TOLL COLLECTION FACILITY, ONBOARD UNIT, TOLL COLLECTION
SYSTEM, TOLL COLLECTION METHOD, AND PROGRAM

Technical Field
[0001]
The present invention relates to a toll collectfanility, an onboard unit,
a toll collection system, a toll collection methahd a program.

Background Art

[0002]

Some tollgates for toll roads such as highways empl free flow
system enabling a vehicle to go through charge ggsing without stopping.
Thus, the vehicle can swiftly pass through thegatés (Patent Document 1, for
example). Specifically, this feature of the systisnachieved through wireless
communications between an onboard unit, instalfed traveling vehicle, and a
charge processing device, installed on a roadsi@e wireless communication
device.

Citation List
Patent Document
[0003]
Patent Document 1: JP 2001-34799 A

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

The charge processing device in the free flow sysdescribed above
needs to complete the charge processing withinoat gteriod of time. In other
words, charge processing data related to the chamgeessing needs to be sent
and received within a period of time between enteaand exit of the traveling
vehicle to and from a communicable area of the \@8& communication device.

For example, to acquire the charge processing filata the onboard
unit, the charge processing device first sendsmansand for requesting charge
processing data to the wireless communication devitie wireless
communication device instructs the onboard unite@d the charge processing
data, in response to the command. Then, the onba@texecutes processing
of reading the charge processing data from an mategd circuit (IC) card
inserted in the onboard unit. The onboard unit sethé charge processing data,



read from the IC card, to the wireless communicatevice. The wireless
communication device sends the charge processitegtdahe charge
processing device. The above-described communicati@tween the charge
processing device and the wireless communicatiosnicéeand between the
wireless communication device and the onboard w@sitwell as the processing
of reading data between the onboard unit and theald and the like result in a
long communication time required for sending anckeieing the charge
processing data in the system as a whole. Thusghhege processing might be
difficult to complete within a short period of time

[0005]

The present invention is made in view of the abpxa@blem, and
provides a toll collection facility, an onboard tra toll collection system, a toll
collection method, and a program enabling charge@ssing to be efficiently
executed.

Means for Solving Problem
[0006]

A toll collection facility (20A) according to a ft aspect of the present
invention includes a wireless communication de\i2@0) provided to a lane,
and a charge processing device (210) configureskexute read processing and
write processing, for charge processing data (Dh)a communication target
device (10A) installed in a vehicle (A) traveling the lane, via the wireless
communication device, based on a predeterminedegsing procedure. The
charge processing device includes a scenario irddon generation unit (212a)
configured to generate and send scenario informgtii®) indicating at least a
part of the processing procedure. The wireless comoation device includes a
recording processing unit (202a) configured to rddte scenario information
received from the charge processing device, innderinal recording medium
(203), and a scenario processing unit (202b) caméd to execute read
processing and write processing, for the chargegssing data, on the
communication target device, based on the scenafdwmation recorded in the
internal recording medium.

[0007]

With this configuration, the scenario processing wf the wireless
communication device execute read processing alite wrocessing, for the
charge processing data, on the communication tatgeice, based on the
scenario information sent from the scenario infotiorageneration unit of the
wireless communication device. Thus, the scenaroz@ssing unit can



autonomously determine and execute processing #xbeuted on the
communication target device without waiting for@mmand from the charge
processing device. As a result, the number of comioations between the
charge processing device and the wireless commtiaicdevice is reduced,
whereby efficient charge processing can be achieved

[0008]

According to a second aspect of the present ineantin the toll
collection facility according to the above-descdbaspect, the scenario
information generation unit is configured to gerterand send the scenario
information when the charge processing device start
[0009]

With this configuration, after the charge procegsilevice has started,
the scenario processing unit of the wireless compation device can
autonomously determine and execute the processibg txecuted on the
communication target device without receiving tleersario information from
the charge processing device. Thus, the numbeowintunications between the
charge processing device and the wireless commtiaicdevice can further be
reduced.

[0010]

An onboard unit (10B) according to a third aspefcthe present
invention includes a wireless communication un@@) configured to
wirelessly send and receive data, a copy procegsiig(131) configured to
read, when a card-type portable recording mediuinig@nserted, charge
processing data (D1) recorded in the card-typegtdet recording medium and
copy the charge processing data in an internalrddeg medium (120), a read
processing unit (132) configured to read and sevtten a read command for
the charge processing data is received via thel@gsecommunication unit, the
charge processing data copied in the internal iogrmedium, a write
processing unit (133) configured to write, when @tevcommand for new
charge processing data is received via the wiredessmunication unit, the
received new charge processing data to the inteatarding medium, and

a card update unit (134) configured to update,rafie new charge
processing data has been written to the internadnding medium, the charge
processing data recorded in the card-type portedderding medium, based on
the new charge processing data written to the iratlerecording medium.
[0011]

With this configuration, the copy processing urop@es the charge
processing data, recorded in the inserted card-pgtable recording medium,



to the internal recording medium. Thus, upon reicgjthe read command and
the write command for the charge processing daeyéad processing unit
executes the read and the write processing fochia@ge processing data on the
internal recording medium featuring a higher accgssed than the card-type
portable recording medium. Thus, the onboard uait send the charge
processing data with a shorter communication timmgared with a
configuration where the read and the write proagg$or the charge processing
data is executed on the card-type portable recgrdiedium each time a
command is received.

[0012]

According to a fourth aspect of the present invemtithe card update
unit is configured to update the charge processitg recorded in the card-type
portable recording medium, after sending and reoepdf the charge
processing data by the wireless communication baite been completed.
[0013]

This configuration enables the wireless communaratinit to terminate
the processing of sending and receiving the chargeessing data without
waiting for completion of the updating of the changrocessing data recorded in
the card-type portable recording medium. Thus,dbmunication time
involved in the sending and reception of the chgrgecessing data by the
onboard unit can further be reduced.

[0014]

A toll collection system according to a fifth aspe¢ the present
invention includes the toll collection facility (20 20C) according to any one
of the above-described aspects, and the onboatd 108, 10C) according to
any one of the above-described aspects.

[0015]

With this configuration, the number of communicatobetween the
wireless communication device of the toll collectifacility and the charge
processing device can be reduced, whereby the rémeired for the onboard
unit to send and receive the charge processingtdagad from the toll
collection facility can be reduced. Thus, even meffécient charge processing
can be achieved in the toll collection system aghale.

[0016]

In the toll collection system according to a sist$pect of the present
invention, the toll collection facility includes e¢hwireless communication
device including: an upstream side wireless commaition device (220)
provided on an upstream side on the lane; and andb@am side wireless



communication device (230) provided more on a ddva#sn side on the lane
than the upstream side wireless communication d@evitie charge processing
device includes a charge result checking unit (2<2nfigured to determine
that the write processing on the communicationdgagvice has failed to be
correctly performed, when the charge processing delated to write
processing on the communication target device ebeechy the upstream side
wireless communication device does not match thergd processing data
related to read processing on the communicatiogetadevice executed by the
downstream side wireless communication device.

[0017]

With this configuration, the charge result checkiurgt can recognize
whether the write processing has been appropriaedcuted on the
communication target device by the upstream sidel®ss communication
device based on the charge processing data acquaoedthe communication
target device via the downstream side wireless canioation device even
when the write processing for the charge procesdatg is executed after the
communications with the upstream side wireless camgation device have
been terminated so that the communication time betwthe communication
target device and the toll collection facility cha shortened.

Thus, the charge result checking unit can recogttiaé the charge
processing data has failed to be correctly writiethe card-type portable
recording medium, even when a trouble such as #iné-type portable recording
medium being removed occurs after the communicatoget device has
terminated the communications with the upstreane sitteless communication
device and before the write processing for the gaarocessing data is
executed.

[0018]

A toll collection method according to a seventhexgpof the present
invention is a toll collection method for executingad processing and write
processing, for charge processing data, on a corization target device
installed in a vehicle traveling on a lane basedaqredetermined processing
procedure. The toll collection method includes

generating and sending scenario information indigpat least a part of
the processing procedure; recording the scenafarnmation in an internal
recording medium; and executing read processingvaiie processing, for the
charge processing data, on the communication tatgeice, based on the
scenario information recorded in the internal reldog medium.

[0019]



A method for controlling an onboard unit (10B) aodiog to an eighth
aspect of the present invention is a method fortrdling an onboard unit
configured to wirelessly send and receive dataavigireless communication
unit. The method includes reading, when a card-fyptable recording medium
is inserted, charge processing data recorded ircdh@-type portable recording
medium and copying the charge processing data imt@nnal recording
medium; reading and sending, when a read commanthéocharge processing
data is received via the wireless communicatior,uthe charge processing data
copied in the internal recording medium; writinghen a write command for
"new charge processing data" is received via theless communication unit,
the received "new charge processing data" to ttermal recording medium;
and updating, after the "new charge processing"dea been written to the
internal recording medium, the charge processirtg dacorded in the card-type
portable recording medium, based on the "new chpargeessing data" written
to the internal recording medium.

[0020]

A program according to a ninth aspect of the preserention is a
program for causing a computer in an onboard ur8( to function as: a
wireless communication unit configured to wirelgssénd and receive data;

a copy processing unit configured to read, wheara-ype portable
recording medium is inserted, charge processing datorded in the card-type
portable recording medium and copy the charge @msiog data in an internal
recording medium; a read processing unit configuretead and send, when a
read command for the charge processing data isvetdeia the wireless
communication unit, the charge processing dataexmbpi the internal recording
medium; a write processing unit configured to wrindhen a write command for
"new charge processing data" is received via theless communication unit,
the received "new charge processing data" to ttermal recording medium;
and a card update unit configured to update, dfter'new charge processing
data" has been written to the internal recordinglime, the charge processing
data recorded in the card-type portable recordieglionm, based on the "new
charge processing data" written to the internabrdimg medium.

Advantageous Effect of Invention
[0021]
The above-described toll collection facility, onlbdainit, toll collection
system, toll collection method, and program enalblarge processing to be
efficiently executed.



Brief Description of Drawings
[0022]

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

FIG. 2 is a diagram illustrating a functional canfration of the toll
collection system according to the first embodimehthe present invention.

FIG. 3 is a diagram illustrating an example of @eprocessing data
according to the first embodiment of the presentition.

FIG. 4 is a diagram illustrating a functional canfration of a toll
collection facility according to the first embodimteof the present invention.

FIG. 5 is a diagram illustrating an example of sém information
according to the first embodiment of the preseneintion.

FIG. 6 is a first diagram explaining functions bkttoll collection
facility according to the first embodiment of theepent invention.

FIG. 7 is a first diagram illustrating a processitmgv of a scenario
information generation unit according to the fieshbodiment of the present
invention.

FIG. 8 is a second diagram illustrating a procegdlow of the scenario
information generation unit according to the fieshbodiment of the present
invention.

FIG. 9 is a diagram illustrating a processing flofva recording
processing unit according to the first embodimeinthe present invention.

FIG. 10 is a second diagram explaining functionshaf toll collection
facility according to the first embodiment of theepent invention.

FIG. 11 is a third diagram explaining functionstbé toll collection
facility according to the first embodiment of theepent invention.

FIG. 12 is a diagram illustrating a processing flofva scenario
processing unit according to the first embodimeinthe present invention.

FIG. 13Ais a diagram illustrating an example afanventional
command according to the first embodiment of thespnt invention.

FIG. 13B is a diagram illustrating an example ofeattended command
according to the first embodiment of the presentition.

FIG. 14 is a diagram illustrating a functional cignfration of an onboard
unit according to a second embodiment of the presam@ntion.

FIG. 15 is a diagram illustrating an example of igjeaprocessing data
according to the second embodiment of the presesnition.



FIG. 16 is a diagram explaining functions of a cqgugcessing unit in
the onboard unit according to the second embodiroétite present invention.

FIG. 17 is a diagram illustrating a processing flofshe copy
processing unit in the onboard unit according t® skcond embodiment of the
present invention.

FIG. 18 is a diagram explaining functions of a rgadcessing unit in the
onboard unit according to the second embodimenhefpresent invention.

FIG. 19 is a diagram illustrating a processing flofmhe read processing
unit in the onboard unit according to the secondediment of the present
invention.

FIG. 20 is a diagram explaining functions of a wrtrocessing unit and
a card update unit in the onboard unit accordinthtosecond embodiment of
the present invention.

FIG. 21 is a diagram illustrating a processing flofsthe write
processing unit and the card update unit in theoantb unit according to the
second embodiment of the present invention.

FIG. 22 is a diagram explaining functions of a wrgrocessing unit and
a card update unit in the onboard unit according toodified example of the
second embodiment of the present invention.

FIG. 23 is a diagram illustrating a processing flofsthe write
processing unit and the card update unit in theoantb unit according to the
modified example of the second embodiment of thesent invention.

FIG. 24 is a diagram illustrating a functional cguration of a toll
collection system according to a third embodimeithe present invention.

FIG. 25 is a diagram explaining functions of thé tmllection system
according to the third embodiment of the preseréeition.

FIG. 26 is a diagram illustrating an overall configtion of a toll
collection system according to a fourth embodimahthe present invention.

FIG. 27 is a diagram illustrating a functional capufration of the toll
collection system according to the fourth embodim&mnthe present invention.

FIG. 28 is a diagram illustrating a functional capufration of a toll
collection facility according to the fourth embodint of the present invention.

FIG. 29 is a first diagram explaining functionstbg toll collection
system according to the fourth embodiment of thespnt invention.

FIG. 30 is a second diagram explaining the funciohthe toll
collection system according to the fourth embodiim&nthe present invention.

FIG. 31 is a third diagram explaining the functiarfshe toll collection
system according to the fourth embodiment of thespnt invention.



FIG. 32 is a diagram illustrating a processing flofva charge result
checking unit according to the fourth embodimentha present invention.

Description of Embodiments
[0023]
<First Embodiment>

A toll collection system 1A according to a first badiment is described
below with reference to FIG. 1 to FIG. 13B.
[0024]

(Overall Configuration of Toll Collection System)

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

FIG. 2 is a diagram illustrating a functional caguration of the toll
collection system according to the first embodimehthe present invention.

FIG. 3 is a diagram illustrating an example of geprocessing data
according to the first embodiment of the preseneintion.

This toll collection system 1A according to the geat embodiment is an
electronic toll collection system installed on aimhne (hereinafter, also
referred to as a "main road") of a toll road inghgla plurality of lanes. In a
described aspect of the present embodiment, thedadtl includes two lanes L1
and L2. In the described aspect of the present emient, the toll collection
system 1A s installed in an exit tollgate of tlodl road.

[0025]

As illustrated in FIG. 1 and FIG. 2, the toll calteon system 1A includes
an onboard unit (communication target device) 104 a toll collection facility
20A.

In the toll collection system 1A according to theegent embodiment, the
onboard unit 10A, installed in a vehicle A travejion the main road (the lanes
L1 and L2), and the toll collection facility 20Anstalled on a roadside of the
main road (the lanes L1 and L2), send and receif@ination and commands
to and from each other via wireless communications.

In the present embodiment, the information sent @etived via the
wireless communications includes "charge procesdatg D1" (FIG. 3) that is
a group of a plurality of pieces of information ds&hen the toll collection
facility 20A executes toll road fee charge procegson the onboard unit 10A.
The commands sent and received via the wirelessragncations include read
processing and write processing for the "charge@seing data D1" or the like.
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Each piece of information in the "charge procesglata D1" is recorded
at a predetermined address in a storage area afdaC inserted in the onboard
unit 10A. The onboard unit 10A reads the "chargecpssing data D1" recorded
in the card C, sends the data to the toll collecfacility 20A, and updates the
"charge processing data D1" recorded in the calbh€ed on a command and
information received from the toll collection faityl 20A.

The card C is a card-type portable recording medsuich as a prepaid
card or a credit card having a magnetic striperomaegrated circuit (IC) to and
from which various types of information can be wait and read. In an example
described in the present embodiment, a prepaid isanded as the card C.
[0026]

As illustrated in FIG. 3, the "charge processingad2l” includes

information such as "card number", "balance (yefigharge processing
history”, "entry information”, and "charge history"

The "card number" is a unique number for identityihe card C. The
"balance" is information indicating an amount of mgy deposited in the card
C, and thus is payable with the card C. The "chamgeessing history" is
information in which date and time, a location (8ws an exit tollgate number
enabling an exit tollgate to be identified), a cgaramount, and the like, related
to charge processing executed on the card C, amgded while being
associated with each other. The "entry informatinihformation indicating a
location (such as an entrance tollgate number emglain entrance tollgate to be
identified) where the onboard unit 10A has entetetltoll road. The "charge
history" is information indicating date and timedathe amount of deposit to the
card C as well as balance before/after depositimgl, the like.

[0027]

As illustrated in FIG. 1 and FIG. 2, the toll calteon facility 20A
includes wireless communication devices 200 antaxrge processing device
210.

The wireless communication devices 200 are attacbedgantry G that
extends in a lane width direction (Y directionkhG. 1) to be provided over
the lanes L1 and L2, and are affixed above theddrieand L2. The wireless
communication devices 200 send and receive infolonaand commands to and
from the onboard unit 10 via wireless communicasion

In an aspect described in the present embodimbketiall collection
facility 20A has the wireless communication devi@®® each provided for a
single lane. Specifically, as illustrated in FIG.ulireless communications
devices 200a and 200b are respectively installedH®e lanes L1 and L2. The
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wireless communication device 200a performs wirelesmmunications, via
electromagnetic waves, with the onboard unit 10&tatied in the vehicle A
within a range of a predetermined communicationageglefined on a road
surface of the lane L1. The wireless communicatiemice 200b performs
wireless communications, via electromagnetic wavath the onboard unit

10A installed in the vehicle A within a range opeedetermined communication
region defined on a road surface of the lane L2.

In the present embodiment, the wireless commuricadievices 200
(wireless communication devices 200a and 200b) eynpladio Frequency
Identifier (RFID) communications to perform wireeesommunications with the
onboard unit 10A.

[0028]

The charge processing device 210 is installed errdladside of the lanes
L1 and L2, and in the vicinity of the gantry G. Thlearge processing device
210 is in wired connection with the wireless comneation device 200, and
sends and receives the "charge processing dataddrid from the onboard
unit 10A via the wireless communication device 208e charge processing
device 210 calculates a charge amount for the omboait 10A, based on the
"charge processing data D1" acquired from the onboait 10A, and executes
the charge processing.

[0029]
(Functional Configuration of Toll Collection Fady

Next, a functional configuration of the toll colken facility 20A
according to the present embodiment is describel weiference to FIG. 4 and
FIG. 5.

FIG. 4 is a diagram illustrating a functional canfration of a toll
collection facility according to the first embodimteof the present invention.

FIG. 5 is a diagram illustrating an example of sém information
according to the first embodiment of the presentition.

As illustrated in FIG. 4, the wireless communicatidevice 200 of the
toll collection facility 20A includes a wireless mwanunication unit 201, a
central processing unit (CPU), a recording mediumbe¢nal recording medium)
203, and a wired communication unit 204.

[0030]

The wireless communication unit 201 includes anIRERhtenna 201a.
The wireless communication unit 201 outputs elentgnetic waves to a
communicable area of the wireless communicationae200, via the RFID
antenna 201a, at a predetermined time interval. Wineless communication
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unit 201 receives response waves, related to tbetr@imagnetic waves, from
the onboard unit 10A installed in the vehicle Atthas entered the
communicable area of the wireless communicationae200. Upon receiving
the response waves, the wireless communication2fiitoutputs a "signal
indicating establishment of communication with treboard unit" to the CPU
202.

The electromagnetic waves and the response waupsitoand received
by the wireless communication unit 201 include vas types of information
including the "charge processing data D1", commaads the like. Thus, the
wireless communication unit 201 sends and recewae®us information and
commands, used for the charge processing, to amd fhe onboard unit 10A,
via the electromagnetic waves and the response svave
[0031]

The CPU 202 includes a recording processing un2a2énd a scenario
processing unit 202b.

The recording processing unit 202a records scenafoymation D2
(FIG. 5), received from the charge processing dewat0, in the recording
medium 203.

The scenario information D2 is information definiageries of
processing procedures in advance. The series @egsing procedures is at
least a part of processing procedures (send comysemtl/receive data, and the
like) required for the wireless communication devR00 to execute the charge
processing on the onboard unit 10A. As illustrairedI|G. 5, the scenario
information D2 is information in which a "triggergnal” set for each
processing and a series of "processing proceduexgguted when the "trigger
signal” is received, are recorded while being asged with each other. The
information is recorded for each processing.

[0032]

When a signal (such as a signal indicating "esshintient of
communication with onboard unit" or "charge proéegdata write command"
as illustrated in FIG. 5) is received, the scengrmocessing unit 202b selects
and reads the scenario information D2 includindrayfjer signal” matching the
signal, from the scenario information D2 recordedhie recording medium 203.
The scenario processing unit 202b executes vatiguess of processing related
to charge processing, based on "processing proeédeacoded in the scenario
information D2 thus read.

[0033]
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The scenario information D2 and the "charge proicgsdata D1" are
recorded in the recording medium 203.

[0034]

The wired communication unit 204 sends and recece@smands and
the "charge processing data D1", related to thegehprocessing, to and from
the charge processing device 210 in wired connaatiith the wired
communication unit 204 via a cable such as an apfiber.

[0035]

As illustrated in FIG. 4, the charge processingide\210 of the toll
collection facility 20A includes a wired communigat unit 211, a CPU 212,
and a recording medium (internal recording medi@h3.

The wired communication unit 211 sends and receaveemmand and
data, related to the charge processing, to and trmmwireless communication
device 200 in connection with the wired communicatunit 211 via a cable
such as an optical fiber.

[0036]

The CPU 212 includes a scenario information genemnainit 212a and a
charge processing unit 212b.

The scenario information generation unit 212a gates the scenario
information D2 for the toll collection facility 20Aby selecting at least a part of
a plurality of pieces of scenario information D2corded in the recording
medium 213 in advance, based on a tollgate inclydir toll collection facility
20A, a route of the toll road, and the like. Thersario information generation
unit 212a may generate (add) new scenario informma}2 via an input device
and the like (not illustrated) of the charge praieg device 210, and may
generate new scenario information D2 by partiahwarging or deleting the
recorded scenario information D2.

The scenario information generation unit 212a sehdsscenario
information D2 thus generated to the wireless comiration device 200 via
the wired communication unit 211.

[0037]

The charge processing unit 212b calculates a chamgaunt for the
onboard unit 10A, based on the "charge processatg B1" acquired from the
onboard unit 10A via the wireless communicationide\200. Specifically, the
charge processing unit 212b calculates a chargeuatrfor the onboard unit
10A, based on the "entry information” in the "chaugrocessing data D1". The
charge processing unit 212b generates "new chamyeepsing data" including a
"new charge processing history" and a "new balantTk® "new charge
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processing history" includes a charge amount a$ agethe date and time and
location at which the charge amount has been caiedl The "new balance" is
obtained by subtracting the charge amount from"baance" before the charge
processing. The charge processing unit 212b sendste command for the
"new charge processing data" to the onboard unk i@ the wireless
communication device 200.

[0038]

The scenario information D2 and the "charge proicgsdata D1" are
recorded in the recording medium 213.

[0039]
(Processing Flow of Toll Collection Facility)

Next, a processing flow of the toll collection fhatyi 20A according to
the present embodiment is described with refereaadeG. 6 to FIG. 12.

FIG. 6 is a first diagram explaining functions bkttoll collection
facility according to the first embodiment of theepent invention.

As illustrated in FIG. 6, when the toll collectidacility 20A starts, the
charge processing device 210 executes "processifgPsending scenario
information” to the wireless communication devid@?2and the wireless
communication device 200 executes "processing RX2aording scenario
information”.

When the scenario information D2 is changed indharge processing
device 210, the charge processing device 210 egscyirocessing P11 of
updating scenario information” in the wireless commication device 200, and
the wireless communication device 200 executescgssing P12 of recording
scenario information”.

[0040]

FIG. 7 is a first diagram illustrating a processiimwv of a scenario
information generation unit according to the fieshbodiment of the present
invention.

The "processing P10 of sending scenario informdtiemecuted by the
charge processing device 210 when the facilitytstds described in detail
below with reference to FIG. 7.

As illustrated in FIG. 7, the charge processingide\210 starts upon
receiving a power supply and starting up opera{giep S100).

[0041]

Then, the scenario information generation unit 2@R¢he charge
processing device 210 generates the scenario iroom D2 for the toll
collection facility 20A by selecting at least a paf the plurality of pieces of
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scenario information D2 recorded in the recordingdimm 213 in advance,
based on the tollgate including the toll collectifacility 20A, a route of the toll
road, and the like (step S101).

[0042]

Then, the scenario information generation unit 24@ads the scenario
information D2 thus generated to the wireless comiration device 200 via
the wired communication unit 211 (step S102), asmininates the "processing
P10 of sending scenario information".

[0043]

FIG. 8 is a second diagram illustrating a procegdgiow of the scenario
information generation unit according to the fieshbodiment of the present
invention.

Next, the "processing P11 of updating scenariormiion” executed by
the charge processing device 210 when the scemddomation D2 is changed
is described in detail with reference to FIG. 8.

As illustrated in FIG. 8, the scenario informatiganeration unit 212a
generates new scenario information by performindiragl, changing, deleting,
and the like of the new scenario information D2ptigh the unillustrated input
device and the like of the charge processing def2ib@ (step S110). The
scenario information generation unit 212a updalessicenario information D2
recorded in the recording medium 213 by overwritihg scenario information
D2 with the new scenario information or adding ttew scenario information to
the scenario information D2.

[0044]

Next, the scenario information generation unit 2%2ads the new
scenario information to the wireless communicati@vice 200 via the wired
communication unit 211 (step S111), and terminghes'processing P11 of
updating scenario information".

[0045]

FIG. 9 is a diagram illustrating a processing flofva recording
processing unit according to the first embodimeinthe present invention.

The "processing P12 of recording scenario inforovdtiexecuted by the
wireless communication device 200 of the toll cotlen facility 20A is
described below with reference to FIG. 9.

As illustrated in FIG. 9, first of all, the recordj processing unit 202a of
the wireless communication device 200 determinestivdr the scenario
information D2 has been received from the chargeessing device 210 (step
S120).
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When the scenario information D2 has not been xeckfrom the charge
processing device 210 (step S120: NO), the recgrghocessing unit 202a
stands by until the scenario information D2 is ieed. On the other hand,
when the scenario information D2 has been recefveu the charge processing
device 210 (step S120: YES), the recording procesanit 202a proceeds to
the next step S121.

[0046]

Specifically, when the scenario information D2 le®n received from
the charge processing device 210 (step 120: YH®)re¢cording processing unit
202a records the received scenario informationithe recording medium 203
of the wireless communication device 200 (step $1aad terminates the
processing P12 of recording scenario information".

[0047]

FIG. 10 is a second diagram explaining functionshef toll collection
facility according to the first embodiment of theepent invention.

FIG. 11 is a third diagram explaining functionstbé toll collection
facility according to the first embodiment of theepent invention.

As illustrated in FIG. 10, the toll collection fdity 20A executes
"processing P13A of acquiring charge processing@'dabm the onboard unit
10A, when the vehicle A with the onboard unit 10iters the communicable
area of the wireless communication device 200.

As illustrated in FIG. 11, the toll collection fadity 20A calculates a
charge amount based on the "charge processingDddtacquired from the
onboard unit 10A, and then executes "processingBRif3nriting charge
processing data to onboard unit".

[0048]

FIG. 12 is a diagram illustrating a processing flofva scenario
processing unit according to the first embodimeinthe present invention.

FIG. 13Ais a diagram illustrating an example afanventional
command according to the first embodiment of thespnt invention.

FIG. 13B is a diagram illustrating an example ofeattended command
according to the first embodiment of the presentition.

The "processing P13A of acquiring charge processliaig" executed by
the toll collection facility 20A is described belaw detail with reference to
FIGs. 10, 12, 13A, and 13B.

As illustrated in FIG. 12, first of all, the scemaprocessing unit 202b
receives a "trigger signal” for executing the saemanformation D2 (step
S130).
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In the example illustrated in FIG. 10, when theelésss communication
unit 201 receives response waves from the onboaitdl0A so that
communications with the onboard unit 10A are essdlgld, the wireless
communication unit 201 outputs a signal indicatiegtablishment of
communications with onboard unit" to the CPU 20BeTscenario processing
unit 202b of the CPU 202 receives the signal intlica"establishment of
communications with onboard unit" serving as théger signal” (step S130).
[0049]

Next, as illustrated in FIG. 12, the scenario pssieg unit 202b selects
and reads the scenario information D2 including'tiniggger signal” matching
the received signal, from the plurality of piecdssoenario information D2
recorded in the recording medium 203 (step S131).

In the example illustrated in FIG. 10, the scengmiocessing unit 202b
selects and reads "scenario A" (FIG. 5) as the@agennformation D2
including the "trigger signal" matching the sigmadlicating "establishment of
communications with onboard unit" (step S131).

[0050]

Next, as illustrated in FIG. 12, the scenario pssieg unit 202b
executes a series of processing procedures bas#twdprocessing procedure”
recorded in the read scenario information D2 (3482).

In the example illustrated in FIG. 10, the scengmiocessing unit 202b
sends a command (READ command), for reading thargd processing data
D1", to the onboard unit 10A via the wireless conmication unit 201, based on
the "processing procedure"” recorded in the readriado A" (FIG. 5).

Upon receiving a response (READ result), to the e@nd, from the
onboard unit 10A via the wireless communicationt i1, the scenario
processing unit 202b sends the acquired "chargegssing data D1" to the
charge processing device 210 via the wired commnatita unit 204. Upon
executing all the "processing procedures" recolidetthe read scenario
information D2, the scenario processing unit 20&minates the "processing
P13A of acquiring charge processing data".

[0051]

Conventional toll collection facilities have usend @ight byte command
including a header (1 byte), data (6 bytes), aneckbum (1 byte) as illustrated
in FIG. 13A, as a command sent and received betweenvireless
communication device and the onboard unit.

The toll collection facility 20A according to thegsent embodiment
uses a 64-byte extended command, including heddbytg), data (62 bytes),
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and checksum (1 byte) as illustrated in FIG. 138 aaommand sent and
received between the wireless communication de2@@ and the onboard unit
10A.

For example, the "charge processing data D1" itated in FIG. 3 may
include a large amount of information (larger tt&ahytes) such as the "charge
processing history". In this case, when the wirglesmmunication device 200
uses the conventional command to acquire the "&prgcessing history" from
the onboard unit 10A, the "charge processing histoannot be sent/received
with a single command, and thus is divided to ba lurality of commands to
be sent/received. The communication time requiggdsénding/receiving the
"charge processing history" becomes longer as thmeber of commands
sent/received between the wireless communicatioficée200 and the onboard
unit 10A increases.

In view of this, the present embodiment uses themked command
enabling larger data to be sent and received coedpaith the conventional
command. Thus, the number of commands used forisgrathd receiving a
large amount of information such as the "chargecgssing history" can be
reduced from that in the case where the conventiomammand is used. In this
manner, the number of commands sent and receivieeceka the wireless
communication device 200 and the onboard unit 18A lbe reduced, whereby
the communication time between the wireless comication device 200 and
the onboard unit 10A can be reduced.

[0052]

Next, the "processing P13B of writing charge prateg data to onboard
unit" executed by the toll collection facility 204 described in detail with
reference to FIG. 11 and FIG. 12.

As illustrated in FIG. 12, first of all, the scemaprocessing unit 202b
receives a trigger for executing the scenario imfation D2 (step S130).

In the example illustrated in FIG. 11, the chargegessing unit 212b of
the charge processing device 210 calculates a ehargunt for the onboard
unit 10A, and then generates the "new charge pesicgsiata” based on the
charge amount. The charge processing unit 212bssdred"new charge
processing data" to the wireless communication c¢k00 together with a
charge processing data write command.

Then, the scenario processing unit 202b of the @BRreceives a signal
indicating the "charge processing data write comdafiegent from the charge
processing device 210 (step S130).

[0053]
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Next, as illustrated in FIG. 12, the scenario pssirg unit 202b reads
the scenario information D2 including the "triggggnal” matching the
received signal, from the plurality of pieces oésario information D2
recorded in the recording medium 203 (step S131).

In the example illustrated in FIG. 11, the scengmiocessing unit 202b
selects and reads a "scenario B" (FIG. 5) as tkeato information D2
including the "trigger signal" matching the sigmadliicating "reception of
charge processing data write command” (step S131).

[0054]

Next, as illustrated in FIG. 12, the scenario pssieg unit 202b
executes a series of processing procedures bas#twdiprocessing procedure”
recorded in the read scenario information D2 (8&82).

In the example illustrated in FIG. 11, the scengmocessing unit 202b
sends a command (WRITE command) for writing theatge processing data
D1" to the onboard unit 10A via the wireless commeation unit 201, based on
the "processing procedure” recorded in the readrfado B" (FIG. 5). Upon
receiving a response (WRITE result), to the commdram the onboard unit
10A via the wireless communication unit 201, thersario processing unit 202b
sends the response (WRITE result) to the chargegssing device 210 via the
wired communication unit 204. Upon executing ak tiprocessing procedures”
recorded in the read scenario information D2, tbensrio processing unit 202b
terminates the "processing P13B of writing chargecpssing data to onboard
unit”.

[0055]
Operational Effects

As described above, the toll collection facilityR@ccording to the
present embodiment includes the wireless commuinicatevices 200 provided
to the lanes L1 and L2 and the charge processingde10 configured to
execute read processing and write processinghi®r'tharge processing data
D1", on the onboard unit 10A installed in the vdaiA traveling on the lane via
the wireless communication device 200, based ooge®sing procedures
defined in advance. The charge processing devit8)(thcludes the scenario
information generation unit 212a configured to gene and send scenario
information indicating at least a part of the presieg procedure. The wireless
communication device 200 includes the recordingcpssing unit 202a and the
scenario processing unit 202b. The recording preiogsunit 202a records the
scenario information D2, received from the chargecpssing device 210, in the
recording medium 203. The scenario processing 202 executes the read
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processing and the write processing, for the "changpcessing data D1", on the
onboard unit 10A based on the scenario informab@mrecorded in the
recording medium 203.

With this configuration, the scenario processing @92b can
autonomously determine and execute the processibg texecuted on the
onboard unit 10A without waiting for a command frahe charge processing
device 210. Thus, the number of communications betwthe charge
processing device 210 and the wireless communioatavice 200 can be
reduced, whereby efficient charge processing caadhgeved.

[0056]

The scenario information generation unit 212a gatex and sends the
scenario information D2, when the charge procesdienjce 210 starts. With
this configuration, after the charge processingice210 has started, the
scenario processing unit 202b of the wireless compation device 200 can
autonomously determine and execute the processiibg txecuted on the
onboard unit 10A without receiving the scenaricoimhation D2 from the
charge processing device 210. Thus, the numbeowintunications between
the charge processing device 210 and the wirelessmunication device 200
can further be reduced.

[0057]

The scenario information generation unit 212a gates the new
scenario information D2 (by performing adding, chewy, deleting, and the
like) via the input device and the like (not illusted) of the charge processing
device 210. Then, the scenario information genematinit 212a sends the new
scenario information D2 thus generated to the wgelcommunication device
200.

With this configuration, when the contents of commioations, the
"charge processing data D1" used for the chargegssing, and the like change
due to a change in the specification of the wireleemmunication device 200
or the like, the scenario information generationt @i2a generates the new
scenario information D2 based on the change. Thaispus types of processing
can be executed based on the changed contentsrofigpications, data, and
the like, without changing the device or software.

[0058]

The wireless communication device 200 uses an ee@rcommand
enabling larger data to be sent and received coetdpaith a conventional
command. With this configuration, the number of enands sent and received
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between the wireless communication device 200 &edonhboard unit 10A is
reduced, and the communication time can furtherelgeiced.
[0059]

In the described aspect of the present embodintkatscenario
information generation unit 212a generates the adennformation D2 and
sends the scenario information D2 to the wirelesmmunication device 200
each time the charge processing device 210 stdawever, this should not be
construed in a limiting sense. In an alternativebediment, the scenario
information generation unit 212a may execute th®¢tpssing P10 of sending
scenario information" only when the charge procegslevice 210 or the
wireless communication device 200 starts for thstfiime, after the charge
processing device 210 or the wireless communicadievice 200 has been
newly installed, replaced, or the like. This configtion can also achieve
effects similar to those described above.

[0060]
<Second Embodiment>

Next, a toll collection system 1B according to amed embodiment of
the present invention is described with refererc€IG. 14 to FIG. 21.

The same components as those in the first embodimiinbe denoted
by the same reference signs, and descriptions efierél be omitted.

[0061]
(Functional Configuration of Onboard Unit)

FIG. 14 is a diagram illustrating a functional ciuiration of an onboard
unit according to the second embodiment of the gmemvention.

As illustrated in FIG. 14, the toll collection sgst 1B according to the
present embodiment includes an onboard unit 10Baatadl collection facility
20B instead of the onboard unit 10A and the tollextion facility 20A
according to the first embodiment.

The toll collection facility 20B according to thegsent embodiment is a
conventional toll collection facility. Thus, thelteollection facility 20B has a
wireless communication device operating differeritym that in the toll
collection facility 20A according to the first emthonent. Specifically, the read
and write processing for the "charge processing @Ht" is executed between
the wireless communication device and the onboait 10B based on a
command from the charge processing device and witheferring to the
scenario information D2.

As illustrated in FIG. 14, an onboard unit 10B awting to the present
embodiment includes a wireless communication ufii,la card reader/writer
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(R/W) 110, a recording medium (internal recordingdium) 120, and a CPU
130.
[0062]

The wireless communication unit 100 includes anRkhtenna 100a.
The wireless communication unit 100 receives etmotrgnetic waves output
from the toll collection facility 20B and returnegpond waves, for the received
electromagnetic waves, to the toll collection fagiR0B, via the RFID antenna
100a.

[0063]

The card R/W 110 executes the read processinglenatite processing,
for the "charge processing data D1" (FIG. 3), om ¢tlard C inserted to the
onboard unit 10B.

[0064]

Various types of information used for the chargegarssing, such as the
"charge processing data D1", are recorded in teercing medium 120.

[0065]

The CPU 130 executes processing of sending andviagethe "charge
processing data D1" to and from the toll collectfarility 20B via the wireless
communication unit 100, and execute read and vmiteessing for the "charge
processing data D1" with the card C via the card/R/A0.

Specifically, as illustrated in FIG. 14, the CPUOLBcludes a copy
processing unit 131, a read processing unit 13&rii@ processing unit 133, and
a card update unit 134.

When the card C is inserted in the onboard unit,i®B copy processing
unit 131 copies (records) the "charge processirtg 84", read from the card C
via the card R/W, in the recording medium 120. Ebhey processing unit 131
deletes the "charge processing data D1" recordekdeimecoding medium 120,
when the card C is removed from the onboard ung.10

Thus, the "charge processing data D1" illustrate&IliG. 3 is recorded in
the recording medium 120 of the onboard unit 10Blevthe card C is inserted
in the onboard unit 10B.

[0066]

Upon receiving a read command for the "charge psicwy data D1"
from the toll collection facility 20B via the wiress communication unit 100,
the read processing unit 132 reads the "chargeegong data D1" recorded in
the recording medium 120. The read processing 182t sends the read "charge
processing data D1" to the toll collection facilR@B via the wireless
communication unit 100.



23

[0067]

FIG. 15 is a diagram illustrating an example of rfgaprocessing data
according to the second embodiment of the preseasnition.

Upon receiving a write command for the "new chapgecessing data"
from the toll collection facility 20B via the wiress communication unit 100,
the write processing unit 133 writes the "new cleapgocessing data", received
together with the write command, to the "chargecpssing data D1" recorded
in the recording medium 120.

The “new charge processing data” according to ttesgnt embodiment
includes a "new charge processing history" andea'balance". The "new
charge processing history" includes a charge amasamnell as the date and
time and location (such as an exit tollgate nundgeabling an exit tollgate
including the toll collection facility 20B to be edtified) at which the charge
amount has been calculated. The "new balance"tasindd by subtracting the
charge amount from the "balance" before the chargeessing.

Upon receiving the write command for the "new cleapgocessing data”
as illustrated in FIG. 15, the write processingtur3 additionally writes the
"new charge processing history", in the "new chggecessing data”, to the
"charge processing history" in the "charge proaegsiata D1" recorded in the
recording medium 120. The write processing unit d88rwrites the "balance",
in the "charge processing data D1" recorded inrdo®rding medium 120, with
the "new balance" in the "new charge processing'dat
[0068]

The card update unit 134 writes information (thaldmce" and the
"charge processing history" in the example illusdain FIG. 15) written by the
write processing unit 133, in the "charge procegslata D1" recorded in the
recording medium 120, to the card C via the card/RA0. The card update unit
134 updates the "charge processing data D1" redordéhe card C so that the
content of the "charge processing data D1" becaiimesame as that of the
"charge processing data D1" written to the recogdimedium 120.

In the aspect described in the present embodimkatcard update unit
134 performs updating by writing the informationitten by the write
processing unit 133, in the "charge processing @dtarecorded in the
recording medium 120, to the card C. However, #hisuld not be construed in
a limiting sense. In an alternative embodiment, updating may be performed
with the information in the "charge processing dat, recorded in the
recording medium 120, entirely written to the card
[0069]
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(Processing Flow of Onboard Unit)

Next, functions of the copy processing unit 13%hed onboard unit 10B
will be described with reference to FIG. 16 and FIG.

FIG. 16 is a diagram explaining functions of a cqgugcessing unit in
the onboard unit according to the second embodiroétite present invention.

As illustrated in FIG. 16, upon detecting that tteed C is inserted in the
onboard unit 10B, the copy processing unit 131haf CPU 130 executes
"processing P20 of copying charge processing data".

Upon detecting that the card C has been removed fhe onboard unit,
the copy processing unit 131 executes "processiigd? deleting charge
processing data".

[0070]

FIG. 17 is a diagram illustrating a processing flofathe copy
processing unit in the onboard unit according t® skcond embodiment of the
present invention.

The "processing P20 of copying charge processing"dand the
"processing P21 of deleting charge processing dategcuted by the copy
processing unit 131, are described below in detéth reference to FIG. 16 and
FIG. 17.

As illustrated in FIG. 17, first of all, the copyqgzessing unit 131
determines whether the card C is inserted in th®and unit 10B (step S200).

When the card C is not inserted in the onboard LOB (step S200: NO),
the copy processing unit 131 stands by until thel €& is inserted in the
onboard unit 10B. On the other hand, upon detedtiag the card C is inserted
in the onboard unit 10B (step S200: YES), the cpmcessing unit 131
proceeds to the next step S201.

[0071]

Specifically, upon detecting that the card C iseined in the onboard
unit 10B (step S200: YES), the copy processing @Bit reads the "charge
processing data D1" from the card C via the caM/RAO (step S201). In this
process, as illustrated in FIG. 16, the copy preoasunit 131 sends a
command (READ command) for reading specific infotima (such as card
number, balance, or charge processing history) fitteencard C, and receives a
response (READ result), related to the commandnftbe card C. The copy
processing unit 131 reads the "charge processitegyDa" recorded in the card
C by repeating the sending of the command ande&heption of the response.
[0072]
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Next, as illustrated in FIG. 17, the copy procegsimit 131 copies
(records) the "charge processing data D1", reanh filoe card C, in the
recording medium 120 (step S202),

and terminates the "processing P20 of copying ahargcessing data".

Upon terminating the "processing P20 of copyingrgkaprocessing
data", the copy processing unit 131 proceeds td'phecessing P21 of deleting
charge processing data".

[0073]

After the "processing P21 of copying the chargecpssing data D1" to
the recording medium 120" is terminated, the copycpssing unit 131
determines whether the card C has been removed tlieronboard unit 10B
(step S210).

When the card C has not been removed from the adbwoait 10B (step
S210: NO), the copy processing unit 131 standsriy the card C is removed
from the onboard unit 10B. On the other hand, ugetecting that the card C
has been removed from the onboard unit 10B (stel® SZES), the copy
processing unit 131 proceeds to the next step S211.

[0074]

Specifically, upon detecting that the card C hasrbeemoved from the
onboard unit 10B (step S210: YES), the copy prooesanit 131 deletes the
"charge processing data D1" recorded in the recgrdnedium 120 (step S211),
and terminates the "processing P21 of deletinggsh@rocessing data".

[0075]

Next, functions of the read processing unit 132h&f onboard unit 10B
are described with reference to FIG. 18 to FIG. 19.

FIG. 18 is a diagram explaining functions of a rgadcessing unit in the
onboard unit according to the second embodimenhefpresent invention.

The toll collection facility 20B executes the changrocessing on the
vehicle A passing through the exit tollgate. Spieailly, as illustrated in FIG.
18, the toll collection facility 20B outputs theeetromagnetic waves to the
communicable area, at a predetermined time intetvpbn receiving the
electromagnetic waves output from the toll colleatfacility 20B, the wireless
communication unit 100 of the onboard unit 10B retuthe response waves
related to the electromagnetic waves, to establishless communications with
the toll collection facility 20B. The onboard urliOB executes "read processing
P22 for charge processing data" based on a readneowh (READ command)
for the "charge processing data D1" received fromtbll collection facility
20B.
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[0076]

FIG. 19 is a diagram illustrating a processing flofwhe read processing
unit in the onboard unit according to the secondediment of the present
invention.

The "read processing P22 for charge processing' @xicuted by the
read processing unit 132 is described in detaibWwelith reference to FIG. 18
and FIG. 19.

As illustrated in FIG. 19, the read processing W#® reads the read
command (READ command) for the "charge processiig 1" from the toll
collection facility 20B via the wireless communiaat unit 100 (step S220).
[0077]

Next, the read processing unit 132 reads the "@argcessing data
D1", recorded in the recording medium 120, basedhenread command
received from the toll collection facility 20B (§te5221).

[0078]

Next, as illustrated in FIG. 19, the read procegsinit 132 sends the
read "charge processing data D1" to the toll caitecfacility 20B via the
wireless communication unit 100 (step S222).

[0079]

Next, the read processing unit 132 determines wdreitine next read
command is received from the toll collection faiyilROB (step S223).

When the next read command is received from thlectlection facility
20B (step S223: YES), the read processing unitrep2ats the processing in
steps S221 and S222. On the other hand, when noreas command is
received from the toll collection facility 20B (§t&5223: NO), the read
processing unit 132 terminates the "read procesB@)for charge processing
data".

[0080]

In the example illustrated in FIG. 18, first of ,alhe read processing unit
132 receives a read command for the "card numbrerh fthe toll collection
facility 20B (step S220).

The read processing unit 132 reads the "card nuhfb@mn the "charge
processing data D1" recorded in the recording medl20, based on the read
command (step S221). The read processing unit @88ssthe read "charge
processing data D1" to the toll collection facilR@B (step S222).

Next, the read processing unit 132 receives the cemimand that is a
read command for the "balance” (step S223: YES{], raads the "balance" from
the "charge processing data D1" recorded in themding medium 120, based
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on the read command (step S221). The read proaessiit 132 sends the read
"charge processing data D1" to the toll collectfanility 20B (step S222).

In this manner, the read processing unit 132 repd® processing in
steps S221 and S222 until it is determined thameéxa command is received
(step S223: NO) from the toll collection facilityyB.

[0081]

Next, functions of the write processing unit 133tleé onboard unit 10B
are described with reference to FIG. 20 and FIG. 21

FIG. 20 is a diagram explaining functions of a wrtrocessing unit and
a card update unit of the onboard unit accordintheosecond embodiment of
the present invention.

As illustrated in FIG. 20, the toll collection fdity 20B calculates the
charge amount based on the "charge processingDddtacquired from the
onboard unit 10B. Then, the toll collection fagll20B generates "new charge
processing data" including "new balance" and "néarge processing history"
based on the calculated charge amount, and seadsimand (WRITE
command) for writing the "new charge processingatad the onboard unit
10B. The onboard unit 10B executes "processing ¢fagdating new charge
processing data" based on the command (WRITE cordineteived from the
wireless communication device 200.

[0082]

FIG. 21 is a diagram illustrating a processing flofsthe write
processing unit and the card update unit in theoantb unit according to the
second embodiment of the present invention.

The "processing P23 of updating new charge prongssata" executed
by the write processing unit 133 and the card updatit 134 are described
below in detail with reference to FIG. 20 and FI3.

As illustrated in FIG. 21, the write processingtuh83 receives a write
command (WRITE command) for the "charge processiatg D1" from the toll
collection facility 20B via the wireless communiat unit 100 (step S230).
[0083]

Next, the write processing unit 133 writes the "n&varge processing
data", received together with the write commanadririhe toll collection facility
20B, to the "charge processing data D1" recordetthénrecoding medium 120
(step S231).

In the example illustrated in FIG. 20, the writepessing unit 133
receives a write command for the "new balance"resw'charge processing
data" reflecting a result of the charge processirgcuted by the toll collection
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facility 20B (step S230). As illustrated in FIG. ,1the write processing unit 133
overwrites the "balance" in the "charge processiata D1" recorded in the
recording medium 120 with the "new balance" in thew charge processing
data" (step S231).

[0084]

Next, as illustrated in FIG. 21, the card updaté @84 performs
updating by writing information, in the "charge pessing data D1" recorded in
the recording medium 120, written by the write pFssing unit 133, to the card
C via the card R/W 110 (step S232).

In the example illustrated in FIG. 20, the card afgdunit 134 performs
the updating by writing "balance" that is infornmtiwritten by the write
processing unit 133, in the "charge processing @dtarecorded in the
recording medium 120, to the card C (step S232).

[0085]

Next, as illustrated in FIG. 21, the write procegsunit 133 determines
whether a next write command is received (step $233

When the next write command is received from thHedollection
facility 20B (step S233: YES), the write processingt 133 repeats the
processing in steps S231 and S232. On the othet, veimen no next write
command is received from the toll collection fatilROB (step S233: NO), the
write processing unit 133 proceeds to the next S2p4.

In the example illustrated in FIG. 20, the writepessing unit 133
receives a write command for the "new charge preiogshistory" as the next
command (step S233: YES), and additionally writes 'thew charge processing
history" in the "new charge processing data" to 'ttlearge processing history"
in the "charge processing data D1" recorded inrdo®rding medium 120 (step
S231).

Next, the card update unit 134 performs updatingvbiying the "charge
processing history" that is information written the write processing unit 133,
in the "charge processing data D1" recorded inrdo®rding medium 120, to
the card C (step S232).

Then, the write processing unit 133 determines tltahext command is
received from the toll collection facility 20B (§t65233: NO), and proceeds to
the next step S234.

[0086]

Next, as illustrated in FIG. 21, the write procegsunit 133 sends an
update result, indicating that the "charge proaegsiata D1" recorded in the
card C has been updated, to the toll collectionlitg20B (step S234). Then,
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the write processing unit 133 and the card updaie 184 terminate the
"processing P23 of updating new charge processatg"d

[0087]

Operational Effects

As described above, the onboard unit 10B accortintie present
embodiment includes the wireless communication @6 configured to
wirelessly send and receive data, the copy prongssinit 131 configured to
read the "charge processing data D1" recordedarctrd C and copy the
"charge processing data D1" to the recording medl@® when the card C is
inserted, the read processing unit 132 configucertkid and send the "charge
processing data D1" copied to the recording medl2® upon receiving a read
command for the "charge processing data D1" viavthreless communication
unit 100, the write processing unit 133 configutedvrite, upon receiving "new
charge processing data" and a write command fof'rie& charge processing
data" via the wireless communication unit 100, theeived "new charge
processing data" to the recording medium 120, &edctard update unit 134
configured to update, after the "new charge proogsdata" has been written to
the recording medium 120, the "charge processirig B4 recorded in the card
C based on the "new charge processing data" wrttiehe recording medium
120.

With this configuration, the copy processing urtlicopies the "charge
processing data D1" recorded in the inserted car@ih@s, upon receiving the
read command and the write command for the chargegssing data D1, the
read processing unit 132 executes the read andtite processing for the
charge processing data D1 on the recording medi2@nféaturing a higher
access speed than the card C. Thus, the onboard @Bican send the charge
processing data D1 with a shorter communicatioretsompared with a
configuration where the read and the write proagg$or the charge processing
data D1 is executed on the card C each time a comdngareceived. As a result,
the toll collection facility 20B can achieve effésit charge processing.

[0088]

The copy processing unit 131 deletes the "chargegssing data D1"
recorded in the recording medium 120, upon detegctirat the card C has been
removed from the onboard unit 10B.

Thus, when the card C is not inserted in the onthamit 10B, erroneous
charge processing can be prevented from being eedawmith the read
processing unit 132 sending the "charge processatg D1" of the card C that
is no longer inserted.



30

[0089]
<Modified Example of Second Embodiment>

Next, a toll collection system 1C according to adified example of the
second embodiment of the present invention is diesdrwith reference to FIG.
22 and FIG. 23.

The same components as those in the embodimendsiloed above will
be denoted by the same reference signs, and désasghereof will be
omitted.

In this modified example, an onboard unit 10C wgitbe "new charge
processing data", received by the write processimig) 133 from the toll
collection facility 20B, to the recording medium@,2and then terminates the
communications with the collection facility 20B. t&f the communications
with the toll collection facility 20B is terminatedhe card update unit 134
performs updating by writing the "charge processiiaga D1" to the card C.
[0090]

(Processing Flow of Onboard Unit)

FIG. 22 is a diagram explaining functions of a wrgrocessing unit and
a card update unit of the onboard unit accordintheomodified example of the
second embodiment of the present invention.

As illustrated in FIG. 22, the toll collection fdity 20B sends a
command (WRITE command) to the onboard unit 10ds Tlommand is for
writing the "new charge processing data", includihg "new balance" and the
"new charge processing history", as a result ofgh@amount calculation
processing. The onboard unit 10C executes "prongd9325 of writing "new
charge processing data” and "processing P26 oftipglaharge processing
data" based on the command (WRITE command) recefined the wireless
communication device 200.

[0091]

FIG. 23 is a diagram illustrating a processing flofshe write
processing unit and the card update unit of theoandb unit according to the
modified example of the second embodiment of thesent invention.

The "processing P25 of writing new charge procegsiata" executed by
the write processing unit 133 and the "processia§ & updating charge
processing data" executed by the card update Bditate described in detail
below with reference to FIG. 22 to FIG. 23.

As illustrated in FIG. 23, the write processingtuh83 starts the
"processing P25 of writing new charge processin@g'tlapon receiving a write
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command (WRITE command) for the "charge processiatg D1" from the toll
collection facility 20B via the wireless communiaat unit 100 (step S250).
[0092]

Next, the write processing unit 133 writes the "n&varge processing
data", received together with the write commandririhe toll collection facility
20B, to the "charge processing data D1" recordetthénrecoding medium 120
(step S251).

[0093]

Next, the write processing unit 133 determines Whethe next write
command is received (step S252).

When the next write command is received from tHedollection
facility 20B (step S252: YES), the write processingt 133 repeats the
processing in step S251. On the other hand, whemexb write command is
received from the toll collection facility 20B (§t&5252: NO), the write
processing unit 133 proceeds to the next step S253.

In the example illustrated in FIG. 22, the writ@pessing unit 133
receives a write command for the "new charge preiogshistory” as the next
command (step S252: YES), and additionally writes 'thew charge processing
history” in the "new charge processing data" to'ttfearge processing history"”
in the "charge processing data D1" recorded inrdo®rding medium 120 (step
S251).

Upon determining that no next command is receivedifthe toll
collection facility 20B (step S252: NO), the wripeocessing unit 133 sends an
update result indicating that the writing of theetw charge processing data" is
completed to the toll collection facility 20B (st&§253). The write processing
unit 133 issues a notification indicating that tleharge processing data D1"
recorded in the recording medium 120 has been wpldiat the card update unit
134. Then, the onboard unit 10C terminates thecessing P25 of writing new
charge processing data", and terminates the conuatiohs with the toll
collection facility 20B.

[0094]

Next, the card update unit 134 starts the "proces$i26 of updating
charge processing data" in response to the notifingrom the write
processing unit 133.

As illustrated in FIG. 23, the card update unit Y8tforms updating by
writing the information written by the write procasg unit 133, in the "charge
processing data D1" recorded in the recording madl20, to the card C via
the card R/W 110 (step S260).
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In the example illustrated in FIG. 22, the "balahaed the "charge
processing history" are information written by tvate processing unit 133, in
the "charge processing data D1" recorded in therdiog medium 120. Thus,
the updating is performed with the "balance" anel 'tbharge processing
history" written to the card C (step S260).

Upon updating the entire "charge processing datg he card update
unit 134 terminates the "processing P26 of updatimgrge processing data".
The copy processing unit 131 may execute the "msiog P20 of
copying charge processing data" (FIG. 16 and FI.again, after the card

update unit 134 has terminated the "processingd®2fpdating charge
processing data". This configuration ensures thatdontent of the "charge
processing data D1" copied to the recording medl2® of the onboard unit
10C matches the content of the "charge processatg B1" recorded in the
card C.

[0095]

Operational Effects

As described above, in the onboard unit 10C acogrdo this modified
example, the card update unit 134 updates the Hehprocessing data D1"
recorded in the card C, after the wireless commatioe unit 100 has
completed the reception of the new "charge proocgsdata D1" and has
terminated the communications with the toll colleatfacility 20B.

This configuration enables the wireless communaratinit 100 to
terminate the processing of receiving the "changeessing data D1" without
waiting for completion of the updating of the "charprocessing data D1"
recorded in the card C. Thus, the communicatioretinvolved in the sending
and reception of the "charge processing data D1thkyonboard unit 10C can
further be reduced.

[0096]
Third Embodiment

Next, a toll collection system 1D according to adhrembodiment of the
present invention is described with reference t6.R24 and FIG. 25.

The same components as those in the embodimendsiloed above will
be denoted by the same reference signs, and désasghereof will be
omitted.

[0097]
(Processing Flow of Toll Collection System)

FIG. 24 is a diagram illustrating a functional cgufration of a toll
collection system according to the third embodimeinthe present invention.
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As illustrated in FIG. 24, the toll collection sgst 1D according to the
present embodiment includes the toll collectionilfac20A according to the
first embodiment and the onboard unit 10B accordm¢he second
embodiment.

[0098]

FIG. 25 is a diagram explaining functions of thé twmllection system
according to the third embodiment of the preseréeition.

Each processing executed by the toll collectiorteasys1D according to
the present embodiment is described below withreafee to FIG. 25.

As illustrated in FIG. 25, the toll collection fadity 20A operates as in
the first embodiment. Specifically, when the tablllection facility 20A starts,
the charge processing device 210 executes the épsireg P10 of sending
scenario information” to the wireless communicatdavice 200 (FIGs. 6 and
7), and the wireless communication device 200 etethe "processing P12 of
recording scenario information” (FIGs. 6 and 9).

When the charge processing device 210 changest#m&aso information
D2, the charge processing device 210 executespioeéssing P11 of updating
scenario information" (FIGs. 6 and 8), and the Vess communication device
200 executes the "processing P12 of recording seemaormation” (FIGs. 6
and 9).

[0099]

As illustrated in FIG. 25, the onboard unit 10B ogtes as in the second
embodiment. Specifically, upon detecting that thedcC is inserted in the
onboard unit 10B, the copy processing unit 131 exex the "processing P20 of
copying charge processing data" (FIG. 16 and FIQ.akquired from the card
C via the card R/W 110.

Upon detecting that the card C has been removed fhe onboard unit,
the copy processing unit 131 executes the "proongsBR1 of deleting charge
processing data" (FIG. 16 and FIG. 17) recordetharecording medium 120.
[0100]

The toll collection facility 20A operates as in thest embodiment.
Specifically, when the vehicle A with the onboamitulOB enters the
communicable area of the wireless communicationae200, the toll
collection facility 20A executes the "processingB3RlIof acquiring charge
processing data" from the onboard unit 10B (FIG»ahd 12). Specifically,
upon receiving the "signal indicating establishmehtommunications with the
onboard unit" (step S130), the scenario processimig202b of the wireless
communication device 200 selects and reads theastemformation D2
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including a "trigger signal" matching the receiv&adnal, from the plurality of
pieces of scenario information D2 recorded in theording medium 203 (step
S131). Then, the scenario processing unit 202b weesca series of processing
procedures based on the "processing procedure'tdeddn the read scenario
information D2 (scenario A) (step S132).

Upon receiving a read command (READ command) fer"ttharge
processing data D1" from the wireless communicatiemice 200 of the toll
collection facility 20A, the onboard unit 10B ex¢es the "read processing P22
for charge processing data" based on the read comrffdG. 18 to FIG. 19).
Specifically, upon receiving a read command (REAdnenand) for the "charge
processing data D1" from the wireless communicatliemice 200 (step S220,
step S223: YES), the read processing unit 132 efothboard unit 10B reads the
"charge processing data D1" recorded in the reogrdnedium 120 (step S221).
Then, the read processing unit 132 sends the relaar§e processing data D1"
to the toll collection facility 20A via the wirelsscommunication unit 100 (step
S222).

Next, upon acquiring the "charge processing datafibdm the onboard
unit 10B, the wireless communication device 20Qha toll collection facility
20A sends the "charge processing data D1" to tlaegehprocessing device 210.
Upon executing all of a series of processing proces in the scenario
information D2 (scenario A), the scenario procegainit 202b terminates the
"processing P13A of acquiring charge processing'dat
[0101]

Next, when the charge processing device 210 otdleollection
facility 20A calculates the charge amount and sehés'new charge processing
data" to the wireless communication device 200,dtenario processing unit
202b of the wireless communication device 200 stdre "processing P13B of
writing charge processing data to onboard unit'G(F11 to FIG. 12).
Specifically, upon receiving a signal indicatingtfcharge processing data
write command" sent from the charge processinga®e®2il0 (step S130), the
scenario processing unit 202b selects and readscéeario information D2
(scenario B) including a "trigger signal” matchitige received signal, from the
plurality of pieces of scenario information D2 reded in the recording medium
203 (step S131). Then, the scenario processing2#b executes a series of
processing procedure (step S132) based on the épsatg procedure” recorded
in the read scenario information D2 (scenario B).

Upon receiving a write command (WRITE command) tlog "charge
processing data D1" from the wireless communicatlemice 200 of the toll
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collection facility 20A, the onboard unit 10B ex¢es the "processing P23 of
updating new charge processing data" (FIG. 20 d@ E1) based on the write
command. Specifically, upon receiving the write enpand (WRITE command)
for the "charge processing data D1" from the wissleommunication device
200 (step S230, step S233: YES), the write proogsshit 133 of the onboard
unit 10B writes the "new charge processing datateived from the wireless
communication device 200 together with the writenomand, to the "charge
processing data D1" recorded in the recording mmadl20 (step S231). Next,
the card update unit 134 of the onboard unit 10Besrinformation written by
the write processing unit 133, in the "charge pesteg data D1" recorded in
the recording medium 120, to the card C via theld@iW 110 (step S232).
Upon determining that no next command is receivedhfthe toll collection
facility 20A (step S233: NO), the write processungt 133 returns an update
result to the toll collection facility 20A (step $2), and terminates the
"processing P23 of updating new charge processatg"d

Next, upon acquiring the update result (WRITE r&strom the onboard
unit 10B, the wireless communication device 20Qhe toll collection facility
20A sends the update result to the charge procgskimice 210. Upon
executing all of a series of processing procedurdhe scenario information
D2 (scenario B), the scenario processing unit 2@2iminates the "processing
P13B of writing charge processing data to onboarid'u
[0102]

In the example described in the present embodintaettoll collection
system 1D includes the onboard unit 10B accordinthe second embodiment,
and executes the "processing P23 of updating nesgehprocessing data"
(FIG. 20 and FIG. 21). However, this should notcle@strued in a limiting
sense. In an alternative embodiment, the toll abiten system 1D may include
the onboard unit 10C according to the modified epbarof the second
embodiment, instead of the onboard unit 10B. Iis ttase, the onboard unit 10C
executes the "processing P25 of writing new chagmgeessing data" and the
"processing P26 of updating charge processing d&s. 22 and FIG. 23),
instead of the "processing P23 of updating new gharocessing data".
[0103]

Operational Effects

As described above, the toll collection system Ibaading to the
present embodiment includes the toll collectioniliac20A according to the
first embodiment and the onboard unit 10B accordmghe second
embodiment.
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With this configuration, the number of communicatobetween the
wireless communication device 200 of the toll cotlen facility 20A and the
charge processing device 210 can be reduced, whehebtime required for the
onboard unit 10B to send and receive the "chargegssing data D1" to and
from the toll collection facility 20A can be reduteThus, even more efficient
charge processing can be achieved in the toll cttea system 1D as a whole.
[0104]

The toll collection system 1D may include the ontzbanit 10C
according to the modified example of the second @ditbhent instead of the
onboard unit 10B.

With this configuration, the wireless communicatiomit 100 of the
onboard unit 10C can terminate the processing ofikéng the "charge
processing data D1" without waiting for the complatof the updating of the
"charge processing data D1" recorded in the car@ii@s, the communication
time involved in the sending and reception of thhdrge processing data D1"
by the onboard unit 10C can further be reduced.

[0105]
<Fourth Embodiment>

Next, a toll collection system 1R according to arih embodiment of
the present invention is described with referemc€IG. 26 to FIG. 32.

The same components as those in the embodimendsiloed above will
be denoted by the same reference signs, and désasghereof will be
omitted.

[0106]
(Overall Configuration of Toll Collection System)

FIG. 26 is a diagram illustrating an overall configtion of the toll
collection system according to the fourth emboditma&nthe present invention.

FIG. 27 is a diagram illustrating a functional capufration of the toll
collection system according to the fourth emboditm&nthe present invention.

As illustrated in FIG. 26 and FIG. 27, a toll calte®n system 1E
includes the onboard unit 10C according to the mediexample of the second
embodiment and a toll collection facility 20C.

[0107]

As illustrated in FIG. 26, the toll collection faity 20C includes
upstream side wireless communication devices 28@;ndtream side wireless
communication devices 230, and a charge procesinge 240.

The upstream side wireless communication devicés&22 attached to a
gantry G1 that is on an upstream side (-X
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side in FIG. 26) in a lane direction and extends ilmne width direction
(xY direction in FIG. 26) to be provided over trenks L1 and L2, and are
affixed to be above the lanes L1 and L2.

The downstream side wireless communication devi3fsare attached
to a gantry G2 that is on a downstream side (+X

side in FIG. 26) in the lane direction and extemda lane width
direction (Y direction in FIG. 26) to be provideder the lanes L1 and L2, and
are affixed to be above the lanes L1 and L2.

In an aspect described in the present embodimkettall collection
facility 20C includes the upstream side wirelesmownication devices 220
each provided for a single lane and the downstrsi® wireless
communication devices 230 each provided for a siighe. Specifically, as
illustrated in FIG. 26, the lane L1 is provided wan upstream side wireless
communication device 220a and a downstream sidel@gs communication
device 230a. The lane L2 is provided with an upstteside wireless
communication device 220b and a downstream sideless communication
device 230b.

[0108]

As illustrated in FIG. 27, in the present embodimehe upstream side
wireless communication devices 220 (the upstreata siireless
communication devices 220a and 220b) and the doeast side wireless
communication devices 230 (the downstream sidelagsecommunication
devices 230a and 230b) employ RFID communicationgetrform wireless
communications with the onboard unit 10C.

The upstream side wireless communication devicés(B2 upstream
side wireless communication devices 220a and 22@b)the downstream side
wireless communication devices 230 (the downstreata wireless
communication devices 230a and 230b) perform waesmunications with the
charge processing device 240 via a cable such apacal fiber.

[0109]
(Functional Configuration of Toll Collection Fadi)

Next, a functional configuration of the toll colkeen facility 20C
according to the present embodiment is describel weiference to FIG. 28.

FIG. 28 is a diagram illustrating a functional capufration of a toll
collection facility according to the fourth embodint of the present invention.

As illustrated in FIG. 28, the upstream side wissleommunication
devices 220 and the downstream side wireless cortation devices 230 each
include the wireless communication unit 201, thdUCH®?2, the recording
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medium (internal recording medium) 203, and theedicommunication unit
204, as in the configuration of the wireless comination device 200
according to the first embodiment. The upstreane sitkeless communication
devices 220 and the downstream side wireless cormatian devices 230 each
has a configuration similar to that of the wirelessnmunication device 200
according to the first embodiment.

[0110]

The charge processing device 240 includes a wiogdneunication unit
211, a CPU 212, and a recording medium (internebréing medium) 213.

The CPU 212 includes the scenario information gaten unit 212a, the
charge processing unit 212b, and a charge reseltkihg unit 212c.

Only differences from the embodiments describedvabaill be
described below.

[0111]

The charge processing unit 212b calculates a chamgsunt for the
onboard unit 10C, based on the "charge processatg b1" acquired from the
onboard unit 10C via the upstream side wirelessmamnication device 220.
The charge processing unit 212b generates "newgehamocessing data"
including a "new charge processing history" andaw balance". The "new
charge processing history" includes a charge amasmtell as the date and
time and location at which the charge amount hanhbmlculated. The "new
balance" is obtained by subtracting the charge arhtrom the "balance”
before the charge processing. The charge processin@12b sends a write
command for the "new charge processing data" tootitard unit 10C via the
upstream side wireless communication device 200.

The charge processing unit 212b generates "chetzX' dand sends the
check data to the downstream side wireless comnatioic device 230 via the
wired communication unit 211. In the check data ‘thew charge processing
data" and the "card number" in the "charge procasdiata D1" are associated
with each other. The downstream side wireless comaation device 230
records the received "check data" in the recoraeglium 203.

[0112]

The charge result checking unit 212c executes fmsing of checking
the charge result to check whether the "new chargeessing data" generated
by the charge processing unit 212b is appropriateiyten to the card C
inserted in the onboard unit 10C. Specifically, tharge result checking unit
212c determines that the "new charge processing'dets been appropriately
updated and the charge result is normal, wheneheived "check data"
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matches the "charge processing data D1" acquired the onboard unit 10C
via the downstream side wireless communication cke230. On the other hand,
the charge result checking unit 212c determinestti@card C has not been
appropriately updated and the charge result is ababwhen the received
"check data" does not match the "charge process$irtg D1" acquired from the
onboard unit 10C via the downstream side wirelesamunication device 230.

Upon determining that an abnormality has occurrethe charge
processing, the charge result checking unit 212onds the "charge processing
data D1", acquired from the onboard unit 10C via tlownstream side wireless
communication device 230, as "abnormal data" inrdmording medium 213.

Upon determining that the charge result is abnoynied charge result
checking unit 212c executes abnormality processinigsuing a notification
indicating the "abnormal data" to an administredad the like of the toll
collection facility 20C. In this process, the changsult checking unit 212c
may send the notification to a central managemenies or the like (not
illustrated) in wired connection with the toll cedtition facility 20C. The
administrator or the like executes processing sabling the card C associated
with the "card number" in the "abnormal data", gjiag the charge amount to
the owner of the card C, and the like, based omtitdication.

[0113]
(Processing Flow of Toll Collection Facility)

FIG. 29 is a first diagram explaining functionstbg toll collection
system according to the fourth embodiment of thespnt invention.

FIG. 30 is a second diagram explaining the funciohthe toll
collection system according to the fourth emboditm&nthe present invention.

FIG. 31 is a third diagram explaining the functimfshe toll collection
system according to the fourth embodiment of thespnt invention.

FIG. 32 is a diagram illustrating a processing flofva charge result
checking unit according to the fourth embodimenthaf present invention.

Each processing executed by the toll collectiortesys1E according to
the present embodiment is described below withreafee to FIG. 29 to FGI.
32.

[0114]

As illustrated in FIG. 29, the toll collection faity 20C executes the
"processing P13A of acquiring charge processin@'détlG. 10 and 12) when
the vehicle A with the onboard unit 10C enters ¢benmunicable area of the
upstream side wireless communication device 220.
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Specifically, upon receiving the signal indicatitige "establishment of
communications with onboard unit" (step S130), shenario processing unit
202b of the upstream side wireless communicationa#e220 selects and reads
the scenario information D2 including a "triggegmsal" matching the received
signal, from the plurality of pieces of scenaridoirmation D2 recorded in the
recording medium 203 (step S131). Then, the scer@acessing unit 202b
executes a series of processing procedures bas#tdprocessing procedure”
recorded in the read scenario information D2 (sciend) (step S132).

Upon receiving a read command (READ command) fer'ttharge
processing data D1" from the upstream side wiret@ssmunication device 220
of the toll collection facility 20C, the onboarditd0C executes the "read
processing P22 for charge processing data" (FIGo18G. 19) based on the
read command. Specifically, upon receiving a reachimand (READ command)
for the "charge processing data D1" from the u@streside wireless
communication device 220 (step S220, step S223:)Y#H® read processing
unit 132 of the onboard unit 10C reads the "chgngeessing data D1"
recorded in the recording medium 120 (step S22hgnT the read processing
unit 132 sends the read "charge processing datai®tlie toll collection
facility 20C via the wireless communication unitOl(step S222).

Next, upon acquiring the "charge processing datafibdm the onboard
unit 10C, the upstream side wireless communicadievice 220 of the toll
collection facility 20C sends the "charge proceggiata D1" to the charge
processing device 210. Upon executing all of aesedf processing procedures
in the scenario information D2 (scenario A), thersario processing unit 202b
terminates the "processing P13A of acquiring chgngeessing data".

[0115]

Next, the charge processing unit 212b of the chargeessing device
240 calculates a charge amount for the onboard 10 based on the "charge
processing data D1" acquired from the onboard L@E via the upstream side
wireless communication device 220. The charge @msiog unit 212b generates
the "new charge processing data" based on the leaérlicharge amount, and
sends the "new charge processing data" to the egostiside wireless
communication device 220 together with the changkessing data write
command. The charge processing unit 212b genethée’check data" with the
"new charge processing data" and the "card numinettie "charge processing
data D1" associated with each other, and sendsctieck data” to the
downstream side wireless communication device 230.
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Upon receiving the charge processing data writernamd from the
charge processing device 240, the scenario pracgssiit 202b of the upstream
side wireless communication device 220 starts grecessing P13B of writing
charge processing data to onboard unit" (FIG. 1d Ri5. 12). Specifically,
upon receiving a signal indicating the "charge gs®sing data write command"
sent from the charge processing device 240 (st&®)%1he scenario processing
unit 202b selects and reads the scenario informdd® (scenario B) including a
"trigger signal" matching the received signal, froime plurality of pieces of
scenario information D2 recorded in the recordingdimm 203 (step S131).
Then, the scenario processing unit 202b executaxias of processing
procedures (step S132) based on the "processirggguoe” recorded in the
read scenario information D2 (scenario B).

Upon receiving a write command (WRITE command) tloe “charge
processing data D1” from the upstream side wiretesamunication device 220
of the toll collection facility 20C, the onboarditd0C executes the
"processing P25 of writing new charge processin@gtéFIG. 22 and FIG. 23)
based on the write command, Upon receiving a woatemmand for the "new
charge processing history" (step S250, step S2&EX8)Ythe write processing
unit 133 of the onboard unit 10C writes the "nevarge processing history",
received from the upstream side wireless commuignadevice 220 together
with the write command, to the "charge processiatad1" recorded in the
recording medium 120 (step S251).

Upon determining that no next command is receivedifthe toll
collection facility 20B (step S252: NO), the wripeocessing unit 133 sends an
update result indicating that the writing of theew charge processing data" is
completed to the toll collection facility 20B (st&§253). The write processing
unit 133 issues a notification indicating that tleharge processing data D1"
recorded in the recording medium 120 has been wpldiat the card update unit
134. Then, the onboard unit 10C terminates thecessing P25 of writing new
charge processing data”, and terminates the conwmations with the toll
collection facility 20B.

[0116]

Next, as illustrated in FIG. 30, the card updaté B4 starts the
"processing P26 of updating charge processing d@&ks. 22 and FIG. 23)
upon receiving the notification from the write pessing unit 133.

The card update unit 134 performs updating by wgtihe information
written by the write processing unit 133, in théndege processing data D1"
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recorded in the recording medium 120, to the candathe card R/W 110 (step
S260).

Upon entirely updating the “charge processing daid, the card update
unit 134 terminates the "processing P26 of updatimgrge processing data”.

The copy processing unit 131 may execute the “mwsiog P20 of
copying charge processing data”(FIG. 16 and FIQ, after the card update
unit 134 has terminated the "processing P26 of tipdacharge processing
data”. This configuration ensures that the contdrthe "charge processing data
D1" copied to the recording medium 120 of the ondaanit 10C matches the
content of the "charge processing data D1" recoiddte card C.

[0117]

When the vehicle A with the onboard unit 10C entées communicable
area of downstream side wireless communicationae2B30, the toll collection
facility 20C executes the "processing P13A of acdiggi charge processing
data" from the onboard unit 10C (FIGs. 10 and 12).

Specifically, upon receiving a signal indicatingttestablishment of
wireless communication with onboard unit" sent |gs&130), the scenario
processing unit 202b of the downstream side wielBmmmunication device
230 selects and reads the scenario informationndRiding a "trigger signal”
matching the received signal, from the pluralityppéces of scenario
information D2 recorded in the recording medium Z8&p S131). Then, the
scenario processing unit 202b executes a seripsagfessing procedures (step
S132) based on the "processing procedure” recordéte read scenario
information D2 (scenario A).

Upon receiving a read command (READ command) fer“tharge
processing data D1” from the downstream side waglegommunication device
230 of the toll collection facility 20C, the onbaauanit 10C executes the "read
processing P22 for new charge processing data” .(EBzand FIG. 19) based on
the read command.

Upon receiving a read command (READ command) fer"ttharge
processing data D1" from the downstream side wa®lommunication device
230 (step S220, step S223: YES), the read procgssiit 132 of the onboard
unit 10C reads the "charge processing data D1"romxbin the recording
medium 120 (step S221). Then, the read processiitgl32 sends the read
"charge processing data D1" to the toll collectfanility 20C via the wireless
communication unit 100 (step S222).

Next, upon acquiring the "charge processing datafibdm the onboard
unit 10C, the downstream side wireless communicatievice 230 of the toll
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collection facility 20C sends the "charge procegsiata D1" to the charge
processing device 240. Upon executing all of aesedf processing procedures
in the scenario information D2 (scenario A), thersario processing unit 202b
terminates the "processing P13A of acquiring changeessing data"..

[0118]

Next, the the charge result checking unit 212chef ¢harge processing
device 240 executes “processing P40 of checkinggeheesult”.
[0119]

As illustrated in FIG. 32, the charge result chegkunit 212c¢ acquires
the "charge processing data D1" from the onboaiit L0C via the downstream
side wireless communication device 230.

Specifically, when the vehicle A with the onboamitulOC enters the
communicable area of the downstream side wirelessncunication device 230,
the downstream side wireless communication devR@ &ecutes the
"processing P13A of acquiring charge processing'dased for the charge
processing from the onboard unit 10C (FIGs. 10 a2

Upon receiving a read command (READ command) fer“dharge
processing data D1” from the downstream side waglegommunication device
230 of the toll collection facility 20C, the onbdaunit 10C executes the "read
processing P22 for new charge processing data” .(EB5and FIG. 19) based on
the read command,

Upon acquiring the "charge processing data D1" ftbmonboard unit
10C, the upstream side wireless communication ae2R0 of the toll collection
facility 20C sends the "charge processing data ©1the charge processing
device 240. Upon executing all of a series of pssteg procedures in the
scenario information D2 (scenario A), the scengrmocessing unit 202b
terminates the "processing P13A of acquiring changeessing data".

[0120]

Next, the charge result checking unit 212c deteasiwhether the
"check data" recorded in the recording medium 2@3udes "check data"
having information matching the "card number" ie tltharge processing data
D1" acquired from the onboard unit 10C via the detveam side wireless
communication device 230. (step S401).

When there is the "check data" having the informatnatching the
"card number" in the "charge processing data DQuaed from the onboard
unit 10C (step S401: YES), the charge result chegkinit 212c acquires the
"check data" and proceeds to the next step S40ZnAhere is no "check data"
having the information matching the "card number'the "charge processing



44

data D1" acquired from the onboard unit 10C (stdp1S NO), the charge result
checking unit 212c proceeds to step S403.
[0121]

Next, as illustrated in FIG. 32, the charge reshkcking unit 212c
determines whether the acquired "check data" matthe "charge processing
data D1" received from the onboard unit 10C via dloginstream side wireless
communication device 230 (step S402).

When the "check data" does not match the "chargegssing data D1"
(step S402: NO), the charge result checking unitc2iroceeds to the next step
S403. On the other hand, when the "check data"thedcharge processing data
D1" match (step S402: YES), the charge result chmecknit 212c¢ determines
that the charge result is normal, and terminates’pnocessing P40 of checking
charge result".

[0122]

When there is no "check data" having the informatieatching the "card
number" in the "charge processing data D1" acquirech the onboard unit 10C
(step S401: NO), or when the "check data" doesmmaiich the "charge
processing data D1" (step S402: NO), the chargelrefecking unit 212c
determines that the charge result is abnormal,randrds the "charge
processing data D1" as "abnormal data" in the riogr medium 213.

The charge result checking unit 212c executes bmoanality
processing of issuing a notification indicating ttadnormal data" to the
administrator or the like of the toll collectioncitity 20C (step S403).

[0123]

In the example illustrated in FIG. 29 and FIG. 8tk "charge processing
data D1" updated based on the "new charge proagssita" received from the
upstream side wireless communication device 22@ésrded in the card C and
the recording medium 120 of the onboard unit 10C.

As described above, there is the "check data" tathie information
matching the "card number" in the "charge procegsiata D1" acquired from
the onboard unit 10C (step S401: YES), and the ¢khtata" and the "charge
processing data D1" match (step S402: YES). Thasctiarge result checking
unit 212c determines that the charge result is mbrand terminates the
"processing P40 of checking charge result".

[0124]

On the other hand, when the card C is removed #fiewrite processing
unit 133 of the onboard unit 10C has executed grecessing P25 of writing
new charge processing data" (FIG. 22 and FIG. 28)zefore the card update
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unit 134 starts the "processing P26 of updatinggdagrocessing data", the
copy processing unit 131 of the onboard unit 10€certes the "processing P21
of deleting charge processing data" (FIG. 16 ard.Al7).

In this case, the "charge processing data D1" tsy@oorded in the card
C or in the recording medium 120 of the onboard aOIC. Thus, the
downstream side wireless communication device 28thot receive appropriate
charge processing data from the onboard unit 10£2aBse there is no "check
data" having the information matching the "card fem (no data) in the
"charge processing data D1" acquired from the onboait 10C (step S401:
NO), the charge result processing unit 212c deteesithat the charge result is
abnormal and thus executes the abnormality proogqstep S403).

When a trouble such as a failure in the "proces§ig§ of updating
charge processing data" executed by the card updatel 34 of the onboard
unit 10C occurs, the "charge processing data Dtbnmed in the card C
includes information (for example, “balance” befdahe charge amount is
subtracted) different from the "new charge procegslata” (for example, "new
balance" as a result of subtracting the charge atfsom "balance"). In this
case, there is the "check data" having the inforomamatching the "card
number" in the "charge processing data D1" acquirech the onboard unit 10C
but the "check data" does not match the contethef'charge processing data
D1" (step S402: NO). Thus, the charge result preicesunit 212c determines
that the charge result is abnormal, and executesbmormality processing
(step S403).

[0125]
Operational Effects

As described above, the toll collection facilityQ@ccording to the
present embodiment includes the wireless commuinicatevice including the
upstream side wireless communication device 22®@igea on the upstream
side along the lanes L1 and L2 and the downstredmwsireless
communication device 230 provided on the downstreate along the lanes L1
and L2. The charge processing device 240 includesharge result checking
unit 212c that determines that the write processvag not appropriately
executed on the onboard unit 10C when the "newgsharocessing data"
related to the write processing executed on theoand unit 10C by the
upstream side wireless communication device 22G dm¢ match the "charge
processing data D1" related to the read processxeguted on the onboard unit
10C by the downstream side wireless communicatieviag 230.
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With this configuration, the charge result checkingt 212c¢ can
recognize whether the write processing has beenoapiately executed on the
onboard unit 10C by the upstream side wireless comaation device 220
based on the "charge processing data D1" acquiaad the onboard unit 10C
via the downstream side wireless communication ¢e?30 even when the
write processing for the "new charge processin@g'tlest executed after the
communications with the upstream side wireless camigation device 220
have been terminated so that the communication tieteveen the onboard unit
10C and the toll collection facility 20C can be stemed.

Thus, the charge result checking unit 212c cangeize that the "new
charge processing data" has failed to be corregtliten to the card C, even
when a trouble such as the card C being removedreafter the onboard unit
10C has terminated the communications with thenepst side wireless
communication device 220 and before the card updaiel34 of the onboard
unit 10C executes the "processing P26 of updatheyge processing data".
[0126]

The charge result checking unit 212c executes bmoanality
processing of issuing a notification indicating tthiae charge result is abnormal
to the administrator and the like of the toll calli®n facility 20C. With this
configuration, the administrator and the like canagnize that the "new charge
processing data" has failed to be correctly writtenhe card C and can
recognize information such as the "card number'béng the card C to be
identified, and can execute processing of disablirggcard C associated with
the "card number" and charging the charge amoutittécowner of the card C.
[0127]

In the foregoing, certain embodiments of the présevention have been
described, but these embodiments are merely ilitistr and are not intended to
limit the scope of the invention. These embodimengy be implemented in
various other forms, and various omissions, subtihs, and alterations may
be made without departing from the gist of the mven. These embodiments
and modified examples are included in the scopeasidof the invention and
are also included in the scope of the inventioncdesd in the claims and
equivalents thereof.

[0128]

For example, in the aspects described in the akboveodiments, the toll
road includes a plurality of lanes (the lane L1 &mel lane L2), and a single
wireless communication device 200, a single upstreale wireless
communication device 220, and/or a single downstreade wireless
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communication device 230 is provided to each ofltdmes. However, this
should not be construed in a limiting sense. Iralarnative embodiment, the
number of lanes may be one or three or more. I thse, one or three or more
wireless communication devices 200, one or thremore upstream side
wireless communication devices 220, and/or onenogd or more downstream
side wireless communication device 230 may be pledibased on the number
of lanes.

In the aspects described in the above embodimémstoll collection
systems 1A to 1E are installed in an exit tollgatea toll road. In an alternative
embodiment, an aspect where the toll collectiorteaysis installed in an
entrance tollgate may be employed.

[0129]

In the aspects described in the above embodimémstoll collection
facilities 20A and 20C perform wireless communioas to send and receive
the "charge processing data D1" to and from theoandb units 10A to 10C
serving as communication target devices. Howevas, should not be construed
in a limiting sense. The toll collection faciliti@dA and 20C may perform
wireless communications to send and receive thargd processing data D1" to
and from an RF tag, capable of performing RFID camimations to send and
receive information, serving as the communicatiargét device. With this
configuration, the toll collection facilities 20Ad 20C can be introduced to
tollgates using the RF tag to execute the chargegssing.

Industrial Applicability
[0130]
The above-described toll collection facility, onlbdainit, toll collection
system, toll collection method, and program enaiblarge processing to be
efficiently executed.

Reference Signs List
[0131]
1A,1B,1C,1D,1E Toll collection system
10A,10B,10C Onboard unit (communication target deyi
100 Wireless communication unit
100a RFID antenna
110 Card R/W
120 Recording medium (internal recording medium)
130 CPU
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131 Copy processing unit

132 Read processing unit

133 Write processing

134 Card update unit

20A,20B,20C Toll collection facility

200,2004a,200b Wireless communication device

201 Wireless communication unit

201a RFID antenna

202 CPU

202a Recording processing unit

202b Scenario processing unit

203 Recording medium (internal recording medium)
204 Wired communication unit

210, 240 Charge processing device

211 Wired communication unit

212 CPU

212a Scenario information generation unit

212b Charge processing unit

212c Charge result checking unit

213 Recording medium (internal recording medium)
220, 220a, 220b Upstream side wireless communigatevice
230, 230a, 230b Downstream side wireless commuiicatevice
A Vehicle

C Card (card-type portable recording medium)

G, G1, G2 Gantry

L1, L2 Lane
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Claims

[Claim 1]

A toll collection facility comprising:

a wireless communication device provided to a lare]

a charge processing device configured to execld peocessing and
write processing, for charge processing data, coramunication target device
installed in a vehicle traveling on the lane, i@ wireless communication
device, based on a predetermined processing proegdinerein

the charge processing device includes a scenafoonration generation
unit configured to generate and send scenario mé&bion indicating at least a
part of the processing procedure, and

the wireless communication device includes

a recording processing unit configured to recorm shenario information
received from the charge processing device, im&érnal recording medium, and

a scenario processing unit configured to execuad processing and write
processing, for the charge processing data, omadnemunication target device,
based on the scenario information recorded in tihernal recording medium.

[Claim 2]

The toll collection facility according to claim Wherein the scenario
information generation unit is configured to gerterand send the scenario
information when the charge processing device start

[Claim 3]

An onboard unit comprising:

a wireless communication unit configured to wirelgssend and receive
data;

a copy processing unit configured to read, wheara-type portable
recording medium is inserted, charge processing datorded in the card-type
portable recording medium and copy the charge msiog data in an internal
recording medium;

a read processing unit configured to read and sehdn a read command
for the charge processing data is received viantineless communication unit,
the charge processing data copied in the intem@bnding medium;

a write processing unit configured to write, whewrte command for
new charge processing data is received via thelegsecommunication unit, the
received new charge processing data to the inteaarding medium; and
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a card update unit configured to update, afternée charge processing
data has been written to the internal recordingiomadthe charge processing
data recorded in the card-type portable recordirglionm, based on the new
charge processing data written to the internal réiog medium.

[Claim 4]

The onboard unit according to claim 3, wherein ¢hed update unit is
configured to update the charge processing datarded in the card-type
portable recording medium, after sending and rdoeptf the charge processing
data by the wireless communication unit have bemnpleted.

[Claim 5]
A toll collection system comprising:
the toll collection facility according to claim I @; and
the onboard unit according to claim 3 or 4.

[Claim 6]

The toll collection system according to claim 5,exéin

the toll collection facility includes the wirelesemmunication device
including: an upstream side wireless communicatlexice provided on an
upstream side on the lane; and a downstream siddess communication device
provided more on a downstream side on the lane thampstream side wireless
communication device, and

the charge processing device includes a chargdtrelseicking unit
configured to determine that the write processinglee communication target
device has failed to be correctly performed, whea ¢harge processing data
related to write processing on the communicatiogaadevice executed by the
upstream side wireless communication device do¢snaich the charge
processing data related to read processing ondhamunication target device
executed by the downstream side wireless commupicakevice.

[Claim 7]

A toll collection method for executing read prodegsand write
processing, for charge processing data, on a corzation target device
installed in a vehicle traveling on a lane based@redetermined processing
procedure, the toll collection method comprising:

generating and sending scenario information indincpat least a part of
the processing procedure;
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recording the scenario information in an interredarding medium; and

executing read processing and write processingthf@ercharge processing
data, on the communication target device, basetherscenario information
recorded in the internal recording medium.

[Claim 8]

A method for controlling an onboard unit configuredwirelessly send
and receive data via a wireless communication uh&,method comprising:

reading, when a card-type portable recording medsimserted, charge
processing data recorded in the card-type portedderding medium and
copying the charge processing data in an intere@abrding medium;

reading and sending, when a read command for thegehprocessing data
is received via the wireless communication unig tharge processing data
copied in the internal recording medium,;

writing, when a write command for new charge preteg data is received
via the wireless communication unit, the receivesvrcharge processing data to
the internal recording medium; and

updating, after the new charge processing datebbas written to the
internal recording medium, the charge processirtg dacorded in the card-type
portable recording medium, based on the new chargeessing data written to
the internal recording medium.

[Claim 9]

A program for causing a computer in an onboard tmfiunction as:

a wireless communication unit configured to wirelgssend and receive
data;

a copy processing unit configured to read, wheara-type portable
recording medium is inserted, charge processing datorded in the card-type
portable recording medium and copy the charge msiog data in an internal
recording medium;

a read processing unit configured to read and sehdn a read command
for the charge processing data is received viaatineless communication unit,
the charge processing data copied in the intem@nding medium;

a write processing unit configured to write, whewrmte command for
new charge processing data is received via thelegsecommunication unit, the
received new charge processing data to the inteawarding medium; and

a card update unit configured to update, afterniée charge processing
data has been written to the internal recording iomadthe charge processing
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data recorded in the card-type portable recordieglionm, based on the new
charge processing data written to the internal réiog medium.



