DESCRI PTI ON FEE COLLECTI ON SYSTEM Techni cal Field [0001] The present
invention relates to a fee collection system and particularly relates to a
fee collection systemfor collecting a predeterm ned fee fromthe owner of
a vehicle that has entered a toll road or an area subject to a charge.
Background Art [0002] In recent years, so-called road pricing has been

i npl emented, where areas that are subject to charging are provided in urban
areas, as neasures for tackling probtemspsuah as traffic jans and air

pol lution caused by too many vehicles driving into the center of |arge
metropolitan areas. Wth this road pricing, gantries are provided at each of
the entrances and exits of charging area, on which wireless communications
equi pnent for charging is nmounted. Also vehi cl es driving into the charging
area are required to be fitté&ditH N1 Sddht ed device. If a vehicle
passes the gantries and drives in to the charging area, transfer of
information required for charging is carried out between the 2 wreless
comuni cati on equi pnent and the vehicl e-nmounted device, and chargi ng
processing for the vehicle is carrd&thitd]l mie1el ectronic sections (refer to
Japanese Unexam ned Pat ent

[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 tcll 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 rocad 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



Appl i cation, Publication No. 2003-323648, for exanple). A so, as the above
descri bed chargi ng nethod, for exanple, a nethod of deducting a fixed sum
froma balance of a prepaid card inserted into the vehicl e-nmounted devi ce,
and updating and storing the bal ance as a balance in the prepaid card, or
a met hod of automatically deducting a fixed sumfrom a users bank account
that has be pre-regi stered, have been adopted. [00031 An ETC (Electronic

Tol | Col I@fﬁé‘pé@ssa/&ﬁmjféa@ié& Yo 28 Seysiemd o - putpamtical Iy

collecting a road usage fee. Thi TC system can automatically collect a

f b form i r.el icati bet dside w rel it
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Pat ent Docunent 1: Japanese Unexanm ned Patent Application, Publication No.
2003- 3236248 TR ra)C et 03uf el BFL ¢ hvENt IIRPNG PO O 1MVt , P3rethe above
described fee collection system3 related to road pricing, and the ETC
system thepelomylde Henbndstion expandd@3cizie, char gixgnaten, and it is
necessary to newy install gantries and toll gates etc. at the entrances
and exits to thesexpafndete Cies @k NGe 8¢ Loboe Buth Lt dih & heSehod, for

example, a method of deducting a fixed sum from a balance of a

prepaid card inserted into the vehicle-mounted device, and

updating and storing the balance as a balance in the prepaid

card, or a method of automatically deducting a fixed sum from

a users bank account that has be pre-registered, have been

adopted.

[0003]

An ETC (Electronic Toll Collection) system is also known

as a system for automatically collecting a road usage fee.

This ETC system can automatically collect a fee by performing

wireless communication between roadside wireless units

installed at a tollgate, and a vehicle-mounted device mounted

in a vehicle.

Patent Document 1:

Japanese Unexamined Patent Application, Publication No.

2003-323648 (Fig. 11)

Disclosure of Invention
[0004]

However, in the above described fee collection system



installations will require enornous expense. Further, with respect to
existing facilities provided at a boundary between an expanded chargi ng
area and a current charging area, since there is no longer any utility
value it is also necessary to consider effective utilization of these
current facilities. [0005] An object ofsthe present invention is to provide
a fee collection systemthat can expand a charging area at |low cost, while

ef fectively ysing-surseatofacihytigsy £0006kc & fiLst aspectnQf the present
invention is directed to a vehicle-munted device that i's nounted in a
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storage device for storjng nag information of an expanded chargi ng area
new y establFeh b%f%?%g FPHRCEHEP gf Y Tarkad@BePostEi oRti FE®r RRETORCES

acqui sition section, and an entry detection section for detecting entry
into the @xpaglets thatlye ngxpaedcdaskdronnposied on Buiflotimat itdresscqui red by
the position information acquisition section and map information of the
expanded thetgl hgt aoea, winher eéguirté heriespect &pdns€onmrinittaid, onvibet ween t he
fee collection devices, entry determ nation information representing
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transmtted.” [0007]
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 acgquired by the

position information acquisition section and map information

of the expanded charging area, wherein with respect to



According to the above-described first aspect, the fact that an expanded
charging area has been entered is detected based on position information
fromthe position information acquisition section and map information
stored in a storage wunit. In this way, in the case where a charging area
has been expanded, in other words, evemy when an expanded charging area is
newy established, it is possible to reliably detect that the expanded

char gi ng @spa.hes.been soteced Wi host iostaliing d@@%é@méﬁ%t@s at the
entrances to the expanded area. Also, with respect to fee collection devices

install ed,in x{\%‘? 19{‘87‘1%%159?%@ e oﬁ'Péé%rSQéﬂé’hﬁgt\?ﬁ&ﬁ&'é’P A O{N&Fé on

|nd|cat|ng xpand ar ea been entered

transmtted, a collection charge is de %ernlned al so takin |nto account
road usagi®F e FdrethiY ekpERdEd cHER o G- arRa 9T t HeSAbbY et HESTR bl -
position informati on acquisition section, a GPS receiver has been
attracti ngP@@tenti on as one exanple. Al so, various conmponent parts
constituting the above-described vehicle-nmunted device do not need to be
provi ded i nsi dec@océdbeg of ot tiee vaho ¢d -edement ledd devt €, aspelct hethe nvent | on
al so includes, for exanple, an aspect where conponents are used connected

to externghaPagd Se BYa NBSANSc104 r i n§Xd £LDaha §opponent + & eLa Nal $e €L &t eq [ 0008]
The vehi cl e- mount ed devi ce of the above described first aspect can al so be

ConStrUCtﬁﬁgg@yéggpggigggﬁyié%@ﬂmépgéﬁaffgg the position information

acquisition section and map information stored in a storage
unit. In this way, in the case where a charging area has been
expanded, in other words, even when an expanded charging area
is newly established, it 1is 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
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whet her or not it has entered into the expanded charging area, where the
entry flag is set in the event that there is entry into the expanded
charging area, and in comunication with a charge comuni cati on devi ces,
the state of the entry flag is transmtted as the entry determ nation
information, and after the transm ssiorgthe entry flag is reset. [0009]
Wth this type of structure, by transmtting the entry flag state as entry

det er m nad 10 nf of s d0dht itetBipOBSidte. for the fee collection devices to
easily determ ne whether or not there is entry into the expanded chargi ng
area. [001fggft is also possible for the vehicle-munted device of the
above described first aspect to have a structure whereby, in the event that

a plurality of_the expanded chargi nhg areas.are rovided, ther re
respective entsy’ fY%ﬁcg%rI?%%rb%%%i%%v%%e ChcH Br A hes e(g%éa%ﬁ]eae(%h t5i hg
areas, and the state of each entry flag and identification informatjion for
each expaRRFT ¢kl g htf R LW T FFEARM 23 EHNY 2 F Feshbidli Hef bal e
comuni cation device. [0011] 6 Wth this type of structure, by transmtting
the entrywlidedpstat enas enthys deteemedatinon ind oexmdnded | cha coprresporaence
with each expanded charging area, it is possible for the fee collection
devi ces tyheasitiye spect§ yr1d® 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]



expanded charging area a vehicle has entered. In this way, it 1is possible
to easily determ ne a road usage fee for an expanded charging area a
vehicle has entered. [0012] It is also possible for the vehicle-nounted
device of the above-described first aspect to have a structure where a
clock section for clocking tinme spent i® the expanded charging area is
provided, and the tinme spent is transmtted to the fee collection devices.

[0013] Wth thishtypesofysérdet sf eucsinEp by Merspent ti dingheneexpanded
charging area is transmtted to the fee collection devices, it is possible

for the fPPa?QH%QQQ gevigeset Orm gl €180 NEn Ao FRAM; Ygage fee taking account
of tinme spent in the expanded charging area. In this way, it is possible to

give a road usagedfee tha% npr e cgrrec&lg reflects the road usage
condi ti onsoT FOOHATACTEE | ¥ 0 so° posSIBIRFdr Y ARI VR T 82 hotiht &8 devi ce of
the above-described first aspect_to have a structure where the spent tine
is transmPesedPin Eneryptelctof Al l9Ct 0018V IFEH tRisasype dPesifucilre,
since the spent tinme is transmtted to the fee collection devices in an
encrypt edexpandgdi thasgpogsibte doveheveathds aemuéead. aclrs Suich sy, 1t

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 1s 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.



falsification and interception of information. In this way, it is possible
for the fee collection devices to determne a road usage fee based on
accurate spent tinme. [0016] It is also possible for the vehicle-nmounted
device of the above-described first aspect to have a structure where for a
period of tinme for which a vehicle is parked in a car park provided inside
t he expanded charging area, operation of the clock section is stopped.
[0017] W¢obithis type of structure, it is possible to prevent the period
of time for which a vehicle is parked in a car park provided inside the

expanded: char gjngs atasbey 9 peckudedciipe they %én?héps LolhiIhe expanded

chargi ng area. this wa econes p055| e to ac urately clock the

tual t t th ded 0018 | t I
octusl LR, BRTt L, o N Epenced enar oo, 2l en [O01EL LB sle? e

to have a structure where a travel distance calculating section for
measur i ngf®Favelt &F sbangebiast dePt AECRK phhdedu ERRF gR RS af @@ 35 provi ded,
and 8 the travel distance is transmtted to the fee collection devices.
[0019] Wéhbhsihisatype afdsintuetraeptisnncé infwvehadistance ithishevay,

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 1s possible to prevent
the period of time for which a vehicle is parked in a 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



expanded charging area is transmtted to the fee collection devices, it is
possible for the fee collection devices to determne a road usage fee
taki ng account of travel distance in the expanded charging area. In this
way, it is possible to give a road usage fee that nore correctly reflects
the road usage conditions. [0020] A serond aspect of the present invention
is directed to a vehicle-nmunted device provided with a CPS receiver and an

FM nul tiphexcreeel velstiheLel 8 poshihontdaf o8 nahs oncacayi 168 byn the GPS
receiver is corrected using correction data of a GPS satellite acquired by

the FM nuktiplex receiver. [0021] According to the second aspect,
correction data for a GPS satellite transnmtted by FM nul tipl ex broadcast,
for exanptﬁo GPS correction data, is received, and the position
i nformati L2hui red by the GPS receiver is corrected using this correction
data, which neans that it is possible to inprove position detection
accuracy. Al so¥1By trhhshyPei g SERECESF? ectiBfe dafavesi ays el 1 plles
broadcast, it is possible to receive correction data with a sinpler
struct ur eexPan@@@2¢h@&r¢hhg danspects dfandrel present thwehéeomolbedii@cted to a
fee collection device, arranged in a charging area, for performng transfer
of infornadvoresel ating pOsaiehargert oh@nfke collection devices to

determine a road usage fee taking account of travel distance

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.

[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 information acquired by
the GPS receiver is corrected using correction data of a GPS
satellite acquired by the FM multiplex receiver.

[0021]

According to the second aspect, correction data for a GPS
satellite transmitted by FM multiplex broadcast, for example
D-GPS correction data, is received, and the position
information acquired by the GPS receiver is 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.



froma vehicle-nounted device fitted to a vehicle passing through the
charging area, conprising a storage device for storing first charging
information relating to an expanded charging area newy established outside
the charging area, and second charging information relating to the charging
area, a entry determ nation section forg when entry determ nation

i nformati on has been received fromthe vehicl e-nmounted device, determ ning
whet her orongpja vehicle fitted with the vehicle- nounted device has entered
t he expanded cLarging area based on the entry determ nation information,

and a charge dgEEﬁ{P&”§£%%8t58§t£HQ gés%§£eﬁﬂ¥859%gﬁg§8'&§§ %QQdC grge

based on the termnati result, a the first c I'ng 1nformation and
t he secong ChaéﬁLnﬁ i nformation. 0023% Accordgng to the aboye descri bed
third aspeft, CAhetherOBrdchvrea JEhPEPEentef sCAAL ExPANBER2chaPhing area is
determ ned, and when the vehicle enters the expanded charging area a road
usage feePebforhengxpaadedcEhafgingoarealiandralabatgusage feergeotot Aed
charging area are collected together. In this way, it 1is possible to carry

out fee cbrbecti vahfoiebnbhnbadedpandedfichatgtngaareniahd mashangi ng area
with a single device. As a 10 result, since there is no need to newy

install athesugeothecthQngdRyi sechor cbhgr eXpPARdedsebargbngeaLea Fbris
possi ble to reduce |nstal?at|on cost, and accordingly it becones possible

to carry Qyérgg&/§QP§{rHﬁ££89n5OEn@QrﬁéP?@Hegelating 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 i1s 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. In this way, it
is possible to carry out fee collection for both an expanded

charging area and a charging area with a single device. As a



char gi ng

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

described third enbodi mrent can al so have a structure where the first
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information includes a charge table having tine spent in the
charging area as a paraneter, and when the tine spent in the

charging area is received fromphe vehicle- nounted device, the
charge determ nation section determ nes a

road usage fee for the expanded
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charging area is received fromthe vehicle-nmounted device, the
charge detfermgirad iaresexdsnhy. determ nes a road usage fee for the expanded

area wusing the travel distance and the charge table.
[0024]

The fee collection device of the above described third
embodiment can also have a structure where the first charging
information includes a charge table having time spent in the
expanded charging area as a parameter, and when the time spent
in the expanded charging area 1s received from the vehicle-
mounted device, the charge determination section determines a
road usage fee for the expanded charging area using the time
spent and the charge table.

[0025]

With this type of structure, in the road usage fee
calculation process, time spent in the expanded charging area
is taken into consideration, which means that it 1s 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



[0027] Wth this type of structure, in the road usage fee calculation
process, travel distance in the expanded charging area is taken into
consideration, which neans that it is possible to give a road usage fee
that nore accurately reflects road usage conditions. [0028] It is also
possi ble for the fee collection device f the above described third aspect
to have a structure with the first charging information corresponding to

respecti ve: d r gy ih:the e: u |t f the
expanded %%%?ﬁ?%g g?égggégﬁﬁg?%%?gi%?f@%%?e?%@§héygﬁ%§§§v%%t%?%*ng??on

section r ives the entry determipatioon infornmation that has. been
associatéﬁ%@&??ﬁﬁ%ﬁﬁ%% |ca?Y%%e’i% %r%%?{%% %?t%ﬁ%hn%&b%%d%%ci %?ging ar ea
fromthe vehicl e- nounted device, and _specifies the expanded charging area

the vehiCFeeHESht2rEP Hastoont Thet eht e dRtRFAIPAL FoM 9179 R Fedi on, and
t he charge determ nation section determ nes a road usage fee for the

expanded ehEngi e areavesi dgstdectiand tihatlyhnge i pdlolerati on correspondi ng
to the expanded charging area the vehicle has entered. 12 0029] Wth this
type of stou®iure, in the event that a plurality of expanded chargi ng areas
are provided, first <charging information is registered in correspondence
w th each With this type of structure, in the road usage fee
calculation process, travel distance in the expanded charging
area 1s 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.



expanded charging area, and so it is possible to carry out detailed fee
setting for every expanded charging area. Further, even if a vehicle enters
a plurality of expanded <charging areas, it is 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 isjbevied at the tinme of entry

regardl ess of road usage conditions, for the fee collection device of the
above desgigped third aspect to have a refund points table with tine spent
in the charging area as a paranmeter, wherein, when tinme spent in the

char gi ng areavmggq pﬁfge§€§ iggdsgg dpp0|ﬁ? cl e- g&gg%egh9§Véce t he charge

determ nation ion m nes re S uSi ng e time  spent and the
reduction points table and these reductlon points are allocated to the
owner of Rfﬁ?%%h el Rt T%Rﬁﬂﬁe L?@%F?%ﬁﬁi?ﬁ?%?nﬁF%t%rovﬁ%%% thetthar gi ng area
is an area for mhlch a fixed fee is levied at the time of entry regardless
of the rodthusbye ohdindohey by hewlsigepoi nts caccospibmderee theth i exclspent
in the charging area cause a 13 refund for the owner of the vehicle, it is
possi bl e éparided dhawanth@l aredj ednd osdser Si svheo $@yb havieo | aachverdent |y

entered the charging area by m stake. [0032]
detailed fee setting for every expanded charging area.
Further, even if a vehicle enters a plurality of expanded
charging areas, it is possible to carry out fee collection in
one go.
[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 1s 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



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 device,
the vehi cl e-nount ed device conprising ajstorage section for storing map
informati on of an expanded charging area newly set outside the charging

, L. i nf . i siti . ] ) . t ,
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determ nation section ecting entry into

based on positi.o i nformation acquired by the position information

acqui si ti%{la%c rﬁl o%er}alnedgﬁhoe HHp g nft r%atﬁ/oq‘?\fﬁ Jtrf‘iaeé\é%qaer{ge]dy HIY Y area,
wherein, when the fee collection device is approached, entry determnation
i nf or mat i G | HHA LB G WethermbitHet- t he expanded charging area was
entered is transmtted, and the fee collection device conprises a storage
device fof0&tdring first charging information relating to the expanded
charging area and second charging information relating to the charging
area, an entry fieiefHMHdrSest i0fe ffesaien ddhenendd yi deterdddwat itan

i nformati on has been received fromthe vehicl e-nounted device, determ ning

uhether ofendlo @ XaMif] & [ddded NN e vahi ¢ erdd &l feydcedas

entered the expan chargi ng area based on e entry determ nation

i nformati.on d a char det ernination sectiagn for_ det rqln'n. a charge to

be | evi ed " baSed brit o QRSHH AatiG (HELIT, P Hhd KIS AargiTg
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 acquisition
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 1is 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-



information and the second charging information. [0033] According to the
above-descri bed fourth aspect, the fact that an expanded chargi ng area has
been entered is detected based on position information fromthe position
information acquisition section and map information stored in a storage
unit. In this way, in the case where a cgharging area has been expanded, in
ot her words, even when an expanded charging area is newy established, it

i ib I d i b
o, POsSi bheptochelkadky fetegh thah hece B -ches L PR
area. Fur 055|bl to carr¥§?§t fee c Il ection for both an

expanded %E Sphﬁyaag e&W&nﬁ ¢RAr §ihg éOB$|ﬁ8 2 §T'RGPE fee coll ection

device installed in the charg area. In this way, since there is no need
to new y PFR§eamfingties S@GFP@@t%@ﬁ d@&?é@lﬂéﬂgtﬁeCéﬁﬁaﬁdé@ BRat§VAgdarea, it
is possible to reduce installation costs. As a result, new construction
for expantededhangichg de¢asminatdobtherewoids aexlpahsi dnret charging areas,
can be carried out easily. [0034] It is possible for the fee collection

system of ihlierabevenlanddeser sbechauehhraspgctnrerhaveca.fitted
deternination section for determ ning whether or not the vehicl e-nmounted
devi ce ha @05|t|on i nformati on acqui sition section, and for the charge
deternlnatlon Section to cause different charges to be | evied

According to the above-described fourth aspect, the fact
that an expanded charging area has been entered is detected
based on position information from the position information
acquisition section and map information stored in a storage
unit. In this way, in the case where a charging area has been
expanded, in other words, even when an expanded charging area
is newly established, 1t is possible to reliably detect that
the expanded charging area has been entered without installing
new facilities at the entrances to the expanded area.

Further, it is possible to carry out fee collection for
both an expanded charging area and a charging area using a
single fee collection device installed in the charging area.
In this way, since there is no need to newly install a fee
collection device for the expanded charging area, it is
possible to reduce installation costs. As a result, new
construction for expanded charging areas, in other words
expansion of charging areas, can be carried out easily.

[0034]

It is possible for the fee collection system of the above



dependi ng on whet her the vehicl e-nmounted device has, or does not have, a
GPS function. [0035] 1In the vehicle-nounted device, it is detected whether
or not an expanded chargi ng area has been entered based on position
information acquired by the position information acquisition section.
Accordi ngly, a vehicle-nmounted device ¢that is not fitted with a position
informati on acquisition section can no |onger detect whether or not an

expanded gchar gidgr & &an haspheen- eniered, Thered o5&y o Whidh & yehi sl erofrount ed

device that can detect entry |nto an expanded charging area, road usage

fees for PW%QfHQ%“%?'ﬁQgsﬂ“ %an mn atand the changid%jd%ea ar billed

t oget her, e on a ve (fe no |ce t aa? can

not det ect entry into_ an expanded charg ng area road usage fee is on
billed fdrPEEThRYiHy Areatlem %W%l%lyfpleorbe%ﬁh%ﬁa a9 biyO ekt %gclaar%ad
usage fee for a vehicle-nmounted device that is provided wth a position

i nf or mat | &t ewuisi TP settdon © anlse rdhtf e wsrigecizegdort@ ehi et eedount ed
device that is not provided wth a position information acquisition
section, dhgdrediand ,on twhetsheossidl et tc batmnoe: ddedehidgasad evéeddodd so, by
setting a 16 road usage fee for a vehicle-nounted device that is not

provi ded yh¢ hha,Posd téeh 4 nfof 1@t on acquisition section higher, it is
possible to pronote the use of vehicle-nounted devices that are fitted with

a p05|t|0ﬂjd§gprnat|on

In the vehicle-mounted device, it is detected whether or
not an expanded charging area has been entered based on
position information aequired 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



acqui sition 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 sectionis a GPS
receiver, in an expanded charging area that is an area in which it is
difficult for the vehicle-nmunted GPS regeiver to receive position
information froma GPS satellite, a wireless antenna for transmtting

position dala toadbervehigles n@@mg_ﬂe ﬂ@yﬁ@@d éewééa{w@l 1§093¢] Wth this
type of structure, in an area where it is difficult for a vehi cl e- nount ed

GPS repe'%)!%vi&’ecﬁe&f{?(e g}tﬁl é‘mi&?")ﬁf%@ﬁ% #éllmlé‘l §§<§t§8£e””a f or

transmtting position data 1s 1ns ans I'S possible to

reliably detect that.,an expanded char ng_area has been entered.
i dent AN TYTST het t ebaaRes SEbbt r Hoy i R Btk et Sbove Eaht e kBt ned

where possible. [0038] According to the present invention, the effect is
achi eved Vit ngtlabl e2¥o Ekpand wlthar gragl ke mMmIoowREbSE, 17 while
effectively using current facilities. Brief Description of EXamjngs [ 0039]
FIG 1 isaaqudiant hgn shewthgnt he overall structure of a

[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,



charging systemof a first enbodi nent of the present invention. FIG 2 is a
bl ock di agram showi ng the schematic structure of a fee collection device of
a first enbodi nent of the present invention. Fig. 3 is a drawi ng of an
entry lane to a charging area, |ooking fromthe road shoulder. Fig. 4 is a
drawi ng showi ng one exanple of markings-aid out underneath the vehicle
detection unit showmn in Fig. 3. Fig. 5is a draw ng showi ng the appearance

of the markings | [ : ebicle: es over. FIG 6 is a

bl ock diagbgggsﬁgagﬁgl¥ égsgﬁéﬁgr?ggggpﬁc?h?g§lg?§§'vehicle-nnunted devi ce
of the first enbodi nent of the present invention. FIG 7 is a draw ng for
sinply describing the operation content of the vehicl e-nounted device of
the first enbodiment of the present invention. Fig, 8 is a drawi ng show ng

a processing sequence for PELRHUNFEAFIBhICAr P+ elrdtt"Bet ween a
vehi cl e-nounted device and a first antenna control unit, in the first
enbodi menf06B8% he 18 present invention. FIG 9 is a block di agram show ng
the schematic structure of a first antenna control unit of the first
enbodi nent of the. present diravwenti enowkhg. the bseaadnawvktngcshowi bg a
processi ng sequence for

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 1s 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 1s 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



comuni cation carried out between a vehicl e-nounted device and a first
antenna control unit, in the first enbodi nent of the present invention.
Fig. 11 is a drawing for describing an entry flag. Fig. 12 is a drawing for
descri bing handling of a vehicle-nounted device that is not fitted with a
GPS receiver and a vehicle-munted devigeg that is fitted with a GPS
receiver. FIG 13 is a drawng for sinply describing the operation content

of a vethigégﬁyggggeggyé e of a second enbodi ment of the present

i nvention. IS a block di agram showi ng the schematic structure of
t he vehi cl e-mount ed_devi ce of the, second enbodi nent of the, present
i nventi on. FIG?IéS Psid BIBﬁ?cgi§b?%ﬁ?@h6@?ﬁbn9hEhgcﬁ%ﬂﬁT?ElgsFFﬁEFEPEeof a

first antenna control unit of the second enbodinent of the present

i nventionef R G118t gnhebnackodt agF awishowf nghehélsehepmbpdimentuef ukkeof a
vehi cl e-nount ed device of a third enbodi nent of the present invention. 19
FIG 17 iprasednawingefioiosi nply describing the operation content of the
vehi cl e-nount ed device of the third enbodi nrent of the present invention.

Fig. 18 is a drawingofor degesibhfdshendhing ptodc53s8y ¥bghenacvehicle is
parked in a car park that is inside an
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.



expanded charging area, in the fee collection systemof the third

enbodi nent of the present invention. FIG 19 is a bl ock diagram show ng the
schematic structure of a vehicle-nounted device of a fourth enbodi nent of
the present invention. FIG 20 is a drawing for sinply describing the
operation content of the vehi cl e-nount gg device of the fourth enbodi nent
of the present invention. FIG 21 is a ock di agram showi ng the schenmatic

structure of hi ¢l e- mount ed device of, a fifth enbhodi ment of the, present

Thvent Lon. FI G155 15 5 M HE b ST ik hectr T o Mo ther b art ot Shont ent
of the vehicle-nmunted device of the fifth enbodi nent of the present

i nvent i orEOTRI{PT 2BL i 'SR 1§ i e THRR F e otk i ol ekttt B A UrRNT poi nt s
table. Fig. 24 is a timng chart show ng another exanple of a refund points

table. Figl 2% igreserawimgeritoromescri bing the fee collection systemof the
present invention when applied to an ETC system 20 Fig. 26 is a draw ng

for describingridie f@ei £a | @€dw DIy SHst efe Of r iEnPriesedlinqventd ofeydien
applied to an ETC system Fig. 27 is a drawing for describing a nethod of

LTSO8 5 A T BB 4 45 Bl PRSI TR AT, oot v
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. 28 is a drawing showi ng the schematic structure of a D GPS systemin
the case of transmtting D-GPS correction data using FM nul ti pl ex
broadcast. Fig. 29 is a block diagram showi ng the schematic structure of a
vehi cl e-nounted device in the case of receiving D-GPS correction data using
FM rmul ti pl ex broadcast. Explanation of Bgference Signs: [0040] 1: vehicle
2: fee collection device 5: first antefna 8: second antenna 9, 9a: first
antenna control. uni 12: second antenna control unit _17: center,unit 20,
S0n. 20b. 200 P 246t oF CSHOIMED Tovieeet o iy bt vare 7St € or age
devi ce 26, 26a, 26b, 26c¢c, 26d: control section 21 27: comrunication section

30: 1 C cat¥Pi®Rertioht sRESFHNT B1VeE Yar¢ht R aked A ° chargihgsws e 8, B1,

B2: expanded charging area C. car park
Fig. 27 is a drawing for describing a method of acquiring

position information when it is not possible for a GPS
receiver to receive data from a GPS satellite.

Fig. 28 is a drawing showing the schematic structure of a
D-GPS system in the case of transmitting D-GPS correction data
using FM multiplex broadcast.

Fig. 29 i1s 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, 9a: first antenna control unit
12: second antenna control unit
17: center unit
20, 20a, 20b, 20c¢, 20d: vehicle-mounted device
24: receiver
25, 2b5a: storage device

26, 26a, 26b, 26c, 26d: control section



37: storage device 32: tinmer 33: travel distance calculation unit 34: w de
area communi cation unit 35, 35a, 35b: first charge table 36: second charge
table 38, 38a: entry determ nation section 39, 39a: charge determ nation
section 40: entrance antenna 41: exit antenna 45: antenna 50: base station
51: center station 52: FM broadcast statiion 53: FMnmultiplex receiver Best
Mode for Carrying Qut the Invention [0041] One enbodi nent of a fee

collecti oprsysddemnafidhe presaentid? invention will be described in the
following with reference to the drawings. [First Enbodinent] Fig. 1 is an

overal | sgpuctyy aéag# Zi\é}q'%gﬁ fort _tgeegt?eon col l ection system of this enbodi nent.

As shown 1n Fig. 1, ection devices (not shown) for collecting a

r oad usagglfeelg rom ivnf.acheircg‘_jecel t hat has

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: base station

51: center station

52: FM broadcast station

53: FM multiplex receiver

Best Mode for Carrying Out the Invention
[0041]

One embodiment of a fee collection system of the present



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 entry lanes that a vehicle 1 enters in a charging area A and
transfer information for collecting a 5gad usage fee to and from

vehi cl e-nounted devices fitted to vehiclés passing the corresponding entry

| ane. [0042 ig. 2.1 bl.ock _dj agram showing.the schepmatic_structure of
AR AN R PR S R i SR LR T e e
conprises a first antenna 5, a canera 6, a vehicle detection unit 7 and a
second antBANAr8W1FHa-fee collection device 2 further conprises a first
antenna control wunit 9 connected to the first antenna 5, a canera control
unit 10 ¢bhnettBdbedimperttanera 6, a vehicle detection control unit 11
connected to the vehicle detection unit 7, and a second antenna control

unit 12 connecred.td theasecosdaant eopacBurd8 d¥heifigeoeothectiéen device 2
al so conprises a unified control wunit 13 an environnent control unit 14

connect ed.-£ 91 Lhei cHNE{ i edncoRt £ 0} sUBLEodBmeAPd a comuni cation control unit
15 connected to the unified control unit 13. The above described first

ant enna contro%sug'gwg,iga ra Eon%rgl 8Titc%9 nv Q%gég ?etgctﬂo& gontrol
unit 11, second” anténna ContPol ~unft©1%°%and At rOP " uRIYY43 are

unifired co
connect ed toget her by nmeans of a ,
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 1in 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.



bus 16, to give a state where exchange of information is made possible. The
comuni cation control unit 15 perforns comuni cation between the fee
collection device 2 and a center wunit 17 which is an upper device. [0043]
In the fee collection device 2 having the above described structure, the
first antenna 5, camera 6, vehicle detegtion wunit 7 and second antenna 8
are attached to a double colum type support pillar arranged across a

travel r o] ry o . o] S i Q.. 3 rawi ng of a
trarfic o el ol alds Mo B 1% LN M .4 £lhi 0 SR N
antenna 8 are ﬁgranged so that it is eﬁgxft eceive signals froma

e

Vohi ol o iUt o dab; S5 BIOTHE Vet Rt ES T TRt avE] | T RTC e Lor i pondi ng

traffic | ane. For exanple, the first antenna 5 and the second antenna 8 are
arranged Wiihlemt Camtenhalbeam § aci®y & heORB} ESPoreh ngPrred ¥ iwnitankd Al so,
the first antenna 5 and the second antenna 8 are installed a distance of
from aboutordieatd¢d b thaparifidhecqurposeunit 2U3. t Hile abose tdeatcrdbed

vehi cl e-nount ed device receives a road usage fee via the first antenna 5,

this roadsusagesdeenns ¢4t aghit 09 aAncdfe £ar&on@rsh aipProcessifehidre until
the result is notified to the second antenna 8 is ensured. |ncidentally,

10 T S RICA St L BeLvesi e i3 BN S Ty ST
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 1s 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



[00441 The canera 6 is for taking pictures of nunber plates of vehicles
acting inproperly, in the event that a vehicle acting inproperly is
detected. A vehicle acting inproperly nay be, for exanple, a vehicle

wi t hout a vehicle-nmounted device fitted, a vehicle with no IC card inserted
into the vehicle- nounted device, a vehbgle havi ng a bal ance stored in the
IC card that is less than the charge being levied that can not «correctly

performc in vehl cl.e. f counterfeit vehijcl e-nmounted
devi ce ork}l](:gcasg O'Iih}ése ve‘ﬁe}He & mo r:{%negg@%r]o% er't - ar € et ef er?ﬁ‘%eﬁs%%%ed on
information received _fromthe vehldél e-nmounted device by the first antenna

etc. The M&hitta et ctioh IMFTNT dot eSS o Qi $199 paRsthgretHrouyh. For

exanpl e, markings of a striped pattern as shown in Fig. 4 are placed on the
road unde¥dment LG heandhi @@ a defeet$ omarn ime, umhiel vighg creseet ecti on unit 7

monitors the striped pattern from above, and when this striped pattern

cannot ben®colfsed |yo defeci@thn@sashows i h H endirddhe passaget231yf the
vehicle 1 is detected. [0045] Also, as shown in Fig. 1, a newy established

expanded ; charglndharekB 1s esiabidshed qutalde the eharging anea A For
exanpl e, when there is a demand to expand the originally existing charging

area A this expanded charging area,B | o1 SURSEAUSRtAY, £o1 abl i phed area
Thi s expandeedS area n 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 vehicle-
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



provi ded surroundi ng the charging area A provided so that part of the
expanded charging area Bis in contact wth 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 |anes at area
boundaries in the above descri bed expanggd charging area B as they are for
the charging area A Instead, detection of entry into the expanded chargi ng
area Bis _carried out usin he vehicl e-mounted device fitted to the
vehicle 1°TFrgS ghlc%?bfo%% %?%%?%%QShomjng the schematic structure of the
vehi cl e-npunt ed device of this enbodinment. As shown in Fig. 6, the

vehi cl e- mbtht el device 20 conprises, as its main structural conponents, a
power supply circuit 23 connected to a vehicle power supply 21 and an
internal battekysQe aa €PSnrecefver {posinewvhyiasorphlsond acxpirsded on
section) 24 for detecting current position by acquiring information
relating 2bargoOngpostés ob 1 of ost@Ebl dshéd ovues (RS slat ethatein@ stef age device
(storage section) 25 for storing various information, a control section

(entFY_de#@ﬁtéﬁﬁhiﬁéﬁi@WénZ@heﬁec9§“y”&&@éﬁ@”toS@Qﬁéﬁ@ @ﬂef&%igﬁﬁ£Ying out

communi cation with the first antenna 5 and the second antenna 8 of ¥he fee

collection .device 2 etc.. a disglaghsection notificationBsection 29
, ea 1s a

10N in 2 X 8 .ah :

such as buzzer % i%ifgangl%F%%r i nsertf na%e%?l%naﬁ%l?%t%F
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



which an IC card is inserted, and an IC card interface 31 provided in the

| C card insertion section 30. [0047] In Fig. 6, it is possible for various
structural conponents, such as the GPS receiver 24 etc. to not be

i ncorporated inside the vehicle-nounted device. For exanple, each structural
conponent can be constructed capable of , information transfer. As one
exanple, it is possible to have a structural aspect where a nobile term nal
unit haviﬁg a gfs. fugg%iOQ %s coPnected pg negnﬁ%og an_ext ernal %erninal,
and the PFFUhct?on  Pr ot acdOBy A8 FoBf T et er it naf’ ufi T P57 63l VASCt he
GPS receiver 24. [0048] The power supply circuit 23 mainly controls a

vol tage &SBpPried FeohtPhe vehfereSpoerd stppt9u211R6CEGb} PAge® adopted in
t he vehi cl e-nount ed devi ce 20, and supplies this voltage to each of the
sections constdtusényliohe (9rhigl dehoantied dlevtten) 206, Thecomtenhadt bant ery
22 is provided so as to be able to 27 ensure electrical power to an extent

suf ficientetoiperait focosnuny Cayi ony evenuhicibeosuppty ofie poiestfromthe
vehicle power supply 21 is cut off. Map information for the expanded

charging areanB.i s $L8TeMel Dol BEaSLOLE 8982 UV ECL RO £ AL SO 1 AL QS
information that 1s necessary for the charging process, that wll be

described later. ,is held in the storage, dsyice 25, such, as, car owner,

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 1is 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



including type of vehicle information, an entry flag indicating whether or
not an expanded chargi ng area B has been entered, bal ance information read
out froman IC card, and card information etc. [0049] An IC card to be
inserted into the IC card insertion section 30 is, for exanple, a contact
type IC card, and is internally fitted with an IC chip such as a flash
menory or an MPU. As well as card i nf ofmtion such as a card ID nunber, a

bal ance and usage history are stored in this IC card, Information stored in
the 1C cafeSeah PEETITtEeh BYWFEAP by ¢heCtontrbf LSEeR T ofC 2B At the | C
card interface 31. [0050] Wth this type of vehicle-nmounted device 20, if
the IC ceemnisli¢aseen edeven ol f hehe Gepply i pEepdveon Seeniome 3ochihke control
section 26 reads out IC card information and a balance that are stored in
the | C casewat astihel y CTard ¢cut esface M irghudmerditees fidd & Henfedipmidean to
the storage device 25, and 28 tenporarily, for exanple, for about 10

seconds) dispheys 1he: Halanse,pnqthe disphay,sectiop;28. o4 s dde control

section 26 causes operation of the notificationh section 29 in order to

notify nornal oge{g%éon to theh%fer when it _has beeghgqaﬁible to read
i f

i nf or mat i OH NOY M 'y PO he T chf o CTRoTHT $ " §, Hed 1ot fication

section 29 is a buzzer, for exanple, the _buzzer is sounded, or if the
notifi catPepcesst i orr2avi sl dre L ggscribed later, is held in the storage

device 25, such as car owner information, vehicle information
including type of vehicle information, an entry flag
indicating whether or not an expanded charging area B has been
entered, balance information read out from an IC card, and
card information etc.

[0049]

An IC card to be inserted into the IC card insertion
section 30 is, for example, a contact type IC card, and is
internally fitted with an IC chip such as a flash memory or an
MPU. As well as card information such as a card ID number, a
balance and usage history are stored in this IC card.
Information stored in the IC card can be written or read by
the control section 26 via the IC card interface 31.

[0050]

With this type of vehicle-mounted device 20, if the IC
card 1s 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



or the like the LEDis |lit, to give notification of the fact that the
situation is normal. On the other hand, in the event that information was
not read fromthe IC card, the control section 26 causes display of
indication that there is an error on the display section 28, and by causing
operation of the notification section 29 notifies the fact that there is an
error to the user, and then pronpts for the IC card to be inserted again.

| nei dent aldif dritaﬁell DAL Al ddior S0t 34 caldon 1dYsdde, t'cﬁiﬁ%?f%%é.' Sgetion 29

t akes can fferent for operatlon an nor eration.

[ 0051] 0 erat ont ent of the escrl ed vehi cl.e- unt ed
devi ce Zggﬁh% - he’ Jgh é? %%n%ﬁ%t%%% &ﬂ o5 Rngﬁpérsggﬁépnng t he
expanded charging area B mnll be descrlbed As shomm in Fig. 6 and Fig. 7,
the GPS retefdetc2LRATIHECT vehi el e-Toluht etk et cee 20t e i ries ¢¥FF el i on
relating to current position froma plurality of GPS satellites while 29
travel i ngyotdet eotesrmcalr rape r posen | om fromadn svharf ortrata Drheandoitiplt s t he
current position to the control section 26. The control section 26 then

det er mi neso wheidern it idhenyefdtl e fdohashenteredran expandedwehar gi ng
area B based on the current position and map information for stored

chargl ng %fed C%%&{fﬂcé&ér@eséé &gezéjgyé CL 129,74, 3fc§xesé£lat epié &dy into

expan arging area etected the entry flag is s

buzzer is sounded, or if the notification section 29 is an LED
or the like the LED is 1it, to give notification of the fact
that the situation is normal. On the other hand, in the event
that information was not read from the IC card, the control
section 26 causes display of indication that there is an errcr
on the display section 28, and by causing operaticn 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



Next, when the expanded charging area B is passed through and the charging
area Ais entered, the control section 26 of the vehicle-nounted device 20
transits vehicle information and state of the entry flag etc. to the fee
collection device 2 via the communication section 27. At the fee collection
device 2, a road usage fee to be levied_is determ ned based on the received
information, and this road usage fee is?’transnitted to the vehicl e- nount ed
device 20. |If the control section 26 of the vehicle-nmunted device 20

recei ves thP¥Stoadr <RBgetT e8UTTa t NROSbhhMmi R T oh s ct P oM DT LA | %@d rate
fee is deducted fromthe bal ance stored in the IC card, and this bal ance

i s updat eduipigt 8t ohedcinrene PCsEhidn aso at hevws dat aptesect 00522 6 Nexthe

comuni cati on processing carried out between the vehicle-nounted device 20
arid Lhe teetrol | estt oon d2gi tiee2 adiearmthes chiag gheg ar eac tise endletetewi | |
be described in detail wth reference to Fig. 8 to Fig. 10. First of all,

if the boundasyeRfctbe shatghRgqddeandyysnd0arapPEogshed. of hencontfpln
section 26 of the vehicle-munted device 20 receives an enquiry signal

emtted f first n t f I ion device 2 via the
connunicaé?%%ﬁbg%c %%Hﬂ %@?gﬁmgifé?npﬁ?g§§?£8$f8§%5g%% t7or %et +%%526
receives the enquiry signal, vehicle information, I1C card  information, IC

card bal ahtethandteht¥§ FeugCetate dre & 48U idut i Ghttthe K% &de devi ce 25,

and transmtted via the
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 i1s 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 Z 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



i

conmmuni cation section 27 (step SA2 in Fig. 8). [0053] The first antenna
control unit 9 of the fee collection device 2 determnes a charge to be

| evi ed based on the received information. Specifically, as showmn in Fig. 9,
the first antenna control unit 9 conprises a storage device 37 for storing
a first charge table (first charge infornation) 35 hol ding charge
information relating to expanded chargiﬁgaarea B, and a second charge table
(second charge_infor ion 6 . hol dj ng char i for nrelating to

char gi ng %?%g %Fhiﬁ ngﬁ?ry ! f%%n?ﬁ?hbggeggigﬁ % €t 8F ﬁ%?%rﬂ?ﬂ?%@gmhether or
not a vehicle 1 fitted with a vehicle-nmunted device 20 has entered the
expanded @R%EGF ngl aFeac B BAsRE BRIBRTYyStPRglseBi EtereEBPYebn®r b Ehe
vehi cl e-nount ed device 20, and a charge determ nation section 39 for

det er m ni agtannaad uéagbeféee asihgcthenrésulteo? dedetrn® nadtimounfcam dhe
entry determning section 38, as well as the first charge table 35 and the

second chaggeibabbe 36tefhanpesnt pifeg) evied ae &drofed idetiord hes first
charge table 35 according to vehicle type (large type, nediumtype, small

type, et Cr%cei@és?‘gﬁgpéﬁgui@{/ s%ggrpl evem&@é of tOr@afoblarscfor, gmall type,

1 dollar for nediumtyp [ars'for large type, are stored. [0054]
A o0, LR RRLSEPORE 19:00. 4ol e, Lpes 25, CoreLi begtc2bpye,ogie el d
out from the storage device 25, and transmitted via 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



road usage fees divided into charges to be |levied when the expanded
charging area B has been entered, and charges to be |evied when the
expanded charging area B is not entered, are held. For exanple, for a
medi um type vehicle, rates of 0.5 dollars for the case where the expanded
charging area Bis entered and 1 dollaniwhere the expanded charging area B
is not entered, are held. By having different charges dependi ng on whether

t he expanged §f‘§§19|&9a§é@at§31§ ?@tz?&@(gr@{n@oﬁoe@é}?{@ge tnpé hisamgy, it is
possi ble to give an advantage to a driver a vehlcle 1 that has passed

through the, expanded, chag gl ng. . af ea B, (o0s5] “The DLgY, det e nat i on

section 3 et erm nes beén entry I Nt o e expanded char gi ng
area B when the entry fl received fromthe vehjcle-npunted device 20 is
Set, andeHRTRIfi nES-THatl thet cXphhted CHAr GTALL af €86 hab ol - BeenCE ent er ed
mhen the entry flag has been cleared and the result of determnation is
out put t0m¢%éu@h%Y@%/d@@@r%1%@&l®hss%@¥lb®r39 tRO¢st@pe SABCFedFig. 8). The
charge determ nation section 39 deternmines the type of the vehicle 1 based
on vehicl BOO%Hformati on received fromthe vehicl e-nounted device 20. Then,
a road usage fee is determ ned according to the vehicle type and whether or

not the expandgds&hasigh Age Ar €r B ¥8Snd BR f 80y {15t 8D SAYpd N K Gde 8) r 1 50K

exanple, in the case where the vehicle type is nedlun1type and the expanded

chargi ng QBng, 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 1is 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 1is 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



has been entered, charges of 1 dollar fromthe first charge table and 0.5
dollars fromthe second charge table are extracted, and a road usage fee of
1.5 dollars is finally calculated by adding these two charges together. The
cal cul ated road usage fee is then transmtted to the vehicle- nounted device
20 via the first antenna 5 (step SA5 in35i g. 8). [0056] Upon receiving the
road usage fee via the communication séction 27, the control section 26 of
t he vehi cl e- mount device 20 transmts an affirmtiqn signal .i ndigating
conpl et i oérlgg)?t%%n‘?r}g%ilc%t#%%'tg)the S R TS SE B e TSAS S P TRIY 8), and
al so updates the bal ance of the IC card b subtracting the road usage fee
from the BtaeE e the tPeart tieteph ih PRIEA YN NExEIChben bal ance
updat e processing has been carried out normally, the control section 26
reads thenbalmanceonaf fere Upedt Brandt et hori ekt ineunied deohseheli C card
(Step SA8 in Fig 8). 33 [0057] Next, if an enquiry signal emtted fromthe
second antemnnaa 6rosd reseqy efied st €epdSBIrmin&d gacdO)ditdec sotthé obehS€rd i on 26
transmts vehicle information, IC card information, |IC card bal ance, and

aut hori zag 00 éi@é%Né@uéf‘eof:ox%@”{}@}@té%anég&téﬁgr&f£§t§9e§5§ & Fig. 10).
Here, the authorization data is information for notifying the fact that fee

COlleCtlogh{E¥Ed (step SA4 in Fig. 8). For example, in the case where

the vehicle type is medium type and the expanded charging area
has been entered, charges of 1 dollar from the first charge
table and 0.5 dollars from the second charge table are
extracted, and a road usage fee of 1.5 dollars is finally
calculated by adding these two charges together. The
calculated road usage fee is then transmitted to the vehicle-
mounted device 20 via the first antenna 5 (step SAS5 in Fig.
8).

[0056]

Upon receiving the road usage fee via the communication
section 27, the control section 26 of the vehicle-mounted
device 20 transmits an affirmation signal indicating
completion of communication to the first antenna 5 (step SA6
in Fig 8), and also updates the balance of the IC card by
subtracting the road usage fee from the balance of the IC card
(step SA7 in Fig. 8). Next, when balance update processing
has been carried out normally, the control section 26 reads
the balance after update and authorization data from the IC

card (Step SA8 in Fig 8).



i

been executed normally. [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 connand the control section 26 of the

vehi cl e-nount ed device 20 transmts ffirnation signal via the
connunlcatlon section 27 (step SB4 in Elg 10), and wites a usage history
to the 1C g (step SBS in Fig 10) The control section 26 then clears the
entry fla& he storage device 25 (step SB6 in Fig. 10), and conpletes

t he connunlcatlon pr ocessi ng. %0059 I C|dentall , transfer of information
carried out beY%ékn %h%nv% FCFBY ndt AR ed BYF e 2b” FRdTPReSSERBAd ant enna 8

descri bed above can be carried out utilizing known encryption nethods. By
carryi ng autegoambini ear¢onl veings b efBt ypti bhg - meP hodthe ¢enpoesible to
prevent mal practice such as 34 falsification or interception of

i nf or mat i sact Asn enér ypanonit setdiods] e exafptestiba; bhaveabeenn foawahgon,
attention are AES for carrying out encryption using a common key, RSA for

carryi ng 1Quta ACKYPAhOR, UshAUadc PYBL L&t kEY ARfaaypPsi VRE Echfiun BEEr1dR
partlcular since there Is inmportant information for notifying of the

normal compLetLonyof e sebleetion. by caIINg M LSRN AR O i

aut hori zaiion data transfer

is information for notifying the fact that fee collection has
been executed normally.
[0058]

If the second antenna control unit 12 receives
authorization data via the second antenna 8, a confirmation
command is transmitted via the second antenna 8 (step SB3 in
Fig. 10). Upon receipt of this confirmation command, the
control section 26 of the vehicle-mounted device 20 transmits
an affirmation signal via the communication section 27 (step
SB4 in Fig. 10), and writes a usage history to the IC card
(step SB5 in Fig 10). The control section 26 then clears the
entry flag in the storage device 25 (step SB6 in Fig. 10), and
completes the communication processing.

[0059]

Incidentally, transfer of information carried out between
the vehicle-mounted device 20 and the second antenna 8
described above can be carried out utilizing known encryption
methods. By carrying out communication using an encryption

method it is possible to prevent malpractice such as



manner it is possible to increase confidence in the fee «collection. [0060]
As has been descri bed above, according to the fee collection systemof this
enbodi ment, the fact that the expanded charging area B has been entered is
detected in the vehicle-nounted device 20 based on position information
from the GPS receiver 24 and map inforngtion stored in the storage device
25. In this may in the case where a charging ar ea A has been expanded, in
ot her wor Sy an ex anded area S Q§mh¥ est blished, it

o br e SY S PTER, 8P SHEaPER. SIPLE| PO RERE: Pat? el e AR o

ent ered mnthout |nstaII|n neM/faC|I|t|es at the boundary of the ex%anded
char gi ng BFeRO®S- Fﬁ??h@%ele 75 DB¥si BEeNt 8reutRy dhtehreeCBofFectFontPer
both the expanded charging area B and the charging area A using a single
fee col | ecafdrildeviet entnsphipedubhnghe cemapyi kgyarBaAAforncehrginay,
since there is no need to newy 35 install a fee collection device 2 for
t he expandet ehargphgonatneénd, ai pubsipoksiybhedte pedugeei ket al ati opncosts.
As a result, new construction for the expanded charging area B can be

carried 9?5r€§§hi¥r,[99§é& thoebdent al, MrtéﬂteDBEMr$£€Qoﬁh@ér“@ét?? n
tenporarily set is established so that it is not cleared until the veﬁlcle

1 of the normal completion of fee collection, by carrying out

transfer of this authorization data transfer in an encrypted
manner it 1s possible to increase confidence in the fee
collection.

[0060]

As has been described above, according to the fee
collection system of this embodiment, the fact that the
expanded charging area B has been entered is detected in the
vehicle-mounted device 20 based on position information from
the GPS receiver 24 and map information stored in the storage
device 25. 1In 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



enters the charging area A, and further, the series of conmunication
processes relating to fee collection that are carried out to and fromthe
fee collection device 2, that will be described later, conpletes nornally.
Accordingly, as shown in Fig. 11, after the expanded charging area B has
been entered, even if the expanded chaBg§ing area B is left w thout
entering the charging area A the set entry flag is not cleared. That is,
the entryiddtagl 1 hat fdaschbebacisietn i denidte 2zl far echsi apbyndyd t biea expanded
charging area B being left. In this way, the next tine the charging area A

is enteregrada ®ecpfdiofpddeidpettd haddidbe expandes: chargbsgs area B was
entered remains, and so it is also possible to reliably |levy road usage fee

for the expanfed S&?rﬁﬁ'&ﬁﬁ & 1%99.6@1% %%péﬁdé‘éscghéc}?%ﬁh?'&ég Proyide a
counter for counhting the nunber of tines the expande arging area B has
been entered, inpstead of the entry flag. In this way, when a vehicle 1
enters andf|® C¢ Heexpaitied” charging area B a nunber of 36 tines without
entering the charging area A, as shown in Fig. 11, and then enters the
charging B0@allA, it is possible to levy a road usage fee according to the
nunber of tinmes the expand charging area B has been entered up to now.
Al so, instead Dicidestdype, oin caunterfladgtthihehabaveen desapsbedi entset | ag
it is possible to enter the expanded charging area B a number of tines on a
singl e ropd &se881{66€:d so that it is not cleared until the vehicle 1

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

communication processes relating to fee collection that are

carried out to and 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 1if 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
numpber 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



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, I1C card balance and entry flag state, it is possible to
transmt information notifying whether or not there is a GPS receiver 24,
for exanple, to transmt the vehicle- nted device version fromthe
vehi cl e- nmounted device 20 to the first “antenna S. By transmtting the
vehicle-ngﬁged qﬁ%iQ? version i thi§ way for t@f reasons desqg{bed

bel ow, it 1% HOLEI B tT et etdi me® i I hET 12 " Ed1hect o d&Vi e 2 Sihet her
or not there is a GPS receiver 24. 0064] Wth the fee collection device of
the preseht’ iFVENtTYh, SN TS Nt of el the? Vehiled el haPemt el the
expanded charging area B is deternm ned based on | ocation infornmation

acqui red lami g tded GRRgeckivercdrdFoy thishe easarer w ht Bneehiled e-
nount ed device that is not fitted wwth a GPS receiver 24 it 37 can not be

det er m neskpred hetta 0F i mptatde BXpadhdese hatgi ngd & eeo Bhdvas been enter ed
because the vehicl e-nount ed device cannot specify current |ocation itself,

and therefore ifsd s iisPOssi bt et 05 | @YY & F 088 usage f 86, relating,do the
expanded charging area B. [0065] Accordingly, by changing the charge

levied bXdégg}fggh entry flag it is possible to enter the expanded

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

Also, 1in step SA2 of Fig. 8, in addition to the vehicle
information, IC card information, IC card balance and entry
flag state, 1t 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 i1s 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-

mecunted device that is not fitted with a GPS receiver 24 it



col l ection system 2 according to whether or not a GPS receiver 24 is

equi pped, a balance is maintained for collection fees between a vehicle 1
fitted with a vehicle-nmunted device that 1is not equipped with a GPS
receiver 24, and a vehicle 1 fitted wth a vehicle-nmounted device 20 that
is equipped with a GPS receiver 24. In_ particular, as shown in Fig. 12, by
having a setup where road usage fee is further increased for a vehicle I’

fitted with a_vehjcl unt ed .deyi that is,n o€ d th a GPS

recei ver 24" (?oﬁ %xaﬁppgrmaouglgh%gﬁeared t %nggg 9e8e?5%?n§4 i's

equi pped), ossible to note the |ncrease use of vehicl e-nounted
devi ces Zﬁr%ﬁu?p gﬁ QPER gnt reRefVER Bae Y@bé@? “PRUPhBIf 88VEBEI ecti on
systemof this enbodinent, it is also possible, when fee collection has
been exec@tedotofpecify CRrreht epcanhes itosehé, chndgrhgrafeacAltt dstransmit
aut hentication information indicating this fact fromthe fee <collecting
device 2 tapbheimebi cbeigvyntedodeviceg20fcande38tifigrtbethet oxghsptay a
random nunber on a di splay section 28 of the vehicle-nmounted device 20. By
doi ng thiéhag?lg gvehkgl g, where fee collection has been executed normally,
since authenfication information indicating this fact is displayed on the
di spl ay SEBBEQE 28 of the vehicle-nmounted device 20, for exanple, by having
an observ itoring the road confirmng this display, it is possible to

easily determ ne , _
Accordingly, by changing the charge levied by the fee

collection system 2 according to whether or not a GPS receiver
24 is equipped, a balance is maintained for collection fees
between a vehicle 1 fitted with a vehicle-mounted device that
is not equipped with a GPS receiver 24, and a vehicle 1 fitted
with a vehicle-mounted device 20 that is equipped with a GPS
receiver 24. 1In particular, as shown in Fig. 12, by having a
setup where road usage fee is further increased for a vehicle
1' fitted with a vehicle-mounted device that is not equipped
with a GPS receiver 24 (for example, double compared to when a
GPS receiver 24 1is equipped), it i1s possible to promote the
increased use of vehicle-mounted devices 20 eguipped 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



i nproper vehicles. The authentication information is not particularly
limted, and can be, for exanple, a predeterm ned random nunber. Al so,

i nstead of display, it is possible, for exanple, to |ight an optical

el ement such as an LED. [0067] [ Second Enbodi nent] Next, a fee collection
system of a second enbodi nent of the present invention will be descri bed.
The fee collection systemof this enbodinent differs from the above

descri bedftﬁf.‘&%r,en@@d&i@ﬁiaﬁ( Nz t P gGm PhykigL &ty of d%;ppw,ege@@%@: ?Qbéé‘f eas

are established. The fee collection systemof this enbodi nent w

descri be el . omtti escripti of, pojnts that ar.e co n t.o the
first em(:j)to}g‘? n\g%lgg‘lf]d%%%(?n%g%%% %Q po}%ﬁtdso%lfg (}:I Ter ence. q}[.%@ég]e In th
case where gﬁgluraliti of expanded charging areas Bl, B2 are established,

as shown THPEF gfeq3°01 hent 58! shRRCRA? FFGCUEAT mepridd b mat 1% f or each of
t he expanded charging 39 areas Bl and B2, and identification information
and b2 axsthygredl ¢t e hi of o Xhet expahdedcehanyi Pyl air bast Bils addsBRaved e
stored in the storage device 25a of the vehicle-nmounted device 20a in
associ at i@n whé hdeashapthect iand2ens f ytiid agsh H 1 @ntolhted€ odeesponzd ng to
each of the expanded charging areas Bl and B2 are also registered. Also,
shown in Fg.eldmpfdr sty char g8y t APl £5s8PRAMbnitoring the road
confirming this display, it 1s possible to easily determine
improper vehicles. The authentication information is not
particularly limited, and can be, for example, a predetermined
random number. Also, instead of display, it is possible, for
example, to light an optical element such as an LED.
[0067]
[Second Embodiment]

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

The fee collection system of this embodiment differs from
the above described first embodiment in that a plurality of
expanded charging areas are established. The fee collection
system of this embodiment will be described below, omitting
description of points that are common to the first embodiment
and focusing only on points of difference.

[0068]
In the case where a plurality of expanded charging areas

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

Fig. 14 map information for each of the expanded charging

e

b

as



35b relating to each of the expanded charging areas Bl 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 Ei,g. 15, if a vehicle 1 enters the
expanded charging area Bl, the control Section 26a of the vehicle- nounted

devi ce 20a_det ects_ent he vehl le 1.into the expanded charging area
81 baced SRCTHi B rALH oY+ otal VIR T bt SR SeuR CEP D3 aAie i
information stored in the storage device 25a, and sets the flag Fl

cor r espordlf AP Rd t FP se2 @ path et cHaP g Ped af Al 21400 | RL R %éh@%@eB% t WeR
enters the expanded charging area B2, the control section 26a detects this
fact, andssersdthe tm@gS¢Qr@q¢r@@bbndih@at@fth@eeW@@h@b@-mQMQW@mr@pwiea 52.
Next, when the charging area Ais entered, the control section 26a of the

vehi cl e- npuat £d deydertalon twanisi éSciehi igd e, | Af@r omt +PNf angs staten@frt he
entry flags FI 40 and F2 etc. to the fee collection device via the

conmuni catd PP 5 5864100 2740070 4o é%}ﬁ rfldiéétcﬁél%g 2 1&9@55%1%& =

vehicle 1nformation and the states of e entry f and F2 etc. are
recei ved, _t he gntr%%deternlnatlon section 38a extracts the flags FI and F2

that are 38%,° ?kﬁ&%r?%entlflcatlon

Also, as shown in Fig. 15, first charge tables 35a and
35b relating to each of the expanded charging areas Bl and B2,
and identification information 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, 1in association with each other.
[0069]

In Fig. 13 to Fig. 15, 1f 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 F1



information bl, b2 for the expanded charging areas Bl, B2 corresponding to
the extracted flags F1, F2 to the charge determ nation section 39a. The
charge determ nation section 39a references respective first charge tables
35a, 35b associated with identification information bl, b2 acquired from
the entry determnation section 38a, tquacquire a road usage fee for the
expanded charging areas Bl, B2, and acquires a road usage fee for the

char gi ng a r g b 3 . Usage
Feo for thatvan ol ToFcthnant e AP P er e s 2hae vyt P bl S 8 s e e
Thi s road usag % e is then transmtted via the first antenna 5 to the
vehi cl e- mdunt €d” devi ce 20a. If the control section 26a of the

vehi cl e-nount ed device 20a receives this road usage fee via the

comuni cat?®n0section 27, the above described road usage fee is deducted
fromthe balance stored in the IC card, and this bal ance is updated and
stored in the I thedfassa aervebabancetrbhcudent a&) yjfdethitse4l of the
comuni cati on between the first antenna control unit 8a and the

vehi cl e- noynt e devh cendOanar et §ak| @@I @Hé éﬂtr9<:§pég§np@ whihrt heec .
processi ng sequence shown in Fig. 8. As” descri bed above, according

to the fegr%"ié@&b@&‘, §P{c§t8£”c9{/ %F ﬁrﬁg??zg’gwi‘?”%ec{"ﬁﬂ 3R UL %{:t}!gﬁe%e

expanded arging areas aré €es an_en agrs es a

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 Fl1, F2 to the charge
determination section 39a.

The charge determination section 3%9a references
respective first charge tables 35a, 35b associated with
identification information bl, b2 acquired from the entry
determination section 38a, to acgquire 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



correspondi ng to each expanded chargi ng area, and by associating states of
these entry flags with the identification information of each expanded
charging area and transmtting fromthe vehicl e-nounted device 20a to the
first antenna control unit 9a, it is possible to easily specify an

expanded charging area the vehicle has grtered at the fee collection device
side. Inthis way, it is possible to rapidly determ ne a road usage fee for

an expanded charglg, , ALep, B, VDL L en hare et pLed,  FUKLeLon by egh ot egLng

first charge ta a, orresponding to eac expande argi ng
areas Bl, B2 in the. storage device 37a the first,antenpa,control unit

oo i ¢ taRamee pbest B e ISy, SSuid8ettr Bt batLaBR RECTHF every
expanded charging area. Further, even if a vehicle enters a plurality of
expanded RGP HIFGCaredshi the sPHoseFHlRI $RICaRE§ dUP Retnchbi®ection in one
go. Incidentally, description has been given for this enbodinent of a case

where twol@Xpanded chargi ng areas are 42 established, but the nunber of
expanded charging areas Bis not limted. It is also possible for a

plurality of expandedrigbargbbgepreasot@ing estabki shedcadjagensnt o each
other. [0072] [Third Enbodi mnent] Next, a fee collection systemof a third

enbodi ment, of . the PresentobAVRDLE on ML 2 bg1 deseTibeds expanded

charging areas are established, an entry flag is established
corresponding to each expanded charging area, and by
assoclating 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 %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 B1l, B2 in
the storage device 37a of the first antenna control unit 9a,
it becomes possible to carry out detailed fee setting for
every expanded charging area. Further, even if a vehicle
enters a plurality of expanded charging areas it 1s possible
to carry out fee collection in one go.

Incidentally, description has been given for this

embodiment of a case where two expanded charging areas are



The fee collection systemof this enbodinent differs from the above
described first enbodinent in that a road usage fee for an expanded
charging area B is set according to amount of tine spent in the area. The
fee collection systemof this enbodinent will be described below, omtting
description of points that are common 9 the first enbodi nent and focusing
only on points of difference. [0073] As shown in Fig. 16, the

vehi cl e- nosnd et sievh cep20be RE ntbSr egbodi PRt d Sch M ey Proyidediwith a

timer (clock sectlon) 32 for clocklng t he tlne spent in the expande

chargi ng area By Also, ha d irslo antenna cany of it S ol gefy hpdi rent

i s basi cal r5t "antennd co uni t
first charge table 35 provided in t storafe deV|ce 37 is charge tabl e

havi ng tine?sper? A& B%r%%e?%?a?ﬁ%?h%%oﬁﬁ acenp 7y QﬁFhA%t%%an in Fig.

16 and Fig. 17, if a vehicle 1 enters the expanded charging area B, the
control sE@®7dh 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
causi ng tehitrdeImB32dimeoperate. In this way, the tine spent in the
expanded charging area B is clocked by the tinmer 32. Next, when the
charging area wfeks, ent £€0zo1 Ne-€ONE r 9188616 PN: third embodiment of

the present invention will be described.

The fee collection system of this embodiment differs from
the above described first embodiment in that a road usage fee
for an expanded charging area B is set according to amount of
time spent in the area.

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

[0073]

As shown in Fig. 16, the vehicle-mounted device 20b of
this embodiment is further provided with a timer (clock
section) 32 for clocking the time spent in the expanded
charging area B. Also, the first antenna control unit 9b of
this embodiment is basically the first antenna control unit 9
shown in Fig. 9, but the first charge table 35 provided in the
storage device 37 is a charge table having time spent as a

parameter (not shown).

[0074]



26b of the vehicle-nmounted device 20b transits the spent time clocked by
the tinmer 32, in addition to vehicle information etc., to the fee
col l ection device via the comruni cation section 27. For exanple, when an
enquiry signal is received fromthe first antenna 5 of the fee collection
device, the control section 26b stops % eration of the tinmer 32, and al so
reads out the spent tine at that tine a transmts the spent tine to the
fee collection device. 102%5% f§ th girst nt enna contrﬁl nit 9b of the
fee collectid deh'Ee, T2nt1Y i ht o 1hef Bkpahted" tharGin=+F eh Fat€tet ect ed

by the entry detection section 38, and notified to the charge determ nation
section 391C THREPIHA et &MY MaffdnB, st i o B kafeul hees? @ rohdiisage fee
according to tinme spent relating to the expanded charging area B, using the
first cheaslgectabheudbedhdawhge fANCH | desectes atleel ¢t ty nentspertte and al so
extracts a road usage fee for the charging area A corresponding to the

vehicl e lefpomuddheciseepnty chasgeptahl esdds e @ﬂ@r)}?YfPﬂQ,i ngs tihel f ees

toget her calculates a road usage fee for the vehicle 1. The determ ned road

usage Teelo e ralem UELY gLha L1t amona,t (8 Mpe spent
{ime vi a TR Ro G ORI G | OiPSCEtT R 27, b he Shoves destrfbbd FORH toage |
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 %b 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



fee is deducted fromthe balance stored in the IC card, and this balance is
updated and stored in the IC card as a new balance, and the val ue of the
timer 32 is cleared. Incidentally, details of the comunication between the
first antenna control unit 8b and the vehicl e-nmounted device 20b are
carried out in accordance with the procggsing sequence shown in Fig. 8.
[0076] As has been described above, according to the fee collection system

of this ?g),ﬁgér}@rgy oGl|) delzr{qaglﬁr@ Eﬁeév g ‘Eé hesrpecrgléﬁgthegﬁ eg(pra(g'adc?dl%s((;a?qare{ ging

area Bt ee c ice i econmes possi bl e to per
calculation of a road .usage fee taking into consideration the ti spent in
The. expaitod % i TN HE ol vay 1 CAtS Posroreats ‘rre 4ctodd ine f e
that nore correctly reflects the road usage conditions. [0077]
| nci dent dl1ansnidt tevl svientidtt nenist et enmerd 32 darte emhrics ndundgehave been
used together, but since it is possible to confirmentry into the expanded

char gi ng daweiacdB Zdp operating the tinmer 32 it is possible to not use the
entry flag. Also, the timer 32 has been adopted as a section for detecting

spent time, butridsd eachiofol Mscdfon S ROSsH Bree th & RCknSRAMA tddWR &si ng

time data contained in GPS data acquired using the GPS receiver 24.
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 sequence 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



0078] Also in this enbodinent, road usage fee is determ ned according to
time 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 tinme will be
clocked by the tinmer 32, and that time will be wongly reflected in the
road usage fee. Therefore, as shown ingEig. 18, operation of the tinme is
suspended for the period of tinme the vehicle is parked in the car park C

i nsi de thPl§§p§§9§db&@§rQé@@ A5&arBer | Nt hi 51 caSe; ¢ fOL an
enquiry signal is received froman entrance antenna 4 |nstalled at the

entrance ark.cC, gon tion 2 f.t vehj cl e- nount ed
devi ce Zo%égﬁéggdg t%%erano%ﬁ%f %aﬁég%egﬁgﬁgl%%ngm%en g?c%%???%at?on
signal, for the fact that a car parking fee has been received, is received
froman eXi® aHE®hnA? 41t ?%s@%??é@l%tt?h%oExV%e of "EhE8NERY PRk  C, the
control section 26b starts the tinmer 32. By suspending the timer 32 for the
period of tineAtse, vele ctemeés parked heen hedeptepark € sacthis 46r way, it
is possible to stop the time spent in the car park being included.

| nci dent ali¢yect indg héseenbodhepnbut t inst@hSooposisibl ertds EHEEVPle to

communi cation data containing the spent time that is exchanged between the

vehi cl e- ”PP@&@ds§§NtC€1§Qdu§99gt9§meC@Q%§rc9§¥éﬁﬁe&7 ni @pQryer,to prevent
i nproper acts such as falsification and interception of infornmation.

acquired using the GPS receiver 24.
[0078]

Also in this embodiment, road usage fee is determined
according to time spent in the expanded charging area B, and
so 1if a vehicle is parked in a car park inside the expanded
charging area B this spent time will be clocked by the timer
32, and that time will be wrongly reflected in the road usage
fee. Therefore, as shown in Fig. 18, operation of the time is
suspended for the period of time the vehicle is parked in the
car park C inside the expanded charging area B.

In this case, for example, 1f an enquiry signal 1is
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, 1s 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



[0079] [Fourth Enmbodi nent] Next, a fee collection systemof a fourth

enbodi nent of the present invention will be described. The fee collection
system of this enbodinent differs from the fee collection of the above
described third enbodi nent for determ ning road usage fee according to tine
spent, in that road usage fee is deterpgigned according to distance travel ed
in the expanded travel area B. The fee collection systemof this enbodi nent

will be crjbe - itLi i p14on oj nt h conmon to
t he thirdge o%?ngifggﬁﬁﬁ?gghééngg% F?H%h@%%?n?gg%? i@i??%r%%%iéngOBO] As
shown in Fig% 19ﬁC£Q§ gehicle mount ed device 20c of this enbodinent is
provi ded 9& J 2"t Faver“ di st ance calculating wunit (travel distance
calculating section) 33 for calculating travel distance, instead of the

timer 32 of thENGEMRIRLAY Wdurtbed YRNPRE"SDD bf thHe t$R rRPehbdtE nedit . The

travel distance calculating unit 33 cal culates travel distance using
i nf or mat i @rcfypm cdronuekenmplen dhea GPteteivert2d fpentedcime thet is
vehi cl e-nount ed device, a gyro 19, and speed pul ses output fromthe vehicle
1. Also, éhehdhgsd watesna coatvohidnétnolintdd sderbodi nemtand stipasi cally the

first antenna control unit 9 showmn in Fig. 9,
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 1is 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-



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 section 26c¢c of
the vehicl e-nounted device 20c detects the entry into the expanded chargi ng
area B, and as well as setting the entry~flag causes operation of the
travel distance calculating unit 33. Inthis way, travel distance in the

expanded ﬁ@%&é@%&?f@e B b5 Sl cul atpdr byotfieqirayel st anee,cal cul ating

unit 33. Next, when the charglng area Ais entered, the control section 26¢
of the Ve“ié:éané@“é‘éfg fleyi ce L%‘?fttgé‘ ft ft Vs?'tPééé “81 Ca'%“'g‘t ed by
the travel distance calcu ng uni fee co Iec on dev ce in

addi tion to vehic| e |nfornat|on etc,, via the comuni cation section 27. For
exanpl e, 1HEPHRAC B2 Phat LA gt P 5F gniale | &PF eERF e ¥ r oM £ et ¢4 r st
antenna 5 of the fee collection device 2 by the control section 26c, the
operati ontloé Yélel¢ravedunisd aheel cal c@l@yfrcmgl%ni¢n®3sp$ed&>ub$©@p@dtplatnd t he
travel distance at that tine is read out and transmtted to the fee

col | ecti ofirsleviiee, vgiO0824 1/ n the first antenna control unit 9 of the fee
collection device, the fact that the expanded chargi ng area has been

entered is detgcted tba{etf‘fr%téﬁ{t&%§0&6%r§§%rﬁ% 38, g ROty fheg to the
char ge deternmination section 39. The ch arge

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. In 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 1is



determnation unit 39 cal cul ates road usage fee according to travel

di stance relating to the expanded charging area B, using the first charge
tabl e 35 showing function relating to travel distance, and al so extracts
road usage fee for the charge area A according to the type of vehicle 1
fromthe second charge table 36, addinggthe two fees together to calculate
a road usage fee for the vehicle 1. The determ ned road usage fee is then

transmtt th i he, v I unt e v
t he contr%? ééé?lCé#%G%ﬁ%f@?%gQggﬁ§s %n%%u% gﬁ%gv?%@g g%cg?egeéggs t%e r oad
usage fee_according.to trave dlstﬂ vi a,t he conmuni cati on section 27,

the contrpf? %%%{?%%dz%% CRdbRt 5S¢ e?%h%nu%%ﬁéc?ee fromthe bal ance stored

inthe IC card, updates this balance and stores it in the IC card as a new
bal ance, ah@B8¢iears the value of the travel distance calculating unit 33.

I ncidentally, details of the comunication between the first antenna
control unit ahd the fiebdichetenoatedndevl cen20cart therfed ouiléntion
accordance with 49 the processing sequence shown in Fig. B. [0083] As

descri bediabpye, aE€offdtngrhrt hiee f €L LRI @CENORG1 5y S4 £83 Ohad bSe@mbOdi ment
travel distance in the expanded charging area Bis transmtted to the fee

col I ect i 0g, doyige; . A0CS0ck i SchBUS, PRSSHbLE L 06 thecf 25y cgh] eghjon device

to performca culation o sage eetalngln

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 1is 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 i1n accordance with



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

the expangded ﬁpgég%ggn rg@q%%ggé sheen eptergd.glncidentally, in this

enbodiment it 1s als ossible to encrypt comunication data containing the
travel diiéﬁ€§ that is exchanged between the vehicl e-nmounted device 20c
and the er device 17, in order to prevent inproper acts such as
falsification and interception of information. [0085] [Fifth Enbodi nent]
Next, a fee colfeteFoRiRGItdNVe AFFPERL oAb Heht Lo¢ SOl leRel phesent
invention will be described. The fee collection systemof this enbodinent is
for a chaygieny af edh s sewhodsmeer et pavée kedishange is wWiongkyaheéwded only
when a fixed area is entered, like road pricing. Wth this enbodi nent,

t aki ng i ntiRa £@NSH deF @k i BN yWhepadsmChaeqi g aneardei So BN Ef £6h hyevi 8¢ ake, or

when |l eaving the charging area A alnost immedi ately after entering, when
tinme and so it is made possible for the fee collection device to
perform calculation of a road usage fee taking into
consideration travel distance in the expanded charging area B.
In this way, 1t is possible to give a road usage fee that more
correctly reflects the road usage conditions.

[0084]

Incidentally, with this embodiment, the travel distance
calculating unit 33 and the entry flag are used together, but
it i1s 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



spent in the charging area Ais a predeterm ned period of time or |ess,
points corresponding to that tine spent are refunded to the user. The fee
coll ection systemof this enbodinent wll be described below, omtting
description of points that are common to the third enbodi nent and focusing
only on points of difference. [0086] As shown in Fig. 21, the vehicle
nmount ed devi ce 20d of this enbodinent is provided wwth a wide area

comruni ¢ t tio.t ure of the vehicl e-nbunt ed
devi ce 20 B%?p¥ Qéﬁ %béﬁgg9$n¥%?l 2 gﬁ%§%£?ﬁ&Flg 22, this wde area

conmmuni cati on n|t 34 carries.out co ation with external units, and is
for connectlngy?% ce%?%;eﬁﬁ%?nl%ysﬁn% E %Bl%|%mb%? %%Fch £ and upper

device of the fee <collection system for _exanple. This w de area
comuni caBP BRI R 1733 LaRUBR #71VRATEnai BeXEReChRRTEI &3 nBEARBHY dbSYERA20d,
and can be used by connecting a nobile communication terminal 2 such as a
port abl e ¢el ephioee dyf meadsavtacodnectéoadbllikerndadl srpecovgded in the

vehi cl e-nount ed device 20d. [0087] In Fig. 21 and Fig. 22, if a vehicle 1
enters a gwhergings afieadMmeand fakiheriacsecobrsi@brptocessesnrel ating to
charging between the control section 26d of the vehicle-nmounted device 20d

and the fifst,antenna, S,and é9€e§@&ogg ANLenRa, %1 S, oAP 848y gt hge contro
section 26d causes operation of

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 i1s 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



timer 32 after a value of the tinmer 32 has been reset. In this way, tinme
spent in the charging area Ais clocked. [0088] Next, if the vehicle 1

| eaves the charging area A the control section 26d of the vehicl e-nounted
device 20d detects this, and stops operation of the timer 32. By then
reading out the clocked tinme of the tiger 32 the tinme spent in the

charging area Ais acquired, and this spent tine is associated wth vehicle

i nf or mat i P&t a1 ansr v 288 {4 eehé Ovd e CENLSEnt & dedic¥i Roghe wi de area
conmuni cation section 34. Once the center unit 17 receives this spent tine

associ ateggyg4h the vehicle information, points corresponding to this spent
time are determ ned based on a refund point table. Here, one exanple of a

refund point table. is own. .in Fig.,23, _In Fig. .23, the horizontal,K axis
Foprosents speht [1%e ShetDhelibt 72l Lt i LR hGH bR o h TR T
this way, the refund points table is set so that as |ong as spent tine is

| ess t ham?®?a RquatdtpUaRRKE ¥ heCFEPunef pofpEteseee Fehrebdo aso t Hea 5P ti ne
52 becones longer. In Fig. 23, a case where spent tinme and refund points
have an ilwersen prlopoceinonal setatdonsi pof sthehomncbetmotm sed ndenl ge one
exanple and this exanple is not predeterm ned. For exanple, it is possible

to dividextheanspemd tinetiatoeanaumbeidofhsteppetd | vedsna andiyary the
refund points in a stepw se manner according to each level, as shown in

Fig. 24. 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, 1f 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
axlis represents refund points. In this way, the refund points
table 1is set so that as long as spent time 1s less than or

equal to Tmax, the refund points are reduced as the spent time



[0089] Returning to Fig. 21 and Fig 22, if the refund points P
corresponding to the spent tine Ti are obtained in the center wunit 17 based
on the above described refund points, the center wunit 17 transmits the
refund points to the vehicle-nmounted device 20d. If the control section 26d
of the vehicle-nounted device 20d receiryes the refund points via the w de
area conmmunication section 34, the refund points are stored in the storage

devi ce 2 i e, if, there e al i ed in the
st or age e%?%%é 5?O$%€§hd:%552§£ é?% Eﬁﬁ%%%gﬁﬁ%%%yggg?ggig§§% d?%g t he

fund poi Pl ived this.ti to the st d,refund. points.. Then, i
{ranst e BfCIHE OPRERTbral Ehe Enb T ST BACSHna.Ckoht f6f - 0Tt -6'Ba 71 6d out

the next time the vehicle 1 enters the charging area A the control section
20d transPi®ENt WUt refifidipoPnty Sdredple hendt brhgecHdiPEe 25 Roget her
with information such as the vehicle information and the entry flag. In
this way,predeherhinsd. arfenraamonia,olitunis @se ifolad 58 diusiae tfhee with an
anount corresponding to the refund points deducted is calcul ated. [0090]

As has begpeflesermdetnadoyenu@esor 6f ngrépptherdeelscobh@ctapp system of this
enbodi ment, for a charging area A for which a fixed fee is levied at the

time of epLiynqrggandless of 1861920 Y5308 £ONGLEL QPSS teboRd pLicing
shown in Fig. 24.
[0089]

Returning to Fig. 21 and Fig 22, if the refund points Pl
corresponding to the spent time Tl are obtained in the center
unit 17 based on the above described refund points, the center
unit 17 transmits the refund points to the vehicle-mounted
device 20d. If the control section 26d of the vehicle-mounted
device 20d receives the refund points via the wide area
communication section 34, the refund points are stored in the
storage device 25. At this time, if there are already refund
points stored in the storage device 25, refund points are
updated and stored by adding the refund points Pl received
this time to the stored refund points.

Then, in transfer of information with the first antenna
control unit 9 carried out the next time the vehicle 1 enters
the charging area A, the control section 20d transmits the
refund points stored in the storage device 25 together with
information such as the vehicle information and the entry

flag. In this way, in the first antenna control unit 9 a road



etc., since points according to the tine spent in the charging area A are
refunded to the owner of the vehicle, it is possible to give financial
relief to users who may have inadvertently entered the charging area A by
m stake. [0091] Incidentally, in this enbodinent it is also possible to
encrypt conmmuni cation carried out between the vehicle-nounted device 20d
and the center unit 17, in order to prevent inproper acts such as

fal sificatdpn and ipfer ceptiniuof coPfOspBLy Ry AbSOhe i fe BRHENod O pEevent
the i nproper  act of tanpering with the vehicle-nounted device 20d to

intention i hc und points, it is possible to enploy a nethod
wher e théﬂ%%%ﬁ%égu%gﬁéf%éF?%%géthe refund points and vehicle information,

and transp@iibthis information to all fee «collection devices 2. By doing
this, the ol lection device can recogni ze whether or not the refund
points transmtted fromthe vehicl e-nounted device are valid.

| nci dent al |y, A% dns#riketordofctipod nlteoRr | Cehidiaseo i shesfeearri ed out by
means of a public line or the Internet network, for exanple. [0092] Al so,
in a casecovhbeset tde svehiaheofl tisi paskeddimedt cafor par&hdhaing satresize t he
charging area A, it is possible to prevent the parking tinme being

m st akenl yo+ neh Leleda | i ke fSPend 1éPReBYa St ORPI AORSF alihoR, of the timer
32. Further,
regardless of the road usage conditions, as with road pricing
etc., since points according to the time spent in the charging
area A are refunded to the owner of the vehicle, it is
possible to give financial relief to users who may have
inadvertently entered the charging area A by mistake.
[0091]

Incidentally, in this embodiment it is also possible to
encrypt communication carried out between the vehicle-mounted
device 20d and the center unit 17, in order to prevent
improper acts such as falsification and interception of
information. Also, in order to prevent the improper act of
tampering with the vehicle-mounted device 20d to intentionally
increase the refund points, it is possible to employ a method
where the center unit 17 lists the refund points and vehicle
information, and transmits this information to all fee
collection devices 2. By doing this, the fee collection
device can recognize whether or not the refund points

transmitted from the vehicle-mounted device are valid.

Incidentally, transmission of information in this case 1is



with this enbodi nent, refund points corresponding to tine spent in the
charging area A are determned, but it is also possible, instead, to
determ ne 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 324in Fig. 21, the control section
26c calculates travel distance in the charging area A by causing operation

of the travelidi stiangg, caloid atd ng ity 33 &t dhesang dd g as fdig timng

for causing operation of the timer 32 described above. [0093] [O her

Appl i ed I n the above, cases of applying the fee collection system
of the p%gﬁ%ﬁaﬂfvle@n'ti on to road pricing have been described, but it is

al so possﬂble to apply the present invention to an ETC system For exanple,
as shown 'qp%%b. 25, in the case of expanding a charging area (already
existing toll road) A, entry into the expanded chargi ng area B (expanded
toll road) 55Alz,deirect ethasivipnhe i@PYatecuiaer 124 wfrkawe Vel cla nount ed
device 20, and an entry flag is set. In this case, at the exit tollgate,
the entrydtlaglias: tiranam tdedHogettrerinmg tdreavah clte dinfprgmitblan.td n this
way, at the ETC systemside it 1is possible to recognize that the charging

area A hasrbeatt @ gred fiom e nanded chaigi g A RuE andso a road

usage fee is calculated also taking ihto consideration a fee for 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)



expanded charging area B. [0094] Also, as shown in Fig. 26, in a case where
there is entry fromcharging 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 Ais left without passing throughsthe exit tollgate, and so the fee
remains unpaid. In this type of situation, it is possible to store the road

usage histofyedoFed Nisitd MBnd nobde d G catd, ange Fﬂ?@aﬁﬁf‘éﬂéimﬁﬁr@te&'“pai d

road usage history to the fee collection device inst ed at the exit

toll gate the. ne tine, In this ayment i . so nade far road usage
fee accor%’?\ﬁbc??(%hean?oaa% %%rg%mﬁ%éh i ?osneE hi sISnt ?Cr?els NSS! iaﬁts';EJC ad of this
type of aynment_nmethod, it is possible to construct a system such that
road usage‘fleet?slditonat ity Yebt2ed T riomm et ¢@gi ¥ttt Bk account
of a user etc. In this case, in the event that the charging area Ais |eft
Wi t hout pasisiabe tinbughet henexilin 3611 oldygated, tthise® T4T tsers Hegading tite
expanded charging area B, road usage history for this tinme is transmtted
by neans o pddheimbovieo descesdbiete W itet aflea clonmaimigaiten Ads Hedmefer to
Fig. 21) to the center unit 17, which is an upper device. In this way, the

center uniftcddegat cithaties &5%&8@9&%6‘” fOFeq LA Safd NB, NG G2 Ni &S OUL an

automatic debit of this charge froma account etc.

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. In
this type of situation, it is possible to store the road usage
history for this time in the IC card, and then transmit the
unpaid road usage history to the fee collection device
installed at the exit tollgate the next time. In this way,
payment is also made for a road usage fee according to the
road usage condition this time. Also, instead of this type of
payment method, it is possible to construct a system such that
road usage fee 1is 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



[0095] Incidentally, with the above described first to fifth enbodinents,
current position is detected using only the GPS receiver, but in addition
to the information received fromthe GPS receiver24, it is also possible to
detect current position wusing information such as speed pul ses detected by
a speed sensor fitted to the vehicle 15¢60r a vehicle-nmounted gyro etc. In
this way, it is possible to further inprove accuracy of current position.

[ 0096] A%@Plg@@eﬁh@M@n!ﬂff&g-l@ZviM?eﬂhéh@xﬂﬁﬂﬁéﬁegﬂakéin@r§¥§éiBg ina
tunnel or the like, it is not possible to receive information fromthe GPS

satel | teroél@d%ggg@ Mswﬁyl ﬁéPﬁEH?Q Emégiggtégﬁémﬁticédts Hé%{&'éﬁfent ered

this can not et ect ed. this type of case, It Is preferable to
install ap_antenna for notiféing the fact.that the
hfcf

5 . eX n?ed char gi ng
area B ha h%eﬁgogﬁté?%ar%%e?hﬁlg 8- “HoURt ea® é9?cgn§6,§?o T¢he’ botindary
of the exganded charging 57 area B established at a position where
comuni cafi®n @it htPheCcapensarePitelis Wt ERclft 2N AUPPAT sABVHES - i Tt he
event that a plurality of expanded charging areas B are establi shed,
identificabisnwanf othat centéorubhe éXpaatledlehasgingoadeasByésfeal Sor
transmtted. [0097] Also, because entry is detected using the GPS receiver
24 this time and carries out an automatic debit of this charge

from a bank account etc.
[0095]

Incidentally, with the above described first to fifth
embodiments, current position is detected using only the GPS
receiver, but in addition to the information received from the
GPS receiver24, 1t 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 is not possible to
receive information from the GPS satellite, and even if the
expanded charging area B is temporarily entered this can not
be detected. 1In 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



even for
char gi ng

the entrance to a car park that

a car park that is inside the expanded charging area B or the

area A it is preferable to also install the sanme antenna 45 at
isin a position where comunication with

the GPS satellite is difficult. Inthis case, it is preferable to transmt

i nformati

vehi cl e-nounted device 20. [0098] Further, it is possible to use a D-GPS
system i n, ordeg 4é9t|antﬁit1{]§k@&§ A{P4 ?%f@s?@f&'rﬁ %%?Pé Poshi A 00 AeLeCH] 0D Dy, t he

GPS recelver 24. e to recelve correction data

via an F [ ti

on for identifying which car park has been entered to the

i's case,
tation

i S possi

own _i.n 28. Alsq.in thi

| ex. s S S Fi.qg. se, a
shown in FHi g.Sﬁg?fght%M?m?%?g}%u 1\_“'ec@itvéclhl%E} til?ef’urlfhgcpepreéf\ﬁnztegﬁa% tth
vehi cl e-nount ed. device 20. In the D GPS system shown in Fiqi 28, D-GPS

3

position

¢¢ansnitte

P b3 ebtY onf dutRARGRE VRl HYNY et Pas B stk | Ot &0l |

S
e

d

to

an FM broadcast station 52 via the center station 51 of the 58 FM broadcast
st ati on. Alenthef R broadoasersdtatoont &2, the ecgarde - GRS corg extée@mB dat a i S

using FM nul ti pl ex broadcasting. D-GPS correction data transmtted
by FM muidPplexabswadeast is received by the FM nultipl ex receiver 53

provi ded

provi ded
i nformati
receiver

in the vehicl e-nmounted device 20, and correction of position
g8 ng this D-CPS correction data is carried out in the GPS
4. In this way it is

Also, because entry i1s 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 1s possible to use a D-GPS system in order to
further improve accuracy of position detection by the GPS
receiver 24. In this case, it is possible to receive
correction data via an FM multiplex station, as shown in Fig.
28. Also in this case, as shown in Fig. 29, an FM multiple
receiver 53 1is 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 via the center station 51 of the



possible to further inprove the position detection accuracy. [0099] Al so,
t he enbodi nents above have been described with a contact type IC card as
one exanple, but it is also possible to the use a non-contact |IC card
instead. 59 CLAIMS 1. A vehicle-nmounted device that is nounted in a
vehicle, and transfers information relgging to a charge with a fee
collection device installed at a toll gate of a charging area, conprising:

a storagepgley}Seqf oLt st 0L NGy MR d N Mat i Rfc A Sdangded charging area
new y established outside the charging area, a position information

acqui si Ui on 2864k D800 a0, £0L 1y, dsLect] on. 566t hon [or, debgching, entey into
the expandéd chargi hg area based on position nformation acquire y the
position informati on acquisition section and nma i nformation _of the

expanded RRRFGFAY" S @a, i P WM G H YV FEdt2 (19 Tt <atort™vi t h the fee

collection device, entry determ nation information representing whether or
not ther enhislbeen kragcint ol s hecexpapdedy chiae giignatearlex reemsnerted. 2.
The vehi cl e-nount ed device of claim1l, having an entry flag indicating
whet her of3nptothés@ hastibeenclehty-nototédedeekpanded shargongear ean
wherein the entry flag is set in the

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.



event that there is entry into the expanded charging area, and in

communi cation with a charge comruni cati on device the state of the entry
flag is transmtted as the entry determnation 60 information, and after
the transmission the entry flag is reset. 3. The vehicl e-nmounted devi ce of
claim2, wherein, in the event that a pburality of the expanded charging
areas are provided, there are respective entry flags corresponding to each
of the expanded chargi ng areas, and thepstiate of each entry flag and
identification information for each expanded charging area are transmtted
to a correspondi ng charge comunication device. 4. The vehicl e- nount ed
device of any one of claiml1l to claim 3, wherein a clock section for

| ocki t.inth ded_ ch d d the ti
Cpont 19 117 oo €100 T 0 HR T BEChl PRckTEn Tovi et 51 TThet Vet Brmount ed

device of claim4, wherein the tine spent is encrypted and transmtted. 6.
The vehi A% Hott Bk e vi e Bha &1 @i nF 2l 319 diIn B, CHaw@? ef hth foriee peri od of
time a vehicle is parked in a car park provided inside the expanded

char gi ng @rkkscioper ateoncofinghel tédckt sectoloh dststoppedchdrgifhe area,

vehi cl e-nount ed device of any one of claiml to claim6l1 3, wherein a
travel disdgheesoadcul ating section for nmeasuring

a storage device for storing map information of an
expanded charging area newly established outside the charging
area,

a position information acquisition section, and

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

with respect to communication with the fee collection
device, entry determination information representing whether
or not there has been entry into the expanded charging area is

transmitted.

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

of the entry flag is transmitted as the entry determination



travel distance 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 provided with a GPS receiver and an FM nul ti pl ex
receiver, wherein position information acquired by the GPS receiver is
corrected using correction data of a Ggf satellite acquired by the FM
multiplex receiver. 9. A fee collection device, arranged in a charging

area, forinpsrhofing 5ﬁ@n§f@éro{héni@éﬂ%i@@léﬁl@Béngnwyafw@r% to and
froma vehicle-nounted device fitted to a vehicle passing through the

charging area, conprising: a storage device for storing first charging
information relating to an expanded charging area newl y established

outside the charging area, and second charging information relating to the
charging area, an entry determ nation section for, when entry determ nation
i nformati on has been received fromthe vehicle- nDunted devi ce, determ ning
whet her 08 - not The véRh £F & fneerEcd wilehi eheofehi ai®- Apuribede evi te Has ent er ed
t he expanded charging area based on the entry determ nation informtion,
and a chatgentetieatn aapionasecyi ofi the dependedi ngaagthargeeH62 at® be | evied
based on the determ nation result, and the first charging infornmation and

the secon r&@@ﬁgdngth@f@rﬂﬁél9@5pé@t13@9e5€§y091é§§tb@ﬁr@@ﬁb&@hﬁﬁ €baim9,
wherein the first

each of the expanded charging areas, and the state of each

entry flag and identification information for each expanded

charging area are transmitted to a corresponding charge

communication device.

4. The vehicle-mounted device of any one of claim 1 to claim
3, wherein a clock section for clocking time spent in the
expanded charging area i1s provided, and the time spent 1is

transmitted to the fee collection device.

5. The vehicle-mounted device of claim 4, wherein the time

spent 1is encrypted and transmitted.

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

the clock section is stopped.

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



charging information includes a charge table having tine spent in the
expanded charging area as a paraneter, and when the tine spent in the
expanded charging area is received fromthe vehicle-nounted device, the
charge determi nation section determ nes a road usage fee for the expanded
charging area wusing the tine spent andgthe charge table. 11. The fee

coll ection device of claim9, wherein the first charging information

includes @ c@@éﬁ@lﬁaQI@rQ@y1n@l§f§w@$ c&li 8t BoELnd Ns L bei exPENHede £8ar gh §9
area as a paraneter, and when the travel distance in the expanded charging

area is Ef&%i’e&é{é’ﬁ&é he,yehl C#ﬁe %Tﬁér“r‘cﬁ gey B&F%dﬁ(g ﬁ@&r% glofgLgation

section determ nes road usage expa ar gi ng  area usf ng
the travel distance an charge table. 12. The fee oII on_devi ce of
any one o?n(gliéﬁl?n @r?%eﬁ é FraRgS hAvihg Fr St har g iy ‘?FF o?‘ﬂ%i?%?nlon
corresponding to respective expanded charging areas, when a plurality of
the expatlédcehargi ng areas are provided, and mhereln the entry

determ nation section receives the entry determ nation 63 information that
has been associated with identification information of each expanded
charging area --fromthe vehicle- nounted device, and specifies the expanded

chargi ng @rea fhgenvehicheuhesieat el ed pasedion Lheneattys detes M oation
information, and the charge determ nation section deternmnes a road usage

fee for tQﬁ ﬁ%ﬁ%&ﬂ@?pf@?rgégglééfﬁ #ﬁépglﬁhgbéi{fén information

acquired by the GPS receiver is corrected using correction

data of a GPS satellite acquired by the FM multiplex receiver.

9. A fee collection device, arranged in a charging area, for
performing transfer of information relating to a charge to and
from a vehicle-mounted device fitted to a vehicle passing
through the charging area, comprising:

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

an entry determination section for, when entry
determination information has been received from the vehicle-
mounted device, determining whether or not a vehicle fitted
with the vehicle-mounted device has entered the expanded
charging area based on the entry determination information,
and

a charge determination section for determining a charge



charging information corresponding to the expanded charging area the
vehicl e has entered. 13. The fee collection device of any one of claim9 to
claim 12, having a refund points table with tine spent in the charging
area as a paraneter, when the charging area is an area for which a constant
fee is levied at the tinme of entry regapdl ess of road usage conditions,
wherein, when tinme spent in the charging area has been received fromthe

vehi cl e- #®ud ete weMd O6a sddieo € her geqsled ef et 69N s8¢t + Ona Mgt endn nesst ref und
points using the time spent and the reduction points table, and these
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col l ection syste provided with a fee collection” device installed in a
charging area, and a vehicle-nmounted device that is nmounted in a vehicle
and exchanges information relating to a charge with the fee collection
device, wherein the vehicle-nmounted device conprises, 64 a map information

storage deVi celForiat ofdhbeFapPh mMiorhet i oh Ff2ihe’ expamiarth chat gf Hostar ea

new y established outside the charging area, a position information
acqui sitiogmsectd omfambamwentryl détect i omsect ianld oradet@ctimg snty into
the expanded charging area based on position information acquired by the
posi tion imf o dradkedn@ed utist £ d Dily S€€dd 0fls a1t fBme t &f Or 47Rd | e Oft Kdhe
expanded chargi ng area,
time spent in the expanded charging area is received from the
vehicle-mounted device, the charge determination section

determines a road usage fee for the expanded charging area

using the time spent and the charge table.

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

charge table.

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

determination section receives the entry determination



with entry determ nation information representing whether or not the
expanded chargi ng area has been entered being transmtted when the fee
col l ection device is approached, and wherein the fee collection device
conprises a storage device for storing first charging information relating
to the expanded charging area, and secogd charging information relating to
the charging area, an entry determ nation section for, when the entry

det er m nath odrhaf o6t hon has been Le68tVeeArpmh h@dyﬁbiﬂ@atﬂ@mt ed
devi ce, determ ning whether or not a vehlcle fitted wth the
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entry determnation information deferm nation section for
determ nin to be | evied base on the m nation result, and
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The fee collection system of cIa|n114 provided with a fitted determ nation
section ferhieterhini syt apedhersed @otthe henyeni ¢¢eeABimeeto™evice is fitted
with a position information acquisition section, wherein the charge

det er m natnborsect ooN an@sébedthéegendet@amg@sti@nbeetey®@ddedepehMéﬂgaon
whet her the vehicl e-nmounted device has, or does not have, a GPS function.
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where the position information acquisition
charging information corresponding to the expanded charging

area the vehicle has entered.

13. The fee collection device of any one of claim 9 to claim
12, having a refund points table with time spent in the
charging area as a parameter, when the charging area is an
area for which a constant fee is levied at the time of entry
regardless of road usage conditions, wherein, when time spent
in the charging area has been received from the vehicle-
mounted device, the charge determination section determines
refund points using the time spent and the reduction points
table, and these refund points are allocated to the owner of

the vehicle.

14. A fee collection system, provided with a fee collection
device installed in a charging area, and a vehicle-mounted
device that is mounted in a vehicle and exchanges information
relating to a charge with the fee collection device, wherein

the vehicle-mounted device comprises,



section is a GPS receiver, in the expanded charging area that is an area in
which it is difficult for the vehicle-nmunted GPS receiver to receive
position information froma GPS satellite, a wireless antenna for
transmtting position data to the vehicle-nounted device is installed.
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a map information storage device for storing map
information of the expanded charging area newly established
outside the charging area,

a position information acquisition section, and

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

with entry determination information representing whether
or not the expanded charging area has been entered being
transmitted when the fee collection device is approached,

and wherein the fee collection device comprises

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

an entry determination section for, when the entry
determination information has been received from the vehicle-
mounted device, determining whether or not a vehicle fitted
with the vehicle-mounted device has entered the expanded
charging area based on the entry determination information,
and

a charge determination section for determining a charge
to be levied based on the determination result, and the first

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

not have, a GPS function.

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

to the vehicle-mounted device 1s installed.





