
1 TITLE OF THE INVENTION Mobile Communication Method BACKGROUND OF THE
INVENTION a) Field of the Invention The present invention relates to a
mobile communica- tion method for performing communication between a fixed
station and a mobile station installed on a moving body. b) Description of
the Prior Art The most broadly used method for debiting 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 disadvantageous 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 Patent Laid-Open No. Hei
3-189798 uses ID plates, each of which is applied to a vehicle to be
debited and 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 radio communication between the ID plate reader and
the ID    2 plate on a vehicle through the road antenna while captur- ing
the license plate of that vehicle through the camera. The ID plate reader
compares and checks the information of the vehicle number obtained through
the radio communi- cation with the information of the vehicle number ob-
tained by image processing the captured image. If both sets of information
are coincident with each other, the 



ID plate reader determines that the ID plate is properly used 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 that this system
is applied to a single- lane road with a single ID plate reader being
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 necessarily coincid- ent with a motorbike having its license
plate captured by the camera of the ID plate reader. Even if any one of the
motorbikes running side 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 of
information relat- ing to the debit or the like, from another moving body
which has not terminated communication, even if a plurali- 



3 ty of moving bodies are simultaneously running on the same road when the
radio communication is being performed between a fixed station located
adjacent to the road and mobile stations installed on the moving bodies on
the road. This object is accomplished by improving 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
radio communication between a fixed station disposed adjacent 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 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
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 station which has not participated in the
communication yet, the second response being transmitted from a.mobile
station which has already participated in the communication; and a third
step of wirelessly performing the communication between the fixed station
which transmitted the solicita-    4 tion signal and the mobile station
which transmitted the first response. Thus, the fixed station can
distinguish the mobile stations which have already participated to 



the information communication (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 moving bodies can be indi- vidually
distinguished 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 that the second step includes a step of causing any
mobile station that previously commu- nicated the information, 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 period has already passed after the communi- cation of the
information has terminated. According to this aspect, the frequency of
communication between the fixed station will be suppressed and therefore
the traf- fic is reduced. Even if a number of moving bodies exist near the
fixed station at the same time, therefore, the 



transmission 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-    5 acterized by the fact that it further
comprises a fourth step of causing the fixed station to detect times 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 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; and a sixth step
of causing the fixed station to detect a moving body including a mobile
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, therefore, 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
fact that in addition to the fourth to sixth steps according to the third
aspect, it further comprises a seventh step of, prior to the sixth step,
ex- cluding selective ones of the first and second responses from the
matching of the sixth step, said selective ones being first and second
responses whose time of reception   



6 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. According to the fourth step, therefore, the moving body which has
passed through a particular point 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 mobile
communication method of the fourth aspect is characterized by the fact that
the seventh step comprises a step 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 first
and second responses. Namely, the specification of the moving bodies can be
more accurately executed. 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 given point is in the communication zone. According to
the sixth aspect, therefore, the mobile communication method can deal with
a case when a moving body that does not exactly respond    7 to the second
step is running together with another moving body that does exactly respond
to the second step. 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 outline view of a system
relating to the first embodiment of the present invention. Fig. 2 is a
timing chart illustrating a procedure of debiting in the first embodiment.
Fig. 3 is a block diagram illustrating the function- al structure of an IU.
Fig. 4 is a view illustrating the procedure of communication in a first
gantry communication zone. Fig. 5 is a view illustrating the procedure of
communication in a second gantry communication zone. Fig. 6 is a flowchart
illustrating the flow of a preprocess of a correlation mapping. Fig. 7 is a
plan view illustrating the function and advantage of the first embodiment.
Fig. 8 is a view illustrating 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.    8 Fig. 10 is a view illustrating timings 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 timings of a
pilot response signal, existence-in-second-gantry-zone signal and vehicle
detection signal which are produced if a vehicle A in Fig. 7 does not
include an IU. Fig. 12 is a plan view illustrating 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
described with reference to the drawings. Fig. 1 shows the outline of a
system relating to the first embodiment of the 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 second 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    9 running on the road installs an
in-vehicle unit (IU) 18. A local controller 20 is provided adjacent to the
road 



and performs a radio communication between the local controller 20 and the
IU 18 now existing in the communi- cation zone covered by respective ones
of the debiting antennas 14, using, each of the debiting antennas 14. To
perform the communication before the vehicle 16 passes the first gantry 10,
the communication zone covered by each of the debiting antennas 14 is
located on the corre- sponding lane upstream of the 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 located 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. The local controller 20 2 performs the communication
between the local controller 20 and the IU 18 existing in the communication
zone covered by respec- tive ones of confirmation antennas 22, using each
of the confirmation antennas 22. To perform the communication 



before the vehicle 16 passes the second gantry 12, the communication zone
covered by each of the confirmation 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    10 antennas 22. At the top of the
second gantry 12, enforcement cameras 24 are also provided. Each of the
enforcement cameras 24 is disposed at such an angle that it can capture the
license plate of a vehicle 16 subsequently 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 and the
speed thereof are embedded in the road at the 



points downstream of the second gantry 12. The vehicle detectors 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
then transmitted to a host controller (not shown). Fig. 2 schematically
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 has 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 therein the identification information, balance information and
other information. As shown in Fig. 3, the IU 18 comprises a reader/writer
28, a control  



unit 30, a radio communication unit 32 and an antenna 34. As the smart card
36 is inserted into the reader/writer 28, the control 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
authentica- tion has been executed between the IU 18 and the smart card 36
arrives at one of the communication zone covered by the debiting antennas
14 ("first gantry communication zone" shown in Fig. 2), the radio
communication is exe- cuted between the IU 18 and the local controller 20
through the debiting antenna 14 corresponding to the zone, according to
such a procedure as shown in Fig. 4. As will be apparent from Fig. 4, the
local controller 20 repeatedly transmits a pilot signal through the
debiting antenna 14 in a given cycle. The repeat cycle depends on 



the maximum running speed expected on that road, the area of the
communication zone covered by the antennas and the number of vehicles that
can pass through the communica- tion zone at the same 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 the debiting anten- nas 14 transmits a
pilot response signal immediately when it first receives the pilot signal
through the antenna 34 and radio communication unit 32. As the local
controller 20 receives the pilot re-    12 sponse signal through any one of
the debiting antennas 14, the former then transmits an authentication
message (e.g., secret number) through the corresponding debiting antenna 14
in the next repeat cycle. After the corre- sponding IU 18 has received the
authentication message, 



it reads the information of balance or the like from the smart card 36 and
then wirelessly transmits the read data (e.g., read balance information
with a secret number) through the antenna 34 of that IU 18. As the local
con- troller 20 receives the data from the IU 18 through the debiting
antenna 14, the former again transmits write data (e.g., fee information
with a secret number) through the debiting antenna 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 pilot 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 indicat- 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    13 therewith is registered in a list of IU's 18
now avail- able (valid list) and/or a list of IU's used by persons
prohibited from debiting (black list). As the debited vehicle 16 arrives at
the communica- tion zone covered by the confirmation antennas 22 ("second
gantry 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 shown 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
procedure, 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 balance 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
14 



terminated, the local controller 20 transmits the pilot signal in a given
repeat cycle. The IU's 18 will not response to the pilot signal from the
confirmation antennas 22 for a while. Such a no-answer period (=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 stopping
rapid and without abnormal acceleration or deceleration), the IU 18 of that
vehicle 16 will not need to response to any pilot signal from the
confirmation antennas 22 on the second gantry 12. Even when a given time
period XX msec. (e.g., 300 msec.) has passed if an IU 18 can still receive
the pilot signal from the corresponding 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-in-second-gantry-zone signal having given contents to distinguish
this pilot response signal from 



that in the confirmation of debiting. The local con- troller 20 receives
the pilot response signal containing the additional
existence-in-second-gantry-zone signal to ascertain that the debited
vehicle 16 exists in the communication zone covered by the confirmation
antenna 22. The internal data base of the local controller 20 then stores
the time 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 thereof. In response thereto, the local controller 20 writes them in
its internal data base on one hand and con- trols the enforcement cameras
24 to capture the license plates of the vehicles 16 on the other hand. The
capture of license plates may be carried out for all the vehicles 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 properly
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    16 being received.
Fig. 6 shows the flow of process in the local controller 20 relating to
this procedure. While not shown, it is now assumed that the times of
reception of the signals from the IU's 18 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
(communication data) from any one of the 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 communication data contains an existence-in- second-gantry-zone signal
(104). If it is judged that the 



communication data does not contain the existence-in- second-gantry-zone
signal, the local controller 20 esti- mates the speed of the vehicle 16
from a time of recep- tion of the communication data already obtained on
the debiting procedure and a time of reception of the commu- nication data
now obtained for confirmation of debiting (106). The local controller 20
subsequently computes a degree-of-coincidence (110) for each of the
vehicles 16 passing below the second gantry 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-    17
nal data base (112). As a time point when information relating to the 



license plate image (vehicle detection data) is obtained through the
vehicle detectors 26 and enforcement cameras 24 and then stored in the
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) on the basis of a time
period from the reception of the communication for confirmation of debiting
to the detec- tion of vehicle passage by the vehicle detectors 26 and
according to a given algorithm. After the passage of at least one vehicle
16 is detected by the vehicle detectors 26 and a given time period (XX+t)
msec. (where t is a margin time period larger than zero) has passed (120),
the local controller 20 uses, as indices, the degree-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 vehicle detectors
26 with a vehicle 16 that has transmit- 



ted communication data which has been received by the confirmation antennas
22 prior to the detection of the first-mentioned vehicle 16 (122) is
executed. After a vehicle has been specified, the local controller 20
deletes the communication and vehicle detection data relating to the
specified vehicle from its data base    18 (124). In the first embodiment,
an exclusion process is executed after 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- tion 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 the exist-
ence-in-second-gantry-zone signals that are registered 



again (updated) within the time period XX msec. after detection of the
vehicles 16 by the vehicle detectors 26 are those transmitted from other
vehicles 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 detectors 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 jam or start-and-stop
operation. 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.  



19 It is now assumed that two vehicles A and B are now running side by side
in the second lane as shown in Fig. 7. It is also assumed that the vehicle
A temporarily stops in the communication zone covered by the confirma- tion
antennas 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 on 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 communication zone
covered by the confirmation antenna 22 for the second lane as shown, the
pilot response signal and existence-in-second-gantry-zone signal from the
IU-A will 



be received by the confirmation antenna 22 even after the passage of 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 response signal and existence-in-second-
gantry-zone signal are received by the confirmation antenna 22 for a time
period from the occurrence of the above vehicle detection signal to the
elapsing of the time period, (XX+t) msec., it is determined that the    20
vehicle detection signal obtained prior to such a recep- tion is not a
vehicle detection signal a indicating the vehicle A, but a vehicle
detection signal [err] indicating the vehicle B. According to such a
principle, the afore- 



mentioned process relating to the step 126 discriminates the pilot response
signal and existence-in-second-gantry- zone signal from the vehicle A and
excludes them from the vehicle specifying process relating to the vehicle
B. It is further assumed that as shown in Fig. 9, the vehicle A is
initially running in the first lane, enters the communication zone 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 finally 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. 7. In such a situation, times of the pilot
response signal and existence-in-second-gantry-zone signal from the IU-A
and IU-B on the 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-in-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 embodiment, however, it may be diffi- cult to
specify the vehicles in a certain situation. It is assumed, for example,
that one of the vehicles A and B shown in Fig. 7 (e.g., vehicle A) does not
include an IU 18 mounted thereon. In such a case, no communication for
debiting and confirmation of debiting is executed, nor any
transmission/reception of pilot response signal +
existence-in-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 



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 report to the host increases, which increases the burden
on the system. A problem 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 a and [err]. A similar problem may be raised
when the vehicle B shown in Fig. 7 does not in- clude an IU 18 mounted
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-    



22 tion of debiting or which has improperly terminated during debiting or
confirmation of debiting. For example, a loop coil, line scanner or other
vehicle detector (second vehicle detector) may be located at any point on
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 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 from the commu- nication zone covered by the confirmation antenna
22" and "the position of that vehicle on the lane at the point at which the
vehicle detector 26 is disposed", it can be 



ascertained with a certain probability whether either 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
disadvantage 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 antennas 22 and the vehicle
detectors 26    23 is so set that the vehicle detectors 26 are located
within the communication zone covered by the confirmation antennas 22, as
shown in Fig. 12 as a second embodiment. In such an arrangement, first, it
may be considered that a vehicle 16 producing a vehicle detection signal at
a lane exists within the communication zone covered by 



the confirmation antenna 22 for that lane. Second, it may be considered
that if the cycle of transmission 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 transmitting the pilot response
signal + existence-in-second-gantry-zone signal, a vehicle 16 running in a
lane will transmit the pilot response signal +
existence-in-second-gantry-zone signal at least once when that vehicle 16
causes a member or part belonging to that lane among the vehicle detec-
tors 26 to be producing the vehicle detection signal. If a confirmation
antenna 22 corresponding to a lane re- ceives the pilot response signal +
existence-in-second- gantry-zone signal when a vehicle 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 signal +
existence-in- second-gantry-zone signal. 



Even if the vehicles are running in such a manner as shown in Fig. 7 in
such an arrangement as shown in Fig.    24 12 and even when the vehicle A
does not have an IU 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 A is a vehicle not having an IU 18, as shown in Fig. 13.
Similar advantages can be obtained even when the other vehicle B does not
have an IU 18 or even if a plurality of vehicles are running in the same
lane at different speeds with any one of them not having an IU 18. In
consideration of simplicity for system designing 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
example, if each of the vehicle detec- tors 26 is in the form of a loop
coil, it may be disposed at a position offset from the corresponding
confirmation antenna 22 in consideration of any delay in following a change
in the inductance. Although the embodiment of Fig. 1 has been described as
to a six-lane road, the present invention may be similarly applied to any
other road having more or less than six lanes. While there has been
described what are at present considered to be preferred embodiments of the
invention, it will be understood that various modifications may be made
thereto, and it is intended that the appended claims    25 cover all such
modifications as fall within the true 



spirit and scope of the invention.    26 CLAIMS 1.   A  mobile
communication  method  for  performing  radio communication between a fixed
station disposed adjacent 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 comprising: a first step of repeatedly 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 in 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 communication between the fixed
station which transmitted the solicitation signal and the mobile station
which transmitted the first response; and a fourth step of wirelessly
transmitting a second response indicating that the information has already
been communicated, from the mobile stations existing in the communication
zone, in response to the solicitation signal, when the mobile station has
already participated in the communication.    2.   A mobile communication
method according to claim 1 wherein said fourth step includes a step of
causing any mobile station 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 communication infor-
mation has terminated. 



3.   A mobile communication method according to claim 1, further
comprising: 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 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; and a seventh
step of causing the fixed station to detect a moving body including 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 reception detected 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.



28 5.   A mobile communication method according to claim 2, further
comprising: a fifth step of causing the fixed station to detect timings at
which the first and second responses are re- ceived by the 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 first and second responses 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 step. 6.   A mobile communication method according to
claim 5 wherein said eighth step includes a step of, prior to    the
seventh step, excluding selective ones of first and second responses 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 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.    




