1 A{DESCRIPTION} TOLL COLLECTION SYSTEM {Technical Field} {0001} 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} {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 gantty ptoifidted With & toll-charging wireless

TOLL COLLECTION SYSTEM
{Technical Field}
{0001}

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certain toll amount is withdrawn from a balance in a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example, a method in which a certain toll amount is withdrawn from a balance in a 2 prepaid card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updated balance, a method in which a certain toll amount is automatically withdrawn from a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 iPpEESIBIE t6 Attomaficalycdllést o118 TD tRrstighaiirdless esmhdimicatibnbetween a
road-side wireless unit provided in a toll booth and a vehicle-mounted device installed in a vehicle.

In such a toll collé&tibh systeritelatdd foitheSoad Friting and thePE FE3s3teiR 4 talFcdifection method
is 15 being considered for situations where the existing toll charge area is expanded. For example,

Patent Literatur&3°H$Q8s&$1a WG igde FRvARA a PeliBrShoanted device debétsdmount

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 entg:ing 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} 10However, because information that

indicates whether
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.



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 system that is capable of expanding
a toll charge area without requiring an alteration to existing toll collection devices. 4 {Solution to
Problem} {0007} S liataraer toPséive fHeabove-described problems, the present invention employs
the following solutions. 5A first aspect of the present invention provides a toll collection system
including a centiidl Unit’that is a 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
In order to solve the above-described problems, the

present invention employs the following solutions.

5 A first aspect of the present invention provides a
toll collection system including a central unit that is a
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

10 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

15 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

20 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



10 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 acquisitior? unit that acquires 15 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 20 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 theGetitfal @ihit i$ BravidetlwRRA aCedlénafion tinit Bt caiculates a toll amount on the 5
basis of the acquired entry/exit information. {00081 With such a configuration, the vehicle-mounted
device, which is{#8¥igiéd in a vehicle and exchanges 5 information with the toll collection device
provided at the toll boath in the toll charge area, detects the entry/exit information, which is the
information about entry'int ol char§e AredframUAB expaRd&8 toiFdmarye &ré& 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 cti§rge Srea, WHich is ReRfyPSetdfiodtRioe tHEMdIFCRargRhreX “Aid #facquired

positional information, and the ent,r¥/exit information is_qutput to the central unit. In addition,
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



15 the central unit calculates the toll amount on the basis of the acquired entry/exit information. {00091
Because the toll amount is calculated at the central uni%r:n 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 flag assessment, distinguish the entry/exit information, etc.,
5 and the toll chafge'afde-€aitBe expahded Rbfe LERZIFG e eriling t6lPEGllectidhcievice Without any
change. {00101 In the case in which the entry/exit information detected by the vehicle-mounted
device is outputt8tife 16%t@ntratdnit theé ase M whichltheinformaton absdat the tBf amount
calculated at the central unit is output to the vehicle-mounted device, and so on, the exchange of the

information betedrtie VetideMbdmted devResaidthe déntRf tihit THay BE Performed via the toll

collection 15 device or a device (for example, a wide-area o ,
assessment, distinguish the entry/exit information, etc.,

5 and the toll charge area can be expanded while utilizing
the existing toll collection device without any change.
{0010}

In the case in which the entry/exit information
detected by the vehicle-mounted device is output to the
10 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
15 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
20 is not limited.
{0011}
A second aspect of the present invention provides a
toll collection system including a central unit that is a

superordinate device of a toll collection device provided



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 20is not limited. {00111 A second aspect of the present invention provides a toll
collection system including 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 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 5 that stores map information of an expanded toll charge area that is
newly set up oufside tHetoll charjeiareh; a positiordiifefmafGPacquisition Unlt tkdtacquires
positional information of the vehicle; and a calculation unit that, in the case in which entry/exit
information is 10'8B{EctEH B THE Basii ot the nRipPikistRthtion ﬁ&tﬁ@]ﬁb%ﬁlo?’%‘lim?@ﬁﬁatlon
calculates a toll amount on the basis of the detection result, where the entry/exit information is entry

information aboGttheanskicte ERtetintithe1all Hﬁ&llbet&}%acfﬁﬂﬁ e eXparidedtoR A% chdrgs area

and/or exit information about the vehicle exiting the toll charge area into the expanded toll charge area.
{00121 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 vehicle; 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 wvehicle
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



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 information, the positional information, and the information about entry/exit between the
expanded toll ch&tdé afeaand the t6ll chdtgearés, itR"Hot neebssaty 18 peHorm g settidg, etc. for
allowing the toll 10 collection device to judge whether or not the expanded toll charge area has been
entered. {00131Béc&iRethedoll aRfountR Giciated attRé vehiTIetmotimter Bevieen tHigway, the
toll collection 15 devices do not have to be altered for making it possible to perform flag assessment,
distinguish the dritfy/&AtihfGRROR, &ft. Ehiheabl Sharye areaaiiise 8kpartded while utilizing the

existing toll collection device without any change. ,
detection result. ” Because the toll amount 1s 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



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 cgntral 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 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'tHéSinforfatioATabout e tofianidurit) Beealtsethedrdhicle Srctimed eviceSequests
the payment of the toll amount from the user, the payment processing can be performed from an
electromagneticiT5 Aattin Ofor Bkampldl arfrE& I ordRé fike SinsRINEE iff e GeatBRIAGTAted

device. {00151 The central unit of the above-described toll collection system may be prowded with
a payment information between the vehicle-mounted device and

central unit is 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



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 inforb’nation about the toll amount. Because the
central unit requests the payment of the 10 toll amountform 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 information
with the central unit; the central unit may 10 be provided with a second wide-area communication unit
that exchanges fte- énfijyekit inféAhati S with $5& vehieR-ROVRESH deies i the cehtraPanit is
provided with may be provided with a fraud judging unit that compares the entry/exit information of the
vehicle- 15 mounted A&vieé forthe t6keRarte area skt ited® ForP thelvehidleimydrited ice via the
toll collection device and the entry/exit information acquired from the vehicle-mounted device via the
first wide-area cohftflufitatiGittinit aRathé seond RideaFea EdmunicatioRuri€3hdMat 20 judges
that the entry/exit information includes fraudulent information when the comparison result indicates a
mismatch. 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



By comparing the entry/exit information for the toll charge area acquired 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 in}ﬁmation 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 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 determired tRe sV afmiint R Hee Basis OF the Entriyexit férriaiciy thé fiftst toll 15 charge
information, and the second toll charge information. {00181 In this way, in the case in which the
expanded toll clEg8 Hré4 has BRehEnterede i @l diRdtittTorthel20 eXpdrided®l charge area and

the toll amount for the toll charge area can be collected with a single payment. ,
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 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,



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 chargAL 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 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 determF€ BeSRll‘dmdintTer thecsiarded toIP cRargéliattaby\iing telduration of stay and
the toll charge table. 15Because the duration of stay in the expanded toll charge area is taken into
consideration indAé Pr6¢e<yoft @ t&tin thetBR aRittAt GBS PSSsibl& ¥6:58€a T6IFamount that is
more reflective of the road usage situation. 20{0020} The first toll charge information of the
above-described tWI-E8HLHoR S§SteRTaySncltde 250 charge e n whick distrcetf/dled in the

expanded toll char?e area is a parameter; and, when the distance 13
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 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 1is 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



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 didtance 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-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 infofimEfidr thay bé BSsceiaredasith fdehtificatbhdffairdion forhedadivliual expanded
toll charge areas; and the amount determining unit may determine the toll amount by using 20 the first
toll charge inforfafitin ¥orethedxpanted toINERatge Afe 4s mté Which tieefiGé fiadiéhtéréd, which is
determined on the basis of entry/exit information associated with the identification information of the
expandedto”Cmﬂbééﬂﬁﬁédfﬁ?@mﬁﬁﬁ 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 1is 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.



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 tolt harge 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 duration
of stay in the toll éRar§e 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 point$ By Usthg thecduratisit 6F thetStay 2hd'iAé Bwarl pofrittasiéPand gives the

award points to an owner of the vehicle. {00241 In the case in which the toll charge area is an area
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 wvehicle
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 vehicle.
{0024}

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, because poijnts in accordance with the duration of stay in
the toll charge area is 5 awarded to the vehicle owner, itis 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}
15Fig. 1 is a diagram showing the overall configuration of a toll collection system according to a first
embodiment of HHeSprR seéntCGRvERtIGh. 2MOUTH g OF isf& Bloek diddraft SRowing, iGutlingshet

configuration of the toll collection system according to 20 the first embodiment of the present invention.
entry regardless of the road usage situation, as in the

road pricing or the like, because 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}

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. 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 Iaild 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 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.
10Fig. 8 is a diagram for explaining a case in which the vehicle-mounted device passes through the
toll charge area3 - 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 &f:€ommuhication FforMed HORY tHe \Fe MEE MBENtRAVEVICE! the central
unit, and the toll collection device in the first embodiment of the present invention. 20 Fig. 11 is a block
diagram showing: f-outlifé:the Tohfigdiatibn it ahid&otdited device according to a second

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. 12 is a block diagram showing, in outline, the configuration of a central unit according to the
second 17 embodiment of the present invention. Fi%]. 13 is a diagram for simply explaining the
operation of the vehicle-mounted device according to & 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 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 accordin§&a¥otirR entBodiffenP 6E R PreseniRvation. 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 inventioA19 - Fig. 1&isPa BlotR Adyraft sRowingY irFdirtfide, the Cohfi§uration of a
vehicle-mounted device according to a sixth embodiment of the present invention. 20Fig. 19 is a

diagram showingR4T &karfiple Point YabIES B ESEHPHON B EmMBGdiffentsyccording 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



{0027} Embodiments of a toll collection system according to the present invention will be described
below with 18 reference to the drawings. {First Embodié*nent} A first embodiment of the present
invention will be described below by using Fig. 1. Fig.jl 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 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 area A. For example, the toll collection devices
are provided so&&fB4RdivRIUARY EBReSPaItLfPéntry lanes on which the

{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
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



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 entrﬁane and exit lane. 20{0028} Fig. 2is 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 19 7,
and a second antenna 8. Furthermore, the toll collection device 2 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 5 veéhicRPdetcfiGit eartrolitr A tRabis contidcted iife vetidle dletection device 7, and a
second antenna controller 12 that is connected to the second antenna 8. Furthermore, the toll
collection devicé 21id provi@ed ARH <CEertral toRtBIEES! anérvironhiental cohtfMBR 1014 that is

connected to the central controller 13, and a ,
controller 9 that is connected to the first antenna 5, a

camera controller 10 that is connected to the camera 6, a
5 wvehicle 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
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



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 conné&tted 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 supfort @okifnissdidpssedisé R0 tocvss adad at Heebdtddary vt # toll charge
area A. Fig. 3 is a diagram in which a driving lane is viewed from the side. The first antenna 5 and the
second antenna®8 @fe thstafledso thatsighdls frorfthelveidié < nioutitéd Hedicédn the vehicle 3 that
is driven in the corresponding driving lane can be easily received. The first antenna 5 and the second
antenna 8 are inst&IEY fdreXanpig, Sd tifat antBAnd beamsthErdt are ditBetebtBwaRE e
corresponding driving lane. 10{0030} In_addition, the first antenna 5 and the second antenna 8
acquire the vehitlE=ridtntdl-aévice Intbiatich fRehthd vERRRETBUREI d&IEe PaEes fear the
boundary of the toll charge area A. Specifically, when a vehicle 15 enters the toll charge area A from
an expanded toll SHAfge arda B {details 5 \ThiEh wilt be deschiBéd fatefandior wherr #e vehicle exits
the toll charge area A into the expanded toll charge area B, the first antenna 5 and the second
antennia 8 outp i 165 EER TS (5 e 30 SN IREm 0 e eoe L BEA TR Mentihfion
information of thte.ve icIe-rQountedeevic(? fE%m the vehﬁ:le- ounted device. The jcdeﬂifi%ation
information of the'Véhicl8-mounted device includes e current time ( orae%lmlp e yaear,embnth, and
day) at the time of entry/exit, 21 a vehicle-mounted-device number pre-assigned.to the
vebncle-mounted QEviEE B P eiber o St 1C S HSar oA T a1 G FEaFrada of i

vehicle-mountecé devicg, %%d so on, The fir%t.anter&na 5 .and tfe second antenna 8
owar e Ccorresponaling riving ane.

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,



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-mountedr?%vice 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. {00311 In the case in which a fraudulent vehicle is 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 t8 VERitiEpereHot 20da3taled VENRGEs RERhthIEX R tls Bfe RbEinserted into the
vehicle-mounted devices, vehicles for which a toll cannot be charged correctly because the balance
recorded on theVIEld4rds i&ower tHar et &Roudt 1 B eslstted VehiclEs iPwhitAT5iged

vehicle-mounted 22 devices or forged IC cards are installed, and so on. Although whether or not a
Vemcbisﬂauddgﬁﬂsﬁmggacxwd.1nterface of the vehicle—-mounted device,

and so on. The first antenna 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 wvehicle-
mounted device) that the vehicle-mounted device has
received from the first antenna 5.
{0031}

In the case in which a fraudulent vehicle is

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, vehicles in which forged vehicle-mounted



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 tg%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 Ha¥gE afe®A. FOF erdmple, B3¢ exparided fofl chatgelared s i$an aea 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 charG8 Atea Binay HerprotidedscPasy B'sirtSundthettol Chafjerarea AUERREY 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 provited ZFwithcutbeity lContderiitf tHettol Chatge ardseA o1 GAliKe the
above-described toll charge area A, the expanded toll charge area B is not provided with the toll

collection devic@?ﬁﬂfﬁ%ee_ﬁfﬂﬂ%ﬁé aNBHE exit Frfes 5 GHither &daBothdaly 1M§tead the

vehicle-mounted device installed in the vehicle 3 detects entr%//exit thereinto/therefrom.
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 1s 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



{00331 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 vehiclepower 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. Bf-tHeaBlf cbiectionidevicas 2 & displdy Urie28; A hotffitatien uhited, Buch as a
buzzer, an LED, etc.; an IC card insertion portion (payment re(iuesting 24 unit) 30 into which an IC

card is inserted; and aN1¢ £afd IMerfakP3E previded httheteldarairgéifior Pottidh 361100341

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



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, 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 15receiver 24. The first wide-area communication unit 32
communicates with external devices and is communicatably connected with, for example, the central
unit 17 (see FigU2)t whic?isla sapetdtdinaterdeVice st thetdll 2DESHEBN devite??. {66351 The power
source circuit 23 controls a voltage mainly supplied from the vehicle power source 21 to a voltage
appropriate for thei/ehicle-PidiAfted devickBotasd 251 the IC card insertion

portion 30.
{0034}

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



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 interrupt%%. 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 1D, and so on, current positional information of the vehicle,
vehicle-mounted-device identification information, balance information read out from the IC card, card
information, etc SWaféh-RSheldessaryfor cafkdialing the 18a61F afivtint AAd féftlgingSvhether a
vehicle is fraudulent, to be described later, is saved in the vehicle-mounted-device storage device 25.
The current postttafikforfationst tHe VeRRIeS is iffofmAation that indiéates e édrréft position of
the vehicle 3 20 estimated at the control unit 26 on the basis of the map information and the positional
information acqBFed b fite EPS-feteive D {0361 PRETE cARF inseMtBY Gritothé 9& chfd insertion
26 portion 30 is, for example, a contact-type IC card containing an IC chip in which a flash memory or
an MPU is instafl8d Thtdiiti to'the 'datd Sfmation? SUEh ast&rd T TunbrPett., atdhce, 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 meRfis 6F tHe"don I Uit 26°Wathe TC chrd inMtéfade 81

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 vehicle,
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 vehicle 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



{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 information and balance stored in the IC card via
the IC card interface 31, writes them into the vehicle-rfidunted-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 294 abuzz€r, Bhd, s ARATED r tiFe kel IRAightingthe EEDR 1 the other hand, in
the case in which the 27 information cannot be read from the IC card, the control unit 26 displays on
the display unit 28at}dh-8fofRad 6eclited, dhd"ald6 Pofifids thehe FR6rthe Usef By ARtivating the

notification unit 29, thus prompting re- 5 insertion of the IC card or the like. Note that
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 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



notification methods used by the notification unit 29 differ between the time of correct operation and
abnormal operation. {00381 10When the control unit 26 acquires the request signal from the toll
collection device 2, it reads out the identification infor 4tion of the vehicle-mounted device and the
vehicle information stored in the vehiclemounted-device storage device 25 and also outputs them to 15
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 25 detects entry/exit information, which
is entry information for the case in which the vehicle 3 enters 20 the toll charge area A from the
expanded toll chdt§eErea Boandi8resit infsrnidiish foF fie tase ilfwkieh Gt exitdSroif #he folll charge
area A into the expanded toll charge area B, and outputs it to the central unit 17 via the first wide-area
communication YRt 822 Togethet with tAe 28 enfty/Aitdnforatiort, &hé edhtrdPumit 26 bulistits to the
central unit 17 the current positional information and the vehicle information used when detecting the
entry/exit infornAEGHI 508397 Ad SRoRAtA Fig 57, thE ceRtrarurtitl 7 i&provifedsith a second

wide-area communication unit 18, a fraudrl%udging unit 19, and a calculation unit 20. The second

wide-area commGhic¥idn-adit 18 Tofthdhicarsifith unit 29, thus prompting re-

5 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}

10 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

15 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 25 detects entry/exit information, which is entry
information for the case in which the vehicle 3 enters

20 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 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. {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-mounte@ deviésAd thel sdconiawitietare AkdntiftiiEaton Uit 18%rkitheuDs ehfry/exit
information of the vehicle 3 based on the vehicle-mounted-device identification information and the
vehicle informatfdtfadfiliteftomthé tdli'cSiieetion tebite 2 BN CdsE inwhith tWédifeeion devices

2x, 2y, and 2z are provided at the area boundary between the expanded toII,charge area B and the toll
chmgezneaA”§§§h&Wﬁ vehicle information used when detecting the

entry/exit information.
5 {0039}

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



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 r %onse 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-aré4 Esmnfunicationf @it es, lisMetdrniiRed BRAE basis dfaRe Actial ¥eRicle position
detected by means of GPS, the fraud judging unit 30 19 compares a vehicle position of the vehicle 3
having the vehicl& 1D ®Ee gsfitatéf rom thicCentiFaxit infGrration with aivehicte postion Haled on the
response signal acquired from the toll collection device. On the 5 basis of the information acquired
from both sourcB8'desdfoed A5V fitlis judyetwhethet T deteetdd(estiffatéd)Vetficle positions
match. In the case in which the positions do not match as a result of the judgment (for example, the
position of the tOIF¥GIRSEti6N device 10 2z is detected in the entry/exit information, and so on), the fraud
judging unit 19 judges that the vehicle havinghahe vehicle ID "C" is a fraudulent vehicle because it is

presumed that the resporiseSSigrdl JUtPGErdrf the GEHICRSS h38 BeRR fHtbufehty thaniplfhted, or the

like. 15{0042} 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. 1In 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".

{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



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 Z3§/§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. I this AR #RSfraud RIMGIEURP 29 obifputs thé RRIgHTEHt Fésulbas &7 wWhéther or not a
vehicle is fraudulent, as described above, to the calculation unit 20. 10{0043}  On the basis of the
acquired entry/exitSnforiation, the cafcul&fintanit 26 calctmates e fMdmid@itfbr 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 JUPERtTESHt Ys {1 whetllidl G ot RS vaieke 8 Frkdufdht - A&quiredHrii the fraud
judging unit 19. For example, the calculation unit 20 calculates a toll amount to which a benefit, such
as a discount orth@'like, REPplied fortheVehitie 3that 26 has betRjudged fbtto BE affsudulent
vehicle, and calculates a toll amount to which a benefit, such as a discount or the like, is not applied

for the vehitle 31REL Rad bebA fudged o4 FraudiGént Yehicle &M BRbTe§REES e vehicle to a

blacklist in which informatio
gescri%ed]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



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 bl %klist 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-mourfed dédés Bbishstalled: Fo0U5 SHAhe firstiel charge abkCs5, fBF example,

amounts to be collected in accordance with vehicle types 20(classified as large size, medium size,
small size emJthe 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 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



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 th%arge size, and so on. 33 In the second toll
charge table 36, the amounts to be collected are registéred 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-size vehicles, 0.5 dollars for the case in which the expanded 10 toll charge area B has been
entered and oné B8R FoF thefEasen \ehiEh iHas Gt bekh ermerdtP&e 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 casé ftfWhich 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 thé@%ﬁib%§%¥1astﬁ)§ss%ﬂ]tﬁi‘b]®%1tﬁ8 expahded tolFchirgE X4 B a sense of

getting a good 20deal. {00461 Next, operation specifics of the above-described vehicle-mounted

device 50 in the"cast iff e Bt vetidle FERErIthe ol tharge/ardstk aftePERtEring

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.



34 the expanded toll charge area B will be described by using Figs. 6 and 9. As shown in Fig. 9, the
GPS receiver 24 of the vehicle-mounted device 50 ac%ires 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 tolFcdlfeetici® devide 2okl 5-feapofisé i tife passabecofane vehitle3 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 positin&l ffoRRaG6h stcted fiPthebratitlerountstREEdEE Stdtage delte 25. 20{0047} For
example, in the case in which the current positional information stored in the vehicle-mounteddevice
storage device 25 slthe®ekpaitded b (harge aREIB2RAY the 8dftrol UNit 26 8BER that new current

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.
{0046}
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



35 positional information after receiving 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 informati A. 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" is detected for the vehicle 3, and this is used as
the entry/exit infofffafiga15i0048P L 1 THEEsRrclUmn 26 diitpltLheEhinFaxiciffdtihation (for
example, "entry to the toll charge area A from the expanded toll charge area B") detected in this way to
the central unit ¥ ¥REthe-f¥st-witle2a¥éa®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 determiinEl tafbuint t theheHide-mesféd Hevice 505 Uth receiving 36

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



the 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 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 infefiatiorPafthe Vehrdidinicutited edice MATER el emittdtPfrémahe Firstarienda 5 of the
toll collection device 2 (step SA1 in Fig. 10) via the communication unit 27. Upon recelvmg the request
signal, 20 the cAritf3! unit26treads Gt Hd ifentifidationtiforfation OF #& feRitRemdlnted device and
the vehicle information from the vehicle-mounted-device storage device 25 as response S|gnals and
sends the responSBsighdi€ td-tHe tofl tbllE&PGe\AcE 2 Via fieP3y the expanded tol

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" is
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



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 th gasis of 5 the current positional information
stored in the vehiclemounted-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 froflevemiéRsEr brrtha baisls 6fifie redgorrsecsighals stqbited frohf the'tbfi®ollection
device 2 and the entry/exit information acquired from the vehicle-mounted device 50. The central unit
17 judges, on tHel5asiS BN rESPORSE sighals, 26 wHetReCoridtthe Wehiclel 8 i provided with the
vehicle-mounted device 50 corresponding to its vehicle type, and it judges a vehicle provided with the

vehicle-mounted BBvVicé SUYRARH6Es A6Y ddiFestona B itsdahiclé e i s fidudulent vehicle. 38

00511
{ 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 wvia the



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 vehicle, 5?; central unit 17 calculates the toll 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 vehicle- 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., is not 15applied. {00521 The
central unit 17 cafilifates aie ictrarmit t6 belEdIRRtet fformthe 1Ber 6 he basis of the entry/exit
information acquired from the vehicle-mounted device 50 20 and the identification information of the
vehicle-mounted B8vieé, 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 SAS5 in Figf0) RBFERdmPIEt 399A thd 85sé firwhiRATHE SRhickE typeIs Arfedium size and
the expanded toll charge area B has been entered, an amount of one dollar is extracted from the first

toll charge table’3< e irdefol Anfolrtarardrt dhfotmt of 86 STIGHAIOR &lrdctéd R theYecond toll

charge
g 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 vehicle
type, and it judges a vehicle provided with the wvehicle-
mounted device 50 that does not correspond to its vehicle

type to be a fraudulent vehicle.



table as the second toll amount, and 1.5 dollars, which is the sum of the first toll amount and the
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 information about 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-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 subtractiff the}20 toll amount from the balance on the IC card (step SA7 in Fig. 10). In the
case in which the balance updating processing is correctly performed, the control unit 26 subsequently
reads the updated balditetdifl &dthentiCatdfdata frérh the 1€ tar® {step SAPMEG. 10). Here, the 40
authenticator data is information for reporting that the toll collection has been performed correctly.
{00541 As has B&etdefghed ubdve with theé toll's ebiiédtion sysfEm A d&btdihg td Thi€ embodiment,
the vehicle-mounted device 50, which is provided in a vehicle and exchanges information with the toll

collection devicdd 2 PEViBBE at tE-oR Budthd mtthe tolf Eharge dred Y Hetddts T &htrGrexit

information, which is the ,
5 the central unit 17 calculates the toll 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., is 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,



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 char g area B, on the basis of the map information of
the expanded toll charge area B, which is newly set uﬁ)goutside 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 chdtgéte& BSand the'toll EhakdeearealACt B rotifecessayto PerformdlatfSetting, etc.
for allowing the 41 toll collection devices 2 to judge whether or not the expanded toll charge area has
been entered, asHasHaecsiehfionalf deres Becatise of #fis ARetof Eofedidn ddvices 2 do not
have to be altered for making it 5 possible to perform flag assessment, etc., and the toll charge area
can be expandedGHIE ufiz !5/ thes Bxiaiig (o CoT6EGH AEvES viltfout ARy Chafige. {00851
Because the central unit 17 judges the 10 presence/absence of a fraudulent vehicle when the vehicles
3 pass by the tofl Col8&tdPAVIcES 2 'Thatné Walls &fthe idBItHIRatGR thiGfmatisafthe™
vehicle-mounted devices acquired from the toll collection devices 2 and ent:i/exit information for the

vehicles acquiredt 5 fram feSvehicl6& 35 1 sedoit witfe- S8 esmminitatiGataf 18, it is

ossible to enhance_the accuracy of detectin fraudulent vehicle
P téﬁle as t eyéecond téﬁ% amount, ang 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). In 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



{00561 Although this embodiment has been described assuming 20 that the payment requesting unit
is provided in the vehicle-mounted device 50, that the ir@formation 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 42 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 perform
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 aboatfhesblt AfitouP carbifatéd at thecedtitfal @it A7 Bydomipleting tHepaymient
clearance via the processing at the central 10 unit 17 in this way instead of performing the payment
clearance at thebvehliclehhdited YevitesRSER Judsibhe REFedteBZEdmhihunication load exerted on

the wide-area wireless communication medium connecting the first wide-area communication unit 32
and the second 154widé-area communication unit 18. {0057} {Second Embodiment}

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



Next a toll collection system according to a second embodiment of the present invention will be
described. 20The toll collection system according to this embodiment differs from that of the first
embodiment described above in that the calculation uit that calculates the toll amount to be charged
to a vehicle as the road usage fee is provided in the vehicle-mounted 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 @évice Ok iafay B sEriorrRd at the céhftaFuriit hHoWeveP thizeembsdiment will be
described assuming that the payment clearance processing for the toll amount 10 calculated at the
vehicle-mounte@ 4BeRESS peAormEd af fife S&ifiral unft. 0058181t ASshowiFinRig. PEea

vehicle-mounted device 50a according to this embodiment is provided with the ,
conventionally done. Because of this, the toll 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.
{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 1is 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



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/exiéinformation, which is information about entry
of a vehicle that has entered the toll charge area from tfie 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 44 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 saffftVas the>Contéfitsidesefibed i tHecdbdverdes@ibed S ¥irsteibddiment detailed
descriptions thereof will be omitted. {00591  As shown in Fig. 12, a central unit 17a is provided with
the second wid&arEEEsmAfMmiGTiohthitEs; th&'al fREudEYiHEthit 1o, d & payateht requesting
unit 40. The payment requesting unit 40 requests payment of the toll amount from the vehicle user
as the road usafjéfée. FdrexampleC fitpaymentietbesting titit 46 hotifigs B ifdhation about the
toll amount to a payment 15 clearance device 41 connected to the central unit 17a to cause the
payment clearaf¢é 8&dite 24 /to TofiBctitorii the YEhitie-an afttlnt i 88cdtdRACE with A& Akquired

information about the toll amount. The payment clearance device 41 is, for example, a device that

performs 20 prodéssifg of Withdrdwihg the ©t&mBunit &% A'6aRK aBlodhtdt W D&hicle user, or the
like.

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



{00601 Next, the specifics of the operation of the above-described vehicle-mounted device 50a will
be described by 45 using Figs. 11 and 12 for the case in which the vehicle enters the toll charge area
after entering the expanded toll charge area. When théVehicle 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 vehiclemounted-device storage
device 25 on thé!BEsisDf thélpositivhal fdritstioh detéte By thePiredeiver 24 b the
vehicle-mounted device 50a and the map information 15 stored in the vehicle-mounted-device storage
device 25. {006 ET'POAWKE thE EntrysxifiRformation fortheemtAlofthe ehitle fifigtHe toll charge
area from the expanded toll charge area is detected on the basis of the current 20 positional
information, the ‘ertry?exitiRfoTration indicatifg helettn irom thé expana8d tdiFchargé 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 tBFicE SR THECRATral' it 174 iy el 4B dthErsr RBEIRE VBRRTe is &Fraudulent

vehicle on the basis of the entry/exit information for the vehicle
5 1in the abové-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.
{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



estimated from the identification information of the vehicle-mounted device 50a acquired from the toll 5
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 16 whether or not the vehicle is fraudulent to the
vehicle-mounted device 50a via the second wide-area communication unit 1018. {00621 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 26aCThé edhtrblénit 264 of fifeéhicle-rmbented devicet50a séndStHeSihfdtmation
about the toll amount to the 20 central unit 17a via the first wide-area communication unit 32. When
the central unit ¥7& 4éduireS e nfGr oot tHePol Antdumt Wi theldedord wideatéatLon
communication unit 18, the payment requesting unit 40 of the central unit 17a notifies the payment
clearance 47 d&icé 44 LOMRECRIINGTRE LRArRRITPTTE Abdit theSoll MUt e payefit

clearance device 41 collects the amount in accordance with the information about the toll amount from
tgﬁXﬁ%We as the contents described in the above-described

the vehicle user:
5 first embodiment, detailed descriptions thereof will be
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 vehicle user, or the like.
{0060}
Next, the specifics of the operation of the above-

described vehicle-mounted device 50a will be described by



As has been described above, with the toll collection system according to this embodiment, the
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 toll4c‘?narge 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 positidnatmforniatiod) @nd the 20 ifofmafisis abButéntffleXif Betfifderthe expanded
toll charge area and the toll charge area, it is not necessary to perform flag setting, etc. for allowing the
toll collection defAte’1d jlidge Whethe? o ot tier 8xpandetitoft tharge drealfasiesi enftéred.
Furthermore, the toll 48 amount calculated at the vehicle-mounted device 50a is notified to the central
unit 17a via the first Wid8-3r&& cBmiunication 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 charge are4'¥ah Be Expartethinid fiizing tHe &Xidting tol 'CofleSisiFdévieds without any

change. {0064} ,
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



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 49
whether or not the vehicle is a fraudulent vehicle on the

basis of the entry/exit information for the vehicle
estimated from the identification information of the
vehicle-mounted device 50a acquired from the toll

5 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

10 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

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 payment clearance



vehicle 3 enters the expanded toll charge area B2 from the expanded toll charge area Bl, and then
enters the toll charge area A. As shown in Fig. 14, map_jnformation of the 5 individual expanded toll
charge areas Bl and B2 is stored in a vehicle-mounte “Hevice 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 10in Fig. 15, first toll charge tables 35b1
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 48ViRdividtal ELParRidec @Il ehafdecareasBlahd B2 1 7/ PigSUE3 BAE 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 VehicleBHas lentefdtf thiPaXisand e 16 ERAIR &tedBlon‘theasie6f20 Hee
information received by the GPS receiver 24 and the map information stored in the

vehicle-mountedevite storage MG S50, "Hrid cdutesthé YeRrie-fMoumtsttelits stdtade device

25b to store this information as the entry/exit information. 50 {00661 When the vehicle 3
subsequently efterdthe dxXpafdel ol ERargesarBE B2, the control unit 26b detects this information
and causes the vehicle-mounted-device storage 5 device 25b to store this information indicating that
the expand%d toiloc%%j?ée area B2 has been entered, as the entry/exit information. When subsequently

entering the toll charge area A, ypon acquiring a request signal via the communication unit 27, the
Conﬂolumt26b0fﬂK3AS has %%en ééscr beg a%ove, with the tofT

collection system according to this embodiment, the
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



10 vehicle-mounted device 50b outputs the identification information of the vehicle-mounted device
50b of the vehicle-mounted device 50b to the toll coIIec%ion device from the vehicle-mounted-device
storage device 25b. The control unit 26b outputs the eh ry/exit information, 15 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 20 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 OAblIECtcTH dEVies arid 4186 caftulatés thetoitafodiinC51 aéortiance with the

judgment result. {0067} Specifically, as shown in Fig. 15, an amount determining unit 38b of the central
uNtl?bacquHé%Otified 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 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



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 acqui? s 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-ar&& edmAfunic&ioredifit 82 thedontrortnit 26B of #ve YehigleehotiAtetrddvice 50b 20
subtracts the above-described toll amount from the balance recorded in the IC card, and records the
remaining amount$nh FEPRINE&E dan uplatedhatance. itis stnidecthattecdetaild 6f the
communication are in accordance with the processing procedure shown in Fig. 52 10. {00681 As
has been described abover #ith #ié& folfcollection system according to this embodiment, because

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 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.



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 chargeSQreas 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 charge areas the vehicle has entered. Furthermore, because the first toll charge tables
35b1 and 35b2 ¢6fé€$ponding 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 df8&s AdtfitiorfalyCéfer’ inStheI&EeSh WhiclP tHeVehidlBS REPERTEd a
plurality of the expanded toll charge areas, toll collection can be performed with a single payment. 53
Although this enhBddinferthds bReRTESEribéd fortRB 'case intvhic fld Ekbdifded tolt tharge areas
are set up, there is no limitation to the number of the expanded toll charge areas B. In addition, the
plurality of the 5'éXparaat 16 ardds §MaFBe SBEuY A0jHcERt IPERUTotHer {0689 P troGHT
Embodiment} Next a toll collection system according to a fourth 10 embodiment of the present
invention wil be HESkBedob “Phe tolldollabton &yterTaiconiing 10 11 ehibodiBAt dfters from the

toll collection systems %f téue fir;éemﬁodiment and IQS %econ embodir{went escribeglhabove in that the
road usage fee fofthe ek ahded tgiftarge area as been enterea, as ©

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

10 vehicle-mounted device 50b outputs the identification
information of the vehicle-mounted device 50b 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,

15 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

20 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



15 charge area B is determined in accordance with the duration of stay therein. The toll collection
system according to this embodiment will be describe?2| below mainly with regard to the differences,
and descriptions will be omitted for aspects in commo With those of the 20 first embodiment and the
second embodiment. {00701 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 54
expanded toll charge area B. In addition, with regard to a central unit according to this embodiment, in
the configuration diagram of the central unit 17 shown in Fig. 7, the first toll charge table 35 provided in
the 5 central-unit $fstage devicei3Pista ol cHarge tblé ¢dt'shown) in which the duration of stay is a
parameter. {00711 As shown in Fig. 16, when the vehicle 3 enters the expanded toll charge area
B, a control unit Z8¢ofthe 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 clocke® B§tfhe fifet B3. Whei ol ehardge arkr A i eRtBred Subsequently, the

control o , . .
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 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.



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.
For example, when the request signal is received fron 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 at that
point 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
determining unit 38. The amount determining unit 38 calculates the first 5 toll amount in accordance
with the duratiort Bf 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 appropriat8¥8r'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 vehicle 3. Then information about the
determined toll amounf'fs &t tP i VvélfaeMmbEGERted W Vice 50 Viathe skedrd wide-area
communication unit 18. 15Upon receiving the information about the toll amount in accordance with the
duration of stay YA tHeThrsCWideYaled tormnthtalion Unit St the BEMToitit26 C61RE S©
vehicle-mounted device 50c subtracts the amount in accordance with the information about the
above-desctibed 20 toFARBUNRT frohfthe BAARES rtdrdEd i the It dariOHtbrdS Rz efhining

amount in the IC czrd as an updated balance, and al(%%gle,ars the value in the timer 33. ]t is assumed

that the details ofthé conTthaRication BefiveerPtha central biRit 17%ndthe vehidie-hountad device 50c

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 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 37D,

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.



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 in the expanded toll charge area B is 3ént 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 tHeCGPIS rekevep2ROMoralt Nag aeafrivndBecaudecthelttl akittnt in this
embodiment is determined in accordance with the duration 20 of stay in the expanded toll charge area
B, if the vehicle FPp&rked attHe Pafiiity REFBFRESGStS - thecdddaiitled 6/ Eharge el Biithe duration

of stay is clocked by the timer 33, and the corresponding amount is
there 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 1s 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



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 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 ifi*Ré e Ration af sta: 0o ?5 2 ASEFifth EmBodierit] 0N NEXTA talFCENEetidr system
according to a fifth embodiment of the present invention will be described.  The toll collection
system accordirfy fo°this"érhbbaikerit Tiffers froim tre tdiichIBRRF $)stBHy ofthe 20ourth
embodiment described above, in which the toll amount is determined in accordance with the duration
of stay, in that e TolrEHBantiS HeterifiRéd it acddtfancd With tistanée travelr81R tHé'expanded toll

charge area B. The toll_collection system according to this , ,
Fig. 7, the first toll charge table 35 provided in the

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}



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 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 accordidg 5 %6 s @mbtitent indEige 7 thetfitst oI ehargeshble 35 provided in the
central-unit storage device 37 is a toll charge table in which the traveled distance is a parameter.
{0077} 20In Fig \0E e tHervehiclé 32eniters theddxpahtled toIFERGYediéd B EEsHrat LRt 26d of
the vehicle-mounted device 50d detects that the expanded toll charge area B has been entered and

also activates tHePtPasIEd-ditaiee Sc@itulBitr 'S4t At chfingipoie distahgg Bgning unit

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 wvia 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¢



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 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. {00781 15The entry into
the expanded toficcharg® afeaBIg tefected At theccarirdl bRt 17tahd 3 dtified €6 tHeé dmount
determining unit 38. The amount determining unit 38 calculates the first toll amount that is the road
usage fee in acESraaRER Withthe Wistarice trdvelé 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 secbRfl falf 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 summin%these calculates
As has been described above, with the toll

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



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 feceived 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 is assumed that
the details 15 of the communication between the central unit 17 and the vehicle-mounted device 50d
described above firé fadcorGanceiwith tiie pRiR@3sihgprotedieshovrih Fgria. {90801 20As has
been described above, with the toll collection system according to this embodiment, because the
distance travelellliff tReekpartePioll chafge afeaB s sentte the AT EFUME 7 the central unit 17
can calculate a toll amount in which the distance traveled in 61 the expanded toll charge area B is

taken into consideratioh®AcESUMYH it isPossie P et idadGsagetfebltRatRim6reSreflective of the

road usage situation. 5In this embodiment, in order to prevent fraudulent ,
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



activities, such as manipulation of information, 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 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 tolFEHPgé aped A htdted it icaxikFintRedidtel: lof thé fike f56iRtsdn e cordance
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 i$ B§ualt6 't 168Cthan @ predeéteiriined pendd "iHe ticcoiBetidieSy<iem according to

this embodiment will be described below QnI% with regard to the differences, and descriptions will be
aspects in common with those of the fourth embodiment.

omitted for
{0076}
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



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 completed between a control uhit 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
15clocked. {00831 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, thé dtfdtish ofstayth GBI eRargeCdreah i dequifetfbyPrea®ling 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 8t 324k 2ss6ciatiory Withthe Vehide 3SihfdtAfatdACeit! Upbhtreééiving e duration
of stay associated with the vehicle information, etc., the central unit 17 determines points that

correspond to tHi& Gufdtioh GH¥t&y6n & Badis of s dwardpoitrapfe et Ly, 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 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 vehicle



5 Here, an example of the award point table is shown in Fig. 19. In Fig. 19, the horizontal axis is the
duration of stay, and the vertical axis is the award poi t§ 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 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 stepwis&RRcordirg ® theladivRiual levefs, {F0BAIUPOREMINAG 6 Fig: a8 Whghtdward points
P1 corresponding to duration of stay Il are determined at the central unit 17 on the basis of the
above-describe&qéﬁ/a‘?&’ POIMEIGHE lcehftal GRIE 17 SRAES the’ awar8 Points 6 BHEGERiErR-mounted
device 50e. Upon receiving the 64 award points via the first wide-area communication unit 32, the
control unit 26e YP e vérigledRbGA ide50e RRASEL theSvetfidle-mourtta-devite strage device
25 to store the award points. At this time, if award points 5 are already stored in the

vehicle-mounted“J8Uic8 St Wevick 25 fie Eviard poite P1LaR ddded (0HBEE AfArd Boints, thus

updating the record.
5 unit

{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 is 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



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 He information such as the vehicle information,
etc. Accordingly, a toll amount from which an amount in accordance with the award points is deducted
15 is calculated at the central unit 17. {00851 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 aré& AaRaWadetd thehenier dwher, WiththeasPRollettidn system according to
this embodiment, it is possible to provide a financial relief to a user who has 65 entered the toll charge
area A by mistak@ 6ritRg1ike 10 -In AGSiBER- IR IHY cadd inwhikhtAéReRicke 33§ pafkeddA% parking
lot in the toll charge area A, it is possible to prevent the parking time from being included 5 in the
duration of stay By2¥6ppiRG the' BperatioRVf thé filmkt 3310081 the road usage

situation.

5 In this embodiment, in order to prevent fraudulent
activities, such as manipulation of information,
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.
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



Furthermore, although the award points in this embodiment are determined in accordance with the
duration 10 of stay in the toll charge area A, alternativ%%/, 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- 15 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. 20Although this embodiment has been described assuming that the point awards table
is provided in theltehgral aritd 721t isn6ditited thetétol FOF example? i HROCISET VAiEh the
payment clearance processing is performed at the vehicle-mounted device 50e, the point 66 awards
table may be pr8fifedin thé VehieRlmotfteltdévied 508 SfovB 73 fFOfet Bpplieation ERamples}

5Although the above descriptions have been given for ,
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 sequence
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



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 systg;n. For example, when expanding the toll
charge area 10(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 15 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) i R&tee by fakihg ini®eBnsiteratioh 20 tHesfedYsrihedkpandetadll charge area

B. {Reference Signs List} {0088} 1 toll collection system 3 vehicle 67
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. In 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



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 deV|60e 31 IC card inserting portion 32 first
wide-area communication unit 35, 35b1, 35b2 first toll c/harge 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

award points via the first wide-area communication unit
32, the control unit 26e of the vehicle-mounted 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 is 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



{CLAIMS} {Claim 1} A toll collection system comprising: 5a central unit that is a 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 exchange information with the central 10unit, 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; 15a 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 abogfitered 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

5 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

10 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-

15 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.

20 Although this embodiment has been described assuming
that the point awards 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 point



20 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 ?%)panded toll charge area, and that outputs the
entry/exit information to the central unit, and 69 rein the central unit is provided with a
calculation unit that calculates a toll amount on the basis of the acquired entry/exit information. 5{Claim
2} A toll collection system comprising: a central unit that is a superordinate device of a toll
collection device provided at a toll booth of a toll charge area; and 10a vehicle-mounted device that is
provided in a vehicle and that exchanges information with the central unit, wherein the
vehicle-mounte@davieeé i$ pfovidéthwWithe Provadtstage uhithaedtdresemapinforfation of an 15
expanded toll charge area that is newly set up outside the toll charge area; a positional-information
acquisition unit fll‘%‘t’éﬁﬁw?é)?posnlonal information of the vehicle; and a calculation unit that, in the

case in which
{0087}

{Other Application Examples}

5 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

10 (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

15 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

20 the fee for the expanded toll charge area B.

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

3 vehicle



20 entry/exit information is detected on the basis of the map information and the positional information,
calculates a toll amount on the basis of the detection %ejult, where the entry/exit information is entry
information about the vehicle entering the toll charge 70 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.
5{Claim 3} A toll collection system according to Claim 1 or 2, wherein the vehicle-mounted device is
provided with a payment requesting unit that, when the information about the toll amount is acquired,
requests payment of the toll 10 amount from a user in accordance with the information about the toll
amount. {Claim 4¥ ATl ebftéctiohidystem according to Claim 1 or 2, 15 wherein the central unit is
provided with a payment requesting unit that, when the information about the toll amount is acquired,
requests paymeﬂ% of Bl Gt FOrR a BRI AEédrdaRce With the information about the toll
amount. 20 {Cla{rg 52

raud 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



A toll collection system according to any one of Claims 1 to 4, wherein the vehicle-mounted device is
provided with a first 71 wide-area communication unit that exchanges the entry/exit information with
the central unit; the central unit is provided with a sec8rid wide-area communication unit that
exchanges the entry/exit 5 information with the vehicle-mounted device; and the central unit is
provided with a fraud judging unit that compares the entry/exit information of the vehicle-mounted
device for the toll charge area acquired from the vehicle-mounted device via 10 the toll collection
device and the entry/exit information acquired from the vehicle-mounted device via the first wide-area
communication Ufft&fdhe second wide-area communication unit, and that judges that the entry/exit
information includes fraudulent information when the

{Claim 1}
A toll collection system comprising:

5 a central unit that is a 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
10 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;
15 a positional-information acquisition unit that
acquires positional information of the wvehicle; 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
20 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



15 comparison result indicates a mismatch. {Claim 6} A toll collection system according to any one of
Claims 1 to 5, wherein the calculation unit is provided é/vith 20a storage device that stores first toll
charge information with regard to the expanded toll cha%ge 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 72 amount on the basis of the entry/exit information, the first toll charge
information, and the second toll charge information. 5{Claim 7} A toll collection system according to
Claim 6, wherein the first toll charge information includes a toll charge table in which duration of
stay in the expanded tOINEH&§R drB& iS& parametstiand, SLOWEH e duratidn of stay in the

expanded toll
calculation unit that calculates a toll amount on the

basis of the acquired entry/exit information.

5 {Claim 2}
A toll collection system comprising:

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

10 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

15 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

20 entry/exit information is 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



charge area is received from the vehicle-mounted device, the amount determining unit determines the
toll amount for the expanded toll charge area by using7t e duration of stay and the toll charge table. 15
{Claim 8} A toll collection system according to Claim 6, wherein the first toll charge information
includes a toll charge table in which distance traveled in the expanded 20 toll charge area is a
parameter; and, when the distance traveled in the expanded toll charge area is received from the
vehicle-mounted device, the amount determining unit determines the toll amount for the expanded toll
charge area by using the traveled 73 distance and the toll charge table. {Claim 9} A toll collection
system accordirf farfy 6fe bREIGHRBF %6 8t WherdiRindRe Tase itfichra plikility of the

expanded toll charge areas are set up, the first toll charge information is provided
information about the vehicle exiting the toll charge

area into the expanded toll charge area.

5 {Claim 3}
A toll collection system according to Claim 1 or 2,
wherein the vehicle-mounted device is provided with a
payment requesting unit that, when the information about
the toll amount is acquired, requests payment of the toll
10 amount from a user in accordance with the information

about the toll amount.

{Claim 4}
A toll collection system according to Claim 1 or 2,

15 wherein the central unit is provided with a payment
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.

20
{Claim 5}

A toll collection system according to any one of Claims 1
to 4, wherein

the vehicle-mounted device is provided with a first



corresponding to each of the expanded toll charge areas; the entry/exit information is associated with
10 identification information for the individual expanded toll charge areas; and the amount determining
unit determines the toll amount by using the first toll ¢ &rge information for the expanded toll charge
areas into which the vehicle has 15 entered, which is determined on the basis of entry/exit information
associated with the identification information of the expanded toll charge areas. {Claim 10} 20 A toll
collection system according to any one of Claims 6 to 9, wherein, in the case in which the toll charge
area is an area where a certain fee is collected at the time of entry regardless of a road usage
situation, an awdrd oAt BblE RTHRIthIRE tRPatiohisf Stay t7 £ictheReR ehafe area is a parameter is

included; and,
entry/exit information with the central unit;

the central unit is provided with a second wide-area
communication unit that exchanges the entry/exit
5 information with the vehicle-mounted device; and
the central unit is provided with
a fraud judging unit that compares the entry/exit
information of the vehicle-mounted device for the toll
charge area acquired from the vehicle-mounted device via
10 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 judges that the entry/exit
information includes fraudulent information when the

15 comparison result indicates a mismatch.

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

20 a storage device that stores 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 determines the toll



when the duration of stay in the toll charge area is received from the vehicle-mounted device, the
amount determining unit determines award points by l,%sing the 5 duration of the stay and the award
point table, and gives the award points to an owner of the vehicle.

amount on the basis of the entry/exit information, the
first toll charge information, and the second toll charge

information.

5 {Claim 7}
A toll collection system according to Claim 6, wherein
the first toll charge information includes a toll
charge table in which duration of stay in the expanded
toll charge area is a parameter; and,

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

15
{Claim 8}

A toll collection system according to Claim 6, wherein
the first toll charge information includes a toll
charge table in which distance traveled in the expanded

20 toll charge area is a parameter; and,

when the distance traveled in the expanded toll
charge area is received from the vehicle-mounted device,
the amount determining unit determines the toll amount

for the expanded toll charge area by using the traveled



10

15

20

73

distance and the toll charge table.

{Claim 9}
A toll collection system according to any one of Claims 6
to 8, wherein, in the case in which a plurality of the
expanded toll charge areas are set up,

the first toll charge information is provided
corresponding to each of the expanded toll charge areas;

the entry/exit information is associated with
identification information for the individual expanded
toll charge areas; and

the amount determining unit determines 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, wherein, in the case in which the toll charge area
is an area where a certain fee is collected at the time
of entry regardless of a road usage situation,

an award point table in which the duration of stay



74

in the toll charge area is a parameter is included; and,
when the duration of stay in the toll charge area is
received from the vehicle-mounted device, the amount
determining unit determines 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.



