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1 1 July 2005 1 NON-STOP TOLL COLLECTI ON METHOD AND SYSEﬁMJuﬂ}OQ@@B FlI 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 particularlylto a systemand a method that nay be
advant ageously applied to toll collection froma vehicl e-nmounted device.

[ 0002] BACKGROUND OF THE | NVENTI ON Recently, a non-stop electrical toll

col | ect i on_syst anvis-sipe TOLWAEOL 1 CATEN MEIGIOES AAbRIRE BREe Station
antenna) installed in a toll lane on a toll road such as an express way

conduct communication via a wreless link with a vehicl e-nounted device
(nobile station) provided on a vehicle to send toll charging information
to the vehi b -?Dunted device at an entry or exit location. On the
vehicle;nnéﬁ @é device that has received toll information, the tol
collection_is _executed by takin off the toll using an el ectronic account

set t | enent FLELN QK L BEt HNYENEIOMr d and the |ike connected to the

vehi cl e-nount ed device. This systemallows a vehicle to electronically pay
a toll wi thout havilhg presest opventivherdlatdsogenérally vehi aba-smipntkditieul ce
for use.in the Electrical Toll Collection (ETC) system which is
cormmer ci al kyll evldédtabhaysismmalntedsfoie 6XTHPEIG f¥h AT AasdPRarslydeenishe
vehicle. [0003] 11 July 2005
(ITS), and more particularly to a system and a method that may be
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]




2 The toll collection technique for use on a vehicle- rmur%iaguhg%bb%e in the
non-stop electrical toll collection systemw || be descri elfowwith a
conventional uniformtoll entry-location collection system in which a

vehi cl e-mount ed device is charged for a &niformtoll at an entry location
of an express road as an exanple. [0004] Road-to-vehicle comunication
between a roadside wireless device (base station) and a vehicle-nounted
device functioning as a_ nobile station is nade via control signal sent
from the roadsi de W¢ épHseollgetivactechpoass Ias useeopehivehiclspmeadedevi ce
approaches the entry tollbooth of a toll road and enters a narrow w rel ess
comuni cat dovicarigathof nphestapoabsitdieabitod! esH edtiwincey s tielve widhbe | deseoibreded
device receives the control signal sent fromthe roadsi de wrel ess device.

[0006] Fl Gelow Witbta abascani owediii€osh-{d1€ en@f yAbcatiodat ellc66Bh MAUS] Y
sent fromthe roadside wireless device and the format of data sent from

the vehicl g Wh‘f@ﬁeadvgﬁi/dlﬁeglomﬁeﬁ'Ml@@lsrbﬁrgcdedlsa lﬁfl?@hﬁdtdl{] at '21?1

present specification based on the descri ptl of in page 4

El ect | | ' t f  Radi -
|ngﬁs[|rucgs ‘“?55 Iﬁﬁulﬁg‘gék% ﬁ%ee“ ﬁog’égggﬂé‘v ’éuA%‘H? Ig I ARB STD ITg5). FI G

5 shows art?ﬁfb |l e of the format of down-link , that 1is, data sent from
base stati %oadside wirel ess device) and the format of up-link, that

i s, data sent fromnobile station (vehicle-nounted 11 Juldy,2005_
. Road-to-vehicle communication between a roadside wireless

device (base station) and 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




3 device). Referring to FIG 5, the data is conposed of flr aﬁﬁfy 26@%“ of
which is made up of a plurality of slots. The first control ~“si‘gnal’,” terned
an "Na" slot, of a frane contains control information 10 on the nobile
station (vehicle-nmounted device). The Na3slot contains a guard time, a
preanble (PR) for carrier and clock synchronization, a unique word (UA),
control information and an error check code (CRC). [0007] The Na sl ot,
terned a frange control message slot (FCM5), is a slot for

frame-mul t ApY¥&)ng. One such frame is provided at the start of each frame
only for down-link. This slot is used by the base station as a

comuni cati on contRefersing to Fiend, FacdatLdmtaosh p desd addfranesnelach (V)
conposed of frame control information and TDVA sl ot allocation informtion.
The controwhiohdsmaademp whiiachlwialitybef sbukl i MEkle Fetsawomoabisbimalof t he
following fields (not shown in the figure); 2-octets transm ssion channel

control figdrethed en(“HINANbNUWE h¥rahy8onikiabayiflor o d G4 @bhoro baf @fgmati on
and so on, 1l-octet frame configuration information field FSI (Frane

Structure .fn'?)fb(?[m#dt?&ﬂ ’(y%hia%t—ﬁod{:rﬁég?egvitcieyer 'I"I{]J ?Ja”@f&tpgoﬂag%?ia%g?rodn

(Rel ease Tinmer 1nfornation ase’station service a
control .information field

information field SC (Service. Code an | 0

501 (S ot WBHf b PrEABRTF (PED) for Bk AT REk o IO PR GOR: PoWTLOAEe SO
i ncl udes MDS él\/ﬁage Data Slot) allocation information con&ri sed of a
1-octet coWPFIU VP orratidninfopiatian aed ycsrteiorhe sk sodst (6RC)and a
4-octets I[iorbli)ﬂaddress field LID (Link I1D). 11 July 2005

The Na slot, termed a frame control message slot (FCMS), is a
slot for frame-multiplexing. One such frame is provided at the start of
each frame only for down-link. This slot is used by the base station as
a communication control slot to send Frame Control Message Channel
(FCMC) composed of frame control information and TDMA slot
allocation information. The control information, which will be
outlined below, consists of the following fields (not shown in the
figure); 2-octets transmission channel control field SIG (Signaling) for
iayer-l channel configuration information and so on, l1-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).




4 The Nb and Nc slots are nessage data slots (MDS) which ar S for
mul tipl exi ng data. One or nore (m nunber of slots) such sﬁoﬁgly?@g%

all ocated following the FCM5 in one frame. Message data slots (MDS) are
mul ti pl exed by the base station in down-#ink, and by the nobile station in
up-link. The nunber of SCIs is in for the half-duplex node, and 2mfor the
full-duplex node. In the frame configuration for full-duplex

comuni cation, a part of nessage data slots (MDS) for up- |ink channels are
~conmonly used for BBeiNhtangnNg| gogs @aaemapssagredata statsutMDs) whithtares
determ ned by control information nultiplexed into the FCMS. [0008] Wen

T oad- t o- vehliotk doc omulinp batingrddta. noD neadmetredm nénbeoafisl @) wuchl €8s

devi ce conposi ng the base station, sends only Na slots. Nb and Nc slots

are enpty steOhBoch0OdIb11dsw infpet e FCIS- IPURkedadfy i CHISQARRSIANG A oTPbil e
station, enters the wireless comuni cation area, the vehicl e-npunted

device 1! {9DSIPLECutNABUME M L Mblic B doWPh UERE, hRalde (8 IOt of

the signal sent fromthe road e Wrel ess vi ce and nakes me sl ot

f h hi ¢l.e- nt ed devi h ' i h [ i rel
. 8 el BT i L U S 28 8 Wl
Rk RE TE TR R GI TR EA

full-duplex 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




- 11 July 2005 5 detected as a result of error checking, tﬂg b nount ed
devi ce - anal yzes the contents of the control information €H§ 2@ sends
the activation channel, that is wireless |link connection request signal,
ACTC (Activation Channel) 15(n) to the réadside wireless device using tine
slots that are avail able for the vehicle-nounted device for transm ssion.
An activation slot (ACTS) is used only for up-link. There are allocated
si x channel s of windows for the activation channels wused for the nobile
station todetgitstleas aaeshlt chomn chechimg,ithle véhiche-mbaseeddavion. I n the

| i nk establishnment phase, the vehicle-nmounted device conposing a nobile

station, sehebjsesortee 0bntdifis v Mdmvsohorolt inFasmakidhe 0ALT entiosddiy tiase
station. [0011] In response to the ACTC 15(n) fromthe vehicl e-nmounted

devi ce, t hgcfiQadRirienihh el %%t%vw&gw@é pinl éoﬁgecﬁeﬁ% u%@%tsﬁ als| Ots of

t he vehicl e-nmounted devi cé using t contr ormati o n+ i'n the

N+ I h a o
! V) TR AU TFIED 950,10, A 0N SRR .1
| ud f t f d I d l'i nk
)05, DT e RGBS TR B NG L  1ne

| i ke [0013] When the vehicle-nounted device has successfully received data
arranged i Hapgaigpion.p dmopcyvation jlots(HET S isansed pady thivs wodinht s

There are allocated six channels of windows for the activation channels
used for the mobile station to register to the communication link of the
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.
f0011]
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 LLID (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




11 July 2005 6 of data and sends back response data usiagwggﬁrébﬁgsnission
time slot indicated by the frame control nessage slot ( sent fromthe
roadsi de wirel ess device. [0014] The data 14(n) in the Nb slot or the Nc
slot includes detailed information regaéding the toll collection, being
transferred between the roadside wreless device and the vehicle-nounted
device. The toll collection is perforned nornmally by transferring this

dat a. [0015% The conventional toll chargi ng processing system descri bed
above oper ai dgthongesdndsihapktrigeppoaeisiade usingltbssirdayindesion gmevsgd at a
limted | ocation, that is, at a tollbooth at the entry of a toll road and
the |ike. {fdit6iedHowerher fraie tchinsrelysicebags sdppP(FEM EP sangdnemathepubl i c
road and to a toll collection systemthat charges a vehicle entering a

toll col |l gpidsene arRaldoy davicd |, the problemis that an erroneous charging
to the vehicle may occur. [0017] That is, in a public road of two-way
traffics, ﬁﬁpﬁﬁi ally in a lane having a narrow width and a face to face
traffic, unli a one way tollbooth |ane at an entry of a toll road, a

ve ol ot ng. 2 FRL o § 94 G5 R HAUPISl AORCEMEPAED dehuth ! oo
information regarding the toll collection, being transferred between the
roadside wireless device and the vehicle-mounted device. The toll
collection is performed normally by transferring this data.

[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
coliection 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]




11 July 2005 7 As a result, the vehicle-nounted device qﬁegﬂgﬁé pgad-to-
vehi cl e communi cation with the roadside wrel ess device and | cRarged for
the toll even when exiting the toll collection area. Thus, an erroneous
chargi ng occurs unl ess sone toll collecti’fon protection is devised. [0019]
Japanese Patent Kokai Publication JP-A-8-69598 proposes a toll collection
systemthat controls toll collection according to the direction in which a
vehicle travels. This systemcharges a vehicle that traveling in the
forward direction Aarkerdirltdbes vgdi cknmyenigdvdeyisiceexequies|ioag-tar t he
opposite lane. A first antenna and a second antenna are provided near a

t ol | boot h #kbhygetdtmmbamesatio naidwthheaondsidoetineless donendmdie chat fed
vehi cl e-nount ed devices for collecting tolls in non- contact node. The

first antefoatiendotinev&eedich aRi@ABaRACIT] SN ctidh QrBR] | O dIciudi ng a
uni que antenna nunber. The vehicl e-nounted device receives the signals

fromthe fifshe3usetMadng JNGrSarPRd s Ay LOR 1@@ k /M gnna
nunbers to detnerm' ne V\Ag’?c% COfTT{UﬂI catison ar egl t eegtelﬁ’lﬁc re(it%%ltmte devi ce
has enter ege{,jsre%t_. When traveling in the opposite |ane, the

backward-traveling flag is turned on to disable toll <collection. The
vehi cl e- nD device uses a tiner to neasure the tinme during which the
backwar d- t ng flag remains on and when a predetermned tinme has

passed or the vehicle enters the communication area of a tollbooth antenna

enitting differenttapsagsedintent dcokai Bublicetivar Pt Ae8 baX@%pdoppagelai ng

flag to enable conmunication. In this toll collection system the

vehi C| e- mouwii edlbkeviare systgeshaheomsvoisgtoll collection according to-the

| - direction in which a vehicle travels. This system charges a vehicle that

traveling in the forward direction lane but 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 thé
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




11 July 2005 8 direction based on information sent from.gth n a and
when the backward-traveling flag is on, does not coll ectlltﬁgﬁfgﬁp%
However, the systemw th this configuration gives a vehicle-nounted device
user a chance to evade tolls by alterigng the backward-direction traveling
flag, for exanple, by turning it on. [80020] SUMVARY OF THE DI SCLOSURE
Accordingly, it is an object of an enbodi nent of the present invention to
provide a nmethod and a system for use in a toll collection systemthat

char ges Hﬂ‘iefcﬁ%) £25dd 8h i‘i"lf&ﬁh.’a@?ﬂt&ﬂtrﬁ@ﬁa ¢ ahPatha BRRE whah nfPrrectly

performtoll charging, via road-to-vehic communi cation, only to vehicles
i i . L2 _ . ' hout  havi

to stop oesBneaf b EEbE The Slo ot B0 ko e O e b Tt on
bel ow, t [ ' ] ' . | | ecti
oot st S LA AR Y ohFe RPN ALY i bl o0l oot o
tati , 0022] . Th th L egt f .1he..i ti

Lot or ikl RO By AR BhSRS B Reub B PRk e
systemincl udin abpl ural i t% of base stations which are coupled for

conmmuni c&tf B’F‘na@%’(lf?‘f BEHENE 1L ki ch one base station of said plurality of

base staLdW obtains wunique information on a nobile station that has
entered el ess communi cati on area of said one base station via wrel ess

comuni ch&A%t&LﬂﬁErﬁgéfogwéon; and neans for notifying the uni que

i nf or mat

Accordingly, it is an object of an embodiment of the present
invention to provide'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 mobile station management system including
a plurality of base stations which are coupled for communication each
other, in which one base station of said plurality of base stations obtains
unique information on a mobile station that has entered a wireless
communication area of said one base station via wireless communication

with the mobile station; and means for notifying the unique information




+ along a ABHRIAYNINE

| 1 July 2005 9 on the nobile station, obtained by said 9n§ gﬁﬁgogtatlon
to other base station |ocated domnstreanlto sai d one base stat Fon al ong a
moving direction of the nobile station, and wherein said other base
station conprises: neans for obtaining unique information on the nobile
station via wireless comunication with the nobile station that has
entered a wreless communication area of said other base station; neans
for deternining if the noving direction of the nobile station is a

pr edet ®'6h Orma S On "&?%E’E’ape% g}r%%?&‘c’(;%{ dpgi %?éﬁc?ﬂt yotpg%%beng the

uni que in arhed by ase
Stat!on Mddbh Mtiph WSy DGR APH SBidIBhERIRE Burid goqne, offase stati ons:
and nmeans CORt roI an execu on of ern1ne processing for t he

nmobi l e s det er m nat result f.,the novi direction of
(oo oo, FReERan’d &%[%{%e Sl bdu SR SpE R P EIe SHTr aspect of
the present . _iLnvention nﬁla% ura | r oadsj e W rge ﬁ}ﬂdew ces
bei ng sp&%’é’d’nse%?cﬁ“%%% aé’r’l Uf M Elar%%faol”e | PR SEHY ar ea.
One roadsi de, reI ess devi ce co cat rmun d deV| ce on
S ot o e inglts e RO S etéﬂ? siticn (R0} Raf
conpri ses, ans for notlf(}é,llgg uni ue [ gﬁtlon obt ai ned rom sal d
vehi cl e- VIRt S gOTERHRLIAH of sa{LR ?re R IEATSHO8t her roadsi de
W rel ess _device.l o¢cated downstream.to said o oadsi de wi rel ess device
é&heoﬁwfm IrGRHeR . thﬁﬁlog}{?eﬁtartéf&aﬁ@e wirel ess device

conprises: nean for determning if a noving direction of the vehicle is an
entry i nPEeqgtesmined forwasddirestionramamip Aigcliamy by comparing

the unique information on the mobile station obtained by said other base
station with the unigue 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.

[0023]

The system in accordance with another aspect of the present
invention comprises a plurality of roadside wireless devices being spaced
each other and arranged along a road leading to a toll area. One roadside

- wireless device communicates with a vehicle-mounted device on a vehicle
via wireless communication. The roadside wireless device comprises
means for notifying 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. The other roadside wireless device
comprises: mean for determining if a moving direction of the vehicle is
an entry into or exit from said toll area by comparing unique

-information obtained by said other roadside wireless device from said




i nformati on obtained by said other roadside wreless deVIquhﬁp |d 11
July 2005 10 vehicl e-nounted device via road-to-vehicle co nlca ion with
the unique information notified by said other roadside wireless device
from said one roadside wreless devicggand based on a result of the
determ nation, controls an execution of toll charging processing. According
to anot her aspect of the invention, there is provided a toll collection
system conprising at least a first and a second roadside wreless devices

that areygpagedn@etitc8ld@fic@Rsa 2bhaPERYeR Q8 Lot adicatRROWh tRed tol |
area, W reless communi cation areas of said first and second roadsi de

wi rel ess #yueanfethativs! habibiedOby \Wasd YtRed r8aTdeSwirdiyy §&ideYrdia mount ed
on a vehicle entering the toll area comunicates wth said first roadside

W rel ess sdaYbfe roadsiRIwiRIESLaABVIREQI BalBY i0M0a rdbhiRCGH @k Oof the vehicle,
wherein said first roadside wireless device conprises nmeans for obtaining

vehi cl e- @evdtirethaARH, (@ rithbiUgn ieRbenfiBhi GINtolISEdr, ﬁg'ﬁréééﬁm hi cl e- nount ed
device via wireless communication and for notifying the ve |cI e- nount ed

devi ce uni que i nf oArBbidifgt® ARStIERCAsSEct oFaleiifiemtibal eaercdRvpasvidiegat ed
downstream al ong the noving direction of the vehicle, and wherein said

second r aawil cileutionl SEstetie CoAPIESMpTdtSRast a@diaddh sHcondndadiede
vehi cl e-nount ed devi ce unique information notified by said first roadside

Wi r el esswisslese denicesthat age spraed; cattaothdraind elt-ahgid glorahnaloadmunt ed
device unique information sent fromsaid vehicle-nmunted device via

wi r el ess leriingrtbeateld arendwiretessetarmevinigation apely of saidofirytechdievi ce
uni que information, stored in said storage neans to check if

vehi cl e- secmic doddsvideewirelapsedevites mpt iovoriampimg ghehein ®bthidied

vehi cl e-nount ed device unique information is present; means for
mounted device mounted on a vehicle entering the toll area communicates
with said first roadside wireless device located upstream along a moving
direction of the vehicle, wherein said first roadside wireless device
comprises means for obtaining vehicle-mounted device unique information
sent from said vehicle-mounted device via wireless communication and for
notifying the vehicle-mounted device unique information to the second
roadside wireless device located downstream along the moving direction of
the vehicle, and wherein 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 unigue 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




11 July 2005 10a executing toll charging processing for sa
vehi cl e-nount ed device judging that the vehicle is enteﬁﬁnéubhgopéll ar ea

i f vehicle-munted device unique information matching the obtained
vehi cl e-nounted device uni que informatjiggn is present in said storage neans;
and neans for deleting the vehicle- nDunted devi ce uni que information on
sai d vehicle-nmounted device stored in said storage neans after executing
the toll charging processing for said vehicle-nmunted device. A nethod for

managi nggﬁewﬁhg%ﬁta{@w @rrgﬁ‘s%qﬁgg&gsm Petficld i Hffec eﬁeg jRbighl

present I nventil on uses ase stations

communi ¢ @lﬁé@&l@%ﬁm@é e En@é}‘i'n% He rtbﬁ%?reé*l? véhﬁﬂé—rﬁf)un@éﬁ Eb@ic'&%nig}(leo ne base

station, unlque information on a nobile station that has enter

wirel esslﬂé@‘lﬂ&ﬂd‘fﬁﬁ&ﬂ&h"ﬁ%%e@b@ﬁiéﬂi PaRichastountal HePiceMidiqie €l ess
communi cation wth the ile station; notifying, by one base station, the

uni que | phRFARIHANiPPréddht lﬁo@aiaesté}@gé Aibly; w%éawmﬁaem ase

station, to other base station |ocated downsStreamto said one base station

al ong a geMide-AbuAd deviRk uhidRidREbIBatiboal bRFai@ReRidENHoubYegal d ot her
base station, unique information on the nobile station via wreless

comuni cakviee stotdd iNeaid bR getmkhfl dffet exdtafignties efll @hwrsRigess
comuni cation range of said other base station; determning, by said other

base st aprotessifg forPaidigelticleatididitedodetine. mobi I'e station is a
predeterm ned forward direction or a backward direction by conparing the

uni que i nfor mati onAothethed ToPmensdiaki Omolsily sidiash by agaordidewittnge
station with the unique information notified by said one of base stations;
and further aspect of the present invention uses a plurality of base stations
coupled for communicating each other and comprises 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
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




11 July 2005 10b controlling, by said other base statioqﬂ_ggggégﬁgtion_of
predeterm ned processing for the nobile station based ona termnation
result of the noving direction of the nobile station. According to one
aspect of the present invention, therggu,s provided a nethod for managing a
nmobil e station, said nethod conprising the steps of: obtaining, by one
base station which communicates with a nobile station via a wirel ess
comuni cation, unique information on the nobile station via the wirel ess

communi cation, Wt thﬂ%llri'ﬁng{t sai&bhg& kra%gé"sitééfé o %‘ke%@h%no&fe base

station, the unique 1nfor I'on on the e s I'on obtained by said one

of base predt Qi ArdiRBbIfY 103 Hd AiAle Brarhal bEkeidsBCt ed Lo said one

of base Stations; o ase station [ocated downstreamto

sald onedegainied ReSuR theMYvf: dfebBEh AT e RBk6R, Stat! on,

uni que information on the on via w reless conmmunication with

the mbi| e statlonabgtaiiasiossneasged olliEPaRORTALERL kABrd pNOC of sal d

ot her base station; noti ng, ald o ase station, the unique

i nf or mat P?&vi@l@d%h%qé%ﬁ' ﬁr%hahhgﬂlgoatrﬁbﬂﬁe st@MofakSiPhRhoBasimpldingn. to

said control station or center connected to said other base station,

conpar i Neghe Byesibf SHALHIRls, %graéﬁé)_ﬁagé sEERLAR "'whidMecotPh@HR At8E it on on
the nobile station obtained by said other base station with the unique

i nf or mat pbikoifticil vy a Sfirdle@B oRhmRAfiBafibAl 1RI§uE SnfdHALiEHh ¥R tHe @ NMOVI ng
direction of the nobile station is a predetermined forward direction or a

backwar dpsbiRe stRiborPYia e wiresPEbIBuNYatieh Swithl 1R SR Sfadidn, an
execution of predeterm ned processing for the nobile station via said

ot her bagetigiakl ®y LdesthdBade deites] fiad LBiqie stformaiord b tHYVhibil rection

of the nobile station.
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, comparing, by said control station or center, the
unique information on the mobile station obtained by said other base
station 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.




11 July 2005 10c According to another aspect of the pres&r}t iln %gﬁs on,
there is provided a toll collection nethod in which a pl é{f’]ijfé

roadsi de wirel ess devices are spaced each other and arranged al ong a road
leading to a toll area, said nethod cgpprising the steps of: notifying, by
one roadside wreless device which communicates with a vehicl e- nount ed
device on a vehicle via wireless comruni cation, unique information
obtained from said vehicle-nmunted device via road-to-vehicle

cormuni cation, to ﬁtcBSfdiangOt%géﬁéﬁlée" %%L&i%f‘%ﬁké!ﬁ%slaﬁﬁﬂ%mﬂﬁﬁqu‘ to

sai d one roadside wreles evi ce al ong a novi'ng recti on of the vehicle,

and conpgibiidiedRy tSicBile QL8 mEARSS it Syiiched ??ﬁeggcgi_cﬁ‘%aﬂ%icgﬁugﬂéﬁﬁ mation

obtained fromsaid vehicle-nounted device v to-ve

comuni ¢ @evRRsWrehspde@ dust ci 6@&%3&@&%&@ Qhbhg 8rd2 I%%icﬁ'n% 6 of fagsi de

W reless device to determine if a noving direction of the veéh e 1s an

entry i nk@ed sdidl thethOdncbhehrliSing @He3tel of: $RMIY Y, 19023 r6%8§idll on of toll
chargi ng processing based on a determnation result.” According to another

aspect ofyitdlesPHesRRl whitte8birRRunidaes wish PveNicHethduheld deickest hon
method in which at least a first and a second roadside w reless device are

spaced egghiché et wirdless b@ﬁﬁﬁdn@é&%,&;h iﬂf@ﬁ‘i‘ﬂa!ﬂﬁ)ri 8btaihel!frgmea, fi rst
and second wirel ess comruni cati on areas o said first and second roadsi de

wi r el esssdrivekildatontid devichFia yohd-torRéhiele eomphiihidididecoséeRe Of :
obtaining, by said first roadside wireless device, vehicle-nounted device

uni que i pbadsideiwite keBtddvicdT ctated ideiven stireaimt ®sfidVose rohdsidie wirekSss
conmuni cati on when sai d vehicl e-nounted device nmounted on a vehicle

-ent eri ngdeveectaibhgar arovéng elitedtiver bf tlsé vehictt esisd coaiparihgaby Waidr ea
| ocat ed upstream al ong a noving direction of the
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.

According to another aspect of the present invention, there is
provided a toll collection method in which at least a first and a second
roadside wireless device are spaced each other. and arranged along a road
leading to a toll area, first and second wireless communication areas of
said first and second roadside wireless devices not overlapping, said
method 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




vehi cl e and communi cates with said first roadside mnrelezf 9§%¥5§ ia 11
Jul'y 2005 10d wireless communication; notifying, by sai % 9 dsi de
wi rel ess device, the vehicle-nounted device unique information to said
second roadside wreless device |ocat downstream al ong t he novi ng
direction and then discarding the vehicle-nounted device unique
information; storing, by said second roadside wreless device, the
vehi cl e-nount ed device unique information notified by said first roadside

wi r el ess yHeMes€ chRusi 430 naﬁgfiﬁgvﬁgts%!u@'ﬁ}gt Y ?éﬂ'edwﬁ@fe%@%é ?v:ds' de

wi rel ess device, vehicle- nounte e unique Information sent fromsaid

vehi cl e- @Hé‘%ﬁ%lé%bﬁﬁted”d%vi’&éﬁhﬁﬁ:?e GORPRHN R t&@ai@@ébéﬁ’tfré!&@él%e enters

the second wireless conmunication area; retrievi ng, y sal d second

roadsi dewitélebgsieviteibetted HBRmseRithesRY rthe%ee r%ﬁlrﬂethHeaﬂd‘ftHéﬂat I on,
stored in said storage neans to check if vehicl e-nmounted device uni que

i nf or mat destarded € Bhegehidle-RBLAEE devRit GhRIUPHTLEFHARH; CRoHPIIBS said
information is present; executing, by said second roadside w reless

devi ce, ketdndhaagsidle wiehsRsaévioe | e sehidla phbhehedBeikedusigece j udgi ng
that the vehicle is entering the toll area if vehicle-nounted device

uni que i bforARitic notifled by gaid éirobi@idiede wibéleks deRtY o d@¥LR UNi que
information is present in said storage neans; and deleting, by said second

roadsi demednsdsairdey| &g, setlﬂesecehdcﬂo%rdm!@hﬁfblé@y deeicenivgHirleénf or mati on on
said vehicle-nounted device from said storage neans after executi ng the

toll chai@umgdpderes sirigukdniemhdtivaiceltdromusdiddvattviccmofiteld datiber
obj ects and advantages of the present invention will becone readily

appar ent vicowlifebsss skinbhedidatidrhinhear thd velicldenteals 0w s@ordbivardless

description in conjunction with the acconpanyi ng draw ngs
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
the obtained vehicle-mounted device unique information is present;
executing, by said second:roadside wireless device, 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 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.
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




wherein only the preferred enbodi nents of the invention are nd 11
July 2005 11 described, sinply by way of illustration o?llt‘ﬁaggggpgm)de
contenplated of carrying out this invention. As will be realized, the
invention is capable of other and diffeklent enbodi nents, and its several
details are capable of nodifications in various obvious respects, all

w t hout departing fromthe invention. Accordingly, the draw ng and
description are to be regarded as illustrative in nature, and not as
restrictiveécs@rRbEE, DEBCR P @M yCH THESs DRAWINGS the(Gest meda chmgngrhastdwi ng
the configuration of the systemin one enbodinent of the present

i nvention, ofk@rr@nigsoat dhiagirdensheond N\ ¢ RE1CBBfHcglizRld, QReGin v@ nitadsd de
wi rel ess device in one enbodi mrent of the present invention, FIG 3 is a

di agr am shoyp £ et H2 o¢REf hAH AR n?fe AbYEIEhLEs, M@E@ﬂe@&*ﬁilc‘d’ethﬂs%
enbodi ment of the present invention, FIG 4 i1s a flowhart of the

Processi noc AEAGEINE G2 d G1eAibALTh EB0SLAS ML ShEBS oW PR gy Second

roadsi de:wr Ss devic nt resent 1 nvention, and

FIG 5is di agram showi ng the formaf of data sent fromthe ., roadsi de
wireless W%fég%?f?wemﬁeﬂmf&l%uméacwﬂ% Y> Hov 823 WiIpRERRRED

EMBODI MENTS OF THE | NVENTI ON An enbodi nent of the present invention will be
descri bed. despiépdenf #igutmbiedis ot dehaaseitboslirative df neHE cpradsb ROt @8vention i s
that at |east two sets of roadside wireless devices are provided instead
of one restrictive. : '

BRIEF DESCRIPTION OF THE DRAWINGS
| FIG. 1 is a diagram showing the configuration of the system in
one embodiment of the present invention,

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




set as in a conventional system that a roadside wreles dﬁm c§9§ s an 11
July 2005 12 additional function that accunul ates histo?ﬁ' (o] i on

i ndicating a vehicle-nmunted device with which road-to-vehicle

comuni cati on was made based on the uniigue information stored in the

vehi cl e-nounted device, and that this history information is shared
between the two sets of roadside wrel ess devices described above. [0025]
A first roadside wireless device |ocated upstreamviewed from a vehicle
entering aadditiomalefumnatiohitat aecoualandOhigioirgninfobmativadiddieatinge

vehi cl e-nount ed device, to a second roadside wirel ess device arranged

downst r eany ¢ icl 88mbunsdd [IRIISE it W Bl @5 30 H@MI0C Qe M1 @WEEh thiRi ch fi® nV §AAIsC] €.
[ 0026] The second roadsi de wirel ess device judges the noving direction of

the venhi Clﬁgi&%i}?%e%ohﬁ%e”@ﬁf e \f,i\l}]l%r}hfﬂ{?oh %ftBFé@tthﬁe%ﬂlgf"e ~mounted

vehi cl e- nou vi ce and on en necessary, char gi ng
operation. ,[0027] f t he res ntlon at | east the
fPrst anditvigecaashiias qué G ideoiof 8o Py P S wokh o
whi ch conposes a base station respectively, are provided, for exanple at a
tol I boot h ¥hreadyide Veedesudsndces Heaeribeddtyeo a tol | area. The first
and the second wirel ess communication areas (3, 4 in FIG 1) of the first
and t he seld8i¥b]r oadsi de wirel ess devices are provided such that they do
not overl ap The vehi cl e-mount ed device (nobile station) nounted on

A first roadside wireless device located upstream viewed from

a vehicle entering a toll area notifies unique information, obtained from
the vehicle-mounted device, to a second roadside wireless device
arranged downstream to the 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



a vehicle (17 in FIG 1) entering the toll area (5 in Flgl‘ﬂ_ﬂegb s the 11
July 2005 13 first wireless comunication area (3 in Fl Y tsed
upstream al ong a vehicle noving direction, communicates with the first
roadside wireless device (1 in FIG 1) bYer a wirel ess communi cation |ink.
The first roadside wireless device (1 in FIG 1) obtains the

vehi cl e-nounted device unique information sent fromthe vehicl e-nount ed
device over,a wreless comunication |ink. [0028] The first roadside

wirel ess déifistavigelesseGrgmid cobipincheea (buntld@ dbyleeatedi epssr e amorloag an to
the second roadside wireless device (2 in FIG 1) |ocated downstream al ong
t he' vehi cl gehbdiengovdn g etité onpnacdnithenitdresfwitht theofidsi deadsidel esscldevi ce
di scards (del etes) the vehicle-nounted device unique information. [0029]

The seconddeopss{ Hen'WIG! @35 vdeVd & réRds sA6SMl filcasi dihBinkv ehirgleriprunt ed
devi ce unique information, sent fromthe first roadside wreless device

(D). Into HfuSerauIERAREy & (1 G HRD) Ghodchlls SREToHtBITb RO onter

the second w rel ess conmmuni cat | area secon W rel ess

device (2) i ns. vehi.cle-mounted device . unique information fromthe
veh cre. oS BRIEE EErPREPh Sl HhE® o e Bl A T ity e Bk e
information.already stored in the storage neans to check whether there
exi sts t heWVEHREF Sommmdeadedid8kuni que information that matches the
obt ai:ned vehi cl e-mount ed device unique information or not. If the

vehi ¢l e- rollZ&4 devi ce uni que i nformation matching the

The first roadside wireless device (1) sends the vehicle-
mounted device unique information 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 vehiéle-mounted device and retrieves the
vehicle-mounted device unique information already stored in the storage
f 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




obt ai ned vehi cl e-nmount ed devi ce unique information is pr eppgtul}; QOP?e 11
ce

July 2005 14 storage neans, the second roadside w rel ess devi )
executes toll charging processing for the vehicle-nmounted device, judging
that the vehicle (17) is going to enterl4he toll area (5). After executing
toll charging processing for the vehicle-nmounted device, the second

roadside wreless device (2) deletes the vehicl e-nounted device uni que
i nformation of the vehi tctlt e-mounted device fromthe storage neans. _[0030]

On the ot h&fPTAGRIMCHRBnthihEcoRhd dradiidmpvdacigevideyise @) vafidpe teldi ting
the toll area (5) enters the second wireless conmunication area (4)

| ocat ed upShRiEifEap g ssimg Fehitht evahdvlgnowitedede viv e, i judginguhiacabes with
t he second roadsi de wirel ess device (2). The second roadsi de wrel ess

devi ce (2)vebiden(d7yekigdiegmournect devitcd aneai (fle i Affesmekeontiggniolf rom t he
vehi cl e-nount ed devi ce. The second roadside wireless device (2) sends the

vehi cl e- moeld R ndeioee s biti 186r théhvehi@Mel Afd el R icESthé QRESHEG WHERI LSS
device (1) |ocated downstream along the noving direction and conpares the

vehi ol e moyniads duee. (SNIGE IR UBHIAR. Mohh YN ig: Tl ed devi ce

uni que i nformation el ng” store the storage ne

vehi cl e- no. evi ¢ uni que i nfornatjqn mat ¢chi ng.t he obt ai ned

vehi cl e- nolﬁlr%g%agleovnl 82 thﬁﬁ{‘%{}@?ﬂ?%?ﬂﬁﬂ gﬁvf%e f%’b‘fms r BPTRAECtHEARE or age
nmeans, the g)g nd roadside wireless device (2) does not execute toll

char gi ng pﬁD sing for the vehicle-nmounted device. [0031] The first

roadsi de wirel ess devi ce gll) stores the vehicle-
: On the other hand, when the vehicle-mounted device of a

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—mount-ed 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




mount ed devi ce unique information, sent fromthe second rqﬁgabgﬁ é July
2005 15 wireless device (2), into the storage neans. As]t e P e goes
on traveling and enters the first wireless communication area (3), the
first roadside wireless device (1) obtalhs vehicl e-nounted device uni que
information sent fromthe vehicl e-nounted device and retrieves the

accunul at ed vehi cl e-nounted devi ce unique information for matching
information. |f the vehicle-nounted device unique information matching the
obt ai ned vBHreless fritced deinte thpisgeraganmnamat i ofsithepraisiche goest e
storage neans, the first roadside wireless device (1) does not execute

tol | char girayeping esdi emfefprhe Herstewiciles sroontmdndeati ce, argpad@)nghe Katst t he
vehicle is, exiting the toll area. The first roadside wireless device (1)
di scards t headdidei wectlgedidelecarpupioddatayi eridiblMdant&d @eovatE Qihigasd the
vehi cl e-nount ed devi ce uni que information that matched the obtained

vehi cl e- rmum&qlmaﬁcs%nvarriraﬁgtﬂmeﬁmtei-%lﬁnedi&ﬂ%k%ﬂ@{ﬁ@'\reé F‘fé Qg

storage nmeans. [0032] The enbodi nent of the present invention w
descri bed [ il with reference to.the .drawi ngs. ElG s . a
i agr am - shon a1 s BRI B n i € R Ee Wb BHAER PCpdhind 1 or
col | ecti ng. af uniformtoll at an entry, a vehicle 17 to be charged executes
r oad- t o- veHHOTB &L runi cation first with a first roadside wireless device
1in the forward position, and then with a second roadside wreless device
2 dowhst ream al ondftthé velnicdeenabuied) dgiviee tindguc infornaion mapehingf Hreence
nuneral 5 designates a toll area (for exanple, toll

obtained vehicle-mounted device unique information is present in the

storage means, the first roadside wireless device (1) does not execute

toll charging processing for the vehicle-mounted device, 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. | 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



road), the reference nuneral 6 designates a tollbooth entlr]é r?a% to§the 11
July 2005 16 toll area 5, the reference nunerals 3 and 4 élyi% z?t S

W rel ess comunication areas of the first roadside wireless device 1 and
the second roadside wireless device 2, Hespectively. The narrow wirel ess
comruni cation area 3 of the first roadside wirel ess device | and the
narrow Wi rel ess communi cati on area 4 of the second roadsi de w rel ess

devi ce 2, f'ch do_nqat overlap, are arranged in series along the road. The
toll area 5° 1mﬂé3ﬁe5vgtm E?%CQFE MYPEEH Sat aad ditasjenaiesnwiralppsted to a
toll road; the toll area may be any places such as a toll parking lot, a
meet i ng pl 88EIMPAICHsOBAICAN odddict Tiost radddidegwiteiessviegiesd amdheni cati on
areas 3 and 4 of the first and second roadside wireless devices 1 and 2

are shown asceméasadsile wirclespatediiog 2,0ordspeckiggyh ofhe anerowhivedegesd hey
may be areas | ong enough to include several or nore vehicles. [0033] FIG

2 is a di agoaimenutien abe£330PBe Glirdthe £L308¢ GWrald QNdOfice! N Ppds! de
wirel ess device 1 in one enbodi mnent of the present invention. Referring to

f
cont rol unftrRR api ERACCORTRUARESR, hrs £ DT LTERPaR s Tad W efnles ©

I'S connecte W Teless unit

unit 10 no ed, ,for, .exapple, on the top of the.roadside wreless device 1
shown in 'F#%lcl% %brvrvphrlf:is%e BR o i%aaﬁ%ffr@&ﬁ‘gh%ﬁglﬁsﬂp%@fﬁ fotduni t
102 c_orrpri,P d OEI a transmssion circuit, a reception circuit, and a signal
separ at or EEV&O LArSRy Surihore wekiclesddemollesl atpa ensys b8 nodilimited sonmr i ses
a control circuit 111 that controls the general operation of the control
unit toll road; the toll area may be any places such as a toll parking lot, a

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




11, a unique information holding unit 112, a unique information July
2005 17 accumul ation unit 113, an external connection urﬁr’f‘]&lyﬁ?a§5data
processor ('signal processor) 115, and a unique infornmation conparator 116.
The data processor 115 extracts the unible information of the vehicle-
nount ed device fromthe denodul ated data output fromthe nodem 103 of the
wireless unit 10, and the extracted unique information of the
vehi cl e-nounted device is held in the unique information holding unit 112.
The uni que@f s BikatiPeM G Mplat.at bexiamad cigiresdiahanihil dde a datfaop raeisenr i n
t he unique information holding unit 112 with the unique information
accumul at efsiigmat lpgogns e 1 hfoandita oniqee anfd@hadonwimhpaididr The efther nal
connection unit 114 sends the obtained unique information (unique
i nf or mati ofata) ptee dswirUES leRtRI0TRIthe Nu Mi)fud Yo fidtiod b2)thleOvéig18ei ghbori ng
roadsi de wirel ess device under control of the control circuit 111. The
antenna 10&0&41%8%\%@0%?6};1 Eh‘é%@n?édma%ﬁ'da%grélﬁ %’B%?Hgﬁﬁ@‘@&{%ﬁ%s an
array antenna having a plurality of antenna devices and the Tike, formns
t he beam o j.d i fel es evice int a desifred shape transmt
2 tr anem oof obF LERERCIR L, BT RS G GaLH S yrfals Fof mTGRE oS B cst on
power of the, roadside wreless device is determ ned properly according to
the wirel egghl&gﬁ?mﬂﬁeé? G5 vireas iiei A0 thiauBigy & iR R AP R AB WY tand
the like. L0034] FIG 3 is a diagramshow ng an exanple of the
vehi cl e- mobih? ed Thieyinéeue Anfomatibodt dmparaigol P v mpaneasether sgeque
invention. Referring to FIG 3, the vehicle-nmounted device conprises an
antenna 20formatiemsmithsiwriguecieforr oration holditg showh) 2 witodemadFue a
dat a :
- 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 po‘wer of the roadside wireless device is
determined properly according to the wireless communication area size,
the su;rounding 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




processor (signal processor) 203, a controller (CPU 204 H]?hn!ﬁ? ols 11
July 2005 18 the whol e device, and a uni que information ac atl on unit
205. The controller 204 generates a random nunber, for exanple, when the
engine is started, generates a |link addi8ess LID (Li nk 1 D) conprised of
4-octet (28 bits in practice) binary data, and accunulates it in the

uni que i nformation accunul ation unit 205 as the unique information
(identification data) on the vehicl e-nmounted device. Although the

manuf act ur thowritsde davinet aodu enhqwdénfornsatip alaqrumperatiomynbe208ed The t he
uni que ‘i nformation on the vehicle-nmunted device, the link address LIDis

usual |y usedna®lidre2@digpuerandsos rahiom pombee, Yohiexlagnplepwtiadtieengens o
protect privacy. The vehi cl e-nount ed devi ce, which has an I C card

connect i onjduRidriddOkeRERMBY zf?ﬁ'ﬁ'le§@§fhstsoLfﬂ39(LQ‘ﬂ'Rt 1’]9? c%hpx%@éld dfaf-octet
information read fromor witten to the IC card by the 'controller 204. In

this embody fgwus A0 pELE LU 1REE] (BTE YRR IRIDL 5P 1ASKLGRIRY De used

as the-vehicl e-nmoun exanp € 0 e opera i*on in this

embodi ment . A e descri bltﬂﬁ Wi th, rgégren to, Fl G, % and FIG 5. [0036]
When the v 6F‘¢£‘ 1R AGeEpulafionppiy HP&%&‘?&H QBAtign (e

vehlcle nnunted device (not shown) on the vehicle receives the_ control
i nf ormat i off f@(‘r’f}"‘%ﬁo& 434&%)%6*#% r6higkss e tslode Vicens) Aldeargbrihs  5) from
the first roadside wireless device 1, as described in the conventional
t echni que Bagudaelure moader dovathi falcen oot axat isemiall numbes ponse b et ise d
vehlcle nount ed devi ce (not shown) sends the
as the unique information on the vehicle-mounted device, the link
address LID is usually used as the unique information on the vehicle-
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). -




communi cation request signal using the activation slot (ACTS), Ammg -------
11 July 2005 19 [0037] In the case as shown in FIG 1, ﬁ?‘%b’r%{)ognd

second roadside wreless devices 1 and 2 are arranged in series. The first
roadside wireless device 1 is arranged ®pstream al ong the noving direction
of the vehicle to be charged, and the second roadside wireless device 2 is
arranged downstream [0038] Wen the road-to-vehicle conmunication is
started, the first roadside wireless device 1 receives the activation
channel AC@®3IB(n) (FIG 5) fromthe vehicle-nmounted device. The data in
the activation channel ACTC 15(n) includes the vehicle-nmunted device

uni que informatiom {hd kaktlal)shoAhennWFIE! @$3heofimaini #diseodnt sroadypdet ed
normal ly, the first roadside wireless device 1 sends the vehicl e-nounted

device uni Gig 10 %@%ém ihd )2 bR bhe SRONd sePRAST deniig aliess adpyd ce 2
and di scards t he vehi cl e-nmount ed devi ce uni que Information (L1) from the

devi ce. ;/elhg&'d%w Ut 8, 9KECh NS NORETALd ki) g 1BY11oRS ¢ the

transmtte rom -t irst roa ess I'ce ese

roadsi de- wir el evi abl e or r ss transmssions.. [ 0039] On
e of hor KA1 RS & sBarkedoandiBE e bat duige c‘@lrze%a%éﬁm%?els* the

vehi cl e- nount ed devi ce unique information (Li information), sent fromthe

first roadeiraagafrdqeastigadice 1. [ 0040]
[0038]

When the road-to-vehicle communication is started, the first
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 (L1) (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

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




Then, as the vehicle keeps on traveling and enters the wifrelyg 2005
communi cation area 4, the second roadside wreless device 2 obtains the 11
July 2005 20 vehicl e-mounted device unique information (L2) fromthe data
in the ACTC 15(n) sent fromthe vehicl @&nounted device. [0041] In the
second roadside wirel ess device 2, the vehicle-nounted device unique
information (L1) being stored matches the obtai ned vehicle-nounted device
uni que information (L2) because they are the unique information fromthe
same vehi cYehigdermenntrs;dexicq ooagye tnbermationhd Befuny theadaiadin {e el ess
device 2 checks if the wunique information, which matches the

vehi cl e- nDARTTEA Iddwi) se ntirfrqmethe rvfcdllicrm-irmur(tbﬂ)d@titcai ned fromthe

vehi cl e-nount ed device, is present in the vehicle-nounted device uni que
informati gpd4ugt is notified from the first roadside wreless device 1 and
stored in the unique information accunulation unit 113 of the second

roadsi de wirel ess rfeyc rf( ?Saﬂﬁ] watelebl deRfcEATRIEMN ﬂgBEHPéd on is

present as a result of c |ng, e second roadside wireless device

keeps on reles Commuy executes toll. cghar r.ocessing for

Khe e ol A Rs e G TooE R R (P SR1RE S350 Maneeid e SRPHBRHCS [0 the

vehi cl e- mount.ed devi ce ormally, the second roadsi de wirel ess devjice 2

di scards t¥ ¢S "&t"é“t%aﬁYh‘tF H@W'&‘“elﬁ?ﬁ’ RLUIPRS Fﬁ?t“’(q_i,eﬁ'_?)restbﬁred in

t he second roadside wireless device 2. That is, the second roadsi de

Wi rel-ess wWugucel nfogmasiars framm thehs ame- ‘m:luﬁﬂ@dll@!émft,fbdaﬁi%e i nformation

(L1, L2) fromthe unique information accumulation unit 113 and the uni que
[0042]

That is, the second roadside wireless device 2 checks if the

unique information, which matches the vehicle-mounted device unique

information (L2) ebtained 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]



information holding unit 112 (see FIG 2). [0043] 11 July 200 On the
ot her hand, a vehicle that exits the toll area 5 travelsﬁﬂngugﬁgaﬁgne
opposite to the lane in the entry direction and enters the second wreless
conmuni cation area 4 first. Wen the roatto-vehicle communicati on begins,
the second roadside wireless device 2 in the forward direction of the
vehi cl e obtains the vehicl e-nmounted device wunique information (L2) from
the data in the activation channel ACTC 15(n) sent fromthe

vehi cl e- nount ed de@ncttheaotheyelmatsd, & vehithethatrstitsnbadsilbarea Setragssldavi ce
1 and di scards the vehicle-nmunted device wunique information (L2). [0044]

At this tifes 14N 099G (DA I flge WhtdleesStriedire€tidnChiff kateds tHhgecond
vehi cl e-nount ed device unique information (L2) is present in the plurality

of units of;AGEUEWahfd NE 'i%ea'rré%uli‘tf?f’stqevﬁﬁf‘e Up A¥Gad iedt QERRYEON. [N this
icle ed t

case, because the ve as not yet enter e wreless conmunication

o o e GLIRABAS SRS BN L AP BB JRIe ! oo

dii‘que
information as the, vehjcle-npunted device, unique informatio %LZ) i s not

in the uni R 3uek 3?%1%"&%8%%‘@%&%%45 ihe vehicle-maynisy 43VicRe second

roadsi de wirel ess device 2. Therefore, the second roadside wreless device
2 does notuekpeutefarardtiendd@Ingomibecdaiang thor acHaationi ehannpliElC
device. [0045] As the vehicle keeps on traveling and enters the wreless
15(n) sent from the vehicle-mounted device and sends it to the first

roadside wireless device 1 and discards the vehicle-mounted device

unique information (L2).

[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

Aprocessing 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




comuni cation area 3, the first roadside wreless device {4 ghtpbppst he

uni que information (L1) fromthe data stored in the activation channel 11
July 2005 22 ACTC 15(n) sent fromthe vehicl e-nmounted device via wrel ess
comuni cations. [0046] The first roadsi & wirel ess device 1 checks if the
same unique information as the unique information (L1) is included in the
vehi cl e- nmounted devi ce uni que information accunul ated in the unique
information accunul ation unit 113 (see FIG 2) of the first roadside

wirel ess dAGEE 15 (n)f saefroammdham dhielsmorntad daviee piesemelesshe fir st
roadside wireless device 1 discards Li and L2. If the sanme unique

i nformat i ooomsnpniseidns.t he first roadside wirel ess device 1 judges that
the vehicle is traveling in the exit direction and does not execute toll
char gi ng p[@@e@ﬁi ng for the vehicle-nmunted device. [0047] In this

enbodi ment, with the operation described above, it is mnade possible to

collect a toll On'T‘?f; rf?f@taro‘é%@hﬁé Sy 2B s §yidaer tc‘ﬁe‘ck@ri‘?athegsuarlégq#‘}ﬁhu'é' G

4a and FIG 4b are owcharts show ng the processing proce or the
first roadside w.rel ess,.device |.and the se d. roadsi de w,rel ess .device 2
Geser i bod HHgraties SUECRS Httailfad s HEARRRd i UL FRE 6T o oo
device | and the sdecqnd roadside wire|less device 2. will be described with
ref erence 19umted devige L[rg@gg]mformatmn accumulated in the unique

information accumulation unit 113 (see FIG. 2) of the first roadside
wircless device 1. If the same unique information is present, the first
roadside wireless device 1 discards L1 and L2. If the same unique
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 I 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




First, referring to FIG 4a, on receipt of the vehicle- nt.e i ce
uni que information sent fromthe second roadside wrel eggﬂdgvlijc?‘gﬁ) 1 July
2005 23 2, the first roadside wireless device 1 stores the vehicl e-nounted
device unique information in the unique23nformati on accunmul ation unit 113
(see FIG 2) (step S 10). In the first roadside wireless device 1, this
processing step is executed when the vehicle is traveling in the direction
in which the vehicle exits the toll area 5. [0050] The first roadside

Wi rel ess deéyithe firstiarddsid oadirebessetie cice 1 coomamnileavieaicleridvutnhed device
vehi cl e-nmount ed devi ce of the vehicle 17 entering the wireless

conmmuni cat n@hqaE §afSimeHbal AStHenVAN ¢4 RyrIPHBh ot Y BRI udME1 13 (see
i nformation, and hol ds the obtained vehicle- nounted devi ce unique

i nformati ogyj h i i nfor.matd. I I e 2) (steps
S11-S13). F&ggﬁ) %htgﬁg%lﬁ)e f:f[fr?sftﬁgrfcl)g Sl e&gvl\nﬂrge‘?“g{séég%%\g}fz’g{e% ?f?tur% eves the
vehi cl e- mount ed devi ce unieﬂ(gee infornati stored.in thi. unilﬁﬁﬁe i.nfornmati on

n
accunul at i BROTHI YO8 53PS GRESRIPY When §g?‘n§’e Frut® iAo Airqgeon
‘obtai ned vehi cl e-mpunt ed_devi ce uni que information is present(step S14). If
the sane uh® dtlichnths ¥ehids ‘?’éltﬁdflegf’élséﬁ%a 5¢judges that the vehicle is
traveling in entry direction), the first roadside wreless device 1 sends
t he obt ai nE}O&hi cl e- nount ed device unique information fromthe external
connection unit 114 to the second roadside wreless device 2 (step S15),
di scards the vehi cThefotmntexhdded¢ ceirelodsqdeyicef drsvatdsorpaldiad-veddcheen hel d
(step S17), and waits for the

- 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 S135), discards the vehicle-mounted device
unjque information that has been held (step S17), and waits for the

road-to-vehicle wireless communication(step S18).

[0052]




road-to-vehicle wrel ess communication(step S18). [0052] 111J’31'1'_% %069)05 24
If it is found that the sane unique information is presen]t uni que

i nformation accunulation unit 113 as a result of checking in step Sl14, the
first roadside wirel ess device 1 judges 24hat the vehicle is traveling in
the exit direction (step S16), discards the vehicle-nounted device unique
information held in the unique information holding unit 112 and the

vehi cl e- nount ed devi ce unique information stored in the unique information
accurul ati on unit K13 isdavadutaiudia proenmique forndierhs resemiuit dae

devi ce unique information held in the unique information holding unit 112)
(step S17)unioque waidrsndtoon take unoakHion vwehil¢ Beaswa rebeRsof ohvukimain endst ep
S18). If, during this wait period in step S18, comunication with the

vehi cl e- mogntedneeviseaoatiside wivehis €edicet N3habas thAt ehed dHiglMd el ess
comuni cation area 3 begins, the processing starts fromstep S 11.

! oadsi d ”““‘3"%215'%‘9 ﬁ‘e‘fﬁe af5re dRERIORY R16)3 Sl 62 WIE%S%PB%S%

roadsi de w rel Vi ce
Referring of, .the _vehicl e-np .devj c

d )
ot ot oiOulseby e PTEgRRRLRR M ALY A nde G SREOUR U S b fuinty

roadsi de ML fless device 2 stores the vehicle-nmpunted device uni
i nf or mat i ohl ¥ Rudhhey ¥ ehird er mrosimtai BV ige imigiugt SR Ition ptoyeden tlrm 2)
(step S20). In the second roadside wireless device 2, this processing step
i s execut cénigieninfieemasio it lag cisn  bagias) undt it h3tlsenu neégquonnformatioshas he
vehicle enters the toll area 5.

the vehicle-mounted device unique information held in the unique

" 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 ffom 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.
f0054]

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




[ 0054] The second roadside wirel ess device 2 starts roadjyo-vEegﬁbs 11 July
2005 25 communi cation with the vehicl e-nounted device of:&ﬂg rele 17
entering the wireless comuni cation area 4, obtains the vehicle- nounted
devi ce unique information, and hol ds t he2%bt ai ned vehicl e- nount ed devi ce
uni que information in the unique information holding wunit 112 (see FIG 2)
(steps S21-S23). [0055] Then, the second roadside wreless device 2
retriceves the vehicle-nmounted device unique information stored in the

uni que i nfFommathoratage omithatieonehiwil¢-mod8n(sdaeFiG: of)thieovehiedk iF t he sane
uni que information as the obtained vehicl e-nmounted devi ce uni que

i nformati oBnierippgateniifedtep cOdfhunidatibe ssaaet UehQUasithEoFdiki®on is not
present (judges that the vehicle is traveling in exit direction), the

second roags)ifteW d & @2 SuARMICH foraftesn ! BRa ARIIANGL YeMiGkE vaHRI&d

device unique information fromthe external connection unit 114 to the

first roadsj i r Vi ce. | t S25).. di scards the vehigl e-,,ount ed
devi ce uni giuogﬁ}t\rélﬁfl o(?én‘glt% ?’o'gl%t u%tl%fg(srﬁbagg%n ﬁrellt(ﬁl e(%?leqpues o,rl%arfcljm\}\/g]letqgl?%r t he

road-t o-vehicl rel o ni caf i on ep S28). [0056] If it is found
that the sif¥ E}n&“ ﬁ%emr%ﬂyﬁi’si ébg?éi t in the unique information
accunmul ation unit 113 as a result of checking in step 524, the second
roadsi de W?@t¥ks device 2 judges that the vehicle is traveling in the

entry direction (step S26), discards the vehicle-nounted device unique
information hel d ihhthethmbeoend mhadsitd erirbleisdidwyioni retrieves the

vehicle-mounted device unique information stored in the unique
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 $24). 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 $27), 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
524, the second roadside wireless device 2 judges that the vehicle is
traveling in the entry direction (step $26), 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




112 and the vehicl e-nounted device unique information achpH{@§§60§n t he
uni que information accunul ation unit 113 (sanme uni que i nformtion I1 July
2005 26 as the vehicl e-nmounted device unique infornmation held in the
unique information holding unit 112) (siep S27), and waits for the
road-to- vehicle wireless conmunication(step S28). If, during this wait
period in step 528, comrunication with the vehicl e-nounted device of the
vehicle 17 that has entered the wireless conmmunication area 4 begins, the
processi ngasthe tvehficbmmeeptedRdevide nhiywecofnt makdsi il dnin thesaiqeevi ce 2
recei ves the vehicle-munted device unique information sent fromthe first

roadsi de winfelressicehoddidg unfie 1112908s6p ISR Dt amtds whai it st ee r&2d-tof 0057]
Al t hough toll charging processing is executed by two roadside wreless

devi ces, t bahidie,wliclsds Eoafiaidre i onsesp @zea/)it.cexf, &mng%@mai&qﬁmb@e

wirel ess device 2, in the above enbodinent, it is possible to install nore

roadst de W €19 S e il hNBa RN IO Lo fIFLRL i b Assasd dled vt
toll charging processing IS so large at It ' requires a Tong

road-t o-vehicl nication tipe. [005 In the above enbodinent., each of
e i 1 ol Sbtedrrhrish o oTaptad Fhe SaCtPssrcamavs et oahar ol GHE 1 ads de
wreless devices 1 and 2 may be Iar%e enoggh to include a plurality of
vehi cl es. 1h¢ PRP&essang starfs froanistsrSidunt Bt vreend goads g Paretafsof

vehicles send data to the roadside wreless device (base station) using
the time sdotisea¥akbables fhy vebadle-mehingté-drotint athiganei pgformation sent

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




[ 0059] The present invention is.'not limted to restricted ion I
July 2005 27 environnents such as a tollbooth on a toll quo‘ggﬁ)ggbgtr‘?ny be
used to collect tolls fromvehicle-nounted devices on a public road

Wi t hout stopping vehicles. [0060] The sstemto which the present

invention is applied is not limted to an electrical toll collection (ETC
systemused by a tollbooth at an entry of a flat-fare toll road but may be
applied to an electrical toll collection (ETC) systemused by a toll booth

at an exiteovimdhants sueh acld toHbadthlon nhiodl casd bua maklbé ssadttocol | ect ed
froma vehicle (vehicle- nmounted device) entering the toll road but froma
vehi cl e (vebikice-tomuftioad védavekeinQxidedn@e vt std la p@Bdc doadedgindwmn, the
system according to the present invention nay be configured, for use in a
road pricknghSinst $8hidlewhi ch tolls are collected fromvehicles entering
from non-Metropdlitan areas into the Metropolitan area, such that at |east
two sets g@oéﬁgdsi de wireless devices are installed at predeterm ned

| ocations on freeways or main national roads to collect tolls fromthe

vehi cl es entering e Metropolitan area. [0061] In addition, the present

i nvention may be aIEBFiSéf&f?IB @ Whichiths Prisemit igyeBEonoly aepligd syBekm at a
toll parking |ot. For exanple, the systemallows the traffic into the

par ki ng | otinsftedfoapiisaeiitcgdatoll solkectioe B Tar kysien luowdshpat Hiybeothavoi d
traffic congestion at the entry of the parking lot. Furthernore, the

- present inweahicrtryey délaapipread!l ooad but may be applied to an electrical toll

collection (ETC) system used by a tollbooth at an exit of a flat-fare toll
road. In this case, a toll is not collected from a vehicle (vehicle-
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 iﬁ 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




non-stop paynent systemin a gas station, convenience st gngbve- ‘
t hrough shop. In this case, there is no need to use cash July
2005 28 nerchandise at a store. For exanple, at a Iocatlon bet ween t he

mer chandi ze order |ocation and an exit, 1ghe roadsi de w rel ess device
according to the present invention charges an IC card inserted into the
vehi cl e-nounted device. In this case, a vehicle entering fromthe exit 1is
judged by the first and second base stations (roadside wireless devices)
as a vehi cherochundisd at athaooppodidree damete ) anadnd ativar bEoweehths vehicl e
is not charged. [0062] In addition, the present invention may be applied to

a directiomergHhA8IAY 8FESH i@éat@bh%dﬁ)ﬁﬁ%% tH@E@Mﬁ@c' ﬁh?el%&sﬂ'fd'e%‘cé/ard or
in a home. Communication between a wireless termnal (nobile station)

-carried by, n@rcﬁhg”ﬁ%e ﬁ?Q%@}nduﬁf (e 'hta¥g9{)t aheRe c%tfﬁtl'n%?tf A {ABYRL ' N

one directio ase stations to®obtain unique I nformation on
the nobil e on and.t eter the directi |nto whi nmohi | e
Station i SYeRAIPHOCUREFd SRaiE o WS 4 as6r dore HNe SRREINE Fibrh dfgairl
direction,, the s sten1not|f|es that he or she may keep on noving; on the
ot her handlSJ idves Hiashagd |Sse%debaﬁ@Saatppa&ér@ﬁéﬁldueswwdﬁw ted to
enter or is nDV|ng |n the direction opposite to the desired direction, the
system sodedisean aal avehi olcameviingiim dre hpposigetdigectinai am@mhe{atfoee]thrme
system may al so be adapted such that a control station or a nmanagenent

center is peloidledd ndta¢hargedonnected to both the first and the second base
stations. In this configuration, when the first base station

[0062]
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 fo 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




receives a unique information froma nobile station, it ﬁﬁ?ﬂ%g;?ﬁ geceived
uni que information to the control station or the nanagenen uPy 2005

29 center. After that, when the second base station |ocated downstreamto
the first base station, along the novi n2direction of the nobile station,
receives a unique information fromthe nobile station, it sends the unique
information to the control station or the center that is in an upper |ayer
than that of the base station. The control station or the nanagenent
center conperi@s. t hafieri dwaé, wifeor biwe sononédeiseedafioon] adasedsbhrwnstrbageto
station with the unique information sent previously fromthe first base

stati on anthsfosedasa sthgoaQriivak hieainiodnin@rdirbetiovanad eie miobideniterionho
check the noving direction of the nobile station, and according to the

checking resddives laSehRfu @i RFAGEHIbATTBXEEHE nPobile NThIidG I19Reh@s thke nobile
station via the second base station. [0064] The neritorious effects of the

present | nﬁﬁﬁ*eggllg)é'gbaﬁgmﬁi&%d%oﬂ%oi gkit?%ﬁ\ﬁ'or%edgél?{eirQ%qtg ¥ S ﬁgﬁeér ‘o

system and e Ing to the present inventron nmake it possi
col | ect to}ﬁ&s correctly via road-to-. vehigle commupi cation, w thout
Stoppi ng. LHTdRREL At e PR3fstGinfcl eLhfAMIE] Akt dirr s on i n whi ch
tolls are required. The system and nethod according to the present
i nvent i on BREGEAEIEAL| (CNLEHSHMPRrasothsBaIARe AnfeImt BRRI tRcel peddEe®i HP whi ch
corresponds to the noving direction of the nobile station. It should be
not ed t hatsaomer bady etttson fveidh thesumigd casfectsitofn sthe ppeesarsiyifnemntiicon
wi Il become apparent in the entire disclosure and

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




~ that nodifications my be done w thout departing the gist, . a dls§8§§ of the
present invention as disclosed herein and cl ai ned as appéﬂd N ly 2005
30 herewith. Also it should be noted that any conbination of the disclosed
and/ or clained elenents, matters and/or 3k ens may fall under the
. nodi fications aforenentioned. 11 July 2005 31 CLAIMS: 1. A nobile station
managenent systemincluding a plurality of base stations coupled for
conmmuni cation with each other wherein one base station of said plurality of
base statiB®E%HRpri ses: neans for obtaining unique information on a
nobile station that has entered a wirel ess comuni cation area of said one
base station, viaAla él essukbbrum tedt itcrt avi ¥ leotndiel nawinid ef shatdien]o st
means for notifying the unique information on the nobile station obtained

by sai d ongndasecislifiddoplde Mishahalase anldabt 9t rh 9&ad dalldendst (g@m to sai d
one base station along a noving direction of the nobile station, and

wher ei n sajd QFReki RASErleM d Ao fOFPr | ses: neans for obtaining uni que
information on the nDblfe station via wreless conmunication with the
nobil e station that has entered a wreless comunication area of said
ot her base station; neans for determning if the noving direction of the
nobile station is a predetermned forward direction or a backward
direction by '




conparing the unique information on the nobile station oa;lai ”fd2§ﬁ said
ot her base station with the unique information notified %836 g of base
stations; and neans for controlling an execution of predeterm ned

. processing for the nobile station bas on a determnation result of the
nmoving direction of the nobile station.” 2. The nobile station nmanagenent
systemas defined in claim1l, wherein 11 July 2005 32 in case of the
noving direction of the nobile station being a predeterm ned one direction
of the f \Q? and backward directions, said nmeans for controlling an
execution of predeterm ned processing based on the determ nation result of
the novi Rg di pegt | : [ I fir L i
necessarg “in ésis:%dc@% %%ﬁé.m&?trﬁgphggmﬁ%{\g%%%? ng?’gﬁlg‘t@; dé ﬂltélr |1§§§f?igr%gof t he

mobi | e skald g céﬂgléd“f&?éﬁnﬁiunfcgﬁgﬁgﬁtg&g?géﬂ S%%logvrk]%fr%frﬁe mobi e station

bei ng an opposite direction of sal erm ne Irection, does not

execute said first Oﬁggfgﬁ%ﬁéggglonr%sgﬁgt%mgm 3f baBE STRARLLE 108s:

managenent system as n alm ereln I n case of the noving

direction of the s %@bb@éﬁn‘?ﬁé&?ﬁﬁﬁe iR tich Yn LitbmiEdehfbf ned

one direction, said neans for cont an execution of predeterm ned

processi fgaPASekRRréd dot3648 BBHIAUNIESTH larkh NSaIA0NhE hlle’ S]] Of

the nobile station does not execute said first processing but executes

pr edet er IRk IEFORSNRARARSH I wids BIRE n3bslle Wdtor hendovenent of the nobile
station along said opposite -

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




direction. 4. The nobile station managenent system as def.n i y one of
claims | to 3, wherein the nobile station is a wreless é&wﬁﬂh’@gﬁs

device provided in or nounted on a nobile body. 5. The nobile station
managenment systemas defined in any one®f <clains 1 to 3, wherein said
nobile station is a vehicle-nmounted device for ETC 11 July 2005 33
(Electrical Toll Collection) that is nounted on a vehicle. 6. A tol

coll ection systemconprising a plurality of roadside wireless devices

bei ng spaced each iot beye afidharmanges direstgon afode meddiagtatéon baiggl 2 ar ea,
wherei n one roadside w rel ess device conmunicating with a vehicle- nounted
devi ce on prauBhechényd i daleestoc ofmhni foatiaod Swdbaickesrd dizans oher
notifying unique information obtained by said one roadside wreless devi ce

from sai§ d é’aﬂ'ﬂi ﬁﬂeﬁnwt&ﬁlﬁsmﬁﬁg M @xé@@ﬁbhoof ﬁ?@&&ﬂc@nﬁﬂ@ﬂ‘%&'o@:@%b
ot her roadside w reI ess device [ocated downstreamto said one roa 5| de

wi rel ess deylapodl (104 8 JRndGiod ALY nld\inY el frodPDF (HOG bl ¢Sl d

ot her roadsi ess devi ce conprises: neans erm ni ng a novi ng
direction of the vehicle an entré into or exit from.,said. toll area by

conparing it ‘dﬂbe?‘ﬁ?B?%‘E‘r%Pr%%"t%ﬁ‘H "B SSar lgﬂ»?éPC}%téag.‘?ﬂ‘éhv\ﬁlﬂﬁe| ess

devi ce from said vehicl e- npunted devi ce via road-to-vehicle communi catl on
with the u%oéf&‘éﬂefltn?]é’rﬂﬁﬁi”djnoﬁétqlff%ﬂoﬁyo%hli“?j g vd £ Srté’ial&@isd’éldvdfk cpesof

deV| ce fromsaid
the moving direction of the mobile station being an opposite direction of

said predetermined one direction, does not execute said first processing
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




one roadside wirel ess devices, and for controlling an exgﬁlutl ?n Bb t ol |
chargi ng processing based on a result of the determ nati & gll

col l'ection systemconprising at least a first and a second roadside

wi rel ess devices that are spaced each otI3er and arranged along a road

| eading to a toll area, wirel ess comuni cation areas of said first and
second roadsi de wi rel ess devices not overl appi ng, wherein a vehicl e- nount ed
devi ce nmounted on a vehicle entering the toll area conmunicates with said
first roadéEbetnicadlBsld Qellection)canéds Iodnted 2@08 veddclepst ream al ong a
nmoving direction of the vehicle, wherein said first roadside wreless

devi ce conpri sgxoleadslectin obs@indicagn Mabics @- pnitatRg cfevoLdsidpiwliRless
informati on sent fromsaid vehicle-nounted device via wrel ess

conmmuni cat uevlc%@%élqlrcggaéémeh &th@rva%fa! gHem ld”&ﬁq‘gdﬁ‘&‘o%‘ﬁ AAGHE to a

information to the s d roadside wreless VIC ocat ed downsTream
al ong the {m\fl A9, di hectl on of the vehicle, and wherein said second
eteln , .
roadsi de w rel’dsd: devi et corrprl ses: nmeans for storing the vehicle-nounted
devi ce unique informati oti.fied said first .rogdsi de wreless device

by
into storage nearf$1° 24 %‘ o keSS ﬁ’leﬂgc?/éﬁl%ﬂné‘“ﬁﬁﬁHPEdwaé’vFé@hﬁﬁfeq

information sent fromsaid vehicl e-nounted device via W rel ess
comuni cat MO 4ed deorice an peVtHgle Héa weicds 5 ADTHMBHI GGk € OTH] Id BRs
information, stored in said storage neans to check if vehicl e-nounted
devi ce uni que i nf aneats dor mextchiing umig uebidiomath tvemhiobiteimalibyechiddeve ce
uni que information is present;
roadside wireless device 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 wherein
said other roadside wireless device comprises:
means for determining if a moving direction of the vehicle is
an entry into or exit from said toll area by comparing unique information
obtained by said other roadside wireless device from said vehicle-
mounted device via road-to-vehicle communication with the unique
information notified by said other roadside wireless device from said
one roadside wireless devices, and for controlling an execution of toll
charging processing based on a result of the determination.
7. A toll collection system comprising at least a first and a second
roadside wireless devices that are spaced each other and arranged along
a road leading to a toll. area, wireless communication areas of said first
and second roadside wireless devices not overlapping, wherein

a vehicle-mounted device mounted on a vehicle entering the

toll area communicates with said first roadside wireless device located




means for executing toll charging processing for said vehjcl t ed
device judging that the vehicle is entering the toll ar e?llcfy%ﬂy 2005

vehi cl e- nount ed devi ce unique information matching the obtained

vehi cl e- nount ed devi ce uni que informati is present in said storage

means; and neans for deleting the vehicl®e-nounted device unique

i nformati on on said vehicl e-nounted device stored in said storage neans
after executing the toll charging processing for said vehicle-nounted 11
July 2005 i : . |l ecti m as defined in claim?7,
wherein a Ségﬁrg?é{ ?rgounrﬁ 2&&2\?{1%3{1&8@% (\%fe l?%lvghir%@i’ng in a direction of
an exit fromthe tobl ar eaaeigiopm{)i ca&es, vi.alvm' rsl ess communication, wth
sai d second roadsi HBCHT Pt HAsTIGEY 24T I W kP LGRS FPELGh APTHYISCS MRATHy
direction of the vehicle, wherein said second roadside w rel ess device
further cobfr PREMNIREFDIcH- nppRiad AgYichreleuamonfriduaden watyipgusaid
informati on sent from said vehicl e-nounted device via wrel ess

comuni cat vehicdpemponteddeivige ngatwireledds cbarmouintagio tewidcBounotiiging

-information to said first roadside wireless device |ocated downstreamto

sai d seconthe oalkdildemovnt el eRs/ideVimigual ITg rinkei Yo Nl e Gacetld pdad¥idehe
vehicl e, :wherein said second roadsi de wirel ess devi ce obtai ns vehicl e-

mount ed deyi £Qed9id@yecd NbOL L 1OWn e arh AL ¥RNIigkeaiFRENbador ey i Ce
via wirel ess comruni cation, retrieves vehiclé-nmounted device unique

i nformatiop.;stered. yn said storage neans to check if vehicle- mounted
devi ce uni que Tnformation nmatching the obtained vehicl e-

wherein 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




nount ed device unique information is present in said st ora98,,fF3885 said

second roadsi de wi rel ess device not executing toll chardgi'ng processing for
sai d vehicl e-nmounted device, if vehicle- nounted device unique information
mat chi ng t he obt ai ned vehicl e- nounted ice unique information is not

present in said storage neans, and wherein said first roadside wreless
~device further conprises: neans for storing the vehicl e-nounted device
uni que 11 July 2005 36 information notified by said second roadside
W rel ess dgeévgge.into storage nmeans; neans for obtaining vehicle-nounted
device unique information sent fromsaid vehicle-nmunted device via

W rel ess 0 i i f O i,evi g.vehicl e- npunt ed devi ce
uni que i n?bmﬁ%gﬁ,ﬁf gglol?"g Oinnggélt%(&f[ sagodr%glelurﬂrégncglgl?“o tﬁgﬁ{eﬁ

vehi cl e-nounted device unique informatio tchi.ng the obtaine )

vehi cl e- mount ed d%??@éc ﬁFﬂUE“FHf@?%H?ﬁ%ﬂt ¢ VsbdsEnmoving i fliregtion
controlling_to suppress toll charging processing for said vehicle-nounted
devi ce judBf Rg erdifrone thekpHl ergascommmpicates Vidi Patelesn cofmamndgation; om
the toll area if vehicle-nmunted device unique information matching the
obt ai ned vetiticiseidrsanord rdedistde wnirgless dev i@eniatdaoed ivp spremantlong sai d
storage neans. 9. A nethod for managing a nobile station by using a
plurality nfoviagedirsteabinoss tk®wphedld,or communi cating each other, said

met hod conprising the steps of: obtaining, by one base station, unique
information on a npRkt&in said second roadside wireless device further comprises
means for obtaining vehicle-mounted device unique information sent
from said vehicle-mounted device via wireless communication and for
notifying the vehicle-mounted device unique information to said first
roadside wireless device located downstream to said second roadside
wireless device along the moving direction of the vehicle,
wherein said second roadside wireless device obtains vehicle-
mounted device unique informafion sent from said vehicle-mounted
device via wireless communication, retrieves 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 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




station that has entered a wrel ess conmuni cati on range qﬁ_gﬁhp Bpg base
station, via wireless comrunication with the nobile station; Ogl yi ng, by
one base station, the unique information on the nobile station obtained by
said one base station, to other base stagi on |ocated downstreamto said
one base station along a noving direction of the nobile station;

obt ai ni ng, by said other base station, unique information on the nobile
station via wireless conmunication with the nobile station that 11 July

.2005. 37 haFoemtatld nd tifi£ @195 Sa P EETON € 2bh BRI dARdee Riss SRivdcotines base
station; determning, by said other base station, if a noving direction

of the mb%}loga%&%&%.i s a predeterm ned forward direction or a backward

direction by conparing the unique information on the nobile station

obt ai ned by sai d other hase %t at.ion with the UIgi Ldfc i.nformation notified
; %@

by said one of badB®&R&{PHPPALHAE bHCleTPRYD 8° StM8F®base stati on,

an execution, of predeterm ned processing for the nobile station based on a
det er ni nat i"dATESEIAT SeR fFRMAAIAN e il edRPBRtGH deNdchybR VeiTelesSi on.  10.
The nmobile method as defined in claim9, wherein if the noving direction of
t he nobi | ecamatinigatiomapd doetretnicnéng thaev eiicéetmonntdd theidopndgde
direction and a backward direction of the npbile station, the step of

cont r ol |'i nigfanmexial)tstonedfinpraidedter agaedeany,aveske ol ibasadcl@eninmounted
determ nation result of the noving direction of the nobile station

execut es fddste AIMIGRSSInTS rRAG ESS M dtchiin AIHECH Bdali BBA WiHi B1d-heow®enent i nto
said. one direction of the nobile station and, if
device unique information is present; and
means for controlling to suppress toll charging processing for
said vehicle-mounted device judging that the vehicle is moving in a
direction of an exit from the toll area if vehicle-mounted device unique
.information matching the obtained vehicle-mounted device unique
information is present in said storage means.
9. A method for managing a mobile station by using a plurality of base
stations coupled for communicating each other, said method comprising
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




the noving direction of the nobile station is an opp05|tq_ ch§P§$
said one direction of the nobile station, does not execut 3 d st
processing. 11. The nethod 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
processi ng based on a determnation result of the noving direction of 11
July 2005 38 the nobile station does not execute the first processing but

executes RheWRterdd AR doHIAERPS (18N WahB el UM S ot BEs TBMATEM
al ong said opposite direction. 12. The mnet ho as defined in any one of

claim 9 to Tl whetalihiflice TBY g YA oS, Qi Srent SRYCE RLAYIed 0

or nounted on a noving hed
clainms 9 tg % V\Q@rei ai d. nobi | tatjo a vehicle rmunt d eV|c for
e (| ectf TRamAEIE afiRacts B ayefar iseol ot e i B & baskwad
nmet hod for managl ng a nobile station, said nethod conprising the steps of :
obt ai ni ng, dppching Bysoaparingnththushdesifioimatioa of theanokblsi statiamt i on
via a wirel ess communi cati on, unique information on the nobile station via
the wirel eebtajoarhing said osher bhse fseatiobi weths th nongquadtféymagonbyoddied one
base station, the unique information on the nobile station obtained by
said one oby base cateadt base dtati@nsonrmdol station or a center connected to
sai d 'one of base stations;
controlling, by said other base station, an execution of
predetermined processing for the mobile station based on 2
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




obt ai ni ng, by other. base station | ocated downstreamto saﬁj 8 le) se

. : . . . ) . July 20 .
station along a noving direction of the nobile station, uniqu I'nformation
on the nobile station via wireless communication with the nobile station
that has entered a wirel ess conmmuni cat_;,é)n range of said other base
station; notifying, by said other base station, the unique information on
the nobile station obtained by said other base station, to said control
station or center connected to said other base station, 11 July 2005 39

conpar i Nghe biohiled sERRbH 0Hosd AldORxBEURE V! ﬁr&@%ﬂéﬂ%gﬁ?% ftOERBLLRR On

the nobile station obtained by said other base station th the unique

i nf or mat pepadéethdihed e¥ofadl th0RB8siHy WATLr&dAHs ABStHOMmARhRIHT ﬁ%éligz sdfidmovi ng

direction of the nobile station is™a predetermined forward dir Ion or a
backwar do@bbsfitidifedtibn.and control ling, by said other base station, an
execution of predeterm ned processing for the nobile station via said

ot her bage. stThkimethesead dufiredi ahk died bPBIARUS ttoaf 1, tWBefBMI NY direction
of the nobile station. 15. A toll collection nmethod in which a plurality

of roadside wirel esise niehile esatiti® i§ RAGEEEIEHS HePidravidedih IR AIeAT a
‘road leading to a toll area, said nmethod conprising the steps of:

noti fyi ngn dyneriagnartlsi de wirel ess device which communicates with a
vehi cl e-nount ed device on a vehicle via wireless conmunication, unique
i nformatilBn ofbheimethdd amdidirkdvghhak&rionteimsi@ b ae , Wiaere@ad- t o- vehicl e

communi cation, to other roadside wireless device |ocated downstreamto
sai d one roadsi de waidelrasbildegtattorl éga avehicle-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;
notifying, 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,




noving direction of the vehicle, and conparing, by said gt i de
W rel ess device, unique information obtained fromsaid 3&H§ﬁprgéggnted
device via road-to- vehicle comrunication with the unique infornmation
notified by said one roadside wrelessdevice 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 nmethod in which at |east a
first and a secondohp g A003aid*doh B Aol aﬁlc%a%mdetweC.@ﬁlcgfee spaced
each ot her and arrang%d al-on road leading to a toll area |rst and
second w r.el 0 t|o of ,sai.d first sec de

W rel ess dé\fgi'i??wcﬂ g SE8dar e R st oonpft SR PR SPARRhoF

obt ai ni ng, sai d flrst roadS|de W r devi.ce, q)cle- nDunted devi ce
uni que mf‘éﬂ thoHnigne lflf%rrﬁlatlvélhveilg b Bitt S AR ©F DARCaS W FU e

communi cati on when said vehicl e-mounted device nounted on a vehicle

ent eri ng tdrteralipe df damaitiagsdirgetionr ef the mepbds demmunicatnrédetedaineskat ed
upstream al ong a noving direction of the vehicle and comrunicates with

sai d firstforeedd direcotiosl esa bavkwerdidireamioelbggsawdnmuni cati on; noti fying,
by said first roadside wireless device, the vehicle- nounted device unique

information to saicknifeRnk F HRESI A6 thlek @ RSSstaiRM, Cén kReaL S@ndePNst r eam
al ong the noving direction ‘and t hen di scardi ng the vehicl e-nounted device

uni que i nfyloREL QR n gib@&mﬁé A hSRLYIT s rfﬁ?éhdﬁa"\ézﬁﬁ' Strdfadece, the

vehi cl e- unte evi ce unique-informati on no Ied by said first roadside
' _ 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 coxnrﬁunication,to other roadside wireless
device located downstrearﬁ 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



wirel ess device into storage means; obtaining, by said sqpoggéJggﬁglde

W rel ess device, vehicle- nounted deV|ce uni que i nformation sen rom sai d
vehi cl e-nounted device via wreless communication when the vehicle enters
the second w rel ess communication areaygretrieving, by said second
roadsi de wirel ess device, the vehicle-nounted device unique information,
stored in said storage neans to check if vehicl e-nounted device uni que
information matching 11 July 2005 41 the obtai ned vehicl e-nmounted device

uni que i nfRIAMEHORWiIre1 L8P ces SPLEPAddP cabl oweel SRF APAnpeadgiohe Wi rel ess
device, toll charging processing for said vehicle-nounted device ] udgi ng

that t hel n%/or naé[aedlhﬁ L Sl '1P9{§]J‘ef1% 1] Lln& %\%g' Tdc?('?pél%lsg c%h%ﬁjcﬂ?ghpe

uni que I on“nat chi alne nount’ed devi ce uni que
information is |nS|d st ans; eletin b ai d.second
oagst do. vitear QLS BEVTice! s B rBc B it A Gy ELGan k0T FHBPRIEon on
sai d vehicl e-nounted device from sai d storage nmeans after executing the
tol | char gidig Pedeed siomgprisingshe stophiodl e- nount ed device. 17. The tol |
collection nethod as defined in claim16 further conprising the steps of:
a vehi cl e- nount ed odduimiengofba seshifise rovdsnly slioelgpsa diivieef vehiclef an exit
fromthe toll area entering the second w rel ess conmuni cation area |ocated
upstream ahongtéed @RV g udiigaetingormbtidiesyehfdg 4 © chodlEUMotated Widvicsai d

second roadside wirel ess device via wireless conmunication,

via wireless communication when said vehicle-mounted device mounted
on a vehicle entering the toll area enters the first wireless
communication area located upstream alongla 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




obtai ning, by said second roadside wreless device, vehiclge Ju&??@b%d devi ce
uni que information sent from said vehicle-nounted device;” no ying, by
sai d second roadside wirel ess device, the vehicle-nounted device unique
information to said first roadside mﬁrg*ess devi ce | ocated downstream
along the noving direction of the vehicle; obtaining, by said second
roadsi de wirel ess device, vehicle 11 July 2005 42 nounted devi ce uni que
information sent fromsaid vehicle-nmounted device via wireless

communi cat tw@gb&giﬂedeveﬂﬁ:lmﬁo\sﬂ% 'cfevrregn}ﬁgueg%\gb%a%ﬂy@gw&a{temti on,

stored in sald storage neans, to check i hi nount ed devi ce uni que

f hi bt ai h
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charging processing for said vehicle- rmunt ed deV| ce . if, the vehicl rmunt ed-
devi ce uni GURIFIREPIRAGSSHRE féﬁi g ael G e Hed Jenia B“’E%‘Gr&aba

uni que information is not present in said storage nmeans; storing, by sal d
first roadephiclgiisetetesingeihesoll area thyehiclenpatnsed dkeviiee uragee
information notified by said second roadside w reless device into storage
means; obtaifioiroptidy saichihgribe soadacdeveliictd-essunied deyiocehncdee nount ed
devi ce unique information sent from said vehicle-nmounted device via

Wi rel ess coirsyRiLesh @f posent he suediseb e deefran@h aavi ng  and enters the
first wirel ess comuni catl on area, and retrieving the vehicle-nmunted-:

devi ce uni que inf ofdRiinQd) by E et BnddoddSiPL 39€eless 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-




means, to check if vehicle-nounted device unique informatjiog,Rpbebsng the
obt ai ned vehi cl e-nounted devi ce uni que information; suppressing, by said
first roadside wirel ess device, toll charging processing for said

vehi cl e- nount ed devi ce judging that the 4wvehicle is noving in the direction
of an exit fromthe toll area if the vehicle-nounted device uni que
informati on matching the obtained vehicle-nounted device uni que
information is present in said storage neans; and 11 July 2005 43

del eting, mowaed dévist umwiaas deforiraai@sscdefiem, sdildevebicdenadunted

vehi cl e- nount ed devi ce uni que information and the vehicle-nmounted device

uni que inf ggdRdd ik _s;ti@é&@_sidbrﬁﬁilﬂli%hﬁroalgqcm@%%g%emaﬂcm@ngﬁme@ ned
vehi cl e- nount ed devi ce uni que informati on. ABSTRACT A plurality of

roadsi de. V\Q\éfic%sﬁnﬂ:gﬁ/é ?Egpﬁﬁftigfxo\éi&%% ﬁ{lsgi(d'l??lvﬂms%g%ﬁme%fnsa@o ey 4f a toll

area (5) ITst adsi de wrelé&ss device comuni cates with a
vehi cl e- nou ﬁﬁ devi c ver W rel.ess . communi cati on, .sends yni que
ot or nat 1 ofCBRIs RBHPEs § HEiEe I REF dnTREACT MAFLLTE 008 BeBRE  oadsi de
wi rel ess device (2) located, downstreamto the first roadside wreless
devi ce (1)Yela106ﬁgmau#6% r‘i’@"”@l? AP e HREprAkiopehy presenthid seidoftPrREadsi de
wirel ess device (2) checks if unique information on the vehicle-nounted
devi ce obtmicasd, Andmuppresyity tod-chugieg dovieseinmfehesid Nehivliegque
i nformation on vehicle- nmounted device notified fromthe first roadside
wi rel ess deviuneed devioe if utlgevdliicldranovniaiyddiviacundgué Snfothadoni on of
entry into a toll area (5) and charges the vehicle-nmounted device for tol
only when fnbtéisingueltedbtdidled 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




the moving direction is the direction of entry into the tlc?ﬂbuﬁf96035)-
Fig.1
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deleting, by said first roadside wireless device, the obtained
vehicle-mounted device unique information and the vehicle-mounted
device unique information stored in said storage means matching the

obtained vehicle-mounted device unique information.






