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DESCRIPTION

Title of Invention
OPERATING MANAGEMENT SYSTEM, OPERATING MANAGEMENT METHOD,

5 AND PROGRAM

Technical Field
[0001]
The present invention relates to an operating management system, an operating
10  management method, and a program which manage operating states of a plurality of
vehicles.
Priority is claimed on Japanese Patent Application NO. 2013-180015, filed

August 30, 2013, the content of which is incorporated herein by reference.

15  Background Art

[0002]

An operating evaluation system, which evaluates a driver based on an operating
state of a vehicle, is known. The operating evaluation system calculates an operating
state of a vehicle and evaluates the driving technique of a driver on the basis of various

20  sensors which measure the angular speed of the vehicle, acceleration added to the vehicle,
speed, and the like, and processors which perform various computations based on the
results of detection performed by the sensors.

[0003]

In addition to the above-described driving evaluation system, a driving

25  evaluation system has been further developed (for example, refer to PTL 1) which
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evaluates drive of a vehicle by specifying a travel section in an intersection based on map
data prepared in advance and applying behavior information, which is associated with a
vehicle position in a travel section within the specified intersection, to a predetermined
prescribed condition.

[0004]

According to the driving evaluation system disclosed in PTL 1, a travel situation
is estimated based on the map data and the travel route, and thus, it is possible to improve
the accuracy of estimation of the travel situation. That is, it is possible to improve the
accuracy of determination relevant to right or left turns in an intersection, such as a
location where the vehicle starts to turn right or left in the intersection and a location

where the vehicle finishes turning right or left in the intersection.

Citation List
Patent Literature
[0005]
[PTL 1] Japanese Unexamined Patent Application, First Publication NO.

2013-114319

Summary of Invention
Technical Problem

[0006]

A bus transport service, which enables a plurality of buses to travel and transport
passengers through determined travel routes, is used for various places, for example, for
circular route buses, which circulate within a site such as a university or a factory, in

addition to general transport buses. When such a bus transport service is operated, in
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order to improve service quality, it is important whether or not relative operating states
for each bus, particularly, vehicle intervals are maintained at proper intervals.

Because of such circumstances, when a business operator who provides the bus
transport service evaluates a bus driver, there is a demand to evaluate the driver based on
relative operating states of other vehicles, for example, the driver performs driving while
maintaining a prescribed vehicle interval. However, in the technology disclosed in PTL
1, while it is possible to evaluate the driving technique of drivers according to the travel
states of other vehicles, it is difficult to meet the demand for evaluating drivers based on
the relative operating states of a plurality of vehicles as described above.

[0007]

The present invention provides an operating management system, an operating
management method, and a program that are capable of evaluating a driver based on a

relative operating states of a plurality of traveling vehicles.

Solution to Problem

[0008]

According to a first aspect of the present invention, there is provided an
operating management system including: on-board units that are to be mounted on a
plurality of vehicles and are configured to be capable of acquiring travel information
which includes positional information on each vehicle; and an operating management
apparatus that includes (1) a travel-information acquisition unit which acquires the travel
information from each of the on-board units of the plurality of vehicles, and (ii) an
evaluation unit which evaluates driving of the vehicles, based on relative operating states,
regarding with the plurality of vehicles specified based on the travel information.

[0009]
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In addition, according to a second aspect of the present invention, the operating
management apparatus may further include a driving instruction output unit which
generates and outputs driving instruction information for driving instruction to each of
the plurality of vehicles based on results of evaluation performed by the evaluation unit.

[0010]

In addition, according to a third aspect of the present invention, the operating
management apparatus may further include a vehicle interval computing unit that
calculates a vehicle interval between each of the plurality of vehicles and an another
adjacent vehicle based on the plurality of pieces of the positional information which are
acquired by the on-board units mounted on the plurality of vehicles, and the evaluation
unit may evaluate driving of the vehicles based on the vehicle interval.

[0011]

In addition, according to a fourth aspect of the present invention, the operating
management apparatus may further include a traffic jam information acquisition unit that
acquires traffic jam information about a route through which the plurality of vehicles
travel, and the evaluation unit may evaluate driving of the vehicles based on the traffic
jam information and the vehicle interval.

[0012]

In addition, according to a fifth aspect of the present invention, the operating
management apparatus may further include a vehicle occupancy information acquisition
unit that acquires vehicle occupancy information which indicates the number of
passengers of each of the plurality of vehicles, and the evaluation unit may evaluate
driving of the vehicles based on the vehicle occupancy information and the vehicle
interval.

[0013]
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In addition, according to a sixth aspect of the present invention, the operating
management apparatus may further include a proper vehicle allocation number
computing unit that calculates proper vehicle allocation numbers such that the vehicle
intervals between the plurality of vehicles on the travel route become the proper interval
based on results of evaluations performed by the evaluation unit.

[0014]

In addition, according to a seventh aspect of the present invention, there is
provided an operating management method including: acquiring travel information by a
travel-information acquisition unit from on-board units that are each mounted on a
plurality of vehicles and are configured to be capable of acquiring travel information
which includes positional information of the vehicles; and evaluating driving of the
vehicles by an evaluation unit, based on relative operating states, for the plurality of
vehicles specified based on the travel information.

[0015]

In addition, according to an eighth aspect of the present invention, there is
provided a program causing a computer of an operating management apparatus to
function as travel information acquisition unit for acquiring travel information from
on-board units that are each mounted on a plurality of vehicles and are configured to be
capable of acquiring travel information which includes positional information on each
vehicle; and evaluation unit for evaluating driving of the vehicles, based on relative

operating states, for the plurality of vehicles specified based on the travel information.

Advantageous Effects of Invention
[0016]

According to the above-described operating management system, the operating
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management method, and the program, it is possible to evaluate drivers based on the

relative operating states of the plurality of traveling vehicles.

Brief Description of Drawings

[0017]

FIG. 1 is a schematic diagram illustrating an example of a bus operating
management system according to a first embodiment of the present invention.

FIG. 2 is a block diagram illustrating an example of each of configurations of an
on-board unit according to the first embodiment of the present invention.

FIG. 3 is a block diagram illustrating an example of each of configurations of an
operating management apparatus according to the first embodiment of the present
invention.

FIG. 4 is a diagram illustrating a process of a vehicle interval computing unit
according to the first embodiment of the present invention.

FIG. 5 is a diagram illustrating a process of an evaluation unit according to the
first embodiment of the present invention.

FIG. 6 is a diagram illustrating a process of a driving instruction output unit
according to the first embodiment of the present invention.

FIG. 7 is a flowchart illustrating the flow of a process performed by the
operating management apparatus according to the first embodiment of the present
invention.

FIG. 8 is a schematic diagram illustrating an example of a bus operating
management system according to a second embodiment of the present invention.

FIG. 9 is a block diagram illustrating an example of each configuration of an

operating management apparatus according to the second embodiment of the present
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FIG. 10 is a diagram illustrating a process of an evaluation unit according to the
second embodiment of the present invention.

FIG. 11 is a flowchart illustrating the flow of a process performed by the
operating management apparatus according to the second embodiment of the present
invention.

FIG. 12 is a schematic diagram illustrating an example of a bus operating
management system according to a third embodiment of the present invention.

FIG. 13 is a block diagram illustrating an example of each configuration of the
operating management apparatus according to the third embodiment of the present
invention.

FIG. 14A is a first diagram illustrating a process performed by an evaluation unit
according to the third embodiment of the present invention.

FIG. 14B is a second diagram illustrating the process performed by the
evaluation unit according to the third embodiment of the present invention.

FIG. 15 is a flowchart illustrating the flow of a process performed by the
operating management apparatus according to the third embodiment of the present
invention.

FIG. 16 is a block diagram illustrating an example of each configuration of an
operating management apparatus according to a fourth embodiment of the present
invention.

FIG. 17 is a diagram illustrating a process performed by a proper vehicle
allocation number computing unit according to the fourth embodiment of the present
invention.

FIG. 18 is a flowchart illustrating the flow of a process performed by the
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operating management apparatus according to the fourth embodiment of the present

invention.

Description of Embodiments

[0018]

First Embodiment

Hereinafter, an example of a bus operating management system according to a
first embodiment of the present invention will be described with reference to the
accompanying drawings.

FIG. 1 is a schematic diagram illustrating an example of the bus operating
management system according to the first embodiment of the present invention.

As illustrated in FIG. 1, the bus operating management system according to the
first embodiment of the present invention includes an on-board unit 100, a notification
unit 200, and an operating management apparatus 600. In the embodiment, the
on-board unit 100 and the notification unit 200 are mounted on a vehicle 1a, and the
operating management apparatus 600 is installed on the outside of the vehicle 1a.
Meanwhile, the embodiment of the present invention is not limited thereto and the
operating management apparatus 600 may be mounted on the vehicle 1a. In addition,
although not shown in FIG. 1, vehicles 1b, lc, ... have the same functional configuration
as the vehicle 1a.

In the embodiment, the vehicles 1a, 1b, Ic, ... are, for example, buses, that is,
circular route buses which circulate within a site such as a university or a factory.
However, the embodiment of the present invention is not limited thereto and the vehicles
may include a private car, a taxi, a track, a train, a monorail, and the like.

In addition, the vehicles 1a, 1b, 1c, ... are not limited to vehicles which circulate
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a ring-shaped travel route and may include vehicles which travel non-ringing-shaped
travel routes.

[0019]

The on-board unit 100 is a device which is mounted in each of the plurality of
vehicles 1a, 1b, ..., and which is capable of acquiring travel information that includes the
positional information of each of the vehicles 1a, 1b, ....

The notification unit 200 is, for example, a display monitor, a speaker, or the
like, and provides notification about the content of a driving instruction issued for each of
the drivers of the vehicles 1a, 1b, ... and is received from the operating management
apparatus 600.

The operating management apparatus 600 acquires travel information which
includes the positional information of the plurality of vehicles 1a, 1b, ... , and manages
the driving of the vehicles 1a, 1b, ... . Specifically, the operating management apparatus
600 has a function of evaluating the relative operating states of the plurality of vehicles
la, 1b, .... The detailed functional configuration of the operating management
apparatus 600 will be described later.

[0020]

FIG. 2 is a block diagram illustrating an example of each configuration of the
on-board unit according to the first embodiment of the present invention.

As illustrated in FIG. 2, the on-board unit 100 includes a satellite signal
reception unit 101, a position detection unit 102, a storage unit 103, a travel state
detection unit 104, a travel state detection sensor 105, and a communication unit 106.

The satellite signal reception unit 101 receives signals which are issued from
satellites using a Global Navigation Satellite System (GNSS), and outputs positioning

information.
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The position detection unit 102 specifies the current position (hereinafter,
referred to as a vehicle position) of the on-board unit 100(vehicles 1a, 1b, ...) based on
the positioning information which is output from the satellite signal reception unit 101
and map information which is acquired in advance. The position detection unit 102
specifies the vehicle position of the vehicle on a map, which is stored in the storage unit
103 in advance, using, for example, a map matching technology. In addition, the
position detection unit 102 transmits the positional information indicative of the specified
vehicle position to the operating management apparatus 600 through the communication
unit 106.

The travel state detection sensor 105 includes an acceleration sensor, an angular
speed sensor, and the like, and outputs information indicative of a detected speed,
acceleration, and an angular speed to the travel state detection unit 104 as the travel
information other than the positional information.

The travel state detection unit 104 transmits the travel information indicative of
the speed, the acceleration, and the angular speed, which are detected by the travel state
detection sensor 105, to the operating management apparatus 600 through the
communication unit 106 (FIG. 1).

The communication unit 106 is connected to the operating management
apparatus 600 through the network. The communication unit 106 transmits the travel
information (positional information, speed information, and the like) of the vehicle to the
operating management apparatus 600. Meanwhile, the communication unit 106 may be
a communication unit which performs short-range communication with a road side
machine (not shown in the drawing) that is provided on the road side of a travel route
through which the vehicles 1a, 1b, ... travel. In this case, the communication unit 106

transmits the travel information to the operating management apparatus 600 which is
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connected to a wide area network through the road side machine (not shown in the
drawing).

[0021]

FIG. 3 is a block diagram illustrating an example of each configuration of the
operating management apparatus according to the first embodiment of the present
invention.

As illustrated in FIG. 3, the operating management apparatus 600 includes a
vehicle interval computing unit 601, an evaluation unit 602, a driving instruction output
unit 603, a storage unit 604, and a travel-information acquisition unit 605.

The travel-information acquisition unit 605 is connected to the on-board unit
100 and the notification unit 200 which are mounted on each of the vehicles 1a, 1b, ...
through the network. Further, the travel-information acquisition unit 605 receives
positional information which is received from the on-board unit 100 that is mounted on
each of the plurality of vehicles 1a, 1b, ....

The vehicle interval computing unit 601 calculates the vehicle interval L
between each of the plurality of vehicles 1a, 1b, ... and another vehicle, which is adjacent
to each of the plurality of vehicles 1a, 1b, ..., based on a plurality of pieces of positional
information which are received by the travel-information acquisition unit 605 and the
map information which is stored in the storage unit 604 in advance. A process
performed by the vehicle interval computing unit 601 will be described later in detail
with reference to FIG. 4.

[0022]

The evaluation unit 602 evaluates relative operating states of the plurality of
vehicles 1a, 1b, ... based on the vehicle interval L which is calculated by the vehicle

interval computing unit 601. Specifically, the evaluation unit 602 includes an
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evaluation reference setting unit 602a that sets a predetermined evaluation reference
value. The evaluation unit 602 determines whether or not the vehicle interval L
between adjacent vehicles is maintained at an appropriate vehicle interval with reference
to a lower-limit vehicle interval value Lth1 and an upper-limit vehicle interval value Lth2
which are evaluation reference values set by the evaluation reference setting unit 602a.
Further, the evaluation unit 602 performs a process of evaluating drivers of the vehicles
la, 1b, ... using an evaluation table 602b based on the result of determination. For
example, when a vehicle interval Lab between the vehicle 1a and the vehicle 1b is less
than the lower-limit vehicle interval value Lth1 or higher than the upper-limit vehicle
interval value Lth2, which are set by the evaluation reference setting unit 602a, the
evaluation unit 602 performs a process of subtracting evaluation scores for each driver of
the vehicle 1a and the vehicle 1b which are recorded in the evaluation table 602b.

[0023]

The driving instruction output unit 603 generates driving instruction information
for instructing to drive the plurality of vehicles la, 1b, ... based on the result of evaluation
performed by the evaluation unit 602, and transmits the driving instruction information to
the vehicles 1a, 1b, ... . Specifically, when the result of evaluation performed by the
evaluation unit 602 is input, the driving instruction output unit 603 generates the driving
instruction information such that evaluation for the driver to be corrected, and transmits
the driving instruction information to the notification units 200 of the vehicles 1a, 1b, ...
through the network (FIG. 1). In this case, the notification unit 200 notifies the content
of the driving instruction to the driver based on the received driving instruction
information. For example, when the evaluation unit 602 determines that the vehicle
interval Lab is less than the lower-limit vehicle interval value Lthl, the driving

instruction output unit 603 transmits a driving instruction to reduce a travel speed to the



10

15

20

25

13

notification unit 200 of a preceding vehicle 1a and transmits a driving instruction to
increase the travel speed to the notification unit 200 of a subsequent vehicle 1b.

[0024]

FIG. 4 is a diagram illustrating a process of the vehicle interval computing unit
according to the first embodiment of the present invention.

As illustrated in FIG. 4, the vehicle interval computing unit 601 specifies the
travel positions Pla, P1b, ... of the vehicles 1a, 1b, ... on a travel route Q based on the
positional information of the vehicles 1a, 1b, ... received from the on-board units 100 and
the map information stored in the storage unit 604. Further, the vehicle interval
computing unit 601 calculates the vehicle interval L between adjacent other vehicles
based on the travel positions Pla, P1b, .... For example, the vehicle interval computing
unit 601 calculates the vehicle interval Lab with reference to the travel positions Pla and
P1b.

When the vehicle interval computing unit 601 calculates, for example, the
vehicle interval Lab, the vehicle interval computing unit 601 calculates the distance
between the travel positions Pla and P1b on the travel route Q as the vehicle interval
Lab.

[0025]

FIG. 5 is a diagram illustrating a process of the evaluation unit according to the
first embodiment of the present invention.

The evaluation unit 602 includes the evaluation table 602b therein. As
illustrated in FIG. 5, the evaluation table 602b is an information table in which the
vehicles 1a, 1b, ... associated with evaluation scores are stored.

As described above, the evaluation unit 602 evaluates the relative operating

states of the vehicles 1a, 1b, ... . Specifically, the vehicle interval Lab between the
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vehicle 1a and the vehicle 1b is less than the lower-limit vehicle interval value Lth1, the
evaluation unit 602 determines that the operating state of the vehicle 1a and the vehicle
1b are not preferable, and performs a process of reducing the evaluation scores of the
vehicle 1a and the vehicle 1b which are recorded in the evaluation table 602b (FIG. 5).

A driver evaluation method performed by the evaluation unit 602 is not limited
to the above-described method. For example, the evaluation unit 602 may perform
driver evaluation using an addition method in which addition is performed when desired
driving is performed instead of a reduction method as described above.

[0026]

FIG. 6 is a diagram illustrating a process of the driving instruction output unit
according to the first embodiment of the present invention.

As described above, the driving instruction output unit 603 generates and
outputs driving instruction information to instruct to drive the vehicles 1a, 1b, ... based
on the result of evaluation performed by the evaluation unit 602.

For example, when the evaluation unit 602 determines that the vehicle interval
Lab between the vehicle 1a and the vehicle 1b is less than the lower-limit vehicle interval
value Lth1, the driving instruction output unit 603 generates driving instruction
information of “increase speed” with reference to the evaluation result, and transmits the
driving instruction information to the notification unit 200(in the example, display
monitor) of the preceding vehicle 1a. When the notification unit 200 of the vehicle 1a
receives the driving instruction information, the notification unit 200 of the vehicle 1a
displays a driving instruction to “increase speed” and notifies the driver. In contrast, the
driving instruction output unit 603 generates driving instruction information of “reduce
speed” at the same time as the process, and transmits the driving instruction information

to the notification unit 200 of the subsequent vehicle 1b. The notification unit 200 of
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the vehicle 1b receives the driving instruction information, and notifies the driver about
the driving instruction to “reduce speed” by displaying the driving instruction.

Therefore, the driver of the vehicle 1a accelerates the vehicle 1a according to the
driving instruction, and the driver of the vehicle 1b decelerates the vehicle 1b according
to the driving instruction. If so, the state in which the vehicle interval Lab between the
vehicle 1a and the vehicle 1b is less than the lower-limit vehicle interval value Lthl is
recovered to the appropriate vehicle interval, and thus the operating state in which the
vehicle interval is narrow is corrected.

The driving instruction output unit 603 may simultaneously transmit information
indicative of the reason of the instruction, driving situation, or the like in addition to the
simple instructions of “increase speed” and “reduce speed”. For example, the driving
instruction output unit 603 may transmit driving instruction information “increase
(reduce) speed because the vehicle interval with a front vehicle is extending (is
reducing)” or the like.

[0027]

FIG. 7 is a flowchart illustrating the flow of a process performed by the
operating management apparatus according to the first embodiment of the present
invention.

Hereinafter, the flow of the process performed by the operating management
apparatus 600 which has the above-described functional configuration will be described
according to procedures with reference to FIG. 7.

First, the vehicle interval computing unit 601 receives positional information
from the on-board units 100 mounted on the vehicle 1a and the vehicle 1b through the
network (step ST101).

Subsequently, the vehicle interval computing unit 601 specifies the travel
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positions Pla and P1b of the vehicles 1a and 1b on the travel route Q (FIG. 4) based on
the map information which is stored in the storage unit 604 (FIG. 3) in advance (step
ST102).

Subsequently, the vehicle interval computing unit 601 calculates the vehicle
interval Lab between the vehicle 1a and the vehicle 1b based on the specified travel
positions Pla and P1b (step ST103).

[0028]

The evaluation unit 602 performs a process of determining whether or not the
vehicle interval Lab, which is calculated by the vehicle interval computing unit 601, is
included in a range between the lower-limit vehicle interval value Lth1 and the
upper-limit vehicle interval value Lth2 which are set by the evaluation reference setting
unit 602a in advance(step ST104).

When the vehicle interval Lab is included in the range between the lower-limit
vehicle interval value Lth1 and the upper-limit vehicle interval value Lth2 (step ST104:
YES), the evaluation unit 602 ends the process without performing the reduction process.

In contrast, when the vehicle interval Lab is not included in the range between
the lower-limit vehicle interval value Lth1 and the upper-limit vehicle interval value Lth2
(step ST104: NO), the evaluation unit 602 performs a process of reducing evaluation
scores for the vehicles 1a and 1b in which the vehicle interval is not included in the range
in the evaluation table 602b (FIG. 5) (step ST105, refer to FIG. 5).

[0029]

The driving instruction output unit 603 transmits driving instruction information
indicative of a driving instruction to correct the operating state to the vehicles 1a and 1b
which are score reduction objects, based on the result of determination performed by the

evaluation unit 602 in step ST104 (step ST106). If so, the drivers of the vehicles 1a and
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1b, who receive the driving instruction information, drive according to the driving
instruction, and the operating state which is a score reduction object is corrected.

[0030]

The operating management apparatus 600 repeats the above flowchart for the
vehicle intervals Lbc, Lcd, ... between other vehicles 1b, 1c, 1d, ... and evaluates the
other vehicles 1b, 1c, 1d, ... .

In addition, the operating management apparatus 600 further repeats the flow of
the process of the evaluation for all of the vehicles 1a, 1b, ... on a fixed cycle, and adds
up the reduction points. Therefore, the operating management apparatus 600 can
evaluate the driving of the drivers, integrally.

[0031]

Hereinafter, the bus operating management system according to the first
embodiment of the present invention can evaluate the relative operating states for the
plurality of vehicles based on the travel information of the plurality of buses. Therefore,
an operator of a transport service using the buses can accurately evaluate drivers from a
point of view whether or not an appropriate transport service is provided.

In addition, in a case of an inappropriate operating state as in the vehicle interval
is narrow between some vehicles, the bus operating management system according to the
embodiment directly gives a driving instruction to the drivers of the vehicles which are
objects. Accordingly, it is possible to rapidly restore from the inappropriate operating
State.

[0032]

When it is determined that the vehicle interval is deviated from the appropriate
vehicle interval (step ST104: NO in FIG. 5), the evaluation unit 602 may not directly

perform the score reduction process (step ST105 in FIG. 5). Specifically, when it is
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determined that the vehicle interval is deviated from the proper vehicle interval and after
fixed time elapses from the time point or when the bus arrives at a subsequent bus station,
the evaluation unit 602 may perform the score reduction process for the first time after it
is determined that the state is not improved.

In addition, in this case, the driving instruction output unit 603 may display (for
example, “pay attention’”) which indicates that the evaluation unit 602 determines that the
vehicle interval is deviated from the appropriate vehicle interval but does not perform
score reduction yet. When the evaluation unit 602 performs the score reduction process
as a result that the state in which the vehicle interval is deviated from the appropriate
vehicle interval is continued for fixed time, the driving instruction output unit 603 may
perform display (for example, “warning” or the like), which indicates that the vehicle
interval is deviated from the appropriate vehicle interval, on the notification unit 200.

In contrast, when the display, such as the “pay attention” or “warning”, is not
continuously performed for the fixed time, the driving instruction output unit 603 may
perform display (for example, “excellent” or the like) for praising the driving of the
driver.

[0033]

Modified Example of First Embodiment

The bus operating management system according to the first embodiment of the
present invention can be modified as follows.

[0034]

The evaluation unit 602 according to the modified example may perform, for
example, evaluation (score reduction process) for the vehicles 1a, 1b, ... and may perform
evaluation based on the priorities of evaluation items.

Specifically, the evaluation unit 602 according to the modified example further
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includes a priority prescribing unit that prescribes the priorities of the evaluation items
for the operating state.

For example, it is assumed that the priority prescribing unit prescribes to
evaluate vehicle interval with a front side vehicle in preference to the vehicle interval
with the back side vehicle. In this case, in the example illustrated in FIG. 4, when all
the travel positions Pla, P1b, and Plc of the vehicles 1a, 1b, and 1c are close to each
other, a case is assumed in which both the vehicle interval Lab and the vehicle interval
Lbc are less than the lower-limit vehicle interval value Lth1l. In this case, the evaluation
unit 602 considers only a fact that the vehicle interval Lab with the front side vehicle 1a
is less than the lower-limit vehicle interval value Lth1 as a score reduction object for the
vehicle 1b according to the priority determined by the priority prescribing unit, and
simultaneously causes a fact that the vehicle interval Lbc with the subsequent vehicle 1c
is less than the lower-limit vehicle interval value Lth1 to not be included in the
evaluation items.

In this manner, the evaluation unit 602 can prevent the driver of the vehicle 1b,
which is positioned in the middle, from being doubly reduced, and can correctly evaluate
the driving of the drivers.

In this case, the driving instruction output unit 603 does not simultaneously
transmit contrary driving instructions (for example, instruction to “increase speed” and
instruction to “reduce speed”) to the driver of the vehicle 1b according to the priorities of
the evaluation items which are applied to the evaluation unit 602.

[0035]

In addition, the evaluation unit 602 according to another modified example of
the first embodiment may further include an evaluation object specification unit that

specifies vehicles which are evaluation (score reduction process) objects. The
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evaluation object specification unit according to the modified example specifies the
vehicles 1a, 1b, ..., which are evaluation objects with reference to both the vehicle
interval with the front side vehicle and the vehicle interval with the back side vehicle.

For example, when the vehicle interval Lab between the vehicle 1b and the
vehicle 1a which travels on the front side of the vehicle 1b is widened and, at the same
time, the vehicle interval Lbc between the vehicle 1b and the vehicle 1¢ which travels the
back side of the vehicle 1b is narrowed, the evaluation object specification unit
determines that the travel speed of the vehicle 1b is reduced, and specifies only the
vehicle 1b as an evaluation object.

In addition, when the vehicle interval Lab between the vehicle 1b and the
vehicle 1a is narrowed and, at the same time, the vehicle interval Lbc between the vehicle
1b and the vehicle 1c is widened, the evaluation object specification unit determines that
the travel speed of the vehicle 1b is increased, and specifies only the vehicle 1b as the
evaluation object.

[0036]

In contrast, when the vehicle interval Lab between the vehicle 1b and the vehicle
la is proper and the vehicle interval Lbc with the vehicle 1c is widened or narrowed, it is
determined that the vehicle 1c is decelerated or accelerated, and specifies only the
vehicle 1c as the evaluation object.

In the same manner, when the vehicle interval Lbc between the vehicle 1b and
the vehicle 1c is proper and the vehicle interval Lab with the vehicle 1a is widened or
narrowed, it is determined that the vehicle 1a is decelerated or accelerated, and specifies
only the vehicle 1a as the evaluation object.

In this manner, the evaluation unit 602 does not consider a driver who drives

while properly maintains the vehicle interval with other vehicles on the front and back
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sides as a score reduction object, and thus it is possible to reflect the degree of an actual
fault into driver evaluation.

[0037]

In addition, the evaluation object specification unit according to the
above-described modified example may acquire speed information and acceleration
information which are the travel information for the vehicles 1a, 1b, ... from the travel
state detection unit 104, and may specify the evaluation object based on the acquired
speed information and acceleration information.  Specifically, when the evaluation unit
602 determines that the vehicle interval Lab between the vehicle 1a and the vehicle 1b is
less than the lower-limit vehicle interval value Lth1, the evaluation object specification
unit refers to the speed information of the vehicles 1a and 1b. Further, when one of the
speeds va and vb of the vehicles 1a and 1b is far more or less than a proper speed vref
which is prescribed in advance, only the vehicle is subjected to the evaluation object
(score reduction object).

In this manner, the evaluation unit 602 reduces only a driver who drives under of
over the proper speed vref, and thus it is possible to more reflect the degree of the actual
fault into the driver evaluation.

[0038]

The valuation unit 602 according to further another modified example of the
first embodiment may evaluate the operating states of the vehicles 1a, 1b, ... based on
route information, which is determined for each of the locations on a travel route Q (FIG.
4), and travel information at the location.

Specifically, in the map information which is stored in the storage unit 604,

2 ¢ 29 &¢

detailed route information, such as “intersection position”, “curve curvature”, “road

width”, and “crossing or hump position” for each of the locations on the travel route Q is
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further stored.

In contrast, the evaluation unit 602 includes a proper travel-information
acquisition unit that refers to the positional information of each of the vehicles 1a, 1b, ...,
acquires route information in the position, and acquires proper travel information (proper
speed information, proper acceleration information, and proper angular speed
information) which is prescribed for each route information. Further, the evaluation
unit 602 acquires current travel information (speed information, acceleration information,
and angular speed information) from the travel state detection unit 104, and evaluates the
operating states of the vehicles 1a, 1b, ... based on the proper travel information.

[0039]

For example, when a certain vehicle (vehicle 1a) is traveling a curved section at
a location on the travel route Q, the proper travel-information acquisition unit acquires
proper angular speed information which indicates the proper angular speed prescribed
from the “curve curvature” at the location. Further, the evaluation unit 602 refers to the
angular speed information, which is acquired by the travel state detection unit 104 in a
case of travel, and the proper angular speed information which is acquired by the proper
travel-information acquisition unit. When the angular speed of the vehicle 1a which is
traveling the curve section is higher than a proper angular speed which is prescribed
based on the curve curvature, the evaluation unit 602 determines that driving is
inappropriate, and performs a process of decreasing driver evaluation. In the same
manner, when the speed of the vehicle 1a traveling at a hump is higher than a proper
speed prescribed for traveling at a hump, the evaluation unit 602 performs a process of
decreasing the evaluation score of the driver of the vehicle 1a.

In this manner, the evaluation unit 602 evaluates drivers based on proper

operating states prescribed for each of the locations (an intersection, a crossing, a hump,
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and the like) on the travel route, and thus it is possible to accurately evaluate the drive
manner of the drivers in detail.

In addition, the evaluation unit 602 according to the modified example further
includes the above-described evaluation object specification unit. Even when the
vehicle interval is deviated from a proper vehicle interval, an evaluation object (score
reduction object) may be not subjected according to the situation of the traveling route at
that time. For example, when the vehicle interval Lab with the vehicle 1a is widened as
a result of inevitably decelerating the speed because the vehicle 1b travels a narrow road
or a location where a hump is arranged, the evaluation object specification unit may
perform a process of removing the vehicles 1a and 1b from the evaluation object.

[0040]

In addition, the evaluation unit 602 according to further another modified
example of the first embodiment may set different lower-limit vehicle interval value Lth1
and upper-limit vehicle interval value Lth2 for each predetermined section, which is
determined in advance, on the travel route Q (FIG. 4).

For example, when the travel route Q has branched roads and the vehicles 1a,
1b, ... which runs on the branched roads join together, a proper vehicle interval on the
route before joining is different from the proper vehicle interval on the route after joining.
That is, on the route after joining, the number of vehicles which are present for each unit
distance, that is, the vehicles 1a, 1b, ... increases, and thus the vehicle interval in the
section necessarily becomes narrower. Therefore, in this case, the evaluation reference
setting unit 602a performs a process of setting a lower-limit vehicle interval value Lth1’
and a upper-limit vehicle interval value Lth2’, which are acquired by reducing values
rather than the lower-limit vehicle interval value Lth1 and the upper-limit vehicle interval

value Lth2 that are set in the sections of the branched roads, for the vehicles 1a, 1b, ...
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which travel the route (section) after joining.

In this manner, the evaluation unit 602 appropriately changes evaluation
reference according to a situation in the traveling section, and thus it is possible to
accurately perform driver evaluation.

The evaluation reference setting unit 602a may set the lower-limit vehicle
interval value Lth1 and the upper-limit vehicle interval value Lth2 in association with a
time period in a case of travel in addition to the section of the travel route Q. Therefore,
when the allocation numbers of the vehicles 1a, 1b, ... change according to the time
period, the evaluation unit 602 can appropriately change determination reference
according to the change in the number of driving vehicles.

[0041]

In addition, the evaluation unit 602 according to further another modified
example of the first embodiment may determine whether or not driving is performed
based on a predetermined driving timetable, and may evaluate the operating states of the
vehicles 1a, 1b, ... based thereon.

Specifically, the evaluation unit 602 according to the modified example further
includes, in addition to the above-described evaluation object specification unit, a driving
timetable information storage unit that stores a predetermined driving timetable, and a
clocking unit that clocks current time. Here, the driving timetable information storage
unit associates the positional information, which indicates the position of a bus stop, with
an estimated time of arrival at each bus stop and stores the information as driving
timetable information.

The evaluation object specification unit refers to the positional information,
which indicates the position of a bus stop, and the estimated time of arrival at each bus

stop, and specifies positions (target positions) on the travel route where the vehicles
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should be preset at current time in order that the vehicle maintains the driving timetable.

Further, when the evaluation unit 602 determines that the vehicle interval Lab
between the vehicle 1a and the vehicle 1b is less than the lower-limit vehicle interval
value Lth1, the evaluation object specification unit compares current positions, which are
indicated by the positional information of the vehicle 1a and vehicle 1b, and the target
positions. Further, when the current position of one of the target positions of the
vehicles 1a and 1b is largely deviated from the target position, only the vehicle is
subjected to the evaluation object (score reduction object).

In this manner, when an inappropriate vehicle interval is generated even though
the drivers of the vehicles la, 1b, ... maintain the driving timetable, it is possible to
determine that the inappropriate vehicle interval is not generated due to the fault of the
driver and to not perform score reduction. Therefore, the operator of the transport
service can more accurately evaluate driving of the vehicle by the driver.

[0042]

In addition, description is performed such that the operating management
apparatus 600 according to the first embodiment includes the driving instruction output
unit 603. However, the operating management apparatus 600 according to another
modified example may not necessarily include the driving instruction output unit 603.
In this case, the operating management apparatus 600 does not perform a process of
generating and transmitting the driving instruction (FIG. 7: step ST106) and only perform
evaluation for the relative operating states of the vehicles 1a, 1b, ... based on the process
of the evaluation unit 602.

[0043]

Second Embodiment

Subsequently, an example of a bus operating management system according to a
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second embodiment of the present invention will be described with reference to the
accompanying drawing.

FIG. 8 is a schematic diagram illustrating an example of the bus operating
management system according to the second embodiment of the present invention.

As illustrated in FIG. 8, the bus operating management system according to the
second embodiment of the present invention includes an on-board unit 100, a notification
unit 200, an operating management apparatus 600, and a traffic information system 700.

In the embodiment, the on-board unit 100 and the notification unit 200 which
are mounted on the vehicles 1a, 1b, ... have the same functional configurations as in the
first embodiment. Therefore, the description thereof will not be repeated.

[0044]

The traffic information system 700 collects traffic information which is acquired
by traffic information acquisition means (for example, sensors, cameras, or the like
which detect the pass of vehicles) installed in, for example, a plurality of locations on the
travel route, generates traffic jam information which indicates a traffic jam section, and
transmits the generated traffic jam information.

[0045]

FIG. 9 is a block diagram illustrating an example of each configuration of the
operating management apparatus according to the second embodiment of the present
invention.

As illustrated in FIG. 9, the operating management apparatus 600 according to
the embodiment includes a vehicle interval computing unit 601, an evaluation unit 602, a
driving instruction output unit 603, a storage unit 604, a travel-information acquisition
unit 6035, and a traffic jam information acquisition unit 606.

Here, the vehicle interval computing unit 601, the storage unit 604, and the
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travel-information acquisition unit 605 have the same functional configurations as in the
first embodiment. Therefore, the description thereof will not be repeated.

The traffic jam information acquisition unit 606 receives the traffic jam
information from the traffic information system 700 (FIG. 8) through a network. The
traffic jam information acquisition unit 606 reflects the received traffic jam information
into the map information which is stored in the storage unit 604 in advance, and sets a
traffic jam section on the travel route of the vehicles la, 1b, ... .

The facts that the operating management apparatus 600 according to the
embodiment includes the traffic jam information acquisition unit 606 and the evaluation
unit 602 performs evaluation of the relative operating states of the vehicles 1a, 1b, ...
based on the traffic jam information acquired by the traffic jam information acquisition
unit 606 are different from the first embodiment.

[0046]

FIG. 10 is a diagram illustrating a process of the evaluation unit according to the
second embodiment of the present invention.

The evaluation unit 602 of the operating management apparatus 600 according
to the embodiment evaluates the relative operating states based on the traffic jam
information acquired by the traffic jam information acquisition unit 606 and the vehicle
interval calculated by the vehicle interval computing unit 601. Specifically, the
evaluation unit 602 includes an evaluation object specification unit 602¢ which specifies
a vehicle which is subjected to the evaluation object (score reduction object). Further,
the evaluation object specification unit 602¢ performs processes of removing the vehicles
la, 1b, ... , which are included in a traffic jam section R specified by the traffic jam
information acquisition unit 606 based on the traffic jam information, from the evaluation

object, and specifying the other vehicles 1a, 1b, ... as the evaluation objects.
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For example, as illustrated in FIG. 10, it is assumed that the vehicle interval
computing unit 601 specifies travel positions Pla to Ple of the vehicles 1a to le on the
travel route. In contrast, the traffic jam information acquisition unit 606 receives the
traffic jam information from the traffic information system 700, and specifies the traffic
jam section R on the travel route Q based on the map information.

[0047]

In the example illustrated in FIG. 10, the evaluation object specification unit
602c recognizes that the travel positions Pla, P1b, and Plc of the travel positions Pla to
Ple are included in the traffic jam section R.  Further, the evaluation object
specification unit 602c performs a process of not subjecting the vehicles 1a, 1b, and Ic
which are traveling in the traffic jam section to the evaluation objects based on the
vehicle interval L, and specifying only the vehicle interval Lde between the vehicles 1d
and le, which do not travel in the traffic jam section, to the evaluation object.
Therefore, the evaluation unit 602 does not reduce the evaluation score of the vehicles 1a,
1b, ..., which are in a situation in which it is difficult to adjust the vehicle interval
because the vehicles 1a, 1b, ... are traveling in the traffic jam section, even when the
vehicle interval L is not an appropriate vehicle interval.

Accordingly, the evaluation unit 602 subjects only the operating state to the
score reduction object based on the fault of drivers, and thus it is possible to accurately
evaluate the drivers.

The driving instruction output unit 603 does not transmit the driving instruction
to the vehicles 1a, 1b, ... which are not subjected to the evaluation object of the
evaluation unit 602.

[0048]

FIG. 11 is a flowchart illustrating the flow of the process performed by the
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operating management apparatus according to the second embodiment of the present
invention.

In the drawing, the same reference symbols are attached to the same process
steps as in the flow of the process (FIG. 7) performed by the operating management
apparatus 600 according to the first embodiment, and the description thereof will not be
repeated.

[0049]

In the operating management apparatus 600 according to the embodiment, first,
the traffic jam information acquisition unit 606 receives the traffic jam information from
the traffic information system 700 after the processes (steps ST101 to 103) performed by
the vehicle interval computing unit 601 are performed. Further, the traffic jam
information acquisition unit 606 specifies the traffic jam section R on the travel route Q
based on the received traffic jam information (step ST107).

[0050]

Subsequently, the evaluation object specification unit 602¢ determines whether
or not the vehicles 1a and 1b are included in the traffic jam section R based on the
positional information which indicates the travel positions Pla and P1b of the vehicles 1a
and 1b specified by the vehicle interval computing unit 601 (step ST108). Here, when
any one of the vehicles 1a and 1b is included in the traffic jam section R (step ST108:
YES), the evaluation unit 602 and the driving instruction output unit 603 ends the
evaluation process for the vehicles 1a and 1b without performing subsequent evaluation
processes (steps ST104 and 105) and transmitting the driving instruction (step ST106).

In contrast, when both the vehicles 1a and 1b are not included in the traffic jam
section R (step ST108: NO), the evaluation unit 602 and the driving instruction output

unit 603 perform the process steps for the vehicles 1a and 1b in the processes in steps
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ST104 to 106.

The operating management apparatus 600 performs the same process on the
vehicle intervals Lbc, Lcd, ... of the other vehicles 1b, 1c, 1d, ... .

[0051]

Hereinabove, when an event that the driver evaluation score should be reduced
occurs but the event is not caused by the fault of the driver, the bus operating
management system according to the second embodiment of the present invention can
prevent the score reduction. Therefore, the operator of the transport service can more
accurately evaluate the driving of the vehicle by a driver.

[0052]

Description is performed such that the operating management apparatus 600
according to the above-described second embodiment does not subject the vehicles 1a,
1b, ... which are included in the traffic jam section R to the evaluation objects. However,
the operating management apparatus 600 according to another embodiment is not limited
to such a method. For example, the operating management apparatus 600 according to
a modified example of the second embodiment may perform evaluation on the vehicle in
the traffic jam by reducing reduction points according to the degree of the congestion of
the traffic jam.

[0053]

Third Embodiment

Subsequently, an example of a bus operating management system according to a
third embodiment of the present invention will be described with reference to the
accompanying drawing.

FIG. 12 is a schematic diagram illustrating an example of the bus operating

management system according to the third embodiment of the present invention.



10

15

20

25

31

As illustrated in FIG. 12, the bus operating management system according to the
third embodiment of the present invention includes an on-board unit 100, a notification
unit 200, an entrance detector 300, an exit detector 400, a vehicle occupancy monitoring
server 500, and an operating management apparatus 600.

In the embodiment, the on-board unit 100 and the notification unit 200 mounted
on the vehicles 1a, 1b, ... have the same functional configurations as in the first
embodiment. Therefore, the description thereof will not be repeated.

[0054]

The entrance detector 300 detects a person who passes through an entrance, and
outputs information which indicates the detection points. In other words, the entrance
detector 300 detects a person who gets in from the entrance, and outputs information
which indicates the number of counted getting-in persons (hereinafter, getting-in person
number information).

The exit detector 400 detects a person who passes through an exit, and outputs
information which indicates the detection points. In other words, the exit detector 400
detects a person who gets off from the exit, and outputs information which indicates the
number of counted getting-off persons (hereinafter, getting-off person number
information).

The vehicle occupancy monitoring server 500 acquires the vehicle occupancy
information which indicates the number of passengers of the vehicle 1a, and transmits the
vehicle occupancy information to the operating management apparatus 600.

Specifically, the vehicle occupancy monitoring server S00 receives the getting-in person
number information which is the result of detection performed by the entrance detector
300 and the getting-off person number information which is the result of detection

performed by the exit detector 400 through the network. Further, the vehicle occupancy
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monitoring server 500 calculates the number of getting-in persons in the vehicle 1a based
on the received getting-in person number information and the getting-off person number
information, and acquires the vehicle occupancy information for the vehicle la.

Although not showing in the drawing, the entrance detector 300 and the exit
detector 400 are provided in the other vehicles 1b, 1c, .... The vehicle occupancy
monitoring server 500 acquires the vehicle occupancy information for each of the other
vehicles 1b, 1c, ... in the same manner.

[0055]

FIG. 13 is a block diagram illustrating an example of each configuration of the
operating management apparatus according to the third embodiment of the present
invention.

As illustrated in FIG. 13, the operating management apparatus 600 according to
the embodiment includes a vehicle interval computing unit 601, an evaluation unit 602, a
driving instruction output unit 603, a storage unit 604, a travel-information acquisition
unit 605, and a vehicle occupancy information acquisition unit 607.

Here, the vehicle interval computing unit 601, the storage unit 604, and the
travel-information acquisition unit 605 have the same functional configurations as the
first embodiment. Therefore, the description thereof will not be repeated.

The vehicle occupancy information acquisition unit 607 receives and acquires
vehicle occupancy information, which indicates the number of passengers for each of the
vehicles 1a, 1b, ..., from the vehicle occupancy monitoring server SOO(FIG. 12).

The facts that the operating management apparatus 600 according to the
embodiment includes the vehicle occupancy information acquisition unit 607 and the
evaluation unit 602 performs evaluation on the relative operating states of the vehicles 1a,

1b, ... based on the vehicle occupancy information acquired by the vehicle occupancy
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information acquisition unit 607 are different from the first and second embodiments.

[0056]

FIG. 14A and FIG. 14B are first and second diagrams illustrating the process
performed by the evaluation unit according to the third embodiment of the present
invention.

The evaluation unit 602 of the operating management apparatus 600 according
to the embodiment evaluates the relative operating states based on the vehicle occupancy
information which is acquired by the vehicle occupancy information acquisition unit 607
and the vehicle interval which is calculated by the vehicle interval computing unit 601.
Specifically, the evaluation reference setting unit 602a according to the embodiment
changes the values of the lower-limit vehicle interval value Lth1 and the upper-limit
vehicle interval value Lth2 based on the vehicle occupancy information which is
acquired by the vehicle occupancy information acquisition unit 607.

[0057]

For example, as illustrated in FIG. 14A, when the difference in the number of
passengers between the preceding vehicle 1a and the subsequent vehicle 1b is small and
substantially the same, the evaluation reference setting unit 602a performs evaluation by
setting the predetermined lower-limit vehicle interval value Lth1 and the upper-limit
vehicle interval value Lth2.

In contrast, as illustrated in FIG. 14B, in a case of an operating state in which the
number of passengers pa of the preceding vehicle 1a is far larger than the number of
passengers pb of the subsequent vehicle 1b, the evaluation reference setting unit 602a
detects that the difference between the number of passengers pa and the number of
passengers pb is larger than the predetermined vehicle occupancy difference threshold

pth. Further, the evaluation reference setting unit 602a sets the lower-limit vehicle
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interval value Lth1 which is set in the operating state of FIG. 14A, the lower-limit vehicle
interval value Lth1’ which is reduced rather than the upper-limit vehicle interval value
Lth2, and the upper-limit vehicle interval value Lth2’. In other words, the driver of the
subsequent vehicle (vehicle 1b) does not try to narrow the vehicle interval with the
preceding vehicle even though large difference occurs in the number of passengers from
the preceding vehicle (vehicle 1a), the evaluation unit 602 performs a process of
decreasing the driver evaluation score of the subsequent vehicle (vehicle 1b).

In addition, at the same time, the driving instruction output unit 603 transmits
the driving instruction information to increase the speed to the subsequent vehicle
(vehicle 1b) based on the evaluation result for the operating state, and urges the driver to
further narrow the vehicle interval Lab.

[0058]

Generally, when the number of getting-in persons of one vehicle (vehicle 1a)
increases, it takes time for passengers to move to the exit or passengers who try to get on
by force rarely get in, with the result that departure time is delayed, and thus driving is
gradually delayed. That is, as long as the delayed vehicle (vehicle 1a) tries to take users
on board in a congested vehicle, the imbalance of the number of getting-in persons is not
corrected.  As a result, the interval with the succeeding vehicle (vehicle 1b) is narrowed.

Here, when the subsequent vehicle (vehicle 1b) continuously travels on the back
side of the congested preceding vehicle (vehicle 1a) while maintaining a short vehicle
interval Lab, the driver of the preceding vehicle (vehicle 1a) can induce a user who tries
to get in at a bus stop to use the subsequent vehicle (vehicle 1b). That is, when the
vehicle 1a exceeds the predetermined fixed number reference, the vehicle 1a refuses the
getting-in of a new user and urges the user to get in the succeeding vehicle (vehicle 1b).

At this time, if the succeeding vehicle (vehicle 1b) rapidly arrives at a short vehicle
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interval, dissatisfaction of the user does not occur.

If so, the user chooses and gets in the subsequent vehicle (vehicle 1b) in which
the number of passengers is small, with the result that the vehicle occupancy of the
vehicles 1a, 1b, ... are uniformed, and thus the whole operating states are improved.

In addition, in this case, the driving instruction output unit 603 may transmit a
driving instruction to increase speed to the notification unit 200 of the vehicle 1b, and
may transmit an instruction to induce a user who tries to get in to get in a subsequent
vehicle to the notification unit 200 of the vehicle 1a based on the results of evaluation
performed by the evaluation unit 602. Therefore, the driver of the preceding vehicle
can accurately perceive timing in which inducement to the subsequent vehicle is
performed.

[0059]

FIG. 15 is a flowchart illustrating the flow of the process performed by the
operating management apparatus according to the third embodiment of the present
invention.

In the drawing, the same reference symbols are attached to the same process
steps as in the flow of the process (FIG. 7) performed by the operating management
apparatus 600 according to the first embodiment, and the description thereof will not be
repeated.

[0060]

In the operating management apparatus 600 according to the embodiment, after
the processes (steps ST101 to 103) of the vehicle interval computing unit 601 are
performed, the vehicle occupancy information acquisition unit 607 first acquires
passenger vehicle occupancy information for the vehicles 1a and 1b from the vehicle

occupancy monitoring server 500 (step ST109).
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Subsequently, the evaluation reference setting unit 602a sets the values of the
lower-limit vehicle interval value Lth1 and the upper-limit vehicle interval value Lth2 in
order to determine the vehicle interval based on the vehicle occupancy information
acquired by the vehicle occupancy information acquisition unit 607 (step ST110).
Specifically, as described with reference to FIGS. 14A and 14B, when the difference
between the number of passengers pa and the number of passengers pb is larger than the
predetermined vehicle occupancy difference threshold pth, the evaluation reference
setting unit 602a sets the values of the lower-limit vehicle interval value Lth1 and the
upper-limit vehicle interval value Lth2 to values which are reduced compared to normal
time.

Further, evaluation unit 602 and the driving instruction output unit 603 performs
each of the process steps in processes of steps ST104 to 106 on the vehicles 1a and 1b
based on the lower-limit vehicle interval value Lth1 and the upper-limit vehicle interval
value Lth2 which are set in step ST110.

The operating management apparatus 600 performs the same processes on the
vehicle intervals Lbc, Lcd, ... between the other vehicles 1b, 1c, 1d, ... .

[0061]

Hereinabove, the bus operating management system according to the third
embodiment of the present invention performs induction such that the vehicle interval
between vehicles where the difference occurs becomes narrower according to the
difference in the number of passengers of the vehicles 1a, 1b, ... . Therefore, when
difference, which is equal to or larger than a fixed value, occurs in the number of
passengers from other adjacent vehicles, it is possible to cause the drivers of the vehicles
la, 1b, ... to narrow the vehicle intervals and to drive such that the number of passengers

for each of the vehicles 1a, 1b, ... is uniform.
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[0062]

Fourth Embodiment

Subsequently, an example of a bus operating management system according to a
fourth embodiment of the present invention will be described with reference to the
accompanying drawings.

A schematic diagram illustrating the example of the bus operating management
according to the fourth embodiment of the present invention is the same as in the first
embodiment, and thus the schematic diagram is not shown.

[0063]

FIG. 16 is a block diagram illustrating an example of each configuration of the
operating management apparatus according to a fourth embodiment of the present
invention.

As illustrated in FIG. 16, the operating management apparatus 600 according to
the embodiment includes a vehicle interval computing unit 601, an evaluation unit 602, a
driving instruction output unit 603, a storage unit 604, a travel-information acquisition
unit 605, and a proper vehicle allocation number computing unit 608.

Here, the vehicle interval computing unit 601, the storage unit 604, and the
travel-information acquisition unit 605 have the same functional configurations as the
first embodiment. Therefore, the description thereof will not be repeated.

The proper vehicle allocation number computing unit 608 determines proper
vehicle allocation numbers on a route through which the vehicles 1a, 1b, ... travel based
on the result of evaluation performed by the evaluation unit 602. Specifically, when
there is a section in which the vehicle interval is not proper throughout a plurality of
vehicles, the proper vehicle allocation number computing unit 608 performs a process of

calculating vehicle allocation numbers (proper vehicle allocation numbers) in order to
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make the vehicle interval in the section proper.

The facts that operating management apparatus 600 according to the
embodiment includes the proper vehicle allocation number computing unit 608 and the
driving instruction output unit 603 transmits the driving instruction to the vehicles 1a,
1b, ... based on proper vehicle allocation numbers information acquired by the proper
vehicle allocation number computing unit 608 are different from the first to third
embodiments.

[0064]

FIG. 17 is a diagram illustrating a process performed by the proper vehicle
allocation number computing unit according to the fourth embodiment of the present
invention.

For example, it is assumed that three vehicles 1a, 1b, and 1c are traveling in a
certain section on the travel route Q and a vehicle 1d is in a standby mode. In this case,
the vehicle interval computing unit 601 specifies travel positions Pla, P1b, Plc, and P1d
on the travel route Q based on the positional information received from the vehicles 1a,
1b, Ic, and 1d, calculates the vehicle intervals Lab and Lbc of the traveling vehicles 1a,
1b, and Ic, and outputs the vehicle intervals Lab and Lbc to the evaluation unit 602.

[0065]

Here, it is assumed that both the vehicle intervals Lab and Lbc are far larger than
the proper vehicle interval. At this time, the evaluation unit 602 determines that both
the vehicle intervals Lab and Lbc is larger than the upper-limit vehicle interval value
Lth2, and performs a process of lowering the evaluation of the drivers of the vehicles 1a,
1b, and 1c.

In contrast, the proper vehicle allocation number computing unit 608 specifies

the section length LS of a vehicle interval enlargement section S that is a section in
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which the vehicles 1a, 1b, and 1c¢ having vehicle intervals larger than the proper vehicle
interval are traveling based on the results of evaluation performed by the evaluation unit
602 and positional information which indicates the travel positions Pla, P1b, and Plc
(FIG. 17).  Further, the proper vehicle allocation number computing unit 608 calculates
the vehicle allocation numbers which cause the vehicle intervals to be proper in the
vehicle interval enlargement section S based on the section length LS of the vehicle
interval enlargement section S.

[0066]

For example, it is assumed that the proper vehicle allocation number computing
unit 608 calculates “2” as the proper vehicle allocation numbers of the vehicle interval
enlargement section S (between the vehicle 1a and the vehicle 1c) as a result of
performing a computing process of dividing the section length LS of the vehicle interval
enlargement section S by a prescribed predetermined proper vehicle interval Lref (Lref is
a numerical value which satisfies Lth1<Lref<Lth2). At this time, the driving instruction
output unit 603 performs a process of transmitting a moving instruction to the vehicle 1d
in the standby mode (FIG. 17) by taking the fact that the vehicle allocation numbers in
the vehicle interval enlargement section S at a current time point are 1 and the proper
vehicle allocation numbers calculated by the proper vehicle allocation number computing
unit 608 are 2.

Therefore, the vehicle 1d, which is on standby in the vehicle interval
enlargement section S, joins driving, and thus the vehicle allocation numbers in the
vehicle interval enlargement section S increase by 1.  As a result, the vehicle interval,
which is excessively opened in the vehicle interval enlargement section S, is narrowed
and approaches the proper vehicle interval.

In this case, in the first embodiment, it is possible to more rapidly adjust the
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vehicle interval in the vehicle interval enlargement section S to the proper interval
compared to a case in which the driving instruction output unit 603 transmits a driving
instruction to accelerate the vehicles 1b and 1c and narrow the vehicle intervals Lab and
Lbc.

[0067]

In addition, contrary to the example, the proper vehicle allocation number
computing unit 608 calculates the proper vehicle allocation numbers in a section (vehicle
interval reduction section S’) in which the vehicle intervals are reduced throughout the
plurality of vehicles. Further, in this case, the driving instruction output unit 603
transmits an instruction to stop driving and stand by to any one of the vehicles 1a, 1b, ...
which are traveling the vehicle interval reduction section S’ such that the vehicle
allocation numbers in the vehicle interval reduction section S’ become the proper vehicle
allocation numbers. As a result, the vehicle intervals which are narrow in the vehicle
interval reduction section S’ are widened and approach the proper vehicle interval.

[0068]

FIG. 18 is a flowchart illustrating the flow of the process performed by the
operating management apparatus according to the fourth embodiment of the present
invention.

As an example, the flow of the process is described as a process which is
subsequently performed after the operating management apparatus 600 performs the flow
of the process illustrated in FIG. 7 according to the first embodiment on the entire
vehicles 1a, 1b, ... .

[0069]

After the evaluation unit 602 performs the determination process in step ST104

on the whole vehicles 1a, 1b, ..., the proper vehicle allocation number computing unit
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608 specifies the vehicle interval enlargement section S (FIG. 17) by extracting a fact that
a plurality of continuous vehicle intervals L are larger than the upper-limit vehicle
interval value Lth2 based on the result of the evaluation (step ST111).

Subsequently, the proper vehicle allocation number computing unit 608
calculates the section length LS of the vehicle interval enlargement section S, which is
specified in step ST111 (step ST112). Specifically, the proper vehicle allocation
number computing unit 608 calculates the section length LS of the vehicle interval
enlargement section S based on the positional information of the vehicle 1a which is
positioned at the head of the vehicle interval enlargement section S and the vehicle 1c
which is positioned at the tail thereof.

Further, the proper vehicle allocation number computing unit 608 calculates the
proper vehicle allocation numbers by performing the computing process of dividing the
section length LS by the predetermined proper vehicle interval Lref (step ST113).

[0070]

Further, when the proper vehicle allocation numbers, which are calculated by the
proper vehicle allocation number computing unit 608 in step ST113, are acquired, the
driving instruction output unit 603 transmits a driving instruction (moving instruction) to
start driving to the vehicles 1a, 1b, ... in a standby mode such that the allocation numbers
for allocation in the vehicle interval enlargement section S becomes the proper vehicle
allocation numbers (step ST114).

[0071]

The proper vehicle allocation number computing unit 608 may specify the
vehicle interval reduction section S’ by extracting the fact that the plurality of continuous
vehicle intervals L are less than the lower-limit vehicle interval value Lthl in step ST111.

In this case, the driving instruction output unit 603 transmits a driving instruction
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(standby instruction) to stop driving to the vehicles la, 1b, ..., which are traveling the
vehicle interval reduction section S’, such that the allocation numbers for allocation in
the vehicle interval reduction section S’ becomes the proper vehicle allocation numbers
in step ST114.

[0072]

Hereinabove, when there is a section where the vehicle interval is enlarged or
reduced throughout the plurality of vehicles, the bus operating management system
according to the fourth embodiment of the present invention calculates the proper vehicle
allocation numbers in the section, and transmits a driving instruction to move or standby
to the vehicles 1a, 1b, ... such that the vehicle allocation numbers become the proper
vehicle allocation numbers. In this manner, when the vehicle intervals are deviated
from the proper intervals throughout the plurality of vehicles, the bus operating
management system can more rapidly restore the proper vehicle intervals.

[0073]

The operating management systems according to the above-described first to
fourth embodiments may be used in an aspect which includes part or all of the functions
described in the embodiments. For example, the operating management apparatus 600
according to another embodiment may include any two or more of the traffic jam
information acquisition unit 606, the vehicle occupancy information acquisition unit 607,
and the proper vehicle allocation number computing unit 608 at the same time.

[0074]

Processes may be performed by recording a program for realizing the function
of the operating management apparatus 600 according to the present invention in a
computer readable recording medium, and causing a computer system to read and run the

program recorded in the recording medium. Meanwhile, here, the “computer system”
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includes hardware such as an OS or peripherals. In addition, the “computer system”
includes a WWW system provided with homepage provision environment (or display
environment). In addition, the “computer readable recording medium” refers to a
portable medium, such as a flexible disk, a magneto-optical disk, a ROM, or a CD-ROM,
and a storage apparatus, such as a hard disk, which is embedded in the computer system.
Further, the “computer readable recording medium” includes a medium which maintains
a fixed time program like a volatile memory (RAM) in the computer system which
functions as a server or a client when a program is transmitted through a network such as
the Internet or a communication line such as a telephone line.

[0075]

In addition, the program may be transmitted to another computer system from a
computer system, which stores the program in a storage apparatus or the like, through a
transmission medium or waves transmitted in the transmission medium. Here, the
“transmission medium” which transmits the program refers to a medium which has a
function of transmitting information like a network (communication network), such as
the Internet, or a communication line such as a telephone line. In addition, the program
may realize a part of the above-described function. Further, the program may be a
so-called difference file (difference program) which can realize the above-described
function through combination with a program which is already recorded in the computer
system.

[0076]

Hereinabove, although some embodiments of the present invention are described,
the embodiments are presented as examples and do not limit the scope of the invention.
The embodiments can be realized using other various forms, and various omission,

replacement, and modification are possible without departing from the gist of the
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invention. The embodiments and the modifications thereof are included in the scope
and gist of the invention and included in the invention disclosed in claims and the
equivalents thereof.

Industrial Applicability

[0077]

According to the above-described control apparatus and the control method, it is
possible to readily stabilize variation in pressure when rapid load variation occurs in a
load apparatus.

Reference Signs List

[0078]

la, 1b, 1c, 1d  vehicle

100 on-board unit

101 satellite signal reception unit

102  position detection unit

103  storage unit

104 travel state detection unit

105 travel state sensor

106 communication unit

200 notification unit

500 vehicle occupancy monitoring server

600 operating management apparatus

601 vehicle interval computing unit

602 evaluation unit

602a evaluation reference setting unit

602b evaluation table
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602c evaluation object specification unit

603

604

605

606

607

608

700

driving instruction output unit

storage unit

travel-information acquisition unit

traffic jam information acquisition unit

vehicle occupancy information acquisition unit
proper vehicle allocation number computing unit

traffic information system
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CLAIMS

1.

An operating management system comprising:

on-board units that are to be mounted on a plurality of vehicles and are configured to be
capable of acquiring travel information which includes positional information on each
vehicle; and

an operating management apparatus that includes a travel-information acquisition unit
which acquires the travel information from each of the on-board units of the plurality of
vehicles, and an evaluation unit which evaluates driving technique of each driver of the
vehicles, based on relative operating states, regarding with the plurality of vehicles specified
based on the travel information.

2.

The operating management system according to claim 1,

wherein the operating management apparatus further includes a driving instruction
output unit which generates and outputs driving instruction information for driving
instruction to each of the plurality of vehicles based on results of evaluation performed by the

evaluation unit.

3.

The operating management system according to claim 1 or 2,

wherein the operating management apparatus further includes a vehicle interval
computing unit that calculates a vehicle interval between each of the plurality of vehicles and
an another adjacent vehicle based on the plurality of pieces of the positional information
which are acquired by the on-board units mounted on the plurality of vehicles, and

wherein the evaluation unit evaluates driving technique of each driver of the vehicles

based on the vehicle interval.

4.

The operating management system according to claim 3,

wherein the operating management apparatus further includes a traffic jam information
acquisition unit that acquires traffic jam information about a route through which the plurality
of vehicles travel, and

wherein the evaluation unit evaluates driving technique of each driver of the vehicles

based on the traffic jam information and the vehicle interval.
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5.

The operating management system according to claim 3 or 4,

wherein the operating management apparatus further includes a vehicle occupancy
information acquisition unit that acquires vehicle occupancy information which indicates the
number of passengers of each of the plurality of vehicles, and

wherein the evaluation unit evaluates driving technique of each driver of the vehicles

based on the vehicle occupancy information and the vehicle interval.

6.

The operating management system according to any one of claims 1 to 5,

wherein the operating management apparatus further includes a proper vehicle allocation
number computing unit that calculates proper vehicle allocation numbers such that the
vehicle intervals between the plurality of vehicles on the travel route become the proper

interval based on results of evaluations performed by the evaluation unit.

7.

An operating management method comprising:

acquiring travel information by a travel-information acquisition unit from on-board units
that are each mounted on a plurality of vehicles and are configured to be capable of acquiring
travel information which includes positional information of the vehicles; and

evaluating driving technique of each driver of the vehicles by an evaluation unit, based
on relative operating states, for the plurality of vehicles specified based on the travel

information.

8.

A program causing a computer of an operating management apparatus to function as

travel information acquisition unit for acquiring travel information from on-board units
that are each mounted on a plurality of vehicles and are configured to be capable of acquiring
travel information which includes positional information on each vehicle; and

evaluation unit for evaluating driving technique of each driver of the vehicles, based on
relative operating states, for the plurality of vehicles specified based on the travel
information.



