehicle as four vehicles), the front direction density
Df calculated after the correction (for example, Df = 4/3)

is set to a value at which the rear direction density Dr
is not equal to or greater than such a value in terms of
the operation management of the vehicular traffic system 1.
Thus, in the state illustrated in Fig. 9A, even when the
vehicle 201 has departed the station H7 toward the front
station (a station H8 that 1s not 1llustrated) earlier
than the vehicle 205, the wvehicle 203 actually waits at
the station H4 until the vehicle 205 departs from the
station H5 along the path B.

[0099]

Thus, the vehicular traffic system 1 according to
the present embodiment enables change of a dynamic path
according to a change 1in an operation situation due to
unexpected vehicle failure or the like, and can provide a
more secure transportation service.

[0100]

Figs. 10A and 10B are third and fourth diagrams
illustrating effects of the vehicular traffic system
according to the third embodiment of the present invention.
Further, vehicles 201 and 203 to 204 illustrated in Figs.
10A and 10B are vehicles that travel along a first track
3a from the left of a paper surface to the right. On the

other hand, vehicles 205 and 206 are vehicles that travel
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along a second track 3b different from the first track 3a
from the right of the paper surface to the left. In an
example described with reference to Figs. 10A and 10B, the
example is focused on an operation of the vehicle 203 as a
target vehicle 20i, and it is assumed that kf = kr = 3 and
o = 0 are set, similarly to the example illustrated in Fig.
2 or the like. Further, a process flow of the operation
management device 10 according to the third embodiment is
assumed to be the same as the process flow (Fig. 3) in the
first embodiment.

[0101]

According to the vehicular traffic system 1 of the
third embodiment, it is possible to further cope with the
following situation.

In an example illustrated in Fig. 10A, for a wvehicle
203 stopping at a station H4, two vehicles including a
vehicle 201 stopping at a station H7 on a first track 3a
and a vehicle 202 stopping at a station H5 are present in
a front region of the vehicle 203. Further, only one
vehicle including a vehicle 204 1is present 1in a rear
region of the vehicle 203. Further, a vehicle 206 and a
vehicle 205 traveling along a second track 3b 1in an
opposite direction of the vehicle 203 stop at a station H4
and a station H6, respectively.

[0102]
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In Fig. 10A, the vehicle 202 is a vehicle traveling
along the first track 3a in the same direction as the
vehicle 203, but it is assumed here that the path
determination wunit 103 resets a path (path () for
withdrawing the vehicle 202 to a vehicle depot (Figs. 10A
and 10B). Then, in a step of Fig. 10A, the wvehicle 202
traveling in an opposite direction is present in a front
region of the wvehicle 203, and thus, when the front
direction density Df 1is calculated, a correction process
to increase the front direction density Df (for example, a
process of regarding one vehicle 202 as four vehicles) is
performed, and the vehicle 203 waits at the station H4
until the wvehicle 202 is out of the front region of the
vehicle 203. Further, the vehicle 204 similarly waits at
the station H2 until the wvehicle 202 is out of a front
region (not illustrated) of the vehicle 204.

[0103]

The vehicle 202 then travels to the station H4 along
the second track 3b, as illustrated in Fig. 10B.

Then, the density calculation unit 101 detects that
the front direction density Df decreases due to the
vehicle 202 being out of the front region of the wvehicle
203, and the departure determination unit 102 transmits
the departure instruction to the wvehicle 203. Meanwhile,

the vehicles 205 and 206 traveling along the second track
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3b travel to the station H5 and the station H3,
respectively. However, the vehicle 202 enters the second
track 3b to be between the vehicle 205 and the wvehicle 206,
as illustrated in Fig. 10B. Then, the front direction
density Df of the vehicle 205 suddenly increases. As a
result, the vehicle 205 waits at the station H5 until the
front direction density Df decreases.

[0104]

When there is a wvehicle that suddenly turns back to
the depot, it i1s necessary to recreate a timetable for all
vehicles 1in the related art, whereas according to the
vehicular traffic system 1 of the present embodiment, if
only a vehicle turning back to the depot and its path are
designated, vehicle spacing between the wvehicle and the
other vehicle is automatically adjusted. Accordingly, an
effect of reducing an effort when the vehicle turns back
to the depot is obtained.

[0105]

Further, while the wvehicular traffic systems 1
according to the first to third embodiments described
above have all been described as the aspect in which the
single ground facility, that is, the operation management
device 10 controls the operation of all the wvehicles 201
to 20n, the wvehicular traffic system 1 according to

another embodiment of the present invention is not limited
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to such an aspect. For example, the vehicular traffic
system 1 according to the other embodiment may be an
aspect 1in which a plurality of different operation
management devices 10 are included as ground facilities.
Also, for example, the vehicular traffic system 1 may be
an aspect in which the respective operation management
devices 10 assigned to respective predetermined sections
of the track 3 may control the operations of the vehicles
201 to 20n traveling in the predetermined section.

[0106]
<Fourth Embodiment>

Next, a vehicular traffic system according to a
fourth embodiment of the present invention will Dbe
described.

Fig. 11 1is a diagram illustrating a functional
configuration of a vehicular traffic system according to
the fourth embodiment of the present invention. Further,
among the functional compositions of a vehicular traffic
system 1 according to the fourth embodiment, the same
functional components as those in the vehicular traffic
system 1 according to the first embodiment (Fig. 1) are
denoted with the same reference signs, and description
thereof is omitted.

[0107]

The vehicular traffic system 1 according to the
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fourth embodiment of the present invention does not
include the operation management device 10 that 1is a
ground facility in the first to third embodiments. Also,
each of the wvehicles 201 to 20n includes the wvehicle
position acquisition wunit 100, the density calculation
unit 101, and the departure determination unit 102
included in the operation management device 10 in the
first to third embodiments (while the functional
components of only the vehicle 202 are described in Fig.
11 for convenience, each of the wvehicles 201 to 20n
includes the same functional components as the vehicle
202) .

[0108]

Here, according to the vehicular traffic system 1 of
the present embodiment, each of the vehicles 201 to 20n
can autonomously adjust the wvehicle spacing while
communicating with the other wvehicles 201 to 20n.
Specifically, the wvehicle position acquisition wunits 100
of the wvehicles 201 to 20n communicate with each other and
acquire the position information for the <respective
vehicles 201 to 20n (step S11 in Fig. 3). Then, the
density calculation units 101 provided in the respective
vehicles 201 to 20n calculate the front direction density
Df and the rear direction density Dr of the own vehicles

on the basis of the position information of the respective
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vehicles 201 to 20n (step S12 in Fig. 3). Also, the
departure determination units 102 provided in  the
respective vehicles 201 to 20n perform a determination of
departure instruction or departure suspending for the own
vehicle on the basis of the front direction density Df and
the rear direction density Dr for the own vehicle (steps
S13 and S14 in Fig. 3).

[0109]

As described above, according to the wvehicular
traffic system 1 of the present embodiment, the respective
vehicles 201 to 20n can recognize a positional
relationship among them and autonomously operate while
adjusting the vehicle spacing between the own vehicle and
the other wvehicle on the basis of the densities of the
vehicles in front and at the rear. Accordingly, it is not
necessary to perform an operation using a ground facility
(operation management device 10) that centrally manages
the entire operation of the wvehicles 201 to 20n, and it is
possible to achieve distribution of an operation
management process. If the distribution of the operation
management process 1s made in this way, influence on an
operation of the vehicular traffic system 1 is minimized
even when any of each operation management system (the
vehicles 201 to 20n in the present embodiment) fails.

Accordingly, it 1is possible to improve reliability of the
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entire vehicular traffic system 1.

[0110]

Further, each of the wvehicles 201 to 20n of the
vehicular traffic system 1 according to the fourth
embodiment of the present invention may further include
the function (operation control based on the front inter-
vehicle distance Lf and the rear inter-vehicle distance
Lr) described in the second embodiment or the function
(dynamic path changing process in the path determination
unit 103) described in the third embodiment.

[0111]

The vehicular traffic system 1 according to the
first to fourth embodiments described above may further
include a passenger information system (PIS) as a ground
facility. A conventional PIS displays a scheduled arrival
time of a vehicle on a screen provided at a station on the
basis of a predetermined timetable, whereas in the case of
the vehicular traffic system 1 according to the present
embodiment, since an operation that does not wuse the
timetable is performed, an arrival vehicle and an arrival
time cannot be recognized on the Dbasis of only the
timetable information. Therefore, the PIS according to
the present embodiment performs a process of receiving
identification information, position information, and path

information of the target vehicle 20i from the operation
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management device 10 (each of the wvehicles 201 to 20n in
the case of the sixth embodiment), calculating a scheduled
arrival time for each station of the target wvehicle 20i,
and displaying the calculated scheduled arrival time on a
display screen installed 1in each station. Here, the
identification information of the target wvehicle 20i may
be, for example, a unique ID (IDentification) number that
can specify the target vehicle 20i. After specifying the
target vehicle 20i from the identification information,
the PIS according to the present embodiment can easily
estimate a time required until at least the next stop
station from, for example, a travel speed of the target
vehicle 20i when the position information and the path
information can be recognized.

[0112]

Further, the PIS of the present embodiment may
further calculate wvarious parameters such as the front
direction density from Df, the rear direction density Dr,
the front inter-vehicle distance Lf, and the rear inter-
vehicle distance Lr using the density calculation unit 101,
and estimate the scheduled arrival time of the target
vehicle 201 on the basis of the parameters. Specifically,
the PIS according to the present embodiment performs a
process of calculating the waiting time T of the target

vehicle 20i obtained wusing calculation equations in
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Equations (1) and (2) to estimate the scheduled arrival
time at each station. By doing so, the passenger of the
vehicular traffic system 1 can recognize the scheduled
arrival time of the wvehicles 201 to 20n that arrive at the
station even when the respective vehicles 201 to 20n do
not travel on the basis of the timetable. Fach time
various parameters such as the front direction density Df
and the rear direction density Dr for the target vehicle
20i have changed according to the operating situation, the
PIS according to the present embodiment may receive the
respective parameters from the density calculation unit
101 and calculate a new scheduled arrival time. By doing
so, the wvehicular traffic system 1 can dynamically
correspond to the operation situation of each of the
vehicles 201 to 20n and provide the passengers with a more
accurate scheduled arrival time.

[0113]

Further, the vehicular traffic system 1 according to
the present invention may be realized by the following
embodiment.

[0114]
<Fifth Embodiment>

Hereinafter, a vehicular traffic system according to
a fifth embodiment of the present invention will Dbe

described with reference to the drawings.
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Fig. 12 is a diagram illustrating a functional
configuration of the vehicular traffic system according to
a fifth embodiment of the present invention. In Fig. 12,
reference sign 1 indicates a vehicular traffic system.

[0115]

(Configuration of entire vehicular traffic system)

First, an entire configuration of the vehicular
traffic system 1 will be described.

As illustrated in Fig. 12, the wvehicular traffic
system 1 according to the present embodiment includes an
operation management device 10, and a plurality of
vehicles 201, 202, .., and 20n (n is an integer equal to or
greater than 2) traveling along a track 3. The operation
management device 10 is referred to as a ground facility,
and 1is a device for controlling the operation of the
plurality of vehicles 201, 202, .., and 20n.

The operation management device 10 according to the
present embodiment is a functional unit that transmits a
departure instruction to each of the vehicles 201, 202, ..,
and 20n on the basis of the determination of the departure
determination wunit 102 to Dbe described below. The
operation management device 10 transmits a departure
instruction to each of the wvehicles 201 to 20n using
wireless communication means or the like. Each of the

vehicles 201 to 20n operates on the basis of the departure
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instruction received from the operation management device
10.

Further, operation control based on a security
device (interlocking device) or a signal is further added
in the actual operation of the wvehicle, but for
simplification of the description of the present
embodiment, a case in which the operation control of the
vehicles 201 to 20n is simply performed on the basis of
the operation management device 10 will be described here
(a case in which the security device or the like is used

will be described below with reference to Fig. 19).

[0116]
The vehicles 201, 202, .., and 20n are a train
traveling along a predetermined track 3 (line). The

vehicles 201 to 20n travel while arriving at and departing
from a plurality of stations (not illustrated in Fig. 12)
provided along the track 3 according to an operation
instruction received from the operation management device
10. Further, predetermined position detection devices
(not illustrated) are provided at regular intervals in the
track 3, and each of the vehicles 201 to 20n communicates
with the position detection devices, and accordingly, can
recognize a position on the track 3 in which the own
vehicle 1is traveling.

This function will be described in greater detail.
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Each of the wvehicles 201 to 20n includes its own line
database. Also, each of the vehicles 201 to 20n has a
function of measuring the number of tire rotations of the
own vehicle to calculate a travel distance and recognizing
a current position of the own vehicle. However, in this
case, the current position recognized from the number of
tire rotations may deviate from an actual position due to
tire slip. Each of the vehicles 201 to 20n corrects the
deviation through a comparison with a position detection
device placed on the ground, and accurately recognizes a
position on the track 3 in which the own vehicle 1is
traveling.

[0117]

Here, 1in the <case of a normal vehicular traffic
system, the timetable is determined so that a supply and
demand balance is optimized, on the basis of the number of
users (the number of passengers) and a possible zriding
amount of each vehicle. In general, when there are two
timetables including a weekday timetable and a holiday
timetable, any problems are not caused in provision of a
daily transportation service. However, for example, if a
special event such as a concert or an exhibition is held
at any event site, an increase in the number of passengers
only on that day may be specifically expected. In such a

case, the operation based on a daily timetable causes a
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problem in that passengers cannot be transported.
Accordingly, the vehicular traffic system 1 according to
the present embodiment is a function of acquiring
information (“congestion information” to be described
below) estimated from, for example, content of the event,
and 1intentionally creating a state 1in which wvehicle
spacing at a specific station is “dense” for suitability
for situation of the congestion in advance.

[0118]

(Configuration of operation management device)

Next, a configuration of the operation management
device 10 will be described.

As illustrated in Fig. 12, the operation management
device 10 according to the present embodiment includes a
vehicle position acquisition unit 100, a spacing
adjustment unit 104, and a departure determination unit
102.

[0119]

The vehicle position acquisition wunit 100 1s a
functional unit that acquires positions of a plurality of
vehicles 201 to 20n present on a track 3. Each of the
vehicles 201 to 20n can communicate with a position
detection device (not illustrated) provided on the track 3
to recognize a position on the track 3 in which the own

vehicle 1is traveling, as described above. Also, the
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respective wvehicles 201 to 20n sequentially transmit
“position information” indicating a travel position of the
own vehicle to the operation management device 10 through
wireless communication. The vehicle position acquisition
unit 100 of the operation management device 10 receives
the position information of the respective wvehicles 201 to
20n to acquire the positions of the wvehicles 201 to 20n.
Further, the wvehicle position acquisition unit 100 may
acquire not only the position information of each vehicle,
but also information indicating the maximum number of
passengers who can get on each vehicle. Further, in
another embodiment, each of the vehicles 201 to 20n may
transmit the ©position information to the operation
management device 10 through wired communication.

[0120]

The spacing adjustment unit 104 specifies a
reference station at which the density of the presence of
the plurality of vehicles 201 to 20n is high (destination
station Hm (m is an integer equal to or greater than 2))
on the basis of the “congestion information” acquired from
a predetermined information source, and sets the waiting
time ®j for each station Hj at the rear of the destination
station Hm (j is an integer equal to or greater than 1 and
smaller than m), of the plurality of wvehicles 201 to 20n

that stop at the station Hj. Here, the “congestion
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information” is, specifically, information such as
position requirements (for example, a nearest station) of
an event site where an event (for example, a concert or an
exhibition) or the like is held, the number of attending
passengers estimated in advance, a start time of the event,
and an end time thereof. A specific method of acquiring
the congestion information will be described below.

[0121]

The spacing adjustment wunit 104 according to the
present embodiment first specifies the destination station
Hm on the Dbasis of the congestion information. The
destination station Hm is a station at which the
congestion is predicted, that is, a nearest station of the
event site. Also, the spacing adjustment unit 104
performs a process of increasing the density of the
presence of the wvehicles 201 to 20n 1in front of the
destination station Hm. Further, “the density of the
presence of the wvehicles 201 to 20n” is the number of the
vehicles 201 to 20n within a certain range of the track 3.
That 1is, the spacing adjustment unit 104 increases the
number of vehicles 201 to 20n within a certain range in
front of the destination station Hm (increases the
presence density), and thus, the vehicular traffic system
1 can cope with passengers that locally temporarily

increase at the destination station Hm.
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[0122]

The spacing adjustment unit 104 performs the
following process in order to increase the density of the
presence of the vehicles 201 to 20n. That is, the spacing
adjustment wunit 104 sets the waiting time ®j for each
station Hj at the rear of the destination station Hm, of
the plurality of wvehicles 201 to 20n which stop at the
station Hj at the rear of the destination station Hm. A
specific method of setting the waiting time ®j will be
described below. Further, “the station Hj at the rear of
the destination station Hm” indicates each station at
which the vehicles 201 to 20n stop before the vehicles 201
to 20n stop the destination station Hm. Here, when the
vehicles 201 to 20n are assumed to stop at the stations in
an order of the stations H1l, H2, .., Hm-1, and Hm, the
station Hj at the rear of the destination station Hm
includes stations H1l, H2, .., and Hm-1.

[0123]

The departure determination unit 102 is a functional
unit that adjusts the departure time at each station Hj at
the rear of the plurality of vehicles 201 to 20n on the
basis of the waiting time Tj set for each station Hj.
Specifically, when the target wvehicle 20i stops at the
station Hj, the departure determination unit 102 performs

a process of waiting for the waiting time T3j set for the
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station HJj, and transmits an instruction to instruct the
target vehicle 201 to depart from the station HJj when the
waiting time Tj has elapsed.

[0124]

Further, the spacing adjustment wunit 104 of the
operation management device 10 according to the present
embodiment has been described as acquiring the congestion
information from the predetermined information source. As
described above, the predetermined information source is,
for example, a host of a passenger attracting event, and
the congestion information 1s passenger pre-attracting
information (for example, an event schedule or the
expected number of passengers) for the passenger
attracting event sent from the host in advance.

Further, the congestion information may be detection
information that is acquired from detection means that is
installed in a passage from a passenger attracting place
in a facility such as a stadium to a nearest station
(referred to as a buffer zone) and detects the number and
flow of passengers who use the passage (for example, a
video projected from a monitoring camera). A manager of
the wvehicular traffic system 1 monitors the monitoring
camera that is a congestion degree prediction unit 5, and
thus, can predict a time until congestion occurs in the

nearest station (destination station H10) in advance.
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Further, the information may be, for example, detection
information acquired from a ©passage detection sensor
provided at a predetermined position (for example, a gate)
of the passage, rather than the video from the monitoring
camera.

Further, when the vehicular traffic system 1
communicates with another traffic network, the congestion
information may be information indicating a scheduled
arrival time of a transport medium regarding the other
transportation network, and a scheduled number of arrival
passengers. For example, when the wvehicular traffic
system 1 1s a transportation system that connects an
airport terminal, demand for the vehicular traffic system
1 increases or decreases according to an aircraft take-off
and landing schedule. Accordingly, 1in this case, the
predetermined information source is an aircraft operating
company, and the congestion information 1is the take-off
and landing schedule or the number of passengers (boarding
rate) of the aircraft.

[0125]

(Function of spacing adjustment unit)

Fig. 13 is a first diagram illustrating a function
of the spacing adjustment unit according to the fifth
embodiment of the present invention. The vehicles 201 to

203 illustrated in Fig. 13 are vehicles that travel along
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the track 3 while stopping at the stations in an order of
the stations H1, H2, .., and H7 from the left of a paper
surface to the right. Further, each of the wvehicles 201
to 20n also stops at stations (not illustrated in Fig. 13;
stations H8, H9, H10, ..) subsequent to the station H7.
Further, it is assumed for convenience of description that
the stations H1 to H10 are all installed at equal
intervals, and the vehicles 201 to 203 travel at equal
speed between the stations. Further, in the following
description, a time from departure from one station of
each of the wvehicles 201 to 203 to stop at the next
station is assumed to be “o”

[0126]

Hereinafter, a specific function of the spacing
adjustment unit 104 will be described with reference to
Fig. 13.

When the spacing adjustment unit 104 specifies a
target station (for example, the station HI10 (not
illustrated in Fig. 13)) on the basis of predetermined
congestion information, the spacing adjustment unit 104
sets the waiting times ®l to W9 at the stations H1 to H9
that are stations at the rear of the destination station
H10 at a predetermined timing. Here, the spacing
adjustment unit 104 sets the waiting time of the station

closer to a reference station (destination station H10) to

- 89 -



be longer. More specifically, the spacing adjustment unit
104 sets W1 < ®2 < W3 < .. < 9. However, the spacing
adjustment unit 104 sets the minimum waiting time ®l1 not
to be below a minimum time Tmin that enables passengers to
safely get on or off.

[0127]

When the spacing adjustment unit 104 sets the
waiting times wl to W9 at the respective stations H1 to HY9,
the departure determination unit 102 adjusts the departure
time at the respective stations H1 to H9 for all the
vehicles 201, 202, and 203 traveling in the section
thereof based on the waiting times ®l to w9. Hereinafter,
an operation process of the vehicles 201 to 203 on the
basis of the waiting times ®l to ®9 set by the spacing
adjustment unit 104 will be described with reference to
Fig. 13.

Further, it 1is assumed that the vehicle 201 departs
from the station H1, the vehicle 202 departs from the
station H3, and the vehicle 203 departs from the station
H5 at the same time (time: TO). Then, the wvehicle 201
stops at the station H2, the vehicle 202 stops at the
station H4, and the wvehicle 203 stops at the station H6
(time: TO+d). Then, the vehicle 201 waits for the waiting
time ®2 at the station H2, and then departs from the

station H2 (time: TO+a+®2). With a delay, the vehicle 202
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waits for the waiting time w4 (>®2) at the station H4, and
then, departs from the station H4 (time: TO+o+mw4) .
Further, with a delay, the wvehicle 203 waits for the
waiting time w6 (>w4) at the station H6, and then, departs
from the station H6 (time: TO+o+®6). As the waiting times
at the respective stations have been set to be W2 < 4 <
06, vehicle spacing of the wvehicles 201 to 203 becomes
narrower at this point.

[0128]

Subsequently, the vehicle 201 waits for the waiting
time ®3 at the station H3, and then, departs from the
station H3 (time: TO0+20+02+®3) . Then, the wvehicle 202
waits for the waiting time w5 (>®3) at the station H5, and
then, departs from the station H5 (time: TO+20+w4+®5). At
this point, vehicle spacing between the vehicle 201 and
the vehicle 202 is further narrowed. Further, the wvehicle
203 does not depart from the station H7, and wvehicle
spacing between the wvehicle 202 and the vehicle 203 1is
also narrowed. Thus, the spacing adjustment unit 104 sets
the waiting times w1l to ®9 at the stations H1 to HY9, and
accordingly, the vehicle spacing of the vehicles 201 to
203 are gradually narrowed as the vehicles 201 to 203
operate.

[0129]

Fig. 14 is a second diagram illustrating a function
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of the spacing adjustment wunit according to the fifth
embodiment of the present invention. In graphs
illustrated in Fig. 14, a horizontal axis indicates an
elapsed time from time TO, and a vertical axis indicates a
position (a station and between stations) in which each of
the vehicles 201 to 203 is present. As illustrated in Fig.
14, for example, the vehicle 201 departs from the station
H1, the vehicle 202 departs from the station H3, and the
vehicle 203 departs from the station H5 at time TO, and
the respective vehicles arrive at the next station at time
TO+d.

[0130]

As illustrated in Fig. 14, the vehicle 201 travels
while waiting for the waiting times ®2 to ®7 set for the
respective stations H2 to H7 at the stations H2 to H7.
The vehicles 202 and 203 similarly travel while waiting
for the waiting time set for the respective stations
(vehicle overcrowding operation). As a result of this
vehicle overcrowding operation, an inter-vehicle distance
of each of the vehicles 201, 202, and 203 is gradually
narrowed from time TO to time T1l. Also, a state in which
the wvehicles 203, 202, and 201 are dense at the
destination station H10 and the stations H9 and H8 at the
rear of the destination station (a vehicle overcrowding

state) 1is completed at time T1l, as illustrated in Fig. 14.
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[0131]

When the wvehicle overcrowding state 1s completed,
the operation management device 10 switches the operation
of each of the wvehicles 201 to 203 from the wvehicle
overcrowding operation to a congestion elimination
operation. Specifically, the wvehicles 201 to 203 operate
to arrive at and depart from the destination station H10
at a minimum time interval (Fig. 14). Thus, at the
destination station H10 at which the number of passengers
increases, the vehicles 201 to 203 arrive and depart one
after another, and thus, it 1is possible to resolve the
congestion at the destination station H10.

[0132]

Further, the spacing adjustment unit 104
appropriately sets the values of the vehicle overcrowding
operation start time (time TO) and each waiting time ®j on
the basis of the congestion information obtained in
advance, as follows.

[0133]

The spacing adjustment unit 104 sets the waiting
time ®j so that the congestion occurrence time estimated
on the basis of the congestion information and a time at
which the density of the presence of the wvehicles 201 to
20n increases match. This will be described in detail

with reference to Fig. 14. The spacing adjustment unit
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104 detects that the destination station H10 is congested
at time Tl in advance based on the congestion information
obtained in advance (the spacing adjustment unit 104
estimates the congestion occurrence time to be time T1).
Therefore, the spacing adjustment unit 104 sets the start
time TO of the wvehicle overcrowding operation and the
respective waiting times ®0 to ®9 through inverse
calculation so that the wvehicle overcrowding state is
completed at the destination station H10 at time T1 at
which congestion is estimated to occur. Thus, the vehicle
overcrowding state can be formed in advance according to
the time at which the congestion has been estimated in
advance (congestion occurrence time) T1, and thus, it is
possible to rapidly cope with a sudden increase in
passengers.

[0134]

Further, when the spacing adjustment unit 104
determines that there is a time margin until the time T1
at which the congestion is expected based on, for example,
the congestion information obtained in advance, the
spacing adjustment unit 104 sets a period of time from
time TO to time Tl to be 1long, and sets the respective
waiting times ®0 to ®9 so that the wvehicle overcrowding
state is gradually formed over the long period of time.

That 1is, even when the operation 1is switched from an
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operation based on the normal timetable to an operation
based on the vehicle overcrowding operation, the spacing
adjustment unit 104 sets the time TO and the waiting times
o0 to W9 so that an operation schedule does not change
rapidly. By doing so, the wvehicular traffic system 1
according to the present embodiment can minimize influence
on passengers that will get on, on the basis of a normal
timetable. On the other hand, if it is determined that
there is no time margin, the spacing adjustment unit 104
sets a period of time from time TO to time Tl to be short
and sets the respective waiting times w0 to W9 so that the
vehicle overcrowding state is rapidly formed. In this
case, corresponding waiting times ®0 to w9 for decreasing
the vehicle spacing in a short time are set. According to
the spacing adjustment unit 104 of the present embodiment,
since the vehicle overcrowding state can be formed rapidly
even when there is no time margin as described above, it
is possible to flexibly cope with a case in which the
event schedule (for example, event end time) is changed
suddenly.

[0135]

Similarly, the spacing adjustment unit 104 sets the
waiting time ®j on the basis of the number of passengers
estimated at a reference station (destination station Hm)

from the congestion information obtained in advance. This
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will be described in greater detail with reference to Fig.
14. When the operation 1is switched to the congestion
elimination operation, the spacing adjustment wunit 104
sets the waiting times W1 to ®9 so that the wvehicles 201
to 203 arrive and depart one after another at time
intervals o at the destination station HIO0. Here, when
the number of passengers estimated at the station H10 is
smaller, the spacing adjustment unit 104 sets the wvalues
of the waiting times ®1 to ®9 so that the wvehicle arrives
and departs, for example, at 1.20 intervals or 1.50
intervals. 1In this case, the spacing adjustment unit 104
sets the waiting times ®l1 to W9 to more slowly increase
from ol to ®w9. Conversely, when there is a larger number
of passengers estimated at the station H10, the spacing
adjustment unit 104 sets the values of waiting times ®l to
w9 so that the time interval becomes shorter, and for
example, so that the vehicle arrives or departs at 0.8a
intervals or 0.50 intervals. In this case, the spacing
adjustment unit 104 sets the waiting times ®l to ®9 to
more steeply increase from ®wl to ®9. By doing so, the
vehicular traffic system 1 according to the present
embodiment can minimize influence on the passengers that
will get on, on the basis of a normal timetable in the
same manner as described above. Further, when the time

interval between arrival and departure at the destination
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station Hm 1is adjusted according to the number of
passengers as described above, a possible riding amount
per one of the respective vehicles 201 to 20n may be
considered.

[0136]

Further, the state in which the respective wvehicles
201 to 203 stop at equal intervals at each station in an
initial state in which the operation management device 10
starts the vehicle overcrowding operation has Dbeen
described in the example illustrated in Figs. 13 and 14.
However, in an actual operation, the respective wvehicles
201 to 203 are not necessarily present at equal intervals
as illustrated in Figs. 13 and 14 at a timing at which the
operation management device 10 starts the wvehicle
overcrowding operation.

Therefore, when the wvehicle overcrowding operation
starts, the spacing adjustment unit 104 first recognizes
the current positions of the respective vehicles 201 to
203 from the “position information” of the respective
vehicles 201 to 203 acquired through the wvehicle position
acquisition unit 100. Also, the spacing adjustment unit
104 calculates a distance from the current position of
each of the vehicles 201 to 203 to the destination station
Hm. Here, for example, the position of the wvehicle 201 in

the initial state 1s assumed to be away from the
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destination station Hm as compared to the state
illustrated in Figs 2 and 3. In this case, when the
vehicle 201 waits for the waiting time ®j at each stop
station Hj 1like the other wvehicles 202 and 203, the
vehicle 201 does not arrive at a place that enters an
overcrowded state at time T1, and the overcrowded state
cannot be completed. Accordingly, the spacing adjustment
unit 104 performs a process of correcting the waiting time
®j at each station Hj for the vehicle 201.

Specifically, when the position of the wvehicle 201
in the initial state is away from the destination station
Hm as compared to the state illustrated in Figs. 2 and 3
as in the above-described example, the spacing adjustment
unit 104 performs a correction for setting the waiting
time ®j for which the vehicle 201 should stop at each stop
station Hj to be short for the wvehicle 201. Since the
wailting time ®j for which the vehicle 201 should stop at
each stop station HJj is short, the vehicle 201 can arrive
early at a position that should be in the overcrowded
state.

As a more specific process example, when the
distance from the current position of the wvehicle 201 to
the destination station Hm is L1, the spacing adjustment
unit 104 multiplies each waiting time 7] by a

predetermined coefficient p (0 < p £ 1) that decreases in
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inverse proportion to an increase in the distance L1.

By doing so, as the distance of the wvehicle 201 1is
away from the set destination station Hm, the waiting time
®j for which the wvehicle 201 should wait at each stop
station Hj is set to be smaller. Then, the wvehicle 201
can arrive at a place that should be in the overcrowded
state at time T1 regardless of a position at a time at
which the vehicle overcrowding operation starts.

[0137]

Further, while the <case in which the respective
stations Hl1 to H10 are all installed at equal intervals,
the vehicles 201 to 203 travel between the stations at the
same speed, and times from departure from one station of
the respective wvehicles 201 to 203 to stop at the next
station are all “o” for simplicity has been described in
the above description, the present invention 1is not
limited to such an aspect in the actual operation of the
vehicular traffic system 1. That is, 1in the vehicular
traffic system 1, the stations HJj may be installed at
different intervals at respective stations, and travel
times among the stations may be different.

[0138]

(Process flow of operation management device according to
fifth embodiment)

Fig. 15 1is a flowchart illustrating a process flow
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of the operation management device according to the fifth
embodiment of the present invention.

The operation management device 10 according to the
present embodiment executes a process flow (Fig. 15) to be
described below using the wvehicle position acquisition
unit 100, the spacing adjustment unit 104, and the
departure determination unit 102 described above.

[0139]

First, the spacing adjustment wunit 104 acquires
congestion information on the basis of a determination of
a manager who obtains predetermined event information in
advance (step S31). The congestion information is
information indicating, for example, an expected number of
passengers, an expected congestion occurrence time, and a
station at which the congestion occurs.

Then, the wvehicle position acquisition wunit 100
acquires position information indicating a position in
which a specific target vehicle 20i is present (step S32).
Here, the vehicle position acquisition unit 100 receives
and acquires the position information indicating the
position of the own vehicle from the target vehicle 20i.

Next, the spacing adjustment unit 104 sets the start
time TO of the wvehicle overcrowding operation and the
wailting time ®j for each station Hj on the basis of the

congestion information acquired 1in step S31 and the
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position information acquired in step s32 (step S33).
Here, the spacing adjustment unit 104 sets the start time
TO and a basic waiting time ®j’ for each stop station Hj
to gradually increase as the vehicle approaches the
destination station Hm on the basis of the congestion
information. Also, the spacing adjustment wunit 104
performs correction according to the position information
of each of the vehicles 201 to 20n (multiplies the basic
waiting time ®j’ by the coefficient p) to calculate the
waiting time ®j for each station HJj for each of the
vehicles 201 to 20n.

Also, the departure determination unit 102 executes
a process 1in which the target wvehicle 20i waits for the
waiting time ®j at the stop station Hj on the basis of the
waiting time ®J] set 1in step S33. Specifically, the
departure determination unit 102 determines whether the
elapsed time is equal to or greater than the waiting time
o] after the target vehicle 201 stops at the station H]J
(step S34). When the elapsed time 1s less than the
wailting time ] (NO in step S34), the departure
determination unit 102 repeats step S34 to suspend the
transmission of the departure instruction to the target
vehicle 20i. Also, when the elapsed time is equal to or
greater than the waiting time ®j (YES in step S34), the

departure determination unit 102 transmits the departure
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instruction to the target vehicle 20i (step S35).

[0140]

Further, in the above-described flowchart, the
operation management device 10 executes the process flow
from step S33 to step S35 for each of the wvehicles 201 to
20n. Further, the operation management device 10 repeats
the process flow from step S33 to step S35 for each stop
station Hj for one target vehicle 20i.

[0141]

The operation management device 10 according to the
present embodiment executes the process flow (Fig. 15),
and thus, a state in which density of the presence of the
vehicles 201 to 20n increases at the congestion occurrence
station (station Hm) at a congestion occurrence time (time
Tl) is formed. Further, the density of the presence of
the wvehicles 201 to 20n in this case 1is set so that a
supply and demand balance 1is suitable according to the
expected number of passengers.

[0142]

As described above, according to the wvehicular
traffic system 1 of the fifth embodiment of the present
invention, density of ©provision of a transportation
service using the vehicles can be flexibly changed at a
desired time and at a desired station.

[0143]
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Further, the spacing adjustment unit 104 according
to the fifth embodiment described above has been described
as setting the waiting time ®j to gradually increase at
the station c¢loser to the destination station Hm, the
vehicular traffic system 1 according to the present
embodiment is not limited to such a process. The spacing
adjustment unit 104 may appropriately set the waiting time
Oy at each station H according to original
characteristics of the vehicular traffic system 1. For
example, in the example illustrated in Fig. 14, when there
normally are a large number of passengers at a specific
station (for example, station H6), the waiting time ®6 may
be set to be smaller than the waiting times ®l1 to ®5 on
the Dbasis of a wvehicle overcrowding operation at the
station H6. The spacing adjustment unit 104 may set
another waiting time ®j so that the vehicle overcrowding
state 1is formed at the destination station H10 after
performing such exceptional coping.

Further, the spacing adjustment unit 104 may set the
wailting time ®j according to a normal stop time that 1is
determined for each station in a normal operation in
advance. For example, when a normal waiting time Tdl at
the station Hl, a normal waiting time Td2 at the station
H2, .. have been determined in the normal operation, the

spacing adjustment unit 104 sets ®wl = TdlXrl, ®2 = Td2Xr2,
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Here, rl, r2, .. are values equal to or greater than 1.
In this case, the spacing adjustment unit 104 sets rl < r2
< . By doing so, the spacing adjustment unit 104 can
form the wvehicle overcrowding state even when the stop
times at respective stations in the normal operation are
different.

[0144]

Further, the spacing adjustment unit 104 according
to the fifth embodiment described above sets the waiting
time ®j at the station HJj closer to the destination
station Hm to gradually increase to form the wvehicle
overcrowding state, but the wvehicular traffic system 1
according to the present embodiment is not limited to such
a process. For example, the spacing adjustment unit 104
may gradually decrease a travel speed between the
respective stations closer to the destination station Hm
to form the vehicle overcrowding state at the destination
station Hm at a desired time.

[0145]
<Sixth Embodiment>

Next, a vehicular traffic system according to a
sixth embodiment of the ©present invention will Dbe
described.

Fig. 16 1is a diagram illustrating a functional

configuration of a vehicular traffic system according to
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the sixth embodiment of the present invention. Among the
functional components of the wvehicular traffic system 1
according to the sixth embodiment, the same functional
components as the wvehicular traffic system 1 (Fig. 12)
according to the fifth embodiment are denoted with the
same reference signs, and description thereof is omitted.

[0146]

The vehicular traffic system 1 according to the
sixth embodiment of the present invention does not include
the operation management device 10 that is a ground
facility in the fifth embodiment. Also, each of the
vehicles 201 to 20n includes the wvehicle ©position
acquisition unit 100, the spacing adjustment unit 104, and
the departure determination wunit 102 included in the
operation management device 10 in the fifth embodiment
(further, for convenience, although functional components
of only the wvehicle 202 are shown in Fig. 16, in fact,
each of the wvehicles 201 to 20n includes the same
functional components as the vehicle 202).

[0147]

Here, according to the vehicular traffic system 1 of
the present embodiment, each of the vehicles 201 to 20n
can autonomously perform a vehicle overcrowding operation
while communicating with the other wvehicles 201 to 20n.

Specifically, the spacing adjustment unit 104 of each of
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the wvehicles 201 to 20n acquires the same congestion
information from the predetermined information source (for
example, an event manager) described above (step S31 in
Fig. 15). Further, a station estimated to be congested
(destination station Hm) and a time at which congestion is
estimated (congestion occurrence time T1) are assumed to
be included in this congestion information.

[0148]

Then, the wvehicle position acgquisition unit 100 of
each o0f the wvehicles 201 to 20n acquires position
information indicating the position in which the own
vehicle 1s present (step S32 in Fig. 15). Here, the
vehicle position acquisition unit 100 acguires a current
position of the own vehicle on the basis of the number of
tire rotations and the information received from the
position detection device, and acquires position
information for another wvehicle through communication
means with the other wvehicle.

Next, the spacing adjustment unit 104 of each of the
vehicles 201 to 20n sets a start time TO of the wvehicle
overcrowding operation and the waiting time ®j for each
station HJj on the basis of the congestion information
acquired in step S31 and the position information of each
of the vehicles 201 to 20n acquired in step S32 (step S33

in Fig. 15). Here, the spacing adjustment unit 104 sets
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the start time TO and a basic waiting time ®j’ for each
stop station HJj to gradually increase as the wvehicle
approaches the destination station Hm on the basis of the
congestion information. Also, the spacing adjustment unit
104 performs correction according to the position
information of the own vehicle (multiplies the Dbasic
waiting time 3’ by the coefficient p) to calculate the
waiting time ®j for each stop station HJj for the own
vehicle.

Also, the departure determination unit 102 executes
a process of waiting for the waiting time ®j at the stop
station Hj of the own vehicle on the basis of the waiting
time ®j set in step S33. Specifically, the departure
determination unit 102 determines whether the elapsed time
is equal to or greater than the waiting time ] after the
own vehicle stops at the station Hj (step S34 in Fig. 15).
When the elapsed time is less than the waiting time ®j (NO
in step S34 of Fig. 15), the departure determination unit
102 repeats step S34 to suspend the departure instruction
of the own vehicle. Also, when the elapsed time is equal
to or greater than the waiting time ®j (YES in step S34 of
Fig. 15), the departure determination unit 102 transmits
the departure instruction to the own vehicle (step S35 in
Fig. 15).

[0149]
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As described above, according to the wvehicular
traffic system 1 of the present embodiment, each of the
vehicles 201 to 20n can autonomously execute the vehicle
overcrowding operation on the basis of the determined
waiting time ®j. Accordingly, 1t 1is not necessary to
perform the operation using a ground facility (operation
management device 10) that centrally manages the entire
operation of the vehicles 201 to 20n, and it is possible
to achieve distribution of the operation management
process. If the distribution of the operation management
process is made in this way, influence on the operation of
the vehicular traffic system 1 is minimized even when any
of the respective operation management systems (the
vehicles 201 to 20n in the case of the present embodiment)
fails, and thus, it is possible to improve the reliability
of the entire vehicular traffic system 1.

[0150]

Further, the vehicular traffic system 1 according to
the fifth and sixth embodiments may further include a
passenger information system (PIS) as a ground facility.
A conventional PIS displays a scheduled arrival time of a
vehicle on a screen provided at a station on the basis of
a predetermined timetable, whereas in the case of the
vehicular traffic system 1 according to the present

embodiment, since the operation (the vehicle overcrowding

- 108 -



operation and the congestion elimination operation) that
does not use the timetable 1s performed, an arrival
vehicle and an arrival time cannot be recognized on the
basis of only timetable information. Therefore, the PIS
according to the present embodiment performs a process of
receiving the identification information, the position
information, the path information, and the waiting time ®j
at each station of the target wvehicle 20i from the
operation management device 10 (each of the vehicles 201
to 20n in the case of the sixth embodiment), calculating
the scheduled arrival time for each station of the target
vehicle 20i, and displaying the scheduled arrival time on
a display screen installed in each station. Here, the
identification information of the target vehicle 20i may
be a unique ID (IDentification) number or the 1like for
specifying the target vehicle 20i. After specifying the
target vehicle 201 from the identification information,
the PIS according to the present embodiment can easily
estimate a time required until at least the next stop
station from, for example, a travel speed of the target
vehicle 201 when the position information and the path
information can be recognized.

[0151]

Fig. 17 1is a diagram illustrating a functional

configuration of a vehicular traffic system according to a
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seventh embodiment of the present invention. Fig. 18 is a
diagram 1illustrating a functional configuration of a
vehicular traffic system according to an eighth embodiment
of the present invention.

As illustrated in Fig. 17, the operation management
device 10 according to the seventh embodiment of the
present invention may include both of the function of the
density calculation wunit 101 according to the first
embodiment described above, and the function of the
spacing adjustment unit 104 according to the fifth
embodiment. Further, in this case, the departure
determination unit 102 of the operation management device
10 according to the present embodiment may include both of
the function of the departure determination unit 102
according to the first embodiment and the function of the
departure determination unit 102 according to the fifth
embodiment.

Further, if the operation management device 10 has
the functions of both of the first embodiment and the
fifth embodiment, when the functions of the density
calculation unit 101 and the departure determination unit
102 according to the first embodiment are wvalid, the
functions of the spacing adjustment unit 104 and the
departure determination wunit 102 according to the fifth

embodiment may be invalid. Similarly, when the functions
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of the spacing adjustment unit 104 and the departure
determination unit 102 according to the fifth embodiment
are valid, the functions of the density calculation unit
101 and the departure determination unit 102 according to
the first embodiment may be invalid. By doing so, the
operation management device 10 can perform the operation
while appropriately selecting the function of uniformizing
the vehicle spacing according to the first embodiment and
the function of changing the vehicle density according to
the fifth embodiment.

[0152]

Further, as illustrated in Fig. 18, the wvehicles 201
to 20n according to the eighth embodiment of the present
invention may include both of the function of the density
calculation unit 101 according to the fourth embodiment
described above, and the function of the spacing
adjustment wunit 104 according to the sixth embodiment.
Further, in this case, the departure determination unit
102 of the wvehicles 201 to 20n according to the present
embodiment may include Dboth of the function of the
departure determination unit 102 according to the fourth
embodiment and the function of the departure determination
unit 102 according to the sixth embodiment.

Further, when the vehicles 201 to 20n have the

functions of both of the fourth embodiment and the sixth
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embodiment, 1if the functions of the density calculation
unit 101 and the departure determination unit 102
according to the fourth embodiment are wvalid, the
functions of the spacing adjustment unit 104 and the
departure determination unit 102 according to the sixth
embodiment may be invalid. Similarly, when the functions
of the spacing adjustment unit 104 and the departure
determination unit 102 according to the sixth embodiment
are valid, the functions of the density calculation unit
101 and the departure determination unit 102 according to
the fourth embodiment may be invalid. By doing so, the
respective vehicles 201 to 20n can operate while
appropriately selecting the function of uniformizing the
vehicle spacing according to the fourth embodiment and the
function of changing the vehicle density according to the
sixth embodiment.

[0153]

Fig. 19 1is a diagram illustrating a functional
configuration of a vehicular traffic system according to
another embodiment.

The operation management device 10 described in each
embodiment described above has Dbeen described as a
functional unit that simply transmits the departure
instruction to each of the wvehicles 201, 202, .., and 20n

on the basis of the determination of the departure
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determination unit 102. Also, each of the vehicles 201 to
20n has Dbeen assumed to operate on the basis of the
departure instruction received from the operation
management device 10.

However, 1in an actual operation of the operation
management device 10, the operation management device 10
may further include an operation progress calculation unit
107, an operation mode determination wunit 105, and a
timetable information storage unit 106, as illustrated in
Fig. 19.

[0154]

The operation progress calculation wunit 107 1is a
functional unit that compares the position information of
each of the vehicles 201 to 20n acquired by the wvehicle
position acquisition unit 100 with the operation timetable
information stored in the timetable information storage
unit 106, and calculates progress information indicating
progress of an actual operation of each of the wvehicles
201 to 20n. Further, the earliest departure time
determined for each vehicle and each station in advance 1is
recorded in the operation timetable information stored in
the timetable information storage unit 106. This earliest
departure time is an earliest time at which each wvehicle
should depart from each station, which 1s determined on

the basis of the operating timetable. The path
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determination wunit 103 can specify the path along which
each of the vehicles 201 to 20n should then progress at a
current time by referring to the progress information
calculated by the operation progress calculation unit 107.

[0155]

The operation mode determination unit 105 1is a
functional unit that sets an operation mode of each of the
vehicles 201 to 20n on the basis of the front and rear
direction density difference AD (or, the front direction
density Df and the rear direction density Dr) calculated
by the density calculation unit 101. Here, the operation
mode determined by the operation mode determination unit
105 includes a “normal operation mode”, a “spacing
adjustment mode”, and an “overcrowding operation mode”.

In the normal operation mode, the operation
management device 10 performs operation control based on
the operation timetable information, as in a conventional
case. In this case, after the operation progress
calculation unit 107 has determined whether the wvehicles
201 to 20n can operate according to the timetable of the
vehicles 201 to 20n, the path determination unit 103
selects a predetermined path for the target vehicle 201
according to a result of the determination. Also, the
departure determination unit 102 transmits the departure

instruction according to the departure time (earliest

- 114 -



departure time).

On the other hand, in the spacing adjustment mode,
the operation management device 10 performs operation
control to adjust the wvehicle spacing on the basis of the
front direction density Df and the rear direction density
Dr described in the first to fourth embodiments.

Further, in the overcrowding operation mode, the
operation management device 10 performs operation control
to intentionally form the overcrowded state at time T1 and
the destination station Hm on the basis of the congestion
information described in the fifth to sixth embodiments.

[0156]

For example, when the front and rear direction
density difference AD is equal to or less than the density
difference threshold value o, the operation mode
determination unit 105 performs operation control in the
normal operation mode (that is, the target vehicle 201
departs from each station according to the operation
timetable) . On the other hand, when the front and rear
direction density difference AD is greater than the
density difference threshold value q, the operation
management device 10 proceeds to operation control in the
spacing adjustment mode for adjusting the vehicle spacing.

By doing so, when the delay of the operation does

not occur, the operation management device 10 can provide
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an operation service according to the ©predetermined
timetable.

[0157]

Further, when the departure determination unit 102
proceeds to the operation control of the spacing
adjustment mode, the departure time of the target vehicle
20i 1is adjusted on the basis of the front direction
density Df and the rear direction density Dr, as described
above. In this case, the departure determination unit 102
may adjust the departure time of the target vehicle 20i in
the spacing adjustment mode not to be a time earlier than
an earliest departure time that is a time at which the
target wvehicle 20i should originally depart from the
station.

Thus, since the operation management device 10 can
prevent the target vehicle 20i from departing from the
station at a time earlier than an original departure time,
the passenger can be prevented from missing the vehicle on
which the passenger is scheduled to get.

[0158]

Further, the operation mode determination unit 105
starts the operation control to immediately switch to the
overcrowding operation mode at a timing at which the
predetermined congestion information is received to form

the overcrowded state.
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[0159]

Further, in the actual operation of the operation
management device 10, a process of the security device
(interlocking device) 40 and the signal 6 may also be
present between the instruction of the operation
management device 10 and the operation of each of the
vehicles 201 to 20n, as illustrated in Fig. 19.

Here, in a general operation management device, all
vehicles are tracked and positions thereof are recognized
so as to recognize the progress of the operation of each
vehicle for a predetermined operation timetable. Also,
the operation management device delivers a path request to
the security device (also referred to as an interlocking
device) on the basis of the progress of the operation of
each wvehicle for the operation timetable. Here, the
security device 1s an operation control device that
performs control of the operation while securing safety of
each vehicle. Also, when the security device receives the
path request from the operation management device, the
security device determines whether the vehicle can depart
in terms of safety. Here, when the security device
permits the departure, the security device sets the signal
corresponding to the path to blue and the wvehicle can
depart. When this signal remains red, the wvehicle

continues to stop.

- 117 -



Hereinafter, a process of displaying blue or red in
the signal corresponding to the path of the security
device 40 1is represented as permitting or not permitting
the progress to the path.

[0160]

In this case, Dbefore the departure instruction 1is
transmitted to the target vehicle 20i, the departure
determination unit 102 performs a process of transmitting
a path request for the path along which the target vehicle
20i should progress, which has been specified by the path
determination unit 103, to the security device 40 on the
basis of the path information of the track 3, and
obtaining a permission of the progress.

[0161]

Here, the security device 40 1includes a vehicle
protection determination unit 400, and a signal control
unit 401, as illustrated in Fig. 19.

When the vehicle protection determination unit 400
receives the path request for the path along which the
target wvehicle 20i will progress from the operation
management device 10, the vehicle protection determination
unit 400 determines whether the target vehicle 20i 1is
caused to progress along the path in terms of safety.
Since the vehicle protection determination unit 400 is a

known technology, a specific function thereof is omitted.
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For example, when another vehicle is present at a progress
destination, the vehicle protection determination unit 400
does not permit progress of the target vehicle 20i, but
permits the progress of the target vehicle 201 after the
other vehicle disappears from the place.

[0162]

Further, the path determination unit 103 specifies a
path along which the target wvehicle 20i will progress on
the Dbasis of the calculation result of the operation
progress calculation wunit 107. In this case, when a
plurality of path candidates can be selected, the path
determination unit 103 may output the path candidates and
information indicating a priority determined for each path
in advance to the departure determination unit 102. In
this case, the departure determination wunit 102 may
perform a process of transmitting a path request for each
path candidate to the security device 40 according to the
given priority.

[0163]

The signal control wunit 401 1is a functional unit
that actually performs control of switching the signal 6
corresponding to the path to blue or red according to
permission or non-permission of the progress to the path
in response to the path request received by the vehicle

protection determination unit 400.
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[0164]

As described above, the operation management device
10 may perform the operation control on the basis of each
embodiment described above in a situation in which safety
is ensured on the basis of the control of the security
device 40. Thus, for example, the departure instruction
according to the front direction density Df and the rear
direction density Dr that is transmitted by the departure
determination unit 102 in the spacing adjustment mode 1is
generated after a condition that safety based on control
of the security device 40 1is ensured 1is satisfied.
Accordingly, the wvehicular traffic system 1 can exhibit
each function 1in each embodiment described above while
securing high safety.

[0165]

Further, the operation management device 10
described above has a computer system provided therein.
Also, each process of the operation management device 10
described above is stored in the form of a program in a
computer-readable recording medium, and the computer reads
and executes the program to perform the above process.
Here, the computer-readable recording medium refers to a
magnetic disk, a magneto optical disc, a CD-ROM (Compact
Disc Read Only Memory), a semiconductor memory, or the

like. Further, this computer program may be distributed
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to a computer via a communication line, and the computer
which has received the distribution may execute the
program.

Industrial Applicability

[0166]

According to the operation management device, the
operation management method, the vehicle, the wvehicular
traffic system, and the program, when the provision of the
transportation service using vehicles becomes nonuniform,
an effect of resolving this can be obtained more rapidly.
Further, even when an unexpected event, such as a case in
which a certain wvehicle 1is suddenly withdrawn to the
vehicle depot or a case in which there is a failure
vehicle on the 1line, occurs, it 1is possible to continue
the operation without ©performing adjustment of the
timetable.

Reference Signs List

[0167]

1 vehicular traffic system

10 operation management device

100 vehicle position acquisition unit

101 density calculation unit

102 departure determination unit

103 path determination unit

104 spacing adjustment unit
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105 operation mode determination unit

106 timetable information storage unit
107 service progress calculation unit

200 to 20n wvehicle

3 (3a, 3b, 3c) track
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Claims

[Claim 1]

An operation management device that manages an operation of a plurality of vehicles
traveling aong atrack, the operation management device comprising:

a vehicle position acquisition unit that acquires positions of the plurality of vehicles
present on the track;

a density calculation unit that calculates density of the plurality of vehicles traveling
within a predetermined range on the track; and

a departure determination unit that adjusts a departure time of a predetermined target
vehicle by changing a time to transmit a departure instruction to the target vehicle on the
basis of one or both of:

front direction density indicating density of vehicles traveling in a range which is
defined ahead of the target vehicle within a predetermined distance therefrom and moves with
the target vehicle, and

rear direction density indicating density of vehicles traveling in a range which is
defined behind of the target vehicle within a predetermined distance therefrom and moves
with the target vehicle.

[Claim 2]

The operation management device according to claim 1,

wherein the departure determination unit adjusts the departure time at a stop station of
the target vehicle on the basis of a magnitude relationship between the front direction density
and a predetermined front direction density threshold value.

[Claim 3]

The operation management device accordingto claim 1 or 2,

wherein the departure determination unit adjusts the departure time at a stop station of
the target vehicle on the basis of a magnitude relationship between the rear direction density
and a predetermined rear direction density threshold value.

[Claim 4]

The operation management device according to any one of claims 1 to 3,

wherein the departure determination unit delays the departure time at the stop station
of the target vehicle when afront and rear direction density difference that is a value obtained
by subtracting the rear direction density from the front direction density is greater than a
predetermined density difference threshold value.

[Claim 5]

The operation management device according to any one of claims 1 to 4,

wherein the departure determination unit further adjusts the departure time at the stop
station of the target vehicle on the basis of one or both of an inter-vehicle distance between
the target vehicle and another vehicle traveling in a nearest position in front in a travel
direction of the target vehicle and an inter-vehicle distance between the target vehicle and
another vehicle traveling in anearest position at the rear in the travel direction.

[Claim 6]

The operation management device according to any one of claims 1 to 5,

wherein the vehicle position acquisition unit further acquires a travel direction of the
plurality of vehicles, and

the density calculation unit performs a correction to increase the front direction
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density when it is determined that there is a vehicle traveling in a direction opposite to the
travel direction of the target vehicle, in front in the travel direction on the track along which
the target vehicle travels.

[Claim 7]

The operation management device according to any one of claims 1 to 6,

wherein the departure determination unit further adjusts the departure time not to be a
time earlier than an earliest departure time determined for each vehicle and each station by
referring to operation timetable information in which the earliest departure time has been
recorded.

[Claim §]

The operation management device according to any one of claims 1 to 7,

wherein the departure determination unit further obtains permission of progress for a
security device that performs control of the operation while securing safety for a path along
which the target vehicle should progress, the path being specified on the basis of path
information of the track, before transmitting the departure instruction to the target vehicle.

[Claim 9]

A vehicular traffic system comprising:

the operation management device according to any one of claims 1 to 8; and

a passenger information system that receives identification information, position
information, and path information of the target vehicle from the operation management
device, calculates a scheduled arrival time for each station of the target vehicle, and displays
the calculated scheduled arrival time on adisplay screen installed in each station.

[Claim 10]

A vehicle that travels along atrack, comprising:

a vehicle position acquisition unit that acquires positions of a plurality of vehicles
including an own vehicle present on the track;

a density calculation unit that calculates density of the plurality of vehicles traveling
within a predetermined range on the track; and

a departure determination unit that adjusts a departure time at a stop station of the
own vehicle on the basis of one or both of:

front direction density indicating density of other vehicles traveling in a range which
is defined ahead of the own vehicle within a predetermined distance therefrom and moves
with the own vehicle, and

rear direction density indicating density of other vehicles traveling in arange which is
defined behind of the own vehicle within a predetermined distance therefrom and moves with
the own vehicle,

[Claim 11]

An operation management method for managing an operation of a plurality of
vehicles traveling along atrack, the operation management method comprising the steps of:

acquiring positions of the plurality of vehicles present on the track;

calculating front direction density indicating density of vehicles traveling in a range
which is defined ahead of a target vehicle within a predetermined distance therefrom and
moves with the target vehicle, and rear direction density indicating density of vehicles
traveling in a range which is defined behind of the target vehicle within a predetermined
distance therefrom and moves with the target vehicle; and
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adjusting a departure time at a stop station of the target vehicle on the basis of one or
both of the front direction density and the rear direction density.

[Claim 12]

A program that causes a computer of an operation management device that manages
an operation of aplurality of vehiclestraveling along atrack to function as:

vehicle position acquisition means for acquiring positions of the plurality of vehicles
present on the track;

density calculation means for calculating density of the plurality of vehicles traveling
within a predetermined range on the track; and

time adjustment means for adjusting a departure time at a stop station of a
predetermined target vehicle on the basis of one or both of:

front direction density indicating density of vehicles traveling in a range which is
defined ahead of the target vehicle within a predetermined distance therefrom and moves with
the target vehicle, and

rear direction density indicating density of vehicles traveling in a range which is
defined behind of the target vehicle within a predetermined distance therefrom and moves
with the target vehicle.

125



