1 DESCRI PTI ON CHARG NG SYSTEM CHARGI NG METHOD, CONTROLLER AND
PROGRAM 5TECHNI CAL FI ELD [0001] The present invention relates to a
chargi ng system a charging nethod, a controller, and a program for

collecting predetermned tolls fromowners of vehicles whi ch have
entered toll-charging facilities for vehicles, such as toll roads and
toll 10chargi ng areas. Priority is clainmed on Japanese Patent

Application No. 2009-047188, fled February 27, 2009, the content of
whi ch is incorporated herein by reference, BACKGROUND ART 15[ 0002]
An ETC (electronic toll collection) sylstemis known as a conventi onal

chargi ng systemfor toll-charging pgekipriohes. A charging device of
the ETC systemincludes: a conmunication unit that conmunicates with
an in-vehicle device nounted on a vehicle; and a charging unit that
performs a chargin rocess. In addition, the charging device 20
installed at an BYSTEM LHABOING MBIRHOR: COMRROBHER ANTCRROGRAM mat i on
and vehicle type information onto an ETC card via the in,vehicle
device. Further, the charging device installed at an exit of the tol

road obtainssthe entrance infonnqﬁ ﬁﬁIpe vehi cl e type
information of the ETC card via the |n vehicl e device nounted on the
vehi cl e, cal culjaiogs a usage fee based on the obtained entrance
information and the vehicle type information, 25 and thereby charges
t he usage fee basedTempresrtivagion tlae tpapirging spemhotargiegicttds ed on t he

controller, and a program for collecting predetermined tolls from owners of vehicles
which have entered toll-charging facilities for vehicles, such as toll roads and toll
10  charging areas.
Priority is claimed on Japanese Patent Application No. 2009-047188, filed

Febraary 27, 2009, the content of which is incorporated herein by reference.

BACKGROUND ART
15 {0002
An ETC (electronic toll co]Iecﬁén) systemn is known as & conventional charging
system for toll-charging facilities. A charging device of the ETC system includes: a
communication unit that communicates with an in-vehicle device mounted on a vehicle;
and a charging unit that performs a charging process. In addition, the charging device
20 installed at an entrance of a toll road writes entrance information and vehicle type
information onto an ETC card via the in-vehicle deviee. Further, the Eharging device
installed at an exit of the toll road obtains the entrance information and the vehicle type
information of the BTC card via the in-vehicle device mounted on the vehicle, caleulates
a usage fee based on the obtained entrance information and the vehicle type information,

25  and thereby charges the usage fee based on a usage-fee paving method registered on the



2 ETC card in advance. Mreover, in recent years, a charging nethod
using a GPS (gl obal positioning systen) has been under consideration
(see, for exanple, Patent Docunent 1). The chargi ng nethod using the
GPS is able to charge without installing a charging device at
5entrances and exits of' toll-charging facilities. Cl TATION LIST

Pat ent Docunent [0003] 10Patent Documeht 1: Japanese Unexam ned

Pat ent Appl i t Publication No, 2004-326263 DI SCLOSURE OF
THE INVENTIdﬁﬁ%?%ﬁPag&B 0 be Solved by the Invention 15[ 0004]
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
15 [0004]

By the way, when a charging method is changed af toll-charging facilities from a
charging method using the conventional ETC system to a charging method using the GPS,
the following problem arises, In ofther words, a user is required to exchange an
in-vehicle device compatible with the ETC system to an in-vehicle device compatible

20  with the charging system using the GPS.

The present invention has been made in view of the above situations. An

object of the present invention is to provide a charging system, a chatging method, a

controller, and a program, which use the GPS and devices of an existing ETC system.

25  Means for Solving the Problems



The present invention has been made in view of the above situations.
An object of the present invention is to provide a charging system a
charging nethod, a controller, and a program which use the GPS and
devi ces of an existing ETC system 3 [0005] A chargi ng system
of the present invention includes: an in-vehicle device to be nounted
on a vehicle; and a controller to be cdbnnected with the in-vehicle
devi ce. The @glging system perforns a charging process based on
utilization toll-charging 5 facility by the vehicle. The
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charging processing unit that notifies the in-vehicle device of the tol! computed by the

toll computing unit, and performs the charging process.
[0006)

15 The controlter of the present invention may determine whether or not an ID of a
previously communicated in-vehicle device matches that of a presently communicated
in-vehicle device every time communication is performed with the in-vehicle device.
[0007]

The controller of the present invention may allocate a serial number to

20 communication every time communication is performed with the in-vehicle device, and

thereby determine the continuity of the serial number,
[0008]

A charging method of the present invention is a charging method using a
charging system including: an in-vehicle device to be mounted on a vehicle; and a

25 controller to be connected with the in-vehicle device, the charging system performing a



charging systemincluding: an in-vehicle device to be mounted on a
vehicle; and a 25 controller to be connected with the in-vehicle
devi ce, the charging systemperformng a 4 chargi ng process based on
utilization of a toll-charging facility by the vehicle. The charging
met hod i ncludes the follow ng processes. A passage determ ning unit
of the controller determnes passage through a charge position by .
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A controller of the present invention is a controller to be connected to an
In-vehicle device to be mouated on a vehicle. The in-vehicle device writes data onto a
recoding medium based on charge information. The controller includes: a passage
15 determining unit that determines passage through a charge position by checking
positional information of the vehicle against positional information stored in a positional
information storing unit; a toll computing unit that computes a toll by checking
informatiott on the passage through the chatge position determined by the passage
determining unit apainst toll information stored in a toll information storing unit; and a
20 charping processing unit for notifying the in-vehicle device of the toll computed by the
toll computing unit, and petforms the charging process.
[0010]
A program of the present invention is a program causing a controller, the
controller being to be connected to an in-vehicle device that is to be mounted on a

25  vehicle, the in-vehicle device writing data onto a recoding medium based on charge



A program of the present invention is a program causing a controller,
t he controller being to be connected to an in-vehicle device

that is to

be mounted on a 25 vehicle, the in-vehicle device witing

data onto a recodi ng nedi um based on charge 5 information, to
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according to one enbodi rent of the present invention.
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Effects of the Invention
[0011]

According to the present invention, the in-vehicle device is connected to the
controller, communicates with the central system via the controiler, and charges a toll.
Thereby, & user of a vehicle in a charging system using the GPS can pay a toll by means

of an in-vehicle device compatible with an ETC system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]
FIG. 1 is a schematic block diagram illustrating a configuration of a charging
system zccording to one embodiment of the present invention.
FIG 2 is a flowchart illustrating a process of monitoring connection of an
in-vehicle device with an external device.
FIG. 3 is a flowchart illustrating operations of a charging system at the time of &

charging process.

BEST MODE FOR CARRYING OUT THE INVENTION



20FIG 2 is a flowhart illustrating a process of nonitoring
connection of an in-vehicle device with an external device.

FIG 3 is a flowhart illustrating operations of a charging system at
the tinme of a charging process. 6 [0013] Herei nafter, an
enbodi nent of the present invention is _explained in detail with
reference to the drawings. FIG1 is a Schematic bl ock di agram
illustrati ng[Pgls.Eonfi guration of a charging 5 system according to one
enbodi ment o e present invention. The charging systemincludes: an
i n-vehicle devic . V. nt ral
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400 is a road-side device used in the ETC system, and has a communication function of

cotnmunicating with the in-vehicle device 100 and an imaging function of imaging
vehicle license plates.
15 {0014]

The exiernal device 200 includes: a connection unit 201; an in-vehicle device
information obtaining unit 202; an in-vehicle device information storing unit 203; an
in-vehicle device information comparing unit 204; a communication unit 205; a charge
location storing unit (positional information storing unit) 206; a chatge information

20 storing unit (toll information storing unit) 207; a positioning processing unit 208; a
charge determining unit (passage determining unit) 209; a charging unit (toll computing
unit, charging processing unit) 210; and a display unit 211.  The comnection unit 201
performs communication with the in-vehicle device 100 via a serial line and the like.
The in-vehicle device information obtaining unit 202 obtaing information such as the ID

25  ofthe in-vehicle device, and the like, from the in-vehicle device 100 via the connection



perfornms conmmuni cation with the in-vehicle device 100 via a serial
line and the |ike. The in-vehicle device information obtaining unit
202 obtains information such as the IT) 25 of the in-vehicle device,
and the like, fromthe in-vehicle device 100 via the connection 7
unit 201. The in-vehicle device information storing unit 203 stores
the information obtained by the in- vehi cl e device information

0042t nin. Uiy 2802 Tl B VELEL B SR bR SR ARRAREAO U ¢

204 conpare he information store i n-vehi c evi ce

I nformation dﬁ?&&%eli B &eh%ﬁ%e%éxﬁ{ghﬁh‘?ioh %ﬁﬁ%ﬂl%}% bE}ﬁExﬂ%ﬁic‘Pe)’de&i@? .

i n-vehi cl e device ormation obtaining u e comuni cati on

ant EnﬁQSaﬁgr‘Pﬁﬁ%ﬁg‘mﬁq‘é@%ﬁ&?ﬁ ooty b S B Ron S R s

area’ol o tonpiu Sb iR s ac.mwe %%:%ﬁm?#%%ﬂ%g?gﬂrﬁé G P\
Char gos. & t P Fpibh i i E@%Q@E@%aﬁgﬁw%ﬂfﬂ%@o%%ﬂw "
ithgilgggalrjrglutnt gﬁ ‘[se ??s P{@ﬂar ai r[_g']u a::ﬁ“l%l;ﬁa wgél@l&ct)llr)\?%%r&%t ez :
Using t Ihgg :"" 29 85 b U5 B Bt R il R RGBS %9’]" Pﬁloﬁae%%gta%ﬁ or
_3?: not o t ol 24l @Egﬁ’g?&ﬂﬁéegﬁﬁ‘? Btk ARE B AR, € ??%‘Eﬁ@of?%%’ o

| ntor mati on gﬁ%@ﬁﬁs&%ﬁ aﬁ%n%?ott b 'a'?&ltgﬁﬁ’eg oé”%eﬂlﬁesanﬂeln:“n&gga

menory, and argi ng process” on I'n-veh evi ce

%88. ondth Bl d e Jz%éﬁaféé‘%%nneceﬁ%ﬂ?*[ %ﬁi@fhﬁm@%ﬂhﬁ?l

100 C
_sifl't om 300, %gmgg@;gg%g@g@t P e
'3 tored i h"?w@%ﬁlg@% i P ﬁ%@@“@%ﬁ?ﬁz&%? @ﬁaakﬁ%@fa&'@%%ﬁﬂ iﬁ?
N kool by alimini e
char ge det er’ :%%F&‘%%F %g%aal nstcgmg'{‘g P@lﬁggﬁmglr?f% Eéonne&%?SgJg"q?a{trrruunt
stored bys the, GRArGS LAl A ABhLR ndhaBly! A9 pYPirke m@&%rgmep&oe@é’s oHALPUtes a

toll.

n.

in-vehicle device 100. The display unit 211 displays information.
[0015]
In addition, the external device 200 is connected to the in-vehicle device 100,

and performs wireless communication with the central system 300. The charge

20  determining unit 209 checks positional information of & vehicle against the charge
location information stored in the charge location storing unit 206, and theteby
determines passage through a charge position. 'When the vehicle has passed through the
charge position, the charging unit 210 checks information on passage through the charge
position determined by the charge determining unit 209 against information on a charge

25  amount stored by the charge information storing unit, and thereby computes a toll.



8 Then, the charging unit 210 notifies the in-vehicle device 100 of

the conputed toll, and perforns the chargi ng process. The in-vehicle
device 100 wites data onto an I C card based on the charge
i nformation, Thereby, a user of the vehicle in a charging

systemusing the GPS can pay a toll 5 using an in-vehicle device
conpatible wth an existing ETC systerﬁ‘ [ 0016] Next, operations of
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9 .

FIG. 2 is a flowchart illustrating a process of monitoring the connection of the

in~vehicle device with an external device. First, the in-vehicle device information

15  obtaining unit 202 of the external device 200 reads out the ID of the in-vehicle device
from the in-vehicle device 100 via the connection unit 201 (Step S1). At this time, the
communication number is serially allocated to communication of the in-vehicle device
100 with the external device 200. When the in-vehicle device information obtaining
unit 202 obtains the ID of the in-vehicle device, the in-vehicle device information

20  comparing unit 204 determines whether or not the ID of the in-vehicle device obtained
by the in-vehicle device information obtaining unit 202 matches the ID of the previously
communicated in-vehicle device stored in the in-vehicle device information storing unit
203 (Siep 82). At this time, when the external device 200 performs communication
with the in-vehicle device 100 for the first time, the in-vehicle device information storing

25  unit 203 does not store any 1D of the in-vehicle device, However, it is assumed in this



case that the ID of the in-vehicle device is matched. [0017]

When the in-vehicle device information obtaining unit 202 determ nes
that the ID of the in-vehicle device obtained by the in-vehicle
device information obtaining unit 5 202 matches the ID of the

i n-vehicle device stored in the in-vehécle device information storing
unit.203 (Step S2: YES), the in-vehiclé device information conparing
unit 204 det g Qgmuni cation number (seri al
number ). aII6%§ggg%%gﬁ?ﬁ&g%gﬁﬁ%ﬁ?@gg%%ﬁm&nth the in-vehicle device 100
is a value q? ﬁgned by adding 1 to the conmunication nunber stored in
the in-vehicle device information storing unit 203 (Step 10 S3). In
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15 [0018]

‘When the in-vehicle device information comparing unit 204 determines that the
cormmunication number allocated to the communication with the in-vehicle device 100 is
a value obtained by adding 1 to the communication number stored in the in-vehicle
device information storing unit 203 (Step S3: YES), the in-vehicle device information
20  comparing unit 204 determines that the connection of the in-vehicle device 100 with the
external device 200 is normal (Step 54). When the in-vehicle device information
comparing unit 204 determines that the connection of the in-vehicle device 100 with the
external device 200 is normal, the in-vehicle device information obtaining unit 202
registers, to the in-vehicle device information storing unit 203, the ID of the in-vehicle

25  device and the communication number which are received from the in-vehicle device in



On the other hand, when the in-vehicle device information obtaining
unit 202 determnes in Step 52 that the I D of the in-vehicle device
obt ai ned by the in-vehicle device informati on obtaining unit 202 does
not match the ID of the in-vehicle device stored in the in-vehicle
device information storing unit 203 (Step 52: NO, or when the 10

i n-vehicle device information conpariﬂ& unit 204 determnes in Step

the i nevehi T Sey PEE o8 PR Bl AL AT R s g
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(Step S6). ... Thereby, the external device 200 detects m suse
resul ting freSAy “g‘r‘w%éri ng with the in-vehicle device 100. [0020]
Next , opeyf a;doﬁlgz of the charging process using the charging system
are 20 expl ) Bef ore execution of the charging process, the
conmmuni cati on uni . I CQ . . .
communi cation w t nﬁggmgljehra\‘{‘ Jl’]g‘ihgﬁs(%lg[né mhﬁggwéﬁcnf%%%él%ge%&ﬁ%mrﬁzp %e
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not & value obtained by adding 1 to the communication number stored in the in-vehiele

device information storing unit 203 (Step §3: NO), the in-vehicle device information
determination unit 202 determines that the connection of the in-vehicle device 100 with
15 the external device 200 is abnormal (Step 86).
Thereby, the external device 200 detects misuse resulting from tampering with
the in-vehicle device 100.
[0020]
Next, operations of the charging process using the charging system are
20  explained.

Before execution of the charging process, the communication unit 205 of the
external device 200 performs communication with the central system 300 and receives,
from the central system 300, the charge location information indicating a charging area of
a toll-charging facility and the charge amount information indicating a charge amouat.

25 Then, the communication unit 205 registers the charge location information and the



First, while a vehicle is traveling, the charging unit 210 of the
external device 200 determ nes whether or not information to be used
for the charging process is stored 10 in an internal nenory (Step
S11). Here, the information to be used for the charging process

i ncludes, for exanple, a tine of stay jnside a charging area, a
travel distance inside the charging ar]ela, or the like. When the
vehicle ent Qnat Bfo GlARMMAGY ool ERRid Yol "Jﬁ@aﬁitﬁacﬁlﬁr re
regi stered by § pr%cess tﬂa’? V\ntﬁﬁ e exbotngfone ater. 0025? 15When
the charginguiifthiiof iiflohRONY, BERchR HBE &Q%ﬁfﬁ%hﬁ?inﬁﬁﬁ? sy for
charge is not stored |t eﬁ?’nt fna menory (Step S11: Noﬁ)?ie

posi tioni ng ;p§.OERSS b Gniki Elrw i o] ‘ jcle
based on a GF‘S0 SI gna‘# tlljarf"fnca%g% ro%]&%%@%g%eoha?@??gﬁ cég{ilae icle
speed si gnal ' f QUffh b hicle (Step S12). At this tine, when
the vehicle tlraggtgi?dgglgsgdtet%t a %%gr}‘%l on where the vehicle can

conmuni caj e '}1:11 the 20 gantry device 400, the positioning processing
unit 208 nay perform comruni cation with the gantry device 400 via the
conmuni cati on uni b N i I in

posi tional infor rrltthlz %ﬁ a?[;mgr#aﬁ ﬁ%%%ﬁ?%ﬁg%eo\gg& }8%&9%%%6@%{et?éeby
correct a poskti cified by the GPS. [0023] 25Wen the

posi tioni ngo%%%%lgg??%g unit 208 specifies the position of the
vehicle, 12 the )l L e, ition of
the vehicle speci%@ﬁ?gfﬁiﬁﬁ‘@?ﬂ% h%huﬁ' m‘%@?%éﬁ%@%@fﬁgt t he
charge | ocat4 L nf i k =at i i Ng
ini € 1206, - arge qepii KBkl o DRl o BB RE AR AR H ALY

a chargi pg gy %ﬁnﬁe&%ﬁ@g@@ﬁ@%@ﬁ? re, the inforr}ﬂm%ﬂtc; ﬁ‘e%ts%}&f tﬂ&éﬂ@%f m ni ng

unit 209 determ nes iclhe’1's not present 1nsid

gﬁ? 82&&???%*%?%2’&?%%&%@%5 e R R Pl PRI ° LQES,
ot Side” the | |
o Tnsi de.  RER A ERAL AE G e, “HhoR BB R Bl MR AR T T T
insi de ¢ AE"chargr . il tes ,
he. char gi nd ey obriteafaf Rl BbRee EANANL Sl ln 107 0,00 1 07

area and a tééﬁfl di stance inside the charging area, and thereby
stores these intormati on pieces (information pieces used for the

chargin 915 When the charging unit 210 determines that the information necessary for

1

s

charge is not stored in the internal memory (Step 8$11: NO), the positioning processing
unit 208 specifies a position of a vehicle based on a GPS signal transmitted from a GPS
satellite and a vehicle speed signal obtained from the vehicle (Step §12). At this time,
when the vehicle is present at a position whers the vehicle can communicate with the

20 gantry device 400, the positioning processing unit 208 may perform communication with
the gantry device 400 via the communication unit 205 or the in-vehicle device 100 to
obtain positional information from the gantry device 400, and thereby correct a position
specified by the GPS.
[0023]

25 When the positioning processing unit 208 specifies the position of the vehicle,



process) in the internal nenory (Step S14). Wen the charging unit
210 stores the 15informati on pieces to be used for the charging
process, the process returns to Step S11. At this tine, the display
unit 211 displays information indicating that the vehicle has entered
the charging area. [0025] Wen the chgrging unit 210 determ nes in
step S11 that the information 20 nece gary for charge is stored in

t he internal i : kilal @0} I ng unit
205 speci 1 E T B R e P B B
transmtted f.L; ‘?gg%’ | Gk | I ned
fromthe ve |°(E}1Pgﬂl e%sg%é@.t h%\%rﬁ%tﬁé]%m{%? }rér)g%%ﬁ lg%rﬁltgﬁ‘gg\tfgﬁlgg g ofli%)éea

present at ool di-oy uﬁ@@dsea&d*a@teeﬁﬁms%ah&%iﬂn&%w@ugg@?ﬁﬂyﬁ@%'a‘e

gantry devi e positioning processing uni

conmuni cate wi devi ce 400 via the comruni cation unit 205
or the 13 ic\g@rg%ﬁ%?gﬁ%g}%e 100 to obtain the positional information

fromt hedga b(?ﬁ devi ce 400, and thereby correct the position
specifie bgl 2h% GPS. [0026] When the positioning processing unit 208

speci {1 es the posiiLan. af.oL e el ol 20l BA-GHA 65 (Rl eIV Lol |

209 checks the position o eve e speciti by t'he positioning
Dhaves®] ol A0 bl MO0 BSRARD LTSl el e
Fggzg?e VehHsﬁé%aﬁ%u%hgﬁﬁ%hugﬂgaaﬁ the charging area (Step S16).
On the other hand, when the charge determining unit 209 determines that the
10 vehicle is inside the charging area (Step S13: YES), which indicates that the vehicle has
entered the charging area from outside the charging area, the charging unit 210 calculates
a time of stay inside the charging area and a travel distance inside the charging area, and
thereby stores these information pieces (information pieces used for the charging
process) in the intemal memory (Step 514).  When the charging unit 210 stores the
15 information pieces to be used for the charging process, the process refurns to Step S11,
At this time, the display unit 211 displays information indicating that the vehicle has
entered the charsing area.
[0025]
When the charging unit 210 determines in step 811 that the information
20 necessary for charge is stored in the internal memory (Step S11: YER), the positioning
processing unit 208 specifies the position of the vehicle based on a GPS signal
transmitted from a GPS satellite and a vehicle speed signal obtained from the vehicle
(Step S15). At this time, when the vehicle is present at a position whers the vehicle can
comumunicate with the gantry device 400, the positioning processing unit 208 may

25  communicate with the gantey device 400 via the communication unit 205 or the



10When the charge determning unit 209 determines that the vehicle is
present inside the charging area (Step S16: YES), which indicates
that the vehicle is present inside the charging area, the charging
unit 210 calculates a tinme of stay inside the charging area and the
travel distance inside the charging area, overwites the cal cul ated

i nformation pieces on the infornation’ﬁieces stored in the internal

menory, and ih%@ﬁiﬁ@&evﬂc’é%@{o%ﬁwg{llge foakGi ﬁ?oﬁ@adoﬂ%r%@%%a@% BEESSH, (St ep

S17). Wen t charging unit stores I'n pi eces to be

used for th Ol e@gtgé:lfog M QGRSSpg et urns to Step 811. At
this tine, teaﬁgg‘%fs%% uni %ﬁgpglﬁs%bgys agéharge anount at that
time. [0028];5633:t he ot her hand, when the charge determ ning unit 209
det erm nes i[n sgep S17 20 that no vehicle is present inside the

charging area (St %eﬁ@%osg@éing %hegg%%(@lgizﬁﬁ%pggﬁéshﬁéepogiggn S8l higehas

exited fromthe chargin a; rnal” deviC perforns the

char 9,00 1 B33 BeLHEghT o0 810,081 P R £ 1

process, It | erm ne € I n-ve Ice

i nformation j j : ] : | oned
processes 1 e kel e dghy AleP LELRR el Bk Bedlh fiTERAC

i n-vehicle ks I 3 e en it
is determ n(elg%pﬁrgstt&&%gh? %@%q%?ﬁ%%?%vﬁ%%ﬁrﬁ%?%ﬁ %%:%%%P 1f‘::F'legﬁly\huni t
204 has det }.n kPpn with the in-vehicle device 100 is
normal (St e§£ Eﬁ%@%#g@%ﬁ%%l ng unit 210 cal cul ates a charge
anount baseﬁoﬁ? the information used for the 5 charging process which
is stored i L internal nenory, and the charge anmount information

stored 1 e ohakge LOLLIBLL AR AP A0 ASHER I T |
arount Cwher it R BEERE s BRen 5 TGl L BB 59 h|

di e . : : >

amount 10 o B EERR i M sPERe i (R ARARE G Rl Snd The
travel dist %ﬂ%giné Bed Qﬁ tﬁe%%l'dﬁ&nce inside the charging area, overwrites the calculated

information pieces on the infarmation pieces stored in. the internal memory, and thereby

15 stores the calculated information pieces (Step S17).  'When the charging unit 210 stores
the information pieces to be used for the charging process, the process refurns to Step
S11, At this time, the display unit 211 displays a charge amount at that time.
[0028]
On the other hand, when the charge determining unit 209 determines in step S17
20  that no vehicle is present inside the charging area (Step S16: NO), which indicates that
the vehicle has exited from the charging area, the external device 200 performs the
charging process on the in-vehicle device 100,  Upon the charging process, it is
determined whether or not the in-vehicle device information comparing unit 204 has
determined by the aforementioned processes from Step S1 to Step S6 that connection

25  with the in-vehicle device 100 is normal (Step S18).



The charging unit 210 cal cul ates the charge anobunt, and then notifies
the in-vehicle device 100 of a charge order via the connection unit
201 (Step 820). At this tinme, the display unit 211 displ ays
information indicating that the vehicle has exited fromthe charging
area, and the calculated charge amount. 15[0030] On the other hand,
when it is determned in step S18 that 14 he in-vehicle device

i nformation gaarlng unit 204 has determ ned that connection with
the in-vehic evice 100 is abnormal (Step S18: NO, the in-vehicle

of "an i mpr oper chaTEaNe: ki el Rl o B IR R XA 00
rere, N0t 11 Gt ARs0h e IRLORRE 4 NVSRIIBRLURS, A8 éﬁgg)sﬁnyésa

astgetlma N-vVe V|ce|n or mat i on ari ng tlnlt
204

conneot | on, - S3pORgl 0 clinldbe’ Uirle éﬁﬁkﬁei G A T
f th 200, d

1F.)het I iekle.ns : %%pg&}f%%ci%omrwg{ﬂe I nra I oﬁg&gtﬂ{&hmge%%rgl ng syg?em
in”eLBFa?ﬁte%ff*@ﬁM%%\ﬁﬂ %Q?fhaég%‘%ﬁ%%ﬁ%"s?c% L C o S
SEPW%{ ﬁ'sdfﬁilﬁe e eriﬁ%%ﬁe%{ H S R e P S G hefﬂife
devi e or Egéﬁﬁﬁ%o?f%:ﬁghh' & ﬁ%&} S} h? %ﬁfg%%i;cr?*{ﬂ%d% %&W ki
vent of & numbge s RisBRl N30 g 601 6l SR uRtal ol

vehi cle, the cen syst em res € gan

XEEI i id”gﬂ‘é‘%ﬂfe KGR TR Ao W ﬂ‘?%ﬁnév ﬂ%’ﬁ
Sah?'rSedeX?c'eC48091fﬂ“%ﬁ"§fngi§*?W§@%§*? e B, Ay LS vaﬁﬂ e
Dl at e can bonean sy FotMhg SpRVE Flsopheiin 4 2T Bieb s, %f@we of

I mage i nfor ngtl Mldisplay unit 211 displays information indicating that the vehiole has exited from

|_

of t he

the charging area, and the caloulated charge amount.
15 [0030]

On the other hand, when it is determined in step 518 that the in-vehicle device
information comparing unit 204 has determined that connection with the in-vehicle
device 100 is abnormal (Step $18: NO), the in-vehicle device information comparing unit
204 notifies the central system 300 of an improper charge via the communication unit

20 205 (Step 821). Here, notification of the improper charge includes information such as
the time at which the in-vehicle device information comparing unit 204 determines
conneetion with the in-vehicle 100 to be an abnormal connection, content of tampering of
the in-vehicle device 100, the 1D of the in-vehicle device 100, the ID of the external
device 200, and the like.

25 [0031]



character string information using OCR (optical character

recognition) technol ogy. Thereby, based on information i maged by the
gantry devi ce -400, a business 15 operator of a toll-charging facility
can, for exanple, send a summons to an owner of the inproper vehicle.
[ 0032] As expl ai ned above, accor%ing to the present enbodi nent,
the in-vehicle device 100 conpatible\ﬁtrlan ETC systemis connected

to the external dRuiiCierds oftBcHaRHAPNerInGA: REBGPIRRE boY el h the
chargi ng systemusing the GPS. Thereby, a user can utilize the

char gi ng sysigand4sh Himl ltbger@ﬁ&é/grggﬁmm&epl acing the in-vehicle device
conpatible wth the ETC systemw th an in-vehicle device conpatible

Wi th the chargi ngws¥sieBeisd 08idR80 ﬁé?xt'ﬁﬁse th@%’ﬂ’éah.sy’s%ﬂfﬁotomgﬂhﬂrx er

according to the present enbodi nent, charging systemuses the 16

gantry devi cgaflQd @R EkRmi300 BRaiRARL §ehRRHumbe 0P L RHphRE: \Qﬁicﬂepsma
external devicé 200 and 'to detect an 1 nproper vehiclfe’ Therefore,
i nvest ne I Jani ey h Eﬁﬁ e, bl e
wast ef ul ngforﬂglkigﬁg@ﬁéggéﬂ%perg?%rﬁﬁgg a %tgljlaﬁc arfgiyeﬁg% (;11(\'(’:1’%= {jélv%cggltﬂ?ﬁus

the gantry dewrag eﬂi@&aﬁ?ﬂc@ﬁ]ﬁ%iiﬁﬁg%ﬂtﬁ%r@agn eg’en%iggf;; Buidifiis 0Ar 91 NG

system usi ng the GPS. 5[0034 ugh p erre ments- of the

present inV%mmagaa %fﬂ@%%%meﬂcﬁ?ﬂe g@gm?swfm%@&% ehMRRNELN TS

not limted to t ove en I ments. present 1 nvention“nay be
subj ected t il L .’&éﬁ‘iiﬁ‘é. : QM. SS k hqﬁmst,
and ot her rrglglg? ?ﬂgg?@gh}\@uﬁ{bgﬁo%%%part %g%%m@%‘%gglgﬁlgﬁéﬁgtg e '

present i nveni fQRehidlBfiaving a vehicle license plate with the obtained-vehicle number is

10 imaged by an imaging function, the gantry device 400 registers the vehicle as the
improper vehicle. A process of extracting the vehicle number from the vehicle license
plate can be realized by, for example, extracting from each frame of image information,
character string information using OCR (optical character recognition) technology.

Thereby, based on information imaged by the gantty device 400, a business

15  operator of a toll-charging facility can, for example, send a summons to an owner of the

improper vehicle.
[0032]

As explained above, according to the present embodiment, the in-vehicle device
100 compatible with an ETC system is connected to the external device 200, and thereby

20  can be compatible with the charging system using the GPS. Thereby, a user can utilize
the charging system using the GP'S without replacing the in-vehicle device compatible
with the ETC system with an in-vehicle device compatible with the charging system
using the GPS,

[0033]

25 Additionally, according to the present embodiment, the charging system uses the



10 present invention is not limted to the above description, but may

be limted only by the scope of the attached cl ai ns. For
exanpl e, although a case where the in-vehicle device 100 is connected
to the external device 200 by using cables such as a serial |line has

been explained in the present enbodi gy t, the present invention is
not limted thereto. For exanple, the "I5 in-vehicle device 100 nmay be

Wi rel essly coRipediRE 44000 tatecrd Riifiotal HEOHnGRn 20 De Biteril idbvide 200 afd to
wi rel ess function of the in-vehicle device 100 used in an ETC system

[ 0035] deRbi 2l Qe vaiRSE THOEMSrC! IGsedbat id CheGetS deVitd 400 obihk ETR09 of
the external device 200 determ nes whether or not a vehicle is

present i nsisggerdwillbh 8¢ Wektehll &R a BafneRARBradP ofBll-BiatSith fhddith.Nerups, arent
enbodi ment, the present invention is not limted thereto. For

exanpl e, t hepee Ak 8 dabe sMEdveR5ed B el fARSIHinE Bﬁwﬁﬂﬁin%iﬂibr@ﬁs.
i nformation specified by the positioning processing unit 208 to the
central systgm4p00 to determ ne whether or not a vehicle is present
inside a charging area by using finctions of the central system 300.

25[0036] 17 Althohg} rﬁ@ﬂd%ﬁﬂ@&ih&ﬂ@&t@ﬁr&éﬂ?dve&%%&v% bédQxhiRigldides a
conputer system Additionally, operations of each of the

af or ement i ongglePHOFRHEE! iREENEH i§ Sot Binfedth HeGHoR Smbbifted, 0%@@%%% mat, in
d Th a

a conput er-readable recordi ng medi um is programis re y the

conput er t o jA%etdatRaythd SutfeR RRBLLPKE RLBRERS, okifkidn, rifiement, and
conput er -readabl e 5 recordi ng nmediumincludes a magneti'c di sk, a

nmagnet 0- opt ig@Rt medifkatiofsli efaiie Bol thPeo SR H0 BRLGE RlentlBAOYe and
the like. Alternatively, the conputer program may be distributed

through GOMEBRES fvk@Bn isnbEiiniteR td RASHROTRE SFioS Butlnl e liRe thd
receiving the distributed program can execute the program [ 0037]

10Further, thie3PAYB1aPQ9AM MY be a program for realizing some of
t he af orenmentioned functions. Mreover, the program nay be a program

whi ch_can real | 2k biamfeOdGHTALI0RE Ml WG LS. dcbic A Bihéci gt th 2
program whi ch has been already stored in a conputer system that is a
difference fhdRiehfll debRE 000H uREOSHRIVuch as a serial line has been explained in the
present smbodiment, the present invention is not limited thereto. For example, the
15  in-vehicle device 100 may be wirelessly connected to the external device 200 by utilizing
a wireless function of the in-vehicle device 100 used in an ETC system.
[0035]
Although a case where the charge determining unit 209 of the external device
200 determines whether or not a vehicle is present inside a charging area has been
20  explained in the present embodiment, the present invention is not limited thereto. For
example, the communication unit 205 may transmit the positional information specified
by the positioning processing unit 208 to the central system 300 to determine whether or
not a vehicle is present inside a charging area by using functions of the central system

300,
25 [0036]



151 NDUSTRI AL, APPLI CABI LI TY [ 0038] The present invention
relates to a charging systemincluding: an in-vehicle device to be
nmounted on a vehicle; and a controller to be connected to the

i n-vehi cl e device. The chargi ng system perforns a chargi ng process
based on utilization of a 20 toll-charging facility by the vehicle.
The in-vehicle device includes a witing unit for witing data onto a

recordi ng medi um Dies@sterBshtieda keml IEAESTAD iR Rdes BREmPRG Y@, er
i ncludes: a passage determning unit that determ nes passage through

a charge posAdditRRallyyopzib@stsionhch 8fthd AfBRAbNHORIIE SPBsIng BniRfard dRediB it £ €
against information stored in a positional information storing unit;

a toll conpUirbgisn fohkt, hRAGmEBIREHIS T Bedidthd mbure heGlsipAfEr=2Dis tddfi 6% Bt | ON
on the passage through the charge position determ néd by the passage

18 det er m niRgputi b etk 1S bfoke@lchtidnBd O, | CRreShOERBuieRreadabR! |
I nformation storing unit; and a charging processing unit that

notifies 4 haedohtineahddin®ineiBdds & Srafietib HiSk, b MabnefRtpabd K [oH-hbgr, t of |

conmputing unit, and performs the chargi ng process. Accordi ng

to the char ghyig-Rems QB REnduAS: RERFE R th@mnt%ti%lﬂ%rccﬁfm& vehicl e
in 5 a charging systemusing the Sis able to pay a toll using an

i n-vehicle mEPHRAA tibid cafimbfiCatisy B B th YompmkFsbiRHEr
REFERENCE NU LS T0039] 10100:" I n-vehicle device 200: External
devi ce (contdhRbhtermiceRihb the Rt ipRigrattiah execute the program.
[0037]
10 Further, the above program may be a program for realizing some of the
aforementioned functions. Moreover, the program may be a program which can realize

the aforementioned functions in combination with a program which has been already

stored in a computer system, that is, a difference file (difference program).

15 INDUSTRIAL APPLICABILITY
[0038]

The present invention relates to a charging system including: an in-vehicle
device to be mounted on a vehicle; and a controller to be connected to the in-vehicle
device. The charging system performs a charging process based on utilization of a

20 toll-charging facility by the vehicle, The in-vehicle device includes a writing unit for
writing data onto a recording medium based on charge information, The controller
includes: a passage determining unit that determines passage through a charge position
by checking positional information of the vehicle against information stored in a
positional information storing unit; a toll computing unit that computes a toll by checking

25  information on the passage through the charge position determined by the passage



202: In-vehicle device information obtaining unit 203: In-vehicle
device information storing unit 15204: In-vehicle device information
conparing unit 205: Conmmuni cation unit 206: Charge | ocation
storing unit 207: Charge information storing unit 208:
Positioning processing unit 20209: Ch%ége determ ning unit 210:
Charging unit 211; Display unit 300: ntral system 400: Gantry

device 19 (defbMRing fnit £aBA6I0MHenR ERH SN infdrfABtion storing unit; and a
charging processing unit that notifies the in-vehicle device of the toll computed by the
toll computing unit, and performs the charging process.

According to the charging system of the present invention, a user of a vehicle in
5  acharging system using the GPS is able to pay a toll using an in-vehicle device |

compatible with an ETC system.

DESCRIPTION OF REFERENCE NUMERALS
[0039]
10 100: In-vehicle device
200: External device (controller)
201: Connection unit
202: In-vehicle device information obtaining unit
203: In-vehicle device information storing unit
15 204: In-vehicle device information comparing unit
205; Communication unit
206: Charge location storing unit
207: Charge infortnation storing unit
208: Positioning processing unit
20 209; Charge determining unit
210: Charging unit
211; Display unit
300: Central system

400: Gantry device



an in-vehicle device to be nounted on a vehicle, the in-vehicle

devi ce being conpatible with an electronic toll collection system
and a controller to be detachably connected to the in-vehicle device,
t he charging system perform ng a chargpng process based on
utilization of a toll-charging facility by the vehicle, wherein the

i n-vehicl e device conpri ses: CLA. witing unit that wites
data onto a recordi ng nedi um based on charge information, and the
controll er conprises: a positioning processing unit that

obt ai ns positional information of the vehicle using a gl obal

posi tion syste a passage determ ning unit that

det er m nié a@?@%n}’%w?&b?f’%?f@ﬁ% ge position by checking positional

i nformati on of .the ve icle a%)ﬁal nst p03| tional information stored in a

posi ti onal |ﬁPdPHﬁ@P8 WP 1O, qd-on a vehicle, the in-yeligle deviggRaiRg ng uni t

t hat conputes a toll checkln i nformation on the passage through
t he char‘@@%ﬁ%?ﬂlmnﬁcgﬁwmﬁc ctionsygemsange det ermi ni ng unit
against toll information stored in a toll information storing unit;
and a contrelte tgbedetgphally seinegted ti the irhuthiclodévidegs t he

i n-vehicle device of the toll conputed by the toll conputing unit,

and perf or s thdehacdiag gisteqn prfoceig.a charginphpeo@hetragtdgh wilzhttdn @aaell-di ng
to claim1, wherein the controller determ nes whether or not an | D of

a cur r endhbagingoBEilityi igahedetidle,vehi cl e device matches an 1D of a 20
presently comruni cated in-vehicle device every tine communication is

perfornmed w tyhetdiehein-vekitIe d8vie@Ndnpftises:3- The charging system
according to claiml1 or 2, wherein every tine comunication
a writing unit that writes data onto a recording medium based on charge
information, and
the controller comprises:
a positioning processing unit that obtains positional information of the vehicle
using a global positioning system;
a passage determining unit that determines passage through a charge position
by checking positional information of the vehicle against positional information stored in a
positional information storing unit;
a toll computing unit that computes a toll by checking information on the
passage through the charge position determined by the passage determining unit against toll
information stored in a toll information storing unit; and

a charging processing unit that notifies the in-vehicle device of the toll

computed by the toll computing unit, and performs the charging process.

2. The charging system according to claim 1, wherein the controller determines

whether or not an ID of a currently communicated in-vehicle device matches an ID of a



is perforned with the in-vehicle device, the controller allocates a
serial nunber to the communication, and determ nes the continuity of
the serial nunber. 4. A charging nethod using a charging system
conprising: an in-vehicle device to begnmounted on a vehicle, the

i n-vehicle device being conmpatible with an electronic toll collection
system gty EaRhbAhE id ARt SAIANAY i LOBRREIGHoL § dehSmidrWlthe! ©
device, the c argi ng systemperform ng”a charging proc ased
Ut'l'zaHhQQhQﬂuﬁwﬁgll charging facility by the vehlcle t he charglng
met hod conprising: obtaining positional information of the vehicle
usi ng a gl obal p05|t|on|ng system determ ni ng, by a passage
determ ning unit of the controller, passage through a charge position
by checkjng positional information of the vehicle against positjonal

i nf or mat-on st bIEIMSNESYFERIAPEARE 1@ Fipit hat f-orheEn pYeRytinA cpmmunication
conputing, by a toll_ conputi unit of the controller, a toll by
checki ngS PrHIRed tHidthein-tehicl aﬁg‘a@/mg@e eontrolighallonatescheerignupehst to the
determ ned by the passage determning unit against toll information
st ored ispmanynidation,rphd detgmhioes the omitimyityiof the serial numbsdri f yi ng, by a
charging processing unit of the controller, the in-vehicle device of
the toll conputed by the toll conputing unit and performng the
chargi ng process; and writing, by the in-vehicle device, data

onto a r&cor di AghagihigunetRaBesh g cha i sieml @PBbing hn inYehiBle@evibe RlHeer
to be detachably connected to an in-vehicle device that is to be

mount ed m@tedth Bvehedld, ‘ﬂ{@nﬂr@ﬁﬁc!e%eﬁ@@’@éihg Pélﬁpa%kmiml@c@x%ﬁﬁ%lf toll

col | ection system the in-vehicle device witing data onto a
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conprising: obtaining positional 1nformation o he ve e usihg a

gl obal %§{g§d§%g§écg[ﬂ p%%@oug a charein gro%gﬁsn% % 0% fi%ﬂ;‘)e 029 A, E%‘%l{l]éi %iﬁléllty

det er mi nes pas ge t € posl ing p

mformatbqﬁnev Bt ?§e§§| cl e qﬂ nst 05|t|onal |nfornat|on stored in a
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toll information stored in a toll |nfornat|on storing unit; and

determining, by a passage determining unit of the controller, passage through a charge
position by checking positional information of the vehicle against positional information
stored in a positional information storing unit;

computing, by a toll computing unit of the controller, a toll by checking information
on the passage through the charge position determined by the passage determining unit
against toll information stored in a toll information storing unit;

notifying, by a charging processing unit of the controller, the in-vehicle device of the
toll computed by the toll computing unit and performing the charging process; and

writing, by the in-vehicle device, data onto a recording medium based on charge

information.

5. A controller to be detachably connected to an in-vehicle device that is to be mounted



a charging processing unit that notifies the in-vehicle device of the
toll conputed by the toll conputing unit, and perfonns the charging
process. 6. A programcausing a controller, the controller being to be
detachably connected to an in-vehiclelevice that is to be mounted on
a vehicle and is conpatible with an electronic toll collection

cor.di.n

system R | Gl L Ce. M i § dat to ar ( i um
based onéﬁgﬁg‘%}gggl n %rcgrrlgg [ }(gjr%? ‘g{toa%%)lgr a nécatgg :C&E%ﬁ%‘ Fﬁsﬁe& 8'5351? g’ Flgﬁlglde‘”ce
i nformatj opn of .the vehicl.e using .,a %4ob | positioning system
passage HOUEE TG 2ARTLCEHREI R e Shiorsk SRamReton, B dke S ERlFge
position 2% checking positional infornmation on the vehicle against
posi t i onH™ R MEr mati on stored in a positional information storing
unit; a tol]l conputing unit that conputes a toll by checking
i nf or mat i on cbtainias pasisengbinftymetierhofithe velticle yunpaglobilgasitiening misteed by
the passage determining unit against toll information stored in a
tol | i nf or matd gassage determginingiubit tisah determihesgisage thraugk ashage pesitiontdyat
notifies the in-vehicle device of the toll conputed by 22 the tol
conput i nehecking positivchapi@fdfrmatian dfhike wdhidl@adaghsppeditRasl information stored in a
positional information storing unit;

a toll computing unit that computes a toll by checking information on the passage
through the charge position determined by the passage determining unit against toll
information stored in a toll information storing unit; and

a charging processing unit that notifies the in-vehicle device of the toll computed by

the toll computing unit, and performs the charging process.

6. A program causing a controller, the controller being to be detachably connected to an
in-vehicle device that is to be mounted on a vehicle and is compatible with an electronic toll
collection system, the in-vehicle device writing data onto a recording medium based on
charge information, to operate as:

obtaining positional information of the vehicle using a global positioning system:;

a passage determining unit that determines passage through a charge position by
checking positional information on the vehicle against positional information stored in a
positional information storing unit;

a toll computing unit that computes a toll by checking information on the passage
through the charge position determined by the passage determining unit against toll
information stored in a toll information storing unit; and

a charging processing unit that notifies the in-vehicle device of the toll computed by
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the toll computing unit, and performs the charging process.



