1 1 0 FEB 2006 SPECI FICATION 1. TITLE OF THE | NVENTI ON ELECTRONI C TRAFFI C
TARI FF RECEPTI ON SYSTEM AND VEHI CLE | DENTI FI CATI ON APPARATUS 2. FI ELD OF
THE | NVENTI ON AND RELATED ARTS The present invention relates to

el ectronic traffic tariff reception sydtemand a vehicle |dent|f|ca?m%n
apparatus for use in the electronic traffic. tariff reception system In a
conventional traffic tariff reception systemof a toll road, a reception
person in a toll gate directly receives a toll or atraffic tariff in cash
froma driver or the driver throws the traffic tariff in cash into an
automat- ic nmachine to receive the traffic tariff automatically. Thus, the
driver is required to stop at the tgbkcgateaonge and provide cash for the
traffic tariff. On the contrary, there is being devel oped a near-future
traffic tariffTIECEPOF OTHBYSIeBNTDONUdi Ng a conmuni cation apparatus such
as a non-contact IC card provided in a vehicle and which stores

i nformati on pecul i ar ELECIRONENITRAF Faifd TPRIFIt RAARRTIAN IKSTEHIi o with an

external apparatus. An exanple of the above near-future traffic tariff
reception systemis nowAd®s VEHIEL EMRDENTHRGCAHTTON AFRARATE  As shown in
Fig. 23, an IC card 06 constituting the 1 0O FEB 2006

2. FIELD OF THE INVENTION AND RELATED ARTS

The present invention relates to an electronic traffic
tariff reception system and a vehicle identification
apparatus for use in the electronicrtraffic_tariff reception
system.

In a conventional traffic tariff reception system of a
toll road, a reception person in a toll gate directly
receives a toll or a traffic tariff in cash from a driver or
the driver throws the traffic tariff in cash into an automat-
ic machine to receive the traffic tariff automatically.

Thus, the driver is required to stop at the toll\gate once
and provide cash for the traffic tariff.

On the contrary, there is being developed a near-future
traffic tariff reception system including a communication
apparatus such as a non-contact IC card provided in a vehicle
and which stores information peculiar to the &ehicle and can
communicate by radio with an external apparatus.

An example of the above neafafuture traffic tariff
reception system is now described with reference to Fig. 23.

As shown in Fig. 23, an IC card 06 constituting the



2 communi cation apparatus is attached on the inside of a wind- shield of a
vehicle 07. The IC card 06 is provided with an antenna 026 and i nformation
such as an identification nunber peculiar to the vehicle is stqquEéQm%he
|C card 06. On the other hand, in a toll date, an outdoor terninal

equi pment 01 including transmtting and,receiving antennas 017 and 018 is
di sposed for each traffic |ane. The outdoor term nal equipnent 01 is
connected to a data processing unit (termnal conputer) 05 in a toll booth
and the data processing unit 05 is further connected to a central conputer
04. When the vehicle 07 including the IC card 06 nounted thereon passes by

the out door dceinaly. cqu BNl Bl the o Mehhele SNLSLS | n@iadeg%?ﬂéngag on
an

(o}
area in whi é:h e ve IC| e n commruni ca ennas 8. At

this tine, e ignfer matian Aecy ar 4 the cvaeﬂa Co'se IsS (HORFIUYL Al

bet ween t he outdoor termi nal equi prent 01 and the C card 06 by radlo The

i nfor mat i ONain M@GOBDIEZ @A DY iR 1RG0 sudre 8 RA  iQH HiNEIHa tA brafdinbRen
transmtted to the data processing unit 05 to be stored in a nmenory. The

i nf or mat i onpeicailfiwrt her thearsnildled ify aradhel dat aney aeessid anit 05 to
the central conputer 04. The central computer 04 perfornms a debiting
process for cleariongtoef otthert mafrfd c itrara ftfolflr data , lzanlowcountteregnstler ed
by to the passing vehicle automatically. | D FEB '2DDE
equipment 01 including transmitting and receiving antennas
017 and 018 is disposed for each traffic lane. The outdoor
terminal equipment 01 is connected to a data processing unit
(terminal cbmpﬁter) 05 in a toll booth and the data
proceséing unit 05 is further connected to a central computer
04.

When the vehicle 07 including the IC card 06 mounted
thereon passes by the outdoor terminal equipment 01, the
vehicle enters in a communication area in which the vehicle
can communicate with the antennas 017 and 018. At this time,

“the information peculiar to the vehicle is communicated
between the outdoor terminal equipment 01 and the IC card 06
by radio. The informqﬁion_is recognized by tﬁe outdoofi
terminal equipment 01 and then transmitted to the data
processing‘unit 05 to be stored in a memory . The information
is further transmitted from the data processing unit 05 to
the central computer 04. The central computer 04 performé a
debltlng process for clearing off the trafflc tariff from a

bank account registered by to the passing vehlcle

automatically.



3 The vehicle is identified by the radi o conmunication between. the IC
card 06 of the vehicle 07 and the outdoor term nal equipnment 01 in the
non-contact manner. A cashless traffic tariff reception systen ghrpgogiges
not require the driver to stop at the toll gate can-be attained to greatly
i nprove the conveni ence of the driver. Recently, in order to solve a
traffic snarl in the midtown area and énsure snooth novenent, there is a
plan that vehicles going into the mdtown area are debited and there is
provi ded an area into which the vehicles are limted to enter. .In order to
realize such a plan effectively without attendant, it is necessary to

provide control pahal 9ok cakl : of eadnieadungyt @hteh%a@rl%ac%muﬁlleszgenl cally
i npose fees on the vehicles going into the area by neans of radio

comuni cat i gatRaRsSchknfer prt-ionsPegulthar veaithe iondiatiddudle owehbekes is
recorded in each of the vehicles and a legal duty is inposed on each of

the vehicl esegfias it 8qiRpRENEN 0ilN1nVehieChenurihthlcld) raneleudi ng thehleadio
comuni cation neans. The in-vehicle unit is equipped with a credit card
(hereinaf- teaffeternedfforageptipnr tycaed) whapst dicetsechoty raquli€ecahd in
whi ch personal information of a driver is recorded. Generally, a road in
t he mi dt owndaiweri kel atdep at pher &biltly getel apasbena titta iinedditof geaptlyo
ensure a place for RrOV|d|ng partitions between the lanes in the control
point it O PeRroggethe convenience of the driver.

Recently, in order to solve a traffic snarl in the
midtown area and ensure smooth movement, there is a plan that
vehicles going into the midtown area are debited and there is
provided an area into which the vehicles are limited to
enter.

In order to realize such a plan effectively without
attendant, it is necessary to provide control points in all
roads leading to the area and electronically impose fees on
the vehicles going into the area by means of radio
communication means. Information peculiar to the individual
vehicles is recorded in each of the vehicles and a legal duty
is imposed on each of the vehicles so as to mount an in-
vehicle unit (IU) including the radio communication means.
The in-vehicle unit is equipped with a credit card (hereinaf-
ter referred to as a smart card) constituted by an IC card in
which personal information of a driver is recorded.

Generally, a road in the midtown area includes a

plurality of lanes and it is difficult to ensure a place for

providing partitions between the lanes in the control point



4 as in the toll gate of the toll road. Since the partitions can not be
provided in the control point, it is anticipated that the vehicles travel
on the lanes in parallel or travel to other |anes obliquely al%ravel
astride between the |anes or travel at high speed (for exanplg{,U EBy 2096
kmih) or the road is crowded with vehiclges. Further, even in a single

|l ane, it is anticipated that vehicles such as notorcycles travel on the
sanme lane in parallel. Even in such cases, it is necessary to provide a
radi o conmuni cation system and a vehicle separation nethod for
identifying individual vehicle's clearly and inposing the fees on the

vehi cl es i na5he CeREr @l 1R0INt Il kHaRL1GI pAked that the in-vehicle unit
is not nounted in the vehicle, or the snmart card is not nounted in the

vehicle, or the iginebi ¢he Wairt i@l chile caRBhbtCaed proviidddegal .ty ddherol
in-vehicle unit or the smart card is listed in a blacklist, or the bal ance
of the smarpodard is Lackintg.cipaeeddentitf itbat vehieflesehiralves amd thiee
imposition of fees can not be performed for the illegally passing vehicles
descri bed abeves Evepawhéietlhervdlmavied fol bohwsrademiesr oblslyjusley olrosel y
with a distance of about 25 cm for exanple, or even when the vehicles
travel at athpyRlspeédidet bedwesacedsadpnes photagvaph adn himyesrasd ddiory a
license plate of the vehicle clearly and transnit the inage to a central 1
0 FEB 2006 ©xample, at 120 km/h) or the road is crowded with vehicles.

Further, even in a single lane, it is anticipated that
vehicles such as motorcycles travel on the same lane in
parallel.

Even in such cases, it is necessary to provide a radio
communication system and a vehicle separation method for
identifying individual vehicles clearly and imposing the fees
on the vehicles in the control point.

It is anticipated that the in-vehicle unit is not
mounted in the vehicle, or the smart card is not mounted in
the vehicle, or the in-vehicle unit or the smart card is
illegal, or the in-vehicle unit or the smart card is listed
in a blackliét, or the balancé of the smart card is lacking.

The identificatibn of vehiches and the imposition of
fees can not be performed for the illegally passing vehicles

~described above. Even when the vehicle follows another
vehicle closely with a distance of about 25 cm, for example,
or even when the vehicles travel at a high speed, it is

necessary to photograph an image including a license plate of

the vehicle clearly and transmit the image to a central



5 nonitoring station w thout deterioration of the image quality to collate
it. Further, it is necessary to confirmwhether the identification of
vehicl es and the inposition of fees at the control point are @t ﬂ%gﬂﬁ or
not.' 3. OBJECTS AND SUMMARY OF THE INVENTION It is a first ob? cf he
present invention to provide an electéonic traffic tariff reception system
capable of identifying vehicles exactty to inpose fees on the vehi- cles
even if the vehicles travel in parallel or obliquely on a road having a
plurality of |anes and perform ng photograph- ing and collation of illegal
vehicl es and confirmation of the identification and the inposition. It is

a second obj ect. of .the present inventiop to . provide vehi cl e .
Cdent i f1 cat PG LARFANG: G2 bl GroH AR TSR Iy, VbH ol G SHAGT A}ty
control poi@%sc%fl% traffic tariff reception systemeven if the vehicles
travel in parallél 5F l5bliqu_ely on a road having a plurality of .l anes. In

order to achieve the first .qbject of Ethg'(lier resent ¢ yend 9~ tig el ectronic
i ! of " Fhe BE

traffic tariff reception ‘system esent ‘I'nventl on conprises an

i n-vehicle yahtARYRLed Ji o2 WA Gl 1AV dHd N Jd 88! oAU OSdANES e 2
road having one or two or nore |anes and which stores vehicle information

pecul i ar tocbndirsildpalintehixd ep@Rd-diigldesmdadio 1 0 FEB 2006
conmuni cati on nmeans, a smart card nounted in the in-vehicle
3. OBJECTS AND SUMMARY OF THE INVENTION

It is a first object of the present invention to
provide an electronic traffic tariff reception system capable
of identifying vehicles exactly to impose fees on the vehi;
cles even if the vehicles travel in parallel or obliquely on
a road having a plurality of lanes and performing photograph-
ing and collation of illegal vehicles and confirmation 6f the
identification and the imposition.

It is a second object of the present invention to
provide a vehicle identification apparatus capable of identi-
fying vehicles exactly in control points of a traffic tariff
receptioh sYétem even if the vehicles travel in parallel or
obliquely on a road having a plurality of lanes.

In order to achieve the fifst object of the present
invention, the electronic traffic tariff reception system of
the present invention comprises an in-vehicle unit mounted in
a vehicle travelling freely acrosé lanes of a road having one
or two or more lanes and which stores vehicle information

peculiar to individual vehicles and includes radio



unit and in which personal information of a driver is stored, at |east one
or nore antennas for debiting process each disposed above each | ane of the

road, an antenna controller for controlling to receive the vehj lF B 2006
information and the personal information and transmt a debit v Iu%
through the antenna for debiting procegss by nmeans of radi o communication
with the in-vehicle unit, a. local controller for judging whether the
vehicle is to be debited or not on the basis of the vehicle information
and the personal information received by the antenna for debiting process

and the vehicle information and the personal information are normal or not

d lyi debi t .val ue | d i th hi | to, th
ant enn cont PO PN CRGH t AEapam 61 ETFe ot 6268 AEBed ot [y VAR kst

one or more,qoni Loki 0g GATe: a%t%%%ﬁa1dEﬁ@%%%%x%%ﬁ%%ﬁﬁ?ﬁ?ﬁh%@&-QE.EQ%rE ad,

. e 14
a vehicle separator or etecting positions 1n irection and 't he

Cenath  directi ¢ . : co
eng I TeethQAR @ ﬁggielo\[/cemoﬂesa?ltte?mQQOEQ%r é%@lQQﬁgﬁ%ﬂdc%%,SOfeaEﬂe

noni toring canmera, an ega passing vehicle p ographi ng neans for
speci fyi ng BystbBeevehiele egparatae ar RAS t-ban ,0hnannddegaldontpassieny

vehi cl e having the vehicle information or the personal information which
i's judged nebr tenkeonarmgl tby rkbeikecaheceophieilleer ndrgr@aisnngntihehe
nonitor- ing canera corresponding to the specified position to photo- graph
the illegal bgrpassilngnfehinaltéonla@dFEBa2BO8 t7 aVied itther ailey eédhiroghuthie
recei ves the debit value from
antenna for debiting process by means of radio communication_
with the‘in—vehicle unit, a. local controller for judging
whether the vehicle is to be debited or not on the basis of
the vehicle information and the personal information received
by the antenna>for debiting process and the vehicle
information and the personal information are normal or not
and supplying a debit value in accordance with a vehicle type
to thé antenna .controller when the vehicle is to be debited
normally, at least one or more monitoring cameras each
disposed above each lane of the road, a vehicle separator for
detecting positions in the width direction and the length
direction of the vehicle at a photographing position of the
monitoring camera, and illegally passing vehicle
photographing means for specifying by the vehicle separator a
‘position of an illegally passing vehicle having the vehicle
information or the personal information which is judged not
.to be normal by the local controiler and causing the monitor-

ing camera corresponding to the specified position to photo-

graph the illegally passing vehicle.



t he antenna for debiting process, the in-vehicle unit can subtract the
debit value fromthe bal ance recorded as the personal information in the
smart card. An antenna for confirmation is disposed ahead in th

travel ling direction of the vehicle with respect to the antenniuf5552m5
debiting process. The antenna controll et re- ceives the personal
informati on through the antenna for confirmation fromthe in-vehicle unit
of the vehicle after the vehicle has passed through the antenna for
debiting process and confirnms whether the debit value is subtracted
exactly fromthe bal ance of the personal information or not. Wen a
plurality of antewWhas ahe phowietdd,le heitamberiaescahter dldbdt perlber f&oihe
radio communication in the tine sharing manner in order to prevent

i nt er f er encéhbeawtennbhéoradebnnasg Wreaesaspl thal iiny-veh licd-evamiid] eawmnits
transmt response signals to a response request signal fromthe antenna
si nul t aneousihtanatt kber depdrseadiugndironcshe Patlendentr@cadedc @swithie each
other in the antenna, the antenna controller controls to transmt the
response r eBBESPI&LghALOrMagHonhd nahen fA2EEPEELEdl y until the response
signal is received exactly. On the other hand, the in-vehicle unit

transnit the respéﬂs@n§ﬁﬁﬁél§0FbCPﬁéiFgéﬁéﬁgelFe&&é@P%ﬁdgﬁgﬁaﬂ ﬁntﬁzetine
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antenna for debiting process. The antenna controller re-
ceives the personal information through the antenna for
confirmation from the in-vehicle unit of the vehicle after
the vehicle has passed through the antenna for debiting
process and confirms whether the debit value is subtracted
exactly ffom the balance of thé personal information or not.

When a plurality of antennas are provided, the antenna
controller performs the radio communication in the time
sharing manner in order to prevent interference between the
antennas.

When a plurality of in-vehicle units transmit response
signals to a response request signal from the antenna
simultaneously and the response signals come into
interference with each other in the antenha, the anténna
‘controller controls to transmit.the response request signal
from the antenna repeatedly until the response signal is
réceived‘exactly. On the other hand, the in-vehicle units

transmit the response signals to the response request signal

in the time sharing manner after a different delay time



There is provided a vehicle detector for detecting a position in the width
direction of the vehicle. The antenna controller can start or operate only
the antenna corresponding to or in association with the |ane dfzefgﬁgmgy
the vehicle detector in order to prevent the interference between
antennas. The vehicle detector can use & one-di nensi onal photosensor

di sposed above the road in the direction perpen- dicular to the traveling
direction of the vehicle. The vehicle detector includes a nark provided on
the road at a detection position of the photosensor and having a
concentration or the shade of color varying periodically in the

per pendi cul gf @i JLLY] &%ﬁaéﬂ“h%ﬁﬁag%j ng direction of the vehicle in
ft [

addition to the use e. one-di nensi onal photosensor di sposed above the
road. in the direcijar iRerpeRdiddd & Jehide tdaualidlg A eddn iafg the
vehi cl e. The vehicle separator can use a one-di nensional. photosensor

di sposed ab@ess itdieon dad dhe tWilth reictd it perqernchdividiiarl d.0 the taraaliag
direction of the vehicle. .The vehicle separator includes a nark provided
on the roadacttddid edetoact istrayposint icpemtd hen lphathes ersmrend having  a
concentration or the shade of color varying periodically in the

per pendi cul gordigs@emiddmat ¢4 e timaad sauiiadi ke twigh dfhe Heney glfitgat gt by
addition to the use of the one-dinensional LI 0 FEB 2D06 9 phot osensor

di sposed abdV@ (1R icd&d daFatemiie@idar to prevent the interference

between the antennas.

The vehicle detector can use a one-dimensional
photosensor disposed above the road in the direction perpen-
dicular to the traveling direction of the vehicle.

The vehicle detector includes a mark provided on the
road at a detection position of the photosensor and having a
concentration or the shade of color varying periodically in
the perpendicular direction to the traveling direction of the
vehicle in addition to the use of the one-dimensional
photosensor disposed above the road.in the direction
perpendicular to the traveling di;ection of thé vehicle.

The vehicle separator can use a one-dimensional
photosensor disposed above the road in the direction perpen-
dicular to the traveling direction of the vehicle.

.The vehicle separator includes a mark provided on the
road at the detection position of the photosensor and having
a concentration or the shade of éblor varying periodically in
the pérpendicular direction to the traveling direction of the

vehicle in addition to the use of the one-dimensional



perpendi cular to the traveling direction of the vehicle. The |ocal
controller collates the vehicle information and the personal information

obtained fromthe antenna controller with a blacklist and juﬁgqﬁg%ga%]ihe
vehicle is not normal when the information is discovered fro E
list, so that the local controller can cause the illegally passing vehicle
photographlng systemto phot ograph the vehi- cle. A prepaid card, a credit
card or a postpaid card may be used as the smart card. Since comuni cat i on
with the in-vehicle unit nounted in the vehicle can be perfornmed by neans
of the antenna for debiting process, the personal information of a driver

and the veliicleod osymedi 9080 Wide thd NEod@h] 61 engads bec pbg ai ned

wi t hout stopping t vehi even en the vehicles travel freely on a

road havi ng Eﬁe@éﬁ@iéd]}’aﬁftéaﬁ}ﬁé tird it dhecdebbh el Uge cosKk espONdi ng to
the vehicle type can be debited exactly w thout paynent in cash. A tine

sharing nultiple Becesstdy dmithas ean el Bdopd eeh@svéhec Te NDuufb erid t 0

nmet hod by means of the plurality of antennas. In this case, even when a

plurality ofarukhiled gsetd@vael imfaone ciomusbicained feseathe patahhnal or

continuously in close proximty to each other or at a high speed or in the

crowd stat e;carmergplligmlwith afbleatiilclss arah hedgeenthdétethexaehiyle Agt her,

illegally D FEB 2006 10 passing vehicles having no smart card, no

i n-vehi cl e Uit ngypmal when the information is discovered from the black-
list, so that the local controller can cause the illegally
passing vehicle photographing system to photograph the vehi-
cle. 7

A prepaid card, a credit card or a postpaid card may be
used as the smart card.

Since communication with the in-vehicle unit mounted in
the vehicle can be performed by means of the antenna for
debiting process, the personal information of a driver and
the vehicle information peculiar to the vehicle can be
obtained without stopping the vehicle even when the vehicles
travel freely on a road having a plurality of lanes, so that
the debit value corresponding to the vehicle type can be
debited exactly without payment in cash. A time sharing
multiple acceseing method can be adopted as the communication
method by means of the plurality of antennas. In this case,
even when a plurality of vehicles travel in one communication
area in parallel or continuously in close proximity to each

otheerr at a high speed or in the crowd state; the plurality

of vehicles can be identified exactly. Further, illegally



illegal smart card or an illegal in-vehicle unit can be specified by the
vehi cl e separator and be phot ographed. Specifically, when the prepaid card
systemis adopted as the debiting system whether the debit va e is
subtracted exact- |y or not can be confirmed by providing the & éﬂﬁh2mﬁr
confirmation. In order to achieve the secgad obj ect of the present
invention, the vehicle identification apparatus of the present invention
including an in-vehicle unit nounted in a vehicle travelling freely across
| anes of a road having one or two or nore | anes and which stores
information peculiar to the vehicle and includes radi o conmuni cati on neans
and at | easpaonéngrvabielant bamasgdnepenadt abave, eachihanehbfle henit paent o
thereby identify the vehicle by neans of radio conmu- nication with the

i n-vehi cl e vhltegaloaghrtheaant ennani $11lesalt atheyekéalenurhht Cehed? adi o
comuni cation by the antenna is perforned in the tine sharlnananner in

order to pre%%%?lf%ﬁ?ePYeFBﬁc@eBéFﬁéeﬁeaﬁF%ﬁﬂﬁsaﬂﬂeﬁeaPBPE?%F Yeds

t d t I t t
esponae o1 GRETLL HGRELY eoBBREe CPEqHESPELT GRATT 1 T ERE PRt AnfARRGED 42 the
Sl taneous] o, A0 L ey LESRONSEaPAL e COF; LN 01 60! 1 SLOB MLl Cache, -
ot her-in the antenn {he résponse reques ransm ed to the

in-vehicle unts-fromLhg Aot Eeﬂﬁl}deF@ 39(9@l&'£'n(5e9ﬁét gAL¥nkAt bt he

response signal is recelved exact
confirmation.

In order to achieve the second object of the present
invention, the vehicle identification apparatus of the
present invention including an in-vehicle unit mounted in a
vehicle travelling freely across lanes of a road having one
or two or more lanes and which stores information peculiar to
the vehicle and includes radio communication means and at
least one or more antennas disposed above each lane of the
road to thereby identify the vehicle by means of radio commu- |
nication with the in-vehicle unit through the antenna is
characterized in that the radio communication by the antenna
is performed in the time sharing manner in order to preveht
interference between antennas when a plurality of antennas
are provided.

When a plurality of in-vehicle units transmit response
signals to a response request signal from the antenna
simultaneously and the response éignals~come into collision
with each other in the antenna, the response request signal

is transmitted to the in-vehicle units from the antenna



i signal fromthe antenna within a predetermned tine after the response

' signal has been transmitted, the in vehicle unit may be re-transqi F#@e

. response signal to the response request signal in the tine shariﬂ% nébes

vafter a different delay tine defined byirandom nunbers. By adopting the

~time sharing nultiple accessing nethod as the conmunication nethod by the
plurality of antennas when 'the vehicles travel freely on the road having a
plurality of lanes, a plurality of vehicles can be identified exactly even

~when the plurality of vehicles travel in paraIIeI or continuously in close
proximty tqHachLiRen A At i al N d he &auh shata iy ong
communi cation area. 4. BRI EF DESCRI ICN CF HE DRAWNGS Fig. 1 isa
perspect i ve tHeeWdHdUHARE | Rehedh tHHE 8 GRAH TV S St BN @SSO it G- iaref id St
enbodi nent of an electronic traffic tariff reception systemof the present
i nvention; prgedetdsniacktharpidlc fliagran iddwstnatsint ian |aymtddeafe rntimed
three-gantry systemof the first enbodinent; Fig. 3 is a block diagram
schemat i cal Ityimd lafgterattihey redyridw ee-qealt rha s ystem ofarndiel fiedt the in-
embodi ment; Fig. 4 is a perspective viewillustrating an in-vehicle 10 FEB
2006 12 uni vedidle swertt mear de Riqrtmnisnid sdifer@iroriaagiianadl |ttt ing a
prepaid

|
j the other hand, when the in-vehicle unit does not receive a predeternined
’1

response request signal in the time sharing manner after a
different delay time defined by random numbers.

By adoptiné the time sharing multiple accessing method
as the communication method by the plurality of antennas when
the vehicles travel freely on the road having a plurality of
lanes, a plurality of vehicles can be identified exactly even
when the plurality of vehicles travel in parallel or
continuously in close proximity to each other or at a high

speed or in the crowd state in one communication area.

4. BRIEF DESCRIPTION OF THE DRAWINGS

Fié. 1 is a perspective view illustrating a three-
gantry system according to a first embodiment of an |
electronic traffic tarlff reception system of the present
lnventlon,

Fig. 2 is a schematic diagram illustrating a layout of
the three—gantry system of the first embodiment;

Fig. 3 is a block diagram'schematically illustrating
the three-gantry system of the first embodiment;

Fig. 4 is a perspective view illustrating an in-vehicle



card system, Fig. 6 is a schematic diagramillustrating a credit card
system Fig. 7 is a flowchart show ng operation of the electronic traffic
tariff reception systemof the present invention; Fig. 8 is a flow chart
showi ng operation of the electronic traffic tariff reception sydk EEBSfgst he
present invention; Fig. 9 is a flow chapt show ng operation of the
electronic traffic tariff reception systemof the present invention; Fig.
10 is a flow chart showi ng operation of the electronic traffic tariff:
reception systemof the present invention; Fig. 11 is a flow chart show ng
operation of the electronic traffic tariff reception systemof the
present. invertiaorm digpadl ¢ard; schematic diagramillustrating an
illegally passing vehicle photographing system Fig. 13 is a schematic
diagramillustratifiga 3 ayowd eFhemratien b Fam 45 e g ex sprepaid
corresponding to or in association with each lane of a road having a
plurality ofard G¥HE™O06 13 lanes; Fig. 14 is a' diagramillustrating a

time sharin : . .
9 Fig. 6 is a schematic diagram illustrating a credit

- card system;

Fig. 7 is a flow chart showing operation of the
electronic traffic tarlff reception system of the present
invention;

Fig. 8 is a flow chart showing operation of the
electronic traffic tariff reception system of the present
invention;

Fig. 9 is a flow chart showing operation of the
electronic traffic tariff reception system of the present
invéntion;

Fig. 10 is a flow chart showing operation of the
eleétronic traffic tariff reception system of the present
invention;

Fig. 11 is a flow chart showing operation of the
electronic traffic tariff reception system of the present
invention;

Fig. 12 is a schematic diagram illustrating an
illegally passing vehicle photographing system;

Fig., 13 is a schematic diégram illuétrating a layout of
antennas for debiting process corresponding to or in

association with each lane of a road having a plurality of



nul tiple aécessing method; Fig. 15 is a diagramillustrating a positional
relation of the comrunication areas of the antennas for debiting process

and the vehicles; Fig. 16 is a diagramillustrating the tine Shfﬁéﬂ&h
mul ti ple accessing nmethod;. Fig. 17 is a perspective view illus émﬁ
nmodi fication of a three-gantry system according to a second enbodi nent of
an electronic traffic tariff reception stem of the present invention;
Fig. 18 is a schematic diagramillustrating a |ayout of the three-gantry
system of the second enbodinent; Fig. 19 is a perspective view illustrating
a two-gantry systemaccording to a third enbodi nent of an el ectronic
traffic tarlignggceptlon system of the present invention; Fig. 20 is a
schemati c dlagran1lllustrat|ng a layout of the two-gantry system of the

third embodinment; Fig. 21 is 3 -bliagkadi 89nastsebenst healiyg khhushgating
the two-gantry systen1of the third enbodinment; Fig. 22 is a bl ock diagram

schemati cal I yulthpserattBgsangt wetgaatry systenlaccordlng to a fourth
enbodi ment of an electronic traffic tariff reception systemof the present

invention; and 1 OFFEB 2606s14 Biggraa uslaspeaspagtavposuem@sahemaﬂatabhy
|IIustrat|ng a conventional traffic tariff reception system
of the communication areas of the antennas for debiting
process and the vehicles;

Fig..1l6 is a diagram illustrating the time sharing
multiple accessiné method;

Fig. 17 is a perspective view illustrating a
modification of a three-gantry system acsording to a second
embodiment of an electronic traffic tariff reception system
of the present invention;

Fig. 18 is a schematic diagram illustrating a layout of
the three-gantry system of the second embodiment;

Fig. 19 is a perspective view illustrating a two- gantry
system according to a third embodiment of an electronic
traffic tariff reception system of the present invention;

Fig.'ZO is a schematic diagram illustrating a layoutlof
the two-gantry system of the third embodiment;

Fig. 21 is a block diagram schematically illustrating
the two-gantry system of the third embodiment;

Fig. 22 is a block diagram schematically illustrating a
two-gantry system adcording to s fourth embodiment of an

electronic traffic tariff reception system of the present

invention; and



5. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention
is now described in detail with reference to enbodi nents shown in the
acconpanying draw ngs. [Enbodi ment 1] Referring now to Figs.. %éag %%? a
first enbodiment of an electronic traffic tariff reception syst EB 2006
(hereinafter abbreviated as an ERP sys%@n) of the present invention is
descri bed. The electronic traffic tariff reception systemof the

enbodi ment is applied to a plan that inposes a fee on a vehicle going into
the m dtowmn area so that an area into which the vehicles are limted to
enter is provided, and is naned a so-called three-gantry system The

electronic traffic_tari recept i th j can be
divi ded into threds bt%%nlsgfﬁn%%llgpé %%‘?%9@ %%wi %C%%‘S?E%? r identifying

vehicles trave| [ing {168y OO dfPagnhavipgep; Pl LAl EEY QLo LANGS 4 ddpose
a fee or a tra##?%@tarff% on ?%e veﬂ?cles fﬁéreina#terrabﬁéeviatégs as an
AVID system). Another is an illegally passing vehicle photographing system
(hereinafter abbreviated as an ECS systen) for photographing an i nage of

an illegallys passixng.nehieserioriol GFEBraf0srabErRBOSHHBODIRERT®RgE data to

a central nonitoring station. The remaining concerns an in-vehicle unit

(hereinafter abbrew gisss@ast alnvd)tionniedndw deyehibee@. in detail with
reference to embodiments shown in the accompanying drawings.
[Embodimenﬁ 1]

Referring now to Figs. 1 to 12, a first embodiment of
an electronic traffic tariff reception system (hereinafter
abbreviated as an ERP system) of the present invehtion is
described. |

The electronic traffic tariff reception system of the
embodimenﬁ is applied to a plan that imposes a fee on a
vehicle going into the midtown area so that an area into
which the vehicles are limited to énter is provided, and is
named a so-called three-gantry system.

The electronic traffic tafiff reception system of the
embodiment can be divided info three sections functionally.

One is a system for'identifying vehicles travelling
freely on a road having a plurality of lanes to impose a fee
or a traffic tariff on the vehicles (hereinafter abbreviated
as an AVID system).

Another is an illegally passing vehicle photographing
system‘(hefeinafter abbreviated as an ECS system) for

photographing an image of an illegally passing vehicle to



In the enbodinent, in order to realize functions of the AVID system and
the ECS systemmainly, outstations as shown in Fig. 1 are installed at
control points in various places. |In the outstation, three gaq?r%ggiép 2
and 3 are disposed to stride a road and a control booth 4 is also -di*sposed
on the side of the road. The road inclugles three |anes and a plurality of
vehicles .travel freely on the road. A legal duty is inposed on each of the
vehicles so as to nount the in-vehicle unit including radi o conmunication
means. The in-vehicle unit assunes the form of capable of nounting a smart
card (SC) in which the personal information of a driver is recorded and it

is described | al&fid rt}f@ti%ialge R o0 J odri@a 12 mcdh L St ANG e Dt wgen the
first gantry 1 and the second gantry 2 is about 7 nmeters and a distance

bet ween t he” secondriganidi iz iyl ddiecdiid hroantherd d e about Fher@trerscdn
respect to the travelling direction of the vehicle. Three antennas 5, 6

and 7 for delybdaig deRress af erumpudecten ddhe fidisicgantry 1 to correspond
to the respective lanes in the direction perpendicular to the travelling
direction of the viehitdlee entbdimemoniifrordnipc drenssa 8 z@, fulctidils dR @l

13 for photographing illegally passing vehicles are also nounted on the
first gantryVIQ rpystendiansttihm BCD SER Q008 116Y, pearpesict €igons ap ahwwn
travelling direction of the vehicle.' Each of comunication areas of the

antennas 5, 16 dnid 7 ¥ ity 95t e <OntEali MAINES righger F1oM St

meter to . .
In the outstation, three gantries 1, 2 and 3 are

disposed to stride a road and a control booth 4 is also
disposed on the side of the road. The road includes three
lanes and a plurality of vehicles travel freely on the road.
A legal duty is imposed on each of the vehicles so as to
mount the in-vehicle unit including radio communication
means. The in-vehicle unit assumes the form of capable of
mounting a smart card (SC) in thch the personal information
of a driver is recorded and it is described later in detail.
As shown in Fig. 2, a distance between the first.gantry
1 and the second gantry 2 is about 7 meters and a distance.
between the second gantry 2 and the third gantry 3 is about 5
meters in respect to the travelling direction of the vehicle.
Three antennas 5, 6 and 7 for debiting process are
mounted on the first gantry 1 to correspond to the respective
lanes in the direction perpendiqular to the travelling
direction of the vehicle and six monitoring cameras 8, 9, 10,
11, 12 and 13 for phofographing illegally passing vehicles

are also mounted on the first gantry 1 in the direction



about 3 neters ahead of the first gantry 1. Adjacent conmunication areas
overlap each other partially. The antennas 5,6 6 and 7 for debiting process
performthe radi o conmuni cation in mcrowaves and are accordingly desi gned
in consideration of influence due to the natural condition sutf FES 210gi n,
snow and the like. The nonitoring caneris 8 to 13 are nounted to be able

to photograph an inmage including a license plate of passing vehicles at a
position just after passing through the third gantry 3. The nonitoring
caneras 8 to 13 use a black-and- white CCD canera with an el ectronic
shutter so as to be-able to digitally process the photographed i mge.

Al t hough O\r}]‘%ztgeeqq&i%l}ﬂerd!c?%}?@%@xﬁ%figﬁ{i&%&@i&? O Oé’ﬂéje\r%?jréi u-

m nation devi i'nconsideration re an nount o ight in

the outdoors is |acking, ¢ %a(jnﬁ(&bi&l@iéiﬁtaeﬁé Sof ekl pf & 82 8bDT eyi gledy as
VPD) 14, 15, 16, 17/, 18 and 19 are nounted on the second gantry 2 in the

direction perqrendiiiialg t-dbesd rayell ith d reeddOns fdn dhSuvehikd€esocd hat
each pair of the vehicle detectors corresponds to each | ane. The vehicle

detectors 14Hdmtl® weaers Mesgd enstphnat i r SCRy Lty a1 andadheatege aph
portions positioned just belowthe 1 0 F EB 2006 17 second gantry 2. A

bl ack- and- wiidnenyrerdaadion rearda Laovesr 14p ovd cledoefiet heapoidl bps orh¢ he road

in the direction perpendicular to the travelling direction of the vehicle.
antennas 5, 6 and 7 for debiting process perform the radio
communication in microwaves and are accordingly designed in
consideration of influence due to the natural condition such
as rain, sﬁow and the like.

The monitoring cameras 8 to 13 are mounted to be able
to photograph an image including a liéense plate of passing
vehicles at a position just after passing through the third
gantry 3. The monitoring cameras 8 to 13 use a black-and-
white CCD camera with an electronic shutter so as to be able
to digitally process the photographed image. Although
omitted in the drawings, it is desirable to provide an illu-
mination device in consideration of the case where an mount
of light in-fhe outdoors is lacking.

Six vehicle detectors (hereinafter abbreviated as VPD)
14, 15, 16, 17, 18 and 19 are mounted on the second gantry 2
in the direction perpendicular to the travelling direction of
the vehicle so . that each pair of the vehicle detectors
corresponds to each lane. |

‘The vehicle detectors 14 to 19 use a one-dimensional

CCD camera and photograph portions positioned just below the



Accordi ngly, when there is no vehicle, the periodic mark 2a is
phot ogr aphed by the one-di nensi onal CCD caneras and a square wave havi ng
the same period as the periodic mark 2a is observed. Wen the pfbigﬂé%
mark 2a is interrupted by the vehicle, the square wave is disturbe pb
di sturbed square wave is analyzed int time sequential manner to detect
positions in the length direction and the width direction of the-vehicle.
When t he one-di nensi onal CCD caneras are used as the vehicle detectors 14
to 19 as in the enbodinment, the vehicle detectors can detect vehicles at
intervals of about 25 cmin the width direction of t he road and the

travel l'i ng dééect antf tfue Vfrbfa&tonéhehetbé/ p(? l(Jt; I e I;tﬁ%hlekv;;n CA es

i ncl udi ng orcy and | ar'ge- ST Zed Vent ¢ odi men t he

bl ack- and- whi &, gidd a{@rtlﬁh% Loathasod e, e o £, é< Rezeabide anot her

peri odi c pattern use hree antenna or confirmation 20,

21 and 22 ang-foudiat o0 E@etﬁ@'ﬁldaxgéﬁfﬁg Jifedheodisection peryendi cul ar
to the travelli'ng direction of the vehicle and six vehicle separators

(herei naf t eracddremigled AseVIhedde 24 ndSverfcle/ tidthaSi¢d e alaxk maunt ed
on the third gantry 3 |n the direc 1D FEB 20DB 18 tion perpendicular to the

travel | i ng dig emtidtoogdplidie wehilod eonsad itais sathl padd cdmétes vaeld & e
separators corresponds to each |ane.
square wave having the same period as the periodic mark 2a is
observed. When the periodic mark 2a is interrupted by the
vehicle, the squaﬁe wave is- disturbed. The disturbed square
© wave is anélyzed in_the time sequential manner to detect
positions in the length direction and the width direction of
the vehicle.

When the one-dimensional CCD cameras are used as the
vehicle detectors 14 to 19 as in the embodiment, the vehicle
detectors can detect vehicles at intervals of about 25 ém in
the width direction of the road and the travelling direction
of the vehicle to thereby separate the vehicles including
motorcycles and large-sized vehicles.

In théjembodiment, the black-and-white grid mark is
uéed as the periodic mark 2a, while another periodic pattern

! or mark may be useqd.

Thrée antennas for confirmation 20, 21 and 22 are
mounted on the third gantry 3 in the direction perpendicular
to the travelling direction of'the vehicle and six vehicle

separators (hereinafter abbreviated as VvS) 23, 24, 25, 26, 27

i and 28 are also mounted on the third gantry 3 in the direc-



Each of communication areas of the antennas for confirmation 20, 21 and 22
is wthin' a range of fromabout 1 neter to about 3 neters ahead of the

third gantry 3. Fur- ther, adjacent communi cation areas Overlaeéfﬁﬁﬁéﬁﬁg
par- tially. The antennas for confirmation 20, 21 and 22 per f or dio

comuni cation in mcrowaves and are accoggingly -designed in consideration
of influence due to the natural condition such as rain, snow and the |ike.
The vehicle separators 23 to 28 use a one-di nensional CCD canera-and

phot ograph portions positioned just below the second gantry 3. A

bl ack-and-white periodic mark 3a is provided at the portions on the road

in the dire?&mﬁnﬁegﬁeﬂéqghﬁgka%ot%h%h%r%ngﬁ bbngLQE%%ﬁ%'O%fokh%h%eﬁggﬁ%le

Accordi ngly ere’1s no vehic rodic mark 2a i s photographed

by the one- gbneﬁaltoeélch%'aﬁaw %ﬁea(}gh@cléqgébgr‘é@%%sh%\b'r%s%%d%a%
period as the periodic k 3a is observed. Wen the periodic mark 3a is

i nterrupt edel¥nt henevehicle, the square wave is disturbed. The disturbed
square wave is analyzed in the tinme sequential manner to detect positions
in the length direathosraedminiaivhdt bndareati ofi ehe bheevehisclfer Wien the
one-di mensi onal CCD caneras are used as the | 0 FEB 2006 19 vehicle
separators @8nfora8tdsni 20t helearhddaent, wihkivehi chagesegfarfatoor sboat 1
detect vehicles with the resolution of about 25 cmin the width direction
of the roadn@hért ke ebawsl Bi ngters ahead of the third gantry 3. Fur-
ther, adjacent communication areas overlap each other par-
tially. The antennas for confirmation 20, 21 and 22 perform
the radio communication in microwaves and are accordingly
designed in consideration of influence due to the natural
condition such as rain, snow and the like.

The vehicle separators 23 to 28 use a one-dimensional
CCD camera and photograph portions positioned just below the
second gantry 3. A black-and-white periodic mark 3a is
provided at the portions on the road in the direction
perpendicular to the travelling direction of the vehicle.
Accordingly, when there is no vehicle, the periodic mark Z2a
is photographed by the one~dimensional CCD cameras and a
square wave having the same period as the periodic mark 3a is
observed. When the periodic mark 3a is interrupted by the
vehicle, the square wave is disturbed. The disturbed square
wave is analyzed in the time sequential manner to detect
positions in the length direction and the width direction of

the vehicle.

When the one-dimensional CCD cameras are used as the



direction of the vehicle to thereby separate the vehicles including

not orcycl es and | arge-si zed vehicles. In the enbodi nent, the

bl ack-and-white grid mark is used as the periodic mark 2a, while another
periodic pattern or mark may be used. The vehicle separator cafd BdtEacps he
vehicle even if ultrasonic waves or mi-crgnaves are used instead of the
one- di nensional CCD canera, while the vghicle separator using ultrasonic
waves or m crowaves has a wide directivity and according can not attain
the resolution of about 25 cm In order to control the antennas 5, 6 and 7
for debiting process, the antennas 20, 21 and 22 for confirma- tion, the

vehicle det aedifs1d4dghdfand bhecyehpcie sepaia-ehibSimeht 0 B ddererare
provi ded an antenna controller, a local controller, a vehicle detector

mast er cont re¥pEra tdr VT amedd eEceondli Dbl es , wiath Ee anskd hetildkenf et
control booth 4. Mre particularly, as shown in Fig. 3, the antennas 5, 6
and 7 for deld tamgiprdcessidtie comeeci@d ¢H @ne andadnand cdnd rtatd wrl Pngo
that the antenna controller 29 receives the vehicle information and the
per sonal i nfddraettiom afd the angim ¢ ke debi therehnforpatdton thelwsliigles debi't
value by | 0 FEB 2DD6 20 neans_of the radi o comunication wth the _

i n-vehi cl e dfidludHipigtarey aheeniad Rreeanesd feehd#el?i ng process. The

antenna controll er_ 29 desirab adopts a tjnme
In the emboégﬁentP the biack—and—white grid mark is

uséd as the periodic mark 2a, while another periodic pattern
or mark may be used.

The vehicle separator can detect the vehicle even if
ultrasonic waves or microwaves are used instead of the one-
dimensional CCD camera, while the vehicle separator using
ultrasonic waves or micféwaves has a wide directivity and
according can not attain the resolution of about 25 cm;

In order to control the antennas 5, 6 and 7 for
debiting process, the antenhas 20, 21 and 22 for confirma-
tion, the vehicle detectors 14 to 19 and the vehicle separa-
tors 23 to 28, there are provided an antenna controller, a'
_local controller, a vehicle detector master controller, a VS
master controller, an ECS and theriike in the control booth
4.,

More particularly, as shown in Fig. 3, the antennas 5,
6 and 7 for débiting process are connected to an antenna
controller 29 so that the antenna controller 29 receives the
vehicle information and the personal information and

- transmits debiting information including a debit value by



sharing nultiple accessing nethod (TDVA) described later in order to avoid
the interference between the antennas 5, 6 and 7 for debiting process and
performthe debiting process with respect to a-plurality of vehicles
exact|y. The antennas 20, 21 and 22 for confirmation are connecl 8dFEB 240%
antenna control ler 30, which receives theygvehicle information and the
personal information by nmeans of the radio conmunication with the
in-vehicle unit through the antennas 20, 21 and 22 for confirmation. The
vehicle detectors 14 to 19 are connected to the vehicle detector naster
controller 31, which supplies position information of a front end and a

rear end of the,svehiche 99&98%&@&&?&3{8@&kghdgﬁscmweﬂﬁcig dfito the

antenna controller 30 to start a specific antenna for confir mation-

Further, thecnebhghetREPAHBLERASS 23, tO ZBqanereenyest edngt pracyebicle
separator master controller 32. The controller 32 sends position

informati on of a ree¢ &Rtedhatbenvehirée 2detiesiedbby adepyshacteme
separators 23 to 28 to the illegally passing vehicle photographing system
(ECS). In thehzadtegahulahplél egaddyipassebgodehTole) descnigedi hetedi hy a
license plate of the vehicle is photographed by the nonitoring 1 O FEB
2006 21 caner¥r®es to dgoidhehaniewenieorneel bersegn thd 30tenhasvehi ¢l @and

detector nmaster controller 31 and the vehicle separator master _
7 for debiting process and perform the debiting process with

respect to a plurality of vehicles exactly.

The antennas 20, 21 and 22 for confirmation are
connected to an antenna controller 30, which receives the
vehicle information and the personal information by means of
the radio communication with the in-vehicle unit through the
antennas.ZO, 21 and 22 for confirmatioﬁ. |

The vehicle detectors 14 to 19 are connected to the
vehicle detector master controller 31, which supplies
position information of a front end and a rear end of the
vehicle detected by the vehicle detectors 14 to 19 to the
antenna controller 30 to start a specific antenna for confir-

mation.. . .

Further, the vehicle separators 23 to 28 are connected
to a vehicle separator master controller 32. The controller
32 sends position information of a rear end of the vehicle
detected by the vehicle separators 23 to 28 to the illegally
passing vehicle photographing system (ECS). In the case of
an illegally passing vehicle, an image including a license

plate of the vehicle is photographed by the monitoring



controller 32 are connected to a local controller 33. The |local controller
32 judges whether the vehicle is to be debited or not on the basis of the
vehicle information and the personal information received by thepap ggqﬁ®§
for confir- mation 5, 6 and-7 and whether the vehicle information an t
personal information are normal or not. \Wen the vehicle is to be debited
normal |y, the local controller supplies a debit value in accordance with a
type of the vehicle to the antenna controller 29. Further, the vehicle
information and the personal information obtained fromthe antenna
controller 29 are collated with a blacklist. Wen the vehicle information
and t he per r%gfgrg@thn are detected in the blacklist, it is

determ ned that ve e is not nornmal and the |IIegaIIy passi ng

vehi cl e photographtng sysbeAh(EESLrb$1e£8U860ahe PHOL 0HEAPENT BB VESE &L €or
The illegally passing vehicle photographing system (ECS) specifies by

neans of thenaehé €l €osePALdELT $128n80tRE Reh POSEt E@Padhtbhenkbtegal Iy
passing vehicle having the vehicle information or the personal information

whi ch is detesminetleby3phertogcahneoptdotbes B3cadtcdntbelberndB. orTidi ch
is detected-in the blacklist and is regarded by the local «controller\ 33
to be illegdloacdhecohtegaléy passudgevenhetiedr Gh&EEBR=ROOBe22s photlogr aphi ng
system causes the nonitoring camera 8 - 13 corresponding to the 'specified
position to dsiotoed aph nhe on| thgabéyipasti tge vedhctbe information and

the personal information received by the antennas for confir-
mdtion 5, 6 and 7 and whether the vehicle information and the
personal information are normal or not. When the vehicle is
to be debited normally, the local controller supplies a debit
value in accordance with a type of the vehicle to the antenna
controller 29. Further, the vehicle information and the
personal inforﬁation obtained from the antenné controller 29
are collated with a blacklist. When the vehicle information
and the personal information are detected in the.blacklist,
it is determined that the vehicle is not normal and the
illegally passing vehicle phbtographing system (ECS) is
caused to phbtograph the vehicle.

The illegally passing vehicle photographing system
(ECS) specifies by means of the vehicle separators 23 to 28 a
position of the illegally passing vehicle having the vehicle
information or the personal information which is determined
by the local controller 33 not to be normal or‘which is
detected in the blackiiét and is regarded by the local

controller\ 33 to be illegal. The illegally passing vehicle



Conmuni cati on between the illegally passing vehicle photographing system
(ECS), the local controller 33 and the vehicle separator naster controller
32 can be nade through an illegally passing vehicle phot ograph{ Eg s%stvem
(ECS) interface 34. The local controller 33 can conmunicate w BE 12808 -
speed digital communi cation network (digi2et) such as | SDN connected to a
central conputer system (CCS) through a diginet interface 35. Further, a
backup storage is provided. The local controller is provided with other
instrunents,, sensors and fans. An exanple of the in-vehicle unit and the
smart card is shown in Fig. 4. As shown in Fig. 4, the in-vehicle unit 36
has a structyre that the smart card 37 iglm)unt.etd i.n the in- yehigle unit
and incl udef"® quiﬁp&l&gyﬁyﬁ Gt s %53?536’; TS (6t surface

t hereof. The jn-vehicl. it .36 sto o) | ar. vehi 1.nf ti such
as, for exa(r?r:ﬁjlrgesgjn nl%iﬁ-&g%ocltzleungiqercg%fdlee%cﬁré S,a!i'ltnl-o\%leﬁclcdcIé\rl Ot}rrﬁll@a@lpéc?l%a

manuf act uri QQl%QgtaQ1§n%ats@%.r%j kgspgnd o i ncl udes radi o comuni cation nmeans not
shown. The snart” card 37 stor river's personal information such as, for

exanple, a Smart CREEGAER L idOHMRGE i0nse IRJFER 200G A3 veThars a
debiting history or transaction and the |ike, and uses a prepaid card in
t he enbodi mphotddhephtihg SSardencarRES)/, ithd Nsydleddntre ke 133 weld adhe
vehicle separator master controller 32 can be made through an
illegally passing véhicle photographing system (ECS)
interface 34. |

The local controller 33 can communicate with a high-
speed digital communication network (diginet) such as ISDN
connected to a central computer system (CCS) through a
diginet interface 35. Further, a backup storage is provided.
The local controller is provided with other instrumentsp
sensors and fans. |

An example of the in-vehicle unit and the smart card is
shown in Fig. 4. As_shoWn in Fig. 4, the in-vehicle unit 36
has a structure that the smart card 37 is mounted in the in-
vehicle unit and includes a liquid crystal display 36a
mounted in the front surfaée thereof.

The in-vehicle unit 36 stores peculiar vehicle
information such as, for example, an in—&ehicle unit code, an
in—véhicle unit type, a manufacturing date and the like and
includes radio communication means not shown.

The smart card 37 stores driver’s personal'information

such as, for example, a smart card code, a driving license



unit 36, information in the smart card 37 is sent to the in- vehicle unit
36 and stored in the uhit after the authentication. Wen any error occurs
in the authentication, its. history is recorded. Further, when {Be smar t
card 37 is pulled out fromthe in-vehicle unit 36, the.informatPoRERBRIGt he
smart card 37 is erased. Public vehicles . a&ich are exenpted fromthe
debiting such as a bus and vehicles for the police and the fire fighting
are set to have 11U type of 4, for exanple, and are judged not to be the
illegally passing vehicle even if the smart card 37 is not nounted in the
in-vehicle unit 36. A paynent nethod adopts the prepaid system shown in
Fig. 5. The puepard sys¢eit usg@shastbnyvehi ekensactibaghad that Lbke syshém 38
connected through the diginet. The in-vehicle unit registration system 38
i ncl udes an usasvehprépaihi tandnber thapenbadine88, a totalization
processing unit 40, a prepaid card witer 41 and a printer 42. An |U code,
a smart card code Whenathal smestagerdnpit iedinparthd inteekhel énoviehlialaber
input unit 39. The smart card code and the balance are recorded in the IC
card constitWihg36t henEpmmratian dibythearsast FAsdpPdpaPdSeREdtarfhering
and are sent through the_totalization processing unit 40 to the 1 O FEB
2006 24 centYEPIebRpuRel 3§steth feesyd +h bRBeRNES BEEGENENPNj ustice in the

prepaid systemnlieitSef85! M A& P VLSS 8ttt Lhu gL HeRY L EM on,
its history is recorded. Further, when the smart'card 37 1is
pulled out from the in-vehicle unit 36, the information of
the smart card 37 is erased. |
Public vehicles which are exempted from the debiting
) such as a bus and vehicles for the police and the fire
fighting are set to have IU type of 4, for example, and are
judged not to be the illegally passing vehicle even if'the
smart card 37 is not mounted in the in-vehicle unit 36.
A payment method adopts the prepaid system shown in
Fig. 5. The prepaid system uses an in-vehicle unit regis-
tration system 38 connected through the diginet.
The in-vehicle unit regiétration system 38 includes an
in-vehicle unit number input unit 39, a totalization
- processing unit 40, a prepaid card writer 41 and a printer
42. An IU code, a smart card code and a balance are inputted
in the in-vehicle unit number input unit 39. The smart card
code and the balance are recorded in the IC card constituting
the smart card by means of the prepaid card writer 41 and are

sent through the totalization processing unit 40 to the



Further, it is possible to adopt a credit card system as shown in Fig. 6
as the paynent nethod of the smart card. The credit card system uses a
credit card managenent system 44 connected through the diginet. The credit
card management system 44 includes a central processing unit 4% BER 2008

hi story nmenory 46 and a printer 47. The pg¥nent systemis not limted
particularly and may be a postpaid systefiiand a deposit system The
illegally passing vehicle photographing system (ECS) includes, as shown in
Fig. 12, ‘a plurality of nonitoring caneras, canera interface units 48, a
picture processing unit 49, a hard disk unit 50, a CPU 51, a trans-

m ssion unit C r.d f nit 53, a nainte- nance interface
unit 54, anﬁ%ﬁ%ﬁé&ﬁéﬁﬁ%ﬁééﬁi?§£%§£aﬁ%§% her interface unit 56. The CPU 51

incl udes a menory [HPCES @fytéoér%@tlﬁ??%icé hen Syt emand @ spadiol it

circuit necessary the interrupt con and others and conttols the

whol e operatipryfi td1e1 e i £ €98bT Yadas St Ne yEedt cf e ogFapdth ng system
(ECS). The camera interface unit 48 includes two sets of frane nenories

for storing a shuttertigormand 19 pdes Coneres dadptg BB 2006 Apstam of .
an image, automatic control of a diaphragmof the camera and a canera
i mge and cars reagn nfroridd | of) 4¢ otrh@nea yriemmenatenot yofilhile smdkrthgard i nage
into the other frame
The credit card system uses a credit card management system
44 connected through the diginet.
The credit card management system 44 includes a central
processing unit 45, a card history memory 46 and a printer
47. |
The payment system is not iimited particularly and may
be a postpaid system and a deposit system.
‘The illegally passing vehicle photographing system
(ECS) includes, as shown in Fig. 12, a plurality of
monitoring cameras, camera interface units 48, a piéture
processing unit 49, a hard disk unit 50, a CPU 51, a trans-
mission unit 52, a controller interface unit 53, a mainte-
nance interface unit 54, an image display unit 55, and other
interface unit 56. |
The CPU 51 includes a memory necessary for operation of
the system and a control circuit necessary for the interrupt
control and others and controls the whole bperation of the
illegally passing vehicle photographing system (ECS).
The camera interface unit 48 includes two sets of frame

memories for storing a shutter command to the camera, taking



menory. -The picture processing unit 49 is a hardware for performng
conpression and extension of a picture or inmage taken by the canera in a
predet erm ned manner. The hard disk unit 50. can store a conpressed i mge
from the canera and additional information. The transnission ulit FEB 2085 a
transm ssion interface for transmtting2bhe conpressed i mage and the i mage
additional information to the central conputer system (CCS) and receiving
a designated i mage comuni cati on command, tinme, other necessary variable.
information, setting information and the |ike fromthe central conputer

system (CCS).. The controller interface unit 53 is an interface. for the
I gcal C(()nt rZﬂnI éjrfer‘?di AP 95Td FEIES | TPyt t fgpa?sé]{]ﬁ‘?é’r}”i?eqﬁ RS tl%r?f ormati on

correspondi Q%in'{eoraa. %rclj‘)tao ¢ aoethrioa&rg aigr??alan%% nagr%d i cne;[ne rrre%ocf l?’l% r%a?{}ig}no q{r%l?[h ior}xge

command and transmts a P oceéss condition. mai nt enance

nterface unidapd denA LKA ACH1 01 2 CONRERI 100 BRY Sanal: camp er f or
t he purpose of maintenance "or adjustnent. e image display unit 55 is
provi ded w tn{éng)gyr_ane menory for display and an interface capabl e of’

superposing 26 1°0 FEB 2006 characters, a cursor and a frane |line. The
other interface unide 3f dthd¥ Pridtacbdd @it 4y & ac e dIwaare epdrer nal

light illumnoneter and an inter-
performing compression and extension of a picture or image
taken by the camera in a predetermined manner.

The hard disk unit 50. can store a compresséd image from
the camera and additional information.

The transmission unit 52 is a transmission interface
for transmitting the compressed image and the image
additional information to the central computer system (CCS)
and receiving a designated image communication command, time,
other necessary variable information, setting information énd
the like from the central computer system (CCS).

The controller interface unit 53 is an interface for
the.locél controller mainly and receives illegaily passing

'vehicle infbfmation cérresponding to a photographing command
'inferruét and a photogréphing command and tfansmits a
photographing. process condition.

The maintenance interface unit‘54 is an interface for
connecting a personal compﬁter for the purposerof maintenance
or adjustﬁent.

The image dispiay uﬁit 55 is provided'with a frame

memory for display and an interface capable of superposihg



face for illum nator control if necessary. The illegally passing vehicle
phot ogr aphi ng system (ECS) photographs only the illegally passing vehicle,
al t hough the system may phot ograph all of passing vehicles and Iﬂe ve only
image information of the illegally passi ngG vehicl es by rerovi ng Ui kg 008
information of normally passing. vehicleS” An inplenmentation nethod of the
electronic traffic tariff reception system (ERP) of the enbodi nent is now
described with reference to Figs. 7 to 11. First of all, as shown in Fig.
7, in the first gantry 1, the antenna controller 29 controls to always
transmt the response request signal to the in-vehicle unit 36 fromthe
antennas for debiting process 5 6 and 7. The_response request signal
i ncl udes dat@NITRALRES ar? afitBiMa FFberfrandeling| ace and | ane positi on.
The response request signal further inc| udeg ,random)gém%ers for
authentication of THe AMHNRECFRCYHF ngl proREVEIed Yhi 2%ind t he
i n-vehicle unit 3)2& for the purpose of revenjts'on. of illegality. .Tkk;a
i n-vehicle uhite3 ?‘r%u%?%aaril ne}fﬁ%r% ijcf%hEaJs Jr%“?%?%%hartl%egrfilr% *antry
1 receives the respons %% é,rg%?zgl apgd perfor t he aut hentication
with the anténnas ?orl%@%g [ é debrting proces 5, 6 and 7 by neans of
the random nunber sy,e AL R LON 118 0 PlnlBE.TGIDONSE bRINESEySigal . the
in- vehicle unit 36 transmts a response signal to the antennhas -
(ECS) photographs only the illegally passing vehicle,
although the- system may‘photograph all of passing vehicles
and leave only image information of the illegally passing
vehicles by removing image information of normally passing .
vehicles.
An implementation method of the electronic traffic
fariff reception system (ERP) of the embodiment is now
described with reference to Figs. 7 to 11.
First of all, as shown in Fig. 7, in the first gantry
1, the antenna controller 29 controls to always transmit the
response request signal to the in-vehicle unit 36 from the
antennas for debiting process 5, 6 and 7. The response
request signél includes data such as an antenna number, time,
place and lane position. The response request signal further
includes random numbers for authentication of the antennas
for debiting process 5, 6 and 7 and the in-vehicle unit 36
for the purpose of prevention of illegality.
The in-vehicle unit 36 mounted in the vehicle passing

through the first gantry 1 receives the response request

signal and'performs the authentication with the antennas for



for debiting process 5, 6 and 7. The in-vehicle unit 36 is wusually in a

sl eeping state and is started by the response request signal. The response
signal includes data such as an antenna nunber, tinme, place, glﬁuy%B 2006
position,-in-vehicle unit code, smart card code, bal ance and error
information. Further, the response signak7includes new random nunber for
authentication of the antennas for debiting process 5 6 and 7 and the in-
vehicle unit 36 for the purpose of prevention of illegality. The error
information includes error information for authentication of the
in-vehicle unit 36 and the smart card 37. Further, before the in-vehicle

Uit 36 L1 angiL LB D, Eepose 51g0g re;»asr%e;a“qszecwe UpiAadR ST,

e unl bes e ant ennas for

process 5, Mﬂﬁ? r %ggggg%@ t the
i n-vehicle S%It pa%%%élt roug hg%eéggégﬁ% gantry ef or 9%%55?%% t hr ough
the first gaptgycie ba{ni@V% S@fé/nsxﬁiéé/eei'fé‘ébd}fbé he d0ad. + Where tdvee attanna

controller 29 has received the response signal fromthe in-vehicle unit 36
through the f@nteawasidPrpeebidd gy, pg acess? 5, thanth ~rehihelaniemaeans 1 0

FEB 2006 28 troller 29 makes authentication with the in-vehicle unit 36 by
means of new gDy fwirdbes Seapithd ranste tand hies datartad tihe thecadsmorde ol | er
3% request signal.

The response signal includes data such as an antenna
number, time, place, lane position,- in-vehicle unit code,
smart card code, balance and error information. Further, the
response signal includes new random number for authentication
of the antennas for debiting process 5, 6 and 7 and the in-
vehicle unit 36 for the purpose of prevention of iliégality.
The error information includes error information for
authentication of the in-vehicle unit 36 and the smart card
37.

Further, before.the in-vehicle unit 36 transmits the
response signal, the in-vehicle unit 36 confirms whether the
in-vehicle ﬁhit does not respond to the antennas for debiting
process 5, 6 and 7 yet or whether there is no sequence error
that the in-vehicle unit passes through the second gantry 2
before passing through the first gantry 1 by reversely
travelling on the road.

When the antenna controller 29 has received the‘

response signal from the in-vehicle unit 36 through the

antennas- for debiting process 5, 6 and 7, the antenna con-



In the enbodi ment, the authentication of the in-vehicle wunit 36 and the
antennas for debiting process 5 6 and 7 is nmade by neans of random
nunber, while a tel egraphic- message nmy be converted into a secret nessage
by any nethod in order to prevent the illegality perfectly. Phg frpcabs
controller 33 receives the vehicle inforggtion and the personal
information fromthe in-vehicle wunit 36 and confirns the information as
shown in Fig. 8 as follows: (1) Authentication error of the in-vehicle
unit 36 and the antenna (2) Aut hentication error of the in- vehicle unit 36

and. the smart_card_37 Vhl|d|t¥ of the in-vehicle unit ﬁ %¥P
the in-vehi cFECLAPYE %%)m¢$%§eﬂﬁéh69 tRatipar vitlr ghe(sR-variaiey. "%%e

t d th | at f th ' . ,
() and (6) PEHEETER o RFE BN APReOaNPy~pa8Srn e 0GR ot ARATEEh FortEe
debi t ed. V%ef éhfr oi Of%g 25en1for the above itens (1), (2), (3), (5)

and (6), the VehrcTe' s debited normally. When the type of the

n-vehicle unit syl 0,F85,2006,20,4 nothe ABRYELLEM( 4}, chiesnehielels

a public vehicle such as a rEh71's exe romthe iting and
accordingly yihe yehighehs RRteARRLt 8dr EBb%tiﬁéubkobésEeﬁc,’r@eQn@S7 3 s

made by means of random number, while a telegraphic message
may be converted into a secret message by any method in order
to prevent the illegality perfectly.

The local controller 33 receives the vehicle
information and the personal information from the in-vehicle
unit 36 and confirms the information as shown in Fig. 8 as
follows:

(1) Authentication error of the in—véhicle unit 36 and
the antenna

(2) Authentication error of the in-vehicle unit 36 and,
the smart card 37

(3) Validity of the in-vehicle unit

(4) Type of the in-vehicle unit

(5) Presence of the smart card

(6) Validity of the smart card

When there is any violétion of the above items (1),
(2), (3), (5) and (6), the’vehicle is an illegally passing
vehicle and can not be debited. When there is no problem for
the above items (1), (2), (3), (5) and (6), the vehicle is to

be debited normally. When the type of the in-vehicle unit is



comuni cation result. Wen the vehicle is to be debited, a debit value in
accordance with the type of the in-vehicle unit is read out and the
debiting information including the debit value and the transaCéiOP is
transmtted to the in-vehicle unit 36 through the antenna for db EB&@E
process 5, 6, 7 specified by the antenn&%unber. The in-vehicle unit 36
whi ch has received the debiting information including the debit , val ue.
transmts a reception conpletion signal informng that the debiting
information such as the debit val ue has been received nornally to the
antennas for debiting process 5 6 and 7. The antenna controller 29 which

has received the tlecepiowd o8R!l eh)Onthsi GdRlcidr oggh phLl ast e8RES1&O0§uch
debiting process 5, 6 and 7 transmts to the local controller 33 and the

in-vehicle wdta 36 tiei ¢nf D nakeaptedat rémethe edepi t bngcongl ettond shghal
has been received normally. At this time, authentication is nmade by
random nunbertse i velthel sahe mahnéebasedbovEhiheasthe bal nacerdédtae snart
card 37 is snmaller than the debit value, the debiting process can not be
made and ackVWedhgtatiadn ereswbtdebit value is read out, the vehicle is

treated as an ill%ﬂﬁlly passi ng vehicle which can not be 10 FE 2006, 30
debi t ed normal ly. R he'raaihglei 8 pP oeesdePitad: t  edebiaf Yatueht? | oca

control er 33, has, Lecel ved, the,Tecept on.corpletion pLanal ¢ {he:bosu

and the debiting information including the debit value and
the transaction is transmitted to the in-vehicle unit 36
through the antenna for debiting prdceSSVS, 6, 7 specified by
the antenna number.

The in;vehicle unit 36 which has received the debiting
information including the debit value transmits a receptibn
completion signal informing that the debiting information
suéh as the debit value has been received normally to the
antennas for debiting process 5, 6 and 7. The antenna
controller 29 which has received the reception,completion
signal through the antennas for debiting process 5, 6 and 7
transmits to the local controller 33 énd the in-vehicle unit
36 the information that the reception completion signal has
been received normally. At this time, authentication is made
by random numbers in the same manner as above.

When the balance of the smart card 37 is smaller than
the debit value, the debiting process can not be made and
accordingly after the debit value is read out, the vehicle is

treated as an illegally passing vehicle which can not be



the follow ng processes as showmn in Fig. 9 until the vehicle reaches the
second gantry. (7) Examne the blacklist of the in-vehicle unit 36 (8)
Exam ne bl acklist of the smart card Wen the in-vehicle unit or the smart
card is blacklisted, the vehicle is regarded as the illegally ﬁdkgfﬁgZMS
vehi cl e which can not be debited normally3p This result is recorded as a
comuni cation result for the purpose of the confirmation process upon
passage of the second gantry. In the blacklist, vehicles having the
history that the in-vehicle unit code, the smart card code or the Ilike is
changed illegally in the past are registered previously. The blacklist is

Central compirer oSyl ERS BhrPls dERroHbs BhRaPEofRetbra Rt Lt nen
the postpaid systemis eﬂ&piﬁéagafw@rgfbéy 5y ﬁé{ét%ei@@db&@&k- i st

i ncl udes the vehicle having t ance of the bank account from which the

subtraction ﬁ@@]ﬁ@ﬁo&a@oﬁﬁleﬁﬁoﬁagﬁgn&?rn’@llméyloa_élf ESnVEbiTee Digedforms
perfornms the follow ng process until he vehicl e reaches the second gantry

2. First of wié,féheowimyeptetessibstasbsremasisubigacy iemtill OtlidEB 061 S1
instructions for debiting to the smart card 37. The smart card 37 which
has recei vedredehssibtiacséeoond ngdntcyi ons subtracts the debit value from
t he bal ance in the smart card

(7) Examine the blacklist of the in-vehicle unit 36

(8) Examine blacklist of the smart card

When the in-vehicle unit or the smart card is
blacklisted, the vehicle ié regarded as the illegally passing
vehicle which can not be debited normally.

This result is recorded as a communication resultrfor
the purpose of the confirmation process upon passage of the
second gantry. In the blacklist, vehicles having the history
that the in-vehicle unit code, the smart card code or the
like is changed illegally in the past are registered
previously. The blacklist is provided in all of the outsta-
tions. The outstations communicate with the central computef
system (CCS)'periodically to update the blacklist. When the
postpaid system ié adopted as the debiting system, the black-
list includes the vehicle having the balénbe of the bank
account from which.the subtraction process can not be made
normally. |

The in-vehicle unit 36 performs the following process

until the vehicle reaches the second gantry 2.

First of all, the in-vehicle unit 36 sends subtraction



and sends conpletion of the subtraction to the in-vehicle unit 36. Then,
the in-vehicle unit 36 which has received the conpletion of subtraction
sends witing instructions of the transaction to the smart carﬂ 3EE Eﬂﬁ
smart card 37 which has received the witing instructions of t Q B
transaction perforns witing of the trardaction and sends conpl etion of
the witing to the in-vehicle unit 36. Further, the in-vehicle unit 36

whi ch has received the conpletion of witing sends reading instructions of
the wupdated balance to the smart card 37. The smart card 37 which has
received the reading instructions reads the updated balance and sends the
updat ed bal anget +@cthéné nfyehdsb et 1id tto 3bhe Theat - ¥€hdCcBe . unThe 3émanht ch
has received the updated bal ance records the bal ance therein.
Successi vel ygaas 3homhich Fag. rdfeivde viedi chlet detecdor inrasteticontrol | er
31 controls the vehicle detectors 14 to detect the front end and the rear
end of the vabbtcrecpasshagdebht ovglhue hbrsecomne abhénge2inanthsesdart heard
detected vehicle detection information to the local controller 33. The
vehi cl e det exnd open@$ oremplohlomcfidele dawet ra¢reonntot hhel inoveER- P08 32
| i ke. Further,.the vehicle detection information desirably includes
identificati®hi¥n#®rmation as to whether the detect-

Then, the in-vehicle unit 36 which has received the
completion of subtraction sends writiﬁg instructions of the
transaction to.the smart card 37. The smart card 37 which
has received the writing instructions of the transaction

) performs writing of the transaction and sends completion of
the writing to the in-vehicle unit 36.

Further, the in-vehicle unit 36 which has received the
completion of writing sends reading instructions of the
updated balance to the smart card 37. The smart card 37

) which has received the readiﬁg insﬁructions reads ﬁhe updated
balance and sends the updated balance to the in-vehicle unit
36.

The in-vehicle unit 36 which has received the updated
balance records the balance therein.

) Successively, as shown in Figqg. iO, the vehicle detector
master controller 31 controls the vehicle detectors 14 to
detect the front end and the rear end of the vehicle passing
through the second gantry 2 and sends the detected vehicle
detection information to the local controller 33. The

j vehicle,detection information includes date,,time and the



ed vehicle is a notorcycle or not and information of notorcy- cles
traveling in parallel on the sane | ane. The local controller 33 recei Ves
and records the vehicle detection information and starts only the antenna
for confirmation 20 to 22 specified by the position of the vehi{ EER 2006
passi ng through the third gantry 3. Mresparticularly, when the vehicle
travels in the lane, the antenna for confir- mation 20 to 22 correspondi ng
to the lane is started, while when the vehicle travels on two | anes, two
antennas for confirmation 20 to 22 corresponding to the-two | anes are
started (omtted in the flowchart). It is possible that the antennas for

confirmation to .22 are always starfed in the sane manper a
ant ennas forlgg%bit?%ﬁt%?gbeégeSYe%l%%% gek%céﬁﬂ%uﬁlc% egg%§% iﬁéff%?ly

vehi cle um 1id@1udbL! £abfcl necebogl MERLAARLYOR NS, 200 CPNBLAOL chONGLETRLLON

specified. by the contro Is started. Accordingly, the specific’

started anteaavERic160DEi § MRLEOR-¥01e &2 AHBNSAAL SnEHENACSPRNSE HMEEHESY -
signal. The in-vehicle unit 36 nounted in the vehicle passing through the

second gantrylésrec&vdBsng henrespONsElrefuesé shgvalamed after the

aut hentication transmts the response signal to the antenna for

confirmation 20 - PRe Wcdhisotitniellét B3 coteifés nedd whetdeds donbdl e

debiting is nade or not and whether 1 .0 FEB 2006 33 there is any seguence

error or notvelTheleedponseiorquesttrmat joml andds thets espbysehsi gneeénmaveorhe

sane contents as
confirmation 20 to 22 specified by the position of the vehi-
cle passing through the third gantry 3. More particularly,
when the vehicle travels in the lane, the antenna for confir-
mation 20 to 22 corresponding to the lane is started, while
when the vehicle travels on two lanes, two antennas for
confirmation 20 to 22 corresponding to the two lanes are
started (omitted in the £low chart).'

It is possible that the antennas for confirmation 20 to
22 are always started in the same manner as the antennas for
debiting process 5, 6 and 7 to communicate with the in-
vehicle unit 36, while in the embodiment only the antenna for
confirmation>specified‘by the local controller 33 is started.
Accordingly, the specific started antenna for

confirmation 20 - 22 transmits the response request signal.
The in-vehicle unit 36 mounted in the vehicle passing through
the second gantry 2 receives the response request signal and
after the authentication transmits the response signal to the

antenna for confirmation 20 - 22. At this time, it is con-

firmed whether double debiting is made or not and whether



t hose used upon passing through the first gantry 1. However, the bal ance
included in the response signal is a value ob- tained by subtracting the
debit value. The antenna controller 30 which has received the ﬁ%sEggse
signal fromthe in-vehicle unit 36 through the antenna for confir 28§
20.- 22 sends the data to the local contBéller 33 after the ‘
aut hentication. The local controller 33 confirns the information of the
in-vehicle unit 36 by the nethod of Fig. 8 described above and coll ates
the information wth the conmunication result with the antennas for
debiting process 5, 6 and 7 on the basis of the 11U code in order to
confirm whettteeré¢ hes eang seayuencorernot herident i f Teat respohset hequedti cl e or
not. It is further confirmed whether the bal ance is obtained by
subtracti ng shendeband vihaerespetrsy $ognahehaedi the sanpecodbdntedor not.
The vehicle in which the debit value is not subtracted exactly is

det erm ned thoeetneed| el Pyspbrgi Hyrovehi ehe Hhush ¢onhdvi tat i BRFSEST t
is recorded. Successively, as shown in Fig. 11, the vehicle separator
mast er cont gt pabanenirelededelHehie| ESSRPAFA-S1ER_L 285t VLYY st ect

the rear end of the vehicle passin through the third gantry 3 and sends
t he detectengb%?%I%Y ﬁ%?%%?'%ﬁ“?ng%?n%??bﬁ Y%P?%e | ocal controller 33. The

vehi 10 FEB 2006 34, cle. detection.p{ormsyion ipchudes.dat,qtife and the

i ke. Further, the vehicle de?ec%lon informatTon desirabl'y i ncludes
response signal from the in-vehicle unit 36 through the
antenna for confirmation 20 - 22 sends the data to the local
controller 33'afte£ the authentication. The local controller
33 confirms the information of the_in—vehicle unit 36 .by the
method of Fig. 8 described above and collates the information
with the communication result with the aﬂtennas for debiting
process 5, 6 and 7 on the basis of the IU code in order to
confirm whether there is any error in the identification of
the vehicle or not.

It is further confirmed whether the balance is obtained
by subtracting the debit value exactly for the wvehicle to be
debited or not. The vehicle in which the debit value is not
subtracted exactly is determined to be the illegally passing
vehicle and a communication result is recorded.

Successively, as shown in Fig. 11, the vehicle
separator master controller 32 controis the vehicle separa-
tors 23 to 28 to detect the réar end of the vehicle passing
through the third gantry 3 and sends the detected wvehicle

detection information to the local controller 33. The vehi-



identification information as to whether the detected vehicle is a

not orcycl e or not and information of notorcycles travel- ing in parallel on
the sane | ane. The local controller 33 receives the vehicle detﬁ tion
signal fromthe vehicle separator 23 - 28 and records it. The chEBQWS
controller further collates the vehicle dgjection signal fromthe vehicle
separator 23 - 28 with the vehicle detection signal fromthe vehicle
detector 14 - 19 to specify the passing vehicle. The local controller

j udges. whet her the specified vehicle has an in-vehicle unit or not or

whet her the specified vehicle responds to conmunication or not or the

ified hjcle | il | | ' hi ot f th d
of the commintEaiFbRCTEGH 11T o™ heOyehfeHeBraa e TSROl HEre

udges whet het_the, Spegl 1 og Yobi §Leckssod ! SLed b dhe Dlacklist orcnotand

whet her the vehicre’ i regar ded as € illegally passing Vv or no

The passing lfféeyhflfiéétf@ﬁciﬁfspmgeiwea@r@mvﬁﬁeé chdeyyebicle $ervel s

straight int ane except a notorcycle as a rule and it I's considered

that novemenis of hbeo¥ePitdeort Aoy ehhA0iRESARSLIdE d ANRSL OBELEUSS YetSvel -
within three | anes at he maxi rum When the vehicle is not equi pped with

the in-vehicigy Umipaeillde yehtikéeshmet hendl |l egal ly passing vehicle or the

| D FEB 2DD6 35 vehicle is listed in the blacklist and is regarded as the

illegally passing Tehi tdbeglitonsrutged’ heddeivddethe vehicle detection
signal from the vehicle separator 23 - 28 and records it.
The local controller further collates the vehicle detection
signal from the vehicle separator 23 - 28 with the vehicle
detection signal from the vehicle detector 14 - 19 to specify
the passing vehicle. The local controller judges whether the
specified vehicle has an in-vehicle unit or not or whether
the specified vehicle responds to communication or not or the
specified vehicle is an illegally passing vehicle or not from
the record of the communication result for the wvehicle, or
the local controller judges whether the specified vehicle is
listed in the blacklist or not and whether the vehicle-ls
regarded as the illegally passing vehicle or not.

The passing vehicle is specified on the premise that
the vehicle travels straight in the lane except a motorcycle
as a rule and it is considered that movement of the vehicle
traveling across the lanes obliquely is within three lanes at
the maximum.

When the vehicle is not equipped with the in-vehicle

unit or the vehicle is the illegally passing vehicle or the



phot ographi ng condition of the illegally passing vehicle photographing
system (ECS) is suitable or not. When the photographing condition is
suitable, the nonitoring camera 8 - 13 corresponding to the vg&Lcle sEeci-
fied by the vehicle detection signal is designated and the ph éﬁ@pﬂlmg
command is sent to the illegally passing yehi- cle photographing system
(ECS). The illegally passing vehicle photographing system (ECS) causes the
designated nonitoring canera 8 - 13 to photograph a rear imge of the
illegally passing vehicle including its license plate in response to the
phot ographi ng . command recei ved through the controller interface unit 53.

The inmage i nf&mn@td ofs of i $thed Photgs aphesklideaald Vis pesd ey el alire i s
tenporarily held in the canera interface wunit 48 and is then displayed in
the i mage diispleya bby W 4 €i n st oBd Ngi @adick t§wudgdd iwli ottt i e such as the
vehicle detection information, time, place and the |ike of the vehicle
recei ved by phetoprdploidercomtisrfaceofintlie 5311 kel 1y npayes imd oreteitdlen i s
conpressed by the picture processing systemand recorded in the hard disk
unit 50. Wiephehegramgeng apairecat Be%) conmanidedlylam etheneentral  conput er
system (CCS) is received by the transmssion unit 52, the conpressed i mage
i nformati on (incl déieny the shatEERPIDDE IBondd 19T $Werldr i or)e
designated by the imge comunication command ijs sent to the central .
conput er syéﬁ%ﬁﬁYQXXBgtqﬁﬁﬁﬂﬁh 8 - 13 corresponding to the vehicle speci-

fied by the vehicle detection signal is designated and the
photographing command is sent to the illegally passing vehi-
cle photographing system (ECS).

The illegally passing vehicle photographing system
(ECS) causes the designated monitoring camera 8 - 13 to
photograph a‘rear image of the illegaily passing vehicle
including its license plate in response to the photographing
command received through the controller interface unit 53.

The image information of the photographed illegally
passing vehicle is temporarily held in the camera interface
unit 48 and is then displayed in the image display 55 while
superposing additional information such as the vehicle
detection information, time, place and the like of the
vehicle received by the controller interface unit 53. The
image information is compressed by the picture processing
system and recorded in the hard disk unit 50.

When the image communication command from the central
computer system (CCS) is received by the transmission unit

52, the compressed image information (including the



the transm ssion unit 52. On the other hand, when the photographi ng
condition of the illegally passing vehicle photographing systemis not

sui tabl e, the photographi ng operation is stopped and the vehi ion
signal and the comuni cation result ob- tained by the vehicle ﬁéféggdﬁﬁﬂ

19 and the vehicle sepa- rator 23 - 28 arf;sent to the illegally passing
vehi cl e photographi ng system and are recorded as a passage history of the
illegally passing vehicle photographing system The vehicle detection
signal and the comuni cation result are -erased after transmitted to the
illegally passing vehicle photographing system The tine sharing mul tiple.

accessing rr%tdhiodci(o‘g%.)jﬂ ted s ehsel racjtteﬁi %omg,hnl C %dlc% tlvgenen
the anten- fas f S|n in-Vehi'cl % un 'S Nno

descri bed Wity fefer i 6.l ddie Lanue: &40
descri ption, as Shown |nrﬁp <5g%1 %%gbgraré: Ve es and fﬁ@ anté#
for deb|t|ngm@wyygg%mggglgﬁ)¢»ﬂ§gﬁge di sposed to cover the respectlve
comruni cation areas. The adjacent conmunication areas overlap each ot her

partially. Wen the aMerded Hardebididig 10288 ANHPHihANId bt he

communi cati on areas overl apping each other partially transmt

si mul t aneoushy, itiNegaddyeqidsea sy grelislle (phckd A6 i34 iaterdneries width each

other and there is the possibility that exact reception is inpossible.
suitable, the photographlng operation is stopped and the
vehicle detection signal and the communication result ob-
tained by the vehicle detector 14 - 19 and the vehicle sépa—
rator 23 - 28 are sent to the illegally passing vehicle
photographing system and are recorded as a passage history of
the illegally passing vehicle photographing system. The
vehicle detection signal and the communication result are
erased after transmitted to the illegally passing vehicle‘
photographing system.

The time sharing multiple accessing method (TDMA)
~adopted as the radio communication method between the anten-
nas for debiting processing and the in—vehicle.unit is now
described with-referencé to Figs. 13 to 16. For the conve-
nience of description, as shown in Fig. 13, there are five
lanes and the antennas for debiting process ANT1 to ANT5 are
disposed to cover the respective communication areas. The
adjacent communication areas overlap each other partially.

When the antennas for debiting pfoceés ANT1 to ANTS

having the communication areas overlapping each other

partially transmit simultaneously, the respective signals



Accordi ngly, the antenna controller operates the antennas ANTI to ANT5 in
the tinme sharing nmanner. More particularly, as shown in Fig. 14,

communi cation is nmade between the ANTI and the in-vehicle unit of the
vehicle traveling on the LANEL, then communication is made bet vielkFEBh206
ANT2 and the in-vehicle unit of the vehicle traveling on the LANE2, then
comuni cation is made between the ANT3 alid the in-vehicle unit of the
vehicle traveling on the LANE3, and simlarly each of the antennas are
successive- |y operated. The time that comruni cati on between all of the
antennas ANTI to ANTS and the in-vehicle units of the vehicles traveling

on the LANELl;h@ekANES {;$tR08RLAt 88hbs €A BRErasSisOBReCPEEEiBNUiIty that
subsequent |y comruni cati on between the ANTI and the in-vehicle unit of ‘the

vehicl e travekasg eactpeibANEd isposadeleepeatedly. As communication
contents, the antenna transmts the response request signal E to the

i n-vehicle unit andctbedinglyehtbkeaunhehnaespondsliert hperasgonske r equest
signal to transmt the response signal A including the vehicle inforna
ti on such asantenhbscAN8]l theANWArincéhd tove ahdriheg mpRBerand the
personal information to the antenna. The antenna controller determ nes
whet her the vehicl HoxeopPErBiopdardg i 35debPyRdiBr Fagt bh-t AEMBERT R HFOR he

| U code, the snmart card code and the |like jncluded. in_the signgr A and
furt her is made between the ANT1 and the in-vehicle unit~of the

vehicle traﬁeling on the LANEl, then communication is made
between the ANT2 and the in-vehicle unit of the wvehicle
traveling on the LANE2, then communication is made between
the ANT3 and the in-vehicle unit of the vehicle traveling on
the LANE3, and similarly each of the antennas are successive-
ly operated.

The time that commuhication between all of the antennas
ANT1 to AﬁTS and the in-vehicle units of the vehicles
traveling on the LANEl to LANES5 is completed is defined as
one cycle and subsequently communication between the ANT1 and
the in-vehicle uhit of the vehicle travelihg dn the LANEL is
made repeatedly.

As communication contents, the antenna fransmits the

! .response request signal E to the in-vehicle unit and the in-

VVehicle unit responds to the résponsevrequest‘signal to
transmit the response signal A including the vehicle informa-
tion such as the IU code, the smart card code and the like
and the personal information to the antenna.

o The antenna controller determines whether the vehicle




determ nes the debit value. After the el apse of one cycle, when the vehicle
. is to be debited, information including the debit value is transmtted as
a signal R fromthe antenna, The in-vehicle wunit which has receigeﬁtg?ﬁm
signal transmits the response conpletion signal Dto the effect that e
signal has been received exactly. That if after the antenna and the _
in-vehicle unit have comunicated with each other by neans of the response
request - signal E and the response signal A, the actual transm ssion
contents are transmtted as the signal and confirmation is nade by the
response conpletion signal D. As descri bed above, even when the

conmuni cat i ofs aieBstO8 bhenptupal Lhy Bhs A8t &ANEBe OYET LaRe pache Oh&FL card
interference between the antennas can be prevented by operating the

antennas in ¢dketan® sharingenuhtiplied mannelie sogesern shénfarpheral ity of
in-vehicle units respond to one antenna, for exanple, when in-vehicle
units of twiletetwoicgs| ket dakéki mglua.parallel in one | ane respond to one
antenna at the sanme time, there is the possibility that electric waves are
recei ved by the anteh@n Sheuelapseusfyone|exche obabeni thyei vebbasedef et o
be very rare but it can not be assert that it does not occur. 1 0 FEB 2006
39 Thus, sudlf £eRkeeds supprsetiandirreding Shardfgitni?tPpl £5ant enna
operation istggﬁggiggegjég g QESggieﬁn}Qgg the antenna. The in-vehicle
unit which has received the signal transmits the résponse
completion signal D to the effect that the signal has been
received exactly.

That is, after the antenna and the in-vehicle unit have
communicated witﬁ each othef by means of the response reqﬁest
signal E and the response signal A, the actual transmission
contents are transmitted as the signal and confirmation is
made by the response completion signal D.

As described above, even when the communication areas.
of the plurality of antennas overlap each other, interference
between the antennas can be prevented by operating the
antennaé in the time sharing multiple mannef.

Howevér, when a plurality of in-vehicle units respond
to one antenna, for example, when in-vehicle units of two
motorcycles traveling in parallel in one lane respond to oné
antenna at the same time, there is the possibility that
electric waves are received by the antenna simultaneousiy..

Its probability is considered to be very rare but it can not

be assert that it does not occur.



time delay. More particularly, as showmn in Fig..15, when two in- vehicle
units 1 and 2 exist within the communi cation area of the ANT2 and an
in-vehicle unit 3 exists within the overlap portion of the conny@iggéidy%
areas of the ANT2 and ANT3, the in-vehicle units 1, 2 and 3. respondt

t he response request signal E fromthe A@T 2 to return the response
signals A sinultaneously, so that the t ht‘ee response signals A interfere
wi th each other in the ANT2. Wen such a simultaneous reception of electric
waves occurs, the antenna controller can not identify that the in- vehicle
units exist within the |ane. Thus, the antenna controller transmts the

response request signal Jgpeal edlye 1{) r dde Al enna. « Qe tde other hand,
ebi ti [

when the signal R concerning the debi Information is transmtted from
the ant enna pwiitdligl & ard¥adel eSpi e dd mes afdgtatdie dinctvehi gt el did #rsi rled 2

and 3 has transntted the response signal sinmul taneously, it is assuned
that the similnteaarraus,reception of electric waves occurs and after any
time defined by random nunbers N is delayed, the response signal Ais
transmtted in respoesedmtidikrigspanseshaquest Bignal5 E.wlkar exanpie, as
shown in Fig. ;6, when random nunber _ 1 O FEB 2006 40 hhs in.the
i n-vehicl e omihticle e tin-Vend|2 amist Widspordse ¢comyrel ¢asiohstre®quest
signal E fromthe ANT2 to transmt : ‘
the ANT2 and an in-vehicle unit 3 exists within the overlap
portion of the communication areas of the ANT2 and ANT3, the
in-vehicle units 1, 2 and 3. respond to the response request
signal E from the ANT 2 to return the response signals A
simultaneously, so that the three response signals A
interfere with each other in the ANT2.

When such a simultaneous reception of electric waves
occurs, the antenna controller can not identify that the in-
vehicle units éxist within the lane. Thus, the antenna
controller transmits the response request signal repeatedly
through the antenna.

On the other hand, when the signal R concerning the
debiting information is transmitted from the antenna within a
predetermined time after the in-vehicle units 1, 2 and 3 has
transmitted the response signal A simultaneously, it is
assumed that the simultaneous reception of electric waves
occurs and after any time defined by random numbers N is
delayed, the response signal A is transmitted in response to

the response request signal E.

For example, as shown in Fig. 16, when random number



the response signal A after a delay tinme of three tines of one cycle tine.
When random nunber N=2 in the in-vehicle wunit 2, the in-vehicle unit 2
responds to the response request signal E fromthe ANT2 to tr %ﬂ%gmﬁ@
response signal A after a delay tinme of two tines of one cycle’t When
random nunber N=3 in the in-vehicle unit 43 the in- vehicle unit 3 responds
to the response request signal Afrom the ANT3 to transmt the response
signal A after a delay tine of three tines of one cycle tinme. Wen the
random nunbers of the in-vehicle units are coincident with each other
accidentally, simultaneous reception-of electric waves occurs again.

However, by pre-;duehng;fapdem nunber s, 11 epgat edlyoRid1 £epgati NOresponds
comruni cati on mnth a predetermned delay tinme until comunication is com -

pl eted nornetdycheesp §§séaﬁe(?@e§ﬁ<a§icbﬂaimﬂeffd>rﬁa£hé! AkN2t Bb StA@iEIErt even
when a plurality -of vehicles avel in parallel or continuously in close

proximty tocleachespbhee 9igailanhi fhespeede iy i tithdeotr obest airmesMdhi n

t he communi cation area of one antenna, conmunication between the in-vehicle
units and t henantgobastiman béhemdeamdamthyniseccEs2 snvehg by-eeloition of
the TDVA net hod and accordingly the vehicle can be identified to be
debit ed exacthyt Thethdove- ﬂ@ht¢l@t¢@hth%sr%ﬁmﬁhﬁﬁdéotbh@héeéB@@Seof ao

FEB 2006 41 road having.a_pluralit | anes, while even if a road has a
singl e | ane, FFEUPSE afi §R7 hak B PR h%n%%?%y%?e%r??%WéF FRe response

signal A after a delay time of two times of one cycle time.
When random number N=3 in the in-vehicle unit 3, the in-
vehicle unit 3 responds to the response request signal A from
the ANT3 to transmit the response signal A after a delay time
of three times of one cycle time.

When the random numbers of the in-vehicle units dre
coincident with each other accidentally, simultaneous

' reception of electric waves occurs again. However, by'pro~
ducing random numbers, repeatedly and repeating chmunication
with a predetermined delay'time until communication is com-
pleted normally, response can be exactly made finally.

In this manner, even when a plurality of vehicles
travel in pérallel or continuously in close proximity to each
dther or at arhigh speed or in the crowd state within the
communication area of one'antenna, communication between the -
in-vehicle units and the antennas can be made exactly succes-

~sively by‘adoption of the TDMA method and acco:dingly the
vehicle can be identified to be debited exactly.

The above description has been made to the case of a



"parallel and accordingly the TDVA nethod is very useful. [Enbodinment 2] A
second enbodi nent of the present invention is now described with reference
to Figs. 17 and 18. This enbodinment is a nodification of the first

enbodi nent 1 and uses photoelectric tubes instead. of the one-di(erEs gl
CCD caner- as as the vehicle separators 23 to 28 and the vehicle detec-
tors 14 to 19. That is, a multiplicity of " Tight receiving units 57 and 58
are arranged in the direction perpendicular to the traveling direction of
the vehicle in the second gantries 2 and 3, respectively. Anultiplicity
of light emtting units 59 and 60 are also arranged on the road just bel ow
the light receiving units 57 and 58 in the direction perpendicular to the
travel i ng diread ilavigy herptondiguyavfohangst hehsbheecwsn ih aheodd rlkas a
enbodi ment and description thereof is omtted. In the enbodi nent,_ when the
vehi cl e doessHutlpakszne, thobghanhicipebad BRAL P EAC GRS e5TTVHH B0 | i ght
emtted wupward vertically fromthe light emtting units 59 and 60, reaches
the light r R AL 2BTOEAUNGEY aklie TREA Bgfied hheretnelsehitt e
passes throwgﬂnth . second_and third gantries 2 and 3, light emtted upward
vertical ly fromIt$ight! enitting units 59 and 60 is interrupted by the

Lo ©le and, 10, PR 200012 05 NbaF SREI Y DS ALl [ORPRIIG U i o
described with reference to Figs. 17 and 18. This embodiment
is a modification.of the first embodiment 1 and uses
photoelectric tubes instead of the one-dimensional CCD camer-
as as the vehicle separators 23 to 28 and the vehicle detec-
tors 14 to 19.

Thét is, a multiplicity of light receiving units 57 and
58 are érrangedrin the direction perpendicular to the
traveling direction of the vehicle in the second gantries 2
and 3, respectively. A multiplicity of light emitting units
59 and 60 are.also arranged on the road just below the light
receiving units 57 and 58 in the direction perpendicular to
the traveling direction. Othe; configuration is the same as
in the firsflembodiment and description thereof is omitted.

In the embodiment, when the vehicle does not pass’
thrbugh the second and third gantries 2 nd 3, light emitted
upward vertically from the light emitting units 59 and 60
reéches the light receiving units 57 and 58 as it is, whiie
when the vehicle passés through the second and third gantries
2 and 3, light emitted upward vertically from the light

emitting units 59 and 60 is interrupted by the vehicle and



| ight receiving units 57 and 58, it is possible to detect positions in the
traveling direction and the wwdth direction of the vehicle. Specifically,
in the nethod using the photoelectric tubes as the vehicle separators and
the vehicle detectors as in the enbodi nent, a dead angle is diﬂﬂingqmmp
occur as conpared with the case where thg one-di nensional CCD camera .is
used. Accordingly, a notorcycle traveling in parallel wth a |arge-sized
vehi cl e can be detected exactly. Further, the vehicle separation accuracy
i.s dependent on an interval of the photoelectric tubes. Accordingly, the
cl oser the photoelectric tubes are di sposed, the higher vehicle separation

accuracy carnyhe, obtai _r]%g: S in d i i pated. & dhe surfaces of the
light em t'?:i{ ng un(!Sts %nd{%gl_l %visrd%%g%\(r;l r?ﬁe&?lpag?{)ecom dirty due to
passage of the vehiclesyid ,n%j‘te?rf@%ﬁr{@rtﬂ@sﬁ 14 heet@ad Peyy adical 'y
is required. [Enmbodinment 3] ‘A third enmbodinment of the present invention is
now descri bty tiedef ermnaen 16s M Osand H4 0 22.1 Thhss eibodi tenietdck
directed to a so-called twd-gantry systemin which the functions of the
second and tgudick igand rirescien diverdliisg dierdodi gredndrehe ond tte d iineat ione
gantry. 43 9 0 FEB 2006 More particularly, as shown in Fig. 19, in the

out st ati on, dfherhe avehpriovi ded two gantries 61 and 62 and a

Specifically, in the method using the photoelectric
tubes as the vehicle separators and the vehicle detectors as
in the embodiment, a dead angle is difficult to occur as
compared with the case where the one-dimensional CCD camera
"is used. Accordingly, a motorcycle traveling in parallel
with a large-sized vehicle can be detected exactly.

Further, the vehicle séparation accuracy is dependent
on an interval of the photoelectric tubes. Aécordingly, the
closer the photoelectric tubes are disposed, the higher
vehicle separation accuracy can be obtained.

Since it is anticipated that the éurfaces of the light
emitting units 59 and 60‘providgd in the road become dirty
due to passage of the vehiclgs, the maintenance for washing
the road periodically is required.

[ Embodiment 3]

A third‘embodiment of the present invention is now
describéd with reference to Figs. 19 to 22. This embodiment
is directed to a so-called two-gantry system in which the
functions of the second and third gantries in the first

embodiment are combined into one gantry.



control booth 4 in order to realize the traffic tariff auto- matic debiting
system (AVID) and the illegally passing vehi- cle photographing system
(ECS) mainly. As shown in Fig. 20, a distance between the first gantry 61
and the second gantry 62 in-the traveling direction of the VemmCFEBﬁﬁ%
about 20 mand a height of the first and 48econd gantries 61 and 62 is
about 6 m Three antennas for debiting process 63, 64 and 65 is nounted in
the first gantry 61 in association with each of Ilanes in the direction
perpendicular to the traveling direc- tion of the vehicle and six
nonitoring caneras 66, 67, 68, 69, 70 and 71 for photographing illegally

passi ng vehicl es re also, mpunted in_the first_gantry.,gl i direction
per pendi cul ar to tﬂgr?rgegFfﬁﬁTafg%Ct?%n?h? e %gnﬁﬁ fcé?fo%ga%£§ of the

ant ennas 0o debiAL0G, PERSESS:03: o6y 890aOB,b S UhED] Bt Be £ARGB Ofnd T om

about 1 neter to abouf neters ahead o e rst gantry 61 (hatche

portion in Ri8nt28). bdBEnMNi f05LAG CBAEEAS1 B8t Bndltah er BURLRYr  Oaleoabl e
to photograph an image including the |license plate of the traveling

vehicle at thetpesiebopihgstyatesr (RO35) Ngnd htpyohl1egel sgcpass gagt voh 62.

The nonitoring caneras 66 to 71 use a bl ack-and-white CCD canmera with an

el ectroni c shlu¢tphosogaspling TsPst&B 2008)twabelabl e to process the

phot ographed image digitally. Wile not shown in the drawing, it is

desirable to providle shown in Fig. 20, a distance between the first
gantry 61 and the second gantry 62 in the traveling direction
of the vehicle is about 20 m and a height of the first and
second gantries 61 and 62 is about 6 m.

Three antennas for debiting procesé 63, 64 and 65 is
mounted in the first gantry 61 in association with each of
lanes in the direction perpendicular to the traveling direc-
tion of the vehicle and six monitoring cameras 66, 67, 68,
69, 70 and 71 for photographing illegally passing vehicles
are also mounted in the first gantry 61 in the direction
perpendicular to the traveling direction.

The communication area of ‘the antennas for debiting
process 63, 64 and 65 is within the range of‘from about 1
meter to about 3 meters ahead of the first gantry 61 (hatched
portion in Fig. 20).

The monitoring cameras 66 to 71 are mounted to be able
to photograph an image including the license plate bf the
traveling.vehicle at the position just after passing through

the second gantry 62. The monitoring cameras 66 to 71 use a

black-and-white CCD camera with an electronic shutter so as



illum nation device in consideration of the case where an nount of I|ight
in the outdoors is | acking. One-dinensional CCD caneras are nounted in the
first gantry 61 as three vehicle detectors 72, 73 and 74 in
correspondence to the lanes in the direction perpendicular to [XherER 2pn
traveling direction of the vehicle and thé4vehicle detec- tors 72, 73 and
74 are set to photograph about 1 neter ahead of the communi cation area of
the antennas for debiting pro- cess 63, 64 and 65 obliquely. A periodic

bl ack-and-white nmark 6l1la is provided on the road at that position in the
direction perpendicular to the traveling direction. Further, loop coils 75,

76 and 77 arg ppoOVvAsEd @ ;Bf@ceé@aghé_lﬁaﬁo@%%ﬁhé@eir@@dé odh ¢i vr ky 61a in
association with each of the | anes. e |l oop coils are provided to be able
to detect wahiTéesotdlowexaci | yhé Ndeowpeg at 1 oni s ddis 1 heb vehiel erowitiecdor s
72, 73 and 74. 1t is well known that the loop <coils are used to confirm

t he presencel bfutheatvien clevice accoodanderakidn vaf i dte ornod wiegretarc
perneability and ac- cordingly description thereof is omtted. On the other
hand, three ronmhnas figrhttod i tinatdondd8rs ¥9 backBOgare nounted in the
second gantry 62 in the direction perpendicular to the traveling direction
in associ- ation vimerdifeensienal THeD cornent ¢ ¥omaredfin hehant ¥ras 45

1 0 FEB 2006 for confirmation 78, 79 and 80 is within the range of from
about 1 net éPRRFANUIES ThEe® svahbate ofetReteBR ohtl gaht384 62 Yhat ched

portion inlﬂé%réggdndence to the lanes in the direction perpendicular to
the traveling direction of the vehicle and the vehicle deteé—
tors 72, 73 and 74 are set to photograph about 1 meter ahead
! of the communication area of the antennas for debiting pro-
cess 63, 64 and 65 obliquely. A periodic black-and-white
mark 6la is provided on the road at that position in the
direction perpendicular to the traveling direction.

Further, loop coils 75, 76 and 77 are provided on the
road just before the periodic mark 6la in association with
each of the lanes. The loop coils are provided to be able to

- detect vehicles more exactly in cooperation with the vehicle
detectors 72, 73 and 74. .It is well known that the loop
coils are used to confirm thé presence_of the vehicle in
accordance with variation of magnetic permeability and ac-
cordingly description thereof is omitted.

On the other hand, three antennas for confirmation 78,
79 and 80 are mounted in the second gantry 62 in the
direction perpendicular to the traveling direction in associ-

ation with the lanes. The communication area of the antennas



Di sposed in the second gantry 62 in the direction perpendicular to the
traveling direction in association with the |lanes are three vehicle
separators 81, 82 and 83 and three vehicle detectors 84, 85 and 86. The
vehicle separators 81, 82 and 83 are set gg photograph just bglpy bgﬁ%
second gantry 62 and a periodic black-and-white mark 62a is provige on
the road at that position in the direction perpendicular to the traveling
direction. The vehicle detectors 84, 85 and 86 are set to photograph about
1 neter ahead of the communication area of the antennas for confirmation
78, 79 and 80 obliquely and a periodic black-and=white mark 62b is

The travel i ntofdrvaet b dBobPeor Ps 289, Paa Sntit bEEA, ETar ShRGRcH Ent Fim v

the traveling ~dite ar € provided on r oad

just befor e, phee erfodle (81828 bNnassaci ahion k! pnlNEaLaeSoandhe §90D

coils 87, 88 and 89 are provi be tect thev

exactly in cgpgg&gé&ggpy@;&htb@ ryghi 6pg detectors 84, 85 and 86. The
periodi ¢ marks 61a, a and 62b in"the énbodi nent are forned checkerw se,

while the marks mayi®sodad negd thet 88cbAdOgaEBr-2006 48 ghéddpaéteidenin the
same manner as the first enbodinent. In order to control the antennas for
debi ti ng progessenddcubdr ans €ide thevabisgndsréoticoninrassooina?B8on 7@iamd
50 the lanes are three vehicle separators 81, 82 and 83 and
three vehicle detectors 84, 85 and 86. |
The vehicle separators 81, 82 and 83 are set to
photograph just below the second gantry 62 and a periodic
black-and-white mark 62a is provided on the road at that
position in the direction perpendicular to the traveling
direction.
The véhicle detectors 84, 85 and 86 are set to
photograph about 1 meter ahead of the communication area of
the antennas for confirmation 78, 79 and 80 obliquely and a
periodic black-and-white mark 62b is provided on the road at
that position in the direction perpendicular to the traveling
direction.
Loop coils 87, 88 and 89 are provided on the road just
before the periodic mark 62a in association with the lanes.
The loop coils 87, 88 and 89 are provided to be able to
detect the vehicle more exactly in cooperation with the
vehicle detectors 84, 85 and 85.

The periodic marks 6la, 62a and 62b in the embodiment

are formed checkerwise, while the marks may be formed in the



the vehicle detectors 72, 73, 74, 84, 85 and 86, the vehicle separators
8.1, 82 and 83, and the loop coils 75, 76, 77, 87, 88 and 89, an ant enna
controller, a local controller, a vehicle detector naster contr @ 210
vehi cl e separator mast er controller and. an illegally paSS|ng veh| Ig
photo- graphing system (ECS) are prOV|deqH;n the control booth 4. Mre
particularly, as shown in Fig. 21, the antennas for debiting process 63,
64 and 65 are connected to an antenna controller 90. The antenna
controller 90 serves to receive the vehicle information and the persona
information and transmt the debit value by neans of radi o conmunication

and 65 The Ve ars i b D Fre AHETR P SN SbqdiiRgges 03, 3¢
17 are connected tgy thRNENLS] o fleleCt te MRl A SO ldiote H dhwauehi ol e

detector master controller supplies the front end and rear end position
of the vehid® getad e@bpytrt@&m@éurcd@ et ecdrof Seofs i i and Bb anrd dgohe

loop coils 75, 76 and 77 to the antenna controller 90 to start a specific
antenna for wonfeehdionetdhet®rs 72 he7 Posai bidd ty8s hatd dderihd hahitdie
vehicl es such as, for exanple, a person, dust, |leaves and the like are 1 0
FEB 2006 47 sdmmmts Mmlrral avkers Jetsect itdre I]SDCIIB.dBDlO]I'H y7 By 1he Nehisdl,e
detectors 63, 64 and 65, while by conbining the loop coils 75, 76 and 77
with the vekﬁ&;laglctje&%,ctm ainenmaredgetroller, a local controller, a

vehicle detector master controller, a vehicle separator
master confroller and. an illegally passing vehicle photo-
graphing system (ECS) are provided in the control booth 4.

More particularly, as shown in Fig. 21, the antennas
for debiting process 63, 64 and 65 are connected to an
antenna controller 90. The antenna controller 90 serves to
"receive the vehicle information and the personal information
and transmit the debit value by means of radio communication
with the in-vehicle units through the antennas for debiting
process 63, 64 and 65. |

The vehiclé detectors 63, 64 and 65 and the loop coils
75, 76 and.77 are cénnected to the vehicle detector master
controller 91. The vehicle detector master controller 91
supplies the front end and rear end position of the vehicle
detected by the vehicle detectors 63, 64 and 65 and the loop
coils 75, 76 and 77 to the antenna controller 90 to start a
.specific antenna for confirmation.

There is the possibility that others than the vehicles

such as, for example, a person, dust, leaves and the like are



identified that others that are not nade of netal are not a vehicle. The

| oop coils 75, 76 and 77 may be used always or in the tenporal manner or
inthe termlimted manner or in the |limted manner. The antennas for
confirmation 78, 79 and 80 are connected to the antenna controlf &FE@22008rhe
antenna control- ler 92 receives the vehialze i nformati on and the personal
informati on by nmeans of radi o comrunication with the in- vehicle unit

t hrough. t he antennas for confirmation 78, 79 and 80. Further, the vehicle
detectors 84, 85 and 86 and the Il oop coils 87, 88 and 89 are connected to
the vehicle detector master controller 93. The vehicle detector master

controll er 93csdBRbHESnt B rHhORhBNdRRELEBA 1 8NHaRASbhIQN ¥ thiheeHebiel e
detected by. the vehicle detectors 84, 85 and 86 and the |oop coils 87, 88

and 89 to theecastesrs 60Nt bal ke 93, WaiSkaby aomBeaihiC thet eoobd toLls
confirmation. There is the possibility that others than the vehicles such
as, for exanpbe, 78 padson, wdist thkeeaeds canddeheckbke ,aie cdetdeted in error
when detection is made only by the vehicle detectors 84, 85 and 86, while
by conbi ni ngidéetiddbpdcohhs o8Rer88thnd 8%ewnbh mhdevelii vledadetwet ops, ai t
can be .1 0 FEB 2006 48 identified that others that are not nade_of netal
are not a veahéfrée. ThEhpodporoichs18775887andn897 hapaebgstgedl Adyaysr orin
t he tenporal manner or in the termlimted manner or in

in the temporal manner or in the term limited manner or in

the limited manner.

The antennas for confirmatioﬁ 78, 79 and 80 are
connected to the antenna controller 92. The antenna control-
ler 92 receives the vehicle information and the personal
information by means of radio communication with the in-
vehicle unit through the antennas for confirmation 78, 79 and
80.

Further, the vehicle detectors 84, 85 and 86 and the
loop coils 87, 88 and 89 are connected to the wvehicle
detector master controller 93. The vehicle detector master
controller 93 supplies the front end and rear end position of
the vehicle detected by_the vehicle detectors 84, 85 and 86
and the loop coils 87, 88 and 89 to the antenna controller 92
'to start a specific antenna for confirmation.

There is the possibility that others than the vehicles
such as, for example, a person, dust,vleaves and the like are
detected in error when detection is made only by the vehicle

detectors 84, 85 and 86, while by combining the loop coils

87, 88 and 89 with the vehicle detectors, it can be



the limted manner. Further, vehicle separators 81, 82 and 83 are connected
to the vehicle separator master controller 94. The vehicle separator
master controller 94 sends the rear end position of the vehicle %egﬁgtﬁd'
by the vehicle separators 81, 82 and 83 ¢to the illegally passin& % s
phot ogr aphi ng system (ECS). When the vetttle is the illegally passing
vehicle, an image including the license plate of the vehicle is

phot ographed by the nonitoring canera (not shown). The antenna controller
90 and 92, the vehicle detector master controller 91 and 93 and the
vehi cl e separator master controller 94 are connected to the |ocal

control ler 93edPerib@CahacOMEOLECENYP hULORSc WhRkbesrtREXEM L &dsS a

debited or not on the basis of the vehicle information and the personal

i nformation y&gekved bynd heogpt €pnas 8oL debhhdngs pregess ©5ed 66wk 65 and
whet her the vehicle information and the personal information are normal or

not . When t hien vetd ctempsral omdendebotednnonaatéym 1heitdedi hamedtieort nin
accordance with the vehicle type is supplied to the antenna controller 90.
Furt her, thetheehlohetédfreammeér on and t he personal information obtained
fromthe antenna controller 90 are collated with the blacklist. Wen the
vehi cl e i nfor mat i ofREHEE hevelei cbhabeDaFERPPY0SL 498 2 o N | e aranng i
in the blacklist, it is regarded that the vehicle is not normal and the
vehicl e is pioto apeC by SePRYRFPEGER P {CPast HEP VERT cf & phbt@gredpii ify

system ( ECS). o
y ( )separator master controller 94 sends the rear end position of

the vehicle detected by the vehicle separators 81, 82 and 83
to the illegally passing vehicle photographing system (ECS).
When the vehicle is the illegally passing Véhicle, an image
including the license plate of the vehicle is photographed by
the monitoring camera (not shown).

The antenna controller 90 and 92, the vehicle detector
master controller 91 and 93 and the vehicle separator master
controller 94 are connected to the local controller 95. The
local controller 95 judges whether the vehicle is debited or
not on the basis of the vehicle information and the personal
information received by the antennas for.debiting proCess'65,
66 and 67 and whether the vehicle information and fhe'
personal information are normal or not. When the vehicle is
to be debited normally, the debit value in accorddncerwith
the vehicle type is supplied to the antenﬁa controller 90.
Further, the vehicle information and the personal information
obtained from the antenna controller 90 are collated with the

blacklist. When the vehicle information and the personal



The illegally passing vehicle photographing system (ECS) specifies a
position of the illegally passing vehicle having the vehicle information
or the personal information which is judged not to be nornmal or which is
listed in the blacklist or is regarded to be inproper by meand bFEB 806
vehicle separators 83, 84 and 85 and caus®@s the nonitoring canera 66 - 71
corresponding to that position to photograph the illegally passing
vehi cl e. Comruni cati on between the illegally passing vehicle photographing
system and the |l ocal controller 95 and the vehicle separator naster
controller 94 can be nade through the ECS interface 96. The | ocal

controller a icate wth .th i gh- digit. 0 i i.Qn
namm(D%ﬁﬁ%&ﬁ%ﬁ%%%&%%&%ﬁ%@tE%ﬁh%&mgﬁﬁ
syst em t hroygh, thg ; Aidiineth JNtRAEAGE 6 cHE Jdhvehl ol & Hidogtdih Mt
card and the 1llegally passing vehicle photograﬁhlng system can ‘use the

same as t hase af i ! Sa ANDRANERNIG T BRI Iy fE hastoof. the

electronic traffic ‘tariff reception system ( ) of e ‘enbodi nent is al so

the sanme as the fihesti 1arseediiveHaasicCaldhi.c1e0 phdk dd Gy Hopear , the
antennas for debiting process 65, 66 and 67 are different in that the
antennas. ar g B®) ispetdief i@ sway possittdrdne o fstratee idnde ganl lyy thees saimee nreeh iwtliec h
covers the vehicle
having the vehicle information or the personal information
which is judged not to be normal or which is listed in the
blacklist or is regarded to be improper by means of the‘
vehicle separators 83, 84 and 85 and causes the monitoring
camera 66 - 71 corresponding to that position to photograph
the illegally passing vehicle. |

Communication between the illegally passing vehicle
photographing system and the local controller 95 and the
vehicle separator master controller 94 can be made through
the ECS interface 96.

The local controller 95 can communicate with the high-
speed digital communication network (Diginet) such as the
ISDN.connected to the central computer system through the
diginet interface 97.

The in-vehicle unit, the smart card and the illegally
passing vehicle photographing system can use thé same as
those of the first embodiment.

The implementation method of the electronic traffic

tariff reception system (ERP) of the embodiment is also the

same as the first embodiment basically.



detected by the vehicle detectors 63, 64 and 65 and the loop <coils 75, 76
and 77 is specified and started. Mire particularly, when the vehicle
approaches the first gantry 61, a |lane position of the vehicle is detected
by the vehicle detectors 63, 64 and 65 and the | oop coils 75, 176 F&BdR0067.
The detected | ane position is sent througithe vehicle detector naster
controller 91 to the local controller 95. The local controller 95 starts
the antenna for debiting process corresponding to the |lane position to
communi cate wth the in-vehicle unit of the vehicle. Thus, since a
plurality of antennas for debiting process are not in the always started

state, the expenses_are _reduced.  Further, since the |0 ils 7 and
77 are used toget P W thH thE GQHFEPSSdéPEC SﬁéFlPﬁeP5%?§%%06§bs§?-Zgglity

that others B9a9r5h§%¥?g%%hgb?®$ﬁggkg%hgdahEeﬁﬁggraréog%%?&n %h@cgl@?gsmhen

plurality of antenn rocess are started sinultaneous

a plurality ofarvehi ckgset ba¥CLNNY RALALLEEnALMILE BRCRBILYs ithel ScHEEI EADI €
to adopt the tinme sharing nultiplé accessing nethod (TDMA) in order to

prevent intedéeeebee betwaenvbhecant aarastorkEsRodeneahddl sAahauEth8 loop

enbodi nent of the present invention is showm 51 1 0 FES 2006 in Fig. 22.

Thi s enbodi nemt15s78j r 286t eddt g7aisospakliédlednendgantryedystem i n whi ch

functions of the first, second and third gantries are conbined into one

gantry. More particularly, when the vehicle approaches the

7‘ first gantry 61, a.lane position of the vehicle is detected

by the vehicle detectors 63, 64 and 65 and the”loop coils 75,
76 and 77. The detected lane position is sent through the
véhicle detector master controller 91 to the local controller
95. The local controller 95 starts the antenna for debiting
process cofresponding to the lane position to communicate
with the in-vehicle unit of the vehicle.

Thus, since a plurality of antennas for debiting
process are not in the always stérted state, the expenses are
reduced. Further, since the loop coils 75, 76 and-77 are
used together with the vehicle detectors, there is no possi-
bility that others than the vehicle are detected in error.

However, since a plurality of antennas for debiting
process are started simultaneously when a plurality of
vehicles travel in parallel simultaneously, it is desirable
to adopt the time sharing multiple accesﬁing method (TDMA) inr
order to prevent interference between the antennas.

[ Embodiment 4]

A fourth embodiment of the present invention is shown



More particularly, as shown in Fig. 22, antennas for debiting process 98,
99 and 100, vehicle detectors 101, 102 and 103, and vehicle separators
104, 105 and 106 are nounted in one gantry in association with each | ane
and are controlled through-an antenna controller 107, a vehicl qﬁ%ﬁﬁhgr
master controller 108 and a vehicle separgjor master controller %

| ocal controller 110. In the enbodinent, the credit card systenl(postpald
systen) is adopted as the debiting system The balance is not recorded in
the smart card and the antennas for debiting process do not transmt the
debit value to the in-vehicle wunit. The debit value is not pulled down

from the bal gcpspf pshe SARLY aREd: AR oePlLed: daupof £ oguLbe: bahange-of

a predeternlned account fater. ccor i ngly e enbodi nment, the

antenna for &@ﬂi‘:yr@%t@ﬁ fRrwRQBhI ENhBEi YRSt ber thber dpbtt yakygai snaul | ed
down or subtracted in the in-vehicle unit normally or not is not required.

However, in efided §onphoéogsaaphcambencdi mee Shetfentiylegal Iy passing
vehicle, the illegally passing vehicle photographing system nust
anticipate a travefiorg paneiohlaheyyehs céleodn ommthegveh? ¢l ensepasat bos 104,
105 and 106 to the 52 1 0 FEB 2D06 phot ographi ng position and accordingly a
speed sensord€¢loitimeasuedags ad8petl @ﬁdalw@hl@éblcser@qﬂec@drSFhﬁlheKOZthe
| ocal controller has no tine for collation

and 103, and vehicle separators 104, 105 and 106 are mounted

in one gantry in association with each lane and are

controlled through an antenna controller 107, a vehicle

detector master controller 108 and a vehicle separator master

controller by an local controller 110.

In the embodiment; the credit card system (postpaid
system) is adopted as the debiting system. The balance is
not recorded in the smart card and the antennas for debiting
process do not transmit the debit value to the in-vehicle
unit. The debit value is not pulled down from the balance of
the smart card and is pulled down from the balance of a
predetermined bank account later.

Accordingly, in the embodiment, the antenna for .
confirmation for confirming whether the debit value is pulled
down or subtracted in the in-vehicle unit normally or not is
not required.

However, in order to photograph a rear image of the
illegally passing vehicle, the illegally passing vehicle

photographing system must anticipate a traveling time of the

vehicle from the vehicle separators 104, 105 and 106 to the



with the blacklist until the vehicle reaches the photographing position by
the illegally passing vehicle photographing system (ECS). Accordingly, the
illegally passing vehicle photographing. system photographs all of
vehicles and after the photographed vehicles are collated wth ﬁh%ﬁ 2006

bl acklist, imge signals of the vehicles which are not listed in the

bl acklist may be erased. 1 0 FEB zoos CLAIMS: 1. An electronic traffic
tariff reception systemincluding an in-vehicle unit nounted in a vehicle
travelling freely across |lanes of a road having one or two or nore |anes
and which stores information peculiar to the vehicles and includes radio

communi cat | o eans. Aithq Fod £a8L O b DER AR PRAS AL gRasRtbALoKe each

| ane of the roa entify the vehi ans of radio

comuni cat i Qe Sl spdbsyedy cd eanit1d hfoughysakdgant ennas, wherein the
radi o comuni cation ~ by said antennas is perforned in tinme sharing manner
in order to prevernturthdef fEH&NcecHEt Y@Lt 8ANRSs We Nt Bnd| £65:aldd ) &fion
antennas are provided, characterized in that, when a plurality of said

i n-vehicle winit sthe drismikl rsesponsel stlgnabshi ol ¢ espacises ttha response
request signal fromsaid antenna sinultaneously and the response signals
are recei vahsiganadneuusias it eaikly antenhbleghbly epponsed regjueste si gnal

is repeatedly transm tted fromsaid antenna to said in-vehicle units until
t he respons®ITGEI2RSI G Vet noFFRl | y APPSR o0 I - vERS cl Bledmi s
transmt the response signals again in the tine sharin nner_-_ i n.response
to the respc?r‘?sses%d’eeﬁ"tlcg]iegrpj?q eAPRIRE 1967 B Ig‘%‘?%‘?/grt"i‘ Hek iHed by
random nunbe\'\rre ic eens %rpcf eadﬁteerr r’(t]hneedpl'lsé ongaJ!”agl)ﬁeélo\;el{fg elsveéjre collated

with the blacklist, image signals of the vehicles which are

not listed in the blacklist may be erased.



fromsaid antenna within a predetermned tine after transm ssion of the
response signal. 2. An electronic traffic tariff reception system accordi ng
to claim 1, conprising a smart card nounted in said in-vehicle unit and in
which personal information of a driver is stored, and an ant enh& FEB 2008
controller 53 1 0 FEB 2006 for controlling to send a response request
signal to the in-vehicle wunit and to receive the vehicle information and
the personal information as a response signal fromthe in-vehicle unit
t hrough s@laIMtht enna by nmeans of radi o comunication with said in-vehicle
unit, a local controller for judging whether the vehicle is to be debited
or not on the basis of the vehicle information and the personal
information received by said antenna and the vehicle information and the
personal i hforndti ehecrmonnor rabfBirc noirigfid reapptidmEystdsbiinceadizg am
accordance with a vehicle type to said antenna controller when the vehicle
is to be déebivtedcderwmlt poustad idebitehiglaet troicading drsriy tadosaslanss gnal
fromthe antenna to the in-vehicle unit, and said in-vehicle unit
transmitti Af sareedponses coaplretvonryiqnsalanes pheé whithatorhatindairdatdabi t
val ue signal has been received exactly. 3. An electronic tariff reception
syst em accBeetHGt 60 cthd rehiclesoapd i gicdydas Taskdet comBrdrafbee MPBRF B ng
canmeras each di sposed above each |ane of the road, a_vehicle separator for
detecting Pbsi®EENES AT 1HFE MR Vets6A 2hrder preh LARE RIdFPREPRrEDf t he
vehi cl e at hot ogr aphi sitian of saig moni tori ng, canera,, .and .
T legal 1y ChaRting SEATE SopROSP ABhIY BATE OF BrooBBUET 31 48 1y st
vehicle  seRaralon (ARt Mnasdhdrh98! Lo PASSLNI, YOI el figulog. he
by said antennas is performed in time sharing manner in order to prevent
interference between antennas when a plurality of antennas are
provided, characterized in that, when a plurality of said in-vehicle
units transmit response signals in response to a response request
signal from said antenna simultaneously and the response signals are
received simultaneously in said antenna, the response request signal
is repeatedly transmitted from said antenna to said in-vehicle units
until the response signal is received normally and said in-vehicle
units transmit the response signals again in the time sharing manner
in response to the response request signal after a different delay time
defined by random numbers when a predetermined signal is not received

from said antenna within a predetermined time after transmission of

the response signal.

2. An electronic traffic tariff reception system according to claim
1, comprising a smart card mounted in said in-vehicle unit and in which

personal information of a driver is stored, and an antenna controller
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information or the personal information which is judged not to be nornal
by a local controller and causing said nonitoring canera corresponding to
the specified position to photograph the illegally passing vehicle. 4. An
el ectronic traffic tariff reception systemaccording to Claim 3 0 WRBr2806n
said in-vehicle unit subtracts the debit value fromthe 54 1 0 FEB 2D06
bal ance of the personal information in said smart card when said
in-vehicle unit has received the debiting information fromthe antennas
for debitifgrprotesility tAnseldet respander atfuestt algidl teceppt iionvelysilem
according to Claim 2, conprising said antenna for confirmation di sposed
forward of usalrdandnttennescdige délsi t vely cdrocedorinationt ranve| the derextdalon of
the vehicle and wherein said antenna controller receives the personal

i nfor mat i oANEPFARISR! €S | h-¥ASPCEFe SN2 loff reRetRRehirclvehiph & ks therwdd

t hrough said antennas for debiting process by neans of said antenna for
confir mat i 6ATIATFEBAPY MPERF 1P It 1 i POPBHEB Ec2loiPp! Ettore 16l ign PP it Pt t he
debit value _is subtracted fromthe balance of the personal informtion
normal Iy 8riRdtl BNt IEFett T oiOg Ry AfHSTST ahs f"epg%]eeptlFoho R fightted
according to Caim comprising,a vehicle detector for detecting a
position in‘a” Qd?ﬂ %a‘? r%%?'soﬁ’fof%hfehé’e éﬁiecljélggﬁﬁa%oé’r e gg’ledpgﬁ Pa
control | er;SEALLS 1oRM33L Bntenna sorrespandingoho. A L Apedetagtad by
sai d vehicl'e Cdetector n ofder £6 prevent Tnterference between sai

antennas. {3 ,ehect gﬂg!é Ati8hT % ST of %8%%!&&;%2@5{;“&9&&@% e O

Claim 6, erein sai i cle det ecjt or conprises a nMensi ona
phot osensok , dj $RRSES-2ReVE o O@h{&%dtme thesdid g6td AR PEIRSNdLEWRL i

vehicle is to be debited normally, said debit value being transmitted
as a signal from the antenna to the in-vehicle unit, and said in-vehicle
unit transmitting a response completion signal to the effect that said

debit value signal has been received exactly.

3. An electronic tariff reception system according to claim 1,
comprising at least one or more monitoring cameras each disposed above
each lane of the road, a vehicle separator for detecting positions in
the width direction and the iength direction of the vehicle at a
photographing position of said monitoring camera, and illegally
passing vehicle photographing means for specifying by said vehicle
separator a position of anillegally passing vehicle having the vehicle
information or the personal information which is judged not to be normal
by a local controller and causing said monitoring camera corresponding

to the specified position to photograph the illegally passing vehicle.

4. An electronic traffic tariff reception system according to Claim

2, wherein said in-vehicle unit subtracts the debit value from the
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the traveling direction of the vehicle. 8. An electronic traffic tariff
reception systemaccording to Claim 7, wherein said vehicle detector
conprises a one-dinensional 55 [1 0 FEB 2006 phot osensor dispo§%dF§€qM@
the road in the direction perpendicular to the traveling direction-of"The
vehicle, and conprising a mark provided on the road at a detection
position of said photosensor and having the shade of color varying
periodically in the direction perpendicular to the traveling direction. 9.
An el ect r olpeéangafdfi ccheamwef fonalc dptfiognati®wt em aeddr dingmgf t@rd ahan 8aid
wherein said vehicle separator conprises a one-di nensi onal hot osensor

di sposed aBdveekhidergud has 1eneigeddbei viperpénferwtaen fgonithe antapeds ng
direction of the vehicle. 10. An electronic traffic tariff reception system
accor di ng tt8rcHeRihing PY#&S&irn sai d vehicl e separator conprises a nark
provi ded on the road at a detection position of said photosensor and
havi ng the shade of color varying periodically in the direction

perpendi cul.ar tg the trave|ling.direction. 11. An e|lectronigc traffic. tariff
Pechot s on Syot R SIEGFHTRY: FH it 6 Tiarbrarh SaHE PoCaSabntt o1 i
collates the vehicle information and the. personal._information. ohtajned
Fromsaid ant SR SEERT Morrer bR Lo BPARkRLe S E8hel FRrkePnat Phet

vehicle is_not, 2D, rodghigle, i i stedyi h ISt Lp, cause
Sald 111 egal Ty Baserng s eh LPEHhot S61 abhr ik RBaAS 10" hotog apn't he

vehicle. 12,3AMeLestdnni bl fdonetalidf LSRR O S¥SILM1aLER R0 O
Claim 2, wherein a prepaid card, a credit card or a postpaid card is used

from said in-vehicle unit of the vehicle which has passed through said
antennas for debiting process by means of said antenna for confirmation
and confirms in the response completion signal whether the debit value
is subtracted from the balance of the personal information normally

or not.

6. An electronic traffic tariff reception system according to Claim
1, comprising a vehicle detector for detecting a position in a width
direction of the vehicle and wherein said antenna controller starts
only said antenna corresponding to a lane detected by said vehicle

detector in order to prevent interference between said antennas.

7. An electronic traffic tariff reception system according to Claim
6, wherein said vehicle detector comprises a one-dimensional
photosensor disposed above the road in the direction perpendicular to

the traveling direction of the vehicle.

8. An electronic traffic tariff reception system according to Claim

7, wherein said vehicle detector comprises a one-dimensional
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as said smart card. 56
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photosensor disposed above the road in the direction perpendicular to
the traveling direction of the vehicle, and comprising a mark provided
on the road at a detection position of said photosensor and having the
shade of color varying periodically in the direction perpendicular to

the traveling direction.

9. An electronic traffic tariff reception system according to Claim
3, wherein said vehicle separator comprises a one-dimensional
photosensor disposed above the road in the direction perpendicular to

the traveling direction of the wvehicle.

10. An electronic traffic tariff reception system according to Claim
9, wherein said vehicle separator comprises a mark provided on the road
at a detection position of said photosensor and having the shade of
color varying periodically in the direction perpendicular to the

traveling direction.

11. An electronic traffic tariff reception system according to Claim
10, wherein said local controller collates the vehicle information and
the personal information obtained from said antenna controller with
a blacklist and considers that the vehicle is not normal when the
vehicle is listed in the blacklist to cause said illegally passing

vehicle photographing means to photograph the vehicle.

12. An electronic traffic tariff reception system according to Claim
2, wherein a prepaid card, a credit card or a postpaid card is used

as saild smart card.
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