;{|}~e3eL 6@vT NON STOP TOLL COLLECTI ON METHOD AND SYSTEM  FI ELD OF THE
| NVENTI ON The present invention relates generally to a non-stop el ectrical
toll collection systemwhich is one of Intelligent Transport Systens (ITS),

and nore particularly to a systemand a nmethod that may “ usly
applied to toll collection froma vehicl e-nmounted devi ce. ml mm lmGRGJND
OF THE | NVENTI ON Recently, a non-stoplelectrical toll coll ectj gnisystemis

used in which a roadsi de device antenna (base station antenna) I nstalled in
atoll lane on a toll road such as an express way conduct conmunication via

a wreless |ink tIEﬁTW%EL”@WfEC@I@ﬁeM( idﬁ &N‘%iﬁéT%\gVi ded on

a vehicle to sen charging rnformation to e vehicle-noun devi ce
at an entry or exit location. On the vehicle-nounted device that has

received toll information, the toll collection is execut emumwnmnm ff
the toll using an electronic account settlenent technique lml" ard
and the |i I[@Ogéﬂmect ed to the vehicle-nounted device. This sysham al | ows a
vehicle to electronically pay a toll wi thout having to stop at the

t ol | boot h. FAEIdDi QF F HEURNSMENS&ION for use in the Electrical Toll
Col l ection (ETC) system which is commercially available, is nmounted for

exanpl e on a dashbgaedpidselnfte nveRittdiereld09Fenerdllihed b0 dn 32bpeadcOiical
techni que for use on a vehicle-nmounted device in the non-stop el ectrical

toll colleg 11%@55{1%@9 y@ét'enp%vrﬁ%wé bd &eiﬂvalwg\t%ﬂ%&%%%gi S9N ms

uniformtoll entry-location collection systemin a vehi cle- nount ed
device s SERgefahohote il QURAS) Lo 8'sAleAMhhY 4 AL Rl: ARyoHET oo
advantageously applied to toll collection from a vehicle-mounted
device.
[0002]
BACKGROUND OF THE INVENTION
Recently, a non-stop electrical toll collection system is used in
which a roadside device antenna (base station antenna) installed in a toll
lane on a toll road such as an express way conduct communication via a
wireless link with a vehicle-mounted device (mobile station) provided
on a vehicle to send toll charging information to the vehicle-mounted
device at an entry or exit location. On the vehicle-mounted device that
has received toll information, the toll collection is executed by taking
off the toll using an electronic account settlement technique with an IC
card and the like connected to the vehicle-mounted device. This
system allows a vehicle to electronically pay a toll without having to
stop at the tollbooth. A vehicle-mounted device for use in the
Electrical Toll Collection (ETC) system, which is commercially

available, is mounted for example on a dashboard in the vehicle.

[0003]



[ 0004] Road-to-vehicle communicati on between a roadsi de w rel ess device
(base station) and a vehicl e-nmounted device functioning as a nobile station
is made via control signal sent fromthe roadside wreless device. [0005]
As the vehicl e-nounted devi ce approaches the entry tollbooth of a toll road
and enters a narrow wirel ess comuni catign area of the roadside wreless
devi ce, the vehicl e-nounted device recei Ves the control signal sent from
the roadside wirel ess device. [0006] FIG 5 illustrates an exanple of the
format of data continuously sent fromthe roadside wreless device and the

format of data sen fro th hi cl e-,nount ed devi ce. am| FIG 5
o created i the bReaanl cOReERIEEe RS R B e i a b BB page a1
in "(Draft) Electri caI ToI | Collection Sistem' i.ssued by Associ ati on  of

Radi 0 | ndudeVisinhhe M -362R eleedeedletoli gpdleqtdonsyshem willpps deseribesk)
FIG 5 shows an exanple of the format of down-link , that is, data sent
from base bebawowithr aadaiviatienall esifodevitod) eatrd'-icb]@atﬁonrmxll@cﬁtigp-s)ismkl,n
that is, data sent fromnobile station (vehicle-nmounted 3 device).

Referring i® wiiGh b,vehielgdaiauhsedaspdseids ehatgaddor caahfafmwaichatian made
up of a plurality of slots. The first control signal, termed an "Na" sl ot,

of a frameeqet fddlti SR 24 e'x'i)fr%ﬁbh@rhslgnQ'B(atrﬂﬁlémb' le station
(vehi cl e- mount ed device). The slot contains a guard time, a preanble

(PR) for Cﬁb and cl ock synchronl zation, a unique word (UM), control
informatio and an error check code (CRC) [0007] The Na slot, termed a
frame control rress eslo &PC&B a. sl ot bor frame-nulti Iexmﬂ

such frame is prov 38 - VeRac ?W%Pnb%?éﬁo?reﬁwec?ﬁll & 1e3ASIN T HiS S Th| s
slot is used by the base station as a conmuni cation control slot to send
Frame Cont pgyl%ggg%sma%yand a vehicle-mounted device functioning as a

mobile station is made via control signal sent from the roadside wireless
device.
[0005]

As the vehicle-mounted device approaches the entry tollbooth
of a toll road and enters a narrow wireless communication area of the
roadside wireless device, the vehicle-mounted device receives the
control signal sent from the roadside wireless device.

[0006]

FIG. 5 illustrates an example of the format of data
continuously sent from the roadside wireless device and the format of
data sent from the vehicle-mounted device. The diagram in FIG. 5 is
created in the present specification based on the description in page 41
in “(Draft) Electrical Toll Collection System” issued by Association of
Radio Industries and Business, December 1999, Revision 1.2, ARIB
STD-T55). FIG. 5 shows an example of the format of down-link , that
is, data sent from base station (roadside wireless device) and the format

of up-link, that is, data sent from mobile station (vehicle-mounted



(FCMC) conposed of frame control information and TDVA sl ot allocation
information. The control information, which will be outlined bel ow,
consists of the following fields (not shown in the figure); 2-octets
transm ssi on channel control field SIG (Signaling) for |ayer-1 channel
configuration information and so on, 1l-ogtet franme configuration
information field FSI (Frame Structure Information), 1 octet release tiner
information field RLT (Rel ease Tinmer information), 7-octets base station
service application information field SC (Service Code), and slot control
informati orae%]ceé)d SCl (Slot Control Identifier) for comunication sl ot

al | ocati on. € 'SCl includes MDS (Message Data Slot) allocation information
conprised of a 1-ogtet control jnformation sub-field C _(.Control
Information) and a ﬁ%"t’@gstol h@égoﬁh&sga% 5 §omResed; ﬂﬁ(ff‘ﬁ}".es’ eachRf no
and Nc slots are nessage data slots (MDS) which are slots for nultiplexing
data. One &thighris madsunp el dplyrakisy ofudrts oflhafigshicloattelesignall owi ng
the FCM5 in one frane. Message data slots (MDS) are nultiplexed by the base
station i nteiomedlamKNadnglosy off hee frache |l mhan s oonirpluprloirniatidind honbtdre of
SCls is mfor the half-duplex node, and 2mfor the full-duplex node. In the

frame conf ingstiatisaatifoar (¥eHiciunbented @it ent | Ghe Napsliolt W ntdees adgu st a
slots (MDS) for uplink channels are commonly used for activation slots

T b exogiifibl &' Midamible fR) For, HufiRhed il RIcRY M bATaA bR Bodh ke

mul tipl exed 1 nto the FCVB. ] en road-to-vehic conmuni cati1on 1 s not

coniucted, 0% [ SRl BR S ARy AR B bR D RgRen oenee

vehi cl e- rmlfnhgg devi ce conmposing a nobile station, enters the wirel ess
comuni cat il8 ﬂea, t he vehi cl e-nounted device first detects the unique
word (UWL) 9(n) included in the Na slot of the signal sent fromthe
roadsi de wirel ess dégi Na dod, heireed ihEramencoditpel gresspacvdnt dFEMSUntied
devi ce synchronize with the roadside wrel ess device. [0010] Then, the
vehi cl e- nnshtefodérame-mataplesinghe Ooret swth ifnd orenest poov iddEdat thatstdal ddws
the unique word (UWM) 9(n) and checks for a data error using the error
check code eaChRQraile 0R)y fob dwwarliak. i SThibsHat @cteed &S thd bavktstafioar 40r
checki ng, the vehicle-nounted device anal yzes the contents of the control

information d&hMuRAtSANdentAA Gk bald D FRAaElonttHRM & S ale’ €h8ael | NK
connection request signal, ACTC (Activation Channel) 15(n) to the roadside

i rel ess dRECARCIS AApLLTR 51 Blaint Rl cPE A ARLE, LA TG A bp! e- mount ed

devi ce for ‘transm ssi ation s is used only
-link. Th I ted si h I f.wind for.the .activati
channel's ueSIBIoR ABIGRR Fnt ATRE LD PLarLpe By nEhLaTT ba: Ton Ti i

e oSl B, b5 PSRBT Faohate i U e

the ACTC to_the base station. [0011]
figure); 2-octets transmission channel control field SIG (Signaling) for
layer-1 channel configuration information and so on, 1-octet frame
configuration information field FSI (Frame Structure Information), 1-
octet release timer information field RLT (Release Timer information),
7-octets base station service application information field SC (Service
Code), and slot control information field SCI (Slot Control Identifier)
for communication slot allocation. The SCI includes MDS (Message
Data Slot) allocation information comprised of a 1-octet control

information sub-field CI (Control Information) and a 4-octets link

address field LID (Link ID).



In response to the ACTC 15(n) fromthe vehicl e-nounted device, the roadside
w reless device notifies the reception tinme slots of the vehicl e-nounted
device using the control information 10(n+ 1 ) in the (N+1)a slot (not
shown) and sends data to the vehicl e-nounted device using the (N+1)b sl ot
or the (N#1)c slot. [0012] The control irhformation 10 (n+1) includes
information on: - type of roadside wireless device, - link address field
LID (Link ID) information on vehicle nounted device and the |ike [00l 3]
When t he vehicl e-nounted device has successfully received data arranged in

the (Nt 1)b slot o 1 it.anal n f,. data and
sends back responsgh%a'\ﬁab alljﬂs:d:r%\zé gﬁ]%tsté?nén&nﬁs)sééggn&;{}%n@%%%3&&?&‘%3?‘%}5 alSé/ t he
frame control ssage, .slot, (F sent fromthe roadsi de wi rel ess devi ce.

[ 0014] Thesg‘éttsgpof4'(’ﬁ‘§“iphe’fﬂb8 %@sl o%‘b"r of H’éON'c?%’l B?U‘i%r?él(lfd@é’tél)etsﬁi?hédms
information regarding the toll collection, being transferred between the
roadsi de wifeladkxcajedifodlawang nbe\BEMS dnnonatfeadmgevi MessTge daghlslots
collection is performed nornmally by transferring this data. [0015] The

convent i ondM D 8) lare mndiipbe pedbdgsdinyasy steriodescdobad 1 atloven dper dies
normal |y when the roadside wreless device is provided at a limted

Location, wheBilestafibnaid @plHA®t h BhethEmBBE fof 9CI18 1§ Ghlforadd RNd-dbs1dAd ke.
[ 0016] However, if this systemis applied to a general public road and to a

|1 |1 ' t i Gl [ : eCt |
area for e, SHE S e A Ry R A e B AFE Pl b At SR F

may occur. fLHQ&Zl)lex communication, a part of message data slots (MDS) for up-

link channels are commonly used for activation slots (ACTS). The
attribute of a slot is determined by control information multiplexed into
the FCMS.

[0008]

When road-to-vehicle communication is not conducted, the
roadside wireless device composing the base station, sends only Na slots.
Nb and Nc slots are empty slots.

[0009]

As the vehicle-mounted device composing a mobile station,
enters the wireless communication area, the vehicle-mounted device
first detects the unique word (UW1) 9(n) included in the Na slot of the
signal sent from the roadside wireless device and makes the time slot of
the vehicle-mounted device synchronize with the roadside wireless
device.

[0010]

Then, the vehicle-mounted device receives the control

information 10(n) that follows the unique word (UW1) 9(n) and checks

for a data error using the error check code (CRC) 11(n). If no error is



That is, in a public road of two-way traffics, especially in a |ane having
a narrow width and a face to face traffic, unlike a one way toll booth | ane
at an entry of a toll road, a vehicle exiting a toll collection area nust
al so pass through the wireless comuni cation area of the roadside wreless
devi ce. [0018] As a result, the vehicl g nmounted device executes road-to
vehi cl e communi cation with the roadside W rel ess device and is charged for
the toll even when exiting the toll collection area. Thus, an erroneous
chargi ng occurs unless sone toll collection protection is devised. [00l9]

Japanese Patent. Kokai Publication JP-A;8-69598 opaoses a.tall collection
systemt ha?teg%cr{terﬁo*ss atrglslf)‘llecﬁfleéﬁ?f 8E°§§&%’d egvghl@ﬁémcﬂwgﬁi%%vﬁcﬁ whi ch a
vehi cl e travels. This system charges a vehicle that traveling in the
forward di PBRLYSH HinEOBIRN RS thotcomelyenformatien d G(mavand agnes thie
opposite lane. A first antenna and a second antenna are provided near a

t ol | boot h acbivgtidrechanasl.t dhadlisowitdless dinksomm ecdicgonequne datigmailt h

vehi cl e-nount ed devices for collecting tolls in non contact node. The first
antenna and CTE cActivatint €lrammedi Xandoi tfeoromddide windlesls @g vac el mising

ant enna nunber. The vehicl e-nmounted device receives the signals fromthe

first antegfipe andtd AeaSEEORTaARbLEOTFRr ARE EIFCKS-thDEnoed ARRGcOYRPeErs to
determ ne whi ch communi cati on area the vehicl e-nbunted device has entered

first. Wen .t I [ j t - | j.ng fl [
[Lr oLy IMeRBIEN 00, | ThA N AARPSA Lol AL RS, DRBIBEA KARYGLIN 120 1o
ti t the ti i whi ch the. backwar d- i fl i
on' and. wherl BETBrdGtBPRR RS 11 ABOARE DA SEMBI™ F HBT Bk, 14 v eHper s |
comuni cation area of a tollbooth antenna emtting different |qcation

i nf or mat i oM Scd|f@F ther MO bRk kiR A (tPAAIIS IR 19 Ale coramamieadgnmhinkcef . In

this toll collection system the vehicle-nounted device judges the noving
base station. In the link establishment phase, the vehicle-mounted

device composing a mobile station, selects one of the windows to
transmit the ACTC to the base station.
[0011]

In response to the ACTC 15(n) from the vehicle-mounted
device, the roadside wireless device notifies the reception time slots of
the vehicle-mounted device using the control information 10(n+1) in the
(N+1)a slot (not shown) and sends data to the vehicle-mounted device
using the (N+1)b slot or the (N+1)c slot.

[0012]

The control information 10 (n+1) includes information on:

- type of roadside wireless device,

- link address field LID (Link ID) information on vehicle-
mounted device and the like
[0013]

When the vehicle-mounted device has successfully received

data arranged in the (N+1)b slot or (N+1)c slot, it analyzes the contents



8 direction based on information sent fromthe antenna and when the
backward-traveling flag is on, does not collect the toll. However, the
systemwi th this configuration gives a vehicle-nounted device user a chance
to evade tolls by altering the backward-direction traveling flag, for
exanple, by turning it on. [0020] SUMVARY OF THE DI SCLOSURE Accordingly, it
is an object of the present invention to provide a nethod and a system for
use in atoll collection systemthat charges uniformtoll at a tollbooth in
a toll road, that can correctly performtoll charging, via road-to-vehicle

comuni cat | |,Cl vel | [,0. i l faor .whi t ol
nmust be chg?grheacf,grgvm’yc{ %gﬂpghmf\%kﬁge%ﬂ(’)&sst%ogggd \l}g}#%lﬁég t%rg%?%}’lkg t\}ﬁ):l Egoetcome
apparent fromthe description below, the present i tion y be applied
not only t6n$19%F¢quF$%§f?@ﬁ %?/%&r&"nrﬁﬁﬁs%%quto(éfgw&léegg/g’ﬁﬂ%&ien a base
station that nanages nobile stations. [0022] The above and other objects of
t he i nvent readside wargleppalevige. | east in part, by providing a system
including a plurality of base stations which are coupled for comunication
each ot her [0Dh4phi ch on base station of the base stations obtains unique
information on a nobile station that has entered a w rel ess conmuni cati on

range of the one byae sl L) im the Ne¢baIst GRNIHENNCA 0@ nM i ded BetaBE! €
station; and notifies the unique information on the nobile station,

obtai ned bypf Qﬂeanel%araip?%ﬁcstb@g:cgm’ctf&l,oﬁgﬁfg Pa%e et QQE*@&?&EE?' .

downstreamto the one base station ong a noving directron o

the. mob 1 oraraTIinara e Bhagt BETae B P R R EHE) o THBbn " hat
has entered wi r el ess commruni cati on range of the other base station;
det er mi nes °PHegtRR Ihgeafodaed diprapaklned vomnsfegring HHsidata. pr edet er ni ned
forward

[0015]

The conventional toll charging processing system described
above operates normally when the roadside wireless device is provided
at a limited location, that is, at a tollbooth at the entry of a toll road and
the like.

[0016]

However, if this system is applied to a general public road and
to a toll collection system that charges a vehicle entering a toll
collection area for a toll, the problem is that an erroneous charging to
the vehicle may occur.

[0017]

That is, in a public road of two-way traffics, especially in a
lane having a narrow width and a face to face traffic, unlike a one way
tollbooth lane at an entry of a toll road, a vehicle exiting a toll
collection area must also pass through the wireless communication area

of the roadside wireless device.

[0018]



direction or a backward direction by conparing the unique information on
the nobile station obtained by the other base station with the unique
information notified by the one base station; and controls an execution of
predet erm ned processing for the nobile station based on a determ nation
result of the noving direction of the nobile station. Coo23~ The systemin
accordance with anot her aspect of the present invention has a plurality of
roadsi de wirel ess devices) O ne roadside wreless device conmunicating with
a vehicl e-mount ed device on a vehicle via wireless conmunication notifies

uni que 1 nf ormat | onasapLaliied chE VBHIBR YROh ST TRV S EEUI ELrdhd to-

road-t o-vehi cl e conmuni cati on, to ot roa W reless vi ce | ocated
downstream tp. t.he one roadsi de w ess devi.ce,. along.a nmoving .direction of
the vent o1 kRt o TRE FEFRT o ih ThPaRa iyF StirRLETy U B rRY S B
direction of the vehicle is an entry into or exit fromthe toll area by
conparing {06 Hite tHf oY ety lben sidHingethd fakh ¢tldegdpncateanpuhbed, @8vi ce via
road to-vehicle comrunication with the unique information notified by the
one roadsi deromenalsesbagEvigcec an babed ©ome todbglodlesftiomerdeeaionnat i on,
controls an execution of toll charging processing. 10 A nethod for

managi ng adeviidde station in accordance with a further aspect of the
present invention uses a plurality of base stations coupled for

comuni cat '[mlg}ach ot her and conprises the steps of: obtaining, by one base
station, unique information on a nobile station that has entered a wrel ess

At ) . ; ey ol ¢ X

e i | o o fafln e BaB06 RBRG; P Oftiof PR M IEl6SDLHITHALEAL! OO

i nformati on Qn tge nobi | e stat,i on obtained,b ai d one basg station,
qiise fofl

t
ot her base'® 188 G Pl ¢ RaHOLY toLl GoBrstion aeetdingnta,tRqg aO

nmovi ng direction of the nobile station; obtaining, by said other base

station, ufiGfséiqminiiichon vehicketiawilpe Skhisi orstorhchprgdseayehicle that

communi cation with the nobile station that has entered a wrel ess

communi cat iy ed Brgyén dh estairav adhéirelshim $ame bart;does not charge a vehicle
traveling in the opposite lane. A first antenna and a second antenna are
provided near a tollbooth along the lanes to allow the tollbooth to
communicate with vehicle-mounted devices for collecting tolls in non-
contact mode. The first antenna and the second antenna each send
information including a unique antenna number. The vehicle-mounted
device receives the signals from the first antenna and the second antenna
and checks the antenna numbers to determine which communication area
the vehicle-mounted device has entered first. When traveling in the
opposite lane, the backward-traveling flag is turned on to disable toll
collection. The vehicle-mounted device uses a timer to measure the
time during which the backward-traveling flag remains on and when a
predetermined time has passed or the vehicle enters the communication
area of a tollbooth antenna emitting different location information,

clears the backward-traveling flag to enable communication. In this

toll collection system, the vehicle-mounted device judges the moving



determ ning, by said other base station, if a noving direction of the
nobile station is a predeterm ned forward direction or a backward direction
by conparing the unique information on the nobile station obtained by said
ot her base station with the unique information notified by said one of base
stations; and controlling, by said other gbase station, an execution of
predeterm ned processing for the nobile station based on a determ nation
result of the noving direction of the nobile station. Still other objects
and advantages of the present invention will becone readily apparent to

those skil hﬁ%c't{;br{ RaSed'dn b4 LIP DG B°4énqv‘fr’8\%1]gﬁé?dndtggpge@ﬁe prerf'i‘hé”

conjunction wt € acconpanyi ng drawi hgs erred
enbodi nment nve tiop are sho and describ vvay of
I st ari BACKF 2 R BESH N e 2B Br0s P WP OUSET JRhdObt BT SRt on.
As will be realized, the invention is capable of other and dlfferent

embodi ment 8ystem With hayeomfigeration gives capabld comavgdpdi deiticenssqma

vari ous obvious respects, all without departing fromthe invention.

Accor di ngl yhanbe tdream‘dtgt@lﬂsl tdesatteirix g ohe drae ktwatik di sgaioedraselihgudagat i ve
in nature, and not as restrictive. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1

is a diagrapm gh@mpﬂg Uyetmriﬁggur(gil on of the systemin one enbodi nent of
the present invention, FIG 2is a diagramshow ng the configuration of a

roadsi de (5@ s device in one enbodinent of the present invention, FIG 3
is a diagr wi ng the configuration of a vehicle nounted device in one

o1 00essl ngS SJI PR P EBSIRE, 2 2 Lot of e

roadsi de wi rel ess devi ce. one .enbodj prent of the present invention, and
FIG 5 is a diagr a&%ﬂ&&l‘?ﬁ?%ﬁé‘?&*‘hﬁ?l%‘ft %Igf‘&f’?éﬁ 21 b?ﬁ?‘hféopo‘é’dgwl\é‘ ¢

w rel ess device and the vehicl e-nmount ed devi ce. [0024]
a method and a system, for use in a toll collection system that charges

uniform toll at a tollbooth in a toll road, that can correctly perform toll
charging, via road-to-vehicle communication, only to vehicles traveling
in the direction for which toll must be charged, without having to stop a
vehicle.

[0021]

As will become apparent from the description below, the
present invention may be applied not only to a toll collection system but
also to various systems in a base station that manages mobile stations.
[0022]

The above and other objects of the invention are satisfied, at
least in part, by providing a system including a plurality of base stations
which are coupled for communication each other, in which on base
station of the base stations obtains unique information on a mobile
station that has entered a wireless communication range of the one base
station via wireless communication with the mobile station; and notifies

the unique information on the mobile station, obtained by the one of



PREFERRED ENMBODI MENTS OF THE | NVENTI ON An enbodi ment of the present
invention will be described. The configuration of the enbodi nent of the
present invention is that at |east two sets of roadside wrel ess devices
are provided instead of one set as in a conventional system that a
roadsi de wirel ess device has an 12 additional function that accunul ates
hi story information indicating a véhicle-nounted device w th which

road-t o-vehi cl e communi cati on was rmade based on the uni que information
stored in the vehicle-nmunted device, and that this hlg%grynemﬂeﬁnatlon is

shared between the two sets of roadsi de {Vmssrec?é‘\‘/l '®es descri bed above.
[0025] A first roadside e@mm&%%e’l ocat ed upstr @2\ Vi & firom a
vehi cl e ent el | s . aot othelg ea notifies uni Jthevomatd tained fromthe

gug

vehi cl\easrﬁ)ﬁl‘r?t ed deV| ce, to.a glq)qlndf n:bad%?ﬁ WI reI ess devi ce ﬁhr@@ged
downstreamto tﬁg (s\tmrgo‘é § wirel ess devi ceqnd ﬁwehiWrS % e vehicle.
[ 0026] simeogééB roadside wirel ess u;tey\tmf’él?‘h(?g\es t he noving _direction of
t he vehicl e based g Batmmtsl‘?‘? uni que i nforrm‘thn @nenmeééhl cl e- mount ed
devi ce @(rmrd)ﬂ%‘i N necessary, E‘g [ﬂ%meatahap g operation. [Q 2a7] In
t he enbodi nent of the. Qag@anmﬂh at | east the f jesdrnai®@Stie” second
roadsi de ; %y@elsezmnﬂe\f\ ces (1, 2 in FI G e ¢ easthSHY B O ch conposes a base
station respectlvely, araﬁ Qunged) 61 “exanpl e at a toI boaifrdn a toll
road, al on& g@amrt\@& 1NMg to a toll area, {r@eﬂm@tm t he second
wi rel ess¥ESimuni cati on ar egg Hhopilé $tatePG° 1) of the first . ? fekth B 08econd
roadsi de wir.el eg edel\m\c@ e provided such thats thepn#@4 %ot overl ap. The
vehi cl e- #Hh‘ﬁtﬁéd deV| ce (nobi| ﬁ ‘%tcaidxob)l MRt ed Jon a vehi cI e t(“,I,IjgmlqnneFl G 1
) entering the toA‘J aa;m:ic\’(%‘di G 1) ent er %&J@staﬂon with
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13 first wireless conmmunication area (3 in FIG 1) |ocated upstreamalong a
vehi cl e noving direction, comunicates with the first roadside wreless
device (1 in FIG 1) over a wireless comrunication link. The first roadside
wireless device (1 in FIG 1) obtains the vehicle-nounted device uni que
information sent fromthe vehicl e-nmounted,device over a wirel ess

communi cation link. [0028] The first roadside wreless device (1) sends the
vehi cl e nount ed device unique information to the second roadsi de w rel ess
device (2 in FIG 1) |ocated downstream al ong the vehicle noving direction,

and then the first ,roadsi w rel ess devic elete t he.

vehi cl e- nount ed de@‘i %é"qﬁﬂgqft?é' Paf8ENRE i% M %[gﬁ)ﬁgﬁa“?ﬂel %%%?fdjs Sd¥it Hba

Wi rel ess devi accumyl ates the vehicl e-nmount ed devi ce_uni que
informatio “r‘i@ﬁtasﬂ’r"'&h"t mé‘ef PF%stenrtold'd’sq“dbo%uISSPé‘sgl‘bFé\th’eof bfls)e StARKOA St he
storage neans. As the vehicle ( 17) goes on noving to enter the second
wirel ess centph¢ddor oo ramaaicalin gt dachs etberl andacisngeiseisr dicests pdesf:ce (2)

obt ai ns vehi cl e- nount ed devi ce uni que information fromthe vehicl e-nounted

devi ce and retrievebtdinénygebiycdee Magntadtideyiwe quei ife rimdtos mwin anmabileady
stored in the storage neans to check whether there exists the

vehi cl e- noyidigeln dBYE GA s WHteHed lanf9FdTRES %nsmtm@msh%ntg*aeop@sﬁi 08¢ base
vehi cl e- nount ed devi ce uni que information or not. t he vehi cl e- nount ed

devi ce uni 9&&1{;5‘“ Q‘EM1r9[‘e§§a§8B'n‘&??1itc*&‘?1&i3%'tﬂetﬂevrﬁ'8'b‘ﬁe s&ﬁﬁé‘ﬁ ed device

uni que information 1s presen torage mean e second

roadsi de wirel ess de i.ce exec tes t ol ssing for

vehi cl e- mount ed deliPt! gy"]‘éfdé?’n‘b“t afe Sﬁ%“\?&hltgf’g”( %7")e Oéﬂ}aﬁgo?é)"em‘:er t he
toll area (5). After executing toll charging processing for the

vehi cl e- mofiMRide #4atioa, 0?%n§gc®héai%é’d‘§l bassstaiens tgrhes basy datides t he

vehi cl e- nobunt ed devi ce uni que information of the vehicl e-nmounted device
fromthe sio¢aigd dewmstream to said one base station along a moving direction of

the mobile station;

obtaining, by said other base station, unique information on the
mobile station via wireless communication with the mobile station that
has entered a wireless communication range of said other base station;

determining, by said other base station, if a moving direction
of the mobile station is a predetermined forward direction or a backward
direction by comparing the unique information on the mobile station
obtained by said other base station with the unique information notified
by said one of base stations; and

controlling, by said other base station, an execution of
predetermined processing for the mobile station based on a
determination result of the moving direction of the mobile station.

Still other objects and advantages of the present invention will
become readily apparent to those skilled in this art from the following
detailed description in conjunction with the accompanying drawings

wherein only the preferred embodiments of the invention are shown and



[ 0030] On the other hand, when the vehicle-nmounted device of a vehicle
exiting the toll area (5) enters the second wirel ess conmuni cation area (4)
| ocat ed upstream al ong the vehicle noving direction, it comrunicates with

t he second roadsi de wireless device (2). The second roadsi de wrel ess
device (2) obtains vehicle-nounted devic? uni que information sent fromthe
vehi cl e- nount ed devi ce. The second roads'he w rel ess device (2) sends the
vehi cl e-nount ed devi ce unique information to the first roadsi de wrel ess
device ( 1) located downstream al ong the noving direction and conpares the

Lo eGSR A0S L BB HECHL e BYR R

vehi cl e- m)urﬁ;t ed device uni que information matching the obtained . .

vehi cl e- no@htITHERG O8t (R Y LBY PRFGNMAt AWM Bfofed léng“P?NPM%n%lt%‘rbsge
means, the second roadside wirel ess device (2) does not execute toll

char gi ng prapebki ad dthertangd diffecert ambadich ey @ad [tooRVcralrdetdils sire
roadsi de wirel ess device (1) stores the vehicle nounted device uni que

i nformat i osapakhd offrmodifieasi®asnih vasidsisdebvichis négpdcassatlewitsot2), into
the storage neans. As the vehicle goes on traveling and enters the first

Wi rel ess corpdpiiaat froM ah8Ank3htidle Wd&ird'iﬂggs,iﬂfé #dwiesandevice (1)
obt ai ns vehi cl e- nbunt ed devi ce uni que informati‘on sent fromthe

vehi cl e- no ' j e i gl.a- ed device
i que. 1 nf SPSCHPO) 8P 1BThe FEERRIGE ab 1P ARFHTYL Ao R8P BB R et oo
uni que information matching the obtained vehicl e-nounted devi ce uni que

i nformati oﬁeftgl?)trlggem in the storage neans, the first roadsi de wrel ess

device (1) does not execute toll charqin%QQrocessing for the

vehi cl e- mo@R BF RESERIFTHING R FHE IRRAWINGR i s exiting the toll area.
The first roadside wreless device (1) discards the obtained '
vehi cl e- nount ed de¥ilGe luks gudiaigrhor showdngabe ¢orfigainitioa- abuhe sy stemi e
uni que information that matched the obtai ned vehicl e-nounted devi ce uni que
i nf or mat i oo n@neimbs dimieng of the@gresedthmmvwdmiage nmeans. [ 0032]

FIG. 2 is a diagram showing the configuration of a roadside
wireless device in one embodiment of the present invention,

FIG. 3 is a diagram showing the configuration of a vehicle-
mounted device in one embodiment of the present invention,

FIG. 4 is a flowchart of the processing procedures for a first
roadside wireless device and a second roadside wireless device in one
embodiment of the present invention, and

FIG. 5 is a diagram showing the format of data sent from the
roadside wireless device and the vehicle-mounted device.

[0024]
PREFERRED EMBODIMENTS OF THE INVENTION

An embodiment of the present invention will be described.

The configuration of the embodiment of the present invention is that at

least two sets of roadside wireless devices are provided instead of one

set as in a conventional system, that a roadside wireless device has an



The enbodi nent of the present invention wll be described nore in detai
wth reference to the drawings. FIG 1 is a diagram show ng one enbodi nent
of the present invention. In a systemfor collecting a uniformtoll at an
entry, a vehicle 17 to be charged executes road-to-vehicle comunication
first wwth a first roadside wireless devige 1 in the forward position, and
then with a second roadsi de w rel ess device 2 downstream al ong the vehicle
noving direction. In FIG 1, the reference nuneral 5 designates a toll area
(for exanple, toll road), the reference nuneral 6 designates a tollbooth
entry road,yQi{iBfal rafction tﬂt?&éjmhhﬁersq{i%ligﬂ??nmﬁﬁhﬁ. iﬁlcﬁ@gti%g a
designates w reless communi cation areas of the first roadside w rel%ess
device 1 and,the second r&adside.g@rqﬁeﬁs deyvi ce %r iespectivel¥” The

nar row wi r §PBLEIE FafTHI CaF it FHFDTRAGD e ighg SORMBNIERHLD Wasi ce
1 and the narrow wirel ess communi cation area 4 of the second roadside

wirel ess dé@debasedmncphgynige Jpdprmatiody atofedaiiyéle ivehiglq-aowriesy t he
road. The toll area 5, where vehicles are tolled at an entry, is not
limted todavied, andabat this hotorgriafonmyptivm anghptat dstweeh s twoadts
parking lot, a neeting place, and so on. In addition, although the wreless
communi cat ofrroadsbde Iviavlbsh Ofvides déggibeddbsaeond roadsi de wirel ess
devices 1 and 2 are shown as areas each corresponding to the |length of one
vehicle, they25py be areas long enough to include several or nore vehicles.
[0033] FIG 2 is a diagramshow ng an exanple of the configuration of the
roadsi .de Wi rel ess ei’i{r%?r&a&%icﬁn%i%ﬁg 'JE"v’lée%c‘aPe‘id Ri) %?Fer};[mlﬂ\é%@d m
Referring to FIG 2, e roadside w reless device conprisées a wreless
unit 10 and a .control unit 11 which is. connected . tq the wireless unit 10.
The i rel ods'HCL® £3 REIR% 840U BrenRaRHes UaAa¥RdnfapmariamPyiginet deom
wi rel ess device 1 shown in FIG 1 conprises an antenna 101, a

transmi ssi Op¢ Veddpls-aroumied dovictomor t $6408d wadsidewsleors deviest, a
reception circuit, and a signal separator (switching unit), and a nodem
| 03. The centangedidpw nsireampio thes first roadside wireless device viewed from

the vehicle.
[0026]

The second roadside wireless device judges the moving
direction of the vehicle based on the notified unique information on the
vehicle-mounted device and only when necessary, performs a charging
operation.

[0027]

In the embodiment of the present invention, at least the first
and the second roadside wireless devices (1, 2 in FIG. 1), each of which
composes a base station respectively, are provided, for example at a
tollbooth on a toll road, along a road leading to a toll area. The first
and the second wireless communication areas (3, 4 in FIG. 1) of the first
and the second roadside wireless devices are provided such that they do
not overlap. The vehicle-mounted device (mobile station) mounted on

a vehicle (17 in FIG. 1) entering the toll area (5 in FIG. 1) enters the



control circuit 111 that controls the general operation of the control unit
11, a unique information holding unit 112, a unique information 17
accurrul ation unit 113, an external connection unit 114, a data processor
(signal processor) 115, and a unique information conparator 116. The data
processor 115 extracts the unique infornggion of the vehicle nounted device
fromthe denpbdul ated data output fromthe nodem 103 of the wireless unit
10, and the extracted unique information of the vehicle-nounted device is
held in the unique information holding unit 11 2. The unique information
conpar at or §; e i L I i i gyt i infor, L
TR B N e S

i nformation _accunul at.i on uni%. 113. The extFrnaI. C Hnefctiton uni.t 114 sends
the obtai nd§ R TGTe ViABHIEEHOR (MM BRRCATSY el She Tt i aviretess
information holding unit 112) to the neighboring, roadsi de wreless device
under cont B6V16F ({H@ EbHt rldI O vt auvireiass conemupieathan donk. whiles st
constituted of mcro strip antenna devices or is an array antenna having a
plurality opadsidenwareless cteyvigad 1t e FlGcel) pbiammst the wehrlef mowatedadsi de
wirel ess device into a desired shape to transmt a transm ssion/reception
beam wi th dehighamiduedafovmayionThent fsomanihesy ohi gjevebuafted i vioadsvalea
wirel ess device is determ ned properly according to the wireless

communi cat iygiRe BYsR3c StafunicaAei sHlfmundi ng circunstances and the |ike. [0034]
FIG 3 is a diagramshow ng an exanple of the vehicle-nounted device in the
enbodi nent gﬁggﬁdi ng to the present invention. Referring to FIG 3, the
vehi cl e- notl,;nt ed device conprises an antenna 201, a transm ssion/reception

unit (not shown), nodem 202, .a data .processor i gnal processqr) 203, a
control l er (CPU) Zg.ﬁlet ﬁéft E%?ﬂ?lglesw”efgs? r‘?«?v\}\ﬁél(é?c?g&%ée&waﬁﬁﬁhcqﬁhi que
informati on accunul atjon unit 205. The controller 204 generates a random
nunber , formcég(létfﬁgﬁ gngﬁeﬁnfthée éﬁ&?rﬁgatlon to the second roadside wireless

device (2 in FIG. 1) located downstream along the vehicle moving
direction, and then the first roadside wireless device discards (deletes)
the vehicle-mounted device unique information.

[0029]

The second roadside wireless device (2) accumulates the
vehicle-mounted device unique information, sent from the first roadside
wireless device (1), into the storage means. As the vehicle (17) goes
on moving to enter the second wireless communication area (4), the
second roadside wireless device (2) obtains vehicle-mounted device
unique information from the vehicle-mounted device and retrieves the
vehicle-mounted device unique information already stored in the storage
means to check whether there exists the vehicle-mounted device unique
information that matches the obtained vehicle-mounted device unique
information or not.

If the vehicle-mounted device unique information matching the

obtained vehicle-mounted device unique information is present in the



is started, generates a link address LID (Link ID) conprised of 4-octet (28
bits in practice) binary data, and accumulates it in the unique information
accurrul ation unit 205 as the unique information (identification data) on

t he vehi cl e-nount ed devi ce. Al though the manufacture nunber (nmanufacture
nunber + serial nunber) nmay be used as t?{ uni que information on the

vehi cl e-nount ed device, the link address LID is usually used as the unique
i nformation on the vehicle nounted device to protect privacy. The

vehi cl e- nount ed devi ce, which has an I C card connection unit (not shown)

connect ed rol | er , I.nt G r f r i nto
fhe 1C car dreht i, BRANSE thFlesE Oy OBk ITRE S deTRPe 'GP B ubbL YO ¢ erc
vehi cl e nount ed, devi ce ma,F\{l be used as.the vehicl.e-nount ed devi&ﬁ. [t0035] An
exanmpl e of cﬂﬁég%%ww 8 f?‘%ﬁ BB teMOURtel 4oV igssdRABLES iRk the
reference to FIG 1 and FIG 5. [0036] Wen the vehicle 17 enters the

wirel ess cogmigliecalt7bis goéag 30 emMervdls wlé-arpar(Sed dafiesecxewitisad@h) on
the vehicle receives the control information 10(n) of a franme control
message sl ehafgSprisesikpGorThef vomicl bembunseéd rdeadse dehevseed rd soddyide |,
as described in the conventional technique and starts road-to-vehicle

comuni cat ivAiRelds? dEFRRNEE) d&f@eVQhkC\LﬁIi@@%@ﬁn@@d’i&Q/iéé‘QIniﬁ'il@Wn) sends
t he conmuni cati on request signal using the activation slot (ACTS). 19

[0037] In tiRFoﬁﬁ&Ff‘oﬁsof’ Meih@c@-ﬁo%netdh&eﬂJé?rcﬁrﬁgth%egtg){}q(g%ggg;ﬁhg?

wi rel ess devices and are arranged 1 n series.

W rel ess d?éggg 1 is arranged upstream al ong the noving direction of the
vehicle to ﬂ]arged, and the second roadside wireless device 2 is
arranged downstream [0038] When the road-to-vehicle comunication is
started, the first OrrbL}a%ioa ewhraéﬂes“éh%ﬁgeevefllﬁé%-ép%gt%éeaef? W4t? on

channel ACTC 15(n)
vehicle exiting the toll area (5) enters the second wireless

communication area (4) located upstream along the vehicle moving
direction, it communicates with the second roadside wireless device (2).
The second roadside wireless device (2) obtains vehicle-mounted device
unique information sent from the vehicle-mounted device. The second
roadside wireless device (2) sends the vehicle-mounted device unique
information to the first roadside wireless device (1) located downstream
along the moving direction and compares the vehicle-mounted device
unique information with vehicle-mounted device unique information
being stored in the storage means. If the vehicle-mounted device
unique information matching the obtained vehicle-mounted device
unique information is not stored in the storage means, the second
roadside wireless device (2) does not execute toll charging processing
for the vehicle-mounted device.
[0031]

The first roadside wireless device (1) stores the vehicle-

mounted device unique information, sent from the second roadside



(FIG 5) fromthe vehicle-nmounted device. The data in the activation
channel ACTC 15(n) includes the vehicle-nmounted device unique information
(L1) (LID. When wireless comunication is conpleted normally, the first
roadsi de wirel ess device 1 sends the vehicl e-nounted devi ce uni que
information (L 1 ) to the second roadsidesw rel ess device 2 and discards

t he vehi cl e-nmount ed devi ce uni que i nfor ma?i on (L1) fromthe device. The
vehi cl e-nount ed devi ce unique information (L1) may be transmtted fromthe
first roadside wireless device 1 to the second roadside wrel ess device 2
via a cabl %vi‘?F:lé’Esrgé\?&% Eif,"]ﬁ%%ﬁ' O{l%ra%%%gsl%g e pd *&%@i@?engoekfb% second
roadsi de wireless device accumnul ates e vehi'cl e-nounted devPce uni que

i nformation (LJl.i nf ormatj on), s‘e(:lnt fromthe first roadside w 5e| eh?ﬁs devi ce
1. [0040] THEYF!ING andechiafscie HEsh¥ ipnless LAM I ISAH M PESS (B hethf fHISEsS
communi cation area 4, the second roadside wreless device 2 obtains the

20 vehi cl erpddpidedwdeslicss davigad 1) grains ivehiclomeynind Aevirg anigue he ACTC
15(n) sent fromthe vehicle-nmunted device. [0041 ] In the second roadside
wi r el ess denfemniionhse ntefriooh ¢heowaitiete thevinee didiegiee iantlorataidvars (Hel) bei ng
stored mat ches the obtai ned vehicl e-nounted device unique information (L2)
because t haycahtulabed Wrihqek -inid O i¥at d oni der 0fi1 d e i ffdven ¥QbinCi - ARWOA Bk
device. [0042J That is, the second roadside W reless device 2 checks 1f the
uni que i nf QfpRtHRAonWhi ch mat ches the vehicl e-mount ed devi ce uni que
information (L2) obtained fromthe vehicle-nmunted device, is present in

t he vehi cl e-nounte evice.uni gue information that.is noti.fied framthe
first roadside w rg{ g’éeé Vggl\ll f(%églo%rhtgdsé%YleC(? PRY e r&%thﬂf’BFL%ﬂlin&nn‘e
accunulation unit, 113 of the second roadsjde wreless device 2 (see FIG

2). If theOééw%wagéclieﬁmwﬁ#weww IHOTMALAQN If RFCSEREIRI WG, the
second roadside w rel ess device 2 keeps on wi reless communication and
execut es t StPragtamgiang. phedesdi mpdside tnigeless deeiqmht d9cdendticexemiteer t he
toll collection is performed for the vehicle-nounted device normally, the
second roadslldehaigiegem assine far dhscarhdsl¢hroushididevice, judging that

the vehicle is exiting the toll area. The first roadside wireless device
(1) discards the obtained vehicle-mounted device unique information
and the vehicle-mounted device unique information that matched the
obtained vehicle-mounted device unique information and is being stored
in the storage means.

[0032]

The embodiment of the present invention will be described
more in detail with reference to the drawings. FIG. 1 is a diagram
showing one embodiment of the present invention. In a system for
collecting a uniform-toll at an entry, a vehicle 17 to be charged executes
road-to-vehicle communication first with a first roadside wireless
device 1 in the forward position, and then with a second roadside
wireless device 2 downstream along the vehicle moving direction. In
FIG. 1, the reference numeral 5 designates a toll area (for example, toll

road), the reference numeral 6 designates a tollbooth entry road to the



nount ed devi ce unique information (L1, L2) stored in the second roadside

w rel ess device 2. That is, the second roadside wirel ess device 2 del etes

t he vehi cl e- mount ed devi ce unique information (L1, L2) fromthe uni que

i nformation accunulation unit |13 and the unique information holding unit

| 12 (see FIG 2). [0043] 21 On the othfé hand, a vehicle that exits the
toll area 5 travels in the |lane opposite to the lane in the entry direction
and enters the second wireless comunication area 4 first. Wen the

road-t o-vehi cl e conmuni cati on begins, the second roadside w rel ess device 2

|0 Uhe foryeich iy SOROR RlrchilE VEREhR SRl BS9dfB e Gifafmunted devi ce

uni que i nformation romthe tain e activation channell ACTC 15(n)

sent fromthe vehicle-nounted devigce and sends i.t to the .first roadside
wirel ess dEOPUBURICHIOMAEES & el \ahrapdsitumi bl caeitdcnr qad the
information (L2). [0044] At this time, the second roadside wreless device
2 checks ifeeordyvepdside rountess devicee unt e tivelor naThenngurew marplessent
in the plurality of units of accunul ated vehi cl e-nount ed devi ce uni que

i nformati ononimunhiksicasacabodube finet vedddlde waelees desticert enddhiehe

Wi rel ess communi cation area 3 and the vehicl e-nounted devi ce uni que

i nformati onahasw NOireyés beaimeaadatisRMreRes bifrthle §artd deaddidel f3peldgyi ce
1, the sane unique information as the vehicl e-nounted devi ce uni que

i nf ti . . . i nf : | i i 13
I ntormat | O'Ele(r%(f?é 2! Sy Rth Hg ﬁ@teoueg%?_dr@lﬁfrgﬁghennagé:ﬁey a%hgrth‘é“%&%dé

(see FIG 2) the second roadside W reless device 2. Therefore, t

second roadsid i reless Vi ce ges.n execu tol] charging.processing
for the veﬁ?‘c gql\r{rmoqjgfl:% gg f%ev.eh[%f)g%fﬁﬁe géllfﬁeatvéﬁie&(géy’késengéHgt‘&éﬁgq iang
and enters the wireless communi cation area 3, the first roadside wreless
device 1 ob? iwc{sht@eum@%ear%m ABX Rlafpst ahe PH PR dOtndt he

activation channel o )
meeting place, and so on. In addition, although the wireless

communication areas 3 and 4 of the first and second roadside wireless
devices 1 and 2 are shown as areas each corresponding to the length of
one vehicle, they may be areas long enough to include several or more

vehicles.

[0033]

FIG. 2 is a diagram showing an example of the configuration of
the roadside wireless device 1 in one embodiment of the present
invention. Referring to FIG. 2, the roadside wireless device 1
comprises a wireless unit 10 and a control unit 11 which is connected to
the wireless unit 10. The wireless unit 10 mounted, for example, on the
top of the roadside wireless device 1 shown in FIG. 1 comprises an
antenna 101, a transmission/reception unit 102 comprised of a
transmission circuit, a reception circuit, and a signal separator
(switching unit), and a modem 103. The control unit 11 comprises a
control circuit 111 that controls the general operation of the control unit

11, a unique information holding unit 112, a unique information



22 ACTC 15(n) sent fromthe vehicl e-nmounted device via wreless

communi cations. [0046] The first roadside wreless device 1 checks if the
same unique information as the unique information (L1) is included in the
vehi cl e nount ed devi ce unique information accunul ated in the unique

i nformation accunulation unit 113 (see F#gi 2) of the first roadside
wireless device 1. |If the sane unique information is present, the first
roadsi de wirel ess device 1 discards L1 and L2. |If the same unique
information is present, the first roadside wireless device 1 judges that

the vehicle raveling. he_exj t.  di i.on. .and e o] cut
char gi ng pfaggég%sqlﬁ\élqr{opg%ﬂngléeﬁpc‘%ﬂet_errrg%?éhngg{}?icrﬁeggﬁogh% &laﬁa)i?}ﬁ"fg%ets%}
enbodi ment, with the operation descri hed above, it is made possible t

col lect a t(&18nYnPLPFESSAT A 1) ahiatidea ehtigrienp foRmatie} companstof ddbg) EhG 4a
and FIG 4b are flowcharts showi ng the processing procedures for the first
roadsi de widegh @gocdesdcéld exidaciethbesongue dadermetinm ef ébs wrhiicte- 2

descri bed above. The processing procedures for the first roadside wreless
device 1 amdotheedsdeoict fomdstihded vinoeludase dddkgs@ulpwt Iffoetitesorddradl 08 t h
reference to FIGS. 1-4. [0049] First, referring to FIG 4a, on receipt of

the vehi cl %‘fmllén{v@?el‘é%'ilﬁﬁtl{@,% kRé ermﬂéét@!a 1§ﬁ3ﬂfuef EMBrtxﬁ‘@ti%C&n%é oadsi de
W rel ess device 2, the first roadside wireless device 1 stores the

23
nccumitat | on "o ¢ HaGRHCAORRS 16 AL LIRS Gafd1 MRy Bh HORG A B pie
el 55 LS et R G b B S e D R o
[0050] information in the unique information holding unit 112 with the unique
information accumulated in the unique information accumulation unit
113. The external connection unit 114 sends the obtained unique
information (unique information in the unique information holding unit
112) to the neighboring roadside wireless device under control of the
control circuit 111. The antenna 101, which is constituted of micro-
strip antenna devices or is an array antenna having a plurality of antenna
devices and the like, forms the beam of the roadside wireless device into
a desired shape to transmit a transmission/reception beam with a higher
directivity. The transmission power of the roadside wireless device is
determined properly according to the wireless communication area size,
the surrounding circumstances and the like.
[0034]
FIG. 3 is a diagram showing an example of the vehicle-mounted
device in the embodiment according to the present invention.
Referring to FIG. 3, the vehicle-mounted device comprises an antenna

201, a transmission/reception unit (not shown), a modem 202, a data

processor (signal processor) 203, a controller (CPU) 204 that controls



The first roadside wireless device 1 starts road-to-vehicle conmunication
with the vehicle-nounted device of the vehicle 17 entering the wirel ess
comuni cation area 3, obtains the vehicle nounted device uni que

i nformation, and hol ds the obtained vehicle nounted devi ce uni que
information in the unique information hoi ing unit 112 (see FIG 2) (steps
S 11-S 13). [0051 ] Then, the first roadside wreless device 1 retrieves

t he vehi cl e- nount ed devi ce uni que information stored in the unique
information accunulation unit 113 to check if the same unique information

as the obtaj vehi cl e- t VLG Lque | ] IS pr nt Gstep S
T, i rnoE ST MY G B B IR B FR 8 IR VAT
is traveling in entry direction), the first roadside wireless device 1
sends t he SBREHLEE géﬁi%ﬂ@fﬁﬁ%ﬁe‘é“@é’ﬂé’é“%h?bu&rifh’f*b‘?‘ﬁé?’i\‘J efrihh ehgine
external connection unit 114 to the second roadside wireless device 2 (step
S 15), distastartede geokraties- ndimk edddess EdDudlimle IDN oo mprisad ohdk-oksst been
held (step S 17), and waits for the road-to-vehicle wreless

comuni cat (28 (itepn Pra8lice)WimAry d#t4, land hctwmidared ithal tidi@nsque uni que
information is present in the unique information accunulation unit 113 as a

result of ¢hesihaGohMaddfRufatidn ddie 405 85 theadsiflR M ftheagofevice 1

judges that the vehicle is traveling in the exit direction (step S 16),

di scards t RFc}]eVrﬁﬁ"fi%'S?ro'?PPQ@doH"téietcﬁel‘f’i%ilﬁyxﬂpgﬂfté’& rb‘%tv'éﬁ’é‘. h.eAﬂhioﬂ.g‘aﬂgxémi que

informatio ol di ng uni 2 an e vehicl'e-nmount'ed devi ce un
information sto eg i n thq)unh@ue %nfornatiog aqgunuj tion ugit 11§ (sa
uni que i nf SFHREFAGAYES MU e HRA P ABTHTE 1 SFceSEHaEJb“?‘RF MY 8 %Y i n
t he unique information holding unit 1 12) (step S 12%, and waits for the
road-to veRSdihs Yhidcetsfaramhian ot tha (vsthdples meyntead deyigs.fde Hnk wai t
period in step S 18, comunication with the vehicle-munted device of the
vehi cl e 17 addaeshidDeig asuvdlliyhesed gl thesup iy bh bam aioarem tBe bediinds- t he
processing starts fromstep 511. If vehicl e-nounted devi ce uni que

mounted device to protect privacy. The vehicle-mounted device, which

has an IC card connection unit (not shown) connected to the controller

204, has information read from or written to the IC card by the

controller 204. In this embodiment, an off-the-shelf ETC vehicle-

mounted device may be used as the vehicle-mounted device.

[0035]

An example of the operation in this embodiment will be
described with reference to FIG. 1 and FIG. 5.

[0036]

When the vehicle 17 enters the wireless communication area 3,
the vehicle-mounted device (not shown) on the vehicle receives the
control information 10(n) of a frame control message slot (FCMS) (see
FIG. 5) from the first roadside wireless device 1, as described in the
conventional technique and starts road-to-vehicle communication. In

response, the vehicle-mounted device (not shown) sends the

communication request signal using the activation slot (ACTS).



information is received fromthe second roadsi de wirel ess device 2, the
processing starts fromstep S 10. [0053] Referring to FIG 4b, on receipt
of the vehicl e-mounted device unique information sent fromthe first
roadsi de wirel ess device 1, the second roadside wirel ess device 2 stores
t he vehi cl e-nmount ed devi ce uni que i nfor ion in the unique information
accunul ation unit 113 (see FIG 2) (step S20). In the second roadside
wirel ess device 2, this processing step i s executed when the vehicle is
traveling in the direction in which the vehicle enters the toll area 5.

[ 0054] The @gﬁfd roadsi de wirel ess device 2 starts road-to-vehicle 25
connunicat[on th the vehicl e-mounted device of the vehicle 17 entering
the wireless commupicati on area 4, obtains the vehicle nounted deyice
uni que i nformati ont™ &A@ RSP LS %W('J‘b‘c“a%ﬁg;d beﬁ“’c UShaad 88f Fﬁéxiﬂrﬁeque
information in the unique information holding unit 112 (see FIG 2) (steps
S21-S23). poossps TWesrices Heasdchade ragaarged ini yadliess ddwd Egsprpadsideves t he
vehi cl e-nount ed devi ce unique information stored in the unique information
accunul at i enireleists deb3céslees kt@ngr)d tpsakeakaldng hke saovingidiuescti oh arfnehiel on
as the obtained vehicl e-nounted device unique information is present (step
S24). 1f thehpABEMUBE B rigBt Ot {1 sk So A troRdS P@N b itk kGede ¥ 123t 2 tike
vehicle is traveling in exit direction), the second roadside wrel ess
device 2 s e [ vehi cl e- nount ed devi ce uni que information from
t he externgﬂgﬁﬁﬁﬁkgggﬁﬁkﬂﬁﬁ?'114 to the first roadside wireless device 1
(step S25) 6% fards t he vehi cl e-nmount ed devi ce uni que information that has
been hel d E% % S27), and waits for the road-to-vehicle wreless

comuni cation(step,_S28). [0056] If it is found that the sane uni que
information is pre®dn the FRAAUA-GEE1¢IF 6P RERPBH IR ANISARTIE, UAF I3 as a

result of checking in step
roadside wireless device 1 receives the activation channel ACTC 15(n)

(FIG. 5) from the vehicle-mounted device. The data in the activation
channel ACTC 15(n) includes the vehicle-mounted device unique
information (L 1) (LID). When wireless communication is completed
normally, the first roadside wireless device 1 sends the vehicle-mounted
device unique information (L1) to the second roadside wireless device 2
and discards the vehicle-mounted device unique information (L1) from
the device. The vehicle-mounted device unique information (L1) may
be transmitted from the first roadside wireless device 1 to the second
roadside wireless device 2 via a cable or wireless transmissions.

[0039]

On the other hand, the second roadside wireless device 2
accumulates the vehicle-mounted device unique information (L1
information), sent from the first roadside wireless device 1.

[0040]
Then, as the vehicle keeps on traveling and enters the wireless

oy communication area 4, the second roadside wireless device 2 obtains the



S24, the second roadside wireless device 2 judges that the vehicle is
traveling in the entry direction (step S26), discards the vehicle-nounted
devi ce unique information held in the unique information holding unit 112
and the vehi cl e-nount ed devi ce uni que information accunul ated in the unique
i nformati on accunul ation unit 113 (sane g@ique i nformation 26 as the

vehi cl e- nount ed devi ce unique informatiofi"held in the unique information
hol di ng unit 112) (step S27), and waits for the road-to vehicle wreless
comuni cation(step S28). If, during this wait period in step S28,

SRR IR 8 Ry R M L CER M

fromstep | f e secqnd r adsi de wirel ess_device 2 receives the
vehicle-nngﬁggg 5? éeﬁh? bebiglpomosased [dgitfene first roadside

W rel ess device 1, the proce55|ng starts fromstep S20. [0057] Although
toll chargil@g4 b]ocesa ng i s executed by two roadside wirel ess devices, that
is, first roadside wireless device 1 and second roadsi de wrel ess devi ce 2,
in the above enbodlimeht,seiconidsrqusidblwiredes Ndetide Moreaeroadsil danvunes®ss
devices if the anmount of detailed data associated with toll charging

processi ng desi&® undf 9€ ihPeEmhationeAUL Y %%n?g'sQBBed Q@Qrcth‘ésvﬁl@ §bGained
comuni cation tine. [0058] In the above enbod |rrent each of the wreless

t f d
Govi cos 3 yagidte ﬁaﬁ@%t@f}i‘%é‘zﬁen%ug de [ftordMigR T pORANABI aRe R |,
this case, the ve ed d vi ces of .a urallt f vehl cl es send data
to the roaagﬂ%l'ée\kf’?%ﬁ'ggg%&e G AAME VEl1G n&%\lﬂbeydt agvf‘ffhe slots

avai |l abl e f8 ach vehi cl e- rmunt ed device. [0059] The present invention is
not 1inited9962testricted installation

That is, the second roadside wireless device 2 checks if the
unique information, which matches the vehicle-mounted device unique
information (L2) obtained from the vehicle-mounted device, is present
in the vehicle-mounted device unique information that is notified from
the first roadside wireless device 1 and stored in the unique information
accumulation unit 113 of the second roadside wireless device 2 (see FIG.
2). If the same unique information is present as a result of checking,
the second roadside wireless device 2 keeps on wireless communication
and executes toll charging processing for the vehicle-mounted device.
After the toll collection is performed for the vehicle-mounted device
normally, the second roadside wireless device 2 discards the vehicle-
mounted device unique information (L1, L2) stored in the second
roadside wireless device 2. That is, the second roadside wireless
device 2 deletes the vehicle-mounted device unique information (L1, L2)
from the unique information accumulation unit 113 and the unique
information holding unit 112 (see FIG. 2).

[0043]



27 environnments such as a tollbooth on a toll road but may be used to
collect tolls fromvehicl e-nounted devices on a public road w thout

st oppi ng vehicles. [0060] The systemto which the present invention is
applied is not limted to an electrical toll collection (ETC) system used
by a tollbooth at an entry of a flat-farg;toll road but may be applied to
an electrical toll collection (ETC) systemused by a tollbooth at an exit
of a flat-fare toll road. In this case, atoll is not collected froma
vehi cl e (vehicle nounted device) entering the toll road but froma vehicle
(vehicle mounted deyj ¢fg ofbf hAfidl HevERldIe RAT cxifs BRLOIIOMea" DeraVSlsell
according to the present invention may be configured, for use in a roa
pricing systemin which toll re col l.ected fromvehicles entering fro
Pon- e op ol FHARC AR 188 B afist MoHET FOLH ATEE Tt A FALET 8t Do Aluo
sets of roadside wirel ess, devices are _installed at predeterm ned |ocations
on freeway BPLeM cOMMUBICALIon 882 Hofirsl| eV hEBIthe Kaasdnie Heehighs ¢l es
entering the Metropolitan area. [0061 ] In addition, the present invention
may be applcicstimuaication-egimspahkisegondercaddidetwineleysdemiet 2ain dh¢
parking lot. For exanple, the systemallows the traffic into the parking

| ot of an dovwer@rtiratibnosf ehé RehicRas ktdiasfihew siixdt hiny uh@e @\deivdctraffic
congestion at the entry of the parking lot. Furthernore, the present

invention n@yqhe iaRelnadidd (B20F00 &t AR BAYARAthSYSd§ V110 ndc WAt St A PO
conveni ence store, or drive through shop. In this case, there is no need to

use cash t‘isﬁgy sfe%'idfroﬁ@tﬁ'?&%'ﬂ D5k Rited SLOIS a{f&’rse&)a‘"&”ﬁ‘?'tg’t ! £l OCation
bet ween t he chandi ze order Tocatlon and an exit, the roadside w rel ess
devi ce accordi,ng,to.the present jnvention charges ,an,lC card jnserted into
the vehi cl éS’ﬁBﬁﬁlee&“Bg\ﬁsge.e‘i‘ﬁet RIRE ,afés\}éﬁi%‘?lﬁcéﬁ“@?}lﬂbe4 A3¥ithe exit
is judged by the first and second base stations (roadside wreless devices)
as a vehi clU@igBgiipdormatin 6bgdsite direction and therefore this

[0044]

At this time, the second roadside wireless device 2 checks if
the vehicle-mounted device unique information (L2) is present in the
plurality of units of accumulated vehicle-mounted device unique
information. In this case, because the vehicle has not yet entered the
wireless communication area 3 and the vehicle-mounted device unique
information has not yet been sent from the first roadside wireless device
1, the same unique information as the vehicle-mounted device unique
information (L2) is not in the unique information accumulation unit 113
(see FIG. 2) of the second roadside wireless device 2. Therefore, the
second roadside wireless device 2 does not execute toll charging
processing for the vehicle-mounted device.

[0045]

As the vehicle keeps on traveling and enters the wireless

communication area 3, the first roadside wireless device 1 obtains the

unique information (L1) from the data stored in the activation channel



vehicle is not charged. [0062] In addition, the present invention may be
applied to a direction guide systemfor blind persons installed in a
station yard or in a hone. Communi cation between a wireless term nal
(mobile station) carried by a blind person and a plurality of base stations
arranged in one direction enables the ba§g stations to obtain unique
information on the nobile station and to determne the direction into which
the nobile station is noving. For exanple, when a person noves into the
forward direction, the systemnotifies that he or she may keep on novi ng;
on Lhe Ot helchRnd sSBaT PERSAM VBRI BIUAIII% A ReAFR LARLILS, PLoM b ted
to enter or I's noving in the direction opposite 10 e dedi'fed i rection,

t he system sounds .an.alarmto alert himor her to the condition. [0063] The
syst em may ‘QRYUNCaAHI88ed such that a control station or a nmanagement
center is provided that is connected to both the first and the second base
stations. I[RO¢RIs configuration, when the first base station receives a

uni que information froma nobile station, it sends the received unique
informati on to t heTdenfiret readsidenworelehe derniagehehecks 19 thertaane vAfigae

t hat, when the second base station |ocated downstreamto the first base
station, aliahgrheoioyé fBe diniqQaki @Toemalthen TRA) g inlcdtded inf @Gel ¥Ric]B-

uni que information fromthe nobile station, it sends the unique information

to the ContIﬁanﬁatc?Hile'cé)'hnti@Fe GRS Bhatital a%@uﬁl'ﬁlé{kdjpﬁ"?ﬁellﬁﬁguet han that of

the base station. The contr station or the managenent cent conpares the

uni que i nf ion received. . fraomth nd ation with the .uni que
"ot or mat o LaibEReaC RS HGBR 4RE T 2% 4087 2L B (PR Croa B d T he
control statjon or  the nagenent center, to check the nmoving direction of
the nobil e V651§ Bndeuiff &cc fS‘&‘r‘?gW’B%‘P\’é‘%b‘kﬁ%@%‘é%l‘ﬁ,N §fbsthe first
processi ng execution instruction for the nobile station via the second base
station. [@0edpidmaigelassotevigs bidiseardsol 1t ted drbsenf thavame omidpe
sunmari zed

information is present, the first roadside wireless device 1 judges that

the vehicle is traveling in the exit direction and does not execute toll
charging processing for the vehicle-mounted device.
[0047]

In this embodiment, with the operation described above, it is
made possible to collect a toll only from a vehicle entering the toll area
5.

[0048]

FIG. 4a and FIG. 4b are flowcharts showing the processing
procedures for the first roadside wireless device 1 and the second
roadside wireless device 2 described above. The processing procedures
for the first roadside wireless device 1 and the second roadside wireless
device 2 will be described with reference to FIGS. 1-4.

[0049]
First, referring to FIG. 4a, on receipt of the vehicle-mounted

device unique information sent from the second roadside wireless device



as follows. As described above, the system and nethod according to the
present invention nmake it possible to collect tolls correctly via road-to
vehi cl e conmuni cati on, w thout stopping the vehicles, only from vehicles
noving in the direction in which tolls are required. The system and net hod
according to the present invention also g?ke it possible to execute an
appropriate processing which corresponds™o the noving direction of the
nobile station. It should be noted that other objects, features and aspects
of the present invention will becone apparent in the entire disclosure and

that modi fLcah|an5, Ry, AGadQPE oY 10411 LR 0O aﬁggegfggfgeﬁgggﬁ&ggﬁeeicé he

present invéntion ‘as se el'n and

herewith. Al so it should be noted that any conbi nation .the disclosed
and/ or cl al'fedue1BHRHPA10 T éfff‘sumyl%ﬁnf%/@%tw&yammuﬁ%ep YiHé 113 (see
nodi fications af orenmenti oned. 31 CLAIMS: 1. A nobile station nmanagenent
system i nclFl&i.nd) &steipud 40) t y Iofthsafigssradsids worgllees degricednmilviscati on
each other wherein one base station of said plurality of base stations
conpri ses: preaassih@rsteptiai ¢u e tedi whenithfeov glvicil ©ris aravelinpiihethst aideeni dhat
has entered a wirel ess comuni cation area of said one base station, via

wireless CORTMA|GRthONNith ERASTNY IQ1Sirahipn; and means for notifying the
uni que information on the nobile station obtained by said one base station

to ot her bgégsg ation | ocated downstreamto said one base station along a
nmovi ng direction of the nobile station, and wherein said other base station

conprises: neans faqr ofptaini ng .uni que i nformati gn on .t he bile, station
r‘rp L}he PII'Si! roagsfilie \g'lrcless %CVlCEOl starts roa -tO-Veth (&

communication with the vehicle-mounted device of the vehicle 17
entering the wireless communication area 3, obtains the vehicle-
mounted device unique information, and holds the obtained vehicle-
mounted device unique information in the unique information holding
unit 112 (see FIG. 2) (steps S11-S13).

[0051]

Then, the first roadside wireless device 1 retrieves the
vehicle-mounted device unique information stored in the unique
information accumulation unit 113 to check if the same unique
information as the obtained vehicle-mounted device unique information
is present(step S14). If the same unique information is not present
(judges that the vehicle is traveling in entry direction), the first roadside
wireless device 1 sends the obtained vehicle-mounted device unique
information from the external connection unit 114 to the second roadside
wireless device 2 (step S15), discards the vehicle-mounted device
unique information that has been held (step S17), and waits for the
road-to-vehicle wireless communication(step S18).

[0052]



via wireless conmunication with the nobile station that has entered a

W rel ess communi cation area of said other base station; means for
determining if the noving direction of the nobile station is a
predeterm ned forward direction or a backward direction by conparing the
uni que information on the nobile station,pbtained by said other base
station with the unique information notigled by said one of base stations;
and nmeans for controlling an execution of predeterm ned processing for the
nobi l e station based on a determ nation result of the noving direction of

t he nobile station cidl ' [ .St e fi.ned in
claim1, wherein If?,gt }sﬁ%ta@%’%%?{%é%%%@?Hg?@??ggﬁ?%xﬁﬁ%ﬁ?ﬁt {?egﬁ%sgcﬁ‘ltelrﬁsﬁlaeti on
being a predeternined one direction of the forward and backward difrections,
sai d rreans“f‘b‘ﬂ“‘édHE?rdPPPHé' A LRULRHIPBAH B lplriaétaererﬁ Le pqibf‘cfé@gignlgl BHfed
on the determnation result of the noving direction of the nobile station
execut es fSldy theodesisronfdsidecsimelgss deysendi Hidgns Wiaththehgehisdendsnt al ong
said one direction of the nobile station, and in case of the noving

di recti on ofaveiengrobithe sxi@tdioactieinn(stap Sphpnsdisecadds ehtivarhiole-aaddnted
predeterm ned one direction, does not execute said first processing

respectiveldgvice uhigusalifbemstidin ﬁelm&ﬂag@n@mqt@ysﬁmi@lﬁfﬂqlq@n'%mxﬁltai m
2, wherein in case of the noving direction of the nobile station being the

opposi te ofy15aj ly REEARALIL NGy RIS Bt el itqueAnolBaTR loaNt Phti g an

execution of predeterm ned processing base termnation result of

t he novi ng direct.i gn of ..t he nobi I? st at | Oﬂ ﬂf’ s( not execut e ﬁai d f.irst

pr ocessi nguBbgu%ig %’E%@“ﬁ’r“eﬁl(é‘f‘é?lﬁi ABg ¥ %raﬁg‘scs}lﬂbq‘éesélb TREYORi th the
novenent of the nobpile station along said gpposite direction. 4. The nobile
station mafRgerditlsyewtiedsdariqneaiae ARjodnation beld my thetupiguennerein

information holding unit 112) (step S17), and waits for the road-to-
vehicle wireless communication(step S18). If, during this wait period
in step S18, communication with the vehicle-mounted device of the
vehicle 17 that has entered the wireless communication area 3 begins,
the processing starts from step S11. If vehicle-mounted device unique
information is received from the second roadside wireless device 2, the
processing starts from step S10.

[0053]

Referring to FIG. 4b, on receipt of the vehicle-mounted device
unique information sent from the first roadside wireless device 1, the
second roadside wireless device 2 stores the vehicle-mounted device
unique information in the unique information accumulation unit 113 (see
FIG. 2) (step S20). In the second roadside wireless device 2, this
processing step is executed when the vehicle is traveling in the direction
in which the vehicle enters the toll area 5.

[0054]

The second roadside wireless device 2 starts road-to-vehicle



the nobile station is a wireless comuni cation device provided in or
nounted on a nobile body. 5. The npbile stati on nanagenent system as
defined in any one of claims 1 to 3, wherein said nobile station is a

vehi cl e-nount ed device for ETC 33 (Electrical Toll Collection) that is
mounted on a vehicle. 6. Atoll collectign systemconprising a plurality of
roadsi de wirel ess devi ces being spaced each other and arranged al ong a road
| eading to a toll area, wherein one roadside w reless device conmmuni cating
with a vehicle nmounted device on a vehicle via wreless communi cation

conpri ses: fnf ti@ﬁt\iri;tl‘niﬂﬂ: uegpd{% -l %rtgatdmgeg&fam@%mc&aw one

r oadsi de mﬁr ess device fromsald vehicle-nounte evi ce via road-
vehicle co ni.cation to ,other roadside w vi ce .l oca dovvnst ream
Lo e o nE it o BRaRt AR g R A o s o e BT e
vehi cl e, and mhereln said other roadside wireless device conprises:. neans

for deter nPHIURteds davics iR LR ivtanmation. epd bekicihe pdtamehvedislero or
exit fromsaid toll area by conparing unique information obtained by said
ot her roadsi@entgidr é¢eis drigueiffomataod et cbaiguerinédretiomehoviding
road-to-vehicle communi cation with the unique information notified by said
ot her roadsmgie |\W2r@leesBIGeR) qetdpo829apd3gne roadsi de wirel ess devices, and
for controlling an execution of toll charging processing based on a result
of the det ﬂ)mjg?ti on. 7. Atoll collection systemconprising at |east a
first and a second roadside wireless devices that are spaced each other and

arranged along a regd,| sdig ke A ddlilic A fidie W hELESS LT Gation areas

of said first and secohgﬁlroa Oglge W rePess evi ces noﬁ%S over lappl hg, wherein

oL, TR B, TR SRS SRS LB BBl 2

information accumulation unit 113 (see FIG. 2) to check if the same
unique information as the obtained vehicle-mounted device unique
information is present (step S24). If the same unique information is
not present (judges that the vehicle is traveling in exit direction), the
second roadside wireless device 2 sends the obtained vehicle-mounted
device unique information from the external connection unit 114 to the
first roadside wireless device 1 (step S25), discards the vehicle-mounted
device unique information that has been held (step S27), and waits for
the road-to-vehicle wireless communication(step S28).

[0056]

If it is found that the same unique information is present in the
unique information accumulation unit 113 as a result of checking in step
S24, the second roadside wireless device 2 judges that the vehicle is
traveling in the entry direction (step S26), discards the vehicle-mounted
device unique information held in the unique information holding unit
112 and the vehicle-mounted device unique information accumulated in

the unique information accumulation unit 113 (same unique information



34 upstream along a noving direction of the vehicle, wherein said first
roadsi de wirel ess device conprises neans for obtaining vehicl e-nounted

devi ce unique information sent from said vehicl e-nounted device via

wi rel ess communi cation and for notifying the vehicl e-nounted devi ce uni que
information to the second roadside mﬁrelg s device | ocated downstream al ong
the noving direction of the vehicle, and erein said second roadside

Wi rel ess device conprises: nmeans for storing the vehicl e-nounted device

uni que information notified by said first roadside wireless device into

st orage neans, ns,for obtaini ng vehi.cl e-.munt ed. deyi .uni.que_ .

i o et 1 of el Ve Tgr dReR Ry Eh Hehdeathifiah BROPRETAERGFS fded Fnique
comuni cation and for retrieving the vehicle-nounted device unique

i nf or mat i oA fRERREAN holkding waidr bld (EH&RSS £6) chred W aikts Lo thieerqasinip ed

devi ce unique information nmatching the obtai ned vehicl e-nmounted device

uni que i nf gehaclieowir el egs evanmunieationiorepe8@8ut i f, dalring hhigwagt preotedsi ng
for said vehicle nounted device judging that the vehicle is entering the

toll area iih stepiS2&- oomm e ceio K evivhitheey ¢ Hilce b uabe dlledhit 8O ft iR
obt ai ned vehi cl e-nmount ed devi ce unique information is present in said

storage NMegRHicRNY7BARS 08 nAeL8TihR0w N8 Ve RIbTh h!ﬁ'?é'é‘ltiﬁg 424 £6 dphgue

i nformation on said vehicle-nounted device stored in said storage fhreahs

ft j { i i f, i i - { 35
Gevi o oo thkdtokisind bulPRTE RO BPoSES O hi¥s SRl KSRUEISE IARERS
vehi cl e- noynt ed devi ce of hhe v%&#cje nnw%gﬁﬁ&n_a dLrecLign of an exit from
the tol | af&¥'¢% Qyeedhe yehigleupauat WeAmigRe IfPRMaLioR §&kbnd

roadsi de wirel ess device | ocated upstrean1a|onﬂ a noving direction of the
vehicl e, from the first roadside wireless device 1, the processing starts from step

S20.
[0057]

Although toll charging processing is executed by two roadside
wireless devices, that is, first roadside wireless device 1 and second
roadside wireless device 2, in the above embodiment, it is possible to
install more roadside wireless devices if the amount of detailed data
associated with toll charging processing is so large that it requires a
long road-to-vehicle communication time.

[0058]

In the above embodiment, each of the wireless communication
areas 3 and 4 of the first and second roadside wireless devices 1 and 2
may be large enough to include a plurality of vehicles. In this case, the
vehicle-mounted devices of a plurality of vehicles send data to the
roadside wireless device (base station) using the time slots available for
each vehicle-mounted device.

[0059]

The present invention is not limited to restricted installation



wherein said second roadsi de wirel ess device further conprises nmeans for

obt ai ni ng vehi cl e-nount ed devi ce uni que information sent fromsaid

vehi cl e-nount ed device via wireless communi cation and for notifying the

vehi cl e-nount ed device unique information to said first roadside wreless

device | ocated downstreamto said second,joadside wireless device along the

nmovi ng direction of the vehicle, wherein said second roadsi de w rel ess

devi ce obtai ns vehicle nounted device unique information sent from said

vehi cl e-nount ed device via w rel ess conmuni cation, retrieves

vehi cl e- moupl,ech HRLh 6€ s HEh BiCa BT MR O 2SIAT §9aliM 3Rkt Sheradsy ppans Lo
ehi chi‘ng the o

check if v cl e nounte evi ce unique I nformation nat ai ned

vehi cl e nount ed deyj ce uni que | nformati is present in. said,stora means,
said secondolradouts fiota S clmentasf dexiett PRgh PATIC RAPE RGNS bcesal ng
for said vehicle-nounted device, if vehicle nounted device uni que

i nf or mat i oSteRR A HEhitesobt ai ned vehicle nounted device uni que information
is not present in said storage neans, and wherein said first roadside

wirel ess dé0D68]further conprises: means for storing the vehicl e-nounted
device unique 36 information notified by said second roadside wreless

device into storag®heesysie neavehicl (D pRE HéMPinedri 1ebR-ik0dppleed dewvisxe
uni que information sent from said vehicl e-nounted device via wrel ess

conmmuni cat ij g @adid ah él%tchiji%!l RE11L E&1I¥ e f%mfﬁﬁficﬂﬁ\ﬁks& L A1booth

information, stored In said storage neans, check i1t vehi cl’e-mount ed

devi ce uni gy, of QR L%‘l‘aﬂ?@?@gn o} 6’9# %lrzﬂgﬂe"a‘iﬁlﬁ.{:%'tg‘)a‘i{‘&?edctgﬁc‘éilctt%(lﬂ |

uni que information’is present; nmeans ontr g t'o Suppress

chargi ng procgessin sai d vehi cl e- nount devi ce judging that fhe
vehicle is cﬁi@i"ﬁb‘“?r&ﬁr%} setam sl by ae%‘?ﬁgf’f;’ghatt FB?‘I oglaeﬂait-ftlare toll
vehi cl e- nount ed devi ce unique information matching the obtained,

vehi cl e- nodipedd davilts ¢aficguetoifisr pat Fobeicsedfeamne vehishs §vebirlgge neans.

mounted device) entering the toll road but from a vehicle (vehicle-
mounted device) exiting the toll road. In addition, the system
according to the present invention may be configured, for use in a road
pricing system in which tolls are collected from vehicles entering from
non-Metropolitan areas into the Metropolitan area, such that at least two
sets of roadside wireless devices are installed at predetermined
locations on freeways or main national roads to collect tolls from the
vehicles entering the Metropolitan area.

[0061]

In addition, the present invention may be applied to a non-stop
parking-fee collection system at a toll parking lot. For example, the
system allows the traffic into the parking lot of an amusement part or a
theme park to flow smoothly to avoid traffic congestion at the entry of
the parking lot. Furthermore, the present invention may be applied to a
non-stop payment system in a gas station, convenience store, or drive-

through shop. In this case, there is no need to use cash to pay for



9. A nethod for nmanaging a nobile station by using a plurality of base
stations coupled for comuni cati ng each other, said nethod conprising the
steps of: obtaining, by one base station, unique information on a nobile
station that has entered a wirel ess conmuni cati on range of said one base
station, via wreless comunication mﬁthzéhe nobil e station; notifying, by
one base station, the unique information™on the nobile station obtained by
sai d one base station, to other base station |ocated downstreamto said one
base station along a noving direction of the nobile station; obtaining, by

sai d ot her i Qn, ique J [1QN mpi tatil Vi a

W rel ess cgpm%u%ﬁiazlg?%%%?vﬁ %r?he fr?r(t%lgﬁgﬁ{sdlgf iagnrél E‘E‘%tqg}?éﬁr‘]ﬁes&ek %red a

wi rel ess comuni cation range of said, ot her, base st tlgn; det erm.ni ng, by
sai d ot her THEHABALET ROCT F05ATER HA A BEL GREFOMNLINIHEL S AEYBR i < a
predeterm ned forward direction or a backward direction by conparing the
uni que i nf 8EABEdicNE bh thereapnt énventiparc nggisner Iy caed dngrried ipsadhe
station with the unique information notified by said one of base stations;

and cont r oivkhigle-moweaied dthier. babe thisataon, a arhéxkEcahtamnngffrpmedet emxit ned
processing for the nobile station based on a determ nation result of the

nmovi ng directi@pe@fby fge TPRit dh BEeEdRM-bake. sthfR NP Pid RIsTBE RPftedsslef i ned in
claim9, wherein if the noving direction of the nobile station is a

predet er m g?@tiﬁ%%ngiﬁe&éﬂi%@e %o@ﬂfgnfx?rt\’x‘@r&bﬁﬂsﬁ?&tdiip (F0f o LAFKMALLe thi

di rection I'le station, e step controll1ng an execution o

predet er m neg.ﬁr oces(s)t ng bas&d on a determnation result of the noving
direction of thé HoBPF&"8f 8t on executes first processi ng necessary in

associ ati on ﬁ%%h t he novenent into said one direction of the nobile station
and, if t h0 ﬂng direction of the nobile station is an opposite direction

of said one direction of the nobile station, does not execute said first
processi ng. In addition, the present invention may be applied to a direction

guide system for blind persons installed in a station yard or in a home.
Communication between a wireless terminal (mobile station) carried by
a blind person and a plurality of base stations arranged in one direction
enables the base stations to obtain unique information on the mobile
station and to determine the direction into which the mobile station is
moving. For example, when a person moves into the forward direction,
the system notifies that he or she may keep on moving; on the other hand,
when a person who is entering a place that is prohibited to enter or is
moving in the direction opposite to the desired direction, the system
sounds an alarm to alert him or her to the condition.

[0063]

The system may also be adapted such that a control station or a
management center is provided that is connected to both the first and the
second base stations. In this configuration, when the first base station
receives a unique information from a mobile station, it sends the

received unique information to the control station or the management



11. The method as defined in claim 10, wherein if the noving direction of
the nobile station is the opposite of said one directions of the nobile
station, the step of controlling an execution of predeterm ned processing
based on a deternination result of the nmoving direction of 38 the nobile
station does not execute the first proce§§|ng but executes predeterm ned
second processing with regards to the novenent al ong said opposite
direction. 12. The nethod as defined in any one of clains 9 to 11, wherein
the nobile station is a wireless device provided in or nounted on a noving

b e si aEPﬁhéP s S, 'wﬁ%&nttﬁaas%éy%@eb%’%? ‘5%?*&"? éﬁgéf’#égmﬁr ?“ﬁ e ¢

Col l ection), t is nounted on a vehicle. 0gfor gln

mobi | e st ath® ‘rséahacferr%ttaﬁb(ﬁ"c@)lr%‘rg %‘P%Q‘I?Yn’é‘%ﬂé&fs“b‘?“ bt m(wg 31593'698 base
station which conmunicates with a nobile station via a wireless

communi cat reeeivigsi fuaifne dnfarmepicanfrdma thgbinodibe statéanyitsends wheel ess
comuni cation with the nobile station; notify, by said one base station,

t he uni que uinif oe e formaciont fe th®bbher &t stiait am obttacrethtby thai ik Dmanommbase
stations, to a control station or a center connected to said one of base

stations; opyé& MAYthRY 0PLR8MbPRSStaIidh | OMHOednerb IdQWRRSd @2Mhle0 sai d one
base station along a noving direction of the nobile station, unique

I nf or mat i 0 éfﬂgtﬁﬁ%h e15ESH(?%%L"tﬂe%ﬁﬁ;‘u‘%s?nfo?m'&{tﬁ‘bﬁar%'cgpvé’ﬁ th xtnhFh

nmobi | e sta entered a W rel ess conmuni cation range ot Said
ot her base statl notifyin sai.d oth e statjon
"nf or mat 1 oRCRMEHE S RouRr R Rt Se SR APRATRYPERAR SePEPr BU LY 2rPBhth o
said contrg|l station or center connected to sal d ot her base station,
first base station and stored in the control station or the management
center to check the moving direction of the mobile station, and
according to the checking result, issues a processing execution
instruction for the mobile station via the second base station.
[0064]
The meritorious effects of the present invention are summarized
as follows.

As described above, the system and method according to the
present invention make it possible to collect tolls correctly via road-to-
vehicle communication, without stopping the vehicles, only from
vehicles moving in the direction in which tolls are required. The
system and method according to the present invention also make it
possible to execute an appropriate processing which corresponds to the
moving direction of the mobile station.

It should be noted that other objects, features and aspects of
the present invention will become apparent in the entire disclosure and

that modifications may be done without departing the gist and scope of

the present invention as disclosed herein and claimed as appended



39 conparing, by said control station or center, the unique information on
the nobile station obtained by said other base station with the uni que
information notified by said one of base stations to determne if a noving
direction of the nobile station is a predetermined forward direction or a
backward direction by; and controlling, Qy sai d other base station, an
execution of predeterm ned processing fof the nobile station via said other
base station based on a determination result of the noving direction of the
nobi |l e station. 15. A toll collection method in which a plurality of
roadsi de wyLele devi ces are spaced each other and arranged al ong a road
leading to a toll ‘area, said nethod conprising the steps of: notifying, by
one roadside wirel ess device ich co nicates with a vehjcl e-mount e
device on a vehicl§?§?étﬁbpéﬂ BB Eb??%dﬁ”ﬁ%?ﬁ%@opd? Fradistlosstai ned
from sai d-vehi cl e-nounted devi ce via road-to-vehicle comunication, to

ot her road3Pd&R\Fladmed clempeats,| mastesd avddestitems maystdld wrderr deedsi de

wi rel ess device along a noving direction of the vehicle, and conparing, by
sai d ot her makdsiadéons nédesmeddvined, uni que i nfornation obtained from said
vehi cl e-nount ed devi ce via road-tovehicle communication with the unique
information notified by said one roadside wireless device to determne if a
noving direction of the vehicle is an entry into or exit fromthe toll area
for controlling an execution of toll charging processing based on a
determnation result. 16. A toll collection method in which at |least a
first and a second 40 roadsi de wirel ess devices are spaced each other and
arranged along a road leading to a toll area, first and second w rel ess
conmmuni cation areas of said first and second roadsi de w rel ess devi ces not
over | appi ng, said method conprising the steps of: obtaining, by said first
roadsi de wirel ess device, vehicle nounted device unique infornmation sent
froma vehicl e-nounted device via w rel ess communi cati on when said

vehi cl e- mount ed devi ce nounted on a vehicle entering the toll area enters
the first wireless comunication area | ocated upstream al ong a novi ng
direction of the vehicle and communicates with said first roadside wrel ess
device via wi reless comuni cation; notifying, by said first roadside

wi rel ess device, the vehicle nounted device unique information to said
second roadsi de wirel ess device | ocated downstream al ong the novi ng
direction and then discarding the vehicl e-nounted device uni que
information; storing, by said second roadside w rel ess device, the vehicle
nount ed devi ce unique information notified by said first roadside wreless
device into storage neans; obtaining, by said second roadside wreless

devi ce, vehicle nounted device unique information sent from said

vehi cl e-nount ed device via w rel ess conmmuni cati on when the vehicle enters
the second wirel ess comruni cation area; retrieving, by said second roadside
wi rel ess device, the vehicl e-nmunted device unique information, stored in
said storage neans to check if vehicle-nmounted device unique information
mat chi ng



41 the obtai ned vehicl e-mounted device unique information is present;
executing, by said second roadside wireless device, toll charging
processing for said vehicl e-nmounted device judging that the vehicle is
entering the toll area if vehicle-nounted device unique information

mat chi ng the obtai ned vehi cl e- nount ed deyfce uni que information is present
in said storage neans; and deleting, by Said second roadside wreless

devi ce, the vehicle nounted device unique information on said

vehi cl e-nount ed device fromsaid storage neans after executing the tol

char gi ng ptﬁﬁgﬁﬁgﬂg for said vehicle-nounted device. 17. The tol

col l ectionnmethod ‘as defined in claim 16 further conprising the steps of: a

vehi cl e- nount ed deyi ce of ,a vehicle noving along a directjon of ap exit
fromthe totl gr‘é‘g\{’éﬁf’( é%th@nt%n%%%ﬁatméfrr@sw&amﬂ&iacahfahﬂar%%bPéEat ed
upstream al ong a noving direction of the vehicle to comunicate with said
second roadtAtdensicodpded faedomempundcation eash @shaumleeneinn, obt ai ni ng, by
sai d second roadsi de wi rel ess device, vehicle nounted device uni que
information sent fonenbsaiedstaeiuncbé-sambdntladadeyiofehaswsidtyong colmypsaesl:
second roadsi de wirel ess device, the vehicl e-nounted devi ce unique

information to saighefainsStorr @B h ey \WnigheSinfoemia¢R 1l 0624 eobAWNShERAM al ong
the noving direction of the vehicle; obtaining, by said second roadside

i rel ess IRMACRas (AREALEn wHRITHELEh ERYLASO Y EUo! BLRY BRL BSR4 O

sai d vehi cl'e-nmounte evice via wrel'ess communication, refrievin
vehi cl e- nount ed devi ce uni que i nf or

i.on, stored in said,storage neans, to
chock 11 iRt onsEfRRFel e un TR i mPhals S AREEAPg ¢ he obt ai ned

means for notifying the unique information on the mobile
station obtained by said one base station to other base station located
downstream to said one base station along a moving direction of the
mobile station, and wherein

said other base station comprises:

means for obtaining unique information on the mobile station
via wireless communication with the mobile station that has entered a
wireless communication area of said other base station;

means for determining if the moving direction of the mobile
station is a predetermined forward direction or a backward direction by
comparing the unique information on the mobile station obtained by said
other base station with the unique information notified by said one of
base stations; and

means for controlling an execution of predetermined
processing for the mobile station based on a determination result of the
moving direction of the mobile station.

2. The mobile station management system as defined in claim 1,

wherein



vehi cl e-nount ed device unique information is present in said storage neans,
and suppressing toll charging processing for said vehicle nounted device if
t he vehi cl e- nount ed devi ce uni que information matchi ng the obtai ned

vehi cl e-nount ed devi ce unique information is not present in said storage
means; storing, by said first roadsi de whhel ess device, the vehicle nounted
devi ce unique information notified by said second roadside wi rel ess device
into storage neans; obtaining, by said first roadsi de w rel ess devi ce,
vehi cl e nounted device unique information sent fromsaid vehicle-nmounted

device via wrel esg, coupyy GAl ki ‘g(ge&lle*&?io‘é%ifcth@ HEBPFe Q&twimngmﬂ

enters the first wreless conmuni cat’i on area, an retr|eV|ng

vehi cl e- nount ed dewvi ce uni e i nformatio sto ed | rage neans,
thock 11 vaRFEt et RaRae s diTet TRl b S R eP atd aod Ratl) .aﬁé frEGam5: ned
vehi cl e- nount ed devi ce uni que |nfornat|on up re55|ng, y said first

roadsi de wiSAHEl @s%arbﬁet}%éonfrcqlllntgqanngw%égp pﬁgiertérmsap@ RreKessidtgount ed
device judging that the vehicle is noving in the direction of an exit from
the toll abeaedforn bize ettt ohénamant red udie vif gbeumbqueg i dif o¢tiani oh thatedbrlg t he
obt ai ned vehi cl e-nmount ed devi ce unique information is present in said

storage nearstioAnkecds defsetprogesbinSaiedebsdrst in asgstideion reltRsthedevi ce,
t he obt ai ned vehi cl e-nount ed devi ce uni que information and the

vehi cl e- W%@&n@ﬁv'a%ngrHaQHeoﬂ@fd@féE?chQVbtstttfér &fbdile 32 dof! AnA%E BBSf
mat chi ng the obtai ned véhi cl e-nounted devi ce uni que i nfornation.

AAR?A/[A\IynA/[A\@%e s § é\féyﬂ?'ﬁ ﬁ&ﬁk@%sg@&ﬂ‘y‘b%ﬁé[ i oPhy e FxPRaice ! o
JAKR) Ksni d 391 ATBS AR S SpRarlods AT LSTESYUaf i) BUFLAFORPHHRGa)co

] ca] ca] ca] ca] ca] ca] ca] cajcTaljcalcTaljcalR " )
respectively.

3. The mobile station management system as defined in claim 2,
wherein

in case of the moving direction of the mobile station being the
opposite of said predetermined one direction, said means for controlling
an execution of predetermined processing based on the determination
result of the moving direction of the mobile station does not execute
said first processing but executes predetermined second processing
associated with the movement of the mobile station along said opposite
direction.
4. The mobile station management system as defined in any one of
claims 1 to 3, wherein

the mobile station is a wireless communication device provided
in or mounted on a mobile body.
5. The mobile station management system as defined in any one of
claims 1 to 3, wherein

said mobile station is a vehicle-mounted device for ETC
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)2) ) x S ()whereln said second roadside wireless device comprises:

means for storing the vehicle-mounted device unique
information notified by said first roadside wireless device into storage
means;

means for obtaining vehicle-mounted device unique
information sent from said vehicle-mounted device via wireless
communication and for retrieving the vehicle-mounted device unique
information, stored in said storage means to check if vehicle-mounted
device unique information matching the obtained vehicle-mounted
device unique information is present;

means for executing toll charging processing for said vehicle-
mounted device judging that the vehicle is entering the toll area if
vehicle-mounted device unique information matching the obtained
vehicle-mounted device unique information is present in said storage
means; and

means for deleting the vehicle-mounted device unique
information on said vehicle-mounted device stored in said storage means

after executing the toll charging processing for said vehicle-mounted
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mounted device unique information matching the obtained vehicle-
mounted device unique information is present in said storage means,
said second roadside wireless device not executing toll
charging processing for said vehicle-mounted device, if vehicle-
mounted device unique information matching the obtained vehicle-
mounted device unique information is not present in said storage means,
and

wherein said first roadside wireless device further comprises:

means for storing the vehicle-mounted device unique
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the steps of:

obtaining, by one base station, unique information on a mobile
station that has entered a wireless communication range of said one base
station, via wireless communication with the mobile station;

notifying, by one base station, the unique information on the
mobile station obtained by said one base station, to other base station
located downstream to said one base station along a moving direction of
the mobile station;

obtaining, by said other base station, unique information on the

mobile station via wireless communication with the mobile station that
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predetermined processing for the mobile station based on a
determination result of the moving direction of the mobile station.
10. The mobile method as defined in claim 9, wherein

if the moving direction of the mobile station is a predetermined
one direction of the forward direction and a backward direction of the
mobile station,

the step of controlling an execution of predetermined
processing based on a determination result of the moving direction of
the mobile station executes first processing necessary in association
with the movement into said one direction of the mobile station and, if
the moving direction of the mobile station is an opposite direction of
said one direction of the mobile station, does not execute said first
processing.
11. The method as defined in claim 10, wherein

if the moving direction of the mobile station is the opposite of
said one directions of the mobile station,

the step of controlling an execution of predetermined

processing based on a determination result of the moving direction of
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12.  The method as defined in any one of claims 9 to 11, wherein
the mobile station is a wireless device provided in or mounted
on a moving body.
13. The method as defined in any one of claims 9 to 11, wherein
said mobile station is a vehicle-mounted device for ETC
(Electrical Toll Collection) that is mounted on a vehicle.
14. A method for managing a mobile station, said method comprising
the steps of:
obtaining, by one base station which communicates with a
mobile station via a wireless communication, unique information on the
mobile station via the wireless communication with the mobile station;
notify, by said one base station, the unique information on the
mobile station obtained by said one of base stations, to a control station
or a center connected to said one of base stations;
obtaining, by other base station located downstream to said one
base station along a moving direction of the mobile station, unique
information on the mobile station via wireless communication with the
mobile station that has entered a wireless communication range of said
other base station;
notifying, by said other base station, the unique information on

the mobile station obtained by said other base station, to said control

station or center connected to said other base station,
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with the unique information notified by said one of base stations to
determine if a moving direction of the mobile station is a predetermined
forward direction or a backward direction by; and

controlling, by said other base station, an execution of
predetermined processing for the mobile station via said other base
station based on a determination result of the moving direction of the
mobile station.
15. A toll collection method in which a plurality of roadside wireless
devices are spaced each other and arranged along a road leading to a toll
area, said method comprising the steps of:

notifying, by one roadside wireless device which
communicates with a vehicle-mounted device on a vehicle via wireless
communication, unique information obtained from said vehicle-mounted
device via road-to-vehicle communication, to other roadside wireless
device located downstream to said one roadside wireless device along a
moving direction of the vehicle, and

comparing, by said other roadside wireless device, unique
information obtained from said vehicle-mounted device via road-to-
vehicle communication with the unique information notified by said one
roadside wireless device to determine if a moving direction of the
vehicle is an entry into or exit from the toll area for controlling an
execution of toll charging processing based on a determination result.

16. A toll collection method in which at least a first and a seco’nd
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10%&' () - 318%Rd (Mmethod comprising the steps of:
obtaining, by said first roadside wireless device, vehicle-
mounted device unique information sent from a vehicle-mounted device
via wireless communication when said vehicle-mounted device mounted
on a vehicle entering the toll area enters the first wireless
communication area located upstream along a moving direction of the
vehicle and communicates with said first roadside wireless device via
wireless communication;
notifying, by said first roadside wireless device, the vehicle-
mounted device unique information to said second roadside wireless
device located downstream along the moving direction and then
discarding the vehicle-mounted device unique information;
storing, by said second roadside wireless device, the vehicle-
mounted device unique information notified by said first roadside
wireless device into storage means;
obtaining, by said second roadside wireless device, vehicle-
mounted device unique information sent from said vehicle-mounted
device via wireless communication when the vehicle enters the second
wireless communication area;
retrieving, by said second roadside wireless device, the

vehicle-mounted device unique information, stored in said storage

means to check if vehicle-mounted device unique information matching
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vehicle is entering the toll area if vehicle-mounted device unique
information matching the obtained vehicle-mounted device unique
information is present in said storage means; and

deleting, by said second roadside wireless device, the vehicle-
mounted device unique information on said vehicle-mounted device from
said storage means after executing the toll charging processing for said
vehicle-mounted device.

17. The toll collection method as defined in claim 16 further
comprising the steps of:

a vehicle-mounted device of a vehicle moving along a direction
of an exit from the toll area entering the second wireless communication
area located upstream along a moving direction of the vehicle to
communicate with said second roadside wireless device via wireless
communication,

obtaining, by said second roadside wireless device, vehicle-
mounted device unique information sent from said vehicle-mounted
device;

notifying, by said second roadside wireless device, the
vehicle-mounted device unique information to said first roadside
wireless device located downstream along the moving direction of the

vehicle;

obtaining, by said second roadside wireless device, vehicle-
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vehicle-mounted device unique information is present in said storage
means, and suppressing toll charging processing for said vehicle-
mounted device if the vehicle-mounted device unique information
matching the obtained vehicle-mounted device unique information is not
present in said storage means;
storing, by said first roadside wireless device, the vehicle-
mounted device unique information notified by said second roadside
wireless device into storage means;
obtaining, by said first roadside wireless device, vehicle-
mounted device unique information sent from said vehicle-mounted
device via wireless communication when the vehicle keeps on moving
and enters the first wireless communication area, and retrieving the
vehicle-mounted device unique information, stored in said storage
means, to check if vehicle-mounted device unique information matching
the obtained vehicle-mounted device unique information;
suppressing, by said first roadside wireless device, toll
charging processing for said vehicle-mounted device judging that the
vehicle is moving in the direction of an exit from the toll area if the
vehicle-mounted device unique information matching the obtained

vehicle-mounted device unique information is present in said storage

means; and
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