-2- gates'in the toll road, are provided on the road side, and eaghy3ta o
vehi cl e- npunt ed appar.atuses’ for, road-to- vehicle comuni cations
(hereinafter called "Vehicle- nounted apparatuses”) wth antennas, which
serves as a responder for responding to the inquired information, is

nounted on the vehicle, whereby the ipfornation I's transferred between the
vehi cl e- nounted apparatus and the on-Toad apparatus by radio

comuni cati ons. h due to

failure in maint endRBECHE- @HUHFEPoéHPé§63ﬁ§tEQR FH@D ?Hoyggéngf pomgr ﬁf a
o oad appar at ucchmsEEATLBNG oARR RO ARSI A Bl CLE SPalREBRRLBNC - 1

vehi cl e- nount ed ap Qfﬁ?ﬁMs and the vehi cl e-nbunted apparatus cannot receive
the information sen the on-road apparatus. Further, there may be

al so cases where since route information indicative of through which
route the vehicle has passed, cannot be received on the on-road apparatus

side when the vehicle-nmounted gpRRGERINDRE Yt TRIENHIOR N t he
Field of the Invention:

The present invention relates to a vehicle-
mounted apparatus suitable for use in road-to-vehicle
communications, and particularly to a vehicle-mounted
apparatus for road-to-vehicle communications, for
communicating with each of apparatuses installed on a
road to automatically receive a toll on a toll road
such as a highway or the like and to a road-to-
vehicle communication system comprising on-road
apparatuses and a vehicle-mounted apparatus for road-
to-vehicle communications.

Description of the Related Art:

In recent years, an automatic toll collecting
or receiving system has been developed which utilizes
a toll pre-paid type card or a toll post-paid type
card to receive charges for using charged facilities,
e.g., receive a traffic toll aharged on a toll road.
In the automatically toll receiving system, on-road
apparatuses with antennas, each of which serves as an
interrogator for inquiring of a vehicle information

to automatically receive tolls at entrance and exit
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toll road, it becomes inpossible to cope with such inconvenience. A
prior art is known in which when it is not possible to receive the
information stored in the vehicle-nounted apparatus in this way, a
connector of each on-road apparatus is directly connected to a

-3- connector of the vehicle-nounted apparatus to thereby read the

i nfformati on (see Japanese Patent Appli%ation Laid-Open No.

5(1993)-100018). gates ihowhéerolliheopdi,Okrar brovideaospathedrbydasigeqbl em
t hat since the connector for transmtting and receiving the information
must be provi ded andt bechvelfi vebiriermednapdanpbusatiibesvEbirclireadetnted
apparatus increases in size. Further, the prior art involves a cunbersone
operation that a vehdlcdedeommunieeitdrnsol hevrimaiftari nglhetdh"viebieieroad
apparatus is connected to the connector of the vehicle-nounted apparatus
to transfer the i RPBRHAH| 8APapatuses " th¥ithoanspapasuswbigheferyessas

difficult to transfer the information therebetween_ by the radio
a responder for responding to the inguired

information, is mounted on the vehicle, whereby the
information is transferred betﬁeen the vehicle-
mounted apparatus and the on-road apparatus by radio
communications.

However, there may be cases in which due to a
failure in maintenance of an on-road apparatus, the
shortage of power of a vehicle-mounted battery, a
failure in operation of an antenna, etc., the on-road
apparatus cannot receive the information stored in
the vehicle-mounted apparatus and the vehicle-mounted
apparatus cannot receive the information sent from
the on-road apparatus. Further, there may be also
cases where since route information indicative of
through which route the vehicle has passed, cannot be
received on the on-road apparatus side when the
vehicle-mounted apparatus malfunctions within the
toll road, it becomes impossible to cope with such
inconvenience.

A prior art is known in which when it is not
possible to receive the information stored in the
vehicle-mounted apparatus in this way, a connector of

each on-road apparatus is directly connected to a



conmuni cations. Thus, an excessive burden is inposed on a vehicle occupant
or an operator on the on-road apparatus side. SUMWARY OF
THE | NVENTI ON Wth the foregoing problens in view, it is an object
of the present invention to provide a vehicle- nounted apparatus for
road-t o- vehi cl e communi cations, whictPis capabl e of avoiding an increase
in the size of the vehicle-nmunted apparatus and easily confirmng the
contents of data s¢tonedtpn dfietheeleblielrpuntistiedppaparatusntohéhemebyad
apparatus side, and a road-to-vehicle comruni cati on system

-4-  conprising theadntheadnfppmridon Aneet Herorrsel BaterbuAprdispparat us
for the road-to-vehicle comunications In the vehicl e- nount ed
apparatus for thel#b800PenoNgenPEL8983mHIACPA4&Y i ons, according to a first

aspect of the present invention, for achieving |he above pbject, as shown
in Fig. 15, a determlﬂrﬁfwever' the prior art 1s accompanied by

problem that since the connector for transmitting and
receiving the information must be provided in the
vehicle-mounted apparatus, the vehicle-mounted
apparatus increases in size. Further, the prior art
involves a cumbersome operation that a road-side
connector for communicating with the on-road
apparatus is connected to the connector of the
vehicle-mounted apparatus to transfer the information
between the two apparatuses when it is difficult -to
transfer the information therebetween by the radio
communications. Thus, an excessive burden is imposed
on a vehicle occupant or an operator om the on-road

apparatus side.

SUMMARY OF THE INVENTION

With the foregoing problems in view, it is an
object of the present invention to provide a vehicle-
mounted apparatus for road-to-vehicle communications,
which is capable of avoiding an increase in the size
of the vehicle-mounted apparatus and easily
confirming the contents of data stored in the
vehicle-mounted apparatus on the on-road apparatus

side, and a road-to-vehicle communication system



means makes a decision as to whether the present state of a vehicle is
i ncluded in predetermned wite conditions indicative of states for

requiring witing

of the data into an information recording card having

a

storage area for storing at |least the data therein. Wen the present state
is found to be included in the wite“%onditions, a processing nmeans

executes a process for

t he sanme into the cimproigeing ethofotheoad ndpparatws ar¢othie ngeltbebe-and
reading the present tine counted by a clock means and witing the sane
into the storage aramidd tarpardusafoonthecoeadnto-cekiche tine

i nformati on.

vehi cl e- nount ed apfBHREC&RkOR- easi |y confirnmed on

Thus, the contents of the data stored in the

side by reading the data_re ord%ﬁgjn the information recording card.

Further, the tining witH%wHEh %

i nformati on recor

casily contiried LAt ofk ' smhllPeat 0495 ™44 085S E5% £ L0

aspect of the present invention, for achieving the
above object, as shown in Fig. 15, a determining
means makes a decision as to whether the present
state of a vehicle is included in predetermined write
conditions indicative of states for requiring writing
of the data into an information recording card having
a storage area for storing at least the data therein.
When the present state is found to be included in the
write conditions, a processing means executes a
process for reading data stored in a memory means and
writing the same into the storage area of the
information recording card, and reading the present
time counted by a clock means and writing the same
into the storage area of the information recording
card as time information.

Thus, the contents of the data stored in the
vehicle-mounted apparatus can be easily confirmed on
the on-road apparatus side by reading the data
recorded in the information recording card. Further,
the timing with which the data has been recorded
therein can be easily confirmed by reading the time

information recorded in the information recording

d

reading data stored in a nenory neans and witing

Yt PRI Yo dPRAE U d Ot HAY%iTPaHN be

t he on-road appar at us



card. Since the data and the tine information are both recorded in
the information recording card, the transfer of the data between the

vehi cl e-nounted apparatus and the on-road apparatus can be sinply done

wi t hout meking a direct connection between the vehicle-nounted apparatus
and the on-road apparatus. Further, the reliability of the data can be
enhanced based on the tine infornation75‘ In the road-to-vehicle
comuni cati on syste@rdaccording to a second aspect of the present

i nvention, as shown in Fig. 15, the data and the tine information are read
fromthe information recoSdneg thar dawiat Andhéhdatdmandnfhemaitdeni atrér mat i on
recorded therein by a read neans. A conpare neans conpares the read tine
i nformation with thety genarddadrdn ddimtinf anpat igne epogrslneneard tihee
difference indicative of the result of conparison by the conpare  neans
falls within a preddeasfiare®f dihge data Rptiaen fdhyehicdg-aountes |

recei ving process, based on the read data. Since the data .and the

time information aPPPASHS &0 TS IS 988 ARRATHS &8 RHGF TR by the
read means in th'Sd@%@‘&f¥iéﬂfm§§f¥héﬁaté¥§é¥¥£%onnection between the

vehicle-mounted apparatus and the on-road apparatus.
Further, the reliability of the data can be enhanced
based on the time information.

In the road-to-vehicle communication system
according to a second aspect of the present
invention, as shown in Fig. 15, the data and the time
information are read from the information recording
card with the data and the time information recorded
therein by a read means. A compare means compares
the read time information with the present time
counted by a time means. When a time difference
indicative of the result of comparison by the compare
means falls within a predetermined value, a control
means executes a toll recelving process, based on the
read data. |

Since the data and the time information are
both read from the information recording card by the
read means in this way, the transfer of the data
between the vehicle-mounted apﬁaratus and the on-road
apparatus can be simply conducted without the two

being directly connected to each other. Further,



bet ween the vehi cl e-nount ed apparatus and the on-road apparatus can be
sinply conducted without the two being directly connected to each ot her.
Furt her, -6- since the present time counted
on the on-road apparatus side is conpared with the time at which the data
has been recorded in the information reéordlng card and the toll receiving
process is done when the tine difference falls within the predeterm ned
val ue, the toll siscei theg presesass tdare e uenecutosd theseh-arvad he | at est

dat a. In the vehicl e-nounted apparatus for the road- to-vehicle
conmuni cat i ons, abperditng tsdde tilsi cdmpaesc wigh tthe grhimeemt iwhialt ithe a
time information correcting neans can be provi ded which corrects the
present tinme of ﬂﬁéaché@kbﬁ§§n§ﬁﬁ9ﬂﬁﬁq(iﬂﬂﬁhﬂﬂhﬁfOHMﬂﬂiQHN¥QﬂQﬁﬁ%ﬂgt|ne of
t he on-road apparatus has been read through the radio

communi cati ons. FART d@ﬁ‘?éi t et ffod Lndye Celid D PrOCETSe LIsetdilEn WheD (Wi

QLSZ?QE u;' gﬁz fﬁg:l{?%hl & té’re%l&r%? ?als_l.usp% Sl%d t %t Vp\ﬁ'ee etter}%ll%% Vaqlue,

the toll receiving process can be executed based on
the latest data.

In the vehicle-mounted apparatus for the road-
to-vehicle communications, according to a third
aspect of the present invention, a time information
correcting means can be provided which corrects the
present time of the clock means so as to coincide
with the present time of the on-road apparatus, which
has been read through the radio communications. If
done in this way, the difference between the two
present times can be controlled or suppressed between
the on-road apparatus and the vehicle-mounted
apparatus. Accordingly, the reliability for making a
decision about the timing of data from the read time
information can be improved.

The above and other objects, features and
advantages of the present invention will become
apparent from the following description and the
appended claims, taken in conjunction with the
accompanying drawings in which preferred embodiments
of the present invention are shown by way of

illustrative example.



appar at us.

Accordingly, the reliability for making a decision about the

timng of data fromthe read tinme information can be inproved.
above and ot her objects, features and advantages of the present invention
will becone apparent fromthe follow ng description and the appended
clainms, taken in conjunction with the _acconpanying draw ngs in which
preferred enbodi nents of the present i'nvention are shown by way of

illustrative exanple. -7- BRI EF

DESCRI PTI ON OF THE DRAW NGS

i nvention i
automati c
appl i cabl e;

tol |

receiving systemto which the present invention is
reference to the accompanying drawings wherein:

Fig. 1 is a block diagram showing a vehicle-
mounted apparatus to which the present invention is
applicable;

Fig. 2 is a block diagram showing an automatic
toll receiving system to which the present invention
is applicable;

Fig. 3 is a schematic perspective view
illustrating an entrance gate of the automatic toll
receiving system shown in Fig. 2;

Fig. 4 1s a schematic perspective view
depicting a route provided in the course of the
automatic toll receiving system shown in Fig. 2;

Fig. 5 is a schematic perspective view showing
an exit gate of the automatic toll receiving system
shown in Fig. 2;

Fig. 6 is a block diagram illustrating one
example of an on-road apparatus;

Fig. 7 is a flowchart for describing a process
routine of a vehicle-mounted apparatus;

Fig. 8 is a flowchart fof explaining details
of Step 402 shown in Fig. 7;

Fig. 9 is a flowchart for describing a process

routine related to an IC card read/write device such

The invention will now be descri bed
with reference to the accoBRaRYi DESCRAVIAQGY OReTHENDRAWINGS Fig.
bl ock di agram showi ng a vehicl e-

The

lis a
nount ed apparatus to which the present
s applicabl &he inventimm will niaw Hepclesdirddgredmwiidwi ng an



Fig. 3 is a schematic perspective view illustrating an entrance gate of
the automatic toll receiving systemshown in Fig. 2; Fig. 4is a
schemati c perspective view depicting a route provided in the course of the
automatic toll receiving systemshow in Fig. 2; Fig. 5is a
schemati c perspective view showing an exit gate of the automatic tol

recei ving system shown in Fig. 2; -8 Fig. 6 is a block diagram

illustrating one _exanple of ap on-rpad [ at us; Fig. 7is a
flowchart for de¥&rfof %8p$% Bs¥T ﬁ%%tfﬁggbf a vehi cl e-nount ed appar at us;
Fig. 8 is a flowhart f e | ni | AQ2% in Fig. 7;
Fig. 9is a flovvch.a.rt fﬁg'dégac?#%iwnglﬂ@odc%ssﬁl} (ﬁjﬁ)cnre rerféz;?%’am; to an IC
card read/write ﬁ?ﬁé&?ssﬂéﬁgine of an on-road ap?aratus;‘S‘ as a manned

gate or the |ike; 10 is a flowhart for describing a process
routine of an on-road gpRAr alusis a flowchart for describing a part
of a process routine related to an IC card read/write
device of an on-road apparatus according to
another embodiment;
Fig. 12 is a flowchart for describing a relief
process routine;
Fig. 13 is a flowchart for describing a
correcting process routine;
Fig. 14 is a flowchart for describing a shift
correcting process routine; and

Fig. 15 is a view showing a principal

configuration of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention

will hereinafter be described in detail with
reference to the accompanying drawings. The present
embodiment shows one wherein the present invention is
applied to an automatic toll receiving system for
automatically receiving a toll from each of Véhicles
which run on a toll road or the like. In the
automatic toll collecting or receiving system,
information is transferred between an apparatus

mounted on a vehicle and an on-road apparatus having



Fig. 11 is a flowhart for describing a part of a process routine related

to an IC card read/wite device of an on-road apparatus according to
anot her enbodi nent ; Fig. 12 is a flowhart for describing a relief
process routi ne; Fig. 13 is a flowhart for describing a correcting
process routine; Fig. 14 is a fhowhart for describing a shift
correcting process routine; and Fig. 15 is a view showing a
principal confi guaat gt edhalsh® rpvasRd ath\geidund portionBEFdERS an
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi nents of

t he present inveehitvance lgatker annaixtiar gactede edrci.beathrionghetraidion t h
reference to the acconpanyi ng drawi ngs. The present enbodi nent shows one
wherei n the presepmmumicattiionsi $o0 dysiriedy tde termdmeoattirafifdld sesddion ng
system for automatically receiving a toll fromeach of vehicles which run
on a toll road ofrpMé&e)i kaer whilkh thet oeldicdet blals dsenediriliygromndecei vi ng
system information is transferred between an apparatus nounted on a
vehicl e and an ofProddP&opdr ¥redd cdgviang automatically accept a

traffi¢ toll or the like without stopping the vehicle
at the entrance and exit gates.

As shown in Fig. 2, an IC card read/write
device from which an IC card 62 is detachable, is
installed on an apparatus 30 mounted on a vehicle 90.

A general pre-paid card and a general post-
paid card are used as the IC card. A card number,
balance information, information about utilization
details (entrance gate number, exit gate number, .
toll, date of application, etc.), information about
the time at which information is stored in the pre-
paid card, and information about the type of card can
be stored 'in the pre-paid card. On the other hand, a
card number, information about utilization details,
information about the time at which information is
stored in the post-paid card, and information about
the type of card can be stored in the post-paid card.
A certified key code for associating a card with a
vehicle-mounted apparatus has been stored in the
general cards.

In addition to the general cards referred to

above, a card such as a memory card such as an LSTIT



-9- flat antennas provided at ground portions such as an entrance gate,
an exit gate, etc. through radio comrunications to thereby determ ne a
traffic section (route) over which the vehicle has been driven and the
type of vehicle and automatically accept a traffic toll or the like

wi thout stopping the vehicle at the ggtrance and exit gates. As
shown in Fig. 2, an IC card read/ wité device fromwhich an IC card 62 is
detachabl e, is irféard |axd Wit dnlkspat MAENSOL Goimicd DIl @R | and.

A general pre-paid card and a general post- paid card are used as the IC

card. A card nunb&2PERA fHc RN GHEY i BHEOTHIE et YrPAbR Tt i on

appl i cati on, oo FoY T S b e e O AR HT STHe T GFPTe

L L B e e L MDA S LS L0 R gl g o

| nformation about yysdhfAIGH HRhA1F and Y rBIALEL e diet LA, Shayhi ch
be used as the IC card. '

On the other hand, the on-road apparatus has
flat antennas for transmitting various information to
the vehicle-mounted apparatus 30 and receiving the
same therefrom. The on-road apparatus is disposed in
each of an entrance gate 100 of a toll road, a path
or route (check barrier) 200 set in the course
thereof and an exit gate 300.

An entrance antenna 117 composed of a flat
antenna is disposed in the entrance gate 100 and an
entrance antenna control device 132 is electrically
connected to the entrance antenna 117. The entrance
antenna control device 132 transmits information
about the entrance gate of the toll road to the
vehicle-mounted apparatus 30 through the entrance
antenna 117. A device 123 for issuing a traffic
ticket is disposed in the entrance gate 100 to
provide an automatically toll-unreceivable vehicle
which pays a toll by hand, with convenience.

Although the traffic ticket issuing device 123 will

be described in detail later, the traffic ticket

issuing device 123 also serves as a recovery gate for



stored in the post-paid card, and information about the type of card can
be stored in the post-paid card. A certified key code for associating a
card with a vehicle-nounted apparatus has been stored in the general
cards. In addition to the general cards referred to above, a card
such as a nenory card such as an LSI -10- card
or the like, a magnetic card, a hologrdﬁrcard capabl e of optically

recording informtvwentifer@ita At epn OaseaJint o ROt B3 06 Bie Alike
magnet o-optic card or the |ike capable of magneto-optically recording
i nformati on thereiindiwhtipe ceficamgentrahee efaten imby abel Cisesrdsatide | C
card. On the other hand, the on-road apparatus has flat antennas
for transnmitting weddieeioibrdata ositeredthe Vedi vtk abernednbedar at us 30
and receiving the sane therefrom The on-road apparatus is disposed in
each of an entran@PRARELUHOVRIN 2 t epPmypiept LopRFroprar g e. (cheek
barrier) 200 set in the course thereof apnd an exit Pate 300,
traffic ticket issuing device 123 Is provided with an
IC card read/write device 61A with which an IC card
62 is detachably engageable. The IC card read/write
device B81A is electrically connected to a central
computer 400. Further, the entrance antenna control
device 132 can be electrically connected to the
central computer 400 to generally control or manage
each vehicle which enters into the toll road, for
example.
A route recognizing antenna 217 composed of a
flat antenna is disposed in the mid-route 200. A
route recognizing antenna control device 232 is
electrically connected to the route recognizing
antenna 217. The route recognizing antenna control
device 232 transmits route-passage information
indicative of through which route the vehicle has run
on the toll road, to the vehicle-mounted apparatus 30
through the route recognizing antenna 217. Further,
the route recognizing antenna control device 232 can
be electrically connected to the central computer 400
to generally control or manage a state of the vehicle

being running on the toll road, for example. A

recovery gate 224 for writing route information



An entrance antenna 117 conposed of a flat antenna is disposed in the
entrance gate 100 and an entrance antenna control device 132 is
electrically connected to the entrance antenna 117. The entrance antenna
control device 132 transmts information about the entrance gate of the
toll road to the vehicle-nmounted apparatus 30 through the entrance
antenna 117. A device 123 for issuing a traffic ticket is disposed in the
entrance gate 100indic#®tbve def an muenattealhyot the - veh Eckevabhrtedhi cl e
whi ch pays a toll by hand, with convenience. Although the traffic ticket

i ssui ng devi ce 12fpmardtubebylegsinpethenldecard 6atwhentde traffic ticket

I ssuing device 123 al so serves as a recovery gate for

-11- witing dat cemvinientiomcerrorosweli a® arfahburekdn radieati ve of an

entrance gate into an IC card and reading out data stored in the
vehi cl e- nount ed MR CRTIPRNOGCREAIMI EREi BhAeFPRte afPCesiSThe traffic

Licket issuing deyice 123 1 s,prpui dedavithadle1 LS SQUL L BPh LS device
which an IC card 62 is detachable, is disposed in the
recovery gate 224. The IC card read/write device 61B
is electrically connected to the central computer
400. The recovery gate 224 may be placed in a
parking or a service area or the like.

Codes such as numbers or the like respectively
assigned to positions of toll roads.in advance may be
used as the entrance information and route
information referred to above.

A pre-notifying antenna 317 and a toll gate
antenna 341 each composed of a flat antenna are
disposed in the exit gate 300 to increase the
reliability of transmission and reception of
information by radio. A pre-notifying antenna
control device 331 is electrically connected to the
pre-notifying antenna 317 and a toll gate antenna
control device 332 is electrically connected to the
toll gate antenna 341. Further, the pre-notifying
antenna control device 331 and the toll gate antenna
control device 332 are electrically connected to a
local controller 380 connectable to the central

computer 400. The local controller 380 includes a



62 is detachably engageable. The I1C card read/wite device 61A is
electrically connected to a central conputer 400. Further, the entrance
antenna control device 132 can be electrically connected to the central
conputer 400 to generally control or manage each vehicle which enters into
the toll road, for exanple. A route recogni zi ng antenna 217
conposed of a flat antenna is disposed in the md-route 200. A route
recogni zi ng ant emixmonpltervane 2Beres tikéeeiniaaprycesnnecesdanofohe
route recogni zing antenna 217. The route recogni zi ng antenna contr ol

devi ce 232 transrgantroukingateger ¢tnot hiiying aniepeat¢ortosl t @eviigh which
route the vehicle has run_ on the toll road, to the vehicl e-nounted
apparatus 30 thrbtigiithethoutel ¥ cEBHRI 30 bRt eAMEr ok TdeYige h3%2 OF he

route recogn|2|ng ant.enna control devi ce 232 can, cbe electrically connected

to the central ¢ ka0 AL hes the PEOTRIBHE %ﬁn$mﬂﬁﬁﬁp%ﬁs? fe of the
vehi cl e . being rupnl ngop e ol efi08%] O RX WL 1o A £ £SEVSIVeSR © 224
control device 331 and the toll gate antenna control
device 332 serve as the on-road apparatus according
to the present invention, the pre-notifying antenna
317 and the pre-notifying antenna control deviée 331
may be omitted.

Further, a system 360 for detecting the type
of vehicle by an image process or the like, an
illegal traffic vehicle shooting system 350 connected
with a camera 352 for photographing or shooting an
illegal traffic vehicle such as a vehicle which
passes through the exit gate 300 in a toll-unpaid
state, and a toll manually-paying system 323 provided
for vehicles from which tolls cénnot be automatically
accepted, are disposed in the exit gate 300. By
collectively controlling these systems with the local
controller 380, steps to cope with the impossibility
of toll reception or the like are taken and traffic
charges or tolls corresponding to the section (route)
of running of the vehicle or the type of vehicle are
automatically received; Further, the connection of
the central computer 400 to the local controller 380

can provide smooth and rapid transmission and



-12- indicative of a md-route into the vehicle-nounted apparatus by using
the IC card 62 when a comunication error such as a failure in radio
comuni cation occurs in the md-route 200, is provided. An IC card

read/ wite device 61B from which an I1C card 62 is detachable, is disposed
in the recovery gate 224. The |IC cardl4ead/wite device 61B is
electrically connected to the central conputer 400. The recovery gate 224
may be pl aced in mecpptkongofr iafeemaitdenanbaudr at bhahgkein toll t@bdes
such as nunbers or the |ike respectively assigned to positions of tol
roads in advanceandyibformsédonsabhuteifliaged itmhEfiat vehigddsroute
information referred to above. A pre-notifying antenna 317 and a
toll gate antenna 341 daxdmRbeHo’Edresractive apRemdbiare disposed in the
exit gate 300 to increase the reliability of transnissign and reception of

i nformati on by ra@PBYIAUFRELIRBE; PYi hfCafPERRRCeCERTPoI MdETFOBTE3 R s

lectricall ted to th -not i fyi ng.antenna 317 and .a toll gat
antenna. control GEGFcE2882% L1ERGRT Pre ey dBRReAboBuF ShERe SeEBRA i e

antenna 341. Further, th&spéﬁs@ﬁtiﬂyﬁfg. 3, the entrance gate 100 of
the toll road has three lanes 102, 104 and 106. The
lane 102 is formed between a site 108 and a
separation zone 110, the lane 104 is formed between
the separation zone 110 and a separation zone 112, and
the lane 108 is formed between the separation zone
112 and a site 114. An arch 116 extends from the
site 108 to the site 114 across these plural lanes.
Entrance antennas 118, 120 and 122 (each
corresponding to the entrance antenna 117 shown in
Fig. 2) are disposed on the arch 116. The entrance
antenna 118 serves so as to transmit radio waves to a
vehicle running along the lane 102 and receive the
same therefrom and is located above the lane 102.
Similarly, the entrance antenna 120 serves so as to
transmit radio waves to a vehicle running along the
lane 104 and receive the same therefrom and is
located above the lane 104. Further, the entrance
antenna 122 functions so as to transmit radio waves
to a vehicle being driven along the lane 106 and
receive the same therefrom and is disposed above the

lane 108.



antenna control device 331 and the toll gate antenna control device 332
are electrically connected to a local controller 380 connectable to the
central conputer 400. The local controller 380 includes a

-13- mcroconputer and stores therein a process programfor controlling
the pre-notifying antenna control dev%ie 331 and the toll gate antenna
control device 332 or the like. A tholugh the pre-notifying antenna 317,
the toll gate antenna 34h enteagree Ettd Wangrarit erenet e rc r80 dlavdmg een 331
and the toll gate antenna control device 332 serve as the on-road
appar at us accor digntrance [anferzencontweht deni ce he3)rks ndi shgsed mt enna
317 and the pre-notifying antenna control device 331 may be omtted.
Further, a systefiB6F i et ectThy ¢MEragee anterRias clbgbyl%l(h amggh22
process or the like, an illegal traffic vehicle shooting system 350
connected with £EAfRreCEECELY FRARYT Bphi Ty bhe stREante ARt ¢k al
traffic vehicle such as a,vehicl I ch passes through the exit gate 300
. toII-unpaidcon réﬁ devfke f%%@

The three entrance antennas 118, 120 and 122
are used as the entrance antennas as shown in Fig. 3.
However, one or two entrance antennas may be used for
one or two lanes. Alternatively, a number of
entrance antennas may further be used.

Traffic ticket issuing devices 124, 128 and
128 (each corresponding to the traffic ticket issuing
device 123 shown in Fig. 2) for issuing traffic
tickets used to manually pay tolls are provided at
the entrance gate 100 to provide convenience for
vehicles from which the tolls cannot be automatically
received or collected. The traffic ticket issuing
device 124 corresponds to the lane 102 and is
disposed on the downstream side of the separation
zone 110 as seen in the direction in which the
vehicle runs and on the lane 102 side of the
separation zone 110. The traffic ticket issuing
device 126 corresponds to the lane 104 and is
disposed on the downstream side of the separation
zone 112 as seen in the vehicle running direction and
on the lane 104 side of the separation zone 112.

Further, the traffic ticket issuing device 128



state, and a toll manual |l y-paying system 323 provided for vehicles from
which tolls cannot be automatically accepted, are disposed in the exit
gate 300. By collectively controlling these systenms with the | ocal
controller 380, steps to cope with the inpossibility of toll reception or
the like are taken and traffic charged®or tolls corresponding to the
section (route) of running of the vehicle or the type of vehicle are
automatical ly recedovedspbndsheo, thbelanenaosi andols tiheposstir ah ¢cheput er
400 to the local controller 380 can provide snmoboth and rapid transm ssion

and downstream side of4thereditptildn o safDrimtitbe about a
change in toll table and information about illegal traffic vehicles.
Exanpl es of respetehielechepning dépvactiaraandngnothendapat t8Aceigat ef

m d-route and exit gate will now be described in further detail. As

shown in Fig. 3, the ®hteaht- gatBei80tbRITiReticokety b58UARE HRVEESFanes

102104 and 106., Jhe , L ang, 407} 5, L 9" 180, BELUReR 2 R L1 8,108,800 g e

control center 130.

Traffic signals 134, 136 and 138 for
respectively providing instructions as to whether the
vehicles may enter the lanes, are disposed on the
downstream side of the arch 116 as seen in the
vehicle traveling direction so as to correspoﬁd to
the respective lanes. These traffic signals 134, 136
and 138 are connected to the entrance gate control
center 130. Each of the traffic signals 134, 136 and
138 provides an indication (e.g., blue signal) for
allowing the vehicle to enter into each lane or an
indication (e.g., red signal) for disallowing the
vehicle to enter into each lane.

The entrance gate control center 130 is
cohnected to the central computer 400 (refer to Fig.
2). Incidentally, the entrance gate control center
130 may be used as an independent control system
using only the entrance gate without being connected
to the central computer 400.

As shown in Fig. 4, two lanes 202 and 204 are
provided adjacent to each other within a mid-route

200 provided immediately before or after a toll road.



separation zone 110, the lane 104 is forned between the separation zone
110 and a separation zone 112, and the lane 106 is fornmed between the
separation zone 112 and a site 114. An arch 116 extends fromthe site 108
to the site 114 across these plural |anes. Entrance antennas 118, 120 and
122 (each corresponding to the entrance antenna 117 shown in Fig. 2) are
di sposed on the arch 116. The entrancel7-antenna 118 serves so as to

transmt radi o waTge bdjacendhilees @0 hdlanag drite floane dl G2tk ecei ve
the sane therefromand is |ocated above the |ane 102. Simlarly, the
entrance antenna %2@ese08eani0 aaSsitte Adansmin aradi @1aves provd dehissd e
running along the |ane 104 and receive the sane therefromand is |ocated
above the | ane 104s For ekarend He cantihencd tear0dnria X2 fainet i2dMs asoass t o
transmt radio waves to a vehicle being driven along the | ane 106 and
receive the same fherdpnem Q¢ B dliZdoseRAIGy & qegnizdne pog.ennas

- 15- An entrance %ate caontrol center 130 havi ng an
, and 222 {(each corresponding to the route

recognizing antenna 217 shown in Fig. 2} are disposed
on the arch 216. The route recognizing antenna 218
serves so as to transmit radio waves to a vehicle
that travels on the lane 202 and receive the same
therefrom, and is located above the lane 202. The
route recognizing antenna 222 serves so as to -
transmit radio waves to a vehicle that runs on the
lane 204 and receive the same therefrom, and is
located above the lane 204. The route recognizing
antenna 220 for transmitting radio waves to a vehicle
that travels across the lanes 202 and 204 is disposed
in the vicinity of an intermediate portion between
the route recognizing antennas 218 and 222 and above
a center line 206 indicative of the boundary of the
two lanes 202 and 204.

A route control center 230 having a route
recognizing antenna control device 232 is provided at
the site 214. The route recognizing antennas 218,
220 and 222 are connected to the route recognizing
antenna control device 232.

As shown in Fig. 5, an exit gate 300 of a toll

road has three lanes 302, 304 and 308. The lane 302



entrance antenna control device 132 is disposed in the site 114. The
entrance antennas 118, 120 and 122 are electrically connected to the
entrance antenna control device 132. The three entrance antennas
118, 120 and 122 are used as the entrance antennas as shown in Fig. 3.
However, one or two entrance antennas may be used for one or two | anes.
Al ternatively, a nunber of entrance ant¥anas may further be used.

Traffic ticket issykngodR¥dCcBetyésn %2@1%@d3ob2%nﬁe%c@e@@&&%&@%ﬂ@b@& to the
traffic ticket issuing device 123 shown in Fig. 2) for issuing traffic

tickets used to magwel | yhpayahel B94ane FoPwededeatveechhehenisepasatgane 100
to provide convenience for vehicles fromwhich the tolls cannot be
automatically recebued3en anldl ackegparhhdonr aohiec 3li2ckand She Naned@viece
124 corresponds to the lane 102 and is disposed on the downstream si de of
the separation zohe fdbmed bedween tthe diepactitdon zonei SA2t had welsiidlee
runs and on the |lane 102 side of the separation zone 110. The traffic
ticket issuing de%léde 126 corresponds to the |lane 104 and is disposed on

t he downstream si de of the separation, zone 112 as seen in the vehicle
running direction and onRHFFAnElE0isSsPHEVEACHNEOsBPaFQt BHREDBNEr M2

the site 308 to the site 314 across these lanes.
Pre-notifying antennas 318, 320 and 322 (each
corresponding to the pre-notifying antenna 317 shown
in Fig. 2) are disposed on the arch 318. The pre-
notifying antenna 318 serves so as to transmit radio
waves to a vehicle that runs on the lane 302 and
receive the same therefrom, and is disposed above the
lane 302. The pre-notifying antenna 320 serves so as
to transmit radio waves to a vehicle that travels on
the lane 304 and receive the same therefrom, and is
disposed above the lane 304. Similarly., the pre-
notifying antenna 322 serves so as to transmit radio
waves to a vehicle which travels on the lane 306 and
receive the same therefrom, and is disposed above the
lane 3086.

An exit gate control center 330 is disposed at
the site 314. A pre-notifying antenna control device
331 and a toll gate antenna control device 322 to be
described later are disposed within the exit gate
control center 330. The pre-notifying antennas 318,

320 and 322 are electrically connected to the pre-



Further, the traffic ticket issuing device 128

-16- corresponds to the lane 106 and is disposed on the downstream side
of the site 114 as seen in the vehicle running direction and on the |ane
106 side of the site 114. These traffic ticket issuing devices 124, 126
and 128 are connected to the entrance gate et rol center 130.

Traffic signals 134, 136 and 138 for respectively providing instructions
as to whether the wehitfebngeyntanres tbetrabedevice 8B8Bposed on the
downstream side of the arch 116 as seen in the vehicle traveling direction
so as to correspond to th&Rkesspdoive ediamnesef Thasieclte dfyffiec dstpvating 34,
136 and 138 are connected to the entrance gate control center 130. Each
of the traffic signadevigds aA8%. a%6i4 aB8 PE6V( eech apor neisRend bwe (B0 gthepl ue
signal) for allowng the vehicle to enter into each lane or_an__indication
(e.g., red signal) foehiekel FRE ndetaetingnfRsEen o3&ht BhoWmt iR Bth- | 4he.

The entrance gate control center . 13Q is
9 each composed of a CCD line scanner are provided in

the vicinity of the arch 316. The vehicle type
detecting devices 362 are used to identify the type
of vehicle which runs on the lane 302 and are
respectively disposed within the site 308 and the
separation zone 310 associated with the lane 302.
Similarly, the vehicle type detecting devices 364 are
used to identify the type of vehicle which runs on
the lane 304 and are respectively disposed within the
separation zone 310 and the separation zone 312
associated with the lane 304 near the arch 316. The
vehicle type detecting devices 366 are used to
identify the type of vehicle which runs on the lane
306 and are respectively disposed within the
separation zone 312 and the site 314 associated with
the lane 306. A vehicle type detecting system 360
composed of these vehicle type detecting devices is
electrically connected to a local controller 380 so
as to determine a silhouette of a passing vehicle by
image processing based on an image obtained by the
CCD line scanner, thereby making a decision about the
type of vehicle. Thereafter, the vehicle type

- detecting system 360 transmits information about the



connected to the central conputer 400 (refer to Fig. 2). Incidentally, the
entrance gate control center 130 nay be used as an i ndependent control
system wusing only the entrance gate wi thout being connected to the

central conputer 400. As shown in Fig. 4, two | anes 202 and 204 are
provi ded adjacent to each other within a md-route 200 provided
i medi ately before or after a toll road20- -17-

The adj acent | anggp@03randniedeare fthemadcaat weakrallsirt 88308 and a site
214. An arch 216 i1s provided so as to extend fromthe site 208 to the site

214 across the | anes 202 anch2840 Reudbspesednonri tige addenstsearl18id@20 and
222 (each corresponding to the route recognizing antenna 217 shown in Fig.
2) are disposed ofnthhedidsphs2d6posigiooupd tbeognichi Ag6ansesean218 serfves
so as to transmt radio waves to a vehicle that travels on the | ane 202
and receive the theevehhelef rupningddisecsdanegoapsvEot REteade fZoOR. The

route recognizing antenna 222 serves so as _to
he site 308 to the site 314 across the lanes. Toll

gate antennas 342, 344 and 346 (each corresponding to
the toll gate antenna 341 shown in Fig. 2) are
provided on the arch 340. The toll gate antenna 342
serves so as to transfer radio waves indicative of
information about a toll charged on a vehicle which
runs on the lane 302, to the vehicle and receive the
same therefrom, and is disposed above the lane 302.
The toll gate antenna 344 serves so as to transmit
radio waves to a vehicle which runs on the lane 304
and receive the same therefrom, and is disposed above
the lane 304. Similarly, the toll gate antenna 346
serves so as to transmit radio waves to a vehicle
which runs on the lane 306 and receive the same
therefrom, and is disposed above the lane 308. These
toll gate antennas 342, 344 and 346 are electrically
connected to the toll gate antenna control device
332.

Toll paying boxes 324, 328 and 328 (each
corresponding to the toll paying system 323 shown in
Fig. 2) are provided at the exit gate 300 to cope
with manually-paying vehicles from which tolls cannot

be automatically received. The toll paying box 324



transmt radio waves to a vehicle that runs on the |ane 204 and receive
the sane therefrom and is |ocated above the | ane 204. The route
recogni zing antenna 220 for transmitting radio waves to a vehicle that
travel s across the lanes 202 and 204 is disposed in the vicinity of an

I nternmedi ate portion between the routgurecogn|2|ng antennas 218 and 222
and above a center line 206 indicative of the boundary of the two |anes

202 and 204 corrBehHbE £OMEHA! 16801 802230 dN3KI B9 ALBH 8n HEOON Zi Ng

ant enna control evi ce provi site

recogni zi ng ant egP@fistt8am gg@eaB? %%% %%%a?Q%@%ﬁt%QnE03&Be %ng%n in
recogni zing antenna control device . shown in Fig. 5, an exit

gate 300 of a tokhe ﬁeﬁdchSrhhh@ﬁglaﬂeéciaan aaa and tB@6.1ahke slozne 302
-18- is fornmed between a site 308 and a separation zone 310, the |ane 304

I's formed bet weenitlbeofepheaseparatdna 2bOeaddOa sEpartaerontheneodl?2, and

the lane 306 is forned between the separation zone 312 and a site
paying box 326 corresponds to the lane 304 and is
disposed on the downstream side of the separation
zone 312 as seen in the vehicle running direétion and
on the lane 304 side of the separation zone 312. The
toll paying box 328 corresponds to the lane 308 and
is disposed on the downstream side of the site 314 as
seen in the vehicle running direction and on the lane
306 side of the site 314. The toll paying boxes 324,
326 and 328 are respectively provided with
unillustrated microcomputers and constitute the toll
manually-paying system 323 for generally controlling
the respective microcomputers to thereby manage
information about tolls received on a manual payment,
The toll manually-paying system 323 is connected to
the local controller 380 (see Fig. 2).

Although the toll paying system 323 will be
described in detail later, the toll paying system 323
also serves as a recovery gate for receiving tolls
after completion of reception of data by using the IC
card 62 when a commﬁnication error arises. Each of
the toll paying boxes 324, 3286 and 328 of the toll
paying system 323 is provided with an IC card

read/write device 61C (see Fig. 2) used a reading



314. An arch 316 is provided so as to extend from the site 308 to
the site 314 across these |anes. Pre-notifying antennas 318, 320 and 322
(each corresponding to the pre-notifying antenna 317 shown in Fig. 2) are
di sposed on the arch 316. The pre- notifying antenna 318 serves so as to
transmt radio waves to a vehicle that runs on the | ane 302 and receive
the sanme therefrom and is disposed abow@2+he |ane 302. The pre-notifying

antenna 320 serves, ¥ ont %{ a}pstrﬂé lr(ﬂer 4 orréyasiaéngi &ﬁlglpee(;stegﬂ{aebt ravel s

on the |ane 304 and recel ve t e sane t ove the

| ane 304. Similarey cddie iRt/ wriold fydvic ard RINes %a?ec.wlmﬁo as to
transmt radio waves to a vehicle which travels on the | ane 306 and

recei ve the sane clomeRfdedmtarthd Scetitoos asbnghicoes t4vm. | ane 306. An
exit gate control center 330 is disposed at the site 314. A pre-notifying

antenna control device I1I83identadliql langdhseantienndeterttialy deviiee 322 to
be described later are disposed within the exit gate control center 330.
The pre-notifyi ngomposreth 388,110 swidk @R raree pdlcgstim teaiduptoonmected to
the pre- the like for detecting the insertion of an IC card is

attached to each of the IC card read/write devices

61A, 61B and 61C.

Further, cameras 352, 354 and 356

corresponding to imaging devices of an illegal

traffic vehicle shooting system 350 {(see Fig. 2) for

photographing or shooting an illegal traffic vehicle

are respectively disposed on the downstream sides of

the toll paying boxes in the vehicle running

direction so as to correspond to the lanes 302, 304

and 306. The illegal traffic vehicle shooting system

350 is electrically connected to the local controller

380.

Traffic signals 334, 336 and 338 for

respectively providing instructions as to whether the

vehicles may enter into the lanes, are disposed on

the downstream side of the arch 340 as seen in the

vehicle traveling direction so as to correspond to

the lanes. These traffic signals 334, 336 and 338

are connected to the exit gate control center 330.

Each of the traffic signals 334, 338 and 338 provides

an indication (e.g., blue signal) for allowing the



-19- notifying antenna control device 331. Res
vehicl e type detecting devices 362, 364 and 366 (each

pective pairs of
corresponding to the

vehi cl e type detecting system 360 shown in Fig. 2) each conposed of a CCD

| i ne scanner are provided in the vicinity of the arch
type detecting devices 362 are used-2n»-identify the t
runs on the | ane 302 and are respectively disposed w

the separation zem 30 t*5 et athtd tdhdiha dmnerh
vehicle type detecting devices 364 are wused to identi

316. The vehicl e
ype of vehicle which
thin the site 308 and

i ed@fdy. the
fy the type of

vehicle which rune.en, il lsinmai0f ford dirsaIiesoens ithed Wwealiisqlasegb Wit hin

the separation zone 310 and the separation zone 312
| ane 304 near thendrerh i3t eBuvh haglacle type detectin
used to identify the type of vehicle which runs on th

associ ated with the
g devices 366 are
e lane 306 and are

respectively di sposed wlhki pxiilte gagepgoatirod zenée?1338nd st konpiercdedil4

associated with the lane 306. A vehicle type detectin
conposed of thesd&ovdiecicentysd sampttary 4 @efars to

system 360
ig. 2).

Incidentally, the exit gate control center 330 may be

configured'as an independent control system using

only the exit gate without being connected to the

central computer 400.

The vehicle-mounted apparatus 30 and the on-

road apparatus which communicates with the vehicle-

mounted apparatus 30, will next be described.

Incidentally, the on-road apparatus provided at the

entrance éate 100 will be described as an

illustrative example. For simplicity

of

illustration, the on-road apparatus will be explained
using both the entrance antenna 118 for transmitting

the radio waves to the vehicle driven along the lane

102 and receiving the same therefrom and the entrance
antenna control device 132.

As shown in Fig. 1, the vehicle-mounted
apparatus 30 has a receiving antenna 32 for receiving
therein a data signal transmitted from the on-road
apparatus. The receiving antenna 32 is electrically
connected to a detector circuit 34 for detecting a
modulated wave received by the receiving antenna 32

to thereby obtain a data signal. The detector



electrically connected to a local controller 380 so as to determne a

sil houette of a passing vehicle by inage processing based on an inmage
obtained by the CCD |ine scanner, thereby naking a decision about the
type of vehicle. Thereafter. the vehicle type detecting system 360
transmts information about the 24— -20- type
of vehicle to the local controller 380. An arch 340 is disposed on

the downstream sigipcupt Bheidi apgsedipetricanivf cbhfeaited 246aas seen in
the vehicle running direction so as to extend from the site 308 to the

site 314 across thenk@apescifellit gat ecantenbabe34Ble344 abda3Aba(each
corresponding to the toll gate antenna 341 shown in Fig. 2) are provided
on the arch 340.cdheiépl bfgbhe maddonwagd2sentr fesmsthasonerbrdnsfer radio
waves indicative of information about a toll charged on a vehicle which
runs on the | aneapp@ratyst heThehtletechntd cérené BAelissakectnécefliym and
I s di sposed above the |ane 302. The toll gate antenna 344 serves so as to
transm t connected to a signal processing circuit 46

configured inclusive of é microcomputer through a

data signal receive circuit 44.. Processing programs

and write conditions or the like are stored in the

microcomputer of the signal processing circuit 486,

A memory circuit 48 used as a memory means is

electrically connected to the signal processing

circuit 46. The memory circuit 48 stores therein a

vehicle number (identical to a number recorded on a

number plate) as an ID code when the vehicle-mounted

apparatus is installed on the vehicle, and also

stores therein infopmation about the type of vehicle

with the apparatus mounted thereon. When the IC card

62 is inserted into the vehicle-mounted apparatus 30,

information (such as information about the money left

and the result of updating of the balance at the time

that the IC card 62 is used within a service area at

which the vehicle stops in the course of running of

the vehicle) about the balance of the IC card 62 is

stored in the memory circuit 48. Further, when the

vehicle has passed through an entrance gate, a

vehicle-type code detected at the entrance gate and

entrance information (entrance number, date of



radi o waves to a vehicle which runs on the lane 304 and receive the same
therefrom and is disposed above the |lane 304. Simlarly, the toll gate
antenna 346 serves so as to transmt radio waves to a vehicle which runs
on the lane 306 and receive the sane therefrom and is disposed above the
| ane 306. These toll gate antennas 34gs_ 344 and 346 are electrically
connected to the toll gate antenna control device 332. Tol | payi ng

boxes 324, 326 §Qs§3§e(secbehseiéesa%dl)ngrteoqfteﬁeaohh RAYI Agms¥5t em 323
shown in Fig. 2) are provided at the exit gate 300 to cope W't

~manual I'y-payi ng ¥eptaies48r onwnBhCBhkokksiedBNAhs b&sQHHO%BPbﬁ§h|M
received. The toll paying box 324 21-
corresponds to tmedtasetd02chedki Badrspededcheckhpardownstineamnaitdenof the
separation zone 310 as seen in the vehicle running direction and on the
| ane 302 side ofchbekskparaeronumbee 810. dEtet hér yehheleobhsspggiing box
326 corresponds to the lane 304 and is disposed on the downstream si de of
t he separation corresponding to the passed check barrier is stored

in the memory circuit 48. When a communication error

arises, communication error information (type of

error, error-produced positions (type of gate, gate

number, antenna number, etc.), date of occurrence of

error, the number of times that an error occurs,

etc.) or the like is stored in the memory circuit 48.

The transmit circuit 50 for transmitting a

data signal or the like including an ID code as a

response signal is electrically connected to the

signal processing circuit 46. The transmit circuit

50 is also electrically connected to a transmitting

antenna 52. The vehicle-mounted apparatus 30

modulates the carrier obtained by detecting the

modulated wave received at the receiving antenna 32,

based on a data signal sent from the signal

processing circuit 46 and sends back the modulated

carrier through the transmitting antenna 52.

Incidentally, the transmitting antenna 52 is used so

as to serve as a transmitting/receiving antenna.

Further, an unmodulated carrier sent from the on-road

apparatus is received by the transmitting antenna 52.

Thereafter, the unmodulated carrier may be modulated



zone 312 as seen in the vehicle running direction and on the | ane 304 side
of the separation zone 312. The toll paying box 328 corresponds to the

| ane 306 and is disposed on the downstream side of the site 314 as seen
in the vehicle running direction and on the lane 306 side of the site 314.
The toll paying boxes 324, 326 and 328_are respectively provided with
unillustrated m croconputers and constitute the toll manually-paying

system 323 for generde %reni®l |ditulh o aslfed 10t tHL IR &S t 0
t hereby manage information about tolls received on a manual paynent. The

tol | manual | y- payirddusest eRoi2IHes LIgEctptdessime diaaalitors | add ers 380
(see Fig. 2). Al t hough the toll paying system 323 will be described
in detail |ater, toh®et aldntpdaidky wiysttdn 3dEnsalistet ivay wasteame F2covery gate
for receiving tolls after conpletion of reception of data by using the IC
card 62 when a comuni cAni 68 emrdr rgpdgesitBadievitce BRefowl Irepadyiingg boxes
324, 326 and 328 of the toll paying system 323 is provided with an IC card
read/ wite devi cdagaCctrede thieg IO cargbdZ Insgfitgfl therein and writing

data into the IC card 62 is electrically connected to
the vehicle-mounted apparatus 30. A limit switch 58
for mechanically detecting the insertion of the IC
card 62 is provided within the IC card read/write
device 60. Whether or not the IC card 62 has been
inserted into the IC card read/write device 60, may
be optically detected by determining, using a
photointerrupter composed of a light-emitting element
and a light-receiving element both disposed in
opposing relationship, whether light is cut off by
the inserted IC card.

A ten key 56 for inputting signals to a
display 54 composed of an LCD or CRT for displaying
the insertion and non-insertion of the IC card, the
balance, etc. thereon, and the signal processing
circuit 46 is electrically connected to the signal
processing circuit 486.

A timer 45 for measuring a time interval and a
built-in c¢lock 47 used as a clock means for notifying
the present time are connected to the signal
processing circuit 46. Incidentally, the timer 45

may use a value obtained by'counting the built-in



-22- nmeans fromwhich the 1C card 62 is detachable. The IC card read/wite
device 61C is electrically connected to the central conputer 400.
Incidentally, an insertion detecting device conposed of alimt switch or
a photointerrupter or the like for detecting the insertion of an IC card
is attached to each of the IC card read/wite devices 61A, 61B and 61C.
Further, caneras 352, 354 and 356 corresgonding to i magi ng devi ces of an
i1l egal trafficcﬁﬁnhgje shooti ng systent” 50 (see Fig. 2) for

phot ographi ng or shooting an illegal traffic vehicle are respectively

di sposed on the downstreymgiidasisdratdie gdoWdr RipEh e ididhgi veid cl e
running direction so as to correspond to the |lanes 302, 304 and 306. The

illegal traffic wahdct el oot i dgnsystedn t356hé Ss BEesl rpeatéys topnected to
the local controller 380. Traffic signals 334, 336 and 338 for
respectively prowidiawit néf ramd | tns asil o- et heck t4 ofethel eshhayeent er
into the | anes, are disposed on the downstream side of the arch 340 as
seen in the vehimiuntaedvarnarptis c3qiand san agntblestratepdrdelhbcle-

mounted battery is connected thereto through an
ignition switch. When power supplied from the
battery is less than a predetermined value and it is
expected that it is difficult for the vehicle-mounted
apparatus 30 to normally communicate by radio waves,
the power compensating circuit outputs a signal to
fhe signal processing circuit 486.

As shown in Fig. 6, an on-load apparatus for a
vehicle which runs on the lane 102, is composed of an
entrance antenna 118 and an entrance antenna control
device 132. The entrance antenna 118 comprises a
transmitting antenna 22 and a receiving antenna 26.
The entrance antenna control device 132 has a signal
processing circuit 12 configured inclusive of a
microcomputer. Processing programs to be described
later have been stored in the microcomputer. The
signal processing circuit 12 is electrically
connectable to the central computer 400. The signal
processing circuit 12 is electrically connected to a
transmit circuit 14 for generating a data signal
(communication request signal) including a command.

The transmit circuit 14 is electrically connected to



the | anes. These traffic signals 334, 336 and 338 are connected to the
exit gate control center 330. Each of the traffic signals 334, 336 and 338
provides an indication (e.g., blue signal) for allow ng the

-23- vehicle to enter into each lane or an indication (e.g., red signal)
for disallowng the vehicle to enter_jinto each |ane. The exit gate
control centei 330 is connected to T4 central conputer 400 (refer to Fig.

2). Incidental |y, .t %Z‘;gé'@é?‘nq&’? %gm%ﬁay%tﬁ{romga?é'i%r clqsnf [ g\ured as

an i ndependent contro e exi W thout™ bel ng

connected to the. Gepfralyc &netiing a carfi@/eH ¢ e-mount ed

apparatus 30 and the on- road apparatus which conmunicates with the

vehi cl e- nount ed rapRAH% 0 fréidue8Xti P IdRSGIIdREd,y domidaaldy. the
on-road apparatus provided at the entrance gate 100 will be described as

an illustrativetdeamilxer B@r, shiph @iikesofthd [digsialatingut tee r@td oad

apparatus will be explai ned
from the transmit circuit 14 with the carrier input
thereto from the carrier generating circuit 20 so as
to modulate the carrier input from the carrier
generating circuit 20 based on the signal input from
the transmit circuit 14. Further, the modulated wave
is transmitted through the transmitting antenna 22 as
a radio wave.

A receive circuit 24 for extracting a data
signal from the modulated wave received by the
receiving antenna 26 after having been modulated by
the vehicle-mounted apparatus 30 shown in Fig. 1 and
sent back therefrom, is electrically connected to the
carrier generating circuit 20. The receive circuit
24 is electrically connected to the signal processing
circuit 12. Further, the receive circuit 24 is also
electrically connected to the carrier generating
circuit 20 and is supplied with a carrier transmitted
for compérison with a carrier included in the signal
sent back from the vehicle-mounted apparatus 30.

A reference clock 16 used as a time means for
notifying the present time on the on-road apparatus

side is electrically connected to the signal

processing circuit 12. A time counted by the central



using both the entrance antenna 118 for transmtting the radio waves to
the vehicle driven along the lane 102 and receiving the sane therefrom and
the entrance antenna control device 132. As shown in Fig. 1, the
vehi cl e-nounted apparatus 30 has a receiving antenna 32 for receiving
therein a data signal transmtted fron1the on-road apparatus. The
receiving antenna 32 is electrically 29¢onnected to a detector circuit 34

for detecting a_oggikdredotaksy’ BeiiySU bR e o8sbintd Aleewp? e 10

t her eby obtain a a signal etecto

-24- circuit 34ohsrgggoagbg@h&hga@kﬂeponnected toa transmt circuit 50
Sso as to be able to obtain a carrier of the radio wave sent fromthe
on-road apparatus. Thesfletecboheti eabYrhndd aftehfebrhacakthy efiepageked to a

signal processing circuit 46 configured inclusive of a mcroconputer
through a data ghgeallOpearievddentdeiall. 44 coBfdgussitignprtogrthose and wite
conditions or the like are stored in the

referred to above, their description will be omitted.

Further, since respective antennas and antenna

control devices at a mid-route 200 and an exit gate

300 are substantially identical in configuration to

those referred to above, their description will be

omitted.

In the vehicle-mounted apparatus and on-road
apparatus, the antenna comprised of the two
transmitting and receiving antennas separated from
each other is used. However, a transmission/
reception integral-type antenna may be used as a flat
antenna.

Processing routines of the vehicle-mounted
apparatus and the on-road apparatus according to the
present embodiment will next be described. Fig. 7
shows a service or processing routine of a vehicle-
mounted apparatus. It is judged in Step 400 whether
the vehicle-mounted apparatus is in communication.

If the answer is found to be Yes in Step 400, then
the routine procedure proceeds to Step 402 where a
communication process (to be described in detail

later) such as transmission and reception of entrance

information, a toll receipt  process or the like is



m croconputer of the signal processing circuit 46. A nmenory circuit
48 used as a nenory neans is electrically connected to the signal
processing circuit 46. The nmenory circuit 48 stores therein a vehicle
nunber (identical to a nunber recorded on a nunber plate) as an |ID code
when the vehicle-nounted apparatus is iypstalled on the vehicle, and al so
stores therein information about the type of vehicle wth the apparatus
mount ed thereon. Memtde 1C card 62 is inserted into the vehicle-nounted
apparatus 30, information (such as information about the noney left and

the result of updating oh tiepbabanceratcet RondikBonkhatet PeadC Cahd 62 is
used within a service area at which the vehicle stops in the course of

runni ng of the welitel eonmtiqitorshemhwwe tof judgd Gheavh@r62 is stored in
the menory circuit 48. Further, when the vehicle has passed through an
entrance gate, alinfehinatd-onyshoccdde hbetvatittakmtintve tdret lfhearghté? and
entrance information (entrance nunber, date of
-25- passage of Thehifelldowding Wwrarte fiandddlions ke enmemtjioned.
[Write conditions]
(1) when a write request switch is pressed under a
keyboard operation of an occupant:
(2) when a vehicle stops:
(3) when the speed of the vehicle reaches a low speed
(predetermined vehicle speed or less):
(4) when the IC card 62 is inserted:
(5) when a trigger signal generated when a vehicle
having a navigation system reaches the neighborhood
of an exit gate, is input:
{6) when an information write request signal sent
from the on-road apparatus is received:
(7) when an information write notifying means(such as
magnetic information or bar-code information) for
indicating an exit gate is provided on the rcad side
and immediately before the exit gate, a reader for
reading the information write notifying means is
attached to the vehicle-mounted apparatus and the
vehicle-mounted apparatus reads the magnetic
information or the bar-code information:

(8) whether an automatic insertion/extraction device

{loader) capable of automatically inserting the IC



circuit 48. \Wen the vehicle has passed through a md-route (check
barrier), check barrier information (check barrier nunber and date of
vehi cl e passage) corresponding to the passed check barrier is stored in
the nenory circuit 48. When a conmuni cation error arises, comrunication
error information (type of error, error-produced positions (type of gate,
gate nunber, antenna nunber, etc.), daté of occurrence of error, the

number of tiMes 0Al ANcETARE OREHASLIngl ft) rPom! BRel VERLLSeShOUAYCHN L e
menory circuit 48. The transmt circuit 50 for transmtting a data

signal or the likgdpretudi g sRstPicede awrater espo@NsLossgaarfes
electrically connected to the signal processing circuit 46. The transmt

circuit 50 is adseorliEtErtsathy ppasentedotoabséneasoit thagloadeenna 52.
The vehi cl e-mount ed apparatus 30 nodul ates the carrier obtai ned by
detecting the rivainéhy edwhermetheckorddraexihtssetkevifigcandehfaiB2a based
on a data signal sent fromthe signal processing circuit 46 and sends back
the nodul ated cetaterimhedighellieaftanshpvinggbanhehnaesded LAEPdJEREAl |y,
the transmtting antenna 52 is used so_as to serve as a, .
transmtting/ r eceehipleaneenhad aPBRFALHS QR GRnBadfalediParRiarednt from

the on-road before the IC card is brought into a state of being

able to be extract from the vehicle-mounted
apparatus. When the insertion of the IC card is
detected since the IC card is always in a state
extracfable by the occupant when the loader does not
exist:

(9) when a predetermined time has elapsed:

Only any one of the write conditions referred
to above may be used. Alternatively, a plurality of
write conditions are read and may be succeésively
used for decision.

Since the communication process between the.
on-road apparatus and the vehicle-mounted apparatus
is occasionally executed while the vehicle is
running, the time required to communicate between the
two often becomes short. Thus, when the
communicafion process becomes timing coincident with
a process for writing information into the IC card
62, a communication error occurs. When a write
process is adopted for each predetermined time

interval according to the write condition (9), for



apparatus is received by the transmtting antenna 52. Thereafter, the

unnmodul ated carrier may be nodul at ed -26- by
the transmt circuit 50 based on the data signal produced fromthe signal
processing circuit 46, so as to be sent back via the transmtting antenna

52. _ An I C card read/wite devi§§r60 for reading data fromthe IC
card 62 inserted therein and witing ddfa into the IC card 62 is

el ectrically conggshgte! othéhpryebisl @ighunbedoappal ahaslBOexAchitetdt switch
58 for nechanically detecting the insertion of the IC card 62 is provided
within the | C cad@riegdinei temmdricati6n. wilibt kbe on-noadt AppaCatuasd 62 has
been inserted into the IC card read/wite device 60, may be optically

det ected by det ewlni hengheugehyche-phunsedt ePPapetuscoapBIENst a
light-emtting elenent and a light-receiving el enment both di sposed in
opposi ng rel ati oRearefonpet AcPTPLEES te Bat eZeFubpd PﬁEan§8WPEBtF€Pcard.

A ten key 56 for inputting signals to a display 54 co oseg of .an LCD or
CRT for displayiﬂﬁ communications, for example, may preferably be

added to the write condition without the
communication process being executed between the on-
road apparatus and the vehicle-mounted apparatus.

It is judged in the next Step 406 whether the
present state (including the state of the vehicle-
moﬁnted apparatus) of the vehicle is included within
the read write condition. According to the examples
of the above-described write conditions, for example,
whether or not a write request has been made, 1is
determined by judging whether the write request
switch has been pressed by the keyboard operation
(manual operation) of the occupant such as the driver
or the like. It is thus possible to judge whether
the vehicle state coincides with the write condition
(1). Since it is considered that the vehicle
approaches the gate or is running along the gate when
the vehicle stops or runs at low speed, whether the
vehicle stops or is at low speed, is judged by
detecting the speed of the vehicle. It is thus
possible to judge whether the vehicle state coincides
with the write condition (2) or (3). It is judged,

based on a decision made as to whether the limit



the insertion and non-insertion of the IC card, the balance, etc. thereon,
and the signal processing circuit 46 is electrically connected to the
signal processing circuit 46. A tinmer 45 for neasuring a tine
interval and a built-in clock 47 used as a clock nmeans for notifying the
present tinme are connected to the signal-33rocessing circuit 46.
Incidentally, the tinmer 45 nmay use a val ue obtained by counting the

built-in switch 58 has been changed £FomCbPfKto on, whef¥er the
uni |l lustrated power conpensating circuit is electrically connected to the

signal processingiC cédediiagtbedndl ¢henped! from ahosksdnt oftabe vehacl e-
nmount ed apparatus 30 and an unillustrated vehicle- nounted battery is
connect ed t heret ptdsenghstante | ghi ¢i onthev IChcarhemaponeen sippereeddfrom t he
battery is less than a predetermned value and it is expected that it is
difficult for thelveh$ cthusresetbleappar itdge 3ehethewnr tine | yelebaheani cate by

radi o waves, .
state coincides with the write condition (4).

Since the vehicle with the navigation system
mounted thereon can recognize that it has reached the
neighborhood of the exit gate, it is possible to
judge, based on a decision made as to whether a
trigger signal indicative of the neighborhood of the
exit gate has been input from the navigation system,
whether the vehicle state coincides with the write
condition (5).

If a signal indicative of a request for
writing information into the IC card is transmitted
from the on-road apparatus to the vehicle-mounted
apparatus, it is then possible to judge, based on a
decision made as to whether the information write
request signal transmitted from the on-road apparatus
has been received, whether the vehicle state
coincides with the write condition (6). If the
magnetic information indicative of the exit gate or
the bar-code information or the like is provided
immediately before the exit gate and on the road
side, it is then possible to judge, based on a
decision made as to whether the magnetic information

or the bar-code information has been read, whether



t he power conpensating circuit outputs a signal to the signal processing
circuit 46. As shown in Fig. 6, an on-|load apparatus for a vehicle
whi ch runs on the lane 102, is conposed of an entrance antenna 118 and an
entrance antenna control device 132. The entrance antenna 118 conprises a
transmtting antenna 22 and a receiving antenna 26. The entrance antenna
control device 132 has a signal processrﬁé circuit 12 configured inclusive

of a m croconputege wPél??@fé'Qﬂa@éo%ﬁﬂﬁiaésbﬁlgﬁsﬁﬁébﬁﬂltéaiSfxdﬁ'@%nbeen
stored in the microconputer. The signal processing circuit 12 is

electrically congectable to the central conputer 400. The signa
processing circuit 12 is electrically connected to a transmt circuit 14
for generating a data siggradrdimnauniloattsae refjuedii sigmedyntedt| udi ng a
command. The transmt circuit 14 is electrically connected to
-28- the transmianpanatws enore 2bs thnowghia whieh tBe Poaderclior 2def or
generating a carrier of a predetermned frequency is electrically
connected to IC card has been installed. Thus, when the loader
exists, a state immediately after the insertion of
the IC card or a state immediately before the IC card
is brought into an extractable state, is input as a
trigger signal from the loader. It is thus judged
whether the trigger signal has been input from the
loader. When the loader is not provided, whether or
not the vehicle state coincides with the write
condition (8), can be determined by judging whether
the IC card has been inserted as described in the
write condition (4).

Whether or not a predetermined time has
elapsed, is judged by measuring the predetermined
time by the timer and monitoring the timer. It is
thus possible to judge, based on the result of
judgment, whether the vehicle state coincides with
the write condition (9)}.

Steps 404 and 408 referred to above correspond
to determination made by a determining means of the
present invention.

If it is judged in Step 408 that the present

state of vehicle has coincided with the write

condition, then the routine procedure proceeds to



the m xer 18, which m xes the signal input thereto fromthe transmt
circuit 14 with the carrier input thereto fromthe carrier generating
circuit 20 so as to nodulate the carrier input fromthe carrier
generating circuit 20 based on the signal_§$put from the transmt circuit

14. Further, the nodul ated wave is transmtted through the transmtting

antenna 22 as a radi o wave. A receive circuit 24 for extracting a
data signal from $hepnmdd8l mhedewabe peesentdtimpet he reedefvomgthrt enna 26
after having been nodul ated by the vehicl e-nmounted apparatus 30 shown in
Fig. 1 and sent bbeklthénetionk #%.el &bt theankstcStiapc#df.t hehe carrier
generating circuit 20. The receive circuit 24 is electrically connected to
the signal processipforepttans whichyhggebeephetpeedi I8 &heclipmopy is al so
electrically connected to the carrier generating, circuit 20 and is
supplied with a ca?%F%FlfréﬁsniﬁtﬁﬂadfSPtconBHFggﬁﬁ'mﬂPtheCQPFFeﬁtPHCIuded

DL S onal S Backyl S Ve e £ TRTLEd, 0RALANE 9 cara, o on
e oy o TPoer e ihe ShEBRRLEhAChARE by sARRIFhAY hRobhE LT3k
written therein. Steps 408 through 412 referred to
above correspond to a process executed by a
processing means of the present invention.

Thus, since the present time at the time of
the writing is written into the IC card as the time
information together with the data stored in the
vehicle-mounted apparatus side, which communicated
with the on-road apparatus, the data in the vehicle-
mounted apparatus can be confirmed on the on-road
apparatus by reading the time information and the
data written into the IC card on the on-road
apparatus side. It is also possible to confirm the
timing provided to write the data read from the IC
card and related to the communications of the
vehicle~mounted apparatus. Further, since the timing
provided to write the data on the vehicle-mounted
apparatus side can be confirmed on the on-road
apparatus side, the toll can be prevented from being
misreceived from the IC card delivered by hand to an
operator or the like at a manned gate without the

data being written into the IC card by the occupant,



-29- conputer 400 may be input as the present tinme on the on-road

apparat us side. . Since other entrance antennas at the entrance gate
100 are identical in configuration to those referred to above, their
description will be omtted. Further, since respective antennas and

antenna control devices at a nid-nmnf%zoo and an exit gate 300 are

substantially identical in configurationh to those referred to above, their

description wll 1§t xehial es .
Wi Uggr?ﬁg1%n?gliable F%ESEQgﬁﬁﬁhg%t%xgeﬁQEﬁq apAgat us and

on-road appar at nna co wo transmitting and

rECEiV!ng.antenn@ﬁes@Eﬁ&ﬁEeErBQQHbde%%hw?ﬁQ%rth% daed ohowRkekehdcle~
transm ssion/ reception rntegral-type antenna nay be used as a fl at

ant enna. RheResdl AgpheHtuResiak cha vehicohgiwmeat od tappanat us and
the on-road apparatus according to the present enbodinent will next be
described. Fig. foaghappaat@evisideqr theooassond apparacusl iz \eafsiyc|te-
find illegal contents on the side of a user who used
the old or'past data in terms of the time. Since the
operator is placed in the manned gate or a control
office, the effect of preventing irregularities from
occurring is also obtained.

In addition to the use of the IC card at the
exit gate, the IC card can be inserted into the IC
card read/write device at the recovery gate of the
on-road apparatus installed in fhe entrance gate 100
or the mid-route 200 to write the originally required
data therein.

Fig. 8 shows in detail the communication
process in Step 402 of the processing routine of the
vehicle-mounted apparatus, which is shown in Fig. 7.
If it is judged in Step 500 that an inquiry signal
has been received from the on-road apparatus, then
the routine procedure proceeds to Step 502 where the
received inquiry signal is regarded as a carrier and
a wave produced by modulating the carrier with an ID
code corresponding to an identification code for
specifying his/her own vehicle is transmitted as a
response signal.

If it is judged in Step 504 that a signal sent



nount ed apparatus. It is judged in Step 400 whether the vehicl e-nounted

apparatus is in comunication. |If the answer is found to be Yes in Step
400, then the routine procedure proceeds to Step 402 where a

comuni cati on process (to be described in detail |later) such as

transm ssion and reception of entrance information, a toll receipt process
or the like is -30- executed. In

Step 404, wite ??Bﬂi tt'%lgn%ha %ardeigga-["&“atus"wh'atse & d'rte'c%’l%re%re useg; to

j udge whet her ormation's ould witten into e ICcard 62. "The

foliowng urite ¢ABAl he@Rtndneqmibdaedan [emrta@m%org@tté siber s when a

wite request switch is pressed under a keyboard operation of an occupant:
(2) when a vehiclgec34@Re in( TheWkagniahe repeaded inhetephister raaches a | ow

speed (predeterm ned vehicle speed or less): (4) when the IC card 62 is

inserted: (5) wiBasapbkisgdeke sogdrjaldggewheahed when ve@hietliecliss now
passing through the entrance gate. If the answer is
found to be No in Step 506, then the routine
procedure proceeds to Step 508. If the answer 1is
found to be Yes in Step 506, then the routine
procedure proceeds to Step 510 where an entrance gate
process is executed. In the entrance gate process
executed in Step 510, entrance information about the
entrance gate number included in the signal received
in Step 504 is stored in the memory circuit 48 of the
vehicle-mounted apparatus 30.

When the éntrance gate process is completed,
it is judged in Step 516 whether reference time
information is included in the received signal. The
reference time information indicates the time used as
a standard time on the on-road apparatus side. If
the answer is found to be No in Step 516, then the
routine procedure is terminated as it is. On the
other hand, when the answer is found to be Yes in
Step 516, the routine procedure proceeds to Step 518
where a built-in clock correcting process is
executed. This built-in clock correcting process
corresponds to a process for causing the present time

of the built-in clock 47 in the vehicle-mounted



havi ng a navi gati on system reaches the nei ghborhood of an exit gate, is
input: (6) when an information wite request signal sent fromthe on-road
apparatus is received: (7) when an information wite notifying means(such
as magnetic information or bar-code information) for indicating an exit
gate is provided on the road side and3 mredi ately before the exit gate, a
reader for reading the information Wwite notifying nmeans is attached to

e el e Tnilor eBaRREAL LS cBIACLAS wIEH The FRYELEHCAPRANE UT khads the
ar ) i

magnetic infor on or the -Cco or mat

aut omati ¢ i nsertponfgxhr apbhPRtdSYi Gfisch 93dehk16aBaALkS QﬁeaHEQ€§bb93||y
I nserting the -31- card into and

extracting it frgﬂkﬁgg vehi cl e-nounted apparatus is installed. Wite
conditions differ accordlng to the presence or absence of the | oader.
Narmel y, when the | oaderTigxs stehet bemé Cofathlei Buihtains¢bbeki methat el y

after having been inserted into the
vehicle-mounted apparatus can be synchronized with
the reference time sent from the on-road apparatus.
Accordingly, a time lag of the built-in clock in the
vehicle-mounted apparatus 1is resolved so that
variations in the present times for every vehicle-
mounted apparatuses can be avoided.

It is judged in Step 508, based on a decision
made as to whether a mid-route code (check barrier
information) is included in the signal received in
Step 506, whether the vehicle has passed through the
mid-route 200. If it is judged in Step 508 that the
vehicle has passed through the mid-route 200, then
the routine procedure proceeds to Step 512 where a
mid-route process is executed. If it is judged in
Step 508 that the vehicle does not pass through the
mid-route 200, it is then determined that the vehicle
is passing through the exit gate and an exit gate
process is executed in Step 514. In the mid-route
process executed in Step 512, mid-route information
based on the mid-route code included in the signal
received in Step 504 is stored in the memory circuit

48 of the vehicle-mounted apparatus 30.

After completion of the mid-route process, the



vehi cl e-nounted apparatus or in a state inmrediately before the ICcard is

brought into a state of being able to be extract fromthe vehicl e-nounted

apparatus. \Wen the insertion of the ICcard is detected since the IC card
is always in a state extractable by the occupant when the | oader does not

exist: (9) when a predetermned time hgg_el apsed: Only any one of

the wite conditions referred to above may be used. Alternatively, a

plurality of wri{g. eondy}hoDsupeCpk6adeaatsamys e, syseesatvy, used for

deci si on. comuni cat 1 on process between the, on-road

apparatus and i, ¥ebi the: JPUSLAY BPRAT 8 Uehol BuPLeashobabb axecyl erlenhi | e
the vehicle is running, the time required to communi cate between the two

of ten becones shggficThufiouMbed hpparseiBUNsCallowepr o6e66ihecdrewithni ng
coincident with a process for witing information into the I1C card 62, a

communi cation ertpe pecerenc¥henme wni the pneresd appadapuedside wheh

predetermned tine interval according to the wite condition (9), for
the reference time information is included in the
received signal as described above. Steps 516 and
518 referred to above correspond to a process of a
time information correcting means employed in the
third aspect of the present invention.

Thus, since the built-in clock can be
corrected in the mid-route, it is possible to
suppress or control an accumulation of time errors
which occur in the built-in clock due to the travel
distance (running time) of the vehicle and avoid
variations in time, which are produced at every
vehicle-mounted apparatuses.

In the exit gate process executed in Step 514,
a process for calculating tolls charged on a route
extending from the entrance gate to the exit gate
with the mid-route interposed therebetween from the
present balance on the basis of vehicle-type
information stored in the vehicle-mounted apparatus,
balance information stored in a general card mounted
in the vehicle-mounted apparatus and a toll table
recorded in the vehicle-mounted apparatus in advance,

and automatically.collecting or receiving the charged

tolls is executed. After the tolls have been



-32- exanple, the process mght be occasionally executed during the
comuni cation with the on-road apparatus while the vehicl e-nounted
apparatus is moving. Therefore, a process to be executed after conpletion
of communi cations, for exanple, may preferably be added to the wite
condition without the conmunication process being executed between the on-
road apparatus and the vehicl e-nount ed afpar at us. It is judged in

the next Step 408 uaghGr LRG 1 vRHeS SRk akale® irbthiating L clicahal the

vehi cl e- nounted apparatus) of the vehicle is included within the read

wite condition. Accordipg LabbAemen@PheastehtbheaBbovendesaekedbedi te
conditions, for exanple, whether or not a wite request has been nmade, is

determ ned by j udgiengawhetinewntilt® Whiel & im@gwEStthes butidft-has dleesk dmessed by
t he keyboard operation (manual operation) of the occupant such as the
driver or the |itke. viehiicset-hosinpessiappartaaysudge cwireteledred tthoe theehi cl e
state coincides with the wite condition (1). Since it is considered that
the vehicle apprederesncehdigat @forthies nefieriengealcdiogkt e Fdtce oprawad he
vehicl e stops or runs at | ow speed, whether the vehicle stops or is at |ow
speed, is judgedapyaratus at the entrance gate and in the mid-route.

However, the gate and barrier for compensating for

the built-in clock may be placed in any locations in

the course of running of the vehicle.

In the on-road apparatus provided at the

entrance gate, an inquiry signal composed of a

continuous wave is transmitted in Step 600 until the

on-road apparatus receives a response signal from the

vehicle-mounted apparatus as shown in Fig. 10. If it

is judged in Step 602 that the qn—road apparatus has

received the response signal from the vehicle-mounted

apparatus, then the routine procedure proceeds to

Step 604 where reference time information indicative

of the present time read from the reference clock 16

and a signal including an entrance gate number, etc.

are transmitted.

The on-road apparatus placed in the mid-route

200 performs a process substantially similar to that

executed by the on-road apparatus prbvided at the

entrance gate. However, a signal including a mid-

route code indicative of the mid-route, etc. is

transmitted in place of the signal including the



detecting the speed of the vehicle. It is thus possible to judge whether
the vehicle state coincides wth the wite condition (2) or (3). It is

j udged, based on a decision nade as to whether the limt

-33- switch 58 has been changed fromoff to on, whether the 1C card has
been changed from an absent state to a sriesent state, i.e., the IC card
has been inserted. It is thus possible to judge whether the vehicle state

coincides with tW%ﬁMg*éEEF%ﬁ?tAﬂH]45@'1ike in §% ehébe vehicle with the

navi gati on system nounte ereon can recognize that 1t has reached the

nei ghborhood of the exiand@heroald appRPaTud DAl Qompeded AL Pred
deci sion nmade as to whether a trigger signal indicative of the

nei ghbor hood of thwifeXidg gaitedins dErmidptie fymidie MaMi®ain sy st em
whet her the vehicle state coincides with the wite condition (5).
If a signal indi camteolofder iyl dmd awrari-+repd rdppardtws) DBt (sddie | C
card is transmtted fromthe on-road apparatus to the vehicl e-nounted
Fig. 2) composed of the toll gate antenna 341 and the
toll gate antenna control device 332 are provided at
the exit gate 300. The on-road apparatus DA performs
a process substantially similar to the above-
described process and transmits a signal including an
exit code indicative of the exit gate 300, etc.
therefrom in Step 604. Further, the on-road
apparatus DB transmits the signal including the exit
code indicative of the exit gate 300, etc. and
executes a toll receiving process by radio
communications in Step 604.

When a communication error occurs in at least
one of the vehicle-mounted apparatus and the on-road
appafatus, there may be cases where information is
not properly transferred between the vehicle-mounted
apparatus and the on-road apparatus. Thus, when the
communication error arises, the occupant goes to a
manned gate such as a toll paying box or a recover
gate with an IC card read/write device mounted
therein, or a control office or the like. The manned
exit gate or the control office at the exit gate

‘orally inquires why the occupant came to the manned

gate or the control office. When the occupant comes



apparatus, it is then possible to judge, based on a decision nmade as to
whet her the information wite request signal transmtted fromthe on-road
apparatus has been received, whether the vehicle state coincides with the
wite condition (6). If the magnetic information indicative of the exit
gate or the bar-code information or thegg,like is provided inmediately
before the exit gate and on the road side, it is then possible to judge,

based on a deci?hgpeﬂgggggglggsgggtaﬁéthgﬁngggggggcoyn%g@ngghqgolor t he

bar -code i nformati on een re

-34- the vehicle,grate ¢RFBFMICENY bRchibanWr bketrengrbbed phékage.
According to the type of vehicle-nmounted apparatus, one is known in which

the loader for tWgen! €heabdclipankeeomesstakredo daustowhhe bheuroader
exists, a state immredi ately after the insertion of the IC card or a state

i mredi atel y befose the tEmmandcaitsohr ewgbt obmt dhanlékerathabhensedte, is

I nput as a trigger signal fromthe |oader. It is thus judged
gate or the control office visually judges whether
the vehicle-mounted apparatus is being installed on
the vehicle. If the vehicle-mounted apparatus is
found not to be installed, then the occupant executes
the normal manually-paying process through the toll
paying box. On the other hand, when the apparatus is
installed on the vehicle, the manned gate or the
control office requires the occupant to present
his/her IC card and executes a toll receiving process
using the presented IC card.

Fig. 9 shows the flow of a process with
respect to the IC card read/write device such as the
toll paying box or the recover gate or the like in
which the IC card read/write device has been
installed. If it is judged in Step 610 that the IC
card has been inserted into the IC card read/write
device, then the time information recorded in the IC
card is read in the next Step 612. In the next Step
614, the present time (reference time) on the on-road
apparatus side is read. Further, in the next Step
616, the read reference time is compared with the
time when data has been written into the IC card in

the vehicle-mounted apparatus, represented by the



whet her the trigger signal has been input fromthe |oader. When the | oader
I's not provided, whether or not the vehicle state coincides with the wite
condition (8), can be determ ned by judging whether the |IC card has been
i nserted as described in the wite condition (4). Whet her or not a
predeterm ned tine has el apsed, is ju ed by nmeasuring the predetern ned
time by the tinmer and nonitoring the II%E Is thus possible to judge,

based on the reshlheolnrbtfidtath, Wat her g e hosabs Giepigles W th

the wite condition 04° an 406 referred to above
correspond to d%ﬁ@&ﬁb?a%h%”r%%%ﬁtbbfac@ﬂb%&EE@MDg1”%805t%% the present

i nvention. ~ If it is judged in Step 406 that the present state of
vehi cl e has coi ngiiggdrenick bleewdent &heCerdicrienre tthew e rtbwt itdemepromcedur e
proceeds to -35- Step 408 where the present

tinme is read fromheheehheillet-momndledc lapparaitmst isd deefalItsewidshdn tehe
predetermined time (e.g., 15 minutes).

When the time difference falls within the
predetermined time, the data recorded in the IC card
is judged to be the latest and a recovery process is
executed in Step 620. The recovery process is used
to perform the toll receiving process at the exit
gate. The toll receiving process is executed using
the data recorded in the IC card.

Similarly to the result of processing by the
communications, a process for writing the reference
time information indicative of the present time read
from the reference clock 16 and the information such
as the entrance number or the like is executed at the
entrance gate. Further, a process similar to the
process at the entrance gate is executed in the mid-
route 200. In this case, however, a process for
writing a mid-route code or the like indicative of
the mid-route in place of the signal including the
entrance gate number or the like is executed. When
various information is written into the IC card at
the entrance gate or in the mid-route without
depending on the communications, a process for

inserting the IC card into the vehicle-mounted



I nformati on, which has been stored in the nenory <circuit 48, is read out.
Further, in the next Step 412, the present tinme is witten into the IC
card as tine information and the thus-read information is witten
therein. Steps 408 through 412 referred to above correspond to a process
executed by a processing neans of the present invention. Thus,
since the present tine at the tine of e witing is witten into the IC

card as the time,,Lnf.ariRt iGN 1L39e R Moyt RS rdalid aher @Y rirddthehe
vehi cl e- nount ed apparatus side, which comunicated wth the on-road

apparatus, the dgha1icDihhe1¥eRi Baled BRAURMRI sapRRATET eGRh dRe taaef i r med on
the on-road apparatus by reading the tinme information and the data

witten into thejh€oeabdion che or- bddd tiamadiyt prosiided.lt is al so
possible to confirmthe timng provided to wite the data read fromthe IC
card and rel ated to theonothanotherohandf when tbhi timendififedenppar at us.
Further, since the timng provided to wite the data on the

vehi cl e- mount ed eappadst Ghes paededie ripd neghftilmend idn ishd udgedoddatappar at us
side, the toll can be prevented from bein m srecei ved fromthe |1C card

del i vered by han&beseads &per 2ossibd Lidy thed dhes igddnd@® 95 dnilthout t he

the IC card will be previously-used one or will not
be the latest. In Step 622, the occupant is required
to write data into the iC card again and the IC card
is extracted to return to the occcupant. The occupant
writes data and time information into the returned IC
card and thereafter redelivers the IC card to the
operator in the manned gate. Afterwards, the routine
procedure is executed from Step 610 again.

Step 612 mentioned above corresponds to a
process executed by a reading means employed in the
second aspect of the present invention. Steps 614
and 816 correspond to a process executed by a compare
means and Step 620 corresponds to a process executed
by a control means.

Thus, when the predetermined difference exists
between the present time read on the on-road
apparatus side and the time when the data has been
written into the IC card, the data can be judged to
be old, i.e., ineffective or invalid data. It is
thus possible to request the occupant to execute a

rewriting process with a view to writing new data



data being witten into the IC card by the occupant,

-36- whereby a reliable process can be executed. Since the timng
provided to wite the data on the vehicle- nounted apparatus side can be
confirmed on the on- road apparatus side, the on-road apparatus is easy to
find illegal contents on the side of a user who used the old or past data
internms of the time. Since the  operator®*¥s placed in the manned gate or a
control office, {dwe, effi&cicobgpgeventing irregularities from occurring is
al so obt ai ned. In addition to the use of the IC card at the exit

gate, the IC card can berdisgim®d iy} & ddserrardd dad/ W 4 Oy iCee at
the recovery gate of the on-road apparatus installed in the entrance gate

100 or the md-route 20fple voilertbeivoingi twpéyroaduor ed pdakantgher ein.
Fig. 8 shows in detail the comrunication process in Step 402 of the
processi ng routi mered wheh wmehenteanvengatie appdamels, skhncé theshbmplen
Fig. 7. If it is judged in Step 500 that an inquiry signal
toll-receiving type road or the like has no entrance,
it is unnecessary to read information about the
vehicle~-mounted apparatus. Therefore, a process for
receiving a toll through an occupant's IC card can be
performed by simply delivering the occupant's IC card
to the operator. Accordingly, the system according
to the present embodiment can be easily applied to
the road or parking area.

- According to the present embodiment, as has
been described above, the built-in clock of the
vehicle-mounted apparatus indicates the time
synchronized with that of the reference clock of the
on-road apparatus. Therefore, time control on each
vehicle lying within the toll road becomes
unnecessary on the on-road apparatus side, so that a
load imposed on the system is lessened.

Since the data and the time information are
written into the IC card, thelreliability of the data
can be improved. Further, since the writing of the
data therein is judged based on write conditions for
a simple operation such as a switch operation byla

keyboard and a simple process, misoperations or the

like can be suppressed and an improvement in



has been received fromthe on-road apparatus, then the routine procedure
proceeds to Step 502 where the received inquiry signal is regarded as a
carrier and a wave produced by nodulating the carrier with an ID code
corresponding to an identification code for specifying his/her own vehicle
Is transmtted as a response signal. _46. |f it is judged in Step 504
that a signal sent -37- fromthe on-road

apparatus has been fGeipsad ty lcdrd bd hidhdet R ed e il At else
gate nunber is included in the signal received in Step 506. It is thus

possible to judge whetthsy dimpMehrdceds MOWePassd N tiHOuP)j dde, ethie ance
gate. If the answer is found to be No in Step 506, then the routine
procedur e proceeds I c@irab r=381 /vifi tdhed anisveron sthd oamd daad beppéasatus St ep
506, then the routine procedure proceeds to Step 510 where an entrance
gate process is exdcie edn e tdiapeht f et el yas o yprooes andxachit ed $imstep
510, entrance information about the

change in process such as an addition of a process

procedure may be done on the vehicle-mounted

apparatus side.

Further, since the transfer of information
between the vehicle-mounted apparatus and the on-road
apparatus can be made using the IC card alone, it is
necessary to further prepare a management or control
card for managing information and hence a decrease in
complexity at the time that a plurality of cards are
used, cén be achieved. Moreover, a special process
such as a check against illegal utilization of the
management card and improper cards or the like also
becomes unnecessary, so that a process load on the
system side can be lessened.

In the above-described embodiment, when the
difference between the reference time on the on-road
apparatus side and the time information recorded in
the IC card at the vehicle-mounted apparatus exceeds
the predetermined time (e.g., 15 minutes), the data
recorded in the IC card is judged to be the invalid
data. However, there may be cases in which an error

occurs in the reference clock on the on-road

apparatus side, e.g., a large time delay and the



entrance gate nunber included in the signal received

in Step 504 is stored

in the menory circuit 48 of the vehicle-nounted apparatus 30. When
the entrance gate process is conpleted, it is judged in Step 516 whet her
reference time information is included in the received signal. The

reference tine information indicates thegstime used as

a standard time on

the on-road apparatus side. If the answer is found to be No in Step 516,
then the routinecpssgttoneofsatelorkated &bei 1ike. o@nutrhendobheerhamd,
when the answer is found to be Yes in Step 516, the routine procedure
proceeds to Step &i8ursiherethebbuiltirinckdekkcofrébei nghprdeemsunged
executed. This built-in clock correcting process corresponds to a process
for causing the piRR&FEtYSne I1Bf thRE BAFPt- theckdBR inpfpRmagéon

vehi cl e- nount ed

. . »38- _appara
with the referenceetPREedsipntheofCr 6aHdabpardtged ﬁﬁigﬁ FéeiﬁBVﬁ
t-Ln.clock.in the
information or

received signal. gy, yndP¥Ss h0%at bUEnCLs! BRcPERLE

us.to c¢oi.ncide
géﬂ in the

the like is judged to be effective or valid data.

Thus, a process in which when the time

information recorded in the IC card is judged as the
invalid data, all the data assumable as valid without

as invalid are used as valid, will next be described

as another embodiment with reference to Figs. 11

through 14. Since the present embodiment is

identical in structure to the above-described

embodiments, the same elements of structure as those

shown in the embodiments are identified by the same

reference numerals and their detailed description

will be omitted. In the present embodiment, a

failure flag indicative of failure of time

information can be read from or written into the IC

card.

In the present embodiment, a process routine

shown in Fig. 11 is executed in place of Step 622

shown in Fig. 9. Namely, when it is judged that the

difference between the reference time and the time on

the vehicle-mounted apparatus side exceeds a

predetermined time (e.g., 15 minutes) (see Step 618

in Fig. 9}, it is judged in Step 630 shown in Fig. 11



vehi cl e- nount ed apparatus can be synchronized with the reference tine sent
fromthe on-road apparatus. . Accordingly, a tinme lag of the built-in clock
in the vehicle-nmounted apparatus is resolved so that variations in the
present tinmes for every vehicle- nounted apparatuses can be avoi ded.

It is judged in Step 508, based on a decision nade as to whether a

m d-route code (check barrier infornatiog-is included in the signal

received i St :, ' A qvgp
m d- r out eI 200_. FB”??%%%@?J‘%@%E@%?%@? pﬁsz&dlvﬁe{qc e %%Qg%%ssed
through the m d-npude 200, ¢4 Nelle FMEARYL T NPy PfHCARIMEIE P Bosshep 512

where a md-route process Is executed. |If 1t 1s judged in tep 508 that

the vehicle does giptpasseddi OUGH $li@zmén €l; rid €ndP prodssé hencélet er mi ned
that the vehicle is passing through the exit gate and an exit gate

process is executgk i IC Sifd Sdtutmed heo ranl-setligan privcesse@xecuted in Step
512, md-route information based on the md-route code included in the
signal received presstreped(gasn stsiedld rb¢ hdomenorWher ricuiis Addeédt he
vehi cl e- nount ed appar atus 30. After conpletion of the md-route
process, the in Step 630 that the failure flag has not been set to
the IC card, the initial process is done. Therefore,
the failure flag is set to the IC card in the next
Step 632. In the next Step 634, data of the wvehicle-
mounted apparatus, such as entrance information or
the like recorded in the IC card is temporarily
stored in a memory. In consideration of the case
where the data already written into the IC card is
not erased by the vehicle-mounted apparatus, it is
preferable to erase the data written into the IC card
after the data of the vehicle-mounted apparatus has
been stored in the memory.

Incidentally, the vehicle-mounted apparatus
can also recognize a failure in clock by referring to
the failure flag set to the IC card.

When the failure flag is set in the above-
described manner and the time difference exceeds the
predetermined time, the routine procedure proceeds to
Step 636 where a relief process (see Fig. 12) is
executed.  In Step 640 shown in Fig. 12, the data

written into the IC card after the failure flag has

been set thereto is read, and the data temporarily



-39- routine procedure proceeds to Steps 516 and 518, where the present
time of the built-in clock 47 in the vehicle-nounted apparatus is allowed
to coincide with the reference tine on the on-road apparatus side when
the reference tinme information is included in the received signal as
descri bed above. Steps 516 and 518 referred to above correspond to a
process of a tine infornation correctingsgreans enployed in the third

aspect of the prg%ﬁ dl %th'oﬂemPryéi lee G t%%ﬁ@@'ﬂh'ﬁ% cl ock can

be <corrected in to “suppress or control an

accunul at i on of tnf% %ﬁ;egr%4z%%fth%90l=€he'§% tdaecabwdlhdlraecl“ﬁqlﬁ @4 0 the

travel distance (running tine) of the vehicle and avoid variations in

time, which are Brtﬁ‘éll‘cedwﬁ%ne\t@lre‘& dehicd) @uipWildRd vaRpalcdlcls@ther, it IN
the exit gate process executed in Step 514, a process for cal culating

tolls charged onig kettitated ehdithghe madneiatat riandevwgdre rted itabd lexit gat e
with the md-route interposed therebetween fromthe present bal ance on the
basi s of vehicl eandpehe clock built into the vehicle-mounted
apparatus malfunctions. Therefore, an NG process 1is
executed in Step 654. The NG process, for example,
notifies NG to an operator in a manned gate by a
display or the like. Thus, the operator in the
manned gate can urge a vehicle occupant to consider
the need of repairs for the improper vehicle-mounted
apparatus and is able to execute a manually-paying
toll reception.

When they coincide with each other and the
answer is found to be affirmative in Step 642, the
routine procedure proceeds to Step 644 where it is
judged whether a correction value has been set. When
the reference clock in the gate is estimated to be
delayed a predetermined time, the correction value is
used to correct it (the correction value will be
described in detail later). When the correction
value is not set, a correction process is executed in
Step 648. It is thereafter judged in Step 650
whether the correction can be done. If the answer is
found to be Yes in Step 650, then the routine

procedure proceeds to Step 652 where a toll receiving

process is executed based on the corrected time. If



i nformati on stored in the vehicl e-nmounted apparatus, balance information
stored in a general card nounted in the vehicle-nounted apparatus and a
toll table recorded in the vehicle-nmunted apparatus in advance, and
automatically collecting or receiving the charged tolls is executed. After
the tolls have been 0 -40- normal ly
received, entrance information is cleéﬁéd. The enbodi nent

i Il ustrated abovepiaslese! REdodie KATR Ny Wi Stdf®dd,Merdn tdiee bui lt-in

clock in the vehicle-nounted apparatus is corrected to the reference tine

pf t he referencer@hqqhé B e dUd PRbcsdiaral el d53e entrance gate and
in the md-route. However, the gate and barrier for conpensating for the

built-in clock my be pWaeadthe abyrkectdbnonalue afllreadyuesésak,rdmnni ng of
t he vehicle. In the on-road apparatus provided at the entrance
gate, an inquiry isi gnalgesbriposapofédat Wt itheownsaere liss afifdmgrattitvd i n
Step 600 until the on-road apparatus receives a response signal fromthe
It is thereafter judged in Step 648 whether the time
difference corrected based on the correction value
falls within a predetermined time. If it is judged
in Step 646 that the time difference falls within the
predetermined time, then the time can be corrected.
Namely, it is judged in Step 650 that the answer is
affirmative, and thereafter the toll receiving
process is executed in Step 652. On the other hand,
when the corrected time difference exceeds the
predetermined time, the routine proceeds to Step 648
again to obtain a new correction value.
Step 648 shown in Fig. 12 will next be
described in detail. In Step 6860 shown in Fig. 13,
the present time corresponding to the reference time
of the on-road apparatus is represented as ta, the
time difference (Step 6168 in Fig. 9) is represented
as tb, the time (a géte passage time) when the
vehicle passes through a gate regarded as a failure
object is represented as tc and a number of the gate
is represented as G. Further, they are stored for
each gate. Since the time of the built-in clock of

the vehicle-mounted apparatus is synchronized with

the reference time of the on-road apparatus, the gate



vehi cl e-nount ed apparatus as shown in Fig. 10. If it is judged in Step 602
that the on-road apparatus has received the response signal fromthe

vehi cl e-nounted apparatus, then the routine procedure proceeds to Step
604 where reference tine information indicative of the present tine read
fromthe reference clock 16 and a siggiL I ncl uding an entrance gate

nunber, etc. are transmtted. e on-road apparatus placed in the

m d-route 200 peregandsd g ddws Laslilbgteaamtijedty shions & gad e Hdat eshecut ed
by the on-road apparatus provided at the entrance gate. However, a signal
i ncl udi ng a mi d- vehdgde cfpdd@hlﬁ'dilt?eﬁ iRASS5Hd tihengthnagte, & defierence
transmtted in place of the signal_ inclyding.the

-41- entrance gdt@efdansdiy it ot ézg‘ea(‘ﬁ%ite upon pagsage OfadNpar at us

DA conposed of the pre- notifyin nt a . 3l7 .and.th -notifyi
antenna control &f&f &é& :?g"fraer% Hﬁ die ﬁggd’aafp adrsaﬁﬁlse %gpczegé)gl%s:ﬁ%% ng)
conposed of the tQl], gcgl.gtlae“i@%&%@d’g%é he 1 633 GraRNaent r ol

device 332 are provid
detected number of times that the gate regarded as

the failure object has been failure, is greater than
or equal to a predetermined number of times (10 in
the present embodiment). If the answer is judged to
be No in Step 662, then the routine procedure
proceeds to Step 672 where a difference td between
the difference between the gate passage time and.the
present time and the time difference is determined
(i.e., td = (ta - tc} - tb). This difference td
corresponds to time period of the built-in clock in
the vehicle-mounted apparatus, which has been counted
since the passage of the gate. Therefore, when the
difference td falls within a predetermined time width
(£15 minutes in the present embodiment), the routine
procedure proceeds to Step 680 whére the built-in
clock of the vehicle-mounted apparatus is judged as
deactivated. In the next Step 682, a corresponding
process for notifying NG of the built-in clock to an
operator in a manned gate by a display or the like is
executed. Thus, the operator in the manned gate can
urge a vehicle occupant to consider the need of

repairs for the improper built-in clock. When the



the exit gate 300. The on-road apparatus DA perforns a process
substantially simlar to the above- described process and transmts a
signal including an exit code indicative of the exit gate 300, etc.
therefromin Step 604. Further, the on-road apparatus DB transmts the
signal including the exit code indicagjve of the exit gate 300, etc. and
executes a toll receiving process by radio comunications in Step 604.

When a communi cald;qn EIre GGFUS. ddh ol EFied Ml i dd1% RN FerToun ed
it tHeT may be Wh éﬁ

apparatus and the on-road appar at us, cases ere I nformation

Is not properly cfar;f;rb%f S h ARG £ N SRl Erd bRk ARl tss and the

on-road apparatus. Thus, when the communication error arises, the occupant

goes to a manned OytA fiHdt ihithd Ol I THEYE M- LOXHY poILIAOMErty ot eNGM th an
|C card read/wite device nounte therein, or a control office or the

l'i ke. The manned ofexilie gaftel cire <nivaurciosd rappaafdtwe i ridiel fdad gatthe oral Iy
I nqui res why the occupant cane to the manned gate or the control office.
When t he occupantopeorstor in the manned gate through the display or

the like as other process in Step 684.

When the detected number of times that the
gate has been regarded as the failure object, is
greater than or equal to the predetermined number of
times (Step 662), it is judged in Step 664 whether
the difference between the maximum and minimum values
of the time difference stored with regard to the gate
is less than a predetermined value (15 minutes in the
present embodiment) (i.e., MAX(tb) - MIN(tb) < 15).
If the answer is found to be Yes in Step 664, then it
can be presumed that time information is written into
the vehicle that has passed through the gate, with a
time shifted by a predetermined time as the
reference. Further, it can be presumed that the
built-in clock is corrected based on the shifted
time. It is therefore judged in Step 688 that the
reference clock at the gate is shifted by the
predetermined time. In the next Step 670, a time-
shift correcting process is executed. The shift
correcting process is executed in the following

manner. Namely, the average or mean value of time

shifts is determined in Step 690 shown in Fig. 14.



-42- thereto carelessly, the manned gate or the control office inforns
the occupant of the proper passage. Wen the occupant cones thereto due to
the occurrence of the comunication error or the |like, the manned gate or
the control office visually judges whether the vehicle-nounted apparatus
Is being installed on the vehicle. If the vehicle-nmounted apparatus is
found not to be installed, then the occipant executes the nornal

manual | y- payi ng process through the toll payi % box. On the other hand,
when the apparat a1 ithe inesttalSteap P2 .hEheeliedud, at”ﬁe“!?é‘ﬁhé’&ld’eﬁ elsor t he

control office requires the occ ant. to present his/ card d
Sxe(r:]utes ﬁ t](c)II iad #F F S se"‘i}sﬂ%dplﬁ’@ préxsc e&(;ll géc’a 31 Fhre Fig.
shows the flow of a rocess W t P to th d/
\?\,ﬁ\/i (r:]e ﬁuchcas tdtklmet JTLRER q@? ds"ﬁ;tthr &?@r gé’te orgg e ’I:%(e in
ich the I C card read/ wr [ dged in
&#ﬁﬁas been m?eé%fecg)rrje@q#%%&dg s Isedddj 2

Step 610 that t h&95¢ B4 I'nto the card read/wite
device, then the &igfp dlf FTRdY) "GRG ddIdie Veliucardl ddadeabin the

next Step 612. next Step 614, the present tinme (reference tinme) on
the on-road the read-time difference, whereby it can be judged on

the basis of the time in which the time shift at the

gate has been resolved, whether a toll can be

received.

Next, when the answer is found to be negative
in Step 664 and the reference clock at the gate is
found not to have the shift of the predetermined
time, the routine procedure proceeds to Step 666
where it is judged whether the difference between the
maximum and minimum values of the gate passage time
stored with regard to the gate is less than the
predetermined value (15 minutes in the present
embodiment) (i.e., MAX(tc) - MIN(te) < 15). If it is
judged in Step 666 that the difference is less than
the predetermined value, thén a variation in time at
the gate is too small. Therefore, the reference
clock at the gate is judged to have been deactivated
in Step 674. In the next Step 676, a process
corresponding to the stop of the reference clock is
executed. The process in Step 674, for example,
notifies a gate number G and NG of the reference

clock at a gate G to an operator in a manned gate by



apparatus side is read. Further, in the next Step 616, the read reference
tinme is conpared with the tine when data has been witten into the IC card
in the vehicle-nmounted apparatus, represented by the

-43- tinme information. It is judged in the next Step 618 whether the
result of conparison, i.e., the differenge between the reference tine and
the tinme on the vehicle-nounted apparatus side falls within a

predeterm ned ting {ffhay lr MEWILERe. Thus, VRO dperdise fifiggence

falls within the predetermned tinme, the data recorded in the ICcard is

judged to be the aifsd @tk acdrRCRYEL Py PESCESSel Bel &XGEMiREh £ NtIl ept§0.
The recovery process is used to performthe toll receiving process at the

exit gate. The trdferaced d Ngclprof esise | onexesdittbasangs mhdef viad i sesor ded
in the I C card. Simlarly to the result of processing by the
communi cati ons, arpt dcesks frecessarngfehetheferanrant ttorepanfaortal 1 ohy
I ndi cative of the present time read fromthe reference clock 16 and the
i nformati on such hand. Further, since the operator is informed that

the reference clock at the gate G is NG, the clock on

the on-road apparatus side can be promptly repaired.

Thus, even when the difference between the
reference time on the on-road apparatus side and the
time information recorded in the IC card at the
vehicle-mounted apparatus exceeds the predetermined
time and it is judged that the data recorded in the
IC card is invalid, the validity of the data written
into the IC card can be determined by recording the
failure flag in the IC card and comparing the
previous data with the re-written data according to
the presence or absence of the failure flag, thereby
making it possible to suitably cope with the case in
which the built-in clock and the reference clock
function imperfectly.

Even if the reference clock on the on-road
apparatus side is shifted by the predetermined time,
such a shift in time can be corrected by the above-
described statistical process. Therefore, the
reference clocks of all the on-road apparatuses can

be handled without being synchronized with one

another. Further, since defective on-road



as the entrance nunber or the like is executed at the entrance gate.
Further, a process simlar to the process at the entrance gate is executed
in the md- route 200. In this case, however, a process for witing a

m d-route code or the like indicative of the md-route in place of the
signal including the entrance gate nunber or the like is executed. Wen
various information is witten into thed5¢-card at the entrance gate or in

the md-route W tahoiahr o tdRRANAH ML Uy t GraLUMHEV 1GRE 00k MRS iy
inserting the IC card into the vehicl e-nounted

-44-  apparat us ta0 preatk gdien IR roimd f Glligattnthandimeged déhwetibuidddin cl ock
based on the stored reference tine information can be additionally

provi ded. cQovdkhe ettchercdmre fhand tde dn reardiyf fstraggece thexceeds t he
predetermned tine, it is judged that there is the possibility that the
data recorded inclidukd Cagartte witdmisel prnpadisdd- used one or will not be

the latest. In Step 622, the occupant is required
According to the vehicle-mounted apparatus

suitable for use in road-to-vehicle communications,
as has been described above, an advantageous effect
can be brought about in that since the data and the
time information are recorded together in the
information recording card, the transfer of the data
between the vehicle-mounted apparatus and the on-road
apparatus can be easily made without both apparatuses
being directly connected to each other, and the
reliability of the data can be improved based on the
time information.

Further, according to the road-to-vehicle
communication system of the present invention, an
advantageous effect can be brought about in that
since the data and the time information are read out
from the information recording card by the reading
means, the transfer of data. between the vehicle-
mounted apparatus and the on-road apparatus can be
easily performed without both apparatuses being
directly connected to each other, and since the
process for comparing the present time counted on the
on-road apparatus side with the time at the time of

recording of data and receiving the toll when the



to wite data into the I1C card again and the IC card is extracted to
return to the occupant. The occupant wites data and tinme information into
the returned I1C card and thereafter redelivers the IC card to the

operator in the manned gate. Afterwards, the routine procedure is executed
from Step 610 agai n. Step 612 nentd oned above corresponds to a
process executed by a reading neans enployed in the second aspect of the

present inventi oRimd AT f@kencanbtheqoritas pwed flad 1a wiadess tecuted by a
conpare means and Step 620 corresponds to a process executed by a control
means. Thuedeteeminee veddet erird reeck aitidfder diice texlilstrecdistimen t he

present tine read on the on-road apparatus side and the tinme when the data
has been wittemriogesst ven @ecmww detsecan fdg dddedtt slatge ol d,

i.e., ineffective or invalid data. is thus possible to request the

occupant to execWi&heutr &l t1'|‘Br?gj’Pd?rld{ﬂe*ééf viteh 04 dgsed i tihfy new data

-45- into the IC card.
previous data in terms of the time.

Further, in the vehicle-mounted apparatus for
road-to-vehicle communications, an advantageous
effect can be brought about in that if the present
time of the clock means of the vehicle-mounted
apparatus is corrected so as to coincide with the
present time of the on-road apparatus, which has been
read through the radio communications, the difference
between the bresent time on the on-road apparatus
side and the present time on the vehicle-mounted
apparatus side can be controlled and the reliability
for judging the timing of data from the read time
information can be improved.

While the embodiments of the present
invention, as herein disclosed, constitute a
preferred form, it is to be understood that other

forms might be adopted.



Incidentally, the present systemis applicable to a sinple toll-receiving
type road or a parking area with no entrance gate. Nanely, since the
sinple toll-receiving type road or the like has no entrance, it is
unnecessary to read informati on about the vehi cl e- nount ed—appar at us.

Therefore, a process for receiving a toll through a : rd
can be perforned by sinply delivering t4ve occupant’ ajﬂgmmauﬁwjﬁgf
operator. Accordiwglty,id helspsdemsaccording to the L can
be easily applied to the road or parking area. According to the
present enbodi nent, as has been described above, the built-in clock of the
vehi cl e-nount ed apparatus indicates the time synchronized with that of the
reference clock of the lon#r ygdigdsameungedTiapPargtals sudktabdmt &Y on each
vehicle lying within the toll road beconmes unnecessary on the on-road
apparat us side, 36@ Hdt &Pad U VbRl ¢RTRYHLL G/ kUM 1 SCIRRISEHERE -

Since the data and the tine informatjon are witten intq the IC card, the

reliability of the dat a 1O&K B 41 6Véd*“¥ﬂf€ﬁéﬁ,Hﬁ%ﬁﬁ?ilﬁ§%ﬁﬁting of the
dat g therenn, |5, ) 10050, BRSOl o T st gl Sufey 2 on
m soperations or éJHhunications made between said vehicle-mounted
apparatus and an apparatus installed on a road;
means for determining whether a present state
of a vehicle is included in predetermined write
conditions indicative of states for requiring writing
of the data into an information recording card having
a storage area for storing at least said data
therein; and
' processing means for reading the data stored
in said memory means and writing the same into the
storage area of said information recording card, and
reading the present time counted by said clock means
and writing the same into the storage area of said
information recording card as time information, when

the present state is included in said write

conditions.

2. A road-to-vehicle communication system for
transferring information by radio communications
between each of apparatuses installed on an road and

the vehicle-mounted apparatus as defined in claim 1,



| i ke can be suppressed and an inprovenent in
-46- reliability can be done. Since the sinple OperEﬂl!ﬂﬂ or the S|nple

process is defined as the object, the |C card read/ Mﬁ"’ﬂﬂmm

on-road apparatus side can be sinplified in structu
change in process such as an addition of-¥-pr ocess procedure ma§ be done
on the vehicle-nmounted apparatus side. Further, since the transfer

of information kghyeedchhenvead pparaited @@ﬁ@ﬁﬁfsliﬁg‘and t he on-road
apparatus can be made using the IC card alone, it is necessary to further

prepare a managenent ort¢@8tméhnsclbd tountmnggangreséntmalmen and hence a
decrease in conplexity at the tine that a plurality of cards are used,
can be achi eved. Moreoveeana $pecrahdpngctbs dstishand timbeck agai nst
illegal utilization of the managenent card and inproper cards or the like
al so becones undefesmartyonsyhtilcst havier beess Wrdddedn ipke t&est em si de can

be | essened.
information recording card;

means for comparing the read time information
with the present time counted by said time means; and

control means for executing a toll receiving
process based on the read data when a time difference
corresponding to the result of comparison by said

compare means falls within a predetermined value.

3. A vehicle-mounted apparatus suitable for
use in road-to-vehicle communications according to
claim 1, further comprising time information
correcting means for reading a present time of said
on-road apparatus by radio communications and
correcting the present time of said clock means so as
to coincide with the present time of said on-road

apparatus.



In the above-descri bed enbodi nrent, when the difference between the
reference tine on the on-road apparatus side and the tine information
recorded in the IC card at the vehicl e-nounted..apparatus _exceeds the
predeternmined tine (e.g., 15 minutes), the datd THI®SHEERdASBEDE] I C card is
judged to be the invalid data. However, thereimay bgrsmages i n Which an
error occurs in the reference clock on the ontteoat—apparatds—si de, e.g.,
a large tine delay and the -59- -47- cessation
of a clock, or the like occur and sBSTRAQTOr occurs in the built-in clock of
t he vehicle-nmounted apparatus. In this case, the tine information
recorded in the | JRHACEE-MOUNTRPGARPARSTHR FORcRAARYEQ-VEHIG &t £LOMPREICAEENFat a
such as entrance ANP ROARtTONVEBFCLE GAMUNK@ATION | Y§dBY t o0 be effective or

val i d dat a. Thus A & qadodessvenl oke ctomgibnl asid anl my stenf arameblon
recorded in the IC card is judged as the invalid data, all the data
assummbl e as val iQf B¥ARNE A0 | hyareasar bnutee 852¢aPf deagh| #fnext be

descri bed as anot her enbodinené with reference.to Flgs. 11
vehicle-mounted apparatuses and easily confirming the

contents of data stored in each vehicle-mounted
apparatus on the on-road apparatus side when the
transfer of information therebetween by radio
communications is disabled. Except when
communications are made between the on-road apparétus
and the vehicle-mounted apparatus, it is judged
whether data about the communications between the on-
road apparatus and the vehicle-mounted apparatus.
should be written into an IC card according to write
conditions. When the present state of a vehicle
coincides with one of the write conditions, data
stored in the vehicle-mounted apparatus is written
into the IC card together with the present time on
the vehicle-mounted apparatus side. Thus, the data
stored in the vehicle-mounted apparatus can be
transferred to the on-road apparatus together with
time information indicative of the time at which the
data has been written into the IC card. Whether the
data stored in the IC card has been accurately
written from the vehicle-mounted apparatus can be
confirmed on the on-road apparatus side by reading
the data in the IC card and the time information

referred to above.



through 14. Since the present enbodinment is
above- descri bed

routine
9. Nanely,

when it

enbodi nent s,

time and the tine on

predetermned tine (e.g.,

w il be

judged in Step 630 shown in Fig. 11
whether the failure flag to be described | ater

om tted.

i denti cal
the sane el enents of structure as those
shown in the enbodi nents are identified by the sane
their detail ed description
failure flag indicative of failure of tine
witten into the IC card.

in structure to the

ref erence nuneral s and
In the present enbodi nent, a
information can be read from or
In tha/ps esent enbodi nment,
shown in Fig. 11 is executed in place of Step 622
is judged that the
t he vehicl e-

a process

shown in Fig.
di fference between the reference

upt@d apparatus side exceeds a

15 minutes) (See Step 618

has

in Fig. 9), it is

-48-

been set to the IC

card. It is further judged3®ased on the result of jﬁ@gnent whet her a
process after - { 62
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the IC card returned to an occupant has been presented again, should be
done. When it is judged in Step 630 that the failure flag has not been set
to the ICcard, the initial process is done. Therefore, the failure flag
is set tothe ICcard in the next Step 632. In the next Step 634, data of
the vehicle- nmounted apparatus, such as entrance information or the |ike
recorded in the IC card is tenporarily stored in a nenory. In
consi deration of the case where the dHté already witten into the IC card
is not erased by the vehicle-nounted apparatus, it is preferable to erase
the data witten into the IC card after the data of the vehicl e-nounted
appar atus has been stored in the nefjory. I ncidental ly, the
vehi cl e-mount ed apparatus can al so_negoghi ze a failure in clock by
referring to the failure flag set X} Eﬂg | C card. When the failure
flag is set in the—abovef escribe@'ﬂdqg r and the tine differeﬂle exceeds
the predeternined ti2|the routiné‘ﬁ&gﬁ=dure proc Eﬁéy) 36 where
a relief process (jsee I%g 2y TS eYe&fpu—+n—Ste sr MFrig 12,
the data witten [intp the ||C card af he f@g !l ur ag has n set
thereto is read, and {he|data tenpor
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-49- stored in the nenory is read. It is judged in the next Step 642
whet her these data coincide with each other. Wen they do not coincide
with each other, it 1is estinmated that the read data is lowin reliability
and the clock built into the vehicle-nmunted apparatus mal functions.
Therefore, an NG process is executed in Step 654. The NG process, for
exanple, notifies NGto an operator in a manned gate by a display or the
i ke. Thus, the operator in the nanned d&t% can urge a vehicle occupant to
consider the need of repairs for the inproper vehicle-nounted apparatus
and is able to execute a manual ly-paying toll reception. When t hey
coincide with each other and the answer is found to be affirmative in Step
642, the routine procedure proceeds to Step 644 where it is |judged
whet her a correction value has been set. \Wen the reference clock in the
gate is estimated to be delayed a predeterp pégiyi me, the correction val ue
Is used to correct it (the sfrr= Hor—val
m~/)




described in detail later). Wien the correction value is not set, a
correction process is executed in Step 648. It is thereafter judged in
Step 650 whether the correction can be done. If the answer is found to be
Yes in Step 650, then the routine procedure proceeds to Step 652 where a
toll receiving process is executed based on the corrected tine. If

-50- the answer is found to be No in Stepa4pt, then the routine procedure
proceeds to Step 654. When the correction value already exists, it
is judged in Step 644 that the answer is affirmative. It is thereafter
judged in Step 646 whether the tinme difference corrected based on the
correction value falls within a predetermned tinme. If it is judged in
Step 646 that the tine difference falls within the predetermned tineg,
then the tinme can be corrected. Nanely, it is judged in Step 650 that the
answer is affirmative, and thereafter the toll receiving process is
executed in Step 652. On the other hand, when the corrected tine

di fference exceeds the

4

FI1G.




predeterm ned tine, the routine proceeds to Step 648 again to obtain a new
correction val ue. Step 648 shown in Fig. 12 will next be described
in detail. In Step 660 shown in Fig. 13, the present time corresponding to
the reference time of the on-road apparatus is represented as ta, the

time difference (Step 616 in Fig. 9) is represented as tb, the tine (a
gate passage tine) when the vehicle pasges through a gate regarded as a
failure object is represented as to and a nunber of the gate is
represented as G Further, they are stored for each gate. Since the tine
of the built-in clock of the vehicle-nmounted apparatus is synchronized
wth the reference tinme of the on-road apparatus, the gate

-51- regarded as the failure oblgct shows a e that the wvehicle finally
has passed therethrough. A refehéhce ting tr 3:¥y ed fromthe gate upon
passage of the gate is stdbggﬂ$ﬁ' e— C tar dl 4535tH te passage tinme tc.
It is next judged in Step éﬁ whe he s er of tines that

oo

the gate regarded as ﬁﬁ'

/-




the failure object has been failure, is greater than or equal to a
predeterm ned nunber of tinmes (10 in the present enbodinent). If the
answer is judged to be No in Step 662, then the routine procedure

proceeds to Step 672 where a difference td between the difference between
the gate passage tine and the present tine and the tinme difference is
determined (i.e., td = (ta - tc) - th)c,This difference td corresponds to
time period of the built-in clock in the Vvehicle-nounted apparatus, which
has been counted since the passage of the gate. Therefore, when the
difference td falls within a predetermned tine width (15 mnutes in the
present enbodi nent), the routine procedure proceeds to Step 680 where the
built-in clock of the vehicle-nounted apparatus is judged as deactivated.
In the next Step 682, a corresponding process for notifying NG of the
built-in clock to an operator in a manned gate by a display or the like is
executed. Thus, the operator in the manned gate can urge a vehicle
occupant to consider the Reed of repairshNox the inproper built-in clock.
When t he
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-52- difference td exceeds the predetermned tinme width, it can be
estimated that the vehicle-nounted apparatus is malfunctioning. Therefore,
the possibility of NG of the vehicle-nounted apparatus is notified to the
operator in the manned gate through the display or the |ike as other
process in Step 684. When t he det ed nunber of tinmes that the
gate has been regarded as the failure objéect, is greater than or equal to
the predeterm ned nunber of tinmes (Step 662), it is judged in Step 664
whet her the difference between the maxi num and m ni num val ues of the tine
difference stored with regard to the gate is less than a predeterm ned
value (15 minutes in the present [enpggi neht) (i.e., MAX(tb) - MN(th) <
15). If the answer is found to be Yes in Step 664, then it can be

presuned that tine informaty hBm Wi} i vehi cl e that has passed
through the gate, with a t ﬁ@lgﬁgrggghﬁgnaﬂgﬁé%&f@$nined time as the
reference. Further, it can be p esun§? %?at tT built-in clock is
corrected based on the shifted\ ti ne: @ is thgrefore judged in Step 668
that the reference clock at the ga ' ed by the predeterm ned

time. In the next Step 670, a tine- 400
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shift correcting process is executed. The shift correcting process is
executed in the followng manner. Nanely, the average or nean val ue of
time shifts is determined in Step 690 shown in Fig. 14.

-53- In the next Step 692, the resultant nmean value is stored as a
correction value. Accordingly, when thgistine difference stored with regard
to the gate, which corresponds to the stored ggrgigti val ue, is read
fromthe | C car YEHUOEESMOUNTEDOAPPARAEUSs added tbihPread time

di fference, whereby it ctanbejuodged on the basis of the tine in which the
e hatAREen Jesol ved, whether a toll can be received.

time shift at the gat
Next, when the answer | ourTt™® be negative in Step 664 and the
reference clock at the gatel[l's found not tolhave the shift of the

pr edet er m ned ﬁ%¢5-1 t he-routt™wRe_procedure prjoceeds to Step 666 where it
I's judged whet 2 foEﬁQGTRY petween hpe maxi mum and m ni num val ues of

the gate passag€ tigPgNAL RECEIVED ?

502
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stored with regard to the gate is |ess than the predeterm ned value (15
mnutes in the present enbodinent) (i.e., MAX(tc) - MN(tc) < 15). If it
is judged in Step 666 that the difference is |l ess than the predeterm ned
value, then a variation in time at the gate is too small. Therefore, the
reference clock at the gate is judged9/t5 have been deactivated in Step
674. In the next Step 676, a process corresponding to the stop of the
reference clock is execut edFlhﬁ prgcess in Step 674, for exanple,
notifies a gate nunber G and NG of" the reference clock at a gate Gto an
operator in a manned gate by -54- a
display or the like. Thus, the operator in the manned gate can notify to a
vehi cl e occupant that the reference clock of the on-road apparatus

mal functions and it is rE¢ROAD YARRARATEES occupant to pay a toll by hand.
Further, since the opgCaCARDI READYWRI®E DBYICE}he reference clock at the

gate Gis NG the clock on - appar atus side can be pronmptly
repaired. START
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Thus, even when the difference between the reference tinme on the on-road
apparatus side and the tine information recorded in the I1C card at the
vehi cl e- nount ed apparatus exceeds the predetermined tinme and it is judged
that the data recorded in the ICcardis invalid, the validity of the data
witten into the IC card can be determned by recording the failure flag
inthe IC card and conparing the previoudOlta with the re-witten data
according to the presence or absence of the failure flag, thereby rmaking
it possible to suitably cope with the case in which the built-in clock and
the reference clock function inperfectly. Even if the reference
clock on the on-road apparatus side is shifted by the predeterm ned tine,
such a shift in time can be corrected by the above- described statistical
process. Therefore, the reference clocks of all the on-road apparatuses
can be handl ed without being synchronized with one another. Further,

si nce defective on-road - 55-

FIG 10
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apparatuses such as a gate having a clock shifted by a predeterm ned tine,
a gate having a deactivated clock, etc. can be found at an early stage,
the clocks can be pronptly repaired. According to the

vehi cl e-nount ed apparatus suitable for use in road-to-vehicle

communi cations, as has been descri bed above, an advantageous effect can
be brought about in that since the data and the tinme information are
recorded together in the information%@&8ording card, the transfer of the
data between the vehicl e-nmounted apparatus and the on-road apparatus can
be easily nmade w t hout borplaefarit ses being directly connected to each
other, and the reliabilitylo¥-t ata can be inproved based on the tine
i nformation. Further, according to the road-to-vehicle

comuni cati on system of the present invention, an advantageous effect can
be brought about in that since the data and the tine information are read
out fromthe information recording card by the reading neans, the
transfer of data bet weNnROAB ﬂBHARR@US mount ed apparatus and the on-road
apparatus can be ¢38i CARDeREAD/WRITEt BEVICEt h apparatuses being directly
connected to each other, and since the process for conparing the present
time counted on the (; START

630
IS FLAG SET ?

632—
SET FAILURE FLAG I

(IC CARD)

1 Y
TEMPORARILY STORE EXECUTE RELIEF
DATA ON VERICLE- PROCESS

MOUNTED APPARATUS SIDE

634—

( m0 )
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on-road apparatus side with the tine at the tine of recording of data and
receiving the toll when the -56- tine

di fference between the two falls within the predeterm ned value, is
executed, the toll receiving process can be executed based on the | atest
data w thout the reception of the toll based on the previous data in
ternms of the tine. Further, in thes,ehicle-nounted apparatus for
road-to-vehicle co ni_cations, an advantageous effect can be brought
about in that if tﬁgﬂpﬁiseﬂt time of the clock nmeans of the

vehi cl e-nounted apparatus is corrected so as to coincide with the present
time of the on-road apparatus, which has been read through the radio
comuni cations, the difference between the present tine on the on-road
apparatus side and the present tine on the vehicle-nounted apparatus side

can be contrmIgﬁigggntgp?gggjuqylity for judging the timng of data from
the read tine inf ' an be inproved.
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Wil e the enbodi nents of the present invention, as herein disclosed,
constitute a preferred form it is to be understood that other forns
m ght be adopt ed. What is clained is:

vehi cl e-nount ed apparatus suitable for
cl

communi cati ons, conpri sing:

menory nmeans for storing therein data about
sai d vehi cl e- mount ed appaﬁHtR@ABn&PHARAEB&ratus i nsta

means for determ ni ng whet her/3a
predetermned wite conditiad

of the data into an infornation redor

e of states

1. A

use in road-to-vehicle

ksmeans for counting a present time;

connunlc Fq§§ bet ween
on

road

tate of a vehlcle IS |ncluded in

for requiring witing

di ng_card baving _a storage area for

storing at |easf
i 3 ygg PRUSENT T 1 Tm}? DIFFERE

readi ng the dat

GATE PASSACHf

N?Epce5>|ng nmeans for
ng the sane into the
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storage area of said information recording card, and reading the present
time counted by said clock neans and witing the sane into the storage
area of said information recording card as time information, when the
present state is included in said wite conditions. 2. A
road-to-vehi cl e communi cati on systemfor transferring information by radio
comuni cations between each of apparatugggsinstalled on an road and the

vehi cl e-nount ed apparatus as defined in claim1, sai d each
on-road apparatus conpri sing, time means for counting a present
tinme; means for reading the data and tine information which have
been witten into the information recording card; means for

conparing the read tine information FMLQB thpz€resent time counted by said
ti me neans; and control neans f xecuting a toll receiving

ON-ROAD APPARATUS

( START )

DERIVE CORRECTION VALUE
FROM MEAN
VALUE OF TIME SHIFTS AT GATE

Fn=AV (tb) 690

STORE CORRECTION |
VALUE FOR EACH GATE [x

( END. )




process based on the read data when a tinme difference corresponding to the
result of conparison by said conpare neans falls within a predeterm ned
val ue. 3. A vehicl e-nmounted apparatus suitable for use in

road-t o-vehi cl e communi cati ons accordiﬂglgo claim1l1, further conprising
time information correcting nmeans for réading a present tine of said

of said clock nmeans so as to coiﬁcijg_wLLh_the pr esent trﬁe of said
on-road apparat us.
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ABSTRACT

VEHICLE-MOUNTED APPARATUS FOR ROAD-TO-VEHICLE COMMUNICATIONS
AND ROAD-TO-VEHICLE COMMUNICATION SYSTEM

A road-to-vehicle communication system capable
of avoiding an increase in the size of each of
vehicle-mounted apparatuses and easily confirming the
contents of data stored in each vehicle-mounted
apparatus on the on-road apparatus side when the
transfer of information therebetween by radio
communications is disabled. Except when‘
communications are made between the on-road apparétus
and the vehicle-mounted apparatus, it is judged
whether data about the communications between the on-
road apparatus and the vehicle-mounted apparatus
should be written into an IC card according to write
conditions. Wﬁen the present state of a vehicle
coincides with one of the write conditions, data
stored in the vehicle-mounted apparatus is written
into the IC card together with the present time on
the vehicle-mounted apparatus side. Thus, the data
stored in the vehicle-mounted apparatus can be
transferred to the on-road apparatus together with
time information indicative of the time at which the
data has been written into the IC card. Whether the
data stored in the IC card has been accurately
written from the vehicle-mounted apparatus can be
confirmed, oy
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