1 DESCRI PTI ON FEE COLLECTI ON SYSTEM Techni cal Field [0001] The present
I nvention 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 f‘” area subject to a charge.
Background Art [0002]

DESCRIPTION

FEE COLLECTION SYSTEM

Technical Field
[0001]
The present invention relates to a fee collection system,
and particularly relates to a fee collection system for
collecting a predetermined fee from the owner of a vehicle

that has entered a toll road or an area subject to a charge.

Background Art
[0002]

In recent years, so-called road pricing has been
implemented, where areas that are subject to charging are
provided in urban areas, as measures for tackling problems
such as traffic jams and air pollution caused by too many
vehicles driving into the center of large 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
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fitted wwth a vehicl e-nmounted device. If a vehicle passes the gantries and
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Appl i cat i g1 Fubl § Sat | B Noe 5 2003-18236480 3L 95 3 €6@F &) - examp1e N SO, as the

above described chargi ng nethod, for exanple, a nethod of deducting a fixed
sum from a bal ance of repaid card inserted into the vehicle-nounted
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| card, or a method of automatically deducting a fixed sum from
a users bank account that has be pre-registered, have been
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[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



Pat ent Docunent 1: Japanese Unexam ned Patent Application, Publication
No. 2003-323648 (Fig. 11) Disclosure of Invention [0004] However, in the
above described fee collection system 3 related to road pricing, and the
ETC system there may be demands to expapd a current charging area, and it
IS necessary to newy install gantries and toll gates etc. at the entrances
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provi ded at a boundary between an expanded chargi ng area and a current

char gi ng @¢eaNds| R IPRI@ 3 sChbredhgehabminatarfeay dafubtiisiBeaPsIALY

necessary to consider effective utilization of these current facilities.

[ 0005] to newly install gantries and toll gates etc. at the entrances
and exits to the expanded charging area. Building these
installations will require enormous expense. Further, with
respect to existing facilities provided at a boundary between
an expanded charging area and a current charging area, since
there is no longer any utility value it is also necessary to
consider effective utilization of these current facilities.
[0005]

An object of the present invention is to provide a fee
collection system that can expand a charging area at low cost,
while effectively using current facilities.

[0006]

A first aspect of the present invention is directed to a
vehicle-mounted device that is mounted in a vehicle, and
transfers information relating to a charge between a fee
collection device installed at a toll gate of a charging area,
comprising a storage device for storing map 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



An object of the present invention is to provide a fee collection system
that can expand a charging area at | ow cost, while effectively using current
facilities. [0006] A first aspect of the present invention is directed
to a vehicle-nounted device that is nnuq}ed in a vehicle, and transfers
information relating to a charge between a fee collection device installed

t toll t f_a.ch ' i si t devi f tori
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charging area, a position information acquisition section, and an entry

det ect i ondReREPHRAE 6PN dbRERITAGI @At FSPTAER N HRI W pahded ehalgf ngh@Fea based
on position information acquired by the position information acquisition
secti on anas nagennéot mat ioho othe hexpapdadedhehaigingraazeas whenghntwedh
respect to 4 conmunication between the fee collection devices, entry
determ natfpon7i nformation representing whether or not there has been entry
into the expanded charging area is transmtted. [0007] According to

the above- descyibery{15StoasReclnotbeabact h0at s aps expaded chac of gge ar ea

has been entered is detect ased on positron rnformation fromthe position
information acquisitio ection.,and map infornmation _stored in st orage

uni t. Tn ERFS MRySPATHRG CASEOAGr &r el chAT g REn arBECHES beerebxphnded, in
ot her words, even when an expanded charging area is newy established, it is
possi bl e Pase@| pALPYS deiert l@fw@%m@w@xga%eah%hﬁ@g%hg@@r tafpeBabeeh ent er ed
wi thout installing new facilities at the entrances to the expanded area.

Al so, w thcgespetiohoséerionl drdtmap deforestiostatbeddi inthesthrageng ar ea,
since entry determ nation information indicating whether or not the expanded

area has bgen. entrer@d 4 svdy ansmdiedast Galdactd dhLhange dfedaisy mMawd al so
taking into account road usage fee for the expanded charging area.

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



As the above described position information acquisition section, a GPS
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[ 0008] extermal | CHMRY R Mo uk %@H%%@?g%t%f t he above described first aspect

can al so be constructed having an entry flag indicating whether or not it
has enterEfihto the expanded charging area, where the entry flag is set in
the event that there is entry into the expanded charging area, and in
conmmuni cat i on Ti¢ hveh thbe groenhednieni fonctieviieceshovdhedssar Boed fhestentry
flag is transmtted as the entry determ nation information, and after the

transm ssi9pethecentdysd 6@ ¢Snsepetted O0PIIng an eM¥i{ fhi§ 1yPecoHfing
structure, by transmtting the entry flag state as entry determ nation
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[0010] where the entry flag is set in the event that there is entry

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]



It is also possible for the vehicl e-nounted device of the above descri bed

first aspect to have a structure whereby, in the event that a plurality of

t.he expanded chargi ng areas are provided, there are respective entry flags

correspondi ng to each of the expanded charging areas, and the state of each

entry flag and identification information for each expanded chargi ng area

are transmtted. to correspondi ng charge conmuni cation. device. [0011] 6
RS 1 5

Wth this type Ju%tr(PF%, By TrarshY ngyt%rearé?{?ﬁ/tjfrf%gt%? AT BE entry

determnation information in correspondence with each expanded chargi ng
area, it i2Po¥iHt 27 PN Ehe FRECEBI IR PBN HeRA BRI Fasily specify the
expanded charging area a vehicle has entered. In this way, it is possible to
easi |y determespordencel whsHyecdee ¢xpandexpaadeihgharegngifarea a vehicle
has entered. [0012] It is also possible for the vehicle-nounted device
of the ahgyesdessrfdediid rsde asPeELdct Domadey fcsd rust el €i Whesse @ £ Ogke
section for clocking tine spent in the expanded charging area is provided,
and the tdm spentchSrdfAnsimdd ed $on1bte fiees cold &e4d 0N HeviHaes wal0013]

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.



Wth this type of structure, since tine spent in the expanded chargi ng area
is transmtted to the fee collection devices, it is possible for the fee
col l ection devices to deternm ne a road usage fee taking account of tine
spent in the expanded charging area. In4his way, it is possible to give a
road usage fee that nore correctly reflects the road usage conditions.

[ 0014] 00 gf is also possible for the vehicl e-nounted device of the
above- des rl%ed first aspect to have a structure where the spent tine is

transmtted in encrypted form_ 7 [0015 ., _With this type of, structure,
since the spemltﬂ? r%%i% W%%s%t?%ﬁ[f?%u%%’e FECL IR IR N deWieesSin an
encrypted form it is possible to frevent fraudul ent acts such as

fal sificatiommidshtler cept i o9e ofo+ e orher i drvices tHr samesicF¥PEad possi bl e

for the fee collection devices to determ ne a road usage fee based on
accurate Spent it nes gd¥HB}le to prevent fraudulent acts such as

falsification and interception of information. In this way,
it is possible for the fee collection devices to determine a
road usage fee based on accurate spent time.

[0016]

It is also possible for the vehicle-mounted 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



It is also possible for the vehicl e-nounted device of the above-descri bed
first aspect to have a structure where for a period of tinme for which a
vehicle is parked in a car park provided inside the expanded charging area,
operation of the clock section is stoppgp. [ 0017] Wth this type of
structure, it is possible to prevent the period of time for which a vehicle
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becomes possible to accurately clock the actual tinme spent in the expanded
char gi ng &5 0018] It is also possible for the vehicle-nounted
devi ce of the above-described first aspect to have a structure where a
travel did@ntke cal cul ating section for neasuring travel distance inside the
expanded charging area is provided, and 8 the travel distance is
transmtted togtdre fiees cojpLcdf o flevi €S, since travel distance 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 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.



[ 0019] Wth this type of structure, since travel distance in the
expanded charging area is transmtted to the fee collection devices, it is
possi ble for the fee collection devices to determ ne a road usage fee taking
account of travel distance in the expanq§d charging area. In this way, it is
possible to give a road usage fee that nore correctly reflects the road
usage con?@ﬁ%ggs. [ 0020] A second aspect of the present invention is
directed ehi cl e- mount ed devi ce provided with a GPS receiver and an FM
mul ti pl ex receiver, wherein position information acquired by the GPS
receiver is cofrieRted PRGt cof rektiPRetRRrE BRVaNEPE sht efifeet el gt rad by
the FM nmul tiplex receiver. [0021] According to the second aspect,
correcti ofedatal Iert porGREvate) | #reangadsii t & echdygHM nait¢a pl Bxr br oadcast
for exanple D-GPS correction data, is received, and the position information

acqui red pyrtben{dP t£ses¥VeF b8 CLOFoLBieloniSiaUat hhg €614 ethd Bdle diad aandavhi ch
means that it is possible to inprove position detection accuracy. Also, by
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possible to recelve correction data wth a sinpler structure. 9 %022]
through the charging area, comprising a storage device for
storing first charging information relating to an expanded
charging area newly established outside the charging area, and
second charging information relating to the charging area, a
entry determination section for, when entry determination
information has been received from the vehicle-mounted device,
determining whether or not a vehicle fitted with the vehicle-
mounted device has entered the expanded charging area based on
the entry determination information, and a charge
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



A third aspect of the present invention is directed to a fee collection
device, arranged in a charging area, for performng transfer of information
relating to a charge to and froma vehicl e-nounted device fitted to a
vehi cl e passi ng through the charging arfﬁ, conprising a storage device for
storing first charging information relating to an expanded chargi ng area

new y established outside the charging, area, d seco ch ing information
rel ating ¥4 e chdtgt i Sreats d‘%%ﬁ‘?‘% det er?‘?ﬁaﬂ%tji%t%g]ct gﬁlegef or, when entry

determ nation informati on has been received fromthe vehic|e-nmounted device,
det er mi ni¢RL Mty FVieR Vel exFinded shargite 4%33 clle-Wunt ed devi ce
has entered the expanded chargi ng area based on the entry determ nation
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charge based on the determination result, and the first charging information

and the secoditeshosgd e é N Ordlt+ Proud HBBlconst ruderen didg 40 dsheaedpaye

described third aspect, whether or not a vehicle enters an expanded chargi ng

area is ! the vehicle enters the expanded charging area a
KSR Chat

road usage ed charging area and a road usage fee for the
char gi ng @f%§ are collected together. In this way, it is possible to carry
out fee colf%tkion for both an expanded charging area and a chargi ng area
with a single device. As a 10 result, since there is no need to newy

install a fee B2 i onl el en fdRVvite @ikpdmlcabetards ser ek thigd

possible to reduce installation cost, and accordingly it becones possible to
carry outenteyd odrst rast | Dsd diawn e xpanded: ohartgs iy et af east | gha f il ]
The fee collection device of the above described third enbodi nent can al so

have a stipedrfier Wherenhdheddd rstoicdhegditgh 1 hfipiydtd oniddcdpdes & chag ge
tabl e having tine spent in the expanded charging area as a paraneter, and
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usage fee, [of, d NG SARANGChSTEL % "9 & O3 USLO& I8 10T SRS pdnsi Lhe charge
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



[ 0025] Wth this type of structure, in the road usage fee cal cul ation
process, tinme spent in the expanded charging area is taken into

consi deration, which neans that it is possible to give a road usage fee that
nore accurately reflects road usage cong'tions. [ 0026] The fee
col l ection device of the above described-third enbodi nent can al so have a
structure where the first charging information includes, a charge table
havi ng t r&vetarfest ¥hcd ¢ re¥prn PRI EPArJT 7Y bF e R e Pat ot Ere and
when the travel 11 distance in the expanded charging area is received from
t he vehi cvehholetreuniesd cdevide, chiae gehaeyerd¢parnonaseen i 9CHEPRr i nes a
road usage fee for the expanded charging area using the travel distance and
t he chargéet@hhined W27dad usage fee for the expanded charging area

using the travel distance and the charge table.
[0027]

With this type of structure, in the road usage fee
calculation process, travel distance in the expanded charging
area is taken into consideration, which means that it is
possible to give a road usage fee that more 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.



Wth this type of structure, in the road usage fee cal cul ati on process,
travel distance in the expanded charging area is taken into consideration,
whi ch neans that it is possible to give a road usage fee that nore
accurately reflects road usage conditiogg. [ 0028] It is also possible
for the fee collection device of the above described third aspect to have a
structure d&ééhizhe first charging information corresponding to respective
expanded g ng areas, in the case where a plurality of the expanded
charging areas are provided, wherein the entry determ nation section

recei ves the dhttly dHeterhyprtPbnSt St R ofn tHhe feeNberttas’oci ated with
identification informati on of each expanded charging area fromthe

vehi cl e- moumt & e vo £ eexpamdespechd resng herexpandedo cdrardedg fresat t he vehicl e
has entered based on the entry determ nation information, and the charge

det er m nadh Oy S0t 0fo Rt €1 $h NES Ped Dtk HSATEN f @Sr f@Spdite exPanthell €da gi ng
area using the first charging information corresponding to the expanded

chargi ng ézrlﬁ%ug{@ a/ﬁﬂ?qrg%h@éeg tergdss 12 i%%g%s ible VLD this, type of

n
structure, e even at a plurality of charging areas are
provi ded, firs harging inforpation is registered in correspondence with
each expa%te%l]tc?fgr%‘%gs%?%%ﬂga %rs%"?’fyi%ng?ﬂ% §DHILNIITI r3FBUt detailed fee
setting for every expanded charging area. Further, even if a vehicle enters
a plural ifyrdieexprireied Ehargehiche caters a Phosalble ¢ob ewvaydedt fee
collection in one go.

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



[ 0030] It is also possible, when the charging area is an area for
which a constant fee is levied at the tinme of entry regardl ess of road usage
conditions, for the fee collection device of the above described third
aspect to have a refund points table MALQ time spent in the charging area as
a paraneter, wherein, when tinme spent in“the charging area has been received
fromthe %%5%5 e-nnuq%gd devi ce, the charge determ nation section determ nes

refund poi ity tife PHRF Perfthante Gredifctt DPPOTREE t4hIE Vand t hese
reduction points are allocated to the owner of the vehicle. [0031]

Li ke roadigranging eteliefvien usRrsHErQinay drasee i nagventeanflyr sficctech fi xed
fee is levied at the tine of entry regardl ess of the road usage conditions,
by havi ng:lpoigttsraicopradiearwy by niwetdkee spent in the chargi ng area cause a

13 refund for the owner of the vehicle, it i's possible to give financial
relief togmsgers who may have inadvertently entered the charging area by

m st ake. &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 vehicle-mounted device,
mounted in a vehicle and performing transfer of information
relating to a charge to and from the fee collection device,
the vehicle-mounted device comprising a storage section for
storing map information of an expanded charging area newly set
outside the charging area, a position information acquisition
section, and an entry determination section for detecting
entry into the expanded charging area based on position
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-



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 relating to a charge to and fromthe fee collection devi ce,
the vehicl e-nounted device conprising alétorage section for storing map
informati on of an expanded charging area newly set outside the charging
area, a pecinfod d?l‘fb@ﬁaltl@%ne@%@]m‘gl’@Iil%ne%lé@tl‘ﬂ%‘n chaldhnd epf ¢y HesednPmati on
section for detecting entry into the expanded chargi ng area based on
posi ti on tin¢ cematyodebeguinadiby thEoposiionn andoanabhaogeacqui sition
section and the map information of the expanded chargi ng area, wherein, when

the fee cotteehinatdeNi sectsoAPpspaghedrment hy detrapy8atbopei DEPigati on
i ndi cati ng whether or not the expanded charging area was entered is

Lransm ttsdsoandy tBo 68 £0hL RELLON flevhpe, COMRY RESt 2x SLOLAPaARYI ce Tor
storing FTYst ¢ arglng |n ornat ron relating e expan % ng area
and second harg % 8 gﬁtlon rel atlng to the_char ﬁ ar ea, an entry

det ermi ni higt S bR f3RY WREnSER_NENnE P Ferer M AT l? formation has been
received fromthe vehicl e-nounted device, determ ning whether or not a
vehicle f{292dlwith the vehicle- 14 nounted device has entered the expanded
chargi ng area based on the entry determ nation information, and a charge
determ nati on Becvronnforodeher abovagdaschabge foubehl eypedt pasked bacthe
determ nation result, and the first charging informati on and the second

chargi ng tﬁé@rgﬁtéﬂﬁan&993§$ar ing AEOTHEBIpEENt BRrabON et degstbbeddfourth
aspect, the fact that an expanded chargi ng area has been entered is detected

based on B%§é&'89 ¢8£9£ ££8%%£Q§ PP@%&%@% %ﬁ%?EE?ﬁ ?ﬁf@%ﬂgt§b£'°”

section an orma onsore Inas way, n the

case where a charglng area has een expanded, .in ot her wprds, even when an
expanded ¥RALYPHHIAR eACFELRRWRY e@?%b+$§ Epatien stopedi bedt BEPERPEDI y
detect that the expanded charging area has been entered without installing
new faci | #Ries &in ttHE eitaandes the tdasexgmited aherging arqrurhigrerbedn s
possible to carry out fee collection for both an expanded chargi ng area and
a char gi ngxpaededsi hy atsénghverfiep evthegcheéovnadeskpendest ahheding shea
charging area. In this way, since there is no need to newy install a fee

col l ecti onsdgwi;c@ £otabhespx@andedi shasgsnglares. rélihs1 pogstbte tRafeduce
installation costs. As a resul t, new construction for expanded char gi ng

ar eas, [5@% 4§£ﬁ>¥\9&98 8%99@?58%9@ Clh@%%é.'gnl% %re&%?ﬁoﬁ@r;hgga%%o%

easi ly. 'S pOSSi for eeé co I on systemo

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



15 describe fourth aspect to have a fitted determ nation section for
determ ni ng whether or not the vehicle-nounted device has a position

i nformation acquisition section, and for the charge determ nation section to
cause different charges to be levied de?ending on whet her the

vehi cl e- mount ed devi ce has, or does notlhave, a GPS functi on. [ 0035]

In the vehicle-nmounted device, it is detected whether or not an expanded
char gi ng dasr ks usrtlemsrest beadtb o Hosi ek defForEa biPacRFren by t he
position information acquisition section. Accordingly, a vehicle-nmunted
devi ce t hair idetrextminirnediivéttiern @ogidt orhe nfarnal ¢-omacpd sideviore sert | on
can no | onger detect whether or not an expanded chargi ng area has been

entered. dhegeftorsh W Adr e tviedh G @quDeit Bsh devd€for hain& afb Hedrectciedtdgey into
an expanded charging area, road usage fees for both the expanded chargi ng

area a”decH%ﬁﬁ‘fHﬂi% aédegc\f;tlj?c!r? L1lad.d O@lefﬂﬁenmﬂaﬁr@& the 0l hety hand

wth av e-nount ed ce that can not ect entry 1 nto an expanded

har gi r oad fee is only billed f har gi . In_thi
Cype of SITRRRIGH Hy HAKIHG o Foatr tags Teu 1ol ACVHHR e motint 46F Hevi ce

that is provided with a position information acquisition section, and a road
usage fe&dtorhavere GRS nburtteP™Mevi ce that is not provided with a position
information acquisition section, different, it is possible to balance the

charges | 300 Al so, by setting a 16 road usage fee for a vehicl e-nounted
device that is not provided with a position information acquisition section

higher, it is possidlfl-REomieddeidercdf Meh &l gsimuded,emicesot hat

are fitted with a position information acquisition section.
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



[ 0036] It is also possible for the fee collection system of the above
descri bed 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

vehi cl e-nounted GPS receiver to receivelﬁosition information froma GPS
satellite, a wreless antenna for transmtting position data to the

vehi cl e- Al etPaisi k&€ i 5o st el e opgjed devigq tthahiss t3fe of
structure, in an area where it is difficult for a vehicle-nmunted GPS

recei ver provisbsl wel data oot HorGPS Batned t i ae acqu ¥l esen astehien f or
transmtting position data is installed, which neans that it is possible to

reliably wejleet, tihati arpexpanded €har@idige: atea vs deereleit Bs-atbunted
I ncidental ly, the respective structures descri bed above can be conbi ned

where posgl Pl &s [{U038lare £itAGEUM NG LI NG PH eSLAErhdWESY | On, the effect

is achieved of being able to expand a charging area at | ow cost, 17

acquisition section.
[0036]

It is also possible for the fee collection system of the
above described fourth aspect to have a structure wherein, for
a case where the position information 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,



while effectively using current facilities. Brief Description of Draw ngs

[ 0039] FIG 1 is a drawing show ng the overall structure of a charging
systemof a first enbodi nent of the present invention. FIG 2is a

bl ock di agram showi ng the schematic str gture of a fee collection device of

a first enbodi nrent of the present invention. Fig. 3 is a dramng of an
entry lane to a chargjng area, |ooking fromthe road shoul der. Fig. 4
is a dr awPl ol $igtorel exaihre ofTReRki hysttarH#edut underneath the vehicle
detection unit shown in Fig. 3. Fig. 5is a drawi ng show ng the

appear ance of the markings shown in Fig. 4 when a vehicle passes over.

Brief Description of Drawings
[0039]

FIG. 1 is a drawing showing the overall structure of a
charging system of a first embodiment of the present
invention.

FIG. 2 is a block diagram showing the schematic structure
of a fee collection device of a first 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, 6 is a block diagram showi ng the schematic structure of a

vehi cl e-nount ed device of the first enbodi nent of the present invention.
FIG 7 is a drawing for sinply describing the operation content of the
vehi cl e-mount ed devi ce of the first enbodi nent of the present invention.
Fig. 8 is a drawi ng showing a processin§fsequence for communication carried
out between a vehicle-nmpunted device and a first antenna control unit, in
the firstPrafssdi menteildhe 18 present invention. FIG 9 is a block
di agram showi ng the schematic structure of a first antenna control unit of
the first enbdliGer iof & HelgrlesbHmgriawvesitavomg the sdEigpatlir istmadnaw ng
showi ng a processi ng sequence for comruni cation carried out between a

vehi cl e- rund et ey i e etith aadritddl antiennse oo riolr didmbddliidiee fdff sthe

enbodi ment of the present invention.
present invention.

Fig. 10 is a drawing showing a processing sequence for
communication carried out between a vehicle-mounted device and
a first antenna control unit, in the first embodiment of the
present invention.

Fig. 11 is a drawing for describing an entry flag.

Fig. 12 is a drawing for describing handling of a
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.



Fig. 11 is a drawing for describing an entry fl ag. Fig. 12 is a
drawi ng for describing handling of a vehicle-nounted device that is not
fitted with a GPS receiver and a vehicle-nmounted device that is fitted with

a GPS receiver. FIG 13 is a drawing for sinply describing the
operation content of a vehicle-nobunted #d8vice of a second enbodi nent of the
present invention. FIG 14 is a block diagramshow ng the schematic
structure of tHE vehi cle-amolmtveichglef © es Tfip t hedsscori rejrbdus neperafidrhe
present invention. FIG 15 is a block diagram showi ng the schematic
struct ur e@ftent i sSttentwitic kontd it edi dewfcd hef seoonth e oshisRMinait t he
present invention. FIG 16 is a bl ock diagram show ng the schematic

struct Ur%f)ftlkge V;?flé&ér@c npunt ed; device of a third enmbodi nent of the present

i nventi on.

Fig. 18 is a drawing for describing handling of a case
where a vehicle is parked in a car park that is inside an
expanded charging area, in the fee collection 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.



FIG 17 is a drawing for sinply describing the operation content of the
vehi cl e-nount ed device of the third enbodi nent of the present invention.
Ftg. 18 is a drawing for describing handling of a case where a vehicle is
parked in a car park that is inside an expanded charging area, in the fee
collection systemof the third enbodi neAf of the present invention.

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

vehi cl e- nount €t flevd Celdfa LFNFrh b otEFentPBtg tiHee pker efl 1 oeeke? on.
FIG 20 is a drawing for sinply describing the operation content of the
vehi cl e- nysitesd aeviloe pfesdret f Duremt eoodienempofitdhet pras et i aysttn on.
FIG 21 is a block diagramshowi ng the schematic structure of a

vehi cl e- mount exli gleviTei 9fa adfdh ity erpodiepntiwing he mesesedtof nvepliiving
FIG 22 is a drawing for sinply describing the operation content of the

vehi cl e- %%Qeﬂﬁﬁgﬁti Jhd hi@@&%&‘?gﬁ%giaﬁﬂ? pEE£sentpg nvention.

Fig. 23 is atimng c show ng one exanp refund points table.

Filg. 24 158 11 000G, chard; shoyi ng Anglhercsyapl & of & refund points tabl e.

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



Fig.- 25 is a drawing for describing the fee collection system of the present

i nvention when applied to an ETC system 20 Fig. 26 is a drawing for
describing the fee collection systemof the present invention when applied
to an ETC system Fig. 27 is a dragwing for describing a nmethod of
acquiring position information when it i'S not possible for a GPS receiver to
receive déa.;_a froma .GPS .satell itt.e. Fig. 28 is a drawi ng show ng the
schemat i ¢ st r FHUEIGF LD &S sﬂpﬁ emin the case of transmtting D GPS
correction data using FM nultiplex broadcast. Fig. 29 is a block

di agr am sPOw A§ 197 S ARSFREICT 1585t of a vehicl e-mount ed device in the
case of receiving D-GPS correction data using FM nmul ti pl ex broadcast.
Expl anat i ®h: ofl (Refagrcdenigd Sifgas

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



[0040] 1: vehicle 2: fee collection device 5: first antenna 8. second
antenna 9, 9a: first antenna control unit 12: second antenna control unit
17: center unit

22
invention will be described in the following with reference to
the drawings.
[First Embodiment]

Fig. 1 is an overall structural drawing of the fee
collection system of this embodiment.

As shown in Fig. 1, fee collection devices (not shown)
for collecting a road usage fee from a vehicle 1 that has
entered a charging area A are provided on all roads 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.



20, 20a, 20b, 20c, 20d: vehicle-nmunted device 24: receiver 25, 25a: storage
devi ce 26, 26a, 26b, 26c, 26d: control section 21 27: comrunication section
30: ICcard insertion section 31: IC card interface

23

The fee collection device 2 also comprises a unified control
unit 13 an environment control unit 14 connected to the
unified control unit 13, and a communication control unit 15
connected to the unified control unit 13. The above described
first antenna control unit 9, camera contrcl unit 10, vehicle
detection control unit 11, second antenna control unit 12 and
unified control unit 13 are connected together by means of a
bus 16, to give a state where exchange of information is made
possible. The communication control unit 15 performs
communication between the fee 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



A. charging area B, Bl, B2: expanded charging area C. car park 37: storage
device 32: timer 33: travel distance calculation unit 34: w de area
comuni cation unit 35, 35a, 35b: first charge table

24

this is so that a vehicle-mounted device receives a road usage
fee via the first antenna 5, this road usage fee is reflected
to an IC card, and a processing time until the result is
notified to the second antenna 8 is ensured. Incidentally,
information that is transferred between the first antenna 5,
the second antenna 8 and the vehicle-mounted device will be
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



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 52: FM broadcast station

25
of the vehicle 1 is detected.
[0045]

Also, as shown in Fig. 1, a newly established expanded
charging area B is established outside the charging area A.
For example, when there is a demand to expand the originally
existing charging area A, this expanded charging area B is a
subsequently established area. This expanded area B can be
provided surrounding the charging area A, provided so that
part of the 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



53: FMnul tiplex receiver Best Mdde for Carrying Qut the Invention [0041]

22 invention will be described in the followng wth reference to the
drawi ngs. [First Enbodi nment] Fig. 1 is an overall structural draw ng
of the fee collection systemof this errB%di ment .

to position information from a GPS satellite, a storage device
(storage section) 25 for storing various information, a
control section (entry detection section) 26, a communication
section 27 for carrying out communication with the first
antenna 5 and the second antenna 8 of the fee collection
device 2 etc., a display section 28, a notification section 29
such as 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



As shown in Fig. 1, fee collection devices (not shown) for collecting a road
usage fee froma vehicle 1 that has entered a charging area A are provided
on all roads passing across boundari es between charging areas A which are
areas subjected to road pricing. These fee collection devices are provided
in correspondence with respective entry2lfanes that a vehicle 1 enters in a
charging area A, and transfer information for collecting a road usage fee to
and fromam$iice ee houht eck Hepdees fotardexoevehsef Bscpanstihy paemnit
correspondi ng entry | ane. [0042] Fig. 2 is a block diagram show ng the
schemat i ccatrfiwei i€l ©f, tdreed eEf cohd estpEly de¥i sewe At showrhée nvéhfcle, a fee
collection device 2 conprises a first antenna 5, a canera 6, a vehicle

det ecti on, f Juﬁ;mﬂ{ & pecond,ang epna \g; P Ther 8@ cQd 6Gy AhdULe ded urt her

conprlses a I rst enna control unit connected to the first "antenna 5, a

I 0 d h 6 d
Control UM TEaI EGHHERL RaLT o LREST oht of S QR RReF Brati ot 725 andh & eco

a Second
antenna control unit 12 connected to the second antenna 8. 23 The fee
coIIectldﬁaHéQ?%el@f%F%%t%%%p??%%sl% %%¢$$%ﬂr%oﬁ@¥o?h%n¢@aﬁ%l%% envi r onnent
control unit 14 connected to the unified control unit 13, and a
connunicapt@mes@nttmatumill156c©@ﬁ@nih@dtbat®e,uh$fhebdcbmtt@¢ sihotads. The
above described first antenna control unit 9, canera control unit 10,

vehi cl e detectd ops conticwl asintdr ldwnseconto B €N0R, CoShIOle UMhtodma 86
uni fied control unit 13 are connected together by neans of a bus 16, to give

a state un|t @M(Za?%éz o(gfl%mgfélﬂqu)%ng@ggnpo ﬁ'?ﬁ }(I:Tffe omruni cati on

cont rol s communi catl on tween t tion device 2

and a Centeélcg 1n&7wﬁg¥ﬁgklgrago Eregggnged 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



[ 0043] In the fee collection device 2 having the above descri bed
structure, the first antenna 5, canera 6, vehicle detection unit 7 and
second antenna 8 are attached to a double columm type support pillar
arranged across a travel road on a bounggry of a charging section AL Fig. 3
is adramng of a traffic |ane |ooking omthe side. The first antenna 5
and the second antenna 8 are arranged sq that_it is easy to receive signals
froma vefiRRIEGRUNMed FeviEERE 1 P fittte WO 1328319y FiRRys the
corresponding traffic |l ane. For exanple, the first antenna 5 and the second
ant enna Sarancs randgdt wiisplay afremen bEam Adeiong thise costredporditagnt raf fic
| ane. Also, the first antenna 5 and the second antenna 8 are installed a

di stance 26 dauppsalquerdtOl on tef 1thhen regair i i cathieorpusgaatsisornf2 9 2¢h tdider sts0
that a vehicl e-nounted device receives a road usage fee via the first

antenna _5no€ihf§ r{&%&!alu_sc?gg@raf@f‘oﬂ st & efheqi £ tih an i'@r?@écbe@fﬂdp@sﬁk%?@%i ng
time until the result is notified to the second antenna 8 I s ensured.

Incidentally, infaormatian that is ansf err.ed ween. the first antenna 5,
t he secofltao a]‘lrﬁ‘_“e(pnnlan Nd- e I%/%W%]}fex Y e edﬁ ccearvfnj1 I %Be t&és?crwialgéd in

detail later. [0044] . . The canmera '6 is for taking pictures of nunber
pl at es ofl ¥ dHie It WG ShpTperdy, 29 ntd e RIAART ¢ hfgﬁr £XAM G e B ing
improperly is detected. A vehicle acting inproperly may be, for exanple, a
vehi cl e iuzuer s \vahinded nount 8 deyincet 1 tcadom st cdre 24 tis mn IERar d
inserted into the vehicl e-nounted device, a vehicle having a bal ance stored
in the | @ealkk thidte ithd €s8D tiwmn tthe todhafgee hediigr 1 @ iesh td@tt leanf awed
correctly performcharging, or a vehicle fitted with a counterfeit

vehi cl e- nopunt ed, deyi 68 0f o G S Gh-mdheseny eieCl @9 aCHRG | AR QRS le%e(ﬁrte

determ ned based on information recelved fromthe vehicle-nounted device by

the first_.antenna etg.. The vehi cl g detecti unit 7 .detects vehi cl e
1 passi ngﬂ{%r o]lfbtzqr%?loe&a"fﬁﬁ er}oﬁra?%(%g%%?’ tj]estf(?pce%r%atft}ber U S Hown i n

Fig. 4 are placed on the road underneath the vehicle detection unit 7. The
vehi cl e RALIOIF UrfduseSioh: IRFRY tHe W3 iGd Pattihdth Fhoi abda! &P ivhen

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



25 of the vehicle 1 is detected. [0045] Al so, as shown in Fig. 1,
new y established expanded charging area B is established outside the
charging area A For exanple, when there is a demand to expand the

originally existing charging area A

subsequent |y established area. This expaAded area B can be provided

surroundi ng the charging area A provided so that part of the expanded
chargi ng ergeeBing, | fe OBt aCtunt &Mt t hes Chasgi Agoar €814, i0focaat bén anaad ea
provi ded separately and not connected to charging area A. [0046]

col | ecti oy,

area A.

carri o0 P He h NG VBRP &l e RLI EeEREUFE e LEBH Vb the VAR RrATGre

Fig. 6 is_a block diagram show ng the schematic structure of the

vehi cl e-
vehi cl e-

nbubt edeUeSTee df ?ﬁP%n%%%oﬂ?%%%%?gA%r§ﬁo§nb?%e¢i%? Bhetqerrent
nount ed device 20 conprises, as its main structural conponents,

power suppbyitiomuind28apohnéetredtionaferhstdreporkarglppl yreds antdonad

i nt er nal

section) 24 fe sebesyéngecucEents. PQS td e Y ACOLE rditg-y Nifrafd adrd on rel ating

battery 22, a GPS receiver (position information acquisition

expanded charging area B is detected the entry flag is set.
Next, when the expanded charging area B is passed through and
the charging area A is entered, the control section 26 of the
vehicle-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

this expanded charging area Bis a

a

Fee

( devisesne aneroot posialbrdiatcfbec-6Rtry1! a0es:i8h a5ea mpundaries
in the above described expanded charging area B as they are for the charging

S

a



26 t6 position information froma GPS satellite, a storage device (storage
section) 25 for storing various information, a control section (entry
detection section) 26, a conmunication section 27 for carrying out

communi cation with the first antenna 5 and the second antenna 8 of the fee
coll ection device 2 etc., a display secBilon 28, a notification section 29
such as buzzer or LED, an IC card insertion section 30 into which an IC card
i s insertedpraadhed, | theardntneérsaceign ppoofdelei nehheleanenntednserti on
section 30. [0047] In Fig. 6, it is possible for various structura
conponent devsaeh2@sréhei @S arcenueir@4signalt emnotebefromother Afedti nsi de

t he vehi cl e-nmount ed devi ce. For exanple, each structural conponent can be

const ruct ggteapabbecof thaf eeavtbonett a8sf @eviAs oNeigxanp! Eomhlink Eap968I bl €
to have a structural aspect where a nobile term nal unit having a GPS

function | este S, of t erpal r.m . function
provi ded %écgﬁggngzi?3p¥8p§$£af8uﬁ?g ?g'u§2§-gggf%gﬂékg'%ggg%gg}qgg. [ 0048]
The power su EI circuit 23 mainl ontrols_a voltage suppl i ed fr§n1the
vehicl e p6ﬁ%$ %éﬁngezﬁnﬂBlﬁyvﬁFﬂéﬁ ' a¥BPtedsi ANERENIERPR el OGATEd devi ce

20, and supplies this voltage to each of the sections constituting the
vehi cl e- nbohoedateoincel@0caTebahanraal abdt ertyy221lag praviédedesvead to be
able to

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



27 ensure electrical power to an extent sufficient to permt conmunication,
even if the supply of power fromthe vehicle power supply 21 is cut off. Map
information for the expanded charging area B is stored in the storage device
25. Also, various information that is nﬁﬁessary for the charging process,
that will be described later, is held inrn“the storage device 25, such as car
owner information, vehicle inforpation including %%fe of vehicle

i nformatiofe B Eht F5R¥9agE 7R cat i AGCHRRt Rertor Vet CL® BYXRRNEE/r €Rar gi ng
area B has been entered, balance information read out froman IC card, and
card infofyiei one@dien fypag]small type] Gearld, t bobeckameteed ato the I1C
card insertion section 30 is, for exanple, a contact type IC card, and is
i nternal lygxdmpled vatds adf | € €hidpl sach AsrashadsShtypapry oclaar Mtk As wel |
as card information such as a card I D nunber, a bal ance and usage history

are storefhiluhisod C % 4o1pLFBIEOR B1R5E0Pe! Ned Geapgyoan be written

or read by the control section 26 via the card interface 31. [0050]
Wth this 63@5 of vehicl e-nmunted device 20, if the ICcard is inserted into
the IC capd in%ertion section 30, the control section 26 reads out IC card

informati on and_a bal ance that are stored in the IC card via the IC card
interface 31, Ahw FRaEIehi SCOTHEPPRIIDH o YeRiciorayeededd ceeosribed 28

above, are held in the second charge table 36, and further,
road usage fees divided into charges to be levied when the
expanded charging area B has been entered, and charges to be
levied when the expanded charging area B is not entered, are
held. For example, for a medium type vehicle, rates of 0.5
dollars for the case where the expanded charging area B is
entered and 1 dollar where the expanded charging area B is not
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



tenporarily, for exanple, for about 10 seconds) displays the bal ance on the
di splay section 28. Also, the control section 26 causes operation of the
notification section 29 in order to notify nornal operation to the user when
it has been possible to read information normally fromthe 1C card. In this
way, if the notification section 29 is &2buzzer, for exanple, the buzzer is
sounded, or if the notification section 29 is an LED or the like the LED is
lit, to gdVestrii$rzainohiaf $he fEa ahvaige ietsinmiaEteren Sadrimd 3% the
ot her hand, in the event that information was not read fromthe IC card, the
control saéeténni@és chlusesyple spf ayhof ventdectat 1 amasdadton heeleickean error on
the display section 28, and by causing operation of the notification section

29 notifigsréhRatfaeh +83EivEET Erb% Be EVERI clO-hHENSErde et DEN pronpts
for the IC card to be inserted again. Incidentally, the manner of the

not i 11 catin, by, the.R0LLLpcatLON, se6LLOR A0k Akesa e 1 L er eRLLLOL.

nor mal oper ati on and for nor mal operati on. operati on

content of the q?ove escri bed vegicle-nnuntgd device 20 when the vehicle 1
onters theYRPa? o T Bor OB IRT BT er KNEPITS SIphAtind SFEF of P area B wil
be descri bed. As shown in Fig. 6 and Fig. 7, the GPS receiver 24 of

t he vehi céRtememt st elevPre PO Bigui $bs iffforar@nicdie r dlnattihey aas < othesst
position froma plurality of GPS satellites while 29 traveling, detects
current posétvemidren ybhe sisnhedahi dype aadd othpuespihdeduchengiposatéaman to
the control section 26. The control section 26 then determ nes whether or

not the vehicheed bascLBlEerEla e §XPRNTUEH-ENRF OF PSnaF 188 Bi PaseshQPgd he
current position and map I nfornmation for stored charging areas stored in the

storage deyice 20 #Ssaat UL ekl pRLYS10L0q AN oxpandeg, chagging area B i's

det ect ed e entry g I1s Set. Xt, when e éxpa arging area B is

passed through and the charging area Ais entered,. the contyol ction 26 of
Phe”vehi (PR MRTETSn Uodi ot SRt ¥ aHo Eo0 Rt of o | AP bIAEE | b SHEP LTkt e of “the

entry flag etc. to the fee collection device 2 via the comuni cation section
27. At theaieelabpd deyiandieyi thege Bwe oaliangaget peetherbe Thevied is

determ ned based on the received information, and this road usage fee is
transm ttedltoldthed vebadl esapenfed tlevilen 20rahémi tieed otid r ohe seehi ohe26 of

t he vehi cl e-mount ed device 20 receives this road usage fee via the

communi cahb @it SECle PR 720 avih xeder L Bsf egntsnigdictedefromt e babance
stored in the IC card, and this balance is updated and stored in the |IC card
as a neM/Qﬁlance. [ 0052]

[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).



Next,” communi cation processing carried out between the vehicl e-nounted
device 20 and Lhe fee collection device 2 when the charging area Ais

entered will be described in detail with reference to Fig. 8 to Fig. 10.
First of all, if the boundary of the chgrging area Ais 30 approached, the
control section 26 of the vehicle-nountéd device 20 receives an enquiry

signal emtted fromthe first antenna 5 of the fee collection device 2 via
the conmuh?@afion section 27 (step SAl in Fig 8). If the control section 26
receives the enquiry signal, vehicle information, 1C card information, IC
card bal ance, ¥@gtentfyan| egasiny esageat ealibbedf fopmt heessorage devi ce 25,
and transmtted via the conmmuni cation section 27 (step SA2 in Fig. 8).

[ 0053] anterfhe éiistrantenoa ¢onépofBLUNnit Digf 1b0g, fekecobheedl on device 2
determ nes a charge to be |levied based on the received information.

Specificabbyrigs 560MPahBmEEY- vOnitDE [hESImAPISANAIEORLFR! i NG £ORPT i Ses
a storage device 37 for storing a first charge tabl e (first charge

a st or ag 37 forstoring charge ¢ charge
arca B and 5 AcOm ARG ge FoBl B EBEBRACENAT 58 TA7 obAet T e RO ng

charge information relating to chargin& area A, an entry determ ning section
38 for deP@FhiARng’ (WWEERePCoriRot1a- vehi ¢l €187 tihe AP & 2Ahi ¥t élafsunt ed

device 20 has entered the expanded chargi ng area B based on entry flag state
recei ved isoimfoemgehdnl Eonount ey teyi the20actnthat chaegeotbtet hidnatasn
section 39 for determning a road usage fee using the result of

det er m nabéon &xesutbe eotmylueterm ning section 38, as well as the first
charge table 35 and the second charge table 36. Charges to be levied are
stored i n[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



31 the first charge table 35 according to vehicle type (large type, nedium
type, small type, etc.), for exanple. For exanple, rates of 0.8 dollars for
sral |l type, 1 dollar for nediumtype, and 2 dollars for large type, are
stored. [0054] Al so, charges corresponding to vehicle type, as

descri bed above, are held in the second3dharge table 36, and further, road
usage fees divided into charges to be |evied when the expanded chargi ng area
B has beefaknifiedtiandochangescepthbenl| efi ddfohsatibe. exjmretedr ghargi ng ar ea
Bis not entered, are held. For exanple, for a nmediumtype vehicle, rates of

0.5 dol | ansthedist hexergBeWhengtt Revexpastedrehangi AgtaneaoB hseenteredrand 1
dol I ar where the expanded charging area B is not entered, are held. By

havi ng di L eronhqchat oescAspendhngs ang HeLBERoh e oxPRSHeAoChag L pgnar ea B

is entere n entered I's way, It Is possible to give an nt age
to a driver_of _a vehicle 1l.that h assed through the expanded, chargi ng
area B. [66%5Tncryppl?ﬂeu§ﬁP9yad@?@%ﬁfng?YoﬁngeﬁtFBﬁvégedE?Xrn?ﬁgs Eﬁat
there has been entry into the expanded charging area B when the entry flag
recei ved PRBM ERLaTehFereenblft@dieiPeerPanf siséprmahodefeF ntabsfyhag t he
expanded chargi ng area has not been entered when the entry flag has been

cl eared, afdthbdenoesaltcohptiet toni nét fea tslbetpibdnti obyheachmige out
determ nation section 32 39(step SA3 in Fig. 8). The charge determ nation

section 3Prgdeteen pesthhe hyupeoefzhbeoMeBbhehetr tahased oA aﬁhéﬁb9¥bﬂéernation
received fromthe vehicle-nmunted device 20. Then, a road usage fee is

det er m neg Aepr dLngst 0oLbe,YENEs! e LypesaNdohelbeEe of pot ! bec expanded

charging area B was entere step r exanple, I'n the case
wher e .

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



the vehicle type is nediumtype and the expanded chargi ng 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 cal cul ated by addi ngsthese two charges together. The
cal cul ated road usage fee is then transmtted to the vehicle- nDunted devi ce
20 via the n ep. SO0 Fi g ) 0] ecei vi ng
t he road us%&géef# gnfgg (?%Igl%:%%fml(upr}n caﬂ%en ése‘% ?o%héné)}?%%d%%n -2% tion 26
of the vehicle- nnunted deV|ﬁ§ 20 transmts, an aLilrnatlon S|gn§& |nd|cat|ng
conpl eti G Bonhunt TRPIIRLE tHR FTTLEe ahR Shirhl 3 1R P8R8 | K SFidy and
al so updates the balance of the IC card by subtracting the road usage fee
from t he BR$ahte BEWtEeNSTreak ey step E1g ¢xpandedgshargkng ahen Bafamce
updat e processing has been carried out normally, the control section 26
reads theodatarceedfder egpstaiy. and authorization data fromthe 1C card (Step
SA8 in Fig 8. 33 [0057] Next, if an enquiry signal emtted fromthe
second antemge) 6 is received (step SBL in Fig. 10), the control section 26
transmts vehicle information, 1C card information, |IC card bal ance, and
aut hori zati on o | cat S e

Here, the autﬁgféza +€%ig§t58?25?% fP gﬁ%toﬁ%%tlé§én§e§$§%% {}t

coll ecti on has been executed nornall!
1s established so that it not cleared until the vehicle 1

fee

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



[ 0058] If the second antenna control unit 12 receives authorization
data via the second antenna 8, a confirmation command is transmtted via the
second antenna 8 (step SB3 in Fig. 10). Upon receipt of this confirmation
command, the control section 26 of the vehicle-nmounted device 20 transmts
an affirmation signal via the communi caBbon section 27 (step SB4 in Fig.

10), and wites a usage history to the IC card (step SB5 in Fig 10). The
control seicidDwRthaelererntenisg ttlee ethayoinqapien the a3 ostagen davilteg 25 (step
SB6 in Fig. 10), and conpl etes the comuni cation processing. [0059]

I nci dentally,and aitsdiereofet Hif Cierath Oy Oag rd esh qut detieesbddble to
vehi cl e-nount ed device 20 and the second antenna 8 descri bed above can be

carried outyytd |izdng, knownegncs ypt i o et hodse rﬁm%”af NG the
I S possl

comuni cati on using an encryption nethod it e to prevent
mal practi ce such .as 34 falsificatiaon interg&rtion of information. As

or
encrypti or st o(%f%a}r%l)&grrp?%%at AhaveT bedh dr e 11]"Pg St on are AES for
carrying out encryptjon using a conmon key:f RSA for carrying out encryption
using a publ i Ak aRFEE | VhatdhkByt YRR Of 1P W c B! Sinc¥Rere i s
inmportant information for notifying of the normal conpletion of fee
col | ect i otesdyyiloedt reritigy olitag rahsierpodsithie tutdorezatheorexdaraded ansfer in
an encrypted manner it is possible to increase confidence in the fee
col l ecti athaf@¥Plarea 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



As has been described 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 vehicl e-nounted device 20 based on position information from
the GPS receiver 24 and map information gtored in the storage device 25. In
this way, in the case where a charging drfea A has been expanded, in other
wor ds, even when an expanded charging area Bis newy established, it is
possi bl e ?%nr%PFaB?ydﬁgﬁé@%n?ﬂavh?ﬁaeéxﬁénﬂéﬁ ERar §xRgndreacB2rgsMBeen
entered without installing new facilities at the boundary of the expanded
char gi ng area B. has beepyenheredi bergupesthpl sehoctarnguptedf devéoel ection
for both the expanded charging area B and the charging area A using a single
fee col | ecahnotdepecef? tnstahtelocatibe thaeldfpgandeahdreforehis way, since
there is no need to newwy 35 install a fee collection device 2 for the
expanded ¢hgrgkngi8res Bevital $0RQS8LRLE EQeT edugeihgstal LaLi @RpsASLs. As a
result, new construction for the expanded charging afea B can be carried out
easily. [01961%;i ar gn identally, an entry flag that has been tenporarily
set is estabfPsh8d®§6%tRat it is not cleared until the vehicle 1 enters the
charging area A, and further, the series of comunication processes relating
to fee colPBEPion that are carried out to and fromthe fee collection device
2, that will be described later, conpletes normally. Accordingly, as shown
in Fig. 11, affecordéngkpandedchhnggnagtheeahBriaslbvéadenyetbkd, fegen if the
expanded charging area Bis left wthout entering the charging area A the
set entrycblagctsonosystenredacdbatiing, tbheheohey blagothat chasrbeenvset is
not cleared sinply by the expanded charging area B being left. In this way,

the next bimestBg,¢PBELl NG BEEAnAel $sCRLEREY: AeheEOLd 0l 1 LRG; bACE LAl the
expanded charging area B was entered remains, and so it is al so possible to

reliably jevy.toad yegge Les tor Lhe, exRan0ed, $L 9090 B2 8y1LI0BRL
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



It is also possible to provide a counter for counting the nunber of tines

t he expanded charging area B has been entered, instead of the entry flag. In
this way, when a vehicle 1 enters and | eaves the expanded charging area B a
nunber of 36 tines w thout entering th§8charging area A, as shown in Fig.
11, and then enters the charging area A it is possible to | evy a road usage
fee according to the nunber of tines the expand chargi area B has_been
entered UpPEd Flow, tO d1SPIg¥2 TR %%dn%Wb?Ei%nt?dglgﬁfgﬁuﬁ?%?%oﬂjf% ¢he
above described entry flag it is possible to enter the expanded charging
area B a Werbeehbrletmesnied devhet e2f oadBusijad ddiisand @ ivehilile case it
is possible to give an advantage to a driver. [0063] Al so, in step SA2
of Fig. 8here afkk tcohlé¢otide vabilodteni atecurdd omorhdl Tyy dsiméor mation, |C
card bal ance and entry flag state, it is possible to transmt information

nOtifY!ngad%ﬁ%ﬁ%icéﬁié%“iﬁf@%ﬁhifoﬁ-£§§&é@@§ﬁdefh§§uf£@f_f%a@$%§&a§éh )
transmt the vehicl e-nounted device version fromthe vehicl e-nount'ed devi ce

20 to the_ fi ransnkt i i - U d j ce
version 1 it SESFTRE Feqtton (20NE EhEDy HE HE MG Fr ML E o
determne_in the fee collectjon device 2 whether or. not there is a GPS
recei ver D2 §¥MBRCS, DY NIRRT (MR PRICEVGFT dRYRLTOHRS ceofr e present

i nvention, whether or not the vehicle 1 has entered the expanded chargi ng
area B i scefef ormimedtbbs edil el dvcat 't ohs i P9 Rt ¢ oo aezpd Fedlelse Hginde GPS
receiver 24. For this reason, with a vehicle-nmounted device that is not
fitted wintperodS velcbtVes. 24'Hd 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



37 can not be determ ned whether or not the expanded chargi ng area B has
been entered because the vehicl e-nounted device cannot specify current
|l ocation itself, and therefore it is inpossible to |evy a road usage fee
relating to the expanded charging area B. [0065] Accordi ngly, by
changing the charge levied by the fee céPlection system 2 according to

whet her or not a GPS receiver 24 is equipped, a balance is maintai ned for
col | ecti o ¢desBhethdebd a Jrhi £ientlficaeromn +hf ariehi ef e hoehd gk devi ce
that is not equipped with a GPS receiver 24, and a vehicle 1 fitted with a
vehi cl e- nosst @uedievo cea @ ¢hatheé segprmn@paddciv tdimg GPSascl veand 282, |are
particular, as shown in Fig. 12, by having a setup where road usage fee is

further igeseagethfoicasvehig eddvitéteed yfttha vehicle-nvunted deviee that
is not equipped with a GPS receiver 24 (for exanple, double conpared to when

a GPS recepyer.24.1 | I I G | bl o) e-4in ased use
o Vohi ol codoin taeddeERL ARSI en Lach BORRL P S e MEAPDE fabB0rt R ERRET ¢

In the f | [ ecti t f _thi mbodi t, it i I i bl
oo ool | SRRt ORIROAT Hutn GHERTH ot cEh? CREr g Gre W A SAnEESED D hes IR ng

area A to transmt authentication information indicating this fact fromthe
fee col | eR¥¢ eyl erevie@loteddhe vehicl e-mount ed devi ce 20, and

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



38 further, to display a random nunmber on a display section 28 of the

vehi cl e-nount ed device 20. By doing this, in a vehicle where fee collection
has been executed normally, since authentication information indicating this
fact is displayed on the display section_.28 of the vehicle-nounted device
20, for exanple, by having an observer nitoring the road confirmng this
display, it is possible to easily determ ne ig?roper vehi cl es. The

aut hent i ¢t o2 i B¥or ne? i BRei §RotOpaFET Lol afEYL £ nY t2dEPangoRER heat i oF
exanpl e, a predeterm ned random nunber. Al so, instead of display, it is
possi bl e,s¢ekrieRas#ple, to |ight an optical element such as an LED. [0067]

[ Second Enbodi nent ] Next, a fee collection system of a second

enbodi menf0®701 he present invention will be described. The fee

coll ection systemof this enbodinent differs fromthe above described first

enbodi ment in thatha plpsel bhvephacxpangdsd ﬁﬁﬁ{géﬁg afegshakeeest abl i shed.
The fee collection systemof this enbodinent will be described bel ow,

it S0 nt £ di N q
ocusi ng oo Rt b FacbPhe: Frapah B rB8eRREry et FhctadcBtRERe o
plurality of expanded charging areas Bl, B2 are established, as shown in

Fig. 13, %ﬁ%nr%geéﬁ%%n Fhe FPRtrY49RBRpTIRRRF Hak i DRCFOPR edBR BRLERBLExPARded

char gi ng
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



39 areas Bl and B2, and identification information bl and b2 assigned to
each of the expanded charging areas Bl and 32, are stored in the storage
devi ce 25a of the vehicle-nounted device 20a in association with each other,
and entry flags FI and FI corresponding to each of the expanded charging
areas Bl and B2 are also registered. 41 Also, as shown in Fig. 15, first
charge tables 35a and 35b relating to each of the expanded chargi ng areas B
and 32, apf tlenecPrineat FahienfoeheeedntBe HhBshranssnpaedonbredchnol Bae
expanded charging areas Bl and 32, are stored in the storage device 37a of a
first antemdatkentebictectoontOd dévibe 2ee aotl eetrodaddevtceén in
association with each other. [0069] In Fig. 13 to Fig. 15, if a

vehi cl e laeabensntbewexpandedpebae 9k Nggasegubhcet BRoRANLAOFigecsi on 26a of
t he vehi cl e-mount ed devi ce 20a detects entry of the vehicle 1 into the

expanded g@@ﬁg%ng area Bl based on information received fromthe GPS
receiver 24 and map information stored in the storage device 25a, and sets

the flag Fl COéreggonding to this ex anged c@arggng area EL. %f t he vehicle
1 then enters the ®Xpanded tRAYG ngCarEar 32, P he CohEFof OSLEEF DAY 26a det ect s
this fact, and sets the flag F2 corresponding to_the expanded charging area
32. Next,swheamt aé EhasgeRgedreani i shent eredurghetionfrekraeéedon 26a of
t he vehicl e-mounted device 20 transits vehicle information and state of the
entry fl agsaFyindOanads FR2retestéblibbefipeasobheryi bhadevscesvanlibeed
conmuni cati on section 27.

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



[ 0070] In the first antenna control unit 9a, if vehicle information
and the states of the entry flags FI and F2 etc. are received, the entry
determ nation section 38a extracts the flags FI and F2 that are set, and
outputs identification information bl, for the expanded charging areas
Bl , 82 corresponding to the extracted flFags FI, F2 to the charge

determ nation section 39a. The charge determ nati on section 39a references
respect i V@S kishedr geut abfesnWBRe 38h ERMGRE et IH Y deFR3F i BatF on
information bl, b2 acquired fromthe entry determ nation section 38a, to
acqui re anvbabimsbed. f de figr allse eqremiddd divar ¢ iy varedas BIoT BXpaawsied
acquires a road usage fee for the charging area A by referring to the second
charge t adth&rgbng Aareas tsadge &seabDishde y&hictet ltdSedbienocwéeul at ed by
addi ng these charges together. This road usage fee is then transmtted via
the first @penna 5 to the vehicle-nmunted device 20a. I f the control
section 2%a of “ the vehicl e-nount ed device 20a receives this road usage fee
via the ¢ ni,cation, sectjon 27, the above described road usage fee is
deduct ed froh¢h m?%ﬁ%ﬁﬁ%FLtored inthe IC card, and this balance is updated
and stored in the I1C card as_a new balance. Incidentally, details 41 of the
conmuni cati on ¥etheeh R ¢P+LeChPRNMASEIRtP DI 2 URRrLEPRA RNt of

vehi cl e-nount ed device 20a are carried out in accordance with the processing
sequence shewnréseri gin®ntion 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]



[ 0071] As descri bed above, according to the fee collection system of
this enbodi nent, when a plurality of expanded charging areas are
eStablished, an entry flag is established corresponding to each expanded
chargi ng area, and by associating states of these entry flags with the
identification informati on of each expafded charging area and transmitting
fromthe vehicle-nounted device 20a to the first antenna control unit 9a, it
is possible toAashéyn speciiy. aht expanted. char gi hge avelaiche Vedndes has
entered at the fee collection device side. In this way, it is possible to
rapi dly detierexpended calthtshge deeafBy e expandel shat gomge e eaf atvehi cl e
has entered. Further, by registering first charge tables 35a, 35b

corresponging-10-£aeht &f 4 CxXpandedachargs nghar &esr Pl ind32hd the storage
device 37a of the first antenna control unit 9a, it becones possible to

carry out_detailed fee setting for_every ex ded. chargi ng area.. Further,
even if ae}\(f%%]r?%?(g %%?%?lsn% ap)lf%ar al?i ?I&go?é{%ip%?%e%n%%rfg?%%’ a?séa"%ellf i3
possible to carry out fee collection in one go. Incidentally, description

has been $fWeH9 orD¢ hf ¥ehbddi HerntPeFa ke caddl wherke Walo &XFardé® GR&Ndi ng
areas are 42 established, but the nunber of expanded charging areas B is
not |imted. the ¢xpahded pussidplrg farea Plis atleogked expaneedirndmardi ng ar eas
to be established adjacent to each other. [0072]
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



[ Third Enbodi nent] Next, a fee collection systemof a third enbodi nent
of the present invention will be descri bed. The fee collection system
of this enbodinment differs fromthe above described first enbodiment in that
a road usage fee for an expanded char gi ng area B is set according to anount

of time spent in the area. The fedcol | ection systemof this

enbodi nent wi || be described below, omtting description of points that are

comon t o&heTd fyt FHbH Nt BGRP fRARTIRF dyCwlr ot M st di$3 % ence.

[ 0073] As shown in Fig. 16, the vehicle-nmunted device 20b of this
enbodi nenfied stdwrtrerveiriovielel. wilihe glettiemmingdl gokds esiigen )t ed2 ifsort helnocki ng
the tinme spent in the expanded charging area B. Also, the first antenna
control uwrtdnSni tofed hiisa ertbodf st drst drasd caliy tHe féehisd]l ent@nmaedgont r ol
unit 9 shown in Fig. 9, but the first charge table 35 provided in the
storage dewiG& 3PS a charge table having tinme spent as a paraneter (not
shown). [0074]

If the control section 26b of the vehicle-mounted device
20b receives a road usage fee corresponding to spent time via
the communication section 27, the above 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



43 - As shown in Fig. 16 and Fig. 17, if a vehicle 1 enters the expanded
charging area B, the control section 26b of the vehicle-nmounted device 20 b
detects the entry into the expanded charging area B and sets the entry flag,
as well as causing the tiner 32 to operate. In this way, the tinme spent in

t he expanded charging area B is cl ocked? y the tinmer 32. Next, when the
charging area Ais entered, the control section 26b of the vehicle-nounted
devi ce 20bl29 PRYVE sPede $peht LPFRENRY odRel PYnNERelti HBrPR2SiPhe abRli tion to
vehicle information etc., to the fee collection device via the comunication
section 2gonformexabpy elnhehhancepguiey chgnaingsareaedved fpenmathegfirst
antenna 5 of the fee collection device, the control section 26b stops
operationtioé theetiBBri2isapdsalisdereadsooutiséhehspentryi Akagt that tine
and transmts the spent tinme to the fee collection device. [0075] At
the first antegna,coptd of i 4olt39by0f bhenfegogobhesti onsdevise. sgntry into

t he expanded charging area is detected by the entry detection section 38,
and notified to.the charge.determ nation section.39. The charge

et er i nat? b LAY T ro56 EHTEU Al bo A oAl CE aBhiF okt at oA RETD e spent
relating to the expanded charging area B, using the first charge table 35
showi ng f&heEkofRehrel BiBY vo1R9 nelBpettta apenbisRedxiP a3 d@tdad usage fee
for the charging area A corresponding to the vehicle 1 fromthe second
charge tabtguiddd3lésimgdthy @B ngceheefe’s. t oget her cal cul ates a road usage
fee for the vehicle 1. The determ ned road usage fee is then transmtted via

the first[aotenpna 5 to the vehicle-nounted device 20b. If the control
section 26b of the vehicl e-nounted device 20b receives a road usage fee

COVreSpO”di”gdAPséprttﬂi@ge%$8diﬂgn€0”PHQ&C@é%§€a§§8tiQ”dggerﬁfﬁﬁébove

descri bed road usage fee is deducted fromthe nce stored in the IC card,
and this balanﬁe IS upgated and storgﬁ in the Ié:cgrd as _a new bal ance, and
the val ue®oFTAE"Y i her 538 Pl bat 3dt DT nethehtal| P2 HEt AT | 37 Fhet?
conmmuni cation between the first antenna control unit 8b and the
vehi cl e- n®AInt &d2 deeh Eel@0bs ap2r ke r o d? ot L | P Bk chrdafe et e t expaeded ocessi ng
sequence shown in Fig. S

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



[ 0076] As has been descri bed above, according to the fee collection
systemof this enbodi nent, by transmitting tinme spent in the expanded
charging area Bto the fee collection device it becones possible to perform
calculation of a road usage fee taking into consideration the time spent in
the expanded area B. In this way, it is4fossible to give a road usage fee
that nore correctly reflects the road usage conditions. [0077] I|ncidentally,
in this eModihents Reesibherta2sher it ryims spept hbivetbreprtisk@rkoget her
but since it is possible to confirmentry into the expanded charging area B
by operatbegng henclw#ed32 it is possible to not use the entry flag.

Al so, the tinmer 32 has been adopted as a section for detecting spent tine,

but instead of 1Adigehtal By posgi bhestOnSd@ThesPENt 14 ME14SIBGssipEe dba
contained in GPS data acquired using the GPS receiver 24. [0078]
encrypt communication data containing the spent time that is
exchanged between the vehicle-mounted device 20d and the
center device 17, in order to prevent improper acts such as
falsification and interception of information.
[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-



Al so'in this enbodi nent, road usage fee is determ ned according to tine
spent in the expanded charging area B, and so if a vehicle is parked in a
car park inside the expanded charging area B this spent tine will be cl ocked
by the tinmer 32, and that tinme will be wongly reflected in the road usage
fee. Therefore, as shown in Fig. 18, opé?ation of the time is suspended for
the period of time the vehicle is parked in the car park C inside the
expanded BAEREFRaF ke B20b of the §iyisd cemeodimeniexanle, tiadvedn enquiry
signal is received froman entrance antenna 40 installed at the entrance to
the car paitkt@)ce healontabingeetion326babfuldieeyehravel ndlst suceevws treg 20b
suspends operation of the tinmer 32, and when a confirmation signal, for the

fact thatigféeafaeski Agoh pefbaseherdl & ecehyedprsi ecertebvenls ffoman £xit
antenna 41 installed at the exit of the car park C, the control section 26b

starts the,tipet; 3pe- uﬁt’:’é@?e@Q\ifl{}QeC,t ihﬁ clsgﬁggrlé? 194 g;?%e&%wgegf?%é the

vehicle is parked 1n the car par 46 way, I'S possib 0 stop
the tine fpent i n tqg.c€r fark bei ng i ncl uded. Incidentally, in this
embodi ment TP FRS aY 4t poSstbl e to encrypt comunication data containing the
spent tine that_is exchanged between the vehicl e-nmounted device 20d and the
center device Ao nthedetrse precem ¢opibperuntt soEuehi asempdineriati on
and interception of information. [0079] [Fourth Enbodi nent]

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



Next, a fee collection systemof a fourth enbodi mrent of the present
invention wll be described. The fee collection systemof this

enbodi ment differs fromthe fee collection of the above described third
enbodi ment for determ ning road usage fee according to tinme spent, in that
road usage fee is deternined according €8 distance travel ed in the expanded

travel area B. The fee collection systemof this enbodinent will be
descri bedsbePpod, omidt g HEaEei pdivhadee pat ntBat haimar &S coeaBno¥d an@ third
enbodi ment and focusing only on points of difference. [0080] As shown

in Fig. 19ransreiveddcte tbenfed deVieetROc dévibés enbodi nent is provided
with a travel distance calculating unit (travel distance cal culating
section) B@ogmdr calculating travel distance, instead of the timer 32 of the
vehicle- 47 nounted device 20b of the third enbodi nent. The travel distance

hicle. 47 m _ di ment . The | :
xanpl 6, 1he OIS FReciver o0 TrTiad TR FPe VenT of e Rount ot Bevr ok 8 r o

19, and SQS??cQ?'?ES gépu%h££og%éhgxgggagéec%érging area has been

entered is detected by the entry detection section 38, and
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



Al so,” the first antenna control unit of this enbodinent 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
paraneter. [0081] In Fig. 19 and Fig. 20, if the vehicle 1 enters the
expanded charging area B the control seéfion 26c of the vehicle-nount ed
devi ce 20c detects the entry into the expanded charging area B, and as well
as settinfgeNRIAETHIPP afCEatRe] DpeYationfdd-the travel distance
calculating unit 33. In this way, travel distance in the expanded chargi ng
area B is[e@83lLl ated by the travel distance calculating unit 33. Next, when
the charging area Ais entered, the control section 26c¢c of the

vehi cl e- nount ells dgys€£1 208 &bans) tsctopdthgdist eneereal evl aéedidby the travel
di stance calculating unit 33 to the fee collection device, in addition to

vehicle '§¥ﬁfé§ﬁt59ntﬁ£§ em%@lﬁ@ﬁtCO@Méfaaigeaﬁsgtmnt@g e [%{m& @gpl e, in

t he event t a query S|gna I's recei ved fromthe first ant

fee coll ection. device e control sect oper at i, on. of th
rove e 88 Y DR SO e oG8 LPE 1288 ol e dREoR a8 & i once
at that tlne is read out and transmtted to the fee_ collection device.

[ 0082] d $¢ ihelsirade gpeenhaleobe¥ ofhenfeeocetlerel PredeBiFoct? on

devi ce, the fact that the expanded chargi ng area has been entered is
det ect ed byrfbenenttgubtiet oni oh secvadnudsge ahdenbakinedinbot he charge
determ nation section 39. The charge determ nation unit 39 cal cul ates road

usage feecesedidiangidn travel distance 1elehéngxpondde Oegl £has g ng
area B, using the first charge table 35 showi ng function relating to travel

di stance, pandy 2l sp.oxt1acts poads ypagesfeeyLor theactiasge Aea sy achording

to the type vehi 1e 1 e second c arge ta addi ng the two
fees together ate a road u %e fee for.the vehicle 1. The

deternlneﬁ ¥5%ﬁth%aﬁgyi%%t?st?%eﬁo? %%??t%%ngfg Yh2 first antenna 5 to the

vehi cl e- nount ed devi ce 20c.
[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



| f the control section 26c¢c of the vehicle-nounted device 20c receives the
road usage fee according to travel distance via the conmunication section
27, the control section 26c deducts 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 value of ©Re travel distance calculating unit
33. Incidentally, details of the conmunication between the first antenna
control ubhe BRESERe Veweereompwhtbdogedeeer2bedare carried out in
accordance with 49 the processing sequence shown in Fig. 8 [0083] As
descri bed abovehe ateordohbetoidhesyeeenodbf echivnesysdianent fhi Soenbodi nent,
travel distance in the expanded charging area Bis transmtted to the fee

col l ecti opngleyise, apdd BOshikhi §s Mderposstbkedf ehathe {eeweohbestionidgvice
to performcalculation of a road usage fee taking into consideration travel

di stance | pan h Lng.a In LS LI ~1S. possible to
give a rd% ligggg%f%eQ?%%§ %%gé g%r%%@?ﬁidfe%%g%tg&?%ep%%%%g%éage
conditioqg. %0084% .Incidentallg,.mﬁth this enbodineq%, the trave
di st ance ThFRuFET ngrRRRMSRt ante khRI eht Ty FPAGTATEA LYY YiogRtAer, but it is
al so possible to not use the entry flag, because by operating the travel
di st ance eadrainagiageanitiglenteredpogsinbseake, retoghen el ¢daing hehexpanded
chargi ng area B has been entered.

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



Incidentally, in this enbodinent it is also possible to encrypt

communi cation data containing the travel distance that is exchanged between
t he vehi cl e-nount ed devi ce 20c and the center device 17, in order to prevent
I nproper acts such as falsification and_interception of information. [0085]

[Fifth Enbodi ment] Next, a fee collectiSh systemof a fifth enbodi nent of

50 the present invention will be described. The fee collection system
of this chdFlimeht PEOYHICd ERablyf niehieheAQuekedsdantse a0¢i xed charge is
wrongly levied only when a fixed area is entered, |ike road pricing.

(0087]

In Fig. 21 and Fig. 22, if a vehicle 1 enters a charging
area A, and further a series of processes relating to charging
between the control section 26d of the vehicle-mounted device
20d and the first antenna 5 and the second antenna 9 is
completed, the control section 26d causes operation of the
timer 32 after a value of the timer 32 has been reset. 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



Wth this enbodi nent, taking into consideration when a charging area A is
entered by m stake, or when |l eaving the charging area A alnost i medi ately
after entering, when tine spent in the charging area Ais a predeterm ned
period of tinme or |ess, points correspogging to that tine spent are refunded
to the user. The fee collection systemof“this enbodinent will be described

below, omtting descriptio . points that are conmon to the third
enbodinen?e%ﬂﬁgToﬁﬁggﬁ 'oﬁﬂyq%ﬁﬁp' 59<ﬁa%ﬁf¢hﬁEﬁuﬁﬁe%?xﬁﬁﬂe and As shown
in Fig. 21, the vehicle nmounted device 20d of this_enbodi nent is provided
with a wiBeferéapebrhtiniedti @ LAVEr32 PRORAEFiPBALlt BelABLGRFDERPUFE of the
vehi cl e- nount ed devi ce 20b of the third enbodinent. As shown in Fig. 22,

this w deshoen, conbunhtat iononhytold eaasmpbs and thivuakegaplenisi bdt ext er na
units, and is for connecting to a center unit 17 (refer to Fig. 2), which is

an upper geyhseephihde. f emradifgdion systemoddipexamlevildd scpd de area
communi cation unit 34 can be fitted inside the vehicl e-nobunted devi ce 20d,

and can b d c cti il nj i on ) uch as a
ort apl o TRFIENS e DORRGCL AEmBeEDOE BrCOPTUILERLLOD REETVERY Enfln  he
vehicle-nnug%g devi ce 20d.

S

%0087 In Fig. 51 and Fig. Zﬁ, ii a
vehicle 1¥® PALRhEr g ng AFeRYASC MY PET t ASFORILRE | B BFCProteesess
relating to charging between the control section 26d of the vehicle-nounted
devi ce 208havid iheFigrs?4antenna 5 and the second antenna 9 is conpl eted,
the control section 26d causes operation of the tiner 32 after a val ue of
the tiner[3288%as been reset. In this way, tine spent in the charging area A
i s clocked.

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



[ 0088] Next, if the vehicle 1 | eaves the charging area A, the control
section 26d of the vehicle-nounted device 20d detects this, and stops
operation of the tinmer 32. By then reading out the clocked time of the tiner
32 the time spent in the charging area A_.is acquired, and this spent tinme is
associated with vehicle information etc”“and transmtted to the center unit
17 via the wi de_area, comruni cation section 34. Once the center unit 17

recei ves 1$A%S shefit Wi e Rs¥BRIRE et W EFPPREIREhF @1 BN ¢ nFof Wadi BPinhdi nt s
corresponding to this spent tine are determ ned based on a refund point
tabl e. Hededuohedekanpiecwiatedefund point table is shown in Fig. 23. In
Fig. 23, the horizontal axis represents spent tine and the vertical axis
representg00®fund points. In this way, the refund points table is set so
that as long as spent tine is |ess than or equal to Tmax, the refund points

are reduced aspf he, SPSOEn tHEB: r PR HELOTES, | Q&Iélgfdiﬂu?_ b 0chd3se@ case where
spent tine and refund points have an inverse proportional relationship is

shown, bu iS.1n onl e_ex e | S, ex le .S.Nno redet exr m ned.
For oxamr @ L7 phedi A co f BT ek elen 0T e bThr AL ARG
stepped levels, and vary the refund points in a stepw se manner according to
each | evetOT gdhifovh Thiefgieo4s [bogdfd at theetifding ¢BtE g. 21 and Fig
22, if the refund points P1 corresponding to the spent time Ti are obtained
in the cermexrdhess 191 bakedrord t heaabovendestondedas ef Lin poiditprichreg cent er
unit 17 transmts the refund points to the vehicle-nounted device 20d. |If
the contretc secsinde 2660t st hecyeditd er oot etlimievssen20th reeei yesr 4y
refund points via the wide area comuni cation section 34, the refund points

are stored-df Ahe St PLAGEILEVESCL RS et NbE thoByehicierec afe al ready
refund points stored Iin the storage device 25, refund points are updated and

stored by _adding the refung} oigts E%eiggggg dthis tine to the stored

ref und po?%%%%b e to Then, rﬁ?r%%%fer of e %o%P%MT?Vt?%y?irst ant enna

control upit 9 carried out the next tinme the vehicle 1 enters the charging
area A tHRLEREr et SRR SO R aFledF 519 ner e ikl pBl ftdX®t ored in the

storage device 25 together with information such as the vehicle information
and the eh®®9l¥lag. In this way, in the first antenna control unit 9 a road

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



53 usage fee wth an anmount corresponding to the refund points deducted is
cal cul at ed. [0090] As has been descri bed above, according to the fee
col l ection systemof this enbodinent, for a charging area A for which a
fixed fee is levied at the tinme of entry regardl ess of the road usage
conditions, as with road pricing etc., fnce poi nts according to the tinme
spent in the charging area A are refunded to the owner_ of the vehicle, it is
possi bl e FBFGiSE Fithaicinganelqlefa tRIRSE: slif Hay- v staRie rteita sk,
entered the charging area A by m stake. [0091] Incidentally, in this
enbodi nentor tefanmleso possible to encrypt conmunication carried out between
t he vehi cl e-nmount ed devi ce 20d and the center unit 17, in order to prevent

i nproper EEd® such as falsification and interception of information. Al so,
in order to prevent the inproper act of tanpering with the vehicl e-nmounted

device 20d to Apdentionallysd np&as e fde,dif ind 1p01is!“;]§ar}léd | § RPsSiPle to

enpl oy a nethod where the center unit 17 lists the refund points and vehicle
infornatioqf q:digransnits tQ{s i fqgnation toéglL fee CM|§¥§£O devi ces 2
By doi ng 145, e Fee toi et A cHitd dboghi 7e® Wit 9r-%ot the
refund points transmtted fromthe vehicl e-nounted device are valid.

| nci dent BYSVERY dftthiRAT oM DM RGeRT TSRk Y ddxelyded in the

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)



54 carried out by neans of a public line or the Internet network, for
exanpl e. [0092] Al'so, in a case where the vehicle 1 is parked in a car
park that is inside the charging area A, it is possible to prevent the
parking time being m stakenly included 'g t he spent tinme by stopping
operation of the tinmer 32. Further, with this enbodi nent, refund points
corresponding to tinme spent in the chargin rea A are determned, but it is
al so posstHITLEFTLASIRD et Pt n%e?‘ae]fYﬁ?gj %%iﬁst%%c%?mﬁﬁf%o‘ﬂ%%l
distance in the charging area A. In this case, if the travel distance

cal cul at idejViee t2B3 dnedfan ety gfla®)is ss¢k ovilded histaasd ofatt Hdret i mer 32
in Fig. 21, the control section 26c¢c calculates travel distance in the
char gi ng exeta o bygaaesi tige opet ay | Dha@f 14 herdnavet t el st egeehenl witat i ng unit
33 at the sane timng as the timng for causing operation of the tiner 32

descri bed;abpves {9093lad Lher MprlHied EXamalteshe ETC dybtidie sakRver cases

of applying the fee collection system of 'the present invention to road

vent ont S EE syt e B 2o, (S RRRTHR Ty WDl BB o000t o

expanding a charging area (already existjng toll road) A, entry into the
expanded %Wﬁﬁfﬁ%gﬁﬁgﬁat@?(%ﬁﬁ%ﬁéﬁ% ¢RAFIIRAgrea B, and so a road usage

fee is 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 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



55 is detected using the GPS receiver 24 of the vehicle-nounted device 20,
and an entry flag is set. In this case, at the exit tollgate, the entry flag
i§ transmitted together with vehicle information. In this way, at the ETC
systemside it is possible to recognize_that the charging area A has been
entered fromthe expanded charging area B, and so a road usage fee is

cal cul at ed so, t akj in consideration a fee for the expanded chargi ng
crea s [bobhgeces thdpBteal LRaiAne L B Bxnaiar] shataEibnerest e e i o
entry fromcharging area A and the expanded charging area B is passed

t hrough aheRflertadenBisberyt hatr Fhesekprnded EhargihgtafehyBURaRsS bekn |eft
is detected using the GPS receiver 24. In this case the charging area Ais
| eft wthoie phssendesbroogh vhdeexieat obhganéecathdnsonihe3f eéreteomi ns
unpaid. In this type of situation, it is possible to store the road usage

history fpigthps)titsecth8 tbetée Gaid, 1apdwhben tsaagsmppéheqenpaéd rgad
usage history to the fee collection device installed at the exit tollgate

the next LAIE. LD UBhs w@eoPANHPOL1YScal 801 0BIE LOFogal 08l USAOE £6P type

according to the road usage condition this tine. Al so, instead o

of paynment pethod, it  is possible to construct a sysiemsuch that road usage
fee is auPBhﬁtP%@flﬁnﬁeﬁ?gﬁﬁe?r8ﬂ¥aa5r%9 8@?§f%rgﬁgbgna%aggbﬁn?h%¥g% user
etc. In this case, in the event that the charging area Ais left wthout
passi ng th¥eligh PaekexFEoUBE €Bftgate, then after |eaving the expanded
charging area B, road usage history for this tine is transmtted by neans of
t he above[de8Gti bed wi de area conmuni cation unit 34 (refer to Fig. 21) to
the center unit 17, which is an upper device. In this way, the center unit

17 cal cul ates antoasntsaneg, feethothéhiBotenBe aBdiBAAT F€BsOUtoani atlhomati c
debit of this charge froma bank account etc.
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



[ 0095] Incidentally, with the above described first to fifth

enbodi nents, current position is detected using only the GPS receiver, but
ih addition to the information received fromthe GPS receiver24, it is also
possi ble to detect current position usigg i nformation such as speed pul ses
detected by a speed sensor fitted to the vehicle 1, or a vehicl e-nmounted

gyro etc. Int ossible to further rove accuracy, of current
o5t} on 27 0d8)Ss L1 e s BeE hidaic o A LTS o omRen CHOL VR Ch e 315 o
traveling in a tunnel or the like, it |s not possible to receive information

from t he @F% satellite, landi&ibenlt. t HE Slgdndddohdryithe &vents that a

tenporarily entered this can not be detected. In this type of case, it is
pref erableltoal hsy abf expamdednchdbgiforaness f§iage tdetdlatishddt t he
expanded charging area B has been entered to the vehicl e-nmounted device 20,

for the bpusges yiedtibe expantedi sharg nghe Qx@é@@e@ @ﬁ&ﬁ% h§hegeatBais
p05|t|on wher e connunlcatlon wth the GPS satellite is difficult. At this

tinme, édgo % @ plurality of expanded charging areas B are
establlshe entl |cat|on information for the expanded charging area B is

al so tra”f&&&;fd- [ 0097]

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



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 sanme antenna 45 at the entrance to a car
park that is in a position where comTuniP ation with the GPS satellite is
difficult. Inthis case, it is preferab to transmt information for

i dentifyi whi ch car park. has en .ent d to, the vehicl e-mounted devi ce
20. [0098#\\SP broad%‘%h ration; s%oggl%l@{?boroﬁsdecafeft} Yste¥min order to
further inprove accuracy of position detection by the GPS receiver 24. In
this casel®fe1yed poseidl eC¥Hereten vé2tdr+ecRTOR ¢od au$1 g ail! PR htd B 1 9% ex
station, as showmn in Fig. 28. Also in this case, as shown in Fig. 29, an FM

mul ti pl e becadoest B3yi s WA ero pramti ided dat & Herarstmiiditescdounti®t devi ce 20.
In the D-GPS system shown in Fig. 28, D-GPS position correction data

anal yzed rhyl thel basersdation b rscéivdgnbyt elle t oM anu FM prerdeaséiséati on 52
via the center station 51 of the 58

53 provided in the vehicle-mounted device 20, and correction

of position information using this D-GPS correction data is

carried out in the GPS 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.



FM br oadcast station. At the FM broadcast station 52, received D GPS
correction data is provided using FM nul ti pl ex broadcasting. D GPS
correction data transmtted by FM nmulti pl ex broadcast is received by
the FM mul tipl ex receiver 53 provided in the vehicl e-nmounted device
20, and correction of position information using this D GPS
correction data is carried out in the GPS receiver 24. In this way it
is-possible to further inprove the pos??ion detecti on accuracy.

[ 0099] Al so, the enbodi nments aQﬁéE have been described with a
contact type IC card as one exanpl e, MPt is also possi ble to the
use a non-contact IC card instead. 59 CLAIMS 1. A vehicle-nounted
device transfers information relating to a charge with a fee
collection device installed at _a_toll gate of a charging area, the

vehi cl e- notint ed® d&PE&calaAPRER 1 BEUSEARF FE T he RSB aRePe a
char gi ng a¥ekrtiily &R PsCRATAE ¥ ok f68dCptiT P WavicRginpgalled
expanded byt esttadlli ghkagCl acttarwnganded, chize giaig cdreeaouppedhi ch the
fee col | ecé¢oiradediapssdate potusatstial ked eass¢ héicarst py chamgsngt area
boundar i esarexut sildehaisuanentex HangirngdapeagiandHarginghi ¢ke- nount ed
devi ce adaptethded be wsedbiDshinltargneglyoexpaided heaeui henbrehar gh ng
area and tiliei @expardedecbal Dedgic eRvieeBPa+SIME installddshor age
device foreit,qf 1BGe8BRI Af04 BLIRArekst hsuexRanded ehang ega?g‘ﬁ?g and
entry detefmnatianchaf QEARL Od PREBSEBLI NG Mglher 8r pOhs LR & has

been entry g the expanded Sharding afefy:f RISLTLAR LRLor mtion

vau'Sltlcgkﬁzﬂgédoghagglng area, comprising:

a storage device for storing map information of the
expanded charging area and entry determination information
representing whether or not there has been entry into the
expanded charging area,

a position information acguisition section, and

an entry detection section for detecting entry into
the expanded charging area based on position information
acquired by the position information acqguisition section
and map information of the expanded charging area,
wherein

with respect to communication with the fee collection
device, which chargeg for both the current charging area

and the newly expanded charging area by transmitting the
entry determination information 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



an entry detection section for detecting entry into the expanded
chargi ng area based on position information acquired by the position
i nformati on acqui sition section and map i nformation of the expanded
chargi ng area, wherein Wi th respect to comrunication with the
fee collection device, which charges fog both the current charging
area and the newy expanded charging ar 8 by transmtting the entry
deter mi nat i g LR O JRL I 0y Ll ansm LLedy s 2, N vent gle- ppupted
devi ce of cl'aPmi'ds %awing an-entry flag indicating whet hér " o1 not
there has been_entry into the expanded charging area, wherein the
entry flag®P8%Eet in the event that there is entry into the expanded
charging area, and in comrunication with a charge comuni cati on
device the state of the entry flag is transmtted as the entry
determ nation 60 information, and after the transm ssion the entry

flag i s redet. T Ve clehmeratpiufteceledd cdadm @i arhepeinhereithe jn

the event that a plurality of the expanded charging areas are

provi ded, ewene what regdectiligventriyhé|exaroind ebpopdhagateseaste of

t he expanded charging areas, and the state of each entry flag and

i denti fi capronided orutsticorkreotespebt Expasrtaty diagg pgraespording to

transmtted to a correspondi ng charge communi cati on devi ce.
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 cne 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-mcounted 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 periocd 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



4. The vehicl e-nounted device of any one of claiml to claimS3,
wherein a clock section for clocking tine spent in the expanded
charging area is provided, and the tine spent is transmtted to the
fee collection device. S. The vehicle-nounted device of claim4,
wherein the tinme spent is encrypted and transmtted. 6. The

vehi cl e-nount ed device of claim4 or claim5, wherein, for a period
of tinme a vehicle is parked in a car pagk provided inside the
expanded chargi ng area, operation of the clock section is stopped.

7. The vehi clig- wpend Bd devkeel odiAaRyiceneafulchtanm ded®i gl Fom médsuring

travel distance inside the expanded charging area is provided,
and the travel distance is transmitted to the fee collection

device,

8. A vehicle-mounted device of claim 1 provided with a
GPS receiver and an FM multiplex receiver, wherein position
information acquired by the GPS receiver is corrected using
correction data of a GPS satellite acquired by the FM

multiplex receiver.

9, A fee collection device installed at a toll gate of a
charging afea, which is an area for road pricing charging,
the charging area being expanded by establishing outside a
current charging area, the fee collection device adapted
for charging the current charging area by performing
communication between the vehicle-mounted device fitted to
a vehicle passing through the toll gate and the fee
collection device, and for charging for the newly expanded
charging area, the fee collection device comprising:

a storage device for storing first charging
information relating to the expanded charging area newly
established cutside the charging area, and second charging
information relating to the charging area, and

a charge determination section for determining a
charge to be levied based on an entry determination
information representing whether or not there has been
entry into the expanded charging area, the first charging
information, and the second charging information when the

entry determination information that there has been entry



3, wherein a travel distance calculating section for neasuring trave
di stance inside the expanded charging area is provided, and the
travel distance is transmtted to the fee collection device. 8. A
vehi cl e-nount ed device of claim1l provided with a GPS receiver and an
FM rul tiplex receiver, wherein position information acquired by the
GPS receiver is corrected using correction data of a UPS satellite
acquired by the FMnmultiplex receiver. 62 A fee collection device
installed at a toll gate of a charging area, which is an area for
road pricingnéBangt ieh dhfrRar ghagyaiea el Rdsexdanded ed from
establ i shing_ outside a current charging area, the fee collection
devi ce adapgéﬂ rorickurengechde¥ig® ent chargi ng area by perforning
conmruni cati on between the vehicl e-nounted device fitted to a vehicle
passing through the toll gate and the fee collection device, and for
charging for the newy expanded charging area, the fee collection
devi ce conprlifsi nfhe afest @padectbwi ceviioe &f afliaig Biretewhar ghvgfirst
information relating to the expanded chargi ng area new y established
out si de t he cthaggnqoirfoemat 8of SeROQdds Chadigirye kab D& Madvion tehatdgigit
to the charging area, and a charge determ nation section for
det erm ni ng ia eharggpdricbecheviatdy basedad®n Paranbtyr dedrRf Wheat tin

i nformation representing whether or not there has been entry into the
expanded changkngpartean the &xpsideahangiqithd Rireamat i QibeidBd tA6n the
second charging informati on when the entry determ nation information
that there hasibeemeitted d6%ice, 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 pérameter, 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 expanded chargi ng area has been received fromthe

vehi cl e-nount ed device. 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 tine spent in the expanded charging area is received fromthe
vehi cl e-nount ed devi ce, the charge determ nation section determ nes a
road usage fee for the expanded chargi ng3area using the tinme spent
and the charge table. 11. The fee collection device of claim9,
wher ei n t he ¥rfogmaghar gilkf imSobeen iansochetedies th @HangeflqﬂﬂhgnhaV|ng
travel distance in the expanded charging area as a paraneter, and
when the travdiorda§iamce iaachhexpxpiatdetia chergiargaafcami the i vée-
fromthe vehicl e-nounted device, the charge determ nation section

det er m nes anmmaaduga‘gfeca‘,e@nﬁospemiefi@spahde@:gamwegi npaag 5wy wskeagthde
travel distance and the charge table. 12. The fee collection device
of any one ofehdlcdenh®s tentelrakdnbdded havithg éntrrst dehargimgtiianf or mat i on
correspondi ng to respective expanded charging areas, when a plurality
of the expandedrobatgt ngrar eas afi€erdy avtdetinandnwaecelon e cenifiys a
determ nation section receives the entry determ nation 63

i nformati on Adeat ubage ben fassené adahndet hehaeyihigl heak | i rignfraemat +on
of each expanded charging area fromthe vehicl e-nmounted device, and
speci fi es t hthagypagdist cdiargbngesr@apbhei vghickdehasp entar etdabgseg on
the entry determ nation information, and the charge deternlnatlon
section detQ&ﬁhneﬁeavémxﬂieuaageeﬁﬁgiéhor t he expanded charging area
using the first 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 wvehicle-
mounted device, the charge determination section detexrmines
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 comprising the fee collection
device of claim 9 and the vehicle-mounted device of claim

1.



13. The fee collection device of any one of claim9 to claim 12,
having a refund points table with tinme spent in-the charging area as
a paraneter, when the charging area is an area for which a constant
fee is levied at the time of entry regardl ess of road usage
conditions, wherein, when tinme spent in the charging area has been
received fromthe vehicl e-nmounted device, the charge determ nation
section determ nes refund points using the tine spent and the
reduction points table, and these refund points are allocated to the
owner of thebvelfhel éee dolllektfier spéieacbifonlsirstiem eonpidsd ngitthe fee
coll ection device of claim9 and the vehicl e-nmounted device of claim
1. 64 15.fiftHed detevhiredticonssgsi®miolr débemindngpwbetbed ov thota
fitted determ nation section for determ ning whether or not the

vehi cl e- nowriteevedévieendwmntfad tiedioe tis Hiposdtwioth ianfposiraidon

acqui sition section, wherein the charge determ nati on section causes
di fferent cheffgesttionbecdiediedodepsasndiong ohediat eve therge

vehi cl e-mount ed devi ce has, .or does not have, a GPS function. 16.
The fee colderirminasyst evcfionl ahddst A fekantndargaldetgive ldviagcase
where the position information acquisition section is a GPS receiver,
in the expafsirgdehgr gh Ngheaea thatvdiSicAB-AbeRtdd) deliieB his) Sor does
difficult for the vehicle-nmunted GPS receiver to receive position:

i nformati omdy aava, PSEAtInkkien. @ W rel ess antenna for transmtting
position data to-the vehicle-nounted device is install ed.

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 wvehicle-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.





