MOBI LE UNI T COMMUNI CATI ON CONTRCL METHOD BACKGROUND OF
THE I NVENTION Field of the Invention The present inventi offtio@pétes to
a nobile unit conmmruni cation control nethod, or nore in particul@®sto a
nobil e unit comruni cation control. nethod for exchanging @ information by
radi o wave communi cati on between a Veh|$ and a ground unit for
managi ng i nformati on on the vehicle. Description of the Related Art
Charges are collected at a fee-charging facility. A vehi cl e running on a
toll road, for exanple, is charged according to the vehicle type or
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uField of the Invention
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commfhggatlon control method, or more in particular to a

\ The present invention relates to a mobile unit

mobile dﬁqt communication control method for exchanging
1nformati6;:by radio wave communication between a vehicle
and a ground &ﬁit for managing information on the vehicle.
Description of the Related Art

Charges are coilected at a fee-charging facility. A
vehicle running on a toll road, for example, is charged
according to the vehicle type or distance covered on the
toll-road. As a method for automatically collecting the
charges at a fee-charging facility, a mobile unit
communication control method in which the charge is
collected at an inlet or an outlet gate of a toll road by

radio wave communication is well known. A system used for

the mobile unit communication contr?l method comprises a
communication unit (hereinafter referred to as "the ground
unit") as a qﬁestioner installed on the road side with an
antenna having a communication area set therefor, and
another communication unit (hereinafter referred to as "the

vehicle-mounted unit”) as a responder mounted on a vehicle—~

and having an antenna. In this system, the ground unit



collected at an inlet or an outlet gate of a toll road by radi o wave

communi cation is well known. A system used for the nobile unit

comuni cation control method conprises a comuni cation unit (hereinafter

referred to as "the ground unit") as a questioner installed on the road

side with an antenna havi ng a comrunrg.cati on area set therefor, and

anot her communi cation unit (hereinafter referred to as "the

vehi cl e-nounted unit") as a responder nounted on a vehicle and havi ng an
u
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information is exchanged between the vehicle-mounted unit
and the ground unit by one-to-one communication.

The above—menfioned communication area is set to a

predetermined size taking into consideration the location of
the antenna and the normal running speed of the vehicles. A
plurality of vehicles, however, may advance into the
communication area. In the information exchange based on
the one-to-one radio communication like the mobile unit
communication control method as described above, the radio
wave of the vehicle with which information is being
exchanged is interfered by the radio waves of other vehicles
advanced in the communication area, thereby making normal
information exchange impossible. Normal information
exchange with such other vehicles becomes also impossible as
it is interfered by the radio wave of the vehicle
participating in the system. As a ;esult, when a plurality
of vehicles advance into the communication area, normal
information exchange is impossible between any of the
vehicles in the particular communication area and the ground
unit.
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In order to solve this problem, JP-A-6-181449 discloses



The above-nenti oned comruni cation area is set to a predeterm ned size
taking into consideration the location of the antenna and the nor mal
runni ng speed of the vehicles. A plurality of vehicles, however, nmay
advance into the comunication area. In the information exchange based on
the one-to-one radi o communication likg the nobile unit conmunication
control nethod as descri bed above, the radio wave of the vehicle with
which information is being - exchanged is interfered by the radi o waves of
ot her vehicles advanced in the conmunication area, thereby naking norna
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of responders in a communication area by employing a time-
division multiplex connection scheme between a questioner
and a plurality of responders. According to this technique,
an inquiry from the questioner fixedly installed on the road
side to the responders is transmitted as data configured of
a plurality of time-divided channels per cycle. This data
is assigned one of a plurality of channels for storing
information the questioner is desirous of transmitting to
all the responders. Each of the other channels, on the
other hand, is assigned exclusively to each responder for
storing information to be transmitted to the particular
responder. The responder on the vehicle receives the data
from the questioner, selects a vacant channel from the
received data, and stores and returns the information unique
to the responder In the selected vaé;nt channel. In this
technique, each responder monitors the vacancy or occupancy
of the selected channel and the adaptability of the
information in the channel, thereby making possible one-to-

one communication with the questioner. Each questioner =—-

monitors the vacancy or occupancy of each of the sent-back



- 3- a technique for providing a nobile unit identification system
correspondi ng to an apparatus based on the nobile wunit comunication
control nmethod wherein no radio interference is caused even in the
presence of a plurality of responders in a comrunication area by enpl oying
a time- division multiplex connectiongscheme between a questioner and a
plurality of responders. According to thIS technique, an inquiry fromthe
guestioner fixedly installed on the road side to the responders is
transmtted as data co f| ure ura annels per

of of, I vi d
cycle. Thi seRARACLP s hds Pfed daftapiiles| aratley tBEOERRMAENS (Pothey or | ng
I nformation_{ he one si rous trans tt|n
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exclu3|veInggheggghrggggggggrforEven when a plurality of responders
exist in the communication area, therefore, information can
be exchanged without interference.

In the conventional mobile unit communication control
method, however, the inquiry is configured of a plurality of
chaﬁnels preset as data to be transmitted, and a plurality
of responders are handled equally. Therefore, the total
communication time of a plurality of channels, i.e., the
communication time twice as long as the number of channels
is always required for vehicles. As a result, a vehicle
having no sufficient time to pass through the communication
area, such as a vehicle passing an end of the communication
area or a vehicle having only a small part of the
communication area remaining to cover, may have to terminate
the communication entering the communication wait mode in
spite of the communication being required to continue
hetween the responder and the quest{oner. In this way, when
the vehicle passes through the communication area before
complete communication, accurate informatlion exchange is
impossible.

An example of a vehicle passing an end of the S

communication area is a vehicle running at high speed in an



storing information to be transmtted to the particular responder. The
responder on the vehicle receives the data fromthe questioner, selects a
vacant channel fromthe received data, and stores and returns the

i nformati on unique to the responder in the selected vacant channel. In
this technique, each responder nonitoss the vacancy or occupancy of the
sel ected channel and the adaptability of the information in the channel,

t her eby nmaki ng possi bl e one-to- one conmuni cation with the questioner.
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i nformationeGather reduced, often making impossible positive

information exchange.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
mobile unit communication control method in which
information can be positively exchanged between each of a
plurality of responders and a single questioner in a
communication area.

In order to achieve the above-mentioned object,
according to the present invention, there is provided a
mobile unit communication control method for exchanging
information by radio communication between a responder
installed on each of a plurality of moblle units moving on
the ground surface and a questioner installed on the ground
and having a communication area for radio communication with
the responder, comprising the steps’of causing each of the
responders to transmit status information representing the
status thereof in the communication area, and causing the
questioner to estimate the time each responder is expected
to pass the communication area on the basis of the status_ __.

information transmitted from the responder and determine a



be exchanged w thout interference. In the conventional nobile unit
comuni cation control nethod, however, the inquiry is configured of a
plurality of channels preset as data to be transmtted, and a plurality

of responders are handl ed equally. Therefore, the total comrunication tine
of a plurality of channels, i.e., theg.communication tine twice as |ong. as
the nunber of channels is always required for vehicles. As a result, a
vehicle having no sufficient tine to pass through the comruni cation area,
such as a vehicle passing an end of the comunicatio area or .a vehicle
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representing the status thereof in a communication area and
can transmit the status information thus determined. In
this case, the status information may be the advance time
information representing the time when the responder
advances into the communication area. Also, the distance
coverage information representing the distance covered after
the responder advances into the communication area may be
used as the status information.

According to a second aspect of the invention, each
responder returns at least the information received from the
questioner as it is. The questioner transmits the
communication time information representing the time of
communication from the particular questioner as the status
information, and the responder that has returned the oldest
communication time information as dgtermined on the basis of
the communication time information contained in the
information returned from each of the responders 1is
estimated as a responder expected to pass the communication

area at the earliest tiﬁe and determined as an object of =.-—

communication. In this case, the transmission number



I nterchange or along an internmediate route of a toll road. The tine
allpmed.for comruni cation with such a vehicle is further reduced, often
maki ng i nmpossi bl e positive information exchange.
SUMVARY OF THE | NVENTI ON The object of the present invention is to
provide a nobile unit communication gontrol method in which information
can be positively exchanged between each of a plurality of responders and
a single questioner in a comunication area. In order to achieve the
above- mentioned object, according to the present invention, there is
provi ded aupdafieide fori reashmbransatlissd osoftros thet o sttdionerc ¢4y ity

used as the communication time information. Also, the time

of transmission from the questioner may be used as the

communication time information.

In the first aspect of the invention, each responder
determines the status information representing the status
thereof in the communication area and transmits the status
information thus determined. The status information
referred to herein is defined as information corresponding
to the relative positions of a plurality of responders in
the communication area, the time the responder is expected
to pass the communication area and the order in which a
plurality of responders is expected to pass the
communication area. The status information may be the
édvance time information representing the time each
responder advances into the communication area. If each
responder transmits the advance time information, the
questioner can determine the chronological order of a

* .
plurality of responders and can thus specify the order of
the responders passing the communication area. Another
alternative status information may be coverage information
representing the distance covered by each responder after

having advanced into the communication area. If each O

responder transmits the coverage information, the questioner



I nformati on by radi o communi cati on between a responder installed on each
of a plurality of nobile units noving on the ground surface and a
questioner installed on the ground and having a communi cation area for
radi o comuni cation with the responder, conprising the steps of causing
each of the responders to transmt stgtus information representing the
status thereof in the comunication area, and causing the questioner to
estimate the tinme each responder is expected to pass the conmuni cation

area on the basis of the status information transmtted fromthe reiponder
and det er nicA& getermine the remaining distance eacn_@f thghg- er

esti mat ed bp pass the cqomruni cation area.,at the arli.est tinme as._an object
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communication area or the remaining distance to cover to
pass through the communication area can be determined for
each responder, the time each responder is expected to pass
the communication area can be estimated. The questioner,
therefore, eétimates the time each responder is expected to
pass the communication area on the basis of the status
information transmitted from the responder, and determines a
responder with the earliest estimated time as an object of
communication. As a result, a responder expected to pass
the communication area at the earliest time with which
communication is required in priority can be matched with
the questioner. By giving priority to the communication
with the responder expected to pass the communication area
at the earliest time, the communication can be established
more securely between the questioner and a responder having
only a small time remaining before gassing through the
communication area.

Each of a plurality of the responders can also
communicate with the other vehicles to detect the order of
the particular respondef with respect to the other et

responders and can use the order of the responders thus



representing the status thereof in a communication area and can transmt
the status information thus determned. In this case, the status
informati on may be the advance tine information representing the tine when
t he responder advances into the comunication area. Al so, the distance
coverage information representing the glistance covered after the responder
advances into the comuni cation area nay be wused as the status

i nformati on. According to a second aspect of the invention, each
responder returns at least the information received fromthe questioner as
it is. Thedgresmiowesr asr dienistatiuse Indommatiiont.i ofnciemthienfogdedt iadh
representing the time of communication fromthe particul ar questioner as
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questioner thus can estimate the order in which the
responders pass through the communication area on the basis
of the order thus determined, and can determine a responder
expected to pass the communication area at the earliest time
as an object of communication in top priority.

As still another alternative, the electric field
intensity around each of a plurality of responders is
detected, and when a predetermined electric field intensity
generated by the radio wave from the questioner is exceeded,
the advance into the communication area is detected. In
other words, even when the questioner is not communicating
with a responder, the responder can receive the radio wave
transmitted from the questioner. In this case, the electric
field intensity is higher in the communication area than
outside thereof. As a result, it i; possible to detect the
advance of a responder into the communication area when a
predetermined electric field intensity is exceeded by the
responder. Once the advance into a communication area of a
responder is detected in this way, 1t is easy to obtain the—-

advance time information representing the time a responder



communi cation. In this case, the transn ssion nunber

-7- updated for each transm ssion fromthe questioner can be used as the
comuni cation tine information. Also, the time of transm ssion fromthe
guestioner may be used as the comunication tine information. In the

first aspect of the invention, each reggonder determ nes the status _

I nformation representing the status thereof in the conmunication area and
transmts the status information thus determ ned. The status infornmation
referred to herein iipdefined as information corres ondin?8 to the relative
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responder after advancing into the communication area.

Further, the advance into a communication area by a
responder can be detected by reading the bar code
information optically recorded or the magnetic information
magnetically recorded by a device installed on the ground in
order to specify the communication area. In other words,
detection of the advance of a responder into the
communication area can be detected by the particular
responder reading the information optically or magnetically
as well as by the responder detecting the electric field
intensity. Also, a car tread or the like means for
detecting the vehicle arrival may be provided on the ground
so that the questioner notifies a responder of the advance
thereof into the communication area when the vehicle passes
the car tread. As a result, the responder may detect the
advance into the communication area according to the
notification. i

The advance of a responder into the communication area
is performed with the speed of the vehicle on which the
responder is mounted. Consequently, the time a responder is
expected to pass the communication area varies with the ._ ..

speed of the vehicle on which the responder is mounted.



communi cation area. The status information nmay be the advance tine
I nformation representing the tinme each responder advances into the
comuni cation area. |If each responder transmts the advance tine
i nformati on, the questioner can determ ne the chronol ogical order of a
plurality of responders and can thus apecify the order of the responders
passi ng the comruni cation area. Another alternative status information may
be coverage information representing the distance covered by each
responder after having advanced into the comunication area. If efcf
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responders égﬁﬁﬂﬁ¥%§€§%n area may be used as the status information.
Still another alternative status information may be the
running information including the speed and the distance
covered by the responder at which the responder has run
after advance into the communication area. In this fashion,
either the time at which the responder advances into the
communication area and the vehicle speed or the distance
coverage after advancing into the communication area and the
vehicle speed can be used to accurately estimate the time
the fesponder is expected to pass the communication area.
The vehicle speed change can be used instead of or in
addition to the vehicle speed. |

In the second aspect of the invention, the questioner

transmits the communication time information representing
the time of communication from the questioner as status
information. Each responder returns at least the received
information as it is, i.e., at leasé information containing
the communication time information sent from the questioner.
This communication time information may be the transmission
number updated for each transmission by the questioner.

Another communication time information that can be used is—-

the time of transmission from the questioner. Consequently,



conmmuni cation area or the remaining distance to cover to pass through the
communi cati.on area can be determned for each responder, the tinme each
responder is expected to pass the communication area can be estimted. The
guestioner, therefore, estimates the tinme each responder is expected to
pass the communi cation area on the bages of the status information
transmtted fromthe responder, and determ nes a responder with the
earliest estimated tine as an object of communication. As a result, a
responder expected to pass the communi catiqn area at the ear{ie;%}tine
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responder wilh J&sRfftcd @ dde M nformation indicating the temporal

order of the communication sent from the questioner. The
order of the communication time among the responders can
thus be determined from the communication time information.
The questioner checks the temporal order of the
communication indicated by the communication time
information contained in the information returned from each
responder, and can determine a responder that has returned
the oldest communication time information as an object of
communication. Thg responder that has returned the oldest
communication time information is the oné expected to pass
the communication area at the earliest time and requires
communication with in top priority. This responder thus is
matched with the questioner as the optimal object of
communication. ”

Other status information that can be used is the
distance coverage information representing the distance
covered by a responder after it advanced into the
communication area. If each responder transmits the Tt

distance coverage information, the questioner can determine



responders and can use the order of the responders thus

determ ned as the status information. Once the order of responders is
determ ned by conmuni cation anong a plurality of responders this way, the
vehi cl es shoul d pass the conmmunication area according to the particul ar
order. The questioner thus can estimage the order in which the responders
pass through the conmunication area on the basis of the order thus

determ ned, and can deternine a responder expected to pass the

comruni cat i Qaqiea at the earliest time as an og;ect of conmmuni cation in
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remaining distance is determined for each responder to pass
through the communication area in this way, a responder
expected to pass through the communication area at the
earliest time can be accurately determined.

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.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to
the accompanying drawings, wherein:

.Fig. 1 is a schematic diagram showing the concept of
basic signal transmission and receipt (communication) by
handshake conducted between a vehicfe-mounted unit and a
ground unit according to a first embodiment;

Fig. 2 is a block diagram showing an automatic charge
collection system to which the invention is applicable;

Fig. 3 1is a perspeétive view schematically showing am—

intermediate route of the automatic charge collection system



generated by the radio wave fromthe questioner is exceeded, the advance
into the conmmunication area is detected. In other words, even when the
guestioner is not communicating wth a responder, the responder can
receive the radio wave transmtted fromthe questioner. In this case, the
electric field intensity is higher ima4he comunication area than outside
thereof. As a result, it is possible to detect the advance of a responder
into the conmunication area when a predetermned electric field intensity
I s exceeded gy {he responder. Once the advance into a conmunication area
of a respo% 185 Hetected in this way, it is easy to obtain the advance

time infornatiOUF{§8r¥ngténglggﬁ é%%&rgmrgﬁgﬁfﬁﬁra vehicle-mounted
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representing, { e, diSE@NcE £8VEREUs PYstNEmbodiment ;

Fig. 5 is a block diagram showing an example of a
ground unit according to the first embodiment;

Fig. 8 is a flowchart showing the flow of a processing
routine for the ground unit according to the first
embodiment;

Figs. 7A and 7B are a flowchart showing the flow of a
processing routine for the vehicle-mounted unit according to
the first embodiment;

Fig. 8 1s a block diagram showing a vehicle-mounted
unit according to a second embodiment;

Fig. 9 is a schematic diagram showing the concept of
basic signal transmission and receipt (communication)} by
handshake conducted between a vehicle-mounted unit and a
ground unit according to the second embodiment;

Fig. 10 is a flowchart showing the flow of a processing
routine for the ground unit accordiﬁg to the second
embodiment;

Figs. 11A and 11B are a flowchart showing the flow of a
processing routine for the vehicle-mounted unit according to
the second embodiment; S

Fig. 12 is a block diagram showing a vehicle-mounted
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whi ch the responder is nounted. Consequently, the tinme a
iground unit according to the third embodiment;

Fig. 14 is a flowchart showing the flow of a processing
routine for the ground unit according to the third
embodiment;

Figs. 15A and 15B are a flowchart showing the flow of a
processing routine for the vehicle-mounted unit according to
the third embodiment;

Fig. 16 is a block diagram showing a vehicle-mounted
unit according to a fourth embodiment;

Fig. 17 is a schematic diagram showing the concept of
basic signal transmission and receipt (communication) by
handshake conducted between a vehicle-mounted unit and a
ground unit according to the fourth embodiment;

.Fig. 18 is a flowchart showing the flow of a processing
routine for the ground unit accordiﬁg to the fourth

embodiment;
Figs. 19A and 19B are a flowchart showing the flow of a

processing routine for the vehicle-mounted unit according to

the fourth embodiment; e

Fig. 20 is a block diagram showing an example of a



expected to pass the conmunication area varies with the speed of the
vehi cl e on which the responder is nounted. Therefore, the
advance information representing the vehicle speed and the tinme at which
t he responder advanced into the conmrunication area nay be used as the
status information. Still another al#i®native status information may be
the running information including the speed and the di stance covered by

t he responder at mhich the responder has run after advance into the
the tinme at which the

fggggghgftéﬁe i #?o ?ﬂ% aShlOnl%éfi%ﬁbéﬁ@ﬁ?@ﬁﬂF?%e vehi cl e speed or
vehi cl o speed coan Zg‘éﬁlsi#?% SHEREHE A iR B e B haer
expected tq, PSS §f§hé¥”@?§ﬂ§ﬁ§é§¥bﬁ”éﬁh receipt (communication) by
handshake conducted between a vehicle-mounted unit and a
ground unit according to the fifth embodiment;

Fig. 22 is a flowchart showing the flow of processing
routine for the ground unit according to the fifth
embodiment;

Figs. 23A and 23B are a flowchart showing the flow of a
processing routine for the vehicle-mounted unit according to
the fifth embodiment;

Fig. 24 is a block diagram showing an example of a
ground unit according to a sixth embodiment;

Fig. 25 is a schematic diagram showing the concept of
basic signal transmission and receipt (communication) by
handshake conducted between a vehicle-moiuinted unit and a
ground unit according to the sixth embodiment:

Fig. 26 1s a flowchart showing the flow of a processing
routine for the ground unit accordiﬁg to the sixth
embodiment; and

Figs. 27A and 27B are a flowchart showing the flow of a
processing routine for the vehicle-mounted unit according to

the sixth embodiment. : R



The vehicl e speed change can be used instead of or in addition to the
vehi cl e speed. In the second aspect of the invention, the questioner
transmts the communication tine information representing the tinme of
comuni cation fromthe questioner as status information. Each responder
returns at |east the received informea-on as it is, i.e., at |east

i nformati on containing the communication time information sent fromthe
guestioner. This comuni cation tine information may be the transm ssion
nunber updated for each transm ssi uesti oner Anot her

communi cation tine |nP€§ﬁBFP3ﬁ°NhQF @gé B@EEEBHEPSEM?HBIMFN@SOf

transm ssion fromt heBgHeSt I oner,. Conse
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described in detail below with reference to the accompanying
drawings. According to this embodiment, the present
invention is applied to an automatic charge collection
system comprising a plurality of vehicle-mounted units as
responders and a ground unit as a questioner installed on
the ground at the inlet gate and the outlet gate of a toll
road or the like, wherein the traffic section (route)
covered by a vehicle and the vehicle type are discriminated
by radio communication between the vehicle-mounted unit and
the ground unit thereby .to automatically collect the traffic
charge without stopping the vehicle at the inlet gate or the
outlet gate, as the case may be.

The first embodiment uses the time at which each
vehicle begins transmission (the current time at which the
vehicle-mounted unit begins to receive radio wave from the
ground unit) in order for the ground unit to select the
optimal vehicle-mounted unit in the’process of radio
communication with a plurality of vehicle-mounted units.

As shown in Fig. 2, a vehicle-mounted unit 30 on a
vehicle 90 includes an IC card read/write unit 60 in which

an IC card storing outsﬁanding charge information and the. ..

like is removably mountable (Fig. 4). This vehicle-mounted



| east the comunication tinme information sent fromthe questioner. As a
result, each conmmunication tinme information returned froma plurality of
responders contains the comrunication time information indicating the
tenporal order of the comunication sent fromthe questioner. The order

of the communi cation tinme anong the regponders can thus be determ ned from
the communi cation tine information. The questioner checks the tenporal
order of the conmunication indicated by the conmunication tine

i nformation contained in the information returned fromeach responder, and
can deterniWalh $@shepledeshatmemeryceireaelit for steaeinechikedi dataon tinme

I nformation,as_an, object_of comunjcation. The responder that has_ returned

t he oIQest_l%%%ﬂﬁﬁ?%a??oﬁct?ﬂééiﬁ?ﬁ?nﬁ?iBﬁei§1¥ﬁ23%n%u%§ﬁéc?ga Yﬁhﬁﬁés t he
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read/write unit 60, and writes the outstanding charge
information in the IC card 62.

The grognd equipment, on the other hand, includes a
ground unit instélled at an inlet gaté 100, an intermediate
route 200 immediately before or after an interchange, a
service area and an outlet gate 300 of a toll road, as
described later, for exchanging various information with the
vehicle-mounted units 30.

The inlet gate 100 is equipped with a ground unit
including an inlet antenna 117 having a flat antenna and an
inlet antenna control unit 132 cbnnected to the inlet
antenna 117. This inlet antenna control unit 132 is
operated to transmit the toll road inlet gate information to
the vehicle-mounted unit 30 on the vehicle through the inlet
antenna 117 and also to receive sigﬁals from the vehicle-
mounted unit 30. The inlet gate 100 is equipped with a pass
dispenser 1283 for issuing a pass to vehicles unable to use
the automatic charge collection system and required to hand

over the traffic chargeias in the prior art. Tt

The intermediate route 200 is equipped with a ground



covered by a responder after it advanced into the comunication area. |If
each responder transmts the distance coverage information, the questioner
can determ ne -13- t he di stance
remaining to be covered until the particular responder passes through the
comuni cation area. Once the renuainingadi stance is determ ned for each
responder to pass through the comunication area in this way, a responder
expected to pass through t he conmuni cation area at the earliest time can

be accurat el detern1 The ahove.and ot her ects, fegtures and
advant ages H&h QﬁtaPn@Qﬁﬁﬂ&?\ﬁ%I hﬁ@ﬂ&ﬁéaaﬁﬁéggﬁPtﬁ %

fol |l ow ng descrlptlo and t ende .cl.ai ms,. taken_ in unct i

t he acconpaﬁfaﬁﬁ g§° éfrer &4 eﬁba&“ﬁ@m‘%a #Weaﬁ’reeélé]ﬁt

I nvention ar%n%@%@"u%ﬁt 232 connected to the route grasping antenna
217. The route grasping antenna control unit 232 transmits
to the vehicle-mounted unit 30 route traversal information
{the position of the routine grasping antenna control unit
and the like) or the like indicating through the route
grasping antenna 217 the route selected by the vehicle from
an interchange and the route followed by the vehicle along
the toll road.

The outlet gate 300 has arranged therein two types of
antenna including a prediction antenna 317 having a flat
antenna and a toll gate antenna 341 in order to assure an
improved information exchange by radio. The prediction
antenna 317 is connected with a prediction antenna control
unit 331, and the toll gate antenna 341 is connected with a
toll gate antenna control unit 332. The prediction antenna
control unit 331 and the toll gate antenna control unit 332
are connected to a local controller‘380. The prediction
antenna 317, the toll gate antenna 341, the prediction
antenna control unit 331 and the toll gate antenna control
unit 332 operate as a ground unit according to the
invention. Thé prediction antenna 317 and the prediction. ..

antenna control unit 831, however, may be omitted.



way of illustrative exanple. BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention will now be described with reference to the
acconpanyi ng draw ngs, wherein: Fig. 1 is a schematic di agram show ng
t he concept of basic signal transm ssion and recei pt (comruni cation) by
handshake conducted between a vehicl esgounted unit and a ground unit
according to a first enbodi nent; Fig. 2 is a block diagram show ng an
automatic charge «collection systemto which the invention is applicable;
Fig. 3is a perapectlve vi ew schematically showing an internediate route

of the autonati dRh&Ue Colgadd i syt dilie other hand, is equipped
-14- of Fi
1 wiéﬁ a vehlcle type detection system 360 for discriminating

the vehicle type by image processing or the like, an unfair
vehicle imaging system 350 connected to a camera 352 for
taking a photo of an unfair vehicle trying to pass without
paying the charge, and a charge hand-over system 321 for
.vehicles from which the charge cannot be collected
automatically. These systems are controlled collectively by
tﬁe local controller 380 thereby to process any cases of
outstanding charges and to automatically collect the traffic
charge according to the vehicle type and the traffic section
(route) run by the vehicle.

An example of the general configuration of the
intermediate route will be explained in more detail.

As shown in Fig. 3, the intermediate route immediately
before an interchange of a toll road is formed of two
adjacent lanes 202, 204 on the two sides of a white center
line 206 between land lots 208 and 214. An arch 216 is hung
over the lanes 202, 204 from the 1o€ 208 to the lot 214.
Route grasping antennas 218, 220, 222 are mounted on the
arch 216. The route grasping antenna 218 located over lane
202 is for exchanging information mainly with vehicles
running on lane 202, and the route grasping antemna 222 . __.

located over lane 204 exchanges information mainly with the



Fig. 4 is a block diagramshow ng a vehicle-mounted unit according to the

first enbodi nent; Fig. 5 is a block diagram show ng an exanple of a
ground unit according to the first enbodi nent; Fig. 6 is a flowhart
showi ng the flow of a processing routine for the ground unit according to
the first enbodinent; Figs. 7A2end 7B are a flowchart show ng the
flow of a processing routine for the vehicle-nounted unit according to
the first enbodi nment; Fig. 8 is a block diagram show ng a

vehi cl e-nounted unit according to a second enbodi nent; s a

schenat i c dieddrdAsSs HOWIHG & 1/ A0 %of Abé'ﬁucteslgg}'rﬁaﬁpjﬁgar?é’rﬁeég}aor?%d
recei pt (communi cation) by handshake condué%ﬁg:betwee a vehi cl.e- nount ed
unit and afQﬁwﬁﬁﬁ¥4Bﬁ%n§uﬁﬁﬁquﬁf%Q?t g mainly @ver 1
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boundary of lanes 202, 204 between the route grasping
antennas 218, 222.

The route grasping antenna 218 has a communication area
242 in which information exchange by radio wave 1s possible
with running vehicles. In similar fashion, the route
grasping antenna 220 has a communication area 244, and the
route grasping antenna 222 a communication area 246. These
adjoining communication areas 242, 244 are partially
overlapped, and so are the communication areas 244, 246.

A route control center 230 having a route grasping
antenna control unit 232 is arranged in the lot 214. The
route grasping antenna control unit 232 is connected to the
route grasping antennas 218, 220, 222.

Now, the configuration of the vehicle-mounted unit 30
mounted on a vehicle will be explained. As shown in Fig. 4,
the vehicle-mounted unit 30 includeg a receiving antenna 32
for receiving signals, transmitted from the ground unit
described later. The receiving antenna 32 is connected to a
detector circuit 34 for detecting the modulated wave
received by the receiviﬂg antenna 32 and producing a data- -

signal. The detector circuit 34 is connected to a signal



Figs. 11A and 11B are a flowchart showing the flow of a processing routine
for the vehicle-nounted unit according to the second enbodi nent;

Fig. 12 is a block diagram show ng a vehi cl e- nount ed

-15- unit according to a third enbodi nent;. Fig. 13 is a schematic
di agram showi ng, the concept of basic-2gignal transm ssion and receipt
(comuni cation) by handshake conducted between a vehicl e-nounted unit and
a ground unit according to the third enbodi nent; Fig. 14 is a

fl omchart showi ng the flow of a processing raqutine for the ground unit

accor di ng #8 AEHHE F1TGHiddi4ferdpeluding” g gd crosRupt efs LAMER 4 onchar t
228313?n5h§%;ééngf§héi Hggg¥$¥%gn%iQ%%E%n%4ﬁor t he vehi cl e-nounted unit
The signal processing circuit 46 is connected to a
memory circuit 48 for storing data such as ID code and
vehicle type information and a transmission circuit 50 for
transmitting a data signal containing the ID code as a
response signal. The transmission circuit 50 modulates an
inquiry signal constituting an unmodulated carrier wave
received by the transmit-receive antenna 52 with the data
signal from the signal processing circuit 46 and returns the
resulting signal through the transmit-receive antenna 52.
The signal processing circuilt 46 is connected to a
display 54 composed of an LCD or a CRT for displaying a
reach and a ten-key board 56 for inputting signals such as a
selection signal to the signal processing circuit 46. The
signal processing circult 46 is connected to an IC
reéd/write unit 60 in which an IC card 62 is removably
mountable. Further, the signal processing circuit 46 is
connected with a timer 42 which funé%ions as a built-in
clock for indicating the current time. Alternative to the
timer 42, the current time may be measured by a clock in the
microcomputer making up the signal processing circuit 46.

The vehicle—mountedgunit is always supplied with power—:

from a vehicle-mounted battery for ignition.



the third enbodi nent; Fig. 16 is a block diagram show ng a

vehi cl e-nounted unit according to a fourth enbodi nent; Fig. 17 is a
schemati ¢ di agram showi ng the concept of basic signal transm ssion and
recei pt (conmmuni cation) by handshake conducted between a vehi cl e- nount ed

unit and a ground unit according to t&® fourth enbodi nent; Fig. 18
Is a flomchart showing the flow of a processing routine for the ground
unit according to the fourth enbodi nent; Figs. 19A and 19B are a

fl owchart shomﬁng the flow of a processing routine for {he vehicle-nounted
uni t according tBO%t hERPOEFPHNENBBYEnERT ; communipgﬁingOW}gha Bfock di agram

show ng an séﬁggie-mounted unit 30 will be explained with ref%?ence to
the one installed in the Intermediate route 200. For
facilitating the understanding, explanation will be made by
reference to the route grasping antenna 218 and the route
grasping antenna control unit 232 responsible for radio wave
exchange with vehicles running on lane 202.

As shown in Fig. 5, the ground unit for wvehicles
running on lane 202 includes the route grasping antenna 218
and the route grasping antenna control unit 232. The route
grasping antenna 218 in turn includes a transmit antenna 22
and a transmit-receive antenna 26. The route grasping
antenna control unit 232 includes a signal processing
circuit 12 having a microcomputer. The signal processing
circuit 12 is connected to a transmission circuit 14 for
transmitting a data signal (communication request signal)
having an instruction. The transmission circuit 14 is
connected to the transmission antenna 22 through a mixer 18.
The mixer 18 is connected to a carrfer generator 20 for
generating a carrier of a predetermined frequency. The
mixer 18 mixes the signal input from the transmission
circuit 14 with the carrier input from the carrier generator

20, and modulates the carrier input from the carrier e

generator 20 with the signal input from the transmission



ground unit according to a fifth enbodi nent; Fig. 21 is a schematic
di agram showi ng the concept of basic signal transm ssion and recei pt
(communi cation) by handshake conducted between a vehicl e-nounted unit and

a ground unit according to the fifth enbodi nent; Fig. 22 is a
flomchart showi ng the flow of processkfhg routine for the ground unit .
according to the fifth enbodi nent; Figs. 23A and 23B are a flowchart

showi ng the flow of a processing routine for t he vehi cl e-nounted unit
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Fig. 25 is qgggﬁ;| | the concept of basic signal

transn155|on “an recelﬁﬁ'?gonnunlcatlon) by handshake conduct ed between a

vehi cl e- nount ed aar’}qh dtACY NG IR ddie Sivd i enbodi ment ;
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Fig. 26 is a flow w of a processing routine for the
ground Uni%ﬁ%ﬂgﬁﬂﬂiﬂbéélﬁé“tfﬁdﬂﬂt 2 FRIriedithg the data signal
from the signal modulated and returned from the vehicle-
mounted unit 30 shown in Fig. 4 and received by the
transmit-receive antenna 26. The transmit-receive circuit
24 is connected to the signal processing circuit 12.

The configuration of other antennas in the intermediate
route 200 is similar to that described above and will not be
described. The configuration of the antennas and the
antenna control units for the inlet gate 100 and the outlet
gate 300 are also similar to those described above and will
not be described.

Now, a processing routine according to this embodiment
will be explained. First, the basic signal transmission and
receipt (communication) conducted by handshake between the
vehicle-mounted unit and the ground unit according to the
embodiment will be explained briefl§ with reference to Figs.
1, 6, 7A and 7B as an example of intermediate route.

First, the ground unit installed in the intermediate
route, as shown in Fig. 8, transmits an inguiry signal

consisting of a continuous wave in step 400 until a response.

signal is received from the vehicle-mounted unit



Figs. 27A and 27B are a flowhart showing the flow of a processing routine
for the vehicle-nounted unit according to the sixth enbodi nent.

-17- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An

enbodi ment of the present invention will be described in detail below wth
reference to the acconpanying draw n@s- According to this enbodinment, the
present invention is applied to an automatic charge collection system
conprising a plurality of vehicle-nounted units as responders and a ground
unit as a questioner installed on the ground at the inlet, gate and the
outl et gat el HrELIRANAInEG e rommpniGadel omrerfath FHRSRF it STt i on
(route) covered by a vehicle and the vehicle type are discrimnated by
radi o connﬁﬁ%éﬁ?ﬁ%fi ket Hd &e‘rﬁ'clle)-munt ed unit and

The vehicle-mounted unit decides whether an inquiry
signal was received in step 500 as shown in Fig. 7A, and
upon decision that an inquiry signal was received, step 502
gives an acknowledgment 1 as ID information for permitting
mutual recognition between the vehicle-mounted unit and the
ground unit and conducting the handshake operation. At the
same time, a response signal 1 with the starting time of the
vehicle-mounted unit stored in the memory circuit 48 is
generated and transmitted in step 504.

In the case where the answer at step 500 is negative
and no inquiry signal is received, the process proceeds to
step 520. Even ip the case where the decision in step 500
is negative and no inquiry signal is received, other
communications may be going on from the ground unit. Step
520 therefore decides whether the communication is received
normally or not, and if not normal, returns to step 500. 1In
the case where the communication is*received normally, on
the other hand, the decision is that no inquiry signal is
received but other communication is involved. The process
then proceeds to step 522 for deciding whether the starting
time described later is set in the memory circuit 48 or not..

In the case where the starting time is set in the memory



the ground unit thereby to automatically collect the traffic charge

W t hout stopping the vehicle at the inlet gate or the outlet gate, as the
case nay be. The first enbodi ment uses the tine at which each

vehi cl e begins transm ssion (the current tine at which the vehicle-nounted
unit begins to receive radio wave fro@ethe ground unit) in order for the
ground unit to select the optinmal vehicle-nounted unit in the process of
radi o connunication with a plurality of vehicle-nounted units. As
shown in Fi a vehicle-mounted unit 30 on a_vehicle 90 includes an IC

card read/ W I'tcé-litfnl“t8 '66-"1 rir’ﬂ%(@*esar?:haé Earehskdig r?d—rcﬁi’t &FdisiF cifr ge

i nformatio and t he e i s renovah n | e . This

vehi cl e- modit%e ommunlca lon @rea-3g 4%@ % tgler%r% EYER 2% or storing
fixed dataaffirmative answer, and the process returns to step 500. In
the case where the starting time is not set in the memory
circuit 48, on the other hand, the process proceeds to step
524, where the current time is read from the timer 42 and
set as the starting time in the memory circuit 48. Then the
process returns to step 500. In this way, the first
receiving time of the vehicle-mounted unit in the
communication area of the ground unit is stored in the
memory circuit 48. The processing of the vehicle-mounted
unit up to this stage corresponds to the communication 2 for
transmitting the processed data Tgl in Fig. 1.

Instead of the decision on the vehicle existence in the
communication area described above, a decision may be made
as to whether the vehicles are running in a certain sequence
by the communication between the vehicle-mounted units of
vehicles. The sequence, if any, is stored in the memory
circuit 48. ”

The decision of step 520 may be changed to make
decision as to whether a vehicle-mounted unit is in the
communication area or not. The decision made by a vehicle-

mounted unit on the exiétence_of the vehicle-mounted unit-=-in-

the communication area can be made by a prediction antenna



I ncluding an | C code such as the |icense nunber and vehicle type
I nformation, refers to the outstanding charge information on the IC card
62 nounted in the ICcard read/wite unit 60, and wites the outstanding
charge information in the IC card 62. The ground equi prent, on the
ot her hand, includes a ground unit i+#Jtalled at an inlet gate 100, an
internmediate route 200 i medi ately before or after an interchange, a
service area and an outlet gate 300 of a toll road, as described |ater,
varlous informatjon with the .vehicle nted units 30.
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100 is equi pped with a pass

the prediction antenna or the magnetic information or bar
code information read and detected.

Further, the vehicle-mounted unit may receive an
inquiry signal first from the ground unit. Therefore, steps
520 to 524 may be added between steps 500 and 502 so that
the current time of the vehicle-mounted unit is stored as a
starting time in the memory circuit when an inquiry signal
is received first by the vehicle-mounted unit as a signal
from the ground unit.

When step 402 of Fig. 8 decides that a response signal
1 is received from the vehicle-mounted unit, the process
proceeds to step 420 where the ground unit decides whether a
response signal is received from a plurality of vehicle-
mounted units or not. In the case where the answer in step
420 is negative, the existence of oﬁly the particular
vehicle in the communication area is indicated, and
therefore the next step 404 generates a response signal
including the response to the acknowledgment 1 transmitted
from the vehicle-mounted unit, the acknowledgment of the = ...

ground unit for handshake operation, and the acknowledgment



di spenser 123 for issuing a pass to vehicles unable to use the automatic
charge collection systemand required to hand over the traffic charge as
in the prior art.. The internediate route 200 is equi pped with a ground
-19- unit including an antenna 217 having a flat antenna for grasping
the route of a vehicle and a route gr&s8pi ng antenna control unit 232
connected to the route grasping antenna 217. The route graspi ng antenna
control unit 232 transnmits to the vehicle- nDunted unit 30 route traversa

information (th Sit of the routi antenna ontrol wunit
and the |ilke )1th?¢h§lq {h?uﬁQﬁﬁWQﬁ]q qﬁﬂgﬁﬁf P ng ant enna
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is transmitted in step 406 (corresponding to the
communication 3 for transmitting the processed data In2 in
Fig. 1).

When the ground unit receives a response signal from a
plurality of vehicle-mounted units, step 420 makes an
affirmative decision, and then step 422 selects the vehicle-
mounted unit with the earliest starting time among the
vehicle-mounted units from which a plurality of response
signals have been received as an object of communication.

In the case where there are a plurality of vehicle-mounted
units having the same stating time, a vehicle-mounted unit
is selected according to a predetermined order of priority
or by a random number generated for this purpose. Even when
a plurality of vehicle-mounted units are present in a
communication area and the ground unit receives a response
signal from a plurality of vehicle-mounted units, therefore,
the ground unit, which has received’the current time of the
vehicle-mounted units corresponding to the communication
start time of each vehicle-mounted unit as the starting time
thereof, can select a vehicle-mounted unit with the earliest
starting time expected to pass the communication area at the.

earliest time.



The outl et gate 300 has arranged therein two types of antenna including a
predi ction antenna 317 having a flat antenna and a toll gate antenna 341
in order to assure an inproved information exchange by radi o. The

predi ction antenna 317 is connected with a prediction antenna control

unit 331, and the toll gate antenna 328 is connected with a toll gate .
antenna control unit 332. The prediction antenna control unit 331 and the
toll gate antenna control unit 332 are connected to a local controller

nanna ot o 0 v MRl S S 3 s
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om tted. response signal is received, de01dé%90n a negative answer.
The process then proceeds to step 507. Step 507 decides
whether a predetermined time has passed or not, and if the
predetermined time is not passed, the process returns to
step 506. In the case where a predetermined time has passed
without receiving a response signal, on the other hand, step
507 decides on an affirmative answer, followed by step 508
for deciding whether a predetermined number (three times
according to the embodiment) of the response signal
transmissions is to be repeated (retried) or not. If the
number of retrials is less than a predetermined number, the
answer in step 509 is affirmative and the process returns to
step 504. In the case where no response signal is not
received even after a predetermined number of retrials, by
contrast, step 509 decides on a negative answer and the
process returns to step 500. The process described above is
then reexecuted from the first stepf

In the case where a response signal is recelved and the

decision at step 506 is affirmative, the next step 530
decides whether the received response signal is for

communication to the own vehicle-mounted unit. If the I

answer is negative as it is not destined to the own vehicle-



The outl et gate 300, on the other hand, is equipped wth a vehicle type
detection system 360 for discrimnating the vehicle type by imge
processing or the like, an unfair vehicle inmaging system 350 connected to
a canera 352 for taking a photo of an unfair vehicle trying to pass

wi t hout paying the charge, and a charge. hand-over system 321 for vehicles
fromwhich the charge cannot be collected autonatically. These systens are
controlled collectively by the local controller 380 thereby to process any
cases of outstag%bn har es and to autonatlcall col | ect hpe raffic
charge accofi PSS IFdARS ttroa tep 280 o %% un
by the vehic n exanpl of. th ener fiqur.ati of, t
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center i n%t%%ﬂ?&t Vﬁ% AN HeO 2 RS %'1%%% 4%” ahdh tk6 p'r%c'%lé%g 1sover
the | anes 202, 204 fromthe lot 208 to the

passed to step 508. Step 508 dec1des whether the
acknowledgment 1 included in the response signal coincides
with the acknowledgment 1 transmitted. If the
acknowledgment 1 fails to coincide and the answer is
negative, tﬁen the process proceeds to step 509, where the
above-mentioned process is executed for repeating a
predetermined number of retrials. In the case where the
acknowledgment 1 coincides and the decision at step 508 is
affirmative, on the other hand, the response to the
transmission of the acknowledgment 1 is indicated, so that a
response signal 2 to the acknowledgment 2 transmitted from
the ground unit is generated in step 510 and transmitted at
step 512 (corresponding to the communication 4 for
transmitting the processed data Tg2 in Fig. 1).

The ground unit repeatedly exeéutes step 408 of Fig. ©6
until a response signal is received. When a response signal
is received and step 408 decides on an affirmative answer,
then the process proceeds to step 410. Step 410 decides
whether the acknowledgmént 2 included in the response signal

coincides with the transmitted acknowledgment 2. If the



Rout e graspi ng antennas 218, 220, 222 are nounted on the arch 216. The
route grasping antenna 218 | ocated over lane 202 is for exchanging
information mainly with vehicles running on |ane 202, and the route
graspi ng antenna 222 |ocated over |ane 204 exchanges information mainly
with the -31. -21- vehi cl es running on

| ane 204. A route grasping antenna 220 for exchanging information with
vehicles is hung mainly over the |anes 202, 204 above the center |ine 206
defining the boundary of |anes 202, 204 bet ween the route graspi ng

ant ennas 218nsygy 1is negatgdernoihe Qra§95ﬁgi§nPéﬁﬁ3d2IB ﬁﬁﬁpa48§nnuﬁpcat|on

area 242 in which information exchange by radi o wave i s possible ]
runni ng vehFEFe§aSin§PﬁFI§Pef§§Hp8ﬁle@§@epéu?ecogpﬁéEFﬁga&ﬁtéﬁﬁg ﬁé@ has a

ni i on, ar 24 n
conmuni cati o k%segn %fl%mgtave decision, on the other hand, the

received signal is a response to the transmission of the
acknowledgment 2 and it is decided that the vehicle-mounted
unit and the ground have mutually recognized. Deciding that
a handshake is established at this time, step 412 generates
a request signal for requesting the data transmission from
the vehicle-mounted unit, followed by step 414 for
transmitting the data (corresponding to the communications
5, 7 for transmitting the processed data In3, 4 in Fig. 1).
The signal receipt in step 408 may be such that as executed
for the vehicle-mounted unit, the process may be rgturned to
step 400 depending on whether the retrials are performed a
predetermined number of times (three, for example) after the
lapse of a predetermined time. In such a case, even when
the decision at step 410 is negative, the above-mentioned
process is desirably executed for repeating a predetermined
number of retrials. By doing so, tﬂe ground unit is
prevented from continuing the process while waiting for a
signal.

When the above-mentioned request signal is generated,
it may contain the information on the ground unit according--

to the position of the inlet gate, the intermediate route



route grasping antenna 222 a conmmuni cation area 246. These adjoining
communi cation areas 242, 244 are partially overlapped, and so are the
comuni cati on areas 244, 246. A route control center 230 having a
route grasping antenna control unit 232 is arranged in the lot 214. The
route grasping antenna control unit 2324 s connected to the route grasping
antennas 218, 220, 222. Now, the configuration of the vehicle-nounted
unit 30 nounted on a vehicle will be explained. As shown in Fig. 4, the
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signal . The,fet@ed Of i fd F GHbdr 3MmbStiEONdLes Ehd@r &, Shii\dtes). The
information for the intermediate route includes the lane
number, the route number and the time. Also, the
information for the outlet gate includes the lane number,
the toll gate number and the time (year, month, data, hours
and minutes).

When the vehicle-mounted unit receives a signal from
the ground unit, step 514 in Fig. 7B makes an affirmative
decision, and step 516 transmits the data corresponding to
the request signal received (corresponding to the
communication 6, 8 for transmitting the processed data Tg3,
Tg4). Upon complete tramnsmission of the daté, the handshake
is cancelled thereby to terminate the routine of Figs. 7A
and 7B. Step 514 decides whether the signal is received or
not, and upon an affirmative decision, the next step 516
transmits data. In the absence of signal receipt, however,
the decision is negative, and the p;ocess proceeds to step
515. Step 515 decides whether a predetermined time has
passed or not, and if the predetermined time is not passed,
the process returns to step 514. If the predetermined time
has passed in the absence of signal receipt, on the other. _.

hand, step 515 decides on an affirmative answer, followed by



-22- processing circuit 46 including a mcroconputer through a data
signal receiving circuit 44. The signal processing circuit 46 is
connected to a nenory circuit 48 for storing data such as |ID code and
vehicle type information and a transmission circuit 50 for transmtting a
data signal containing the ID code as-gs- response signal. The transm ssion
circuit 50 nodulates an inquiry signal constituting an unnodul ated carrier
wave received by the transmit-receive antenna 52 with the data signal

fromthe signal processi circuit 46 and . returns the resulting signal

t hr ough thé%erpanagﬂpt -erec‘gelgli/’edfé}ﬁ é?ﬂ%tq‘?i the tr&ﬂ?@’fsﬁ}r% Fr IS si ng f
circuit 46 js.C ected t.0 di.s V. 54 conpo %%bo andf or, a or

di Ispl ?_yi ng ljaesproea{ 'fh S%Zr”?% t%rkeevmc r&%ge{r{%ﬁ N ggfqr%l;%%%ﬂgﬁj uch as a
sel ection sj,ghad §§§| .

pr ocessi ng%m rcuri toq‘46 |(?nsésécgnnercetq:'{ag1 0 adrllig\g‘(::tror (Lagéltf/wrlbtoe Unit )6'0 iIr{1 V\mech an

Ig:s:ard 62 das o WHALRD Ithe TRIMFAD I N 119 ¥R arP19GeSSi Ng circuit
s predetermined number, the decision is affirmative and the
Process returns to step 512. In the case where no signal is
received after the predetermined number of retrials, by
contrast, step 517 decides on a negative answer, and the
process returns to step 500 to resume the execution from the
beginning. In other words, the handshake is cancelled in
the case where the signal is not received after a
predetermined number of retrials.

The data transmitted from the vehicle-mounted unit is
the vehicle information including the license number, the
vehicle type and the number of axles for the inlet gate, or
the license number and the inlet number for preventing an
unfair conduct for the intermediate route, or the vehicle
information including the license number, the vehicle type
and the number of axles, the accoung outstanding on the cash
card or the prepaid card and the inlet number used for
calculating the charge for the outlet gate.

The ground unit executes step 416 of Fig. 6 repeatedly

until the data 1is received (corresponding to the processed__-

data In5 in Fig. 1), and upon receipt of the data, the



connected with a tinmer 42 which functions as a built-in clock for
indicating the current tinme. Alternative to the tinmer 42, the current tine
may be neasured by a clock in the mcroconputer making up the signal
processing circuit 46. The vehicle-mounted unit is always supplied

wi th power froma vehicle-nmounted bat34ery for ignition.

-23- Now, the ground unit for conmunicating with the

vehi cl e-nounted unit 30 will be explained with reference to the one
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in Fig. 5 ¢henshoeeddupténmlOfie VM LéES-mounted unit in spite of the
transmission of a request signal. As executed for the
vehicle-mounted unit, therefore, the process may return to
step 400 depending on whether a predetermined number of
retrials are carried out after the lapse of a predetermined
length of time.

As described above, aécording to this embodiment, even
when a plurality of vehicle-mounted units exist in the
communication area of the ground unit and a response signal
is received from a plurality of vehicle-mounted units by the
ground unit, the vehicle-mounted unit transmitting the
earliest starting time it reaches the communication area 1is
set as an object of communication. It is therefore possible
to establish a communication with a vehicle-mounted unit
expected to pass the communication area at the earliest
time. As a consequence, the communication by the ground
unit with a vehicle-mounted unit (véhicle) having a small
margin of time before passing the communication area is
established quickly, thereby assuring an improved
communication between the vehicle-mounted unit and the
ground unit. ‘ -

Also, if the timer for producing the starting time is



running on lane 202 includes the route grasping antenna 218 and the route
graspi ng antenna control unit 232. The route grasping antenna 218 in turn
includes a transmt antenna 22 and a transmt-receive antenna 26. The
route grasping antenna control unit 232 includes a signal processing
circuit 12 having a mcroconputer. The&5signal processing circuit 12 is
connected to a transmssion circuit 14 for transmtting a data signal
(conmmuni cation request signal) having an instruction. The transni ssion
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20 with the signal’ input fromt ransm-ssSi
changed. The invention thus can be easily embodied without

changing the conventional system configuration.

Now, a second embodiment will be explained. The second
embodiment is intended to detect the vehicle expected to
pass the communication area at the earliest time from the
distance coverage of the vehicle. In this embodiment which
is similarly configured as the first embodiment, the same
component parts as the corresponding ones of the first
embodiment are denoted by the same reference numerals as in
the first embodiment and will not be described in detail,
only the different component parts being described below.

First, a configuration of the vehicle-mounted unit 30
mounted on a vehicle according to this embodiment will be
described. As shown in Fig. 8, the vehicle-mounted unit 30
includes a processing circuit 43. This processing circuit
43 is connected to a signal processfng circuit 46 on the one
hand and to a distance coverage sensor 92 on the other. The
coverage sensor 92 iIs for outputting a signal corresponding
to the distance covered and operates in such as to detect a
pulse signal corresponding to the wheel revolutions or in ..

such a manner as to detect a distance-related pulse signal



- 24- circuit 14. The nodul ated signal wave is transmtted from the
transm ssi on antenna 22. The carrier wave generator 20 is connected
toa transmt-receive circuit 24 for retrieving the data signal fromthe
signal nodul ated and returned fromthe vehicle- nounted unit 30 shown in
Fig. 4 and received by the transmt-r3eeive antenna 26. The L
transmt-receive circuit 24 is connected to the signal processing circuit
12. The configuration of other antennas in the internediate route
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and receipt (conmmunication) conducted by handshake between the
temporarily holding the count value C. The input pulse
signals begin to be counted in accordance with a command
from the signal processing circuit 46, and the count value C
of the counter circuit is output to the signal processing
circuit 46. The coverage for one count unit is measured in
advance. The count value C input to the signal processing
circuit 46 corresponds to the distance coverage after a
command is issued from the signal processing circuit 46.
The processing circuit 43 may convert the pulse signal into-
a digital signal having a high level and a low level, and
the signal processing circuit 46 may calculate the distance
coverage using the digital signal.

Now, the processing according to this embodiment will
be explained with reference to Figs. 9 to 11A and 11B. The
ground unit installed in the intermediate route transmits an
inquiry signal including a continqus wave in step 400 until
a response signal is received'from the vehicle-mounted unit
as shown Fig. 10 (corresponding to the communication 1 for
transmitting the processed data Inl in Fig. 9).

Upon receipt of an inquiry signal (affirmative decision.

in step 500 of Fig. 11A), the vehicle-mounted unit gives the



vehi cl e-nounted unit and the ground unit according to the enbodinment wll
be explained briefly with reference to Figs. 1, 6, 7A and 7B as an exanpl e
of internediate route. First, the ground unit installed in the
internediate route, as shown in Fig. 6, transnits an inquiry signal
consisting of a continuous wave in ste3’-400 until a response signal is
received fromthe vehicle-nounted unit

- 25- (corresponding to connunication 1 for transnitting the processed
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bet ween t heayygharée- ﬂ@uﬁéﬁ&hé%“ﬁhé”ﬁhﬁﬁﬁhake with each other. At the
same time, a response signal 1 additionally including the
count value C representing the distance coverage stored in
the memory circuit 48 1is generated as described later, and
is transmitted in the next step 504.

In thé case where the decision in step 500 is negative
and the inquiry signal is not received, on the other hand,
the process proceeds to step 520. Even when the decision in
step 500 is negative and the inquiry signal is not received,
however, the possibility exists of other communication from
the ground unit. Therefore, step 520 decides whether the
communication is normally received or not, and if not, the
process returns to step 500. In the case where the
communication is normally received, on the other hand, the
decision is made that -the inquiry signal is not received but
other communication exists. The process thus proceeds to
step 526 for deciding whether the céunter circuit of the
processing circuit 43 is operating. If the counter circuit
i1s in operation, step 526 makes an affirmative decision
followed by returning to step 500 since a vehicle-mounted
unit already exists in the communication area. In the case .

where the counter has yet to operate, on the other hand, the



ground unit and conducting the handshake operation. At the sane tine, a
response signal 1 with the starting tinme of the vehicle-nounted unit
stored in the nenory circuit 48 is generated and transmitted in step 504.
In the case where the answer at step 500 is negative and no inquiry signal
Is received, the process proceeds to _ggep 520. Even in the case where the
decision in step 500 is negative and no inquiry signal is received, other
comuni cations may be going on fromthe ground unit. Step 520 therefore
deci des whet her the communication is received normally or not, and if not
normal , retprnsess prepesds. tbnstene588seanbderétereacspmuandailisod ssyed
received normally, on the other hand, the decision is that no inquiry
signal is Ffeteptadthne sheecouBiREncescudls pPé FH@OP§88?5$H83pF6€g§§t t hen
proceeds to step 522 for deciding whether the starting tine descgribed
later is se€3hnr?ﬁBrﬁﬁnﬁPyS@PPcﬁﬁp'4818rtHSF wag .t hBeC Q¥ ChABFe AL HET

starting tl%gelgeggglgnmgﬂgtgﬁnﬁh¥t advances into the communication

area is measured. In other words, the count value C is
always updated in the communication area and read to detect
the distance coverage. The aforementioned processing for
the vehicle-mounted unit corresponds to the communication 2
for transmitting the processed data Tglb in Fig. 9.

When the ground unit receives the response signal 1
from the vehicle-mounted unit {(affirmative decision in step
402 of Fig. 10), the process proceeds to step 420 for
deciding whether a response signal is received from a
plurality of vehicle-mounted units. In the case where the
decision of step 420 is negqtive, it indicates that the
particular vehicle-mounted unit is the only unit existing in
the communication area, and therefore the next step 404
generates a response signal as described above, which signal
is transmitted in the next step 406'(corresponding to the
communication 3 for transmitting the processed data In2b in
Fig. 9).

In the case where the ground unit receives a response

signal from a plurality bf vehicle-mounted units, step 42—

makes an affirmative declsion, and step 424 selects a



- 26- circuit 48, it indicates that a vehicle already exists in the
communi cation area. Step 522 therefore gives an affirmative answer, and
the process returns to step 500. In the case where the starting tine is
not set in the menory circuit 48, on the other hand, the process proceeds
to step. 524, where the current tine i.ggread fromthe tiner 42 and set as
the starting time in the nenory circuit 48. Then the process returns to
step 500. In this way, the first receiving time of the vehicle-nounted

unit in the comunication area of the ground unit is stored in the nenory
circuit 48. vghécpeomeysited anlﬁhyiﬁéhFepelﬁﬁaﬁﬁédCOMﬁrPgﬁpapanshFgestage
corresponds to the comrunication 2 for Erocessed data Tg

in Fig. 1. Veh1°1ﬁn§PB&3e3fuPHésdg€P§|HHlﬁﬁn?hB Véﬁgé% EEERCBSPR t he
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largest count value C as an object of communication. In the
case where a plurality of vehicle-mounted units have the
same coverage, a vehicle-mounted unit is selected according
to a predetermined order of priority or by a random number
specifically generated for this purpose. As a result, even
when a plurality of vehicle-mounted units exist in the
communication area and the ground unit receives a response
signal from a plurality of vehicle-mounted units, a vehicle-
mounted unit is selected which has the longest coverage in
the communication area and which is expected to pass the
communication area at the earliest time.

As one of the processes corresponding to the
communication 4 for transmitting the proc¢essed data Tg2 in
Fig. 9 for a vehicle-mounted unit, assume that step 506 of
Fig. 11A makes an affirmative decision that a response
signal is received, followed by ste; 530 deciding that the
communication is directed to the particular vehicle-mounted
unit. Then step 538 resets the counter circuit of the
processing circuit 43, and the process proceeds to step 508.

The process from sfep 508 corresponding to the S

communications 6, 8 for transmitting the processed data Tg3,



by the conmuni cati on between the vehicle-nmounted units of vehicles. The

sequence, if any, is stored in the nenory circuit 48. The deci sion

of step 520 nay be changed to nake decision as to whether a

vehi cl e-nounted unit is in the conmunication area or not. The deci sion

made by a vehicle- nounted unit on thgy.exi stence of the vehicle-nunted

unit in the comunication area can be nmade by a prediction antenna

-27- and reporting neans installed on the ground for recordlng opti cal
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received from_the predictio tenna_or the ma etlc |nfornat|on or bar
will not be descr any further the proces

including and subsequent to step 408 in Fig. 10
corresponding to the processed data In5 and the process
corresponding to the communications 5, 7 for transmitting
the processed data In3, 4 of Fig. 7 for the ground unit are
similar to the process of Fig. 6, and therefore will not be
described any further.

As described above, according to this embodiment, even
when a plurality of vehicle-mounted units exist in the
communication area of the ground unit and a response signal
is received from a plurality of vehicle-mounted units by the
ground unit, the distance covered within the communication
area is transmitted from each of the vehicle-mounted units.
A vehicle-mounted unit having the longest coverage can thus
be set as an object of communication, thereby making
possible quick establishment of communication with a
vehicle-mounted unit having the longest distance coverage
and expected to pass the communication area at the earliest
time.

Further, the vehicle expected to pass the communication
area at the earliest time is selected on the basis the
distance covered in the communication area. Therefore, the.-

timing error due to vehicle speed variations up to the time



code information read and detected. Further, the vehicle-nmounted unit
may receive an inquiry signal first fromthe ground unit. Therefore, steps
520 to 524 may be added between steps 500 and 502 so that the current tinme
of the vehicle-mounted unit is stored as a starting tinme in the nenory

circuit when an inquiry signal is reggved first by the vehicl e-nounted
unit as a signal fromthe ground unit. When step 402 of Fig. 6
decides that a response signal 1 is received fromthe vehicl e-nmounted
unit, the process .proceeds to step 420 where the ground unit deci des
whet her a eé’ﬁg’dscéesi%cqjé’nr é’@é\p\;’@d sf"tpé’rﬁea?sﬁ%r aiis ¢ &re SHdi c1zen
mounted units .or not. In the case where the.answer in step 420 is
negat i ve, | ik 1B SESFc SRS NI S RAST (T COPBICE S1on fiFes Bt
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ground unit for handshake operation, and the acknow edgnent
securely as an object of communication.

Now, a third embodiment of the invention will be
explained. The third embodiment is intended to detect from
the electric field intensity that a vehicle {(vehicle-mounted
unit) has reached a communication area. The third
embodiment has a similar configuration as the above-
mentioned embodiments, and therefore the same component
parts as those in the preceding embodiments will be denoted
by the same reference numerals respectively, and will not be
described any further. The description below therefore is
limited to component parts not included in the previous
embodiments.

First, the configuration of the vehicle-mounted unit 30
mounted on a vehicle according to this embodiment will .be
explained. As shown in Fig. 12, thé vehicle-mounted unit 30
is connected to an antenna 32 for receiving a signal sent
from the ground unit and an electric field intensity
measuring circuit 38 for measuring the electric field
intensity around the reéeiving antenna 32. The electric =—-

field intensity measuring circuit 38 is connected through a



- 28- 2 in ternms of the antenna nunber of the antenna for performng

actual communication, for exanple. This signal is transmtted in step
(corresponding to the communication 3 for transmtting the processed d
In2 in Fig 1). When the ground unit receives a response signal

a plurality of vehicle-nounted unitss,step 420 makes an affirmative

deci si on,

and then step 422 selects the vehicle- nmounted unit with t he

earliest starting time anong the vehicle-nmounted units fromwhich a
plurality of response signals have been received as _an object of

communi cat COAPArpkorh88c48e thgerdecheis Adeld gnieasity BEaguRil&Be- nount ed

units having the sane statin
according fof

ne, a vehicle-noynted unit , is sel ected
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connected with the electric field intensity measuring
circuit 36 and the other input terminal thereof connected to
a power supply 39. The power supply 39 functions as a
threshold setting circuit for setting a threshold level for
raising the output signal to high level when the output
signal of the electric field intensity measuring circuit 38
exceeds a threshold level. As a result, a high-level signal
is input to the signal processing circuit 46 when the output
signal of the electric field intensity measuring circuit 38
exceeds the voltage determined by the power supply 39, i.e.,
when the electric field intensity exceeds a predetermined
value. Also, the signal processing circuit 46 is connected
to a timer 42 functioning as a built-in timer for indicating
the current time.

Now, the processing according to the present embodiment
will be explained with reference to Figs. 13 to 15A and 15B.
The ground unit installed in the inéermediate route
transmits an inquiry signal including a continuous wave in
step 400 until a response signal is received from the
vehicle-mounted unit as shown in Fig. 14 (corresponding to

the communication for tfansmitting the processed data Inl=of-

Fig. 13).

406
at a
from



or by a random nunber generated for this purpose. Even when a plurality of
vehi cl e-nounted units are present in a comrunication area and the ground
unit receives a response signal froma plurality of vehicle-nmounted units,
therefore, the ground unit, which has received the current tinme of the
vehi cl e-nmounted units corresponding tg.the communication start time of
each vehicle-nounted unit as the startfng tinme thereof, can select a

vehi cl e-nounted unit with the earliest starting time expected to pass the
conmuni cation area at the earliest tine.

- 29- The Widhi dbe. Fsldcde -moun tedc Vads .wedeRe 508 desistese wheitdharl i s
received in _step 506 of Fig. 7A _and when no  response signal is received,
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507 decide§ss.  1f the decision is affirmative indicating that an

inquiry signal has been received, step 502 gives the
acknowledgment 1 and generates a response signal 1 with the
time of the vehicle-mounted unit stored in the memory
circuit 48 added_thereto. The next step 504 transmits the
response signal 1 (corresponding to the communication 2 for
transmitting the processed data Tglc in Fig. 15A).

In the case where the decision at step 500 is negative
and the inquiry signal is not received, the process proceeds
to step 540. Step 540 decides whether the electric field
intensity measured by the electric field intensity measuring
circuit 36 has exceeded a predetermined value. In other
words, step 540 decides whether the output signal of the
comparator 38 is at high level or not to decide whether the
vehicle-mounted unit is preseﬁt in the communication area or
not. In the case where the vehicle-mounted unit exists
outside the communication area, the‘process returns to step
500. When the vehicle-mounted unit advances into the
communication area, on the other hand, the process proceeds
to step 522 thereby to decide whether the current time is

set in the memory circui% 48. In the case where the current-

time is set in the memory circuit 48, it indicates that a



whet her a predeterm ned tine has passed or not, and if the predeterm ned
time is not passed, the process returns to step 506. In the case where a
predeterm ned tine has passed wthout receiving a response signal, on the
ot her hand, step 507 decides on an affirmative answer, followed by step
509 for deciding whether a predeterntﬂFd nunber (three tinmes according to
t he enbodi ment) of the response signal " transmi ssions is to be repeated’
(retried) or not. If the nunber of retrials is | ess than a predeterm ned
nunber, the answer in step 509 is affirmative and the process returns to

step 504. I¥ehHelemeugked diupbt rakperde exbets in the commwiieatbemn after
a predeterm ned nuygber of retrials, by contrast, step 509 decides on a
negative afsviet: and§HL OLf ocskeP rRA2imakeD an & Bounatiee pleekstomescr i bed
above is then reexecuted fromthe first step. .. In the case where a
response sighal*H% R 2 d St Hhet© o%‘b‘?%i%fp AR 506 I BT i TR ve,
communi cat MG HHE U b 1 Lt T (iR S PO e LE rbmt i ve
as it is ngdy dgsd idiGfhyd chahﬂf", %%&Jses' proceeds to step 522, where

the current time from the timer 42 is set in the memory

circuit 48, after which the process returns to step 500. As

a consequence, the current time for the vehicle-mounted unit

which has advanced into the communication area of the ground

unit is stored in the memory circuit 48.

When the ground unit receives the response signal 1

from the vehicle-mounted unit (when the decision is

affirmative in step 402 of Fig. 14), step 420 decides

whether a response signal is received from a plurality of

vehicle-mounted units. 1In the case where the decision is

negative at step 420, it indicates that the particular

vehicle is the only one existing in the communication area.

Therefore, step 404 generates a response signal as described

above, which signal is transmitted fn the next step 4086

(corresponding to the communication 3 for transmitting the

processed data In2c in Fig. 13).

When the ground unit receives a response signal from a

plurality of-vehicle-modnted units, step 420 makes an ot

affirmative decision, and a vehicle-mounted unit with the



- 30- nmounted unit, the process returns to step 500. In the case where
the decision at step 530 is the communi cation to the own vehi cl e-nounted
unit, by contrast, step 532 resets the starting tine of the nmenory circuit
48, and the process is passed to step 508. Step 508 deci des whet her the
acknow edgnent 1 included in the respggse signal coincides wth the _
acknowl edgnent 1 transmtted. If the acknow edgnent 1 fails to coincide
and the answer is negative, then the process proceeds to step 509, where
the above-nentioned process is executed for repe tinggﬁp-predeternined

g
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intensity is exceeded is selected as an object of
communication. In the case where there are a plurality of
vehicle-mounted units having the same current time, a
vehicle-mounted unit is selected according to a
predetermined order of priority or by a random number
generated in a predetermined manner. Even when a plurality
of vehicle-mounted units exist in the communication area and
the ground unit receives a response signal from a plurality
of vehicle-mounted units, therefore, the choice is a
vehicle-mounted unit which has the earlier current time and
expected to pass the communication area at the earliest
time.

In the case where step 506 of Fig. 15A makes an
affirmative decision as to whether a response signal is
received among the processes corresponding to the
communication 4 for transmitting the processed data Tg2 in
Fig. 13 for the vehicle-mounted unig, and also in the case
where the decision of the next step 530 is affirmative as to
whether the communication is to the particular vehicle-
mounted unit, then the memory circuit 48 is set in step 532
and the process proceed§ to step 508. =t

The steps including and subsequent to step 508



response signal 2 to the acknow edgnent 2 transmtted from the ground unit
s generated in step 510 and transmtted at step 512 (corresponding to the
comuni cation 4 for transmtting the processed data Tg2 in Fig. 1).

The ground unit repeatedly executes step 408 of Fig. 6 wuntil a response
signal is received. Wen a response signal is received and step 408 .
decides on an affirmative answer, théfPthe process proceeds to step 410.
Step 410 deci des whether the acknow edgnent 2 included in the response
signal coincides with the transmtted acknow edgnment 2. If the

31 answercosrespendyrg tdetheéocemfiuhscpBsSede] 08 sfep #P8nshDttihg chse

where the acknow edgnent 2 coincides and step 410 nakes an affirmative

deci si on, oprobesseébedabantg3t hEgdrineFiged s58gapé stmhlaesponskote odfie

transm ssion of the
Figs. 7A and 7B, and therefore will not be described. Also,
the process including and subsequent to step 408 in Fig. 14
corresponding to the communication 5, 7 for transmitting the
processed data In3, 4 of Fig. 13 for the ground unit and the
process corresponding to the processed data In5 are similar
to those of Fig. 6 and therefore will not be described.

In this way, according to this embodiment, even when a
plurality of vehicle-mounted units exist in the
communication area of the ground unit and a response signal
is received from a plurality of vehicle-mounted units by the
ground unit, a vehicle-mounted unit on a vehiéle having the
earliest current time of advancing into the communication
area among those transmitted from a plurality of vehicle-
mounted units is selected as an object of communication. It
becomes thus possible to communicate with a vehicle-mounted
unit having the earliest time to adzance into the
communication area and expected to pass the communication
area at the earliest time.

A vehicle-mounted unit is also assumed to advance into
a communication area when the electric field intensity
exceeds a prédetermined-value. The advance into the =

communication area, therefore, can be detected only by a



cem e

acknow edgnent 2 and it is decided that the vehicle-munted unit and the
ground have nutual ly recogni zed. Deciding that a handshake is established
at this tine, step 412 generates a request signal for requesting the data
transm ssion from the vehicle-nounted unit, followed by step 414 for
transmtting the data (corresponding to the communications 5, 7 for
transmitting the processed data In3, #-in Fig. 1). The signal receipt in
step 408 may be such that as executed for the vehicle-nmounted unit, the
process may be returned to step 400 depending on whether the retrials are
perfornmed aonpindetier raddéd wawbetrafishinesd( fhomethkogrexadpualtafter the

| apse of a predetermned tine. In such a case, even when the decision at
step 410 i4laegatheeratlhe wbveeimgeaentvnedntpnuowsiyi frdmsithabkyowxrdcut ed
for repeating a predeterm ned nunber of retrials By doing so, the ground
unit is ppB¥EnaBd thenréeatraqi helhelptonsisywhihpeerdi tengenpsurgd.si gnal .
When t he above-nentioned request signal is generated, it_nay contain the

i nf or mat i ohPBn2fKangeolRgouRhe geEBHBRiRgtion area of a vehicle-mounted

unit can thus be detected real time continuously without a
periodic time lag which otherwise might be caused by
sampling or the like.

Now, a fourth embodiment will be explained. According
to the fourth embodiment, the fact that a vehicle (vehicle-
mounted unit) enters a communication area is detected by the
electric field intensity, and the fact that a given vehicle-
mounted unit passes the communication area at the earliest
time is detected by the distance covered by the vehicle.
The configuration of the fourth embodiment is similar to
that of the above-mentioned embodiments. Therefore, the
same component parts as those in the preceding embodiments
will be denoted by the same reference numerals respectively,
and will not be descfibed below, th% explanation being
limited only to the component parts not included in the
previous embodiments.

First, the configuration of the vehicle-mounted unit 30
mounted on a vehicle according to this embodiment will be
explained. As shown in %ig. 16, a receiving antenna 32 of

the vehicle-mounted unit 30 is connected to an electric



to the position of the inlet gate, the internediate route and
the outlet gate. The information on the ground unit for the inlet gate

i ncl udes the | ane nunber, the inlet nunber and the tine (year, nonth,

date, hours, mnutes). The information for the intermedi ate route includes
the lane nunber, the route nunber and the time. Also, the information for
the outlet gate includes the |ane nuntf, the toll gate nunber and the
time (year, nonth, data, hours and m nutes). When t he

vehi cl e-nounted unit receives a signal from the ground unit, step 514 in
Fig. 7B nakesebd thténshtyvRead@eisgofireandtssep Sthetsnoedtris £heidata

corresponding to the request signal received (corresponding to the

commruni cat i bmténs Bt¥ onedsanitngt tingut he3pr bsessethuchat aodgdcted to a
signal processing circuit 46 through a comparator 38. The
comparator 38 has one input terminal thgreof connected to
the electric field intensity measuring circuit 36 and the
other input terminal thereof connected to a power supply 39.
Also, the signal processing circuit 46 is connected to a
processing circuit 43 which in turn is connected with a
distance coverage sensor 92.

Now, the processing operation according to the present
embodiment will be explained with reference to Figs. 17 to
19A and 19B. The ground unit installed in the intermediate
route transmits an inquiry signal of continuous radio wave
in step 400 until a response signal is received from the
vehicle-mounted unit as shown in Fig. 18 (corresponding to
the communication 1 for transmitting the processed data Inl
of Fig. 17).

When the vehicle-mounted unit Eeceives an inquiry
signal (an affirmative decision in step 500 of Fig. 194},
step 534 gives an acknowledgment 1. At the same time, as
described later, a response signal 1 is generated with the
count value C added corresponding to the coverage stored in
the memory circuit 48, &hich response signal 1 is D

transmitted in step 504 (corresponding to the communication



Tg4) . Upon conplete transm ssion of the data, the handshake is cancelled
thereby to termnate the routine of Figs. 7A and 7B. Step 514 deci des
whet her the signal is received or not, and upon an affirnmative decision,
the next step 516 transmts data. In the absence of signal receipt,
however, the decision is negative, and the process proceeds to step 515.
Step 515 decides whether a predeterm n®¥ tinme has passed or not, and if"
the predetermned tinme is not passed, the process returns to step 514. |If
the predetermned tine has passed in the absence of signal receipt, on the
ot her hand,2 Stoap tvrEnsidditdee dheapraiddgset idas aameter off ¢ligowddy.
- 33- step 517 for deciding whether the transm ssion of the response
signal 2 (retrialln ither gpedt athex epridetdaaifision imusier SO0 L ne@dtiise
according to the enbodinent). In the .
and no inquiry signal is received, on the other hand, step
540 decides whether the electric field intensity measured by
the electric field intensity measuring circuit 36 has
exceeded a predetermined value or not thereby to decide
whether there exists a vehicle-mounted unit in the
communication area. In the case where a vehicle-mounted
unit is outside of the communication area, the process
returns to step 500. In the case where the vehicle-mounted
unit advances into the communication area, on the other
hand, the process proceeds to step 528 for deciding whether
the counter circuit of the processing circuit 43 is
operating or not. If the counter circuit is operating, it
indicates that a vehicle-mounted unit already exists in the
communication area, so that step 526 makes an affirmative
decision followed by returning to step 500. In the case
where the counter circuit is not in operation, on the other
hand, the process is passed to step 528, and after
instructing the counter circuit of the processing circuit 43
to start operation, returns to step 500, In this way, the
distance covered after the vehicle-mounted unit enters the

communication area is measured. et

When the ground unit receives the response signal 1



case where the nunber of retrials is less than the predeterm ned nunber,
the decision is affirmative and the process returns to step 512. In the
case where no signal is received after the predeterm ned nunber of
retrials, by contrast, step 517 decides on a negative answer, and the
process returns to step 500 to resune the execution fromthe beginning. In
ot her words, the handshake is cancel I®8-in the case where the signal is
not received after a predet er mi ned nunber of retrials. The data
transmtted fromthe vehicle-nounted unit is the vehicle information

i ncl udi ng tfeohi tkaseehilnbermottheéedvehit!| éstyped4@RAdinhEigunb8) ,obtearl es for
the inlet gate, or the license nunber and the inlet nunber for preventing
an unfair 43dddecifles wvhethareancdsponseosignabrhaneboeni ceeeivafiofmami on
i ncluding the |icense nunber, the vehicle type and the nunber of axles,
the accountaoRidrahdithigodnvehictaskounted BﬁlPﬁeobr@ﬁﬁrdIEaFEeaﬁﬁciﬁéOPnlet
nunber used, for calculatlnggthe char e . for the outl et The

ground unit iBx8EEPed2QtLp B anvFrg 61F%b%%F%ﬂl§haEn?g%ytﬁEedata i s

received (ngggsgu a}ngeﬁ ci -m un%eﬁsunlt exists in the communication
area, and therefore the next step 404 generates a response
signal, which is transmitted in step 406 {corresponding to
the communication 3 for transmitting the processed data In2d
in Fig. 17).

When the ground unit receives the response signal from

a plurality of vehicle-mounted units, step 420 makes an
affirmative decision, followed by step 424 for selecting a
vehicle-mounted unit with the longest distance coverage,
i.e., with the highest count value as an object of
communication. In the case where a plurality of vehicle-
mounted units have the same coverage, a vehicle-mounted unit
is selected according to a predetermined order of priority
or by the random number generated for that purpose. As a
result, even when a plurality of vehicle-mounted units exist
in the communication area and the ground unit receives a
response signal from a plurality of vehicle-mounted units,
the vehicle-mounted unit selected is the one with the

longest distance covered after advancing into the ==

communication area and expected to pass the communication



data In5 in Fig. 1), and upon receipt of the data, the

handshake is cancelled, thereby termnating the routine of Fig. 6. In step
416 for receiving data, the data may not be transmtted fromthe

vehi cl e-nounted unit in spite of the transm ssion of a request signal. As
executed for the vehicle-nounted unit51therefore, the process may return
to step 400 dependi ng on whether a predeterni ned nunber of retrials are
carried out after the |apse of a predeterm ned Ilength of tine. As
descri bed above, according to this enbodi nent, even when a plurality of
vehi cl e- nouateal ami tlse esdsiiest tibre conmmuni cati on area of the ground unit

and a response signal is received froma plurality of vehicle-nmounted
units by the grBunEhIRroCeH® GQINTeSROMDIRE P e commistd eathenthefor

transmitting the processed data Tg2 in Fig. 17 for the
vehicle-mounted unit, assume that step 506 in Fig. 19A makes
an affirmative decision on the receipt of a response signal
and step 530 also makes an affirmative decision as to
whether the response signal is the communication addressed
to the particular vehicle-mounted unit. Then, step 538
resets the counter circuit of the processing circuit 43 and
the process advances to step 508.

The process starting with step 508 corresponding to the
communication 6, 8 for transmitting the processed data Tg3,
Tg4 in Fig. 17 is similar to that of Figs. 7A and 7B and
therefore will not be described again. Also, the process
subsequent to and including step 408 in Fig. 18
corresponding to the processed data In5 and the
communication 5, 7 for transmitting the processed data In3,
4 of Fig. 17 for the ground unit is’similar to that of Fig.
6 and therefore will not be described any further.

As described above, according to this embodiment, in
the case where there are a plurality of vehicle-mounted
units in the communication area of the ground unit and the
ground unit receives a éesponse signal from a plurality of—

vehicle-mounted units, then a vehicle-mounted unit with the



earliest starting tinme it reaches the communication area is set as an
obj ect of communication. It is therefore possible to establish a
comuni cation with a vehicle-nounted unit expected to pass the

conmuni cation area at the earliest tinme. As a consequence, the

conmuni cation by the ground wunit with_ga vehicle-nmounted unit (vehicle)
having a small margin of tine before’%%ésing the communication area is
establ i shed quickly, thereby assuring an inproved conmunication between
the vehicle-nmounted unit and the ground unit. Also, if the timer for
produci ng thenststtdhgtance ¢eoverage after advancing into the -35-
processed in software fashion by calculating the startin time fromthe
count on theomRht¢atken anreasangnehe Pb@ﬂ&litrh@feﬁ¢h1$ﬂ%nm@%6t§95ten1

configuration is not required_ to be . . .
units is determined as an object of communication.

Therefore, communication becomes possible with a vehicle-
mounted unit having the longest distance coverage after
advancing into the communication area and expected to pass
the communication area at the earliest time.

Now, a fifth embodiment will be explained. 1In the
third embodiment described above, the time a vehicle-mounted
unit passes the communication area is determined by the
current time (the information managed by the vehicle-mounted
unit) measured on the vehicle-mounted unit. A failure to
calibrate the timer of the vehicle-mounted unit, however,
reduces the reliability of temporal accuracy. In the fifth
embodiment, the transmission number (information managed by
the ground unit) updated for each transmission from the
ground unit is returned to select a vehicle-mounted unit
with the earliest time to pass the communication area. The
fifth embodiment, which is configur;d the same way as the
previous embodiments and has the component parts thereof
designated by the same reference numerals as the
corresponding parts of the previous embodiments,
respectively, will not Be described in detail, but only the--

component parts thereof not included in the previous



changed. The invention thus can be easily enbodied wthout changing the
conventional system configuration. Now, a second enbodi nent will be
expl ai ned. The second enbodinment is intended to detect the vehicle
expected to pass the comunication area at the earliest time fromthe

di stance coverage of the vehicle. In this enbodinent which is simlarly
configured as the first enbodi nent, th& same conponent parts as the '
correspondi ng ones of the first embodi ment are denot ed by the sane
reference nunerals as in the first enmbodinment and will not be described in
detail, onembodémentsecvihl benpesenibpdrts being descrlbed bel ow.

First, a configuration of the vehicle-pmounted_ unit nount e vehicl e

according to t hi BlefbodpRRhenafipnpeilyele nads. a%S“EhBQﬁ ?ﬂng}gurgt19ﬁe

ehi cl t ed t 30 i d 43, Thi
Circui | 430F oA chAEe  BEEBLRESRRaPhr SoRLEP okl Fetn? b bhe: RECRE" hand

om0 o o chspcg EsuRtagecsoraet 88, SHMLR O s oTben 69V81g0essenegy

is for ouppﬁ? hé” dP St ARce " cov
oper at es 'anHEQ @§a§819§t§ﬁ£eﬂna control unit 232 includes a counter

16 connected to a signal processing circuit 12 for counting
the transmission number.

Now, the process according to the present embodiment
will be described with reference to Figs. 21 to 23A and 23B.
The ground unit installed in the intermediate route
transmits an inquiry signal consisting of a continuous wave

in step 426 until a response signal is received from the
vehicle-mounted unit as shown in Fig. 22 (corresponding to
the communication 1 for transmitting the processed data Inle
of Fig. 21). In the process, the ground unit transmits the
inquiry signal after generating the same signal with the
transmission number incremented in accordance with the time
stage of the process (each time stage is made up of the
series of steps in Fig. 22) and the’communication stage
(corresponding to the communications 1 to 7).

Upon receipt of an inquiry signal (affirmative decision
in step 500 in Fig. 23A), the vehicle-mounted unit gives an
acknowledgment 1 in the*next step 556, and at the same time..

generates a response signal 1 to which the transmission



pul se signal corresponding to the wheel revolutions or in such a manner
as to detect a distance-rel ated pul se signha

- 36- coupled to a map nmeter incorporated in the speed neter. The
processing circuit 43 includes a counter circuit for counting the input

pul ses and having a menory for tenporgrily holding the count value C The

I nput pulse signals begin to be counted in accordance with a command from

the signal processing circuit 46, and the count value C of the counter

circuit is ouHPut to the signal processing circuit 46. The coverage for
one count UHMPEL $ELRA bR i the Jprmowce cimpuitodt and deransmigtted of xom

si gnal processin circuit 46 corresponds to the di stance coverage after a
command is ﬁ%es&‘g"fr}‘i)ﬂﬂ]h% ig fftded it sl Red i tiee Whirde §RIRARIS ng

circuit 43 s%a(ioq.veiré[ t:‘[rhaen mu tsteedSiiqinaéhei nr;[eoxt step 504. The process
for the vehicle-mounted unit up to this step corresponds to
the communication 2 for transmitting the processed data Tgle
in Fig. 21.

In the case where step 500 makes a negative decision
and no inquiry signal is received, on the other hand, the
process proceeds to step 550. Even in the case where step
500 makes a negative decision and no inquiry signal is
received, other communication may exist from the ground
unit. Step 550, therefore, decides as to whether
communication is normally received or not, and if not, the
process 1s reéturned to step 500. In the case where
communication is normally received, on the other hand, it is
decided that an inquiry signal is not received but other
communication exists, and the process is passed to step 552.
Step 552 decides whether the transmission number sent from
the ground unit is set in the memor; circuit 48. In the
case where the transmission number is set in the memory
circuit 48, it indicates that a vehicle-mounted unit already
exists in the communication area. Therefore, step 552 makes
an affirmative decision: followed by returning to step 500.-..

In the case where the transmission number is not set in the



a digital signal having a high level and a low | evel, and the signa
processing circuit 46 may cal cul ate the di stance coverage using the
digital signal. Now, the processing according to this enbodi nent will
be explained with reference to Figs. 9 to 11A and | 1B. The ground unit
installed in the internediate route trgssnits an inquiry signal including
a continuous wave in step 400 until a“response signal is received fromthe
vehi cl e-nounted unit as shown Fig. 10 (corresponding to the conmmunication
1 for transmtting the processed data Inl in Fig. 9). Upon recei pt of
an inquiry giepaty (Gifrfduifat4die eciaitnast n e PBoEss mageedsy)to ($eep
vehi cl e-nounted unit gives the . -
acknow edgnérft4 fofs selding it i FpnsHiasian JHmhar gieanlivf faam the

vehi cl e-nounted unit and the ground unit to recogni ze ,
ground unit in the memory circuit 48, followed by returning

to step 500. In this way, the transmission number from the
ground unit at the time point when the vehicle-mounted unit
advances into the communication area of the ground unit is
stored in the memory circuit 48.

When the ground unit receives a response signal 1 from
the vehicle-mounted unit (affirmative decision in step 402
of Fig. 22}, step 428 increments the transmission number by
one, followed by step 420 for deciding whether the response
signal has been received from a plurality of vehicle-mounted
units or not. In the case where the decision of step 420 is
negative, it indicates that only the particular vehicle-
mounted unit exists in the communication area. Step 432
thus generates a response number with theé transmission
number attached thereto, which is transmitted in step 406
(corresponding to the communication 3 for transmitting the
processed data In2e of Fig. 21). Th; response signal
generated in step 432 has attached thereto the transmission
number incrémented by one in step 428. As a consequence,
the transmission number sent in step 426 is smaller than

that sent in step 432. T

When the ground unit receives a response signal from a



and al so to conduct the handshake wi th each other. At the sane tine, a
response signal 1 additionally including the count value C representing
t he di stance coverage stored in the nenory circuit 48 is generated as
described later, and is transmtted in the next step 504. In the
case where the decision in step 500 is_negative and the inquiry signal |s
not received, on the other hand, the'ﬂ?ocess proceeds to step 520. Even
when the decision in step 500 is negative and the inquiry signal is not
recei ved, however, the possibility exists of other comunication from the
ground unit pllireddftyr ®f stedyd 320 mbenitees unticishers telpe 4200 malkeisc@N on i s
normal ly received or not, and if not, the process returns to step 500. In
t he case whefd irmatiyemaesisdonon fiod Lesiesa by sitedei4ddd fosn see cdiiig ahand,
the decision is nmade that the inquiry signal is not received but other
communi cat i §hdglergountedipdds sarmydngr ddeedd red sfedg Frensgyl sfd@mdi ng
whet her the counter circuit of the processin% ci.rcuit 43 is opeasging. | f
i\e

the count er fEmbey; ©f jad ki Fhgp dedlicdss -mound esh finddise &5, AT, PP SR

dectston T Qommted oRt {8 1" YUl pTots300 13 158 2ate"WHleF U are

a plurality of vehicle-mounted units having the same
transmission number, a vehicle-mounted unit is determined
according to a predetermined order of priority or by the
random number generated for that specific purpose. Even
when a response signal is received by the ground unit from a
plurality of vehicle-mounted units existing in the
communication area, therefore, communication becomes
possible with a vehicle-mounted unit in communication or a
vehicle-mounted unit expected to pass the communication area
at the earliest time.

When a vehicle-mounted unit receives the respdnse
signal (affirmative decision in step 508 of Fig. 23) and the
received response signal is for communication to the

»
particular vehicle-mounted unit (affirmative decision in
step 530), then step 558 resets the transmission number of
the memory circuit 48 and the process proceeds to the next
step 508.
The process includfng and subsequent to step 508 in =

Fig. 23B (the process including and subsequent to the



unit already exists in the communication area. In the case where the
counter has yet to operate, on the other hand, the
- 38- process proceeds to step 528, and after a command is issued for
starting the counter circuit of the processing circuit 43, returns to step
500. In this way, the coverage after the vehicle-nounted unit advances
into the conmunication area is measur®l. In other words, the count value C
is always updated in the communication area and read to detect the
di stance coverage. The aforenenti oned processing for the vehicle-nounted
unit corr espomsintieatienc anmfor caanemiztihgr thieapsivickisised dac ap Me2es e/
data Tglb in Fig. 9. When the ground unit receives the response
signal 1 fFam.t24)vdsi dhe samet ad mhiet coafreisporidiing geoicsisen iim Fstgep 6

and will not be explained.

When the ground unit receives a response signal and the
acknowledgment 2 is right (affirmative decision in steps
408, 410 of Fig. 22), the handshake is assumed to be
established. Step 434 thus increments the transmission
number by one, followed by step 436 for generating a request
number with the transmission number attached thereto, which
request signal is transmitted in step 414 (corresponding to
the communication 5, 7 for transmitting the processed data
In3e, Inde of Fig. 21). Then, the ground unit repeatedly
executes step 416 until data is received (corresponding to
the processed data InS5e in Fig. 21). Upon complete receipt
of the data, the next step 438 increments the transmission
number by one, after which the handshake is cancelled
thereby to terminate the routine of Fig. 22.

In this way, according to this embodiment, the
transmission number sent from the ground unit is managed by
the ground unit and incremented in accordance with the stage
of communication conducted with the vehicle-mounted unit.
Also, the vehicle-mounted unit returns the first-received

transmission number as it is. As a result, the ground umit—

can easily determine the communication timing of the



402 of Fig. 10), the process proceeds to step 420 for deciding whether a
response signal is received froma plurality of vehicle-nounted units. In
the case where the decision of step 420 is negative, it indicates that the
particul ar vehicle-nmounted unit is the only unit existing in the

comuni cation area, and therefore the $§xt step 404 generates a response
signal as described above, which signalc is transmitted in the next step
406 (corresponding to the comunication 3 for transmtting the processed
data In2b in Fig. 9). In the case where the ground unit receives a
response sivghatlérmountpliunnitsyeristihigcie- thencenmunicationepraan- -
makes an affirmative decision, and step 424 selects a

-39-  vehi Evennwhaned phiirabity ofevebhgbetmevntedgenihgngxifé in the

communication area of the ground unit and the ground unit
receives a response signal from a plurality of vehicle-
mounted units, therefore, the communication timing of each
vehicle-mounted unit can be determined by detecting the
transmission number which is managed by the ground unit and
transmitted to each vehicle-mounted unit. The communication
thus becomes possible between the ground unit and the
vehicle-mounted unit expected to pass the communication area
at the earliest time.

In order to process the counter for producing the
transmission number in software fashion, the counting
operation may be performed by addition and subtraction, for
example, and the result may be stored in the RAM of a
microcomputer constituting the signal proécessing circuit.

By doing so, the equipment configuration is not required to
be changed. It is thus possible to easily realize the
invention without changing the conv;ntional device
configuration.

Now,'a sixth embodiment of the invention wi;l be
explained. According to the sixth embodiment, a vehicle-
‘mounted unit expected té pass the communication area at the-=

earliest time is selected by the time a signal is



vehi cl e-nounted units fromwhich a plurality of responses have been
received, i.e., the vehicle-mounted unit with the |argest count value C as
an object of comunication. In the case where a plurality of

vehi cl e-nounted units have the sanme coverage, a vehicle-nounted unit is
sel ected according to a predeterm ned order of priority or by a random -
nunmber specifically generated for thi-8%purpose. As a result, even when a
plurality of vehicle-munted units exist in the conmunication area and the
ground unit receives a response signal froma plurality of vehicle-nounted
units, a vehircmsmitmedtfaomnniie igrandatrdd whidhrdtagddie. | AMgest cover age
in the comrunication area and which is expected to pass the comrunication
area at the cearfliiggstattiiore.of the slsxtinesmifodimentr deesslesl leor ras pdadl mf t o
the comunication 4 for transmtting the processed data Tg2 in Fig. 9 for
a vehi cl e- ndlvet @Fapfiaus pmhadingnds st dheamdagre Higy same qpIRenet
affirmati ve decision that a response_ signal is received, followed hy step
530 deci di n@atdt anfe deHERffichtioThs Al dede e andunataleuias the

vehi cl e- n ni Then r h r circui f.th
ehi cl e-nou ctoerci'esupontding eypax°81;[se%f5 3t(im exnsreé[v t:)tuse e%l%% i?nencts Cal%l woillt neot

be explained in detail. The explanation that follows refers
to only those component parts not included in the previous
embodiments.

First, explanation will be made about the configuration
of the route grasping antenna control unit 232 of the ground
unit according to this embodiment. As shown in Fig. 24, the
route grasping antenna control unit 232 includes a timer 17
for reading the current time. The timer 17 is connected to
a signal processing circuit 12. The timer 17 functions as a
built-in clock for indicating the current time for the
ground unit.

Now, the process according to this embodiment will be
explained with reference to Figs. 25 to 27A and 27B.

The ground unit installed in tLe intermediate route
transmits an inquiry signal of a continuous wave in step 440
until a response signal is received from the vehicle-mounted
unit as shown in Fig. 28 (corresponding to the communication
for transmitting the précessed data Inlif in Fig. 25). The—

ground unit transmits the inquiry signal only after



processing circuit 43, and the process proceeds to step 508. The
process from step 508 corresponding to the conmunications 6, 8 for
transmtting the processed data Tg3, Tg4 of Fig. 9 is simlar
to that of Fig. 7, and therefore wll not be described any further. Al so,

t he process |nclud|ng and subsequent ¢ step 408 in Fig. 10 corresponding
to the processed data In5 and the process corresponding to the

comuni cations 5, 7 for transmtting the processed data In3, 4 of Fig. 7
for the ground unit are simlar to the process of Fig. 6, and therefore

w |l not begeQGEéﬁibédtbﬁySﬂmﬁtEEQU1PY sigpaldwithi bhe beVénta§é@ﬁd|ng to
thi s enbodi nent, even plurality of vehicle-nmounted units exist in

t he connunréégl5H°EréaeoFiFﬁ§ §FOBH9 afdedahBeretesponse signal

When the vehicle-mounted unit receives the inquiry
signal (affirmative decision in step 500 of Fig. 27A), the
next step 556 gives an acknowledgment 1, while at the same
time generating a response signal 1 having attached thereto
the first current time stored in the memory circuit 48 and
transmitted from the ground unit as described later, which
signal is transmitted in step 504. The process of the
vehicle-mounted unit up to the steps mentioned above
corresponds to the communication 2 for transmitting the
processed data Tglf of Fig. 25.

In the case where the decision in step 500 is negative
and no inquiry signal is received, on the other hand, the
process proceeds to step 550. Even when no inquiry signal
is received, other communication may be undergoing from the
ground unit. For this reason, step 550 decides on whether
the communication is normally received or not, and if not
normal, the process returns to step’500. In the case where
communication is normally received, on the other hand,
decision 1s made that other communication may exist although
the inquiry signal is not received. The process thus is
passed to step 562 for éeciding whether the current time =.—-

sent from the ground unit is set in the memory circuit 48.



Is received froma plurality of vehicle-nounted units by the ground unit,
t he di stance covered within the communication area is transmtted from
each of the vehicle-nmounted units. A vehicle-nmounted unit having the

| ongest coverage can thus be set as an object of communication, thereby
maki ng possi bl e quick establishment of;.communication with a

vehi cl e-mounted unit having the | ongest distance coverage and expected to
pass the communi cation area at the earliest tine. Further, the
vehi cl e expected to pass the conmunication, area at _the earliest time is

sel ect ed onIthh%a%¢%et%%erﬂl§¥%n%%rE%QErEH“?nl?h%ethﬂuﬁ?%aT?%ﬂ 3r ea.

At C of vehlerel berbo: FhntRaheRtes hrbea crehhel e Paufhod gkl bRuste 11T
already in the communication area, and therefore the process
returns to step 500. If the current time is not set in the
memory circuit 48, on the other hand, step 564 sets the
first current time received from the ground unit in the
memory circuit 48, after which the process is returned to
step 500. In this way, the current time from the ground
unit as of the first advance into the communication area is
stored in the memory unit 48. |

When the ground unit receives the response signal 1

from the vehicle-mounted unit (affirmative decision in step
402 of Fig. 26), the process proceeds to step 420 for
deciding whether a response signal is received from a
plurality of vehicle-mounted units or not. In the case
where the decision in step 420 is negative, it indicates
that the particular vehicle-mounted unit is the sole one
existing in the communication area, the next step 444
generates a response signal, which }s transmitted in step
408 (corresponding to the communication 3 for transmitting
the processed data In2f in Fig. 25). The response signal |
generated in step 444 is accompanied by the current time
read by the timer 17. = S

When the ground unit receives a response signal from a



In the case where vehicles pass the communi cation area at different
speeds, a vehicle-nounted unit expected to pass the conmunication at the
earliest time can be selected securely as an object of conmunication.
Now, a third enbodi ment of the invention will be explained. The third
enbodi nent is intended to detect fromgjhe electric field intensity that a
vehicl e (vehicle-nounted wunit) has reached a comrunication area. The third
enbodi ment has a simlar configuration as the above- nentioned
enbodi ments, and therefore the same conponent parts as those in the
precedi ng erbutpkibbysofi vehbeldemountiedbynike.ssiverr 428r eakesnaneral s
respectlvely and will not be described any further. The description bel ow
therefore i8f FFHPFéHetéeééﬁﬁeﬁenfobéPW§dnBY phepuddd far:Relpeéipgushe
enbodi nent s, g t he cgnflﬁurﬁtlon of . the vehicle-mounted uynit 30
mount ed on BiG&H; ¥F 18&80P8PH63 oURAEs @ﬁﬁﬁ&lﬁﬁﬁteﬁFFFeBE CBEBFREn&dMeAS
shown in Fi t he v hi cl. e- mount ed B i nnect ed tg an antenna
32 for rece$§ & gg?ﬁﬂ |u§éﬁtamong al e rece ve current imes
an object of communication. In the case where a plurality
of vehicle-mounted units have the same current time, a
vehicle-mounted unit is selected according to a
predetermined order of priority or by the random number
generated for this purpose. Consequently, when a plurality
of vehicle-mounted units exist in the communication area and
the ground unit receives a response signal from a plurality
of vehicle-mounted units, then a vehicle-mounted unit in
communication or a vehicle-mounted unit expected to pass the
communication area at the earliest time is selected as an
object of communication.
When a vehicle-mounted unit receives a response signal
(affirmative decision in step 506 of Fig. 27A) representing
the communication to the particular vehicle-mounted unit
(affirmative decision in step 530), then step 568 resets the
current time in the memory circuit 48, and the process
proceeds to step 508.
The process including and subsequent to step 508
(process including and éubsequent to the communication 4 -for:

transmitting the processed data Tg2 in Fig. 25) is similar



fromthe ground unit and an electric field intensity neasuring circuit 36
for measuring the electric field intensity around the receiving antenna
32. The electric field intensity nmeasuring circuit 36 is connected

t hrough a -42- conparator 38 to the
electric field intensity neasuring ci&ﬁyit 46. The conparator 38 has an

I nput termnal thereof connected with the electric field intensity '
measuring circuit 36 and the other input term nal thereof connected to a
power supply 39. The power supply 39 functions as a threshold setting
circuit for wettheprocegestuvinn |lgvdlig.orf, randithpendforutpiutl sighdle to

hi gh | evel when the output signal of the electric field intensity
measuri ng cidesanibrgl angdaysther hreshold level. As a result, a high-leve

si gnal is input to the signal processing circuit 46 when the aqutpu
9 P &hen the ound)unit reé%ives a response signal Jﬁé the

acknowledgment 2 is right (affirmative decision in steps
408, 410 of Fig. 26), the handshake is considered to have
established, and step 446 generates a request signal
accompanied by the current time, which signal is transmitted
in step 414 (corresponding to the communication 5, 7 for
transmitting the processed data In3f, Ind4f in Fig. 25).
Then, the ground unit repeatedly executes step 4186 until
data is received (corresponding to the processed data In5f
in Fig. 25). TUpon complete receipt of the data, the
handshake is cancelied, thereby terminating the routine of
Fig. 286.

As described above, according to this embodiment, even
when there are a plurality of vehicle-mounted units in the
communication area and the ground unit receives a response
signal from a plurality of vehicle-mounted units, the time
of communication with the vehicle-méunted units is
determined by detecting the current time transmitted to each
vehicle-mounted unit. Communication thus becomes possible
with a véhicle~m6unted unit expected to pass the
communication area at the earliest time. e

In each of the above-mentioned embodiments, a plurality



signal of the electric field intensity neasuring circuit 36 exceeds the
vol tage determ ned by the power supply 39, i.e., when the electric field
intensity exceeds a predeterm ned value. Al so, the signal processing
circuit 46 is connected to a tinmer 42 functioning as a built-in tinmer for
indicating the current tine. Q%. the processing according to the
present enbodinent wll be explained with reference to Figs. 13 to 15A and
15B. The ground unit installed in the internediate route transnmts an

inquiry signal including a continuous wave in step 400 until a response
signal is reEeRRbanRradncrRcbevEAL cLB- fBGhAt 2dNaRNer athakotRein Fig. 14

(corresponding to, the conmunication for transnitting t he processed data
co gyplcatlon area of an antenna 1is includedgin the

Inl of Fig:
: communication areas of two adjacent antenmas. In such a
case, even when the communicatiom conditions of the ground
unit covered by an antenna becomes faulty, the adverse
effect can be accommodated by the communication areas of the
remaining antennas.

It will thus be understood from the foregoing
description that according to Claim 1 of the present
invention the questioner estimates the time each responder
is expected to pass the communication area on the basis of
the status information of the communication area transmitted
by each responder, and a responder expected to pass the
comnmunication area at the earliest time is determined as an
object of communication. It is thus possible for the
questioner to establish communication with a responder
expected to paés the communication area at the earliest time
as an object of communication in priority over the remaining
responders. ”

According to Claim 4 of the present invention, the
communication time information representing the time of
transmission from the questioner is returned as it is by

each responder. The teﬁporal order of the communication - _.:

with each responder can thus be determined on the basis of



Wth the vehicle-nounted unit, step 500 decides whether an inquiry signal
has been received or not as shown in Fig. 15A |If the decision is
affirmative indicating that an inquiry signal has been received, step 502
gives the acknow edgnent 1 and generates a response signal 1 with the
time of the vehicle-nmounted unit storegk.in the menory circuit 48 added .
thereto. The next step 504 transmits the response signal 1 (corresponding
to the communication 2 for transnitting the processed data Tglc in Fig.

15A) . In the ca mhere g i sion, at 8 500. i s ﬂegatlve and the
i nqui ry si gha¢ F%mﬂB¥1F%EéPOeH m?h g?B@%E%OBr%ﬁﬁ ged by Lh&p 540 Step 540

ot Sefm“ﬂﬁé?%t%%ﬁgﬁ'r?ﬁtﬁéﬁr%%ﬁ P1ng h908hbHlTEs EE8r ctnp oELPRER bl
In ot her “gég Va§§sgiéﬁ8 Qﬁc ﬁ%cT@eLQF%a¥H§%9QLpﬂﬁﬁfhﬂﬂﬁé ehet BEme

conpar at or is a Iee or not“to decide whe
Veh'C|e'nDu@%§QuP hE fﬁn@%féﬁnBr'Ehéhﬁlgegﬁyﬂ'ﬁé&b@?iﬁéeﬁuﬁﬁtlaﬁt of! Bhkhe

case where e ve |cIe mounted unit exists outside the communi cati on area,
the processppgh8h@értOcahehe POQuc¥BecanihenyehieleioREAt €dnUbet madeneaes

into the
with an optimal responder.
While the embodiments of the present invention, as
herein disclosed, constitute a referred form, it is to be

understood that other forms might be adopted.

s



communi cation area, on the other hand, the process proceeds to step 522
thereby to decide whether the current tinme is set in the nmenory circuit
48. In the case where the current tinme is set in the nmenory circuit 48,
it indicates that a - 44-
vehi cl e-nounted unit already exists in the communi cation area. Therefore,
step 522 nmakes an affirmative deci si on;/®6-and t he process returns to step '
500 directly. In the case where the current tine is not set in the nenory
circuit 48, on the other hand, the process proceeds to step 522, where
the current wndae fsomdhwedi®r 42 is set in the nmenory circuit 48, after
whi ch the process returns to step 500. As a consequence, the current tine
for the vehicl e- mbuntAedabile whithedmsumtvanied ¢ontrdhencedoodinfeat i on
area of the ground wunit is stored in the nmenory circuit 48.
exchanging information by radio communication between a
responder mounted on each of a plurality of mobile units
moving on the ground surface and a questioner having a
communication area for radio communication with the
responder and installed on the ground, said method
comprising the steps of:
causing each of said responders to transmit status
information representing the status thereof in said
communication area; and
causing said questioner to estimate the time each
responder is expected to pass the communication area on the
basis of the status information sent from said responder and
determine the responder estimated to pass the communication
area at the earliest time as an object of communication.
2. A mobile unit communication control method
according to Claim 1, wherein each of said responders
determines the status information thereof in said
communication area and transmits the status information thus
determined.
3. A mobile unit communication control method

according to Claim 2, wherein said status information is=the

advance time information representing the time said




When the ground unit receives the response signal 1 fromthe
vehi cl e-nounted unit (when the decision is affirmative in step 402 of Fig.
14), step 420 decides whether a response signal is received froma
plurality of vehicle-mounted units. In the case where the decision is
negative at step 420, it indicates that the particular vehicle is the only
one existing in the communi cation areab?- Therefore, step 404 generates a
response signal as described above, which signal is transmitted in the
next step 406 (corresponding to the communication 3 for transmtting the
processed datspbnderi Adrhgced3)into saidVBemmtiheécat@undansht receives a

response signal froma plurality of vehicle-nounted units, step 420 nakes
an affirmative deci i mppbidndunitebbmineandoantied vontrwitiethed
s according to Claim 2, wherein said status information is the
distance coverage information representing the distance
covered by said responder after advancing into said
communication area.
5. A mobile unit communication control method
according to Claim 3, wherein the advance of said responder
into said communication area is detected when a
predetermined electric field intensity caused by the radio
wave from said questioner is exceeded.
6. A mobile unit communication control method
according to Claim 4, wherein the advance of said responder
into said communication area is detected when a
predetermined electric field intensity caused by the radio
wave from said questioner is exceeded.
7. A mobile unit communication control method
according to Claim 1, further compr}sing the steps of:
causing each of said responders toc return at least the
received information as it is; and
causing said questioner to transmit the communication
time information representing the time of communication from

said questioner as the status information, estimate the =—

responder which returns the oldest communication time

. |I_!I|Ilcl|||IlLI TR



current tine earlier than any of the other vehicle-nmounted units as of the
time when a predetermned electric field intensity is exceeded is selected
as an object of communication. In the case where there are a plurality of
vehi cl e-nounted units having the same current tine, a vehicle-nounted unit
is selected according to a predeterm ned order of priority or by a random
nunber generated in a predeterm ned né®ner. Even when a plurality of

vehi cl e-nounted units exist in the comruni cation area and the ground unit
receives a response signal froma plurality of vehicle-nounted units,

therefore, {heophattBnl 8sda ¥8BbEhAPPERDEE tURI toWpiaclt g% the earlier
current tinme and expected to pass the comunication area at the earliest

time. cbimbhgcagsenvaeea stepheleasfiikbg. tind BRkeneamasdfs iomateve
deci sion as to whether a response signal is received anong the processes

cor respondi agmiont hetioamuimecahifonmdtion tinadsdedt ing thike ipfoceamtddndat a

Tg2 in Fig. 13 for the vehicle-nounted unit, and also in the case
returned from each responder and determine said responder as
an object of communication.

8. A mobile unit communication control method
according to Claim 7, wherein said communication time
information is the transmission number updated for each
transmission from said questioner.

9. A mobile unit communication control method
according to Claim 7, wherein said communication time
information is the time of transmission from said
questioner.

10. A mobile unit communication control method
according to Claim 1, wherein said mobile unit is a wvehicle
running on the road, said responder is a communication unit
having an antenna mounted on said vehicle, and said

gquestioner is a communication unit gaving an antenna

installed on the road side.
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where the decision of the next step 530 is affirmative as to whether the
communi cation is to the particular vehicle- nounted unit, then the nenory
circuit 48 is set in step 532 and the process proceeds to step 508.

The steps including and subsequent to step 508

- 46- corresponding to the comunication 6, 8 for tranSmtring-the--
processed data Tg3, Tg4 in Fig. 13 are®-nilar to those of ‘-'";.'I;"F_ifgsf.'u"-c??ﬁ\if%"m .

7B, and therefore will not be descri#B8BRA%K so, the priocess’includi ng apd
subsequent to step 408 in Fig. 14 corresponding to the comuni Cati 7
for transm ttinyRIhe UNITocesmatcatabn dondrodmetudo g. 13 for the ground unit
and the process corresponding to the processed data In5 are simlar to
those of Fig. 6 and therefore will not be descri bed. In this way,

according to this gripashi r@nini €vésmhieleftion control metnoa is ruc
exchanging information accurately between a plurality of
responders and a questioner in a communication area without
information drop-off. A ground unlt:constituting the
questioner transmits an inquiry signal. A vehicle-mounted
unit constituting the responder stores and returns the
current time the vehicle-mounted unit flrst received the
inquiry signal as a starting time. The ground unit selects
a vehicle-mounted unit with the earliest starting time as an
object of communication among a plurality of the vehicle-
mounted units. A vehicle-mounted unlt expected to pass the
communication area at the earllest time is selected, and the

| ground unit transmits a response signal for handshaking with

the particular vehicle-mounted unit, to which the wvehicle-
mounted unit replies. With the establishment of the
handshake, data are egéhanged between the ground unit ard—= -

the vehicle-mounted unit. .

This Sheet Has Been Replaced
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plurality of vehicle-nounted units
ground unit and a response signal

vehi cl e-nounted units by the
vehi cl e having the
conmmuni cati on
nmounted units is selected as an obj
possi ble to communicate with a vehi
time to advance into the comunic
communi cation area at the earlies
al so assuned to advance into

intensity exceedZRGUNDr BNET er m ned
conmuni cati on ar ea—therefore, can

a7- Ini
)

-t

MAKE INQUIRY (I'M A.
CAN ANYONE HEAR ME?)

|

In2
J

COMMUN

RESPOND (MR. O. I'M A)
RESPOND TO ACK 1, GIVE ACK
2. UPON PLURAL RECEIPTS,
SELECT VEHICLE-MOUNTED UNIT
WITH EARLIEST "TIME TO START
RECEIVING"

511’13

REQUEST (MR. O. THIS IS
{J. SEND DATA 1.) DECIDE
ACK

;

REQUEST RESPONSE (MR. O,
TRANSMIT DATA 2.)

COMMUN

RECEIVE l

ground unit,
earliest current tinme of advancing into the
area anong those transmtted froma plurality of vehicle-

COMMUNICATION 4

In4 COMMUNICATION 6

exist in the communication area of the
Is received froma plurality of
a vehicl e-mounted unit on a

ect of communication. It becomes thus
clel/ABunted wunit having the earliest
t!qﬁéarya and expected to pass the

i e, A vehicle-nmounted unit is

a communi cation area when the electric field

val ue. The advanceVEHIGLE-NMEUNTED UNIT
be detected only by—=a

Tgi

COMMUNICATION 1 ?

RESPOND (MR. A. I HEAR
vou. I'M O.) GIVE ACK 1.
GIVE "TIME FOR VEHICLE-
MOUNTED UNIT TO START
RECEIVING"

Tg2
9

RESPOND (MR. A, 1M O.
GO AHEAD, PLEASE.) DECIDE
ACK 1, RESPOND TO ACK 2.

ICATION 2

COMMUNICATION 3

Tg3
.

COMMUNICATION 5

ACCEPT (MR, A. THIS IS
(0. DATA 1 IS *¥¥¥* )

Tg4

COMMUNICATION 7 §

ICATION 8

ACCEPT (MR. A, DATA 2
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continuous radio wave transmtted fromthe ground unit. Also, the radio
wave is sent continuously fromthe ground wunit and the electric field
intensity thereof is nmeasured. The advance into the comuni cation area of
a vehicle-nmounted wunit can thus be detected real tinme continuously w thout
a periodic time |ag which otherwi se m ght be caused by sanpling or the
like. Now, a fourth enbodinment will be explained. According to the
fourth enbodi ment, the fact that a vehi2¢b® (vehicle- nounted unit) enters
a conmuni cation area is detected by the electric field intensity, and the
fact that a given vehicle- nounted unit passes the comuni cation area at
the earliest time is detected by the distance covered by the vehicle. The
configuration of the fourth enbodinent is simlar to that of the
above-nenti oned enbodi nents. Therefore, tke sane conponent parts as those

in the preceding enbodinents w|l| be dengNed Dby} t he sane reference
nunmeral s respectively, and Il phot be d :ré?ed bel ow, the expl anation
being limted only to the pongnt parts maB<ncl uded in tle
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previ ous enbodi nents. First, the configuration of the vehicle-nmounted
unit 30 nounted on a vehicle according to this enbodi nent wll be
expl ai ned. As shown in Fig. 16, a receiving antenna 32 of the

vehi cl e-nounted unit 30 is connected to an electric

- 48- field intensity nmeasuring circuit 36. The electric field intensity
nmeasuring circuit 36 is in turn connectgﬁ,%o a signal processing circuit
46 through a conparator 38. The conpara oF 38 has one i nput term nal

t hereof connected to the electric field intensity nmeasuring circuit 36 and
the other input termnal thereof connected to a power supply 39. Also,
the signal processing circuit 46 is connected to a processing circuit 43
which in turn is connected with a

3
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di stance coverage sensor 92. Now, the processing operation according
to the present enbodinent will be explained with reference to Figs. 17 to
19A and 19B. The ground unit installed in the internediate route transmts
an inquiry signal of continuous radio wave in step 400 until a response
signal is received fromthe vehicle-nmunted unit as shown in Fig. 18 _
(corresponding to the comunication 1 for transmtting the processed data
Inl of Fig. 17). Wien the vehi¥ e-nounted unit receives an inquiry
signal (an affirmative decision in step 500 of Fig. 19A), step 534 gives
an acknow edgnent 1. At the sanme time, as described |ater, a response
signal 1 is generated with the count value C added corresponding to the
coverage stored in the nmenory circuit 48, which response signal 1 is
transmtted in step 504 (corresponding to the commrunication
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- 49- 2 for transmtting the processed data Tgld of Fig. 19A). In
the case where the decision in step 500 is negative and no inquiry signal
is received, on the other hand, step 540 decides whether the electric
field intensity measured by the electric field intensity measuring circuit
36 has exceeded a predeterm ned value or not thereby to decide whether,
there exists a vehicle-nmounted unit in the communication area. In the case
where a vehicle-mounted unit is out®Bde of the comunication area, the
process returns to step 500. In the case where the vehicle-nounted wunit
advances into the communi cation area, on the other hand, the process
proceeds to step 526 for deciding whether the counter circuit of the
processing circuit 43 is operating or not. If the counter circuit is
operating, it indicates that a vehicle-nounted unit already exists in the
communi cation area, so that step 526 nmakes an affirmative decision
followed by returning to step 500. In the case where the counter circuit

is not in operation, on the other
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hand, the process is passed to step 528, and after instructing the counter
circuit of the processing circuit 43 to start operation, returns to step
500. In this way, the distance covered after the vehicle-nounted unit
enters the communication area i s neasured. When t he ground uni t
receives the response signal 1 6/33 - 50-
fromthe vehicle-nounted unit (step 402 in Fig. 18), step 420 decides
whet her a response signal has beef 1 gﬁlvgd from a plurality of

vehi cl e-nounted units or not. If the decision in step 420 is negative, it
i ndicates that only the particular vehicle-nounted unit exists in the
comuni cation area, and thereforephiRDN@KLIT step 404 generates a response
signal, which is transmtted in step 406 (corresponding to the

communi cation 3 for transmttin data | n2d
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in Fig. 17). When the ground un
a plurality of vehicle-nounted units,
decision, followed by step 424 for sel
t he | ongest distance coverage, i.e.,
obj ect of comunication. In the case
nmounted units have the sane coverage,
according to a predeterm ned order
generated for that purpose. As a

vehi cl e-nount ed units exi st
receives a response signha

vehi cl e-mounted unit selected is the one with the

7Eﬂ\/ehicle-nnunted uni t

o] riogit
FeldBt. L&

I n the conmmunication area and the ground unit
froma plurality of vehicle-nounted units,

t receives the response signal from

step 420 nmakes an affirmative

ecting a vehicle-nmounted unit with

wi th the highest count value as an
ere a plurality of vehicle-

is selected

or by the random nunber

when a plurality of

t he
| ongest di stance covered

after advancing into tYRHICIEAMOUNTRD ipWITarea and expected to pass the

communi cati on
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area at the earliest tine. In the process corresponding to the
communi cation 4 for transmtting the processed data Tg2 in Fig. 17 for the
vehi cl e-nounted unit, assune that step 506 in Fig. 19A makes an
affirmati ve decision on the receipt of a response signal and step 530 al so
makes an affirmative decision as to whether the response signal is the
communi cation addressed to the particular vehicle-nmunted unit. Then,
step 536 resets the counter circui /88 the processing circuit 43 and the
process advances to step 508. dgheéfrgfess starting with step 508
corresponding to the connunicaIEbh y f transmtting the processed
data Tg3, Tg4 in Fig. 17 is simlar to that of Figs. 7A and 7B and

therefore will not be described again. Al so, the process subsequent to and
including step 408 in Fig~ 18 correspondin o the proce ta 5 and
the comunication 5, 7 transmtting tHhe2processed dal @ )04 5

508
ACK 1 RIGHT?

| ]

RETRIALS
THREE OR LESS?

GENERATE RESPONSE
SIGNAL FOR ACK 2

A

510

-

S512) | TRANSMIT RESPONSE
SIGNAL 2 |

514

=
PREDETERMINED =
5167 TIME PASSED? g
PROCESS REQUEST Eg
S
RETRIALS THREE
OR LESS?
S A

END




4 of Fig. 17 for the ground unit is simlar to that of Fig. 6 and
therefore will not be described any further. As descri bed above,
according to this enbodinent, in the case where there are a plurality of
vehi cl e-nounted wunits in the conmunication area of the ground unit and the
ground unit receives a response signal froma plurality of vehicle-nounted
units, then a vehicle-nmounted unit with the '
-52- | ongest di stance coverage after advancing into the comunication
area anong a plurality of vehicle-noudBed wunits is determ ned as an obj ect
of communi cation. Therefore, conmunication becones possible wth a
vehicl e- nounted unit having the | ongest distance coverage after

advancing into the comruni cation area and expected to pass the

conmuni cation area at the earliest tine.
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Now, a fifth enbodinment will be explained. In the third enbodi nent
descri bed above, the tine a vehicle-nmounted unit passes the comrunication
area is determned by the current tinme (the information managed by the
vehi cl e-nounted unit) neasured on the vehicle-nmounted unit. A failure to
calibrate the timer of the vehicle-ggpyted unit, however, reduces the
reliability of tenporal accuracy. In the fifth enbodinent, the
transm ssi on nunber (information dﬁnhdgd d; the ground unit) updated for
each transm ssion fromthe ground unit is returned to select a
vehi cl e-nounted unit wth the earliest tinme to pass the conmmunication
area. The fifth i , which is configured the
previ ous enbodinégégﬁgﬁgﬁﬁ;s t he conponent parts therzgthL HOBRTED AN IT t he
sanme reference nunerals aj}{&f correspondi ng parts of the previous

il

enbodi nents, respective not be described in detai I'Td]'Jb only the
conmponent _parts thereof got included in the previous

MAKE INQUIRY (I'M A. CAN | COMMUNICATION 1 L]
. ]
ANYONE HEAR ME?) RESPOND (MR. A. I HEAR
 e————— you. I'MQO.) GIVE ACK 1.
2b GIVE "DISTANCE COVERAGE
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- 53- enbodi mrents will be descri bed. First, explanation wll be nade
about the configuration of a route grasping antenna control unit 232 of
the ground wunit according to this enbodinent. As shown in Fig. 20, the
route grasping antenna control unit 232 includes a counter 16 connected to
a signal processing circuit 12 for ¢b@3%ing the transm ssion nunber.

Now, the process according to the present enbodinent will be described
with reference to Figs. 21 to 23AFang§3 The ground unit installed
in the internediate route transm't |an|ry signal consisting of a

continuous wave 1in step 426 until a response signal is received fromthe
vehi cl e-nounted unit as shown in FIRQHUNB2UNTDrresponding to the
comuni cation 1 for transmitting the processed data Inle of Fig. 21). In

t he process, the ground unit tr uiry signal after generating
the same signal with the START
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transm ssi on nunber incremented in accordanc
process (each tine stage is nade up of the

t he conmuni cation stage (corresponding to t
Upon receipt of an inquiry signal (affirmati
Fig. 23A), the vehicle-nounted unit giveg3an
step 556, and at the sane tine generates a
transm ssion

the nenory circuit 48 and transnltt from
described later, which response signal 1 is
504. The process for the vehicle-nmunted un
to

21. VEHICLE-MOUNTED UNIT

C smrr )

the communication 2 for transmtting the processed data Tgle

e wwth the tinme stage of the
series of steps in Fig. 22) and
he comruni cations 1 to 7).
ve decision in step 500 in
acknow edgnent 1 in the next
response signal 1 to which the
- 54- nunber stored in
the ground unit is added as
transmtted in the next step
it up to this step corresponds
in Fig.
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In the case where step 500 nmakes a negative deci sion
is received, on the other

therefore, decides as to whet her

and no inquiry signa

hand, the process proceeds to step 550. Even in
the case where step 500 nmakes a negative decision and no inquiry signal is
recei ved, ot her conmmunication may exist fromthe ground wunit.

Step 550,
communi c1/38n is normally received or

not, and'if not, the process is returned to step 500. In the case where

comuni cation is normally recefvddG,onitheBther hand, it is
recei ved but ot her

an inquiry signal is not

process is passed to step 552.
nunber sent from the ground unit is set in the nenory circuit 48.

communi cati on exi sts,
Step 552 deci des whether the transm ssion

an

In

case where the transm ssion nunber is set in the nenory circuit 48,

i ndi cates that a vehicle
area. Therefore, step 5
returning to step 500
in the
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menory circuit 48, by contrast, the process proceeds to step 554 for
setting the transm ssion nunber received fromthe ground unit in the
menory circuit 48, followed by returning to step 500. In this way, the
transm ssi on nunber fromthe ground unit at the time point when the

vehi cl e-nounted unit advances into the comunication area of the ground.
unit is stored in the nmenory circuit 48. When the ground unit
receives a response signal 1 from the vehicle-nmounted unit (affirmative
decision in step 402 of Fig. 22), step/328 increnents the transm ssion
nunber by one, followed by step 420 for deciding whether the response
signal has been received froma plurality of vehicle-nounted wunits or not.
In the case where the decision of step 420 is negative, it indicates that
only the particular vehicle- nmounted unit exists in the comrunication
area. Step 432
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t hus generates a response nunber with the transm ssion nunber attached

thereto, which is transmtted in step 406
comuni cation 3 for transmitting the

(corresponding to the
processed data In2e of Fig. 21). The

response signal generated in step 432 has attached thereto the
transm ssion nunber increnented by ¢fgs3in step 428. As a consequence, the
transm ssi on nunber sent in step 6 l@ sn:rali‘er than that sent in step

, s ar

432. When the ground unit réce
- 56- plurality of vehicle-nmounted units,

decision, followed by step 430 for

carrying the firg§gﬁﬁ§fjgggaﬁnsnission
units as an obje ni cati on.

there are
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a plurality of vehicle-nmounted units having the sane transm ssion nunber,
a vehicle-nmounted unit is determned according to a predeterm ned order of
priority or by the random nunber generated for that specific purpose. Even
when a response signal is received by the ground unit froma plurality of
vehi cl e-mounted units existing in theggsqgommuni cation area, therefore,
conmmuni cati on becones possible with a vehicle-nounted unit in

comruni cation or a vehicle- nountéaluﬂit éxﬂected to pass the communi cation
area at the earliest tine. When a vehicl e-nounted unit receives the
response signal (affirmative decision in step 506 of Fig. 23) and the
recei ved response signal is for cogRQUNIT&NICn to the particular

vehi cl e-nounted unit (affirmative decision in step 530), then step 558
resets the transm ssion nunber o ETOTY & rcuit 48 and the process
proceeds to the next step 508. STHRE proceps including and subsequent
to step 508 in Fig. 23B (the prdees

e and subsequent to them
400+ - =
TRANSMIT INQUIRY SIGNAL ’é
(@]
402 =
SIGNAL =
RECEIVED? 13
 }
(e ]
426 Y PLURAL =
¢ ¢ RECEIPTS? =
=3
= ]
85=2 N 404 =
Sago8 RESPOND TO ACK 1, AND GENERATE RESPONSE =
TEREd SIGNAL WITH ACK 2 S
e
CESZE I
ggg Eg TRANSMIT RESPONSE SIGAL  Kang 3
— o =]
T “
HER2EE
ASE A
[¥p]
=
=
=
O
=
2
GENERATE REQUEST SIGNAL 412 e
I i
TRANSMIT REIQUEST SIGNAL L 214 -
- 1
416 =
N 5
. 5
C = ) %
-1



-57-

expl ai ned.
acknow edgnment 2 is right (affirmative
22), the handshake is assunmed to be
the transm ssion nunber by one,

request

21). Then, the ground unit repeatedly
recei ved (corresponding to
conpl ete receipt
transm ssion

C START )

comuni cation 4 for transmtting the processed data Tg2e of
21) is the sane as the corresponding process in Fig. 6 and wll
When the ground unit receives a response signal

f0||oﬁﬁﬁ8
nunber with the transm ssion

request signal is transmitted in st ¢d3414] (5ofresponding to
communi cation 5, 7 for transmtting the processed data

the processed data In5e in Fig. 21).
of tVEHIGAEaMOUNTEED\ENTTst ep 438 increnents the

Fi g.
not be
and t he

decision in steps 408, 410 of Fig.

established. Step 434 thus increnents

by step 436 for generating a

er attached thereto, which

t he

| nde of Fig.
data is
Upon

I n3e,
executes step 416 until
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nunber by one, after which the handshake is cancelled thereby to term nate
the routine of Fig. 22. In this way, according to this enbodi nent,
the transm ssion nunber sent fromthe ground unit is nanaged by the
ground unit and increnented in accordance with the stage of conmmrunication
conducted with the vehicl e-nounted unit .18/3 so, the vehicle-nounted unit
returns the first-received transm ssion nunber as it is. As a result, the

ground unit can easily deterthq Ghe dobnhi cation timng of the

vehi cl e-nounted units existing in the comunication area. Even when a
plurality of vehicle-nmounted units exist in the conmunication area of the
ground unit and the ground unit receives a response signal froma

plurality of vehicle-
@ O® ©
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nmounted units, therefore, the communication timng of each vehicle-nounted
unit can be determ ned by detecting the transm ssion nunber which is
managed by the ground unit and transmtted to each vehicle-nmounted unit.
The conmuni cation thus becones possible between the ground unit and the
vehi cl e-nounted unit expected to pass the communication area at the
earliest tine. In order to procggssthe counter for producing the
transm ssion nunber in software fashion, the counting operation nay be
perfornmed by addition and subtraction, for exanple, and the result may be
stored in the RAM of a mcroconputer constituting the signal processing
circuit. By doing so, the equipnent configuration is not required to be
changed. It is thus possible to easily realize the invention wthout
changi ng the conventional device configuration. Now, a sixth

enbodi ment of the invention will be explained. According to the sixth
enbodi nent, a vehicle- . nounted unit expected to pass the comrunication
area at the- earliest (pne.is selected by the tineL% signal is
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transmtted fromthe ground unit and returned. The
the sixth enbodinent is simlar to that of
Therefore the same conponent
nuneral s as the

explanation wll

As shown in Fig. 24,
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for reading the current ti

a s@%ﬁQND HN@Eessing circuit 12. The ti

configuration of

t he previ ous enbodi nents.

parts are designated by the sanme reference
correspondi ng parts of the previous enbodi ments and wil |l
be explained in detail. The explanghypp that follows refers
t hose conponent parts not included in the previous
be nmade abogut
graspi ng antenna control unit 232 fof]
enbodi nent .
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to only
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built-in clock for indicating the current tine for the ground unit.

Now, the process according to this enbodinent will be explained with
reference to Figs. 25 to 27A and 27B. The ground unit installed in
the internediate route transmts an inquiry signal of a continuous wave in
step 440 wuntil a response signal 2i193seceived fromthe vehicl e-nounted
unit as shown in Fig. 26 (corresponding to the conmunication for
transmtting the processed data Iqlﬂ (3. Fi1g8 25). The- ground unit
transmts the inquiry signal only after

- 60- generating the sanme inquiry signal with the current tinme read from
the tiner 17 and added thereto.  GROUNEVENIT he vehicle-nmounted unit
receives the inquiry signal (affirmative decision in step 500 of Fig.

27A), the
Comm )
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next step 556 gives an acknow edgnent 1, while at the sane tine generating
a response signal 1 having attached thereto the first current tine stored
in the nenory circuit 48 and transmtted fromthe ground unit as descri bed
| ater, which signal is transmtted in step 504. The process of the

vehi cl e-nounted unit up to the steps nentioned above corresponds to the.
comuni cation 2 for transmtting the Eéggessed data Tglf of Fig. 25.

In the case where the decision in step is negative and no inquiry
signal is received, on the other hagﬂd g?e 1p902§ss proceeds to step 550.
Even when no inquiry signal is receiveth ot onmmuni cati on may be
undergoi ng fromthe ground unit. For this reason, step 550 decides on

whet her the conmunication is normally received or not, and if not normal,
the process returns to VEHEELEMOUNTEDt ITase where conmunication is

normal Iy received, on the decision is nmade that other
comuni cation may exist &l th8UZRT theyinquiry signal is not received. The
process thus is passed t or deciding whether the current tine
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sent fromthe ground unit is set in the nmenory circuit 48.

-61- In the case where the current tine is set in the nenory circuit
48, it indicates that a vehicle-nounted unit exists already in the
conmuni cation area, and therefore the process returns to step 500. If the
current tinme is not set in the nenor$3&83rcuit 48, on the other hand, step
564 sets the first current ti eceived fromthe ground unit in the '
menory circuit 48, .after vvhichThLérocberBs returned to step 500. In
this way, the current tine fromthe ground unit as of the first advance
into the communication area is stored in the nenory unit 48. When
the ground unit receives the response signal 1 fromthe vehicl e-nounted
unit (affirmative decision in step 402 of Fig. 26), the process proceeds

to step 420 for (};) (EE)(EE) <E;)
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deci di ng whet her a response signal is received froma plurality of

vehi cl e-nounted units or not. In the case where the decision in step 420
is negative, it indicates that the particular vehicle-nmounted unit is the
sole one existing in the comrunication area, the next step 444 (generates
a response signal, which is transmtted in step 406 (corresponding to the
comuni cation 3 for transmitting the processed data In2f in Fig. 25). The
response signal generated in step 444 is acconpanied by the current tine
read by the timer 17. Wien the grd4f3@ unit receives a response signal
froma -62- plurality of

vehi cl e-nounted units, step 420 nakes an affirmative decision, followed by
step 442 for selecting the first vehicle-nmounted unit having the earliest
current tine
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of the ground unit anmong all the received current tinmes as an object of
comuni cation. In the case where a plurality of vehicle-nounted units have
the sane current tine, a vehicle-nmounted unit is selected according to a
predeterm ned order of priority or by the random nunber generated for this
purpose. Consequently, when a plurality p9f3vehicle-mounted units exist in
the communi cation area and the ground unit receives a response signal from
a plurality of vehicle-nmounted uni a,g;he 3 vehi cl e-nounted unit in
comuni cati on or a vehicl e- mount ed® uri 'exge ted to pass the conmunication
area at the earliest tine is selected as an object of comrunication.

When a vehicle-nmounted unit receives a response signal (affirmative
decision in step 506 of Fig. 27A) representing the comrunication to the
particul ar vehi cl hen

t nit (affirmative deci si oS 0
step 568 resets tﬁ%@@@Qngﬂ? time in the nmenory ciréﬁﬁFtﬂéﬁ%iﬁﬁiﬁh@NB ocess

proceeds to step 508. If"fghe process including and subsequent to step 508
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(process including and subsequent to t%e comuni cation 4 for transmtting

the processed data Tg2 in Fig. 25) is simlar

- 63- to the process shown in Fig. 6, and therefore will not be described
any further. When t he ground uni56y§§eives a response signal and the
acknow edgnent 2 is right (affirmative decision in steps 408, 410 of Fig.
26), the handshake is considered to qav sﬁgq%ished, and step 446 '
generates a request signal acconpanied é§?t Turrent tinme, which signal
is transmtted in step 414 (corresponding to the communication 5, 7 for

transmitting the processed data I n3f, GROUNDI @NFF g. 25). Then, the ground
unit repeatedly executes step 416 untst Iata TS\recei ved (corresponding to
the processed data In5f in Fig. 25)\WU éﬁigggplbte recei pt of the data,
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handshake is cancel |l ed, thereby term nat
As descri bed above,

plurality of vehicle-munted units in the

ground unit receives a response signal
units, the time of communication with t
determ ned by detecting the current i
vehi cl e-nounted unit. Comrunication t

vehi cl e-nounted unit expected to pasg L&g ngz
ab .

earliest tine. In each of the
plurality
in such a nanner that the

t he

( smrr )

according to this enbodi nent,

g transmtted to each
Gus beconmes possi bl e

ing the routine of Fig. 26.

even when there are a
comruni cati on area and the
froma plurality of vehicle-nounted
he vehicle-mounted units is

with a
ication area at the
t ed enbodi nents, a
- 64- of antennas can be set

conmuni cation area of an antenna is included in
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communi cation areas of two adjacent antennas. In such a case, even when

t he communi cation conditions of the ground wunit covered by an antenna
becones faulty, the adverse effect can be accommobdated by the

comuni cation areas of the renaininggantennas. It will thus be
understood fromthe foregoing description that according to Claim1 of the
present invention the questi orh?r e(-;ti fﬁﬁthe time each responder 1is
expected to pass the conmuni cat oh re he basis of the status
information of the comrunication area transmtted by each responder, and a
responder expected to pass the comrunication area at the earliest tine is
determ ned as an object of communication. It is thus possible for the

guestioner to establish communication with a responder expected to pass
t he conmmuni cation area he earliest tine an object&%{)ﬁ%@yu(&%ﬁtion

in priority over the re ing responders. 2 Accor di a of
the present invention, th comruni cation tire information feprlesentjng the
time of transm ssion fromthe questioner isjreturned as it|is Jy
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each responder. The tenporal order of the conmmunication wth each
responder can thus be determ ned on the basis of

- 65- t he conmuni cation tinme informati on managed by the questioner. The
resulting advantage is that the effect of the variations of vehicle
performances including the tine neasuring function or the distance
nmeasuring function of the responders can be reduced and the questioner can
be matched with an optinmal responder. Wil e the enbodi nents of the
present invention, as herein disclos®d33constitute a referred form it is
to be wunderstood that other forns m ght be adopted.
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What is clainmed is: 1. Anobile unit comunication control method for
exchangi ng i nformation by radi o communi cati on between a responder nounted

on each of a plurality of nobile units nDV|ng on
questioner having a communication area3®/@8 radio

the ground surface and a
comuni cation with the

responder and installed on the ground, said nethod conprising the steps
of : causi ng each of said resagnfzgs tg {ransnit status information

representing the status thereof in
causing said questioner to estimate the tinme each

ni cati on area; and

responder is expected to

pass the communi cation area on the basis of the status information sent
from sai d respondROUNDAUNERt er mi ne the responder est VERICLE-AMOUNIED UMET
comruni cati on area—at—the—-earliest tinme as an obj ect—ef—eormunicat+on:

In1f
(

HEAR ME?) GIVE CURRENT TIME
ﬁ

I? 2f COMMUNICATION 2
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Tg1f

INQUIRY (I'M A, CAN ANYONE |  COMMUNICATION 1 (

RESPOND {MR. A. I HEAR YOU.
1'M O.) GIVE ACK 1. GIVE
"FIRST RECEIVING-START
TIME OF GROUND UNIT".

e ——————————————
Tg2

COMMUNICATION 3 q

RESPOND (MR. A, 1M O.
GO AHEAD, PLEASE.) DECIDE
ACK 1, RESPOND TO ACK 2.

REQUEST (MR. O. ThisisCl. Tg3
TRANSMIT DATA 1.) DECIDE
"ACK. GIVE CURRENT TIME. COMMUNICATION 5 L
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2. Anobile unit comunication control nmethod according to Caiml,
wherein each of said responders determ nes the status infornmation thereof
in said conmunication area and transmts the status information thus

det er m ned. 3. Anobile unit ni cation control nmethod according
to Claim2, wherein said status |n?g tion is the advance tine
|nfornat|on representing the tinme said

-67- responder advanced into saifd ]c@j'ruﬂ €ation area. 4. A nobile
unit conmuni cation control nethod according to Claim?2, wherein said
status information is the distanc&mgﬁﬁgpﬁgg i nfor mati on representing the
di stance covered by said responde vancing into said

comruni cati on area.
C START )

- .
=
TRANSMIT INOUIRY SIGNAL S
WITH CURRENT TIME | =
402 =
SIGNAL %
RECEIVED? ks
v )
420 -
442 Y PLURAL =
O RECEIPTS? S
j&2) E—
5 £ »{N 5444 =
B 25
SEHE RESPOND TO ACK 1. GENERATE RESPONSE =
TELS SIGNAL WITH ACK 2 AND CURRENT TIME S
SEES [
Bm88 TRANSMIT RESPONSE SIGWAL . |n0q - {
SE:% 'y
22y
BERE
L____ wy
s
E~
5
=
=]
[(GENERATE REQUEST SIGNAL WITH 2!
CURRENT TIME 446 <
I CTH -
TRANSMIT REQUEST SIGNAL |..4 |
= I
416 '~
— 4 :
b
(&)
Y 4
W ) :
N



5. A nobile unit communication control
wherei n the advance of said responder

met hod according to Caim 3,
into said conmunication area i s

detected when a predeternmined electric field intensity caused by the radio

wave from said questioner is exceeded.
control

6. A nmobile unit communicati on

met hod according to Caim4, wherein the advance of said responder

into said communication area is detggpfd when a predetermned electric

field intensity caused by the radio

wave from said questioner is exceeded.

7. A nobile unit comunication conqch(Ethfj Agccording to Caim1l
ausi ng

further conprising the steps of:
return at | east the

guestioner to transmt the conmmuni cation

received information as it is;

ach of said responders to
and causing said
time information representing the

ti me of communi cati on VEHOGLE-MQUNTEDeENIDner as the status information,

estimate the responder I s the ol dest comrunication tine
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i nformati on as a responder expected to pass the comrunication area at the
earliest time on the basis of the communication time information included
in the information returned from each.responder and determ ne said
responder as an object of connunlcatl 8. A nobile unit

commruni cati on control method accordi ng t8 Claim?7, wherein said

comuni cation tinme information is the transm ssion nunber updated for each
transm ssion from said questi (():F»'erl Q. 2 T9B A npbile unit communication
control nmethod .according to aim 7, wherein said communi cation tine
information is the tinme of transm ssion fromsaid questioner. 10. A
nmobi l e unit comuni cation control nmethod according to Caim1, wherein

said nobile unit is a vehicle
® O
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running on the road, said responder is a communication unit hav%@gwap,
antenna nounted on said vehicle, and said questioner is a conmunigatjon
unit having an antenna installed on the road side.

P a -69-
ABSTRACT

MOBILE UNIT COMMUNICATION GONTROL METHOD

A moblle unit commuiiication control metnoa is rur
exchanging information accurately between a plurality of
responders and a questioner in a communication area without
information drop-off. A ground unit.-constituting the
questioner transmits an inquiry signal. A vehicle-mounted
unit constituting the responder stores and returns the

(O current time the vehicle-mounted unit first received the

inquiry signal as a starting time. The ground unit selects
a vehicle-mounted unit with the earliest starting time as an
object of communication among a plurality of the vehicle-
mounted units. A vehicle-mounted unit expected to pass the
communication ares at the earllest time 1s.se1ected, and the

| ground unit transmits a response signal for handshaking with
the particular vehicle-mounted unit, to which the vehicle-
mounted unit replies. With the establishment of the
handshake, data are ex;hanged between the ground unit and-= -

1 the vehicle-mounted unit.

Figure 1




