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(54) TOLL COLLECTION SYSTEM

(57) An objective is to provide a fee collection system
that can expand a charging area at low cost, while effec-
tively using current facilities. A fee collection system is
provided with a fee collection device installed in a charg-
ing area (A), and a vehicle-mounted device, fitted in a
vehicle (1), and exchanging information relating to charg-
ing with the fee collection device, the vehicle-mounted
device detecting whether or not an expanded charging
area has been entered based on location information ac-

quired by a GPS receiver, and, when the charging area
(A) is entered, notifying whether or not the expanded area
(B) has been entered to a fee collection device by trans-
mitting the state of an entry flag that represents whether
or not the expanded charging area (B) has been entered
to the fee collection device that is installed at a toll gate
of the charging area (A). In this way, in the fee collection
device, it is possible to also levy a road usage fee for an
expanded charging area (B).
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Description

Technical Field

[0001] The present invention relates to a fee collection
system, and particularly relates to a fee collection system
for collecting a predetermined fee from the owner of a
vehicle that has entered a toll road or an area subject to
a charge.

Background Art

[0002] In recent years, so-called road pricing has been
implemented, where areas that are subject to charging
are provided in urban areas, as measures for tackling
problems such as traffic jams and air pollution caused
by too many vehicles driving into the center of large met-
ropolitan areas.
With this road pricing, gantries are provided at each of
the entrances and exits of charging area, on which wire-
less communications equipment for charging is mounted.
Also, vehicles driving into the charging area are required
to be fitted with a vehicle-mounted device. If a vehicle
passes the gantries and drives in to the charging area,
transfer of information required for charging is carried out
between the wireless communication equipment and the
vehicle-mounted device, and charging processing for the
vehicle is carried out by electronic sections (refer to Jap-
anese Unexamined Patent Application, Publication No.
2003-323648, for example).
Also, as the above described charging method, for ex-
ample, a method of deducting a fixed sum from a balance
of a prepaid card inserted into the vehicle-mounted de-
vice, and updating and storing the balance as a balance
in the prepaid card, or a method of automatically deduct-
ing a fixed sum from a users bank account that has be
pre-registered, have been adopted.
[0003] An ETC (Electronic Toll Collection) system is
also known as a system for automatically collecting a
road usage fee. This ETC system can automatically col-
lect a fee by performing wireless communication between
roadside wireless units installed at a tollgate, and a ve-
hicle-mounted device mounted in a vehicle.
Patent Document 1:
Japanese Unexamined Patent Application, Publication
No. 2003-323648 (Fig. 11)

Disclosure of Invention

[0004] However, in the above described fee collection
system related to road pricing, and the ETC system, there
may be demands to expand a current charging area, and
it is necessary to newly install gantries and toll gates etc.
at the entrances and exits to the expanded charging area.
Building these installations will require enormous ex-
pense. Further, with respect to existing facilities provided
at a boundary between an expanded charging area and
a current charging area, since there is no longer any utility

value it is also necessary to consider effective utilization
of these current facilities.
[0005] An object of the present invention is to provide
a fee collection system that can expand a charging area
at low cost, while effectively using current facilities.
[0006] A first aspect of the present invention is directed
to a vehicle-mounted device that is mounted in a vehicle,
and transfers information relating to a charge between a
fee collection device installed at a toll gate of a charging
area, comprising a storage device for storing map infor-
mation of an expanded charging area newly established
outside the charging area, a position information acqui-
sition section, and an entry detection section for detecting
entry into the expanded charging area based on position
information acquired by the position information acquisi-
tion section and map information of the expanded charg-
ing area, wherein with respect to communication be-
tween the fee collection devices, entry determination in-
formation representing whether or not there has been
entry into the expanded charging area is transmitted.
[0007] According to the above-described first aspect,
the fact that an expanded charging area has been en-
tered is detected based on position information from the
position information acquisition section and map infor-
mation stored in a storage unit. In this way, in the case
where a charging area has been expanded, in other
words, even when an expanded charging area is newly
established, it is possible to reliably detect that the ex-
panded charging area has been entered without installing
new facilities at the entrances to the expanded area.
Also, with respect to fee collection devices installed in
the charging area, since entry determination information
indicating whether or not the expanded area has been
entered is transmitted, a collection charge is determined
also taking into account road usage fee for the expanded
charging area.
As the above described position information acquisition
section, a GPS receiver has been attracting attention as
one example. Also, various component parts constituting
the above-described vehicle-mounted device do not
need to be provided inside a case of the vehicle-mounted
device, and the invention also includes, for example, an
aspect where components are used connected to exter-
nal parts by means of external component terminals etc.
[0008] The vehicle-mounted device of the above de-
scribed first aspect can also be constructed having an
entry flag indicating whether or not it has entered into the
expanded charging area, where the entry flag is set in
the event that there is entry into the expanded charging
area, and in communication with a charge communica-
tion devices, the state of the entry flag is transmitted as
the entry determination information, and after the trans-
mission the entry flag is reset.
[0009] With this type of structure, by transmitting the
entry flag state as entry determination information, it is
possible for the fee collection devices to easily determine
whether or not there is entry into the expanded charging
area.
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[0010] It is also possible for the vehicle-mounted de-
vice of the above described first aspect to have a struc-
ture whereby, in the event that a plurality of the expanded
charging areas are provided, there are respective entry
flags corresponding to each of the expanded charging
areas, and the state of each entry flag and identification
information for each expanded charging area are trans-
mitted to a corresponding charge communication device.
[0011]  With this type of structure, by transmitting the
entry flag state as entry determination information in cor-
respondence with each expanded charging area, it is
possible for the fee collection devices to easily specify
the expanded charging area a vehicle has entered. In
this way, it is possible to easily determine a road usage
fee for an expanded charging area a vehicle has entered.
[0012] It is also possible for the vehicle-mounted de-
vice of the above-described first aspect to have a struc-
ture where a clock section for clocking time spent in the
expanded charging area is provided, and the time spent
is transmitted to the fee collection devices.
[0013] With this type of structure, since time spent in
the expanded charging area is transmitted to the fee col-
lection devices, it is possible for the fee collection devices
to determine a road usage fee taking account of time
spent in the expanded charging area. In this way, it is
possible to give a road usage fee that more correctly
reflects the road usage conditions.
[0014] It is also possible for the vehicle-mounted de-
vice of the above-described first aspect to have a struc-
ture where the spent time is transmitted in encrypted
form.
[0015] With this type of structure, since the spent time
is transmitted to the fee collection devices in an encrypted
form, it is possible to prevent fraudulent acts such as
falsification and interception of information. In this way,
it is possible for the fee collection devices to determine
a road usage fee based on accurate spent time.
[0016] It is also possible for the vehicle-mounted de-
vice of the above-described first aspect to have a struc-
ture where for a period of time for which a vehicle is
parked in a car park provided inside the expanded charg-
ing area, operation of the clock section is stopped.
[0017] With this type of structure, it is possible to pre-
vent the period of time for which a vehicle is parked in a
car park provided inside the expanded charging area be-
ing included in the time spent in the expanded charging
area. In this way, it becomes possible to accurately clock
the actual time spent in the expanded charging area.
[0018] It is also possible for the vehicle-mounted de-
vice of the above-described first aspect to have a struc-
ture where a travel distance calculating section for meas-
uring travel distance inside the expanded charging area
is provided, and the travel distance is transmitted to the
fee collection devices.
[0019] With this type of structure, since travel distance
in the expanded charging area is transmitted to the fee
collection devices, it is possible for the fee collection de-
vices to determine a road usage fee taking account of

travel distance in the expanded charging area. In this
way, it is possible to give a road usage fee that more
correctly reflects the road usage conditions.
[0020] A second aspect of the present invention is di-
rected to a vehicle-mounted device provided with a GPS
receiver and an FM multiplex receiver, wherein position
information acquired by the GPS receiver is corrected
using correction data of a GPS satellite acquired by the
FM multiplex receiver.
[0021] According to the second aspect, correction data
for a GPS satellite transmitted by FM multiplex broadcast,
for example D-GPS correction data, is received, and the
position information acquired by the GPS receiver is cor-
rected using this correction data, which means that it is
possible to improve position detection accuracy. Also, by
transmitting the correction data using FM multiplex
broadcast, it is possible to receive correction data with a
simpler structure.
[0022] A third aspect of the present invention is direct-
ed to a fee collection device, arranged in a charging area,
for performing transfer of information relating to a charge
to and from a vehicle-mounted device fitted to a vehicle
passing through the charging area, comprising a storage
device for storing first charging information relating to an
expanded charging area newly established outside the
charging area, and second charging information relating
to the charging area, a entry determination section for,
when entry determination information has been received
from the vehicle-mounted device, determining whether
or not a vehicle fitted with the vehicle-mounted device
has entered the expanded charging area based on the
entry determination information, and a charge determi-
nation section for determining a collection charge based
on the determination result, and the first charging infor-
mation and the second charging information.
[0023] According to the above described third aspect,
whether or not a vehicle enters an expanded charging
area is determined, and when the vehicle enters the ex-
panded charging area a road usage fee for the expanded
charging area and a road usage fee for the charging area
are collected together. In this way, it is possible to carry
out fee collection for both an expanded charging area
and a charging area with a single device. As a result,
since there is no need to newly install a fee collection
device for the expanded charging area it is possible to
reduce installation cost, and accordingly it becomes pos-
sible to carry out new construction for an expanded
charging area easily.
[0024] The fee collection device of the above de-
scribed third embodiment can also have a structure
where the first charging information includes a charge
table having time spent in the expanded charging area
as a parameter, and when the time spent in the expanded
charging area is received from the vehicle-mounted de-
vice, the charge determination section determines a road
usage fee for the expanded charging area using the time
spent and the charge table.
[0025] With this type of structure, in the road usage
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fee calculation process, time spent in the expanded
charging area is taken into consideration, which means
that it is possible to give a road usage fee that more ac-
curately reflects road usage conditions.
[0026] The fee collection device of the above de-
scribed third embodiment can also have a structure
where the first charging information includes a charge
table having travel distance in the expanded charging
area as a parameter, and when the travel distance in the
expanded charging area is received from the vehicle-
mounted device, the charge determination section deter-
mines a road usage fee for the expanded charging area
using the travel distance and the charge table.
[0027] With this type of structure, in the road usage
fee calculation process, travel distance in the expanded
charging area is taken into consideration, which means
that it is possible to give a road usage fee that more ac-
curately reflects road usage conditions.
[0028] It is also possible for the fee collection device
of the above described third aspect to have a structure
with the first charging information corresponding to re-
spective expanded charging areas, in the case where a
plurality of the expanded charging areas are provided,
wherein the entry determination section receives the en-
try determination information that has been associated
with identification information of each expanded charging
area from the vehicle-mounted device, and specifies the
expanded charging area the vehicle has entered based
on the entry determination information, and the charge
determination section determines a road usage fee for
the expanded charging area using the first charging in-
formation corresponding to the expanded charging area
the vehicle has entered.
[0029] With this type of structure, in the event that a
plurality of expanded charging areas are provided, first
charging information is registered in correspondence
with each expanded charging area, and so it is possible
to carry out detailed fee setting for every expanded charg-
ing area. Further, even if a vehicle enters a plurality of
expanded charging areas, it is possible to carry out fee
collection in one go.
[0030] It is also possible, when the charging area is an
area for which a constant fee is levied at the time of entry
regardless of road usage conditions, for the fee collection
device of the above described third aspect to have a re-
fund points table with time spent in the charging area as
a parameter, wherein, when time spent in the charging
area has been received from the vehicle-mounted de-
vice, the charge determination section determines refund
points using the time spent and the reduction points table,
and these reduction points are allocated to the owner of
the vehicle.
[0031] Like road pricing etc., when the charging area
is an area for which a fixed fee is levied at the time of
entry regardless of the road usage conditions, by having
points according to the time spent in the charging area
cause a refund for the owner of the vehicle, it is possible
to give financial relief to users who may have inadvert-

ently entered the charging area by mistake.
[0032] A fourth aspect of the present invention is di-
rected to fee collection system, provided with a fee col-
lection device installed in a charging area, and a vehicle-
mounted device, mounted in a vehicle and performing
transfer of information relating to a charge to and from
the fee collection device, the vehicle-mounted device
comprising a storage section for storing map information
of an expanded charging area newly set outside the
charging area, a position information acquisition section,
and an entry determination section for detecting entry
into the expanded charging area based on position infor-
mation acquired by the position information acquisition
section and the map information of the expanded charg-
ing area, wherein, when the fee collection device is ap-
proached, entry determination information indicating
whether or not the expanded charging area was entered
is transmitted, and the fee collection device comprises a
storage device for storing first charging information re-
lating to the expanded charging area and second charg-
ing information relating to the charging area, an entry
determining section for, when the entry determination in-
formation has been received from the vehicle-mounted
device, determining whether or not a vehicle fitted with
the vehicle-mounted device has entered the expanded
charging area based on the entry determination informa-
tion, and a charge determination section for determining
a charge to be levied based on the determination result,
and the first charging information and the second charg-
ing information.
[0033] According to the above-described fourth as-
pect, the fact that an expanded charging area has been
entered is detected based on position information from
the position information acquisition section and map in-
formation stored in a storage unit. In this way, in the case
where a charging area has been expanded, in other
words, even when an expanded charging area is newly
established, it is possible to reliably detect that the ex-
panded charging area has been entered without installing
new facilities at the entrances to the expanded area.
Further, it is possible to carry out fee collection for both
an expanded charging area and a charging area using a
single fee collection device installed in the charging area.
In this way, since there is no need to newly install a fee
collection device for the expanded charging area, it is
possible to reduce installation costs. As a result, new
construction for expanded charging areas, in other words
expansion of charging areas, can be carried out easily.
[0034] It is possible for the fee collection system of the
above describe fourth aspect to have a fitted determina-
tion section for determining whether or not the vehicle-
mounted device has a position information acquisition
section, and for the charge determination section to
cause different charges to be levied depending on wheth-
er the vehicle-mounted device has, or does not have, a
GPS function.
[0035] In the vehicle-mounted device, it is detected
whether or not an expanded charging area has been en-
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tered based on position information acquired by the po-
sition information acquisition section. Accordingly, a ve-
hicle-mounted device that is not fitted with a position in-
formation acquisition section can no longer detect wheth-
er or not an expanded charging area has been entered.
Therefore, with a vehicle-mounted device that can detect
entry into an expanded charging area, road usage fees
for both the expanded charging area and the charging
area are billed together, while on the other hand, with a
vehicle-mounted device that can not detect entry into an
expanded charging area, road usage fee is only billed
for a charging area. In this type of situation, by making a
road usage fee for a vehicle-mounted device that is pro-
vided with a position information acquisition section, and
a road usage fee for a vehicle-mounted device that is not
provided with a position information acquisition section,
different, it is possible to balance the charges levied. Also,
by setting a road usage fee for a vehicle-mounted device
that is not provided with a position information acquisition
section higher, it is possible to promote the use of vehicle-
mounted devices that are fitted with a position information
acquisition section.
[0036] It is also possible for the fee collection system
of the above described fourth aspect to have a structure
wherein, for a case where the position information acqui-
sition section is a GPS receiver, in an expanded charging
area that is an area in which it is difficult for the vehicle-
mounted GPS receiver to receive position information
from a GPS satellite, a wireless antenna for transmitting
position data to the vehicle-mounted device is installed.
[0037] With this type of structure, in an area where it
is difficult for a vehicle-mounted GPS receiver to receive
data from a GPS satellite a wireless antenna for trans-
mitting position data is installed, which means that it is
possible to reliably detect that an expanded charging ar-
ea has been entered. Incidentally, the respective struc-
tures described above can be combined where possible.
[0038] According to the present invention, the effect is
achieved of being able to expand a charging area at low
cost, while effectively using current facilities.

Brief Description of Drawings

[0039]

FIG. 1 is a drawing showing the overall structure of
a charging system of a first embodiment of the
present invention.
FIG. 2 is a block diagram showing the schematic
structure of a fee collection device of a first embod-
iment of the present invention.
Fig. 3 is a drawing of an entry lane to a charging
area, looking from the road shoulder.
Fig. 4 is a drawing showing one example of markings
laid out underneath the vehicle detection unit shown
in Fig. 3.
Fig. 5 is a drawing showing the appearance of the
markings shown in Fig. 4 when a vehicle passes

over.
FIG. 6 is a block diagram showing the schematic
structure of a vehicle-mounted device of the first em-
bodiment of the present invention.
FIG. 7 is a drawing for simply describing the opera-
tion content of the vehicle-mounted device of the first
embodiment of the present invention.
Fig. 8 is a drawing showing a processing sequence
for communication carried out between a vehicle-
mounted device and a first antenna control unit, in
the first embodiment of the present invention.
FIG. 9 is a block diagram showing the schematic
structure of a first antenna control unit of the first
embodiment of the present invention.
Fig. 10 is a drawing showing a processing sequence
for communication carried out between a vehicle-
mounted device and a first antenna control unit, in
the first embodiment of the present invention.
Fig. 11 is a drawing for describing an entry flag.
Fig. 12 is a drawing for describing handling of a ve-
hicle-mounted device that is not fitted with a GPS
receiver and a vehicle-mounted device that is fitted
with a GPS receiver.
FIG. 13 is a drawing for simply describing the oper-
ation content of a vehicle-mounted device of a sec-
ond embodiment of the present invention.
FIG. 14 is a block diagram showing the schematic
structure of the vehicle-mounted device of the sec-
ond embodiment of the present invention.
FIG. 15 is a block diagram showing the schematic
structure of a first antenna control unit of the second
embodiment of the present invention.
FIG. 16 is a block diagram showing the schematic
structure of a vehicle-mounted device of a third em-
bodiment of the present invention.
FIG. 17 is a drawing for simply describing the oper-
ation content of the vehicle-mounted device of the
third embodiment of the present invention.
Fig. 18 is a drawing for describing handling of a case
where a vehicle is parked in a car park that is inside
an expanded charging area, in the fee collection sys-
tem of the third embodiment of the present invention.
FIG. 19 is a block diagram showing the schematic
structure of a vehicle-mounted device of a fourth em-
bodiment of the present invention.
FIG. 20 is a drawing for simply describing the oper-
ation content of the vehicle-mounted device of the
fourth embodiment of the present invention.
FIG. 21 is a block diagram showing the schematic
structure of a vehicle-mounted device of a fifth em-
bodiment of the present invention.
FIG. 22 is a drawing for simply describing the oper-
ation content of the vehicle-mounted device of the
fifth embodiment of the present invention.
Fig. 23 is a timing chart showing one example of a
refund points table.
Fig. 24 is a timing chart showing another example
of a refund points table.
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Fig. 25 is a drawing for describing the fee collection
system of the present invention when applied to an
ETC system.
Fig. 26 is a drawing for describing the fee collection
system of the present invention when applied to an
ETC system.
Fig. 27 is a drawing for describing a method of ac-
quiring position information when it is not possible
for a GPS receiver to receive data from a GPS sat-
ellite.
Fig. 28 is a drawing showing the schematic structure
of a D-GPS system in the case of transmitting D-
GPS correction data using FM multiplex broadcast.
Fig. 29 is a block diagram showing the schematic
structure of a vehicle-mounted device in the case of
receiving D-GPS correction data using FM multiplex
broadcast.

Explanation of Reference Signs:
[0040]

1: vehicle
2: fee collection device
5: first antenna
8: second antenna
9, 9a: first antenna control unit
12: second antenna control unit
17: center unit
20, 20a, 20b, 20c, 20d: vehicle-mounted device
24: receiver
25, 25a: storage device
26, 26a, 26b, 26c, 26d: control section
27: communication section
30: IC card insertion section
31: IC card interface
A: charging area
B, B1, B2: expanded charging area
C: car park
37: storage device
32: timer
33: travel distance calculation unit
34: wide area communication unit
35, 35a, 35b: first charge table
36: second charge table
38, 38a: entry determination section
39, 39a: charge determination section
40: entrance antenna
41: exit antenna
45: antenna
50: base station
51: center station
52: FM broadcast station
53: FM multiplex receiver

Best Mode for Carrying Out the Invention

[0041] One embodiment of a fee collection system of
the present invention will be described in the following

with reference to the drawings.

[First Embodiment]

[0042] Fig. 1 is an overall structural drawing of the fee
collection system of this embodiment.
As shown in Fig. 1, fee collection devices (not shown)
for collecting a road usage fee from a vehicle 1 that has
entered a charging area A are provided on all roads pass-
ing across boundaries between charging areas A, which
are areas subjected to road pricing. These fee collection
devices are provided in correspondence with respective
entry lanes that a vehicle 1 enters in a charging area A,
and transfer information for collecting a road usage fee
to and from vehicle-mounted devices fitted to vehicles
passing the corresponding entry lane.
[0043] Fig. 2 is a block diagram showing the schematic
structure of the fee collection device. As shown in Fig. 2,
a fee collection device 2 comprises a first antenna 5, a
camera 6, a vehicle detection unit 7 and a second anten-
na 8. The fee collection device 2 further comprises a first
antenna control unit 9 connected to the first antenna 5,
a camera control unit 10 connected to the camera 6, a
vehicle detection control unit 11 connected to the vehicle
detection unit 7, and a second antenna control unit 12
connected to the second antenna 8. The fee collection
device 2 also comprises a unified control unit 13 an en-
vironment control unit 14 connected to the unified control
unit 13, and a communication control unit 15 connected
to the unified control unit 13. The above described first
antenna control unit 9, camera control unit 10, vehicle
detection control unit 11, second antenna control unit 12
and unified control unit 13 are connected together by
means of a bus 16, to give a state where exchange of
information is made possible. The communication control
unit 15 performs communication between the fee collec-
tion device 2 and a center unit 17 which is an upper de-
vice.
[0044] In the fee collection device 2 having the above
described structure, the first antenna 5, camera 6, vehicle
detection unit 7 and second antenna 8 are attached to a
double column type support pillar arranged across a trav-
el road on a boundary of a charging section A. Fig. 3 is
a drawing of a traffic lane looking from the side. The first
antenna 5 and the second antenna 8 are arranged so
that it is easy to receive signals from a vehicle-mounted
device of the vehicle 1 traveling in the corresponding traf-
fic lane. For example, the first antenna 5 and the second
antenna 8 are arranged with an antenna beam facing the
corresponding traffic lane. Also, the first antenna 5 and
the second antenna 8 are installed a distance of from
about 10 m to 15 m apart. The purpose of this is so that
a vehicle-mounted device receives a road usage fee via
the first antenna 5, this road usage fee is reflected to an
IC card, and a processing time until the result is notified
to the second antenna 8 is ensured. Incidentally, infor-
mation that is transferred between the first antenna 5,
the second antenna 8 and the vehicle-mounted device
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will be described in detail later.
[0045] The camera 6 is for taking pictures of number
plates of vehicles acting improperly, in the event that a
vehicle acting improperly is detected. A vehicle acting
improperly may be, for example, a vehicle without a ve-
hicle-mounted device fitted, a vehicle with no IC card
inserted into the vehicle-mounted device, a vehicle hav-
ing a balance stored in the IC card that is less than the
charge being levied that can not correctly perform charg-
ing, or a vehicle fitted with a counterfeit vehicle-mounted
device or IC card. These vehicles acting improperly are
determined based on information received from the ve-
hicle-mounted device by the first antenna etc.
The vehicle detection unit 7 detects a vehicle 1 passing
through. For example, markings of a striped pattern as
shown in Fig. 4 are placed on the road underneath the
vehicle detection unit 7. The vehicle detection unit 7 mon-
itors the striped pattern from above, and when this striped
pattern cannot be correctly detected, as shown in Fig. 5,
the passage of the vehicle 1 is detected.
[0046] Also, as shown in Fig. 1, a newly established
expanded charging area B is established outside the
charging area A. For example, when there is a demand
to expand the originally existing charging area A, this
expanded charging area B is a subsequently established
area. This expanded area B can be provided surrounding
the charging area A, provided so that part of the expand-
ed charging area B is in contact with the charging area
A, or can be an area provided separately and not con-
nected to charging area A.
[0047] Fee collection devices 2 are not installed at the
entry lanes at area boundaries in the above described
expanded charging area B as they are for the charging
area A. Instead, detection of entry into the expanded
charging area B is carried out using the vehicle-mounted
device fitted to the vehicle 1.
Fig. 6 is a block diagram showing the schematic structure
of the vehicle-mounted device of this embodiment. As
shown in Fig. 6, the vehicle-mounted device 20 compris-
es, as its main structural components, a power supply
circuit 23 connected to a vehicle power supply 21 and an
internal battery 22, a GPS receiver (position information
acquisition section) 24 for detecting current position by
acquiring information relating to position information from
a GPS satellite, a storage device (storage section) 25 for
storing various information, a control section (entry de-
tection section) 26, a communication section 27 for car-
rying out communication with the first antenna 5 and the
second antenna 8 of the fee collection device 2 etc., a
display section 28, a notification section 29 such as buzz-
er or LED, an IC card insertion section 30 into which an
IC card is inserted, and an IC card interface 31 provided
in the IC card insertion section 30.
[0048] In Fig. 6, it is possible for various structural com-
ponents, such as the GPS receiver 24 etc. to not be in-
corporated inside the vehicle-mounted device. For ex-
ample, each structural component can be constructed
capable of information transfer. As one example, it is pos-

sible to have a structural aspect where a mobile terminal
unit having a GPS function is connected by means of an
external terminal, and the GPS function provided by the
mobile terminal unit is used as the GPS receiver 24.
[0049] The power supply circuit 23 mainly controls a
voltage supplied from the vehicle power supply 21 to a
voltage adopted in the vehicle-mounted device 20, and
supplies this voltage to each of the sections constituting
the vehicle-mounted device 20. The internal battery 22
is provided so as to be able to ensure electrical power to
an extent sufficient to permit communication, even if the
supply of power from the vehicle power supply 21 is cut
off. Map information for the expanded charging area B
is stored in the storage device 25. Also, various informa-
tion that is necessary for the charging process, that will
be described later, is held in the storage device 25, such
as car owner information, vehicle information including
type of vehicle information, an entry flag indicating wheth-
er or not an expanded charging area B has been entered,
balance information read out from an IC card, and card
information etc.
[0050] An IC card to be inserted into the IC card inser-
tion section 30 is, for example, a contact type IC card,
and is internally fitted with an IC chip such as a flash
memory or an MPU. As well as card information such as
a card ID number, a balance and usage history are stored
in this IC card. Information stored in the IC card can be
written or read by the control section 26 via the IC card
interface 31.
[0051] With this type of vehicle-mounted device 20, if
the IC card is inserted into the IC card insertion section
30, the control section 26 reads out IC card information
and a balance that are stored in the IC card via the IC
card interface 31, and writes this information to the stor-
age device 25, and temporarily, for example, for about
10 seconds) displays the balance on the display section
28. Also, the control section 26 causes operation of the
notification section 29 in order to notify normal operation
to the user when it has been possible to read information
normally from the IC card. In this way, if the notification
section 29 is a buzzer, for example, the buzzer is sound-
ed, or if the notification section 29 is an LED or the like
the LED is lit, to give notification of the fact that the situ-
ation is normal. On the other hand, in the event that in-
formation was not read from the IC card, the control sec-
tion 26 causes display of indication that there is an error
on the display section 28, and by causing operation of
the notification section 29 notifies the fact that there is
an error to the user, and then prompts for the IC card to
be inserted again. Incidentally, the manner of the notifi-
cation by the notification section 29 takes can be different
for normal operation and for abnormal operation.
[0052] Next, operation content of the above described
vehicle-mounted device 20 when the vehicle 1 enters the
charging area A after entering the expanded charging
area B will be described.
As shown in Fig. 6 and Fig. 7, the GPS receiver 24 of the
vehicle-mounted device 20 acquires information relating
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to current position from a plurality of GPS satellites while
traveling, detects current position from this information,
and outputs the current position to the control section 26.
The control section 26 then determines whether or not
the vehicle 1 has entered an expanded charging area B
based on the current position and map information for
stored charging areas stored in the storage device 25.
As a result, if entry into an expanded charging area B is
detected the entry flag is set. Next, when the expanded
charging area B is passed through and the charging area
A is entered, the control section 26 of the vehicle-mount-
ed device 20 transits vehicle information and state of the
entry flag etc. to the fee collection device 2 via the com-
munication section 27. At the fee collection device 2, a
road usage fee to be levied is determined based on the
received information, and this road usage fee is trans-
mitted to the vehicle-mounted device 20. If the control
section 26 of the vehicle-mounted device 20 receives this
road usage fee via the communication section 27, a fixed
rate fee is deducted from the balance stored in the IC
card, and this balance is updated and stored in the IC
card as a new balance.
[0053] Next, communication processing carried out
between the vehicle-mounted device 20 and the fee col-
lection device 2 when the charging area A is entered will
be described in detail with reference to Fig. 8 to Fig. 10.
First of all, if the boundary of the charging area A is ap-
proached, the control section 26 of the vehicle-mounted
device 20 receives an enquiry signal emitted from the
first antenna 5 of the fee collection device 2 via the com-
munication section 27 (step SA1 in Fig 8). If the control
section 26 receives the enquiry signal, vehicle informa-
tion, IC card information, IC card balance, and entry flag
state are read out from the storage device 25, and trans-
mitted via the communication section 27 (step SA2 in
Fig. 8).
[0054] The first antenna control unit 9 of the fee col-
lection device 2 determines a charge to be levied based
on the received information. Specifically, as shown in Fig.
9, the first antenna control unit 9 comprises a storage
device 37 for storing a first charge table (first charge in-
formation) 35 holding charge information relating to ex-
panded charging area B, and a second charge table (sec-
ond charge information) 36 holding charge information
relating to charging area A, an entry determining section
38 for determining whether or not a vehicle 1 fitted with
a vehicle-mounted device 20 has entered the expanded
charging area B based on entry flag state received from
the vehicle-mounted device 20, and a charge determi-
nation section 39 for determining a road usage fee using
the result of determination from the entry determining
section 38, as well as the first charge table 35 and the
second charge table 36. Charges to be levied are stored
in the first charge table 35 according to vehicle type (large
type, medium type, small type, etc.), for example. For
example, rates of 0.8 dollars for small type, 1 dollar for
medium type, and 2 dollars for large type, are stored.
[0055] Also, charges corresponding to vehicle type, as

described above, are held in the second charge table 36,
and further, road usage fees divided into charges to be
levied when the expanded charging area B has been
entered, and charges to be levied when the expanded
charging area B is not entered, are held. For example,
for a medium type vehicle, rates of 0.5 dollars for the
case where the expanded charging area B is entered and
1 dollar where the expanded charging area B is not en-
tered, are held. By having different charges depending
on whether the expanded charging area B is entered or
not entered in this way, it is possible to give an advantage
to a driver of a vehicle 1 that has passed through the
expanded charging area B.
[0056] The entry determination section 38 determines
that there has been entry into the expanded charging
area B when the entry flag received from the vehicle-
mounted device 20 is set, and determines that the ex-
panded charging area has not been entered when the
entry flag has been cleared, and the result of determina-
tion is output to the charge determination section 39(step
SA3 in Fig. 8). The charge determination section 39 de-
termines the type of the vehicle 1 based on vehicle infor-
mation received from the vehicle-mounted device 20.
Then, a road usage fee is determined according to the
vehicle type and whether or not the expanded charging
area B was entered (step SA4 in Fig. 8). For example, in
the case where the vehicle type is medium type and the
expanded charging area has been entered, charges of
1 dollar from the first charge table and 0.5 dollars from
the second charge table are extracted, and a road usage
fee of 1.5 dollars is finally calculated by adding these two
charges together. The calculated road usage fee is then
transmitted to the vehicle-mounted device 20 via the first
antenna 5 (step SA5 in Fig. 8).
[0057] Upon receiving the road usage fee via the com-
munication section 27, the control section 26 of the ve-
hicle-mounted device 20 transmits an affirmation signal
indicating completion of communication to the first an-
tenna 5 (step SA6 in Fig 8), and also updates the balance
of the IC card by subtracting the road usage fee from the
balance of the IC card (step SA7 in Fig. 8). Next, when
balance update processing has been carried out normal-
ly, the control section 26 reads the balance after update
and authorization data from the IC card (Step SA8 in Fig
8).
[0058] Next, if an enquiry signal emitted from the sec-
ond antenna 6 is received (step SB1 in Fig. 10), the con-
trol section 26 transmits vehicle information, IC card in-
formation, IC card balance, and authorization data via
the communication section 27(step SB2 in Fig. 10). Here,
the authorization data is information for notifying the fact
that fee collection has been executed normally.
[0059] If the second antenna control unit 12 receives
authorization data via the second antenna 8, a confirma-
tion command is transmitted via the second antenna 8
(step SB3 in Fig. 10). Upon receipt of this confirmation
command, the control section 26 of the vehicle-mounted
device 20 transmits an affirmation signal via the commu-
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nication section 27 (step SB4 in Fig. 10), and writes a
usage history to the IC card (step SB5 in Fig 10). The
control section 26 then clears the entry flag in the storage
device 25 (step SB6 in Fig. 10), and completes the com-
munication processing.
[0060] Incidentally, transfer of information carried out
between the vehicle-mounted device 20 and the second
antenna 8 described above can be carried out utilizing
known encryption methods. By carrying out communica-
tion using an encryption method it is possible to prevent
malpractice such as falsification or interception of infor-
mation. As encryption methods, examples that have
been drawing attention are AES for carrying out encryp-
tion using a common key, RSA for carrying out encryption
using a public key and a private key, etc. In particular,
since there is important information for notifying of the
normal completion of fee collection, by carrying out trans-
fer of this authorization data transfer in an encrypted man-
ner it is possible to increase confidence in the fee collec-
tion.
[0061] As has been described above, according to the
fee collection system of this embodiment, the fact that
the expanded charging area B has been entered is de-
tected in the vehicle-mounted device 20 based on posi-
tion information from the GPS receiver 24 and map in-
formation stored in the storage device 25. In this way, in
the case where a charging area A has been expanded,
in other words, even when an expanded charging area
B is newly established, it is possible to reliably detect that
the expanded charging area B has been entered without
installing new facilities at the boundary of the expanded
charging area B.
Further, it is possible to carry out fee collection for both
the expanded charging area B and the charging area A
using a single fee collection device 2 installed in the
charging area A. In this way, since there is no need to
newly install a fee collection device 2 for the expanded
charging area B, it is possible to reduce installation costs.
As a result, new construction for the expanded charging
area B can be carried out easily.
[0062] Incidentally, an entry flag that has been tempo-
rarily set is established so that it is not cleared until the
vehicle 1 enters the charging area A, and further, the
series of communication processes relating to fee col-
lection that are carried out to and from the fee collection
device 2, that will be described later, completes normally.
Accordingly, as shown in Fig. 11, after the expanded
charging area B has been entered, even if the expanded
charging area B is left without entering the charging area
A, the set entry flag is not cleared. That is, the entry flag
that has been set is not cleared simply by the expanded
charging area B being left. In this way, the next time the
charging area A is entered a record of the fact that the
expanded charging area B was entered remains, and so
it is also possible to reliably levy road usage fee for the
expanded charging area B.
[0063] It is also possible to provide a counter for count-
ing the number of times the expanded charging area B

has been entered, instead of the entry flag. In this way,
when a vehicle 1 enters and leaves the expanded charg-
ing area B a number of times without entering the charg-
ing area A, as shown in Fig. 11, and then enters the charg-
ing area A, it is possible to levy a road usage fee accord-
ing to the number of times the expand charging area B
has been entered up to now.
Also, instead of this type of counter, with the above de-
scribed entry flag it is possible to enter the expanded
charging area B a number of times on a single road usage
fee, and so in this case it is possible to give an advantage
to a driver.
[0064] Also, in step SA2 of Fig. 8, in addition to the
vehicle information, IC card information, IC card balance
and entry flag state, it is possible to transmit information
notifying whether or not there is a GPS receiver 24, for
example, to transmit the vehicle-mounted device version
from the vehicle-mounted device 20 to the first antenna
5. By transmitting the vehicle-mounted device version in
this way, for the reasons described below, it is possible
to determine in the fee collection device 2 whether or not
there is a GPS receiver 24.
[0065] With the fee collection device of the present in-
vention, whether or not the vehicle 1 has entered the
expanded charging area B is determined based on loca-
tion information acquired using the GPS receiver 24. For
this reason, with a vehicle-mounted device that is not
fitted with a GPS receiver 24 it can not be determined
whether or not the expanded charging area B has been
entered because the vehicle-mounted device cannot
specify current location itself, and therefore it is impos-
sible to levy a road usage fee relating to the expanded
charging area B.
[0066] Accordingly, by changing the charge levied by
the fee collection system 2 according to whether or not
a GPS receiver 24 is equipped, a balance is maintained
for collection fees between a vehicle 1 fitted with a vehi-
cle-mounted device that is not equipped with a GPS re-
ceiver 24, and a vehicle 1 fitted with a vehicle-mounted
device 20 that is equipped with a GPS receiver 24. In
particular, as shown in Fig. 12, by having a setup where
road usage fee is further increased for a vehicle 1’ fitted
with a vehicle-mounted device that is not equipped with
a GPS receiver 24 (for example, double compared to
when a GPS receiver 24 is equipped), it is possible to
promote the increased use of vehicle-mounted devices
20 equipped with a GPS receiver 24.
[0067] In the fee collection system of this embodiment,
it is also possible, when fee collection has been executed
correctly at the entrance to the charging area A, to trans-
mit authentication information indicating this fact from the
fee collecting device 2 to the vehicle-mounted device 20,
and further, to display a random number on a display
section 28 of the vehicle-mounted device 20. By doing
this, in a vehicle where fee collection has been executed
normally, since authentication information indicating this
fact is displayed on the display section 28 of the vehicle-
mounted device 20, for example, by having an observer
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monitoring the road confirming this display, it is possible
to easily determine improper vehicles. The authentica-
tion information is not particularly limited, and can be, for
example, a predetermined random number. Also, instead
of display, it is possible, for example, to light an optical
element such as an LED.

[Second Embodiment]

[0068] Next, a fee collection system of a second em-
bodiment of the present invention will be described.
The fee collection system of this embodiment differs from
the above described first embodiment in that a plurality
of expanded charging areas are established. The fee col-
lection system of this embodiment will be described be-
low, omitting description of points that are common to
the first embodiment and focusing only on points of dif-
ference.
[0069] In the case where a plurality of expanded charg-
ing areas B1, B2 are established, as shown in Fig. 13,
then as shown in Fig. 14 map information for each of the
expanded charging areas B1 and B2, and identification
information b1 and b2 assigned to each of the expanded
charging areas B1 and B2, are stored in the storage de-
vice 25a of the vehicle-mounted device 20a in associa-
tion with each other, and entry flags F1 and F1 corre-
sponding to each of the expanded charging areas B1 and
B2 are also registered.
Also, as shown in Fig. 15, first charge tables 35a and 35b
relating to each of the expanded charging areas B1 and
B2, and identification information b1 and b2 assigned to
each of the expanded charging areas B1 and B2, are
stored in the storage device 37a of a first antenna control
section 9a of the fee collection device, in association with
each other.
[0070] In Fig. 13 to Fig. 15, if a vehicle 1 enters the
expanded charging area B1, the control section 26a of
the vehicle-mounted device 20a detects entry of the ve-
hicle 1 into the expanded charging area B1 based on
information received from the GPS receiver 24 and map
information stored in the storage device 25a, and sets
the flag F1 corresponding to this expanded charging area
B1. If the vehicle 1 then enters the expanded charging
area B2, the control section 26a detects this fact, and
sets the flag F2 corresponding to the expanded charging
area B2. Next, when the charging area A is entered, the
control section 26a of the vehicle-mounted device 20
transits vehicle information and state of the entry flags
F1 and F2 etc. to the fee collection device via the com-
munication section 27.
[0071] In the first antenna control unit 9a, if vehicle
information and the states of the entry flags F1 and F2
etc. are received, the entry determination section 38a
extracts the flags F1 and F2 that are set, and outputs
identification information b1, b2 for the expanded charg-
ing areas B1, B2 corresponding to the extracted flags F1,
F2 to the charge determination section 39a.
The charge determination section 39a references re-

spective first charge tables 35a, 35b associated with
identification information b1, b2 acquired from the entry
determination section 38a, to acquire a road usage fee
for the expanded charging areas B1, B2, and acquires a
road usage fee for the charging area A by referring to the
second charge table 36. A road usage fee for the vehicle
1 is then calculated by adding these charges together.
This road usage fee is then transmitted via the first an-
tenna 5 to the vehicle-mounted device 20a.
If the control section 26a of the vehicle-mounted device
20a receives this road usage fee via the communication
section 27, the above described road usage fee is de-
ducted from the balance stored in the IC card, and this
balance is updated and stored in the IC card as a new
balance. Incidentally, details of the communication be-
tween the first antenna control unit 8a and the vehicle-
mounted device 20a are carried out in accordance with
the processing sequence shown in Fig. 8.
[0072] As described above, according to the fee col-
lection system of this embodiment, when a plurality of
expanded charging areas are established, an entry flag
is established corresponding to each expanded charging
area, and by associating states of these entry flags with
the identification information of each expanded charging
area and transmitting from the vehicle-mounted device
20a to the first antenna control unit 9a, it is possible to
easily specify an expanded charging area the vehicle has
entered at the fee collection device side. In this way, it is
possible to rapidly determine a road usage fee for an
expanded charging area a vehicle has entered.
Further, by registering first charge tables 35a, 35b cor-
responding to each of the expanded charging areas B1,
B2 in the storage device 37a of the first antenna control
unit 9a, it becomes possible to carry out detailed fee set-
ting for every expanded charging area. Further, even if
a vehicle enters a plurality of expanded charging areas
it is possible to carry out fee collection in one go.
Incidentally, description has been given for this embod-
iment of a case where two expanded charging areas are
established, but the number of expanded charging areas
B is not limited. It is also possible for a plurality of ex-
panded charging areas to be established adjacent to
each other.

[Third Embodiment]

[0073] Next, a fee collection system of a third embod-
iment of the present invention will be described.
The fee collection system of this embodiment differs from
the above described first embodiment in that a road us-
age fee for an expanded charging area B is set according
to amount of time spent in the area.
The fee collection system of this embodiment will be de-
scribed below, omitting description of points that are com-
mon to the first embodiment and focusing only on points
of difference.
[0074] As shown in Fig. 16, the vehicle-mounted de-
vice 20b of this embodiment is further provided with a
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timer (clock section) 32 for clocking the time spent in the
expanded charging area B. Also, the first antenna control
unit 9b of this embodiment is basically the first antenna
control unit 9 shown in Fig. 9, but the first charge table
35 provided in the storage device 37 is a charge table
having time spent as a parameter (not shown).
[0075]  As shown in Fig. 16 and Fig. 17, if a vehicle 1
enters the expanded charging area B, the control section
26b of the vehicle-mounted device 20 b detects the entry
into the expanded charging area B and sets the entry
flag, as well as causing the timer 32 to operate. In this
way, the time spent in the expanded charging area B is
clocked by the timer 32. Next, when the charging area A
is entered, the control section 26b of the vehicle-mounted
device 20b transits the spent time clocked by the timer
32, in addition to vehicle information etc., to the fee col-
lection device via the communication section 27. For ex-
ample, when an enquiry signal is received from the first
antenna 5 of the fee collection device, the control section
26b stops operation of the timer 32, and also reads out
the spent time at that time and transmits the spent time
to the fee collection device.
[0076] At the first antenna control unit 9b of the fee
collection device, entry into the expanded charging area
is detected by the entry detection section 38, and notified
to the charge determination section 39. The charge de-
termination section 39 calculates a road usage fee ac-
cording to time spent relating to the expanded charging
area B, using the first charge table 35 showing functions
related to time spent, and also extracts a road usage fee
for the charging area A corresponding to the vehicle 1
from the second charge table 36, and by adding the fees
together calculates a road usage fee for the vehicle 1.
The determined road usage fee is then transmitted via
the first antenna 5 to the vehicle-mounted device 20b.
If the control section 26b of the vehicle-mounted device
20b receives a road usage fee corresponding to spent
time via the communication section 27, the above de-
scribed road usage fee is deducted from the balance
stored in the IC card, and this balance is updated and
stored in the IC card as a new balance, and the value of
the timer 32 is cleared. Incidentally, details of the com-
munication between the first antenna control unit 8b and
the vehicle-mounted device 20b are carried out in ac-
cordance with the processing sequence shown in Fig. 8.
[0077] As has been described above, according to the
fee collection system of this embodiment, by transmitting
time spent in the expanded charging area B to the fee
collection device it becomes possible to perform calcu-
lation of a road usage fee taking into consideration the
time spent in the expanded area B. In this way, it is pos-
sible to give a road usage fee that more correctly reflects
the road usage conditions.
[0078] Incidentally, in this embodiment, the timer 32
and entry flag have been used together, but since it is
possible to confirm entry into the expanded charging area
B by operating the timer 32 it is possible to not use the
entry flag.

Also, the timer 32 has been adopted as a section for
detecting spent time, but instead of this it is possible to
clock spent time using time data contained in GPS data
acquired using the GPS receiver 24.
[0079] Also in this embodiment, road usage fee is de-
termined according to time spent in the expanded charg-
ing area B, and so if a vehicle is parked in a car park
inside the expanded charging area B this spent time will
be clocked by the timer 32, and that time will be wrongly
reflected in the road usage fee. Therefore, as shown in
Fig. 18, operation of the time is suspended for the period
of time the vehicle is parked in the car park C inside the
expanded charging area B.
In this case, for example, if an enquiry signal is received
from an entrance antenna 40 installed at the entrance to
the car park C, the control section 26b of the vehicle-
mounted device 20b suspends operation of the timer 32,
and when a confirmation signal, for the fact that a car
parking fee has been received, is received from an exit
antenna 41 installed at the exit of the car park C, the
control section 26b starts the timer 32. By suspending
the timer 32 for the period of time the vehicle is parked
in the car park C in this way, it is possible to stop the time
spent in the car park being included.
Incidentally, in this embodiment it is also possible to en-
crypt communication data containing the spent time that
is exchanged between the vehicle-mounted device 20d
and the center device 17, in order to prevent improper
acts such as falsification and interception of information.

[Fourth Embodiment]

[0080] Next, a fee collection system of a fourth embod-
iment of the present invention will be described.
The fee collection system of this embodiment differs from
the fee collection of the above described third embodi-
ment for determining road usage fee according to time
spent, in that road usage fee is determined according to
distance traveled in the expanded travel area B.
The fee collection system of this embodiment will be de-
scribed below, omitting description of points that are com-
mon to the third embodiment and focusing only on points
of difference.
[0081] As shown in Fig. 19, the vehicle mounted device
20c of this embodiment is provided with a travel distance
calculating unit (travel distance calculating section) 33
for calculating travel distance, instead of the timer 32 of
the vehicle-mounted device 20b of the third embodiment.
The travel distance calculating unit 33 calculates travel
distance using information from, for example, the GPS
receiver 24 fitted in the vehicle-mounted device, a gyro
19, and speed pulses output from the vehicle 1.
Also, the first antenna control unit of this embodiment is
basically the first antenna control unit 9 shown in Fig. 9,
but with the first charge table 35 provided in the storage
device 37 having travel distance as a parameter.
[0082] In Fig. 19 and Fig. 20, if the vehicle 1 enters the
expanded charging area B the control section 26c of the
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vehicle-mounted device 20c detects the entry into the
expanded charging area B, and as well as setting the
entry flag causes operation of the travel distance calcu-
lating unit 33. In this way, travel distance in the expanded
charging area B is calculated by the travel distance cal-
culating unit 33. Next, when the charging area A is en-
tered, the control section 26c of the vehicle-mounted de-
vice 20c transits travel distance calculated by the travel
distance calculating unit 33 to the fee collection device,
in addition to vehicle information etc., via the communi-
cation section 27. For example, in the event that a query
signal is received from the first antenna 5 of the fee col-
lection device 2 by the control section 26c, the operation
of the travel distance calculating unit 33 is stopped, and
the travel distance at that time is read out and transmitted
to the fee collection device.
[0083] In the first antenna control unit 9 of the fee col-
lection device, the fact that the expanded charging area
has been entered is detected by the entry detection sec-
tion 38, and notified to the charge determination section
39. The charge determination unit 39 calculates road us-
age fee according to travel distance relating to the ex-
panded charging area B, using the first charge table 35
showing function relating to travel distance, and also ex-
tracts road usage fee for the charge area A according to
the type of vehicle 1 from the second charge table 36,
adding the two fees together to calculate a road usage
fee for the vehicle 1. The determined road usage fee is
then transmitted via the first antenna 5 to the vehicle-
mounted device 20c.
If the control section 26c of the vehicle-mounted device
20c receives the road usage fee according to travel dis-
tance via the communication section 27, the control sec-
tion 26c deducts the road usage fee from the balance
stored in the IC card, updates this balance and stores it
in the IC card as a new balance, and clears the value of
the travel distance calculating unit 33. Incidentally, details
of the communication between the first antenna control
unit and the vehicle-mounted device 20c are carried out
in accordance with the processing sequence shown in
Fig. 8.
[0084] As described above, according to the fee col-
lection system of this embodiment, travel distance in the
expanded charging area B is transmitted to the fee col-
lection device, and so it is made possible for the fee col-
lection device to perform calculation of a road usage fee
taking into consideration travel distance in the expanded
charging area B. In this way, it is possible to give a road
usage fee that more correctly reflects the road usage
conditions.
[0085] Incidentally, with this embodiment, the travel
distance calculating unit 33 and the entry flag are used
together, but it is also possible to not use the entry flag,
because by operating the travel distance calculating unit
33 it is possible to recognize that the expanded charging
area B has been entered.
Incidentally, in this embodiment it is also possible to en-
crypt communication data containing the travel distance

that is exchanged between the vehicle-mounted device
20c and the center device 17, in order to prevent improper
acts such as falsification and interception of information.

[Fifth Embodiment]

[0086] Next, a fee collection system of a fifth embodi-
ment of the present invention will be described.
The fee collection system of this embodiment is for a
charging area A such as where a fixed charge is wrongly
levied only when a fixed area is entered, like road pricing.
With this embodiment, taking into consideration when a
charging area A is entered by mistake, or when leaving
the charging area A almost immediately after entering,
when time spent in the charging area A is a predeter-
mined period of time or less, points corresponding to that
time spent are refunded to the user. The fee collection
system of this embodiment will be described below, omit-
ting description of points that are common to the third
embodiment and focusing only on points of difference.
[0087] As shown in Fig. 21, the vehicle mounted device
20d of this embodiment is provided with a wide area com-
munication unit 34 in addition to the structure of the ve-
hicle-mounted device 20b of the third embodiment. As
shown in Fig. 22, this wide area communication unit 34
carries out communication with external units, and is for
connecting to a center unit 17 (refer to Fig. 2), which is
an upper device of the fee collection system, for example.
This wide area communication unit 34 can be fitted inside
the vehicle-mounted device 20d, and can be used by
connecting a mobile communication terminal 2 such as
a portable telephone by means of connection terminals
provided in the vehicle-mounted device 20d.
[0088] In Fig. 21 and Fig. 22, if a vehicle 1 enters a
charging area A, and further a series of processes relat-
ing to charging between the control section 26d of the
vehicle-mounted device 20d and the first antenna 5 and
the second antenna 9 is completed, the control section
26d causes operation of the timer 32 after a value of the
timer 32 has been reset. In this way, time spent in the
charging area A is clocked.
[0089] Next, if the vehicle 1 leaves the charging area
A, the control section 26d of the vehicle-mounted device
20d detects this, and stops operation of the timer 32. By
then reading out the clocked time of the timer 32 the time
spent in the charging area A is acquired, and this spent
time is associated with vehicle information etc. and trans-
mitted to the center unit 17 via the wide area communi-
cation section 34. Once the center unit 17 receives this
spent time associated with the vehicle information, points
corresponding to this spent time are determined based
on a refund point table. Here, one example of a refund
point table is shown in Fig. 23. In Fig. 23, the horizontal
axis represents spent time and the vertical axis repre-
sents refund points. In this way, the refund points table
is set so that as long as spent time is less than or equal
to Tmax, the refund points are reduced as the spent time
becomes longer. In Fig. 23, a case where spent time and
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refund points have an inverse proportional relationship
is shown, but this in only one example and this example
is not predetermined. For example, it is possible to divide
the spent time into a number of stepped levels, and vary
the refund points in a stepwise manner according to each
level, as shown in Fig. 24.
[0090] Returning to Fig. 21 and Fig 22, if the refund
points P1 corresponding to the spent time T1 are ob-
tained in the center unit 17 based on the above described
refund points, the center unit 17 transmits the refund
points to the vehicle-mounted device 20d. If the control
section 26d of the vehicle-mounted device 20d receives
the refund points via the wide area communication sec-
tion 34, the refund points are stored in the storage device
25. At this time, if there are already refund points stored
in the storage device 25, refund points are updated and
stored by adding the refund points P1 received this time
to the stored refund points.
Then, in transfer of information with the first antenna con-
trol unit 9 carried out the next time the vehicle 1 enters
the charging area A, the control section 20d transmits
the refund points stored in the storage device 25 together
with information such as the vehicle information and the
entry flag. In this way, in the first antenna control unit 9
a road usage fee with an amount corresponding to the
refund points deducted is calculated.
[0091] As has been described above, according to the
fee collection system of this embodiment, for a charging
area A for which a fixed fee is levied at the time of entry
regardless of the road usage conditions, as with road
pricing etc., since points according to the time spent in
the charging area A are refunded to the owner of the
vehicle, it is possible to give financial relief to users who
may have inadvertently entered the charging area A by
mistake.
[0092] Incidentally, in this embodiment it is also pos-
sible to encrypt communication carried out between the
vehicle-mounted device 20d and the center unit 17, in
order to prevent improper acts such as falsification and
interception of information. Also, in order to prevent the
improper act of tampering with the vehicle-mounted de-
vice 20d to intentionally increase the refund points, it is
possible to employ a method where the center unit 17
lists the refund points and vehicle information, and trans-
mits this information to all fee collection devices 2. By
doing this, the fee collection device can recognize wheth-
er or not the refund points transmitted from the vehicle-
mounted device are valid. Incidentally, transmission of
information in this case is carried out by means of a public
line or the Internet network, for example.
[0093] Also, in a case where the vehicle 1 is parked in
a car park that is inside the charging area A, it is possible
to prevent the parking time being mistakenly included in
the spent time by stopping operation of the timer 32. Fur-
ther, with this embodiment, refund points corresponding
to time spent in the charging area A are determined, but
it is also possible, instead, to determine refund points
according to travel distance in the charging area A. In

this case, if the travel distance calculating unit 33 (refer
to Fig. 19) is provided instead of the timer 32 in Fig. 21,
the control section 26c calculates travel distance in the
charging area A by causing operation of the travel dis-
tance calculating unit 33 at the same timing as the timing
for causing operation of the timer 32 described above.

[Other Applied Examples]

[0094] In the above, cases of applying the fee collec-
tion system of the present invention to road pricing have
been described, but it is also possible to apply the present
invention to an ETC system. For example, as shown in
Fig. 25, in the case of expanding a charging area (already
existing toll road) A, entry into the expanded charging
area B (expanded toll road) is detected using the GPS
receiver 24 of the vehicle-mounted device 20, and an
entry flag is set. In this case, at the exit tollgate, the entry
flag is transmitted together with vehicle information. In
this way, at the ETC system side it is possible to recognize
that the charging area A has been entered from the ex-
panded charging area B, and so a road usage fee is cal-
culated also taking into consideration a fee for the ex-
panded charging area B.
[0095] Also, as shown in Fig. 26, in a case where there
is entry from charging area A, and the expanded charging
area B is passed through and left, the fact that the ex-
panded charging area B has been left is detected using
the GPS receiver 24.
In this case the charging area A is left without passing
through the exit tollgate, and so the fee remains unpaid.
In this type of situation, it is possible to store the road
usage history for this time in the IC card, and then transmit
the unpaid road usage history to the fee collection device
installed at the exit tollgate the next time. In this way,
payment is also made for a road usage fee according to
the road usage condition this time. Also, instead of this
type of payment method, it is possible to construct a sys-
tem such that road usage fee is automatically debited
from a pre-registered bank account of a user etc. In this
case, in the event that the charging area A is left without
passing through the exit tollgate, then after leaving the
expanded charging area B, road usage history for this
time is transmitted by means of the above described wide
area communication unit 34 (refer to Fig. 21) to the center
unit 17, which is an upper device. In this way, the center
unit 17 calculates a road usage fee for this time and car-
ries out an automatic debit of this charge from a bank
account etc.
[0096] Incidentally, with the above described first to
fifth embodiments, current position is detected using only
the GPS receiver, but in addition to the information re-
ceived from the GPS receiver24, it is also possible to
detect current position using information such as speed
pulses detected by a speed sensor fitted to the vehicle
1, or a vehicle-mounted gyro etc. In this way, it is possible
to further improve accuracy of current position.
[0097] Also, as shown in Fig. 27, when the vehicle 1
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is traveling in a tunnel or the like, it is not possible to
receive information from the GPS satellite, and even if
the expanded charging area B is temporarily entered this
can not be detected. In this type of case, it is preferable
to install an antenna 45, for notifying the fact that the
expanded charging area B has been entered to the ve-
hicle-mounted device 20, for the boundary of the expand-
ed charging area B established at a position where com-
munication with the GPS satellite is difficult. At this time,
in the event that a plurality of expanded charging areas
B are established, identification information for the ex-
panded charging area B is also transmitted.
[0098] Also, because entry is detected using the GPS
receiver 24 even for a car park that is inside the expanded
charging area B or the charging area A, it is preferable
to also install the same antenna 45 at the entrance to a
car park that is in a position where communication with
the GPS satellite is difficult. In this case, it is preferable
to transmit information for identifying which car park has
been entered to the vehicle-mounted device 20.
[0099] Further, it is possible to use a D-GPS system
in order to further improve accuracy of position detection
by the GPS receiver 24. In this case, it is possible to
receive correction data via an FM multiplex station, as
shown in Fig. 28. Also in this case, as shown in Fig. 29,
an FM multiple receiver 53 is further provided in the ve-
hicle-mounted device 20.
In the D-GPS system shown in Fig. 28, D-GPS position
correction data analyzed by the base station 50 is trans-
mitted to an FM broadcast station 52 via the center station
51 of the FM broadcast station. At the FM broadcast sta-
tion 52, received D-GPS correction data is provided using
FM multiplex broadcasting. D-GPS correction data trans-
mitted by FM multiplex broadcast is received by the FM
multiplex receiver 53 provided in the vehicle-mounted
device 20, and correction of position information using
this D-GPS correction data is carried out in the GPS re-
ceiver 24. In this way it is possible to further improve the
position detection accuracy.
[0100] Also, the embodiments above have been de-
scribed with a contact type IC card as one example, but
it is also possible to the use a non-contact IC card instead.

Claims

1. A vehicle-mounted device that is mounted in a vehi-
cle, and transfers information relating to a charge
with a fee collection device installed at a toll gate of
a charging area, comprising:

a storage device for storing map information of
an expanded charging area newly established
outside the charging area,
a position information acquisition section, and
an entry detection section for detecting entry into
the expanded charging area based on position
information acquired by the position information

acquisition section and map information of the
expanded charging area, wherein
with respect to communication with the fee col-
lection device, entry determination information
representing whether or not there has been en-
try into the expanded charging area is transmit-
ted.

2. The vehicle-mounted device of claim 1, having an
entry flag indicating whether or not there has been
entry into the expanded charging area, wherein the
entry flag is set in the event that there is entry into
the expanded charging area, and in communication
with a charge communication device the state of the
entry flag is transmitted as the entry determination
information, and after the transmission the entry flag
is reset.

3. The vehicle-mounted device of claim 2, wherein, in
the event that a plurality of the expanded charging
areas are provided, there are respective entry flags
corresponding to each of the expanded charging ar-
eas, and the state of each entry flag and identification
information for each expanded charging area are
transmitted to a corresponding charge communica-
tion device.

4. The vehicle-mounted device of any one of claim 1
to claim 3, wherein a clock section for clocking time
spent in the expanded charging area is provided,
and the time spent is transmitted to the fee collection
device.

5. The vehicle-mounted device of claim 4, wherein the
time spent is encrypted and transmitted.

6. The vehicle-mounted device of claim 4 or claim 5,
wherein, for a period of time a vehicle is parked in a
car park provided inside the expanded charging ar-
ea, operation of the clock section is stopped.

7. The vehicle-mounted device of any one of claim 1
to claim 3, wherein a travel distance calculating sec-
tion for measuring travel distance inside the expand-
ed charging area is provided, and the travel distance
is transmitted to the fee collection device.

8. A vehicle-mounted device provided with a GPS re-
ceiver and an FM multiplex receiver, wherein posi-
tion information acquired by the GPS receiver is cor-
rected using correction data of a GPS satellite ac-
quired by the FM multiplex receiver.

9. A fee collection device, arranged in a charging area,
for performing transfer of information relating to a
charge to and from a vehicle-mounted device fitted
to a vehicle passing through the charging area, com-
prising:
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a storage device for storing first charging infor-
mation relating to an expanded charging area
newly established outside the charging area,
and second charging information relating to the
charging area,
an entry determination section for, when entry
determination information has been received
from the vehicle-mounted device, determining
whether or not a vehicle fitted with the vehicle-
mounted device has entered the expanded
charging area based on the entry determination
information, and
a charge determination section for determining
a charge to be levied based on the determination
result, and the first charging information and the
second charging information.

10. The fee collection device of claim 9, wherein the first
charging information includes a charge table having
time spent in the expanded charging area as a pa-
rameter, and when the time spent in the expanded
charging area is received from the vehicle-mounted
device, the charge determination section determines
a road usage fee for the expanded charging area
using the time spent and the charge table.

11. The fee collection device of claim 9, wherein the first
charging information includes a charge table having
travel distance in the expanded charging area as a
parameter, and when the travel distance in the ex-
panded charging area is received from the vehicle-
mounted device, the charge determination section
determines a road usage fee for the expanded charg-
ing area using the travel distance and the charge
table.

12. The fee collection device of any one of claim 9 to
claim 11, having first charging information corre-
sponding to respective expanded charging areas,
when a plurality of the expanded charging areas are
provided, and wherein the entry determination sec-
tion receives the entry determination information that
has been associated with identification information
of each expanded charging area from the vehicle-
mounted device, and specifies the expanded charg-
ing area the vehicle has entered based on the entry
determination information, and the charge determi-
nation section determines a road usage fee for the
expanded charging area using the first charging in-
formation corresponding to the expanded charging
area the vehicle has entered.

13. The fee collection device of any one of claim 9 to
claim 12, having a refund points table with time spent
in the charging area as a parameter, when the charg-
ing area is an area for which a constant fee is levied
at the time of entry regardless of road usage condi-
tions, wherein, when time spent in the charging area

has been received from the vehicle-mounted device,
the charge determination section determines refund
points using the time spent and the reduction points
table, and these refund points are allocated to the
owner of the vehicle.

14. A fee collection system, provided with a fee collection
device installed in a charging area, and a vehicle-
mounted device that is mounted in a vehicle and ex-
changes information relating to a charge with the fee
collection device, wherein
the vehicle-mounted device comprises,
a map information storage device for storing map
information of the expanded charging area newly es-
tablished outside the charging area,
a position information acquisition section, and
an entry detection section for detecting entry into the
expanded charging area based on position informa-
tion acquired by the position information acquisition
section and map information of the expanded charg-
ing area,
with entry determination information representing
whether or not the expanded charging area has been
entered being transmitted when the fee collection
device is approached,
and wherein the fee collection device comprises
a storage device for storing first charging information
relating to the expanded charging area, and second
charging information relating to the charging area,
an entry determination section for, when the entry
determination information has been received from
the vehicle-mounted device, determining whether or
not a vehicle fitted with the vehicle-mounted device
has entered the expanded charging area based on
the entry determination information, and
a charge determination section for determining a
charge to be levied based on the determination re-
sult, and the first charging information and the sec-
ond charging information.

15. The fee collection system of claim 14, provided with
a fitted determination section for determining wheth-
er or not the vehicle-mounted device is fitted with a
position information acquisition section, wherein the
charge determination section causes different
charges to be levied depending on whether the ve-
hicle-mounted device has, or does not have, a GPS
function.

16. The fee collection system of claim 14 or claim 15,
wherein, in a case where the position information
acquisition section is a GPS receiver, in the expand-
ed charging area that is an area in which it is difficult
for the vehicle-mounted GPS receiver to receive po-
sition information from a GPS satellite, a wireless
antenna for transmitting position data to the vehicle-
mounted device is installed.
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