SAME VEHICLE DETECTION DEVICE, TOLL COLLECTION FAQLITY,
SAME VEHICLE DETECTION METHOD, AND PROGRAM

Technical Field
[0001]
The present invention relates to a same vehicledietn device, a toll
collection facility, a same vehicle detection meathand a program.

Background Art
[0002]

To allow a vehicle to smoothly pass a tollgate dolaroad such as a
highway, some tollgates employ a free flow systéiat tan charge the vehicle
without stopping it, by use of a wireless commubnicma device that allows
wireless communication between an onboard unitaifed in a passing vehicle
and a roadside charge processing device (see Fabteniment 1, for example).
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Summary of Invention
Problem to be Solved by the Invention
[0004]

In the above free flow system, the charging dewcquires onboard unit
information recorded in the onboard unit via theeless communication
device. Examples of the onboard unit informatioalinie an onboard unit ID
for identifying an onboard unit, and license plattormation for identifying a
vehicle with the onboard unit. The charging dewit@rges the onboard unit on
the basis of the onboard unit ID, the license platermation, or the like
included in the onboard unit information. Also,9ome cases, the above free
flow system is provided with a license plate reathert captures an image
including a vehicle license plate with a camera egalds vehicle license plate
information on the basis of the image. In this ¢dbe charging device checks
the license plate information of the onboard unformation against the license
plate information acquired from the license plagader to detect violation, or
the like.



However, in the above free flow system, processiag the charging
device acquires the onboard unit information frdra bnboard unit via the
wireless communication device and the processim@éguiring the license
plate information with the license plate reader rhayperformed in different
orders or timings depending on the traffic on tbk itoad, or the like. For
example, in a case where the vehicle decelerategddaltraffic jam or the like, a
long time may be required until the onboard unformation is acquired from
the onboard unit via the wireless communicationiderom the processing
that the charging device acquires vehicle licensgepinformation with the
license plate reader.

There is accordingly a demand for an effective solucapable of
increasing accuracy of detecting onboard unit infation and license plate
information, which relate to the same vehicle, euea case where the
processing for acquiring the onboard unit informatirom the onboard unit
and the processing for acquiring the license pilatermation with the license
plate reader are performed at different timings.

[0005]

The present invention has been made in view ofath@ve problem, and
an object thereof is to provide a same vehicle cteda device, toll collection
facility, same vehicle detection method, and progravhich can detect
information relating to the same vehicle from amghgral information
acquired at different timings with high accuracy.

Solution to Problem
[0006]

A same vehicle detection device (210) according fast aspect of the
present invention includes:

a first license plate information acquisition u(@tL1) configured to
acquire first license plate information of a velki¢A) running on a lane (L1,
L2), based on onboard unit information acquiredtigh wireless
communication with an onboard unit (10) installedthe vehicle, and store the
first license plate information in a first recordininit (T1);

a second license plate information acquisition (ait3) configured to
acquire second license plate information of theisiehthat is read in, based on
an image captured by a camera (220) configuredhomtsa predetermined
region including a license plate of the vehiclefided on the lane, and store the
second license plate information in a second reagrdnit (T2); and



a same vehicle determination unit (214) configutredietermine whether
the first license plate information stored in thestf recording unit and the
second license plate information stored in the sda®cording unit relate to the
same vehicle.

In a case that the first license plate informati®acquired, and the
second license plate information matched with ih&t ficense plate
information is recorded in the second recording,uthie same vehicle
determination unit is configured to determine ttted first license plate
information and the second license plate infornratielate to the same vehicle.
Also, in a case that the second license plate mé&tion is acquired, and the
first license plate information matched with thesed license plate
information is recorded in the first recording yrttie same vehicle
determination unit is configured to determine ttte first license plate
information and the second license plate informatielate to the same vehicle.
[0007]

With the above configuration, the same vehicle duteation unit can
detect with high accuracy a combination of firstelnse plate information and
second license plate information relating to thmesavehicle among the first
license plate information stored in the first rediog unit and the second
license plate information stored in the second réiew unit regardless of the
order or timing of acquisition of the first licenpéate information and second
license plate information.

[0008]

According to a second aspect of the present ine@ntin the above same
vehicle detection device, in a case that the sedicedse plate information
matched with the first license plate informatiomist recorded in the second
recording unit, the same vehicle determination ismitonfigured to determine
that the second license plate information acquakethe same lane as a lane at
which the first license plate information is acadr within a predetermined
period from acquisition time of the first licenske information, relates to the
same vehicle as the first license plate informatidliso, in a case that the first
license plate information matched with the secdndrise plate information is
not recorded in the first recording unit, the saméicle determination unit is
configured to determine that the first license glatformation acquired within a
predetermined period from acquisition time of tleeend license plate
information, at the same lane as a lane at whiehsécond license plate
information is acquired, relates to the same vehad the second license plate
information.



[0009]

With the above configuration, when a combinatiomuatched first
license plate information and second license piaftermation cannot be
detected, the same vehicle determination unit deitegs that the first license
plate information and second license plate infoinraticquired within a
predetermined time at the same lane, relate tsémee vehicle. Thus, even in a
case where there is a vehicle of which first licep$ate information and second
license plate information are different becausexdhange of the onboard unit,
or the like, it is possible to determine whethes fhrst license plate information
and the second license plate information relatdhéosame vehicle. This enables
the same vehicle determination unit to detect alwoation of first license plate
information and second license plate informatiolatiag to the same vehicle
with higher accuracy.

[0010]

According to a third aspect of the present invemtim the above same
vehicle detection device, in a case that the set¢icedse plate information
acquired within the predetermined period from tkeasition time of the first
license plate information, at the same lane addahe at which the first license
plate information is acquired, is not recordedhr second recording unit, the
same vehicle determination unit is configured ttedmine that the second
license plate information matched with a part of thrst license plate
information relates to the same vehicle as the ficense plate information.
Also, in a case that the first license plate infatian acquired within the
predetermined period from the acquisition timelod second license plate
information, at the same lane as a lane at whiehstécond license plate
information is acquired, is not recorded in thesfiirecording unit, the same
vehicle determination unit is configured to detemmithat the first license plate
information matched with a part of the second Ieeplate information relates
to the same vehicle as the second license platention.

[0011]

With the above configuration, when there is fiisehse plate
information matched with a part of the second Ieeplate information, the
same vehicle determination unit determines thatsdend license plate
information and the first license plate informatiagiate to the same vehicle.
Thus, even in a case where a part of the secordde plate information could
not be correctly read because of a dirty licensgebf the vehicle or the like, it
is possible to determine that the first licenseglaformation and the second
license plate information relate to the same vehi@his enables the same



vehicle determination unit to detect a combinatidrirst license plate
information and second license plate informatiolatiag to the same vehicle
with higher accuracy.

[0012]

According to a fourth aspect of the present invemtiin the above same
vehicle detection device, in a case that the ficeinse plate information and the
second license plate information, determined tateeto the same vehicle, are
not matched, the same vehicle determination unibisfigured to determine
that the vehicle is an irregular vehicle.

[0013]

With the above configuration, the same vehicle dateation unit
determines that a vehicle of which first licensatplinformation and second
license plate determined to relate to the sameclelsire different, is an
irregular vehicle. Thus, the same vehicle detectlemice can detect as an
irregular vehicle a vehicle of which first licenptate information and second
license plate information are different becausexdhange of the onboard unit
or the like.

[0014]

A toll collection facility (20) according to a fiftaspect of the present
invention includes:

a wireless communication device (200) configureg¢oform wireless
communication with an onboard unit installed inehicle running on a lane;

a license plate reader (230) configured to reaenise plate information
of the vehicle, based on an image captured by acamonfigured to shoot a
predetermined region including a license platehef vehicle, defined on the
lane;

the same vehicle detection device according toargy of the above
aspects; and

a charging device (240) configured to charge theicle, based on at
least one of onboard unit information of the onlabanit acquired via the
wireless communication device and license platerimiation of the vehicle read
by the license plate reader.

[0015]

A same vehicle detection method according to ahsadpect of the
present invention includes:

a first license plate information acquisition sfep acquiring first
license plate information of a vehicle running otaae, based on onboard unit
information acquired through wireless communicatwith an onboard unit



installed in the vehicle, and storing the firstelitse plate information in a first
recording unit;

a second license plate information acquisition $tepacquiring second
license plate information of the vehicle which &ad in, based on an image
captured by a camera configured to shoot a predeted region including a
license plate of the vehicle, defined on the laared for storing the second
license plate information in a second recording;uand

a same vehicle determination step for determinimg@ther the first
license plate information stored in the first redioig unit and the second
license plate information stored in the second réicm unit relate to the same
vehicle.

In the same vehicle determination step, in a chaethe first license
plate information is acquired, and the second lseeplate information matched
with the first license plate information is recodde the second recording unit,
it is determined that the first license plate im@tion and the second license
plate information relate to the same vehicle. Alsothe same vehicle
determination step, in a case that the seconddeg@tate information is
acquired, and the first license plate informatioatained with the second license
plate information is recorded in the first recorglimnit, it is determined that the
first license plate information and the secondnie plate information relate to
the same vehicle.

[0016]

A program according to a seventh aspect of thegmemvention causes
a computer of a same vehicle detection device tetion as:

a first license plate information acquisition undnfigured to acquire
first license plate information of a vehicle rungion a lane, based on onboard
unit information acquired through wireless commution with an onboard unit
installed in the vehicle, and store the first liserplate information in a first
recording unit;

a second license plate information acquisition woitfigured to acquire
second license plate information of the vehicle abhis read in, based on an
image captured by a camera configured to shooedgiermined region
including a license plate of the vehicle, definadtbe lane, and store the
second license plate information in a second reiogrdnit; and

a same vehicle determination unit configured teedmine whether the
first license plate information stored in the firstording unit and the second
license plate information stored in the second reicry unit relate to the same
vehicle.



In a case that the first license plate informati®acquired, and the
second license plate information matched with ih&t ficense plate
information is recorded in the second recording,uthie same vehicle
determination unit is configured to determine ttted first license plate
information and the second license plate infornratielate to the same vehicle.
Also, in a case that the second license plate mé&tion is acquired, and the
first license plate information matched with thesed license plate
information is recorded in the first recording yrtie same vehicle
determination unit is configured to determine ttted first license plate
information and the second license plate infornratielate to the same vehicle.

Advantageous Effect of Invention
[0017]

According to the aforementioned same vehicle deteadevice, toll
collection facility, same vehicle detection methadd program, it is possible to
detect information relating to the same vehiclenframong a plurality of pieces
of information acquired at different timings withgh accuracy.

Brief Description of Drawings

[0018]

FIG. 1 is a diagram illustrating an overall configtion of a toll
collection system according to a first embodimenth@ present invention.

FIG. 2 is a diagram illustrating a functional caniration of a toll
collection facility according to the first embodimteof the present invention.

FIG. 3 shows an example of an onboard unit inforaratable according
to the first embodiment of the present invention.

FIG. 4 shows an example of a camera informatiotetalocording to the
first embodiment of the present invention.

FIG. 5 shows an example of an irregular vehicldgatcording to the
first embodiment of the present invention.

FIG. 6 is a first diagram illustrating a processiimwv of a toll collection
facility according to the first embodiment of theepent invention.

FIG. 7 is a second diagram illustrating a procegg$iaw of a toll
collection facility according to the first embodimteof the present invention.

FIG. 8 is a third diagram illustrating a processftayv of a toll collection
facility according to the first embodiment of theepent invention.

FIG. 9 is a fourth diagram illustrating a procegsftow of a toll
collection facility according to the first embodimteof the present invention.



FIG. 10 is a diagram illustrating a functional caufration of a toll
collection system according to a modification oé first embodiment of the
present invention.

FIG. 11 shows an example of an onboard unit regiistn table according
to a modification of the first embodiment of theepent invention.

Description of Embodiments
[0019]
First Embodiment

Hereinafter, a toll collection system 1 accordingatfirst embodiment
will be described with reference to FIGS. 1 to 9.

[0020]
Overall Configuration of Toll Collection System

FIG. 1 is a diagram illustrating an overall configtion of a toll
collection system according to the first embodimehthe present invention.

A toll collection system 1 of this embodiment is e@lectronic toll
collection system installed on a main line of d tolad with a plurality of lanes
(hereinafter also referred to as “main road”). Ntitat this embodiment is
described of such a mode that the toll road haslames L1 and L2. Also, the
description is given of such a mode that the tollection system 1 is provided
at an exit tollgate of the toll road.

[0021]

As illustrated in FIG. 1, the toll collection systel includes an onboard
unit 10, a toll collection facility 20, and a marmagent server 30.

In the toll collection system 1 of this embodimetite onboard unit 10
installed in a vehicle A running on the main roéahés L1 and L2) and the toll
collection facility 20 provided by the roadsidetbe main road (lanes L1 and
L2) transmit and/or receive information and instrans via wireless
communication.

[0022]

The toll collection facility 20 includes a wirelesemmunication device
200, a same vehicle detection device 210, a caR20aa license plate (NP)
reader 230, and a charging device 240.

The wireless communication device 200 is attacled gantry G
provided across the lanes L1 and L2 in the lanelhwdirection (£Y direction in
FIG. 1), and secured above the lanes L1 and L2.Wiheless communication
device 200 transmits and/or receives informatiod snstructions to/from the
onboard unit 10 via wireless communication.



In this embodiment, described is a mode in whiah il collection
facility 20 has one wireless communication devi®® 2or each lane.
Specifically, as illustrated in FIG. 1, the wiresesommunication devices 200a
and 200b are provided for the lanes L1 and L2, eéespely. The wireless
communication device 200a performs wireless commation by a radio wave
with the onboard unit 10 installed in the vehiclevikhin a predetermined
communication region defined on the road surfactheflane L1. The wireless
communication device 200b performs wireless commaition by a radio wave
with the onboard unit 10 installed in the vehiclevikhin a predetermined
communication region defined on the road surfactheflane L2.

Note that in this embodiment, the wireless commatian device 200
(wireless communication device 200a, 200b) perfowirgless communication
with the onboard unit 10 by means of Radio Freqyddentifier (RFID)
communication, Dedicated Short Range Communicafi®®RC), or the like.
[0023]

The camera 220 is attached to the gantry G andred@above the lanes
L1 and L2. The camera 220 sequentially capturesrege of the region
defined on the road surface of the lanes L1 an@dt.&qgular intervals (for
example, every second) and executes image progeesiithe captured images
S0 as to detect vehicle’s coming. Then, after teedtion of the vehicle’s
coming, the camera shoots a predetermined imageicag region including
license plates of vehicles running on the lanesahd L2 to capture the images
including the license plates of vehicles runningtbe lanes L1 and L2 as
images for reading license plate information.

This embodiment is described of such a mode thataH collection
facility 20 has one camera 220 for each lane. Smwedly, as illustrated in FIG.
1, a camera 220a is provided for the lane L1, dredcamera 220a shoots a
predetermined image capturing region defined onlaine L1. Also, a camera
220b is provided for the lane L2, and the camer@b2ghoots a predetermined
image capturing region defined on the lane L2.

[0024]

The license plate reader 230 acquires “camera mmébion” of the
vehicle A running on the lanes L1 and L2 on theiba$ the image captured
with the camera 220. The “camera information” iBormation including
“license plate information” as vehicle registratioformation for identifying
the vehicle A, and “acquisition date and time” bét‘license plate
information”, and its corresponding “lane”.

[0025]
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The same vehicle detection device 210 is commumhycatnnected by
cable with the wireless communication device 200 #re license plate reader
230, and acquires “onboard unit information” via tlireless communication
device 200 from the onboard unit 10 and also aesguicamera information” of
the vehicle A via the license plate reader 230.

The “onboard unit information” is information inaing “onboard unit
ID”, “license plate information (hereinafter refed to as first license plate
information)”, “credit card number”, “acquisitionate” of the “onboard unit
ID” or the like acquired from the onboard unit Hhd its corresponding “lane”.
Note that the “onboard unit ID” is recorded befamel in the onboard unit 10
and can be used for identifying the onboard unitTlte “first license plate
information” is information (vehicle registrationformation or the like) that
has been recorded beforehand in the onboard unaintiOcan be used for
identifying the vehicle A with the onboard unit Ilhe “credit card number” is
information indicating the number of a credit camderted to the onboard unit
10.

The same vehicle detection device 210 detectsherbasis of the
“onboard unit information” acquired from the onbdamit 10 and the “camera
information” acquired with the license plate rea@80, one of the vehicles
running on the lanes L1 and L2, associated with“droard unit information”
and one of these vehicles, associated with the szanmformation”, which are
considered matched.

[0026]

The charging device 240 is installed by the roadsifithe lanes L1 and
L2 around the gantry G. The charging device 24€oismimunicably connected
by cable with the same vehicle detection device, 2@ calculates a toll
charged to the vehicle A passing the toll road padorms charging processing
for collecting the toll on the basis of at leastarf the “onboard unit
information” and “camera information” acquired bdyetsame vehicle detection
device 210.

[0027]

The management server 30 is communicably conndotéue toll
collection facility 20 via a wide area network tetlike.
[0028]

Functional Configuration of Toll Collection Facifit

Referring to FIGS. 2 to 5, a functional configuoatiof the toll collection
facility 20 according to this embodiment will besdeibed next.
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FIG. 2 is a diagram illustrating the functional éigrmiration of the toll
collection facility according to the first embodimte

As illustrated in FIG. 2, the license plate readd6 of the toll collection
facility 20 includes a license plate informatioradéng unit 231, an overlapped
processing checking unit 232, and a recording nrad233.

[0029]

The license plate information reading unit 231 idfdaan image captured
by the camera 220 and executes predetermined imeg@gnition processing on
the image to read “license plate information (headier referred to as second
license plate information)” of the vehicle A. Theedetermined image
recognition processing is, for example, Optical f2ltder Recognition (OCR)
processing. Also, the license plate informationdiag unit 231 records, in the
recording medium 233, “camera information” in whittte read “second license
plate information”, the date and time at which thage including the “second
license plate information” is captured (acquisitida@te and time), and its
corresponding lane are associated.

[0030]

When “new camera information” is recorded on theoreing medium
233, the overlapped processing checking unit 233tks whether the “second
license plate information” of which the value iethame as the “second license
plate information” of the “new camera information, duplicately recorded in
the recording medium 233. Also, when the same “sdd@ense plate
information” is duplicately recorded in the recardimedium 233, the
overlapped processing checking unit 232 deletes¢amera information”
including the “new second license plate information

On the other hand, when the same “second licerete phformation” is
not recorded in the recording medium 233, the apmrkd processing checking
unit 232 transmits the “new camera information’th@ same vehicle detection
device 210.

[0031]

FIG. 3 shows an example of an onboard unit inforaratable according
to the first embodiment of the present invention.

As illustrated in FIG. 2, the same vehicle detegti®vice 210 includes
an onboard unit information acquisition unit (fitstense plate information
acquisition unit) 211, an overlapped processingckh® unit 212, a camera
information acquisition unit (second license platBormation acquisition unit)
213, a same vehicle determination unit 214, argutar vehicle processing unit
215, and a recording medium 216.
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The onboard unit information acquisition unit 2ldgaires “onboard unit
ID”, “first license plate information”, and “creddard number” via the wireless
communication device 200 from the onboard unit 10.

Then, as illustrated in FIG. 3, the onboard unformation acquisition
unit 211 records and stores “onboard unit informatiin which the acquired
“onboard unit ID”, “first license plate informatiénand “credit card number”,
and the date and time (“acquisition date and timeg™vhich the information is
acquired and its corresponding lane are associateath) onboard unit
information table (first recording unit) T1 of tmecording medium 216.
[0032]

When “new onboard unit information” is recordedtire onboard unit
information table T1, the overlapped processingc&ireg unit 212 checks
whether “first license plate information” of whi¢he value is the same as the
“first license plate information” of the “new onba@hunit information” is
duplicately recorded in the onboard unit informattable T1.

When the same “first license plate information’displicately recorded
in the onboard unit information table T1, the oa@ped processing checking
unit 212 deletes the “new onboard unit informatiédrdm the onboard unit
information table T1.

On the other hand, in a case where the same fiashse plate
information” is not recorded in the onboard unitarmation table T1, the
overlapped processing checking unit 212 notifies shme vehicle
determination unit 214 that the “new onboard unfbrmation” is recorded in
the onboard unit information table T1.

[0033]

FIG. 4 shows an example of the camera informataiie according to
the first embodiment of the present invention.

The camera information acquisition unit 213 acgslifeamera
information” from the license plate reader 230 aadords and stores it in a
camera information table (second recording unit)of 2he recording medium
216.

Specifically, as illustrated in FIG. 4, the camarformation acquisition
unit 213 records and stores “camera informatiorguaed from the license
plate reader 230 (“second license plate informdtiéacquisition date and
time”, and “lane”) in the camera information tafia.

Also, the camera information acquisition unit 21@ifies the same
vehicle determination unit 214 that the “camerabiniation” is recorded in the
camera information table T2.
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[0034]

The same vehicle determination unit 214 determinesthe basis of the
“onboard unit information” stored in the onboardtunformation table T1 and
the “camera information” stored in the camera infation table T2, which
“onboard unit information” and which “camera infoaton” relate to the same
vehicle among a plurality of vehicles running oe tanes L1 and L2.

Also, the same vehicle determination unit 214 dedehe “onboard unit
information” and “camera information” being detemad to relate to the same
vehicle, from the onboard unit information table ddd the camera information
table T2.

[0035]

FIG. 5 shows an example of an irregular vehicldgatcording to the
first embodiment of the present invention.

When the “first license plate information” and “sexl license plate
information” of the “onboard unit information” affdamera information” being
determined to relate to the same vehicle A, arenmatiched, the same vehicle
determination unit 214 determines the vehicle Aaadrregular vehicle.

Also, in a case where the “camera information” tielg to the same
vehicle A as a vehicle indicated by the “onboard imformation” is not
recorded in the camera information table T2, thmeaehicle determination
unit 214 determines the vehicle A as an irregulahiele.

Furthermore, in a case where the “onboard unitrimftion” relating to
the same vehicle A as a vehicle indicated by thenfera information” is not
recorded in the onboard unit information table e same vehicle
determination unit 214 determines the vehicle Aadrregular vehicle.

As illustrated in FIG. 5, the same vehicle deteration unit 214 records
and stores in an irregular vehicle table T3 of theording medium 216, at least
one of the onboard unit information” and “camerformation” relating to the
vehicle A determined to be an irregular vehicle adetails of irregularity” as
“irregular vehicle information”. In this embodimernine of “onboard unit
exchange (SWAP)” indicating that the onboard uiitid moved to a vehicle
different from the vehicle identified by the “firitense plate information”,
“suspected exchange of onboard unit (SUSPECT OF B)WWhdicating the
possibility that the onboard unit 10 is moved teehicle different from the
vehicle identified by the “first license plate imfpation”, and “no onboard unit
(NO OBU (NO ON-BOARD UNIT))” indicating that a taeg vehicle has no
onboard unit 10 is recoded in “details of irregithgr
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The processing of the same vehicle determinatiah 244 will be
described in detail later.
[0036]

The irregular vehicle processing unit 215 transrtties “irregular vehicle
information” to the management server 30 via a wadea network or the like.
An administrator or the like of the toll road pemfts additional charging
processing for each irregular vehicle, prohibits trsage of the onboard unit 10,
and the like on the basis of the transmitted “itdag vehicle information”.
[0037]

Processing Flow in Toll Collection Facility

Referring to FIGS. 6 to 9, a processing flow in tb# collection facility
20 according to this embodiment is described next.

FIG. 6 is a first diagram illustrating a processitgw in the toll
collection facility according to the first embodimteof the present invention.

Referring to FIG. 6, a description is given belofypoocessing to be
performed when the same vehicle detection deviéedilthe toll collection
facility 20 acquires the “onboard unit information”

[0038]

As illustrated in FIG. 6, the onboard unit infornoat acquisition unit 211
acquires the “onboard unit information” about theoard unit 10 (step S100).
Specifically, the onboard unit information acquisit unit 211 acquires the
“onboard unit ID”, the “first license plate inforrtian”, and the “credit card
number” via the wireless communication device 2fihf the onboard unit 10.
Also, the onboard unit information acquisition ugitl records and stores the
acquired “onboard unit ID”, “first license platefarmation” and “credit card
number” in association with the “acquisition datedaime” of the “onboard
unit ID” or the like and its corresponding “laneds the “onboard unit
information” in the onboard unit information tabld (FIG. 3) of the recording
medium 216.

[0039]

Next, the overlapped processing checking unit 2i€cks whether the
same “first license plate information” is duplichteecorded in the onboard
unit information table T1 (step S101).

Specifically, when the onboard unit information aigition unit 211
records the “new onboard unit information” in theboard unit information
table T1, the overlapped processing checking ub @xtracts “past onboard
unit information” that has been recorded withinragetermined time (for
example, within five minutes) from the “acquisitidiate and time” of the “new
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onboard unit information”. In a case where any of¢he extracted “past
onboard unit information” has the same value as‘tinst license plate
information” of the “new onboard unit informationthe overlapped processing
checking unit 212 determines the “first licensetplmformation” is duplicately
recorded in the onboard unit information table WES§ instep S101). In this
case, the overlapped processing checking unit 21€tels the overlapped “new
onboard unit information” from the onboard unitanfmation table T1 (step
S102) and terminates the processing. Through theeprocessing, the
overlapped processing checking unit 212 avoids sushuation that the same
“first license plate information” is duplicatelyaerded in the onboard unit
information table T1.

On the other hand, in a case where none of theaetad “past onboard
unit information” has the same value as the “firsénse plate information” of
the “new onboard unit information”, the overlappgcessing checking unit
212 determines that the “first license plate infatian” is not duplicately
recorded in the onboard unit information table NO(in step S101). In this
case, the overlapped processing checking unit 2t2ies the same vehicle
determination unit 214 that the “new onboard unformation” is recorded in
the onboard unit information table T1 (step S103).

[0040]

Next, the same vehicle determination unit 214 duaiees whether the
“camera information” including the “second licenslate information” that
matches the “first license plate information” oettonboard unit information”
recorded newly in the onboard unit information &blL, is recorded in the
camera information table T2 (step S104).

In a case where the “camera information” includthg “second license
plate information” that matches the “first licengkate information” of the
“onboard unit information” is recorded in the cameénformation table T2
(YES in step S104), the same vehicle determinatioih 214 proceeds to
subsequent step S105.

On the other hand, in a case where the “cameranrdton” including
the “second license plate information” that matcttes “first license plate
information” of the “onboard unit information” isoh recorded in the camera
information table T2 (NO in step S104), the sambieie determination unit
214 terminates the processing.

[0041]

Next, in a case where the “camera information” irtthg the “second

license plate information” that matches the “fiisense plate information” of



16

the “onboard unit information” is recorded in thantcera information table T2
(YES in step S104), the same vehicle determinatiioih 214 determines that the
“onboard unit information” and the “camera infornmat” relate to the same
vehicle A and the “onboard unit information” andatoera information” of the
vehicle A are “normal” (step S105).

For example, a description is given of processihthe same vehicle
determination unit 214 when “onboard unit infornoatiNo. 1” (FIG. 3) is newly
recorded in the onboard unit information table The same vehicle
determination unit 214 searches the camera infaonatble T2 for the
“second license plate information” that matches ‘fiwst license plate
information” (“AAAA™) of the “onboard unit informabn No. 1”. In this case,
the “second license plate information” (“AAAA") dhe “camera information
No. 1” (FIG. 4) in the camera information table fiatches the “first license
plate information” of the “onboard unit informatidwo. 1” (step S104). Thus,
the same vehicle determination unit 214 determthas the “onboard unit
information No. 1” and the “camera information NIJ.relate to the same
vehicle A and the vehicle A is “normal” (step S105)

[0042]

Next, the same vehicle determination unit 214 deddtom the onboard
unit information table T1 and the camera informattable T2, the “onboard
unit information” (“onboard unit information No. 16f FIG. 3) and the “camera
information” (“camera information No. 1” of FIG. 4yhich are determined to
relate to the same vehicle A (step S106), and teateis the processing.
[0043]

FIG. 7 is a second diagram illustrating a procegsiaw of the toll
collection facility according to the first embodimteof the present invention.

Referring to FIG. 7, described below is the proageg$n which the toll
collection facility 20 acquires the “camera infortioa”.

[0044]

As illustrated in FIG. 7, the license plate infortmoa reading unit 231 of
the license plate reader 230 reads the “seconddie@late information” of the
vehicle A on the basis of images captured withadamera 220 (step S200).
Also, the license plate information reading unitLl2&cords the read “second
license plate information” and the “camera informoat in association with the
date and time (acquisition date and time) at whiehimage including the
“second license plate information” is captured asdcorresponding “lane” in
the recording medium 233.

[0045]
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Next, the overlapped processing checking unit 28the license plate
reader 230 checks whether the same “second licglase information” is
duplicately recorded in the recording medium 238 sS201).

Specifically, when the license plate informatiomdeng unit 231 records
“new camera information” in the recording mediun328he overlapped
processing checking unit 232 extracts “past canm&i@mation” that has been
recorded within a predetermined time (for exammghin five minutes) from
the “acquisition date and time” of the “new camarormation”. In a case
where any one of the extracted “past camera infdiona has the same value as
the “second license plate information” of the “neamera information”, the
overlapped processing checking unit 232 determihasthe “second license
plate information” is duplicately recorded in thecording medium 233 (YES in
step S201). In this case, the overlapped processiegking unit 232 deletes the
“new camera information” from the recording medi@®3 (step S202), and
terminates the processing. Through the above psbtcgsthe overlapped
processing checking unit 232 avoids such a situatiat the same “second
license plate information” is duplicately recordi@dthe recording medium 233.

On the other hand, in a case where none of theaetdd “past camera
information” has the same value as the “secondBeeplate information” of the
“new camera information”, the overlapped processihgcking unit 232
determines that the “second license plate inforardtis not duplicately
recorded in the recording medium 233 (NO in step132In this case, the
overlapped processing checking unit 232 transnhiégs“hew camera
information” to the same vehicle detection devid® Zstep S203).

[0046]

Next, the camera information acquisition unit 2X¥3he same vehicle
detection device 210 acquires the “camera inforardtfrom the license plate
reader 230 (step S204). The camera information iattgan unit 213 records
and stores the “camera information” in the cameafarimation table T2. Also,
the camera information acquisition unit 213 nosfie same vehicle
determination unit 214 that the “camera informatiemrecorded in the camera
information table T2.

[0047]

Next, the same vehicle determination unit 214 &f shhme vehicle
detection device 210 determines whether “onboaitlinformation” having
“first license plate information” that matches “s&d license plate information”
of the “camera information”, is recorded in the oabd unit information table
T1 (step 205).
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When the “onboard unit information” having “firaténse plate
information” that matches “second license plateiniation” of the “camera
information” is recorded in the onboard unit infation table T1 (YES in step
S205), the same vehicle determination unit 214 @eds to subsequent step
S206.

On the other hand, when the “onboard unit informatihaving “first
license plate information” that matches “seconatise plate information” of
the “camera information” is not recorded in the oald unit information table
T1 (NO in step S205), the same vehicle determimatinit 214 terminates the
processing.

[0048]

Next, when the “onboard unit information” havingrét license plate
information” that matches “second license plateiniation” of the “camera
information” is recorded in the onboard unit infation table T1 (YES in step
S205), the same vehicle determination unit 214 meitees that the “onboard
unit information” and the “camera information” ré¢ato the same vehicle A,
and the vehicle A is “normal” (step S206).

[0049]

Next, the same vehicle determination unit 214 dgeddhe “onboard unit
information” and “camera information” which are demined to relate to the
same vehicle A, from the onboard unit informatiable T1 and the camera
information table T2 (step S207), and then ternesahe processing.

[0050]

FIG. 8 is a third diagram illustrating a processfiay of the toll
collection facility according to the first embodimteof the present invention.
FIG. 9 is a fourth diagram illustrating a procegsfiow of the toll
collection facility according to the first embodimteof the present invention.

Referring to FIGS. 8 and 9, described below is@pssing executed by
the same vehicle detection device 210 of the tollection facility 20 during a
period in which “onboard unit information” or “cameeinformation” is not
acquired. Note that in this embodiment, the santécle detection device 210
repeats the processing of FIGS. 8 and 9 at regotarvals of predetermined
time (for example, every minute).

[0051]

As illustrated in FIG. 8, the same vehicle deteration unit 214 of the
same vehicle detection device 210 determines whebieeonboard unit
information table T1 includes “onboard unit infortita” being recorded
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beforehand for a predetermined time limit or mdige €xample, five minutes or
more) (step S300).

When the onboard unit information table T1 includesboard unit
information” being recorded for a predetermineddifimit or more (YES in
step S300), the same vehicle determination unit@dtfacts the “onboard unit
information” (step S301).

On the other hand, when the onboard unit infornmateble T1 does not
include “onboard unit information” being recordeat fa predetermined time
limit or more (NO in step S300), the same vehiodedmination unit 214
proceeds to processing A of FIG. 9.

[0052]

The same vehicle determination unit 214 determimisther the
“camera information” having “second license platéormation” that matches
the “first license plate information” of the “onb@hunit information”,
extracted in step S301, is recorded in the can@&@a@mation table T2 (step
S302).

When the “camera information” having “second licendate
information” that matches the “first license plamdéormation” of the “onboard
unit information” is recorded in the camera infomoa table T2 (YES in step
S302), the same vehicle determination unit 214 meitees that the “onboard
unit information” and the “camera information” réda to the same vehicle A,
and the “onboard unit information” and “camera imf@ation” relating to the
vehicle A is “normal” (step S303). In this casee tame vehicle determination
unit 214 deletes the “onboard unit information” dicdmera information” being
determined to relate to the same vehicle A, frommahboard unit information
table T1 and the camera information table T2 (8804), and terminates the
processing.

On the other hand, when the “camera informationVihg “second
license plate information” that matches the “fiisense plate information” of
the “onboard unit information” is not recorded hetcamera information table
T2 (NO in step S302), the same vehicle determimatioit 214 proceeds to step
305.

[0053]

Next, the same vehicle determination unit 214 datees whether
“camera information” including “acquisition datecatime” that is within a
predetermined time (for example, within five minsiférom the “acquisition
date and time” of the “onboard unit information”riscorded in the camera
information table T2 (step S305).
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[0054]

When the “camera information” including “acquisitialate and time”
that is within a predetermined time from the “acjtion date and time” of the
“onboard unit information” is not recorded in thancera information table T2
(NO in step S305), the same vehicle determinatioih 214 proceeds to step
S3009.

On the other hand, when the “camera informatiortluding
“acquisition date and time” that is within a preglehined time from the
“acquisition date and time” of the “onboard unifanmation” is recorded in the
camera information table T2 (YES in step S305),ghme vehicle
determination unit 214 further determines whethner ‘tonboard unit
information” and the “camera information” have besiquired at the same
“lane” (step S306).

[0055]

When the “lane” of the “onboard unit informationiéthe “lane” of the
“camera information” are different (NO in step S30the same vehicle
determination unit 214 proceeds to step S309.

On the other hand, when the “lane” of the “onboandt information”
and the “lane” of the “camera information” are teme (YES in step S306),
the same vehicle determination unit 214 determthas the “onboard unit
information” and the “camera information” relatettoe same vehicle A. Also,
the same vehicle determination unit 214 determthas the vehicle A is an
irregular vehicle (*onboard unit exchange (SWAP(S)ep S307) because the
“first license plate information” of the “onboardit information” and the
“second license plate information” of the “camendormation” are not
matched. Specifically, the same vehicle determoratinit 214 determines that
the onboard unit 10 with this “onboard unit infortioa” is moved to a vehicle
(vehicle with “second license plate information’iffdrent from the vehicle
identified by the “first license plate informatioeing recorded beforehand in
the onboard unit 10.

For example, a description is given of the case tiea same vehicle
determination unit 214 extracts the “onboard unformation No. 2” of the
onboard unit information table T1 (FIG. 3) in st8f01. The same vehicle
determination unit 214 searches the camera infaonatble T2 for “camera
information” acquired within a predetermined tinterh “acquisition date and
time” (“2015/11/01 10:10”) of the “onboard unit mfmation No. 2”. In this
case, “camera information No. 2” of the camera infation table T2 (FIG. 4)
has been acquired within a predetermined time ftieen“acquisition date and
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time” of the “onboard unit information No. 2” (“28111/01 10:12") (YES in
step S305). Also, since the “lane” (“L2") of therflboard unit information No.
2" and the “lane” (“L2") of the “camera informatioNo. 2” are the same (YES
in step S306), the same vehicle determination 2bit determines that the
“onboard unit information No. 2” and the “camerdarmation No. 2” relate to
the same vehicle A. Then, the same vehicle detatian unit 214 determines
that the vehicle A is an irregular vehicle (“onbdamit exchange (SWAP)")
(step S307) because the “first license plate inftion” (“BBBB”) of the
“onboard unit information No. 2” and the “seconddnse plate information
(“CCCC”) of the “camera information No. 2” are nmiatched.

[0056]

Next, as illustrated in FIG. 5, the same vehicleedmination unit 214
records information in which the “onboard unit infeation” (“onboard unit
information No. 2” of FIG. 3) and “camera informani” (“camera information
No. 2” of FIG. 4) determined to relate to the savedicle A are associated with
“details of irregularity” (“onboard unit exchang8\WWAP)") of the vehicle A
determined to be an irregular vehicle, in the itlag vehicle table T3
(“irregular vehicle information No. 1” of FIG. 5)sd'irregular vehicle
information” (step S308).

Then, the same vehicle determination unit 214 esl¢he “onboard unit
information” and “camera information” determinedrelate to the same vehicle
A from the onboard unit information table T1 an@ ttamera information table
T2 (step S304), and terminates the processing.

[0057]

Also, when the “camera information” of which thectpuisition date and
time” is within a predetermined time from the “adsjtion date and time” of the
“onboard unit information” is not recorded in thancera information table T2
(NO in step S305), or the “lane” of the “onboardtunformation” and the
“lane” of the “camera information” are different Nin step S306), the same
vehicle determination unit 214 determines whethmmiera information”
having “second license plate information”, whichtotees a part of the “first
license plate information” of the “onboard unit @mfation”, is recorded in the
camera information table T2 (step S309). Specificathen the degree of
coincidence between the “first license plate infation” and the “second
license plate information” satisfies a predeterndimendition, the same vehicle
determination unit 214 determines that this “secboense plate information”
matches a part of the “first license plate inforrmaat. In this embodiment, the
degree of coincidence satisfying a predeterminedit®mn means that the “first
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license plate information” and the “second licepsste information” are
matched in terms of a predetermined number of letbe more. For example,
considering that the license plate information udds four letters, the same
vehicle determination unit 214 determines thatdbgree of coincidence
satisfies a predetermined condition in a case whiemee or more of them are
matched. To give another embodiment, the same ledietermination unit 214
can determine that the degree of coincidence sesisf predetermined condition
when a predetermined number of letters or lessrdaseatched between the
“first license plate information” and the “secoriddnse plate information”. In
this case, for example, considering that the lieeplate information has four
letters, the same vehicle determination unit 21#drines that the degree of
coincidence satisfies a predetermined conditioa oase where one of the four
letters or less is mismatched.

When the “camera information” having “second licendate
information” matched with a part of “first licengdate information” of the
“onboard unit information” is recorded in the camenformation table T2
(YES in step S309), the same vehicle determinatioih 214 determines that the
“onboard unit information” and the “camera infornmat’ relate to the same
vehicle A. Also, in this case, the same vehicleed®ination unit 214
determines that the license plate reader 230 failsrrectly read the “second
license plate information” because of a dirty liserplate of the vehicle A or the
like. Specifically, the same vehicle determinatiort 214 estimates that the
“first license plate information” of the “onboarait information” and “second
license plate information” of the “camera informatf, relating to the same
vehicle A, are of the same value, and under sutimasion, determines that the
“onboard unit information” and “camera informatioof the vehicle A are
“normal” (step S310).

For example, a description is given of the case tihea same vehicle
determination unit 214 extracts the “onboard unformation No. 3” of the
onboard unit information table T1 (FIG. 3) in st8f01. The same vehicle
determination unit 214 searches the camera infaonatble T2 for “camera
information” acquired within a predetermined tinrerh “acquisition date and
time” (“2015/11/01 10:13") of the “onboard unit mfmation No. 3”. In this
case, the “camera information No. 3” (FIG. 4) ir ttamera information table
T2 has been acquired within a predetermined timenfthe “acquisition date
and time” (“2015/11/01 10:14") of the “onboard umformation No. 3" (YES
in step S305). However, since the “lane” (“L1") thfe “onboard unit
information No. 3” and the “lane” (“L2") of the “cmera information No. 3" are



23

different (NO in step S306), the same vehicle dateation unit 214 further
searches the camera information table T2 for “sddarense plate information”
matched with a part of the “first license platearrhation” (“DDDD”) of
“onboard unit information No. 3”. In the example BIG. 4, the “second license
plate information” (“DDDB”) of the “camera informin No. 3” in the camera
information table T2 matches a part of the “fiigtelnse plate information”
(“DDDD”) of the “onboard unit information No. 3” (ES in step S309). Thus,
the same vehicle determination unit 214 determthas the “onboard unit
information No. 3” and the “camera information N3J.relate to the same
vehicle A and the “onboard unit information No. 8id “camera information
No. 3” of the vehicle A are “normal” (step S310).

In this case, the same vehicle determination ub# @eletes the
“onboard unit information” (“onboard unit informatm No. 3”) and “camera
information” (“camera information No. 3”), which @determined to relate to
the same vehicle A from the onboard unit informattable T1 and the camera
information table T2 (step S304), and terminatesghocessing.

[0058]

Also, when the “camera information” having “secdiaknse plate
information” matched with a part of “first licengdate information” of the
“onboard unit information” is not recorded in thansera information table T2
(NO in step S309), the same vehicle determinatioin 214 determines that
there is no “camera information” relating to themsavehicle A as a vehicle
indicated by the “onboard unit information”. Alstihe same vehicle
determination unit 214 determines that the vehicle an irregular vehicle
(“suspected exchange of onboard unit (SUSPECT ORBW (step S311).
Specifically, the onboard unit 10 with the “onboandit information” may
possibly be moved to a vehicle different from thehicle identified by the “first
license plate information” recorded previously lretonboard unit 10 (vehicle
that cannot be identified by the “second licenss@linformation”).

For example, a description is given of the case thhe same vehicle
determination unit 214 extracts “onboard unit imh@tion No. 4” of the
onboard unit information table T1 (FIG. 3) in st8f01. In the example of FIG.
4, the camera information table T2 neither inclutiemmera information”
acquired within a predetermined time from the “asgtion date and time”
("2015/11/01 10:30") of the “onboard unit informati No. 4” (NO in step
S305), nor “second license plate information” matthvith a part of “first
license plate information” (“EEEE”) of the “onboauhit information No. 4”
(NO in step S309). Thus, the same vehicle detertiinaunit 214 determines
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that there is no “camera information” relating leetsame vehicle A as a vehicle
indicated by the “onboard unit information No. &lso, it determines that the
vehicle Ais an irregular vehicle (“suspected exuypa of onboard unit
(SUSPECT OF SWAP)") (step S311).

In this case, as illustrated in FIG. 5, the samieicle determination unit
214 records information in which the “onboard umifiormation” is associated
with its corresponding “details of irregularity” flispected exchange of onboard
unit (SUSPECT OF SWAP)”) of the vehicle A, as “igtdar vehicle
information” in the irregular vehicle table T3 (fegular vehicle information
No. 3” of FIG. 5) (step S312). Then, the same vishdetermination unit 214
deletes the “onboard unit information” from the ombd unit information table
T1 (step S313), and terminates the processing.

[0059]

Also, when the onboard unit information table Tledmot include
“onboard unit information” being recorded for a &rfimit or more (NO in step
S300), the same vehicle determination unit 214 @eds to the processing A of
FIG. 9.

As illustrated in FIG. 9, the same vehicle deteration unit 214
determines whether the camera information tablentiudes “camera
information” being recorded for a time limit or neo(step S320).

When the camera information table T2 includes “ceamiaformation”
being recorded for a time limit or more (YES inst8320), the same vehicle
determination unit 214 extracts this “camera infatran” (step S321).

On the other hand, when camera information tableld@s not include
“camera information” being recorded for a time liror more (NO in step
S320), the same vehicle determination unit 214 teates the processing.
[0060]

Next, the same vehicle determination unit 214 datees that there is no
“onboard unit information” relating to the same @b A as a vehicle indicated
by the “camera information” extracted in step S3&lko, the same vehicle
determination unit 214 determines that the vehicle an irregular vehicle (“no
onboard unit (NO OBU)") (step S322).

In this case, as illustrated in FIG. 5, the samieicle determination unit
214 records information in which the “camera infaion” is associated with
its corresponding “details of irregularity” (“no board unit (NO OBU)”") of the
vehicle A, as “irregular vehicle information” inghrregular vehicle table T3
(“irregular vehicle information No. 2” of FIG. 5step S323). Then, the same
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vehicle determination unit 214 deletes this “cami@farmation” from the
camera information table T2 (step S324), and teat@s the processing.
[0061]

Operational Effects

As described above, the same vehicle detectioncée210 of this
embodiment includes: the onboard unit informatiequsition unit 211
configured to acquire the “first license plate infmtion” of the vehicle A on
the basis of the “onboard unit information” acquitdrough wireless
communication with the onboard unit 10 in the védi& running on the lanes
L1 and L2, and store the “onboard unit information"the onboard unit
information table T1; the camera information acdtios unit 213 configured to
acquire the “camera information” including the “sad license plate
information” of the vehicle A that is read in oretbasis of the image captured
by the camera 220 configured to shoot a predetexdhiegion, defined on the
lanes L1 and L2, including the license plate of vedicle A, and store the
“camera information” in the camera information @f12; and the same vehicle
determination unit 214 configured to determine vileetthe “onboard unit
information” stored in the onboard unit informatitable T1 and the “camera
information” stored in the camera information talil2 relate to the same
vehicle.

Upon acquiring the “onboard unit information”, incase where the
“camera information” including “second license @anformation” that matches
the “first license plate information” of the “onb@hunit information” is
recorded in the camera information table T2, th@eaehicle determination
unit 214 determines that the “onboard unit inforimat and the “camera
information” relate to the same vehicle A.

Also, upon acquiring the “camera information”, ircase where the
“onboard unit information” having “first license gtle information” that
matches “second license plate information” of tekarhera information” is
recorded in the onboard unit information table Tfle same vehicle
determination unit 214 determines that the “onbaarit information” and the
“camera information” relate to the same vehicle A.

With the above processing, the same vehicle detetitn unit 214 can
detect with high accuracy a combination of “onboanit information” and
“camera information” relating to the same vehiclamong the “onboard unit
information” stored in the onboard unit informatitable T1 and the “camera
information” stored in the camera information tat2 regardless of the order
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or timing of acquisition of the “onboard unit infoation” and “camera
information”.
[0062]

Also, when the “camera information” having “secdiaknse plate
information” that matches the “first license plamdéormation” of the “onboard
unit information” is not recorded in the cameradmhation table T2, the same
vehicle determination unit 214 determines that‘ttemera information” having
“second license plate information” acquired at siaene lane as the “lane” at
which the “onboard unit information” is acquireditiin a predetermined time
from the “acquisition date and time” of the “onbdamit information”, relates
to the same vehicle A as a vehicle indicated by“tmboard unit information”.
Furthermore, when the “onboard unit information’vhrey “first license plate
information” that matches “second license plateiniation” of the “camera
information” is not recorded in the onboard unitarmation table T1, the same
vehicle determination unit 214 determines that‘thieboard unit information”
having “first license plate information” being adrpd at the same lane as the
“lane” at which the “camera information” is acquirewithin a predetermined
time from the “acquisition date and time” of theatnera information”, relates
to the same vehicle A as a vehicle indicated by“tanera information”.

When the onboard unit is moved from the originahicée to a new
vehicle, the “first license plate information” (Bose plate information of the
original vehicle) of the onboard unit may be di#at from the license plate
information (license plate information of the neehicle) of the vehicle in
which the onboard unit is installed at presentthis case, the “first license
plate information” of the “onboard unit informatibacquired via the wireless
communication device does not match the “seconehke plate information” of
the “camera information” acquired via the licendate reader. In a case where
the onboard unit is moved to another vehicle asstlee charging device is
likely to erroneously recognize that the “onboardtunformation” and the
“camera information” relate to different vehicl&Sonsequently, the charging
device may possibly fail to correctly charge a whiof which license plate
information recorded in the onboard unit informatiand license plate
information read with the license plate readerrare matched.

However, in this embodiment, as described above,'tmboard unit
information” and “camera information” acquired wirtha predetermined time
from the “acquisition date and time” at the samen¥”, are determined to relate
to the same vehicle A. Thus, even in a case whezeetis the vehicle A of
which the “first license plate information” of tfenboard unit information”
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and the “second license plate information” of tlwarhera information” are not
matched due to the exchange of the onboard undtr1Be like, the same vehicle
determination unit 214 determines that the “onbaarit information” and the
“camera information” relate to the same vehicléMith the above processing,
it is possible to detect a combination of “onboardt information” and “camera
information” relating to the same vehicle A withghi accuracy.

[0063]

Also, in a case where the “camera information” aoegh within a
predetermined time from the “acquisition date aimtet’ of the “onboard unit
information” at the same “lane” is not recordedlie camera information table
T2, the same vehicle determination unit 214 deteasithat the “camera
information” having “second license plate infornmat! matched with a part of
“first license plate information” of the “onboarait information” relates to the
same vehicle A as a vehicle indicated by the “ombaait information”.
Moreover, when the “onboard unit information” acigpd within a
predetermined time from the “acquisition date aimtet’ of the “camera
information” at the same “lane” is not recordedhe onboard unit information
table T1, the same vehicle determination unit 2&#ednines that the “onboard
unit information” having “first license plate inforation” matched with a part
of the “second license plate information” of theahsera information” relates to
the same vehicle A as a vehicle indicated by thenfera information”.

With the above processing, even in a case whemrtagh the “second
license plate information” could not be correctgad because of a dirty license
plate of the vehicle A or the like, when the “fitgtense plate information”
matched with a part of the “second license platermation” is found, the same
vehicle determination unit 214 determines that‘ttemera information” having
“second license plate information” and the “onboardt information” having
“first license plate information” relate to the samehicle A. This makes it
possible to detect a combination of “onboard unformation” and “camera
information” relating to the same vehicle A withghier accuracy.

[0064]

Also, when the “first license plate information” tife “onboard unit
information” and “second license plate informatiarf’the “camera
information”, determined to relate to the same e&hA, are not matched, the
same vehicle determination unit 214 determines tihatvehicle A is an
irregular vehicle.

With the above processing, the same vehicle deteatevice 210 can
detect as an irregular vehicle, the vehicle A oiakhthe “first license plate
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information” and the “second license plate inforinat are not matched
because of the exchange of the onboard unit 16efike.

Furthermore, the same vehicle determination un& &dcords and stores
“irregular vehicle information” in which the “onbod unit information” and
“camera information” relating to the vehicle A detened to be an irregular
vehicle are associated with its corresponding “detaf irregularity” of the
vehicle A, in the irregular vehicle table T3. Withe above processing, an
administrator or the like of a toll road can recimgnthe existence of an illegal
vehicle with “onboard unit exchange”, a vehiclettbauld not be correctly
charged due to “no onboard unit”, and the like,hariéference to the “irregular
vehicle table T3". Also, the administrator or thieel of the toll road can
perform additional charging processing for an owoethe like of the irregular
vehicle and impose restriction such as prohibimbrusage of the onboard unit
10 on the basis of the “onboard unit informatiom™oamera information”
recorded in the “irregular vehicle table T3".

[0065]

Also, the irregular vehicle processing unit 215n8mits the irregular
vehicle information” stored by the same vehicleedgatination unit 214 to the
management server 30 via a wide area network olilktee This allows an
administrator or the like of a toll road to immeidily recognize the existence of
an illegal vehicle with “onboard unit exchangeyehicle that could not be
correctly charged because of “no onboard unit”.cAlthe administrator or the
like of a toll road can perform additional chargipgcessing for an owner or
the like of the irregular vehicle and impose radtan such as prohibition of
usage of the onboard unit 10 on the basis of thtard unit information” or
“camera information” recorded in the received “guar vehicle information”.
[0066]

Modification of First Embodiment

Referring to FIGS. 10 and 11, the toll collectioystem 1 according to a
modification of the first embodiment of the presamtention will be described
next.

The same components as those in the above embotiméhbe
denoted by the same reference signs, and detaéedrightions thereof will be
omitted.

This modification differs from the above embodiment that the
onboard unit information acquisition unit 211 aosi “first license plate
information” from the management server 30.

[0067]
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Functional Configuration of Toll Collection System

FIG. 10 is a diagram illustrating a functional caufration of the toll
collection system according to the modificationtloé first embodiment of the
present invention.

FIG. 11 shows an example of an onboard unit infaramatable
according to the modification of the first embodmef the present invention.

As illustrated in FIG. 10, the management serveim®ludes a recording
medium 300. As illustrated in FIG. 11, the recoglimedium 300 stores in
advance an onboard unit registration table T10 lctv “onboard unit
registration information” including “onboard unib1 of the onboard unit 10
and “first license plate information” for identifiyg a vehicle A with the
onboard unit 10 are stored in association with anether.

[0068]

In this embodiment, the onboard unit informatiomaisition unit 211 of
the same vehicle detection device 210 acquires dand unit ID” and “credit
card number” via the wireless communication de\26@ from the onboard unit
10.

Then, the onboard unit information acquisition u2itl records and
stores the “onboard unit information” in which thequired “onboard unit ID”
and “credit card number” and the date and time (&itjon date and time) of
acquisition of these information and its correspogdlane” are associated, in
the onboard unit information table T1 of the redogdmedium 216 (FIG. 3).

Also, the onboard unit information acquisition uBtl communicates
with the management server 30 via a wireless ae¢@&ark or the like and
requests “first license plate information” assoethtvith the acquired “onboard
unit ID”. The management server 30 selects thestfiicense plate information”
associated with the “onboard unit ID”, receivednfréhe same vehicle detection
device 210, from the onboard unit registration é&abl0. Then, the management
server 30 transmits the selected “first licensdeglaformation” to the same
vehicle detection device 210.

The onboard unit information acquisition unit 21dda the “first license
plate information” received from the managementeeB0 to the “first license
plate information” of the “onboard unit informatibto update the onboard unit
information table T1.

[0069]
Operational Effects

As described above, the onboard unit informatioguésition unit 211 of
this modification records and stores the “onboamid information” in which the
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“onboard unit ID” and “credit card information” asged from the onboard unit
10 and the “first license plate information” acaqadrfrom the management
server 30 are associated, in the onboard unit méion table T1.

With the above processing, the onboard unit infdiaraacquisition unit
211 can store “onboard unit information” similartteat in the first
embodiment, in the onboard unit information table T

Also, in this case, it is unnecessary to previouslgord the “first license
plate information” in the onboard unit 10. Thusoapmoving the onboard unit
10 to a new vehicle, the “onboard unit informatiar@n be kept updated
through only such a simple processing as updatfrthe onboard unit
registration table T10 of the management servein3tead of a complicated
processing such as rewriting of a recording med{anot illustrated) of the
onboard unit 10. Also, it is unnecessary to acqthes“first license plate
information” from the onboard unit 10 via the wiess communication device
200, leading to a saving of traffic between theuwstion unit and the onboard
unit 10 so as to increase a traffic speed.

[0070]

In the foregoing, certain embodiments of the présevention have been
described, but these embodiments are merely iltise and are not intended to
limit the scope of the invention. These embodimengsy be implemented in
various other forms, and various omissions, substihs, and alterations may
be made without departing from the gist of the imven. These embodiments
and modifications are included in the scope andl @ishe invention and are
also included in the scope of the invention desatiin the claims and
equivalents thereof.

[0071]

For example, the above embodiments have been thescof such a
mode that the toll road includes plural lanes (kh& and L2) and the wireless
communication device 200 (200a, 200b) and the carg@n(220a, 220b) are
provided on the lanes on a one-to-one basis, upthsent invention is not
limited thereto. To give another embodiment, thié tmad may have one lane or
three or more lanes. In this case, one or thremare wireless communication
devices 200 and cameras 220 can be provided acaptdithe number of lanes.

Also, the above embodiments have been describedidi a mode that
the toll collection system 1 is provided at thetdrilgate of the toll road. To
give another embodiment, however, it can be providethe entrance tollgate.
[0072]
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Also, the above embodiments have been describediddi a mode that
image processing is performed on images capturetthdygamera 220 at regular
intervals so as to detect vehicle’s coming, anthes time of detection of
vehicle’s coming, an image for reading license @laformation of this vehicle
is captured, but the present invention is not ledithereto. The following is
also conceivable: a vehicle detection device isygled in front of the gantry G
in the lane direction (-X side of FIG. 1), and onilyen the vehicle detection
device detects the vehicle A running on the langsahd L2, the camera 220
captures an image for reading license plate infaroma As a result, every
image captured by the camera 220 includes the siegrate of the vehicle A
and thus, the license plate reading processing thighlicense plate reader 230
can be simplified.

Industrial Applicability
[0073]

According to the aforementioned same vehicle deteadevice, toll
collection facility, same vehicle detection methadd program, it is possible to
detect information relating to the same vehiclenframong a plurality of pieces
of information acquired at different timings withgh accuracy.

Reference Signs List
[0074]
1 Toll collection system
10 Onboard unit
20 Toll collection facility
200, 200a, 200b Wireless communication device
210 Same vehicle detection device
211 Onboard unit information acquisition unit (fitkcense plate information
acquisition unit)
212 Overlapped processing checking unit
213 Camera information acquisition unit (seconetise plate information
acquisition unit)
214 Same vehicle determination device
215 Irregular vehicle processing unit
216 Recording medium
220, 220a, 220b Camera
230 License plate reader
231 License plate information reading unit
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232 Overlapped processing checking unit
233 Recording medium

240 Charging device

A Vehicle

G Gantry

L1, L2 Lane
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Claims

[Claim 1]

A same vehicle detection device comprising:

a first license plate information acquisition ua@tnfigured to acquire first
license plate information of a vehicle running otame, based on onboard unit
information acquired through wireless communicatwith an onboard unit
installed in the vehicle, and store the first liserplate information in a first
recording unit;

a second license plate information acquisition eomfigured to acquire
second license plate information of the vehiclet ieaead in, based on an image
captured by a camera configured to shoot a predeted region including a
license plate of the vehicle, defined on the laare] store the second license plate
information in a second recording unit; and

a same vehicle determination unit configured tced®aine whether the
first license plate information stored in the firstording unit and the second
license plate information stored in the second reicry unit relate to the same
vehicle,

the same vehicle determination unit being configui® in a case that the
first license plate information is acquired, and gecond license plate
information matched with the first license platéommation is recorded in the
second recording unit, determine that the firs¢hise plate information and the
second license plate information relate to the saetgcle, and in a case that the
second license plate information is acquired, dredftrst license plate
information matched with the second license plaferimation is recorded in the
first recording unit, determine that the first litse plate information and the
second license plate information relate to the saatdcle.

[Claim 2]

The same vehicle detection device according tanclaj wherein

in a case that the second license plate informatiatched with the first
license plate information is not recorded in them®l recording unit, the same
vehicle determination unit is configured to detemmithat the second license
plate information acquired at the same lane asa & which the first license
plate information is acquired, within a predeteredrperiod from acquisition
time of the first license plate information, relat® the same vehicle as the first
license plate information, and



34

in a case that the first license plate informatioatched with the second
license plate information is not recorded in thestfirecording unit, the same
vehicle determination unit is configured to detemmithat the first license plate
information acquired within a predetermined perfomin acquisition time of the
second license plate information, at the same &mna lane at which the second
license plate information is acquired, relatesht® same vehicle as the second
license plate information.

[Claim 3]

The same vehicle detection device according tortiaj wherein

in a case that the second license plate informagquired within the
predetermined period from the acquisition timelod first license plate
information, at the same lane as the lane at wthetfirst license plate
information is acquired, is not recorded in the@w®trecording unit, the same
vehicle determination unit is configured to detemmithat the second license
plate information matched with a part of the fiisense plate information relates
to the same vehicle as the first license platermgtion, and

in a case that the first license plate informatamguired within the
predetermined period from the acquisition timelo# second license plate
information, at the same lane as the lane at wthehsecond license plate
information is acquired, is not recorded in thesfirecording unit, the same
vehicle determination unit is configured to detemmithat the first license plate
information matched with a part of the second Ieeplate information relates to
the same vehicle as the second license plate irgtom.

[Claim 4]

The same vehicle detection device according taxlaj wherein in a case
that the first license plate information and the@®l license plate information,
determined to relate to the same vehicle, are ratthed, the same vehicle
determination unit is configured to determine ttted vehicle is an irregular
vehicle.

[Claim 5]

A toll collection facility comprising:

a wireless communication device configured to pernfavireless
communication with an onboard unit installed inehicle running on a lane;
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a license plate reader configured to read licedatepnformation of the
vehicle, based on an image captured by a camerfagewad to shoot a
predetermined region including a license plateheftehicle, defined on the lane;

the same vehicle detection device according toarg/ of claims 1 to 4;
and

a charging device configured to charge the vehizéesed on at least one of
onboard unit information of the onboard unit, agqdivia the wireless
communication device and license plate informatibthe vehicle that is read by
the license plate reader.

[Claim 6]

A same vehicle detection method comprising:

a first license plate information acquisition sfep acquiring first license
plate information of a vehicle running on a lanaséd on onboard unit
information acquired through wireless communicatwith an onboard unit
installed in the vehicle, and storing the firstelise plate information in a first
recording unit;

a second license plate information acquisition $tepacquiring second
license plate information of the vehicle that isaden, based on an image
captured by a camera configured to shoot a preaeted region including a
license plate of the vehicle, defined on the laare] for storing the second license
plate information in a second recording unit; and

a same vehicle determination step for determinihgther the first license
plate information stored in the first recording uand the second license plate
information stored in the second recording uniaitelto the same vehicle,

the same vehicle determination step being semnta, ¢ase that the first
license plate information is acquired and the sédarense plate information
matched with the first license plate informatiorrégorded in the second
recording unit, determine that the first licensatplinformation and the second
license plate information relate to the same vehiahd in a case that the second
license plate information is acquired and the fiisénse plate information
matched with the second license plate informat®recorded in the first
recording unit, determine that the first licensatplinformation and the second
license plate information relate to the same vehicl

[Claim 7]
A program causing a computer of a same vehicleddiete device to
function as:
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a first license plate information acquisition ua@tnfigured to acquire first
license plate information of a vehicle running otame, based on onboard unit
information acquired through wireless communicatwith an onboard unit
installed in the vehicle, and store the first liserplate information in a first
recording unit;

a second license plate information acquisition eomfigured to acquire
second license plate information of the vehiclet isaead in, based on an image
captured by a camera configured to shoot a predeted region including a
license plate of the vehicle, defined on the lare] store the second license plate
information in a second recording unit; and

a same vehicle determination unit configured teedmine whether the
first license plate information stored in the firstording unit and the second
license plate information stored in the second reicry unit relate to the same
vehicle,

the same vehicle determination unit being configui® in a case that the
first license plate information is acquired, and gecond license plate
information matched with the first license platéommation is recorded in the
second recording unit, determine that the firs¢hise plate information and the
second license plate information relate to the saetgcle, and in a case that the
second license plate information is acquired, drefirst license plate
information matched with the second license plafermation is recorded in the
first recording unit, determine that the first lis® plate information and the
second license plate information relate to the saatecle.



