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I NVENTION a) Field of the Invention The present invention RaN¥ ks @
mohi1 e conmunica- tion nethod for perform ng comuni cati on between a'ffi xed
station and a nobile station installedqon a noving body. b) Description of
the Prior Art The nobst "broadly used nethod for debiting vehicles on tol
roads and the like is an exclusively manual nethod in which an attendant
n&nually receives a toll fromeach of the vehicles‘passing through the

gate. Such a nethod is d'SadV@ﬂﬁﬂﬁﬁzﬁgjm@_kﬂﬁkﬁﬁﬁkﬁﬁda”tS nust be enpl oyed,
in that it causes a traffic jam depending on the nunber or flow of passing
vehicles, and so on. To ovenggﬂgesggmmﬁmggﬁgm@n MatNodebi ti ng systens have

been developed which utilize various types of renote sensing techni ques and.
radi o comuni cati on techni ques. :

BACKGROUND OF THE INVENTION

a) Field of the Invention |

The present invention relates to a mobile communica-

: tien method for performing communication between a fixed
station and a mobile station installed on a moving body.
| b) Description ef the Prior Art

The most broadly used method for debi%ing vehicles
on toll roads and the like is an exclusively manual
method in which'an_attendant manually receives a toll
from each of the vehicles passing through the.gate. Such
a method is diéadvantageous in that attendants must be
employed, in that it causes a traffic jam depending on
the number or flow of passing vehicles, and so on. To
overcome such problems, many debiting systems have been
developed which utilize various types of remote sensing
techniques and radio communication techniques.

For example,'a system disclosed in Japanese Patenf
ﬁaid—Open No. Hei 3-189798 uses ID plates, each of which
is applied to a vehicle to be debited end stores the
‘vehicle number and the balance of a contract or times. An
ID. plate reader including an road antenna and a camera is
located at a given point on the road (e.g., at a toll
gate). The ID plate'reader is adapted to carry out radie

communication between the ID plate reader and the ID -



For exanple, a systemdisclosed in Japanese Patent Laid-Open No. He
3-189798 uses ID plates, each of which is applied to a vehicle to be
debited.and stores the vehicle number and the bal ance of a contract or
tinmes. An ID plate reader including an rgad antenna and a canmera is | ocated
at a given point on the road (e.g., at a toll gate). The ID plate reader is
adapted to carry out radi.o conmuni cati on between the ID plate reader and
the ID 2 plate on a vehicle through the road antenna while captur- ing

the license pl tac és)f?'%hg[", viehl £ _etﬁp&?&?ﬂtﬁge%&ﬂeg&%%%% ‘é’?gﬁ%ﬁ%ﬁpﬁ ader

conpares and e el1nftormati on o 1e venicle nu rough

the radio co | et Qe rbig%éig&c%gg%i&ghf§1%2§%y§€§§|§?ain &xQb-

tai ned by image processing the captured i nage. i nformation
are coinci dentppi t¥p §CAR Ot R€ddet ompares and checks the information

of the vehicle number obtained through.the radio communi-
cation with the ihformation of the vehicle number ob-
tained by image processing the captured image. If both
sets 6f_information a#e coincident with each other, thel
ID plate reader determines that the ID plate is properly
ﬁsed by the actual user. |
However, such a system can properly function only
when a single vehicle exists near the ID plate reader. It
is now.assumed tﬁat this system is applied to a single- .
lane road with a single ID plate reader beiné-located for
the single road lane. If a plurality of motorbikes are
'moving on the lane side by Side, a motorbike communicat-
ing with the ID plate reader is not necessafily coincid-
ént with a motbrbike having its license plate captured by
the caﬁera of the ID plate reader. Even if any one of the
motorbikes running éide by side improperly uses the ID

plate, therefore, this cannot be precisely detected.

SUMMARY OF THE INVENTION
The first object of the present invention is to
provide a system which can distinguish a moving body,
which has terminated communication 6f information relat-
ing to the debit or the like, from another moving body

which has not terminated communication, even if a plurali-



I D plate reader determnes that the ID plate is properly used by the actual
user. However, such a system can properly function only when a single
vehicie exists near the ID. plate reader. It is now assunmed that this system
i s;applied to a single- lane road with 8 single I D plate reader being

| ocated for the single road |lane. If a plurality of notorbi kes are noving
on the lane side by side, a notorbike conmmunicat- ing with the ID plate
reader is not necessarily coincid ent mﬁth a notorbi ke having its |icense
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object of the present invention Is to provide a system can
di stingui sh apabyes BO€yxeWhsehAthan leeataat sdjseaﬁuntearthenretad and

information relat- ing to the debit or the like, from another noving body
whi ch has notmbBilknatadieasminstalien, oﬁVQHelhoalﬁbubéhhes_on'the
road. This object is'accompliehed by impfoving the pro-
cess relating to the response from the moving bodies.

In the first aspect of the present invention, there
is provided a mobile communication method for performing
fadio,communicetion between a fixed station disposed
edjacent to a road on which a plurality of moving bodies
are moving and mobile stations respectively installed on
the moving bodies moving on the road, the method compris-
ing a first step of repeatedly and wirelessly transmit a
solicitation signal for soliciting dommunication of
information from the fixed station toward a communication
zone; a second step-of wirélessly transmitting a first
response representing'willingness to participate in
communication of the information and a second response
indicating that the information has already been communi-
cated fromlthe mobile stetions existing in the communica-
tipn zone in response to the solicitation signal,-fhe
first response being transmitted from a mobile station
.wﬁich has.not participated in the communication yet, the
secqnd response being transﬁitted from a mobile station
which has already participated in the communication; and
a third Step of wirelessly performing the communiéation

between the fixed station which transmitted the solicita-



3 ty of nmoving bodies are sinmultaneously running on the sane road when the
radi @ communi cation is being perforned between a fixed station | ocated

adj acent to the road and nobile stations installed on the noving bodies on
the road. This object is acconplished by inproving the pro- cess relating
to the response fromthe noving bodies. In the first aspect of the present
‘invention, there is provided a nobile conmunication nethod for performng
~radi o conmuni cation betmeen a fixed station disposed adjacent to a road on
which a plurglity of d es bi stay
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solicitation signa citrhig commiini cation o rimati o
fixed stati oghbopehdiad %QEEHBh%athEh have already participated to

the information cdmmunicatiqn (debit confirmation and
others) from the other mobile stations which have not yet
participated to the information communication. Even if a
plurality of moving bodies are moving on the same road |
side-by-side, therefore, the hoving bodies can be indi-
vidually distinguishéd from each other.

In the second aspect of the present invention,:the
mobile communication method of the first aspect is char-
acterized by the fact tﬁat'the second sfep includes a
step of causing ahy mobile station that previously commu-
nicated the inforﬁation,,among the mobile stations exist-
ing in the communication zone, to wirelessly transmit the
second.response in reply to the solicitation signal when
a given time périod'has already passed after the communi-
cation of the information has terminated. According to
this aspect, the frequency of comdunication between the
fixed station will be‘suppressed and therefore the traf-
fic is reduced. Even if a number of,ﬁoving bodies exist
near the fixed station at the same time, therefore, the
‘tfansmission'of signals from the other mobile stations
can be prevented from obstructing the transmission of
signals from a mobile station.

In the third aspect of the present invention, the

mobile communication method of the first aspect is char-



zone; a second step of- wirelessly transmtting a first response
representing willingness to participate in comunication of the inflormation
and a second response indicating that the information has already been
comruni - cated fromthe nobile station$ existing in the comunica- tion
zone in response to the solicitation signal, the first response being
‘transmitted froma nobile station which has not participated in the
"communi cation yet, the second response being transmtted from a.nobile

station whi gtteasid apdych@rddcet peHad it sy masiprisas);a afsusth hi rd
-step of wirelessly perform ng the communi cati on between the fixed station
whi ch transmtidredf mumingithe fixed tstativrgnad detbdthetinds et st ati on
which transmitted the first response. Thus, the fixed station can
di sti ngui sh whiechrdtiie fistst iamd secad heeaspaiseate peaeivedihyl the
fixed étation; a fifth step of causing the fixgd station
to detect that a moving body has passed through a given
point on the road and a time at which this occurs, in
parallel to the execution_df the first to fourth steps;
and a sixth step of causing thé fixed station to detect a
mbving body including a mobiie station that did not- |
exactly execute the second step, among the moving bodies
whose passage is detected at the fifth step, by matching
the time of reception detected at the fourth step with
the time of passage detected at the fifth step. According
to the third aspect, thérefore, the moving body which has
passed through'a-particular point on the road can be
reliably specified by utilizing the detected time of
passage of the moving body, in addition to the condition
of communication between the'fixed station and the mobile
stations.

In the fourth aspect of the present invention, the
mobile communication method of the second aspect is
characterized by the facf that in addition to the fourth
to sixth steps according to the third aspect, it further
compriées a sevehth step of, prior to the sixth step, ex-
cluding selective ones of the first énd second responses

from the matching of the sixth step, said selective ones

being first and second responses whose time of reception



the information comunication (debit confirmation and others) fromthe

- other nobile stations which have not yet participated to the information
communi cation. Even if a plurality of noving bodies are noving on the sane
road side-by-side, therefore, the nmoving bodies can be indi- vidually

di stingui shed fromeach other. In the second aspect of the present

I nvention, the nobile conmmunication nethod of the first aspect is char-
-acterized by the fact that the second step includes a step of ‘causi ng any

mobi | e st at iph,d hdeR! G¥LOLELY £RNHe PoERtRIstES hotolgBerobhaaneng the
mobil e stations exist- ing in the comunication zone, to wirelessly

transnit theySReONELhESPENS6di Nasebeynt passed saftert theohimegadél when a
given tinme period has al ready passed after the conmuni-- cation of the

i nf or mat i on pessage ndeteéetedAatotbengifbht ftepaspecordihg teethency of
comuni cati on between the fixed station will be suppressed and therefore
the traf- fifousthestepd. therafotea thebwovingnbodvigwbhdghebasxpassedar t he

fixed station at the sane tine, therefore, the
through a partlcular p01nt on the road can be exactly

specified while relieving the traffic between the fixed
station and the mobile stations.

In the fifth aspect of the present invention, the
mbbile communication method of the fourth aspect is
characterized by the fact that the seventh step comprises
a steb of ,prior to the sixth step, excluding the first
and second responses from the matching of the sixth step .
if the.time of receiving the responses sensed at the
fourth step is after the time of passage sensed at the
fifth step.and before said given time period plus a given
margin time period has passed. According to the fifth
step, therefore, even if the error occurs in the defected
time of passage of the moving body and the time of recep-
tion of the firéﬁ and second responses. Namely, the
specification of the moving bodies can be more accurately
éxecutéd.

In the sixth aspect of the present invention, the
mobile communication method of the third or fourth aspect
is characterized by the fact that the giQen point is in
the communication zone. According to the sixth aspect,
therefore, the mobile communication method can deal with_

a case wheﬁ a moving body that does not éxactly respond



transm ssion of signals fromthe other nobile stations can be prevented
from obstructing the transm ssion of signals froma nobile station. In the
third aspect of the present invention, the nobile comunication nethod of
t:he first aspect is char- 5 acterizeg by the fact that it further
conprises a fourth step of causing the fixed station to detect tines at
which the first and second response are received by the fixed station; a
fifth step of causing the fixed station to detect that a novi ng body has
passed t hrough theiseconpdi stepnis heunning atogethenewith wmaebhehi s occurs,
in parallel to the execution of the first to fourth steps; and a sixth step
of causi ng thevingdeody athah deoescexactly moespendotly thel secomdastebi| e
station that did not exactly execute the second step, anong the noving
bodies - According to the sixth aspect, the mobile communication
method can distinguish these moving bodies from each

other.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an outlinelview df a system relating to
fhe first embodiment of the presentlinvention.

Fig. 2 is a timing chart illustrating a procedure of
debiting in the first embodiment. ' |

Fig. 3 is a;block diagram-illusyrating the function-
al structure of an IU.

Fig. 4 is a view illustrating the procedure of
communication in a first gaﬁtry communication zone.

Fig. 5 is a view illustrating the procedure of
commﬁnication in a second gantry communication zone.

Fig. 6 is a flowchart illustrating the floﬁ of a
preprocéss of a correlation mapping. .

Fig. 7 is a plan view illustrating the.function and
advantage of the first embodiment.

Fig. 8 is a view iilustratihg timings of a pilot
response signal, existence-in-second-gantry-zone signal'
and vehicle detection signal which are produced in Fig;
7. |

Fig. 9 is a_plan view'illustrating the function and

advantage of the first embodiment.



whose passége is detected at the fifth step, by matching the tinme of
reception detected at the fourth step with the time of passage detected at
the fifth step. According to the third aspect, therefore, the noving body

whi ch has passed through a particul ar _
specified by utilizing the detected tine of passage of the noving body,
addition to the condition of comruni cati on between the.fixed station and
the nobile stations. In the fourth aspect of the present invention, the
nobi | e communi catFin nms hiosl Hividie SERENAS ttinﬁrfd@fc?@térg%ﬁf&t by the

in addition to the fourth to sixth steps according t¢
aspect, it hespeeise ®iYridles exiestd- Si-afedindYdrry-Ldhe $ighdn st ep,

fact that

ex- cluding selective ones of the first and second responses fromthe

mat chi ng of anide vehitdies tdgtectich selgmdl whimte afeipipdiuded B Egcond

responses m@pse time of reception

Fig. 11 is a view illuétratiné timings of a pilo£
responseusignal, existence-in-second-gantry-zone signal
and vehicle detection signal which are produced if a
vehicle A in Fig. 7 does not inciude an IU.

. Fig. 12 is a plan view‘illuétrating the positional

relationship between the second gantry communication zone

. and the vehicle detectors in the second embodiment of the

present invention.
Fig. 13 is a plan view illustrating the function and

advantage of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Some preferred embodiments of the present invention
will.now be éescribed-With reference to the drawings.
| Fig. 1 shows the outline of a system relating to the
first embodiment of,thé present invention. In this fig-
ure, there are shown first and second gantries 10 and 12
bridging across a six-lane road on which the vehicles 16

are free lane traveling. The first gantry 10 is located

-upstream side of the seéond'gantry 12 along the vehicle

flow direction. At the top of the first gantry 10, six
debiting antennas 14 are provided corresponding to the

respective lanes. On the other hand, each of the vehicles

int on the road can be reliably

in

o the third



6 have been detected in the fourth step not |ater than the given tine
period has been passed after the tinme of passage detected at the fifth
step. According to the fourth step, therefore, the noving body which has
passed through a particular point on thg road can be exactly specified
while relieving the traffic between the”fixed station and the nobile
stations. In the fifth aspect of the present invention, the nobile

comuni cation nethod of the fourth aspect is characterized by the fact that

the seventh 2ufiflif Bh e FoaliCAntka1ll 8h LA-LBA;SNE! hingiteRIugxalaudi ng
the first and second responses fromthe matching of the sixth step if the

time of recepviBgaliheon®¥B2N1ees 20enscPhrafvidea bayadentt ap itheafdoad the tine
of passage sensed at the fifth step and before said given tine period plus

a given mar gandt pee fpeisod fradioasdmhundcaticnn dettwekne thef locstlep,
therefore, even if the error occurs in the defected _

controller 20 and the IU 18 now existing in the communi-
cation zone covered'by respective ones of the debiting
anfennas 14, using, each of the debiting antennas 14.

To perform the communication before the vehicle 16 passés
the first gantry 10, the communication zone covered by
éadh of the debiting antennas 14 is located on the corre-
sponding lane upstream of thé'first gantry 10. In other
words, an area located upstream of the first gantry 10
and having a given spread is covered by all of the six
debiting antennas 14.

The second gantry 12 is iocated downstream of the
first gantry 10. At the top of the second gantry 12, six
confirmation-antennas 22 are located corresponding to the
respective lanes..Thellocal controller 20 2 performs the
communication between the local controller 20 and the IU
18 existing in the communicéfion zone.covered.by respec-
tive'ones of confirmation antennas 22, using each of the
confirmation antennas 22. To ﬁérform the communication
before the vehicle 16 passes the.second gagtry 12, the
communication zone covered by each of the conkirmation
antennas 22 is located on the corresponding lane and
upstream of the second gantry 12. In other words, an area
located upstream of the second gantry 12 and having a

given spread is covered by all of the six confirmation



ti me of passage of the nmoving body and the tinme of recep- tion of the first
and .second responses. Nanely, the specification of the noving bodies can be
more accurately executed. In the sixth aspect of the present invention, the
nobi | e communi cation nmethod of the thirgpor fourth aspect is characterized

by the fact that the given point is in the communication zone. According to
the sixth aspect, therefore, the nobile comunication nmethod can deal with

a case when a noving body that does not exactly respond - 7 to the second

step i s runyqiedrgetder wth another noving body that does exactly respond
to the second step. According to the sixth aspect, the nobi'le communication .
met hod can di sti npguitte 455 o MOthd sdesh® gdri ey BTN arif®fcement

cameras 24 are also provided. Each of the enforcement
cameras 24 is disposed at éuch an angle that it can
capture the license plate of a vehicle 16 subséquentiy
moving'from the communication zones covered by any one of
confirmation antennas 22. A given number of vehicle
detectors 26 for detecting the passage of the vehicles 16
aﬁd the speed theréof'are embedded in the road at the
points downstream of the second gantry 12. The wvehicle
deteétoré 26 may be implemented by loop coils whose

" inductances change in accordance with a magnetic mass
passing therearound.

The local controller 20 controls the operations of
the aforementioned units, the resulting information being
fhen transmitted to a host controllér {not shown).

Fig. 2 schemafically shows the procedure for debit-
 ing which is accomplished by the first embodiment. The
details of the respective.units are described'in U.S. |
Patent Application 08/420687 which haé been filed by the
same assignee. As a smart card is inserted into the IU 18
mounted on a vehicle 16, a procedure called "mutual
authentication" is executed between the IU 18 and the

- smart card, as shown. The smart card is a kind of IC card
which has stored thereiﬁ the identification information,
Balance infqrmation and other information. As shown in

Fig. 3, the IU 18 comprises a reader/writer 28, a control



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an outline view of a system
relating to the first enbodi mnent of the present invention. Fig. 2 is a

timng chart illustrating a procedure of debiting in the first enbodi nent.
Ftg. 3 is a block diagramillustrating e function- al structure -of an IU.
Fig. 4 is aviewillustrating the procedure of comunication in a first
‘gantry communi cation zone. Fig. 5is a viewillustrating the procedure of

comuni cation in a second. gantry comruni cation zone. Fig. 6 is a flowhart

A1ustrating,hie 5howaokad;0r eBRAGRISaYIOA GRIECHA! AR EAPANRGNNE! 84.7 1S 2

plan view il ustrating t “function an dvantage of the first enbodi nent.
Fig. 8 is a xkewhkl khartabbra BeNMiBIIn8briell iftor €aBOREAdRrYREL ter

exi stence-i n-second-gantry-zone signal and vehicle detection signal which
are produced28p khe. céntrol unit 30 is responsive to this insertion
for executing the procedure of mutual authentication. The
control unit 30 also has a function of executing.the
other control procedures in the IU 18.

When the vehicle 16 in which the mutual authénticaf
tion hés been executed between the IU 18 and:the smart
éard 36 arrives at one of the communication zone covéred
by the éebiting antennas 14 ("first gantry communication
zone" shown in Fig. 2), the radio communication is exe-
cuted between the iy 18 and the local controller 20
through'the debiting antenna 14‘corre$ponding to the
zone, accordiﬁg to such a procedure as shown in Fig. 4.
‘As will be apparent from Fig. 4; the local controller 20
repeatedly transmifs a pilot signal through the debiting
antenna 14 in a given cycle. The repeat cycle depends on
the maximum running spged expected on that road, the area
of the comﬁunication zone covered by the antennas and the
number Qf vehicles that can pass through the communica-
tion zone at the ééme time. For example, the repeat cycle
may be set to 10 msec. Each of the IU's 18 now existing
in the communication zone covered by therdebiting anten-
nas_14 transmits a pilot response signal immediatély when
it first receives the pilot signai through the antenna 34

and radio communication unit 32.

As the local controller 20 receives the pilot re-



Fig. 9is aplan viewillustrating the function and advantage of the -first

enbodi nment . 8 Fig. 10 is a viewillustrating timngs of a pilot response
signal, existence-in-second-gantry-zone signal and vehicle detection signal
which are produced in Fig. 9. Fig. 11 is_a view illustrating-timngs of a

pil ot response signal, existence-in-secold-gantry-zone signal and vehicle
detection signal which are produced if a vehicle Ain Fig. 7 does not
include an IU. Fig. 12 is a plan view illustrating the positional

ot actora | TR o e o g PRI ERRs ARcehifeis €
plan view ill4stthéi Bgrin8e tHeft toAnSMEts an authentication message
' (e.g;, secret number) thfough the corresponding debiting

-antenna 14 in the next repeat cycle. After the corre-
sponding 1U 18 has received the authentication message,
it reads the information of balance or the like from the
smért card 36 and'then wirelessly t:ansmits the read data
(e.g., read balancé information with a secret number)
fhrough the antenna 34 of that IU 18. As the loéal con-
troller 20 receives the data from the IU 18 throuéh.the
debiting antenna 14, the former again transmits write
data (e.g., fee information with a secret number) through
the debiting anténna.14 in the next repeat cycle. After
receiving the write data, the IU 18 transmits an end
signal. Thereafter, the IU 18 will not response to the
piiot signal transmitted from the same or other debiting
antenna 14 on the same first gantry 10.

IU 18 is responsive to the received write data for.
executing the writing step to the smart card 36 such that
the debited fee will be deducted out from the smart card-
36 (debiting). The local controller 20 writes information
representing whether or not the communication relating to
the debiting was properly performed, information indicét-
ing times of that communication (times at which the
signals from the IU 18 were received) and other informa-
tion in an internal data base. The local controller 20

also searches whether or not an IU 18 now communicating



advant age of the .second enbodi nent. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBCDI MENTS Sone preferred enbodi nents of the present invention will now be
described with reference to the drawings. Fig. 1 shows the outline of a
systemrelating to the first enbodi ment;30f the present invention. In this
fig- ure, there are shown first and second gantries 10 and 12 bri dgi ng
across a six-lane road on which the vehicles 16 are free | ane traveling.
The first gantry 10 is |located upstream side -of the second gantry 12 al ong
the vehicl e fHawewli tieCis Obegiétéred tOp Hf1ide of rHU' gars ryod Cavaix-debi ting
antennas 14 are provided corresponding to the respective |lanes. On the
ot her hand, azlch (falid Yidt ¥l asd/or % r st ngf oIU t deused by nsérasdssan
in-vehicle unit (1U) 18. A local controller 20 is provided adjacent to the
r oad prohibited from debiting (black list).
As the debited vehicle 16 arrives at the communica-

tion zone covered by the confirmation antennas 22

("second gaﬁtry communication zone" shown in Fig. 2), the

radio communication is executed between the IU 18 of that

vehicle 16 and the local controller 20 through the corre-

sponding confirmation antenna 22 according to such a

procedure as showﬁ.in Fig. 5. As will be apparent from

Fig. 5, the local controller 20 executes the communica-

tion with the IU 18 through the confirmation antenna 22

in a manner similar to that of the debiting procedure.

However, since it is not required to deduct the fee from

the smart card 36, unlike the debiting pfocedure, the

write data transmitted from the confirmation antenna 22

does not contain the fee information, but is only a

signal indicating the termination of the debiting pro-

cess. The baiance is displayed in the confirmed vehicle

16. More particularly, the reader/writer 28 of that

vehicle 16 displays the balance on the basis of the

balance information in the smart card 36. This may be

viewed by the driver of that vehicle. The internal data

base of the local controller 20 stores the result of

debiting confirmation and times at which the signals from

the IU 18 were received by the local controller 20.

Even after the confirmation of debiting has been



and perforns a radi o conmuni cati on between the |ocal controller 20 and the
U 18 now existing in the comuni - cation zone covered by respective ones
of the debiting antennas 14, using, each of the debiting antennas 14. To
perform the communi cation before the ve#icle 16 passes the first gantry 10,
t he conmmuni cation zone covered by each of the debiting antennas 14 is

| ocated on the corre- sponding |ane upstreamof the first gantry 10. In

ot her words, an area |ocated upstreamof the first gantry 10 and having a
gi ven spreactdrmicmtadd the dldcal ddretrso X eeR0 i typristitwatshd 4pillde second
gantry 12 is |ocated downstreamof the first gantry 10. At the top of the
second gant sigiyl sirk @idvenatepertatyrims Tk ' $ oddhtwil koresponding to
the respective |l anes. The local controller 20 2 perforns the conmunication
bet ween t he HesRanNs® ke dtherpblphrignal |{rag e eonfirmatirn comuni cati on
zone covered by respec- tive ones of confirmation antennas 22, using each
of the conf ARANMAF A4 fRas® Mhike. 3Gk 3 IARHRR PREIPN( =XX

msec.) is selected so that when the vehicle 16 gets out
‘'of the communication zone covered by the confirmation
antennas 22 smoothly (i.e. without stobping rapid and
without'abnormal acceleratiop or deceleration), the IU 18
6f'that.vehicle 16 will not need to response to any pilot
signal from the confirmation anfennas 22 on the 'second
géntry 12. Even wheﬂ a given time period XX msec. (e.g.,
300 msec.) has passed if an IU .18 cah_still receive the
pilot signal from the corrésponding confirmation antenna
22 after the confirmation of debiting has been terminat-
ed, the IU 18 transmits the pilot response signal to
answer the pilot signal. However, the pilot response
signal transmitted at this time now contains an addition-
al existence-in4second-gantr§-zone éignal haviﬁg given
coﬁtents to distiﬁguish this pilot response signal from
that in the confirmation of debiting. The local.conf
troller 20 receives the pilot response signal containing
,the_additional existence-in-second-gantry-zone signal té
.ascertaiﬁ that the debited vehicle 16 exists in the
communication zone covered by the‘cbnfirmation antenna
22. The internal data base of the local controller 20
tﬁen stores the time of reception of this signal.

The local controlief 20 detects the passage of vehi-



before the vehicle 16 paéses the second gantry 12, the conmunication zone
covered by each of the confirmation antennas 22 is |located on the
correspondi ng | ane and upstream of the second gantry 12. In other words, an
area | ocated upstream of the second gangry 12 and having a given spread is
covered by all of the six confirmation - 10 antennas 22. At the top of the
second gantry 12, enforcenent caneras 24 are al so provided. Each of the
enforcenment caneras 24 is disposed at such an angle that it can capture the
| i cense pl alled 16 Hralgh léhe ubseitlantdetetsonry 16 om tetm®ntinme cat i on
zones covered by any one of confirmation antennas 22. A given nunber of
. vehi cl e det diteren26 Irorraspatte nchdtetpasteydatal movietolexss 26 and t he .
~speed thereof are enbedded in the road at the

writes them in its internal data base on one hand and con-
trols the enforcement cameras 24 to capfure the license
plates of the vehicles 16 on the other hand. The capture
of license plates may be carried out for all the behicles
16 without any conditions being applied, or may only be
performed for a vehicle 16 in which any illegality or
discrepancy is found as a result of a validity or black
list search, or for a vehicle 16 in which any discrepancy
is found on the confirmation of debiting. In parallel to
this, the local controller 20 executes correlation map-
ping to correlate a vehicle in which the debiting or the
confirmation of debiting was not properly made with a
vehicle having its license plate captured. Information
relating to the license plate image of a vehicle 16 and
specifying that its debiting or confirmation of debiting
was not propetly carried out is transmitted from the
local controller 20 to the host controller as part of the
transaction report;

One of the features of the first embodiment resides
in that when a vehicle is to be specified by the correla-
tion mapping, a vehicle 16 still existing in the communi-
cation zone covered by the confirmation antennas 22, in
spite of the fact that this vehicle has been terminated

- in the confirmation of debiting, can be excluded as a-

result of its existence-in-second-gantry-zone signal



poi nts downstream of the second gantry 12. The vehicle detectors 26 may be
I npl erent ed by | oop coils whose i nductances change in accordance with a
magneti'c mass passing therearound. The local controller 20 controls the
operations of the aforenentioned units,léhe resulting information being
then transmtted to a host controller (not shown). Fig. .2 schematically
shows the procedure for debit- ing which is acconplished by the first
enbodi ment. The details of the respective units are described in U S
Patent Appli coeing 8420687 whgchéehsholserhéi Frdwbpft prosess assitheece. As
a smart card is inserted into the U 18 nmounted on a vehicle 16, a '
procedur e cal ledalnoontirodieeRdi relbrtihg toexbisat ptobetiwveen WhdleUnd& and
the smart card, as shown. The smart card is a kind of I C card which has
stored therei #honR, | #&ndpf newt pssumafotthati she Bamarscefi FpeeR&iodn ofnd

other informatjon. As shown in Fig. 3, the |U 18 conprises a reader/witer
28, a control the signals from the IU's 18 through the debiting anten-

nas 14 in the debiting procedure have been stored in the
intetnal data base of the local controller 20.

The local controller 20 first executes a given
initialization (100). As'the local controller 20 receives
a signal (communication data) from any one.of thé IU's 18 .-
through any one of the confirmation antennas 22 (102),
the local controller 20 stores the received communication
data in its internal data base. And 20 judges whether or
not this comﬁunicatibn‘data contains an existence-in-
‘second-gantry-zone signal (104). If it is jgdgéd that the
communiaation data does not contain the existence-in-
second~-gantry-zone signal, the local controller 20 asti—'
mates the speed of the vehicle 16 ftom a time of recep-
tion of the communication data already obtained on the
debiting ‘procedure an& a time of reception of the commu-
nication data now obtained for confirmation of debiting -
(106). The local controller 20 subsequently computes a

_ degree-onCOincidence (110) for each of the vehicles 16
passing balow the second gaﬁtry 12 (108), According to a
given algorithm and on the basis of the estimated speed.
If it is judged that the communication data contains the
existence-in-second-gantry-zone ‘signal, the local con-

troller 20 registers the time of reception in the inter-



unit 30, a radio comunication unit 32 and an antenna 34. As the smart card-
36 is inserted into the reader/witer 28, the control unit.30 is responsive
"to this insertion for executing the procedure of nutual authentication. The
control unit 30 also has a function of epecuting the other control
procedures in the U 18. Wen the vehicle 16 in which the nutual

authentica- tion has been executed between the IU 18 and the smart card 36
arrives at one of the comunication zone covered by the debiting antennas

14 ("first gadY Ydaewbdesagipm) zone" shown in Fig. 2), the radio
communi cation is exe- cuted between the 11U 18 and the |ocal controller 20
t hrough the debitixg antimesapdiint owhies phmfibimation hee Yoatibng ateotdeng to
such a procedure as shown in Fig. 4. As will be apparent fromFig. 4, the
local controlligense rebate etihgge r tvainiche adetecticn giata) hisughtaieed
N A ugh the venitle’detactors 26 and dnforcement cameras
24 and then stored in fhe internal data base of the local
controller 20 (114), the local controller 20 computes
(118) a degree—of—coincidence.(118) relating to each of
the vehicles 16 passing below the second gantry 12 (116)
én the basis of a time period from the rebeption of the
communication for confirmation of debiting to the detec- -
tion of vehicle passage by the vehicle detectors 26 and
according to a givén algorithm. After the passage of at
least one vehicle-lé is detected by the vehicle detectors _;
"'26 and é given time period (XX+t) msec. (where t is a
margin time period larger.than Zero) haé passed (129),
the local controller 20 uses, as indices, the degrée—of—
coincidence computed at the step 110 as well as the
degree—of—coincidence computed at the step 118 to execute
the vehicle specifying (correlation mapping). That is, a
~ process of correlating a vehicle 16 detected by the
vehiclé detectors 26 with a vehicle 16 thaf has transmit-
ted communication data which has been receiVed_by fhe
confirmation antennés 22 prior to the detection of the
first-mentiqned vehicle 16 (122) is executed. After a'_
vehicle has been specified, the local controller 20

deletes the communication and wvehicle detection data

relating to the specified vehicle from its data base



t he maxi mum runni ng speed expected on that road, the area of the
communi cation zone covered by the antennas and the nunber of vehicles that
can pass through the conmunica- tion zone at 'the sane tinme. For exanple,
the repeat cycle may be set to 10 nsecjygEach of the IUs 18 now existing in
the communi cation zone covered by the debiting anten- nas 14.transmits a
pil ot response signal imrediately when it first receives the pilot signal
through the antenna 34 and radi o communication unit 32. As the |ocal
control |l er 2@2aeceives the pilot re- 12 sponse signal through any one of
the debiting antennas 14, the former then transnmts an authentication
nessage (e.g., s&ore¢hendiirert) embodiglnithe anoekedpeidnproekiss 1 ant enna 14
in the next repeat cycle. After the corre- sponding 11U 18 has received the
‘aut hent i cat esacukedagéter the step 120 and before the step 122

(126). More particularly, since, among the existence-in-

second-gantry-zone signals having their times of recep-

ztion stored in the internal data base of the local con-

troller 20 at a time point when the vehicle specifying

process is initiated, it is considered that thé exist-

ence-in-second-gantry-zone signals that are registered

again (dpdated) withiq the time pe;iod XX msec. after

detection of the vehicles 16 by the vehicle detectors 26

are those transmitted from other wvehicles which have’

moved past the vehicle detectors 26 after the vehicles 16

have been detected by the vehicle detectors 26, or other

vehicles that have not yet passed .through the vehicle

'detectéré 26 after the time period XX msec. has elapsed

and also after detection of the vehicle 16 by the vehicle

detectors 26, they are omitted from the vehicle specify-

ing process at this time. on provision of such a func-

tion, the vehicles can be more precisely specified with a

lower incidence of mis-detection of a proper or improper

vehicle, even during a traffic jém or start-and-stop

operétion. Further, a procedure of visually specifying

the vehicles in the host controller to avoid the risk of

such mis-detection can be omitted or made less strict.

Figs. 7 to 10 show the detailed function and advan-

tage of the first embodiment.



it reads the information of balance or the like fromthe snart card 36 and
then wirelessly transmits the read data (e.g., read bal ance i nformation
with a secret number) through the antenna 34. of that 1U 18. As the | ocal
con- troller 20 receives the data fromgghe U 18 through the debiting
antenna 14, the fornmer again transmts wite data (e.g., fee information
wth a secret nunber) through the debiting antenna 14 in the next repeat
cycle. After receiving the wite data, the U 18.transmts an end signal.

Thereafter, the |tkl8svhblk A8kuk€8PERsE twothehpeles Ai gnal Bt arasnowt ed
fromthe sanme or other debiting antenna 14 on the sane first-gantry 10. U

18 is responsuneihg sh@erbvgesidd wnhi thedatachdr lamecasi showheimr Figng step
to the smart card 36 such that the debited fee will be deducted out from
the snmart ca’d BE {sedlsongpsumed tbatl thenvebitcie ROtemporarih¥or nmati on
representi ng whether or not the comunication relating to the debiting was
properly per$tepedini ther pammunicatient zopagcevarsdobyt Khe eenfiRmaat i on
(times at which the

tion antennaé 22 and then re-starts and passes through
the communication zone. It is further assumed that the
vehicle B passes through the communication zone covered
by the confirmation antennas 22 without stopping.

. -In such a case, times of the pilot response signals
and existence-in-second-gantry-zone signals transmitted
from the IU's 18 oﬁ the vehicles A and B (which IU}s.will
be called IU-A and IU-B for distinction) are as shown in
Fig. 8.-Since the vehicle A stops in the cqmmunication
zone covered by the confirmation-antenna 22 for the
second lane'as shown, the pilof response signal and
existence-in-second-gantry-zone signal from the IU-A wili
be received by the confirmation. antenna 22 even after the
passage éf the vehicle B has been detected by the vehicle
detector 26 for the second lane.

When a vehicle detection signal indicating the
detection of vehicle made by the vehicle detector 26 for.
the second lane is provided at a particular time point,
if the pilot respohse signal and existenqe-in-second:
gantry-zone signal are received by thé confirmation -
antenna 22 for a timé period from the occurrence of the
above vehicle detection signal to the eiapsing of the.

time period, (XX+t) msec., it is determined that the



signals fromthe U 18 were received) and other informa- tion in an
internal data base. The local controller 20 al so searches whether or not an
| U 18 now communi cati ng 13 therewith is registered in a list of IUs 18
now avail- able (valid list) and/or a bpst of 1Us used by persons
prohibited fromdebiting (black list). As the debited vehicle 16 arrives at
the communi ca- tion zone covered by the confirmation antennas 22 ("second
gantry comuni cation zone" shown in Fig. 2), the radio comwunication is

execut ed betupan dddhl B ditiial i ipeld e e |edl cambaapl er 20

through the corre- sponding confirnation antenna 22 according to such a
procedure agithPWs idbtid véhidie \ddtediicippalghil fo didiicating tite | ocal

controller 20 executes the comunica- tion with the 11U 18 through the
confirmati OReNIlcAR&A ,2Dbut a vehicle detection signal § indicating
| the wvehicle B.'According to such a principle, the afore-
mentioned process relating to.the step 126 discriminates
the pilot fesponse signal and existence-in-second-gantry-
zone signal from the vehicle A and.exclpdes.ﬁpem from the
vehicle specifying procéss relating to the vehicle B.

. It is further assumed that as shown iﬁ-Fig; 9, the
vehicle A is initially running in the first lane, entefs
the communication ione covered by the confirmation anten-
na 22 for the second lane, further enters the communica-
tion zone covered by the confirmation antenna 22 for the
_first lane and is finaily detected by the vehicle detec-.
tor. 26 for the first lane. On the other hand, it is
assumed that the vehicle. B continues to run in'the second
lane as in Fig. 7f

'In.such a situation, timeé of the pilot response
signal and existence—in4secohd-gantry—zone signal from
the IU-A and IU-B on_fhe vehicles A and B are as shown in

Fig. 10. More particularly, if a vehicle detection signal
is obtained by the vehicle detector 26 within the time
period, (XX+t) msec., after the pilot response signal and
existence-ih-second—gantry-zone signal are redeived by
the'confirmation antenna 22 for the first lane, it is
understood that this vehicle detection signal is a vehi-

cle detection signal o indicating the detection of the



in a manner simlar to that of the debiting procedure. However, since it is
not .required to deduct the fee fromthe smart card 36, unlike the debiting
procedure, the wite data transmtted fromthe confirmation antenna 22 does
not contain the fee information, but is only a signal indicating the
termination of the debiting pro- cess. #he balance is displayed in the
confirnmed vehicle 16. More particularly, theé reader/witer 28 of that
vehicle 16 displays the balance on the basis of the balance information in
the smart carghifi®rle ThHi s may be viewed by the driver of that vehicle. The
internal data base of the local controller 20 stores the result of debiting
confirmation and In mese afiwét cCémbo@imeBOAl owdwsr | Net by Sbaved er£ecei ved by

the local controller 20. Even after the confirmation of debiting has been
14 cult to specify the vehicles in a certain situation. It
| is assumed, for example, that one of the vehic}es A and B
shown in Fig. 7 (e.g., vehicle A) does not include an IU
18 mounted thereon. In such a case, no communicafion for
debiting and confirmation of debiting is executed, nor
any transmission/reception of pilot response signal +
éxistence-in—second—gantry-zone signal to be executed
after the confirmation of debiting. As shown in Fig. 11,
however, the vehicle detection signal o is produced as in
Fig. 8 when the vehicle A passes through the vehicle
detector 26. If such a problem is neglected, the amount
of license plate images to be contained in.the transac-
tion réport.to the host increases, which increases the
burden on the system. A probleﬁ will be raised as to in
what manner the local controller 20 can ascertain that
the vehicle B is.indicated by either of the vehicle
detection signals o and B. A similar problem may be
raised when the vehicle B shown in Fig. 7 does not in-
clude én IU 18 moﬁnted therein or when a plurality of
vehicles (any one of which does not have an IU 18) are
running side by side in the same lane at different
speeds.
To overcome such a problem, there may be considered
a method of detecting a vehicle which has not properly

performed the communication'for the debiting or confirma-



termnated, the local controller 20 transmts the pilot signal in a given
repeat cycle. The IUs 18 will not response to the pilot signal fromthe
confirmation antennas 22 for a while. Such a no-answer period (=XX nsec.)
is selected so that when the vehicle 16 gets out of the conmuni cation zone
covered by the confirmation antennas 22 snoothly (i.e. w thout stopping
rapi d. and w t hout abnormal accel eration or deceleration), the U 18 of that

vehicle 16 will not need to response to any pilot signal fromthe
confirmati onRidH ¥ aferiZ My (e HELEX ch& Niniyrdpler BY efemiifatedi ven tinme
period XX nmsec. (e.g., 300 nsec.) has passed'if an 11U 18 can still receive

the pilot sidiiging raubiting Wi asqeftinmgt tanfof MasbDvimnt chow. &Rample; t he
confirmation of debiting has been terminat- ed, the U 18 transmits the
pil ot resporsdoomreil,o Hheewscalmmepi dotothemarehidlevdetecter pi | ot
response signal transmtted at this tinme now contains an addition- al
exi st ence- i r-sssandl-einicle Adgtectonh| maw \be glegated cdmtanpy sPebntli @Ri ngui sh
this pilot response signal from :
the road extending from adjacent to the communication '
zone covered by the debiting antennas 14 to.upstream of
the communication zone covered by the confirmation anten-
nas 22. Thus, the second vehicle detector can ascerfain
Jthe exiétence of a vehicle 26 not prpperly debited" and
"the position of that vehiéle 16 on the lane at the point
at whicﬁ the second vehicle detector is positioﬁed",
before the vehicle 16 is detected by a vehicle detector
26. By utilizing the vehicle detection signai that is
obtained-by the vehicle detector 26 and which indicates
"the existence of a vehicle 16 separated from fhe commu-
nication zone covered by the confirmation antenné 22" ‘and
"the position of that vehicle on the lane at the point at
which the vqhicle detector 26 is'dispoéed“, it can be
éécertained with a certain probability whether either of
two vehicle detection signals o and p shown in Fig. 11 is
"a detection signal of the vehicle ﬁot properl& debited".
However, such a teéhnique has a disad&antége in that
additional installation and maintenance costs are pro-
duced since'the second vehicle detectors are required. To
overcome such a problem, it is preferable that the rela-

tive position between the communication zone covered by

the confirmation anténnas 22 and the vehicle detectors 26



that in the confirmation of debiting. The local con- troller 20 receives
the :pil ot response signal containing the additional _

exi stence-i n-second-gantry-zone signal to ascertain that the debited
wehicle 16 exists in the communi cati onzgone covered by the confirmation
antenna 22. The internal data base of the local controller 20 then stores
the tinme of reception of this signal. The local controller 20 detects the
passage of vehi - 15 cles 16 through the vehicle detectors 26 with the

time thereofis |db respofiset 18 6fshid e dttNZOd8 Dhbakddes themin
its internal data base on one hand and con- trols the enforcenent caneras

24 to capt unel ttim | thoe nsEmmphed @stidn tdenhe efvvdisd Iy othd heof Diatibswl. The
capture of license plates may be carried out for all the vehicles 16
wi t hout any asdrehinasrid2 beasigshapph i Bu,Fig. ¥/ amle smcond embodiment. ‘
In such an arrangement, first, it may be gonsidered
that a vehicle 16 producing a véhicle detection signal at
a lane exists within the communication zone covered by
@he confirmation antenna 22 for that lane. Second, it may
be cdnsidered that if the cycle of transmission and
' thicle detectors 26 are designed'such that a period of
producing a vehicle detection signal is substantially e-
qual to or longer than the cycle of transmitting the
pilot response signal + existence-in-second-gantry-zone
signal, a vehicle 16 funning in a lane will'transmit the
piiot response signal + existence-in-second-gantry-zone
signal at least once when that véhicle 16 causes a member
~or part belonging to that lane among the vehicle detec-
tors 26 to be producing the vehicle.détection signal. If
a confifmation antenna 22 corresponding to a lane re-
ceives thé pilot response sigﬂal + éxistence-in-second-
gantry~zone signal when a vepicle detection signal is
being produced at that lane, therefore,-it may be consid-
ered that a vehicle 16 causing that vehicle detection
' signal to be produced is coincident with a vehicle 16
transmitting the pilot response signai + existenceéin-
second-gantry-zone signal.
Even if the veﬁicles'are running in such a manner as

shown in Fig. 7 in such an arrangemeht as shown in Fig.



performed for a vehicle 16 in which any illegality or discrepancy is found
as aresult of a validity or black |list search, or for a vehicle 16 in

whi ch any di screpancy is.found on the confirmation of debiting. In parallel
to this, the local controller 20 executzas correl ation map- ping to
correlate a vehicle in which the debiting or the confirmation of debiting
was not properly made with a vehicle having its |icense plate captured.
Information relating to the |icense plate inage of a vehicle 16 and

speci fying §9aknk! 8vdRPLMLAO0 e CRRALCIEAR Boel nbtbidy0 RS dlg PI oPer |y

carried out Is transmtted fromthe | oca contro

controller %ﬁepibbancbh%xbﬂ§%§aQb'%%nf%ﬁ&&bld@%EHNE w@%ﬂaya!dé%édﬁ the
first enmbodi nent resides in that when a vehicle is to be specified by the

correl a- ti enlofinpRgh@lsacavandcpewithséath 6¥héti 88di AsbBeta9AMgAL- cation
zone covered by the confirmation antennas 22, in spite of the fact that
t hi s vehi cl €ab&s theden ther vehdicde An isha aehhbﬂﬁﬁhbanhmhymgmdnlny Imn be
excl uded as a

as shown in Flg. 13. Slmilar advantages can be obtalned

even when the other vehlcle B does not have an IU 18 or

even if a plurality of vehicles are.rﬁnning in the same

lane at different speeds with any one of them not having

én IU 18.

In consideration of’simplicity for'systeh desiéning
and manufacturing (positioning and others), it is par-
ticularly preferable that each of the vehicle detectors
26 is disposed directly below the corresponding confirma-
tion antenna 22. It is of course possible to use any
other layout. For examplé, if each of the vehicle detec-

- tors 26 is in the form of a 106p coil, it.may be disposéd
" at a position offset from the corresponding confirmation
antenna 22 in consideration of aﬁy delay in following a

change in the inductance.

Although the embpdiment of Fig. 1 has beeh described
as to a six-lane road, the present invention may be

- similarly applied to any éther rﬁad having more or less
than six laneé.

While there has been described what are at present
considered to .be preferred embodiments of the'iﬁvention,

it will be understood that various modifications may be

made thereto, and it is intended that the appended claims



result of its existence-in-second-gantry-zone signal 16 being received.
Fig. 6 shows the flow of process in the local controller 20 relating to
this procedure. Wiile not shown, it is now assuned that the times of
reception of the signals fromthe U s2§8 through the debiting anten- nas
14 in the debiting procedure have been stored in the internal data base of
the local controller 20. The local controller 20 first executes a given
initialization (100). As the local controller 20 receives a signal

(communi cat bagedabal LHaR AMAIIRaR: oI dUra1 18 iltayoR AN e Of the

confirmati on antennas 22 (102), the local controller 20 stores the received:

comuni cat i gpigditdand iskopenod bl dakankdss. And 20 judges whether or not
t hi s comuni cati on data contai ns an exi stence-in- second-gantry- zone si gnal

(104). If it is judged that the



conmmuni cation data does not contain the existence-in- second-gantry-zone
"signal, the local controller 20 esti- mates the speed of the vehicle 16
froma time of recep- tion of the communi cation data al ready obtai ned
tthe debiting procedure and a tine of %% eption of the comu- nication data

now obt ai ned for confirmation of debit
subsequent |y conputes a degree-of -coi.nci dence (110)Tlﬁi@rSI&bhH6$ BERN
vehi cl es 16_passi hg bel ow t he second gantry 12 (10

ng (106). ro—-gca—controtar

on

20

), AREBLACHY to 4 given

al gorithm and on the basis of the estinated speed. Tt 1T 15 judged that the

| ocal ‘con-

conmuni cati o ﬂ he exi stence-in-second-gantry-zone signal,
1 u mllﬁm %F rs the tguaMe reception in the inter- '
nal data base* (1‘12)L

ke point when information relating to the

1. A mobile éommunication method for perfofming radio

communication between a fixed station disposed adjacent
to a road on which a plurality of moving bodies are
moving and mobile statidns respe?tively installed on the
moving bodies moving on the road, the method comprising:
| a first step of repeatedly and wirelessly transmit—
ting a solicitation signal for soliciting communication
of information from the fixed station toward a communica—
tion zone; |
a second step of wirelessly transmitting a first
response representing willingness to participate in
communication of the information and a second response
indicating that the information has already been communi-
cated from the mobile stations existing in the communica-
tion zone_in'response to the solicitation signal, the
.first response being transmitted from a mobile S't_:atipn
which has not participated in the communication yet, the
second response being transmitted from a mobile statiqn,
which has élready participated in the compuhidation; and
a third step of wirelessly performing the communica-
tion between the fixed station whiéh transmitted the
solicitation signal and the mobile étation which trans-

mitted the first response.

Sheet Has Been Replaced
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| i cense plate image (vehicle detectionidata) I s obtained through the
vehi.cl e de cenment caneras 24 and then stored in the
i nternal data base of the local controller 20 (114) ~the-local controller

e, INMIAAN 2.0, 2 e s

period fromthe teceptiof of the comunication for confirmatior—ef—edebiting
to the detec- tion of vehiele passage by the vehicle detectors 26 and
according tg.a ghvABbaALEBOELRANNiIARLEEN! RetRBESABBORHiAL keaSLaafe 1vehicle
16 is detected by the vehicle detectors 26 and a given tinme period (XX+t)
msec. (wherehéreinasaidgsecbndesgepl edcllagger at B&epz eforaadingaassd (120)
the local controller 20 uses, as indices, the degree-of- coincidence:
conput ed atmobilet spatibnashat| previbhslgegommuani catiedcitiendafooma+ ed at
the step 118 to execute the vehicle specifying (correlation mapping). That
is, a proce5ioni awepgl ghengohitehsthgivesderdstdngbynt khey gompuaidet ect or s

26 with a vehicle 16 that has transmt-
cation zone, to wirelessly transmit the second response

in reply to thé solicitation signal when a given time
period has already passed after the communication infor-

" mation has terminated.

3. A mobile communication method according to claim 1,
further comprising:

a fourth stepidf céusing the fixed station to detect
times at which the first and second responses are re-
ceived by the fixed station;

a fifth step of Causing the fixed station to detect
that a moving bodx has passed through a given point on
the road and a time at which this occurs, in parallel to
the execution of the first to fourth steps; and

a sixth step of causing the fixed station to detect
a moving body including a mobile station that 4did not
exaét1Y,execute the second step, among the moving bodies
‘whose passage is detected at the fifth stép, by matching
the time of recep?ion detectea at the fourth step with

the time of passage detected at the fifth step.

4. A mobile communication method according to claim 3

wherein said given point is within said communication

eet Has Been Replaced
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ted communi cati on data which has been received by the confirnmation anteénnas
22 peior to the detection of the first-nmentioned vehicle 16 (122) is
executed. After a vehicle has been specified, the |local controller 20

del etes. the comuni cati on and vehiclezﬂptectlon data relating to the
specified vehicle fromits data base 18 (124). In t;
an excl usion process is execured after—the—step 120 an
(126). More particularly, SI i stence-i
signal s haviggnd heir times lﬁ[mﬂ"ﬁ Hjﬁr ed in tH
of the | ocal con- troIIer'_ when the vehicle speC|fy|ng
process is initiated, it is conS|dered that the exist-

_ence-in-second-gantry-zone signals that are registered
5. A mobile communication method according to claim 2,

dr PHSf&HEéE'?t%H(S 8EEM | 122
n- seRPPICAGEINt ry- Fone

further comprising:
, a_ fourth step of causing the fixed stétion to detect
timings at which the first and second responses are re-
ceived by the fixed station;
a fifth step of-causing the fixed station:to‘detect
that a moving body has passed through a given point on
* the road and a time at which this occurs, in parallel to
the execution of the first to fourth steps:;
a sixth step of causing the fixed station to detect
a moving body including a mdbile station that does not
exactly execufed the secbnd step, among the moving bodies
whose passage is detected at the fifth step by matching
the time of reception detected.at the fourth step with
the time of passage detected at the fifth stép; and
| é seventh step of, prior to the sixth step, exclud-
ing éelective ones of first and second responses from the
matching at the sixth step, said seiective ones being
first and second responses whose time of reception have
been detected in the fourth step not later than the given
time period has been passed after the time of passage

detected at the fifth step.

6. A mobile communication method according to claim 5

wherein said seventh step includes a step of, prior to
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agai n (updat within the tine period XX nsec. after det ecti on of the
vehi.cl es 16 by the veni tors 26 are those transmtted from ot her

vehi cl es mhhczu' ast the vehicle detectors after the vehicles
16 have been Iw H@M ehicle dg;ect ors 26, ol TiheHE h‘{ %Igg.t- at
have not . yet pdsse e vehi cl &“detectors 26 afterRE i od
XX nmsec. has el apsed and also after detection of the“ehiele— v the

vehi cl e detectors 26, they are omtted fromthe vehlcle speC|fy |ng

process at tHbSshik®h s®aph’ @kbi'uaﬁn f sedeRtavbuBhest beneikle weld ¢l es can
be nore precisely speC|f|ed with a Nower incidence of m s-detection of a

proper or ispeondr réegpobkes €vom @¢hel matehinhgl BitC thamsaktht &depgnd- st op
operation. Further, a procedure of visually specifying the vehicles in the

host controkatd selectieet baesi beinf fiektmenddeeechdotresponisesoni tted or-
made |l ess strict. Figs. 7 to 10 show the detailed function and advan- tage
of the firswhestottimenpf :eception have been detected in the fourth

step not later than the given time period plus a margin

time has been_passed after the time of passage detected

at the fifth step.

7. A mobile communication method according to claim 5
wherein said given point is within said communication

zone.
/ .
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19 It is now assuned that two vehicles A and B are now running side by side
In the second l'ane as shown in Fig. 7. It is also assuned that the vehicle
A tenporarily stops in the comunication zone covered by the confirm-_tion
antennas 22 and then re-starts and passes 8@rough the co 'THR’?SHEE‘T Ho8BEEN
It is further assuned that the vehicle B passes through .th rnmﬁpuﬁagnon
zone covered by the confirmation antennas 22 w t hout stopplnn a—sdet—a

case, tines of tMOBILEICOMMIRICGAT ION) METHOd

exi stence-i n-second-gantry-zone signals transmtted fromthe U s 18 on the
vehicles A and B (which TUs wll be caIIed | U-A and | U-B for distinction)
are as shown in Fig. 8. Since thaRSR X _SHEDJ BRIREOmruni cati on zone
covered by the confirmation antenna 22 for the second | ane as shown, the

pi |l ot response signal and exi stence-in-second-gantry-zone signal fromthe
lU-A wll

A mobile communication mefhod. A pilot §igna1 is
repeatedl& transmitted toward-the communication zone of a
confirmétion‘antenna. As an IU on a vehicle arrives at
the communication zone, it transmits a.pilot response
signal in reply to the pilot signal. When the éonfirma—
.tion antenna receives the pilot,résponse signal, a proce-
dure relating to the confirmation of debiting will be’
executed.. When a given time period has passed after this
procedﬁre has terminated, the IU transmits an exiétencef
infseqond—gantry—zone signal in response to the pilot
signal, if the vehicle still exists in the'comﬁunication
zone. By receiving the existence-in-second-gantry—zoné
signal, it can be ascertained that the vehicle having
been confirmed the debiting exists in the communication
zone; Even if a plurality of vehicles are running in the
same lane side-by-side, each of these vehicles can be
~distinguished from one another. The mobile communication
method may be similarly applied to anj other moving body,

"as well as to a road vehicle.

FIGURE 5 -
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be received by the confirmation antenna 22 even after the passage of the
vehi cl e. B has been detected by the vehicle detector 26 for the second | ane.
When a vehicle detection signal indicating the detection of vehicle made by
the vehicle detector 26 for the second |ane is provided at a particul ar
time point, if the pilot response signal ﬂ?? exi stence-i n-second-
gantry-zone signal are received by the co ?nation antenna 22 for a tine
period fromthe occurrence of the above vehicle detection signal to the

el apsing of the time period, (XX+t) nsec., it is determ ned that the 20
vehi cl e detection signal obtained prior to such a recep- tionis not a
vehicl e detection signal a indicating the vehicle A but a vehicle
detection signal [err] indicating the vehicle B. According to such a
principle, the afore- O

N




menti oned process relating to the step 126 discrimnates the pil ot response
si gnal . .and exi stence-in-second-gantry- zone signal fromthe vehicle A and
excludes them fromthe vehicle specifying process relating to the vehicle
B. It is further assunmed that as shown in Fig. 9, the vehicle Ais )
initially running in the first |ane, enteéz éhe conmuni cati on zone covered
by the confirmation anten- na 22.for the t3nd | ane, further enters the
comuni ca- tion zone covered by the confirndti on antenna 22 for the first
|l ane and is finally detected by the vehicle detec--tor 26 for the first

| ane. On the other hand, it is assuned that the vehicle B continues to run
in the second lane as in Fig. 7. In such-a situation, times of the pil ot
response signal and exi stence-in-second-gantry-zone signal fromthe U A
and 1U-B on the vehicles A-and B are as shown in Fig. 10. Mre
particularly, if a vehicle detection signal is obtained by the vehicle

detector 26 within the tine period, (XX+t) nsec., after the pilot response
si gnal and
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exi stence-i n-second-gantry-zone signal are received by the confirmation
antenna 22 for the first lane, it is understood that this vehicle detection
signal is a vehi- cle detection signal a indicating the detection of the
21 vehicle A In the first enbodi nent, however, it nay be diffi- cult to
specify the vehicles in a certain situation., It is assuned, for exanple,
that one of the vehicles A and B shown in3¢4%. 7 (e.g., vehicle A does not
include an U 18 nmounted thereon. In such a case, no comuni cation for
debiting and confirmati on of debiting is executed, nor any
transm ssi on/reception of pilot response signal +

exi stence-i n-second-gantry-zone signal to be executed after the
confirmation of debiting. As shown in Fig. 11, however, the vehicle
detection signal a is produced as in '

34
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Fig. 8 when the vehicle A passes through the vehicle detector 26. If such a
problemis neglected, the anmount of |icense plate inmages to be contained in
the transac- tion report to the host increases, which increases the burden
on the system A problemw || be raised as to in what nmanner the | ocal
controller 20 can ascertain that the vehighggB is indicated by either of
the vehicle detection signals a and [err]. A simlar problemmy be raised
when the vehicle B shown in Fig. 7 does not in- clude an IU 18 nount ed
therein or when a plurality of vehicles (any one of which does not have an
U 18) are running side by side in the same |ane at different speeds. To
overcone such a problem there nmay be considered a nethod of detecting a
vehi cl e which has not properly performed the comruni cation for the debiting
or confirma- :

ANTENNA | U

PILOT SIGNAL ﬁ
PILOT RESPONSE SIGNAL 10 msec

THENTICATION HESSAGE
" READ DATA

———pt e

10 msec

——

%_ i
END 10 msec

______________ PILOT SIGNAL A
................... - '10 msec

Seaw
..
————
------
——a
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22 tion of debiting or which has inproperly term nated during debiting or
confirmation of debiting. For exanple, a loop coil, |ine scanner or other
vehi cl e detector (second vehicle detector) nay be | ocated at any point on

t he road extending from adjacent to the comuni cati on zone covered by the
debiting antennas 14 to upstream of the cgﬂgypication zone covered by the
confirmation anten- nas 22. Thus, the sec vehi cl e detector can ascertain
"the existence of a vehicle 26 not properly debited" and "the position of
that vehicle 16 on the lane at the point at which the second vehicle
detector is positioned", before the vehicle 16 is detected by a vehicle
detector 26. By utilizing the vehicle detection signal that is obtained by
the vehicle detector 26 and which indicates "the existence of a vehicle 16
separated fromthe comru- nication zone covered by the confirmation antenna
22" and "the positi oANTENNAchicle on the landqht the point at which the
vehi cl e detector 26 is digposed”, it can be

PILOT SIGNAL ?

PILOT RESPONSE SIGNAL ] 10 msec
—— AUTHENTICATION HESSAGE| #‘—

10 msec

READ DATA
.~ A |
RITE DATA [}

I 10 msec
B0 —
_________________________________ f
'
!

PILOT SIGNAL = | XX msec

= =%
PILOT SIGNAL

PILOT RESPONSE SIGNA '

+ EXISTENCE SIGN 10 msec

s Y

— )

XX msec

—
-

PILOT SIGNAL
PILOT RESPONSE SIGNA
+ EXISTENCE SIGN

Fig. 5
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ascertained with a certain probability whether elther of two vehicle
detection signals a and [err] shown in Fig. 11 is "a detection signal of
the vehicle not properly debited". However, such a technique has a

di sadvantage in that additional instal | ati on and mai ntenance costs are pr o-
duced since the second vehi.cle detectors grngq required. To overcone such a
problem it is preferable that the rel a- t|ve position between the

comuni cation zone covered by the confirmation antennas 22 and the vehicle
detectors. 26 23 is sp set FLOY OFhe veicle detectors 26 are |ocated
within the conmmuni cati OQSRPOIFYING ¥EBICIE//t he confirnmation antennas 22, as
shown in Fig. 12 as a STtouoiaiomuczane oo imuzant In such an arrangenent, flrst It
may be consi der ed that o A a vehicle detection S|gnal at
a lane exists wt : uBe covered by

V
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the confirmation antenna 22 for that |1ane. Second, it may be-considered "
that if -the cycle of transm ssion and vehicle detectors 26 are designed

such that a'period of producing a vehicle detection signal is substantially
e- qual to or longer than the cycle of transmtting the pilot response '
signal + existence-in-second-gantry-zone sggqﬁl;.a vehicle 16 running in a
lane will transmt the pilot response signal

exi stence-i n-second-gantry-zone signal at |east once when that vehicle 16
causes a nenber or part belonging to that |ane anong the vehicle detec-
tors 26 to be producing the vehicl el@etection signal. 18 Z onfirmation
antenna 22 corresponding to a _lLang rg- ceives theqpjlo qiwme signal +
exi stence-i n-second- gantry )| @etection signal is
bei ng produced at that |and gl &- ered that a
vehicle 16 causing that veh el Broduced is

coi nci dent wi t WEHICLE Al 17 spgonge signal +

exi'stence-i n- ﬁﬁﬂﬂ 193ntr -zone si%

Fig. 7
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Even if the vehicles are running in such a manner as shown in Fig. 7 in
such an. arrangenent as shown in Fig. 24 12 and even when the vehicle A
does not have an 11U 18, the local controller 20 can correlate the vehicle
detec- tion signals a and [err] with each other and ascertain the fact that
the vehicle Ais a vehicle not having an I} /ﬂﬁ as shown in Fig. 13.
Sim | ar advantages can be obtai ned even when The other vehicle B does not
have an 1U 18 .or even if a plurality of vehicles are running in the sane

| ane at different speeds with any one of themnot having an IU 18. In

consi deration of sinplicity for system desi gni ng and manuf acturing
(positioning and others), par- ticularly preferable that each of the

veh| cle detectors 26 is cPIL@'ERESP@NSE BIGNALwt he correspondi ng confirna-
: EXISTENCE SIGNAL FOR VEHICLE A

S i -1 VEHICLE DETECTION SIGNAL o

lllllllllllllllllllll

<<l (DETECTION AT FIRST LANE)

VEHICLE A{

~ VEHICLE DETECTION SIGNAL B
(DETECTION AT FIRST LANE)

PILOT RESPONSE SIGNAL +
EXISTENCE SIGNAL FOR VEHICLE B

Fig. 10

NO SIGNAL DUE TO NO MOUNTED 1U

VEHICLE A |

PILOT RESPONSE SIGNAL +
EXISTENCE SIGNAL FOR VEHICLE B

Fig. 11



tion antenna 22. It is of course possible to use any other |ayout. For
exanple, if each of the vehicle detec- tors 26 is in the formof a | oop
coil, it may be disposed at a position offset fromthe correspondi ng
confirmation antenna 22 in consideration of any delay in follow ng a change
in the inductance. Although the enbodi nentg pf, Fig. 1 has been described as
to a six-lane road, the present invention be simlarly applied to any
ot her road having nore or less than six |anes. Wile there has been

descri bed what are at present considered to be preferred enbodinents of the
invention, it will be understood that various nodifications nmay be nade
thereto, and it is intended that the appended clains = 25 cover all such
nodi fications as fall within the true

Fig. 12
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spirit and scope of the invention. 26 CLAI MS 1. A nobile
communication” method for performng radio communication between a fixed
station disposed adjacent to a road on which a plurality of noving bodies
are froving and nobile stations respectively:-installed on the noving bodies
noving on the road, the nethod conprising; first step of repeatedly and
wrelessly transmtting a solicitation si&ﬁgﬂofor soliciting comuni cation
of information fromthe fixed station toward a comunication zone; a second
step of wirelessly transmtting a first response representing wllingness
to participate in comunication of the information, fromthe nobile
stations existing in the comrunication zone in response to the solicitation
signal, when the nobile station has not participated in the conmuni cation

yet;

NO SIGNAL DUE TO NO MOUNTED IU
- A -~ o

venictea {5 N

VEHICLEB [#
/ v,

COMMUNICATION FOR

CONFIRMATION OF DEBITING |

TO VEHICLE B 'ENTRY OF | EXIT OF VEHICLE
VEHICLE | (TERMINATION

(OCCUR- OF B)
RENCE OF f3)
FINAL COMMUNICATION

Fig. 13
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athird step of wirelessly perform ng the comuni cati on~between-the. fixed

statioh which transmtted the solicitati'on signal and t@&ﬁﬁﬂﬂ{ﬂ,@qg;m

which transmtted the first, response; and a fourth ste wirretessty

transm tti nga second response indicating that the infor Hg{)} h@ﬁ?%l rgady
tihe n

been commu robi le stations existing i cat ijor
zone, inr pons ég‘%g citation si nal , Wnen 't he 129
al ready panticip q t he conmuni cati o : A

bi |l e conmmuni cati of
met hod according to claim1 wherein said fourth step i
causi ng any nobile station that previously comuni cat ed the informa- tion,

anpng the nobile stations giH ‘iLEQC - TRfopene, to
wirelessly transmt t’he secon ponse Tn reply € solicitation signal

when a given time period has al ready passed after the comruni cation infor-

mat.i on has term nated
ABSTRACT OF THE DISCLOSURE

A mobile communication method. A pilot signal is repeatedly transmitted
toward the communication zone of a confirmation antenna. As an IU on a vehicle
. arrives at the communication 20r1e_, it transmits a pilot response signal in reply to the
pilot signal. When the. confirmation antenna receives the pilot response signal, a
procedure relating to the confirmation of debiting will be executed. When a given
time period has passed after this procedure has terrhinated, the IU transmits
anexistence-in-second-gantry-zone signal in response to the pilot signal, if the vehicle
still exists in the communication zone. By receiving the
existence-in-second-gantry-zone signal, it can be ascertained that the vehicle having
been confirmed the debiting exists in the communication zone. The mobile
communication method may be similarly applied to any other moving body, as well

as_- to a road vehicle.

Figure 5
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: st ep
f

i rst and second responsesjare re- ceived by the flxed station; a

further

of causing the fixed station to detect tines at-

-of | passg f 4RO GHfirkdaBom anffefinSic@Bivedhe pﬂat PRBbAR TR

Fig. 5.

!n paral I eI to the executlon of the f| rst to flfth steps
step of causing the fixed station to detect a noving body including a

nmobi | e Atmoébiencanraenidatibmmethod ds tlisyloseds Aupidotisignad éxcxspenter!y ransmitted téwandt h
st ep, affien@nicinhicarionngpnb arfi confirmmtiopaateage As anldn-eehield wafit (R oni a vehiskeep,
by{ mat C&Brms bithel domem@ticitaieRdrep it Biaisafised paét tddporise fsighab i feply td) tttehpucsﬂ rre
rSé’édui@re‘I%in
acgordi t%oﬁ ifthdflon JFRbRIAE %A He Shk¥difed? Whkn & Zivdnlihd pé.%dﬂhssolsgtyéu
this procedure has terminated, the IU transmits an existence-in-second-gantry-zone signal in
response to the pilot signal, if the vehicle still exists in the communication zone. By receiving
the existence-in-second-gantry-zone signal, it can be ascertained that the vehicle having been
confirmed the debiting exists in the communication zone. The mobile communication method
may be similarly applied to any other moving body, as well as to a road vehicle.
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28 5.« A nobile communi cation nethod according to claim 2, further
conpri si ng*-a-*ﬁ%i—h—st—ep—o*f——eaum ng the fixed station to q 7%
whi ch the fip, sponses are re- ceived byth' iy
sixth step iﬂ;ﬂﬂma ed station to detect that a i ng !
passed thro on the road gnd atine at wh ch fHi BEOGBHE s,;
I n paraIIeI to the executlon of the firs€®to fifth steps;| a seventh step jof
causing th %gd station to detect a novi-ng body includijng a nobITe
station th S not exactly executed the second step orlLihe fourth step, |
anong the novi ng bodi es whose passage is detected at the sixth step by

mat ching the tine of reception detected at the fifth step with the tine of
passage detected at the sixth step; and a eighth step of, prior to the
seventh step, exal uslebitg Seomtuniecatien ofmdthad afolr sepenfiormingnseadioom
t he ' S '

communication between a fixed station ciisposed adjacent to a roéd
on which a plurality of moving bodies are moving-and mobile si;.-ations
respectively installed on the moving bodies moving on the road,
the method comprising:

a first step of repéatedly and wirelessly transmitting a
solicitation signal for soliciting communication of information
from the fixed station toward a communication zone;

a second step of wirelessly transmitting a first response
representing willingness to participate in communication of the
information, from the mobile stations existing iﬁ the communication
zone in response to the solicitation signal, when the mobile station
has not participated in the communication yet;

.a third step of wirelessly performing; the cox;tmunication
between the fixed station which transmi.tted the solicitation sigﬁél
and the mobile station -which transmitted the first response; and

a fourth step of wirelessly transmitting a second résponse
iridicating that the information ha's already been communicated, from
the mobile stations existing in the communication zone, in response
to the solicitation sigpal, when the mobile Station has already

participated in the communication.



seventh step,: exc

mat ching at the seventh step, said selective ones being fi e
responses whose tine of reception have been detected in th Lh‘%ﬁ@ﬁ ﬂﬁET
| ater than the given tinme period:has been passed after the tlne of passage
detected at th A nobi | e comruni cati on ngt hod igag to
claims5 wherei aln’lmmﬁmmm “L includ@® a step of, priorf to 14"2};&;&6@9‘7

wdi ng sel &ctive ones of first and second responses—+o
the matching at the seventh step, said selective ones being first and

n

second respgnses whose, tine of recegélon have _been detected 1n the Jr1tn

step not |ater tRamAbeley)Gpmpniea

enoRephad écﬁﬁFSFﬁgttﬁbqtﬁi
d after_ the t det t th th st
Communi cat | FRSFEatA AT S o A budrer 81 REER, AEoFoRRIRg A"

A noblle

within said c%EHynlcatl

statfbn that previously communicated the informa-
tion, among the mobile stations existing in the communi-
cation zone, to wirelessly transmit the second response
in reply to the solicitation signal when a given time |
period has already passed after the communicat;on infor-

mation has terminated.

3. A mobile communication method according to claim 1,
further cbmérising:

a fifth step of causing the fixed station to detect
times at which the first and second responses are re-
ceived by the fixed station;

a sixth step of causing the fixed station t9 detect
that a moving body has passed through a given point on
the road and a time at which this occurs, in parallel to
the execution of the first to fifth steps; and

a seventh step of causing the fixed station to. detect

a moving body inclﬁding a mobile station that did not

exactly execute the second step or the fourth step, among the

moving bodies whose passage is detected at the sixth step, by
matching the time of receptionfdetected.at the fifth step with

the time of passage detected at the sixth step.

4. A mobile communication method according to claim 3

wherein said given point is within said communication.
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5. A mobile communication method according to claim 2,

11DEC 1997 -

further comprising:

a fifth step of éausing the fixed station to detect
timings at which the first and second responses are re-:
qeived by fhe-fixed station;

a-sixth step of causing the fixed station to detect
that a moving body has passed through a given point on’
the road and a time at which this occurs, in parallel to
the execution of the first to fifth steps:;

a seventh step of causing the fixed station to detect
a moving body including a mobile station that does not
exactly executed the second step or the fourth step, among
the moving bodies whose passage is detected at the sixth step
by matching the time of reception detected at the fifth step
with the time of passage detected at the sixth step; and

" a eighth step of, prior to the seventh step, exclud-
ing selective ones of fir§t and second respbnses from the

matching at the seventh step, said selective ones being

‘first and second responses whose time of reception have

been detected in the fifth step not later than the given
time period has been passed after the time of passage

detected at the_sixth sﬁep;

6. A mobile communication method according to claim 5

wherein said eighth step includes a step of, prior to



-
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the seventh step, excluding selective ones of first and
second responses from the matching at thé seventh step,
said selective ones being first and second responses

whose time of reception have been detected in the f£ifth
step not iater than the given time period plus a margin
time has been passed after the time of passage detected

at the sixth step.

7. A mobile communication method according to claim 5
wherein said given point is within said communication

zone.



