TRANSIT RANGE EVALUATION DEVICE, TRANSIT RANGE
EVALUATION SYSTEM, TRANSIT RANGE EVALUATION METHOD,AND
PROGRAM

Technical Field
[0001]
This invention relates to a transit range evaluatievice, a transit range
evaluation system, a transit range evaluation nobthad a program.
This application claims priority based on JP 207&®73 filed in Japan
on March 31, 2016, of which the contents are inooaped herein by reference.

Background Art
[0002]

In a toll collection system for toll roads, it igsired for vehicles
traveling on toll roads to be reliably discrimindte prevent a charging process
from being performed on a wrong vehicle. For tléason, in Electronic Toll
Collection System (ETC) (trade name, also refeteds Automatic Toll
Collection System), a tollgate is separated intmkd lanes so that
communication can be reliably made with each indlinal vehicle.

Patent Document 1 discloses a technique of colgcdi uniform toll at
an entrance tollgate and reducing or additionadifecting the toll by adopting
a free flow method at an exit tollgate.

Citation List
Patent Document
[0003]
Patent Document 1: JP 2005-085046 A

Summary of Invention
Problem to be Solved by the Invention
[0004]

When a tollgate is separated into single lanesh(\witelatively narrow
width), vehicles passing through the tollgate aguired to travel at a speed
lower than a toll road speed from the perspectiveezuring safety. In this way,
when a tollgate separated into single lanes isatisd, traffic capacity of a road
around the tollgate may be reduced, causing smpasisage to be hindered.
[0005]



An object of the present invention is to providgansit range evaluation
device, a transit range evaluation system, a ttaasige evaluation method, and
a program, capable of specifying a transit range omain road traveled by each
vehicle, without disposing a tollgate separate® isingle lanes at an entrance
or an exit of a main road.

Solution to Problem
[0006]

According to a first aspect of the present inventia transit range
evaluation device 200 includes an acquisition @it configured to acquire
vehicle identification information for identifying vehicle C from an
identification information reading device 100 dised in individual detection
areas of a main road R1 to be monitored, the deteereas being partitioned at
connection points P connecting the main road amedin roads R2, R3, a
detection information recording unit 207 configurdrecord detection
information in a detection information storage ub®6, wherein vehicle
identification information, a detection time of thehicle identification
information, and the detection area in which thaigke identification
information is detected, are associated with theeectéon information, and a
range specification unit 209 configured to sped@firansit range on the main
road in which the vehicle indicated by the vehientification information
traveled, based on the detection information reedrish the detection
information storage unit.

This thereby enables the transit range evaluatmrnog to specify the
transit range on the main road in which the vehicdeeled, based on
information obtainable from the identification imfoation reading device
disposed on a main road. Also, since there is remlrie dispose a tollgate
separated into single lanes at an exit or entrafiGemain road, reduction of
traffic capacity of the main road at an exit orramce may be suppressed.
[0007]

According to a second aspect of the present ine@niin a transit range
evaluation device of the first aspect, in a casengha vehicle identification
information is not acquired again before a predateed amount of time passes
after a time in which the vehicle identificatiorfénmation has been last
acquired, the range specification unit is configute specify, out of the
connection points, one adjacent a downstream sidieeodetection area in
which the vehicle identification information hasdrelast acquired, as an exit



side end of the transit range of the vehicle inthdaby the vehicle
identification information.

This thereby enables the transit range evaluatmrnog to specify the
exit side end of the transit range, based on thermmation obtainable from the
identification information reading device disposada detection area.

[0008]

According to a third aspect of the present invemtim a transit range
evaluation device of the first or second aspect oase where a vehicle
identification information is not acquired withinpgedetermined amount of
time after a time in which the vehicle identificaii information has been
acquired, the range specification unit is configute specify, out of the
connection points, one adjacent an upstream sideeotietection area in which
the vehicle identification information has been aicgd, as an entry side end of
the transit range of the vehicle indicated by tleéigle identification
information.

This thereby enables the transit range evaluatmrno# to specify the
respective transit range of a vehicle, even ifubhicle enters the main road
multiple number of times in a short period of time.

[0009]

According to a fourth aspect of the present invemtiin a transit range
evaluation device of any of the first to third asfs in a case where a first
detection area in which a vehicle identificatiofioinmation is acquired and a
second detection area in which the vehicle idecdifion information has been
detected immediately prior to a detection of thaieke identification
information in the first detection area are notaadjnt to each other, the range
specification unit is configured to specify, outtbe connection points, one
adjacent the upstream side of the first detectimaas an entry side end of a
first transit range of the vehicle indicated by trehicle identification
information, and to specify, out of the connectfrints, one adjacent the
downstream side of the second detection area &xiaside end of a second
transit range of the vehicle indicated by the véhidentification information.

This thereby enables the transit range evaluatmrnog to specify the
entry side end of the transit range, based onrfarmation obtainable from the
identification information reading device disposad detection area.

[0010]

According to a fifth aspect of the present inventia transit range
evaluation device of any of the first to fourth asfs further includes an
auxiliary acquisition unit 212 configured to acquiehicle identification



information from an identification information reiag) device disposed in the
branch road, and in a case where a vehicle ideatifon information is acquired
by the auxiliary acquisition unit, the range spéaxfion unit is configured to
specify the connection point connected to the binarmo@d in which the vehicle
identification information is acquired, as an erfdlee transit range of the
vehicle indicated by the vehicle identification amfmation.

This thereby enables the transit range evaluatmriog to quickly
specify the end of a transit range.

[0011]

According to a sixth aspect of the present invemti@ transit range
evaluation device of any of the first to fifth agpe further includes a reception
unit 213 configured to receive, from a mobile temalipossessed by a user,
transit information that is information relating tiavel on the main road by a
vehicle used by the user, wherein the range speatitin unit is configured to
specify the transit range based on the transitrmédion received by the
reception unit and the detection information re@atdn the detection
information storage unit.

In this way, the transit range evaluation deviceafies the transit range
based on information obtainable from a mobile terahin addition to the
information obtainable from an identification infoation reading device. This
enables the transit range evaluation device to meliably specify the transit
range.

[0012]

According to a seventh aspect of the present inganin a transit range
evaluation device of the sixth aspect, the tramgdrmation includes
information indicating the detection area or tharwh road traveled by a
vehicle used by the user.

This thereby enables the transit range evaluateriog to more reliably
specify the transit range.

[0013]

According to an eighth aspect of the present innemtin a transit range
evaluation device of the sixth or seventh aspdw ttansit information includes
information indicating that a vehicle used by treeuexited from the main
road, and the range specification unit is configutre specify the transit range
based on the detection information recorded ind&&ction information
storage unit, the detection information being reear prior to a time of
reception of the transit information indicating exit from the main road.



This thereby enables the transit range evaluatmriog to quickly
specify the transit range.
[0014]

According to a ninth aspect of the present invemtia transit range
evaluation device of any of the first to eight astse further includes a toll
calculation unit 210 configured to calculate a tollbe charged to the vehicle
based on the transit range specified by the rapgeifcation unit.

This thereby enables the transit range evaluatmnog to calculate the
traffic of each vehicle accurately.

[0015]

According to a tenth aspect of the present inventeotransit range
evaluation system 1 includes an identification mmiation reading device 100
disposed in individual detection areas of a maismdréo be monitored, the
detection areas being partitioned at connectiomggatonnecting the main road
and branch roads, and a transit range evaluatisice&®00 of any of the first to
ninth aspects.

[0016]

According to an eleventh aspect of the presentntiea, a transit range
evaluation method includes an acquisition step 2320 acquiring vehicle
identification information for identifying a vehielfrom an identification
information reading device disposed in individuakection areas of a main
road to be monitored, the detection areas beingtjpared at connection points
connecting the main road and branch roads, a rew@tep (S104) of
recording detection information in a detection imh@tion storage unit, wherein
vehicle identification information, a detection #nof the vehicle identification
information, and the detection area in which thaigke identification
information is detected, are associated with thiec&n information, and range
specification steps (S106, S109, S112, S204) ofifygag the transit range on
the main road in which the vehicle indicated by Wedicle identification
information traveled, based on the detection infation recorded in the
detection information storage unit.

[0017]

According to a twelfth aspect of the present inv@mta program causes
a computer (900) to function as, an acquisitiont eonfigured to acquire
vehicle identification information for identifying vehicle from an
identification information reading device dispodadndividual detection areas
of a main road to be monitored, the detection abeasg partitioned at
connection points connecting the main road and ¢hranads, a detection



information recording unit configured to record @etion information in a
detection information storage unit, wherein a véhidentification information,
a detection time of the vehicle identification infeation, and the detection area
in which the vehicle identification information @etected, are associated with
the detection information, and a range specifiqatiait configured to specify
the transit range on the main road in which theiclehindicated by the vehicle
identification information traveled, based on theettion information recorded
in the detection information storage unit.

Advantageous Effect of Invention
[0018]

According to at least one aspect of the aspectsribed above, a transit
range evaluation device is capable of specifyirigpasit range on a main road
traveled by each vehicle, without disposing a taligseparated into single lanes
at an entrance or an exit of the main road.

Brief Description of Drawings

[0019]

FIG. 1 is a diagram illustrating an overall configtion of a toll
collection system according to a first embodiment.

FIG. 2 is a schematic block diagram illustratinguactional
configuration of a toll collecting device accorditmthe first embodiment.

FIG. 3 is a flowchart illustrating entry end spec#tion processing by
the toll collecting device according to the firshleodiment.

FIG. 4 is a flowchart illustrating exit end specdiion processing by the
toll collecting device according to the first emboént.

FIG. 5 is a flowchart illustrating a charging praseby the toll collecting
device according to the first embodiment.

FIG. 6 is a diagram illustrating an overall configtion of a toll
collection system according to a second embodiment.

FIG. 7 is a schematic block diagram illustratinfuactional
configuration of a toll collecting device accorditmythe second embodiment.

FIG. 8 is a flowchart illustrating a process of sifging entry and exit
by the toll collecting device according to the sed¢@mbodiment.

FIG. 9 is a schematic block diagram illustratinfuactional
configuration of a toll collecting device accorditga third embodiment.

FIG. 10 is a flowchart illustrating a process ofee/ing transit
information by the toll collecting device accorditgthe third embodiment.



FIG. 11 is a schematic block diagram illustratingocanputer
configuration according to at least one of the edibhents.

Description of Embodiments

[0020]
First Embodiment

A detailed description of embodiments of the talllection system
according to the first embodiment will follow witleference to the drawings.
[0021]
Overall Configuration

FIG. 1 is a diagram illustrating an overall configtion of the toll
collection system according to the first embodimdrte toll collection system
1 according to the first embodiment is a systent tharges a toll to a vehicle C
that travels a main road R1 which is a toll roatdeToll collection system 1 is
an example of a transit range evaluation systemewmance road R2 serving as
an entrance to the main road R1 and an exit roadeR@ng as an exit from the
main road R1 are connected to the main road R1.eftence road R2 and the
exit road R3 are examples of branch roads conneotélde main road R1.
Hereinafter, a portion of the main road R1 connédteat least one of the
entrance road R2 and the exit road R3 is referoeasta connection point P. The
connection point P is not limited to a mathematigaint having no area and
length but may be a point having a certain arekewngth. Also, of the main road
R1, an area partitioned by the connection poinis referred to as a detection
area A.
[0022]

As illustrated in FIG. 1, the toll collection systel includes an
identification information reading device 100 antb# collecting device 200.

The identification information reading device 1@0provided in each
detection area A. In one detection area A, one oremdentification
information reading devices 100 are provided. Tdentification information
reading device 100 reads, from the vehicle C thatdls the detection area A, a
vehicle ID (vehicle identification information) idéfying the vehicle C.
Examples of the identification information readidgvice 100 include a license
plate recognition device that reads the vehiclaedifplayed on a license plate of
the vehicle C and an antenna that reads the veHicfeom an onboard unit
mounted on the vehicle C. Examples of the vehiBlg include license plate
information, onboard unit management numbers unigueach onboard unit, a
vehicle identification number, and the like. In badetection area A, a sufficient



number of identification information reading device00 are provided so as to
satisfy required accuracy.
[0023]

A toll collecting device 200 acquires the vehiclz from the
identification information reading device 100 anthcges the toll
corresponding to the transit range on the main R&ado each vehicle C based
on the acquired vehicle ID. The toll collecting i 200 is an example of a
transit range evaluation device. The toll collegtaoevice 200 is disposed at a
remote place.

[0024]
Functional configuration

FIG. 2 is a schematic block diagram illustratinfuactional
configuration of the toll collecting device accandito the first embodiment.

The toll collecting device 200 includes an acquasitunit 201, a charge
information storage unit 202, an unregistered viehdetermination unit 203, an
unregistered vehicle storage unit 204, an unregsit@ehicle recording unit
205, a detection information storage unit 206, gedi&on information recording
unit 207, a range storage unit 208, a range spatitin unit 209, a toll
calculation unit 210, and a charge processing 2iit.

[0025]

The acquisition unit 201 acquires, from the idan#tion information
reading device 100, the vehicle ID read by the tdeation information
reading device 100.

The charge information storage unit 202 storesvitgcle ID of the
vehicle C and the payment method of the toll assted with each other for
each vehicle C. Examples of payment methods inchrdaccount number, a
credit card number, and a billing address.

[0026]

The unregistered vehicle determination unit 203dwines whether the
vehicle ID acquired by the acquisition unit 201stsred in the charge
information storage unit 202.

The unregistered vehicle storage unit 204 storesvihicle ID of a
vehicle C for which the payment method is not relear in the charge
information storage unit 202 in order for an admtrator to identify a vehicle
C which has not paid the toll.

The unregistered vehicle recording unit 205 recdh#svehicle ID in the
unregistered vehicle storage unit 204 when it iedained by the unregistered



vehicle determination unit 203 that the vehicleitDnot stored in the charge
information storage unit 202.
[0027]

The detection information storage unit 206 storetedtion information
in which the vehicle ID, the area ID which is tlentification information of
the detection area A in which the vehicle ID isetgéd, and a time in which the
vehicle ID is read are associated with each other.

Each time the acquisition unit 201 acquires theisiehiD, the detection
information recording unit 207 associates the vihiD, the area ID of the
detection area A disposed with the identificatioformation reading device 100
from which the vehicle ID was acquired, and thedim which the vehicle ID
was read, with each other, and records them irutiregistered vehicle storage
unit 204.

[0028]

The range specification unit 209 specifies the srarange of the vehicle
C based on the detection information stored indétection information storage
unit 206.

The range storage unit 208 stores an entry sideaeddan exit side end
of the transit range specified by the range speatfon unit 209 for each
vehicle C.

The toll calculation unit 210 calculates the todisSed on the transit range
specified by the range specification unit 209. Tok calculation unit 210
calculates the toll, for example, in accordancehvattable in which transit
ranges and tolls are associated.

For each vehicle C that traveled the main roadtRéd,charge processing
unit 211 charges the toll calculated by the tolca#ation unit 210, according to
the payment method stored in the charge informastonage unit 202
associated with the vehicle ID of the vehicle C.

[0029]
Process flow of toll collecting device

Here, operation of the toll collecting device 200l Wwe described. Each
time the toll collecting device 200 reads the véhid® from the identification
information reading device 100, the toll collectidgvice 200 executes the
following entry end specification processing.

FIG. 3 is a flowchart illustrating the entry endesffication processing
by the toll collecting device according to the fissnbodiment.

[0030]
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When the identification information reading devit@0 reads the vehicle
ID, the acquisition unit 201 of the toll collectimgvice 200 acquires the
vehicle ID from the identification information reiadj device 100 (step S101).
Next, the unregistered vehicle determination ui8 2etermines whether the
vehicle ID acquired by the acquisition unit 201stered in the charge
information storage unit 202 (step S102). Whendbgquired vehicle ID is not
stored in the charge information storage unit 282 S102: NO), the
unregistered vehicle recording unit 205 recordsabeuired vehicle ID in the
unregistered vehicle storage unit 204 (step S18&pciating it with the area ID
of the detection area A disposed with the idendifien information reading
device 100 that reads the vehicle ID and the datedime, and ends the entry
end specification processing. This thereby enatilesadministrator to specify,
by checking the information stored in the unregistevehicle storage unit 204
later, a vehicle C that traveled the main road Rthewut paying the toll.

[0031]

On the other hand, when the acquired vehicle IBtesed in the charge
information storage unit 202 (step S102: YES), dieéection information
recording unit 207 records the detection informatiegarding the acquired
vehicle ID in the detection information storage tu206 (Step S104). More
specifically, the detection information recordingiu207 records the acquired
vehicle ID in the detection information storage tu2@6, associating it with the
area ID of the detection area A disposed with thentification information
reading device 100 that reads the vehicle ID arddétection time. Next, the
range specification unit 209 determines whetheedt#bn information
regarding the same vehicle ID was stored in theagt® unit 206 (step S105)
within a predetermined timeout period (24 hours,dgample) prior to a
detection time of the detection information recatdxy the detection
information recording unit 207. The detection infation regarding the same
vehicle ID recorded by the detection informatiosaeding unit 207 within the
timeout period prior to the detection time is haedter referred to as
immediately preceding detection information.

[0032]

When no immediately preceding detection informati®stored in the
detection information storage unit 206 (step S108), the range specification
unit 209 specifies the entry side end of the trareige of the vehicle C (a
vehicle specified by the vehicle ID, a vehicle pémtng to the vehicle ID)
indicated by the vehicle ID of the detection infaton recorded in step S104
(step S106). More specifically, the range spectfomaunit 209 specifies a
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connecting point P adjacent an upstream side ofitftection area A indicated
by the area ID of the detection information recarde step S104, as the entry
side end of the transit range of the vehicle Cdatikd by the vehicle ID of the
detection information. Then, the range specificatimit 209 records in the
range storage unit 208 a connection point ID, whghdentification
information of the connection point P, as the erside end of the transit range
(step S107), associating the connection point IEhwhe vehicle ID, and ends
the entry end specification processing. As descrideove, in a case where
other detection information pertaining to the sarehicle ID as the detection
information recorded in step S104 was recorded feefioe timeout period prior
to the detection time of the detection informatrecorded in step S104, the
range specification unit 209 specifies the entdesend of the transit range.
This is because, in step S203 to be described, latezn the detection
information pertaining to the vehicle ID storedtire detection information
storage unit 206 is not detected within the timepertiod, the vehicle indicated
by the vehicle ID is treated as having exited.

[0033]

Conversely, when immediately preceding detectidorimation is stored
in the detection information storage unit 206 (s§4®5: YES), the range
specification unit 209 determines whether the d@becarea A indicated by the
area ID of the immediately preceding detection infation having a latest
detection time among the immediately preceding cteta information is an
area adjacent to the detection area A indicatethbyarea ID of the detection
information recorded in step S104 (step S108). Have detection areas A
being adjacent means that there is only one comorepbint P between the two
detection areas A.

When the detection area A pertaining to the immiadyapreceding
detection information is adjacent to the detectwea A pertaining to the
detection information recorded in step S104 (st2@8 YES), the toll
collecting device 200 ends the entry end speciitcaprocessing. In this way,
when the immediately preceding detection informati® stored in the detection
information storage unit 206, the toll collectinguice 200 does not specify the
entry side end in step S106 in the entry end spedibn processing. This is
because the entry end has already been specifigteiantry end specification
processing performed by the toll collecting dev2d® before a current entry
end specification processing. In other words, theyeside end of the transit
range of the vehicle C for which the immediatelg@eding detection
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information is stored in the detection informatistorage unit 206 is one
specified in the entry end specification procesgngviously performed.
[0034]

On the other hand, when the detection area A p@rgito the
immediately preceding detection information is adfacent to the detection
area A pertaining to the detection information melea in step S104 (step S108:
NO), the range specification unit 209 specifies ¢tbanection point P adjacent a
downstream side of the detection area A indicatgthle area ID of the
immediately preceding detection information, as ¢ié& side end of the transit
range (hereinafter referred to as the "previousditarange") of the vehicle C
indicated by the vehicle ID of the immediately pegding detection information
(step S109). As described above, at this timeheringe storage unit 208, a
connection point ID indicating the entry side erfdlee previous transit range
of the vehicle C is recorded in the entry end sfpea&iion processing that was
performed previously. The range specification @i® records in the range
storage unit 208 the connection point ID, whiclhe identification information
of the connection point P specified in step S1G38the exit side end of the
previous transit range (step S110), associated thighvehicle ID. As a result,
the range storage unit 208 stores the connectiom pD indicating the entry
side end and the connection point ID indicating ¢xé& side end of the previous
transit range associated with a certain vehicleNBxt, the toll collecting
device 200 performs charge processing to be destditer based on a
specified previous transit range (step S111). Theseby enables the toll
collecting device 200 to charge for each transitgeg even in the case where
the vehicle C enters the main road R1 a pluralftyimes within a short period
of time.

[0035]

Further, the range specification unit 209 specifles connection point P
adjacent the upstream side of the detection argalisated by the area ID of
the detection information recorded in step S104hasentry side end of the
transit range of the vehicle C indicated by theigkhlD of the detection
information (hereinafter, referred to as the “cutréransit range") (step S112).
In other words, in a case where the detection Aralicated by the area ID of
the immediately preceding detection informatiom@ adjacent to the detection
area A indicated by the area ID of the detectidiorimation recorded in step
S104, the toll collecting device 200 regards tinet vehicle C has traveled two
different transit ranges (the previous transit r@agd the current transit range).
In other words, the toll collecting device 200 redggmthat the vehicle C, after
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exiting from the main road R1 at the connectionnp@idjacent the detection
area A indicated by the area ID of the immediateigceding detection
information, entered the main road R1 from the @mtion point adjacent the
detection area A indicated by the area ID of theedi&on information recorded
in step S104. Then, the range specification un@ &ords in the range storage
unit 208 the connection point ID, which is the iti@ination information of the
connection point P specified in step S110, assediatith the vehicle ID as the
entry side end of the current transit range (st&p3$, and ends the entry end
specification processing.

The entry end specification processing describeaakenables the toll
collecting device 200 to specify the entry side efdhe transit range of the
vehicle C.

[0036]

Also, the toll collecting device 200 executes ait exd specification
processing described below every time when a aegariod of time (for
example, one hour) elapses.

FIG. 4 is a flowchart illustrating an exit end sgamation processing by
the toll collecting device according to the firshleodiment.

When the toll collecting device 200 starts the exitl specification
processing, the range specification unit 209 seléwt vehicle IDs stored in the
detection information storage unit 206 one by carej executes processes from
step S202 to step S206 (Step S201) described below.

[0037]

First, the range specification unit 209 extracts tletection information
associated with the selected vehicle ID and hatineglatest detection time
among the detection information stored in the diédecinformation storage unit
206 (step S202). Next, the range specification @6 determines whether the
detection time of the extracted detection inforroatis within the
predetermined timeout period (for example, 24 hpprsor to the current time
(step S203). In other words, the range specificatinit 209 determines whether
the same vehicle IDs within the timeout period haeen detected.

[0038]

When the detection time of the detection informatextracted in step
S202 is not within the predetermined timeout pemoibr to the current time
(step S203: NO), the range specification unit 2p8csfies the connection point
P adjacent the downstream side of the detectioa Aradicated by the area ID
of the detection information, as the exit side efhdhe transit range of the
vehicle C indicated by the vehicle ID of the detestinformation (step S204).
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At this time, in the range storage unit 208, tharoection point ID indicating
the entry side end of the transit range of the elehC is recorded by the process
of the above-described step S106. The range spatidn unit 209 records in
the range storage unit 208 the connection poinbfEhe specified connection
point P, as the exit side end of the transit ramgsociated with the vehicle ID
(step S205). As a result, the range storage ur8t20res the connection point
ID indicating the entry side end of the transitgarand the connection point ID
indicating the exit side end associated with aaiarvehicle ID. Next, the toll
collecting device 200 performs charge processingé described later) based
on the specified transit range (step S206).

On the other hand, when the detection time of thection information
extracted in step S202 is within a predeterminetetiut period prior to the
current time (step S202: YES), no determinatiorxit is made.

The above-described exit end specification procgssnables the toll
collecting device 200 to specify the exit side edidhe transit range of the
vehicle C.

[0039]

Next, a process flow of charge processing by thiectlecting device
200 will be described.

FIG. 5 is a flowchart illustrating a charging preseby the toll collecting
device according to the first embodiment.

When the connection point ID indicating the entigesend and the
connection point ID indicating the exit side endtlé transit range of a certain
vehicle C are recorded in the range storage urit &te toll calculation unit
210 calculates the toll for travel on the road Ratthe vehicle C based on the
transit range stored in the range storage unit(3@8 S301). Specifically, the
toll calculation unit 210 calculates the toll acdorg to a table in which the
transit ranges and the tolls are associated. Thegehprocessing unit 211
identifies the vehicle ID associated with the tiamange in the range storage
unit 208 (step S302). Next, the charge processimg2ll charges the toll
calculated by the toll calculation unit 210 accoglito the payment method
stored in the charge information storage unit 282oaiated with the specified
vehicle ID (step S303). Then, the charge processimitj211 deletes the transit
range information for which charging has been catgd from the range
storage unit 208 (step S304).

[0040]
Operational Effects
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As described above, according to the present enmbea, the toll
collecting device 200 determines the transit ratige the vehicle C traveled
based on the vehicle ID acquired from the idendificn information reading
device 100 provided in each detection area A ofrtfagn road R1. This enables
the toll collecting device 200 according to the g@et embodiment to specify
the transit range on the main road R1 of each VelGcwithout dividing the
entry or exit of the main road R1 into a singledan

Even in a known toll collection system, there ipassibility that
recognition accuracy of the vehicles can be impdow&thout dividing the
tollgate into single lanes, by providing many vdaicecognition devices at the
tollgate. However, space of the tollgate is limitaddd when the space of the
tollgate is narrow, it is difficult to provide mansehicle recognition devices. By
contrast, the main road R1 has a larger spacettimexit road R3 and the
entrance road R2. Therefore, a sufficient numbedentification information
reading devices 100 can be disposed in the deteeatiea A in order to secure
required recognition accuracy of the vehicle C.

[0041]
Second Embodiment

A detailed description of embodiments of the talllection system
according to the second embodiment will follow wiference to the drawings.
[0042]

Overall Configuration

FIG. 6 is a diagram illustrating an overall configtion of a toll
collection system according to the second embodiniEme toll collection
system 1 according to the second embodiment fuitiidudes an auxiliary
reading device 300 in addition to the configuratafrthe first embodiment.

The auxiliary reading device 300 is provided in #rdgrance road R2 and
the exit road R3. The auxiliary reading device 368ds from the vehicle C that
travels the entrance road R2 or the exit road R3virhicle ID to identify the
vehicle C. Examples of the auxiliary reading dev8®® include a license plate
recognition device that reads the vehicle ID digplkhon the license plate of the
vehicle C and an antenna that reads the vehiclgd® the onboard unit
mounted on the vehicle C. Since the entrance raadml the exit road R3 are
narrower than the main road R1, the accuracy adirgathe vehicle ID by the
auxiliary reading device 300 may be lower than td&ding accuracy of the
identification information reading device 100.

[0043]
Functional configuration
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FIG. 7 is a schematic block diagram illustratinfuactional
configuration of the toll collecting device accandito the second embodiment.

In addition to the configuration of the first embiment, the toll
collecting device 200 further includes an auxiliagquisition unit 212.

The auxiliary acquisition unit 212 obtains, fromethuxiliary reading
device 300, the vehicle ID read by the auxiliargding device 300.

[0044]
Process flow of toll collecting device

In addition to the processing according to thetfesibodiment, the toll
collecting device 200 according to the second enrhedt performs the
following entry and exit specification processinach time the auxiliary
reading device 300 reads the vehicle ID.

FIG. 8 is a flowchart illustrating a process of sipging entry and exit
by the toll collecting device according to the sed@mbodiment.

When the auxiliary reading device 300 reads thaalelD, the auxiliary
acquisition unit 212 of the toll collecting devie@0 acquires the vehicle ID
from the auxiliary reading device 300 (step S4MNext, the range specification
unit 209 determines whether the branch road on wthe auxiliary reading
device 300 that has read the vehicle ID is provigethe entrance road R2 (step
S402). When the auxiliary reading device 300 thes head the vehicle ID is
provided on the entrance road R2 (step S402: YHf®)range specification unit
209 specifies the connecting point P that connextse branch road provided
with the auxiliary reading device 300 that has réael vehicle ID acquired in
step S401 as the entry side end of the transitearighe vehicle C indicated by
the vehicle ID (step S403). Then, the range spea&ifon unit 209 records in the
range storage unit 208 the connection point ID,ohhis the identification
information of the connection point P, as the emside end of the transit range,
associating the connection point ID with the veaitD (step S404), and
completes the end specification process.

[0045]

On the other hand, when the auxiliary reading ded60 that has read
the vehicle ID is provided on the exit road R3 fs&402: NO), the range
specification unit 209 specifies the connectingnpdt that connects to the
branch road provided with the auxiliary reading idev300 that has read the
vehicle ID acquired in step S401 as the exit side ef the transit range of the
vehicle C indicated by the vehicle ID (step S40H)en, the range specification
unit 209 records in the range storage unit 208citrenection point ID, which is
the identification information of the connectionipbP, as the exit side end of
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the transit range associated with the vehicle B{sS406). As a result, the
range storage unit 208 stores the connection gbBinhdicating the entry side
end of the transit range and the connection pdnindicating the exit side end
associated with a certain vehicle ID. Next, the talllecting device 200
performs the above-described charging process basede specified transit
range (step S407), and completes the end specifyiogess.

[0046]

Operational Effects

As described above, when the toll collecting de\26® according to the
second embodiment acquires the vehicle ID fromateliary reading device
300 provided on the branch road, the toll collegtitevice 200 according to the
second embodiment specifies the connection poitaPconnects to the branch
road as the end of the transit range of the velicl&his thereby enables the
toll collecting device 200 to quickly specify entayd exit of the vehicle C to
and from the main road R1 without waiting for adepof the timeout period as
in the case of the first embodiment.

Even in a case where the auxiliary reading deviee fails to read the
vehicle ID, the transit range of the vehicle C tenreliably specified by the toll
collecting device 200 executing the above-describely end specification
processing (FIG. 3) and the exit end specificapoocessing (FIG. 4).

[0047]
Third Embodiment

A detailed description of embodiments of the talllection system
according to the third embodiment will follow witlkeference to the drawings.
The toll collection system 1 according to the thémbodiment specifies the
transit range of the vehicle C based on the infaromareceived from a mobile
terminal (not illustrated) owned by the user of tlehicle C in addition to the
vehicle ID read by the identification informatioeading device 100. The toll
collection system 1 according to the third embodimeas the same
configuration as that of the first embodiment.

[0048]
Functional configuration

FIG. 9 is a schematic block diagram illustratinfuactional
configuration of the toll collecting device accandito the third embodiment.

In addition to the configuration of the first embimeent, the toll
collecting device 200 further includes a receptumit 213.

The reception unit 213 receives transit informatibat is information on
the travel on the main road R1 from a mobile temhifmot illustrated)
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possessed by the user of the vehicle C. Specifictlk transit information is
the area ID of the detection area A traveled byuékicle C, and exit
information indicating that the vehicle C exitedrn the main road R1.

The mobile terminal identifies a position where trehicle C is present
based on NSS (Navigation Satellite System) or idieation information of
radio communication, specifies the detection ardesemg traveled based on the
position, and determines whether the vehicle Ceskfrom the main road R1.
Examples of NSS include GPS (Global Positioningt&yg, Quasi-Zenith
Satellite System (QZSS), and the like. Examplethefidentification
information by wireless communication include idéoation information of a
partner device of Bluetooth (trade name) commumicata beacon signal
transmitted from an access point of wireless LANGal Access Network)
communication, and the like.

[0049]

Further, the charge information storage unit 202hef toll collecting
device 200 stores the terminal ID, which is thenitfécation information of the
mobile terminal, in addition to and associated whbk vehicle ID and the
payment method.

[0050]
Process flow of toll collecting device

In addition to the operation of the first embodirethe toll collecting
device 200 according to the third embodiment exesuhe following transit
information reception processing every time the iteoterminal transmits the
transit information.

FIG. 10 is a flowchart illustrating a process ofeeving transit
information by the toll collecting device accorditmthe third embodiment.
[0051]

When the mobile terminal transmits the transit miation, the reception
unit 213 of the toll collecting device 200 acquiteg transit information from
the mobile terminal (step S501). Next, the recaptinit 213 determines
whether the received transit information indicaties area ID of the detection
area A where the vehicle C is traveling or indicatiee exit information (step
S502). When the received transit information intiksathe area ID (step S502:
YES), the detection information recording unit 2@¢ords the detection
information in the detection information storagetu206 based on the acquired
transit information (step S503). Specifically, ttietection information
recording unit 207 reads from the charge informastorage unit 202 the
vehicle ID associated with the terminal ID of thelmie terminal of a recipient
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of the received transit information, and records tbad vehicle ID in the
detection information storage unit 206, associatimg vehicle ID with the area
ID indicated by the transit information and the ¢imf reception.

Next, the range specification unit 209 determindiler the
immediately preceding detection information is stbin the detection
information storage unit 206 (step S504).

[0052]

When the immediately preceding detection informati® not stored in
the detection information storage unit 206 (steP83NO0), the range
specification unit 209 specifies the entry side efdhe transit range of the
vehicle C indicated by the vehicle ID of the deteatinformation recorded in
step S503 (step S505). Specifically, the range i§igation unit 209 specifies
the connecting point P adjacent the upstream sidbheodetection area A
indicated by the area ID of the detection inforroatrecorded in step S503 as
the entry side end of the travel area of the vehlindicated by the vehicle ID
of the detection information. Then, the range speaiion unit 209 records in
the range storage unit 208 the connection pointwBich is the identification
information of the connection point P, as the emside end of the transit range,
associating the connection point ID with the veaitD (step S506), and ends
the transit information reception processing.

[0053]

Conversely, when immediately preceding detectidormation is stored
in the detection information storage unit 206 (s§§94: YES), the range
specification unit 209 determines whether the didecarea A indicated by the
area ID of the immediately preceding detection infation having the latest
detection time among the immediately preceding dé&ta information is an
area adjacent to the detection area A indicatethbyarea ID of the detection
information recorded in step S503 (step S507).

When the detection area A pertaining to the immiadyapreceding
detection information is adjacent to the detectwea A pertaining to the
detection information recorded in step S503 (stB@7S YES), the toll
collecting device 200 ends the entry end speciifocaprocessing.

[0054]

On the other hand, when the detection area A p@rgito the
immediately preceding detection information is adjacent to the detection
area A pertaining to the detection information nelsal in step S503 (step S507:
NO), the range specification unit 209 specifies ¢banection point P adjacent
the downstream side of the detection area A inéidddty the area ID of the
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immediately preceding detection information, as ¢ié& side end of the transit
range (the previous transit range) of the vehicladicated by the vehicle ID of
the immediately preceding detection informatiorefs6508). The range
specification unit 209 records in the range storagie 208 the connection point
ID, which is the identification information of ttmnnection point P specified in
step S507, as the exit side end of the previoussttaange, associated with the
vehicle ID (step S509). Next, the toll collectinguice 200 performs charge
processing to be described later based on the fspe@revious transit range
(step S510).

[0055]

Further, the range specification unit 209 specifles connecting point P
adjacent the upstream side of the detection arealisated by the area ID of
the detection information recorded in step S503hasentry side end of the
transit range of the vehicle C indicated by theigkhlD of the detection
information (the current transit range) (step S5Then, the range specification
unit 209 records in the range storage unit 208citrenection point ID, which is
the identification information of the connectionipbP specified in step S509,
associated with the vehicle ID as the entry sidé einthe current transit range
(step S512), and ends the entry end specificatrongssing.

[0056]

On the other hand, when the transit informatiorereed in step S501
indicates the exit information (step S502: NO), thage specification unit 209
identifies the vehicle ID recorded in the charglormation storage unit 202
associated with the terminal ID of the mobile temaliof the sender of the
transit information (step S513). Next, the rangedification unit 209 extracts
the detection information having the latest detttiime among the detection
information pertaining to the identified vehicle .INext, the range specification
unit 209 specifies the connection point P adjadbatdownstream side of the
detection area A indicated by the area ID of thraoted detection information
as the exit side end of the transit range of theiale C indicated by the vehicle
ID (Step S514). Then, the range specification @8@ records in the range
storage unit 208 the connection point ID, whiclthis identification information
of the connection point P, as the exit side entheftransit range associated
with the vehicle ID (step S515). Then, the tolllecting device 200 performs
the above-described charge processing based osptufied transit range (step
S516), and ends the transit information receptimcessing.

[0057]
Operational Effects
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In this way, according to the present embodimem, tbll collecting
device 200 receives the transit information regagdie travel on the main
road R1 by the vehicle C from the mobile terminained by the user, and
specifies the transit range of the vehicle C basedhe transit information and
the detection information. This thereby enablesrgmgnition accuracy of the
vehicle C by the toll collecting device 200 to meproved.

Specifically, the mobile terminal is able to commplent a function of the
identification information reading device 100 dwethe transit information
including the area ID of the detection area in vishibe vehicle C used by the
user travels. In addition, the toll collecting de®i200 is able to identify the exit
of the vehicle C from the main road R1 without wagtfor the lapse of the
timeout period as in the case of the first embodimdue to the transit
information including the exit information indicag that the vehicle C used by
the user exited from the main road R1.

[0058]

In other embodiments, identification informationtbe entrance road R2
or the exit road R3 traveled by the vehicle C usgdhe user may be included
in the transit information. In this case, similattythe second embodiment, the
identification information reading device 100 isl@albo identify the entry to or
exit from the main road R1 of the vehicle C withouiting for the lapse of the
time-out period.

[0059]
Modified Example

Although an embodiment has been described in detfiglil reference to
the drawings, specific configurations are not lieditto those described above,
and various design changes and the like can be made

For example, in the above-described embodimentsasa where the
transit range evaluation device is disposed inttilecollecting device 200 has
been described, but the present invention is moitéid thereto. In other
embodiments, it may be mounted, for example, intla@odevice such as a
traffic volume measuring device that measures ta#i¢ in each detection area
A of the main road R1.

[0060]

Further, in the above-described embodiments, in&drom in which the
vehicle ID, the area ID, and the detection time associated with each other is
recorded in the unregistered vehicle storage ubdt &s the unregistered vehicle
information, but it is not limited thereto.
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For example, the toll collecting device 200 accogdio other
embodiments may record as evidence an image caphy@ camera which is
one of the identification information reading dea$c100, in the unregistered
vehicle storage unit 204 associating the captuneaigie with the vehicle ID.
[0061]

Further, in the above-described embodiments, lieisessary to register a
charging method in the charge information storagie 202 in advance to travel
on the main road R1, but the present inventionoislimited thereto. In other
embodiments, for example, when an administratathefmain road R1 can use
information for specifying a vehicle ID and an imdiual, the main road R1
may be used without a registration in the charderimation storage unit 202.
In this case, there is no need for the toll coilegtdevice 200 to determine the
unregistered vehicle.

[0062]
Computer configuration

FIG. 11 is a schematic block diagram illustratingcanputer
configuration according to at least one of the edibnents.

A computer 900 includes a CPU 901, a main storamece 902, an
auxiliary storage device 903, and an interface 904.

The toll collecting device 200 described abovemglemented in the
computer 900. The operations of the respective ggsitnig units described
above are stored in the auxiliary storage devicg id0the form of a program.
The CPU 901 reads the program from the auxiliaoyege device 903, develops
the program in the main storage device 902, andubes the above processes
according to the program. Further, the CPU 901 s=ca storage area
corresponding to each of the above-described séousgts in the main storage
device 902 according to the program.

[0063]

In at least one embodiment, the auxiliary storageick 903 is an
example of a non-transitory tangible medium. Otteamples of the
non-transitory tangible medium include a magnetgkda magneto-optical
disk, a Compact Disc ReadOnly Memory (CD-ROM), @iEsl Versatile Disc
Read Only Memory (DVD-ROM), Semiconductor memorgdahe like
connected via the interface 904. Also, if this parg is distributed to the
computer 900 via a communication line, the comp©t@0 that receives the
distribution may develop the program on the maorage device 902 and
execute the above-described processes.

[0064]
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Also, the program may be a program for realizingt pd the functions
described above.

In addition, the program may be a so-called diffeia file (differential
program) that realizes the above-described funstiancombination with other
programs already stored in the auxiliary storageicke903.

Industrial Applicability
[0065]

According to at least one aspect of the aspectsribed above, a transit
range evaluation device is capable of specifyirigpasit range on a main road
traveled by each vehicle, without disposing a tatégseparated into single lanes
at an entrance or an exit of the main road.

Reference Signs List
[0066]
1 Toll collection system
100 Identification information reading device
200 Toll collecting device
201 Acquisition unit
202 Charge information storage unit
203 Unregistered vehicle determination unit
204 Unregistered vehicle storage unit
205 Unregistered vehicle recording unit
206 Detection information storage unit
207 Detection information recording unit
208 Range storage unit
209 Range specification unit
210 Toll calculation unit
211 Charge processing unit
R1 Main road
C Vehicle
R2 Entrance road
R3 Exit road
P Connection point
A Detection area
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Claims

[Claim 1]

A transit range evaluation device comprising:

an acquisition unit configured to acquire vehidentification
information for identifying a vehicle from an idéfication information reading
device disposed in individual detection areas ofaan road to be monitored, the
detection areas being partitioned at connectiomfgotonnecting the main road
and branch roads;

a detection information recording unit configuredrécord detection
information in a detection information storage unvherein vehicle
identification information, a detection time of thehicle identification
information, and the detection area in which thhigke identification
information is detected, are associated with theeectéon information; and

a range specification unit configured to specifyansit range on the main
road in which the vehicle indicated by the vehientification information
traveled, based on the detection information reedrish the detection
information storage unit.

[Claim 2]

A transit range evaluation device according tomldi, wherein

in a case where a vehicle identification informatie not acquired again
before a predetermined amount of time passes aftene in which the vehicle
identification information has been last acquirtte range specification unit is
configured to specify, out of the connection pojrdse adjacent a downstream
side of the detection area in which the vehiclenidfecation information has been
last acquired, as an exit side end of the trarmsige of the vehicle indicated by
the vehicle identification information.

[Claim 3]

A transit range evaluation device according toroldi or 2, wherein

in a case where a vehicle identification informatie not acquired within
a predetermined amount of time after a time in \White vehicle identification
information has been acquired, the range specifinainit is configured to
specify, out of the connection points, one adja@@nupstream side of the
detection area in which the vehicle identificatioformation has been acquired,
as an entry side end of the transit range of thecle indicated by the vehicle
identification information.
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[Claim 4]

A transit range evaluation device according to ang of claims 1 to 3,
wherein

in a case where a first detection area in whicleliale identification
information is acquired and a second detection aremhich the vehicle
identification information has been detected imnagelly prior to a detection of
the vehicle identification information in the firdetection area are not adjacent
to each other, the range specification unit is guried to specify, out of the
connection points, one adjacent the upstream ditleedfirst detection area as an
entry side end of a first transit range of the eéhindicated by the vehicle
identification information, and to specify, out thfe connection points, one
adjacent the downstream side of the second deteati®a as an exit side end of a
second transit range of the vehicle indicated lgywahicle identification
information.

[Claim 5]

A transit range evaluation device according to ang of claims 1 to 4,
further comprising an auxiliary acquisition unitrd@ured to acquire vehicle
identification information from an identificatiomfiormation reading device
disposed in the branch road,

wherein, in a case where a vehicle identificatioformation is acquired
by the auxiliary acquisition unit, the range spextion unit is configured to
specify the connection point connected to the binamo@d in which the vehicle
identification information is acquired, as an eridhe transit range of the vehicle
indicated by the vehicle identification information

[Claim 6]

A transit range evaluation device according to ang of claims 1 to 5,
further comprising a reception unit configured ¢ceive, from a mobile terminal
possessed by a user, transit information thatferimation relating to travel on
the main road by a vehicle used by the user,

wherein the range specification unit is configutedspecify the transit
range based on transit information received byr&weption unit and the
detection information recorded in the detectioronniation storage unit.

[Claim 7]
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A transit range evaluation device according toral®i, wherein the transit
information includes information indicating the detion area or the branch road
traveled by a vehicle used by the user.

[Claim 8]

A transit range evaluation device according torol&i or 7, wherein

the transit information includes information indiceay that a vehicle used
by the user exited from the main road, and

the range specification unit is configured to spethe transit range based
on the detection information recorded in the datecinformation storage unit,
the detection information being recorded prior tinae of reception of the transit
information indicating an exit from the main road.

[Claim 9]

A transit range evaluation device according to ang of claims 1 to 8,
further comprising a toll calculation unit configad to calculate a toll to be
charged to the vehicle based on the transit rapgeited by the range
specification unit.

[Claim 10]

A transit range evaluation system comprising:

an identification information reading device dispdsn individual
detection areas of a main road to be monitoredd#tection areas being
partitioned at connection points connecting themraiad and branch roads; and

a transit range evaluation device according to @my of claims 1 to 9.

[Claim 11]

A transit range evaluation method comprising stefps

acquiring vehicle identification information foredtifying a vehicle from
an identification information reading device dispddn individual detection
areas of a main road to be monitored, the detecreas being partitioned at
connection points connecting the main road and dranads;

recording detection information in a detection imh@tion storage unit,
wherein vehicle identification information, a detien time of the vehicle
identification information, and the detection aieavhich the vehicle
identification information is detected, are assteiawith the detection
information; and
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specifying transit range on the main road in whtioh vehicle indicated by
the vehicle identification information traveled,deal on the detection
information recorded in the detection informatidnrage unit.

[Claim 12]

A program to cause a computer to function as:

an acquisition unit configured to acquire vehidentification
information for identifying a vehicle from an idéfitation information reading
device disposed in individual detection areas ofaan road to be monitored, the
detection areas being partitioned at connectiomfgotonnecting the main road
and branch roads;

a detection information recording unit configuredrécord detection
information in a detection information storage unvherein vehicle
identification information, a detection time of thehicle identification
information, and the detection area in which thhigke identification
information is detected, are associated with theectéon information; and

a range specification unit configured to specifynsit range on the main
road in which the vehicle indicated by the vehidentification information
traveled, based on the detection information reedrish the detection
information storage unit.



