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11 JuI y 2005 1 NONSTOP 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 system Whl ch 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 l ection syst eRON-$BeP T@ngfmacqq@m%E £° A9begsfRRpe station
antenna) installed in a toll lane on atoll roa suc as an express way

conduct communication via a wreless |ink mnth a vehi cl e-nount ed devi ce
(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 b takln? off the toll using an electronlc 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
commer ci al tyll eoldédtabhaystsmmobneedsfdie OXTAP IR g T s PyrarslydiBnishe
vehi cl e. [0003]
(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]




11 July 2005 2 The toll collection technique for use on [ nount ed
device in the non-stop electrical toll collection syst em€\,11 }jﬂﬂﬁgbgg’scri bed
bel ow with a conventional uniformtoll entry-location collection system in
whi ch a vehicl e-mounted device is charged for a uniformtoll at an entry

| ocation of an express road as an exanple. [0004] Road-to-vehicle

conmuni cati on between a roadside wireless device (base station) and a

vehi cl e-nount ed device functioning as a nobile station is nade via control
si gnal sent from thee teHdspdectionetecdaniquefiogdise 0posy ehsclehmounted

vehi cl e- nount ed devi ce approaches the entry toll booth of a toll road and
enters a ndeviow ini the ess-stopultaatdabriobl eallettiomes ystead svidk bei deslceBse d

devi ce, the vehicle-nmunted device receives the control signal sent from

the roadsielos melthss cdavefitionadifiFofthGold dnltt pabeation adlleseawrl eysabnt he
format of data continuously sent fromthe roadside wireless device and the

format of ind%qcﬁeanweﬁfcqmﬁmnws?i&éﬁc@qwfﬁ&c@avmeau foftha@aniay FIG 5

is created in the present specification basef on the description in page

41 in "( ft) Electrigal Tol] | | ectian enl issued by Association of

Radi 0 |nd%’ﬁf§'é8§%ﬁ ﬁis;i%ﬁ‘eesg?reﬁeggreo ‘gés fﬁgg},/g’ﬁi&%smn 1.2, ARIB STD T55).

FIG 5 sho exanple of the format of down-link , that 1is, data sent
g

from base on (roadside wreless device) and the formt

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




of up-link, that is, data sent fromnobile station (vehicle 11 July
2005 3 device). Referring to FIG 5, the data is conposgd'ggggggﬁgs, each
of which is made up of a plurality of slots. The first control signal,
termed an "Na" slot, of a frame contains3control information 10 on the
nobil e station (vehicle-nounted device). The Na slot contains a guard

tinme, a preanble (PR) for carrier and clock synchronization, a unique word
(UMW), control information and an error check code (CRC). [0007] The Na
slot, ternB8Y¥%rane control nessage slot (FCMB), is a slot for
frame-nul ti pl exing. One such frame is provided at the start of each franme
only for down-linkRefiriringitotFiG. fsék idpta e deaspostdivifdiramss, gach of
comuni cation control slot to send Frane Control Message Channel (FCMO)
conposed oWwhfichrie madé rug off nf pruratitgro Rt (EDMA ke dlirsal danxabi engrd1f or mat i on.
The control information, which will be outlined below consists of the

fol I owi ng fdreddlb a2 ShoWn dNatheme LORIR/hs HMEEELRFdrdSBh Sl 97 Ghannel
control field SIG (Signaling) for |ayer-1 channel configuration information
and so on, fi Iy OfL J: r i fiLeld l..(Fra

Struct ur e TrPar St tsf T pheold bRV oL TP R R Collaif apard

(Rel ease Tj.er i nfor i 7-octets base station service application

it or mat i ofi ol B SMBLE PR ok SFuser aRd Tpgk O (FRRGR L ¥ BA T ol d
SCl (Sl ot Cbn%k@égégentifier) for conmunication slot allocation. The SC

i ncl udes M®8T ecopsi] fgrmagionaad; ¥ errdborhack 6w deotfpRiPed of a
1-octet CO[rHOrOO?'l]

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).



information sub-field C (Control Information) and a 4-octets,li addr ess
field LID (Link ID). 11 July 2005 4 The Nb and Nc slotsﬁafg%?g’g)g;’e dat a
slots (MDS) which are slots for multiplexing data. One or nore (m nunber
of slots) such slots are allocated folléwi ng the FCM5 in one frane.
Message data slots (MDS) are multiplexed by the base station in down-Iink,
and by the nobile station in up-link. The nunber of SCls is in for the
hal f - dupl ex node, and 2m for the full-duplex node. In the frane
~configuration for ThalNb g Bx seinmatecaebsrge dapastotsf (MBDaydidhtaaes| ot s
(MDS) for up- link channels are comonly used for activation slots (ACTS).
The attri blute fof mubliplexiagditter m @ed dymoeat(nohuinib ar ohslon) sulchi gibexed
into the FCVS. [0008] Wien road-to-vehicle comunication is not conduct ed,

the roadsagiealfiocates Folow ag SRIMPTNIRYidt BRch@ath st aM Aagsedsa aky Na
slots. Nb and Nc slots are enpty slots. [0009] As the velicle-nmunted

devi ce COMpAT) Sfiafe WP ACRAD Pling IWIVELS 1P ) PIBEOTTN LN o o2,

the vehicl e-nounted devi irst detects the unique word { _

0t 0o el P n o b B L SRS AN BB o
\_A'i th the rI?l% Sei, %%d%lrne!fc?rsﬁhe ?Slvli—ggple[xo%g e¢. In the frame configuration for
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




- Then, the vehicl e-nounted device receives the control ';ifﬁ ?@y?@@ 10(n)
that follows the unique word (W) 9(n) and checks for g usi ng
the error check code (CRC) 11(n). If no error is - 11 July 2005 5 detected
as a result of error checking, the vehicbe-nounted device analyzes the
contents of the control information 10(n) and sends the activation
channel, that is wireless |ink connection request signal, ACTC (Activation
Channel ) 15(n) to the roadside wireless device using tinme slots that are
avai | abl e fleteathd axhirekeltmiinredt devckimg,athe vemwdeimenored Aevact i vati on
slot (ACTS) is used only for up-link. There are allocated six channels of

wi ndows f oanhhezedCtHevabhehte el 8ontSA 0 nffoF mialiR 1ODIh e agiaddmly e
regi ster to the communication link of the base station. In the |ink

est abl i Sh”ﬁ@ﬁvﬁhﬁﬁ?chﬁﬂﬁel"qlﬁ'a@lﬁ vVH‘é'i‘éfsdth(eb'bﬁﬁe&tng%' NG se s Mbase

station, selects one of the windows to transmt the A Ctot

St-aj“ on. [RQ‘;LHI &cﬁ%gp%rﬁséhtag E\l}) (1:‘§FT t%%ﬁg)rof 3 ér%v(a’lrvfaehslsc{lewrg%uﬁ?é?l% of

devi ce, the Toadside wrelé ntlfles erece 1on T1rne’s
t he vehi cl e- nount ed .devi ce us nf ormati.on 10(n in the

th tr
(N+)a sl ot™%d Ogghﬂlﬁrﬁ)arﬁn?d"%‘galg’se E‘Sﬁ gﬁgé’eﬁz‘ﬁ%\f@vg}ﬂ%t& n%%‘ﬁt"g} ‘H)ew ce using

t he (N+I)b slot or the (N+1)c slot. {0012 The control information 10 (n+l)
i ncl udes i HRGSHESF M. .onAD actiygéiagf skigatACded Mis vsed ondgfiogeup-link.

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




- link address field LID (Link I'D) information on vehiclegy 381;);1?6? devi ce
and the like [0013] Wen the vehicl e-mounted device has succésstu ?y -
received data arranged in the (N+1)b slot or (N+l)c slot, it analyzes the
contents 11 July 2005 6 of data and sen@s back response data using the
transm ssion tine slot indicated by the frame control nessage slot (FCV5)
sent fromthe roadside wreless device. [0014] The data 14(n) in the Nb
slot or the Nc slot includes detailed information regarding the toll

col'l ecti onof Hetmgndrsamsisebpel rigepanen dahe usingdbedeansmébsion da ewtand t he
vehi cl e-nount ed device. The toll collection is perfornmed normally by
transferringlichiel dgtthe [1RQ@S]cohheolcoreenge ghad (FOM STRangifpgmprhecessi ng
system descri bed above operates nornally when the roadside wrel ess device

is providegha®tida dirtldeddbogation, that is, at a tollbooth at the entry of
atoll road and the |like. [0016] However, if this systemis applied to a

gener al puﬁjdf r oad and to a toll collection systemthat charges a vehicle
entering a toﬁ collection area for a toll, the problemis that an

erroneous chargi ngl'ﬁé)daigﬁﬁ%sﬂi%lt%enﬁ% SOI% uorr' tlleogl:gllot includes detailed

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]




That is, in a public road of twd-way traffics, especi allylligug, nge havi ng
a narrow width and a face to face traffic, unlike a one way o? oot h | ane
at an entry of a toll road, a vehicle exiting a toll <collection area nust
al so pass through the wirel ess comunicaf/i on area of the roadside wireless
device. [0018] 11 July 2005 7 As a result, the vehicle-nmunted device
executes road-to- vehicle communication with the roadside wrel ess device
and is charged for the toll even when exiting the toll collection area.
Thus, an erroneoudsSchig¥iligthe vghdclarmauniednde visie exetytestioad -prot ect i on
is devised. [0019] Japanese Patent Kokai Publication JP-A-8-69598 proposes
a toll coVkbutleoromystreeativat witnthelreatiside adktestideviaecrdinghhogéde
direction in which a vehicle travels. This system charges a vehicle that

traveling for tihe tdlr sl velidieekiQhgl tiretdiltcodRRS i MPtarehar gends,vahi cl e
traveling in the opposite lane. A first antenna and a second antenna are

provi ded n I lpeﬂ%t t I I t

comuni cat gﬁrv‘\)/int%ﬁtu\?e%li cl elﬁﬁgéucﬁﬂtlgé e\?isges %?o@&(ﬂe’%t&flﬁa ?%4%2%% {nsgn-

cont act m)ggvis'gae first antenna and the second antenna each send
information I ncluding a uni que antenna nunber. The vehicle-nmounted device
recei:ves tﬂg fé gnals fromthe first antenna and the second antenna and
checks t hel™h*thna nunbers to determ ne whi ch conmunication area the

vehi ¢l e-nounted device has entered first. Wen traveling in the
- Japanese Patent Kokai Publication JP-A-8-69598 proposes a

toll collection system that controls toll 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




t ol |

opposite | ane, the backward-traveling flag is turned on tlol 5
tinme

|
col l ection. The vehicl e-nmounted device uses a tiner to neasgP§??h§
during which the backward-traveling flag remains on and when a
predeterm ned tine has passed or the vghicle enters the conmmunication area
of a tollbooth antenna emtting different |ocation information, clears the
backward-traveling flag to enable comunication. In this toll collection
system the vehicl e-nmounted device judges the noving 11 July 2005 8

di recti opRasR B&s%cf‘f)ﬂriﬁ%frﬂaﬁgﬂrﬁerﬁrt?&ﬂ € aﬂhﬁﬂﬂé gnifdhe

backwar d-traveling ag 1s on, does not collect e toll. wever, the

Shoncn Beb s SAPLARYIRG ST M5 At EOIE ol oML ool 7,

f . ' ' . Y,

rccor o ngt St S fenbiePagd Uls o SMAF PR AR R enti on 10
id t had and f ' t ol.l | l.ect,i . t hat

o oYee BRAFRIR, APRCHIE bk She i boRrhohaRe g BRI

performtoll charl i Vi a rgad-t_o-vehi cl e commnication, only to vehicles .

travel i nh FHHE %I l?ﬁ@tlpblﬁlgf ©PMhi ch tol | nust be charged, without having

to stop f%d/f icle. [0021] As will becone apparent fromthe description
bel ow, t resent invention may be applied not only to a toll collection

system bngﬂﬁngt(gFﬁﬁ:%lsséﬁC%g%rﬁsEl n a base station that nanages nobile

stati ons®

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




[ 0022] The above and ot her objects of the invention are SlaltiﬁH' 560 at
| east in part, by providing a nobile station managenent sys’t]e | ncF’udi ng a
plurality of base stations which are coupled for conmunicati on each other,
in which one base station of said plurglity of base stations obtains

uni que information on a nobile station that has entered a wirel ess

comuni cation area of said one base station via w reless comunication

with the nobile station; and nmeans for notifying the unique information |I 1

July 2008, &eoﬁkéﬁlf"e g%ggtié({)lgﬁééﬁéihga’ bg%%[@a ik §¥sé 225G RS fi}a%fai on to

other base “station downstr e 0 sai d one basé station along a

moving - difect 100 Qf &&ﬁn@@éhlegcfgéfd SRe 13 WAEH, 'Qlo%ge?n%xﬂ%{g base

station “conpri Ses: means for obtarning unique I nformation on the nobil e
tati i cati i th th ' tati that h

SLoLt o g B RS i, e U s R b AL S "5

for determning if the.novi direction.of the.nobhilg stati.on is.a

pr edet or RPTER 19657 PRI Pee iRt Chigde ipmatiot en e Bty ne
ni que i nformation on the. mybile.station .obtajned I d ot her ., base

ottt on A WS A R G O Cho ERe b SR thab eSS B56d et at  ons:

and neans.fqr controlling,an execytio f edet erm ned processing for the

- nobi | e sPAGO HATERUIHF A UL AETHP éﬁicgﬁg%g{i??e statioRs Wﬁg‘%éii rection of

~ the nobile station. [0023] The systemin accordfnce wi th anot her aspect of
- the presefterminiagif dir muprgtseetion pidhc podile sRdiQRdS @i r el ess devi ces

bei ng spaced . . . . . .
- predetermined forward direction or a backward direction 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




each other and arranged along a road leading to a toll argay gpg b adsi de

W rel ess device communi cates with a vehicl e- nount ed deV|ce on-a“vehicle

via W rel ess comuni cation. The roadsi de w rel ess device conprises neans
for notifying unique information, obtajgmed fromsaid vehicle- nounted

devi ce via road-to-vehicle commnication to other roadside wreless device
| ocated downstreamto said one roadside wireless device along a noving
direction of the vehicle. The other roadside wrel ess device conprises:

mean for vdai@eimbuitel!dévibe Wil FodHL&EVERIR ot MsRhe With fReeNt Ty into
or exit fromsaid toll area by conparing unique Information obtained by

sai d ot hefnifRRdifeemwtios] A8EifRAVE Salid Ythefirdaddidtiie?3devhiPe from

vehi cl e-nount ed devi ce via road-to-vehicle conmunication with the unique

i nf or mat sy Bﬁé'rbhﬁ&d&lw%lé'sQHBﬂbere&ﬁﬂﬁhQ@de§|1€§1§1td(ﬁVﬂl'&e from said one
roadsi de wirel ess device and based on a result of the determ nation,

contr ol s deker@Xfitid)ediitréll An Racatiog &Tt@ﬂe(%%ﬂ%i)n g MreeEsiing. t o anot her
aspect of the i nvention, there is provi ded col l ection system

conprising at |eashc%fdlhgtt@éﬂoﬂlmtrﬁ&ﬂ%'lﬂeenﬂbﬁekﬁél% HeytiRged hat
are spaced each other and arranged along a road leading to a toll area,

wi r el ess actlinedlleztionosy et sofiprssing 44 leabt anfirst SeaDAGdcoadstdirisidé el ess
devi ces not overl appi ng, wherein a vehicle- nounted device nmounted on a

vehicl e eitdesndevivesttblalt azeempacednasvicatias and birsaged bldrsd aneadsi de
wi rel ess device |ocated upstream along a noving direction of the vehicle,

wher ei n aEidingitosHd talbadea, dwirsl¢ssl asnntienicagioncargs sksaidefirs drad  obt ai ni ng
vehi cl e- mount éd devi ce uni gque information sent from said vehicl e-nmount ed
devi ce veecownd ebadsideowireiissadévivesindt loverlapping, wherein a vehicle-
| 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




notifying the vehicle-nmounted device unique information ta th nd
roadsi de wirel ess device | ocated downstream al ong the no\/lloln'éuﬁ’f é@g)si-on of
the vehicle, and wherein said second roadsi de wirel ess device conpri ses:

nmeans for storing the vehicle-nounted @gvice unique information notified
by said first roadside wirel ess device I1nto storage neans; neans for

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

vehi cl e-nount ed device via wireless communication and for retrieving the

vehi cl e- ggg&&gﬂgf{gﬂicquggm yfﬁoéégs% IiiQérE]‘jf»d R dusRidasdies gﬁﬁgfffga.ns to

check if vehicl&-nounted device unigue ormation matching th btai ned
vehi cl e- pRaHEdvERMIE §s lla'ﬁ'té}'fﬁ%!tﬁfe Qb8 s béh%?!l@-%ﬁaﬁhtéﬂ?ﬁ%icfe%nﬂqs?e] uly

2005 10a executing toll charging processing for said vehicl e-nounted

devi ce | ygd@irAthtidd Alalchiny At URalrfe LR B sk tdPlEyREAiGhe

vehi cl e- nount ed device unique information matching the obtained

vehi cl e- ipreniRAidieYd pPedt ttnesdiff foPRd Blkdrss; RIRS ebanNfsitddefingrihge means;
and neans for deleting the vehicle-nounted device uni que information on

sai d vehizghRiémHetAted devicetusiRicethibAmadioth 6h ¥addYeARaBsmaliheéd executing
the toll charging processing for said vehicle-nmunted device. A nmethod for

managi ngdeavivelitbed i isa@d storapeGReHABGH o dtecuting thdesll apRegingdf the
present invention uses a plurality of base stations coupled for

conmuni ¢ prbdekstiag footaRY vétnidicamninhgesdédieest eps of : obtaining, by one base
station, unique information on a nobile station that has entered a

wirel ess communi capi@rthefidger elars@gieganendisifestai@at i Rccsrdartd #isa
comuni cation with the nobile station; notifying, by one base station, the
uni que i filfiheRtkispecoObf 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




nobil e station obtained by said one base station, to othqr a bgtion
| | : . A s tiely
| ocat ed downstream to said one base station along a noving drreCtiron of
the nobile station; obtaining, by said other base station, uniqgue
information on the nobile station viqopdreless communi cation with the
nobil e station that has entered a wireless communi cation range of said

ot her base station; determ ning, by said other base station, if a noving
direction of the nobile station is a predeterm ned forward direction or a

backward directi i ng: i Lo i her mobi |
ctation  obtalned by ESiB, pi poid S b shaNiOh B Aok Tt on
notifi edggﬁ%?t%?‘hﬁngaepﬂcegg’ﬁ%ﬁﬁagﬂé){}lﬁ);biiaé;?teg&or} EJg%éeaQﬂ?a 10b control Iing,

by said base statlon, execu n pre erm ned processing for

the mObi et A R38601 QN e HBVRIHIRLHER SOHY ho¥filel faepYi g di rection

of t'he nobi station. According to bne aspect e present invention,

there 1s Providedaechrlad/ ke aRpact Aof BROIR iBehtioR, thgteliet hod

conprising the steps tarnin y one base station which comuni cat es

With a ppbiidedss abd®ddviod rﬁawhgﬁigeé%neeﬂéﬂ&wﬁahi QRid ﬂ{éﬁﬁaa édiﬁgfi'gﬁig on on

the nobile station via the wireless communi cation, wth the nobile

station; th@idpy bNDLbtAniPd bydsiee BASE sthBbh WWhidSomphGHRt8E Yifkl on on
the nobile station obtained by said one of base stations, to a control

station aioliile SRMHEH viPARGIFEREs (OneRhthieAfiof! 1RA§8e Shirneion O ghdi ng, by
ot her base station |ocated downstreamto said one base station along a

TST:)\(:/‘][ ingn gdild sRRicH videhdRhtdies$ bahilnicitishiewithl idBidARk Statidig nobile
potifying, 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, 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.




via wireless conmunication with the nobile station that hﬁi ent er % a
wi rel ess conmuni cation range of said other base station; t’P?X/?R@ by said
ot her base station, the unique information on the nobile station obtained
by said other base station, to said copfrol station or center connected to
sai d other base station, conparing, by said control station or center, the
uni que information on the nobile station obtained by said other base
station with the unique information notified by said one of base stations

to determne if aA@EMM‘igllgdﬂd &6 %é%ééﬂ%f qﬁgiﬂ&?séﬁﬁﬁ%}h%&,gtrmare is

predeterm ned forward direction or ackwar rection

e
control | ippgviddy £8bH cofbé8bnasthad &t ixﬁﬁchge[‘ gflﬁlgefriﬂ%id% rfo%ﬁsﬂieeﬁ@%e@éég ned

processing for the nobile station via sal ase statio ased on a

det er m nglebRRsrBeWgaced edd1e oy Qﬁdcﬂﬁﬁﬁgég;&lﬁ%h%d@@ald?rﬁétt@ta@ &m 1l

July 2005 10c According to another aspec pr esent ention, there

is  proviades saitohletleed oBaihH8 Sty IMneRifAing, Bydbhé YoRflsideadsi de

wi rel ess devices are spaced each other and arrangéd al ong a road | eadi ng

to a tol wirdesd desRiedwARINESERTRIdSeBIvithS SéEREe-BlouReid ¥ ied .oy one
roadsi de w reless device which communi cates with a vehicl e-nounted devi ce

on a vekhthide Vi whdles£e6nEANRIRLIEG | @RiquNirdemiatfod] FBtdiABdTRsa ned from
sai d vehi cl e-nmount ed devi ce via road-to-vehicle conmuni cation, to other

roadsi desmld etieivtc-tevinted devicedidevnaticeoehicle 6aintnQRtdtaslSiodstherr el ess
device along a noving direction of the vehicle, and conparing, by said

ot her roacisdsidewrirelesssieitod RvatedidpvenstteQnR) s9id G abaegider wiekaisd

vehi cl e-nount ed devi ce via road-to-vehicle comuni cation with the uni que

i nf or mat deviceatlohpednyvisgidirevtivn ofdsé dehivie,chnd Sodeyatag! bydelig¢rmne if a
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




novi ng direction of the vehicle is an entry into or exitgf t ol | area
for controlling an execution of toll charging processin {)gglbﬂagq%a

determ nation result. According to another aspect of the present invention,
there is provided a toll collection ngighod in which at least a first and a
second roadside wireless device are spaced each other and arranged al ong a
road leading to a toll area, first and second w rel ess communi cati on areas
of said first and second roadsi de w rel ess devices not overl appi ng, said

met hod cQup&less @grﬂrﬁﬁnfié@tﬁ’én?ﬁbtiﬁﬁqg%ﬂ?r%ddst@%gdéiid% irbRAAdH B 1 el ess

devi ce, vehi cl e- mount ed device u ( _ nformat i on sent froma vehi @l e- _
mount ed @ﬁwv@ﬁmean%h@é&%@vm@gﬁm%nm %b&{@&&{&f@&ﬁﬁﬁd devi ce

nounted on a vehicle entering the area enters the first wreless

conmuni caitélBsfiedidedoaheY HBH AR A ABHs dhERVLhFlreetibAnM thbs
vehicle and communicates with said first roadside wrel ess device via 11

Jul'y 2008iscHiding ket @ehicieMYintad ideRicen@hidud RforMatiot; Stbiingt b?r%%ﬂé! de
wirel ess device, the vehicle-nounted device unique information tfo said

second 1 gaglshdeeoadbidel WISV SHCE 0gR! ehidRIASH SR ab@iog UdigueoVi ng
direction and then discarding the vehicle-nounted device unique

i nf or mat inforneityn netifiey Snisdid SiesorshdRad wWitlewh RV aSSIr8 \Wt6fagd he _
vehi cl e-nount ed device unique information notified by said first roadside

wi r el essnteais @btalrting] dyagdd seeans) rodilsidd inigsledy dedicd, yenivle- r oadsi de
wi rel ess device, vehicle- nounted device unique information sent from said

vehi cl e- muountted derice @inidig inforeh&E6en aemnifomaddidverier-titirved ddvicent er s

the second wireless communication area; retrieving, by said second

roadsi devisd witedsss cmvincenication 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
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




t he vehi cl e-nount ed devi ce uni que information, stored in Sl gﬁéégggge
nmeans to check if vehicl e-nounted device uni que |nfornat|on 'ng the
obt ai ned vehi cl e-mount ed device unique information is present; executing,
by sai d second roadside w rel ess device,lltoll charging processing for said
vehi cl e-nount ed device judging that the vehicle is entering the toll area
i f vehicle-nmounted device unique informati on matching the obtained

vehi cl e-nount ed device unique information is present in said storage
means; anddeetmbedgsithplydiydwsycohdllnetusiae of wheeh egsmddei cmytenipated

vehi cl e- nount ed devi ce unique information on said vehicle-nounted device

from sai d &f ehage ngeans tigfst Biveatbenlt | 1gs Whel beldcal Bedl, ghBdnveaeREsiNg for
sai d vehicl e-nmounted device. Still other objects and advantages of the

present | ”é’z%‘z%lﬁl%”oi’“o'ther Qﬁ&%fél%%‘ﬂ'érﬂbéﬁm%ﬁf’st dd Hfb%@véﬂ&'l'deftgll's“axteh' S

art fromthe o lowing detailed description in conjunction with

vont+on SrRtURRES g HIEEHE, 9B el O BREGEhE BEAFERRATT Shindhy ' o e

i nventi on shomm an I be

|IIustrat| n of .t he best npde conte ated,, of carrying.out this |nvent|on.
As wi || belFRETHBEATOPAERS HYGHTOR: i éc&%wsﬂéyo&%@ﬁ@hw feront

enbodlnents and its several details are capable of nodifications in
various ob¥%¢GusPHespaet to binesardpdas 1ldesiantivegit pach@ndpeh@son.
Accordingly, the drawing and description are to be regarded as
il lustratinestimetnat.ure, and not as restrictive. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a diagram show ng the configuration of the systemin
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




one enbodi ment of the present invention, FIG 2 is a dia rlﬁnghgﬁ'ng t he
configuration of a roadside wreless device in one enbodi Y he
present invention, FIG 3 is a diagramshow ng the configuration of a

vehi cl e- nmounted device in one enbodi nen of the present invention, FIG 4
is a flowhart of the processing procedures for a first roadside wreless
device and a second roadside wireless device in one enbodinent of the
present invention, and FIG 5 is a diagram showing the format of data sent
fromthe addidsomte functiesshdeviccemaridtddimelydindormanifoadi tEeacimg p0024]
PREFERRED EMBODI MENTS OF THE | NVENTI ON An enbodi ment of the present

invention wWhicl®Smeaseéd Rice With GPRIdDYH AL @1vehidIBE ATBAMIiBBITo Ot alshe
present invention is that at |east two sets of roadside wreless devices

are providgdl seeg]d f . sef . ' Is Lem b hfte £
r oadsi de \?\ﬁr elegﬁsés eS?c‘é‘%ﬁ%@ﬁ" ﬁt%juhﬁ}?%ﬁ%gw%lggg%t?%{ﬁaf f%ncﬁ%n t hat
accunmul ates_ hi story. i.nformati.on i ndicating a. vehicle-nounted device with
ot o oadi§ e fnd HTRICHTA Migthavor b iafds SRashe dif e n Gk wetd
informati.on_stored in _the vehicle-nounted  device, and that this history
i nf or mat i o readtdecyindeiedsviers fdapcadbed akve.oadsi de wirel ess devices
descri bed above. [0025] A first roadside wireless device | ocated upstream
viewed frd#¥0Z5lvehicle entering a toll area notifies unique information,
obt ai ned from
: : 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




t he vehi cl e-nmount ed device, to a second roadsi de wrel ess]r]gﬁ]Vﬁ % 0grranged
downstreamto the first roadside wreless device viewed f Y (9 ehi cl e.

[ 0026] The second roadsi de wirel ess device judges the noving direction of
t he vehicle based on the notified uniqueldnformation on the

vehi cl e-nount ed device and only when necessary, perforns a charging
operation. [0027] In the enbodi nent of the present invention, at |east the
first and the second roadsi de w rel ess devices %1 2in FIG 1), each of
which confdsedizelsssecamaunisatiompacad (Bl FI4 .ol plosdtgddup fiocadxalopligeaat a
toll booth on a toll road, along a road |leading to a toll area. The first
and t he sezohitlwi melvésg cﬁoamﬁnhpabhnnuaﬂms(@itmmmfﬁbGroﬂ.hIsinfe wheelek s st
and the second roadsi de w rel ess devices are provided such that they do

not - over | agevildte(Vehi FIG: MpWileeth dsﬂvbre@,s(émlﬁhhﬁ]i%ﬁtdxpnhkrmumheotipﬁ a
vehicle (17 in FIG 1) entering the toll area (5 in FIG 1) enters the 11

July 2005 +JudilesyiMib sl R89i COTTYR ARG n Hiatnd Tt YeHifie-Ho @xﬁ%ﬁt ed

upstream al ong a vehi c novi n I rectio conmuni cates w e first

r oadsi de WI rel ess devi.c 0 el ess ¢ nication |ink.
el fo "UEELES R nid iifornlatip Rt 11 1YL el e TN AV 8
vehi cl e- nmount eld devi ce un%e i.nf or matl on sent fromthe vehicl e- nbunt ed

devi ce oveW IEElegs commundedtian; ldaki on |ink. [0028]
[0028]

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



The first roadside wireless device (1) sends the vehicle- gﬂ“s; 9@ devi ce
uni que information to the second roadside wrel ess devi ceﬂ? I G 1)

| ocat ed downstream al ong the vehicle noving direction, and then the first
roadsi de wirel ess device discards (del etlds) the vehicle-nounted device

uni que information. [0029] The second roadside w rel ess device (2)

accunul ates the vehicle-nounted device unique information, sent fromthe
first roadside wreless device into the storage neans. As the vehicle
(17) goes ® aﬁB\fPﬁ@nfntsfb%fs%?OJB%éOélééer?dW?lélSésds‘:Vdsmzau CEAGUES 4PHa (4),
the second roadside wireless device (2) obtains vehicle-nmunted device

uni que i nf BREFINEPFAEFS ihe fortihel eehiolameeu aied devire juelgingvbst the
vehi cl e-nount ed devi ce unique information already stored in the storage
means to chekicleh(@tNers gdierget@xnststlidieoMedrieal €)NOUAlfeck eyt €sngtofue
information that matches the obtained vehicl e-nmounted device uni que

i nf or mat i ogh#igiAgtprolcestify Y&hiied @eﬂ?&@t%uﬂﬁsu%ﬂ%q'ﬂﬁe isBE QR ABbLARIde
mat chi ng the Tobtained vehicl e-nmounted devi ce uni que | nf orrratl on i s present

inthe 11 leleMe%?gévhéféé%(ﬁrquﬁesnﬁia&r@eh# %?1?1@9% (Pfﬁqﬁ ' el ess device

(2) executes to processi ng he ve nDunt 3 devi ce,

judging th vehi é 1) to enter the toll area . After
executing t %tff) El%thoe{lr 8|fr6% p‘% (])}tlgé‘%llﬂ ufl flﬁgl%%(brf‘e%r?oﬁtrﬂréﬂecféeé , the
second ro?ﬁﬁ:ﬁﬁ wi rel ess device (2) deletes the vehicl e-nmounted device
uni que tion of the vehicle-nounted device fromthe storage neans.

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




[0030] On the other hand, when the vehicl e-nounted dEViCﬁﬁaf Ef p@%icle
exiting the toll area (5) enters the second wireless co ﬂP a? ar ea
(4) |l ocated upstream along the vehicle noving direction, it.comunicates
with the second roadside wirel ess devicelY2). The second roadside wireless
device (2) obtains vehicle-nounted device unique information sent fromthe
vehi cl e-nount ed devi ce. The second roadside wireless device (2) sends the
vehi cl e-nounted device unique information to the first roadside wireless
devi ce (1) WibelessdlidemsiZednto thosEoraae mpainGg diFdbei vehighe EossRk es t he
vehi cl e-nount ed device unique information with vehicle-nmounted device

uni que i nf trarvetl ingh ande¢ mgrsitbe dardtnwitedess opagaumesatson lareth@), the first

vehi cl e-nount ed device unique information natching the obtained

vehi cl e- noped &yl ddewidesydediuee (D] obRidsOBehic180hotheE €W dviict imigher age
means, the second roadside wreless device (2) does not execute toll

char gi ng p{PeRestIen skak M?é‘.\/@h?él@ﬂml.ﬁﬂg &¥dhge dP3ddridPEs thd St

roadsi de wirel ess device (1) stores the ve e- nounted device uni que
S ss_device
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the first wireless conmunication area (3), the first roadside wreless

devi ce (1)'WBEHA4%ehi cl e- nount ed devi ce unique information sent fromthe
vehi cl e-nmount ed device and retrieves the accunul ated vehicl e-nounted

devi ce uni que i nf dindei vehicde-marekschgevice unique information matching the

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

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




information. If the vehicl e-nounted device uni que infor i gn ing the
obt ai ned vehi cl e-nounted devi ce unique information is ppgltsieﬁfﬂﬁbp%e
storage neans, the first roadside wireless device (1) does not execute
tol| charging processing for the vehicl el®mounted device, judging that the
vehicle is, exiting the toll area. The first roadside wreless device (1)
di scards the obtained vehicl e-nounted device unique information and the
vehi cl e- m)hln{ ed de\{i @ge uﬁ% ue information that matched the obtained

vehi cl e- motAHedf €devi %ﬁ@%{’flﬂﬁﬁ&%h% a8d4 ide SHER#FSSYbICdEss i n the
storage neans. [0032] The enbodi nent of the present invention will be
descri bed CABYBUPpCRemiaresns O thef Brenteadsudeheiniawi dgsiceFlGind the a

di agram showi ng one enbodi nent of the present invention. In a systemfor
col | ecti ngsecomd frondsidd Wwindlean daticy,2 arespliceivel 7 (Dhdaachak gRirg¥6£ Ut es
road-to-vehicle communication first wth a first roadside wrel ess devi ce

1in the foswahdniogidn @Bea @ngf&H@Tlﬁttﬂba%sﬁéé:%ﬁe[é%%d&é%e Yy devi ce
2 downstream al ong the vehicle noving direction. ahe ref erence
nuneral 5 to d) he .ref erence
numeral 6 AEEIAR N ERIG SrnpRiARatic 9?¢%§3$fth%% *934 15 982%%3“% Yol

area 5, th ef epen rals 3 4 desi s wireless caonmmunication
areas of t eé} Hgt W(r:hoa cfmélo\f\norveqr&%’ HEVRAE g I SRELCSsHESRI AR de
wirel ess d,g ice ﬁ pectl vely. The narrow wireless comunication area 3
of the: fir ert&!\ 8t ww%qrésge'awpeérp tohted Ak an entry, is not limited to a

- 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




narrow w rel ess comuni cation area 4 of the second roadsilg]ﬁ mrgbﬁ%s
device 2, which do not overlap, are arranged in series al g‘ h ad The
toll area 5, where vehicles are tolled at an entry, is not limted to a
toll road; the toll area may be any placks such as a toll parking lot, a
meeting place, and so on. In addition, although the wireless conmmrunication
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 ar e@SCHONGAHABUYN (Il .nn Gaéemlctannentigmuait JéHi @l data PBOIIFOF| G
2 is a diagram show ng an exanple of the configuration of the roadside
wirel ess désiigonal pronessmr)ehbbdandrt vofqadénfomserivn donipatdton. I Ref efMhieng to
FIG 2, the roadside wireless device | conprises a wireless unit 10 and a

control unihtal proddori 51 £ ereedtedheoud eV dRIrafgidhiol thQ. v ¥l rel ess
unit 10 nounted, for exanple, on the top of the roadside wireless device 1

shown i n FrGurte 8 WEVic84F oftl) th & e Lidd @5@1@@%%5%1&@@?&%@% g ¢

102 conprised of a transmssion circuit, a rec ion circuit, a signal
separ at or .t chi unit) . ~and nodem 103, The conitrol unit conpri ses
2P eont rof b TH% el Phln) 10 SRR S ER B bl par T SPtE apHBh o Eont r o
unit 11, a unique inf 04 nat i.on.h%lfgi ngl ynit 112, a_ unique information 11
July 2005 VEHICAETHANNLEY §%Vine 5 Dedd 1anthe peiqus Intarmatipahelding undt 5
dat a ‘processor signal processor) 115, and a unique information conparator
116. The bhta ﬂéh{ﬂ:é@%ﬂeIE@WQHQQt%OIﬁIIﬁ@FmquhbﬁiC@fIEpmSi'dh? phiiqie

ven Ql & information in the unique information holding unit 112 with the unique
information accumulated in the unique information accumulation unit
113. The external connection unit 114 sends the obtained unique
information (unique information in the unique information holding unit
112) to the neighboring roadside wireless device under control of the
control circuit 111. The antenna 101, which is constituted of micro-
strip antenna devices or is an array antenna having a plurality of antenna
devices and the like, forms the beam of the roadside wireless device into
a desired shape to transmit a transmission/reception beam with a higher
directivity. The transmission 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




nount ed device fromthe denodul ated data output fromthe of the
wireless unit 10, and the extracted unique information ofpfﬂ§&}£8%5

vehi cl e-nounted device is held in the unique information holding unit 112.
The uni que informati on conparator 116 colfpares the unique information in

t he unique information holding unit 112 with the unique information
accunul ated in the unique information accunulation unit 113. The external
connection unit 114 sends the obtained unique information (unique

i nfor mat i oth¢ whale davigeae aindf o pmigioin forinidignwaticumyipjon onith20hei ghibor i ng
roadsi de wirel ess device under control of the control circuit 111. The
antenna 10&onwhilbdr 264 geistratalt edanfom sumbest fop eanngiea wiedt cies eakine an
array antenna having a plurality of antenna devices and the like, forns

the beam ofs Lt agsh e (s 1o, dMQEL ID! QL jnk HSFickathABRO LA derBpsm ¢

a transm ssion/reception beamw th a higher directivity. The transm ssion

power of t rggé’sd?ﬂ fﬂ?géf“{;ikgb%ﬁﬁa Mg f, L{?g a%%‘iﬁﬁﬁ'i‘a'?ggiPrix?RﬁE'LYniﬁ%%Ordi ng to

the wrel ess muni c on” area i ze, e surroundi ng Circunst’ances and
the like. [0034] FIG 3 is a. diagra ﬁgomj an_ exanpl.e of .the
vehi cl e- nolHCEA R ReE e B L ABLGR AR A° Ui BRATRG PEOTRENBResent
invention. Referring to FIG 3, the vehicle-nounted device conprises an
antenna 20f#eniificatian daipd i Hieyehsr camauntsdt davigan) , Althasgdnt»o2, a
data processor (signal processor) 203, a controller (CPU) 204 that
control s 1majyfgctaaesnumder {enavolias tueeynueybeand seriali gumbien) orapbieomsed
accunmul ation unit 205. The <controller 204 generates a random nunber, for
exanpl e, vherhd haigogiinformation 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). -




is started, generates a link address LID (Link I D) conpri eg f ~4-pcCt et
(28 bits in practice) binary data, and accunul ates it in]ﬁh uﬁh?égg
information accunul ation unit 205 as the unique information

(identification data) on the vehicl e-nouf ed device. Al though the
manuf act ure nunber (nmanufacture nunber + serial nunber) may be used as the
uni que i nformation on the vehicl e-nounted device, the link address LIDIis
usual ly used as the unique information on the vehicle- nounted device to
protect pr{@x3]l The vehicl e-nounted device, which has an IC card
connection unit (not shown) connected to the controller 204, has

information read flImorh®kave iastsiowe ibhBIGC16and Mysit dwed seophdaldadsi®H4. | n
this enbodi ment, an off-the-shelf ETC vehicle- nounted device may be used

as the Vehmieflragp‘&%tv@gegqy&ﬁ@-z hROZPla Ve £XRBER 0T The PRRI@Ad@Raén this

enbodi nent w be described wth reference to FIG 1 and FIG 5. [0036]

Wen the V&!Q{eclltags heveod ' ﬁgﬁg%?eﬁlﬁsﬁf%ﬁrﬁ%%l Cﬁ{[é Rl%vqrnggdlgﬁcétlto@g%ﬁ Fl%ﬁ

vehi cl e- nount'ed devi cé™ (‘not vehi ¢l e recei'v

information 10(n) of a frame control message slot (F see EIG 5) from
the 71t FOgLr e Vg FBREEST R0 betsetanhLe T B ok SRS 2nts onl
techni que and starts road-to-vehicle comunication. In response, the

vehi cl e- noiieagededq ¥asimsdm.shown) sends the comuni cation request signal

using the activation slot (ACTS). ---- ------- 11 July 2005 19
; [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




[0037] In the case as shown in FIG 1, the first and second hde
wreless devices 1 and 2 are arranged in series. The fi rgltnl ?ng%gpgg

wirel ess device 1 is arranged upstream al ong the noving direction of the
vehicle to be charged, and the second r@fdside wireless device 2 is
arranged downstream [0038] When the road-to-vehicle communication is
started, the first roadside wireless device 1 receives the activation
channel ACTC 15(n) (FIG 5) fromthe vehicle-munted device. The data in
the activat¢iglcgpanntdd deyeagpimgue defermsatione(lydhicon-hsudtiadin g ce
unique information (LI) (LID). Wien wirel ess conmmunication is conpleted
normal |y, AR Cilrsh)rseaddrde vhe¢ elebisledenooged dends.t he vehi cl e- nount ed
device unique information (L1) to the second roadside w rel ess device 2
and di scar@m4iie vehicl e-mounted device unique information (L1) from the
devi ce. The vehicl e-nmount ed device unique information (Li) may be

transmtted from tlget}fei §do {PRERY e}"'tvrif‘él%% d%%‘li:@ez,'thfeovém%lé%eﬁﬁted

roadsi de wireless device 2 via a cable or wreless transm ssions. [0039] On

t he ot her hand, the secqnd roadsi i r.el ess device, 2 cC |.ates t he
veni ol oc mteigs dAGR I AR Lk B T Br S e G ks, FENPYLRKE® [ om ¢ ne
first roadside wreless device 1, Q040] Then, as the vehicle keeps on
travel i ng ‘é%mcéw’é?gnt%gmceq Egéq“lcéﬁﬁ‘zﬁ%%'dﬂ'o@%)r ES\%‘}S‘% Iﬁ%eiéé‘éﬁﬁge

roadsi de wireless device 2 obtains the 11 July 2005 )
' unique information from the same vehicle-mounted device.

[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]



20 vehi cl e-nmount ed devi ce uni que information (L2) fromt tﬁ ﬁaiya Q@ t he
ACTC 15(n) sent fromthe vehicl e-nounted device. [0041] | H g gnd
roadsi de wirel ess device 2, the vehicle-nmunted device unique information
(L1) being stored matches the obtained 3lehicle-nmounted device unique
information (L2) because they are the wunique information fromthe sane
vehi cl e-nount ed device. [0042] That is, the second roadside w rel ess device
2 checks if the unique information, which matches the vehicl e-nounted

devi ce uni que i nfOmnntei orherU2)ndbd aietddld tloan ¢hies vbhitollbarount edvdbvirce,

is present in the vehicle-nmunted device unique information that is

notified ffamakd1®phioksle (PRSI fe WhitdleeSstriedireetidbnantl sheéQdiHeNsédend
uni que information accumul ation unit 113 of the second roadsi de wirel ess

device 2 ( El LE.LiRG S3%es Yajgue + r ' IS, t as a
result of ?ﬁg%]l?isggc,mgt uénéae%gﬁ roaﬁgﬂdmmegls{s}?%g@?%égzp Eggg on

W rel ess com"runiilcat iton b%nd ex&}cutgs tﬁ?l I ﬁhad'e[giﬁnﬁd%r Qc esvsii ngfiorthtehe

vehi cl e- mobRPEG  AERAT LR PCR Y B YRS YRR Y TRBFPES Moh°iC8 perfSrmadnfor t he
vehi cl e-noynt ed device, normally, the second roadside wrel ess device 2

di scards t HRrwi épr&-ctmwggedé@hl&éemtaw P afreﬁhqlieoﬁlqw;ed@vwored in
the second roadside wireless device 2. That is, the second roadside

wirel ess dsiqueirniajaaies ({79 Urem dhe-dasanmethedagiization ghannek srb€i on
(L1, L2) fromthe unique information accunulation unit 113 and the uni que
i nf ormati ohS (w) siémgfromn tthé 1 Hisée-hbEnt&) defdOA3hd 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




11 July 2005 21 On the other hand, a vehicle that exits fpguhpbbogrea 5
travels in the |l ane opposite to the lane in the entry directi'on and enters
the second wreless comunication area 4 first. Wien the road-to-vehicle
communi cati on begins, the second roadsi d& wirel ess device 2 in the forward
direction of the vehicle obtains the vehicle-nounted device unique
information (L2) fromthe data in the activation channel ACTC 15(n) sent
fromthe vehicl e-nounted device and sends it to the first roadside

wirel ess dAGEE B5@nasenistramgdhenechiehs -aneuntashdedicrevizavirghtisgue
information (L2). [0044] At this time, the second roadside wreless device
2 checks i tomrhenweshi@ie- nount ed devi ce unique information (L2) is present
inthe plurality of units of accunul ated vehicl e-nmount ed devi ce uni que
infornatiop0046qtiﬂ s case, because the vehicle has not yet entered the

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

| nformation has notnyaiehaAGSAN WiMANGHOS! difads!gan fahemidaei c°

1, the same unique Iinformation as the vehicle-nounte ue
information (L2) .is not..in the unigue infornation. age l.atjon unit 113
(See mra “yfolftadn A ktub i Ph a2 R RIS U 3 bRD vl g
second roadsi de wed el.ess devi ce 2 does not execute toll chargi ng

processi ngMPSRtEAAVERP dHINSUREeamAdiAt dccpapusiehdn ithe WHRIUEl e keeps on

traveling and enters the wireless comunication area 3, the first roadside
Wi rel.ess: deMogmatigghagenmulpgion 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




uni que information (L1) fromthe data stored in the activlaltioT ﬁgagnel 11
July 2005 22 ACTC 15(n) sent fromthe vehicl e-nounted devi glélX/I W rel ess
comuni cations. [0046] The first roadside wi reless device 1 checks if the
same unique information as the unique izdormation (L1) is included in the
vehi cl e- nounted device uni que information accunul ated in the unique

i nformati on accunul ation unit 113 (see FIG 2) of the first roadside

wirel ess device 1. If the sane unique information is present, the first
roadsi de w2 ehesSrdendacizide dvgehrsdsdevicantl st@red fhd hehbdremoningeé device
information is present, the first roadside wreless device 1 judges that

the vehi cl @nii§ué ia¥&Hh B onNid AR 8%idudif f5iinh H70 AL ARSI aRn ARECYULS (keb!
chargi ng processing for the vehicl e-nounted device. [0047] In this

mbodi nment j t ti rib b iblet
ol Tect o At BnfSiprareE’ M AFREER AR Ruiteh ) de TP 26T F o

4a and FIG__4b are flowch how ' d for.th
et rondlrtee (i f UEE ANRATFO Mt KBS SRRAREF T Bhueltie ff FBf dLonce o

descri bed above. The processing procedures for the first roadside wreless
‘device | ahl YiNehsEtorabidgaetide the rtelkbatea device 2 will be described with

reference to FIGS. 1-4. [0049]
[0050}

The first roadside wireless device 1 starts road-to-vehicle
- 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]




First, referring to FIG 4a, on receipt of the vehicle- nt ice
uni que information sent fromthe second roadsi de wirel eggﬁdeggége?%l July
2005 23 2, the first roadside wireless device 1 stores the vehicl e-nounted
device wunique information in the uniqueX nformation accunul 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

wirel ess device 1 Miidrissfougadthas- Yehpeine urigwevinioamadiomiis present in the

vehi cl e-nount ed device of the vehicle 17 entering the wreless

conmmuni cat uniywe ewf 3 matbd aiaws uinel M &di anét 118w ededeli R chackiee in step

i nformation, and hol ds the obtained vehicle- nounted device unique

i nfornmati 09140 thOFitsRirdddsidd o iFBldAnd &l NGudeBs tthad 2né SRAiEIGis 2) (steps
S11-S13). [0051] Then, the first roadside wirel éss device | retrieves the

vehi cl e- no : i Is I i t,or .yt i i tion
mcoumil at o ot i §Fe $REAUSIHOR TRIERITH RS 1BE VO IUE- mblpEaT™
obt ai ned v g\i(cclee- nount e devitce thnil ue j,nformation.is gr.ese t{step S14). If
the sane uhf gu€ YRFBYHHEICS 4SO AtC gr'éjsg'fﬁ unjqye dBLormdtion holdige gt o
traveling u; ent ré direction), the first roadside wreless device 1 sends
the obt ai nbt2 A By ABLFEaM g Eded GiHicq i gust Briamasion sbeiadhen die er nal
connection unit 114 to the second roadside wreless device 2 (step S15),

di scar ds :t el qrehirdiosmadion @agcdovilasion unit 113 (same unique information as

~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




uni que information that has been held (step S17), and wai [
road-to-vehicle wirel ess conmuni cati on(step S18). [0052] lllthl& 35%05 24

If it is found that the sane unique information is present in the unique
information accunulation unit 113 as a r&sult of checking in step Sl14, the
first roadside wireless device 1 judges that 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- noantayudisdteen omithudei néhoichatmonnstddedicn ofhthe vehiphe i"f or mat i on
accurul ation unit 113 (sane unique information as the vehicl e-nmounted

devi ce uni gbieering aheedi®lehekbd mmuhbeatiohquea 4 ndBraTatige velidieg unit 112)
(step S17), and waits for the road-to- vehicle wrel ess conmunication(step

s18). If, %aﬂ‘tgdtﬁmc\%ﬁlqﬁ%rimrm 1§ﬁ69n§%1d§qwaﬁ€angewwlkhethe

vehi cl e- rmunt ed device of t vehicle 17 that has entered the wrel ess

conmuni cat fon, At gadén%%%@um S BAEST Sh Dl LTS PPn Sty |

vehi cl e- nount'e evi ce uni mation is recelve Secon
r-oadsi de wrel devi the p ng starts fromstep 510. [0053]
Referring PB“FFEE (3g° I‘&%T%}:éﬁﬁps égfféﬂ/ khi cl e- mount ed devi ce uni que
information sent fromthe first roadside wireless device 1, the second
roadsi de W#@t¥ks device 2 stores the vehicle-nounted device uni gue

information in the unique information accunulation unit 113 (see FIG 2)
(step S20). In thelTkexotit seaasd deadsidd edsclissidevize 2 hewrieves 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




processing step is executed when the vehicle is travelingq l=r ection
in which the vehicle enters the toll area 5. [0054] The g%%gHﬁpggggside
wirel ess device 2 starts road-to-vehicle 11 July 2005 25 comunication
with the vehicle-nounted device of the hicle 17 entering the wireless
communi cation area 4, obtains the vehicle- nounted device unique

i nformati on, and hol ds the obtai ned vehicle- nounted device uni que
information in the unique information holding wunit 112 (see FIG 2) (steps
S21-S23). p90BS]vethel:-mben sk dadigeond i wke inforeh &9 o ndeadidcin Phe snideves t he
vehi cl e- nount ed devi ce unique information stored in the unique information

accunul at i prformdtidd holdeeg kinG 122)t1@eMSAT), fanideasanBor thd goied4tof or mat i on
as the obtai ned vehicl e-nounted device unique information is present (step

S24). I tHehRABBY HR G cbHALARIdtPOndstep I8P €3N ulingABES v Hatpdrilsd
vehicle is traveling in exit direction), the  second roadside wrel ess

device 2 sgnds. | Ro ol ah Asd:KENbG! §iMPUY S ARVhES, HAlas, icBfgy Rl i on from

the extern nection uni i rSt  roadsi de W reless vice |
vehi cl e- mount.ed, devi ce uni que i nfor

step S25 i gcar th tian that
hos beon_ e bieErch ey SR B RiFelahe oRIT A A1 h hesidse
communi cation(step S28). [0056] If it is found that the sane uni que

i nf or mat i oG BIQessang Startshirony§ieus 4lnf obhblts secasd umddaid oW iEniass113 as

a result of checking in step
‘ device 2 receives the vehicle-mounted device unique information 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




524, the second roadside wireless device 2 judges that t I IS
traveling in the entry direction (step S26), discards thgﬁvéﬁﬁtﬁgﬁéounted
device unique information held in the unique information holding unit 112
and the vehi cl e-nount ed devi ce uni que i n2prmati on accunulated in the

uni que information accunul ation unit 113 (sane unique information 11 July
2005 26 as the vehicle-nounted device unique information held in the
unique information holding unit 112) (step S27), and waits for the
road-to- vehvttmmens sssh asrartmilbabitbn(ms teyp1B283d biuft, mdyrbagsedite wai t
period in step 528, comrunication with the vehicl e-nounted device of the
vehi cl e 17cbhiict hasl seftioss %hﬁm-mdﬂ@asas@mmr@&%Ejg}@mi@r&ﬁdélwlaﬁgddts, the
processing starts fromstep S21. If the second roadside wireless device 2
receives t i ted device unique information sent fromthe first
r oadsi de m?ﬁg%ggﬁpgg%?§§91, the processing starts fromstep 520. [0057]

Al t hough tﬁbéﬁﬁgarging processing is executed by two roadside wreless
devices, ‘'that ‘s, first roadside wireless device | and second roadside

wi reless device 2, _in the above enbodinent, it is possible to jnstall nore
roadsi de vi rel ess BRGITELM o Hbig PHFSCatiAVEBH Odat 2P REISGCISaRRY Wi t h
toll charging processing is so large that it requires a |ong

road- t o- vehirglteddentiusileettien talheoljousss (BTG heysisovasedvoyiantriiboetich of
the wireless conmmunication areas 3 and 4 of the first and second roadside

- wirel ess devapemtiyarfch Plat-fare toll road 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




may be | arge enough to include a plurality of vehicles. I thi e,
vehi cl e-nount ed devices of a plurality of vehicles send dﬂ&Jﬂbﬁ2?ﬁ§
roadsi de wirel ess device (base station) using the time slots available for
each vehicl e-nmounted device. [0059] The 3@ esent invention is not limted to
restricted installation Il July 2005 27 environnments such as a tollbooth
on a toll road but may be used to collect tolls from vehicl e-nounted
devices on a public road without stopping vehicles. [0060] The systemto
whi ch the preashahdiseentiggores dhpl éedmipe nat a loicaticadbtowaen ehectri ca

toll collection (ETC) systemused by a tollbooth at an entry of a

flat-fare h@rhhﬁﬁéﬂz@HEdé@Yo@ﬁ:@ﬂFﬂﬂcﬁQnt&(@ntlﬁé ?656%1@%' wifless @elvi&stion
(ETC) systemused by a toll booth at an exit of a flat-fare toll road. In

this case, %@‘C(%Icq |ngr Oag?ébgfé’% rﬁcfn%nt?]%“c%a}‘g@%%' eIé c%'ﬁh%'n%grtgé‘avﬂh%dt Hevi ce)

entering t roma vehicle I Cle- I'ce) exiting

the tol | In addition, .th t ding.to th t t
my be cont EOIEETORBI OB IR s bt RAEr gt SOBE AT CR T hP e

collected from vehl cles entering from _ non-Metropolitan areas into the
Met ropol i t Eniudesd by fisat agd yecaqd pape stalignp(repdeisicd¥itgless ess
devices are installed at predeterm ned |ocations on freeways or nain

national réedgesd asol vedicleomloyifigam titeeoppehitel discetivaramd) théwsfore this
Metropolitan area. [0061]
vehicle is not charged.
[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




In addition, the present invention nmay be applied to a nan-
par ki ng-fee collection systemat a toll parking |ot. Forqu‘g{rlr&)ggo?he

systemallows the traffic into the parking |lot of an anusenent part or a
thenme park to flow snoothly to avoid tra*ic congestion at the entry of

the parking lot. Furthernore, the present invention nmay be applied to a
non-stop paynent systemin a gas station, convenience store, or drive-

t hrough shop. In this case, there is no need to use cash to pay for Il July
2005 28 neekttandi Séteatthatswdren tioseeandplase datinn breatedrddensgeant e

mer chandi ze order |ocation and an exit, the roadside wreless device
accor di ng tiee firet pragsenutionyenbhgnhehmoges galirt&ioar ¢f thsaidieideisnhdonhe
vehi cl e-nounted device. In this case, a vehicle entering fromthe exit 1is

judged by idieitks St udlfuSerUIdnD3eR $hal tROMEBARATLER Mk /leBS thdeVvi ces)
as a vehicle noving in the opposite direction and therefore this vehicle

. h _ L _ . . _ ' od |
2 direct oatrgs G Hadn Aty Alhyrbl SR Y ERKe IRAPRY RRCRRBLEC
in a hone. bet ween a .wi relfgs termnal (nobile station)

Communi gat i o .
.carried bipYeL} Iai“nﬁlaﬁe?rgghe ARG 2 1PHAPal i 1 §°SOHEQL SRt ?’i‘d’r{sﬁ’fr ranged in
one direction enables the base stations_to obtain unique informtiaon on
the nobi | eMASAZEMERLLRNLEH COMMRIFASHEQ HBigH ¢ defaamatinnor afisi kad tRRmNBH | e
station is noving. For exanple, when a person noves into the forward
di rection,seaonel byst emthon iWitbshehanigue orfoshetiay skeeproviamly fgpmotha he
other. hand, when a person who is entering a place that is prohibited to
enter or ifirst 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




noving in the direction opposite to the desired directioggséh%h26§§en1
sounds an alarmto alert himor her to the condition. [0 u stem may
al so be adapted such that a control station or a managenent center is
provided that is connected to both the fik st and the second base stations.
. In this configuration, when the first base station receives a unique
information froma nobile station, it sends the received unique information
to the control station or the managenent 11 July 2005 29 center. After
that, whenhe¥a"d8cond base station | ocated downstreamto the first base
station, along the noving direction of the nobile station, receives a

uni que i nformati onAlsom theuhbbelmotedatiaamny tcosenidatidreof uheglisclosed
information to the control station or the center that is in an upper |ayer

than that ghdidreclnage dstpimeits, Thetteentndlosiadh®moy fhileundanagement
center conpares the unique information received fromthe second base

station w %l%dtiﬁ%a%'iﬂrﬂ“& 3&@1951{@5%19@_ sent previously fromthe first base
station and stored In t%e control station or the managenent center to
check the noving direction of the nobile station, and according to the
checking result, issues a processing execution instruction for the nobile
station via the second base station. [0064] The neritorious effects of the
present invention are summarized as follows. As described above, the
system and nmet hod according to the present invention nake it possible to
collect tolls correctly via road-to-




vehi cl e conmuni cati on, w thout stopping the vehicles, onHy frfnzpéﬁhicles
noving in the direction in which tolls are required. The ]sﬁg e d net hod
according to the present invention also nmake it possible to execute an

appropri ate processi ng which correspo to the noving direction of the
nobile station. It should be noted that other objects, features and aspects
of the present invention will becone apparent in the entire disclosure and

that nodifications nay be done w thout departing the gist and scope of the
pr esent tﬁhq kon as disclosed herein and cl ai med as appended 11 July 2005
30 herew 'so it should be noted that any conbination of the disclosed

d/ I t I
ﬁ'(r;dl 19 |r c;t ;’agggg ﬁ)r enen ttl)ér%d'h gff%ggﬂfyn%r %%%gﬁgi%&lﬁg lﬂ}ﬂ?éh% |flbe&l Sgt ation
f | ed f
Common ¢ Srates EBUPIAL 1 dinfh %&%ﬁﬁ#"é’h@ pa82Bthés fledem CoMRl o ur?Jity of

base stations conmpphg&sise (EBARH $Péa18b%]|%irah?ggof'Bb@é‘%téﬁf)ﬁé% aﬁx‘l? % d one

nmobi l e station that has entered ess “communi cation are

base a1 T, oy) Sl oS cbALCOLIAT, iRl st gt
by said gne: Baseerslefbd Qw188 ebiasRicidbh Weh Wi LH one base station,

via wireless communication With the mobile station; and

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




downstreamto said one base station along a noving direct, Oﬁ Pf ng nobi | e
station, and wherein said other base station conprises: 8 8 bt ai ni ng
uni que information on the nobile station via wireless conmunication with
the nobile station that has entered a W2 el ess 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 infornmation on the nobile station

obt ai ned by said igtbeye bAdbesnaviog diredtiohe fuiquetiihé stadondreingta fi ed
by said one of base stations; and neans for controlling an execution of
predet er m pmﬁetcpmdmeﬁsimgdfmrctidTEOMbblf@rssxa'iﬂi ond baskdvard dirdetiemsi nati on
result of the noving direction of the nobile station. 2. The nobile

station: Wamaeﬁi%@hs%t(%nﬁmﬁﬁélﬂﬁ@xh@uﬁbﬁlmiaredm@hﬁhe(ilgmhélsyu?gOOS 32
in case of the noving direction of the nobil e Station being a

pr edet er mi E‘&decPBFilﬂfer §ELdr A nQti &rp?eilﬁrt‘gffre oy ‘Hﬂgkéi‘ﬁ%gu%' rSPrthé"?ﬁole%a' d

means for controlling an execu I on d proce53|ng base
t he deterninztlon resul t ..of nDV|nﬁld|rect|on of the.nobi]l station

executes fi'f &OerBE%%EeiSnB‘rﬁ‘eBé%%%sr%}“E SRR ARG SO RS holiment al ong

said one direction of the nobile station, and in case of the noving
di recti on BPVEREHoANE §2ik PBA %Pﬁ’goﬁrp%btb‘bﬂ‘?'é‘lﬁlsﬁéblﬁn@ﬁ“&f“1 §ape of

pr edet ermned one direction, does not execute said first processing
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




respectively. 3. The nobile station nmanagenent system aseldjgfi eg b claim
2, Wwherein in case of the noving direction of the nobil tIHEX 9 %ei ng the
opposite of said predeterm ned one direction, said neans for controlling

an execution of predeterm ned processi n@3based on the determ nation result
of the noving direction of the nobile station does not execute said first
processi ng but executes predeterm ned second processing associated with

t he novenent of the nobile station along said opposite direction. 4. The
mobi | e st a{Elvtrnmaddgénd  oHystiom) ahadef imednied amya ordiofe. clainms | to 3,
wherein the nobile station is a wreless communication device provided in

or nounted6on & tabbicbE ckerhh sPstchne ofdprik fn S ladhiural RSO LERIN d8 8Ll &
defined in any one of <clains 1 to 3, wherein said nobile station is a

vehi cl e- moypy R sdgyi £Ee FEGcitlo hbh % ne0@prangd d ioald 1kQldling t
Col | ection) that q?sm%ﬁ}at e%l onca vehi cl e. 6.an toﬁdergg;?l ection ér; tgrﬁl
conpri si ngtoallpalr%al“; tfx_e?rfl roadsi de wirel ess devices being spaced each
ot her and arrangetd along a road leading to a toll area, wherein one

roadsi de wireless device co nicating with a vehi.cle- nounted ev{ ce on a
vehicle via wirel €5%° &8 ec Wi RS e Ipie e sommunigating, wid: # FlAGlami que
i nformati on obtai ned by said one .

mounted device on a vehicle via wireless communication comprises:

means for notifying unique information obtained by said one
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




roadsi de wirel ess device fromsaid vehicl e-nmounted devi ce Vi 9R@st 0-

. ess . . . ) Jf.‘\gi 5
vehi cl e communi cation to ot her roadside w rel ess device |'ocated ownst r eam
to said one roadside wirel ess device along a noving direction of the
vehi cl e, and wherein said other roadsi de34vvi rel ess device conprises: neans
for determining if a noving direction of"the vehicle is an entry into or
exit fromsaid toll area by conparing unique information obtained by said
ot her roadsi de wirel ess device fromsaid vehicle- nmounted device via
road-to-vepjgl.8 | QR WM §- uny ppfarmation notified by said
ot her roadngler \?\nﬁfg&&% eygé%g&rlg%{slgfld&f glggvreggési’de wi rel ess devi ces,
and for controlling,an .execut|.on of o.IdI c&gr?i ﬁ% rocessi ng based on a
result of the deteVAPFHEE FHY ArshreafiideoVitalers é@%"t ERTEIADTYT SRS Sat
| east a first and a second roadside wireless devices that are spaced, each
ot her and 0% ahtpdaing oedicke-meumnieshdprica Brigeoinferpation) setddgm said
communi cation areas of said first and second roadside wireless devices not
over | appi ng¢hitlermionnéed @itivit e-vieumirede skevd oennoindtecn emdafoehotifgient eri ng

‘the toll area communicates with said first roadside w rel ess device

| ocat ed 1lthHukyhPfl@Smoddteipsiaveannaligng ik oemanib s ettiseroafd fdwdsigbi cl e,
wherein said first roadside wrel ess device conprises neans for obtaining

vehi cl e- mowptads daivie UHE SR HBWS@P%&:H%I%%?}%HH Hmv%tﬁ%ddirlé@ﬁb% &f ppunt ed

device via wreless communication and for nofifying e vehi cl e- nount ed

devi ce uni cihgnf %g‘ati on to the second roadside wreless device |ocated
downst ream al ong’ the noving direction of the

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




vehicl e, and wherein said second roadside wreless devicqu HBF?@@%Z means
for storing the vehicle-nmounted device unique information notifred by said
first roadside wirel ess device into storage neans; neans for obtaining
vehi cl e-mount ed device unique informatign sent from said vehicle-nmounted
device via wreless conmunication and for retrieving the vehicl e-nmounted
~device unique information, stored in said storage neans to check if

vehi cl e-nounted device unique information natching the obtained

vehi cl e- nogatiggk. device unique information is present; neans for executing
toll charging processing for said vehicle- nounted device judging that the

vehicl e isgentfﬁ'qglf? H%ggl a i \/%P. - t ed,deui ce. uni que
. . 8 . 0 .
i nformati on mat c?n ng ﬁe obt Al %gﬂeln{/gﬁl C éﬁ‘%rgd%éei “ale?/i E’éwlfﬁfrbue
information is presené.%ﬁisaid st.or age nﬁaﬁs; ndlneans for de_eting t he
vehi cl e- mount ed de®iv¢8 el G teds 3¢ Figei oh the Vi ale, B ang. oarfligac davi ce
stored in said storage neans after executing the toll charging processing
for said vehia® eXifdiRnbihe 1o a5e opmmBEicedes ceia wirelpse qosnmugdeatden; on
systemas defined in claim?7, wherein a vehicle-nounted device of the
vehi cl e nowiitly said seddnéagoiadnidofvianlessi de ficeniddaeed alpstesan aomguni cat es,
via wireless communication, wth said second roadside wrel ess device
| ocat ed upstoviam direagoa of the vehicle,
wherein 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 information 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




noving direction of the vehicle, wherein said second roaqﬁigﬁbyb
device further conprises neans for obtaining vehicle-nounted-de
information sent from said vehicle-nounted device via wireless
comuni.cation and for notifying the vehgcl e-nmounted devi ce uni que
information to said first roadside wireless device |ocated downstreamto
sai d second roadside wreless device along the noving direction of the
vehi cl e, wherein said second roadside w rel ess device obtains vehicle-
_mount ed deyifeemani sil @ ot i 04 MR} 91 5€88nd road s wieklicgk &tdmuptiado device
via wirel ess communi cation, retrieves vehicl e-nmounted device unique

i nformati o&oﬁgé?geéﬁg.sai d storage neans to check if vehicle- nmounted
devi ce uni que Tnfornmat’ion matchi ng the obtai ned vehicl e- nounted device

uni que information_is_present _in said storage ne . .said.second roadside
wirel ess device ndfle@(géﬁfio%da{rbllnlg V%H ﬁ%irﬂguf}?%‘?gsfgilﬁﬁ YA i d

vehi cl e-nount ed device, if vehicle- nmunted device unique jnformtion

mat chi ng tHdObBR4 Hedehe AT UResaifpshisle dBonated dicqdes VAR oY &SN is not
present in said storage nmeans, and wherein said first roadside wreless
devi ce furthiemwugptiogesnd figgassricyingitbei vehiche-mehntdd davicn sdigesi ce
unique 11 July 2005 36 information notified by said second roadside
wirel ess debemakiim sterod dgesaidadtorageansard Qrtoobhackhiifiyehediec heowmedt ed
device unique information sent fromsaid vehicle-nmunted device via

Wi reless device unique information matching the obtained vehicle-mounted

bggess
VI €e uni que

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



comuni cation and for retrieving the vehicl e-nounted devi,ce ;upi
information, stored in said storage neans, to check if véﬁ]‘g}’lgfggﬁﬁt ed
devi ce unique information matching the obtained vehicle-nounted device
unique information is present; and neanszfor controlling to suppress toll
chargi ng processing for said vehicle-nmounted device judging that the
vehicle is noving in a direction of an exit fromthe toll area if

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

vehi cl e- n"DHRE @G tERM 6 Cw Uil 844 coblth Oh [BHti &R rafigR  GS8Nd b thab &k SERIRGE:
means. 9. A nethod for managing a nobile station by using a plurality of

b tati f: I; [ h s eSAl th i Si
the steps of : obt s reng tbyEoRy PAE 8RR AL el bl MR B AT ' ' 10

o S BRRO IS NSRSH BL AR AR Y BB RRIRRlond o

notifying, by one base station, the unique information on the nobile
stati on obfHEFEP L)Y MPAKE G U8ige¢ dpformatoReon fhganebilei statiqmcat ed
downstreamto said one base station along a noving direction of the nobile
station; obbtiineddhy bgidaithcobhee shadenswath thg unmnigedniofoaen ontiied he
nobile station via wireless communication with the nobile station that 11
July 2005 bBBaidorenbebadeastuiibalseandcommuni cati on range of said other base
stati'on; determning, by said other base station, if a noving direction
of the nobile statinnréRisg PbodetiardinRed 4@ kbl {Lekeetidm §f backward
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




direction by conparing the unique information on the nobi{ I
obt ai ned by said other base station with the unique inforlngg?ltgﬁbﬁgﬁ fied
by said one of base stations; and controlling, by said other base station,
an execution of predeterm ned pr ocess_;,é‘ng for the nobile station based on a
determ nation result of the noving direction of the nobile station. 10.
The nobile nethod as defined in claim9, wherein if the noving direction of
the nobile station is a predeterm ned one direction of the forward

di recti ophanghobilRacky@sd 8bé$ahd0RxeEutGhe Mok ?r_%ké&,%iglgé g&ﬂeegé&&egf

controlling an execution of predetermned processing on

det er m nairk@éterBEHEY RbohBrIResSRh Vi idirdlfto M@H&t%ﬁhigﬂ%};}]ig o

executes first processing necessary in association wth the nov
sai d oneo@pbsitidrediort.he nobile station and, if the noving direction of
the nobile station is an opposite direction of said one direction of the

nobi | e stati oThedaethdWhsaldib®irsand dnd 6f cla@hRC8%8i NG - whdreifihe nMethod as
defined in claim10, wherein if the noving direction of the nobile station

is the opposite of theansbitdetslisRGsiz0Rsredésd RevidebbiRiddlih W midimteliep of
‘controlling an execution of predeterm ned processing based on a

det er m nahi®maedagibodst the noving direction of 11 July 2005 38 the nobile
station does not execute the first processing but executes predeterm ned
second pdBcesThegneitidd neghifitred in hhe orwveneRing 909 1S3iviherein
saild mobile station is a vehicle-mounted device for ETC
(Electrical Toll Collection} that is mounted on a vehicle.
14. A method for managing a mobile station, said method comprising
the steps of:
obtaining, by one base station which communicates with a
mobile station via a wireless communication, unique information on the
mobile station via the wireless communication with the mobile station;
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,




opposite direction. 12. The nethod as defined in any one ,gf } 9to 11
wherein the nobile station is a wrel ess device provided]ﬁthb?%ggﬁted on
a noving body. 13. The nethod as defined in any one of clains 9 to 11,
wherein said nobile station is a vehicl ggmounted device for ETC

(Electrical Toll Collection) that is nounted on a vehicle. 14. A nethod for
managi ng a nobile station, said nethod conprising the steps of: obtaining,
by one base station which comunicates with a nobile station via a

wirel ess communi calyRPacidl 4P bl BOABIINaPR ! BF oofPDL! @oshatdn via the

W rel ess conmmuni cati o tthe nobile station; notifying, by said one base
station, t, i.que infgrmati,on on ..t he .nobile.station. obtalne aid one
of base st® Pgﬁsa?y%lbogt enfnroalrpe §?%?Pgn°botra“ée(§§’ﬁ’t %?ldg%lh%cﬁégﬂ ?Bab%%ﬁd one
of base stations; obtaining, by other base station |qgcated downstreamto
said  one Widethd 4AIBHe APB‘%HHQ%RBVPﬂBf’cﬁ‘f BaL3HA AC PR idpi 141 Aat on,

uni que information on the nobile station via wreless comunication with
the ‘nobildetsraxiperiftthmoviag deetion af ihe ahebHecoamian thtinrsdetergeinstd sai d
ot her base station; notifying, by said other base station, the unique

i nf or mat i divrwaardt direotibinl er at iclowmanbtdatrexwdobyb ygaawd ot her base station, to

said control stati on or cent er connected to ;ai d ot her base stati on, 11
July 2005 39 conpamithelliny, 5Risdig Utheplbaskaita®ibmrar @Rtettionher uni que

predetermined processing for the mobile station via said other base

_ station based on a determination result of the moving direction of the

mobile station.
15. A toll collection method in which a plurality of roadside wireless
devices are spaced each other and arranged along a road leading to a toll
area, said method comprising the steps of:

notifying, by one roadside wireless device which
communicates with a vehicle-mounted device on a vehicle via wireless
communication, unique information obtained from said vehicle-mounted
device via road-to-vehicle comlﬁunication, 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



~ vehi cl e-nou

information on the nobile station obtained by said other ltiagﬁ)ﬁéggison W th
the unique information notified by said one of base stations %o eterm ne
if a noving direction of the nobile station is a predetermned forward
direction or a backward direction by; ang controlling, by said other base
station, an execution of predeterm ned processing for the nobile station
via said other base station based on a determ nation result of the noving
direction of the nobile station. 15. Atoll collection nmethod in which a

plurality Rfads?deSideldds 8EeRRs HRVEFES AbEcARAGRY AAL R ANRRE Aheahr anged
along a road leading to a toll area, said nethod conprising the steps of:

notifyi ”9’r%ﬁegéﬁglei\i}gat%sL%ll"‘a?ﬁi,iﬁ?st"&%{h Cs%c‘é’@d"@ireﬁ%@%in%hﬁ?cﬂi&ﬁ.

a
ce on a vehi’cl'e via wreless™ conmuni cati on, uni que
i nformation obtai ned f.romsaid vehi cl e-myunted. deyice via road-to-vehicle
Commun, cat TS QoS Tinr ot BARSIAE N eAGREE s e85 HBEeS efoRReTF RN B
said one roadside wireless device along a noving direction of the vehicle,
and conparﬁ%ié,mﬁyh%%icﬁ%ﬁﬁéiﬂg shesitees wifi el ess device, unique information
obtai ned from said vehi cl e-nount ed device via road-to- vehicle
comuni cati on wi t lbtheniumg, due said dimsatrbedsindt wireltsbydsdicd, wabicleeadsi de
wirel ess device to deternmine if a noving direction of the vehicle is an

entry. i'nt omounexd defvi Onutpigub dinfo M@ ti dimose CONtTRd velidr - meuecel iduviet tol |
chargi ng processing based on a determnation result. 16. Atoll collection

nethod i n yhi Gliredbsd e8stmAniéddbnablef 98¢ IMhidle b ¥n 08 vA2 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




roadsi de wirel ess devices are spaced each other and arrangp?uzygﬁgsa r oad
| eading to a toll area, first and second w rel ess communicati on” "areas of
said first and second roadsi de w rel ess devices not overl apping, said

met hod conprising the steps of: obtaining, by said first roadside wrel ess
devi ce, vehicle- nmounted device unique information sent froma

vehi cl e-nounted device via wreless communication when said

vehi cl e-nount ed device nounted on a vehicle entering the toll area enters

the Tirst g @St OTBRIHIERLH0AR (&6 ed.%\JiQSq{zﬁﬂuﬁgﬁtfbgﬁ%ﬁhpﬁ‘?g@ewgi;“9

direction of the vehicle and communicates with sard first adsi de
wirel ess . device via _w.tel ess co ni cation; .notifyin by. sai irst

Fonds: de wirel ess GEALBERE A taeerd EoRulC Rt ARHES Bbt fmt i on to
sai d second, roadside wireless deyice located dowystream al ong the noving -
di recti on aharglw@npr%ﬁ%séa}gﬁﬁgsah P [9-en igRiFde o WS gimgqthat the
information; storing, by said second roadside wireless device, the vehicle-
mount ed devebeclgniscerter ifoiato Bnakest if veblidy-wavated detvicoausiddeé  wirel ess
device into storage nmeans; obtaining, by said second roadside wreless

devi ce, veinforeratioumedthdeyitbe abniadquedivdhde bedtniownn et e icamaad e
vehi cl e-nounted device via wreless conmuni cati on when the vehicle enters

the secondjnfyireflie68 i§ PFEbEM CRT sBId ’FGRigd BidaingYiam@ by said second
roadsi de wirel ess device, the vehicle-nounted device unique information,

stored in said St ofagfinMBANS LD SEDSRY o ddPiN Glire NS A YhES LRI
information matching 11%Jul’y 2 Og
' - 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-




41 the obtained vehicle-mounted device unique informationj guRf 2665t ;
executing, by said second roadside wreless device, toll charging
processing for said vehicl e-nounted device judging that the vehicle is
entering the toll area if vehicle-nounteg device unique information

mat chi ng the obtai ned vehicl e-nmounted device unique information is present
in said storage neans; and deleting, by said second roadside wreless

devi ce, the vehicle- nounted device unique information on said

vehi cl e- nomdwent ededi vde ef uwinju esal fdrat:ni @y crednsmas 4idr vekiedutmbgntde tol |
chargi ng processing for said vehicle-nmounted device. 17. The tol

col l ecti 0ndaeidtodwasnel@fes@ecsﬂommlﬁh@hmolﬁ rfcwltek}@ﬁ tﬁerwm%w_gnémé«i eps of:
a vehicl e-nounted device of a vehicle noving al ong a direction of an exit

from the tgblic BRI EIY £ LEnoSEAUE 1 L8 £ 3P0 SUITHRLSRL o n 2o | 00t ed

upstream a ong a no ectoh e Ve comuhicate with said

d d I t bt b
a7 a secontiPbiaeny n&?ﬁf%ﬁégﬁaﬁh@s“‘n&éﬁﬁ?@f%rﬁﬁ‘Caahe. eftibue

information sent from said vehicle-munted device; notifying, by sald
second roa¥shigdevipensed déavreainigne infeANAL@IERT el said piodase
information to said first roadside wreless device |ocated downstream
al ong the mgansgadidramprensufg told chagigiiey rooles sing ﬁ@l; shid yehiclsecond
roadsi de wirel ess device, vehicle
mounted device if the vehicle-mounted device unique information
matching the obtained vehicle-mounted device unique information is not
present in said storage means;
storing, by said first roadside wireless device, the vehicle-
mounted device unique information notified by said second roadside
wireless device into storage means;
obtaining, by said first roadside wireless device, vehicle-
mounted device unique information sent from said vehicle-mounted
device via wireless communication when the vehicle keeps on moving
and enters the first wireless communication area, and retrieving the
vehicle-mounted device unique information, stored in said storage
means, to check if vehicle-mounted device unique information matching
the obtained vehicle-mounted device unique information;
suppressing, by said first roadside wireless device, toll
charging processing for said vehicle-mounted device judging that the
vehicle is moving in the direction of an exit from the toll area if the
vehicle-mounted device unique information matching the obtained

vehicle-mounted device unique information is present in said storage

means; and




11 July 2005 42 nounted device unique information sent fyrom;aAbE0S
vehi cl e-nounted device via w reless comrunication, retrlevmgﬁl

vehi cl e-mounted device unique information, stored in said storage neans,
to check if vehicle-nmounted device unigibe i nformati on matching the
obt ai ned vehicl e-nounted device unique information is present in said
storage neans, and suppressing toll charging processing for said vehicle-
nount ed device if the vehicl e-nounted device unique information rmatching
t he obt ai ned vehi cddetimmt by sdéd ifees tuniagised¢ nioe hatsi dewice, the otgriassht in
sai d storage means; storing, by said first roadside wireless device, the

~vehicle- nosnicd-gevineed uivaue ddig@enBifoemafitd khadkhRyveridesa6antkd oadsi de
wi rel ess device into storage neans; obtaining, by said flrst roadsi de

wirel ess dgyigs uxa@wh@fqﬂmyﬁbﬁ%t@m G8 SRhUSABL KR AR fROM Sal d
vehi cl e-nounted device via wreless commnicatio en t | e keeps
on novi ng t he fir re ess.commu .on area, and retrieving
the vehi c?g&%ﬁlgﬁtg&u&ew cguﬂfﬁ qu & VT 1Y gflrlr%'tl?dﬁ%rs‘fl%tlé’& in said storage
nmeans, to check if vehicle-nmounted device unique information matching the
obt ai ned vehi cl e-nmount ed devi ce uni que information; suppressing, by said
first roadside wireless device, toll <charging processing for said

vehi cl e-nount ed device judging that the vehicle is noving in the direction
of an exit fromthe toll area if the vehicle-nounted device uni que

i nformation matching the obtained vehicle-nounted device unique
information is present in said storage




means; and 11 July 2005 43 deleting, by said first roadsijdg; W bghess
devi ce, the obtained vehicle-nounted device unique information and the
vehi cl e-nounted device unique information stored in said storage neans

mat chi ng the obtained vehicl e-nbunted devi ce unique information. ABSTRACT
A plurality of roadside wreless devices are provided on a roadside of an
entry of a toll area (5). Afirst roadside wireless device (1) which
conmmuni cates with a vehicl e-nmounted device over wirel ess conmunication,
sends uni que information obtained frogmthe vehicle- nounted device to a
second roadside wireless device (2) |ocated, downstreamto the first
roadsi de wireless device (1), along a noving direction of the vehicle. The
second roadside wirel ess device (2) checks if unique information on the
vehi cl e- nount ed devi ce obt ai ned fABSTRACTPehicl e-nbunted devi ce mat ches

t he unique information on vehicle- nounted device notified fromthe first
roadsi de wireless device (1) to judge if the noving direction is a
direction of entry into a toll area (5) and charges the vehicl e-nounted
device for toll only when it is judged that the noving direction is the

direction of eAtplvralifycof hadstld wivedéss(@viced b provided on a roadside
of an entry of a toll area (5). A first roadside wireless device (1) which
communicates with a vehicle-mounted device over wireless
-communication, sends unique information obtained from the vehicle-
mounted device to a second roadside wireless device (2) located,
downstream to the first roadside wireless device (1), along a moving
direction of the vehicle. The second roadside wireless device (2) checks
if unique information on the vehicle-mounted device obtained from the
vehicle-mounted device matches the unique information on vehicle-
‘mounted device notified from the first roadside wireless device (1) to -
judge if the moving direction is a direction of entry into a toll area (5) and
charges the vehicle-mounted device for toll only when it is judged that

the moving direction is the direction of entry into the toll area (5).

Fig.1




