1 AIDESCRIPTIONI TOLL COLLECTION SYSTEM {Technical Field} {00011 5The present invention
relates to a toll collection system, and it relates, in particular, to a toll collection system that collects a
predetermined fee from an owner of a vehicle that enters a toll road, a toll charge area, or the like.
10{Background Art} {00021 In recent years, as measures for alleviating traffic congestion, air
pollution, etc. caused by having an excessive number of automobiles drive into large urban 15 centers,
so-called road pricing has been realized wherein a toll charge area is set up in an urban area and a

certain toll amount is charged to vehicles that enter this toll charge area. In the road pricing, for
example, a gantty ptoiided Wit & toll-charging wireless
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5 The present invention relates to a toll collection
system, and it relates, in particular, to a toll
collection system that collects a predetermined fee from
an owner of a vehicle that enters a toll road, a toll
charge area, or the like.

10 {Background Art}
{0002}

In recent years, as measures for alleviating traffic
congestion, air pollution, etc. caused by having an
excessive number of automobiles drive into large urban

15 centers, so-called road pricing has been realized wherein
a toll charge area is set up in an urban area and a
certain toll amount is charged to vehicles that enter
this toll charge area. In the road pricing, for example,
a gantry provided with a toll-charging wireless

20 communication device is provided at each entrance/exit of
the toll charge area, and toll charging processing is
performed when a vehicle passes through the gantry. As
toll charging methods, for example, a method in which a

certain toll amount i1s withdrawn from a balance in a



20 communication device is provided at each entrance/exit of the toll charge area, and toll charging
processing is performed when a vehicle passes through the gantry. As toll charging methods, for
example, a method in which a certain toll amount is withdrawn from a balance in a 2 prepaid card
inserted in a vehicle-mounted device and a remaining amount is recorded in the prepaid card as an
updated balance, a method in which a certain toll amount is automatically withdrawn from a
preregistered bank 5 account of a user, and so on have been employed. {00031 The ETC
(Electronic Toll Collection) system is a known automatic road usage fee collection system. The ETC
system makes iPpESsIBIE t6 attomaficallyollést o118 TD throtighaiiréless esmhdimicatiorbetween a
road-side wireless unit provided in a toll booth and a vehicle-mounted device installed in a vehicle.

In such a toll collé&tivh systeritelatéd foitheSoad Pricing and thePE FE3sYsteiR I 4 tolFcaifection method
is 15 being considered for situations where the existing toll charge area is expanded. For example,

Patent Literaturé 39h$Q0s&8a 38t iqde FAvhieh a-velfiEeShoantetdevice detbétsmount

is automatically withdrawn from a preregistered bank
5 account of a user, and so on have been employed.
{0003}

The ETC (Electronic Toll Collection) system is a
known automatic road usage fee collection system. The ETC
system makes it possible to automatically collect tolls

10 through wireless communication between a road-side
wireless unit provided in a toll booth and a vehicle-
mounted device installed in a vehicle.

In such a toll collection system related to the road
pricing and the ETC system, a toll collection method 1is

15 being considered for situations where the existing toll
charge area is expanded.

For example, Patent Literature 1 discloses a
technique in which a vehicle-mounted device detects
whether or not an expanded toll charge area has been

20 entered on the basis of positional information acquired
by a GPS receiver and, when entering an existing toll
charge area, this detection result is reported to a toll
collection device provided in the toll charge area,

thereby causing the toll collection device to collect the



whether or not an expanded toll charge area has been 20 entered on the basis of positional
information acquired by a GPS receiver and, when ent%ring an existing toll charge area, this detection
result is reported to a toll collection device provided in the toll charge area, thereby causing the toll
collection device to collect the 3 road usage fee for the expanded toll charge area. {Citation List}
{Patent Literature} {0004} 5{PIL 1} Japanese Unexamined Patent Application, Publication No.
2008-9731. {Summary of Invention} {Technical Problem} {0005}

road usage fee for the expanded toll charge area.
{Citation List}
{Patent Literature}
{0004}
5 {PTL 1} Japanese Unexamined Patent Application,
Publication No. 2008-9731.
{Summary of Invention}
{Technical Problem}
{0005}

10 However, because information that indicates whether
or not the expanded toll charge area has been entered is
indicated by a flag in the method of the above-described
Patent Literature 1, there is a problem in that
alteration work needs to be done on existing toll

15 collection devices in order to allow the toll collection
devices to distinguish whether or not the expanded toll
charge area has been entered in accordance with the
presence/absence of the flag.

{0006}

20 The present invention has been conceived in light of
the above-described circumstances, and an object thereof
is to provide a toll collection system that is capable of
expanding a toll charge area without requiring an

alteration to existing toll collection devices.



10However, because information that indicates whether or not the expanded toll charge area has
been entered is indicated by a flag in the method of the above-described Patent Literature 1, there is a
problem in that alteration work needs to be done on existing toll 15 collection devices in order to allow
the toll collection devices to distinguish whether or not the expanded toll charge area has been entered
in accordance with the presence/absence of the flag. {0006} 20The present invention has been
conceived in light of the above-described circumstances, and an object thereof is to provide a toll

collection systemstg%l@ic&pap@ grmqéng a toll charge area without requiring an alteration to
existing toll collection devices. 4 {Solution to Problem} {0007} The invention is defined in the

independent claimy§ome optional features of the invention are defined in the dependent claims. In
a first exemplary technique, there is provided a toll collection system including a central unit that is a

superordinate device of atoll collegtion.device;provided at-a tall-booth of a,1alk gharge arga; and a
vehicle-mounted device that is provided in a vehicle and that exchanges information with the central

unit, wherein the vehiclgsmoynted device, is-providednwith a-gstorage unitthatsteresmapinformation of
an expanded toll charge area that is newly set up outside the toll charge area; a positional-information

acquisition unit that agquicesipesitienal information of the vehicle; and a control unit that, on the basis
of the map information and the positional information, detects entry/exit information, which is entry

information about the vehicle enteringetheripl ehgrge-area fram fhe axpanded ol chargejacea and/or
exit information about the vehicle exiting the toll charge area into the expanded toll charge area, and

that outputs thetestry/exitlintormation 4§ $re-gentral Unit; apd avheseinthe central umikis previgded with a

calculation unit that calculates a toll amount on the
superordinate device of a toll collection device provided
at a toll booth of a toll charge area; and a vehicle-
mounted device that is provided in a vehicle and that
exchanges information with the central unit, wherein the
vehicle-mounted device is provided with a storage unit
that stores map information of an expanded toll charge
area that is newly set up outside the toll charge area; a
positional-information acquisition unit that acquires
positional information of the vehicle; and a control unit
that, on the basis of the map information and the
positional information, detects entry/exit information,
which is entry information about the vehicle entering the
toll charge area from the expanded toll charge area
and/or exit information about the vehicle exiting the
toll charge area into the expanded toll charge area, and
that outputs the entry/exit information to the central

unit, and wherein the central unit is provided with a

calculation unit that calculates a toll amount on the



5 basis of the acquired entry/exit information. {00081 With such a configuration, the vehicle-mounted
device, which is provided in a vehicle and exchanges 5 information with the toll collection device
provided at the toll booth in the toll charge area, detectd the entry/exit information, which is the
information about entry into the toll charge area from the expanded toll charge area and/or exit from
the toll charge area into 10 the expanded toll charge area, on the basis of the map information of the
expanded toll charge area, which is newly set up outside the toll charge area, and the acquired
positional information, and the entry/exit information is output to the central unit. In addition, 15 the
central unit calciRtestheltolt nauit ohithe sis of the Heqlité@ entry/exit information. {00091
Because the toll amount is calculated at the central unit in this way on the basis of the map
information, the 20°36sitional information, and the information about the entry/exit between the
expanded toll charge area and the toll charge area, it is not necessary to perform flag setting, etc. for

allowing the toll collectibh“deviceto fudge HEPOT Bt thé BRpdRded (ol CHatgé Srea has

device, which is provided in a vehicle and exchanges
5 information with the toll collection device provided at

the toll booth in the toll charge area, detects the
entry/exit information, which is the information about
entry into the toll charge area from the expanded toll
charge area and/or exit from the toll charge area into

10 the expanded toll charge area, on the basis of the map
information of the expanded toll charge area, which is
newly set up outside the toll charge area, and the
acquired positional information, and the entry/exit
information is output to the central unit. In addition,

15 the central unit calculates the toll amount on the basis
of the acquired entry/exit information.
{0009}

Because the toll amount is calculated at the central

unit in this way on the basis of the map information, the

20 positional information, and the information about the
entry/exit between the expanded toll charge area and the
toll charge area, it is not necessary to perform flag
setting, etc. for allowing the toll collection device to

judge whether or not the expanded toll charge area has



6 been entered, as has been conventionally done. Because of this, the toll collection devices do not
have to be altered for making it possible to perform fIa% assessment, distinguish the entry/exit
information, etc., and the toll charge area can be expanded while utilizing the existing toll collection
device without any change. {00101 In the case in which the entry/exit information detected by the
vehicle-mounted device is output to the central unit, the case in which the information about the toll
amount calculated at the central unit is output to the vehicle-mounted device, and so on, the exchange

of the informatiqn_hetween the yehicle-mounted devige and;the central unit may be performed via the

toll collection device or a device (for example, a wide-area communication unit) that directly exchanges

the information hetwaen.the vehiclesmounted device,andthe central,unit;ia route of exghanging the

information between the vehicle-mounted device and the central unit is not limited. {00111 Ina

second exemplayytechnique,there.is provided astoll,collegtion systemyincluding a central unit that is a
superordinate device of a toll collection device provided 7 at a toll booth of a toll charge area; and a

vehicle-mounted device thatis pravded in.a yehicle and that exchanges-infarmation, with the central
unit, wherein the vehicle-mounted device is provided with a storage unit 5 that stores map information

of an expanded delhchargerarea thatds newly-set up quiside-thetol ehargeiarea;ailizing
positional-information acquisition unit that acquires positional information of the vehicle; and a

calculation unit tha, inthe ease i whichentnyexit informationds 1 O:detected:on thedagis of the map
information and the positional information, calculates a toll amount on the basis of the detection result,
where the entry/gxitinfprmation is entry information about the vehicle entering the toll charge area
from the expanded toll
In the case in which the entry/exit information
detected by the vehicle-mounted device is output to the
central unit, the case in which the information about the
toll amount calculated at the central unit is output to
the vehicle-mounted device, and so on, the exchange of
the information between the vehicle-mounted device and
the central unit may be performed via the toll collection
device or a device (for example, a wide-area
communication unit) that directly exchanges the
information between the vehicle-mounted device and the
central unit; a route of exchanging the information
between the vehicle-mounted device and the central unit
is not limited.
{0011}
In a second exemplary technigque, there is provided a

toll collection system including a central unit that is a

superordinate device of a toll collection device provided



15 charge area and/or exit information about the vehicle exiting the toll charge area into the expanded
toll charge area. {00121 With such a configuration, the_ vehicle-mounted 20 device, which is provided
in a vehicle and exchanges information with the toll collection device provided at the toll booth in the
toll charge area, detects entry from the expanded toll charge area into the toll charge area on the basis
of the map information of the expanded 8 toll charge area, which is newly set up outside the toll
charge area, and the acquired positional information, and the toll amount is calculated on the basis of
this detection result. Because the toll amount is calculated 5 at the vehicle-mounted device in this way
on the basis of the Map tférRation: thé pdsitiohal iffstratioRradd tHe fermztiohcsout entry/exit
between the expanded toll charge area and the toll charge area, it is not necessary to perform flag
setting, etc. for ARG The FOILEF collsttion Hevice e Gdge Whethsiorhit tiié exparited toll charge

area has been entered. {00131 Because the toll amount is calculated at the vehicle-mounted device in
thS\NaythetmﬁﬁﬁE%ﬂaﬁs information with the central unit, wherein the

vehicle-mounted device is provided with a storage unit

5 that stores map information of an expanded toll charge
area that is newly set up outside the toll charge area; a
positional-information acquisition unit that acquires
positional information of the wvehicle; and a calculation
unit that, in the case in which entry/exit information is

10 detected on the basis of the map information and the
positional information, calculates a toll amount on the
basis of the detection result, where the entry/exit
information is entry information about the vehicle
entering the toll charge area from the expanded toll

15 charge area and/or exit information about the vehicle
exiting the toll charge area into the expanded toll
charge area.
{0012}

With such a configuration, the vehicle-mounted

20 device, which is provided in a vehicle and exchanges
information with the toll collection device provided at
the toll booth in the toll charge area, detects entry
from the expanded toll charge area into the toll charge

area on the basis of the map information of the expanded



15 devices do not have to be altered for making it possible to perform flag assessment, distinguish the
entry/exit information, etc., and the toll charge area can be expanded while utilizing the existing toll
collection device without any change. 20In addition, in the case in which the toll amount calculated at
the vehicle-mounted device is output to the central unit, the information may be output to the central
unit via the toll collection device or it may be output to the central unit via a device (for example, a 9
wide-area communication unit) that directly exchanges the information with the central unit; a route for
exchanging information between the vehicle-mounted device and the central unit is not limited.
5{0014} The vehielelmelnieicdeVice of eldhbvesdastribed 6 colfectibh Sisfent ifayse provided
with a payment requesting unit that, when the information about the toll amount is acquired, requests
payment of the tONSAGURERfrom 4 uSEFincEBrddiicelwith thePinformiation dout fie tolimount.
Because the vehicle-mounted device requests the payment of the toll amount from the user, the
payment processitiy ¢ah be PErfSIthed front af ‘eleédtfomagnetiteL P aetifuri for ‘@k&mple, an IC card or

the like, installed in the vehicle-mounted device. ,
detection result. Because the toll amount is calculated

5 at the vehicle-mounted device in this way on the basis of
the map information, the positional information, and the
information about entry/exit between the expanded toll
charge area and the toll charge area, it is not necessary
to perform flag setting, etc. for allowing the toll

10 collection device to judge whether or not the expanded
toll charge area has been entered.

{0013}
Because the toll amount is calculated at the
vehicle-mounted device in this way, the toll collection

15 devices do not have to be altered for making it possible
to perform flag assessment, distinguish the entry/exit
information, etc., and the toll charge area can be
expanded while utilizing the existing toll collection
device without any change.

20 In addition, in the case in which the toll amount
calculated at the vehicle-mounted device is output to the
central unit, the information may be output to the
central unit via the toll collection device or it may be

output to the central unit via a device (for example, a



{00151 The central unit of the above-described toll collection system may be provided with a
payment 20 requesting unit that, when the information about the toll amount is acquired, requests
payment of the toll amount from a user in accordance with the information about the toll amount.
Because the central unit requests the payment of the 10 toll amount form the user, the payment
processing can be performed, for example, through processing for withdrawal from an bank account of
the user, etc. via the central unit. 5{0016} The vehicle-mounted device of the above-described toll
collection system may be provided with a first wide- area communication unit that exchanges the
entry/exit informatiof wWittethe Cahtral tiff:tthe tentral dnit frdy T0-be provided Fith @ SécoritPwide-area
communication unit that exchanges the entry/exit information with the vehicle-mounted device; and the
central unit is proVideeaith Afay"be provitde dwith affautljtiblging ditihat E6mparés teerithy/exit
information of the vehicle- 15 mounted device for the toll charge area acquired from the
vehicle-mounted B&0EBI/fa tHe o ‘CBREtio GeVics aRd ThE eRtry/eXit FSrMatiGH dcddifed from the

vehicle-mounted device via the first wide-area communication unit
central unit i1s not limited.

5 {0014}

The vehicle-mounted device of the above-described
toll collection system may be provided with a payment
requesting unit that, when the information about the toll
amount is acquired, requests payment of the toll amount

10 from a user in accordance with the information about the
toll amount.

Because the vehicle-mounted device requests the
payment of the toll amount from the user, the payment
processing can be performed from an electromagnetic

15 medium, for example, an IC card or the like, installed in
the vehicle-mounted device.
{0015}

The central unit of the above-described toll

collection system may be provided with a payment

20 requesting unit that, when the information about the toll
amount is acquired, requests payment of the toll amount
from a user in accordance with the information about the
toll amount.

Because the central unit requests the payment of the



and the second wide-area communication unit, and that 20 judges that the entry/exit information
includes fraudulent information when the comparison result indicates a mismatch. By comparing
the entry/exit information for the toll charge area acquilrgd from the toll collection device and 11 the
entry/exit information for the toll charge area acquired from the wide-area communication unit, for
example, in the case in which the entry/exit information has been manipulation, etc., fraud such as a
manipulation 5 can be detected in a simple manner. {0017} The calculation unit of the
above-described toll collection system may be provided with a storage device that stores first toll
charge informatiohlviti Fegsta td 20'the expangéd tdlFchatgEarea newhrsetuig sutsitle the toll charge
area and second toll charge information related to the toll charge area; and an amount determining
unit that determifestREt6IFambtiht 6 & basis ot five 8Atry/eXit ffermatior the first46IF 5 tharge

information, and the second toll charge information. {00181 In this way, in the case in which the
expanded toll from an bank account of the user, etc. via the central

unit.
5 {0016}

The vehicle-mounted device of the above-described
toll collection system may be provided with a first wide-
area communication unit that exchanges the entry/exit
information with the central unit; the central unit may

10 be provided with a second wide—-area communication unit
that exchanges the entry/exit information with the
vehicle-mounted device; and the central unit is provided
with may be provided with a fraud judging unit that
compares the entry/exit information of the vehicle-

15 mounted device for the toll charge area acquired from the
vehicle-mounted device via the toll collection device and
the entry/exit information acquired from the vehicle-
mounted device via the first wide—-area communication unit
and the second wide—area communication unit, and that

20 judges that the entry/exit information includes
fraudulent information when the comparison result
indicates a mismatch.

By comparing the entry/exit information for the toll

charge area acquired from the toll collection device and



charge area has been entered, the toll amount for the 20 expanded toll charge area and the toll
amount for the toll charge area can be collected with ?e ingle payment. Accordingly, the toll collection
can be performed for both the expanded toll charge area and the toll charge area with one unit of the
calculation unit. As a result, 12 because it is not necessary to provide a new toll collection device for
the expanded toll charge area, equipment cost can be reduced. Therefore, a new expanded toll charge
area can be easily set up. 5{0019} The first toll charge information of the above-described toll
collection system may include a toll charge table in which duration of stay in the expanded toll charge
area is a paramétet; &ad, WHeR tHe durbfisRADIsTstayin theexpahded talF eifargetea is received
from the vehicle-mounted device, the amount determining unit may determine the toll amount for the
expanded toll cl4ige a8 by Uihgthe dirafiort bf stay At thetelF cRargetable. 15Because the
duration of stay in the expanded toll charge area is taken into consideration in the process of

calculating the tBiF &bt it poisitie 16 set'a ol &M obREthal s ofe reilet e 6 the ¥oRd usage
situation. 20{00%0}

as been manipulation, etc., fraud such as a manipulation
5 can be detected in a simple manner.
{0017}

The calculation unit of the above-described toll
collection system may be provided with a storage device
that stores first toll charge information with regard to

10 the expanded toll charge area newly set up outside the
toll charge area and second toll charge information
related to the toll charge area; and an amount
determining unit that determines the toll amount on the
basis of the entry/exit information, the first toll

15 charge information, and the second toll charge
information.

{0018}

In this way, in the case in which the expanded toll
charge area has been entered, the toll amount for the

20 expanded toll charge area and the toll amount for the
toll charge area can be collected with a single payment.
Accordingly, the toll collection can be performed for
both the expanded toll charge area and the toll charge

area with one unit of the calculation unit. As a result,



The first toll charge information of the above-described toll collection system may include a toll charge
table in which distance traveled in the expanded toll ch%rge area is a parameter; and, when the
distance 13 traveled in the expanded toll charge area’is received from the vehicle-mounted device,
the amount determining unit may determine the toll amount for the expanded toll charge area by using
the traveled distance and the toll 5 charge table. Because the distance traveled in the expanded
toll charge area is taken into consideration in the process of calculating the toll amount, it is possible to
set a toll amount that is more reflective of the road usage 10situation. {00211 With the
above-describe@SIPEGIRCtibN Systeft. iR #e Ease i WRiCRZOplufdity of fhié éxpahded toll charge
areas are set up, the first toll charge information may 15 be provided corresponding to each of the
expanded toll chatgé &réas the Bhtryfexitinformatisrf ATy e assdciatedatifitidentification information
for the individual expanded toll charge areas; and the amount determining unit may determine the toll
amount by usinG 20tR&irdt t61P Ehargdinformafion f6ithe exisarfied™oH cRarye areaBimoSthich the
vehicle has entered, which is determined on the basis of entr)t//exit information associated with the

identification infofmatié'6f the expandedtolPen&ge aréaset upP-
5 {0019}

The first toll charge information of the above-
described toll collection system may include a toll
charge table in which duration of stay in the expanded
toll charge area is a parameter; and, when the duration

10 of stay in the expanded toll charge area is received from
the vehicle-mounted device, the amount determining unit
may determine the toll amount for the expanded toll
charge area by using the duration of stay and the toll
charge table.

15 Because the duration of stay in the expanded toll
charge area is taken into consideration in the process of
calculating the toll amount, it is possible to set a toll
amount that is more reflective of the road usage
situation.

20 {0020}

The first toll charge information of the above-
described toll collection system may include a toll
charge table in which distance traveled in the expanded

toll charge area is a parameter; and, when the distance



14 {00221 In the case in which the plurality of the expanded toll charge area are set up, because
the first toll charge information that corresponds to the individual 5 expanded toll area is registered, it
is possible to set a detailed toll amount for each of the expanded toll charge areas. Furthermore, even
in the case in which the vehicle has entered a plurality of the expanded toll charge areas, the toll
collection can be performed with a single 10 payment. {00231 With the toll charge area of the
above-described toll collection system, in the case in which the toll charge area is an area where a
certain fee is collected 15 at the time of entry regardless of a road usage situation, an award point
table in which tHe“durati6f of 8tay'if tRESIFCiREtge atéa E'a paramée? nidy be fifclidt; and, when
the duration of stay in the toll charge area is received from the vehicle-mounted device, 20 the amount
determining unitiay detérmiife awvafd Poits By L%ﬁ?@lﬁl%rdtﬁaﬁoﬁ%%%tstg?%%Hr%ﬁéuai)\%rd point

table,
unit may determine the toll amount for the expanded toll

charge area by using the traveled distance and the toll
5 charge table.

Because the distance traveled in the expanded toll
charge area is taken into consideration in the process of
calculating the toll amount, it is possible to set a toll
amount that is more reflective of the road usage

10 situation.
{0021}

With the above-described toll collection system, in
the case in which a plurality of the expanded toll charge
areas are set up, the first toll charge information may

15 be provided corresponding to each of the expanded toll
charge areas; the entry/exit information may be
associated with identification information for the
individual expanded toll charge areas; and the amount
determining unit may determine the toll amount by using

20 the first toll charge information for the expanded toll
charge areas into which the vehicle has entered, which is
determined on the basis of entry/exit information
associated with the identification information of the

expanded toll charge areas.



and gives the award points to an owner of the vehicle. {00241 In the case in which the toll charge area
is an area 15 where a certain amount of fee is collected at the time of entry regardless of the road
usage situation, as in the road pricing or the like, beca Se points in accordance with the duration of
stay in the toll charge area is 5 awarded to the vehicle owner, it is possible to provide a financial relief
to users who have entered the toll charge area by mistake or the like. {Advantageous Effects of
Invention} {0025} 10The present invention affords an advantage in that a toll charge area can be
expanded without requiring an alteration to existing toll collection devices. {Brief Description of
Drawings} {0026)0022}

In the case in which the plurality of the expanded
toll charge area are set up, because the first toll
charge information that corresponds to the individual

5 expanded toll area is registered, it is possible to set a
detailed toll amount for each of the expanded toll charge
areas. Furthermore, even in the case in which the vehicle
has entered a plurality of the expanded toll charge
areas, the toll collection can be performed with a single

10 payment.
{0023}

With the toll charge area of the above-described
toll collection system, in the case in which the toll
charge area is an area where a certain fee is collected

15 at the time of entry regardless of a road usage
situation, an award point table in which the duration of
stay in the toll charge area is a parameter may be
included; and, when the duration of stay in the toll
charge area is received from the vehicle-mounted device,

20 the amount determining unit may determine award points by
using the duration of the stay and the award point table,
and gives the award points to an owner of the wvehicle.
{0024}

In the case in which the toll charge area is an area



15Fig. 1 is a diagram showing the overall configuration of a toll collection system according to a first
embodiment of the present invention. Fig. 2 is a block diagram showing, in outline, the
configuration of the toll collection system according to'20 the first embodiment of the present invention.
Fig. 3 is a diagram in which an entry lane into a toll charge area is viewed from a road shoulder.

Fig. 4 is a diagram showing an example of marking laid down below a vehicle detection device shown
in Fig. 3. Fig. 5 is a diagram showing the marking shown in Fig. 4 when a vehicle passes through.
Fig. 6 is a block diagram showing, in outline, the 5 configuration of a vehicle-mounted device
according to the'fiY3t embodfmént'ar the'present inveRtionsS C©Fige? i bidckidiggrahi'shéwing, in
outline, the configuration of a central unit according to the first embodiment of the present invention.
10Fig. 8 is a diagFfarhfor &galaimintPa case il fhichitheWehitde-fidutitéd devicd passes Birough the
toll charge area. Fig. 9 is a diagram for briefly explaining the operation of the vehicle-mounted
device accordingt6thé 15 fitsterbodiffent bFthe presentinve s in accordance

with the duration of stay in the toll charge area is

5 awarded to the vehicle owner, it is possible to provide a
financial relief to users who have entered the toll
charge area by mistake or the like.
{Advantageous Effects of Invention}
{0025}

10 The present invention affords an advantage in that a
toll charge area can be expanded without requiring an
alteration to existing toll collection devices.

{Brief Description of Drawings}
{0026}

15 Fig. 1 is a diagram showing the overall
configuration of a toll collection system according to a
first embodiment of the present invention.

Fig. 2 is a block diagram showing, in outline, the
configuration of the toll collection system according to

20 the first embodiment of the present invention.

Fig. 3 is a diagram in which an entry lane into a
toll charge area is viewed from a road shoulder.
Fig. 4 is a diagram showing an example of marking

laid down below a vehicle detection device shown in Fig.



Fig. 10 is a diagram showing a processing procedure of communication performed among the
vehicle-mounted device, the central unit, and the toll collection device in the first embodiment of the
present invention. 20 Fig. 11 is a block diagram showih , in outline, the configuration of a
vehicle-mounted device according to a second embodiment of the present invention. Fig. 12is a
block diagram showing, in outline, the configuration of a central unit according to the second 17
embodiment of the present invention. Fig. 13 is a diagram for simply explaining the operation of the
vehicle-mounted device according to a third embodiment of the present invention. 5Fig. 14 is a block
diagram showing; in outline, the configuration of a vehicle-mounted device according to the third
embodiment of the present invention. ~ Fig. 15 is a block diagram showing, in outline, the
configuration of a centfat @nit acesrding'to*thiecthird 10"emBodinferit of tHe presefit'imvention.  Fig.
16 is a block diagram showing, in outline, the configuration of a vehicle-mounted device according to a
fourth embodimentof the'Pesertt ifféntioh® PaSEfg 1776 W Block diagram showing, in outline, the 15

configuration of a vehicle-mounted device according to a fifth embodiment of the present invention.
Fig. 6 is a block diagram showing, in outline, the

5 configuration of a vehicle-mounted device according to
the first embodiment of the present invention.

Fig. 7 is a block diagram showing, in outline, the
configuration of a central unit according to the first
embodiment of the present invention.

10 Fig. 8 is a diagram for explaining a case in which
the vehicle-mounted device passes through the toll charge
area.

Fig. 9 is a diagram for briefly explaining the
operation of the vehicle-mounted device according to the

15 first embodiment of the present invention.

Fig. 10 is a diagram showing a processing procedure
of communication performed among the vehicle-mounted
device, the central unit, and the toll collection device
in the first embodiment of the present invention.

20 Fig. 11 is a block diagram showing, in outline, the
configuration of a vehicle-mounted device according to a
second embodiment of the present invention.

Fig. 12 is a block diagram showing, in outline, the

configuration of a central unit according to the second



Fig. 18 is a block diagram showing, in outline, the configuration of a vehicle-mounted device according
to a sixth embodiment of the present invention. 20Fig. 19 is a diagram showing an example point
table. {Description of Embodiments} {0027} Embodiments of a toll collection system according to
the present invention will be described below with 18 reference to the drawings. {First Embodiment} A
first embodiment of the present invention will be described below by using Fig. 1. Fig. 1 is an overall 5
configuration diagram of a toll collection system according to this embodiment. As shown in Fig. 1, at

all roads passing through the
embodiment of the present invention.

Fig. 13 is a diagram for simply explaining the
operation of the vehicle-mounted device according to a
third embodiment of the present invention.

5 Fig. 14 is a block diagram showing, in outline, the
configuration of a vehicle-mounted device according to
the third embodiment of the present invention.

Fig. 15 is a block diagram showing, in outline, the
configuration of a central unit according to the third

10 embodiment of the present invention.

Fig. 16 is a block diagram showing, in outline, the
configuration of a vehicle-mounted device according to a
fourth embodiment of the present invention.

Fig. 17 is a block diagram showing, in outline, the

15 configuration of a vehicle-mounted device according to a
fifth embodiment of the present invention.

Fig. 18 is a block diagram showing, in outline, the
configuration of a vehicle-mounted device according to a
sixth embodiment of the present invention.

20 Fig. 19 is a diagram showing an example point table.
{Description of Embodiments}
{0027}
Embodiments of a toll collection system according to

the present invention will be described below with



boundary of a toll charge area A, which is an area to which road pricing is applied, the toll collection
system 101 is provided with toll collection devices (not shown) that detect entry of a vehicle 3 into the
toll charge area A and/or its exit from the toll charge aréa A. For example, the toll collection devices
are provided so as to individually correspond to entry lanes on which the 15 vehicle 3 enters the toll
charge area A and exit lanes on which the vehicle 3 exits the toll charge area A, and to exchange
vehicle-mounted-device information with the vehicle-mounted device installed in the vehicle 3 that
passes on the corresponding entry lane and exit lane. 20{0028} Fig. 2 is a block diagram showing,
in outline, the caiffigRiFativttofthe tiF colfettioREystem. As shown in Fig. 2, a toll collection device 2 is
provided with a first antenna 5, a camera 6, a vehicle detection device 19 7, and a second antenna 8.
Furthermore, thé tolF d1IectiBRUENRR™ is provided with a first antenna controller 9 that is connected to

the first antenna 5, a camera controller 10 that is connected to the camera 6, a ,
first embodiment of the present invention will be

described below by using Fig. 1. Fig. 1 is an overall
5 configuration diagram of a toll collection system
according to this embodiment.

As shown in Fig. 1, at all roads passing through the
boundary of a toll charge area A, which is an area to
which road pricing is applied, the toll collection system

10 1 is provided with toll collection devices (not shown)
that detect entry of a vehicle 3 into the toll charge
area A and/or its exit from the toll charge area A. For
example, the toll collection devices are provided so as
to individually correspond to entry lanes on which the

15 vehicle 3 enters the toll charge area A and exit lanes on
which the vehicle 3 exits the toll charge area A, and to
exchange vehicle-mounted-device information with the
vehicle-mounted device installed in the vehicle 3 that
passes on the corresponding entry lane and exit lane.

20 {0028}

Fig. 2 is a block diagram showing, in outline, the
configuration of the toll collection system. As shown in
Fig. 2, a toll collection device 2 is provided with a

first antenna 5, a camera 6, a vehicle detection device



5 vehicle detection controller 11 that is connected to the vehicle detection device 7, and a second
antenna controller 12 that is connected to the second antenna 8. Furthermore, the toll collection device
2 is provided with a central controller 13, an environmental controller 1014 that is connected to the
central controller 13, and a communication controller 15 that is connected to the central controller 13.
The first antenna controller 9, the camera controller 10, the vehicle detection controller 11, the second
antenna controller 12, and the 15 central controller 13 described above are connected with each other
via a bus 16, thus establishing a state in which information can be exchanged therebetween. The
communication ¢onttdifera 558 oRtmanieatably onnéctedWitina €entraltnit £7which is a
superordinate device. 20{0029} In the toll collection device 2 having the above-described
configuration, thefirsE&nteARa S e Barmerd 6 PtheWekicle etdetibndevide 7 arfd e second
antenna 8 are attached to gate-shaped support columns disposed so 20 as to cross a road at the
boundary of theG8it Eh&rgEdred ATF. 3 &5 &aMgramSH which Adrividg®lang’is SisWedfrom the side.
The first antenna 5 and the second antenna 8 are installed so that sigcnals from the vehicle- 5 mounted
device in the vehitRE3 Th&t98 GFider fif thecdriéspohtingPdrifg fthe-Cart BE easiiFfetefved The first
antenna 5 and the second antenna 8 are installed, for example, so that antenna beams thereof are
directed toward Y& cGrrEspSHAiTg ﬁﬂ@inﬁ?gﬁéﬁoﬂ;{ﬁ&&}l A GabiftionC tHEfirst anfenna B and the

second antenna 8 acg(;iire the vehicle-m unted-dei/ice information when the vehicle-mounted device
passes near the Boundary 9f the tol tharde’ afea A7 Spadifically” Wheh & Ve

controller 12 that is connected to the second antenna 8.
Furthermore, the toll collection device 2 is provided
with a central controller 13, an environmental controller
10 14 that is connected to the central controller 13, and a
communication controller 15 that is connected to the
central controller 13. The first antenna controller 9,
the camera controller 10, the vehicle detection
controller 11, the second antenna controller 12, and the
15 central controller 13 described above are connected with
each other via a bus 16, thus establishing a state in
which information can be exchanged therebetween. The
communication controller 15 is communicatably connected
with a central unit 17, which is a superordinate device.
20 {0029}
In the toll collection device 2 having the above-
described configuration, the first antenna 5, the camera
6, the vehicle detection device 7, and the second antenna

8 are attached to gate-shaped support columns disposed so



15 enters the toll charge area A from an expanded toll charge area B (details of which will be
described later) and/or when the vehicle exits the tolllﬁféarge area A into the expanded toll charge area
B, the first antenna 5 and the second antenna 8 output request signals to the 20 vehicle-mounted
device and acquire identification information of the vehicle-mounted device from the vehicle-mounted
device. The identification information of the vehicle-mounted device includes the current time (for
example, year, month, and day) at the time of entry/exit, 21 a vehicle-mounted-device number
pre-assigned to the vehicle-mounted device, a number on an IC card inserted into an IC card interface
of the vehicle-mdtintet FEAES, ghdFs5:6n 2Thé fifst ARtBHAEY afid thé Seéond afterhds 5 are
provided with a distance of about 10 m to 15 m therebetween. This is for the purpose of ensuring a
sufficient processifgitifie uftiithe VehitlenfotmtedBevite Butpiits a responseisigarto’tie second
antenna 8 in accordance with a signal (for example, the request 10 signal for the identification
information of the'vetitleimBintedevicdy that' the Vehicle-rodied Yevice HasteteR/edH o the first
antenna 5. {00311 In the case in which a fraudulent vehicle is 15 detected, the camera 6 acquires an

image of a licen28 PHatBdf thé Fraudaizheveticle® Rrautitiert VERtIEs fefertol f6r ek&msié Svehicles in

which vehicle-mounted , , , . . .
mounted device in the wvehicle 3 that is driven in the

corresponding driving lane can be easily received. The
first antenna 5 and the second antenna 8 are installed,
for example, so that antenna beams thereof are directed
toward the corresponding driving lane.

10 {0030}

In addition, the first antenna 5 and the second
antenna 8 acquire the vehicle-mounted-device information
when the vehicle-mounted device passes near the boundary
of the toll charge area A. Specifically, when a vehicle

15 enters the toll charge area A from an expanded toll
charge area B (details of which will be described later)
and/or when the vehicle exits the toll charge area A into
the expanded toll charge area B, the first antenna 5 and
the second antenna 8 output request signals to the

20 vehicle-mounted device and acquire identification
information of the vehicle-mounted device from the
vehicle-mounted device. The identification information of
the vehicle-mounted device includes the current time (for

example, year, month, and day) at the time of entry/exit,



devices are not installed, vehicles in which vehicle-mounted devices corresponding to vehicle type are
not 20 installed, vehicles in which IC cards are not inserted into the vehicle-mounted devices, vehicles
for which a toll cannot be charged correctly because t & balance recorded on the IC cards is lower
than the amount to be collected, vehicles in which forged vehicle-mounted 22 devices or forged IC
cards are installed, and so on. Although whether or not a vehicle is fraudulent is judged on the basis of
the identification information of the vehicle-mounted device, etc. acquired from the vehicle- 5 mounted
device by the first antenna 5 and the second antenna 8, a method for judging fraudulent vehicles will
be described in detdiflatelSTRE VBRiefe detBefion Beviee deteczthé Passade of fie vehicle 3. For
example, as shown in Fig. 4, a 10 stripe-pattern marking is provided on the road below the vehicle
detection device’?the VeRick d&tectiG defice ¥ MBRItGrS the stripel patterhdrorm abbveand detects
the passage of the vehicle 3 when the stripe pattern cannot be detected normally as shown in Fig. 5.
15{0032}  As'sHowrtih Eig. T24He néWy skt expaided ool charge 8ré B S Set O¥idedhe toll
charge area A. For example, the expanded toll charge area B is an area set up at a later time when
thaeisademaﬁ&%ﬂ%&ﬁgﬁmn&he first antenha 5 and the second antenna 8

5 are provided with a distance of about 10 m to 15 m
therebetween. This is for the purpose of ensuring a
sufficient processing time until the vehicle-mounted
device outputs a response signal to the second antenna 8
in accordance with a signal (for example, the request

10 signal for the identification information of the vehicle-
mounted device) that the vehicle-mounted device has
received from the first antenna 5.

{0031}
In the case in which a fraudulent vehicle 1is

15 detected, the camera 6 acquires an image of a license
plate of the fraudulent vehicle. Fraudulent vehicles
refer to, for example, vehicles in which vehicle-mounted
devices are not installed, vehicles in which vehicle-
mounted devices corresponding to vehicle type are not

20 installed, vehicles in which IC cards are not inserted
into the vehicle-mounted devices, vehicles for which a
toll cannot be charged correctly because the balance
recorded on the IC cards is lower than the amount to be

collected, wvehicles in which forged vehicle-mounted



20 the toll charge area A that originally existed. The expanded toll charge area B may be provided so
as to surround the toll charge area A, it may be providé%so that a portion thereof is in contact with the
toll charge area A, or it may be an area that is separately provided 23 without being in contact with the
toll charge area A. Unlike the above-described toll charge area A, the expanded toll charge area B
is not provided with the toll collection devices at the entry lanes and the exit lanes 5 at the area
boundary. Instead, the vehicle-mounted device installed in the vehicle 3 detects entry/exit
thereinto/therefrom. {00331 Fig. 6 is a block diagram showing, in outline, the 10 configuration of the
vehicle-mounted @&vice acesrding & this entbotifient AsishowhlihTlg. 6 & vékickRPmounted device
50 is provided with a power source circuit 23 that is connected to a vehicle power source 21 and a
built-in battery 22! & §ONid8 4eAConthuRication URit 32L 8 15°GPSreceiver tpdsitiohil #itermation
acquisition unit) 24 that acquires information regarding positional information from GPS satellites and

detects a currerft’position®a Vehiche-nidtited-aevits storage tetite Storageuntty 25 Rat stores

various information; a , , ,
vehicle-mounted device, etc. acquired from the vehicle-

5 mounted device by the first antenna 5 and the second
antenna 8, a method for judging fraudulent vehicles will
be described in detail later.

The vehicle detection device 7 detects the passage
of the vehicle 3. For example, as shown in Fig. 4, a

10 stripe-pattern marking is provided on the road below the
vehicle detection device 7. The vehicle detection device
7 monitors the stripe pattern from above and detects the
passage of the vehicle 3 when the stripe pattern cannot
be detected normally as shown in Fig. 5.

15 {0032}

As shown in Fig. 1, the newly set expanded toll
charge area B is set outside the toll charge area A. For
example, the expanded toll charge area B is an area set
up at a later time when there is a demand for expanding

20 the toll charge area A that originally existed. The
expanded toll charge area B may be provided so as to
surround the toll charge area A, it may be provided so
that a portion thereof is in contact with the toll charge

area A, or it may be an area that is separately provided



20 control unit 26; a communication unit 27 that communicates with the first antenna 5, the second
antenna 8, etc. of the toll collection devices 2; a display_unit 28; a notification unit 29, such as a
buzzer, an LED, etc.; an IC card insertion portion (pa%ent requesting 24 unit) 30 into which an IC
card is inserted; and an IC card interface 31 provided in the IC card insertion portion 30. {00341 5In
Fig. 6, the individual constituent elements, such as the GPS receiver 24, etc., need not necessarily be
built into the interior of the vehicle-mounted device 50. For example, it suffices so long as the
individual constituent elements are configured in such a way that 10 they can exchange information.
As an example, itlis possibRe temploy® EdrfiguraioninwhRicha portable ¥6rmih&Pdévice having a
GPS function is connected via an external terminal, and this portable terminal device provided with the
GPS function is utilizedas e GBS 15ReR/er 22T 1 DFRe Fifst widares commiudicatiotfunit 32

communicates with external devices and is communicatably
expanded toll charge area B is not provided with the toll

collection devices at the entry lanes and the exit lanes
5 at the area boundary. 1Instead, the vehicle-mounted device
installed in the vehicle 3 detects entry/exit
thereinto/therefrom.
{0033}
Fig. 6 is a block diagram showing, in outline, the
10 configuration of the vehicle-mounted device according to
this embodiment. As shown in Fig. 6, a vehicle-mounted
device 50 is provided with a power source circuit 23 that
is connected to a vehicle power source 21 and a built-in
battery 22; a first wide—area communication unit 32; a
15 GPS receiver (positional information acquisition unit) 24
that acquires information regarding positional
information from GPS satellites and detects a current
position; a vehicle-mounted-device storage device
(storage unit) 25 that stores various information; a
20 control unit 26; a communication unit 27 that
communicates with the first antenna 5, the second antenna
8, etc. of the toll collection devices 2; a display unit
28; a notification unit 29, such as a buzzer, an LED,

etc.; an IC card insertion portion (payment requesting



connected with, for example, the central unit 17 (see Fig. 2), which is a superordinate device of the toll
20collection device 2. {00351 The power source circu% 23 controls a voltage mainly supplied from the
vehicle power source 21 to a voltage appropriate for t & vehicle-mounted device 50 and 25 supplies it
to the individual portions that form the vehicle-mounted device 50. The built-in battery 22 is provided
so that sufficient power for communication is ensured even in the case in which the power supply from
5 the vehicle power source 21 is interrupted. Map information for the expanded toll charge area B
set outside the toll charge area A is stored in the vehicle-mounted-device storage device 25.
Information, such"ds-vehi€lelrformatiof incliding vehicte dwnér 26 rifermation: vehiclé type
information, vehicle 1D, and so on, current positional information of the vehicle,
vehicle-mounted-dedicélidéntification infBrRtcE baldndeifformativh fead ot frdRT'the IC card, card
information, etc., which is necessary for calculating the 15 toll amount and for judging whether a
vehicle is frauddl&nt-t¢Be tescribed later, is saved in the vehicle-mounted-device storage device 25.
The current positional information of the vehicle 3 is information that indicates the current position of
the vehicle 3 4}

5 In Fig. 6, the individual constituent elements, such
as the GPS receiver 24, etc., need not necessarily be
built into the interior of the vehicle-mounted device 50.
For example, it suffices so long as the individual
constituent elements are configured in such a way that

10 they can exchange information. As an example, it is
possible to employ a configuration in which a portable
terminal device having a GPS function is connected via an
external terminal, and this portable terminal device
provided with the GPS function is utilized as the GPS

15 receiver 24.

The first wide—-area communication unit 32
communicates with external devices and is communicatably
connected with, for example, the central unit 17 (see
Fig. 2), which is a superordinate device of the toll

20 collection device 2.
{0035}

The power source circuit 23 controls a voltage
mainly supplied from the vehicle power source 21 to a

voltage appropriate for the vehicle-mounted device 50 and



20 estimated at the control unit 26 on the basis of the map information and the positional information
acquired by the GPS receiver 24. {00361 The IC card inserted into the IC card insertion 26 portion 30
is, for example, a contact-type IC card containing an IE’:5chip in which a flash memory or an MPU is
installed. In addition to the card information, such as card ID number, etc., balance, use history, and so
on 5 are also stored in this IC card. The information stored in the IC card can be read out/written by
means of the control unit 26 via the IC card interface 31. {0037} In such a vehicle-mounted device 50,
when the IC 10 card is inserted into the IC card insertion portion 30, the control unit 26 reads out the
IC card informatioiPahd Balabieestoredtn thel iC tard Viathe tETard itefaée 3T, whfes them into the
vehicle-mounted-device storage device 25, and displays the balance on the display unit 15 28 for a
certain amount SFtime {forexanipie. a5oit 48 setondsian'tHe thse in Whichahe i%%rrhétion can be
correctly read out from the IC card, the control unit 26 activates the notification unit 29 in order to notify
the correct operafion t6!aUser. Actordingly fite-Edrrestorer for communication is

ensured even in the case in which the power supply from
5 the vehicle power source 21 is interrupted.

Map information for the expanded toll charge area B
set outside the toll charge area A is stored in the
vehicle-mounted-device storage device 25. Information,
such as vehicle information including vehicle owner

10 information, vehicle type information, vehicle ID, and so
on, current positional information of the wvehicle,
vehicle-mounted-device identification information,
balance information read out from the IC card, card
information, etc., which is necessary for calculating the

15 toll amount and for judging whether a vehicle is
fraudulent, to be described later, is saved in the
vehicle-mounted-device storage device 25. The current
positional information of the vehicle 3 is information
that indicates the current position of the wvehicle 3

20 estimated at the control unit 26 on the basis of the map
information and the positional information acquired by
the GPS receiver 24.

{0036}

The IC card inserted into the IC card insertion



20 state is notified, for example, by a sound emitted from a buzzer in the case in which the notification
unit 29 is a buzzer, and, if it is an LED or the like, by lighting the LED. On the other hand, in the case in
which the 27 information cannot be read from the IC zgrd, the control unit 26 displays on the display
unit 28 that an error has occurred, and also notifies the error to the user by activating the notification
unit 29, thus prompting reinsertion of the IC card or the like. Note that notification methods used by the
notification unit 29 differ between the time of correct operation and abnormal operation. {00381

When the control unit 26 acquires the request signal from the toll collection device 2, it reads out the
identification infefhaticiiofthe vehidle-msumea device drrrtheVehicle nféfmatidifistored in the
vehiclemounted-device storage device 25 and also outputs them to the toll collection device 2 as a
response signalt6thé tédquest 2ignat. 1R atRition, PR acguitingthe TeqREst sijnat frolft the toll
collection device 2, the control unit 26 detects entry/exit information, which is entry information for the
case in which theSvehidé Bldriters tHetditharge ArdCArsm tHe Exparted il charge’ dfea B and/or
exit information for the case in which it exits from the toll charge area A into the expanded toll charge
area B, and outfiits ietothé tentrtaPGrit 17 Via theFrstWide-arddcommunication thit32. Together
with the 28 entry/exit information, the contro| unit 26 outputs to the central unit 17 the current
positional inforndtion"antPthie vahicle ifofmation tis€d When d&fectifig tHe"entry/exit irftbfiation.
5{0039} As shown in Fig. 7, the central unit 17 js provjded with a second wide- reaﬁncommunication
unit 18, a fraud jUdging unit 16°&Md 5%%Igfﬁaﬁ:o%al?nif? 56/ 1he §666hd™Wid&earka Sommuhication unit

18 communicates WjEth ]10 external devices an, @ exam(i)le, comrpunicagalbly connects with the
o &%n ro Hﬁlt .via t IO Sar 1nter.a%e . . .
vehicle-mounted device. Although this Second wide-area communication unit 18 will be described as

being built into t?«ad:?%ral unit 17 in this embodiment, it is not limited thereto, and, for example,

In such a vehicle-mounted device 50, when the IC

10 card is inserted into the IC card insertion portion 30,
the control unit 26 reads out the IC card information and
balance stored in the IC card via the IC card interface
31, writes them into the vehicle-mounted-device storage
device 25, and displays the balance on the display unit

15 28 for a certain amount of time (for example, about 10
seconds). In the case in which the information can be
correctly read out from the IC card, the control unit 26
activates the notification unit 29 in order to notify the
correct operation to a user. Accordingly, the correct

20 state is notified, for example, by a sound emitted from a
buzzer in the case in which the notification unit 29 is a
buzzer, and, if it is an LED or the like, by lighting the
LED.

On the other hand, in the case in which the



15 a mobile communication terminal, such as a mobile phone or the like, may be employed by
connecting it to a connection terminal provided in the E%ntral unit 17. {00401 The fraud judging unit 19
judges whether a vehicle 20(hereinafter, referred to as “fraudulent vehicle") fraudulent (for example,
manipulating the route traveled, etc.) on the basis of the entry/exit information of the vehicle 3 acquired
from the vehicle-mounted device via the second wide-area communication unit 18 and the 29
entry/exit information of the vehicle 3 based on the vehicle-mounted-device identification information
and the vehicle information acquired from the toll collection device 2. 5A case in which toll collection
devices 2x, 2y, ard 277#é provided apPthePareaisuntlafy bétweeH theexpantes t6IPefarge area B
and the toll charge area A, as shown in Fig. 8, will be described as an example. The fraud judging unit
19 of the centralOdit 17 deteci® ffeys on the display unit 28 that an error has

occurred, and also notifies the error to the user by
activating the notification unit 29, thus prompting re-
insertion of the IC card or the like. Note that
notification methods used by the notification unit 29
differ between the time of correct operation and abnormal
operation.

{0038}

When the control unit 26 acquires the request signal
from the toll collection device 2, it reads out the
identification information of the vehicle-mounted device
and the vehicle information stored in the vehicle-
mounted-device storage device 25 and also outputs them to
the toll collection device 2 as a response signal to the
request signal. In addition, upon acquiring the request
signal from the toll collection device 2, the control
unit 26 detects entry/exit information, which is entry
information for the case in which the vehicle 3 enters
the toll charge area A from the expanded toll charge area
B and/or exit information for the case in which it exits
from the toll charge area A into the expanded toll charge
area B, and outputs it to the central unit 17 wvia the

first wide—-area communication unit 32. Together with the



10 response signal received from the vehicle 3 (whose vehicle ID is assumed be, for example, "C") by
the toll collection device 2y and, on the basis of this response signal, detects that it has exited from the
toll charge area A by means of the toll collection device 2y. In this 15 case, of the entry/exit information
acquired via the second wide-area communication unit 18, the fraud judging unit 19 detects the
entry/exit information associated with the vehicle ID "C". {00411 20Here, because the entry/exit
information associated with the vehicle ID "C", which is acquired by the fraud judging unit 19 via the
second wide-area communication unit 18, is determined on the basis of the actual vehicle position
detected by me&is 6FGPS. the fragdudgirg unithso 9 tbharks Atvehicle positibh of the vehicle 3
having the vehicle ID "C" estimated from this entry/exit information with a vehicle position based on the
response signaltatguirad Fromt thé'toll colletticn BeViEEPONRRE SHayis of thefiRfdrmatier acquired
from both sources described above, it is judged whether the detected (estimated) vehicle positions
match. In the ca®8%n WHich fHelpdsitions @5 Aot ratc a8 A rB8GIt of fieStagrént (fer example, the

position of the toll collection device 10 2z is detected in the entry/exit information, and so on), the fraud
judging unit 19 jEBGEY it the VAR RAVIAG the vehicle ID "C" is a fraudulent vehicle because it is
presumed that the reséponse signal output from the vehicle 3 has been fraudulently manipulated, or the
like. 15{0042} (VU3

As shown in Fig. 7, the central unit 17 is provided
with a second wide-area communication unit 18, a fraud
judging unit 19, and a calculation unit 20. The second
wide—area communication unit 18 communicates with

10 external devices and, for example, communicatably
connects with the vehicle-mounted device. Although this
second wide—area communication unit 18 will be described
as being built into the central unit 17 in this
embodiment, it is not limited thereto, and, for example,

15 a mobile communication terminal, such as a mobile phone
or the like, may be employed by connecting it to a
connection terminal provided in the central unit 17.
{0040}

The fraud judging unit 19 judges whether a wvehicle

20 (hereinafter, referred to as "fraudulent vehicle")
fraudulent (for example, manipulating the route traveled,
etc.) on the basis of the entry/exit information of the
vehicle 3 acquired from the vehicle-mounted device via

the second wide—-area communication unit 18 and the



Furthermore, from the response signal acquired from the toll collection device 2, the fraud judging unit
19 judges whether or not the vehicle 3 is a fraudulent %/§hicle on the basis of whether or not it is
equipped 20 with the vehicle-mounted device 50 that Corresponds to its vehicle type. For example, in
the case in which the vehicle-type information detected from the vehiclemounted-device identification
information indicates "small size", such as a light automobile, etc., despite 31 the indication of "large
size", such as a truck, etc., in the vehicle information for the vehicle type, the vehicle is judged to be a
fraudulent vehicle because a vehicle-mounted device differing from the actual vehicle type is
Sinstalled. P tHi$ Wag*tHe frad® juBRying>tniP 19 outputs tHe irRigmeit $8sulPas &' #hether or not a
vehicle is fraudulent, as described above, to the calculation unit 20. 10{0043}  On the basis of the
acquired entry/eXitinfotmation thetalifatich drit20 talctfHtés the tolldmeiAtIor aVéhicke user as a
road usage fee for the user of the vehicle 3. The calculation unit 20 calculates the toll 15 amount on

the basis of the Jiidyhiert ré8IP a83¢ Whet&r Bt rdt the veRicielis fiautitilert lacdtired rom the fraud

judging unit 19. For example, the calculation unit 20 calculates a toll amount to which a benefit, such
as a discount or'th& 1ik8, is applied for the vehicle 3 that

5 A case in which toll collection devices 2x, 2y, and
2z are provided at the area boundary between the expanded
toll charge area B and the toll charge area A, as shown
in Fig. 8, will be described as an example. The fraud
judging unit 19 of the central unit 17 detects the

10 response signal received from the vehicle 3 (whose
vehicle ID is assumed be, for example, "C") by the toll
collection device 2y and, on the basis of this response
signal, detects that it has exited from the toll charge
area A by means of the toll collection device 2y. In this

15 case, of the entry/exit information acquired wvia the
second wide-area communication unit 18, the fraud judging
unit 19 detects the entry/exit information associated
with the vehicle ID "C".

{0041}

20 Here, because the entry/exit information associated
with the vehicle ID "C", which is acquired by the fraud
judging unit 19 via the second wide—area communication
unit 18, is determined on the basis of the actual vehicle

position detected by means of GPS, the fraud judging unit



20 has been judged not to be a fraudulent vehicle, and calculates a toll amount to which a benefit,
such as a discount or the like, is not applied for the V?;%Cle 3 that has been judged to be a fraudulent
vehicle and also registers the vehicle to a blacklist in which information 32 regarding fraudulent
vehicles is recorded. {00441 Specifically, the calculation unit 20 is provided with a central-unit
storage device 37 that stores a 5 blacklist 34 in which the information regarding fraudulent vehicles is
registered, a first toll charge table (first toll charge information) 35, in which toll charge information
regarding the expanded toll charge area B is registered, and a second toll charge table 10(second toll
charge informatioh) 38T rPWhRthaolf ehargeSinfotmation te§arding thetolt charge areaA s registered,
and an amount determining unit 38 that, on the basis of the entry/exit information received from the
vehicle-mounted 38viE8I505 Hatekmings thestolt Bidsimt FoieTs tHelvelfeie @ insihieh the

vehicle-mounted device 50 is installed. {00451 In the first toll charge table 35, for example,
information with a vehicle position based on the response

signal acquired from the toll collection device. On the

5 basis of the information acquired from both sources
described above, it is judged whether the detected
(estimated) vehicle positions match. In the case in which
the positions do not match as a result of the judgment
(for example, the position of the toll collection device

10 2z 1s detected in the entry/exit information, and so on),
the fraud judging unit 19 judges that the vehicle having
the vehicle ID "C" is a fraudulent vehicle because it is
presumed that the response signal output from the vehicle
3 has been fraudulently manipulated, or the like.

15 {0042}

Furthermore, from the response signal acquired from

the toll collection device 2, the fraud judging unit 19
judges whether or not the vehicle 3 is a fraudulent
vehicle on the basis of whether or not it is equipped

20 with the vehicle-mounted device 50 that corresponds to
its vehicle type. For example, in the case in which the
vehicle-type information detected from the vehicle-
mounted-device identification information indicates

"small size", such as a light automobile, etc., despite



amounts to be collected in accordance with vehicle types 20(classified as large size, medium size,
small size, etc.) are registered as first toll amounts. The registered information is for example, 0.8
dollars for the small size, one dollar for the medium si é two dollars for the large size, and so on. 33
In the second toll charge table 36, the amounts to be collected are registered in accordance with the
vehicle types, as described above, and, furthermore, second toll amounts which are separated into
amounts to 5 be collected for the case in which the expanded toll charge area B has been entered and
amounts to be collected for the case in which it has not been entered are registered. For example, for
the medium-sizé Y8hiciss 05-d6itars for'the cale in fhich theexpanded T0el chakge aredB has
been entered and one dollar for the case in which it has not been entered are registered. In this

way, by differentidfing Smotihts for tihe Base iifwhich theé @xpandéd follehtge aréa BHasBéen
entered and those for the case in which it has not been entered 15 and by setting amounts to which a
benefit, such as'®disBgdCorthe fike dis dpplied 1 AEcorgance WithsL fdtits, distarte Céte; it is made

possible to give a driver, etc. of the vehicle 3 that has passed through the expanded toll charge area B
asenseofgeWﬁ&H&ﬁﬁ% device differing from the actual vehicle type 1is

5 installed.

In this way, the fraud judging unit 19 outputs the
judgment result as to whether or not a vehicle is
fraudulent, as described above, to the calculation unit
20.

10 {0043}

On the basis of the acquired entry/exit information,
the calculation unit 20 calculates the toll amount for a
vehicle user as a road usage fee for the user of the
vehicle 3. The calculation unit 20 calculates the toll

15 amount on the basis of the judgment result as to whether
or not the vehicle is fraudulent, acquired from the fraud
judging unit 19. For example, the calculation unit 20
calculates a toll amount to which a benefit, such as a
discount or the like, is applied for the vehicle 3 that

20 has been judged not to be a fraudulent vehicle, and
calculates a toll amount to which a benefit, such as a
discount or the like, is not applied for the vehicle 3
that has been judged to be a fraudulent vehicle and also

registers the vehicle to a blacklist in which information



20deal. {00461 Next, operation specifics of the above-described vehicle-mounted device 50 in the
case in which the vehicle 3 enters the toll charge area A after entering 34 the expanded toll charge
area B will be described by using Figs. 6 and 9. As shotvn in Fig. 9, the GPS receiver 24 of the
vehicle-mounted device 50 acquires positional information 5 regarding the current position from a
plurality of GPS satellites during driving. When the GPS receiver 24 outputs the acquired positional
information to the control unit 26, the control unit 26 detects the current positional information of the
vehicle 3 on the basis of 10 the positional information and the map information stored in the
vehicle-mounted-gévice sterafedelices?% atid falsol storessit it tHehwsticle-mounted-device storage
device 25. Subsequently, upon receiving the request signal from the first antenna 5 of the toll
collection device 241115 response to the passage of the vehicle 3 near the toll collection device 2, the

control unit 26 detects the entry/exit information of the vehicle 3 on the basis of the current positional
information stored in theFéhidleAfbtinted-88FicE $torage devitews. = 20 1s provided

with a central-unit storage device 37 that stores a
5 blacklist 34 in which the information regarding

fraudulent vehicles is registered, a first toll charge
table (first toll charge information) 35, in which toll
charge information regarding the expanded toll charge
area B is registered, and a second toll charge table

10 (second toll charge information) 36, in which toll charge
information regarding the toll charge area A is
registered, and an amount determining unit 38 that, on
the basis of the entry/exit information received from the
vehicle-mounted device 50, determines the toll amount for

15 the vehicle 3 in which the vehicle-mounted device 50 is
installed.
{0045}

In the first toll charge table 35, for example,

amounts to be collected in accordance with vehicle types

20 (classified as large size, medium size, small size, etc.)
are registered as first toll amounts. The registered
information is for example, 0.8 dollars for the small
size, one dollar for the medium size, two dollars for the

large size, and so on.



20{0047} For example, in the case in which the current positional information stored in the
vehicle-mounteddevice storage device 25 is the "exp gied toll charge area B" and the control unit 26
detects that new current 35 positional information afterreceiving the request signal from the first
antenna 5 is the "toll charge area A", "entry to the toll charge area A from the expanded toll charge
area B" is detected for the vehicle 3, and this is 5 used as the entry/exit information. In addition, for
example, in the case in which the current positional information stored in the vehicle-mounted-device
storage device 25 is the "toll charge area A" and the control unit 26 detects that new current positional
information 10 after redélvihf thé FequEst Siphal b the firdtaitenfia 555 thesxpantled%oll charge
area B", "exit from the toll charge area A to the expanded toll charge area B" is detected for the vehicle
3, and this is usBf asthé EntyiexitifforMation Sr5[0048) 2C CPé eantrol'linit26-66tputs the entry/exit
information (for example, "entry to the toll charge area A from the expanded toll charge area B")
detected in this Waly't6 the c8Rfralr urit1 A oRthe st widevgreaand, furthermore,

second toll amounts which are separated into amounts to
5 be collected for the case in which the expanded toll
charge area B has been entered and amounts to be
collected for the case in which it has not been entered
are registered. For example, for the medium-size
vehicles, 0.5 dollars for the case in which the expanded
10 toll charge area B has been entered and one dollar for
the case in which it has not been entered are registered.
In this way, by differentiating amounts for the case
in which the expanded toll charge area B has been entered
and those for the case in which it has not been entered
15 and by setting amounts to which a benefit, such as a
discount or the like, is applied in accordance with a
route, distance, etc., it is made possible to give a
driver, etc. of the vehicle 3 that has passed through the
expanded toll charge area B a sense of getting a good
20 deal.
{00406}
Next, operation specifics of the above-described
vehicle-mounted device 50 in the case in which the

vehicle 3 enters the toll charge area A after entering



20 communication unit 32. The central unit 17 determines the toll amount to be collected from the
user of the vehicle 3 as a road usage fee and sends tl%e information about the determined toll amount
to the vehicle-mounted device 50. Upon receiving 36 fe information about the toll amount via the first
wide- area communication unit 32, the control unit 26 of the vehicle-mounted device 50 subtracts the
amount in accordance with the acquired information about the toll 5 amount from the balance recorded
on the IC card, and the balance thereof is recorded on the IC card as an updated balance. {00491
Next, details of communication processing performed 10 between the toll collection device 2 and the

vehicle-mounted devieeBonWReN it toll Chafge afeseA iS etifeléd Wil Be Hesersed By using Fig. 10.

First, when the area boundary of the toll charge area A is approached, the control unit 26 of the
vehicle- 15 mounted'deVice 50 recéives arequest signal for the identification information of the

vehicle-mounted device , , ,
As shown in Fig. 9, the GPS receiver 24 of the

vehicle-mounted device 50 acquires positional information

5 regarding the current position from a plurality of GPS
satellites during driving. When the GPS receiver 24
outputs the acquired positional information to the
control unit 26, the control unit 26 detects the current
positional information of the vehicle 3 on the basis of

10 the positional information and the map information stored
in the vehicle-mounted-device storage device 25 and also
stores it in the vehicle-mounted-device storage device
25. Subsequently, upon receiving the request signal from
the first antenna 5 of the toll collection device 2 in

15 response to the passage of the vehicle 3 near the toll
collection device 2, the control unit 26 detects the
entry/exit information of the vehicle 3 on the basis of
the current positional information stored in the vehicle-
mounted-device storage device 25.

20 {0047}

For example, in the case in which the current

positional information stored in the vehicle-mounted-
device storage device 25 is the "expanded toll charge

area B" and the control unit 26 detects that new current



which is emitted from the first antenna 5 of the toll collection device 2 (step SAL in Fig. 10) via the
communication unit 27. Upon receiving the request si%nal, 20 the control unit 26 reads out the
identification information of the vehicle-mounted device and the vehicle information from the
vehicle-mounted-device storage device 25 as response signals and sends the response signals to the
toll collection device 2 via the 37 communication unit 27 (step SA2 in Fig. 10). {00501 The control
unit 26 that has received the request signal detects the entry/exit information on the basis of 5 the
current positional information stored in the vehiclemounted-device storage device 25 and also outputs
the entry/exit infofrhation fe theleertial uhit A7 ia te fikst Widé-aréa Ebmnilfficationh (if32 {step SA3
in Fig. 10). The toll collection device 2 outputs the acquired 10 response signals to the central unit 17
in association with9deritifieafion friforRatict'6f the 81l Eoffectibf'device®? fiself {stép SA4 in Fig. 10).
The central unit 17, which is a superordinate device of the toll collection device 2, determines an
amount 15(toll aridtimity td-Be tbffected fromaVehicie Geefort fifgt the expanded toll

charge area B" is detected for the vehicle 3, and this is
5 used as the entry/exit information. In addition, for
example, in the case in which the current positional
information stored in the vehicle-mounted-device storage
device 25 is the "toll charge area A" and the control
unit 26 detects that new current positional information
10 after receiving the request signal from the first antenna
5 is the "expanded toll charge area B", "exit from the
toll charge area A to the expanded toll charge area B" 1is
detected for the vehicle 3, and this is used as the
entry/exit information.
15 {0048}
The control unit 26 outputs the entry/exit
information (for example, "entry to the toll charge area
A from the expanded toll charge area B") detected in this
way to the central unit 17 via the first wide-area
20 communication unit 32.
The central unit 17 determines the toll amount to be
collected from the user of the vehicle 3 as a road usage
fee and sends the information about the determined toll

amount to the vehicle-mounted device 50. Upon receiving



basis of the response signals acquired from the toll collection device 2 and the entry/exit information
acquired from the vehicle-mounted device 50. The centéal unit 17 judges, on the basis of the response
signals, 20 whether or not the vehicle 3 is provided with’the vehicle-mounted device 50 corresponding
to its vehicle type, and it judges a vehicle provided with the vehicle-mounted device 50 that does not
correspond to its vehicle type to be a fraudulent vehicle. 38 {00511 In the case in which the result
of the above-described judgment as to whether or not a vehicle is a fraudulent indicates that it is not
fraudulent venhicle, 5 the central unit 17 calculates the toll amount on the basis of the above-described
toll charge tablet3% and tire tolitcharge bablé 360 Ontthé otherrRard, Tt the-e&sef inkkich tHE vehicle is
fraudulent, the central unit 17 registers the identification information of the vehicle- 10 mounted device
installed in the V&Hficte 35lYed t6*be Afralitilentirehicle it fretBlack 1sti34 afd also¢xiculates the
toll amount for the vehicle 3 on the basis of the first toll amount and the second toll amount to which a
benefit, such as'&HiseoanT et Hs hot aBappliet, {60521 Thé Tehtral GHIPET talctlates the toll amount

to be
accordance with the acquired information about the toll

5 amount from the balance recorded on the IC card, and the
balance thereof is recorded on the IC card as an updated
balance.

{0049}
Next, details of communication processing performed
10 between the toll collection device 2 and the vehicle-
mounted device 50 when the toll charge area A is entered
will be described by using Fig. 10.
First, when the area boundary of the toll charge
area A is approached, the control unit 26 of the vehicle-
15 mounted device 50 receives a request signal for the
identification information of the vehicle-mounted device
which is emitted from the first antenna 5 of the toll
collection device 2 (step SAl in Fig. 10) via the
communication unit 27. Upon receiving the request signal,
20 the control unit 26 reads out the identification
information of the vehicle-mounted device and the vehicle
information from the vehicle-mounted-device storage
device 25 as response signals and sends the response

signals to the toll collection device 2 via the



collected from the user on the basis of the entry/exit information acquired from the vehicle-mounted
device 50 20 and the identification information of the vehicle-mounted device, etc. acquired from the
toll collection device 2, and outputs information about tHe calculated toll amount to the
vehicle-mounted device 50 via the second wide-area communication unit 18 (step SA5 in Fig. 10). For
example, 39 in the case in which the vehicle type is medium size and the expanded toll charge area B
has been entered, an amount of one dollar is extracted from the first toll charge table as the first toll
amount and an amount of 50.5 dollars is extracted from the second toll charge table as the second toll
amount, and 1.5° 8818 Lwhiehds the'stimof tHé Fifst toitamblint aAd tHé second toll amount, is
calculated as the toll amount to be charged to the user of the vehicle 3 as the road usage fee. Then,
10 the informatiéf 4bBit the calculated toll amount is sent to the vehicle-mounted device 50 via the
second wide-area communication unit 18. {00531 Upon receiving the information about the toll amount

15 via the first wide-ard& @ommitiicatichdriit 32, the¥ehfde-nidited BevicB BOrsEHYS N affirmative

signal indicating the completion of communication to the second wide-area communication unit 18
(SKﬁ)SAGinFEfﬁ@?ﬁﬁddeteCts the entry/exit information on the basis of

5 the current positional information stored in the vehicle-
mounted-device storage device 25 and also outputs the
entry/exit information to the central unit 17 via the
first wide—-area communication unit 32 (step SA3 in Fig.
10). The toll collection device 2 outputs the acquired

10 response signals to the central unit 17 in association
with identification information of the toll collection
device 2 itself (step SA4 in Fig. 10).

The central unit 17, which is a superordinate device
of the toll collection device 2, determines an amount

15 (toll amount) to be collected from a vehicle user on the
basis of the response signals acquired from the toll
collection device 2 and the entry/exit information
acquired from the vehicle-mounted device 50. The central
unit 17 judges, on the basis of the response signals,

20 whether or not the vehicle 3 is provided with the
vehicle-mounted device 50 corresponding to its wvehicle
type, and it judges a vehicle provided with the vehicle-
mounted device 50 that does not correspond to its wvehicle

type to be a fraudulent vehicle.



updates the balance on the IC card by subtracting the 20 toll amount from the balance on the IC card
(step SA7 in Fig. 10). In the case in which the balance %pdating processing is correctly performed, the
control unit 26 subsequently reads the updated balance and authenticator data from the IC card (step
SA8 in Fig. 10). Here, the 40 authenticator data is information for reporting that the toll collection has
been performed correctly. {00541 As has been described above, with the toll 5 collection system 1
according to this embodiment, the vehicle-mounted device 50, which is provided in a vehicle and
exchanges information with the toll collection devices 2 provided at the toll booths in the toll charge
area A, detects fHentty/exit information, which is the 10 information about entry into the toll charge
area A from the expanded toll charge area B and/or exit from the toll charge area A into the expanded
toll charge area B, on the Hdsfs 6Fthe map ihfofatidifof theexpanted 61l éRarge area B, which is
newly set up outside the toll 15 charge area A, and the acquired positional information, and the
entry/exit infornfatidA’is BGtput 1 EHEFCENtFaT uhit T72 R 28ditioR, thefcehtraf DAt 19 cafcutates the toll
amount on the basis of the acquired entry/exit information. Because the toll amount is calculated at the
20 central unit 175A 1S \FAY) or e BaSis Of tHhe maplinfotmation fthesositidHal 1iifbration, and the

information about the entry/exit between the expanded toll char%% ﬂea B and the toll charge area A, it

is not necessary t5p&iforht ftag Setiing; dtcS for aftbWing the amount on the

basis of the above-described toll charge table 35 and the
toll charge table 36. On the other hand, in the case in
which the vehicle is fraudulent, the central unit 17
registers the identification information of the wvehicle-
10 mounted device installed in the vehicle 3 judged to be a
fraudulent vehicle in the black list 34 and also
calculates the toll amount for the vehicle 3 on the basis
of the first toll amount and the second toll amount to
which a benefit, such as a discount, etc., 1is not
15 applied.
{0052}

The central unit 17 calculates the toll amount to be
collected from the user on the basis of the entry/exit
information acquired from the vehicle-mounted device 50

20 and the identification information of the vehicle-mounted
device, etc. acquired from the toll collection device 2,
and outputs information about the calculated toll amount
to the vehicle-mounted device 50 via the second wide-area

communication unit 18 (step SA5 in Fig. 10). For example,



41 toll collection devices 2 to judge whether or not the expanded toll charge area has been entered, as
has been conventionally done. Because of this, the to#l collection devices 2 do not have to be altered
for making it 5 possible to perform flag assessment, etc., and the toll charge area can be expanded
while utilizing the existing toll collection devices 2 without any change. {00551 Because the central unit
17 judges the 10 presence/absence of a fraudulent vehicle when the vehicles 3 pass by the toll
collection devices 2 on the basis of the identification information of the vehicle-mounted devices
acquired from the toll collection devices 2 and entry/exit information for the vehicles acquired 15 from
the vehicles 3 vialthelxecond widé-arfed eemmimicatiorurit I8eisiFodaisie i eRhaRce fifé accuracy
of detecting a fraudulent vehicle. {00561 Although this embodiment has been described assuming 20
that the paymenit t6qGeStimgfifit is provided ¥ thetvéticle-mednteddevicetsd, 3Hat e information
about the toll amount calculated at the central unit 17 is output to the vehicle-mounted device 50, and
that payment clEAtaREE priceseingis piformedat thé GeRidietmdtintdef 451 rst toll

charge table as the first toll amount and an amount of

5 0.5 dollars is extracted from the second toll charge
table as the second toll amount, and 1.5 dollars, which
is the sum of the first toll amount and the second toll
amount, 1s calculated as the toll amount to be charged to
the user of the vehicle 3 as the road usage fee. Then,

10 the information about the calculated toll amount is sent
to the vehicle-mounted device 50 via the second wide-area
communication unit 18.

{0053}
Upon receiving the information about the toll amount

15 via the first wide—area communication unit 32, the
vehicle-mounted device 50 sends an affirmative signal
indicating the completion of communication to the second
wide—area communication unit 18 (step SA6 in Fig. 10) and
updates the balance on the IC card by subtracting the

20 toll amount from the balance on the IC card (step SA7 in
Fig. 10). 1In the case in which the balance updating
processing is correctly performed, the control unit 26
subsequently reads the updated balance and authenticator

data from the IC card (step SA8 in Fig. 10). Here, the



device 50, it is not limited thereto. For example, the payment requesting unit may be provided in the
central unit. In this case, the central unit 17 may perforrﬁl processing, such as direct withdrawal from a
bank account 5 of the user of the vehicle 3, by means of a payment processing device (not shown)
connected to the central unit 17 on the basis of the information about the toll amount calculated at the
central unit 17. By completing the payment clearance via the processing at the central 10 unit 17 in
this way instead of performing the payment clearance at the vehicle-mounted device 50, it is possible
to reduce a communication load exerted on the wide-area wireless communication medium connecting
the first wide-aréa E6fihturfication Git 32 andithé Ke8and 25 Witls-area ebmmanitaticn Ghit18. {0057}
{Second Embodiment} Next a toll collection system according to a second embodiment of the
present inventiohSWifl be“ddstfibear26five kSHECHIREHGH )stEnTaccarding o this embodiment differs
from that of the first embodiment described above in that the calculation unit that calculates the toll
amount to be ch{a%(a:?dl {o a vehicle as the road usage fee is provided in the vehicle-mounted

As has been described above, with the toll

5 collection system 1 according to this embodiment, the
vehicle-mounted device 50, which is provided in a wvehicle
and exchanges information with the toll collection
devices 2 provided at the toll booths in the toll charge
area A, detects the entry/exit information, which is the

10 information about entry into the toll charge area A from
the expanded toll charge area B and/or exit from the toll
charge area A into the expanded toll charge area B, on
the basis of the map information of the expanded toll
charge area B, which is newly set up outside the toll

15 charge area A, and the acquired positional information,
and the entry/exit information is output to the central
unit 17. In addition, the central unit 17 calculates the
toll amount on the basis of the acquired entry/exit
information. Because the toll amount is calculated at the

20 central unit 17 in this way on the basis of the map
information, the positional information, and the
information about the entry/exit between the expanded
toll charge area B and the toll charge area A, it is not

necessary to perform flag setting, etc. for allowing the



43 device. The toll collection system according to this embodiment will be described below mainly with
regard to the differences, and descriptions will be omitted for aspects in common with those of the first
embodiment. As 5 in the above-described first embodiment, the payment clearance processing may
be performed at the vehicle-mounted device or it may be performed at the central unit; however, this
embodiment will be described assuming that the payment clearance processing for the toll amount 10
calculated at the vehicle-mounted device is performed at the central unit. {00581 As shown in Fig.
11, a vehicle-mounted device 50a according to this embodiment is provided with the 15 calculation unit
20 that calculatés’a tolFambBRt 6/ the BEsiS ©F a‘detectibirEsult vtiditentfylexie inféintation is
detected. Specifically, when the entry/exit information, which is information about entry of a vehicle
that has entere&ﬁ@%ﬂ%ﬁa@&ére%&%ﬁ%hé%%%ﬁd@@%ﬂ ERArGEStea &N d/ot exXRGTa vehicle
from the toll charge area into the expanded toll charge area, is detected on the basis of the map
information stor€@ Y fie~véHidle Mo dntea-deiEs Stbiage telicd 25 &M tHePpdsifichal siforriation, the

calculation unit 20 44 . .
devices 2 do not have to be altered for making it

5 possible to perform flag assessment, etc., and the toll
charge area can be expanded while utilizing the existing
toll collection devices 2 without any change.

{0055}
Because the central unit 17 judges the
10 presence/absence of a fraudulent vehicle when the
vehicles 3 pass by the toll collection devices 2 on the
basis of the identification information of the wvehicle-
mounted devices acquired from the toll collection devices
2 and entry/exit information for the vehicles acquired
15 from the vehicles 3 via the second wide-area
communication unit 18, it is possible to enhance the
accuracy of detecting a fraudulent vehicle.
{0056}
Although this embodiment has been described assuming
20 that the payment requesting unit is provided in the
vehicle—-mounted device 50, that the information about the
toll amount calculated at the central unit 17 is output
to the vehicle-mounted device 50, and that payment

clearance processing is performed at the vehicle-mounted



calculates the toll amount on the basis of this detection result. Because various parts included in the
calculation unit 20 and processing performed at the various parts are the same as the contents
described in the above-described 5 first embodiment,% tailed descriptions thereof will be omitted.
{00591 As shown in Fig. 12, a central unit 17a is provided with the second wide-area
communication unit 18, the 10 fraud judging unit 19, and a payment requesting unit 40. The
payment requesting unit 40 requests payment of the toll amount from the vehicle user as the road
usage fee. For example, the payment requesting unit 40 notifies the information about the toll amount
to a payment 15'€l8afghcedevice 4F cBAftected 16 fite E&MtFal it 1748 fo 84S tHe payifent
clearance device 41 to collect from the vehicle an amount in accordance with the acquired information
about the toll arRGURCThe PagHEhE CRAraRCe-déVide BT iST6V eXample? adevicethat pérforms 20
processing of withdrawing the toll amount from a bank account of the vehicle user, or the like. {00601
Next, the specifits of the%be?é?t?osn GFtRE above-desetibed vehitle-mbuhted 8&6viE&50a will be
described by 45 using Figs. 11 and 12 for the case in which the vehicle enters the toll charge area

aﬂereNeHngth@%&@%ﬁﬁé&?@”émﬁﬁe%ﬁeglreCt withdrawal from a bank account

5 of the user of the vehicle 3, by means of a payment
processing device (not shown) connected to the central
unit 17 on the basis of the information about the toll
amount calculated at the central unit 17. By completing
the payment clearance via the processing at the central

10 unit 17 in this way instead of performing the payment
clearance at the vehicle-mounted device 50, it is
possible to reduce a communication load exerted on the
wide—area wireless communication medium connecting the
first wide-area communication unit 32 and the second

15 wide—-area communication unit 18.

{0057}
{Second Embodiment}

Next a toll collection system according to a second
embodiment of the present invention will be described.

20 The toll collection system according to this
embodiment differs from that of the first embodiment
described above in that the calculation unit that
calculates the toll amount to be charged to a vehicle as

the road usage fee is provided in the vehicle-mounted



When the vehicle enters the toll charge area from 5 the expanded toll charge area, the first antenna 5
of the toll collection device sends a request signal for ﬂé e identification information of the
vehicle-mounted device 50a, and the vehicle- mounted device sends the identification information of
the vehicle-mounted device 10 50a via the communication unit 27. The current positional information
of the vehicle is stored in the vehiclemounted-device storage device 25 on the basis of the positional
information detected by the GPS receiver 24 of the vehicle-mounted device 50a and the map
information 15 stored in the vehicle-mounted-device storage device 25. {00611 When the entry/exit
information for tH& eht§ of thesehicle irte tHe tollicHarge area frortthecexpanted tolf Eharge area is
detected on the basis of the current 20 positional information, the entry/exit information indicating the
entry from the expaRded flitchatde aksa i ﬂ@fbﬂ%h%‘?dé)ﬁré%%fb@fpm%l%hé REAral Uit 17a via
the first wide-area communication unit 32 of the vehicle-mounted device 50a. The central unit 17a
judges 46 whethBFof'héttheS/ehicle i98 fratigdfent BERickSon the b&Sis O tHe&ntry/eXit information
for the vehicle estimated from the identification information of the vehicle-mounted device 50a
acquired from tFEP RS- CollgetioR HBYEe and the st /&t infsinfation aceied ViEtHe: seéohd

wide-area communication unit 18. The central unjt 17a sends the judgment result as to whether or not

the vehicle s frautiufélit t6 07¢ GehicRemotnted dévide 5BR ?/ijalfﬁ%ngecoﬁﬁ%lﬁéya{?SEEommunlcatlon

unnlol&{006%ﬁearance processing may be performed at the vehicle-
mounted device or it may be performed at the central
unit; however, this embodiment will be described assuming
that the payment clearance processing for the toll amount
10 calculated at the vehicle-mounted device is performed at
the central unit.
{0058}
As shown in Fig. 11, a vehicle-mounted device 50a
according to this embodiment is provided with the
15 calculation unit 20 that calculates a toll amount on the
basis of a detection result when entry/exit information
is detected. Specifically, when the entry/exit
information, which is information about entry of a
vehicle that has entered the toll charge area from the
20 expanded toll charge area and/or exit of a vehicle from
the toll charge area into the expanded toll charge area,
is detected on the basis of the map information stored in
the vehicle-mounted-device storage device 25 and the

positional information, the calculation unit 20



The calculation unit 20 of the vehicle-mounted device 50a determines the toll amount to be collected
from the user of the vehicle 3 as the road usage fee on 15 the basis of the judgment result as to
whether or not the vehicle is fraudulent acquired from the central unit 17a and the entry/exit
information detected at a control unit 26a. The control unit 26a of the vehicle-mounted device 50a
sends the information about the toll amount to the 20 central unit 17a via the first wide-area
communication unit 32. When the central unit 17a acquires the information on the toll amount via the
second wide-area communication unit 18, the payment requesting unit 40 of the central unit 17a
notifies the payfighteléafehtet 47 device £MesHected td the central Bhit Ai7asabbut #e tollfamount.
The payment clearance device 41 collects the amount in accordance with the information about the toll
amount from thé Gehitle-usérc 550063}V 2T AQUTasheerrdéséribedeabove, With thé t6liéalletfibn
system according to this embodiment, the vehicle-mounted device 50a, which is provided in a vehicle
and exchanges fHiformatiorfiith RRé T51IEE0-B6lidttioh elicesProvided @ tHE toll Boths irfthe toll
charge area, detects entry from the expanded toll charge area into the toll charge area on the basis of

the map informatih oftHE expandé€d tICHAIGE arés WHIEHR Ts néwiy Set UpBlitside Ire toiFcharge

area, and the 1§f acguired %o%tjonaltinfo&mgtioq, a(ljnddthe tol] aEn,ount ist(}:lalcula;[fed O,I’i Eh% basis of this
demmﬂonré%un_éé‘éhgan odiment, etalle escriptions ereof wi e

omitted.
{0059}
As shown in Fig. 12, a central unit 17a is provided
with the second wide—-area communication unit 18, the
10 fraud judging unit 19, and a payment requesting unit 40.
The payment requesting unit 40 requests payment of
the toll amount from the vehicle user as the road usage
fee. For example, the payment requesting unit 40 notifies
the information about the toll amount to a payment
15 clearance device 41 connected to the central unit 17a to
cause the payment clearance device 41 to collect from the
vehicle an amount in accordance with the acquired
information about the toll amount. The payment clearance
device 41 is, for example, a device that performs
20 processing of withdrawing the toll amount from a bank
account of the wvehicle user, or the like.
{0060}
Next, the specifics of the operation of the above-

described vehicle-mounted device 50a will be described by



the toll amount is calculated at the vehicle-mounted device 50a in this way on the basis of the map
information, the positional information, and the 20 information about entry/exit between the expanded
toll charge area and the toll charge area, it is not nece%gary to perform flag setting, etc. for allowing the
toll collection devices to judge whether or not the expanded toll charge area has been entered.
Furthermore, the toll 48 amount calculated at the vehicle-mounted device 50a is notified to the central
unit 17a via the first wide-area communication unit 32. Because of these features, the toll collection
devices do not have to be altered for 5 making it possible to distinguish the entry/exit information, etc.,
and the toll chargeldréaichfiche expatitediwhilettiliZiviy theSéxisting toll €olléefor’déviedswithout any
change. {0064} 10{Third Embodiment} Next a toll collection system according to a third
embodiment of fiesresefrtifvéntion WilkBe Bescived? £ L eThe toIPECIREtiGR Sy SEERTAECSHding to this
embodiment differs from those of the first embodiment and 15 the second embodiment described
above in that a plardiity2arge area.

When the vehicle enters the toll charge area from
5 the expanded toll charge area, the first antenna 5 of the
toll collection device sends a request signal for the
identification information of the vehicle-mounted device
50a, and the vehicle-mounted device sends the
identification information of the vehicle-mounted device
10 50a via the communication unit 27. The current positional
information of the vehicle is stored in the vehicle-
mounted-device storage device 25 on the basis of the
positional information detected by the GPS receiver 24 of
the vehicle-mounted device 50a and the map information
15 stored in the vehicle-mounted-device storage device 25.
{0061}

When the entry/exit information for the entry of the
vehicle into the toll charge area from the expanded toll
charge area 1is detected on the basis of the current

20 positional information, the entry/exit information
indicating the entry from the expanded toll charge area
into the toll charge area is output to the central unit
17a via the first wide—-area communication unit 32 of the

vehicle-mounted device 50a. The central unit 17a judges



of expanded toll charge areas are provided. The toll collection system according to this embodiment

will be described below mainly with regard to the differe%lces, and descriptions will be omitted for
aspects in common 20 with those of the first embodime

t and the second embodiment. {0065}

Fig.

13 shows a situation in which a plurality of expanded toll charge areas Bl and B2 are set up, and the
49 vehicle 3 enters the expanded toll charge area B2 from the expanded toll charge area BI, and then
enters the toll charge area A. As shown in Fig. 14, map information of the 5 individual expanded toll
charge areas Bl and B2 is stored in a vehicle-mounted-device storage device 25b of a

vehicle-mounted deVice 5obtinE35ociafion Withidentificatioh inforffiater byand B2assigneddo the

individual expanded toll charge areas Bl and B2. As shown 10in Fig. 15, first toll charge tables 35b1

and 35b2

10

15

20

basis of the entry/exit information for the vehicle
estimated from the identification information of the
vehicle-mounted device 50a acquired from the toll
collection device and the entry/exit information acquired
via the second wide—-area communication unit 18. The
central unit 17a sends the judgment result as to whether
or not the vehicle is fraudulent to the vehicle-mounted
device 50a via the second wide—-area communication unit
18.

{0062}

The calculation unit 20 of the vehicle-mounted
device 50a determines the toll amount to be collected
from the user of the vehicle 3 as the road usage fee on
the basis of the judgment result as to whether or not the
vehicle is fraudulent acquired from the central unit 17a
and the entry/exit information detected at a control unit
26a. The control unit 26a of the vehicle-mounted device
50a sends the information about the toll amount to the
central unit 17a via the first wide—-area communication
unit 32. When the central unit 17a acquires the
information on the toll amount via the second wide-area
communication unit 18, the payment requesting unit 40 of

the central unit 17a notifies the payment clearance



related to the individual expanded toll charge areas Bl and B2 are stored in a central-unit storage
device 37b of the central unit 17b in association with the identification information bl and b2 assigned
to the 15 individual expanded toll charge areas BI and4§2. In Figs. 13 and 15, when the vehicle 3
enters the expanded toll charge area BI, a control unit 26b of the vehicle-mounted device 50b detects
that the vehicle 3 has entered the expanded toll charge area Bl on the basis of 20 the information
received by the GPS receiver 24 and the map information stored in the vehicle-mounted-device
storage device 25b, and causes the vehicle-mounted-device storage device 25b to store this
information as tR&&hf§/exit informaaeis 50 00661 CSWheh the Vehicle: 33ubséeqiérily enters the
expanded toll charge area B2, the control unit 26b detects this information and causes the
vehicle-mounte&-%lg%ic%r%‘fblr%@e déVice RBI6 Store tRidTiRfOFRAfEH irfthcatingthat e expatded toll
charge area B2 has been entered, as the entry/exit information. When subsequently entering the toll
charge area A, GBI aEquifing aTeqtestSigifal Via tHeecomrfumieatioRTurfit2? thé &Bnir6ildnit 26b of
the vehicle-mounted device 50b outputs the identification information of the vehicle-mounted device
50D to the toll cGTEXtBR dEVFR TSI tHE Vehitfe-Hidthted-device storage device 25b. The control unit
26b outputs the entry/exit information, which is detected on the basis of the current positional
informationstoréd fif the vehiclemounted-device storage device 25b to the central unit 17b via the first
wide-area communication %nit 32. The cent%alémétaﬂb jud%ﬁs whether or not the vehicle is

t ac

fraudulent on the basi< 6f théen r?(l%enxit informatio Gif&d vit'the sedondWide-area communication

unit 18 and the ideﬂiification information of the vehicle-moggted device ac%uired from the toll collection
colle nt

device, and also ca clilates the Tt aMount ity B actordance with the ﬁﬂc};merﬁ resUlt. {0067}

vehicle-mounted device 50a, which is provided in a
vehicle and exchanges information with the toll

10 collection devices provided at the toll booths in the
toll charge area, detects entry from the expanded toll
charge area into the toll charge area on the basis of the
map information of the expanded toll charge area, which
is newly set up outside the toll charge area, and the

15 acquired positional information, and the toll amount is
calculated on the basis of this detection result. Because
the toll amount is calculated at the vehicle-mounted
device 50a in this way on the basis of the map
information, the positional information, and the

20 information about entry/exit between the expanded toll
charge area and the toll charge area, it is not necessary
to perform flag setting, etc. for allowing the toll
collection devices to judge whether or not the expanded

toll charge area has been entered. Furthermore, the toll



Specifically, as shown in Fig. 15, an amount determining unit 38b of the central unit 17b acquires 5
first toll amounts for the expanded toll charge areas Bl and B2 by referring to the individual first toll
charge tables 35b1 and 35b2, which are associated with the identification information bl and b2 for the
expanded toll charge areas Bl and B2, and also acquires a second 10 toll amount for the toll charge
area A by referring to the second toll charge table 36. Then, by summing these first toll amounts and
the second toll amount, the toll amount for the vehicle 3 is calculated as the road usage fee. The
information about the toll amount is 15 subsequently sent to the vehicle-mounted device 50b via the
second wide-aré&' egmmuimicatiohfiififl18t thgporfreceiing e ihfotnttionEbout the foll amount via
the first wide-area communication unit 32, the control unit 26b of the vehicle-mounted device 50b 20
subtracts the aboveidesefibed toiPamoeant-frérm the Haldnce rétdrdetFin'the $€ catd-cantf feétords the
remaining amount in the IC card as an updated balance. It is assumed that the details of the

communication R Accotdande With the proc&&hify procedure siGwn it Eigr 52 161

toll collection devices do not have to be altered for
5 making it possible to distinguish the entry/exit
information, etc., and the toll charge area can be
expanded while utilizing the existing toll collection
devices without any change.
{0064}
10 {Third Embodiment}
Next a toll collection system according to a third
embodiment of the present invention will be described.
The toll collection system according to this
embodiment differs from those of the first embodiment and
15 the second embodiment described above in that a plurality
of expanded toll charge areas are provided. The toll
collection system according to this embodiment will be
described below mainly with regard to the differences,
and descriptions will be omitted for aspects in common
20 with those of the first embodiment and the second
embodiment.
{0065}
Fig. 13 shows a situation in which a plurality of

expanded toll charge areas Bl and B2 are set up, and the



{00681 As has been described above, with the toll collection system according to this embodiment,
because 5 toll amounts that correspond to the individugl expanded toll charge areas are provided in
the case in which the plurality of expanded toll charge ‘areas are set up, and because the information
about entry/exit into/from the individual expanded toll charge areas is sent to the 10 central unit 17b
from the vehicle-mounted device 50b in association with the identification information of the individual
expanded toll charge areas, the central unit 17b can easily identify the expanded toll charge areas.
Accordingly, it is possible to quickly determine the toll 15 amounts, that is, the road usage fee, for the
expanded toll ci&rge atas tHeWehifle Had enterse Furtherdmord begguse fiie first follharge tables
35b1 and 35b2 corresponding to the individual expanded toll areas Bl and B2 are stored in the

central-unit storagé€ device 37 20Gtlis possibietrséicdetailecPol dméints #6ethe individual

expanded toll charge areas. Additionally, even in the case in which the vehicle 3 has entered a
plurality of the expandéd tiFéhatgé ardas, toll collection can be performed with a single payment. 53
Although this embodiment has been described for the case in which two eg)anded toll charge areas

are set up, there is no fimitaficito tHe Aurber 6 thB8Expahd8d TalF g8 aré&€ B. In addition, the

plurality of the 5,e>g)an,ded toll areas B may be set up adjacent to each other. {00691 {Fourth
Embodnneéﬂ individual expanded toll charge areas Bl and B2 1s stored

in a vehicle-mounted-device storage device 25b of a
vehicle-mounted device 50b in association with
identification information bl and b2 assigned to the
individual expanded toll charge areas Bl and B2. As shown

10 in Fig. 15, first toll charge tables 35bl and 35b2
related to the individual expanded toll charge areas Bl
and B2 are stored in a central-unit storage device 37b of
the central unit 17b in association with the
identification information bl and b2 assigned to the

15 individual expanded toll charge areas Bl and B2.

In Figs. 13 and 15, when the vehicle 3 enters the
expanded toll charge area Bl, a control unit 26b of the
vehicle-mounted device 50b detects that the vehicle 3 has
entered the expanded toll charge area Bl on the basis of

20 the information received by the GPS receiver 24 and the
map information stored in the vehicle-mounted-device
storage device 25b, and causes the vehicle-mounted-device
storage device 25b to store this information as the

entry/exit information.



Next a toll collection system according to a fourth 10 embodiment of the present invention will be
described. The toll collection system according to this embodiment differs from the toll collection
systems of the first embodiment and the second embodiment described above in that the road usage
fee for the expanded toll 15 charge area B is determined in accordance with the duration of stay
therein. The toll collection system according to this embodiment will be described below mainly with
regard to the differences, and descriptions will be omitted for aspects in common with those of the 20
first embodiment and the second embodiment. {00701 As shown in Fig. 16, a vehicle-mounted device
50c according td tHi§ @mbodiment is additionally provided with a timer 33 for clocking the duration of
stay in the 54 expanded toll charge area B. In addition, with regard to a central unit according to this
embodiment, in the colffigiitation didgfiarm st the BBREEPUREE? Bh6WhSH Fid:- 17 theRrst ¥6iPcharge

table 35 provided in the , ,
toll charge area B2, the control unit 26b detects this

information and causes the vehicle-mounted-device storage
device 25b to store this information indicating that the
expanded toll charge area B2 has been entered, as the
entry/exit information. When subsequently entering the
toll charge area A, upon acquiring a request signal via
the communication unit 27, the control unit 26b of the
vehicle-mounted device 50b outputs the identification
information of the vehicle-mounted device 50b to the toll
collection device from the vehicle-mounted-device storage
device 25b. The control unit 26b outputs the entry/exit
information, which is detected on the basis of the
current positional information stored in the vehicle-
mounted-device storage device 25b to the central unit 17b
via the first wide-—-area communication unit 32.

The central unit 17b judges whether or not the
vehicle is fraudulent on the basis of the entry/exit
information acquired via the second wide-area
communication unit 18 and the identification information
of the vehicle-mounted device acquired from the toll

collection device, and also calculates the toll amount in



5 central-unit storage device 37 is a toll charge table (not shown) in which the duration of stay is a
parameter. {00711 As shown in Fig. 16, when the vée(?icle 3 enters the expanded toll charge area
B, a control unit 26¢ of the 10 vehicle-mounted device 50c detects that the expanded toll charge area
B has been entered and activates the timer 33. Accordingly, the duration of stay in the expanded toll
charge area B is clocked by the timer 33. When the toll charge area A is entered subsequently, the
control 15 unit 26¢ of the vehicle-mounted device 50c sends the duration of stay clocked by the timer
33 to the central unit 17 via the first wide-area communication unit 32 in addition to the vehicle
information, etc 3Fer&xsmpR, Wheh thé feqiestBiRjhal iseeéived from the first 20 antenna of the toll
collection device, the control unit 26¢ stops the operation of the timer 33 and also reads out the
duration of stay &f #at boint and sends it to the central unit 17. {00721 55  The central unit 17
detects the entry/exit information indicating that the expanded toll charge area has been entered and
notifies the amount deterfiing Ghit 38 ThE aPhGURt detefmifling!uhit 38 caféaites the first 5 toll
amount in accordance with the duration of stay in the expanded toll charge area B by using the first toll
charge table 35%Whithis PeprésBhted by & fHctioh ittt respit 1'the duf4tidir 8Fdta§ Salso extracts
the second toll amount appropriate for the vehicle 3 from the second 10 toll charge table 36 for the toll
charge ared A, and, By SUMmiAy' tHE2e® calRblatdthe B atount for theVehitte 37 $Rn fhformation

about the determined %tgll amount is sent to the vehicle-mounted device 50c viaﬁw %econd wide-area
18

communication G 15Upbh re&éiving the information $B6Utthe toif mouRt + Charde

tables 35bl and 35b2, which are associated with the
identification information bl and b2 for the expanded
toll charge areas Bl and B2, and also acquires a second

10 toll amount for the toll charge area A by referring to
the second toll charge table 36. Then, by summing these
first toll amounts and the second toll amount, the toll
amount for the vehicle 3 is calculated as the road usage
fee. The information about the toll amount is

15 subsequently sent to the vehicle-mounted device 50b via
the second wide—-area communication unit 18.

Upon receiving the information about the toll amount
via the first wide-area communication unit 32, the
control unit 26b of the vehicle-mounted device 50b

20 subtracts the above-described toll amount from the
balance recorded in the IC card, and records the
remaining amount in the IC card as an updated balance. It
is assumed that the details of the communication are in

accordance with the processing procedure shown in Fig.



in accordance with the duration of stay via the first wide-area communication unit 32, the control unit
26¢ of the vehicle-mounted device 50c subtracts the amount in accordance with the information about
the above-described 20 toll amount from the balance récorded in the IC card, records the remaining
amount in the IC card as an updated balance, and also clears the value in the timer 33. It is assumed
that the details of the communication between the central unit 17 and the vehicle-mounted device 50c
56 described above are in accordance with the processing procedure shown in Fig. 10. {00731 As has
been described above, with the toll 5 collection system according to this embodiment, because the
duration of stay ¥ the expanded toll charge area B is sent to the central unit 17, the central unit 17 can
calculate a toll amount that is the road usage fee in which the duration of stay in the expanded toll
charge 10 area BY%S%4Ken into consideration. Accordingly, it is possible to set a road usage fee that is
more reflective of the road usage situation. Although the timer 33 is employed as means for detecting

the duration of stay, thé YuratiorP6fstay Fisy 158 AGEKER! altermatively, by lising time data included

in GPS data acquired by the GPS receiver 24. , ,
collection system according to this embodiment, because

5 toll amounts that correspond to the individual expanded
toll charge areas are provided in the case in which the
plurality of expanded toll charge areas are set up, and
because the information about entry/exit into/from the
individual expanded toll charge areas is sent to the

10 central unit 17b from the vehicle-mounted device 50b in
associlation with the identification information of the
individual expanded toll charge areas, the central unit
17b can easily identify the expanded toll charge areas.
Accordingly, it 1is possible to quickly determine the toll

15 amounts, that is, the road usage fee, for the expanded
toll charge areas the vehicle has entered. Furthermore,
because the first toll charge tables 35bl and 35b2
corresponding to the individual expanded toll areas Bl
and B2 are stored in the central-unit storage device 37b,

20 it is possible to set detailed toll amounts for the
individual expanded toll charge areas. Additionally, even
in the case in which the vehicle 3 has entered a
plurality of the expanded toll charge areas, toll

collection can be performed with a single payment.



{0074} In addition, because the toll amount in this embodiment is determined in accordance with
the duration 20 of stay in the expanded toll charge area B, if the vehicle is parked at the parking lot
that exists in the expanded toll charge area B, the duri}ion of stay is clocked by the timer 33, and the
corresponding amount is reflected in the road usage fee. Therefore, the operation 57 of the timer 33 is
stopped for the period of parking in the parking lot in the expanded toll charge area B. For
example, the control unit 26¢ of the vehicle-mounted device 50c stops the operation of the timer 33 5
when an inquiry signal is received from an entrance antenna provided at the entrance of the parking
lot, and the control unit:2éc:actiatéd the HRer3I3Mteh a esnfitpritionssigral Mdicatiig that parking
fee has been received is received from an exit antenna provided at the 10 exit of the parking lot.
Accordingly, thefifigr 33 is'stbpped for ﬁé&@%ﬁ%f%f%n@@ﬁﬂ?@péﬁkﬁ?@sloﬁ%osﬁk possible to

prevent the parking time from being included in the duration of stay. {00751 15{Fifth Embodiment}
thére is no limitation to the number of the expanded toll

charge areas B. 1In addition, the plurality of the
5 expanded toll areas B may be set up adjacent to each
other.
{0069}
{Fourth Embodiment}
Next a toll collection system according to a fourth
10 embodiment of the present invention will be described.
The toll collection system according to this
embodiment differs from the toll collection systems of
the first embodiment and the second embodiment described
above in that the road usage fee for the expanded toll
15 charge area B is determined in accordance with the
duration of stay therein. The toll collection system
according to this embodiment will be described below
mainly with regard to the differences, and descriptions
will be omitted for aspects in common with those of the
20 first embodiment and the second embodiment.
{0070}
As shown in Fig. 16, a vehicle-mounted device 50c
according to this embodiment is additionally provided

with a timer 33 for clocking the duration of stay in the



Next a toll collection system according to a fifth embodiment of the present invention will be described.
The toll collection system according to this embodimenpt differs from the toll collection system of the 20
fourth embodiment described above, in which the toll arhount is determined in accordance with the
duration of stay, in that the toll amount is determined in accordance with distance traveled in the
expanded toll charge area B. The toll collection system according to this 58 embodiment will be
described below only with regard to the differences, and descriptions will be omitted for aspects in
common with those of the fourth embodiment. {00761 5As shown in Fig. 17, a vehicle-mounted device
50d according t6 ia effsodiment Bsrovided with & traveledidfistaned actidmilai6dds thato
accumulates the traveled distance instead of the timer 33 of the vehicle-mounted device 50c according
to the fourth emBodieritaThe 10%rav/etéd-distahceCaddihiul &P 34 detimuldtes thé traveled distance
by using information based on vehicle-speed pulses, etc. output from the GPS receiver 24 and a gyro

42 installed in tHePVeHiEeIRbARTRIUSACEEN P the-Véhice ™ With Yéydrd td tié e¥Rtralunit 17

according 15 to this embodiment in Fig. 7, the first toll charge table 35 provided in the central-unit

storage device 37-%a toll ¢hdrgé jr&ﬁg ift Whict et etéd didtattes A'pérametér. {0677)

5 central-unit storage device 37 is a toll charge table
(not shown) in which the duration of stay is a parameter.
{0071}

As shown in Fig. 16, when the vehicle 3 enters the

expanded toll charge area B, a control unit 26c of the

10 vehicle-mounted device 50c detects that the expanded toll
charge area B has been entered and activates the timer
33. Accordingly, the duration of stay in the expanded
toll charge area B is clocked by the timer 33. When the
toll charge area A is entered subsequently, the control

15 unit 26c of the vehicle-mounted device 50c sends the
duration of stay clocked by the timer 33 to the central
unit 17 via the first wide—area communication unit 32 in
addition to the vehicle information, etc. For example,
when the request signal is received from the first

20 antenna of the toll collection device, the control unit
26c stops the operation of the timer 33 and also reads
out the duration of stay at that point and sends it to
the central unit 17.

{0072}



20In Fig. 17, when the vehicle 3 enters the expanded toll charge area B, a control unit 26d of the
vehicle-mounted device 50d detects that the expande% toll charge area B has been entered and also
activates the traveled-distance accumulator 34. Accor ?ngly, the distance 59 traveled in the expanded
toll charge area B is accumulated by the traveled-distance accumulator 34. When the toll charge area
A is entered subsequently, the control unit 26d of the vehicle-mounted device 50d sends 5 the traveled
distance accumulated by the traveled-distance accumulator 34 to the central unit 17 via the first
wide-area communication unit 32 in addition to the vehicle information, etc. For example, when the
request signal is receivedEfrGiithé fitstdnténna’5 &F Hrctoll 10 ColRietion devite 2, the control unit 26d
stops the operation of the traveled-distance accumulator 34 and also reads out the traveled distance at
that point and séfd< it 16 thePSentral Lt 172 Y0678 15T1Re 8y e thé expanded t6H chafge area B
is detected at the central unit 17 and is notified to the amount determining unit 38. The amount
determining unit'’S8 cRRERAES tHE it N AMOUNtthatis the rédPisage! fdetinHdeordante ith the

distance traveled in the o . .
38. The amount determining unit 38 calculates the first

5 toll amount in accordance with the duration of stay in
the expanded toll charge area B by using the first toll
charge table 35, which is represented by a function with
respect to the duration of stay, also extracts the second
toll amount appropriate for the vehicle 3 from the second

10 toll charge table 36 for the toll charge area A, and, by
summing these, calculates the toll amount for the wvehicle
3. Then information about the determined toll amount is
sent to the vehicle-mounted device 50c via the second
wide—area communication unit 18.

15 Upon receiving the information about the toll amount
in accordance with the duration of stay via the first
wide—area communication unit 32, the control unit 26c of
the vehicle-mounted device 50c subtracts the amount in
accordance with the information about the above-described

20 toll amount from the balance recorded in the IC card,
records the remaining amount in the IC card as an updated
balance, and also clears the value in the timer 33. It is
assumed that the details of the communication between the

central unit 17 and the vehicle-mounted device 50c



20 expanded toll charge area B by using the first toll charge table 35, which is represented by a
function with respect to the traveled distance, also extracts the second toll amount from the second toll
charge table 36 for the toll charge area A in accordance with the vehicle 60 type of the vehicle 3, and,
by summing these, calculates the toll amount for the vehicle 3. Then, information about the determined
toll amount is sent to the vehicle-mounted device 50d via the second wide-area communication 5unit
18. {00791 When the toll amount in accordance with the traveled distance is received via the first
wide-area communication unit 32, the control unit 26d of the 10 vehicle-mounted device 50d subtracts
the above-descfised tolsiflodmrem ahe balanteTeeoitfeddn e IC ehrd, Ye€6ras thé Femaining
amount in the IC card as an updated balance, and also clears the value in the traveled-distance
accumulator 34 P i&sstinfed tHat the-Befails 15'6F the communication between the central unit 17
and the vehicle-mounted device 50d described above are in accordance with the processing
procedure showhoiﬂﬁé. 10. {00801 20As has been described above, with the toll collection system
according to this embodiment, because the distance traveled in the exaanded toll charge area B is

sent to the central unit27, e &l WS it Caldtidte a 8l SMhouREinWhith the distance traveled

N
5 collection system according to this embodiment, because

the duration of stay in the expanded toll charge area B
is sent to the central unit 17, the central unit 17 can
calculate a toll amount that is the road usage fee in
which the duration of stay in the expanded toll charge
10 area B is taken into consideration. Accordingly, it is
possible to set a road usage fee that is more reflective
of the road usage situation.
Although the timer 33 is employed as means for
detecting the duration of stay, the duration of stay may
15 be clocked, alternatively, by using time data included in
GPS data acquired by the GPS receiver 24.
{0074}
In addition, because the toll amount in this
embodiment is determined in accordance with the duration
20 of stay in the expanded toll charge area B, if the
vehicle is parked at the parking lot that exists in the
expanded toll charge area B, the duration of stay is
clocked by the timer 33, and the corresponding amount is

reflected in the road usage fee. Therefore, the operation



61 the expanded toll charge area B is taken into consideration. Accordingly, it is possible to set a road
usage fee that is more reflective of the road usage situation. 5In this embodiment, in order to prevent
fraudulent activities, such as manipulation of informati r71 wiretapping, and so on, the communication
data exchanged between the vehicle-mounted device 50d and the central unit 17, which includes the
traveled distance, may be 10 encrypted. {0081} {Sixth Embodiment} Next a toll collection system
according to a sixth embodiment of the present invention will be described. 15The toll collection
system according to this embodiment is targeted at the toll charge area A, wherein a certain of fee is
collected simplyBy éRterihgetéertain afed &R roadpridity BEfeME of théfike 1A his'embodiment,

in consideration of a case in
the parking lot in the expanded toll charge area B.

For example, the control unit 26c of the vehicle-
mounted device 50c stops the operation of the timer 33
5 when an inquiry signal is received from an entrance
antenna provided at the entrance of the parking lot, and
the control unit 26c activates the timer 33 when a
confirmation signal indicating that parking fee has been
received is received from an exit antenna provided at the
10 exit of the parking lot. Accordingly, the timer 33 is
stopped for the period of parking in the parking lot, and
it is possible to prevent the parking time from being
included in the duration of stay.
{0075}
15 {Fifth Embodiment}
Next a toll collection system according to a fifth
embodiment of the present invention will be described.
The toll collection system according to this
embodiment differs from the toll collection system of the
20 fourth embodiment described above, in which the toll
amount is determined in accordance with the duration of
stay, in that the toll amount is determined in accordance
with distance traveled in the expanded toll charge area

B. The toll collection system according to this



20 which the toll charge area A is entered by mistake, the case in which, although the toll charge area
Ais entered, it is exited immediately, or the like, point% In accordance with that period of stay are
awarded to the user in the case in which a period of stay in the toll 62 charge area A is equal to or
less than a predetermined period. The toll collection system according to this embodiment will be
described below only with regard to the differences, and descriptions will be omitted for 5 aspects in
common with those of the fourth embodiment. {00821 In Fig. 18, when the vehicle 3 enters the toll
charge area A and, additionally, a processing sequence with regard to toll charging, described above,
is 10 completedBEtReeRa Cortrol init26ecoi & vétficlefifioaited tevicel 50e afd el fifst wide-area
communication unit 32, the control unit 26e resets the value in the timer 33 and subsequently activates
the timer 33 agdift CACcordmgR/} B durstion<ot $tay-intthetsll Yhargesed ™ fstE5tIdcked. {00831
When the vehicle 3 subsequently exits the toll charge area A, the control unit 26e of the
vehicle-mounted gB%ice 50 d&teBE his"and stops tite Bperation 206 the tHT B3 Stibsequently, the
duration of stay in the toll charge area A is acquired by reading out the time clocked by the timer 33,
and this duration of géai/ is sent to the central unit 17 via the first wide-area communication unit 32 in

association with the vehicle , , , ,
5 As shown in Fig. 17, a vehicle-mounted device 50d

according to this embodiment is provided with a traveled-
distance accumulator 34 that accumulates the traveled
distance instead of the timer 33 of the vehicle-mounted
device 50c according to the fourth embodiment. The

10 traveled-distance accumulator 34 accumulates the traveled
distance by using information based on vehicle-speed
pulses, etc. output from the GPS receiver 24 and a gyro
42 installed in the vehicle-mounted device and the
vehicle 3. With regard to the central unit 17 according

15 to this embodiment in Fig. 7, the first toll charge table
35 provided in the central-unit storage device 37 is a
toll charge table in which the traveled distance is a
parameter.

{0077}

20 In Fig. 17, when the vehicle 3 enters the expanded
toll charge area B, a control unit 26d of the vehicle-
mounted device 50d detects that the expanded toll charge
area B has been entered and also activates the traveled-

distance accumulator 34. Accordingly, the distance



63 information, etc. Upon receiving the duration of stay associated with the vehicle information, etc.,
the central unit 17 determines points that correspond to this duration of stay on the basis of an award
point table. 5 Here, an example of the award point tab e is shown in Fig. 19. In Fig. 19, the horizontal
axis is the duration of stay, and the vertical axis is the award points. In this way, the award point table
is set up so that the award points decrease with an increase in the duration of 10 stay for a period in
which the duration of stay is equal to or less than Imax. Although Fig. 19 shows a case in which the
relationship between the duration of stay and the award points is inversely proportional, this is merely
an example, and ¥i7¢’ fel&tonship enstrestietest £ by this ®xample. Forfexample, the relationship
may be set up such that the duration of stay is divided into levels of several steps, and the award
points may be chaAgEH steptiis&dccording t'theé SAdididBarlevelsa f008a1 1 20Returfing tB'Fig. 18,
when award points P1 corresponding to duration of stay Il are determined at the central unit 17 on the
basis of the aboVeSdestlibed aWard pofits, the tenfraFGrit 47 $eRas e alvard pbints to the

vehicle-mounted device 50e. Upon receiving the , ,
control unit 26d of the vehicle-mounted device 50d sends

5 the traveled distance accumulated by the traveled-
distance accumulator 34 to the central unit 17 wvia the
first wide-area communication unit 32 in addition to the
vehicle information, etc. For example, when the request
signal is received from the first antenna 5 of the toll

10 collection device 2, the control unit 26d stops the
operation of the traveled-distance accumulator 34 and
also reads out the traveled distance at that point and
sends it to the central unit 17.

{0078}

15 The entry into the expanded toll charge area B is
detected at the central unit 17 and is notified to the
amount determining unit 38. The amount determining unit
38 calculates the first toll amount that is the road
usage fee in accordance with the distance traveled in the

20 expanded toll charge area B by using the first toll
charge table 35, which is represented by a function with
respect to the traveled distance, also extracts the
second toll amount from the second toll charge table 36

for the toll charge area A in accordance with the wvehicle



64 award points via the first wide-area communication unit 32, the control unit 26e of the
vehicle-mounted device 50e causes the vehicle-moun%%d-device storage device 25 to store the award
points. At this time, if award points 5 are already storedin the vehicle-mounted-device storage device
25, the award points P1 are added to those award points, thus updating the record. Then, in an
information exchange performed with the central unit 17, the next time the vehicle 3 enters the 10 toll
charge area A, the control unit 26e sends the award point recorded in the vehicle-mounted-device
storage device 25 along with the information such as the vehicle information, etc. Accordingly, a toll
amount from wHiétP&n @mddtt iy aeésréiance withthe 2ivatt pvirts is edGeted 558 talctfated at the
central unit 17. {00851  As has been described above, for the toll charge area A wherein a certain
of fee is collectedat the timeBPERtry fétfardiess 6f the"tdad usade Situatioht 257" &120'road pricing
scheme or the like, because points in accordance with the duration of stay in the toll charge area A are

awarded to the F&Hitle dviterd ®iththe tGiPcdikktlioR8ystem accstaing tothistémB6dintert, it is

possible to provide a financial relief to a user who has , , ,
mounted device 50d via the second wide—-area communication

5 unit 18.
{0079}

When the toll amount in accordance with the traveled
distance is received via the first wide-area
communication unit 32, the control unit 26d of the

10 vehicle-mounted device 50d subtracts the above-described
toll amount from the balance recorded in the IC card,
records the remaining amount in the IC card as an updated
balance, and also clears the value in the traveled-
distance accumulator 34. It 1is assumed that the details

15 of the communication between the central unit 17 and the
vehicle-mounted device 50d described above are in
accordance with the processing procedure shown in Fig.
10.

{0080}

20 As has been described above, with the toll
collection system according to this embodiment, because
the distance traveled in the expanded toll charge area B
is sent to the central unit 17, the central unit 17 can

calculate a toll amount in which the distance traveled in



65 entered the toll charge area A by mistake, or the like. In addition, in the case in which the
vehicle 3 is parked in a parking lot in the toll charge area A, it is possible to prevent the parking time
from being included in the duration of stay by stoppin the operation of the timer 33. {00861
Furthermore, although the award points in this embodiment are determined in accordance with the
duration of stay in the toll charge area A, alternatively, the award points may be determined in
accordance with the distance traveled in the toll charge area A. In this case, it suffices to include the
traveled-distance accumulator 34 (see Fig. 17) instead of the above-described timer 33 in Fig. 16, and
the control unit 26€ aB&rnuRTES tHeldis@hes dravelstfinthe toll eff&rge dté& A by activating the
traveled-distance accumulator 34 at the same timing as the timing at which the above-described timer
33 is activated. COPARRGUGH thid’emBotimenthas Beer teséribstFadsutfingthattheawardpoint table
is provided in the central unit 17, it is not limited thereto. For example, in the case in which the
payment clearaHcé Bfocessinglis performed at e véritiefotnted e vice* 506! the Award 66 point
table may be provided in the vehicle-mounted device 50e. {0087} {Other Application Examples}
Although the abdvé descfiptions have been given for the cases in which the toll collection systems of
the present invention are applied to road pricing, the present invention can also be applied to the ETC
system. For example, whe ‘%&Baﬁ&maqﬁg‘?&iﬁchéﬁe%‘rrggfeﬁ&ir?grl%ﬂ%&d)fﬁ%% B8Yeceiver 24
of the vehicle-mounted. device 50 dektlects the entry into the ex andefd toll char%e area (expanded toll
road) B. In this Case’ the véticleSMolinted device }sller? SHHe ShtryrexiPinftmiativh at an exit toll booth

along with the vehicle information, etc. Bg/ doing so, because the entr intgt e toll charge ageaA from
the ex Wlﬁ?t%g%l%g and so on, %t ﬁ)c mmun%c?tl¥& ata excha ae .
panded toll charge area’ B can be recoghized by the central unit 17, which'is the saperordinate
device in the ETkgl gﬁs?t%frp @hrgage%sg%? fg% tx?rlll taenéo%etz]lj]s_cceal%gtegn%/ t&l}(lengclg%qa%%rpderatlon the
fee for the expanded toll charge area .?Re erence Signs List}
unit 17, which includes the traveled distance, may be
10 encrypted.
{0081}
{Sixth Embodiment}
Next a toll collection system according to a sixth
embodiment of the present invention will be described.
15 The toll collection system according to this
embodiment is targeted at the toll charge area A, wherein
a certain of fee is collected simply by entering a
certain area, as in a road pricing scheme or the like.
In this embodiment, in consideration of a case in
20 which the toll charge area A is entered by mistake, the
case in which, although the toll charge area A is
entered, it is exited immediately, or the like, points in

accordance with that period of stay are awarded to the

user in the case in which a period of stay in the toll



{0088} 1 toll collection system 3 vehicle 67 17 central unit 18 second wide-area communication unit
19 fraud judging unit 20 calculation unit 5 24 GPS receiver 25 vehicle-mounted-device storage device
31 IC card inserting portion 32 first wide-area comm fication unit 35, 35b1, 35b2 first toll charge
table 10 36 second toll charge table

charge area A 1is equal to or less than a predetermined
period. The toll collection system according to this
embodiment will be described below only with regard to
the differences, and descriptions will be omitted for

5 aspects in common with those of the fourth embodiment.
{0082}

In Fig. 18, when the vehicle 3 enters the toll
charge area A and, additionally, a processing seguence
with regard to toll charging, described above, is

10 completed between a control unit 26e of a vehicle-mounted
device 50e and the first wide—-area communication unit 32,
the control unit 26e resets the value in the timer 33 and
subsequently activates the timer 33 again. Accordingly,
the duration of stay in the toll charge area A is

15 clocked.

{0083}

When the vehicle 3 subsequently exits the toll
charge area A, the control unit 26e of the vehicle-
mounted device 50e detects this and stops the operation

20 of the timer 33. Subsequently, the duration of stay in
the toll charge area A is acquired by reading out the
time clocked by the timer 33, and this duration of stay
is sent to the central unit 17 via the first wide-area

communication unit 32 in association with the wvehicle



37, 37b central-unit storage device 38, 38b amount determining unit 40 payment requesting unit 50,
50a, 50b, 50c, 50d, 50e vehicle-mounted device 15 A égll charge area B expanded toll charge area
{CLAIMS} {Claim 1} A toll collection system comprising: 5a central unit that is a superordinate device
of a toll collection device for installation at a toll booth of a toll charge area; and a
vehicle-mounted device for installation in a vehicle and that is configured to exchange information 10
with the central unit, wherein the vehicle-mounted device is provided with

information, etc. Upon receiving the duration of stay
associated with the vehicle information, etc., the
central unit 17 determines points that correspond to this
duration of stay on the basis of an award point table.

5 Here, an example of the award point table is shown in
Fig. 19. 1In Fig. 19, the horizontal axis is the duration
of stay, and the vertical axis is the award points. 1In
this way, the award point table is set up so that the
award points decrease with an increase in the duration of

10 stay for a period in which the duration of stay is equal
to or less than Tmax. Although Fig. 19 shows a case in
which the relationship between the duration of stay and
the award points is inversely proportional, this is
merely an example, and the relationship is not restricted

15 by this example. For example, the relationship may be set
up such that the duration of stay is divided into levels
of several steps, and the award points may be changed
stepwise according to the individual levels.

{0084}

20 Returning to Fig. 18, when award points Pl
corresponding to duration of stay Tl are determined at
the central unit 17 on the basis of the above-described
award points, the central unit 17 sends the award points

to the vehicle-mounted device 50e. Upon receiving the



a storage unit configured to store map information of an expanded toll charge area that is newly set up
outside the toll charge area; 15a positional-information acquisition unit configured to acquire positional
information of the vehicle; a control unit that is configured, on the basis of the map information and
the positional information, to detect entry/exit information, which is entry information 20 about the
vehicle entering the toll charge area from the expanded toll charge area and/or exit information about
the vehicle exiting the toll charge area into the expanded toll charge area, and that is configured to
output the entry/exit information to the central unit, and a first wide-area communication unit that is
configured to extlianhge Bive BRffy/exit infofmaticrPWith tRe cehttal Wit e eerttal unitis provided with
a second wide-area communication unit that is configured to exchange the entry/exit information with

the vehicle-mounted 8&fic&ard & fratiditdgihg unft dorfiglifdeito'compareihe device

50e causes the vehicle-mounted-device storage device 25
to store the award points. At this time, if award points
5 are already stored in the vehicle-mounted-device storage
device 25, the award points Pl are added to those award
points, thus updating the record.
Then, in an information exchange performed with the
central unit 17, the next time the vehicle 3 enters the
10 toll charge area A, the control unit 26e sends the award
point recorded in the vehicle-mounted-device storage
device 25 along with the information such as the vehicle
information, etc. Accordingly, a toll amount from which
an amount in accordance with the award points is deducted
15 1is calculated at the central unit 17.
{0085}
As has been described above, for the toll charge
area A wherein a certain of fee is collected at the time
of entry regardless of the road usage situation, as in a
20 road pricing scheme or the like, because points in
accordance with the duration of stay in the toll charge
area A are awarded to the vehicle owner, with the toll
collection system according to this embodiment, it is

possible to provide a financial relief to a user who has



10 entry/exit information of the vehicle-mounted device for identification information and the vehicle
acquired from the toll collection device, and the entry/ >éit information acquired from the
vehicle-mounted device via the first wide-area communication unit and the second 15 wide-area
communication unit, and configured to judge that the entry/exit information includes fraudulent
information when the comparison result indicates a mismatch. 20{Claim 2} A toll collection system
according to claim 1, wherein the central unit is provided with a calculation unit that is configured

to calculate a toll amount Qphtgeg)@ﬂs afthe (j';\gqugg egtr%é?mi @E%_r]géa}tio& {Claim 3},A toll collection

system according to Claim 1, wherein 5 the vehicle-mounted device is provided with a calculation unit

that is configured, in the case jnwhich the entry/exit informatian: is,detected . to;calculate;a toll amount
on the basis of the detection resuit. 10{Claim 4} A toll collection system according to any one of claims

1 to 3, wherein the vehicle;maunigd deyiceis pravided with & paymeptfeayesting unif that is
configured, when the information about the toll amount is acquired, to request
possible to prevent the parking time from being included
in the duration of stay by stopping the operation of the
timer 33.
{0086}

Furthermore, although the award points in this
embodiment are determined in accordance with the duration
of stay in the toll charge area A, alternatively, the
award points may be determined in accordance with the
distance traveled in the toll charge area A. In this
case, 1t suffices to include the traveled-distance
accumulator 34 (see Fig. 17) instead of the above-
described timer 33 in Fig. 16, and the control unit 26e
accumulates the distance traveled in the toll charge area
A by activating the traveled-distance accumulator 34 at
the same timing as the timing at which the above-
described timer 33 is activated.

Although this embodiment has been described assuming
that the award point table is provided in the central
unit 17, it is not limited thereto. For example, in the
case in which the payment clearance processing is

performed at the vehicle-mounted device 50e, the award



15 payment of the toll amount from a user in accordance with the information about the toll amount.
{Claim 5} A toll collection system according to any gne of Claims 1 20 to 3, wherein the central
unit is provided with a payment requesting unit that is configured, when the information about the toll
amount is acquired, to request payment of the toll amount from a user in accordance with the 71
information about the toll amount. {Claim 6} A toll collection system according to any one of Claims 1 5
to 5, wherein the calculation unit is provided with a storage device that is configured to store first

toll charge informatign withyegagd to the expanded joll gharge areq newly set.up oytside the toll

charge area and second toll charge information related to the toll charge 10area; and an amount
determining unitsthat is configured to determine the toll amount on the basis of the entry/exit
information, the first toll charge information, and the second toll charge information.

{0087}
{Other Application Examples}

Although the above descriptions have been given for
the cases in which the toll collection systems of the
present invention are applied to road pricing, the
present invention can also be applied to the ETC system.
For example, when expanding the toll charge area
(existing toll road) A, the GPS receiver 24 of the
vehicle-mounted device 50 detects the entry into the
expanded toll charge area (expanded toll road) B. In
this case, the vehicle-mounted device sends the
entry/exit information at an exit toll booth along with
the vehicle information, etc. By doing so, because the
entry into the toll charge area A from the expanded toll
charge area B can be recognized by the central unit 17,
which is the superordinate device in the ETC system, a
road usage fee (toll amount) is calculated by taking into
consideration the fee for the expanded toll charge area
B.

{Reference Signs List}
{0088}
1 toll collection system

3 vehicle



15 {Claim 7} A toll collection system according to Claim 6, configured for the first toll charge
information to include a toll 20 charge table in which duration of stay in the expanded toll charge area
is a parameter; and, when the duration of stay in the e Z)anded toll charge area is received from the
vehicle-mounted device, for the amount determining unit to determine the toll 72 amount for the
expanded toll charge area by using the duration of stay and the toll charge table. {Claim 8} 5 A toll
collection system according to Claim 6, configured for the first toll charge information to include a

toll charge table in which distance traveled in the expanded toll charge area is a parameter; and,
17 central unit

18 second wide—-area communication unit

19 fraud judging unit

20 calculation unit
5 24 GPS receiver

25 vehicle-mounted-device storage device

31 IC card inserting portion

32 first wide-area communication unit

35, 35bl, 35b2 first toll charge table
10 36 second toll charge table

37, 37b central-unit storage device

38, 38b amount determining unit

40 payment requesting unit

50, 50a, 50b, 50c¢, 50d, 50e vehicle-mounted device
15 A toll charge area

B expanded toll charge area



10when the distance traveled in the expanded toll charge area is received from the vehicle-mounted
device, for the amount determining unit to determine thg toll amount for the expanded toll charge area
by using the traveled distance and the toll charge tabld°15 {Claim 9} A toll collection system according
to any one of Claims 6 to 8, configured, in the case in which a plurality of the expanded toll charge
areas are set up, for 20the first toll charge information to be provided corresponding to each of the
expanded toll charge areas; the entry/exit information to be associated with identification
information for the individual expanded toll charge areas; and 73 the amount determining unit to
determine the tolG&MéMRt!by using the first toll charge information for the expanded toll charge areas
into which the vehicle has entered, which is determined on the basis of entry/exit

{Claim 1}
A toll collection system comprising:

5 a central unit that is a superordinate device of a
toll collection device for installation at a toll booth
of a toll charge area; and

a vehicle-mounted device for installation in a
vehicle and that is configured to exchange information

10 with the central unit,

wherein the vehicle-mounted device is provided with

a storage unit configured to store map information
of an expanded toll charge area that is newly set up
outside the toll charge area;

15 a positional-information acquisition unit configured
to acquire positional information of the wvehicle;

a control unit that is configured, on the basis of
the map information and the positional information, to
detect entry/exit information, which is entry information

20 about the vehicle entering the toll charge area from the
expanded toll charge area and/or exit information about
the vehicle exiting the toll charge area into the
expanded toll charge area, and that is configured to

output the entry/exit information to the central unit,



5 information associated with the identification information of the expanded toll charge areas. {Claim
10} A toll collection system according to any one of Claims 6 10 to 9, configured, in the case in which
the toll charge area is an area where a certain fee is ¢ flected at the time of entry regardless of a road
usage situation, for an award point table in which the duration of stay in the toll charge area is a
parameter to be included; 15and, when the duration of stay in the toll charge area is received from
the vehicle-mounted device, for the amount determining unit to determine award points by using the
duration of the stay and the award point table, and gives 20 the award points to an owner of the
vehicle. and

a first wide—-area communication unit that is
configured to exchange the entry/exit information with
the central unit;

5 the central unit is provided with

a second wide—area communication unit that is
configured to exchange the entry/exit information with
the vehicle-mounted device; and

a fraud judging unit configured to compare the

10 entry/exit information of the vehicle-mounted device for
identification information and the vehicle acquired from
the toll collection device, and the entry/exit
information acquired from the vehicle-mounted device via
the first wide—-area communication unit and the second

15 wide—area communication unit, and configured to judge
that the entry/exit information includes fraudulent
information when the comparison result indicates a

mismatch.

20 {Claim 2}
A toll collection system according to claim 1,
wherein the central unit is provided with a
calculation unit that is configured to calculate a toll

amount on the basis of the acquired entry/exit



10

15

20

70

information.

{Claim 3}

A toll collection system according to Claim 1, wherein
the vehicle-mounted device is provided with a calculation
unit that is configured, in the case in which the
entry/exit information is detected, to calculate a toll

amount on the basis of the detection result.

{Claim 4}

A toll collection system according to any one of claims 1
to 3, wherein the vehicle-mounted device is provided with
a payment requesting unit that is configured, when the
information about the toll amount is acquired, to request
payment of the toll amount from a user in accordance with

the information about the toll amount.

{Claim 5}
A toll collection system according to any one of Claims 1
to 3, wherein

the central unit is provided with a payment
requesting unit that is configured, when the information
about the toll amount is acquired, to request payment of

the toll amount from a user in accordance with the
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20
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information about the toll amount.

{Claim 6}
A toll collection system according to any one of Claims 1
to 5, wherein the calculation unit is provided with

a storage device that is configured to store first
toll charge information with regard to the expanded toll
charge area newly set up outside the toll charge area and
second toll charge information related to the toll charge
area; and

an amount determining unit that is configured to
determine the toll amount on the basis of the entry/exit
information, the first toll charge information, and the

second toll charge information.

{Claim 7}
A toll collection system according to Claim 6, configured
for

the first toll charge information to include a toll
charge table in which duration of stay in the expanded
toll charge area is a parameter; and,

when the duration of stay in the expanded toll
charge area is received from the vehicle-mounted device,

for the amount determining unit to determine the toll
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20
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amount for the expanded toll charge area by using the

duration of stay and the toll charge table.

{Claim 8}
A toll collection system according to Claim 6, configured
for

the first toll charge information to include a toll
charge table in which distance traveled in the expanded
toll charge area is a parameter; and,

when the distance traveled in the expanded toll
charge area is received from the vehicle-mounted device,
for the amount determining unit to determine the toll
amount for the expanded toll charge area by using the

traveled distance and the toll charge table.

{Claim 9}
A toll collection system according to any one of Claims 6
to 8, configured, in the case in which a plurality of the
expanded toll charge areas are set up, for
the first toll charge information to be provided
corresponding to each of the expanded toll charge areas;
the entry/exit information to be associated with
identification information for the individual expanded

toll charge areas; and
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the amount determining unit to determine the toll
amount by using the first toll charge information for the
expanded toll charge areas into which the vehicle has
entered, which is determined on the basis of entry/exit
information associated with the identification

information of the expanded toll charge areas.

{Claim 10}
A toll collection system according to any one of Claims 6
to 9, configured, in the case in which the toll charge
area 1s an area where a certain fee is collected at the
time of entry regardless of a road usage situation, for
an award point table in which the duration of stay
in the toll charge area is a parameter to be included;
and,
when the duration of stay in the toll charge area is
received from the vehicle-mounted device, for the amount
determining unit to determine award points by using the
duration of the stay and the award point table, and gives

the award points to an owner of the vehicle.



