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SPECF#FCAELCNli. TI TLE 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 *I NVENTI ON AND
RELATED ARTS The present invention relates to an electronic traffic tariff
reception systemand a vehicle identification 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 a traffic tariff in cash froma 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 proviquﬁéfﬁIégﬁIéﬁe traffic tariff. On the
contrary, there is being devel oped a hear-future traffic tariff reception

system i ncl udj n ot o atus such as a non-contact IC card-
o | O Pri TBR N 11AAERPRON

provided in a vehic I ch stores information peculiar to the vehicle

and can conmuni cat e by gf.agirRowrth TRAFELice MR FRP RECAPEEONABYSRRP! e of the
above near-future traffic tariff reception systemis now described with

reference to Fig. 23. As aROWIEHTCERQ IDENTIFICRA@ION' APOARAWTUSt it uti ng t he
2 communi cation apparatus is attached on the inside of a wi nd- .
2. FIELD OF THE INVENTION AND RELATED ARTS

‘The present invention relates to an‘eléctronic traffié
tariff reception system and- a vehicle identification
apparatus for use in the electronic‘traffic 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 tﬁe 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 é non;gontact IC card provided in a vehicle
and which stores information peculiar to the vehicle and can

- communicate by radio with an external apparatus.

An example of the above near-future traffic tariff

reception system is now described with referencé to Fig. 23.

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



shield of-a vehicle 07. The IC card 06 is provided with an antenna 026 and
i nfofmati’on such as an identification nunber peculiar to the vehicle is
stored in the IC card 06. On the other hand, in a toll gate, an outdoor
term nal equipment 01 including transmtting and receiving antennas 017 and
018 is disposed for each traffic |lane. The outdoor term nal equipnment 01 is
connected to a data processing unit (term nal 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 I1C card 06 nounted thereon passes by
t he outdoor term nal equipnment 01, the vehicle enters in a comunication
area in whi QJoninfigh Mt e S eiaRIn € &l ttradlidy tdie it dnmaid) bE anehinbs-
At this tinme, the information peculiar to the vehicle is comrunicated
bet ween t he shijtedabroft ex mieatdlcleg i Zonethe) LG raandh 8 Gsc aapvigidsy widdi @n The
i nformation is recogni zed by the outdoor term nal equi pnent 01 and then
transnitted ancenma k6 gnddasfsimytinn D8h @D anstislant i fiqa thon pmbere
information is further transmtted fromthe data processing unit 05 to the
central comPRYLigE tmheheemaicl@igutseorpe pdt el G <l t86g process

n

far clearing off the traffic tariff froma k., gccount reqgjstered hy to
the passing vehi cl® &homithemhapd, ing al‘hté)blslelﬁarﬁee' o %5 SEB/YE

radi o comuni cation . . g ses
eqéapment-Ol including transmitting and receiving antennas

017 and 018 is disposed for each traffic lane. The outdqor
-terminal'equipment 01 is connected to a data processing unit
(ferminal computer) 05 in a toll booth and the data
J procéaéing unit 05 is further connected to a central computer
04. n |
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 infqrmationjpeculiar to the vehicle is commﬁnicated
between the outdoor terminal equipment 01 and the IC card 06
by'fadio. fﬁe information is recognizéd.by tﬁe outdoor
tefmipal equipment 01 and then transmitted to the data
_processing'unit 05 to be stored in a memory. The iﬁformation
is further transmitted from the data processing unit 05 to
the central computer 04. 'The central computer 04 petforms a
debiting process for clearing'off the traffic tariff from a

bank account registered'by'to the'passing.vehicle

automatically.



between Lhe IC card 06 of the vehicle 07 and the outdoor term nal equi pnent
01 |n-the non-contact manner. A cashless traffic tariff recéption system
whi ¢h does not require the driver to stop at the toll gate can be attained
to greatly inprove the convenience -of the driver. Recently, in order to
solve a traffic snarl in the mdtown areg and ensure snooth nmevenent, there
Is a plan that vehicles going into the m dtown area are debited and there
is provided an area into which the vehicles are linmted to enter. In order
to realize such a plan effectively without attendant, it is necessary to
provi de control points in all roads leading to the area and electronically
i npose fees on t heThehwehéslgoiagidentifhedabgathe medio cbmmudication
comuni cati on neans. Information peculiar to the individual vehicles is
recorded in ketireeh the ¥6hfardsOGndfathegurhdade 0F erdoshe entdaer of the
vehicles so as to nmount- an in- vehicle unit (1U) including the radio
communi cat i ohermangl TAuipmenEhfi| Enukhe nPeneEANSpEE WPlASE- créd??sﬁé?ﬁs

(hereinaf- ter referred to as a spmart card) constituted b an | C c &
whi ch per sonBFaf#isr karish BeCEPHirpepYFieMeWBLg ddoéénép F?quér?og in

s by SpolEiniot A8, PLAChmb B B oo ke
point 4 apnbBobReehl! bofigbhiBhebNEet the BO30er.

Recently, in order to solve a traffic snarl in the
midtown area and ensure smooth movemenf, 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 wvehicles going into.the area by means of radio
communiéation means. Information peculiar to the individual
vehicles is recorded in each of the vehicles and a legal'duty
is imposéd on each of the vehicies so as to mount an in-
vehicle unit (IU) including the radio communication means.
Thélin—vehiéle 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, é-road in the midﬁown érea includes a _
plurality.of'lanes and it is difficult.to ensure a pl&ce for

providing partitions between the lanes in the control point



Si nce the.partitions can not be provided in the control point, it is
ant|CLpated that the vehicles travel on the lanes in parallel or travel to
ot her | anes obliquely or travel astride between the |anes or travel at high
speed (for exanple, at 120 kmh) or the road is crowded w th vehicles.
Further, even in a single lane, it is antcipated that vehicles. such as

not orcycles travel on the sane lane in parallel. Even in such cases, it is
necessary to provide a radi o comruni cation systemand a vehicle separation -
met hod for |dent|fy|ng i ndi vi dual vehicles clearly and inposing the fees on
the vehicles in the control point. It is anticipated that the in-vehicle
unit is not asuihedhientbid wgeltieclof, the ttodlsmeed.card is not nounted in the
vehicle, or the in-vehicle unit or the smart card is illegal, -or the
in-vehicle unit or Siheesihet peartd tiionsi seadnot PeplpxoNtided isr thiee coatande
of the smart card is |acking. The |dent|f|cat|on of .vehicl es _and the

i mposi ti on oPOLB&s é&niﬁo?n dcien @hQEWPPé§§IF§a§ PRg B&hi cl es
descri bed abgve. Eyen when tge vehlcle f mgﬁ@n t her vel i,cl e cIoser W th
a di stance o aaﬁﬁuPHZQaEﬁﬁlF °Ek§ﬁﬁl@l thg OGS Oy avel  at
a high speed__it hQt og a ngl.u | | i

pl at e of thet5gﬁ| &gtﬁg r%h n}t egfhggg%F% § cgﬁt pee%5Q§%r

nonitoring SEQEhBQe%‘5Q0550d§h95505§IE3@ anﬁhgs'%ﬁg%dgﬁabhkﬁ vehicles;

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

. Even in such cases, -it is necessary to provide a radio
pommunicaﬁionléysﬁem and a thicle separation method for
identifying individual wvehicles clearly and imposing the fees
on the vehicles in the control point.

It is anticipated that the in-vehicle unit.is not
méunted in the vehicle, or the smart card is not mounted in
the Vehicle, or the in-vehicle unit or thé smart card is
illegal, or the in-vehicle unit or the smart card is listed
in a blacklist, or the balance Gf the smart card is lacking.

The ldentlflcatlon of vehlcles and the imposition of
fees can not be performed for the Lllegally passing vehicles

~described above. Even when the vehicle follows another'
vehicle_closely with a distancé of about 25 cm, for example,
or even when the vehicles travel'at.a.h@gh speed, it.is_
neééssary to photograph an image including a licénse*pléte of -

the vehicle clearly and traﬁsmit the image to a central



to collate it. Further, it is necessary to confirmwhether the
ideﬁghfiéation of vehicles and the inposition of fees at the control point
are ‘not wong or not. 3. OBJECTS AND SUMWARY OF THE INVENTION It is a first
object of the present invention to provide an electronic traffic tariff
reception system capabl e of identifyingsvehicles-exactly 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 vehicles and confirmation of the identification and
the inposition. It is a second object of the present invention to provide a
vehi cl e i dentidn Ced+ Oy APRRE 2ol Swiepatt edeterlepition YoHothehimags quelity
in control points of a traffic tariff reception systemeven if the vehicles
travel in pared |edlteobitguely on a road having a plurality of lanes. In
order to achieve the first object of the present invention, the electronic
traffic tariff recepirthesysienisfnebespargeht conbinm orhether ithes an
in-vehicle unit nmounted in a vehicle travelling freely across |anes of a
road havi ng crdentifiwatiommee velhbclendanfli thesinpesivion v fegvratatim
peculiar to individual vehicles and includes radj.o 6 conmmuni cati on
means, a smardeEEFAL RAMERT? B YHRONShPEI BOHnit and in which personal
information of a driver is stored, .

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'vehicleé 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 of the
identification and the imposition.

It is a second object of the present invention to
provide a vehicle idehtification apparatﬁs capable of identi-
fying vehicles exactly in control points of a traffic tariff
receptionfsfétem even if the”#ehiéles t;avel'in parailel or
obliquely on a road having a plurality of lanes.

. In order to achieve the first object of the present
invention; the electronic traffic tariff reception system of
the present invention comprises an in-vehicle unit mounted in
a vehicle tfavélling freely acroéé lanes of a roéd having one
or two or more lanes and which stdres vehicle informatidn

peculiar to individual vehicles and includes radio



at Ipast.one or nore antennas for debiting process each disposed above each
| ane',of the road, an antenna controller for controlling to r'eceive the
vehi'cle information and the personal information and transmt a debit val ue
t hrough the antenna for debiting process by neans of radi o comrunication
with the in-vehicle unit, a.local contrdler for j udgi ng whet her the
vehicle is to be debited or not on the basis of the vehicle information and
t he 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 the antenna
control | er wheshinhei aeetian andamd 0 desncett tasdediomited iat dlemsin-orshiarleror e
nonitoring caneras each di sposed above each | ane of the road, a vehicle
separ at or f orundiet eanid nign pasich @ersonalhenvfarratiiore@f @ dridehead atipded,
direction of the vehicle at a photographing position of the nonitoring
canera, and i3t ekRasy qxs%sqrngn%@mt@%ﬁﬁ @%MWM@Q%S%@HW yi ng by
the vehicle separator a positiqn of an jil| passi ng vehicl e having the

vehi cl e i nf ordetPATPHrARNE RaALoans Ghor %ladh ISRy P HIC i e

o esgona neeS S LR S R 0 N

pose 1 Ve g nonay MBI AT G SRS { SIS I St o
antenna fo: debiting process by means of radio communication
‘with the.ih—vehiclé unit, a. local cdntroller for judging
whether the vehicle is to be debited or not on the basis of
the vehicle information and the persdnal information received
by the anienﬁd for debiting process and the vehicle
information and the personal information are norﬁal or not
and supplying a debit value in accordance with a vehicle type
to the antenna controller when the vehicle is to be debited
normally, at least one or more monitoring cameras each
.disﬁosed above each lane of the road, a vehicle separator for
detecting positioﬁs in the width direction and the length
direction of;the vehicle at a photograpping.position of the
_mdnitoring camera, and illegally passing véhicle
photographing meﬁns for specifying by the vehicle separator a
'position of an illega;ly passing vehicie haying the vehicle
information or the pgrsonal'infdrmation which is judged not
.to be normal by the local controiler'and causing the monitor-
ing camera-éorresponding to the specified position to photo-

graph the iliegally:passing vehicle.



subtract the debit value fromthe bal ance recorded as the personal
information in the smart card. An antenna for confirmation is di sposed
ahead in the travelling direction of the vehicle with respect to the
antenna for debiting process. The antenna controller re- ceives the
personal information through the antenna for confirmation fromthe

I n-vehicle unit of the vehicle after the vehicle has passed through the
antenna for debiting process and confirns whether the debit value is
subtracted exactly fromthe bal ance of the personal information or not.

Wien a plurality of_antenpas_ are provided, the antenna controller perfornms
the radi o communi cat8R ERet hB-VERE CdRaiG FEFREVePn tBRPASRPLS HFéQSn?rom

'tP;ﬁ%fm-e{e?éiﬁﬁéﬁ%‘?gﬁﬁ?ﬁ? Qe%&g%“%?%r%g%%%&?’té h§FVfBbﬁi{gh§L§ﬁ§§%%Zh
cthier i the SPPERRGS FhE BRPERn32I0R: Z5Ter eone oNEe: SO PansH £ot HEe
response requ§é£s hgpak FggﬂéhggﬁagheQﬂ% rﬁB tg%k& unt|I t he response

signal is rec |ve exac e’ ot her € in-vehicle units ..
transmt the respongg §hgaﬁh§ EertB%ntseaatisnrgguaigpéseaahhéadthﬁ th&e

sharing manner after a different delay t I ned by random nunbers.

There is provigededlyRyi aiecdetoat of tge dehseuenglah respect to the
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_vehiole has passed through the antenna,for debiting
process ahd confirms whether the debit value is subtracted
exactly from the balance of thelpersonal 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 srgnals come into
interference with each other in the antenna, the antenna
controller controls to transmit.the response request signal -
from the antenna repeatediy until the response.signal is
received 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



position in the width direction of the vehicle. The antenna controller can -
start =or ‘Qperate only the antenna corresponding to or in assbociation with
the 'l ane detected by the vehicle detector in order to prevent the

i nterference between the antennas. The veRicle detector can use a

one-di nensi onal phot osensor di sposed 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

t he phot osensor and having a concentration or the shade of col or varying
periodically in the perpendicular direction to the traveling direction of

t he vehicl e idefildedi by randbm nembefst.he one-di nensi onal phot.osensor

di spésed above the road in-the direction perpendicular to the traveling
direction of the veBhere ighproehfiefeas¥phialerdetnctre fopnrietReeinrg ohal
phot osensor di sposed above the road in the directjon perpen- dicular to the
travel i ng di re@EibhoRfiIRNELGeNiEFE. AFRECTARNCP E%%a? 1ri¢ ncl TRR SRR

provi ded on the oag at the dgte tion Bosi%ion f % e phot osensor and

havi ng a conc%ﬂ?&ﬁ? BRT oFARhE §ﬁ§d8r09 E5R6P 93$¥i gep PrETally in the.
di cul . o, : . : ¢ . :

Bl t1on to tFErEEEbbRaIRE LaCok THTakBARteEY SRR ASQNR dofocthd By,

the road in tpgedi,LRELIONIPLLREALI ¢H! Biabe tBeplea¥Rt i it dikestioFenéet he

vehi cl e.
between the antennas.

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

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 diréction
perpendicular to the traveling direction of thé vehicle.

The vehicle separator can use a one-dimensional
photosensoxr disposed above the road in ghe direction perpen-
dicular to the'traVeling difection of the vehicle.

.The vehicle separatorfincludes a mark provided on the
road at the detection position of the photosensor and having
a concentration or the shade of color varying periodically in

" the pérpeﬁdicular direction to the traveling direction of the

vehicle in addition to the use of the.one—dimenSional



The | ocal. controller collates the vehicle informati on and the personal
infd[nat?pn obt ai ned fromthe antenna controller with a blacklist and
judges that the vehicle is not normal when the information is discovered
fromthe black- list, so that the local controller can cause the illegally
passi ng vehicl e photographi ng systemtogphotograph the vehi- cle. A prepaid
card, a credit card or a postpaid card may be used as the smart card. Since
communi cation with the in-vehicle unit nmounted in the .vehicle can be
performed by means of the antenna for debiting process, the personal

i nformation of a driver and the vehicle information peculiar to the vehicle
can be obt ai b wesenaar stigipsed taloweihd a-eadkimbae tdireetien es travel
freely-on a road having a plurality of |lanes, so that the debit val ue

cor r espondi n@Q@Qﬂ@q}g‘rﬁ%I@ t5hRe teavekingslizerelontes We FeRi®kment in
cash. Atinme sharing nmultiple accessing nethod can be adopfed, as the .
communi cati on nmet hathyL9feh SHFEENeL 95 Lﬁ%@fliat%?%ftkéﬁ]t‘é?i}ﬂa‘glre pipreation

aral 6l or P (s ReanA LA 19 (R e Bt D
p l : 1 gn

d inth t at t I it f, | cl ' | fied
xactly. Furpariiien e & Bl o e Gt She Sifte dd
in-vehicle unide imddl GHfln YR L EAA L A 1d | Ao LU L th Rk De

list, so that the local controller can cause the illegally

passing vehicle photographing system to photograph the vehi-
cle. |

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 wvehicle éan be pefformed by means of the antenna for
debiting process, the personal information of a driver énd
fhe vehicle information peculiar to the vehicle can be
obtained without stopping the vehicle even when thelvehicles
iravel freely on a rdad having a plurality of lanes, so that
the debit value corresponding to the vehicle type can be
debited exactly without paymeﬂt in cash. A time sharing
multiple acceséing méthod can be édopted as the coﬁmunicétion
method by means 6f the plgrality of antennas; In this case,
even when a plurality of vehicles travel in one communication
area in_parallél or_continudusly'in close_proxiﬁity to each
other'or at a high épeed 6rlin the crowd state; the plurality

of vehicles can be idénfified exaétly. _ Further, illegélly



specified by the vehicle separator and be phot ographed. Specifically, when
theTprephjd card systemis adopted as the debiting system whether the
debit value is subtracted exact- |y or not can be confirnmed by providing
the antenna for confirmation. In order to achieve the second object of the
present invention, the vehicle identificatijgn apparatus of the present
I nvention 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 communi cation
nmeans and at | east one or re. antennas dis osedcfbove each | ane of he

a

road to ther @3PS RAITIRIEHRS VBAVIPS. BY FBRENE AT adld BRI FHE A% 0h Vi1 h
Communi cati o HhPEHE TTEREEFS BB 50, mbeoRl T g e [0 °
ot ennas o o SR HhEH G oTRE DERIEED, oBBRATNES JRELS dHdbdiidhad,
response sig e}%@%ﬁi%@%ﬁ&nr@ﬂéeg{:eﬁéﬂﬁ'aéafd %ét{kﬁn %@'E‘dﬁ\;\n@%ted as the

si mul t aneousl ponse signals”cone into collisio h each ot her
in the antenpgpitiEnd , [ FREERE SEHEMeh St tEaNET iid e trddted exact-
I n-vehicle units fromthhe antenna repeatedly until the response signal

I's recei ved axadit ynocdmebot 8enfhamdd bheprdhiding veHe drecemmd fimes not
receive a predeterm ned signal fromthe antenna within a predeterm ned
confirmation.

In order to achieve the second object of the present
invention, the vehicle identification apparatus of the
preéent invention including an in-vehicle unit mounted in a
vehicle travelling freely across lanes of a road having one
or two or more lanes aﬁd which stores information peculiai 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 preveﬁt
interference between antennas when a plﬁrality of antennas
are provided.

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

is transmitted to the in-vehicle units from'the_antenna



time after the response signal has been transmtted, the in- vehicle unit
may be re-transmt the response signal to the response request signal in
the tinme sharing manner after a different delay tinme defined by random
nunbers. By adopting the tinme sharing nu{ i pl e accessing nethod as the
comuni cation nethod by the plurality of antennas -when the vehicles travel
freely on the road having a plurality of | anes, a plurality of vehicles can
be identified exactly even when the plurality of vehicles travel in
parall el or continuously in close proximty to each other or at a high
speed or in the crowd state _in one comunication area. 4. BRI EF DESCRI PTI ON
OF THE DRAW Repeptgdly patdlpshepzespeasei 6hInpLusfr 5BFRGVES: RFEEE 1¥ant PP
systen1accordbng to a Lirst enbodi nent, of %n | ectronic traffic tariff
reception sy&tenP&Perndapflas¥hen fhentifoie ?FS? ynit dOoefn Bkt FECEHYEr Am

Il lustrating_a l.ayout .of the three-gan systemof .the fiLr | ;
Flo 3 i o BSURCAFRIPet SiBmk FEom ot ANEEREE, RALRRR PrPeetatarmyie

an i neveni ol Sine’ §5e ST RE R kbolEd, «2h31°pRET BRER . LY BnkhE ek SEo Y

an in-vehiclé mar t I's a schemati ¢ di agfam

I I'TustratingyanpreRahditapdySyat S8l tradsmét! thad - 26585REECsgAGNaRo the
illustrating a credit"- :
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
laneé, a'plﬁrality of vehicles can be identifiéd 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 TH_E DRAWINGS
Fié. lis a perspectiﬁe view illustrating a three-
gantry system according to a first embodiment of an |
' electronic traffic tariff.recéption sygfem of the present
iﬁvention; | .
Fig. 2 is a schematic diagram il;ustrating a layout of
the three-gantrj system of ﬁhe first embodiment;
Fig. 3 is a block diégram-schematically'illustrating
the three-gantry sYstem of the first embodiment; - |

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



card system Fig. 7 is a flow chart showi ng operation of the electronic
trdﬂﬁic’gariff reception systemof the present invention; Fig. 8 is a flow
chart showi ng operation of the electronic traffic tariff reception system
of the present invention; Fig. 9 is a flow chart show ng operation of the
electronic traffic tariff recepti on systlém of 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

I nvention; Fﬂgitl nEsaas %Qﬁrgégﬁ_diagran1iILustrating an illegally passing

vehi cl e phot 6graphi ng system ig/ 13 is a schematic diagramillustrating a
| ayout of antennanggn geﬁbthn@cﬂéﬂﬁ%ié a9RGeaRCRINNgLkatohgl B pEEBALALI ON
with each | ane of a road having a plurality of ~ 13 lanes; 'Fig. 14 is a
diagramillusirat 59gtdmi;i ™ sharing nmultiple accessing method; Fig. 15 is a
diagramillustrating a positional. relation ' -

Fig. 6 is a schematic diagram illustrating a credit
" card system;

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

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

- Fig. 9 is-a flow chart showing operation of the
‘electronic traffic tariff recéétion 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 sysfem,of the piesent
invention; |

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

fig. 13 is a schematic diégram illustrating a lajout of
antennas for debiting process corresponding to or in

association with each lane of a road having a plurality of



of the comuni cation areas of the antennas for debiting process and the
vehpresf,Fig. 16 -is a diagramillustrating the tinme sharing nmiltiple
accessing nethod; Fig. 17 is a perspective view illustrating a nodification
of a three-gantry system according to a second enbodi ment of an electronic
traffic tariff reception systemof the presen invention; Fig. 18 is a
schematic diagramillustrating a | ayout of the three-gantry system of the
second enbodi nent; Fig. 19 is a perspective viewillustrating a two-gantry
system according to a third enbodi nent .of an electronic traffic tariff
reception systemof the present ‘invention; Fig. 20 is a schematic di agram
illustrating a | aj@nesf the two-gantry system of the third enmbodi ment;

Fig. 21 is a block diagramschenatically illustrating the two-gantry system
of the third embodi nent ;F¥¥ g. 1921 sa ;dbpgean gi bhishs itigfe ysharing
illustrating a two-gantry system according.to a fourth enbodi nrent of an
electronic traffi @Lﬁé?’if?#ler %%%T?b’?\gs’%'flé‘gﬁbf the present invention; and

14 Fig. 23 i t ' hemat i cal | y; i t.r.afj : | Of; -
147725 1510 persnectyyg e sehemlytal v LAl 10 gV tcion
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process and the vehicles;

Fig..16 -is a diagram illustrating the fime shariné
multiple accessiné method; .

Fig. 17 is a perspective view illustrating a

modification of a three-gantry system according to a second
embodiment of an electrohic traffic tariff reception system
of the pfesent 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 ;eception system of the present invention;

Fig. 20 is a schematic diagram i¥lu$trating a layoutiof
the tﬁo-gahtry system of the third embodiment; |

' Fié. 21 is giblock'diagram schematically illustrating
~ the two;gahtry system'of”the third embodiment;

_Eng 22 is a block diagram schematically illustrating a
two-ganﬁry system according to a fourth embodiment of an
eiectronid tréffic tariff reception system of the presenﬁ

invention; and



referénge to embodi nents shown i n the acconpanying draw ngs. [Enbodi ment 1]
Ref'erring nowto Figs. 1 to 12, a first enbodiment of an el&ctronic traffic

tafiff reception system (herei nafter abbreviated as an ERP systenm) of the

present invention is described. The electronic traffic.tariff reception
system of the enbodinent is applied to ¥ plan that inposes a fee on a

vehicle going into the mdtown area so that an area into which the vehicles

are limted to enter is provided, and is nanmed a so-called three-gantry
system The electronic traffic tariff reception system of the enbodi nent
can be divided into three sections functionally. One is a systemfor

i dentifying vehi clBigtradelsi agpérepeégtive avieadstaenagicablyral ity of

| anes to inpose a fee or a traffic tariff on the vehicles (hereinafter
abbr evi at ed jaklustraringyateopvenpbonat traghic| rteaghffyreesptien vars tomn.
phot ogr aphi ng system (herei nafter abbreviated as-an ECS systen) for
phot ogr aphi ng an image of an illegally passing vehicle to 15 transmt

nven ol o v (ORFRTRERPEse RO GF AE DR p e BIRRHEENAE TCE O 71

t he enbodi ment, |nTorder t with

ECS system nmuainly, %%tg{%fg% styentian “1s now descri

reference to embodiments shown in the accompanying drawings.

realize functions o the.ég&[&gygéggifnd.the

{ Embodiment 1]

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

The electronic traffic tariff recepfion system of the
embodiment 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 enter is provided, and is
named a so-called three-gantry system. |

The elecﬁronic traffic tafiff reception system of the
embodiment één be dividéd in£6 three segtions'functionally.

One is a system-for"identifying vehicles travelling
freely on a roéd'having a plurality of lanes to impose a fee
ér a traffic tariff on the.véhicles (hereinafter abbreviated
as an AVID system). | _ |

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

photographing'an image of aniillegally passing vehicle to

In



in Fig. 1 are installed at control points in various places. In the ,
ouﬁqbatﬂqn, 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 i ncl udes
three lanes and a plurality of vehicleistraver freely on the road. A | egal
duty is inmposed on each of the vehicles”so as to nmount the in-vehicle unit

I ncl udi ng radi o conmuni cati on neans. The in-vehicle unit assunes the form
of capable of nmounting a smart“card (SC) in which 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 netetsansnisé thet amegebdaweechot AeCSBELAY BARLFPT2Ngn&tAKAORNI r d

gantry 3 is about 5 neters in respect to the_traveLIéng di.rection_ of _the
vehicle. Three ant BheazeBainingdconeerngchit LRgVERECLESURLE ABgRELRaEH Ehe

first gantry 1 to correspond to the re;gﬁc%ive Iages in the direction
per pendi cul arbbsevhatefassl PPndldi PEBE P EngSO&R8I e and six nonitoring

8, 9, 10, 11, .12 3. f hQt hi L | 1 '
carer 8ot LU, BRGAE" B0 108 Krrghador, o

vehicles are al so in t i rection

perpendiCU|Q§V;ﬁe§§gg%h?éﬁh|E@g ﬂbéeg&EgEmQEaiﬁiyVGBh%%%atﬁ%%@ @fs shown

comuni cati o e ant ennas and 7 for debiting process is
within arangs Gigm 3baub 1ngehenehOagbedhtorepeintanaad valridus pleses.

gantry 1. Adjacent conmuni cation areas overlap each other partially. The
In the outstation, three gantries 1, 2 and 3 are
disposed to stride a road and a control booth 4 is aiso
disposed on the side of the road. The road includes three
lanes and a plurality of vehicles travel freely on the road.
A legal dhty is imposed on each of the vehicles so as to
mount the in-vehicle unit including radio communicaﬁion
‘means. The in-vehicle unit assumes the form of capable of
mounting a smart card (SC) in which 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 aﬁd 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 7lfor debiting process are
mounted on the first gantry 1 to.correspond to the respective
ianes in the direction perpendigular to the traveliing
direction of the vehicle.and six monitoring camerés 8, 9, 10,
11, 12 and 13 for phoﬁbgraphing illegally passing vehicles

are also mounted on the first gantry 1 in the direction



antennas, 5, 6 and 7 for debiting process performthe radio comunication in
m crowaves and are accordingly designed in consideration of influence due
to the natural condition sueh as rain, snow and.the |ike. The nonitoring
caneras 8 to 13 are nmounted to be able g phot ograph an i mage including a

| i cense plate of passing vehicles at a E sition just after passing.through
the third gantry 3. The nonitoring caneras 8 to 13 use a bl ack-and- white
CCD canmera with an electronic shutter so as to be able to digitally process
t he phot ographed i mage. Al though omitted in . the drawings, it is desirable
to provide an illu- mnation device in consideration of the case where an
mount of | i gherpentheudatrdaor $hies tiragkiligngSidi reeltioheofietbet webicle.
(herei nafter abbrevicated as VPD) 14, 15, 16, 17, 18 and 19 are nounted on
the second gantry Barh offecemmupicenipar paedisc gifatheoankerinagy8lrl fngnd 7
direction of the vehicle so that each pair of the vehicle detectors
corresponds feredeRiting. PFTRESFENLE| WilbiBcRoradngs fEOoMgakeytyl meter to

one-di mensi onal CCD camera and photograph.portions positigned just bel ow

t he 17 se@BRBtganPeyess ﬂhﬁﬁgcRfa%ggwEFgétngPﬁﬁgcinar%Hiéckgiprouided

at the portions on.,the.road in the directio .pendi cul.ar .to t '

travel | ing dFP@@PPbﬁagFOPh§r9éﬁieVg?iﬂPCSFSSngﬁé,rwﬁgﬁ%%ﬁé}g'isgﬁs vehicle,

;he periodic k.28 &S BN2h3992RH8Y48%: kG oC BEodelE 3L RRImtR.C208S and
commﬁnication in microwaves and are accordingly Aésighed in
considerétion of influence due to the natural condition such
as rain, snow and the like.. .

The monitorihg caméraé 8 to 13 are mounted to be able
to photoééaph an image including a lidense 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 caﬁera 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-
minatidn device in consideration of the case where an mount
of light in.fhe outdoors is lacking. |

Six vehicle detectofs (hereinafter abbréviated as VPD)
14, 15, 16, 17, 18 and 19 are mounted on the second gantry 2
in the direction pérpendiculaf_to'the travélling direction of
the vehicle so.that each pair of the vehicle deteqtors
corresponds fo each lane. |

The vehicle detectors 14 to 19 use a one-dimensional

CCD camera and photograph portions positiohed just below the



square wave having the sane period as the periodic nark 2a is observed.
When -t he ,periodic mark 2a is interrupted by the vehicle, the square wave is
di sturbed. The disturbed square wave is analyzed in the tinme sequenti al
manner to detect positions .in the length direction and the width direction
of the vehicle. Wen the one-di nensi onal7CCD caneras are used as the
vehicle detectors 14 to 19 as ‘in the enbodi nent, the vehicle detectors can
detect vehicles at intervals of about 25 cmin the width direction of the
road and the travelling direction of the vehicle to thereby separate the
vehi cl es including notorcycles and | arge-sized vehicles. In the enbodi nent,
the bl ack- andewbhtiegghtiymalk AsbuUse€d-anadt-hiper pediodier kazk, 2ahise '
anot her periodic pattern or mark may be used. Three antennas for
confirmati onp26yvidédaatd EReapertbomsednobheheoddi id thatdyrdctihonhe
direction perpendicular to the travelling direction of the vehicle and six
vehi cl e sepaperpesdfibalerntdt theabbawelding dérg€yiog, of4thesvekbecley and
28 are also nounted on the third gantry 3 in the direc- _tion
per pendi cul akceardhaglvavehennghereetsi na vehintevehhe| pesbodhar maBkh2Pai r
of the vehicle separators corresponds t _each_lanf. Each of -.communi cati on
areas of thelénPBHﬁangBPeethiF%%I?Bﬁ"ge?eﬁﬁlaﬂa 29CPCHMERRR aNdahge of -
from about 1 qeler (2,843 EhE" 8aRoREr00at S LHE GefBBATY Rark WL is

observed. When the periodic mark 2a 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 onefdimensioﬂal 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'aﬁd the travelling direction
of the fehicle to thereby separate the vehicles including
motorcycles and large-sized vehicles.

In thé.embodiﬁeﬁt, the black-and-white grid mark is
uéed as the periodic mark 2a, while another pexibdié pattern

! or mark may be usedq. |

Threé_antennas for confirmatiqh 20, 21 and 22 are
mounted on tﬁe third gaﬁtry 3 iq the direction perpendiqular
to the travelling direction of-tﬁe vehicle and six vehicle
separators'(hereinafter'abbreviated as vs) 23, 24, 25, 26,-27

] .and 28 are é1so mounted on the third gantry 3 in the direc-



ther, adj acent communication areas overlap each other par- tially. The
.antennas for confirmation 20, 21 and 22 perfornlthe radi o comuni cation in
m crowaves and are accordingly 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 mensi onat8ccD canera and phot ogr aph
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, 2a is photographed by the

one- di nensi ¢dgin GEXRentiraE andaa marmmm\dx@qmrsm e iwshigsle he
periodic mark 3a is observed. Wen the periodic mark 3a is interrupted by
the vehi cl e 39 ihafgRach Waie iof dihs FIEE 1THERAA AR FARRRTROMR &9 s

anal yzed in the tinme sequential manner to detect positions in the |ength
direction afR@heaf®th direction of the vehicle. Wen the one-di mensi onal

CCD caneras are used .as the 19 vehlcle sepa s 23 to 28 as in the -
enbodi nent., the vt fls e@c{) Wﬁtﬁqﬁ SNKEMMAT HEOL aso) ut i on
of about 25 cm

direction of: 1{5{5‘3}1 th%d}t reg‘éycgbeﬁ'aré'f%htlﬁédver% é%go"‘ll ne oﬁ%:a{r@t 1
ot orcycl e V\H%’%‘H E\{&E‘ab%xite% Yr@?:'e‘ijse%hééh e P iR gadd¥sy 3. Fur-

bl ack- and- te grid mar
ther, adjacent communication areas overlap each other par-

tially. The antennas for confi;mation 20, 21 and 22 perform
the radio communication in microwaves and are accordingly
designed in consideration of influence due to the natural
cohditionfsuch as rain, snow and the like. |
The vehicle separators 23 to 28 use a one-dimensional

CCD camera and photograph portions positioned just belbw‘the
second gantry 3. A black-and-white periodic mark 3a is
provided at the portions on_the-road in the direction
perpehdicular to the travelling direction of-the véhicle.
Accordingly,.when-there is no vehicle, the periodic mark 2a
is photographed by the one-dimensional cco éaméras and a
square wave having the same,péﬁiod as the periodic-mark 3a is
observed. When the periodid,mark 3a is interrupted by the
vehicle, the square wave is disturbed. _Thé_diéturbed square
wave is_analyied in the time gequential manner to detect

' positions in the length directioﬁ and the width directién of
thé vehicle. - | |

When the one-dimensional CCD cameras are used as the



used as the periodic mark 2a, while another periodic pattern or mark may be
used.+*The,vehicl e separator can detect the vehicle even if dltrasonic waves
or mcrowaves are used instead of the one- dinmensional CCD canera, while

t he vehicle separator using ultrasonic waves or mcrowaves has a w de
directivity and according can not attain th® 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 detectors 14 to 19 and the
vehicle separa- tors 23 to 28, there are provided an antenna controller, a

local controller, hicl e_det eg t N VS mast ,
control lor . aFeRtalerpREsFPES P tho BoREr of boot AACIRETAL parts triale

Connocted Lo SPARPERRS GBh: parrer 8nE8Teh rotncth, EARBMCRAT of by

receives the ygh%ﬁlgn!gﬁgg akﬁndSSECEESHFSESQHélrbgéoéﬂwléﬁglé%%ké#%ﬂf its

debiting informafion inc I ng a I't val ue by 0 neans of

communi cati ongW-bBtibg &P~ ¥RBI GLR kAL tbhi:ﬁéﬁabﬁrh§e?£'£‘§£@a§1§,v&;%s7 for
debiting process. The antenna controller 29 desirably adopts a tine sharing

nul tipl e acceggtnadikghadtbFbYB)edeanti hagdgbaketelinvenil€lesp avoid the’

I nterference between.the antennas 5, 6 and 7 for debiting process and

performthe debitianptneeembmﬁthent, the black-and-white grid mark is
uséd as the périodic 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-
dimensiodal CCD camera, while the wvehicle separator using
ultrasonic waves or micféwaves has a wide.directiv;ty and
agcording can not attain the resolution of about 25 cm.

In order to cqntrol the antehnaé 5, 6 and 7 for
debiting process, the antennas 26,_21 and 22 for confirma-
tion, the vehicle detectors 14 to 19‘ana the vehicle separa-
tors 23 to 28, there are provided an antenna controller, a
.local controller, a vehicle detector master controller, a VSi
master controller,.an ECS and the-iike.in the control booth
4. |

More particularly,'as shown in Fig. 3, the antennas 5,
6 and 7 for débiting'process are éonnected to an antenna
controller 29 SO that the antenna control1er 29.receives the
vehicle informatioh_and the personalfinformation and

transmits debiting information including a debit value by



respect to a plurality of vehicles exactly. The antennas 20, 21 and 22 for
confi,rmation are-connected to an antenna controller 30,.which receives the
vehicle information and the -personal information by neans of the radio
comuni cation with the in-vehicle unit through the antennas 20, 21 and 22
for confirmation. The vehicle detectors 142%0 19 are connected to the
vehi cl e detector naster 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 conpected
to a vehicl e meaes Rbrthmsradtic grminigagon Witk othe dinsrelgicke it
position information of a rear end of the vehicle detected by the vehicle
separators 23thECugh tthe RntenAmIty A nh 1% R Hing c%‘?%‘fﬁ'ﬁ%g system

| conse plate of t rr:"g%g{]ﬁ‘i‘cflfflégf’?:c” l??%%%e%%ﬁiﬁ@%é%ﬁ%%“g ]
8 3. . '
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connect ed L0 grdoralo COUIPEL FeierLocal nEOMLRILRS SR dilaess vhetay

the vehicle is to be ed or not ont asl s of ormati on
and 7 for debiting process and perform the debiting process with

respect to a plurality of vehicles exactl&.

" 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 thé.in—vehicle unit through the
antennas 20, 21 and 22 for confirmation.

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 detectdrs 14 to 19 to the
antenna controller 30 to start a specific antenna for confir-
mation. '

Furtheﬁ, the vehicle separators 23 to 28 are connected
to a vehicle Separator'mastéf controller 32. The controller
32 sends.position informatioﬁ of a rear end 6f the vehicle
detected by the vehicle separaths 23 to 28 to the illegally
passing vehicle photographing system (ECS). In the.case of
an illegally passing vehicle, an image includiﬁg a'1icense

plate of the vehicle is photographed by the monitoring



t he personal i nformati on received by the antennas for confir- mation 5, 6
and’ 7~ and, whet her the vehicle information and the personal fnformation are
normal or not. Wen the vehicle is to be debited normally, the |ocal
controller supplies a debit value in acco%Pance with a type of the vehicle
to the antenna controller 29. Further vehicle information and the
personal information obtained fromthe antenna controller 29 are collated
with a blacklist. Wen 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 photographing system (ECS) is
caused to ph®2®Bg¥agh8t % ¥adhicle. The illegal ly passing vehicle

h h ECS f f hicle,. 23
Po 26 posi ¢ 2ﬁséﬁ%ﬁent%ep382%'pﬁt?faﬁé%%@iﬁ?xslé nabfigVERs ST fEFEOTOT
f f h d d. b he | I
control | er FeehEE BEREEOTIEi ”ﬁéganéah%?w TG0 R FRREFR PR TRPLER i 5t and

I'S regarded §¥%£le;§0pﬁgt 3%; ecé%ﬁﬁt% QEl cgﬁgﬁbntlgﬁ b&!%gqll¥he

passi ng vehi em caduses t he noni orlng caimera 8 -

13 corr esponglag, { 8ohRgosRes falzgg 3! Wi chePRALOGEARRIENE o kbegal | v

passi ng vehic Conmuni cati on egally passing vehicle

phot ogr aphi n@eﬁiééa”b(:E%)c ohhenlko&als 1 GO R theebeﬁéciad ihkermakisheand
separator master controller 32 can be made through an

the personal information received by the antennas for confir-
mation 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 information obtained from the'antenna 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 vehlcle is not normal and the |
illegally passing vehicle photographlng system (ECS) is
caused to photograph the vehlcle.
The illegally passingsnehicle ?hotographing system
(ECS) specifies by means of the vehicle separators 23 to 28 a
position of the illegally'éaSSing vehicle having the vehicle
information or the personai-infbrmation which is determined
by the local controller 33 not to be normal or Wthh is
detected in the blackllst and is regarded by the local

controller\33 to be lllegal. The 1llegally pa531ng vehicle



illegally passing vehicle photographing system (ECS) interface 34. The

| ocal- controller 33 can communicate with a hi'gh- speed digital

comuni cation network (digi.net) such as | SDN connected to a central

conput er system (CCS) through a diginet interface 35. Further, a backup
storage is provided. The | ocal control | er?d s provi ded with other

I nstrunents, 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 structure that the smart card 37 is nounted in the in- vehicle unit
and includes a liquid crystal display 36a nounted in the front surface

t her eof-. Thehiotogiphifiguyis tn daisss pEndinoni teeling! eamefar Bat-i a3 such
as, for exanple, an in-vehicle unit code, an in-vehicle unit type, a

manuf act uri egrdespomidnighed ithe apkditiedigosizdion tomphoitograph mbans not
shown. The smart card 37 stores driver's personal information such as, for
exanpl e, a diddeigaddil pesdd,nga vliddkey. | i cense nunber, a debiting history
or transaction and the |ike, and uses a prepaid card.in the enbodi nent.
Wien the smart caC@MImnigatdsasy thatwern thee ildegafily) #2§8ina3gehifls mat i on

in the smart card 37_is sent to the in- vehicle_ unit 36_.and ored in the
unit after PREOTQAIISNNGaSYSHEeWHELShy S JPS cEP?tFﬁlta"ﬁ’E éét REA %0t i on,

'ts -hi st oryvieiirc _Ceorsde%%'ra'f:uorrt rrln%rste\/@ecporlh:hreol o ZC%ragx %L lnide through an
illegally passing vehicle photographing sysfem (ECS)
interxface 34. ' |

The local controller 33 can communicate with a high—.
speed digital communication network (diginet) such as ISDN
connécted to a central computer system (CCS) thfough a |
diginet interface 35. Further, a backup storage is provided.
The local controller is provided with other instruments,.
sensors andlfans. | |

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 liguid cryspgl 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 personallinformation

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



pul l ed out fromthe in-vehicle unit 36, the information of the smart card
37 i s erased. Public vehicles which are exenpted fromthe debiting such as
a bus and vehicles for the -police and the fire fighting are set to have |IU
type of 4, for exanple, and are judged not to be the illegally passing
vehicle even if the smart card 37 is not %bunted in the in-vehicle unit 36.
A paynent nethod adopts the prepaid systemshown.in Fig. 5. The prepaid
system uses an in-vehicle unit regis- tration system 38 connected through
the diginet. The in-vehicle unit registration system 38 includes an

I n-vehicle unit nunber input unit 39, a totalization processing unit 40, a
prepai d car PFHPEEr Qlld%?ﬂdt’ap%rli‘hﬁﬁ?rﬂzorAW?QF%%B{eonaa%&ra\:]?e g%'lﬂecoﬂ% dand

a bal ance are |nputted i'n,the in: vehpcle unit nupber input unit 39. The

smart card cOUE® a?ﬁop’f‘?%alb%l‘é% %c%‘?l?fé IF?‘P he IC card constituting

th t db 1, h

thg fg?;||§:{|onyd@§cess| Tﬁﬁ?rﬁgr %Ségﬁtrgﬂgconpufﬁn&%@géﬁgg
ccs). | t d t bl

(029 1n gt S prepesinela ffetﬁeu ﬁ%r@f&?fd.z‘fz%%s s Sefigslanl e

credit card V':éqﬁ_@m a@nﬁboy@ af3 R foréd a6n e RYIEN £ 8L hoge of the smart .
card. The credit card systemuses a credit card nmanagenent system 44
connect ed t hyougdnht featioh Netwhen any error occurs in the authentication,
its history is recorded. Further, when the smart card 37 is
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 prebaid system shown in
Fig. 5. The prepeid system uses an in-vehicle unit regis-
tretion system 38 conﬁected through the diginet.
The in-vehicle unit reglstratlon system 38 includes an
ln-vehlcle unit number lnput unit 39, a totalization
: proceSSLng unit 40, a prepald card writer 41 and a prlnter
42. An IU code, a smart card code and a balance are lnputted
in the in-vehicle unit number lnput unit 39. The smart card
code and the balance are recorded in the IC cardlconstltutlng
the smart card by means of the prepaid card writer 41 and are

sent through the totalization proeessing unit 40 to the



The credit card managenent system 44 includes a central processing unit 45,
a card history nemory 46 and a printer 47. The paynent systemis not

limted particularly and may be a postpaid systemand a deposit system The
illegally passing vehicle photographing system (ECS) includes, as shown in
Fig. 12, a plurality of nonitoring caneragg canera interface urits 48, a

pi cture processing unit 49, a hard disk unit 50, a CPU 51, a trans-

m ssion unit 52, a controller interface unit 53, a mainte- nance interface
unit 54, an inmage display unit 55, and other interface unit 56. The CPU 51

i ncl udes a nenory necessary for operation of the systemand a control
circuit necesémtyalotompetiet &ffsttein ¢arsyol and others and controls the
whol e operation of .the illegally passing vehicle photographing system
(ECS). The canera Interflexe tmnipre4@nitndhjdesiteoisetbecprépand sgsbemesitor
storing a shutter command to the canera, taking 25 in of an inmage, '
aut omati ¢ cobs rdesbfablei &phpagmide eheicdaten &hudingadEshemi.mage and can
read information fromone frane nmenory while taking an |nage into the other
frame nenory. The BREthes piscdssprgsihile %9 ﬁ@oatharam% f 6RTHePYEFRNg

r n an n n _ of- r r ken h r
compr essi on A0 extension:ol 3 BhCLELe 2mbROGLLAKS DY chb® SRATE Bakh. 2

The credit card system uses a credit card.management system
44 connected through the diginet.

The credit Card management system 44 includes a central
brocessing unit 45, a card hisﬁory memory 46 and a printer
47. |

Thé'payment system is not limited particularly and may
be a postpaid system and a deposit system.

The illegally passing wvehicle phdtographing system
(ECS) includes; as shown in Fig. 12, a plurality of
monitoring cameras, camera interface units 48, a pidture
processing unit 49, a_hard disk unit 50, a CPU .51, a trans-
mission unit 52, a cdntrqlieg interface unit 53, a maintef_
nance interface.unit 54, an image displ?y unit 55, and other
interface unit 56.

The CPU'Sl includes a membry necessary for operation'of
the system and a control circuit necessary for the interrupt
control and others and controls the whole 6peration of the
illegally passing vehicle photographing systemr(ECS).

The camera interface unit 48 includes two sets of frame

memories for storing a shutter command to the camera, taking



The hard disk unit 50. can store a conpressed inmage fromthe canera and
addi ti.onal information. The.transmi ssion unit 52 is a transhi ssion
inferface for transmitting the conpressed i mage and the inage additional
information to the central conputer system (CCS) and receiving a designated
| mage conmmuni cation command, time, other necessary.variable information,
setting information and the like fromthe central conputer system (CCS).
The controller interface unit 53 is an interface for the local controller
mainly and receives illegally passing vehicle information corresponding to
a phot ogr aphimgo £ oafredags’ eatitphatnd aonpbivd Dosamidigmtaragmdofinche ransmi ts
a phot ographi ng process condition. The mai ntenance interface unit 54 is an
i nterface foramermezhdng aaperabniamagenpudecan oreadhelpiopozeiof frdmtemaince
or adjustnent. The inage display unit 55 is provided with a frame menory
for display ZwamermemoryfubbleapabingofnsiPpegpoity the pthemrframes, a
cursor and a franme line. The other interface unit 56 is provided with-an
interface fdeRPr¥xternal light illumnoneter .and an inter- face for

illum nator control if necessary. The. illegally, passi vehi cl e .
phot ogr aphi ng syst%m?(EIEﬁuEﬁoPﬁaFﬁﬁﬁénSnPglFh Qi*qeﬁéﬁhﬁﬁ%ﬁﬁ§iﬂﬁrvehicIe;

al though the, sygtem rev photogreph gl oL.BasPR%Y ' S éture 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 unif 52 is a transmission interface
for transmiéting 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 cémputer'system (CCs).

The controller interface unit 53 is an interface for
the local controller mainly and receives illegally passing
'vehicle infé#mation corresponding to a photographing command
'inéerruét and a photographing comménd and tfansmits a
photographing process'coﬁditioﬁ. |

The maintenance interface unit-54 is an interface for
conﬁecting a personal compﬁter for the puﬁpose of maintenance
or adjustment.

The image dispiay uﬂit 55 is provided with a frame

memory for dispiay and an inteiface capable of superposiﬁg



and Ieave onIy | mage i nformation of the |IlegaIIy paSS|ng vehi cl es by
renDVlng Jmage information of normally passing vehicles. An‘inplenentation
method of the electronic traffic tariff reception system (ERP) of the
enmbodi nent is now described with reference2éo Figs. 7 to 11. First of all,
as shown in Fig. 7, inthe first gantry 1, the antenna controller 29
controls to always transnmt the response request signal to the in-vehicle
unit 36 fromthe antennas for debiting process 5, 6 and 7. The response
request signal includes data such as an antenna nunber, tine, place and

| ane position. The response request signal further. includes random nunbers

for aut hent'%{azp@cg rd 116 LA A@ra dBhld N OCeSS S, 6 and 7 and the
or fhe purpose o

i n-vehicle unit preventioon of illegality. The

in-vehicle unit 36 fR&NSERkE NiAOS-HE0 Qb Pase | N0 groeusdd thech idst gantry

1 receives the response request signal and perforns the authentication with
the antennas fwterfacdd £&bidn NkiEACLESLight DX iymaetansawd - drhelmtangdom
nunbers. After confirmation of the response request signal, the in- vehicle
unit 36 transfade for eshhusinstgnatontardhel imesrwwmsmfwr debiting proeess 5,
6 and 7. The in-vehicle unit 36 is usually in a,leeping state and is
started by the respbmsellkegrkly pagsing W#@@cﬂi@t@wlnm@m dat a

such as an ant enna
(ECS) photographs only the illegally passing wvehicle,

although the  system may photograph all of passing vehicles
and leave only image informétion of the illegally passing
vehicles by removing image information of normally passing :
vehicles.

An implementation method of the electronic traffic
tariff reception system (ERP) of the embodiment is now
described with reference to Figs. 7 to 11.

First of all; as shoﬁn 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 siggél includes data such as an antenna_ﬁuﬁber, tine,
placé and lane position. The response request signal further
includes random'numberé for authenticatioﬁ of the aﬁtennas
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



nunber; time, place, lane position, in-vehicle unit code, snmart card
code,- bal ance and error information. Further, the response $ignal includes
new random nunber for authentication of the antennas for debiting process
5, 6 and 7 and the in- vehicle unit 36 fgr t he purpose of prevention of
illegality. The error information include Terror information for

aut hentication of the in-vehicle unit 36 and the smart card 37. Further,
before the in-vehicle unit 36 transmts the response signal , the in-vehicle
unit 36 confirns whether the in-vehicle uni.t does not respond to the
antennas for debiting process 5 6 and 7 yet or whether there is no
sequence errdébibihgt peot8syebi cbeandi ¥ - ppasesns hodughet hendenonumbens ry 2
bef ore passing through the first gantry 1 by reversely travelling on the
road. Wien thftenteonfiirmatiohl ef £Behnespensed veequastraignoade thgnbi-from
the in-vehicle unit 36 through the antennas for debiting process 5 6 and
7, the antervehiohe unipg36rbravsnds nakeespeRRnfigadlohonthf #nkennas

in-vehicle unit 36 pz_neans of new random nunbers and t aninits,ths data to
the | ocal . cofR¥ ofiebiting PROERES ehbofli ABAL 7 - t NENGULREKENEGLPOHNLF $hetS

I n-vehicle unit and the_antennas for debitin rocess 5,,6 and 7 is made
Ly xeahs ofq?%ﬂﬂiiYnhﬁb@r?lﬁﬁPFEgasF%F%g?% L+% %Egﬁgﬁg ﬁﬁthS E%ﬁ%%?%%d

into a secrgéegggggggigxaﬁpy met hod in order .

The response signai includes data'such'as an antenna
number, time, plaée, lane position,-in-vehicle.unit code,
smart card code, balance and errof infoimation. Further, the
response signal includes new random number for authentication
of the aniennas for debiting process 5, 6 and 7 and the in-
vehicle unit 36 for the purpose of prevention of illegality.
The er.;cor information includes error information for
authentication of the in-vehicle unit 36 and the smaft card
37.

Further, before the ih—Vehicle unit 36 transmifs the
response signal, the.in—vehicle-unit 36 confifms whether the
in-vehicle ﬁhit does noﬁ 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 passiné’througﬁ the first gantry 1 by reversely
travelling on tﬁe 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-



to prevent the illegality perfectly. The |ocal controller 33 receives the
vehicle ‘infornmation and the personal information fromthe ih-vehicle unit
36 and confirnms the information as shown in Fig. 8 as follows: (1)

Aut hentication error of the in-vehicle unit 36 and the antenna (2)

Aut hentication error of the in-vehicle uM® 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 Wien there is
any violation of the above itens (1), (2), (3), (5) and (6), the vehicle is
an illegal | yrpasserg29ehakks aathentibatiba w¢ebht eHe iNMkeahibieeunstnde
probl em for the above itens (1), (2), (3), (5 and (6), the vehicle is to
be debited nbynmkhys o¥haswt handiypenambelre andvéhanbmitai thesdata28o4the
the above item (4), the vehicle is a public vehicle such as a bus which is
exenpt ed frohotagd debirohyeand3accordingly the vehicle is not debited. This
result is recorded as a comunication result. Wen the vehicle is to be
debited, a debit vahuthenembedimnente whehaukbenypeabionhef| fheehncyenimle

is read out and the debiting information including the debit valug and
unit 36 and the antennas for debiting process 5, 6 and 7 is

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

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

(1) Authentication error of the in-véhicle unit 36 ané
the.antenna

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

(3) Validity of the in-vehicle unit

(4):T§pe of the in-vehicle unit

(5) Presence of the sﬁart.card -

(6) Validity of the smart card

When-there is any violétion of the abo#e'items (1),
(2), (3), (5) and (6), the vehicle is an illegally passing
vehicle a@d can not be debited. When there is no problem for
the above items (1), (2), (3), (5) and (6), the vehicle is to

bé'debitéd nbrmally. When the type of the in—#ehicle unit is



the transaction is transmtted to the in-vehicle unit 36 through the
antepna Tor debiting process 5, 6, 7 specified by the antenfha nunber. The
in-vehicle unit 36 which has received the debiting information including
the debit value transmits a reception con?éetion signal informng that the
debiting information such as the debit value has been received normally to
the antennas for debiting. process 5 6 and 7. The antenna controller 29
whi.ch has received the reception conpletion signal through the antennas.for
debiting process 5, 6 and 7 transmts to the |ocal controller.33 and the
in-vehicle unit 36 _the_ information that the reception conpletion signal has
been recei ved A8 fFe pboxe. el t(ide, ther FeRLcdst ii6h & Publde mehigi®much

b inth bove. t he  bal .of th t ¢ 37
ooy br  ASn 3 oSG BBAEn, SR Xy el Erei, 1o SRR 10, Aot b reidiate,
di | t he .dehi t [ i d t, .t hi cl i t
T egal 1y palleng Tamie & St SeRi et batls bRl et noshd a2 he

-dr awi ng, 'tScB&%&%ﬁ%aEio%”&%%%ﬁt.After the local controller 33 has received
the reception conpletion signhal, the local controller 33 perforns the

foll ow ng processegnasn %B@Wth&cﬁbgisgt%nbb|db%&t%@ni%!@e&ﬁﬁ?hﬁﬁxkh%;§300hd
gantry. (7) Exam ne the blacklist of the in-vehicle unit 36 (8) Exam ne
bl ackli st of atbergamcle @dk# the type of the in-vehicle unit is read out
and the debiting information including the debit value and
the transaction is transmitted to the in-vehicle unit 36
through the antenna for debiting prqcess.s, 6, 7 specified by
the antenna number. | |
The' in-vehicle unit 36 which has receivéd the debiting
information including the debit wvalue 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 whigh has received the reception completion
signal throuéh the antennas for debiting proceés 5,'6 and 7
transmits to the local controller 33 and the in4§ehiCIe unit -
36 the information that the reception'cgmpletion signal has
beén 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 ;alﬁe is read out, the vehicle is

treated as an illegally passing vehicle which can not be



Wien the in-vehicle unit or the smart card is blacklisted, the vehicle is
regarded as the illegally passing vehicle which can not be debited
normal ly. This result is recorded as a communication result for the purpose

of the confirmation process upon passage % t he second gantry. In the
bl ackl i st, 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
out stations comunicate with the central conputer system (CCS) periodically
to update the bl acklist. Wen the postpaid systemis adopted as the

debi ti ng systdeRitsse nammadly . stIn ddiedawing v diig IREeREsd-& paigdednce of
t he bank account from which the subtractiion process can not be nade

normal |'y. The in- véfita%e WA o lhGamgirrl kere 3dhasnarysivdeddeuntil the

hi cl hes. t he d gantry 2. First_of all. . the in-vehig il 36
sends subt r acECSPELOM FAMRIERIA Ggmeh iR itk CINEINR SCaPE TSP e

ot card SLAE IRE ARl ANAR 0 et et albUedgisd e

debit val ue ends coO ion @

ot el on HRaHg Rl U Then, L e e P
the : (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 caxd is
blacklisted, the vehicle is regarded as the illegally passing
vehicle which can not be debited normally.

This result is recorded as a communication result for
the purpose of thé confirmation proceés'upon passage of thé
second gantry. 1In the blacklist; vehicles having the history
that the in-vehicle unit code, thé smart card code or the
like is changed illegally in the past are ;egistered'
previously. The blacklist is provided in ali of the outsta-
tions. The outstations communicate with the central_computef
system (CCS).periodiéally to update the blacklist. When the

_postpaid system i$ adopted as the debiting system, the black-
list includes the vehicle having the baléﬁée of the bank
account fromIWhich the subtraction process can not be made
normally. |

The in-vehicle.unit 36 performs the following prqcéss
untiL the vehicle reaches the second gaﬁtry 2.

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



transactlon to the smart card 37. The .smart card 37 which has received the
witing ipstructions of the transactlon performs writing of “the transaction
and sends conpl etion of the witing to| lthe in-vehicle unit 36. Further, the
i n-vehicle unit 36 which has received thegqonpletlon of writing sends
readi ng i nstructions of the updated balance to the smart card 37. The snmart
card 37 which has received the reading instructions reads the updated
bal ance and sends the updated bal ance to the in-vehicle unit 36. The
i n-vehicle unit 36 which has received the updated bal ance records the

mastor cont r obherrYEEESTby BbY oRB SLRICES she el G3Fq SALL BETHERLEL
end and the reapeng l{cneﬁxgg L&1paastng £19159£'9@t£ﬁﬁ‘ $R5oPdcgROASY 2 and

sends t he detected: ve ron rnformation to t ocal controller
33. The vehi Cé.&ﬂéi:se*cgoehé n&@ﬁﬂ@twrué nskaﬂeéhéawlaﬁeaelanéhé h§mart 3dard

| ike. Further, the vehicle detection information desirably includes

i denti ficati ognéinsenast tefpBStion WLt BRe thpragtecén €6 ¥R8I Chevébidle
not orcycle or not and information of nmotorcy- cles traveling in parallel on

t he same;l aneanibe3dbocal controll'er 33 receives and records the vehicle
detection information and starts only the antenna for confirmation 20 to 22
specified by the pofhenpnté imevelehcle unit 36 which has received the
completioh of subtraction sends writing instructions of the
transaction tohthe smarf caﬁd 37. The smart card 37 which
has receifed-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 haé 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 reading insfructions reads the updated
balance and sends the updated balance to the in-vehicle unit
. : . : |

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

) Successively, as shown in Fig. io, the vehicie detector
master controller 31 controls the vehicle detectors'l4 to
detect the front end and_the rear end of the vehicle'passing

"through the second gantry 2 and sends.the detected vehicle
‘detection informaﬁion to the logal controller'33. The

) vehicle detection information includes date, time and the



cl e passing through the third gantry 3. More particularly, when the vehicle
travets rn the lane, the antenna for confir- mation 20 to 2Z correspondi ng
tothe lane is started, while when the vehicle travels on two | anes, two
antennas for confirmtion 20 to 22 corresganding to the-two | anes are
started (omtted in the flow chart). It possi bl e that the antennas for
confirmation 20 to 22 are always started in the sane nanner as the antennas
for debiting process 5, 6°'and 7 to communicate with the in- vehicle unit

36, while in the enbodi rent only the antenna for confirmation specified. by
the local controller 33 is started. Accordingly, the specific started
antenna for cadkernmaFiaohh2e,- the vehisiet detketiospbnfermagient dspgnabPlyThe
in-vehicle unit 36 nounted in the vehicle passing through the secong %antr
2 receives thénpégﬁéﬁséd?BG@§$Fa§FQﬁaPn§ﬁ§m&¢ﬂéﬂ PﬁetathﬁﬁPFEthﬁn etect-
transmts the response S|gga to the ﬁntenna for onflrnatéon 20 .-

this time, it©SAsvebiclei RRECKEY Sd6uBFe "RELAPFN IR ESTTR é°8r°ﬁoF°§ﬂﬁcY’ |

whet h h t
<enar and thgﬁsas‘ﬁaagsi‘#g "RaGE 10k ensndoenh £20E° T 0ot LSdd upon

passing through thehlr hefanthn horaewsr g og! apgerbasbudednen the

response signal is ae ob ainé tractin t va ue. The

ant enna contr gl hg%léod&QEEﬁﬁﬁgs15%8§H$QQOBh%nBE§EQQE§ 8h9gaknbr aftbhfa for

i n-vehicle unit throu
confirmation 20 to 22 specified by the position of the vehi-

cle passing through the_third'gantry 3. More particularly,
when the vehicle trevels 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 flew 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 commuhicate with the in-
vehicle uqit 36, while in the embodiment onlj the antenna . for
confirmation'specifiedgby fhe loeal cbqpreller 33 is started.

Accordingly, the specific started antenna for
confirmation 20 ; 22 transmits the responsegrequest signal.
The 1n-vehlcle unit 36 mounted in the vehlcle passing through
the second ‘gantry 2 receives the response request signal and
after the authentication transmits the response SLgnal to the
antenﬁa for confirmation 20_?-22. At this time, it is con-

- firmed whether double debiting is made or not and whether



antenna for confirmation 20 - 22 sends the data to the |ocal controller 33
after.ithe 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 comuni casi on result with the antennas
for debiting process 5, 6 and 7 on the basis of the U code in order to
confirmwhether there is any error in the identification of the vehicle or
not. It is further confirmed whether the bal ance is obtained by subtracting
the debit value exactly for the vehicle.to be debited or not. The vehicle

n which the debll yal Ug,l 8oNRbnaUbLLACted CHRE | Vuhs dBLEOALACHLLARE the

il1legally passSing ve comvuni catlon résu Isr

Successi vel y, o 2gnshoual BnEl Geshbnsbns 4ARChE 8 RALAEARCTBShEERERNAEO! | €

32 controls the“vehicle separa-~tors etect the rear end of the

vehi cl e passi pfokBr a4eh hpsntPhgglaankh&oagﬁndhée@ﬂ§sth§aaek901ed usaéeég
detection information to ocal cController 33. The véh

detection i nfeheabhdBnicecldeaddat €n theerasgohbe bikAalFust: he{ral{lheob-—
vehi cl e detection information desirably includes identification information

as to whet hertaheaedebgctabtvabtihg theadebtiear ggthe.or not and infornmation
of notorcycles travel- ing in parallel on the sanme |ane. The | ocal
control l er 33 recei Tbe ahteunhi chotyeflderi 68 whiyahl hasomechdvedhthee

separator 23 - 28 and records it.
response signal from the in-vehicle unit 36 through the

antenna for confirmation 20 -~ 22 sends the data_to the local
controller 33'after 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
wlth the communication result with the antennas 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 vehicle to.be
debited or not. The vehicle.in which the debit value is not
subtracted exactly is determined to be the illegally passing s
vehicle and a communication result is recoxded.

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

detection information to the local controller 33. The vehi-



The local controller further collates the vehicle detection signal fromthe
vehicle separator 23 - 28 with the vehicle detection signal“fromthe
vehicle detector 14 - 19 to specify the passing vehicle. The | ocal
controll er judges whether the specified vehicle has an in-vehicle unit or
not or whether the specified vehicle respdidls to communi cation or not or

"the specified vehicle is an illegally passing vehicle or not fromthe

record of the communication result for the vehicle, or-the local controller
j udges whether the specified vehicle is. listed in the blacklist or not and
whet her the vehicle is regarded as the illegally passing vehicle or not.

The passing i d&rést 50 CLM LS st Iaiese dadtl, ttitne/ erid|tthd riaved s
straight in the | ane except a notorcycle as a rule and it is considered

t hat novenmentFwfthdee, vete creh e by edetect@icnn sin fidyend times ded ixpkelly drecluidds n
three lanes at the maxi num Wen the vehicle is not equipped with the

i n-vehi cl e udiderdrifieatidn clefdmnation jdg é@amh,emmﬂga egtedveltcle
35 vehicle is listed in the blacklist .and is regarded as the illegally
passi ng vehi dise,a inotereyeiRenmehaand Haisaadgoip R ARG IR dravl-
illegally passing vehicle photographi ng system (ECS) is suitable or not.
Wien t he photidF aighiRREEbIY tPBERe 23f% JANE- t he nonitoring canera 8 - 13

corresponding to t vehi cle speci-.fied py the vehicle detection signal is’
desi gnat ed and trmj¥he ocal ¢ ntrolier(%§)recelves the vehicle detection

signal from the vehicle separator 23 - 28 and records it.

The local controllef further collates the vehicle detection
signal from tﬁe vehiqle separator 23 - 28 with.the vehicle
detection signal from the vehicie detector 14 - 19 to specify
the passing vehicle. The local controllér 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 th; communicatien result for the vehicle, or
the local controller jﬁdges whether the specified véhicle is.
listed in the blacklist or not ahd whether the vehicle is
regarded as the illegéily passing vehiqlé or not.

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

6 When the vehicle is not equipped with the in-vehicle

unit or the vehicle is the illegally passing vehicle or the



photographlng command is sent to the illegally passing vehi- cle
photographlng system (ECS). The illegally passing vehicle photographing
system (ECS) causes the designated nonitoring camera 8 - 13 to photograph

a rear image of the illegally passing vehicle including its license plate
in response to the photographing command ré2ei ved t hrough the controller
interface unit 53. The inage information of the photographed illegally

passing vehicle is tenporarily held in the camera interface unit 48 and.is
t hen di splayed-in the inage di splay 55 whil e superposing additional

Tk of tiﬁg VR Pler Bt Sekbay nERE kiR ? L8 B T edEraly S8 ‘i‘ﬁ@ e
| mage | nf or ey § §ci sy gogggg;ﬁgdggx Ehg. PLELLE oy QIGS SPhanaYSLEG 21

recorded in ge conmuni cati on command

fromthe Centﬁ%tsa%nghgﬁgsxéﬁ&mi&?%f'@héefﬂ ?‘41393\/ pABsiAgNSERSSION unit

52, the conpressed’| nformation (i ncluding 36 additional

InfOrrTHtlon) tgaﬁhﬁﬁlh%cs?gtéﬁagﬁcs nﬂyr&@ﬁawrecemm@d is sent to the
central conputer system ( t hrough the transm ssion unit 52. On the

ot her hand, when thwhphotRgrphotographingi eonditide i egatdyleasshag
vehicle photographlng systemis not suitable, the photographi ng:operation
is stopped ansonhtoréhgctemeeaedt+oh3scogneéspontiimge tonbbei vebiohe repeti-
ob- | fied by the vehicle detection signal is designatedland.the'
photoérabhing comﬁand is sent to the illegally passing vehi-
cle photographing system (ECS). |
| The illegally passing vehicle photographing system

(ECS) catuses the designated monitoring camera 8 - i3 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 femporarily held in the camera interface
unit 48 ahd is then displayed in the image display 55 while
superbosing additional info¥mation such as the vehicle
detection informatioﬁ, 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 iﬁ 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 (inciuding the



tai ned by the vehicle detector 14 - 19 and the vehicle sepa- rator 23 - 28
aresent”to the illegally passing vehicle photographing systemand are
recorded as a passage history of the illegally passing vehicle

phot ographing system The vehicl.e detection signal and the connunlcatlon
result are erased after transmitted to the3llegally passing vehicle
phot ogr aphi ng system The time sharing nultiple.accessing method ( TDVA)
adopted as the radi o conmuni cati on nmethod between the anten- nas for
debiting processing and the in-vehicle unit is now described with reference
to Figs. 13 to 16. For the conve- nience of description, as shown in Fig.
13, . t her e ar addite dreaile sirafskcridiei o) edesigriared diy thhey jowaope scondimli dat IANT5
are di sposed to cover the' respective comruni cati on areas. The adjacent
conmmuni cat i ogcameasi cierdent caehtloe eenipeal i conpu tamh &ys trm af@@hndhfargh
debi ting process ANT1'to ANT5 havi ng the communi cati-on areas overl appi ng
each ot her p&he fYansnigaiAn %ﬂh@l%%neously the respective signals 37

interfere with each other and there_ i.s the 055|b|I t.hat exact, recept
i s i npossi bl e. Acc&Hi Yt PR haftdndeh %lH@tQﬁ%}%Je% g (FRAGH A9

Flg. 14, comftih Caesr Ty MRS TS WO T 1o PINILERRPING | SR A% T € of
the vehicle traveling ad hdE 1R ST G Q6L SpPBd%nd the
vehicle detection signal and the communication result ob-
tained by the vehicle detector 14 - 19 and the vehicle sepa-
rator 23 - 28 are sent to the illegally passing vehicle
photograpning system and are recorded as a passage history of
the illeéally 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 comnunication method oetween the anten-~
-nas for'debiting'processing and the in-vehicle unit is now
described wifh.refefence to Figs. 13 to'ls,.'For the conve-
nience of description, as;shown in Fig. 13, there are five
| lanes and the antennas for debltlng process ANTl to ANTS5 are
dlsposed to cover the respectlve communlcatlon areas. ' The
adjacent communication areas overlap each other partially.
When the antennas for debiting pfocess ANT1 to ANTS
having the communication areas overlapping each other

partially transmit simultaneously, the respective signals



bet ween the ANT2 and the in-vehicle unit aof the vehicle traveling on the
LANE2, t‘hen communication is made between the ANT3 and the in-vehicle unit
of the vehicle traveling on the LANE3, and simlarly each of the antennas
are successive- |y operated. The tine that comunicati on between all of
the antennas ANT1l to ANT5 and the in-vehicle units of the vehicles
traveling on the LANELl to LANE5S is conplé¥%d I s defined as one cycle and
subsequent |y comruni cati on between the ANT1 and the in-vehicle unit of the
vehicle traveling on the LANEl is nade repeatedly. As conmuni cation
contents, the antenna transnmts the response request signal E to the

i n-vehi cl e uhntexféreheith- eachi okbeunandr thpoadsst thehposethbhiy ridptest
signal to transnit the response signal A including the vehicle inform-
tion such asewxhet| Yeceptionhdssimpeseibdecode and the |ike and the personal

information to the-antenna._ The antenna controllei deternm nes whet her the
vehicl e 38 i s désresdinglyet the BRESBAZ; SOBErPhLer PRBHRCE 'S mart card

code and the like included in_th signa% A.and further determ nes the debit
val ue. AfterapﬁénéﬁépégTéftBnéNgchB,t e P fReSHRAFBEMPRRPD" be debit ed,

antenna.  The | n-veRPEPoBORF LOMARERThagS, BRBF Dottt Feds| Bha SoIRUEIAR, "
response is made between the ANT1 and the in-vehicle unit of the '
vehicle traQeling.on the LANEl, then commgnication is made 3
between the ANT2 and the in-vehicle unit of the vehicle
traveling on the LANE2, theh communication is made between
the ANT3 and the in-vehicle unit of the vehicle traveling on
the LANEj; and similarly each of the antennas are successive-
ly operated. |
The time that communication between all of the antennas
ANT1 to AﬁTS and the in-vehicle units of the vehicles
traveling on the LANEl to LANES is completed is defined as
one cycle ahd subsequentiy communication bétween.the ANT1 and
" the in-vehicle unit of the vehicle traﬁeiing on the LANEL is
made repeatedly. | .
As communication contents, the antenna ﬁrénsmits the
' response request signal E to the in—vehicie unit and the in-
.vehicle unit responds to the rééponse'requést 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.

' . The antenna controller determines whether the vehicle -

L T T O R T R . - v e e Ly [N P T e e e e Ces emcmmmemeew  eereame s s me e e e
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conpletion signal Dto the effect that the signal has been received
exactdy.*That is, after the antenna and the in-vehicle unit - have

communi cated with each other by nmeans of the response request signal E and .
the response signal A the actual transm ssion contents are transnmitted as
the signal and confirmation is nade by th88response conpletion signal D. As
descri bed above, even when the communication areas of the plurality of

ant ennas overl| ap each other, interference between the antennas can be
prevented by operating the antennas in the tinme sharing nultiple nmanner.
However, when a plurality of in-vehicle-units respond to one_antenna, for
exanpl e, mhehslﬁeﬁéﬁﬁél@rUﬁpﬁsoﬁtthﬁob#§ﬂ§r6§CF§§ FPaF@@PngtPﬁ sapalt eprAn
one | ane respond to on antenna at the sane ti ere is the 055|b|I|ty
that electri€ e ddey 489 VdﬁﬁelgnFQﬁnélg | fafBGuLmyther %
probability |stcon5|der%§§t%§% ver rare but it can not be assert that It
does not occﬂ? SIMizgsT ?é I S supposed and the time sharing

mul tipl e antenna opgtati ead zlage%at,% gl ByR 100 CURLR" Ehaedbisg cdeba,

More particularly, “as Shown in Fetinits°1and 2
exi st wi thi nbtehaemmum ‘iﬁtf'o%a%&%ﬁ %ctltlalﬁw%h@naeﬁaﬂ JaugRi ke unit 3

exi sts wthin the overl'ap portion of the comrunication areas of the ANT2

and ANT3, theransmitted as a signal R from the antenna. The in-vehicle
unit which has received the signal transmits the response
completion signal D to the-effect that the signal has been
received exactly. | |

That'ie,.after the antenna and the in-vehicle unit have
communicated with eeeh othef by means.of_the response request
signal E and the response signal A, the actual transmission
contents are transmitted as the signal and.confirmation is
made by ehe response ceﬁpletion signal D.

As Aescribed above, even when the communication areas'
of the plurality of antennas overlap each other, interference
between the antennas can be prevented by operating the
antennas in the time sharlng multiple manner

However, when a plurality of ln—vehlcle units respond
to one antenna, for example, when in-vehicle units of two
motofcycles.traveliné in parallel in one lane respond to one
-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'nbt'occuf.



in-vehicle units 1, 2 and 3. respond to the response request signal E from
the"ANT 2;to return the response signals A sinultaneously, so that the
three response signals Ainterfere with each other in the ANT2. Wen such a
si nul taneous reception of electric waves occurs, the antenna controller can
not identify that the in- vehicle units e3ggst within the lane. Thus, the
antenna controller transmts the response request signal repeatedly through
the antenna. On the other hand, when the signal R concerning the debiting
information is transmtted fromthe antenna within a predetermned tine
after the in-vehicle.units 1, 2 and 3 has transmtted the response signal A
si nul t aneousl y, itThesassupkdathaset he supppsadecand tkecpimensbardngctric
waves occurs and_after any time defined by random nupbers N is del ayed, the
response si ghaltiple AREPARR( PRATARLPBS pSNEEPEBLRA WL BR pRnBECFeEBER{NER gnal
E. For exanmpl g q&g hown in Fig. 16, when random nunber 40 N=3 in the

I n-vehicle u%&*el.efﬂ%'in-vehicle unit 1 responds to the response request

ignal E f he ANT2 it the ri i gpal f | i
ot e 1l ot e HOTE ROt LA vy nEs BRBRRS EnokEEr 18, YhED BeF e fY i LT

L Zhe! RSB ZnacaogRtael Qukhen ERECOSUAILEE L oF B00) Br

times of one.yCARrdifRd 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 aﬁd 3.re§pond to the response request
signal E from the ANT 2 to return the résponse signals A
simultaneously, so that the three response signals A
interfere with each other in the ANT2.

When such é simultaneous reception of electric waves
occurs, the antenna controlléer can not ideﬁtify.that the in-
vehicle units exist within the lane. Thus, the antenné
controller transmits the_response-request signal fepeatedly.
through the antenna. ' |
| On the other hand, when the siénél R concerning the
debiting information is tranéﬁittéd from the antenna within a
predetermined time after the in-vehicle units 1, 2 and 3 has
transmitted the respdnse signal A simultaneously, it is
assumed that thé simultaneous reception of eiectric ﬁavés
occu;s.and.after any time defined by random numbers ﬁ is
delayed,'the response signal'A.is t:ansmitted in respénse to
the response request signal E.

. For example,'as_Shpwn.in Fig. 16, when random number



When random nunber N=3 in the in-vehicle unit 3, the in- vehicle unit 3
responds to the response request signal A fromthe ANT3 to transmt the
response signal A after a delay tinme of three tinmes of one cycle tinme. Wen
t he random nunbers of the in-vehicle units are coincident wth each other-
acci dental |y, sinultaneous reception of et®ctric waves occurs again.
However, by pro- ducing random nunbers repeatedly and repeating -
communi cation-w th-a predeterm ned delay tinme until comunication is com
pleted nornally, response can be exactly nmade finally. In this manner, even
when a plurality of vehicles travel in parallel or conhinuousl I n close
proxi mity toNgacHMotther is-vehiglei gRridpded the LR-VRBLEAGWINLLal e TRPPARNASE he
communi cati on area of one antenna, conmnuni.cation befwe he in-vehicle
units and th&Catten FRSPORS SpECHNES te SAONRY §u358§-%bﬁvgﬂg&bsoagﬁﬁP?%h of

t he TDVA net hod d di.ngl h hi cl i dentifi’ debi ted
(e TOMA religd Sndcecar X SXahl ol o.SE) BelIgplLhiRd Lowg 0801 Le
having @ BLUER sl WaRES. YhEheRSNeRy hufpkeasaes e i dhekatergl {1

method 15 veghisef Ulend ERDOALTRAL Shit 92488 cBHROELTRRE 2bshBRsAr esent
invention is now described with reference to Figs.. 17 and 18. ° This
enbodi ment i gequiRd HigAkIIOR ehohhentl hairsewbodiraBBinit &R WeePonse
signal A after a delay time of ﬁwo 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 teSponse signal A.after a delay time
of three 'times of one cycle time.

When the random numbers of the in-vehicle units are
coincident with each other accidentaLly, simultaneous
reception of electric waves occurs agaih. However, by.pro-
ducing random numbersirepeatedlj and repéating communication
with a predetermined delay'time until.dommﬁnication is com-

' pleted normally; response can 5e exactly made'finally._

' In this manner, even when a plurality of vehicles
travel in parallel or continuously in élose proximity to each
Ather or at a'high spéed or in the crbwd'sfate within the
commﬁnication area of.one-antenna, communication between the
in-vehicle units andﬁthe'antennasfcan be made exactly succes-
sively by adoption of the TDMA method and accordingly the
vehicle can be idgntified to be debited exactki.

The above description has been made to the case of a



phot oel ectric tubes instead of the one-dinensional CCD caner- as as the
vehi el e*separators 23 to 28 and the vehicle detec- tors 14 ‘to 19. That is,.
amltiplicity of light 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. A#lltiplicity of light emtting
units 59 and 60.are al so arranged on the road just below the |ight
receiving units 57 and 58 in the direction perpendicular to the traveling
direction. Qther configuration is the same as in the first enbodi ment and
description thereof is omtted. In the enbodi mrent, when the vehicle does

not pass through %@ﬁ@ﬁ@@l&fglmy 8r930hekeSyR; Nd Svehi 9Bt eﬁ{;{.gﬁgagpward

vertically fromt mtting units 59 and 60 reaches the

receiving uniiggbd Basle pBifSistahdicBhk8dVBRAL! HELYLEELEs PESERS1t DhOUGh
the second and third gantries 2 and 3, light emtted upward vertically from
the |ight empdtahDelindaid a&Ocondinflissthet eDMAphethdd iseveehi asefahd 42
does not reach the light receiving unit 57 and 58. Accordingly, by

anal yzi ng t higEmbhorhithentde2cted by the light receiving units 57 and 58, it

I's possible to detect positions in the traveling direction and the wdth
direction of the vkhsecsend Spmeedinantyof ghenpragenbdinsenglenelis now

phot oel ectric-tubes as the vehicle separators and the vehicle detectors as
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. |
- _Tha; is, a multiplicity of 1ight receiving units 57 and'
58 are arranged in the'direcfion perpendicular to the
traveling direction of the vehicle in the second gantries 2
and 3, respectivély. 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 aé
in the first embodiment and description_thereof is omitted.
In fhe embodiment,.when the véhicle does not pass
thrbugh the second and third gahtries 2 ﬁd 3, light emitted
upward vertically frdm the light emitting units 59 and 60
reaches the light recei#iﬁg units 57 and 58 as it is, while
when the vehicle passés th;ough-the second.and third gantries
2 and 3, light emitted upward vértically’from thé_light

emitting units 59 and 60 is interrupted by the vehicle and



in the enbodi nent, a dead angle is difficult to occur as conpared with the
case ,whete the one-dinensional CCD canera is used. Accordingly, a
motorcycle traveling in parallel with a |arge-sized vehicle can be detected
exactly. Further, the vehicle separation accuracy is dependent on an

i nterval of the photoelectric tubes. AccdZingly, the closer the
phot oel ectric tubes are di sposed, the higher vehicle separation accuracy
can be obtained. Since it is anticipated that the surfaces of the |ight
emtting units 59 and 60 provided in the road become dirty due to passage
of the vehicles, the maintenance for washing the road periodically is
required. [Erdm mextt xHaoch tihe dlna;faodzrmttvmg turel tpr5Fs emid iS8wention i s now
described with reference to Figs. 19 to 22. This enbodinent is directed to
a so-cal |l ed two- gadtaopxsiigygdy i royvarehlyind s isdignadfs dedesdedndyarde
third gantries in the first enmbodinent are conbined into one gantry. 43
More parti culdaht recedivdwmg iunifsyy. 5 and B8 hd s Rassdple Ao defect

provi ded two gantries 61 and 62 and a coptr ol booth 41in o0 %lto reallze
the traffic ®Pasiiong dn Hg Expmt Jr’tﬂg‘g‘y‘%‘? “H-%é’r

passi ng vehi hot ogr.aphi ng system ( ECS) - nalnly As shown in F|g 20 a
di st ance betﬁﬂiﬁﬁfﬁ E%}t’g’étepgantry 61 and the second gantry 62 in the.

travoling dlreCtlogpecifically, in the method using the photoelectric
.tubes. as the véhicle separators and the vehicle detectors as
in the embodiment, a dead angle is difficult to occur as
compared with the cése where the one-dimensional CCD camera
'is used. Accordingly, a motorcycle traveling in parallel
with a lé%ge-sized vehicle can be detected exactly.

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

' Since it is anticipated thatlthe éurfaces of the light
emitting units 59 and 60 provided'in the road become dirty
due to passage of the vehlcles, the malntenance for washlng
the road perlodlcally 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.



of the vehicle is about 20 mand a height of the first and second gantries
61 and 62.is about 6 m Three antennas for debiting process®63, 64 and 65
is mounted in the first gantry 61 in association with each of lanes in the
direction perpendicular to the traveling diyec- tion of the vehicle and six
nmoni toring caneras 66, 67, 68, 69, 70 and /71 for photographing illegally
passi ng vehicles are also nounted in the first gantry 61 in the direction
perpendi cular to the traveling direction. The communi cati on area of the
antennas for debiting process 63, 64 and 65 is within the range of from
about 1 neter to about 3 neters ahead of the first gantry 61 (hatched
portion in Fig. 20MorEheayidwdldxiyy Carersdowib ino FA.alé nuimnttée@ t o be abl e
to photograph an image-including the |license plate of the traveling vehicle
at the positicortgtadticalt drhepzs gy prtovdidgd tthe geadad egahtlr wngl 6 2Tlad a '
moni toring caneras 66 to 71 use a bl ack-and-white CCD canera wth an '
el ectroni c sgtEolsdopth 4 4n wardar 419 aqad-igeoddss YrRd fifottdgidfhédtomage
digitally., Wii'le not shown in the drawing, it is desiraQle to pr.ovide_ gn

i 1 Tunmi nat i on ™ &80 T iestan dfVoP )k rad: Hde wﬁiﬁgaﬁ&ynm#l&e VieBAt i n

the outdoors j.s | acking. e- di mensi on cameras are nounted in the
first gantry 8f 'é’g‘ot%@ %Isé’sgiﬁ“bc(t F2L08Y -and 74 in correspondence
to the lanes in thisdisrh%%ni %% %rgqe%’méll %lristt%nce between the first
| gantry 61 and the second gantry 62 in the traveling direction
of the veﬂicle is about 20 m-and a'height 0f the first and
second gantries 61 and 62 is about 6 m.

Three antennas for debiting procesg 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 illégally-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 6f the
tra&eling vehicle at the position just after passing through
the seéond_gantry_sz, The monitoring camerés 66 to 71 use a

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



the traveling direction of the vehicle and the vehicle detec- tors 72, 73
and* 74 atre set to photograph about 1 neter ahead of the comtunication area
of the antennas for debiting pro- cess 63, 64 and 65 obliquely. A periodic
bl ack-and-white mark 6la is provided on thgroad 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 | oop coils are provided to be able
to detect vehlcles nore exactly in cooperation with the vehicle detectors

72, -73 and 74. is well known that the loop cqils are -used to %pnflrn1the
presence of 4% hﬁ‘eﬁ"l@lee o PEQESSFaridt® iR RRARNS DI

Pana: thr ee’ Aot ShoaRih 1 i 6 ds °”‘a,%ufn"cgdo”“ an!
second gantr he dir ctlon erpendi ¢ r. 1o tr | | rection
f%%ﬂ %F#.%ﬁ ééhé]defg on ofl%ie %Qgéqdﬂéf% 2

I n associ - atlon W e communi-Catl on area O e antennas

45 for confi %{Hifrito%ﬂ;i&gﬁf% '?1d t%% |C§1 A&LQ @;%ﬁgﬁ%of from_ abo_ut 1 meter

to about 3 neters ahe e secon gantry 6 led portion in Fig.

20) . Disposed in tipmeS@Gaiath 3L @D | dhrid¥ea i 418 tidh teRt ReNdinel!@irglto t he
traveling direction in association wth the lanes are three vehicle

separators 8han¥dya®d 83 MR vl derstins os, 88 o% and 196.
correspondence to the lanes in the direction perpendicular to
the traveling direction Qf the vehicle and the vehicle detec-
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.

quther, loop coils 75, 76 and 77 are provided on the
road'just before the periodic mark 6la in association with
eéch of the lanes. The loop éoils are provided to be able to
detect vehicles more exactlj in cooperation with tﬁe vehicle
detectors 72, 73 and 74. .It is well known that the loop
coils are used to confirm thé bresence ;f the vehicle in
accordance with variation of‘magnetic pérmeability 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 perpeﬂdicular to the traveling direction in associ-

ation with the lanes. The communication area of the antennas



The vehi-cl e separators 81, 82 and 83 are set to photograph just below the
second gantry 62 and a periodic black-and-white mark 62a i s" provided on the
road at that position in the direction pe gendicular 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 bl ack-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 j ust
before the periodic mark 62a in association with the |l anes. The | oop coils
87, 88 and 8¥oar eopfivmaddono Mo atf @nd &btis witghdny dhecrangsr efefzom y in
cooperation with the vehicle detectors 84, 85 and 86. The periaodi ¢ narks

6la, 62a andabomt 4 mereait&yiaRHt st d9tRGRERhaa Iod W?e?empﬁegtaﬁérﬁfatﬁl?s-

may be fornmed_in the 46ﬁ${Ld qﬁ%}er In the sane manner as the first
enbodi ment . I(Ra&E PETEIAY G tHhed -a ‘nas for debiting process 63, 64

200 65 Lhe ot e ebRReRP W o Y o BBl et or
LooF 01k “RopkRnatiuSh, O OO0 e m R AOh 1A bitoctakach wien
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
phqtograph 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 pérpendicular to'tﬁe traveling
direétion. |

The vehicle detecfors 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 aﬁd a
periodig 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 éésociation with the lanes. |
The ioop coils 87, 88'énd 89 are provided to be able to
detect the vehicle more exactly in cooperation with the
vehicle detectors 84, 85 and 8g. |

The pefiodic marks Sla, 62a aﬁd"GZb in the embodiment

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



master controller and an illegally passing vehicle photo- graphing system
(ECS). are.provided in 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 personal infordfation and transnit the debit

val ue by neans of radio comunication with the in-vehicle units through the
antennas for debiting process 63, 64 and 65. The vehicle detectors 63, 64
and 65 and the loop coils 75, 76 and 77 are connected to the vehicle
detector master controlléer 91. The vehicle detector master controller 91
suppl i es t he drichtpatitermdin eghe esathepawinrieon af tthee figisitc lepbgetisendgd by t he
vehi cl e detectors 63, 64 and 65 and the loop coils 75, 76 and 77 to the
antenna control | er B axden fa eonpeh fhhe Antannes dor sebiibdag PFOoCeEér e
Is the possibility that others than the vehicles such as, for _exanpl a
person, dust ,Qea&;”esa%oﬁhetn? tannas Lor ganddeaptiong 78y 1ghand B0,

cot ectl on | ARSI ARSI I £ 4B PG £ oA BT et Wi g,
be 1 tent 1 S0l LR L N 61 ARSI S0 TR B B,
or in the tergg |if8 @ "Bl Mnd Lddis-d1 18 24 MRET controller, a
| | vehicle detector master controiler, a vehicle separaﬁor
master'confroller and an illegally.passingjvehicle photo-
graphing system (ECS) are provided in the control booth 4.
More particularly, as shown in Fig.-21, the antennas
for debiging process 63, 64 and 65 are éonnected to an
antenna coﬁtroller 90. The antenna controller 90 serves to
receive the vehicle information and the personal information
~and transmitlthe debit value by megns of radio communication
. with the in-vehicle units through the antennas for debiting
process 63, 64 and 65;
The vehicle detectors 63, 64 and 65 and the loop coils’
75, 76 and 77 are connected to the vehicle detector master
controller 91. The vehicle detector master controller %1
supplies the front end and rear énd position of the vehicle
detected by the vehicle detectors 63, 64 and 65 and the loop
coils_75, 76 and .77 to the éntenna controller 90 to starf 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



The antennas for confirmation 78, 79 and 80 are - connected to the antenna’
control l'er 92. The antenna control- ler 92 receives the vehicle information,
and the personal information by neans of radio comunication with the in-
vehicle unit through the antennas for confjymation 78, 79 and 80. Further,
the vehicle detectors 84, 85 and 86 and t _7Ioop coils 87, 88 and 89 are
connected to the vehicle 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 ‘| oop
coils 87, 88 and 89 to the antenna control]er 92 to start a specific
antenna for GRESGEAG ilgh eTFeF ovhen tgREBELIDI 15 ade Anlef Y sthe arphifele

hi cl h as, f e, .. dust, |eaves and the lik
ot et 60 i n CISGHCYRTE Gt 04 1 | 65 ot 9157 (5PN 1 IRAB QOIS aa,
85 and 86, whje. i ning the | (1,87, 88 and 89 with the vehicl
det actors, |1 bar GEd i Thdhithe SRRfEle HAGTTn o S hmde of
t al t. icle., . T ' 8 8 9
' the t amporderiamiars g RERLTRY e dEig® SERCBLE e ©f

e s Soni eIl S SRR 81 B2 MG P MRS SR o
controller 94 Saiiis ddMpdRal WikhdPSd# i O @le term limited manner or in
the limited manner.

?he anteﬁnas for conf;rmation 78, 79 and 80 are
connected to the antenna .controller 92. The antenna control-
ler 92 receives the vehicle'infoimation and the personal
information by méans 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 thicle'
-detector master controller 93. The vehicle detector master
controller 93 supplies the front end and rear end position of
;he vehicle detected by the vehicle detectors 84, 85 and 86
and the loop coils 87, 88 and 89 to thé antenna controller 92
"to start a speqific antenna for confirmation.

There is the possibility that 6thers than the vehicles
such as, for example, a person, dust, leaves and the like-are
detected in grror'when_detectibn is made only by the vehicle
detectors 84, 85 and 66, while by combining the loop coils

87, 88 and 89 with the #ehiqle detectors, it can be



the vehicle detected by the vehicle separators 81, 82 and 83 to the

i I I"egal I'y. passing vehi cl e photographing system (ECS). \Wen the vehicle is.

t he illegally passing vehicle, an image including the license plate of the
vehicl e i s photographed by the nonitoringganmera (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 | ocal
controller 95. The local controller 95 judges whether the vehicle is
debited or not on the basis of the vehicle information and the personal

i nformati on received by the antennas for debiting process 65, 66 and 67 and
whet her t he Adgntifiedfthatmtothenndthat peeswofaimddd afmeted are notmal or
not. Wen.the vehicle is to be debited normally, the debit value in

accor dance Weli¢}r. vefhe| oegpeoisssfppl BRdand Q%é“aéthth@nr\’&e@oﬁtlﬁéﬁ’lse@%o
Further, the vehicle information and the personal Jinfornmation obtained from
the ant enna idbrithe)| tNPUR b BARRET aPEJLT et‘FﬁembI]a‘(f‘H egj[amar%?én Ofhdn -
vehicl e |nfqﬁpa;£9n a(ﬁ the ersonal ~ 49 information are listed in the

bl acklist, it% *the vehicle is not normal and the vehicle is

phot ographed by t%f&}l +é(hi)§f€0 gé(ﬁQ’cé}Lg ﬁwta%@@’“s%g ahES LnbEedh

The illegally passing v Ing system ecifies a

position of ghed l&&ﬁézye éPQtHEhfnSE‘é‘ePacYér{&élﬁ%rV@ll cl @nenh@nIRiieON OF
the personal information which i's judged not- to be normal or which is

listed in trgépqrator 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 vehicle, an image
including'the license plate of the vehicle is photographed by
the monitoring camera (not shown).

The antennalcontroller 90 and 92, the vehicle detector
master contrbller 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'fog.debiting process'GS,_
66 and 67 and whether the vehicle information and the
personal information are normal or not.. When the vehicle is

' to be debited normally, the debit value in accordéhce with
the vehicle type is supplied to the antenna controller 90.
Further, the vehicle information and the personal information
obtained from the antenna controller 90 are collated with the

blacklist. When the vehicle informétién and the personal



bl acklist or is regarded to be inproper by neans of the vehicle separators
83 84 and 85 and causes the nonitoring camera 66 - 71 corr’esponding to
that position to photograph.the illegally passing vehicle. Conmmunication
between the illegally passing vehicle photographi ng system and the |-ocal
controller 95 and the vehicle separator Ster controiler 94 can be made

t hrough the ECS interface 96. The local controller 95 can conmunicate with
t he hi gh- speed digital comrunication network (Diginet) such as the | SDN
connected to the central conputer systemthrough the diginet interface 97.
The in-vehicle unit, the smart card and the illegally passing vehicle .
phot ogr aphi ndnfpsmaiiennayee lilssedadin &hethdgékégstheitii§tréﬁﬂﬁéﬁﬁeﬁb@tThe
i mpl enentation method_of the electronic traffic tariff reception system
(ERP) of thetBfb¥ghicde i§ mP§onermadappdathenyehirde éﬁbehpﬁeﬁfaaﬁgiicam y.

"n that the SHEeitdeSRILYnBRsPyREhESaRLRs PEoEPSARLE AP coRRESBN( PR
At ena uhl o CoveRRe 19 LSH i1 deLese0eR S e pHERbELECPRECLgEeRT, ©
o Y BT g bBp 4R gBRESIAR"EE LHE §A185a9EY!babng™bAiELe
having the vehicle information or the personal information
which is judged not to be normal or which is listed in the

blacklist 6r 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 illeéhlly passing vehicle.

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

The local controller195 can cbmmunicate with the high—
speed digital communication network (Diginet) such as the
ISDN conneétéd to the central computer system thiough 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 metﬁdd of the eléctronic traffic
tariff reception system (ERP) of thé embodiment is also the.

same as the first embodiment basically.



by the vehicle detectors 63, 64 and 65 and the |oop coils 75, 76 and 77.
The=det ected | ane position is sent through the vehicle detector master
controller 91 to the local controller 95. The local controller 95 starts
the antenna for debiting process correspogging to the lane position to
comuni cate with the in-vehicle unit of t vehi cl e. Thus, since a
plurality of antennas for debiting process are not in the always started
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 antennaswdwsr deftd ld}ﬁ:é}{ﬁéisfoxardélﬁttdﬁigetbfddéﬁé @068 wndhen
a plurality of vehicles travel in paral l el sinmultaneously, it is desirable
to adopt the 67 neres o f fwgrend timlthac ddss iangtemriadsohrel DY) im thedalwags
prevent interference between the antennas. [Embodi nent 4] A fourth

embodi ment ofstanrest esterite ianderanilgn tlee sindienna V«&llqhn deéivprs2xhe Fighdcle

enbodi ment: is directed to a so-called one- gantr stemin which functions
of the first d%ﬁﬂ dndl ¥he el idateatoreo ',n g &hangh ey 1opkr e
partlcularly, as shown in Fug 22, antennas for ?ebltln process 98, 99 and
100, vehi cl e S@dtlettiors MR iy SRRSI GRS rators 104, 105

and 106 are mount ed, 0, 9ne AN 1) AR YRt B ©

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
vehicle detector master controller 91 to the local controller
95. The local controller 95 starts the antenna for debiting
process coiresponding 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 started 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 pluralit& of
vehicieé travel in parallel simultaneously, it is desirable
to adépt the time sharing multiple accessing method (TDMA) in
order to prevent interference between the antenﬁas.
{Embodiment 4]

A fourth embodiment of the present invention is shown



controll ed through an antenna controfler 107, a vehicle detector master
controller 108 and a vehicle separator master controller by‘an | ocal.
controller 110. In the enbodi nent, the credit card system (postpaid system
is adopted as the debiting system The balance is not recorded in the snart
card and the antennas for debiting processPHo not transnit the debit val ue
to the in-vehicle unit. The debit value is not pulled down fromthe bal ance
of the smart card and is pulled down fromthe bal ance of -a predeterm ned
bank account later. Accordingly, in the enbodi nent, the antenna for
confirmation for confirm ng whether the debit value is pulled down or

subtracted i An Féd-n22ehi @hd gy mrbadiment \ipdiracted & ar squicadd-eHen&rer

in order to photograph a rear inage of the illegally passing vehicle,, the
il1legally paSentFy syssen &Hbt%cgbrﬁ%c"s‘;&ft%rﬁ Jpﬁﬁscﬁrp opd anfh| i ng
time of the v hig%e fromthe vehicle se arq;ors 104, .105 and 106 to the

52 phot ograpl’f?‘d‘& FEEGT Sa AF S GBS Vi R S for neasuring a

18, Lol R e 5 S0 i o

for collation with™ : e Vi reachés _

Lo oo ey BSPRael ) kPR Pl Rty g

system phot ographg gal,! a@ll 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 sﬁart card and the antennas for debiting
process do not transmit the debit vélue 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 véhicle, the illegally passing vehicle
photographing system must anticipate a traveling time of the

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



vehi cl es and after the photographed vehicles are collated with the

bl ackl i st,, image signals of the vehicles which are not listed in the

bl ackl i st nmay be erased. .93 CLAIMG: 1. An electronic traffic tariff
reception systemconprising an in-vehicle_ynit nounted in a vehicle
travelling freely across | anes of a road ﬁgving one or two or nore | anes -
and which stores vehicle informati on peculiar to individual vehicles and

i ncludes radi o comuni cation neans, a smart card nounted i'n said.in-vehicle
unit and in which personal infor- nmation of a driver is stored, at |east
one or nore antennas for debiting process each di sposed above each | ane of
the road, arPBOtRHFRPRIMT (RPFEFLORARYNBFEPFAARILY R TRPFL FERSQRHIW e
information and the $ersonal Bﬁéornat'on and transpt . debiting information

incl udi ng a TRATITING R FPRFUGAE s WeRAELRNLS f BPIUEE?Yt ng process by neans
f di’ i i ith id insvehicl it o | | .
Pudgi ng whet nor ¢ Rt Eaths €' foldL SREFGUIEE nad B8 FimSRY Yoftarid

vehi'el e i nf ajsiad | o Apth ibes ferannel LALOTERILDD Fesehuedihy sai d antenna

for debiting process an cle informa- tion and the persona

information sHEAPFABhiky P i Eish SBPPENE NP1 PedeDiy %@éyﬁx' Ne@eLaraglance
with-a vehicle type to said antenna control |l er when the vehicle is to be

debi t ed nor rEidtegPdph BRG ts eIl ( ECS . N"OREEOLd NG TRfEtIRS ERDégalilsy posed
above each lane of the road, a vehicle separator for _ _
-passing vehicle photographing system photographs all of
vehicles and after the photographed vehicles are collated
with the blacklist, image signals of the vehicles which are

not listed in the blaéklist-may be erased.

.



detecting positions in the width direction-and the length directi'on of the
vehi cl e -at a phot ographi ng position of sai'd monitoring canera, and
|IlegaIIy passi ng vehi cl e phot ograph- ing neans for specifying by said
vehicl e separator a position-of an illegeé83y passing vehicle having the
vehicle informa- tion or, the personal |nfornatlon‘ﬁﬁlth~rs~fudgedﬁnot to be

normal by said | ocal control I er and causi ng sal ner a
corresponding to the specified position to-phot l”' "ﬁ@‘g& | y passing
vehicle. 2. An el ectronic traffic tariff recepgti én sy ording to

Claim1, wherein said in-vehicle unit subtracts the debit value fromthe
bal ance of t¢kﬁ£%$sonal information in said smart card when said in-vehicle

o ocess. r.ecle' “an M celPaktonte FrPEFR ke Rl B i ng 16

process. RBh-eYs n1accord|ng to

Gaim 2, comgpsiog, ag sﬂteweﬁfélgoaﬁif%ﬁ%@'ﬁ?%%’?ﬁf’% e

ant ennas for I Ng~process I n ravel i ng direction

wherei n sai dff?‘é'é%ﬂnécf grie)é‘l‘eil of ! V\ﬁ ﬁrhé\bfn@%x%&r@é L 6B ié&@%

sai d in-vehi % as. passed through said antennas

for debitingy i OfRSEH DY+ HBELSyOh i SBe dlﬁﬂéﬁﬂé‘@l&&rﬁ)é&ﬂiiéﬂaéé O Gl | 1 1mB
whet her the debit value is subtracted fromthe bal ance of the personal,

informati on yei@léy @hdNdhcludes radioetefiinidaticmifiéans ara fémaweecepdtadn

system according to Claim1, wherein said antenna controller controls to

perform radimowetsdnitasadd hy-sehilcbatenbasand in ehisdlarpegsonal infor-
mation of a driver is stored, at leést one or more antennas
for debiting process each disposed above each lane of the
road, an- antenna controller for controllihg to recei#e the
vehicle information and the peiéqnallinformation and transmit
debiting information including a debit wvalue through said
antenna for debiting process by means of radio comﬁunication
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 ;he peréonal information received
by said antenna for debiting process and the vehicle informa-
tion and the personal information are normal or not and
suppiying a debit value in accordance with a vehicle tyﬁe to
said antenna controller when the vehiclé is to be debited
pormaliy,-at least one or more monitoring cameras each dis-
posed above each lane of the road, a vehiclé separator for
detecting positions in the width direction-and the length’
direction of the vehicle at é'photographing position 6£ said

monitoring camera, and illegallyipassing vehicle photogfaph—



manner in order to prevent interference between said antennas. when a
plurality.of antennas are provided. 5. An el ectronic fraffic tariff
reception systemaccording to Claim1 or 4, wherein said antenna controller
transnits a response request signal to said in-vehicle unit—repeatedty

until a response signal is received normal?¥ when ' - vehi cl e
units respond to the response request signal from Immmmﬂm"w
debiting process .to transnmit the response signals si*rmuft aneaousisy t hat

t he response signals are collided wi.th each other in said antenna, and said
in- vehicle unit transmts the response signal again in the tine sharing

manner .i n r esyhsBeans t fer rerephteine e staid gralli ekt TeRA%R $9% 2 ROt RN
tinme defined by random nunbers when the debiting infqrmtion has, not. been
received froMsaA% LhiRFMbLY (RAS S t‘féb“blr%d%‘gi% ttﬁ'f% Vf%%ﬂ%t@?ﬁ?ﬂ%’

time after transm ssian of the res],;)o se Si |l ectronic traffic

gnal ... 6., .
tariff recepttoH Y5t a%%’fﬁ?ﬁq'l]g . Cﬁ’%ﬁ‘?ﬁq%‘a "3}16%}1, _lcsoArﬂr:;}cf%? et y‘é?]i%? e
st 15T sbght 99 SIESILLIT Adet 60 G nSToA A EERS

wherein said nna rol S only sard a correspon

| ane det ect ecggqyefgali&o,}l,gégﬁ&?dﬂ?ﬁ e Hhd r!scﬁ%%iéd) pBEUEEn 18 g;%ﬁ@i h

bet ween sai d ant ennas. An el ectroni fictariff reception System
accordi ng toﬁiéninrbgaq%?fggggiﬁgi¢gﬂméjé1detector conprises a one-
or di

di mensi onal phot osens sposed above the road in the direction

per pendi cul ar2i o timn témﬂfmcditrmﬂm wdrife reception system according

| to Claim l,'wherein said in-vehicle unit subtracts the debit
valué from the balande of the personal information in'said
smart card when said in-vehicle unit has received the
debiting'infofmation from the antennas for debiting process.
3. . An electronic ﬁraffic tariff reception system according
to.Claim 2, comprising an antehnalfor confirmation disposed
forward of said antennas for debiting process in.é'traveling
direction of the vehicle' and wherein said antenna controller
receives the personal information from said in-vehicle unit
of the vehicle which has passed through said antennas for
debiting process by means of said anténna for confirmation
and confirms whether the debit value is subtracted from the
balance of the personal information normally or not. o
4. An electronic traffic tariff reception system'adcording
to Claim 1, whefein said antenna controller conﬁrols to
perform radio communication by said antennas in time sharing
manner in order to prevent interferen&e bétween’said antennas.

when a plurality of antennas a:e-pfovidédi



vehi cl e. 8. An el ectronic traffic tariff reception system according
to,Claim 7, wherein said vehicle detector conprises a one-" di nensional
phot'osensor di sposed above the road in the direction perpendicular to the

traveling direction of the vehicle, and conprisin ' on the
road at a detection position of said phot ggensor %ﬂﬂﬁ r'ﬂlﬂ&ﬂ 3 de of
color varying periodically in the direction perpend:iCGl avel i ng
di rection. 9. An el ectronic traffic tariff reception systemaccording to
Claim1l, wherein said vehicle separator conprises a one- dinensional
phot osensor di sposed above the road in the direction perpendicular to the
travel i ng di 5ecti oAnofelidet noatiiccterafific tadnifdl ectceptiiont sybten aacofding
reception systemaccording to Caim1l, wherein said vehicle separator
conpri ses a tmeCldimedsicandl, phemssions®idiagpeea gosksolperr sHansRithed
direction perpendicular to the traveling direction of the.vehiclet gnd
conpri si ng aTREPPNSFoFEIEESEn sigdarlod® A2l daryehishepysiti SRPERtEALY
phot osensor and  having the shade of color varyin erigdically in.the..
di rection pePP&idi Aul: PF@th§1§V¥NkﬂHﬁuf?ﬁqﬁgéﬁ gﬁ%mféiy wﬁﬁ“e?e@%?ﬁﬁ}%ty
traffic tariff recepti.on syst.em accordi t | wher e| aj a
control | er CSF|&P€§%%HéHGb i %5 Fﬁ?%%ﬁﬁ?g%%qg%%%%%é%Bng%ﬁgpgfﬁf%gﬁgggon
obtained frog gl 4,30 GRPRAEAR ¥l Yer¥dihd fUREYS §b 2pdnERTE! ERES
response signals simultaneously so that the response signals
are collided with each other in said antenna, and said in-
vehicle unit transmits the response signal again in the time
sharing manner in response to the response request signal
after a different delay time defined by random numbers when
the debiting information has not been received from said
antennas for debiting process within a predetermined time
after transmission of the response signal.
6. An electronic traffic tariff reception system.according
to Claim 1 or 5, comprisihg a vehicle detector for detecting‘ '
a position in a width direction of the veﬁicle and wherein
said antenna controller starts only said antenna
corresponding to a lane detected by said vehicle detector in
order to prevent interference between séid antennas.
7. An electronic traffic tariff reception system according-
to Claim 4, wherein said vehicle detector comprises a one-
dimensional photosensor disposed above the road in the

direction perpendicular to the traveling direction of the

vehicle.



that the vehicle is not normal when the vehicle is listed in the blackli st
to*causé said illegally passing vehicle photo- graphing neans to photograph-
the vehicle. 12. An electronic traffic tariff reception system according
to Gaim1l, wherein a prepaid card, a credit card-er—a—peostpai-decard-s

used as said smart card. 13. A vehicl e ﬁﬁentlflc cl udi ng
an in- vehicle unit nounted in a vehicle travelling IlmHmmaﬂg wnes of
a road having one or two or nore |anes and which $tore&

peculiar to the vehicle and includes radi o communi cati on nmeans and at | east
one or nore antennas dis- posed above each | ane of the road to thereb

i dentify the8vehi che &jyeatrorioftyafif bc compiff ceereptivn rs¥itemiac e
unit through said antennas, wherein the radi o communication by said
antennas is B%r?éﬂh@d7rnwh$ﬁ%l%rﬁﬁ#%gvﬁ%h%%? JotRFERY FYRFESRHta one-
interference between antennas when a_plurali of antennas.aye provided.

14. A vehlgPﬂePﬁéﬂ{‘ﬂlE}é‘P?%e%%’ér RO I&‘PY‘@ e gt 13, erein
wh | t hi cl ts t
Fesponse 1o &-FeshiadcpParmdfiufas 451 bis, EAF LR RERSGR ﬁ'ﬁﬁo‘%&y and

th - |
regp{)ﬁ:gopzméggggéan gléS&f’? peaffjm% %ran% r%%??antenna to said

i n-vehicle upbtscHibh! pé@ft{&%p&f‘s&ﬁi %l%té%ﬂ@&:?'é’&ﬂ U 170 |%é‘r§ha9d9é d
in-vehicle units transmt the

of color varying periodically in the direction perpendicular
to the traveling direction.

9. An electronic traffic tariff reception system according
to Claim 1, wherein said vehicle separator comprises a one-
dimensionél,photosensor disposed above the road in the
direction perpendicular tolthe traveling direction of the
vehicle. '

10. An electronic traffic tariff reception system-accord;ng
to Claim'l, wherein said vehicle separator comprises a one-
dimensional photosensor disposed above the road in the
direction perpendicular to the traveling directign 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 perlodlcally in the direction perpendlcular
to the traveling dlrectlon |

11. An electronic traffic tariff reception system according
to Claim 1, whereiﬁ’said local controller collates the

vehicle information and the personal information obtained

from said antenna controller with a blacklist and considers



58 response signals again in the time sharing manner in response to the
respanse’ request signal after a different delay tinme defined by random
nunbers when a predeternined signal is not received fromsaid antenna
within a predetermined tine after transni sgjon of theTesponse signals 15.
A vehicle identification apparatus includihg transm i :

transnitting a response request signal froman ante mmmﬂ“gml for
storing informati on pecu- liar to a vehicle and aniin:véehi ¢l e?untt for
transmtting said peculiar information as a response signal fromthe
antenna of the vehicle in response to the response request signal to

t her eby i denttifat tthee wedhiodlee ars triet basima bfwhdre thes paisies st giml L ifgted dai d
in-vehicle unit, wherein said transm ssion nmeans transmits the response
request si gndhehyplaghlirsd ity eruse mssidnkl kegal hn -paasiae ehicke ahahas
the response signal after a delay tinme defined hy random nunbers after
recepti on of FIRPHINGHRANT R FHNOLQGRRD i e I E di sti ngui sh t he

response S|9T¥53f'Xﬁnéﬁégégéﬂié)%égffggnEaééf?ireception system according

to Claim 1, wherein a prepaid card, - a credit card or a
postpéid card is used as said smart card.

13. A vehicle identification apparatus iﬁcluding an in-
vehicle unit ﬁounted inla vehicle t;avelling freely across
lanes of a road having one or two or more lanes and which
stores'information pecuiiar'to the vehicle and includes radio
communica%ion means and at least oﬁe or more antennas dis-
posed above each iane of the road to thereby identify the
vehicle by means of radio communication with said in-vehicie
unit through.Said antennas, wherein the radio communication
by said antennés is performed in time sharing manner in order
to.preﬁent interference between antennas when a plurality of
antennas are provided.

14. A vehicle identification apparatu§ according tb Claim
13, whérein when a plurality of said in-vehicle units
transmit'reéponse signals in respbnse_tp a response.request
signal from said.antenna simultaheously and the response
signals are received simultaneously in said anﬁenna, the -
reéponse request siénal_is repeatedly transmitted.from said
antenna to said in-vehiqie'units until the response signal is.

received normally and said in-vehicle units transmit the
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response signals again in the time sharing manner in response
‘to'the response request signal after a différent delay time
defined-by.random numbers when a predetermined signél is not
received from said éntenna within a predetermined time after
transmission of the response signal. |

15.. A vehicle identification.apparatus including
transmission means for transmitting a response request signal
from an aﬁteﬁna, memory meaps for storing information pecu-.
liar to a vehicle and an in-vehicle unit for transmitting
said peculiar information as a response signal fromlthe
ahtenna of the vehicle in.response-to the response request
signal to thereby identify the vehicle on the basis of the
response signal from said inévehicle unit, wherein said
tranémission means transmits the reéponée.request signal by a
plurality of times and Said in-vehicle unit transmits the
response signal'after a delay time defined by random numbers
after reception of the response requést signal in order to
distinguish'the response signals from a plurality of wehi-

cles.



