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DESCRIPTION

Title of Invention
OPERATING MANAGEMENT SYSTEM, OPERATING MANAGEMENT MTHOD,

AND PROGRAM

Technical Field

[0001]

The present invention relates to an operating gemant system, an operating
management method, and a program which managetimgestates of a plurality of
vehicles.

Priority is claimed on Japanese Patent Applicai@h 2013-180015, filed

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

Background Art

[0002]

An operating evaluation system, which evaluatde\er based on an operating
state of a vehicle, is known. The operating evadnasystem calculates an operating

state of a vehicle and evaluates the driving tephabf a driver on the basis of various

sensors which measure the angular speed of thel@gacceleration added to the vehicle,

speed, and the like, and processors which perfamows computations based on the
results of detection performed by the sensors.

[0003]

In addition to the above-described driving evabrasystem, a driving

evaluation system has been further developed f@mele, refer to PTL 1) which
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evaluates drive of a vehicle by specifying a traseation in an intersection based on map
data prepared in advance and applying behaviornrdtion, which is associated with a
vehicle position in a travel section within the gified intersection, to a predetermined
prescribed condition.

[0004]

According to the driving evaluation system diseldsn PTL 1, a travel situation
is estimated based on the map data and the trawel, rand thus, it is possible to improve
the accuracy of estimation of the travel situatioithat is, it is possible to improve the
accuracy of determination relevant to right or tafis in an intersection, such as a
location where the vehicle starts to turn rightedt in the intersection and a location

where the vehicle finishes turning right or leftive intersection.

Citation List
Patent Literature
[0005]
[PTL1] Japanese Unexamined Patent Applicatiinst Publication NO.

2013-114319

Summary of Invention
Technical Problem

[0006]

A bus transport service, which enables a pluralftuses to travel and transport
passengers through determined travel routes, ¢fos@arious places, for example, for
circular route buses, which circulate within a sieeh as a university or a factory, in

addition to general transport buses. When sualsadransport service is operated, in
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order to improve service quality, it is importarti@ther or not relative operating states
for each bus, particularly, vehicle intervals ar@mained at proper intervals.

Because of such circumstances, when a businesatopeho provides the bus
transport service evaluates a bus driver, theaedsmand to evaluate the driver based on
relative operating states of other vehicles, faregle, the driver performs driving while
maintaining a prescribed vehicle interval. Howevrethe technology disclosed in PTL
1, while it is possible to evaluate the drivingheigue of drivers according to the travel
states of other vehicles, it is difficult to mele¢ tdemand for evaluating drivers based on
the relative operating states of a plurality ofickds as described above.

[0007]

The present invention provides an operating mamagésystem, an operating
management method, and a program that are capadalaating a driver based on a

relative operating states of a plurality of tramglvehicles.

Solution to Problem

[0008]

According to a first aspect of the present invamtthere is provided an
operating management system including: on-boarts timat are to be mounted on a
plurality of vehicles and are configured to be ddpaf acquiring travel information
which includes positional information on each véiand an operating management
apparatus that includes (i) a travel-informatioguasition unit which acquires the travel
information from each of the on-board units of ptherality of vehicles, and (ii) an
evaluation unit which evaluates driving of the \abs, based on relative operating states,
regarding with the plurality of vehicles specifiedsed on the travel information.

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

[0010]

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

[0011]

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

[0012]

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

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

[0014]

In addition, according to a seventh aspect optlesent invention, there is
provided an operating management method includioguiring travel information by a
travel-information acquisition unit from on-boardits that are each mounted on a
plurality of vehicles and are configured to be ddpaf acquiring travel information
which includes positional information of the veleig] and evaluating driving of the
vehicles by an evaluation unit, based on relatperating states, for the plurality of
vehicles specified based on the travel information.

[0015]

In addition, according to an eighth aspect ofgtesent invention, there is
provided a program causing a computer of an opgyatianagement apparatus to
function as travel information acquisition unit Eequiring travel information from
on-board units that are each mounted on a pluralitiehicles and are configured to be
capable of acquiring travel information which indhs positional information on each
vehicle; and evaluation unit for evaluating drivioigthe vehicles, based on relative

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

Advantageous Effects of Invention
[0016]

According to the above-described operating manageésystem, the operating
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management method, and the program, it is posil@galuate drivers based on the

relative operating states of the plurality of tiawg vehicles.

Brief Description of Drawings

[0017]

FIG. 1 is a schematic diagram illustrating an eplenof a bus operating
management system according to a first embodimfehegresent invention.

FIG. 2 is a block diagram illustrating an examgi@ach of configurations of an
on-board unit according to the first embodimenthef present invention.

FIG. 3 is a block diagram illustrating an exampi@ach of configurations of an
operating management apparatus according to gteefinbodiment of the present
invention.

FIG. 4 is a diagram illustrating a process of hiole interval computing unit
according to the first embodiment of the presem¢imion.

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

FIG. 6 is a diagram illustrating a process ofigidg instruction output unit
according to the first embodiment of the presem¢imion.

FIG. 7 is a flowchart illustrating the flow of aqeess performed by the
operating management apparatus according to steefinbodiment of the present
invention.

FIG. 8 is a schematic diagram illustrating an eplenof a bus operating
management system according to a second embodahtd present invention.

FIG. 9 is a block diagram illustrating an exampil@ach configuration of an

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

FIG. 11 is a flowchart illustrating the flow ofpaocess performed by the
operating management apparatus according to tlemde&rnbodiment of the present
invention.

FIG. 12 is a schematic diagram illustrating annegle of a bus operating
management system according to a third embodinfahegresent invention.

FIG. 13 is a block diagram illustrating an examgii@ach configuration of the
operating management apparatus according to titeehibodiment of the present

invention.

FIG. 14Ais a first diagram illustrating a procg&sformed by an evaluation unit

according to the third embodiment of the presentiition.

FIG. 14B is a second diagram illustrating the pescperformed by the
evaluation unit according to the third embodimérthe present invention.

FIG. 15 is a flowchart illustrating the flow ofpaocess performed by the
operating management apparatus according to tteegmbodiment of the present
invention.

FIG. 16 is a block diagram illustrating an exampl@ach configuration of an
operating management apparatus according to ehfearbodiment of the present
invention.

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

FIG. 18 is a flowchart illustrating the flow ofp@ocess performed by the
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operating management apparatus according to tithfembodiment of the present

invention.

Description of Embodiments

[0018]

First Embodiment

Hereinafter, an example of a bus operating managesystem according to a
first embodiment of the present invention will besdribed with reference to the
accompanying drawings.

FIG. 1 is a schematic diagram illustrating an eglenof the bus operating
management system according to the first embodiwfeiie present invention.

As illustrated in FIG. 1, the bus operating mamaget system according to the
first embodiment of the present invention includason-board unit 100, a notification
unit 200, and an operating management apparatus 66@he embodiment, the
on-board unit 100 and the notification unit 200 @m@unted on a vehicle 1a, and the
operating management apparatus 600 is installédeoautside of the vehicle 1a.
Meanwhile, the embodiment of the present invenisamot limited thereto and the
operating management apparatus 600 may be mountid eehicle 1a. In addition,
although not shown in FIG. 1, vehicles 1b, 1djave the same functional configuration
as the vehicle 1a.

In the embodiment, the vehicles 1a, 1b, 1c, e, far example, buses, that is,
circular route buses which circulate within a siteh as a university or a factory.
However, the embodiment of the present inventiaroisimited thereto and the vehicles
may include a private car, a taxi, a track, a traimonorail, and the like.

In addition, the vehicles 1a, 1b, 1c, ... arelimoited to vehicles which circulate
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a ring-shaped travel route and may include vehielgish travel non-ringing-shaped
travel routes.

[0019]

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

The notification unit 200 is, for example, a degpmonitor, a speaker, or the
like, and provides notification about the conteih@ @riving instruction issued for each of
the drivers of the vehicles 1a, 1b, ... and isix@tkfrom the operating management
apparatus 600.

The operating management apparatus 600 acquaresd tnformation which
includes the positional information of the plunaldf vehicles 1a, 1b, ... , and manages
the driving of the vehicles 1a, 1b, ... . Speaifi; the operating management apparatus
600 has a function of evaluating the relative ofpegastates of the plurality of vehicles
la, 1b, ... . The detailed functional configuratad the operating management
apparatus 600 will be described later.

[0020]

FIG. 2 is a block diagram illustrating an exampil@ach configuration of the
on-board unit according to the first embodimenthef present invention.

As illustrated in FIG. 2, the on-board unit 1008ludes a satellite signal
reception unit 101, a position detection unit 1®2torage unit 103, a travel state
detection unit 104, a travel state detection seh86r and a communication unit 106.

The satellite signal reception unit 101 receivgeas which are issued from
satellites using a Global Navigation Satellite 8gs{ GNSS), and outputs positioning

information.
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The position detection unit 102 specifies the entrposition (hereinafter,
referred to as a vehicle position) of the on-baard 100(vehicles 1a, 1b, ...) based on
the positioning information which is output fronetbatellite signal reception unit 101
and map information which is acquired in advancéhe position detection unit 102
specifies the vehicle position of the vehicle anap, which is stored in the storage unit
103 in advance, using, for example, a map matdecignology. In addition, the
position detection unit 102 transmits the positlonBormation indicative of the specified
vehicle position to the operating management appsu@00 through the communication
unit 106.

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

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

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

transmits the travel information to the operatingnagement apparatus 600 which is
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connected to a wide area network through the raimnachine (not shown in the
drawing).

[0021]

FIG. 3 is a block diagram illustrating an exampil@ach configuration of the
operating management apparatus according to gteefinbodiment of the present
invention.

As illustrated in FIG. 3, the operating managenaguaratus 600 includes a
vehicle interval computing unit 601, an evaluationt 602, a driving instruction output
unit 603, a storage unit 604, and a travel-inforamaacquisition unit 605.

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

The vehicle interval computing unit 601 calculates vehicle interval L

between each of the plurality of vehicles 1a, 1land 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-inf@tion acquisition unit 605 and the
map information which is stored in the storage 60#4 in advance. A process
performed by the vehicle interval computing unil&@ll be described later in detail
with reference to FIG. 4.

[0022]

The evaluation unit 602 evaluates relative opegastates of the plurality of
vehicles 1la, 1b, ... based on the vehicle intdrwahich is calculated by the vehicle

interval computing unit 601. Specifically, the maion unit 602 includes an
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evaluation reference setting unit 602a that setedetermined evaluation reference
value. The evaluation unit 602 determines whetinerot the vehicle interval L
between adjacent vehicles is maintained at an gppte vehicle interval with reference
to a lower-limit vehicle interval value Lth1l and apper-limit vehicle interval value Lth2
which are evaluation reference values set by tlduation reference setting unit 602a.
Further, the evaluation unit 602 performs a prooésvaluating drivers of the vehicles
la, 1b, ... using an evaluation table 602b basdteresult of determination. For
example, when a vehicle interval Lab between theclke 1a and the vehicle 1b is less
than the lower-limit vehicle interval value Lth1lmigher than the upper-limit vehicle
interval value Lth2, which are set by the evaluatieference setting unit 602a, the
evaluation unit 602 performs a process of subtigativaluation scores for each driver of
the vehicle 1a and the vehicle 1b which are reabndéhe evaluation table 602b.

[0023]

The driving instruction output unit 603 generadesing instruction information
for instructing to drive the plurality of vehicléds, 1b, ... based on the result of evaluation
performed by the evaluation unit 602, and transthisdriving instruction information to
the vehicles 1a, 1b, ... . Specifically, whenrésult of evaluation performed by the
evaluation unit 602 is input, the driving instractioutput unit 603 generates the driving
instruction information such that evaluation foe diriver to be corrected, and transmits
the driving instruction information to the notifioan units 200 of the vehicles 1a, 1b, ...
through the network (FIG. 1). In this case, thé&fivation unit 200 notifies the content
of the driving instruction to the driver based be teceived driving instruction
information. For example, when the evaluation 602 determines that the vehicle
interval Lab is less than the lower-limit vehiaedrval value Lth1, the driving

instruction output unit 603 transmits a drivingtmstion to reduce a travel speed to the
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notification unit 200 of a preceding vehicle 1la &rahsmits a driving instruction to
increase the travel speed to the notification @@ of a subsequent vehicle 1b.

[0024]

FIG. 4 is a diagram illustrating a process of\thhicle interval computing unit
according to the first embodiment of the presemeimion.

As illustrated in FIG. 4, the vehicle interval cpating unit 601 specifies the
travel positions Pla, P1b, ... of the vehicleslba,.. on a travel route Q based on the
positional information of the vehicles 1a, 1breceived from the on-board units 100 and
the map information stored in the storage unit 608urther, the vehicle interval
computing unit 601 calculates the vehicle intetvhketween adjacent other vehicles
based on the travel positions Pla, P1b, ... . ekample, the vehicle interval computing
unit 601 calculates the vehicle interval Lab wigference to the travel positions P1a and
Plb.

When the vehicle interval computing unit 601 cites, for example, the
vehicle interval Lab, the vehicle interval compgtimit 601 calculates the distance
between the travel positions P1a and P1b on tkeltraute Q as the vehicle interval
Lab.

[0025]

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

The evaluation unit 602 includes the evaluatidnet®02b therein. As
illustrated in FIG. 5, the evaluation table 602kimsinformation table in which the
vehicles 1a, 1b, ... associated with evaluatiomescare stored.

As described above, the evaluation unit 602 eveduthe relative operating

states of the vehicles 1a, 1b, ... . Specific#iilg, vehicle interval Lab between the
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vehicle 1a and the vehicle 1b is less than the idiwvet vehicle interval value Lthl, the
evaluation unit 602 determines that the operatiagpof the vehicle 1a and the vehicle
1b are not preferable, and performs a processdotciieg the evaluation scores of the
vehicle 1a and the vehicle 1b which are recordaterevaluation table 602b (FIG. 5).

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

[0026]

FIG. 6 is a diagram illustrating a process ofdhiging instruction output unit
according to the first embodiment of the presemeimion.

As described above, the driving instruction outmit 603 generates and
outputs driving instruction information to instruotdrive the vehicles 1a, 1b, ... based
on the result of evaluation performed by the evadnaunit 602.

For example, when the evaluation unit 602 deteesithat the vehicle interval
Lab between the vehicle 1a and the vehicle 1lbsstean the lower-limit vehicle interval
value Lth1, the driving instruction output unit 6§8nerates driving instruction
information of “increase speed” with referencelte evaluation result, and transmits the
driving instruction information to the notificatiamit 200(in the example, display
monitor) of the preceding vehicle 1a. When thefization unit 200 of the vehicle 1a
receives the driving instruction information, thatification unit 200 of the vehicle 1a
displays a driving instruction to “increase speadt notifies the driver. In contrast, the
driving instruction output unit 603 generates drgyinstruction information of “reduce
speed” at the same time as the process, and triatdmidriving instruction information

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

Therefore, the driver of the vehicle 1a accelerétte vehicle 1a according to the
driving instruction, and the driver of the vehidle decelerates the vehicle 1b according
to the driving instruction. If so, the state inialhthe vehicle interval Lab between the
vehicle 1a and the vehicle 1b is less than the et vehicle interval value Lthl is
recovered to the appropriate vehicle interval, g the operating state in which the
vehicle interval is narrow is corrected.

The driving instruction output unit 603 may sinaméously transmit information
indicative of the reason of the instruction, driyisituation, or the like in addition to the
simple instructions of “increase speed” and “redsjpeed”. For example, the driving
instruction output unit 603 may transmit drivingtruction information “increase
(reduce) speed because the vehicle interval witbrd vehicle is extending (is
reducing)” or the like.

[0027]

FIG. 7 is a flowchart illustrating the flow of aqeess performed by the
operating management apparatus according to steefinbodiment of the present
invention.

Hereinafter, the flow of the process performedh®s/operating management
apparatus 600 which has the above-described furattamnfiguration will be described
according to procedures with reference to FIG. 7.

First, the vehicle interval computing unit 601e®es positional information
from the on-board units 100 mounted on the veHialand the vehicle 1b through the
network (step ST101).

Subsequently, the vehicle interval computing 60it specifies the travel
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positions P1la and P1b of the vehicles 1a and thetravel route Q (FIG. 4) based on

the map information which is stored in the storagi 604 (FIG. 3) in advance (step
ST102).

Subsequently, the vehicle interval computing 60it calculates the vehicle
interval Lab between the vehicle 1a and the veHibleased on the specified travel
positions Pla and P1b (step ST103).

[0028]

The evaluation unit 602 performs a process ofrdeteng whether or not the
vehicle interval Lab, which is calculated by théate interval computing unit 601, is
included in a range between the lower-limit vehiokerval value Lth1l and the
upper-limit vehicle interval value Lth2 which aret $y the evaluation reference setting
unit 602a in advance(step ST104).

When the vehicle interval Lab is included in thage between the lower-limit
vehicle interval value Lth1l and the upper-limit i@ interval value Lth2 (step ST104:
YES), the evaluation unit 602 ends the processouitperforming the reduction process.

In contrast, when the vehicle interval Lab is imatuded in the range between
the lower-limit vehicle interval value Lth1l and thpper-limit vehicle interval value Lth2
(step ST104: NO), the evaluation unit 602 perfoenmsocess of reducing evaluation
scores for the vehicles 1a and 1b in which theclehnterval is not included in the range
in the evaluation table 602b (FIG. 5) (step STX8fer to FIG. 5).

[0029]

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

evaluation unit 602 in step ST104 (step ST106).solfthe drivers of the vehicles 1a and



10

15

20

25

17

1b, who receive the driving instruction informatjaive according to the driving
instruction, and the operating state which is aesceduction object is corrected.

[0030]

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

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

[0031]

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

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

[0032]

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

perform the score reduction process (step ST163Gn5). Specifically, when it is



10

15

20

25

18

determined that the vehicle interval is deviatehfithe proper vehicle interval and after
fixed time elapses from the time point or whenlis arrives at a subsequent bus station,
the evaluation unit 602 may perform the score redagrocess for the first time after it

is determined that the state is not improved.

In addition, in this case, the driving instructiomtput unit 603 may display (for
example, “pay attention”) which indicates that dwaluation unit 602 determines that the
vehicle interval is deviated from the appropriaghicle interval but does not perform
score reduction yet. When the evaluation unit g&2orms the score reduction process
as a result that the state in which the vehiclerual is deviated from the appropriate
vehicle interval is continued for fixed time, thevihg instruction output unit 603 may
perform display (for example, “warning” or the l)kevhich indicates that the vehicle
interval is deviated from the appropriate vehidival, on the notification unit 200.

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

[0033]

Modified Example of First Embodiment

The bus operating management system accordirg tirst embodiment of the
present invention can be modified as follows.

[0034]

The evaluation unit 602 according to the modiggdmple may perform, for
example, evaluation (score reduction processh®wvehicles 1a, 1b, ... and may perform
evaluation based on the priorities of evaluatiems.

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

For example, it is assumed that the priority pribgtg unit prescribes to
evaluate vehicle interval with a front side vehicigreference to the vehicle interval
with the back side vehicle. In this case, in tkanaple illustrated in FIG. 4, when all
the travel positions Pla, P1b, and P1lc of the \eshita, 1b, and 1c are close to each
other, a case is assumed in which both the veimtdeval Lab and the vehicle interval
Lbc are less than the lower-limit vehicle intervalue Lth1l. In this case, the evaluation
unit 602 considers only a fact that the vehiclenwndl Lab with the front side vehicle 1a
is less than the lower-limit vehicle interval valudl1 as a score reduction object for the
vehicle 1b according to the priority determinedth priority prescribing unit, and
simultaneously causes a fact that the vehiclevatdibc with the subsequent vehicle 1c
is less than the lower-limit vehicle interval valuil to not be included in the
evaluation items.

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

In this case, the driving instruction output WB0B does not simultaneously
transmit contrary driving instructions (for examglestruction to “increase speed” and
instruction to “reduce speed”) to the driver of tlehicle 1b according to the priorities of
the evaluation items which are applied to the eatéda unit 602.

[0035]

In addition, the evaluation unit 602 accordin@tmther modified example of
the first embodiment may further include an evatimabbject specification unit that

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

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

In addition, when the vehicle interval Lab betwdea vehicle 1b and the
vehicle la is narrowed and, at the same time, ¢hé&le interval Lbc between the vehicle
1b and the vehicle 1c is widened, the evaluatigaablspecification unit determines that
the travel speed of the vehicle 1b is increased specifies only the vehicle 1b as the
evaluation object.

[0036]

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

In the same manner, when the vehicle interval hdteveen the vehicle 1b and
the vehicle 1c is proper and the vehicle intenalb With the vehicle 1la is widened or
narrowed, it is determined that the vehicle laeiseterated or accelerated, and specifies
only the vehicle 1a as the evaluation object.

In this manner, the evaluation unit 602 does posler a driver who drives

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

[0037]

In addition, the evaluation object specificationt@according to the
above-described modified example may acquire spgednation and acceleration
information which are the travel information foetlehicles 1a, 1b, ... from the travel
state detection unit 104, and may specify the exen object based on the acquired
speed information and acceleration information. ecrally, when the evaluation unit
602 determines that the vehicle interval Lab betwtbe vehicle 1a and the vehicle 1b is
less than the lower-limit vehicle interval valuénLi the evaluation object specification
unit refers to the speed information of the velida and 1b. Further, when one of the
speeds va and vb of the vehicles 1a and 1b isdae wr less than a proper speed vref
which is prescribed in advance, only the vehicleuljected to the evaluation object
(score reduction object).

In this manner, the evaluation unit 602 reducdyg amriver who drives under of
over the proper speed vref, and thus it is possibieore reflect the degree of the actual
fault into the driver evaluation.

[0038]

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

Specifically, in the map information which is sdrin the storage unit 604,
detailed route information, such as “intersectiosipon”, “curve curvature”, “road

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

In contrast, the evaluation unit 602 includesa@ppr travel-information
acquisition unit that refers to the positional mhation of each of the vehicles 1a, 1b, ...,
acquires route information in the position, anduaiasp proper travel information (proper
speed information, proper acceleration informateng proper angular speed
information) which is prescribed for each routeommfation.  Further, the evaluation
unit 602 acquires current travel information (spagdrmation, acceleration information,
and angular speed information) from the travelestigtection unit 104, and evaluates the
operating states of the vehicles 1a, 1b, ... basdtie proper travel information.

[0039]

For example, when a certain vehicle (vehicle dajaveling a curved section at
a location on the travel route Q, the proper tranfdrmation acquisition unit acquires
proper angular speed information which indicatesptoper angular speed prescribed
from the “curve curvature” at the location. Furthitbe evaluation unit 602 refers to the
angular speed information, which is acquired byttheel state detection unit 104 in a
case of travel, and the proper angular speed irgtom which is acquired by the proper
travel-information acquisition unit. When the alagspeed of the vehicle 1a which is
traveling the curve section is higher than a pr@eyular speed which is prescribed
based on the curve curvature, the evaluation @atdetermines that driving is
inappropriate, and performs a process of decreasingr evaluation. In the same
manner, when the speed of the vehicle 1a travalirghump is higher than a proper
speed prescribed for traveling at a hump, the ewig unit 602 performs a process of
decreasing the evaluation score of the driver efvishicle 1a.

In this manner, the evaluation unit 602 evaludtégers based on proper

operating states prescribed for each of the logat{an intersection, a crossing, a hump,
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and the like) on the travel route, and thus itdsgible to accurately evaluate the drive
manner of the drivers in detail.

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

[0040]

In addition, the evaluation unit 602 accordinduadher another modified
example of the first embodiment may set differemtdr-limit vehicle interval value Lthl
and upper-limit vehicle interval value Lth2 for bgaredetermined section, which is
determined in advance, on the travel route Q (B)G.

For example, when the travel route Q has branob&dis and the vehicles 1a,
1b, ... which runs on the branched roads join togret proper vehicle interval on the
route before joining is different from the prope&hicle interval on the route after joining.
That is, on the route after joining, the numbevaeliicles which are present for each unit
distance, that is, the vehicles 1a, 1b, ... in@gaand thus the vehicle interval in the
section necessarily becomes narrower. Therefoithjs case, the evaluation reference
setting unit 602a performs a process of settirmpel-limit vehicle interval value Lth1l’
and a upper-limit vehicle interval value Lth2’, whiare acquired by reducing values
rather than the lower-limit vehicle interval valui1l and the upper-limit vehicle interval

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

In this manner, the evaluation unit 602 approphathanges evaluation
reference according to a situation in the trave$iagtion, and thus it is possible to
accurately perform driver evaluation.

The evaluation reference setting unit 602a mayheelower-limit vehicle
interval value Lthl and the upper-limit vehicleantal value Lth2 in association with a
time period in a case of travel in addition to sleetion of the travel route Q. Therefore,
when the allocation numbers of the vehicles 1a,.1bhange according to the time
period, the evaluation unit 602 can appropriatblgnge determination reference
according to the change in the number of drivingicles.

[0041]

In addition, the evaluation unit 602 accordindudher another modified
example of the first embodiment may determine wéretin not driving is performed
based on a predetermined driving timetable, and enajuate the operating states of the
vehicles 1a, 1b, ... based thereon.

Specifically, the evaluation unit 602 accordinghe modified example further
includes, in addition to the above-described ewanabject specification unit, a driving
timetable information storage unit that storesedptermined driving timetable, and a
clocking unit that clocks current time. Here, theving timetable information storage
unit associates the positional information, whistlicates the position of a bus stop, with
an estimated time of arrival at each bus stop tor@ésthe information as driving
timetable information.

The evaluation object specification unit refershie positional information,
which indicates the position of a bus stop, andestanated time of arrival at each bus

stop, and specifies positions (target positionsthertravel route where the vehicles
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should be preset at current time in order thawgtecle maintains the driving timetable.

Further, when the evaluation unit 602 determihes the vehicle interval Lab
between the vehicle 1a and the vehicle 1b is lems the lower-limit vehicle interval
value Lthl, the evaluation object specificationtweimpares current positions, which are
indicated by the positional information of the wa@hila and vehicle 1b, and the target
positions. Further, when the current position roé of the target positions of the
vehicles 1a and 1b is largely deviated from thgelposition, only the vehicle is
subjected to the evaluation object (score redudailgact).

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

[0042]

In addition, description is performed such that dperating management

apparatus 600 according to the first embodimentides the driving instruction output
unit 603. However, the operating management appafd0 according to another
modified example may not necessarily include themly instruction output unit 603.
In this case, the operating management apparatudds not perform a process of
generating and transmitting the driving instruct{fiG. 7: step ST106) and only perform
evaluation for the relative operating states ofvbleicles 1a, 1b, ... based on the process
of the evaluation unit 602.

[0043]

Second Embodiment

Subsequently, an example of a bus operating mamagesystem according to a
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second embodiment of the present invention willlbgcribed with reference to the
accompanying drawing.

FIG. 8 is a schematic diagram illustrating an eglenof the bus operating
management system according to the second embaodahtre present invention.

As illustrated in FIG. 8, the bus operating mamaget system according to the
second embodiment of the present invention inclasesn-board unit 100, a notification
unit 200, an operating management apparatus 600 &naffic information system 700.

In the embodiment, the on-board unit 100 and digication unit 200 which
are mounted on the vehicles 1a, 1b, ... have tme $anctional configurations as in the
first embodiment. Therefore, the description tbéwll not be repeated.

[0044]

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

[0045]

FIG. 9 is a block diagram illustrating an exampl@ach configuration of the
operating management apparatus according to tlledemnbodiment of the present
invention.

As illustrated in FIG. 9, the operating managenagmaratus 600 according to
the embodiment includes a vehicle interval computinit 601, an evaluation unit 602, a
driving instruction output unit 603, a storage 804, a travel-information acquisition
unit 605, and a traffic jam information acquisitionit 606.

Here, the vehicle interval computing unit 601, sherage unit 604, and the
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travel-information acquisition unit 605 have thengafunctional configurations as in the
first embodiment. Therefore, the description tbéwll not be repeated.

The traffic jam information acquisition unit 60éceives the traffic jam
information from the traffic information system 7(0G. 8) through a network. The
traffic jam information acquisition unit 606 reftsahe received traffic jam information
into the map information which is stored in therage unit 604 in advance, and sets a
traffic jam section on the travel route of the wids 1a, 1b, ... .

The facts that the operating management appaé@tusccording to the
embodiment includes the traffic jam information aisgtion unit 606 and the evaluation
unit 602 performs evaluation of the relative opestates of the vehicles 1a, 1b, ...
based on the traffic jam information acquired by titaffic jam information acquisition
unit 606 are different from the first embodiment.

[0046]

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

The evaluation unit 602 of the operating managempparatus 600 according
to the embodiment evaluates the relative operatiaigs based on the traffic jam
information acquired by the traffic jam informatianquisition unit 606 and the vehicle
interval calculated by the vehicle interval compgtunit 601. Specifically, the
evaluation unit 602 includes an evaluation objeeictfication unit 602c which specifies
a vehicle which is subjected to the evaluation alfjscore reduction object). Further,
the evaluation object specification unit 602c perfe processes of removing the vehicles
1a, 1b, ..., which are included in a traffic jaecton R specified by the traffic jam
information acquisition unit 606 based on the tegiim information, from the evaluation

object, and specifying the other vehicles 1a, llas.the evaluation objects.
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For example, as illustrated in FIG. 10, it is ased that the vehicle interval
computing unit 601 specifies travel positions R1B®1e of the vehicles 1a to 1e on the
travel route. In contrast, the traffic jam infortio@ acquisition unit 606 receives the
traffic jam information from the traffic informatiosystem 700, and specifies the traffic
jam section R on the travel route Q based on thinfarmation.

[0047]

In the example illustrated in FIG. 10, the evalumabbject specification unit
602c recognizes that the travel positions Pla, 8ithP1c of the travel positions Pla to
P1le are included in the traffic jam section R. tkew, the evaluation object
specification unit 602c performs a process of mbjecting the vehicles 1a, 1b, and 1c
which are traveling in the traffic jam section ke tevaluation objects based on the
vehicle interval L, and specifying only the vehigiterval Lde between the vehicles 1d
and 1e, which do not travel in the traffic jam s&ttto the evaluation object.
Therefore, the evaluation unit 602 does not redineesvaluation score of the vehicles 1a,
1b, ..., which are in a situation in which it iffidult to adjust the vehicle interval
because the vehicles 1a, 1b, ... are travelingarraffic jam section, even when the
vehicle interval L is not an appropriate vehicleeimwal.

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

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

[0048]

FIG. 11 is a flowchart illustrating the flow ofdlprocess performed by the
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operating management apparatus according to tleemdernbodiment of the present
invention.

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

[0049]

In the operating management apparatus 600 accptalithe embodiment, first,
the traffic jam information acquisition unit 60&eves the traffic jam information from
the traffic information system 700 after the pramss(steps ST101 to 103) performed by
the vehicle interval computing unit 601 are perfedn Further, the traffic jam
information acquisition unit 606 specifies the fiafam section R on the travel route Q
based on the received traffic jam information ($3dd.07).

[0050]

Subsequently, the evaluation object specificatiom 602c determines whether
or not the vehicles 1a and 1b are included inrid#i¢ jam section R based on the
positional information which indicates the travekpgions P1la and P1b of the vehicles 1la
and 1b specified by the vehicle interval computing 601 (step ST108). Here, when
any one of the vehicles 1a and 1b is includedentaffic jam section R (step ST108:
YES), the evaluation unit 602 and the driving instron output unit 603 ends the
evaluation process for the vehicles 1a and 1b witperforming subsequent evaluation
processes (steps ST104 and 105) and transmit@ndriving instruction (step ST106).

In contrast, when both the vehicles 1a and lmatrencluded in the traffic jam
section R (step ST108: NO), the evaluation unit &0@ the driving instruction output

unit 603 perform the process steps for the vehitéeand 1b in the processes in steps
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ST104 to 106.

The operating management apparatus 600 perfoersathe process on the
vehicle intervals Lbc, Lcd, ... of the other vebgllb, 1c, 1d, ... .

[0051]

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

[0052]

Description is performed such that the operatimgagement apparatus 600
according to the above-described second embodiduoe® not subject the vehicles 1a,
1b, ... which are included in the traffic jam sentR to the evaluation objects. However,
the operating management apparatus 600 accordagpther embodiment is not limited
to such a method. For example, the operating neanagt apparatus 600 according to
a modified example of the second embodiment mafpparevaluation on the vehicle in
the traffic jam by reducing reduction points aceongdo the degree of the congestion of
the traffic jam.

[0053]

Third Embodiment

Subsequently, an example of a bus operating mamagesystem according to a
third embodiment of the present invention will esdribed with reference to the
accompanying drawing.

FIG. 12 is a schematic diagram illustrating annegi@ of the bus operating

management system according to the third embodiofahe present invention.
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As illustrated in FIG. 12, the bus operating mamagnt system according to the
third embodiment of the present invention includeson-board unit 100, a notification
unit 200, an entrance detector 300, an exit datd€0, a vehicle occupancy monitoring
server 500, and an operating management appar@dus 6

In the embodiment, the on-board unit 100 and tigication unit 200 mounted
on the vehicles 1a, 1b, ... have the same fundtemrdigurations as in the first
embodiment. Therefore, the description thereoff mat be repeated.

[0054]

The entrance detector 300 detects a person wisep#sough an entrance, and
outputs information which indicates the detectiomfs. In other words, the entrance
detector 300 detects a person who gets in fronetifi@nce, and outputs information
which indicates the number of counted getting-irspes (hereinafter, getting-in person
number information).

The exit detector 400 detects a person who passmsgh an exit, and outputs
information which indicates the detection point$n other words, the exit detector 400
detects a person who gets off from the exit, anguia information which indicates the
number of counted getting-off persons (hereinaffetting-off person number
information).

The vehicle occupancy monitoring server 500 aeguine vehicle occupancy
information which indicates the number of passengéthe vehicle 1a, and transmits the
vehicle occupancy information to the operating ngamaent apparatus 600.

Specifically, the vehicle occupancy monitoring €erg00 receives the getting-in person
number information which is the result of detectpmiformed by the entrance detector
300 and the getting-off person number informatidmclv is the result of detection

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

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

[0055]

FIG. 13 is a block diagram illustrating an examgil@ach configuration of the
operating management apparatus according to titeehibodiment of the present
invention.

As illustrated in FIG. 13, the operating managenagparatus 600 according to
the embodiment includes a vehicle interval commgutinit 601, an evaluation unit 602, a
driving instruction output unit 603, a storage 804, a travel-information acquisition
unit 605, and a vehicle occupancy information asitjon unit 607.

Here, the vehicle interval computing unit 601, sherage unit 604, and the
travel-information acquisition unit 605 have thengafunctional configurations as the
first embodiment. Therefore, the description tbéwll not be repeated.

The vehicle occupancy information acquisition @7 receives and acquires
vehicle occupancy information, which indicates tlsenber of passengers for each of the
vehicles 1a, 1b, ..., from the vehicle occupanoyioring server 500(FIG. 12).

The facts that the operating management appaé@tusccording to the
embodiment includes the vehicle occupancy inforomagicquisition unit 607 and the
evaluation unit 602 performs evaluation on thetiadaoperating states of the vehicles 1a,

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

[0056]

FIG. 14A and FIG. 14B are first and second diagrdhastrating the process
performed by the evaluation unit according to thiedtembodiment of the present
invention.

The evaluation unit 602 of the operating managempparatus 600 according
to the embodiment evaluates the relative operatiaigs based on the vehicle occupancy
information which is acquired by the vehicle ocampainformation acquisition unit 607
and the vehicle interval which is calculated bykaicle interval computing unit 601.
Specifically, the evaluation reference setting 60i2a according to the embodiment
changes the values of the lower-limit vehicle mééwalue Lthl and the upper-limit
vehicle interval value Lth2 based on the vehicleupancy information which is
acquired by the vehicle occupancy information asitjon unit 607.

[0057]

For example, as illustrated in FIG. 14A, whendifeerence in the number of
passengers between the preceding vehicle 1a asdiblsequent vehicle 1b is small and
substantially the same, the evaluation referenitmgeinit 602a performs evaluation by
setting the predetermined lower-limit vehicle inervalue Lth1l and the upper-limit
vehicle interval value Lth2.

In contrast, as illustrated in FIG. 14B, in a catan operating state in which the
number of passengers pa of the preceding vehide faalarger than the number of
passengers pb of the subsequent vehicle 1b, ttheatiea reference setting unit 602a
detects that the difference between the numbeasdgngers pa and the number of
passengers pb is larger than the predeterminedleadicupancy difference threshold

pth. Further, the evaluation reference setting 6@2a sets the lower-limit vehicle
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interval value Lth1 which is set in the operatitgts of FIG. 14A, the lower-limit vehicle
interval value Lth1’ which is reduced rather thha tipper-limit vehicle interval value
Lth2, and the upper-limit vehicle interval valuénRt. In other words, the driver of the
subsequent vehicle (vehicle 1b) does not try toomathe vehicle interval with the
preceding vehicle even though large difference couthe number of passengers from
the preceding vehicle (vehicle 1a), the evaluatioih 602 performs a process of
decreasing the driver evaluation score of the sue® vehicle (vehicle 1b).

In addition, at the same time, the driving instiart output unit 603 transmits
the driving instruction information to increase 8peed to the subsequent vehicle
(vehicle 1b) based on the evaluation result fordperating state, and urges the driver to
further narrow the vehicle interval Lab.

[0058]

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

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

At this time, if the succeeding vehicle (vehicle tapidly arrives at a short vehicle
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interval, dissatisfaction of the user does not accu

If so, the user chooses and gets in the subsegabitie (vehicle 1b) in which
the number of passengers is small, with the réisattthe vehicle occupancy of the
vehicles 1a, 1b, ... are uniformed, and thus thelevbperating states are improved.

In addition, in this case, the driving instructiomtput unit 603 may transmit a
driving instruction to increase speed to the ncdifion unit 200 of the vehicle 1b, and
may transmit an instruction to induce a user whes tio get in to get in a subsequent
vehicle to the notification unit 200 of the vehidla based on the results of evaluation
performed by the evaluation unit 602. Therefdne,driver of the preceding vehicle
can accurately perceive timing in which inducenterthe subsequent vehicle is
performed.

[0059]

FIG. 15 is a flowchart illustrating the flow ofetprocess performed by the
operating management apparatus according to tteegmbodiment of the present
invention.

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

[0060]

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

occupancy monitoring server 500 (step ST109).
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Subsequently, the evaluation reference settinga@aa sets the values of the
lower-limit vehicle interval value Lthl and the wgrdimit vehicle interval value Lth2 in
order to determine the vehicle interval based enverhicle occupancy information
acquired by the vehicle occupancy information asitjon unit 607 (step ST110).
Specifically, as described with reference to FIGEA and 14B, when the difference
between the number of passengers pa and the naihbassengers pb is larger than the
predetermined vehicle occupancy difference threspti, the evaluation reference
setting unit 602a sets the values of the lowertlirahicle interval value Lthl and the
upper-limit vehicle interval value Lth2 to valuesieh are reduced compared to normal
time.

Further, evaluation unit 602 and the driving instion output unit 603 performs
each of the process steps in processes of stef®3d 106 on the vehicles 1a and 1b
based on the lower-limit vehicle interval value Lind the upper-limit vehicle interval
value Lth2 which are set in step ST110.

The operating management apparatus 600 perfomrsathe processes on the
vehicle intervals Lbc, Lcd, ... between the otheicles 1b, 1c, 1d, ... .

[0061]

Hereinabove, the bus operating management systeondang to the third
embodiment of the present invention performs indacsuch that the vehicle interval
between vehicles where the difference occurs besaragower according to the
difference in the number of passengers of the \&hita, 1b, ... . Therefore, when
difference, which is equal to or larger than adix@lue, occurs in the number of
passengers from other adjacent vehicles, it isilples® cause the drivers of the vehicles
1a, 1b, ... to narrow the vehicle intervals andrige 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 mamagesystem according to a
fourth embodiment of the present invention willdescribed with reference to the
accompanying drawings.

A schematic diagram illustrating the example @f lhus operating management
according to the fourth embodiment of the presewémtion is the same as in the first
embodiment, and thus the schematic diagram ishwts.

[0063]

FIG. 16 is a block diagram illustrating an examgii@ach configuration of the
operating management apparatus according to ehfearbodiment of the present
invention.

As illustrated in FIG. 16, the operating managenagparatus 600 according to
the embodiment includes a vehicle interval computinit 601, an evaluation unit 602, a
driving instruction output unit 603, a storage 804, a travel-information acquisition
unit 605, and a proper vehicle allocation numbenjgating unit 608.

Here, the vehicle interval computing unit 601, sherage unit 604, and the
travel-information acquisition unit 605 have thengafunctional configurations as the
first embodiment. Therefore, the description tbéwll not be repeated.

The proper vehicle allocation number computing 60B determines proper
vehicle allocation numbers on a route through whinehvehicles 1a, 1b, ... travel based
on the result of evaluation performed by the evadmaunit 602. Specifically, when
there is a section in which the vehicle intervalas proper throughout a plurality of
vehicles, the proper vehicle allocation number cotmg unit 608 performs a process of

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

The facts that operating management apparatusa&@idding to the
embodiment includes the proper vehicle allocatiomber computing unit 608 and the
driving instruction output unit 603 transmits thévahg instruction to the vehicles 1a,
1b, ... based on proper vehicle allocation numbgasmation acquired by the proper
vehicle allocation number computing unit 608 arfeedént from the first to third
embodiments.

[0064]

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

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

[0065]

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

In contrast, the proper vehicle allocation numtmnputing unit 608 specifies

the section length LS of a vehicle interval enlangat section S that is a section in
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which the vehicles 1a, 1b, and 1c having vehiderirals larger than the proper vehicle
interval are traveling based on the results ofuatadn performed by the evaluation unit
602 and positional information which indicates ttavel positions Pla, P1lb, and P1lc
(FIG. 17). Further, the proper vehicle allocattmrmber computing unit 608 calculates
the vehicle allocation numbers which cause theckeltervals to be proper in the
vehicle interval enlargement section S based osédlbgon length LS of the vehicle
interval enlargement section S.

[0066]

For example, it is assumed that the proper vehibbeation number computing
unit 608 calculates “2” as the proper vehicle aloan numbers of the vehicle interval
enlargement section S (between the vehicle latendehicle 1c) as a result of
performing a computing process of dividing the mectength LS of the vehicle interval
enlargement section S by a prescribed predeternprogeer vehicle interval Lref (Lref is
a numerical value which satisfies L#lTef<Lth2). At this time, the driving instruction
output unit 603 performs a process of transmitéimgoving instruction to the vehicle 1d
in the standby mode (FIG. 17) by taking the faat the vehicle allocation numbers in
the vehicle interval enlargement section S at eaeciitime point are 1 and the proper
vehicle allocation numbers calculated by the progédicle allocation number computing
unit 608 are 2.

Therefore, the vehicle 1d, which is on standbghavehicle interval
enlargement section S, joins driving, and thusvidtecle allocation numbers in the
vehicle interval enlargement section S increasg.byAs a result, the vehicle interval,
which is excessively opened in the vehicle intemrdargement section S, is narrowed
and approaches the proper vehicle interval.

In this case, in the first embodiment, it is pbksito more rapidly adjust the
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vehicle interval in the vehicle interval enlargermsection S to the proper interval
compared to a case in which the driving instrucbatput unit 603 transmits a driving
instruction to accelerate the vehicles 1b and tcremrow the vehicle intervals Lab and
Lbc.

[0067]

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

[0068]

FIG. 18 is a flowchart illustrating the flow ofdlprocess performed by the
operating management apparatus according to thithfembodiment of the present
invention.

As an example, the flow of the process is desdrdsea process which is
subsequently performed after the operating manageapparatus 600 performs the flow
of the process illustrated in FIG. 7 accordingh® first embodiment on the entire
vehicles 1a, 1b, ....

[0069]

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

on the whole vehicles 1a, 1b, ..., the properatelallocation number computing unit
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608 specifies the vehicle interval enlargementise@ (FIG. 17) by extracting a fact that
a plurality of continuous vehicle intervals L aaeder than the upper-limit vehicle
interval value Lth2 based on the result of the ea@bn (step ST111).

Subsequently, the proper vehicle allocation nunsberputing unit 608
calculates the section length LS of the vehiclerivdl enlargement section S, which is
specified in step ST111 (step ST112). Specifictilly proper vehicle allocation
number computing unit 608 calculates the sectiagtleLS of the vehicle interval
enlargement section S based on the positionalnrdtion of the vehicle 1a which is
positioned at the head of the vehicle interval @ment section S and the vehicle 1c
which is positioned at the tail thereof.

Further, the proper vehicle allocation number cotimg unit 608 calculates the
proper vehicle allocation numbers by performinge¢bmputing process of dividing the
section length LS by the predetermined proper \Velterval Lref (step ST113).

[0070]

Further, when the proper vehicle allocation nurapehich are calculated by the
proper vehicle allocation number computing unit @08tep ST113, are acquired, the
driving instruction output unit 603 transmits auvitng instruction (moving instruction) to
start driving to the vehicles 1a, 1b, ... in a dl@nmode such that the allocation numbers
for allocation in the vehicle interval enlargemseattion S becomes the proper vehicle
allocation numbers (step ST114).

[0071]

The proper vehicle allocation number computing 66B may specify the
vehicle interval reduction section S’ by extractthg fact that the plurality of continuous
vehicle intervals L are less than the lower-linehicle interval value Lthl in step ST111.

In this case, the driving instruction output ur@B&ransmits a driving instruction
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(standby instruction) to stop driving to the vebglla, 1b, ... , which are traveling the
vehicle interval reduction section S’, such that #ifiocation numbers for allocation in
the vehicle interval reduction section S’ becontesgroper vehicle allocation numbers
in step ST114.

[0072]

Hereinabove, when there is a section where thigleeinterval is enlarged or
reduced throughout the plurality of vehicles, the bperating management system
according to the fourth embodiment of the presewémtion calculates the proper vehicle
allocation numbers in the section, and transmdg\ang instruction to move or standby
to the vehicles 1a, 1b, ... such that the vehibbea@ion numbers become the proper
vehicle allocation numbers. In this manner, whenwuehicle intervals are deviated
from the proper intervals throughout the pluratifyehicles, the bus operating
management system can more rapidly restore theepr@hicle intervals.

[0073]

The operating management systems according tabttne-described first to
fourth embodiments may be used in an aspect whidhdes part or all of the functions
described in the embodiments. For example, theatipg management apparatus 600
according to another embodiment may include anydwmore of the traffic jam
information acquisition unit 606, the vehicle ocanpy information acquisition unit 607,
and the proper vehicle allocation number computinigg 608 at the same time.

[0074]

Processes may be performed by recording a proffnarealizing the function
of the operating management apparatus 600 accaialihg present invention in a
computer readable recording medium, and causimmgrguater system to read and run the

program recorded in the recording medium. Mearsyliére, the “computer system”
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includes hardware such as an OS or peripheralsaddition, the “computer system”
includes a WWW system provided with homepage prorisnvironment (or display
environment). In addition, the “computer readaklerding medium” refers to a
portable medium, such as a flexible disk, a magoetaal disk, a ROM, or a CD-ROM,
and a storage apparatus, such as a hard disk, vghechbedded in the computer system.
Further, the “computer readable recording mediumiudes a medium which maintains
a fixed time program like a volatile memory (RANh) the computer system which
functions as a server or a client when a programarsmitted through a network such as
the Internet or a communication line such as ptelae line.

[0075]

In addition, the program may be transmitted totle@ocomputer system from a
computer system, which stores the program in ageapparatus or the like, through a
transmission medium or waves transmitted in thestrassion medium. Here, the
“transmission medium” which transmits the prograafers to a medium which has a
function of transmitting information like a netwofgommunication network), such as
the Internet, or a communication line such aseptedne line. In addition, the program
may realize a part of the above-described functidrurther, the program may be a
so-called difference file (difference program) whian realize the above-described
function through combination with a program whistalready recorded in the computer
system.

[0076]

Hereinabove, although some embodiments of theeptasvention are described,
the embodiments are presented as examples and dmnohe scope of the invention.
The embodiments can be realized using other vafauss, and various omission,

replacement, and modification are possible witldmagarting from the gist of the
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invention. The embodiments and the modificatidreseof are included in the scope
and gist of the invention and included in the imi@mdisclosed in claims and the
equivalents thereof.

Industrial Applicability

[0077]

According to the above-described control apparatusthe control method, it is
possible to readily stabilize variation in presswtesn 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 acquisitiontuni
proper vehicle allocation number computing un

traffic information system
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CLAIMS

1. An operating management system comprising:

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

an operating management apparatus that incluttaged-information
acquisition unit which acquires the travel inforioatfrom each of the on-board units of
the plurality of vehicles, and an evaluation urlitieth evaluates driving of the vehicles,
based on relative operating states, regarding thélplurality of vehicles specified based

on the travel information.

2. The operating management system accordinigito 4,

wherein the operating management apparatus furtbleides a driving
instruction output unit which generates and outpliteng instruction information for
driving instruction to each of the plurality of veles based on results of evaluation

performed by the evaluation unit.

3. The operating management system accordin@gito 4 or 2,

wherein the operating management apparatus furtbleides a vehicle interval
computing unit that calculates a vehicle intenetileen each of the plurality of vehicles
and an another adjacent vehicle based on the puoélpieces of the positional
information which are acquired by the on-boardsinmbunted on the plurality of
vehicles, and

wherein the evaluation unit evaluates drivingha vehicles based on the
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vehicle interval.

4. The operating management system accordinigito 8,

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

wherein the evaluation unit evaluates drivingha vehicles based on the traffic

jam information and the vehicle interval.

5. The operating management system accordinigito 8 or 4,

wherein the operating management apparatus furtbkerdes a vehicle
occupancy information acquisition unit that acgsivehicle occupancy information
which indicates the number of passengers of eatieqgblurality of vehicles, and

wherein the evaluation unit evaluates drivingha vehicles based on the

vehicle occupancy information and the vehicle weér

6. The operating management system accordingytome of claims 1 to 5,

wherein the operating management apparatus furtbleides a proper vehicle
allocation number computing unit that calculatesper vehicle allocation numbers such
that the vehicle intervals between the pluralityeficles on the travel route become the

proper interval based on results of evaluationfop@ed by the evaluation unit.

7. An operating management method comprising:
acquiring travel information by a travel-informati acquisition unit from

on-board units that are each mounted on a pluralitsehicles and are configured to be
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capable of acquiring travel information which ingdés positional information of the
vehicles; and
evaluating driving of the vehicles by an evaluatimit, based on relative

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

8. A program causing a computer of an operatingagement apparatus to
function as

travel information acquisition unit for acquiriti@vel information from
on-board units that are each mounted on a pluralitsehicles and are configured to be
capable of acquiring travel information which indés positional information on each
vehicle; and

evaluation unit for evaluating driving of the velleis, based on relative operating

states, for the plurality of vehicles specifieddzasn the travel information.



