1 {DESCRIPTION} VEHICLE-MOUNTED DEVICE AND TOLL COLLECTION SYSTEM {Technical
Field} {0001} 5The present invention relates to a vehjcle-mounted device and a toll collection system.
{Background Art} {0002} In recent years, as measures for alleviating traffic 10 congestion, air pollution,
etc. caused by having an excessive nhumber of automobiles driving into large urban centers, so-called
road pricing has been realized wherein a toll charge area is set in an urban area and a certain toll

amount is 5%@@@&%@/&%@3 that enter this toll charge area. In the 15 road pricing, for example, a
gantry provide a toll-

VEHICLE-MOUNTED DEVICE AND TOLL COLLECTION SYSTEM
{Technical Field}
{0001}

5 The present invention relates to a vehicle-mounted device
and a toll collection system.
{Background Art}
{0002}

In recent years, as measures for alleviating traffic

10 congestion, air pollution, etc. caused by having an excessive
number of automobiles driving into large urban centers, so-
called road pricing has been realized wherein a toll charge
area is set in an urban area and a certain toll amount is
charged to vehicles that enter this toll charge area. In the

15 road pricing, for example, a gantry provided with a toll-
charging wireless communication device is provided at each
entrance/exit of the toll charge area, and toll charging
processing is performed when a vehicle passes through the
gantry. As toll charging methods, for example, a method in

20 which a certain toll amount is withdrawn from a balance in a
prepaid card inserted in a vehicle-mounted device and a
remaining amount is recorded in the prepaid card as an updated
balance, a method in which a certain toll amount is
automatically withdrawn from a preregistered bank account of a

25 user, and so on have been employed.



charging wireless communication device is provided at each entrance/exit of the toll charge area, and
toll charging processing is performed when a vehicle passes through the gantry. As toll charging
methods, for example, a method in 20 which a certain toll amount is withdrawn from a balance in a
prepaid card inserted in a vehicle-mounted device and a remaining amount is recorded in the prepaid
card as an updated balance, a method in which a certain toll amount is automatically withdrawn from a
preregisterg&iolp k account of a 25 user, and so on have been employed. 2 {00031 The ETC
(Electronic'Tol llection) system is a known automatic road usage fee collection system. The ETC
system makes it ;}%ssi@%o om%ticall co et:"[tlto!%s!L rou%h 5 irelessccommunicqgion between a
road-side wireless Unit provi(ija]éljI i a]iglrl%got Cand & Vehic e-%noo%v»:]tesﬁ/ device hstalled in'a vehicle.

In such a toll collecctlon sl;@g%n@nd ET(f‘es stem Ieelgtced to rg?gTpélél:lng,ﬁlté)IIEcP(lJe%tlor]cmethod is

. T : .S
being considered 10 for situations Where the existing foll cha ge area is expanded. 7= For example,

Patent '-“‘?{%?Pé% 1idés%8%%si%%%0hé‘éq%%i£‘?}%gi€' vehicle-mounted,device detegls whether or not an
expanded toll charge area has been entered on the basis of
5 wireless communication between a road-side wireless unit
provided in a toll booth and a vehicle-mounted device
installed in a vehicle.

In such a toll collection system and ETC system related
to road pricing, a toll collection method is being considered

10 for situations where the existing toll charge area is
expanded.

For example, Patent Literature 1 discloses a technique in
which a vehicle-mounted device detects whether or not an
expanded toll charge area has been entered on the basis of

15 positional information acquired by a GPS receiver and, when
entering an existing toll charge area, this detection result
is reported to a toll collection device provided in the toll
charge area, thereby causing the toll collection device to
collect the road usage fee for the expanded toll charge area.

20 {Citation List}

{Patent Literature}

{0004}

{PTL 1} Japanese Unexamined Patent Application, Publication
No. 2008-9731.

25 {Summary of Invention}



15 positional information acquired by a GPS receiver and, when entering an existing toll charge area,
this detection result is reported to a toll collection de\éice provided in the toll charge area, thereby
causing the toll collection device to collect the road usage fee for the expanded toll charge area.
20{Citation List} {Patent Literature} {00041 {PIL 1} Japanese Unexamined Patent Application,
Publication No. 2008-9731. 25{Summary of Invention} 3 {Technical Problem} {0005} In a toll collection

system su?q ggﬁ%ﬁtcdaelscggg% f\ggYe, because there are cases in which the road usage fee is not

{0005}

In a toll collection system such as that described above,

because there are cases in which the road usage fee is not

5 correctly paid due to fraudulent use by users, it is necessary
to ascertain vehicle positional information in order to detect
such fraudulence. Although the vehicle positional information
is, for example, estimated on the basis of information
acquired by a GPS receiver in a vehicle-mounted device, there

10 is a problem in the above-described Patent Literature 1 in
that, even i1if the positional information acquired from the GPS
receiver is shifted from an original position, the shift
cannot be detected, and thus, the vehicle position cannot be
corrected.

15 {0006}

The present invention has been conceived in light of the
above-described circumstances, and an object thereof is to
provide a vehicle-mounted device and a toll collection system
that are capable of precisely correcting a vehicle position.

20 {Solution to Problem}
{0007}

In order to solve the above-described problems, the
present invention employs the following solutions.

A first aspect of the present invention provides a

25 vehicle—-mounted device that is installed in a wvehicle and



5 correctly paid due to fraudulent use by users, it is necessary to ascertain vehicle positional
information in order to detect such fraudulence. Althgugh the vehicle positional information is, for
example, estimated on the basis of information acquired by a GPS receiver in a vehicle-mounted
device, there 10 is a problem in the above-described Patent Literature 1 in that, even if the positional
information acquired from the GPS receiver is shifted from an original position, the shift cannot be
detected, and thus, the vehicle position cannot be corrected. 15{0006} The, present invention has been
conceived i ﬁéra\tn&etﬁe %l%o%f[gae%%rolﬁleg g g&rﬁ%&%ciégﬁgn lgr% %%fe%?tﬁ“&%gf iS ttc% %ﬁvide a

vehicle-mounted device and a toll collection system that are c aq%) of precisely correcting a vehicle
osition. 20T R T (Ob L AT B o Bed Pl IOrE. the

present invention eirplel%% Ehe followw%solutl%ns. st aspect of th% if(g%?neang_ invention

Afi
) ea,, . n storage uni hat " s 1S ap 1 n 11,
prowdes aaé% véhlcle-mounte%l cflewce t a?IS msta?le Inave |cﬁe anIa; E excnanges m?ormatlon

regarding o)l hrgipg wiih.a tolcalissfion devies dnsialied at.a tolLogthdy adel chargs area,

including a storage unit that stores map information in which information about an installation position

of an antenna 5 proyided in fhe tol collegfion devicg isassociated with antenna idenfifigation

information; and a positional-information acquisition unit that acquires positional information of the

vehicle, whergin.ihe anienna ideatificaton infoarmation s acquised, frapthetgll gollection device when
information acquisition unit that acquires positional
information of the vehicle, wherein the antenna identification
information is acquired from the toll collection device when

10 passing near the toll collection device, and when a vehicle
position estimated on the basis of the acquired antenna
identification information and the map information does not
match a vehicle position estimated on the basis of the
positional information acquired from the positional-

15 information acquisition unit, the positional information
acquired from the positional-information acquisition unit is
corrected on the basis of the vehicle position estimated from
the acquired antenna identification information.

{0008}

20 With such a configuration, the vehicle-mounted device
that is installed in the vehicle and exchanges information
regarding the toll charging with the toll collection device
installed at a toll booth in the toll charge area acquires the
identification information of the antenna of the toll

25 collection device from the toll collection device when passing



10 passing near the toll collection device, and when a vehicle position estimated on the basis of the
acquired antenna identification information and the map information does not match a vehicle position
estimated on the basis of the positional information acquired from the positional- 15 information
acquisition unit, the positional information acquired from the positional-information acquisition unit is
corrected on the basis of the vehicle position estimated from the acquired antenna identification
information. {000%11 20\t/VitTL suchﬁ cogfj%uragon,.the vei%%le-mg nted e.vicle that is i stésllled in the
vehicle and %%hangees in ormca?ioner(égérolllng the tofi 'charg%% with the tofl Coliection dévice installed at
a toll booth,in the toll chamﬂ? areﬁhacquir(fg%%%ideéléiggaltigfci%o.rmationfof the antenna %fethe toll 25

. eVv1icC acgu S . an i0on nrormatlon
collection gewce ?rom t%e tOﬁ co ecetlon evice When passing 5 near the tOﬁ col ec%oh (}ewce. When

the vehicle munied device acquites the,aniepna identiigation, nformfion, he, yehidlg pasiion is
estimated on the basis of the installation position of the antenna of the toll collection device and the 5

antenna identification information inclyded inthe map éfgefre_%ti%étei%%ind@@i%gfags&%g he

vehicle position estimated on the basis of the antenna identification information acquired from the toll

collectjon device is. compared;with the yehicle nasition estimated from the 10 pasifignal information

acquired from the positional-information acquisition unit, and when the vehicle positions do not match,

the positiongldnformation acayired from the-pesitionalinigrmation-acgquisition ynit iscorrected. In this

way, the vehicle position estimated by means of the toll 15 collection device is compared with the

vehicle pogitien gstimated, fromethe nositional-infarmationacquisition means, apd, when they do not
match, the positional information acquired from the positional-information acquisition means is

corrected; thereforg - therprecisionefthe positional 2@ informatien-agquirediramdhe s
positional-information acquisition unit can be maintained.
compared with the vehicle position estimated from the
10 positional information acquired from the positional-
information acquisition unit, and when the wvehicle positions
do not match, the positional information acquired from the
positional-information acquisition unit is corrected. In this
way, the vehicle position estimated by means of the toll
15 collection device is compared with the vehicle position
estimated from the positional-information acquisition means,
and, when they do not match, the positional information
acquired from the positional-information acquisition means 1is
corrected; therefore, the precision of the positional
20 information acquired from the positional-information
acquisition unit can be maintained.
{0009}
In the above-described vehicle-mounted device according
to the first aspect of the present invention, in the case in

25 which the vehicle-mounted device is communicatably connected



{00091 In the above-described vehicle-mounted device according to the first aspect of the present
invention, in the case in 25 which the vehicle-mounted device is communicatably connected 6 with a
central unit, which is a superordinate device of the toll collection device, via a wide-area
communication unit for utilizing wideband wireless communication and is also communicatably
connected with the toll collection device via a 5 dedicated narrowband wireless communication unit for
utilizing dedicaﬁed narro baTd wireless %omgnunication the ma .infO{magon may b% sy h that it can

. W%t a ?enﬁga %Dlt .g 1C 1S a S%P?IOI lnﬂWG V1C @) IS .
be acquired from at least one of the wide-area communication unit, the dedicated narrowband wireless
communic%titm unit, 'c}nd issuan%f-:- 10 maintenance quié)ment which is a device other than.the

o} callect W 1 %

. 10 vice via —area commynicatlion nit or
wide-area communication unl?tha? IS corhmunlca%ably connected Wirt[}'l ﬁ1e centtra? unﬁ. ecause the

map information. is downleaded to the.vehicle-mounted device via any of the wide-area communication
1 I W1 é%gq? W eSS 10O 1S also

. u A1Z1 N1lTYe communica n .
unit, 15 the de |catedgnarrow wwefess communication unit, anc?t € Issuance maintenance

equipment. g yelicenngugied devioe can saslly asauire he iformation [or specifina.fhe nstallation
position of the toll collection device. {00101 20In the map information in the above-described vehicle-
5 dedicated narrowband wireless communication unit for utilizing
dedicated narrowband wireless communication, the map
information may be such that it can be acquired from at least
one of the wide—-area communication unit, the dedicated
narrowband wireless communication unit, and issuance

10 maintenance equipment, which is a device other than the wide-
area communication unit that is communicatably connected with
the central unit.

Because the map information is downloaded to the vehicle-
mounted device via any of the wide—-area communication unit,

15 the dedicated narrowband wireless communication unit, and the
issuance maintenance equipment, the vehicle-mounted device can
easily acquire the information for specifying the installation
position of the toll collection device.

{0010}

20 In the map information in the above-described vehicle-
mounted device according to the first aspect of the present
invention, in the case in which the map information does not
include the information about the installation position of the
antenna of the toll collection device that corresponds to the

25 antenna identification information acquired from the toll



mounted device according to the first aspect of the present invention, in the case in which the map
information does not include the information about th; installation position of the antenna of the toll
collection device that corresponds to the 25 antenna identification information acquired from the toll 7
collection device, the most recent map information may be acquired from the central unit via the
wide-area communication unit. In the case in which information of the toll collection 5 device
installation ition thereof) corresponding to the antenna identification information acquired from the
tll collectoh AEURETS hotTIac T iRe TRy it o VO THE VMRS oghted device, by

obtaining the most r cent map ineforcmatgornat fh% I\@lgic\lfei-motuk%ed d%vice can 10 ascertain g’:e most
t

recent pos?tf:o%uolﬁﬁe tolf collection device’in a simple MAanner. {‘63) Tiare@Vi%ope%%?&foa e

information about the installation position of the antenna for the map information in the above- 15
described vehicle-mounted device according to the first aspect of the present invention, the

e o LT Sl oL e g e o0 gomaion e g
5 device (installation position thereof) corresponding to the
antenna identification information acquired from the toll
collection device is not included in the map information

provided in the vehicle-mounted device, by obtaining the most
recent map information, the vehicle-mounted device can
10 ascertain the most recent position of the toll collection
device in a simple manner.
{0011}
With regard to the information about the installation
position of the antenna for the map information in the above-
15 described vehicle-mounted device according to the first aspect
of the present invention, the information about the
installation position of the antenna in the map information
may be information that indicates a relative position for
obtaining the vehicle position on the basis of a calculation
20 or information that indicates an absolute position for
specifying the vehicle position.
By having the information about the antenna installation
position that is the relative position for obtaining the
vehicle position on the basis of the calculation or the

25 absolute position for directly specifying the vehicle



20 or information that indicates an absolute position for specifying the vehicle position. By having
the information about the antenna installation positiogn that is the relative position for obtaining the
vehicle position on the basis of the calculation or the 25 absolute position for directly specifying the
vehicle 8 position, the vehicle position can be specified reliably. {00121 With the identification
information about the antenna of the above-described vehicle-mounted device according to the 5 first
aspect of the pr sent in\Sﬁ%ntioné hiecﬁrétenna idceinotification !'Onéormationfma}i ir}%ﬂ% n w/old distinction

information O |§1?nngui w?g between old and new incf%PmatlonS;paen%linjt & caSe firwhich the new/old

distinction WB'@&HO” of the antenna identification information acquired 10 from the toll collection
device does not match the new/old distinction information of the antenna identification information

included in the map jnformatian, the mast recent map information may ke agquired,from the gentral
unit via the wide-area communication unit. égecause the most recent map information is acquired if

the new/old distinetion 1'2{8@78%@%%80%%H?E’I‘é‘i‘%&‘o@ﬁE@%aﬁteexﬁ[‘é‘é'd%@gi&?g%é’“%e{ﬁé’qu"ed from

the toll collection device and the antenna identification number included in the map information, the

vehicle-maupjed deyie 20 Gan b proyided with ihe st secent man nfagmation. Accordingly.
information about the most recent and accurate
identification information may include new/old distinction
information for distinguishing between old and new
information; and in the case in which the new/old distinction
information of the antenna identification information acquired

10 from the toll collection device does not match the new/old
distinction information of the antenna identification
information included in the map information, the most recent
map information may be acquired from the central unit via the
wide—area communication unit.

15 Because the most recent map information is acquired if
the new/old distinction information does not match for the
antenna identification number acquired from the toll
collection device and the antenna identification number
included in the map information, the vehicle-mounted device

20 can be provided with the most recent map information.
Accordingly, information about the most recent and accurate
installation position of the toll collection device can be
acquired.

{0013}

25 In the above-described vehicle-mounted device according



installation position of the toll collection device can be acquired. {00131 25In the above-described
vehicle-mounted device according 9 to the first aspect of the present invention, information about the
installation position of the antenna may be acquired from the antenna of the toll collection device along
with the antenna identification information. 5Accordingly, the vehicle-mounted device can acquire the
information about the installation position of the toll collection device in a simple manner. {00141 In the

case in whé%h q?eingorrrng%iog abgg%thgflgknstallaéigg rPtOSiitir%rz'ei% ac uireqL frg(rjnrglaettgll collection
device in the above-desiribéd Veficle“mounted device according to Re first aspect of the present

invention, ir‘bthe case in whi(;Ch Hgormation aboutt an inst II% ion go%ition of the tig collection d%vice is
. aboyt e 1nstallation positiqQn O e antenna may .pe acgulr
acquired from Hwe to coﬁectlon evice, 1§D|n?orma%on about an mstaﬂatlon p(¥5| ion oﬁ%e to

olecion Sodie s 100 DD ey b EpsE Qe e s
antenna identification information.

5 Accordingly, the vehicle-mounted device can acquire the
information about the installation position of the toll
collection device in a simple manner.

{0014}
In the case in which the information about the
10 installation position is acquired from the toll collection
device in the above-described vehicle-mounted device according
to the first aspect of the present invention, in the case in
which information about an installation position of the toll
collection device is acquired from the toll collection device,
15 information about an installation position of the toll
collection device included in the map information may be
replaced therewith.
In the case in which there are changes in the
installation position due to changes in the physical position
20 of the toll collection device, the information about the
installation position of the toll collection device included
in the map information in the vehicle-mounted device can be
updated in a simple manner.
{0015}

25 A second aspect of the present invention provides toll



20 of the toll collection device, the information about the installation position of the toll collection device
included in the map information in the vehicle-mounted device can be updated in a simple manner.
{00151 25A second aspect of the present invention provides toll 10 collection system including a
vehicle-mounted device according to the first aspect of the present invention, wherein the antenna
identification information includes new/old distinction information for distinguishing between new and

old 5 inforrggﬂgré,c%nd I\{vhsenS hee neiw/gggu i§tinctiaon iQLolrg?éigrq for hee Oﬁnéer\lfnac ideggfi%q:tjgp
information acquwedlfirom ﬁ%e ofpcoﬁlec ion dle(%/ice (Yoes not ma?clﬁnt e nev%ol%j (%stlnccflon m]%?mation

for the ant%nn%ﬁdenyﬁcatjcon inforrr]catio included in the, map inf0£mation, tﬂe maost re ent map 10
. . TO e . hrs %ﬁgec oL the pﬁese T 1nhvention % ereln ? .
information is acquired from central unit via'the wide-area communiication unit; and the central unit

that outputs t@e mast recent.map, incformatior}to the vehicle-m%urged devicg in gccordance with an
..o anténna, 1dentifitcation 1n rmatilo ilnclu eﬁ. flew ol . .
acquisition request for the most recent map information from the vehicle-mounted device, wherein, of

the 15 mog repentinan nforpation. s ceptral uiLoYtpyts o the yehicle;mounied deyise, 25 the

most recent map information, only information corresponding to thé antenna for which the new/old

distingfion nferation far an identifigation number, of she agtenna included jn, the mapiinformation in

the vehicle- 20 mounted device differs. {00161 In the case in which the new/old distinction

information for the antenna identificationnumberacauired fiam thetoll collection, deyice differs from
the new/old distinction

collection device does not match the new/old distinction
information for the antenna identification information
included in the map information, the most recent map

10 information is acquired from the central unit via the wide-
area communication unit; and the central unit that outputs the
most recent map information to the vehicle-mounted device in
accordance with an acquisition request for the most recent map
information from the vehicle-mounted device, wherein, of the

15 most recent map information, the central unit outputs to the
vehicle-mounted device, as the most recent map information,
only information corresponding to the antenna for which the
new/old distinction information for an identification number
of the antenna included in the map information in the wvehicle-

20 mounted device differs.
{0016}

In the case in which the new/old distinction information

for the antenna identification number acquired from the toll
collection device differs from the new/old distinction

25 information that corresponds to the antenna identification



25 information that corresponds to the antenna identification 11 number included in the map
information, the vehicle-mounted device according t? the first aspect of the present invention acquires
the antenna identification number that corresponds 1o the antenna for which the new/old distinction
information 5 differs and the information about the antenna installation position from the central unit.
Accordingly, when outputting the most recent map information to the vehicle-mounted device from the
central unit, it is ossiblqlto reduce the load exe.rtef on a communpication medium. 10{Advantageous
Effects of fﬁl\llgntlgn}]{ﬂﬁ Jffe The preese?\?ﬁlv%:ﬁ ion affords 4n a \?ar\lztggé?n that itis p%ssible to
precisely c(%r\%:g a vehicclq-: Bcl)sitiortL {Brglzf DPscri‘;gtionSof [C)I‘Cavgi?g%}hleS 0018£Ei .lisa igl%ram

showing the overall acgnﬁguraﬁgn o?a% ?colferc%lonasygt%m according 0 an embodiment of the present
invention.

acquires the antenna identification number that corresponds to
the antenna for which the new/old distinction information
5 differs and the information about the antenna installation
position from the central unit. Accordingly, when outputting
the most recent map information to the vehicle-mounted device
from the central unit, it is possible to reduce the load
exerted on a communication medium.
10 {Advantageous Effects of Invention}
{0017}
The present invention affords an advantage in that it is
possible to precisely correct a vehicle position.
{Brief Description of Drawings}
15 {0018}
Fig. 1 is a diagram showing the overall configuration of
a toll collection system according to an embodiment of the
present invention.
Fig. 2 is a block diagram showing, in outline, the toll
20 collection system according to the embodiment of the present
invention.
Fig. 3 is a diagram in which an entry lane into a toll
charge area is viewed from a road shoulder.
Fig. 4 is a diagram showing an example of marking laid

25 down below a vehicle detection device shown in Fig. 3.



Fig. 2 is a block diagram showing, in outline, the toll 20 collection system according to the embodiment
of the present invention. Fig. 3 is a diagram in W{Tbch an entry lane into a toll charge area is viewed
from a road shoulder. Fig. 4 is a diagram showing an example of marking laid 25 down below a
vehicle detection device shown in Fig. 3. 12 Fig. 5 is a diagram showing the marking shown in Fig.
4 when a vehicle passes through. Fig. 6 is a block diagram showing, in outline, the  configuration of

a vehicle-mountegjidevi %ccoarldigg to Ege SS%ml%%qlime%gf thae&rlegentsltg\ée%tioinﬁ s Fig. 7 is a block
diagram showing, in“out me,sthe conﬁ&uralﬂon of & centra umIPaccord?hg o tfie embddifhent of the

present in\‘/A%netionaFi . 8.igflediagrsasn%£or X '%i”&'{‘g a case in Wh.iCh the 10 \{e.hicle-mounted. device
passes througﬁ1 the tv?ﬁlhc%arge Bréa, Y:e?gOQ %8 diagram for simply explaining the operation of the
vehiclefmounted gti:'\éige according to the %Qgggignmen&?(g Vtthene[r,esiarrllt QL\J/@TQ%%.,{Dteﬁsgription of
Embodiments}
configuration of a vehicle-mounted device according to the
5 embodiment of the present invention.

Fig. 7 is a block diagram showing, in outline, the
configuration of a central unit according to the embodiment of
the present invention.

Fig. 8 is a diagram for explaining a case in which the

10 vehicle-mounted device passes through the toll charge area.

Fig. 9 is a diagram for simply explaining the operation
of the vehicle-mounted device according to the embodiment of
the present invention.

{Description of Embodiments}
15 {0019}

An embodiment of a vehicle-mounted device and a toll
collection system according to the present invention will be
described below with reference to the drawings.

Fig. 1 is a diagram showing the overall configuration of

20 the toll collection system according to the embodiment of the
present invention.

As shown in Fig. 1, at all roads passing through the
boundary of a toll charge area A, which is an area to which

road pricing is applied, the toll collection system 1 is

25 provided with toll collection devices (not shown) that detect



15{0019} An embodiment of a vehicle-mounted device and a toll collection system according to the
present invention will be described below with reference to the drawings. Fig. 1 is a diagram
showing the overall configuration of 20 the toll collection system according to the embodiment of the
present invention. As shown in Fig. 1, at all roads passing through the boundary of a toll charge area
A, which is an area to which road pricing is applied, the toll collection system 1 is 25 provided with toll

collection devices gnfot shown) that d;tect 13 thry of ave icle 3 into the tgll ch%r e area A and/or its
. GDFHV a _vehicle 1ntP e %o } C arae.area an.Jﬁf 1TS

exit from the tolFcharge area A.”For example, the toll collection devices aré provided so as to

individually corre%pond Elohent If”l es.on which the vghicletLS enters thﬁ 5 toJl.cha g area A and exit

lanes on W%}lgc]htther\?er%ic e3 goltsj{hg%&fgﬁarag]éeaarea A, and toeéi%i)i%n%’e VJEelFuecléE%mounted-device

information, with etg vehicl -m.ounéedadevige (i)rg]sit lled in the vehicle 3 éq%ti%sa'ls $.0n the corresponding

entry lane and exit lane. 1 ?6658} ]i:elg. 2 s a block d)lagram showing, in out mé/, the configuration of

the toll collggtion sy3tem- 45 ¥ i Eige ¢. 8 foll,gqliaction deyice. 2 isprovided with a fitst antenna

5 toll charge area A and exit lanes on which the vehicle 3 exits
the toll charge area A, and to exchange vehicle-mounted-device
information with the vehicle-mounted device installed in the
vehicle 3 that passes on the corresponding entry lane and exit
lane.

10 {0020}

Fig. 2 is a block diagram showing, in outline, the

configuration of the toll collection system. As shown in Fig.
2, a toll collection device 2 is provided with a first antenna
5, a camera 6, a vehicle detection device 7, and a second

15 antenna 8. Furthermore, the toll collection device 2 is
provided with a first antenna controller 9 that is connected
to the first antenna 5, a camera controller 10 that is
connected to the camera 6, a vehicle detection controller 11
that is connected to the vehicle detection device 7, and a

20 second antenna controller 12 that is connected to the second
antenna 8. Furthermore, the toll collection device 2 is
provided with a central controller 13, an environmental
controller 14 that is connected to the central controller 13,
and a communication controller 15 that is connected to the

25 central controller 13. The first antenna controller 9, the



5, a camera 6, a vehicle detection device 7, and a second 15 antenna 8. Furthermore, the toll
collection device 2 is provided with a first antenna cgqtroller 9 that is connected to the first antenna 5,
a camera controller 10 that is connected to the caméra 6, a vehicle detection controller 11 that is
connected to the vehicle detection device 7, and a 20 second antenna controller 12 that is connected
to the second antenna 8. Furthermore, the toll collection device 2 is provided with a central controller

13, an environmental controller 14 that is connected to the central controller 13, and a communication
controller 15'that Ts Conpr Hg%t %ﬁ SCE e%lc%er{%%erﬁgjﬁ?gt an geﬁﬁé%l:c% ro?r‘]t E%’

connecte he 25cehtral contro er’o, s 14
camera controller 10, the vehicle d tec&itin coritioller 11, the second aqtenna con&r ller le% and the
h : L
central constreoﬁl%?ifdle%%ﬂggd %%8%5 are connécted I\}v%hteaechcgtﬂ%}:sla a 88% 1118 t%eug establishing a

state in whé%hsg\form%logb%a‘p be ?eexgggpl e (tergfreb%%/veen. kIln gggll(telgnvthg co rggnlfgltlon controller

15is communicgtla%?y connected with & centra unitwf?, which Is a superordllnate evice. {00211 In the

toll collectiggngsev'écgt%gﬂigg J!:pl% agog%-ajc% de %cr‘lﬁlel(jc%orhf@%@(g& ygj%fircsgfl antenna 5, the camera 6,

the vehicle detection device 7, and the second antenna 8 are

5 exchanged therebetween. In addition, the communication
controller 15 is communicatably connected with a central unit
17, which is a superordinate device.
{0021}
In the toll collection device 2 having the above-

10 described configuration, the first antenna 5, the camera 6,
the vehicle detection device 7, and the second antenna 8 are
attached to gate-shaped support columns disposed so as to
cross a road at the boundary of the toll charge area A. Fig.
3 is a diagram in which a driving lane is viewed from the

15 side. The first antenna 5 and the second antenna 8 are
installed so that signals from the vehicle-mounted device in
the vehicle 3 that is driven in the corresponding driving lane
can be easily received. The first antenna 5 and the second
antenna 8 are installed, for example, so that antenna beams

20 thereof are directed toward the corresponding driving lane.
{0022}

The first antenna 5 and the second antenna 8 acquire the
vehicle-mounted-device information when the vehicle-mounted
device passes near the area boundary of the toll charge area

25 A. Specifically, when a vehicle enters the toll charge area A



attached to gate-shaped support columns disposed so as to cross a road at the boundary of the toll
charge area A. Fig. 3 is a diagram in which a drivingllgane is viewed from the 15 side. The first antenna
5 and the second antenna 8 are installed so that signals from the vehicle-mounted device in the
vehicle 3 that is driven in the corresponding driving lane can be easily received. The first antenna 5
and the second antenna 8 are installed, for example, so that antenna beams 20 thereof are directed

toward the coresponding drving lane, (00221, _The fiist antenna . and the second gnenna 8
acquire the VeﬁiC e-mou ?e -device informati Wﬁen?he venic e-moun?ed (‘ﬂ]ewce passes near the

area boung%ré/cq_j i;[}%% ol:][%haerg area ;5 A. %p%cif%%ally}]]vevﬂen a veeh}iicI% enﬁz{g trt1% %}]II %%aﬁrgﬁ %r:a A

W : S 1L S
15 from an expanded toll charge area JEdetalso whichwill be described er) and/or whe

vehicle exits the toll chgg;ecﬁrea A into h%e R deq,ltoll charge area B g\e first antenn% 5 and the
area in e exFan e Eiaﬂ alrge al e% 7 “the érlrst. an enPa .
second antenna 8 output request signals to the 5 vehicle-mounte gewce and acquire identification

information, of e yshicle aynted devige from e yehicles ounted. dexicg. The idgpgfication

information of the vehicle-mounted device includesthe current time (for example, year, month, and

day) af the,fime of enfryiexit.g vgbiclesmovnted deviee numperd0-nresassigned o thg. « 5 on

vehicle-mounted device, a number on an IC card inserted into an IC card interface of the

vehicle-mquinted, device ; and. sp on, in.addition Jbe firghantaana 5,and  the seeopd antenna.g are
provided with a distance of about 10 m to 15 m therebetween. This is for the purpose of ensuring a
The identification information of the vehicle-mounted device
includes the current time (for example, year, month, and day)
at the time of entry/exit, a vehicle-mounted-device number
10 pre—-assigned to the vehicle-mounted device, a number on an IC
card inserted into an IC card interface of the vehicle-mounted
device, and so on. In addition, the first antenna 5 and the
second antenna 8 are provided with a distance of about 10 m to
15 m therebetween. This is for the purpose of ensuring a
15 sufficient processing time until the vehicle-mounted device
outputs a response signal to the second antenna 8 in
accordance with a signal (for example, the request signal for
the identification information of the vehicle-mounted device)
that the vehicle-mounted device has received from the first
20 antenna 5.

The first antenna 5 and the second antenna 8 send their
own antenna identification information to the vehicle-mounted
device.

{0023}

25 In the case in which a fraudulent vehicle is detected,



15 sufficient processing time until the vehicle-mounted device outputs a response signal to the second
antenna 8 in accordance with a signal (for example,_the request signal for the identification information
of the vehicle-mounted device) that the vehicle-mounted device has received from the first 20antenna
5. The first antenna 5 and the second antenna 8 send their own antenna identification information
to the vehicle-mounted device. {00231 25In the case in which a fraudulent vehicle is detected, 16 the
camera 6 %%%uires an image of a license plate of the quauduient vehicle. Frgudul]gn%ehicles refer to,
for example, vehicles'in whiGh VehicleSmounted devices are no elﬁsstglléj&,ave%ic?es in which

vehicle-mog.mted d vicgs 5 corr gondkir}%to the vehicle }tly.peiare notgnstalaled, vehicles in which IC
raudu?e Vﬁ1lc . U %f nt. ve 1% ?s Fe ﬁ% o, f%r
cards are notinserted into the vehicle-mounted devices, vehicles tor which a'toll cannot be charged
correctly becaus%fthe balance recorded on the IC.cards is lower than the amount tg be collected,

e, venicle which vehlicle= vic

. . exXam S n mou lces dare no
vehicles in which orged vehicle- 10 mounted devices or forgemé cards are mstaﬁled, and so on.

e oL Aol s e o sl e enon et
and the secgnd anfenna 8, 2 methed far s judging, fraudulent yehicles, wilk be. described in detail later.
in which IC cards are not inserted into the vehicle-mounted

devices, vehicles for which a toll cannot be charged correctly
because the balance recorded on the IC cards is lower than the
amount to be collected, vehicles in which forged vehicle-

10 mounted devices or forged IC cards are installed, and so on.
Although whether or not a vehicle is fraudulent is judged on
the basis of the identification information of the vehicle-
mounted device, etc. acquired from the vehicle-mounted device
by the first antenna 5 and the second antenna 8, a method for

15 judging fraudulent vehicles will be described in detail later.

The vehicle detection device 7 detects the passage of the
vehicle 3. For example, as shown in Fig. 4, a stripe-pattern
marking is provided on the road below the vehicle detection
device 7. The vehicle detection device 7 monitors the stripe

20 pattern from above and detects the passage of the vehicle 3
when the stripe pattern cannot be detected normally as shown
in Fig. 5.

{0024}
As shown in Fig. 1, the newly set expanded toll charge

25 area B is set outside the toll charge area A. For example,



The vehicle detection device 7 detects the passage of the vehicle 3. For example, as shown in Fig. 4,
a stripe-pattern marking is provided on the road belgw the vehicle detection device 7. The vehicle
detection device 7 monitors the stripe 20 pattern from above and detects the passage of the vehicle 3
when the stripe pattern cannot be detected normally as shown in Fig. 5. {00241 As shown in
Fig. 1, the newly set expanded toll charge 25 area B is set outside the toll charge area A. For example,

17 the expaﬁged tolg%réaerge taoreﬁ Bcl]?saarn %rearseeg- ata Ig%er atj_ﬁrgg whegl_tgerea;:s a dﬁmagg for
expandingtt e tglfgharge area A'tha orialnaﬁy existed. The expandea%ll cﬁarge areaaBt may be

provided sp .as to surround the toll charge are it 5 may be provided sq that a portion thereof is in

Contact Wit e (i Eha e Braa . O s B Bt Al L Cber el o ot beg i

contact wi% tgg atggll 8Qalr§e area A. Unlikﬁ tge abﬂ\lle-describgd oIJC 8iﬁrge area A, the 1OBexpanded toll
w

\ g}
charge area B Is not pro ided with the toll collection devices at the entry fanes and the exit lanes at the

area bounday. Instead e yenicle-mounted devies Instalied ndhe veficle 3 defeds gnuryext

thereinto/therefrom. 15{0025 Fig.6is a diagram showing, in outline, the configuration of the

vehicle- mayed deyice acsording ta fhis. eqibodirpent, Asishonin £ia 6, 2 yghigleempupted device

50 is provi with a power source circuit 23 that is connecte

the toll charge area A, or it may be an area that is
separately provided without being in contact with the toll
charge area A.
Unlike the above-described toll charge area A, the

10 expanded toll charge area B is not provided with the toll
collection devices at the entry lanes and the exit lanes at
the area boundary. Instead, the vehicle-mounted device
installed in the vehicle 3 detects entry/exit
thereinto/therefrom.

15 {0025}

Fig. 6 is a block diagram showing, in outline, the
configuration of the vehicle-mounted device according to this
embodiment. As shown in Fig. 6, a vehicle-mounted device 50
is provided with a power source circuit 23 that is connected

20 to a vehicle power source 21 and a built-in battery 22; a
first wide-area communication unit 32; a GPS receiver
(positional information acquisition unit) 24 that acquires
information regarding positional information from GPS
satellites and detects a current position; a vehicle-mounted-

25 device storage device (storage unit) 25 that stores various



20 to a vehicle power source 21 and a built-in battery 22; a first wide-area communication unit 32; a
GPS receiver (positional information acquisition unitz §4 that acquires information regarding positional
information from GPS satellites and detects a current position; a vehicle-mounted- 25 device storage
device (storage unit) 25 that stores various 18 information; a control unit 26; a communication unit 27
that communicates with the first antenna 5, the second antenna 8, etc. of the toll collection devices 2;
a display unitf28' a natification unit 29, such a l%uzzer an LED, etc.;.an IC 5 card insertion portion
! e e a gf"‘z 2280 1 S8 A0 NS¢ .
30 into which an 1€ card is w?secr?endt; an'1Cc Card inftéfface %é’ﬁ%“v% agafd%nﬁ I?li“tln ig. 1 provided
in the IC ?acgjm'rﬁ‘ﬁﬁri“ggtpeos“'%ﬂ%‘% %}?8”?%%%“2%5’3%%2‘1 & car %“2'&%‘888 port 34; {00261 10In Fig.
6, the individual consfituent elements, such asthe receiver 24, étc., need not necessdrily be built
into the integrior ofotpet\ﬁeglccl%%moucrg%q gg\t/i:fngSOng{ g%?mi)ge, at %J%;%]%saao #orpgtaigm;e individual
constituent elements are con Igured In such a way that they can exc ge’information.
notification unit 29, such as a buzzer, an LED, etc.; an IC
5 card insertion portion 30 into which an IC card is inserted;
an IC card interface (shown as "IC card I/F" in Fig. 6) 31
provided in the IC card insertion portion 30; a correcting
unit 33; and a communication port 34.
{0026}
10 In Fig. 6, the individual constituent elements, such as
the GPS receiver 24, etc., need not necessarily be built into
the interior of the vehicle-mounted device 50. For example,
it suffices so long as the individual constituent elements are
configured in such a way that they can exchange information.
15 As an example, it 1is possible to employ a configuration in
which a portable terminal device having a GPS function is
connected via an external terminal, and the GPS function
provided in this portable terminal device is utilized as the
GPS receiver 24.
20 The first wide—area communication unit 32 communicates
with external devices and is communicatably connected with,
for example, the central unit 17 (see Fig. 2), which is a
superordinate device of the toll collection device 2.
{0027}

25 The power source circuit 23 controls a voltage mainly



15 As an example, it is possible to employ a configuration in which a portable terminal device having a
GPS function is connected via an external terminal, and the GPS function provided in this portable
terminal device is utilized as the GPS receiver 24. 20The first wide-area communication unit 32
communicates with external devices and is communicatably connected with, for example, the central
unit 17 (see Fig. 2), which is a superordinate device of the toll collection device 2. {0027} 25The power

source circuit Zf%cce)%tr@s a votllﬁ;l e mglﬂlcyl 19 SU?“E(J from the ehalgleéao\\f/v r.source 21 to a voltage

appropriatglf&p eVehiclé-mounted device 50 an guﬁfﬂ%@ﬁ?tozt e'individl& Bgﬁi%ns that form the

vehicle-mounted device 50, The it . hatery 22 s rayided so thath suffiient poweg for,
communlcaﬁgn |spensured even in ﬁ1e case In WII?ICHl the power Supply rom tne v IIIDIC|e power source

21isinterrupted. . . Map information for. the expanded toll charge area B set outside the toll charge
area Ais storec(i%lﬁ the veﬂ]i(l:f]eol-lai 85ntle%?cfe\)/§%eastor§d:én de?/lllce iy e%énﬁj mformation in the

vehicle-mayiad:deyice straoedavice 28 staresJoforyatian abput e Jpstaliaion, positons of the

antennas provided in the toll collection device 2 andthe antenna identification information in

association with,each gther, 1500028} . Informatian tich.as.yehicle informatiqn ingluding yehicle

owner information, vehicle type information, vehicle 1D, and so on, information on vehicle current

position, in which the power supply from the vehicle power source 21 is

interrupted.
Map information for the expanded toll charge area B set
outside the toll charge area A is stored in the vehicle-

10 mounted-device storage device 25. The map information in the
vehicle-mounted-device storage device 25 stores information
about the installation positions of the antennas provided in
the toll collection device 2 and the antenna identification
information in association with each other.

15 {0028}

Information, such as vehicle information including
vehicle owner information, wvehicle type information, wvehicle
ID, and so on, information on vehicle current position,
vehicle—-mounted-device identification information, balance

20 information read out from the IC card, card information, etc.,
which is necessary for calculating the toll amount and for
judging whether a vehicle is fraudulent, to be described
later, is saved in the vehicle-mounted-device storage device
25. The information on the current position of the vehicle 3

25 is information that indicates the current position of the



vehicle-mounted-device identification information, balance 20 information read out from the IC card,
card information, etc., which is necessary for calcul%t' g the toll amount and for judging whether a
vehicle is fraudulent, to be described later, is saved’in the vehicle-mounted-device storage device 25.
The information on the current position of the vehicle 3 25 is information that indicates the current
position of the 20 vehicle 3 estimated at the control unit 26 on the basis of the map information and

the positional informaton acauired by the GBS receiver,24, 00291 SThe ¢ card nserted info the IC
card insertion portion 3075, for examp?fle, a contactgtype C card containing an | ghlp in whicha flash
memory or an Ml?ll%(ijs.r mslcalllgg. !ﬂnn%ddciﬂgn t% thietc%rg inforrrqggon, scuicg asacéarg iljl;)ergjurgbelrt eéc.,
balance, use%is]tory, and so on are also stored in this aﬂ) IC card. The intormation stored in t]i}]e IC card
can be reagp%ut/writteinv%%méiﬁns of the control unit 26 via the IC card interface 31. {00301 In such a

vehicle-mounteé%gsice en the IC card is
{0029}

5 The IC card inserted into the IC card insertion portion
30 is, for example, a contact-type IC card containing an IC
chip in which a flash memory or an MPU is installed. 1In
addition to the card information, such as card ID number,
etc., balance, use history, and so on are also stored in this

10 IC card. The information stored in the IC card can be read
out/written by means of the control unit 26 via the IC card
interface 31.

{0030}
In such a vehicle-mounted device 50, when the IC card is

15 inserted into the IC card insertion portion 30, the control
unit 26 reads out the IC card information and balance stored
in the IC card via the IC card interface 31, writes them in
into the vehicle-mounted-device storage device 25, and
displays the balance on the display unit 28 for a certain

20 amount of time (for example, about 10 seconds). In the case
in which the information can be correctly read out from the IC
card, the control unit 26 activates the notification unit 29
in order to notify the correct operation to a user.
Accordingly, the correct state is notified, for example, by a

25 sound emitted from a buzzer in the case in which the



15 inserted into the IC card insertion portion 30, the control unit 26 reads out the IC card information
and balance stored in the IC card via the IC card intg face 31, writes them in into the
vehicle-mounted-device storage device 25, and displays the balance on the display unit 28 for a
certain 20amount of time (for example, about 10 seconds). In the case in which the information can be
correctly read out from the IC card, the control unit 26 activates the notification unit 29 in order to notify
the correct operation ta a user. Accordingly, the correct state is notified, for exa , b 5 sound
emitted fro?no%lb%lz%%Fhot%euc%lsE irélj S:;Nthc y%he Y1 otification uni Zé%ls fli%uaz%erﬁgaﬁ ,%?{ti%%ean LED or
the like, by. Iilq<htingbthe 1E[?1t 0 Or“?eg?sr hand, in the case in which the information cannot be
read from ghe i car\é, e Control unit 2 isplays 5 on the display unit 28 that an error has occurred,
and also notifies e error tgttge user P%é actii\rllatjC thg nsoéifi(l;aticeq le_lgil';lZ ht@[1u§ rpfgq:nrgtigc? r%-insertion
of the IC card or the like. Note that notifidation methods usednbyt & notification unit 29 differ between

the time Ofc%%ﬁeocé %Sr%gg@%%%apﬁgrr@@ ocpa%fat,iond{goé%}ltrol unit 26 displays

5 on the display unit 28 that an error has occurred, and also
notifies the error to the user by activating the notification
unit 29, thus prompting re-insertion of the IC card or the
like. Note that notification methods used by the notification
unit 29 differ between the time of correct operation and

10 abnormal operation.
{0031}

When the control unit 26 acquires the request signal from
the toll collection device 2, it reads out the identification
information of the vehicle-mounted device 50 and the vehicle

15 information stored in the vehicle-mounted-device storage
device 25 and also outputs them to the toll collection device
2 as a response signal to the request signal. Upon acquiring
the request signal from the toll collection device 2, the
control unit 26 detects entry/exit information, which is entry

20 information for the case in which the vehicle 3 enters the
toll charge area A from the expanded toll charge area B and/or
exit information for the case in which it exits from the toll
charge area A into the expanded toll charge area B, and
outputs it to the central unit 17 via the first wide-area

25 communication unit 32. Together with the entry/exit



When the control unit 26 acquires the request signal from the toll collection device 2, it reads out the
identification information of the vehicle-mounted de\ﬁ' e 50 and the vehicle 15 information stored in the
vehicle-mounted-device storage device 25 and also outputs them to the toll collection device 2 as a
response signal to the request signal. Upon acquiring the request signal from the toll collection device
2, the control unit 26 detects entry/exit information, which is entry 20 information for the case in which
the vehiclei% lthers the toll (;?qlaerge area A from the gxpan ed ICOSII chargg1 area B and/or exignformation

for the case In Wrﬁ?gﬁ: it @xits from the toll %%alrlélelgrea ASitotthe engn q toqleghta]?fjle area , and

outputs it t éh% cgntcrglrurréit %7 Vioa tPe ifi(gst wirgg-arrrgg 215 %ongm#n %aetio\r} nitciize. Together with the
entry/exit inf%rmatlon, the c%nfroFunl?Zé ou?puts %o fhe Gentral Unit 17 the current position
information gpd fne vehicle information yserwhan deteeling fhe. gniry/ext infpripglion. {90321 SAs
shown in Fllg. ‘? the central unit 17 is provided with a second widé-area communication unit 18, a fraud
judging uni{tq'l@3 grpd a calculation unit 20. The second wide-area communication unit 18 communicates
with external devices and, for example, communicatably connects with the vehicle-mounted 10 device.

Although this secgpd ide-area communicatian.uniL 18 il be described as being bul injo the central

unit 17 in this embodiment, it is not limited thereto, and, for example, a mobile communication terminal,

such as a mobile phong Qrdhe Jike, may he empleyed by coanegting, it 10 2, connggtian, 45 jgrmpinal
provided in the central unit 17.

19, and a calculation unit 20. The second wide-area
communication unit 18 communicates with external devices and,
for example, communicatably connects with the vehicle-mounted

10 device. Although this second wide—area communication unit 18
will be described as being built into the central unit 17 in
this embodiment, it is not limited thereto, and, for example,
a mobile communication terminal, such as a mobile phone or the
like, may be employed by connecting it to a connection

15 terminal provided in the central unit 17.
{0033}

The fraud judging unit 19 judges whether a wvehicle

(hereinafter, referred to as "fraudulent vehicle") fraudulent
(for example, manipulating the route traveled, etc.) on the

20 basis of the entry/exit information of the vehicle 3 acquired
from the vehicle-mounted device via the second wide-area
communication unit 18 and the entry/exit information of the
vehicle 3 based on the vehicle-mounted-device identification
information and the vehicle information acquired from the toll

25 collection device 2.



{00331 The fraud judging unit 19 judges whether a vehicle (hereinafter, referred to as "fraudulent
vehicle") fraudulent (for example, manipulating the ré)gjte traveled, etc.) on the 20 basis of the entry/exit
information of the vehicle 3 acquired from the vehicle=-mounted device via the second wide-area
communication unit 18 and the entry/exit information of the vehicle 3 based on the
vehicle-mounted-device identification information and the vehicle information acquired from the toll
25collection device 2. 23 | Awﬁals%in whi hctglﬁollection Sgelvices 2X, Z_;! agd 2z are p ovided at the

area boundary be W%%ﬁ?hel%xpan&ed Fo?llc arge areece{:éoa% \éjtgﬁgharg’e aréa Aa as $town in Fig.

8, will be described as an example. The fraud judgin un't],ES[)ofSt central unit 17 detects the
e S B g e e o by the
toll collectigg device{,jzrye and, anng]et%eﬁsiscgfl@isé response sgl%ldegects that it iiw%s xited gom the toll

charge area lilb%emeans of the toll collection device %3? In"10 this casse, Sél?%hwenentry exit infofmation

acquired vja ihe second wide,atea comugunication unit 18, the-raud iudaing yit 19.detegs the

entry/exit information associated with the vehicle ID™'C". {00341 15Here, becadse the entry/exit

information gssaciated with,he vehiclg ID G which is acauired by the fraud judging ynit 19 via the

second wide-area communication unit 18, is determined on the basis of the actual vehicle position

detected by,eqns,etEES; the,ifaud JuAging vpit 19 COMPAIES A be, for example,

"C") by the toll collection device 2y and, on the basis of
this response signal, detects that it has exited from the toll
charge area A by means of the toll collection device 2y. In

10 this case, of the entry/exit information acquired via the
second wide—-area communication unit 18, the fraud judging unit
19 detects the entry/exit information associated with the
vehicle ID "C".

{0034}

15 Here, because the entry/exit information associated with
the vehicle ID "C", which is acquired by the fraud judging
unit 19 via the second wide—-area communication unit 18, is
determined on the basis of the actual vehicle position
detected by means of GPS, the fraud judging unit 19 compares a

20 vehicle position of the vehicle 3 having the vehicle ID "C"
estimated from this entry/exit information with a vehicle
position based on the response signal acquired from the toll
collection device. On the basis of the information acquired
from both sources described above, it is judged whether the

25 detected (estimated) vehicle positions match. 1In the case in



20 vehicle position of the vehicle 3 having the vehicle ID "C" estimated from this entry/exit information
with a vehicle position based on the response signa£ 2cquired from the toll collection device. On the
basis of the information acquired from both sources described above, it is judged whether the 25
detected (estimated) vehicle positions match. In the case in 24 which the positions do not match as a
result of the judgment (for example, the position of the toll collection device 2z is detected in the

entry/exit information, and so on), the fraud judging ynit 19 judges that the vehicle having the vehicle
ID5"C" iswai1 flrg:bdtﬁgﬁt \?e%slcﬁg gé%guééj itrfé %r&%‘?n%d fiiat é‘g reess%%%sg%sigtn%? oaflpu?lﬂ%rrlﬁ:the vehicle

3 has been fraudulently manipulated, or the Iike.#o 51 Furthermare, from the response, signal
acquired f&fg’oﬁwe@f&%}ﬁ gdlle%clﬁgn %8\S/i%:é]2?rt1heo ra% ?u golrﬁmi,]ﬂ uﬁlqlgéjﬁgglgsn W%%thecreorez hot the vehicle

disa frau%ggtc\éehéck% rgmtthg béalgjcsrof Vé’?{%tpeg_ or Qggﬂit jcsi%%uip%%gjwéth th(ra1 )vehic leé”?r“a{‘&e device
50 that correspondes to its vekﬁucle typelf For example, in The cade in which the Vehic e-type information

15 detecteﬁijgpgr?ﬁGe Mghélgleigoig&%dg-ge\gﬁ%{d igcgté%rhié\{%rn%aglppﬂadﬁges\;m |lSé'Z "Dsuch as

a light automobile, etc., despite the indication of “large size", such as a truck, etc., in the vehicle

information far the vehicle, lype thevefiigle s ludged.fg be %Era_yguk?”{l%g%m&t‘f hegcause,20 a

vehicle-mounted device differing from the actual vehicle type is installed.

response signal output from the vehicle 3 has been
fraudulently manipulated, or the like.
{0035}
Furthermore, from the response signal acquired from the
10 toll collection device 2, the fraud judging unit 19 judges
whether or not the vehicle 3 is a fraudulent vehicle on the
basis of whether or not it is equipped with the vehicle-
mounted device 50 that corresponds to its vehicle type. For
example, in the case in which the vehicle-type information
15 detected from the vehicle-mounted-device identification
information indicates "small size", such as a light
automobile, etc., despite the indication of "large size", such
as a truck, etc., in the vehicle information for the wvehicle
type, the vehicle is judged to be a fraudulent vehicle because
20 a vehicle—-mounted device differing from the actual vehicle
type is installed.
In this way, the fraud judging unit 19 outputs the
judgment result as to whether or not a vehicle is fraudulent,
as described above, to the calculation unit 20.

25 {0036}



In this way, the fraud judging unit 19 outputs the judgment result as to whether or not a vehicle is
fraudulent, as described above, to the calculation unjt 20. 25{0036} 25 On the basis of the
acquired entry/exit information, the calculation unit 20 calculates the toll amount for a vehicle user as a
road usage fee for the user of the vehicle 3. In addition, the calculation unit 20 calculates the toll
amount 5 on the basis of the judgment result as to whether or not the vehicle is fraudulent, acquired
from the fraud juq%in%hlgit 19. For egryggl@e, the calculation unit 20 calcula%es a toll, amount to which a

benefit, such as a iscountbdarstﬁg Iii%e, IS appﬂgaﬂf&rrtﬁe veerﬁchTé/ ?ﬁétt has been' Jau%%la’n& S be a 10

fraudulent vetluccli nd calculziltcesgaotoélaalné% nt.to whi réa bﬁfflta suchtasfa glsgogfnthorctlfe like, is not

applied for the vehicle 3 that has Been judge at(%%se a rauaulent vehicle and also re&istlers the vehicle

on a blacklist in which information regarding fraudulent vehicles is recorded..15{0037} Specifically,
dau %1 ce % e usSer of € 1C ﬁa
) . c

the calculation unit 26" isrﬁr%vide%%t a central-unit storage device 7 that stores a blacklist 34 in

which the iniprmation, regaicing, iraydulent velygles is gedisteted: A st [allohargs tafie (st toll

charge 20 information) 35, In o) arge Information regarding the expanded to arge area B

s registered, and.a secand toll charge;table (secopd dall chargedpfarmation). 36, in which fall charge
information regarding the toll charge area A is registered, and an amount determining unit 38 that, on
the 25 basiz.gfitheenfry/exitiniarmation recejved Fem-thevehicles raud judging unit
19. For example, the calculation unit 20 calculates a toll
amount to which a benefit, such as a discount or the like, is
applied for the vehicle 3 that has been judged not to be a
10 fraudulent vehicle, and calculates a toll amount to which a
benefit, such as a discount or the like, is not applied for
the vehicle 3 that has been judged to be a fraudulent vehicle
and also registers the vehicle on a blacklist in which
information regarding fraudulent vehicles is recorded.
15 {0037}

Specifically, the calculation unit 20 is provided with a
central-unit storage device 37 that stores a blacklist 34 in
which the information regarding fraudulent vehicles is
registered, a first toll charge table (first toll charge

20 information) 35, in which toll charge information regarding
the expanded toll charge area B is registered, and a second
toll charge table (second toll charge information) 36, in
which toll charge information regarding the toll charge area A
is registered, and an amount determining unit 38 that, on the

25 basis of the entry/exit information received from the vehicle-



26 mounted device 50, determines the toll amount for the vehicle 3 in which the vehicle-mounted
device 50 is installed. {00381 In the first toll charge table 35, for example, amounts 5 to be collected in
accordance with vehicle types (classified as large size, medium size, small size, etc.) are registered as
first toll amounts. The registered information is for example, 0.8 dollars for the small size, one dollar for
the medium size, two dollars for the large size, and so on. 10In the second toll charge table 36, the

amounts to be collgctgd are re igtergd in accordan%%wit ttﬂei vehicle pgs, as escrihed zibove, and,
mounte ﬁv1ce ﬁ?@rmlnes O ampﬂp oh e Fe 1cle .
furthermore, second toll amounts Wwhich are Separatedinto amounts 10 be collected for the case in

which the expand d.toﬂ cjgﬁg;e area I% has bee ecpt%red.and %% amounts tco % cgllected for the case
. . . 1n whic venlicle—moun evice 1s 1nsta ed. .

in which it has not been entered are reglsfnered. or examrﬁe, or the medium-size vehicles, 0.5 dollars
for the cas?d'g ich the expanded toll charge area B has been entered and one dollar for the case in
which it has not been entered are registered. 20In this way, by differentiating amounts for the case in

which the expangféjytgﬂ &hgﬁgges%regﬁ Pa%}%igg fg%geﬁgea%t,h%g _oregpgm%g in %@%%g gas not

been entered an setting amounts to w such as’a discount or the , Is applied in
acawgancggwgéa5%%@@8@53“%%eg%bordance with vehicle types (classified

as large size, medium size, small size, etc.) are registered
as first toll amounts. The registered information is for
example, 0.8 dollars for the small size, one dollar for the
medium size, two dollars for the large size, and so on.

10 In the second toll charge table 36, the amounts to be
collected are registered in accordance with the vehicle types,
as described above, and, furthermore, second toll amounts
which are separated into amounts to be collected for the case
in which the expanded toll charge area B has been entered and

15 amounts to be collected for the case in which it has not been
entered are registered. For example, for the medium-size
vehicles, 0.5 dollars for the case in which the expanded toll
charge area B has been entered and one dollar for the case in
which it has not been entered are registered.

20 In this way, by differentiating amounts for the case in
which the expanded toll charge area B has been entered and
those for the case in which it has not been entered and by
setting amounts to which a benefit, such as a discount or the
like, 1is applied in accordance with a route, distance, etc.,

25 it is made possible to give a driver, etc. of the vehicle 3



25 it is made possible to give a driver, etc. of the vehicle 3 27 that has passed through the expanded
toll charge area B a sense of getting a good deal. {00391 When passing near the toll collection device,
the 5 correcting unit 33 acquires the antenna identification information from the toll collection device,
and, when the vehicle position estimated on the basis of the acquired antenna identification
information and the map information does not match with the position of the vehicle 3 estimated on 10
the basis of the positional information acquired from the GPS receiver 24, the correcting unit 33
corrects th%hpao%s%]o%%l fntorma io%lé:@quﬁcr%d Eoem?ﬁg %Orlegeol\;fefr ﬂj on effhee basie of the position of
the vehicle 3 estimated fergrtn.the acquirgg aélé%rln.a identification information. 15{0040} The

. sense Q . n Q . . . . .
communication port 478 an'interface for communicating with external devices, and is connectable
with, {0039}

When passing near the toll collection device, the

5 correcting unit 33 acquires the antenna identification
information from the toll collection device, and, when the
vehicle position estimated on the basis of the acquired
antenna identification information and the map information
does not match with the position of the vehicle 3 estimated on

10 the basis of the positional information acquired from the GPS
receiver 24, the correcting unit 33 corrects the positional
information acquired from the GPS receiver 24 on the basis of
the position of the vehicle 3 estimated from the acquired
antenna identification information.

15 {0040}

The communication port 34 is an interface for
communicating with external devices, and is connectable with,
for example, a wireless or wired communication medium. In
this embodiment, the communication port is assumed to be

20 connected to issuance maintenance equipment via a wired
network (for example, Ethernet (registered trade name)). The
issuance maintenance equipment 35 is communicatably connected
with the central unit 17, and a medium for communicatably
connecting with the central unit 17 is not particularly

25 limited.



for example, a wireless or wired communication medium. In this embodiment, the communication port
is assumed to be 20 connected to issuance mainterbaéwce equipment via a wired network (for example,
Ethernet (registered trade name)). The issuance maintenance equipment 35 is communicatably
connected with the central unit 17, and a medium for communicatably connecting with the central unit
17 is not particularly 25limited. 28 {00411 Next, operation specifics of the above-described
vehicle-mog%gﬂ evice 50 in the case in which the vehicle 3 enters the toll charge area A after
entering the'expanded toll charge 5 area B will be described by using Figs. 6 and 9. As shown in
Fig. 9, the GPSr eei\éer 204 o§: tggivoehicle-n%ci teg dgyicghSGO %%%L{;re_s Cpeossitiroi ali fgfrerg%ticoln regarding
the current position from a%?urallty of GPS Sateliites during driving. Wwiien the GP'S receiver 24 outputs
the acquir?nd L1191 @ggit@n@l igg;or tign tgktlhe cggteroliunitw %q ctge tckcl)ntro!e%qig: %g dgtecrtl% (tet}escurrent
positional information of the vehicle 3 on the basis of the p05|tiona?in¥ormat|on and the map

information stored in the vehicle:mauntgd:-davice storage; device 25 and alse stqres ftintheg o
vehicle-mounted-device
5 area B will be described by using Figs. 6 and 9.

As shown in Fig. 9, the GPS receiver 24 of the vehicle-
mounted device 50 acquires positional information regarding
the current position from a plurality of GPS satellites during
driving. When the GPS receiver 24 outputs the acquired

10 positional information to the control unit 26, the control
unit 26 detects the current positional information of the
vehicle 3 on the basis of the positional information and the
map information stored in the vehicle-mounted-device storage
device 25 and also stores it in the vehicle-mounted-device

15 storage device 25. Subsequently, upon receiving the request
signal from the first antenna 5 of the toll collection device
2 in response to the passage of the vehicle 3 near the toll
collection device 2, the control unit 26 detects the
entry/exit information of the vehicle 3 on the basis of the

20 current positional information stored in the vehicle-mounted-
device storage device 25.

{0042}

For example, in the case in which the current positional

information stored in the vehicle-mounted-device storage

25 device 25 is the "expanded toll charge area B" and the control



15 storage device 25. Subsequently, upon receiving the request signal from the first antenna 5 of the
toll collection device 2 in response to the passage oé 5he vehicle 3 near the toll collection device 2, the
control unit 26 detects the entry/exit information of thé vehicle 3 on the basis of the 20 current
positional information stored in the vehicle-mounteddevice storage device 25. {00421 For example,
in the case in which the current positional information stored in the vehicle-mounted-device storage 25

device 25 is the " xpan eed '§9|S| cg% e area B" and the contr%l1 29 upit 26 detects that neﬁw current

. unit C new current positiomnal i1nformation,after
posmonal m?orma 10N arter receiving he reques]i S|gnal ]?rom e ftlll’S antennar%ais]tﬁe | (6) c%arge area

A", "entry tgetgg itolll %har e area A fer(s)m the eI%(gfmg%d toIJE%harJg%aSr%a aBn tise dggecge% fSor tlple vehicle 5
3, and this'is used asthe entryfe%lt m‘Fbrma on. In adpcmion,?or example, in the casein Wthl(ﬁ"l the

current p0$i1t:iorﬁl infr(")ﬁirlrpa(teiogl géoa{egéin thee\r/l%hricleirgo;éplteedi%elvi'cecﬁtg%%e d%\éige nggs (t)f;ne "toll
charge area A" and the control Unit 26 detects that new current positional information after 10

receliving tbg Lequgstsianel [om he st aniepna &4s the “exanded ol sharge.area e jexit from the

toll charge area A to the expan charge area B" is detected for the vehicle 3, and this is used as

the enfry/ext informatign. {00431 4§The coptroLynit 26 autputs the eptry/exit infofmation (for example,

"entry to the toll charge area A from the

addition, for example, in the case in which the current
positional information stored in the vehicle-mounted-device
storage device 25 is the "toll charge area A" and the control
unit 26 detects that new current positional information after

10 receiving the request signal from the first antenna 5 is the
"expanded toll charge area B", "exit from the toll charge area
A to the expanded toll charge area B" 1is detected for the
vehicle 3, and this is used as the entry/exit information.
{0043}

15 The control unit 26 outputs the entry/exit information
(for example, "entry to the toll charge area A from the
expanded toll charge area B") detected in this way to the
central unit 17 via the first wide-area communication unit 32.

The central unit 17 determines the toll amount to be

20 collected from the user of the vehicle 3 as a road usage fee
based on the entry/exit information obtained via the second
wide—area communication unit and sends the information about
the determined toll amount to the vehicle-mounted device 50.
Upon receiving the information about the toll amount via the

25 first wide—area communication unit 32, the control unit 26 of



expanded toll charge area B") detected in this way to the central unit 17 via the first wide-area
communication unit 32. The central unit 17 determinges the toll amount to be 20 collected from the user
of the vehicle 3 as a road usage fee based on the entry/exit information obtained via the second
wide-area communication unit and sends the information about the determined toll amount to the
vehicle-mounted device 50. Upon receiving the information about the toll amount via the 25 first
wide-area cgreprgfurflicact'ioen unit 3%, tokﬂe dcontrol u% Zgu f 30 tthff vethicle-mngl;Cedi%evice 50 subtracts

e —mo, e e e trac amo
the amoun% iy adcordance with the acqu?rfé&mformatlon about the t6il &mount from the balance

recorded on thg Ig %acrg, %q(%hec alagcée {[lhlerrg%: is g 89:rdaegioon thae]JCucaar as %no%datngd bna,éance.
5{0044} (f\fex{ the operation in heCase in which the above-described vehicle-mounted device 50
corrects thg ositjcqqneal gggrmation of th](_g &/egic(lj% (vt%héclti-én%%r]\_ﬁtgd de}{ge%%véll t%% Fggggbed. 10When

. om nce rei:o e ’ da . ) .
the vehicle 3 passes near the toll collection device 2, the antenna identification information is sent to

T e B TereE SO e e e o bton e 2 Th
5 {0044}

Next, the operation in the case in which the above-
described vehicle-mounted device 50 corrects the positional
information of the vehicle (vehicle-mounted device) will be
described.

10 When the vehicle 3 passes near the toll collection device
2, the antenna identification information is sent to the
vehicle-mounted device 50 from the first antenna 5 provided in
the toll collection device 2. The control unit 26 of the
vehicle—-mounted device 50 outputs the acquired identification

15 information for the antenna (for example, first antenna 5) of
the toll collection device 2 and the map information read out
from the storage device 25 to the correcting unit 33. Because
the installation position information for the antennas
provided in the toll collection device 2 is associated with

20 the antenna identification information in the map information,
a first current position of the vehicle-mounted device 50 is
estimated at the correcting unit 33 on the basis of the map
information and the acquired antenna identification
information.

25 {0045}



15 information for the antenna (for example, first antenna 5) of the toll collection device 2 and the map
information read out from the storage device 25 to tlg? correcting unit 33. Because the installation
position information for the antennas provided in the toll collection device 2 is associated with 20 the
antenna identification information in the map information, a first current position of the vehicle-mounted
device 50 is estimated at the correcting unit 33 on the basis of the map information and the acquired
antenna identific%ircl)nai%‘ rmation.e%%{$045 31 a{til afld%ion thtei%%sitjonal infor.mggpr}!:s acquired

rom the receiver oritne ICle-mounted device , and a secona current position of the
from the GPS 51 e ehible-motinted device 50 aid a'sacond currént posiioh ot th

vehicle-maupted device 50is estimpted.at the correcting ynil 33 on the basis of énis 5 positional

information. Furthermore, the correcting unit 33 compares the firs curren%p03| loh and the second

current po%i(teiggha dcin the case ig wchi'%t}lthgé/ dc%gotvrgﬁ\tich it correcjietge d%ositg:oena% Hlf%mation from
. . 0

1E- )
the GPS receiver 24 Elf/: ]égrr}ecﬁnog the second current posfﬁoﬁ on the basis of the 10first current

position. Agcardinghy |t is.pqssible. o uprove g precisign gf the ogitian defected by the

vehicle-mounted device 50. {00461 In a e case in which installation positions 15 of the toll

collection deiges 2 arg changed,due 1o Consietion, p16.. In the.case,in whigh new 1oll cghiection
devices 2 are installed, and so on, the positional information of the toll collection devices 2 registered
in the mapJpfrmation stored in the storage, deyige 25:0the ¥8NiCles second current

position, and in the case in which they do not match, it

corrects the positional information from the GPS receiver 24

by correcting the second current position on the basis of the

10 first current position. Accordingly, it is possible to
improve the precision of the position detected by the vehicle-
mounted device 50.

{0046}
In addition, in the case in which installation positions

15 of the toll collection devices 2 are changed due to
construction, etc., in the case in which new toll collection
devices 2 are installed, and so on, the positional information
of the toll collection devices 2 registered in the map
information stored in the storage device 25 of the vehicle-

20 mounted device 50 becomes outdated information, and thus,
there are cases in which correction of the positional
information cannot be performed correctly. Accordingly, it is
preferable that, before correcting the positional information,
the vehicle-mounted device 50 judge whether or not the map

25 information provided in the storage device 25 of the vehicle-



20 mounted device 50 becomes outdated information, and thus, there are cases in which correction of
the positional information cannot be performed corr%%tly. Accordingly, it is preferable that, before
correcting the positional information, the vehicle-mouited device 50 judge whether or not the map 25
information provided in the storage device 25 of the vehicle- 32 mounted device 50 is the most recent
information, and that it acquires the most recent map information in the case in which the most recent

map information s not provided jn the vehicle mounted device 50,5(0047).  For exgiple, when
judging whether or not the map information is the most recent information, new/old distinction

informatio% gO{r1 §>r<%r§pjE euprggtsecinf%rgwearg@n tQat iggﬂgggnsa%t.vggatipoi@thig ticmeS thei@f(airlr]nlati?n is for)
for 10 the antenna installation posiﬁons, such &8 version numlbers, e%., iS included in the Tdentification
information of the antennas ggr examEIef 5@% grst antennas 53 of the tloéle%olllectl%rﬂhdewces 2,anditis

, € : :
judged whet er or not this new/old distinction information &%da?erwormatlonr)]o the 15 antenna

installatiork]%%siitécirés_mgﬁ%l%%fwgggivg erggne information is acquired from the toll collection devices 2
and when it is read out from the map information. When they do not match, the vehicle-mounted

device 50 %q)qlipp}s the most recent map information included in the map information from 20 the
central unit. The most recent map information may also be acquired when the acquired antenna

identification info%qiicgkgmog ,b%g{gginﬁag({@oirgéh%g&pniggorglatilqgtin @ggit;ggﬁo the

information is the most recent information, new/old
distinction information (for example, update information that
indicates at what point in time the information is for) for

10 the antenna installation positions, such as version numbers,
etc., is included in the identification information of the
antennas (for example, the first antennas 5) of the toll
collection devices 2, and it is judged whether or not this
new/old distinction information (update information) of the

15 antenna installation positions match between when the
information is acquired from the toll collection devices 2 and
when it is read out from the map information. When they do
not match, the vehicle-mounted device 50 acquires the most
recent map information included in the map information from

20 the central unit. The most recent map information may also be
acquired when the acquired antenna identification information
cannot be obtained from the map information in addition to the
case in which the new/old distinction information (update
information), such as version numbers, etc., do not match, as

25 described above.



case in which the new/old distinction information (update information), such as version numbers, etc.,
do not match, as 25 described above. 33 {00481 In the above description, the case in which the
vehicle-mounted device 50 acquires the most recen% ?nap information has been described assuming
that the entire map information 5 provided in the central unit is downloaded; however, it is not limited
thereto. For example, the vehicle-mounted device 50 may report to the central unit the information
about the R%Sdti% al information with respect to the identification information of the antenna selected by
the vehicle-mounted 10 device 50 as a download target, and, of the entire map information, the central
unit may output O?Ilyp%ﬁ infokgmaéiog about théa.p%sitioE ael infgrmation correspar dénq]te%tbglige_:ntification

information of the re %d%n?éfnna.eBsycé:xl&ah%ln’g only the Bgsiﬁgngl Information corresponding to 15

the |dent|fll%%t|oncl&1§orggea§;llogeof Iqe selectede%nl;cekrllganpetween the %entgal ulnrlltfand the.vehlcfll%-s(nounted

. t. T
device 50 in this way, it IS possi e To reduce the communication load bétween the central unit and the

vehicle-m d [ 0049 I itiQn, vehicle-mounted. devi downloads the most
recent ma%%%f%rrﬁgt\%ogn%%ég%%%%%%ﬁﬁg%%ﬂ %%%iti%%%fg?mgﬁ%n é%ﬁ%%?gﬁ%%f%\c,:tion devices 2

ﬂon1%; provided in the central unit is downloaded; however, it is not

limited thereto. For example, the vehicle-mounted device 50
may report to the central unit the information about the
positional information with respect to the identification
information of the antenna selected by the vehicle-mounted

10 device 50 as a download target, and, of the entire map
information, the central unit may output only the information
about the positional information corresponding to the
identification information of the reported antenna. By
exchanging only the positional information corresponding to

15 the identification information of the selected antenna between
the central unit and the vehicle-mounted device 50 in this
way, 1t is possible to reduce the communication load between
the central unit and the vehicle-mounted device 50.

{0049}

20 In addition, the vehicle-mounted device 50 downloads the
most recent map information having correct installation
position information of the toll collection devices 2 from at
least one of the first wide—-area communication unit 32, a
dedicated narrowband wireless communication unit (DSRC;

25 Dedicated Short Range Communication), and the issuance



least one of the first wide-area communication unit 32, a dedicated narrowband wireless
communication unit (DSRC; 25 Dedicated Short Range Communication), and the issuance 34
maintenance equipment, which is a device other than'the first wide-area communication unit that is
communicatably connected with the central unit. Accordingly, the vehicle-mounted device 50 can
easily acquire the information for specifying 5 the installation positions of the toll collection devices 2
from a plurality of pathways. {00501 As_ has been described above, with the vehicle-mounted
device 50 SR0 RS T oS a0t BRURS » SUbirling fo e 0 &b S8 Rt WHEn pASsiog G the ol
u

evic
collection de\gce 2, the vehicle-mounted device 50, .which is installed in the %hicle 3 and exghanges
wide=glk cat ¥

information rega_ralnegatoﬁ%ﬁg}lgrllﬁ With the Lf‘l(I)jlﬂg'ol e%ﬁgn lclsevf:c%rgr?ﬁlﬁéﬁéal(} attoll b%%?ﬁse(% the toll

charge area. A accqjugres etplg ' ntifiggtcion infor(rjpatioT of th%gnt‘g%@s f the toll coélection device 2

id {
from the toWIlctoTﬁectlon aewcé aze'L shic Caui mo?hnte

A 1n
en the véhicle-mounted éewce acquires the antenna

dentificatiop pfaunation. the pasition of e, yehicle is.esimated o the fiasia of thensiglation

position of the antennas of the toll collection 20 device 2 and the antenna identification information

included in the map infprmation, stored in the strage devies 25, The yehigle position estimated on the

basis of the antenna identification information acquired from the toll collection device 2 is compared

\évjlth the vehicle pgsgipgreﬁimeg Foﬂégﬁ#&% positional information acquired from the GPS receiver
| {0050}
As has been described above, with the vehicle-mounted

device 50 and the toll collection device 2 according to this

10 embodiment, when passing near the toll collection device 2,
the vehicle-mounted device 50, which is installed in the
vehicle 3 and exchanges information regarding toll charging
with the toll collection devices installed at toll booths of
the toll charge area A, acquires the identification

15 information of the antennas of the toll collection device 2
from the toll collection device 2. When the vehicle-mounted
device 50 acquires the antenna identification information, the
position of the vehicle 3 is estimated on the basis of the
installation position of the antennas of the toll collection

20 device 2 and the antenna identification information included
in the map information stored in the storage device 25. The
vehicle position estimated on the basis of the antenna
identification information acquired from the toll collection
device 2 is compared with the vehicle position estimated from

25 the positional information acquired from the GPS receiver 24,



35 and, when the vehicle positions do not match, the positional information acquired from the GPS
receiver 24 is corrected. In this way, the vehicle posjgt'gon estimated by means of the toll collection
device 2 and the vehicle position estimated by 5 means of the GPS receiver 24 are compared and,
when they do not match, the positional information acquired from the GPS receiver 24 is corrected;
therefore, the precision of the positional information acquired form the GPS receiver 24 can be
maintained. 109{00%16} };I' he Vp%s.iti(inal information th tindi%ates Eh inf%rmation ab%).ut the antenna
installationaﬁosﬁtigns in tﬁeemape informiation in this ém (()jdirrlnoentHrlr‘l"layC & information thaf indicates
relative posirtligns fortqbtginén(gqr\l/ﬁqjgl @sitionshﬁcﬁzﬁ%ed on calcu!:ati?£sior it may beCiGnéormation that

-~ . the. ;
indicates ajbsoi)uﬁg%o& ions for speci m@otﬁe vehi epoglﬁgr?sl.\ffccor ng@, rcegargl%ss of whether the

information is abaout relative positions or absolute positions,.the information about th fenna
et e O e B oot e e
above'des{;{)@?td 8&@&&@?8% W&%Q%reorfoatr%e M venhicle position estimated by

5 means of the GPS receiver 24 are compared and, when they do
not match, the positional information acquired from the GPS
receiver 24 is corrected; therefore, the precision of the
positional information acquired form the GPS receiver 24 can
be maintained.

10 {0051}

The positional information that indicates the information
about the antenna installation positions in the map
information in this embodiment may be information that
indicates relative positions for obtaining vehicle positions

15 based on calculations, or it may be information that indicates
absolute positions for specifying the vehicle positions.
Accordingly, regardless of whether the information is about
relative positions or absolute positions, the information
about the antenna installation positions can reliably specify

20 vehicle positions.

{0052}
{Modification}

In the above-described embodiment, whether or not the map

information provided in the storage device 25 is the most

25 recent information is judged on the basis of the update



information provided in the storage device 25 is the most 25 recent information is judged on the basis
of the update 36 information (for example, version g%mbers) of the antenna identification information,
and, when it is not the most recent, the most recent map information is obtained by externally
downloading it; however, there is no particular 5 limitation to the method with which the
vehicle-mounted device 50 acquires the most recent map information. {00531 For example, the
antenna iden 'fication.informg(t)ign outputlfrom the toll coIIec%%nedegiceg Tﬁ¥ iréc#écée the 10

information a 85fntﬁél§n?enna instalfation ep’os?ﬁ%ﬁg.l fA such e cas : the vehicletmountéd device 50

that has aclqyeirrgzgitp% gantergga ideﬁgﬁ%aé[icog irqformrzlaéjonviq%%uding triuaé ingoEm%tg]%n %bouct the antenna
installation positions up(}a]tes, of the map information stored in the vehicle-mounted-device storage 15
device 25, tg% irggrm%trilon %%%I%t the antenna ins&arlllgg% sitions gogrg§%orrllcggg 1o the acquired
antenna identification information. ,Elternativglg, priority orders are set in advance on the basis of the

predetermined canditians farine inforpiation Aoyt Ihe. antenpg installaion posiians.gaguired 20 along

with the antenna identification information an e Information about the antenna installation positions

that cgrrespands 10 the,antenng identification, infarmatian,stored in the vehicle:mauntedrdeyice storage

device 25, and the map information may be updated on the basis of the priority 250rders.

50 acquires the most recent map information.
{0053}
For example, the antenna identification information

output from the toll collection device 2 may include the

10 information about the antenna installation positions. In such
a case, the vehicle-mounted device 50 that has acquired the
antenna identification information including the information
about the antenna installation positions updates, of the map
information stored in the vehicle-mounted-device storage

15 device 25, the information about the antenna installation
positions corresponding to the acquired antenna identification
information. Alternatively, priority orders are set in
advance on the basis of the predetermined conditions for the
information about the antenna installation positions acquired

20 along with the antenna identification information and the
information about the antenna installation positions that
corresponds to the antenna identification information stored
in the vehicle-mounted-device storage device 25, and the map
information may be updated on the basis of the priority

25 orders.



37 Accordingly, the amount of time for comparing the updating information of the antennas in the
vehicle-mounted device 50 can be reduced, and the3i171formation about the antenna installation
positions can be quickly obtained. 5{Reference Signs List} {00541 1 toll collection system 3 vehicle 17
central unit 10 18 second wide-area communication unit 24 GPS receiver 25 vehicle-mounted-device
storage device

Accordingly, the amount of time for comparing the
updating information of the antennas in the vehicle-mounted
device 50 can be reduced, and the information about the
antenna installation positions can be quickly obtained.

5 {Reference Signs List}
{0054}
1 toll collection system
3 vehicle
17 central unit

10 18 second wide—-area communication unit
24 GPS receiver
25 vehicle—-mounted—-device storage device
32 first wide—-area communication unit
33 correcting unit

15 34 communication port
35 issuance maintenance equipment

50 vehicle-mounted device



32 first wide-area communication unit 33 correcting unit 15 34 communication port 35 issuance
maintenance equipment 50 vehicle-mounted device3 8 {CLAIMS} {Claim 1} A vehicle-mounted device
that is installed in a vehicle 5 and exchanges information regarding toll charging with a toll collection
device installed at a toll booth in a toll charge area, comprising: a storage unit that stores map
information in which information about an installation position of an antenna 10 provided in the toll
collection c{aqig&&&ssociated with antenna identification information; and

{Claim 1}
A vehicle-mounted device that is installed in a vehicle
5 and exchanges information regarding toll charging with a toll
collection device installed at a toll booth in a toll charge
area, comprising:
a storage unit that stores map information in which
information about an installation position of an antenna
10 provided in the toll collection device is associated with
antenna identification information; and
a positional-information acquisition unit that acquires
positional information of the vehicle,
wherein the antenna identification information is
15 acquired from the toll collection device when passing near the
toll collection device, and when a vehicle position estimated
on the basis of the acquired antenna identification
information and the map information does not match a vehicle
position estimated on the basis of the positional information
20 acquired from the positional-information acquisition unit, the
positional information acquired from the positional-
information acquisition unit is corrected on the basis of the
vehicle position estimated from the acquired antenna
identification information.

25



a positional-information acquisition unit that acquires positional information of the vehicle, wherein the
antenna identification information is 15 acquired from the toll collection device when passing near the
toll collection device, and when a vehicle position estimated on the basis of the acquired antenna
identification information and the map information does not match a vehicle position estimated on the
basis of the positional information 20 acquired from the positional-information acquisition unit, the
positional igfgqrmatiog acquired from the positional-information acquisition unit is corrected on the basis
of the vehicle ﬁolsr?tiork estimated from the acquired antenna identification information. 39 {Claim 2}

A vehicle-mounted device according to Claim 1, wherein, in.the case in which the yehicle-mounted
device is communicata iLy conneclfle&m ha cenbtral unﬁ, WﬁICIP'I(%S a 5 supérordihate device 6f the toll

collection devi%%, via a wide-are% com‘gylnicati%n urﬂit for utili%ing v(\:/lideband wireless communication
. 1in e Ccdse 1n whic enl S—MOUI device 1S,
and is also communicatably connected with the toll collection device via a dedicated narrowband

wireless copicalion. L for yfizing dedisaled nanawband wieless 19 gomunication, the map

information can be acquiredfrom at least one of the wide-area communication unit, the dedicated

narrowband wireless communication.unjt, and issuance maintenange equipment which is a device

other than the wide-area 15 communication unit that is communicatably connected with the central

unit. wide—area communication unit for utilizing wideband wireless

communication and is also communicatably connected with the
toll collection device via a dedicated narrowband wireless
communication unit for utilizing dedicated narrowband wireless
10 communication,
the map information can be acquired from at least one of
the wide—-area communication unit, the dedicated narrowband
wireless communication unit, and issuance maintenance
equipment which is a device other than the wide-area
15 communication unit that is communicatably connected with the

central unit.

{Claim 3}
A vehicle-mounted device according to Claim 2, wherein,
20 in the case in which the map information does not include the
information about the installation position of the antenna of
the toll collection device that corresponds to the antenna
identification information acquired from the toll collection
device, the most recent map information is acquired from the

25 central unit via the wide—-area communication unit.



{Claim 3} A vehicle-mounted device according to Claim 2, wherein, 20 in the case in which the map
information does not include the information about t% installation position of the antenna of the toll
collection device that corresponds to the antenna idéntification information acquired from the toll
collection device, the most recent map information is acquired from the 25 central unit via the
wide-area communication unit. 40 {Claim 4} A vehicle-mounted device according to Claim 1 or 2,
wherein the information about the installation position of the 5 antenna in the map information is
information that indicates a relative position for obtaining the vehicle position on the basis of a
calculation %rlinf.onqm ion that indicates an absolute position for specifying the vehicle position.
10{Claim 5{} “A'vehicle-mounted device according to any one of Claims 2 to 4, wherein

A vehicle-mounted device according to Claim 1 or 2,
wherein the information about the installation position of the
5 antenna in the map information is information that indicates a
relative position for obtaining the vehicle position on the
basis of a calculation or information that indicates an

absolute position for specifying the vehicle position.

10 {Claim 5}
A vehicle-mounted device according to any one of Claims 2
to 4, wherein
the antenna identification information includes new/old
distinction information for distinguishing between old and new
15 information; and
in the case in which the new/old distinction information
of the antenna identification information acquired from the
toll collection device does not match the new/old distinction
information of the antenna identification information included
20 in the map information, the most recent map information is
acquired from the central unit via the wide—-area communication

unit.

{Claim 6}

25 A vehicle-mounted device according to any one of Claims 1



the antenna identification information includes new/old distinction information for distinguishing
between old and new 15 information; and in the case in which the new/old distinction information of
the antenna identification information acquired from the toll collection device does not match the
new/old distinction information of the antenna identification information included 20 in the map
information, the most recent map information is acquired from the central unit via the wide-area
Comm“”!C%‘%O%“”'H}{é}'%'mnﬁ}i# ot$m5at¥‘§t%e{e%}b'8f°{ ”ﬁﬁ'g”lagggéﬁf*‘lea'QfE.?ﬁ'aﬁ%% E’F"E'é'%”.ao the
antenna is acquireH rom the antenna of the toll collection device along with the antenna identification
information. %{%Iglcrre}g N A vehlcle-m%J(}Eted device accgrdln%t%gl%meﬁ,tvglﬁrgm, in the case in
evice is acquired from the 10 toll

IS
which information about an installation %o& |68H(1)f1fhee toll collection

collection de\iige informa(tj{on about the installation position of the to(lj{ coIIe%tion gevice included in the
) cO dctlop 8v1ce a o(% w1% %? ﬁntﬁnna rdentIfication
map information is replaced therewit ? laim 8} 15A toll collection system comprising:
information.
5
{Claim 7}

A vehicle-mounted device according to Claim 6, wherein,
in the case in which information about an installation
position of the toll collection device is acquired from the

10 toll collection device, information about the installation
position of the toll collection device included in the map

information is replaced therewith.

{Claim 8}
15 A toll collection system comprising:

a vehicle-mounted device according to any one of Claims 2
to 4, wherein the antenna identification information includes
new/old distinction information for distinguishing between new
and old information, and, when the new/old distinction

20 information for the antenna identification information
acquired from the toll collection device does not match the
new/old distinction information for the antenna identification
information included in the map information, the most recent
map information is acquired from the central unit via the

25 wide—-area communication unit; and



a vehicle-mounted device according to any one of Claims 2 to 4, wherein the antenna identification
information includes new/old distinction information I&r distinguishing between new and old
information, and, when the new/old distinction 20 information for the antenna identification information
acquired from the toll collection device does not match the new/old distinction information for the
antenna identification information included in the map information, the most recent map information is
acquired from thet%eent%ael I%l{ljl_j a}/;Isa {lhnejt 5 %%t -are: %%Tgn%%%a?élstgn% eaggnﬂz %g% centr_al unit that
outputs the most recent map Information to the venicle-mounted dévice in accordance with an
acquisition.re]guest for the @ostcflecent ma informationO{roC[n the vehicle-moung—:-d device, %Wherein, of

in ?rmatl?n O. %1ve 1 e—q@uqte ?v1ce lP acco¥(f8ce W1t
the most recent map information, the central unit outputs to the vehicle-mounted device, as the most
recent map informatian, .only information cPrresglgnding fo the antenna for which the new/old

est or S S recerl n%ﬁorm

A t t 1010, o
distinction information for an identification humber of the antenna included in the maaplloorl information in

the vehicle-moynted device differs, .t cq gevice,

5 wherein, of the most recent map information, the central
unit outputs to the vehicle-mounted device, as the most recent
map information, only information corresponding to the antenna
for which the new/old distinction information for an
identification number of the antenna included in the map

10 information in the vehicle-mounted device differs.



