1 DESCRI PTI ON FEE COLLECTI ON SYSTEM Technical Field [0001] The present
invention relates to a fee collection system and particularly relates to a
fee collection systemfor collecting a predeterm ned fee fromthe 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

i npl emented, where areas that are subject to charging are provided in urban
areas, as neasures for tackling pro%@%ﬁ%lp%ﬁﬂﬁ as traffic janms and air

pol lution caused by too many vehicles driving into the center of |arge
metropolitan areas. Wth this road pricing, gantries are provided at each of
the entrances and exits of charging area, on which wireless communications
equi pnent for charging i s nountegl. cCALBSECTIONSCSERMAriving into the charging
area are required to be fitted with a vehicle-nounted 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 2 wreless
comuni cati on equi pnent and the vghicle- t devi ce, and chargi ng
processing for the vehicle is car ?%QP%E%ER%H&TE

[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 metropolitan areas.

With this road pricing, gantries are provided at each of
the entrances and exits of charging area, on which wireless
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



by el ectronic sections (refer to Japanese Unexam ned Patent Application,
Publ i cati on No. 2003-323648, for exanple). Al so, as the above described
chargi ng nmethod, for exanple, a nmethod of deducting a fixed sumfrom a
bal ance of a prepaid card inserted intqg, the vehicl e-nounted device, and
updati ng and storing the bal ance as a bl ance in the prepaid card, or a
nmet hod of automatically deducting a fixed sumfrom a users bank_ account
that has HEFPFEST eGRRVER EeR t HR S HERTe R R @t N 00013} CL AT} El ect r oni ¢
Toll Collection) systemis also known as a systemfor automatically

col | ecti ndeelcvakn@ageaieng dhvceTTgyEremtanveiohaticatdyried | @et a
fee by performng wreless communication between roadside wireless units
i nst al | ecbyate Bediot drgiat ese@nibras vehe £4 - 1o undeth eley | Tree xaxuited Patemt vehi cl e.
Pat ent Docunent 1. Japanese Unexam ned Patent Application, Publication No.

2003- 323648 fi g i drl)  BRISE] O & O | nyems L 99364 HO00A] r HoygEeTe) I N the above
descri bed f'ee collection system3 related to road pricing, and the ETC

system ther e bens SEIFTSRaN? ORI, L BLLENRONDY, Yor 00 11 1S
example, a method of deducting a fixed sum from a balance of a
prepaid card inserted into the vehicle-mounted device, and
updating and storing the balance as a balance in the prepaid
card, or a method of automatically deducting 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 collect a fee by performing
wireless communication between roadside wireless units
installed at a tollgate, and a vehicle-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



and exits to the expanded charging area. Building these installations wll
requi re enornous expense. Further, with respect to existing facilities
provi ded at a boundary between an expanded chargi ng area and a current
charging area, since there is no longer,any utility value it is also
necessary to consider effective utilizé%ion of these current facilities.

0005] An_obj f th t inventjon is.t ide_a f |l ecti
Systom ¢ MEELLEHE cipahtd Khst Dy SraatoF ¥in CHRLSH: Wb eee chPEabtvely usi ng

current facilities. [0006] A first aspect of the present invention is

di rect ed denandyeh? cPERADUN cEUERSR EcCRPRIING doHRdL e?nEnlh VEhRRFRSSARY
transfers information relating to a charge between a fee collection device
i nstal | edtatnewlypl ingha bl ofamt chas gindg tokh, gatespeisi ngt atls¢ oergeaniess ce
for storing map information of an expanded chargi ng area new y established

out si de theq CaRl € o BhEAexPaR@SHt ERArE H@r ABEL ON AGW iSid itesection, and
an entry detection section for detecting entry into the expanded charging

area b?‘s.ef'nQPanﬂi&?Q &PiPrP@z}]&PPe ALHYERETs DYy b s e POSH ﬂtﬁﬂeﬂ nf,Arpt i on
acqui sition section and map Tnformatron of the expanded chardi ng area,
wherein with respect t ni cation betggen the fee coll ection devices,

0 4 co
entry def%?ﬁ?%%t?%ne¥h?5+%%tf%ul threS et Phy et he? BPURGETY HRFEVERAs been

entry into the expanded charging area is transmtted.
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 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



[ 0007] According to the above-described first aspect, the fact that an
expanded chargi ng area has been entered is detected based on position
information fromthe position information acquisition section and map
information stored in a storage unit. Ip this way, in the case where a
chargi ng area has been expanded, in other words, even when an expanded

h [ ' w blished, it i i bl l'iably d h
the. oxpandi ERar B 0" A S FES. Dent Eht &Y BHEAr £ ABURST PETS! | RO ow

facilities at the entrances to the expanded area. Also, with respect to fee
coIIectio%eﬁ%ﬁmh%%t%ﬁ%tbe%Hm?%lo@h@eEﬁ%§%Pﬁbn%r%%?t§?ﬁc%reﬁ?Fythere

determ nation information indicating whether or not the expanded area has
been ent enad bégnteahsyi ined, the cekpendeédncohagigesi srdet £s ni nedsmal sbedaki ng
into account road usage fee for the expanded charging area. As the above
descri bed[posvtion information acquisition section, a GPS receiver has been
attracting attention as one exanple. Al so, various conponent parts

constituting t - dgscy i bed vehi gl e; t Vi n n to be

provi ded i nsi eg%pggggsoggtﬁ%évgﬁ?cﬁe-n%ﬁﬁ?%%&dggfgg,é%ﬁ%g?hegﬂ?nggﬁ%ion

al so includes, for eXﬁagle an asgect wher e onponents are ésed connect ed
?Sewa in e

to externalapa? sCRPrS x?ﬁ?ﬁa?aﬁoﬂ%%%eﬁ?t?ﬁ?ﬂih%l Bected 0008]

The vehicl e-mounted devi ce of the above descrijbed first _
based on position information from the position information

acquisition section and map information 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 expanded 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 external parts by means of



aspect can al so 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 conmuni cation with a charge comruni cati on devices, the state of the
entry flag is transmtted as the entry determ nation information, and after
t he transn155|on the entr eset. [0009] Wth this type of

struct ure; XESI??%NEﬁWQ?n?Itttﬁﬁbﬁﬁ?% ?F%g state as entry determ nation
|nfornat|on it is possible for the fee collection devices to easily
determ nel 9@ her or not there is entry into the expanded chargi ng area.
[0010] It is also possible for the vehicle-nounted device of the above
descri bed firsThaspelticieohaweted stievctar el whise ebyove ndeshreileg@dntixsiat a
plurality of the expanded charging areas are provided, there are respective
entry fl agsSp€of respoatsddoé ocosehuof ed higa €xpangiede ehiay of NGy af E@Bca @ty t he
state of each entry flag and identification information for each expanded

char gi ng[@g afestr 't%&%ﬁf@&@ﬁ@&%@%f@%@& &ﬁﬁ%miaéf@ét

devi ce 1 6 Wt Is type structure ransmtt e entry
flag stat entry deter natlon | tion in orrespondence th each
expanded %ﬁ% ﬂ% %E;y fl nPhe event that there 1s eg%ry

into the expanded charging area, and in communication with a
charge communication devices, the state of the entry flag is
transmitted as the entry determination information, and after
the transmission 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.

[0010]

It is also possible for the vehicle-mounted device of the
above described first aspect to have a structure 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 transmitted to a corresponding charge
communication device.

[0011]



possi ble for the fee collection devices to easily specify the expanded
charging area a vehicle has entered. In this way, it 1is possible to easily
determ ne a road usage fee for an expanded charging area a vehicle has
entered. [0012] It is also possible for.the vehicle-nounted device of the
above-described first aspect to have a é%ructure where a clock section for

clocking tine nt_.in the expanded char gi rea is provided, and the tine
spent is trans"ﬁﬁ ed'1% ‘w'peefcgé S%%W%%F%’o%%/riac%ssml%%ﬁ%]t W?Iﬁtpﬁi s type
of structure, since time spent in the expanded charging area is transmtted
to the felel3dDIFerts it PVEELSLLTIMIRALHIS WIECFRTIPR Fe col | ection

devices to determ ne a road usage fee taking account of tine spent in the
expanded araregponderee With heachegzprinded possibie aveqi vet aisroad usage
fee that nore correctly reflects the road usage conditions. [0014] It is
al so possidi€idns tde vedi tde-cdund et slevdeei & s the eaboVve-sleser fpechd i r st
aspect to have a structure where the spent tinme is transmtted in encrypted

form 7 4%2&?%%%5&&?%%05 SAk UL UM Gas SERCE L dpe %glertthité MRy, Sit

transmtte fee collection devices in an encrypte

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 device of the
above-described first aspect to have a structure 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 collection
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, 1t 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 device of the

above-described first aspect to have a structure where the

spent time is transmitted in encrypted form.



form it is possible to prevent fraudul ent acts such as falsification and
interception of information. In this way, it is possible for the fee
collection devices to determne a road usage fee based on accurate spent
time. [0016] It is also possible for the vehicle-nmounted device of the
above-described first aspect to have a structure where for a period of tine
for which @yﬁ§picle is parked in a car park provided inside the expanded
char gi ng Brea operation of the «clock section is stopped. [0017] Wth this

type of structur it.is possiple to prevent, the period of tinme for which a
vehicle is par"%eﬁl‘ i ¢ pepa?g SH%@?%%I’ i st e 1_t}ﬁee PN ded ehbT gi ng ar ea
being included in the tinme spent in the expanded charging area. In this
way, it beromestREsidItee ofercerhietylel cdkVieRS okt i eRFEYRERGt in the
expanded charging area. [0018] It is also possible for the vehicle-nounted

devi ce offdie, abave-pescibbedtdipsevaspettatdubhave actss racthuraes where a
travel distance calculating section for nmeasuring travel distance inside

the expangers Chad i 16h AR 1St F QM eesh @ndiBrotherisavelrditstiancay,s
transmtted to the fee collection devices. [0019]
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 device of the
above-described first aspect to have a structure where for a
period of time for which a vehicle is parked in a car park
provided inside the expanded charging area, operation of the
clock section is stopped.

[0017]

With this type of structure, it is possible to prevent
the period of time for which a vehicle is parked in é car park
provided inside the expanded charging area being 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 device of the

above-described first aspect to have a structure where a

travel distance calculating section for measuring travel

distance inside the expanded charging area is provided, and



Wth-this type of structure, since travel distance in the expanded charging
area is transmtted to the fee collection devices, it is possible for the
fee collection devices to determ ne a road usage fee taking account of
travel distance in the expanded chargiqg area. In this way, it is possible
to give a road usage fee that nore correctly reflects the road usage

diti 0020 d t of. th t directed t
"Vehi ol B Gt GAAR GO 041 Qo RATER TS 7 abbi VET GHILGH B ml 11 pl ex

receiver, mhereln position informati on acquired by the GPS receiver is
correct ed&]i5i¢RF correction data of a GPS satellite acquired by the FM

mul tiplex receiver. [0021] According to the second aspect, correction data
for a GPY0&Ekllite transmtted by FM nmul ti pl ex broadcast, for exanple
D-GPS correction data, is received, and the position information acquired

by the GPS reogiiMertiss Cofg€cd £ tiShdtird hiSied rHeedvon dadttan i G tmans
that it is possible to |nprove position detection accuracy. Al so, by

transmtté%gar ndde &%fﬁf’* éctu On EiPSta W&%}ﬂgﬂ*{@rﬁt P! &% bfé)@d&%ltecﬂ.j{%rgsa A

possi bl e t ecel ve coO ( sinpler structure
third asgfct of the present | %lon |s |ée¥gffgto a fee coIIectlon

devi ce T Erngey it a TP ction devices

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 conditioné.

[0020]

A second aspect of the present invention is directed to a
vehicle-mounted device provided with a GPS receiver and an FM
multiplex receiver, wherein position inféormation acquired by
the GPS receiver 1is 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 corrected 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.



performng transfer of information relating to a charge to and froma

vehi cl e-nounted device fitted to a vehicle passing through the charging
area, conprising a storage device for storing first charging information
relating to an expanded charging area Q§mdy establ i shed outside the
charging area, and second charging information relating to the charging
area, a ﬁéé% determ nation section for, when entry determ nation

i nformati 5 been received fromthe vehicle-mount ed device, determ ning
whet her or not_a vehicle fitted with the vehicle- nmounted device has entered
t he expanded chatififg a3RACHa’bdtld PIeEeRht IHVeRt £P i hat AbReTHEdr bt on,
and a charge determ nation section for determning a collection charge
based on fée delleotnatideviesul dyranged henfarshachangi ageaj nfer mati on and
t he second charging information. [0023] According to the above descri bed

third aspestfomheiderrfisfoptof VEhbEhLt B eF 81 aPiey pasdedeicdaggi hg afga is
determ ned, and when the vehicle enters the expanded charging area a road

usage fe ) ﬁgQﬁ kg ak eas o f t he
chargingegﬁﬁg.%rﬁﬂgg? ect%%ﬁ?%%g¥ﬁg%eélﬁlt |saagy?dY%§§?§e d%%?%@% to carry
out fee c IIectioquor bot h_an exganded char&ing area an a.cha£%ing area
with a simgf @ Hvite. CRTEM9 2Tedul TOMRIhEe Y haret P52 %0 AREHt ot fewl v
install a fee collection device for the expanded charging area it is

possi bl e $eCFErRIcEl Fist@ANaBgivG tosermahioacedtythgdytptan 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
determination section for determining a collection charge
based on the determination result, and the first charging
information 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 expanded charging area a road
usage fee for the expanded charging area and a road usage fee
for the charging area are collected together. 1In 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



becones possible to carry out new construction for an expanded charging

area easily. [0024] The fee collection device of the above described third

enbodi ment can al so have a structure where the first charging information

i ncludes a charge table having tine speﬂ6 in the expanded charging area as

a paraneter, and when the tinme spent in the expanded charging area is

recei ved froqithe vehi cl e- nount ed devjce, the charge q§te;pination section
r

det er mi ndLH L ot Hsdd $ 8o ¥ HESk Jh st bhat Using the tine

spent and the charge table. [0025] Wth this type of structure, in the road
usage feecokkgehien idnvirockss, the mxpprrd i phafel rkprfRfedi ehsf ging area is
taken into consideration, which neans that it is possible to give a road

usage feeddmmtbImrie acsduat elrystreflacion rast , sadjeaconddingns.if 0026] The
fee collection device of the above described third enbodi nent can al so have

a struct erdhes oddeidid sto char gy Nt | EWwrdd 4 OrudNCdnidesr aarkhaggemdabl e

havi ng travel distance in the expanded charging area as a paraneter, and

when t he ! S ce. i n the expanded charging area is received from
At

the vehic evice,” the charge deternination section deternmines a
r oad usagﬁﬂkgﬁ for the expanded charging area

The fee collection device of the above described 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 device, 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 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 accurately reflects road
usage conditions.

[0026]

The fee collection device of the above described 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



using the travel distance and the charge table. [0027] Wth this type of
structure, in the road usage fee «calculation process, travel distance in
the expanded charging area is taken into consideration, which neans that it
is possible to give a road usage fee tgzt nore accurately 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
char gi ng FhieRReR i Uh o respR ACRIT I E_DeREF Vel S ekpemterr che?li M ar eas,
in the case where a plurality of the expanded charging areas are provided,
wher ei n thehepteynoweted nderat¢on seet tlonr gecds versninet epn ryedet@r m nati on
information that has been associated with identification information of
each expatsdesrehasgi ngreddaudagen fde Fehi che-expamied cevtging amtespeci fies
t he expanded charging area the vehicle has entered based on the entry

determ natipny 4#d Of PRI DN gghtdeasharige geiesd pation section determ nes
a road usage fee for the expanded charging area using the first charging

infornati@%) %responding to the expanded charging area the vehicle has
ent er ed. ff 029] Wth this type of structure, in the event that a

plurality of expanded chargi ng_areas are provided, first
With this type J0f 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 accurately
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 respective
expanded charging areas, in the case where a plurality of the
expanded charging areas are provided, wherein the entry
determination section 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 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 information corresponding to the expanded charging

area the vehicle has entered.



char-ging information is registered in correspondence with each expanded
charging area, and so it is possible to carry out detailed fee setting for
every expanded charging area. Further, even if a vehicle enters a plurality
of expanded charging areas, it is possi le to carry out fee collection in
one go. [0030] It is also possible, wh the charging area is an area for
whi ch a C@ﬂi%%ﬂt fee is levied at the tine of entry regardless of road
usage con s, for the fee collection device of the above descri bed
third aspect to have a refund points table with tinme spent in the charging
area as a par'khet efhisinerRe ot whiehi ¢t wee spehtthe RN ehaRYt My area has
been received fromthe vehicl e-nounted device, the charge determ nation
secti on delwerad ites oefexphpdeatcshasgigg tdueeds nere speovided, therseduct i on
points table, and these reduction points are allocated to the owner of the

vehi cle. §@0&ding L ko @i B | £ NBe @l St e radiem tEer £ Ghden @& 8R4 t1§ @dctar ea
for which a fixed fee is levied at the tine of entry regardless of the road

Loase, oL, Do S POL I g ST 10 Ly Llind 1 SPERY 4L
possi bl 4 glye, Jinenctel,elleloto vgis 00, T havey | Jpdyer tenty
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 refund
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 device, 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



[0032] A fourth aspect of the present invention is directed to fee
collection system provided with a fee collection device installed in a
charging area, and a vehicl e-nounted device, nounted in a vehicle and
perform ng transfer of information reI?%ing to a charge to and fromthe fee
coll ection device, the vehicle-nounted -device conprising a storage section

for storin p.infqormati on of _ an expanded charging area newy set outside
t he char gﬁ%fg”gfe%?r F oSN Thitdtsm ‘%b]ﬁ: quit 'si 4§ ghos@? otrfy Hnif an entry
determ nation section for detecting entry into the expanded charging area
based on fPaEngGied HeWisriiq sy uirediay hawe posidvet sHilor mtere
acquisition section and the map information of the expanded charging area,
wher ei n, difeerchdmey frep add enyt inoinstdehd ce 1S approached, entry determ nation
i nformation indicating whether or not the expanded chargi ng area was

entered iggdgygnsnmitted, and the fee collection device conprises a storage
device for storing first <charging information relating to the expanded

aran | an ent 7y CEATRNRG Solt 1an o B e B A

i nformati on has been received fromthe vehjcle-npunted device, , determ ning
whet her eSO ST S¥5 18 R/ﬁ‘i‘hlcf% Wﬂetﬁ? @ et 9% CHR AR PR EETas

entered the expanded charging area based on the entry determ nation

i nf or mat i igretadied igha gdhansing Mrkad omdectVeIni ¢ lor-ruireyed laigi @e.charge to

be | evied
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
information acquired by the position information acgquisition
section and the map information of the expanded charging area,
wherein, when the fee collection device is approached, 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 relating to the expanded charging area
and second charging information relating to the charging area,
an entry determining 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-



based on the determ nation result, and the first charging infornmation and
the second charging information. [0033] According to the above-described
fourth aspect, the fact that an expanded chargi ng area has been entered is
detected based on position information fromthe position information

acqui sition section and map informationl4tored in a storage unit. In this
way, in the case where a charging area has been expanded, in other words,
even whemeawnespapeedcehargi potared the aenpydedt aharghed, areaiBapedseble to
reliably detect that the expanded chargi ng area has been entered w thout

i nstal linghe nemt frcidéférmsnatioheirhdrmacesnt oahtieaexpanded area. Further,

it is possible to carry out fee collection for both an expanded chargi ng

area and Ge€danghagiohedelsibs Borsddgbemigengol! eshirgn devbeelehstal led in
the charging area. In this way, since there is no need to newy install a

fee CO"8%%%?2?96¥ﬁ8edé?érﬁQEgE%Bﬁ”?%Quf@arQhﬁgtﬁéeﬁiré% %%arggg ible to

reduce insta i on costs. esu nelv “construction r nded
charging areas, in other rds expansion, of chargi ng, areas, can be carried
out  oasi | PTOTHRSHT | £1ist foSSPEPRTf CPATAENT cbh EBFREEEFBN System of he
above 15 describe fourth aspect to have a fitted determ nation section for
det er mi ni hgOdBkt her or not the vehicl e-mounted device has a position

i nformation acquisition section, and for the charge
According to the above-described fourth aspect, the fact

that an expanded charging area has been entered is detected
based on position information from the position information
acquisition section and map information 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 expanded 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



determ nation section to cause different charges to be |levied depending on
whet her the vehicl e-nounted device has, or does not have, a GPS function.
[0035] 1In the vehicle-nmounted device, it is detected whether or not an
expanded chargi ng area has been entered based on position information
acquired by the position information aéauisition section. Accordingly, a
vehi cl e-nounted device that is not fitted with a position informatjon
acqui si t i APCER] i fnidh aPeTnge? Rstect ket 9@ rdofre Hwknah @k pHrelelrn
charging area has been entered. Therefore, with a vehicle- nounted device

t hat can fibet eddteaminyi nqtwhetrhex pandect ctiee gietyl cle-emuntoatl desaigee frees f or
both the expanded charging area and the charging area are billed together,

whil e on 4 heootdiesn hefskmad 1dh aa v@ih €1 ersmusd el slevi Led thsdt Gad dirgiet ect
entry into an expanded charging area, road usage fee is only billed for a

char gi ng cfgteé?‘rmdilrgbe‘gvirl%:rz sft%cgtfi&{ t%té‘?ﬁd'ié’rhipﬁl%m ”&né‘r%éso. Ysagk. &y for a

vehi cl e- nbunt'e I's provided wth a position information

acqui sition section, and ro usage fee for_a, vehicle-mounted device that
ot pr TSGRk R e | TR R SR B 1O, SO o ent.
it is possible to bal ance the charges |evied. Al so, by setting a 16 road
usage feddtorhavere GRS nburttelPMevi ce that is not provided with a position

information acquisition section higher, it is possible to pronpote the use
of vehi cl 303kt ed

In the vehicle-mounted device, it is detected whether or
not an expanded charging area has been entered based on
position information aéquired by the position information
acquisition section. Accordingly, a vehicle-mounted device
that is not fitted with a position information acquisition
section can no longer detect whether 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 provided
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



devices that are fitted with a position information acquisition section.
[0036] It is also possible for the fee collection systemof the above
described fourth aspect to have a structure wherein, for a case where the
position information acquisition sectlon is a GCPS receiver, in an expanded
charging area that is an area in which 1Pt is difficult for the

vehi cl e-nounted GPS receiver to receive position information froma GPS
satel | it e&oad sagesiee affermar ¢hrc ke ted e pos tiat det 2% t he
vehi cl e-nounted device is installed. [0037] Wth this type of structure,
in an ar gaoshigted iwitls a ddidfittidn Froformatetc| asqmimt B /GRS ¢lec®i ver to
receive data froma GPS satellite a wireless antenna for transmtting
posi ti on rhajtee 4,5 itsialpeskivie cto masisotdiaihé tuses POSEEH €] d-amoureddadbl y
detect that an expanded charging area has been entered. Incidentally, the

respect i Vg Sddictiff s desceibedy ARy e, Gadk e GO Aeth eS¢ possi bl e.

[ 0038] According to the present invention, the effect i1s achieved of being
able to exp and clgggfqglarea at low cost, 17 while effectively using
current faacq‘fﬁll By S Bscription of Drawings [0039]

[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 acquisition 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 transmitting
position data is installed, which means that it is possible to
reliably detect that an expanded charging area has been
entered. Incidentally, the respective structures 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,



FIG-1is a drawing showi ng the overall structure of a charging systemof a
first enbodi nent of the present invention. FIG 2 is a block diagram
showi ng the schematic structure of a fee collection device of a first

enbodi nent of the present invention. Fig. 3 is a drawing of an entry | ane
to a charging area, |ooking fromthe rédd shoul der. Fig. 4 is a draw ng
showi ng one, exanple of markings laid out_underneath the vehicle detection
unit showii+e FGteRt1vety USIRE QUEFSMF ntPShbir hgSt he appear ance of the
mar ki ngs shown in Fig. 4 when a vehicle passes over. FIG 6 is a block

di agram showi ng the schematic structure of a vehicle-nounted device of the
first enbodi mnent of the present invention. FIG 7 is a drawing for sinply
descri bing the operation RkRodferlesnfritel vehoflEramimied devi ce of the first
enbodi nent of the present invention. Fig. 8 is a drawing show ng a
processingo@ggyence for comunication carried out between a vehicl e-nount ed
device and a first antenna control unit, in the first enbodi nent of the 18

t i thon. Fl ' ; i ' t t] t t
0 o Tirst antbhoa Sont o “EAF e HRE 7 IR AR ST RE BEeden

i nvention. . . ,
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 embodiment 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 embodiment of the
present invention.

FIG. 7 is a drawing for simply describing the operation
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



Fig. 10 is a drawi ng showi ng a processi ng sequence for comunication
carried out between a vehicle-nounted device and a first antenna control
unit, in the first enbodi nent of the present invention. Fig. 11 is a
dramnng for describing an entry flag. Fig. 12 is a drawing for describing
handling of a vehicle-nmounted device th&t is not fitted with a GPS recei ver
and a vehicle-nounted device that is fitted wth a GPS receiver. FIG 13 is
a draw ngpHesensdi nglWendelsyt+ bi ng the operation content of a vehicl e-nmount ed
devi ce of a second enbodi nent of the present invention. FIG 14 is a bl ock
di agr am showi MEG he sichemdtliack stiragtam eshofwitriee theshi sstheemmouint ext estiwee of
the second enbodi nent of the present invention. FIG 15 is a block diagram

showi ng tdte scherB idnt iddiditer Of whiftd et oY efinasC aMblimktid o dHe
second enbodi ment of the present invention. FIG 16 is a block diagram
show ng Sehemgli e g ucture of a vehicle-nmounted device of a third
enbodi merit of the present invention. 19 FIG 17 is a drawing for sinply
descrlblng th t he, vehi cl e- nount ed devi ce of _the third

1 t f
ot nent o itde 8 U £ Pidtind s B SR St Tl ng

handl i ng of a case
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
vehicle-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 operation
content of a vehicle-mounted device of a second embodiment of
the present invention.

FIG. 14 is a block diagram showing the schematic
structure of the vehicle-mounted device of the second
empbodiment 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 embodiment of

the present invention.



where a vehicle is parked in a car park that is inside an expanded charging
in the fee collection system of the

ar ea,

third enbodi nent of the present

invention. FIG 19 is a block diagram showi ng the schematic structure of a

vehi cl e-nount ed device of a fourth enbodi nent of the present invention.
FIG 20 is a drawing for sinply describlfBig the operation

content of the

vehi cl e-nount ed device of the fourth enbodi nent of the present invention.
FIG 21 is a gk i dgy aanctronimy fde stvheimtdescstling urle ofperation
vehi cl e-nounted device of a fifth enbodi nent of the present invention.
22 is a dawerx fof Siamleh descmdinmged htevpes adf othe ot edterifodigent
vehi cl e-nounted device of the fifth enbodi nent of the present invention.

Fig. 23!5%e%ﬁé:ﬁfgk rfnigggégglone exanple of a refund points table.

Fig. 24 is a ti ng anot her exanple of a refund points table.

ng chart

FI G

Fig. 25 i ' f d i bi t he f |l ecti . t f_th
pr esent § nventT i whiert bl Vet i ard B SYSHemY S H 1S 265 15 93 awi ng

for describing the fee collection systemof the present invention when

appl i ed t'H&F BTyt

acquiring position information when it is not possible for a GPS

expanded charging area, in the fee collection system 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 embodiment
of the present invention.

FIG. 20 is a drawing for simply describing the operation
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 embodiment of
the present invention.

FIG. 22 is a drawing for simply describing the operation
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.

Fig. 25 is a drawing for describing the fee collection

system of the present invention when applied to an ETC system.

is marked iz & Raligk fldratbestritiiie @het hod of



recerver to receive data froma GPS satellite. Fig. 28 is a drawi ng show ng
the schematic structure of a D GPS systemin the case of transmtting D GPS
correction data using FMrultiplex broadcast. Fig. 29 is a block diagram
showi ng the schematic structure of a vehicle-nounted device in the case of
receiving D-GPS correction data using %@Inultiplex broadcast. Expl anation
of Reference Signs: [0040] 1: vehicle 2: fee collection device 5: first
antenna 8: secohd aht ehhad Hrapingifer dtentaltdnthol femi¢oliect 5@k ond
antenna control unit 17: center unit 20, 20a, 20b, 20c, 20d:

vehi cl e- mysited abvilte pResenecEivert 25 When applier devdreED6, sPHwem 26b,
26c, 26d: control section 21 27: conmunication section 30: IC card
insertion sectrog. B1:id G c@rglvimg efdacte & r i@l nonetiesd Bof BleqBiing

expanded chargi ng area
position information when it is not possible for a GPS
receiver to receive data from a GPS satellite.
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: wvehicle
2: fee collection device
5: first antenna
8: second antenna
9, %a: 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, 206a, 26b, 26c, 26d: control section



C. car park 37: storage device 32: tiner 33: travel distance cal culation
unit 34: wide area conmmunication unit 35, 35a, 35b: first charge table 36:
second charge table 38, 38a: entry determ nation section 39, 39a: charge
determ nati on section 40: entrance antenna 41: exit antenna 45: antenna
50: base station 51: center station 527 FM broadcast station 53: FM

mul tipl ex,receiver Best .I\/bdesef r. Carrying Qut the Invention [0041] One
enbodi men% of DFERIES N iS5 sﬂpﬁ em of the present 22 invention will be

described_in the following with reference to the drawi ngs. [First
Enbodi nent§: Fil§ CBLS Pl 1S&t5 iRt ural drawing of the fee collection

systemof this enbodinent. As shown in Fig. 1, fee collection devices (not
shown) 31: IC card interface

A: charging area

B, Bl, 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, 39%a: charge determination section
40: entrance antenna

41: exit antenna

45: antenna

50: Dbase station

51: center station

52: FM broadcast station

53: FM multiplex receiver

Best Mode for Carrying Qut the Ihvention
[0041]

One embodiment of a fee collection system of the present



for collecting a road usage fee froma vehicle 1 that has entered a
charging area A are provided on all roads passing across boundaries between
charging areas A, which are areas subjected to road pricing. These fee
coll ection devices are provided in correspondence with respective entry
lanes that a vehicle 1 enters in a chafging area A and transfer
information for collecting a road usage fee to_and from vehicle-nounted
devi ces finvedtienvehitlles passrigedhen Eber&epbpding whthyrednaeenteose]
Fig. 2 is a block diagram showi ng the schematic structure of the fee

col | ecti obhéedrgeinds.shown in Fig. 2, a fee «collection device 2 conprises
a first antenna 5, a canera 6, a vehicle detection unit 7 and a second
antenna 8{rihetfe@bo8ohégelion device 2 further conprises a first antenna
control unit 9 connected to the first antenna 5, a canera control unit 10

connected to the cagera &y, §v¥g%%f'§tQS&EgEAP”dEQQEBQL%E”£fe $loconnected to

t he vehicle detegflon uni t a secon ant enna trol unrt 12
connect ed t?hthe.second antg? ghe fee collection device 2 al so

8. 23
conpr i sosCALLATFieR SEREEBI OF uRPES 187ACHRSRT onment control unit 14

connected to the wunified control unit 13, and a conmuni cation control unit
15 connected B8 shewnnihi Bdgeoht r beeuripllegtignedabboesdéseti pedwniir st
antenna control unit 9, canera control unit 10, vehicle detection control
unit 11, seecondlaatenng eondedl usageé fleafilom a vehicle 1 that has

entered a charging area A are provided on all roads passing
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.

[0042]

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 antenna 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.



unifired control unit 13 are connected together by nmeans of a bus 16, to
give a state where exchange of information is nade possible. The

comuni cation control unit 15 perforns comuni cation between the fee
collection device 2 and a center wunit 17 which is an upper device. [0043]
In the fee collection device 2 having tRé above described structure, the
first antenna 5, canera 6, vehicle detection wunit 7 and second antenna 8
are attached fee acalbitie ol demice ypea ksppornppi seara arnahiged eeriossl a

travel road on a boundary of a charging section A. Fig. 3 is a drawing of a
traffic lanet | Ddpkdmgedviomimentsi dentdde dnist]l And@imectednth the second
antenna 8 are arranged so that it is easy to receive signals froma

vehi cl e- muing egh deyd € Pfud e vehighe 4 cddmveldgidh ddee £o1 responds ng
traffic lane. For exanple, the first antenna 5 and the second antenna 8 are

arranged with n nt enna be facin corr onding traffi SO,
the first dnt %§>'k %3sﬁ%§ﬁ:£k%enna Zﬁg |§Le %bqye d%§crl|%§§(ﬁ
f rom about 10 n1to 15 n1apart The purpose of 24 this |s so that a

vehi cl e- ot e PR FUETVRsIL T ohd CRBRIR FUEXAL YHEE 13 stVenteha 5,
this road usage fee is reflected to an IC card, and a processing tine until
the resuldetect hon i démral uhit skbonsecen@ MRt S1is errsured. un e T2 | Y,
information that is transferred between the first antenna 5, the second
ant enna 8aranel ddecoret €1 earunt Bda gevisenadtdd btogether 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 collection device 2 and a center
unit 17 which is an upper device.
[0043]
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 travel 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 traffic 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



described in detail later. [0044] The canera 6 is for taking pictures of
nunber plates of vehicles acting inproperly, in the event that a vehicle
acting inproperly is detected. A vehicle acting inproperly may be, for
exanple, a vehicle without a vehicle-nmounted device fitted, a vehicle with
no IC card inserted into the vehicle- nBédnted device, a vehicle having a
bal ance stored in the IC card that is |less than the charge being | evied

t hat can ttots ‘orsecthat pervarincbdangumged adeal vehretei fé s tadrawd husage
counterfeit vehicle-nounted device or I1C card. These vehicles acting

i mproper | gearg; getres ni nesk haseshen § Nfof 1@t iy neseiy efee f19Md fikected

vehi cl e-nounted device by the first antenna etc. The vehicle detection unit

7 detect I R triped
pattern 25 Shows THH G %r%r%f%%é%%ﬂ“%n%ei‘?ﬁiﬁnﬁ%meat% ke veni of ¢

detection unjt, 7, The vehicle detection unjt noni the, str ped pattern
from abO\}é ot YHeh T ST Pt bt er l%a?fh%lfr% c rnrceléitel"& dtacted, as
shown in 5, the passage 25 of the vehicle 1 is detected. [0045] Al Sso,

as shown 4 IRt HON o il 15 et bt § SHERH R thhak b vy B | 3

established outside the charging area A. For exanple, when there is a
demand t cclexpeecbridicarorergianad | ynd exthest vatgl charngh ungt &d ede W cé hi 5L expanded
charging area Bis a

described in detail later.

[0044]

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 vehicle-mounted device
fitted, a vehicle with no IC card inserted into the wvehicle-
mounted device, a vehicle having a balance stored in the IC
card that is less than the charge being levied that can not
correctly perform charging, 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 vehicle-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 monitors the

striped pattern from above, and when this striped pattern

cannot be correctly detected, as shown in Fig. 5, the passage



subsequent|ly established area. This expanded area B can be provided
surroundi ng the charging area A provided so that part of the expanded
charging area Bis in contact with the charging area A, or can be an area
provi ded separately and not connected to charging area A. [0046] Fee
collection devices 2 are not installed @b the entry |anes at area
boundaries in the above descri bed expanded charging area B as they are for
t he char gbhgtlae eaelNiclast ensl, deteteedi on of entry into the expanded chargi ng
area Bis carried out using the vehicle-nmunted device fitted to the
vehicle 1jof49y} 6 is a block diagram show ng the schematic structure of the
vehi cl e- nount ed device of this enbodinent. As showmn in Fig. 6, the

veni cl e- mount egh dovi o 20060041 Beg, 25 4R NeoBLHUPLIEA! - gompRnENt s,

power supply circult 23 connected a vehicle power supply 21 and an
internal batter rece% g%%égosition infornmation acquisition

Y 22, a %PS Lon
section) APFHTI @R tF nyS curre tPON° BYE atliti FRAGIT A of hat i on
relating 26 to position information froma GPS satellite, a storage device
(storage B@EtFHIIP DS foheRtBRERY Vard otemard of Pree¥Band athe op +dinakkYi on
(entry detection section) 26, a comruni cation section 27 for carrying out
communi ca¢xodet g hchdvegfng séreankental d exphnded secangdimgnteanaa B o 4 he fee
collection device 2 etc., a display section 28, a notification section 29
subsequently established area. This expanded area B can be
provided surrounding the charging area A, provided so that
part of the expanded charging area B is in contact with the
charging area A, or can be an area provided separately and not
connected to charging area A.
[0046]
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 comprises, 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



such as buzzer 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. [0047] In Fig. 6, it is possible for various
structural conponents, such as the GPS receiver 24 etc. to not be

i ncor porated inside the vehicle-nounted28evi ce. For exanple, each structural
conponent can be constructed capable of information transfer. As one
exanpl e, t¢ pespossnbiefoomabven aremracEbfatabspéttewherstarapdi devieeni nal
unit having a GPS function is connected by neans of an external termnal,

and the FSotaget so8t pooyi dedrby sherimi veriensi nafoumatios, used as the
GPS receiver 24. [0048] The power supply circuit 23 mainly controls a

vol tage ?88@£bfdséé9565h?eM@PyC&§t88M§6n5§QE£¥03% bg, V8&ﬁﬁ@§1@999&§d in
t he vehi cl e-nount ed device 20,  and supplies this vol tage to each of

[ h hi d Th | b
221 5 pr oVF Bt Ro” barPb Hat BRHASL B 27 CBREDY £ EFaBL P EAI CRowbt T anaétx?reﬁt

sufficient to permt _comunication, even if the su of _power fromthe
vehicl e ﬁ%ﬂgpnéuépaydzﬁh?sS%a?néf%ntﬁﬁbau%f%Fnﬁhﬁogeﬁo?O%h%C%k%%nded
charging area B is stored in the storage device 25. Al so, various
informatidavibat2i stonecessdiyplay shettbargsnga pobté$satihatsmttiobe29
described later, is held in the storage
such as buzzer 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.
[0047]

In Fig. 6, it is possible for various structural
components, such as the GPS receiver 24 etc. to not be
incorporated inside the vehicle-mounted device. For example,
each structural component can be constructed capable of
information transfer. As one example, it is possible 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.

[0048]

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



devi ce 25, such as car owner information, vehicle information i ncluding
type of vehicle information, an entry flag indicating whether or not an
expanded charging area B has been entered, bal ance information read out
froman IC card, and card information etc. [0049] An IC card to be
inserted into the IC card insertion seéfion 30 is, for exanple, a contact
type ICcard, and is internally fitted with an IC chip such as a flash
menory oremsurd/Riledsried]l powenrtoiaf oexeenonseiithcasnta tarpefmihunber, a
bal ance and usage history are stored in this IC card. Information stored in

the | C cacsimami bet 6m | teneri f edlde byupp e eONpswer SEESH Othe6vahbcide | C
card interface 31. [0050] Wth this type of vehicle-nounted device 20, if

the IC %%i%&ﬁ'ﬁf{zt?ﬁ {otout hee# C Gay, iir{ﬁﬁrn%itqw%ﬂ UhS3Q&xddiRiefont rol

section reads out” I C card Informati on and a balance that are stored in
the ICcard via the |1C card i@terfafe 3& S@nd mwi%gs.thi$ i nf Qpation to
t he stora%féaEI‘(%}/ril%ea]ﬁ%é,i nd° 28 Of%(flrpol?a?i?y, o7 9%ex %Jr%e, %‘r dut’ 10
seconds) displays, the balance on the display section 28. Also, the control
section VB tALSesNbPEration Bhat heS noeFeFeaty ohosekt® o291 R or der to

notify normal operation to the user when it has been possible to read
i nf or mat i procws sal tyatf rom i hee | @ sarthednlates, way, held imetmotstocage on
section 29 is a buzzer, for exanple, the
device 25, such as car owner information, vehicle information
including type of vehicle information, an entry flag
indicating whether or not an expanded charging area B has been
entered, balance information read out from an IC card, and
card information etc.
[0049]

An IC card to be inserted into the IC card insertion
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.

[0050]

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 storage device 25, and



buzzer is sounded, or if the notification section 29 is an LED or the |like
the LEDis |it, to give notification of the fact that the situation is
normal. On the other hand, in the event that information was not read from
the IC card, the control section 26 cabjges di splay of indication that there
is an error on the display section 28 nd by causing operation of the
notification section 29 notifies the fact that there is error to the
user, and SMRSFPrionpt LT oretdwP i i akRPWe 14 RGP ad%ﬂ?? a¥citd¥nt al |y,
the manner of the notification by the notification section 29 takes can be
di f f er entbdlEncerorndiheoprsrian seetIor ZHbonoAdslo ofdcaciont r 0GB 1oRext |
operation content of the above descri bed vehicle- nounted device 20 when the
vehi cl e Rentarsed hpatwripmep Ardgee rfotafferateidrersens t1dre X pandedieahargi ng
area B wll be described. As shown in Fig. 6 and Fig. 7, the GPS receiver

24 of theoveh) olEriPun S devd e e 20 e quid e S, HdH %Md@rbéé‘r{ PG B
current positi'on froma plurality of GPS satel i tes whi | e 29 travel i ng,

detects urrent pos t| o fromc'glhl rromatl on, é)ut & tgewcurrent
position o]ieh conhtTol sec i'on mZaGl yI'h n(]:on}}eroi ecrtl on thﬁen déter mi nes

whet her or not the veh| cle 1 has entered an expanded char gl ng ar ea B based
on the curf érite WIS G- L0 FREEI of et 6h B2t orfdr HET

stored in the storage device 25. As a result, if entry into an
buzzer is sounded, or if the notification section 29 is an LED

or the like the LED is 1lit, to give notification of the fact
that the situation is normal. On the other hand, in the event
that information was not read from the IC card, the control
section 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 notification
by the notification section 29 takes can be different for
normal operation and for abnormal operation.

[0051]

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 to

current position from a plurality of GPS satellites while



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 Ais
entered, the control section 26 of the vehicle-nounted device 20 transits
vehicle information and state of the entry flag etc. to the fee collection
device 2 via the communi cation section227. At the fee collection device 2,
a road usage fee to be levied is determ ned based on the received

i nf or mat i eRavantng hi get @atls usageefieepdbsitis@nsadmt €Ki g oihhermebi 6h g- amant ed
device 20. If the control section 26 of the vehicl e-nmounted device 20

recei ves bhbisutgathe Usabchieeoybac it eoMMDI cahion SeeLton 276, a fiixed rate

fee is deducted fromthe balance stored |n the C card, and this ~ bal ance
i s updated d tored in e IC ca, nce 0]
cormtunlca.‘f?%{I 0GEs t%% %g F € meen %éhg egngﬁ%te%%ﬂ%%?ce 20

arid Lhe fee coIIectlon devi ce 2 mhen the char gi ng area Ais entered wll
be describel¥s neyeeEed aﬁﬁ?ﬁp?%@%?eﬁ%%r%bnglﬁre% Bobaped a0, the QerEenG) |
if the boundary of the charging area Ais 30 approached, the control
section 2eositite sefinde- mioredtidevier 200redechesyang eayeds yssdoyedl
emtted fromthe first antenna 5 of the fee collection device 2 via the

comuni caih Obhe SE€ELT 8Fe 2de( st€P2 SA AN Firk M1t | fif hehwagntimado sgction 26
receives the enquiry signal, vehicle information, I1C card information, IC

card bala@§§an@@@ @ﬂéféiﬁ&agrééaﬁeigrgefgéged 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-mounted device 20 transits vehicle information and
state of the entry flag etc. to the fee collection device 2
via the communication 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
transmitted 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.
[0052]

Next, communication processing carried out between the
vehicle-mounted device 20 and Lhe fee collection 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



out fromthe storage device 25, and transnmitted via the comrunication
section 27 (step SA2 in Fig. 8). [0053] The first antenna control unit 9 of
the fee collection device 2 determnes a charge to be |evied based on the
received information. Specifically, as shown in Fig. 9, the first antenna
control unit 9 conprises a storage devi 8@ 37 for storing a first charge
table (first charge infornationi 35 holding charge information relating to
expanded ebprgafgedr ebheBconndod secbhdanchargé thpl vehsetontovhbede
information) 36 holding charge information relating to charging area A, an
entry detéenminengOseetedmne3d38ahoendeieynsngnglwhriheedofromt the ¥Yehstle 1
fitted wth a vehicle-nounted device 20 has entered the expanded chargi ng

area B baggflefRaept 6y thagrstatelieecebMedeliom pheiyebhe!l eormunt edrdeni ce
20, and a charge determ nation section 39 for determ ning a road usage fee

using the Lpat i on omth 1 Nl . fon 38, as
wel | as tﬁégilwr)étQZhg%gﬁgg?eigSFaﬁdg} heeljgg%(q)é/n C %é;er‘%%le&ggé Char ges
to be levied are stored in.31 the first _charge table 35 according to
vehi cl e t§PESEVSF gBlet GPEULRE P LARE peYegﬁﬁﬁﬁ %9%8Fm%F&9?: forc@%anpl e. For
exanple, rates of 0.8 dollars for small type, 1 dollar for nediumtype, and
2 dol | arsihbernatgent ype, caré sabaede, §005a4htaysélaghatgbe avereepdnding to
vehi cl e type, as described

out from the storage device 25, and transmitted wvia the

communication section 27 (step SA2 in Fig. 8).
[0053]

The first antenna control unit 9 of the fee collection
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 information) 35
holding charge information relating to expanded charging area
B, and a second charge table (second 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
determination 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



above, are held in the second charge table 36, and further, road usage fees
divided into charges to be |l evied when the expanded charging area B has
been entered, and charges to be |evied when the expanded charging area B is
not entered, are held. For exanple, for_a mediumtype vehicle, rates of 0.5
dollars for the case where the expanded3&harging area Bis entered and 1
dol I ar where the expanded charging area B is not entered, are_held. By

havi ng di $#®rEhtSEhehyese depehdi g dRCOTRBEREEC t Feh EXbantERe chd?§¥Rg area B
is entered or not entered in this way, it is possible to give an advant age
to a driveypeofmediwhityred shatlhbgPpassied- t hr baghexdmpbkparfdad char gi ng
area B. [0055] The entry determ nation section 38 determ nes that there

has been eximyléntoatde expangledothargi Agr aseal B whes, thedoehdrytdt ag
received fromthe vehicle-nmounted device 20 is set, and determnes that the

expanded £Haf gh NGy FE 3. AaSy Qb1 PELY f@f‘tﬁéz__@&'e“@fﬁe,th@r@”ét‘fdrééiﬁg has been
cleared, and the Tesult of determnation iS output to the charge

deterninag68§4fection 32 39(step SA3 in Fig. 8). The charge determ nation
section 3 etermnes the type of the vehicle 1 based on vehicle

information received fromthe vehicl e-pounted device 20. Then, a road_usage
fee i s deterni M actRrBIRY TOrFHePvePiedetot ypRiahe WhRE he? s ofePet1pe@

expanded charging area B was entered (step SAA in Fig. 8) . For exanple, in
the case #&hevye, 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
entered, 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.

[0055]

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 expanded charging area has not been
entered when the entry flag has been cleared, and the result

of determination is output to the charge determination section



the vehicle type is nediumtype and the expanded charging area has been
entered, charges of 1 dollar fromthe first charge table and 0.5 dollars
fromthe second charge table are extracted, and a road usage fee of 1.5
dollars is finally calculated by adding?these two charges together. The
cal cul ated road usage fee is then transartted to the vehicle- nounted device
20 via the first antenna 5 (step SAS in Fig. 8). [0056] Upon receiving the

road usag®dfeeeri A3 hin chbhwrundbat e Fectdeorerermima tdom risictsdedt i3dh 26 of

t he vehicle-mounted device 20 transmits an affirmation signal indicating
conpl et i odetod rrcomezint lcat © pe t of t biee f velsi chat Bnnas&d (ot epelsAblein Fig 8), and
al so updates the balance of the IC card by subtracting the road usage fee

fromthe bafensser tdntheceGrear drohsted wéitleFhGunBdd Mewicewrgn bal ance
updat e processing has been carried out normally, the control section 26

reads t | anc t d d | zat | f e - rd
R i S e s e e e e i B e 2 e
second antenna is received (step SB1 in Fig.. 10 the control section 26
transnitst¥%$i%W€ V?ﬁ%ﬁ%ﬁt?%n?é?Cfﬁ%rﬁx?%?%?ﬂaf?%ﬁ%imﬁi%5?% af@nce, and

aut hori zation data via the comuni cation section 27 (step SB2 in Fig. 10).
Here, theckiebhedi fst¢nSH4tsan 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).
[0056]

| Upon receiving the road usage fee via the communication
section 27, the control section 26 of the vehicle-mounted
device 20 transmits an affirmation signal indicating
completion of communication to the first antenna 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 normally, the control section 26 reads
the balance after update and authorization data from the IC

card (Step SA8 in Fig 8).



is information for notifying the fact that fee collection has been executed
normal ly. [0058] |If the second antenna control unit 12 receives

aut hori zation data via the second antenna 8, a confirmation commuand is
transmtted via the second antenna 8 (s% p SB3 in Fig. 10) . Upon receipt

of this confirmation comnmand, the contrdl section 26 of the vehicle-nounted
device 20 transmts an affirmation signal via the conmunication section 27
(step SBh09§7kig 10), and wites 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 (stepesB6 ih Fmgenqw}rYaﬁdgn@anmétégdtﬁéomoh%ﬂn$@@@h@n
processing. [0059] Incidentally, transfer of information carried out

bet ween &heenehi 61 £s noant tdedevstep 20Bantnt hegsetond anéeoaoatBol descri bed
above can be carried out utilizing known encryption nethods. By carrying

out CO”““@éé@ibQ”z95t99n§ﬂ1€§06¥91b98 1H?éPﬂQtién'5I@°§§k@'fmf8rﬁé€¥&ﬁls

mal practi ce such as fal sification or |ntercept|on of information
encryptiop. pethods aﬁxé‘”péﬁé Shé‘ﬁo{)i‘%’g%?g%“ QS‘V“VE‘Q ghLentl on, aLe, A§$ for
carrying out “encryption lsing a conmon for carryrng our enc yption

using a public keg and a rlvate key, etc In particular, since there is
i mpor t ant SPRF5PHat 7 6RCEBr ﬁ%ti?y?h@ 59) ¢ hdlarsrmeihe gt bt i ooy slata

col l ection, by carrying out
is information for notifying the fact that fee collection has

been executed normally.
[0058]

If the second antenna control unit 12 receives
authorization data via the second antenna 8, a confirmation
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 communication 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 communication processing.

[0059]

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 communication using an encryption

method it is possible to prevent malpractice such as



transfer of this authorization data transfer in an encrypted manner it is
possible to increase confidence in the fee collection. [0060] As has been
descri bed above, according to the fee collection systemof this enbodi nent,
the fact that the expanded charging area B has been entered is detected in
the vehicle-nounted device 20 based on3dosition information from the GPS
receiver 24 and map information stored in the storage device 25. In this
way, in thelsaSecahktoe archargrogpaiten Af hafobmehiempamiedndrymther words,
even when an expanded charging area Bis newy established, it is possible

to reliabbyhé@tpctxbhiplethehgxppatdedbebar gragingeatBehasoheghe BPRLered
W t hout installing new facilities at the boundary of the expanded chargi ng

area B. i S tQ.carLr e [ i f t he
expanded c £Pg§% g?gae98§ g?hﬁn Qﬁgﬁgl%geg&ggﬁAﬁggslﬁgga9§an ?985
collection device 2. in area, A

Cher ot Mt Gy Be LaT 5188 pailificoRBRdang, ALERikachobtes ot Ry 1hhac®

expanded chargin area B, it is possible to reduce installation costs. As a
result, ne}WEoRS #hct FOACEOENERE expamBedtenhr §nhgraprkaoB £an nNpEiédirged
out ea5|ly [0061] Incidentally, an entry flag that has been tenporarily
set of the normal completion of fee collection, by carrying out

transfer of this authorization data transfer in an encrypted
manner it is possible to increase confidence in the fee
collection.

[0060]

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 detected in the
vehicle-mounted device 20 based on position information from
the GPS receiver 24 and map information 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



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 collection that are carried out to and fromthe fee
collection device 2, that wll be desckribed later, conpletes normally.
Accordingly, as shown in Fig. 11, after the expanded charging area B has
been entere Y i e jn r B.J 1

ent eri ng THo thargl re ar ol K ERAL SeflEhth VR FLER e &g hebitia .,
the entry flag that has been set is not cleared sinply by the expanded
Char g1 ng A B o nbo | RFES LHTE Tt S e TRa XA 1 OHeC RS Chdryng. o ea A
is entered a record of the fact that the expanded charging area B was
entered regsiihs, 2@ SONFEruct PR of PosEhd| expandedadmydirgyaredal edage fee
for the expanded charging area B. [0062] It is also possible to provide a
counter floe carmniedgothecasmiiper of tinmes the expanded charging area B has
been entered, instead of the entry flag. In this way, when a vehicle 1
enters anggégpﬁes t he expanded charging area B a nunber of 36 tinmes wthout
entering the charging area A, as shown in Fig. 11, and then enters the
chargi ng area It ] sibl e I e fe i o the
nunber of ti neiso\n%h%egl%?%giﬁ ég aerrggfrn% ]gir%%a‘a{%ggh%%ge%%ttgerlgéggépgjfggn%%

Al so, instead of this type of counter, with the above _described entry flag
it is pos%?b?%ﬁ??@%ﬁﬁ%ﬁ %et%ibaﬁﬁeﬂs not cleared until the vehicle 1

enters the charging area A, and further, the series of

is,

communication processes relating to fee collection 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. 1In
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.
[0062]

It is also possible to provide a counter for counting 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 charging area B a number of



char di ng

step SA2

area B a nunber of tines on a single road usage fee, and so in
this case it is possible to give an advantage to a driver. [0063] Al so,

of Fig. 8, in addition to the vehicle information, IC card

information, 1C card balance and entry flag state, it is possible to

transmit information notifying whether36r not there is a GPS receiver 24,

for exanple, to transmt the vehicl e-nounted device version fromthe
vehi cl e- tiowes edi devitteer20etng hiehd i ¢lsaraimenmeed . A Byas renswi tin ngig he
vehi cl e-nount ed device version in this way, for the reasons described

bel ow, it1is possithde docshes erié nehargime deea Koliecis gposiembe £ whet her

in

or not there is a GPS receiver 24. (0064] Wth the fee collection device of

the preseflyy nyeiid®usadbetdiera oo Aind N Ve olignde hase enf L ed e

expanded
acquired

nmount ed dERTEtHAT TS ot %5 t ekba%kf%eré e(?—'%e?ee eliq?/e‘tll’o XYt 37 can not be

or not the expanded charging area B has been entered
i Rt sFRIE TS cutteht ok h i tsel f,

and therefore it is inpossible to levy a road usage fee relating to the

det er m ned whet her
because the vt e-MuRad devileks

expanded

charging area B is determ ned based on |ocation iInformation
usi ng the GPS receiver. 24. For this reason, with a vehicle-

dedarghed) enrteay Bf14d@065])1is 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.

[0063]

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.
[0064]

With the fee collection device of the present invention,
whether or not the vehicle 1 has entered the expanded charging
area B is determined based on location 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



Accordingly, by changing the charge levied by the fee collection system2
according to whether or not a GPS receiver 24 is equipped, a balance is
mai ntai ned for collection fees between a vehicle 1 fitted with a

vehi cl e-nount ed device that is not equigped with a GPS receiver 24, and a
vehicle 1 fitted with a vehicle-nounted device 20 that is equi pped with a
GPS receiver 24. In particular, as shown in Fi 12, by having a setup

wher e roa@2lisBge PeedeseruippdrvhaEhesses ek 5g9eﬁFEP€de§'CFPFEéHgmAth a
vehi cl e-nount ed device that is not equipped wth a GPS receiver 24 (for
exanpl e, dbedl B beapheed entahed becaPserkbei vehlieiermougupgpdayicet is
possible to pronote the increased use of vehicle-nmounted devices 20

equi pped wahhod sEPSifgceuveenl4lo0f8066h itnelibe &ra chkke€brenisystsem of
this enbodinent, it is also possible, when fee collection has been executed

correctly;ngbskfig1entraneeyt 9 £B§d98§é?éﬂ9eér§é1étiha £baPABT bxpanded.
authentication information indicating this fact fromthe fee <collecting

device 2 tp_the vehicle-nmounted device 20, and 38 further, to display a
randon1nuﬁ%%?g6ﬂgaaa?§pFay section 28 of the vehicle-nounted device 20. By
doing this, in a vehicle where fee collection has been executed nornally,

si nce auiggﬁ?ﬂcation information indicating this fact is displayed on the
di splay section 28 of the vehicle-nounted device 20, for exanple, by having
an observer noAtcordhggiftie bpadhanging 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 vehicle-mounted device that
is not equipped with a GPS receiver 24, and a vehicle 1 fitted
with a vehicle-mounted device 20 that is equipped with a GPS
receiver 24. 1In 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.

[0066]

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 transmit
authentication information indicating this fact from the fee

collecting device 2 to the vehicle-mounted device 20, and



confirrmng this display, it is possible to easily determ ne inproper
vehi cl es. The authentication information is not particularly limted, and
can be, for exanple, a predeterm ned random nunber. Al so, instead of
display, it is possible, for exanple, %g i ght an optical elenment such as
an LED. [0067] [Second Enbodi ment] Next, a fee collection systemof a
second enpodi.nent of  the present invention wll be described. K The_ fee
coIIectigau Yitem 0P hTRINAHdJF ARAT™ o FRRPE ??0%1g%%%l%%o%%cﬁég%r?%eﬂffirst
enbodi ment in that_a pluralitg of expanded charging areas are established.
The fee cd19 e bpleFRerkedfdehi e eabodiBiemoind Ithis ddscrd bed Isdicow,
omtting description of points that are common to the first enbodi nent and
f ocusi ng wimn ye ofepocnl seof i o fias enecen ¢RO68Fed Imothel typsesihese a plurality
of expanded charging areas Bl, B2 are established, as shown in Fig. 13,

then as shovwendth cdt fon 1fn fidEnd £f &K Mehd 0Pa £ O g e@ehs of a thei expansiesy &har gi ng
39 areas Bl and B2, and identification information bl and b2 "assigned to

each of t h i r £Qs - € d,in t orage
ovi o 258 o e Ra okt b1 orberit oaf deei ae o B e R e e S
and FI corres each of the expanded

Char g1 ng Seds e L 1p DATEaI ¥ SRY SPeF aipitoring the foad
confirming this display, it is possible to easily determine
improper vehicles. The authentication 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.

[0067]
[Second Embodiment]

Next, a fee collection system of a second embodiment 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 collection
system of this embodiment will be described below, omitting
description of points that are common to the first embodiment
and focusing only on points of difference.

[0068]

In the case where a plurality of expanded charging areas

Bl, B2 are established, as shown in Fig. 13, then as shown in

Fig. 14 map information for each of the expanded charging



Al so,” as shown in Fig. 15, first charge tables 35a and 35b relating to each
of the expanded charging areas Bl and B2, and identification information b
and b2 assigned to each of the expanded charging areas Bl and B2, are
stored in the storage device 37a of a first antenna control section 9a of
the fee collection device, in associati 8d with each other. [0069] In Fig.
13 to Fig. 15, if a vehicle 1 enters the expanded charging area Bl, the
contr ol s@@@%nBlze%lnfé)fB%hea%m%%tl%%%wdb@f%@n@bhowel@gc%%dew ry of the
vehicle 1 into the expanded charging area Bl based on information received
from thegGPRnedeiveesa@d ahdtmapeipdndadt clonrglng egreéastBe andrldgye adevi ce
25a, and sets the flag FI corresponding to this expanded chargi ng area Bl.

I f the vehte&ted lith hefe est 8F8gé heevexPamsiedo £ heti @i gh 8¢ Ba-B3unt &€ §onicsl
section 26a detects this fact, and sets the flag F2 corresponding to the

expanded i , n ch i re LSpen t he
cégtrol s%g%?%%lg %a%%gﬁﬁ%nvﬁf?%l%¥§§u%%ﬂﬁrﬁé€§%; Pyt?%ﬁg%tgfv%ﬁégﬁ%

information_and state of the entry flags Fl 4 and F2 etc. to_ the fe
col Lect i GTOTERTREIGIE0 (he. ST ShbT JriPRRLfs o o7o L FOGYEFa® AL L FR 17 st
antenna control unit 9a, if vehicle information and the states of the entry
flags Fl a8@ #FPsetEedigkere@cei ved, the entry deternination section 38a
extracts the

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 bl and b2 assigned to each of
the expanded charging areas Bl 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.
[0069]

In Fig. 13 to Fig. 15, if a vehicle 1 enters the expanded
charging area Bl, the control section 26a of the vehicle-
mounted device 20a detects entry of the vehicle 1 into the
expanded charging area Bl based on information received from
the GPS receiver 24 and map information stored in the storage
device 25a, and sets the flag Fl corresponding to this
expanded charging area Bl. 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 Fl



flags F1

for the expanded chargi ng areas Bl, B2
FI', F2 to the charge
section 39a references

and F2 that are set, and outputs identification information bl,

corresponding to the extracted fl ags

determ nation section 39a. The charge determ nation
respective first charge tables 35a, 35b associ ated

with identification information bl, b2480quired fromthe entry

determ nation_section 38a, to acquire a,road usage fee for the expanded

b2

char gi ng &@¢ak? B1tC B2t O ahiye at i FRSIECT AW UehteSieed Fhf tHEMERAFrgthgar ea

A by referring to the second charge table 36. A road usage fee for the

vehi cl e 1s¢sti®eni’cal cul ated by addi ng these charges together. This road

usage fee is then transmtted via the first antenna 5 to the
vehi cl e- npodT@d device 20a. |If the control section 26a of the
vehi cl e-nount ed device 20a receives this road usage fee via the

communi cation sgcthONfiAdy hREcARQVEoHESELI Bedrroad usagenfeeeis deducted
bal ance stored in the IC card, and this balance is updat ed and

stored inthe G eard.as aupew balange. chocideptatly, detalls 61 oL the

comruni catl on

fromthe

ween enna contr ol = uni

vehi cl e-mount ed devi ce 20a are carried out in accordange with the

processi ngt e efEieRtEedhon®i AR EFY. 98T ppFE] CASSHeSLPT b

to the fee collection systemof this enbodiment, when a plurality of

expanded

flags F1 and F2 that are set, and outputs identification
information bl, b2 for the expanded charging areas Bl, B2
corresponding to the extracted flags Fl, F2 to the charge
determination section 39a.

The charge determination section 3%a references
respective first charge tables 35a, 35b associated with
identification information bl, b2 acquired from the entry
determination section 38a, to acquire a road usage fee for the
expanded charging areas Bl, 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 antenna 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 deducted 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

B2 apByBaChHE BRI ng



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 chargi ng area
and transmtting fromthe vehicl e-nounted device 20a to the first antenna
control unit 9a, it is possible to easiﬂ& specify an expanded charging area
the vehicle has entered at the fee col]lection device side. In_ this way, it

i s possi bPE tle ¢aprdanjcaeiernPakevachobde ubagetf ekt eBRaafoBkpakdediEh@s gi ng
area a vehicle has entered. Further, by registering first charge tables 35a,
35b corraspondée ngehdc bachoohtédedexpandedachaegcagraedasuBlin32 in the
storage device 37a of the first antenna control unit 9a, it becones

possi bl e s6c6anaNcOULitRt ahtegdrbeessehlyi B8qhierceeyrbYnexpandgd ghargi ng
area. Further, even if a vehicle enters a plurality of expanded charging
areas it LéoﬂQ sible to carry out fee collection in one go. Incidentally,
description has been given for this enbodinent of a case where tw expanded
charging areas_are 42 .established, but the nu r of ex ded, char gi ng
rens B o ChobS| faf FeiSe opaTar cacRBt At B PR oF G DPGr APFESbHShepandsd
charging areas to be established adjacent to_each other. [0072] [Third
Enbodi nensystekt of athee edbpacnenh, syseenroplarghity efbeupapAedof

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 9%a, 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
corresponding to each of the expanded charging areas Bl, B2 in
the storage device 37a of the first antenna control unit 9a,
it becomes possible to carry out detailed fee setting for
every expanded charging area. Further, even if a vehicle
enters a plurality of expanded charging areas it 1s possible
to carry out fee collection in one go.

Incidentally, description has been given for this

embodiment of a case where two expanded charging areas are



the present invention will be described. The fee collection systemof this
enbodi nent differs from the above described first enbodinent in that a road
usage fee for an expanded charging area B is set according to anmount of
time spent in the area. The fee collectlgn system of this enbodinent will be
descri bed below, omtting description of points that are common to the
first enbodi ment and focusing only on points of difference. [0073] As
shown in EF AP ABSNedhe Righi the- %%%9?Edo eFRINID SPATIHIE FPedi Beht i s
further provided with a tinmer (clock section) 32 for clocking the tinme
spent in ndle bikpabeldd IdhdrygialgamssBolE dor tehe funaslti tantcehrepeayded!  uni t
9b of this enbodinent is basically the first antenna control unit 9 shown
in Fig. S%hivdindeatéssttehos gestabl £sBod padyadett | fotdgch séora@ge device 37
is a charge table having tine spent as a paranmeter (not shown). [0074] 43
As shown tepfbg. 16 and Fig. 17, if a vehicle 1 enters the expanded charging
area B, the control section 26b of the vehicle-nmunted device 20 b detects

the entry t x and d charging area B and sets the entry flag, as
wel | as E%%%?%gﬁﬁg%ﬁﬁ 32 to operate. In this way, the time spent in

t he expanded charglng area B is clocked by the tiner 32.
Next, fee collection systém of a third embodiment 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 usage 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
described below, omitting description of points that are
common to the first embodiment and focusing only on points of
difference.

[0073]

As shown in Fig. 16, the vehicle-mounted device 20b of
this embodiment is further provided with a 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).

[0074]



Next,” when the charging area A is entered, the control section 26b of the
vehi cl e-nount ed device 20b transits the spent tinme clocked by the tinmer 32,
ik addition to vehicle information etc., to the fee collection device via

t he conmuni cation section 27. For exanple, when an enquiry signal is
received fromthe first antenna 5 of tAé fee collection device, the

control section 26b stops operation of the tinmer 32, and also reads out the
spent tine at Atvathewmelmndlgrahening The. shéntiftd meehbcidel femtens | ection
device. [0075] At the first antenna control unit 9b of the fee collection
devi ce, eftitie yexpdndédeclexpahteda cdargj nghareant sol ded¢ecied byotbhe eméry
detection section 38, and notified to the charge determ nation section 39.

The char ge-ilet eLIORL AN aSeLEd 00 39 Gl CM atEse aefiPRyd Usegecfiee according
to time spent relating to the expanded charging area B, using the first

charge tabl e ? how ng. functi o related t I me_spe and_ al extracts
a road usea}é%a (g%gf%}a]f h haa]feg‘gl1 ng %?%aé%\tsc%}ér eesrﬁ)%lfﬁ%i ﬁiga?’o ?%ew?/fa itie 1
fromthe second charge table 44 36, and by adding the fees together
cal cul at €525 Adt R A eF e22 f o PRI IERi c1l& Lhifh&adet &M feds sa¥Nksage
fee is then transnmtted via the first antenna 5 to the vehicle-nounted
devi ce 20bn the téwpzoird othaeginonn2éd Bfis hel vehéd| ey nbuat ethetevice 20b
receives a road usage fee corresponding to spent tine via
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 collection device via the communication
section 27. For example, 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.
[0075]
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 determination
section 39 calculates a road usage fee according 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



t he comuni cation section 27, the above described road usage fee is
deducted fromthe balance stored in the IC card, and this balance is
updated and stored in the IC card as a new balance, and the val ue of the

timer 32 is cleared. Incidentally, details of the comunication between the
first antenna control unit 8b and the %&hicl e-nounted device 20b are
carried out in accordance with the processi ng sequence showmn in Fig. 8.

[0076] A habedh AL et abieire, LRGN P kP e T e et I‘é?ﬂg%n system
of this enbodinent, by transmtting time spent in the expanded charging
area B t dfathefdlee kol Vaitidbm 1 devinge dett eyad omsls reess iuslaget & ggerifsortien
calculation of a road usage fee taking into consideration the tine spent in
the expantatmartesedB. via the sf eyt arftérmngpdssidlehd oveh Mel e-nicattedisage fee
that nore correctly reflects the road usage conditions. [0077]

I nci dent aldyicd mdhi s enbodi ment, the timer 32 and entry 45 flag have been
used together, but since it is possible to confirn1entry into the expanded

chargi ng area by oper the ti 32 it 0ssj bl e t n t . use the
entry fiag. Al iyk}eheccf a%eonp lsorbg%b oolfoptt}éed 2 ecnﬂcf%n (A€t %ct i ng
spent tine, but i nst ead of thls it is possible to clock spent time using
tinme dataz%rﬁ%iq’ﬁe‘fﬁﬁ R s gizpge fee corresponding to spent time via

the communication section 27, the above described 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 communication between the first
antenna control unit 8b and the vehicle-mounted device 20b are
carried out in accordance with the processing seguence shown
in Fig. 8.

[0076]

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 calculation of a road
usage fee taking into consideration the time spent in the
expanded area B. In this way, it is possible to give a road
usage fee that more correctly reflects the road usage
conditions.

[0077]

Incidentally, in this embodiment, the timer 32 and entry



acquired using the GPS receiver 24. [0078] Also in this enbodinent, road
usage fee is determned according to tine spent in the expanded chargi ng
area B, and so if a vehicle is parked in a car park inside the expanded
charging area B this spent time will be glocked by the tiner 32, and that
time will be wongly reflected in the r 8ad usage fee. Therefore, as shown
in Fig. 18, operation of the tine is suspended for the period of tinme the
vehi cl e i 513@rkave | Reemeusedr teapkner i R teS RS ekbahBcRCehP 4 nParea B. In
this case, for exanple, if an enquiry signal is received froman entrance
ant enna 4Conhsrml ¢rbrutinhe eherexpanded chergangparka @ bhecpomtbhgsection
26b of the vehicle- nounted device 20b suspends operation of the tinmer 32,

and whentkheconhér nBRi OO Ssgpessihde tdendactsé haheacsaryparkgng fee has
been received, is received froman exit antenna 41 installed at the exit of

the car park Gyiihe £ROtfohesessi Qs B6bn SL@bBelNgst i NBECB2on Byosuspendi ng

the tiner 32 for the period of tine the vehicle is parked in the car park C
inthis 46 . wa it is possible to stop the tipe.spent.in_the. car park
bei ng i nctttea: TcPRERE at Yo (At n RS ERmac hehbift T st &I BeS BHSET TS 1o
encrypt conmuni cation data containing the spent tinme that is exchanged
bet ween t RECGENFRERE bt cds Hedi BENe0debhdCeheairedt Bf @RYi¢’ta7, in order
to prevent inproper acts such as

acquired using the GPS receiver 24.

[0078]

Also in this embodiment, road usage fee is determined
according to time spent in the expanded charging area B, and
so 1f a vehicle 1is 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



fal sification and interception of information. [0079] [Fourth Enbodi nment]
Next, a fee collection systemof a fourth enbodi nent of the present
invention will be described. The fee collection systemof this enbodi nent
differs from the fee collection of the above described third enbodi nent for
determ ning road usage fee according t 04fi ne spent, in that road usage fee
is determ ned according to distance traveled in the expanded travel area B.
The fee c¥Yectt obs sBRIehrbe thi Stepbetr neliie wwpenbeln deker¢dedodek ow,
omtting description of points that are comon to the third enbodi nent and
f ocusi ng lomlyg oinpbades. of difference. [0080] As shown in Fig. 19, the
vehi cl e nounted device 20c of this enbodinment is provided with a travel

di stance cal cul@¢idéntaniy, (15 avel s disibedtgesel ot 88 1 ADsSa5Es9M 183§ or
calculating travel dlstance instead of the timer 32 of the vehicle 47

mount ed deyi £6,200.a, 4 he a{mﬁddgygog&q@ﬁmggetﬁ%ayoﬁé?t Shanesacal cul ating

unit 33 calc es trave di stancé usi ng or exanpl e, the

GPS receiver, 24 fitted in i c|l e-mount e evj ce, and speed
SRR S AL LRI B SRR e o 3%*(1%%@% B ROiths! i ¢ of

t hi s enbodi ment _
center device 17, in order to prevent improper acts such as

falsification and interception of information.
[0079]
[Fourth Embodiment]

Next, a fee collection system of a fourth embodiment of
the present invention will be described.

The fee collection system of this embodiment differs from
the fee collection of the above described third embodiment 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
described below, omitting description of points that are
common to the third embodiment and focusing only on points of
difference.

[0080]

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-



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 paranmeter. [0081] In Fig. 19 and Fig. 20, if the vehicle 1
enters the expanded charging area B the_control section 26c¢c of the

vehi cl e- nount ed devi ce 20c detects the éﬁtry into the expanded chargi ng area
B, and as well|l as setting the entry flag causes operation of the travel

di st ance BAIRFAtING e £080F | Hhe hikl ra§mbed BRNL di stnderdviek he expanded
charging area B is calculated by the travel distance calculating unit 33.
Next, whébhstdmcehaabinlptira Wit 2hteakdylathes comvel destanee 26singf t he
vehi cl e-nount ed device 20c transits travel distance calculated by the

travel dishesefatebeUf BshNOfei éxBdpl®, tiige RS £OLE EEEF OPY dEVEESD i
addition to vehicle information etc., via the conmmunication section 27. For

exanpl e, in.t : Sl i Bgreceiv fl
antgﬁna S&N%f@§%€§¥§g£%%l é%??%ﬁF%%Vi%gggi%yf%hegﬁ%ngg%%ég%%%%%ﬁ]é&iﬁu%he

operation_of the travel. distance calculating unit 33 is 48 stopped, and the
travel di5t&RcE &Y bfl?iib is read out and transmitted to the fee
col | ection device. [0082%, In the first antenna control unit 9 of the fee
collection deRdte®, &R Fhesttdatcrte exparrieditharef nghhs caPr@imrieh
entered is detected by the entry detection section 38, and

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.
[0081]

In Fig. 19 and Fig. 20, if the vehicle 1 enters the
expanded charging area B the control section 26c of the
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 calculating unit 33. 1In this
way, travel distance in the expanded charging area B is
calculated by the travel distance calculating unit 33. Next,
when the charging area A is entered, the control section 26c
of the vehicle-mounted device 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 communication section 27. For example, in the
event that a query signal is received from the first antenna 5
of the fee collection device 2 by the control section 26c, the

operation of the travel distance calculating unit 33 is



notified to the charge determ nation section 39. The charge deternination
unit 39 cal cul ates road usage fee according to travel distance relating to
t he expanded charging area B, wusing the first charge table 35 show ng
function relating to travel distance, and al so extracts road usage fee for
the charge area A according to the typé8of vehicle 1 fromthe second
charge table 36, adding the two fees together to calculate a road usage fee
for the vekPrpPedl. amwhetdet BFavAkddisbarcesagethet Fimehen readsenttandvia
the first antenna 5 to the vehicle-nounted device 20c. If the control

secti on 26ran$mitiecedehd ctee nbaat edl Heviten @€cicecei ves the road usage fee
according to travel distance via the communication section 27, the control
section 26gos@pducts the road usage fee fromthe bal ance stored in the IC
card, updates this balance and stores it in the IC card as a new bal ance,

and clears the%%f%? s Peaﬁ£éﬂﬁ£ gh 5t gogey f@'@“&ﬁt%HS HOLL-3B1ection

I ncidental |y, the comuni cation e ween the first antenna

control unit,and the unted deyice 20c are carried out i

accor danciet ¢ 7 4@het%%0€r6€%23 W Contired Shotrirs Fro Bee ToRes] s
descri bed above, according to the fee collection systemof this enbodi nent,
travel dlgﬁéﬂé%dlhst%%t@ngﬁdbﬂ thhaegthy deeacBior seansemti®d 2@dthe fee
collection device, and so it is made possible for the fee collection device
to notified to the charge determination section 39. The charge

determination unit 39 calculates road usage fee according to
travel distance relating to the expanded charging area B,
using the first charge table 35 showing function relating to
travel distance, and also extracts 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 distance
via the communication section 27, the control section 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



perform cal cul ati on of a road usage fee taking into consideration travel

di stance in the expanded charging area B. In this way, it is possible to
girve a road usage fee that nore correctly reflects the road usage
conditions. [0084] Incidentally, with this enbodi nent, the travel distance
calculating unit 33 and the entry flag 4fe used together, but it is also
possible to not use the entry flag, because by operating the travel

di st ance tBE RIAEEHYL BRI $€33°REe| 3howdskR bi&Jt 08r ecogni ze that the expanded
charging area B has been entered. Incidentally, in this enbodinment it is
al so possi®P@3to encrypt communication data containing the travel distance
that 1is exchanged between the vehicl e-nmounted device 20c and the center

device 17, in pgdesstpipe@Vvapdbve NPaOPErd oty stsuche aseefabsiééeabhon and
interception of information. [0085] [Fifth Enbodi nent] Next, a fee

col I ecti op, syst edt of n 8 f Lt Hqa eabedi mepstof égsﬁéﬂgepfﬁseﬁé %gg@g&é@n will be

descri bed.” The fee co??eptlon system of this enbodinent is chargi ng
aroa A SusheFRNPLFed, £ 10, FIRREELRurESTORY LEvI B 20l Youhen, 8. 1) xeo
constderal | Q" eMl By SIS 909 FR for SRl Bl By TLel S e Pl e oaving
t he and s s p e e

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.

[0084]

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
encrypt 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.

[0085]

[Fifth Embodiment]

Next, a fee collection system of a fifth embodiment of



char gi ng
char gi ng

area A alnost immediately after entering, when time spent in the

area Ais a predetermned period of tinme or less, points

corresponding to that tinme spent are refunded to the user. The fee
collection systemof this enbodinent w.ll be described below, omtting

description of points that

only on points of difference. [0086] As shown in Fig. 21, the vehicle
mount ed del¢ cerosgnbf invensienbodl hebe desprobeded with a wide area

conmuni cati on

are common P8 the third enbodi ment and focusing

unit 34 in addition to the structure of the vehicl e-nount ed
devi ce 20b of The f&érdoehbodiomnsystsmshdOwnhia émigodPRenthis forde area

communi cation unit 34 carries out comunication with external units, and is

for conneghingih® @r&gniesutii s lfneféeherikodFilardd, i ¥ £6n§ Sy aNe VP!

device of the fee <collection system for exanple. This w de area

communi cag i pn 0k t, 38 £an beediited toside {he veblgl e moynted device 20d,
ed by r

and can be u

portabl e
vehi cl e-

char gi ng

connecting a nobil e conhunicatton t
nection 51 termnals provided in the

Chergkes @heacbnifobtnteted opy 2BHsbake heoyelihen el gpuht@dtidevi ce

and the first antenna 5 and the second antenna 9 is

charging area A almost immediately after entering, when time
spent in the charging area A is a predetermined 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, omitting description of points that
are common to the third embodiment and focusing only on points
of difference.

[0086]

As shown in Fig. 21, the vehicle mounted device 20d of
this embodiment is provided with a wide area communication
unit 34 in addition to the structure of the vehicle-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

m na 2 such as a

el ephone b ans of co
e DO B EREn ] (EaRSs e "Cont EAM AR Sn BISER 18T |0l oFe 1

enters a charging area A and further a series of processes relating to

20d



conpl'eted, the control section 26d causes operation of the tiner 32 after a
val ue of the tinmer 32 has been reset. In this way, tinme spent in the
charging area Ais clocked. [0088] Next, if the vehicle 1 |eaves the
charging area A, the control section 26d of the vehicle-nmounted device 20d
detects this, and stops operation of tRé tiner 32. By then reading out the
clocked tinme of the tinmer 32 the time spent in the charging area Ais

acqui red, CaRHL ARl & Rpentded ndni Shasyeki @t edmowr tdd @AY EFe 2&@ornati on etc.
and transmtted to the center wunit 17 via the w de area comuni cation
section 3400&hte the center unit 17 receives this spent tinme associated
with the vehicle information, points corresponding to this spent tine are

determ ned basedl phga zefand pognt22abl £.a Heeleicboel exeaps ea othargeignd
point table is shown in Fig. 23. In Fig. 23, the horizontal axis represents

spent ti dath eft] X4 r d i i , the
ref und pgfE ﬁ?és] A‘t a%lléé Jif'lgbg@%rs% %%‘%@gsglﬁ%%écé&égés%%n?pﬁﬂieﬁ? s&?eé}géf%%ﬁé/or

equal to Tnmax, the refund ints are uced as the. spent tine. 5 becones
Canger . 1RCRfeen p5nd SLEBEBE B Er BE 60 RE AR YRk ERE hemi R el
i nverse proportional relationship is shown, but this in only one exanple
and this eX&npr@ tRenbirspraveterdi nednd Folc eXEPI@, 2antenRa pdskibl e to

divide the spent time into a nunber of stepped levels, and vary the refund
poi nts i ncamsiepwd sethanoent actosec hgon 02 edchalsvel opasation of the

timer 32 after a value of the timer 32 has been reset. 1In
this way, time spent in the charging area A is clocked.
[0088]

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 transmitted to the center
unit 17 via the wide area communication 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. 1In Fig.
23, the horizontal axis represents spent time and the vertical
axis represents 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



shown in Fig. 24. [0089] Returning to Fig. 21 and Fig 22, if the refund
points P1 corresponding to the spent tine Ti are obtained in the center
unit 17 based on the above described refund points, the center wunit 17
transmts the refund points to the vehigle-nnunted device 20d. If the
control section 26d of the vehicle-mountéd device 20d receives the refund

oints via the wide area ommuni cation sectigon 34, the refund ints are
B ored | roefitedt Ender fe oo At o e e re sl e @ ondy 1 of und

points stored in the storage device 25, refund points are updated and
stored byraf@R@AgPehetsehard poi hhsePierRERPOEHIORAL sTeiARiPRShAR S8ored
refund points. Then, in transfer of information with the first antenna
control ushow®, clautiedisuint belpextet eéremphe zedi ches leratpetis isheothar gi ng
area A, the control section 20d transmits the refund points stored in the

storage dgvégetdeminggt heromidiump I orimatiPrpsdiibias dhei el end nf or mati on
and the entry flag. In this way, in the first antenna control unit 9 a road

53 usage%§g§635%$eagg@ﬁgén%uﬁgéfeggog %ggggolgpglggfgﬁg pg%gt?%ededucted is

cal cul ate een descri ove, according e fee

col |l ection stemof this enbodi nent, for a charging area A  for ich a
[ixed feotsENQVPRENEE Hhest Frepbroerprgner sccofulfy 8%aen’ Pevel) 2

shown in Fig. 24.
[0089]

Returning to Fig. 21 and Fig 22, if the refund points Pl
corresponding to the spent time Tl are obtained 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 section 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 Pl received
this time to the stored refund points.

Then, in transfer of information with the first antenna
control 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



regardl ess of the road usage conditions, as with road pricing etc., since
points according to the tinme spent in the charging area A are refunded to
the owner of the vehicle, it is possible to give financial relief to users
who nmay have inadvertently entered the gharging area A by m stake. [0091]
Incidentally, in this enbodinent it is aPso possi ble to encrypt

communi cation carried out between the vehicle-nounted device 20d and the
center unt32d¥ I¢® Bibera® 2PPeventCT FpFRPRAIBE L 5O stld BRI PPiRvGEi on and
interception of information. Also, in order to prevent the inproper act of
t anper i ngdedudtethel vehi £telapeht ed device 20d to intentionally increase the
refund points, it is possible to enploy a nethod where the center unit 17
lists the[o@®nd points and vehicle information, and transmts this
information to all fee collection devices 2. By doing this, the fee

col l ection deyi Cg, §ahe &£CAINEZEIELNE e O 2 BOL r 418y ' €6 UPkle PRL AL S
transmtted fromthe vehicle-nounted device are valid. Incidentally,

transm ssj | nfo ion ikn_fhis Ny 4 arried y_neans of a
publ T Re BT hE TR B oot hor e R Eh Bt e ¢ B B o 1 2 cace
where the_vehicle 1 is parked ipn a car park that is inside the charging
area A, itOoF sWhbekid B1¥ed breventleneePatki HoetFHee vt ngP i %t akenl y

included in the
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 wvehicle, it is
possible to give financial relief to users who may have
inadvertently entered the charging area A by mistake?

[0091]

Incidentally, in this embodiment it is also possible 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 device 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 transmits this information to all fee
collection devices 2. By doing this, the fee collection
device can recognize whether or not the refund points
transmitted from the vehicle-mounted device are valid.

Incidentally, transmission of information in this case is



spent tinme by stopping operation of the timer 32. Further, wth this
enbodi nent, refund points corresponding to tinme spent in the charging area
Arare determned, but it is also possible, instead, to determ ne refund
poi nts according to travel distance in the charglng area A. In this case,
if the travel distance calculatlng uni ?433 (refer to Fig. 19) is provided
instead of the tinmer 32 in Fig. the control section 26c¢ cal cul ates

travel diGtEnad itk Y dparf mf e?f e%utpll%yles&;sqmgtltﬁ)érr&tqwfofnqwrmrave|

di stance calculating unit 33 at the sane timng as the timng for causing
operati onfaf exdmplerer 32 described above. [0093] [Qther Applied Exanpl es]
In the above, cases of applying the fee collection system of the present

i nventiongaezpad pricing have been described, but it is also possible to
apply the present invention to an ETC system For exanple, as shown in Fig.

25, in the casg f Sxpandig hSargddg,Head a rf‘sagé’atzgf@cﬁtiirﬂga told road)

A, entry into the expanded charglng area B (expande road) 55 s
detect ed usin e .GPS recei ver of the vehlgg moun nt ed d i ce 20, and an
entry 11 &P 13 T ER e RNt SR Por Dot RIS o S ag T
transmtted together wth vehlcle information. In this way, at the ETC

syst em siREEVANT | T HING oM RN T Mk Ha ke hey it giars! e £ h® has been

entered fromthe expanded charging area B, and so a road usage
spent time by stopping operation of the timer 32. Further,

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 distance calculating unit
33 at the same timing as the timing for causing operation of
the timer 32 described above.

[0093]

[Other Applied Examples]

In the above, cases of applying the fee collection 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)



fee i's calculated also taking into consideration a fee for the expanded
charging area B. [0094] Also, as shown in Fig. 26, in a case where there is
efitry fromcharging area A and the expanded charging area B is passed
through and left, the fact that the expgﬁded charging area B has been |left
is detected using the GPS receiver 24. this case the charging area Ais

| eft w thout passin throug# the exit tollgate, and so the fee remins
unpai d. 1¥° Q$%%F? eﬁ%ﬁn%i?u%t$%§,r??e}§ebo§§i%¢étQ% e ot ele HROuRERA usage
history for this time in the IC card, and then transmt the unpaid road
usage hi sde¥ice 2@ hean@dear odnlety i bhadels cret i ndinaltihdd a2 sehe adxitthet ol | gat e
the next tine. In this way, paynent is also made for a road usage fee
accor di ngetit tthel 1 goad, uslgeecondi fiag tditsrdnsmit@esotodastendvdfhthis type
of paynment nethod, it is possible to construct a system such that road

usage feeydisi @l ofatd £l 4 Yordebited HirOM=,Pra8- re@ $iter ad sthank aecqynt of a
user etc. In this case, in the event that the charging area Ais left

wi t hout p i jt.5 (o) rol i he
expanded ¢ ;gﬁ%ﬁ%g@ B%Qg?(gﬁ;idé%stg%aeé h%ﬂé‘?gérksa%?’?@h%é%i%ﬁ% k?‘:VSI'?fﬂrl%snritteol
by neans of th bove descri be i de area conmunication unit 34 (refer to
2 031y o THE b i U ST BEh U IGALeS | Tt SREE 1 he
center unit 17 calculates a road usage fee for this time and carries out an
aut omat i cfekebis eilehlastetarlgo taking into consideration a fee for the

expanded charging area B.
[0094]

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 expanded 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. 1In
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 system 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



froma bank account etc. [0095] Incidentally, with the above descri bed
first to fifth enbodinents, current position is detected using only the GPS
réceiver, but in addition to the information received fromthe GPS
receiver24, it is also possible to dete§§ current position using

i nformati on such as speed pul ses detect by a speed sensor fitted to the
vehicl e

Furt her | B B9eTSeohh Sy BT oF obf FEAPS pokPt PEREPF0808T S£41 88 2585 chown i

Fig. 27, when the vehicle 1 is traveling in a tunnel or the like, it is not
possi bl e ¥eadregagehintorvafPonthidntine opstsarerified Andnesen ¢f the
expanded charging area Bis tenporarily entered this can not be detected.
In this type abovasdescribedprefierabée tommunscatioanuantebha(d&fefotro
notifying the fact that the expanded charging area B has been entered to

the vehi ckeg. mpunted teyi een®r hGRLtthe, beundar ¥ysoknt igpexpasdede chargi ng 57
area B established at a position where communication wth the GPS satellite

is diffic thig.ti N e h I [ d
char gi ng g*%%sﬁ%yérgﬁgs%gﬁf?gh%%?g ?Zeﬁ%%%?g%%?%ngig?%@n%%?@% ?%ga?ﬁg

expanded %Q?gngﬂeagg E%i%iegl88tt£%n33%g%§gic[gggz of this charge

from a bank account etc.
{0095]

Incidentally, with the above described first to fifth
embodiments, current position is detected using only the GPS
receiver, but in addition to the information received 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.

[0096]

Also, as shown in Fig. 27, when the vehicle 1 is
traveling in a tunnel or the like, it i1s 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 vehicle-

mounted device 20, for the boundary of the expanded charging



Al so, 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
i§ preferable to also install the same antenna 45 at the entrance to a car
park that is in a position where com*rug'cation with the GPS satellite is
difficult. Inthis case, it is preferab to transmt information for

identifyin ich car rk has been entered to the vehicl e-nmounted device
o T oo tedch crarab) P g 88 FRras Tl Sl avhi B coamuySleht Fo orhis Hies

further inprove accuracy ofbposition detection by the GPS receiver 24. In
this casesPtsakepbsceblie dbtfreelve Aforthdd itomdatid e &VN rAhat @ ex

station, as showmn in Fig. 28. Also in this case, as shown in Fig. 29, an FM
mul tipl e plecelvey &8 ¢spdnddedechproimgearésns theaveheést &b hbsime@d device 20.
In the D-GPS system shown in Fig. 28, D-GPS position correction data

anal yzed hyehfief Dasei si alh OHrbStisnt fansthé t€tbat@e@nciM P1oqdeass stagion
52 via the center station 51 of the 58 FM broadcast station. At the FM

br oadcast atipn 52:.cLgceived D-GPS correction data is provided using FM
mul tipl exaf%r oadéc]%st}ng. D-GPS correction data transmitted by FM nul ti pl ex
br oadcast é@ Jéﬁcei ved by the FM nmul tiplex receiver 53 provided in the
vehi cl e- mbUh? devi ce 20, and correction of position information using

this D-GPS correction data is _ _
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.

[0098]

Further, it is possible to use a D-GPS system in order to
further improve accuracy of position detection by the GPS
receiver 24. 1In 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 vehicle-mounted device
20.

In the D-GPS system shown in Fig. 28, D-GPS position
correction data analyzed by the base station 50 is transmitted

to an FM broadcast station 52 wvia the center station 51 of the



carried out in the GPS receiver 24. In this way it is possible to further

i nprove the position detection accuracy. [0099] Also, the enbodi nents above
have been described with a contact type IC card as one exanple, but it is
al so possible to the use a non-contact hC card instead. 59 CLAIMS 1. A
vehi cl e-nounted device that is nounted in a vehicle, and transfers

informatign relating to charge w.th e cpollection device installed at
a toll gaﬁ\é Ry é%"h%? g?%%tja?réa, %tcotrﬁﬁ ?@’I gbgrioaéjpcsatsgcr &g for storing
map i nformation of an expanded, chargi ng, area nemdg establi shed outside the
char gi ng TeFeaVed Poalt i or T ot at fore abfuPsP 1199 skt POnt™ gl ahP ket ry
detection section for detecting entry into the expanded charging area based
on positilbbnoaad¢aspatdg on diid raed rewt itdre dqedsi thimmsmiftoravhtdyorfMacqui siti on
section and map information of the expanded charging area, wherein with
respect tguloOMpLEk Ciatdaicadt his heeteevedl becthoOnNFMdeyl €epl &Rt F¥ceiver
determ nation i nformation representing whether or not there has been entry

into the [ s LS } t . .2.odhe hj = ed
devi ce ofgﬁﬂ%?ﬁfg?g gégngg%ﬁégﬁ%$§e ¢§g§§€%d§%g%?%gzqge?%%rég%Pﬁg?ygéere has

been entrgflgégi%fgn information using this D-GPS correction data is

carried out in the GPS receiver 24. 1In this way it is
possible to further improve the position detection accuracy.
[0099]

Also, the embodiments above have been described with a
contact type IC card as one example, but it is also possible

to the use a non-contact IC card instead.



expanded charging area, wherein the entry flag is set in the event that
there is entry into the expanded charging area, and in comunication with a
charge comuni cation device the state of the entry flag is transmtted as
the entry determ nation 60 information,_ and after the transm ssion the
entry flag is reset. 3. The vehicle-nna%ted device of claim2, wherein, in
the event that a plurality of the exgg gﬁg charging areas are provided,
there are respective entry flags corr 8 ing to each of the expanded
charging areas, and the state of each entry flag and identification
information for each expanded charging area are transmtted to a
correspondi ng charge communication device. 4. The vehicl e-nounted devi ce of
any one of. cl & mdhioletmiuntd] addreres ntlaatt| osknsectednifor wdhookiag tinme
spent in the expanded charging area is provided, and the time spent is

transm tteed tordherd ee Lofderdt Don deyigeind tdhe Medtgé exonind egeglevi ce of
claim4, wherein the tine spent is encrypted and transmtted. 6. The

vehi cl e- i pfoclal i . eip, . f i f tinme
2 Vehi o S AT Tor R B S NS T O A
area, operation of the clock section is stopped. 7. The vehicl e-nmount ed

devi ce of “YMF O df claiml1l to claim 61

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 collection
device, entry determination information representing whether
or not there has been entry into the expanded charging area is

transmitted.

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



3, wherein a travel distance calcul ating section for measuring travel

di stance inside the expanded charging area is provided, and the travel
distance is transnmtted to the fee collection device. 8. A vehicle-nounted
device provided with a GPS receiver and_.,an FM nul ti pl ex receiver, wherein
position informati on acquired by the Gﬁ receiver is corrected using

correction__data of a GP sg%ell# e gcquired b tgﬁ Fhﬂgult%flex.receiver

9. Afee %BF?E%?Fb%nde@? e?tarta %%d FARE A3 g ng"ared- Yo a%e??orning
transfer of information relating to a charge to and from a vehi cl e-mount ed
device fi¥€88tto a vehicle passing through the charging area, conprising: 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, an entry

det er mi nagion sret veniEde-muhete@ntieyicdeber olaani 2 wnéoemf i On bAs been
received fromthe vehicle- nounted device, determ ning whether or not a

vehicle fi{LRe tMAEhat Beuyeht el 6o rOURL edidonics bRS-§LET LB, pXPanded
charging area based on the entry determnation inforfrati on, and a charge

d ' ion. [ f d 1 Ni h 2 be | evied based h
dot or mi nabFoRiPeeul Phe R FRetPPPRrELERF AT kY FAFSPACT CRCRNACERS Cocond

chargi ng i nformation. ,
each of the expanded charging areas, and the state of each

entry flag and identification information for each expanded
charging area are transmitted to a corresponding charge

communication 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 area, operation of

the clock section is stopped.

7. The vehicle-mounted device of any one of claim 1 to claim



10. The fee collection device of claim9, wherein the first charging
information includes a charge table having time spent in the expanded
charging area as a paraneter, and when the tinme spent in the expanded
charging area is received fromthe vehigle-munted device, the charge
determ nation section determnes a roag usage fee for the expanded chargi ng
area using ghe Ll e, spent pnd; Lhe, charge | abl &g 1o The, e, cpllection

devi ce of ¢l Aim 9 " wheref AT he'Fr7st” ¢ arging i Af or matPon" Thel tddst a %harge
tabl e having travel distance in the expanded charging area, as a paraneter,
and whent¥ %e%r%k%?aﬂ?%thﬁﬁéd?nt?%eeé&g%%%gdc%%59 PhgPBF@at? sPTPBEEFded

fromthe vehicl e-nounted device, the charge determ nation section determ nes
a road usage thke tvavehediskpapeets churgysnytbeeatasthg feée cohvertdprt ance
and the charge table. 12. The fee collection device of any one of claim?9
to clai mdddjickaving first charging information corresponding to respective
expanded charging areas, when a plurality of the expanded chargi ng areas
are provided, and wherein the entry determ nation section receives the
entry determnation 63 information that has been associated with

identification, informtion of each.expanded,chargjng fromthe vehicle-
ount ed doui oeb KAk ELhtaLle AED; SXPRAAPE SRRl PLRT, RE8 EECTLRPE) 450
entered based on the entry determ nation, information, and the charge

det er mi nat¥ oft!sBett bnl Gkt EFRFHEST @ Wherein position information

acquired by the GPS receiver is corrected using correction

data of a GPS satellite acquired 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, comprising:

a storage device for storing first charging information
relating to an expanded chérging 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



road usage fee for the expanded charging area using the first charging

i nformation corresponding to the expanded charging area the vehicle has

entered. 13. The fee collection device of any one of claim9 to claim 12,

having a refund points table with tinme gpgent in the charging area as a

paranmeter, when the charging area is an "area for which a constant fee is

| evied at_the tine.q% entr regar dl ess _of road usagg condi%i ns, -wherein,
STH° b

I
when ti me-Speht h]%a%% r%riln %r%%é%ﬁlgl%%téjno?eﬁ%' ]e%' 7% he J?/Je]f‘l?%l e-

nount ed devi ce, the charge, determ nation section determnes refund points
usi ng t heCh RSl R_RPeht L RAHRE tHeP raRdictRonSpormt sChea BB Ry BnbCFRRSECR ef und
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-nounted device that is nounted in a vehicle and exchanges

information. rehatfey ¢olbechocgedavibetbe EEeimod) ecliépnidevheerivkerein
t he vehi cl e-nmount ed devi ce conprises, 64 a map infornmation storage device

for storiag, Papnd N QF SRR OToR! 1 8y gX PRI, £HAT G4 DT A1 LR AEW YmESEabAE Shed
outside the charging area, a position informaiion acquisition section, and

an entry detegtiqg se éionhfor.getggéing entr% éntoethe $x anded¢charging
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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 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 travel distance and the

charge table.

12. The fee collection device of any one of claim 9 to claim
11, having first charging information corresponding to
respective expanded charging areas, when a plurality of the
expanded charging areas are provided, and wherein the entry

determination section receives the entry determination



i nformati on of the expanded charging area, with entry deternination
information representi ng whether or not the expanded chargi ng area has been
ehtered being transmtted when the fee collection device is approached, and
wherein the fee collection device conpr%ses a storage device for storing
first charging information relating to the expanded chargi ng area, and

second chargin jnformation relating to the charging area, an. entry
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determnation result, and the first charging information and the second
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of claim 14 or claim 15,

charging information 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 charging area is an
area for which a constant fee is levied at the time of entry
regardless of road usage conditions, 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 exchanges information
relating to a charge with the fee collection device, wherein

the vehicle-mounted device comprises,



wheréin, in a case where the position information acquisition sectionis a
GPS receiver, in the expanded charging area that 1is an area in which it is
dffficult for the vehicle-nounted GPS receiver to receive position
information froma GPS satellite, a wireless antenna for transmtting
position data to the vehicle-nmounted dégice I's install ed.

a map information storage device for storing map
information of the 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,

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 result, and the first

charging information and the second charging information.
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15. The fee collection system of claim 14, provided with a
fitted determination section for determining whether 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 vehicle-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 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.





