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MOBILE OBJECT IDENTIFICATION SYSTEM

FIELD OF THE INVENTION
The present invention relates to a mobile object
identification system for identifying a responder mounted on
.a mobile object in a communication area by transmitting
interrogatory signals from an interrogator to the responder

and receiving réspénding signals from the reéponder.

BACKGROUND OF THE INVENTION
A mobile object identification system transmits
interrogatory signals from an interfogator to a responder
‘attached to a mobile object and receives responding signals "
from the responder; thereby identifying the responder.
Recently, there has been demand for' mobile object
identification systems that can assure accurate communication

between interrogator and responder.

BRIEF SUMMARY OF THE INVENTION
To meet this demand, the f£first object of the
invention (first invention) is.to provide.a responder for a
mobile object identification @ system that, in the
communication area of a’writihg interrogator, can write data
upon receipt of a writé signal and that, in the communication
range of a reading interrogator, can read and transmit
_—
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necessary data upon receipt of a read signal as it moves with
the mobile object. The responder according to this invention
.comprises: data storage means for writing or reading

necessary data; Control means for controlling the processing

_for writing data to or reading data from the data storage

means; and status storage meaﬁs for storing the write
completion status when necessary data has been written to the
data storage means under control of the céntrol meahs, so as
to respond to a write signal received from the writing
interrogator. 'i'he control means invalidates the p’rocessiﬁg'
for writing data when, with the write comr;letion status
retained in the status storage means, it receive_s a write
signal from the writing interrogator.

Aécording to the first invention, when the
responder of the mobile object identification system receives
a first write signal in the commupicat_:’ion area of the writing
interrogator, the control means writes the necessary data to
data storage, the status storage means ensuring storage of
the write .complétion status data. | In this state, if the
responder receives a second write signal from the writing
interrogator, the control means invalidates said signal,
since the write completion status data is already stored. -

For various reasons, the mobile object may move
slowly or stop in the communication area of the writing
interrogator. 1In such a case., “the responder attached to the
'mqbile object recéives-the write signal repetitively from the

writing interrogator. With the responder of the first
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invention, since the control means invalidates processing for

" writing the second and subsequent write signals, it allows a

write signal to be written only once. Even if a plurality of
responders are positioned in the same communication area,
each responder operates as described above so that a write
signal is written only once in each responder..

The second object of the invention (second
invention) is to provide a mobile object; identification
system communication complex comprising;' a fesbonder for
transmitting/recéiving signals through the mobile antenna.
mounted on a mobile 6bject; an inte?rogator for
transmitting/receiving éignal thréugh a plurality of
stationary antennas installed along the moving area of the
mobile objéct; and a control device for controlling operation
of the interrogator. . The interrogafor includes a level
judging circuit to identify the highest-level respﬁnding
signal of those received by the stationary antennas, and a
signal selection circuit to selectively output to the control
device the responding signal identified by the level judging
circuit. |

According to the communication complex of the
second invention, the interrogator transmits interrogatory.
signals through the anfennas. When the mébile object enters
the communication area, the fesponder mounted on the mobile
object 'transmits a respénding signal in response to the

interrogatory signal received.
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Since the interrogator has the plurality of
antennas .installed along the moving area of the mobile
object, the responder communicates with the plurality of
antennas simultaneously. The level judging circuit of the
interrogator identifies the highést-level responding signal
of all the signals received by these antennas, and the level
selecfion circuit selectively outputs to the control device
the responding signal identified by the level jﬁdging
circuit, enabling the | éontrol device to read the
highest-level reéponding signal without switching antennas.

The thira object of the invention (third invention)

is to provide mobile object identification system comprising:

'a responder mounted on a mobile object, which responder, when

receiving an interrogatory signal in a specified frequency

band, with a responding signal, modulates the unmodulated

carrier wave received after the interrogatory signal, and
transmits the responding signal-modulated parrier wave; a
plurality of interrogators, each of which mod@lates, with the -
interrqgatory signal, the carrier wave in the specified
frequency band allocatgd for each of the communication areas

of the plurality of interrogators, transmits the

interrogatory signal-modulated carrier wave, followed by

unmodulated carrier wave, to the appropriate communication

-area, and receives the responding signal from the responder

positioned in ithe appropriate communication area; and a
control means which controls the plurality of interrogators

so that at least those interrogators whose communication
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areas overlap transmit carrier waves in different frequency

bands and transmit interrogatory signals at different

timings.

Aéqording to the mobile object identification
system of the third invention, when the responder mounted on
the mobile object is in any one of the plurality of
communication’  areas provided by  the plurality of
interrogators,' the 'appropriate interrogator transmits the

interrogatory signal; - the responder receives the

" interrogatory signal, generating a responding signal in

response. The carrier wave received after the interrogatory

'signal-is then modulated by the responding signal, and the

respdnder transmits the responding signal-modulated carrier
wave. The interrogator receives this wave, thereby
identifying the responding signal. .

When the responder 'is located in the zone where

. communication areas overlap, the corresponding interrogators

transmit interrbgatorf signals at different frequencies and
differéﬁt timings via the control means, so that the
responder receives .one interrogatory signal from any of the
interrogators at a time. Thus, the respondef'accepts the
interrogatory signal received first, generates a responding
signal which modulates the carrier wave feceived after the
interrogatory signal, and transmits the responding
signal-modulated carrier wave."

At this time, it is possible that the responding

signal-modulated carrier wave is received by the two
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interrogators whose communication areas - overlap the
appropriate one. Even in such a case, the responder can
communicate with the appropriéte interrogator without radio
interferencé, due to the difference in frequency of the
responding signal-modulated carrier wave from the frequency
allocated for the other interrogator. 1In addition, according
to the present inventiog , unlike in conventional cases, where
the communication period. ~is time-shared by multiple
interrdgators, radio waves E:an be transmitted simultaneously
in the zone wheré communication areas overlap. Consequently,
the responder mounted on the mobile object can communicate
with an appropfiate interrogator promptly and ac;curately,
even when moving at high speed. |

The fourth object of . the invention (fourth
ihvén_tion) is to provide an electronic label for the mobile

object identification system comprising: a responding

. eircuit in which is stored vehicle information such as the

frame n_umbet, and which outputs the vehicle information in
response to an interrogatory signal received ffom an
interrogator; and information given on the surface of the
electronic label being that found on s-uch labels that are
legally required to be attached to a_vehiclé.

When an intérrogatory signal is sent from an
external interrogator to the vehicle to which the electronic
label of the fourth inirentioﬁ. is attached, the responding

circuit receives the interrogatory signal, and returns the
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preliminarily loaded vehicle information. Therefore, the
vehicle information need not be checked visually. Even if

the vehicle is running past without stopping, the vehicle

. information can be recognized easily.

.When the electronic label bears on the surface the
same particulars as given on a mandatory vehicle inspection
label or a regular check and maintenance label legally
attached to fhe windshield glass of the vehicle, the
electronic 1label can be attached to the windshield glass
without causing .any problems. This position is also the
optimum for el_ectronie label reception of .interrogatory

signals transmitted from ahead of or above the vehicle. For

a vehicle to be driven on public roads, it is 1egally

-reun.red to have such vehicle J.nspectlon label or regular

check and maintenance label attached. Therefore ; such a
label is not to be removed. - Accordiﬁgly, the information
read from the electronic label attached to the windshield
glass of a vehicle can be considered as information specific
to the vehicle.

The fifth object of the invention (fifth invention)

"i.s-to provide another electronic label for the mobile object

identification system comprising: a responding circuit in
which is stored vehicle information such as the frame number
and which outputs the vehicle ihformation in response to an
interrogatory signal receive.d. from an interrogetor, the
responding circuit being embedded in the windshield or window

glass.
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When an interrogatory signal is sent from an
external interrogator to a vehicle equipped with the
electronic label of the fifth invention, the responding
circuit embedded ih the window glass receives the
interroéatory signal and returns the preliminarily written
vehicle information. - Therefore, as with thé‘ fourth
invention, the vehicle information need not be checked
visually, and can be recognized easily if the vehicle is

running past without stopping.

. BRIEF DEQCRIPTION OF THE DRAWINGS.

Fig. 1 is a flow chart of the control program for
an embodiment of the respphder' according to the first
invention; .

Fig. 2 is a schematic view explaining the general
concept of the first invention; | |

Fig. 3 is a block diagram showing the electrical
constructiqp of the first invention;

Fig. 4 1is a schematic view explaining the
conventional ért as opposed to the first invention; .

Fig. 5 is a schematic view explaining another
conventional art as opposed to the first inventién;

Fig. 6 is 'a schematic Vieﬁ explaining the
disadvantages of the conventional arts as opposed to the

first invention;
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Fig. 7 is a block diagram showing the construction
of the interrogator used in an embodimeﬁt of the
communication complex according to the sedond invention;

Fig. 8 is a block diagram of the responder used in
the second invention;

| Fig. 9 is a scﬁematic view explaining the general
concept of the second invention;

| Fig. 10 is a chért-showing change in signal level
of the responding signals by the second inventiqn as a mobile
object is moving} o

Fig. 11 is a schematic view explainiﬁg the general
concept of the mobile object identification system according
to the third 1nventlon,

Fig. 12 is a perspective view showing the general.
appearance of the thlrd invention;

Fig. 13 is a block diagram show1ng the electrical
conétructlon of the third invention;

Fig. 14 is a chart showing the frequency
characteristics of the interrogator and respoﬁder of the
third invention;

Fig. 15 is a timing chart of interrogatory signal
outputs of the third invention;

Fig. 16 is a schematlc view explalnlng an operation
of the third invention;

Fig; 17 is a schematic view explaining another
operation of the third invention;

-
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Fig. 18 is a schematic view explaining the
disadvantage of a conventional art as opposed to the third
invention;

Fig. 19 1is a schematic view explaining the
disadvantage of another conventional art as opposed to ‘the
third invention;

Fig. 20 is a general perspective view showing an
embodiment of the electronic-label according to the fourth
invention; '

Fig. 2i is a perspective view showing an example of
the actual application of thé fourth'invention;.

Fig. 22 'is- a diagram showing the electrical

.construction of the responding circuit of the <fourth

invention;

Fig. 23 is an electric circuit diagram of the
interrogator for the fourth invention;

Fig. 24 is a schematic view explaining'én example
of the actual application of the fourth inQention to a toll
road accounting system;

Fig. 25 is a schematic view expla;ning an example
of actual_ application of the fourth -invention to an
incoming/outgoing vehicle management system of a parking lot{

-Fig. 26 is a schematic view exﬁlaining an example
of the actual application of the fourth invention to a
regular customer sensing systeﬁ;

Fig. 27 is a general view of the windshield glass

of a vehicle incorporating the responding circuit of the
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electronic label ‘of the fiftﬁ invention, as viewed from
inside the.vehicle; |
| Fig. 28 is a schematic view showing the general
cons't'ructiori of the responding «circuit of the fifth
invention; | |
Fig. 29 is a general view of the windshield gléss

of a vehicle incorporating the responding circuit of the

- fifth invention connected to another information processor,

as viewed from inside the vehicle;

Fig. 36 is a sectional view of window glass for
explaining the method of embedding the responding circuit of
the fifth invention in the window gléss;

Fig. 31 is a diagram showing the general electrical
construction of aﬁother embodiment of the fifth invention ’
con'cerﬁing the window glass that incorporates the responding -
circuit; |

Fig. 32 is a general view of the windshield glass
of a vehiqle incorporating the responding circuit of the
second embodiment of the f£ifth invention, as viewed from
inside the vehicle; and |

Fig. 33 is a circuit diagram for explaining thg-:-'-

memory in the RF processing IC of the information processor.

BEST MODE FOR CARRYING OUT THE INVENTION

Prior to explaining the first J.nventlon, the
conventional art as opposed to the first invention and its
problems will be described in detail in the following.
S
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A mobile object identifioation system has many
applications, one of which is in the system for managing
unmanned trucks in a factory. This system comprises a tag
unit mounted as a responding unit on each unmanned truck, and
antenna units insfalled along the passage of unmanned trucks

to provide communication areas for communication with tag

‘units. Each tag unit of this system includes a memory for

storing various data, such as the identification code,
quantitios and destinations of thelarticles being transported
by the unmanned.truck. This memory is designed to enable
readout of stored data and write-in of oew data, as
necessary. |

Each antenna unit is designed to tranémit a carrier
wave of specified froquency as modulated by on interrogatory

signal, and then an unmodulated carrier wave to its

- communication area. As an unmanned truck moves, the tag unit

attached to. the truck enters a communication area. and
receives an intefrogatory signal. The tag unit then
generates a responding signal containing various data such as
article identification code, to answer the inter;ogatory
signal, via responding signal, modulates the unmodulated
carrier wave received following the interrogatory signal, and.
transmits the respondiné signal-modulated carrier. _

The antenna unit receives the responding signal, by
which it identifies the tag unlt of the unmanned truck

passing through the communication area, and recognizes the

- articles being carried by the truck. According to this
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information, the antenna unit stores new data and/or controls
the operation of the.unmanned truck, as'necessary.

Some of  such conventional mobile object
identification systems use a -data memory composed .of
nonvolatile memory such as EEPROM, for the responding unit.
Generally, much time is needed to write data to a non&olatile
memory. When the interrogatory signal from anlantenna uﬁit
inclﬁdes a data write command, therefore, the processing for
writing data to the data memory takes an extended time. When
the unmanned truék is moving at é'high speed, the tag unit
could therefore pass through the communication area before it

can read data written to its data memory and send it to the

.as opposed antenna unit, thus hampering accurate

communication.
As one of the conventional arts to solve this

problem, there is a mobile object identification system in

- which an antenna unit is divided into a writing antenna unit

10A and a reading antenna unit 123, which are arranged in
that order along the passage 16A of an uhmaﬁned truck 14a, as
illustrated in Fig. ¢. The writing antenna unit 10A
transmits write signals to the unmanned truck 14A in the
communication area 18A, and the reading antenna unit 123,
installed at a downstream position, transmits read signals to
the unmanned truck "14A in the communication area 20A.
Therefore, if the tag unit éiA, attached to the u_nmahned
truck 14A, takes time in writing data to its data memory, tag

unit 22A can complete the processing for writing data before

- - eet Has Been Replaced
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it enferé the communication area 20A of the reading antenna
unit 12A.. In other words, if the unmanned truck 142 is
moving at a high speed, the system can identify the truck
through accurate communication between the tag unit and
antenna units.

However, this convéntional art also has a drawback.
The unmanned truck 14A may stop in the communication area 18A
of the writing ahtenna unit 10A for a certain reason. 1In
such a case, the tag unit 22a attached to_the ﬁnmanned truck
14A repeatedly réceives a write signal transmitted from the
writing antenna unit 10A. If the write signél includes a
write command for such data as the number of transits, the
number of transits will be written and updated every time the
write signal is received. Consequently, the wrong number of
transits is stored in the tag unit 22a.

To solve this problem, inventors devised the
arrangement shown in Fig. 5. Acbording to this arrangement,
object detectors 24Ra, 24Ab, 26Aa and 26Ab are installed
before and after the antenna units iOA and 12A, respectively,
to detect an object. That is,-these detectors detect the tag
unit 22A if it is in the communication area 18A or 20A of the
antenna unit 10A or 12A. With this arrangement, the system
calculates that the ﬁnmanned truck 14A exists in the
communication area 18A or 20A for the period from the time
when it is detected by the oﬁiect detector 24Aa or 26Aa to
the time when it is'detected by the object detector 24Ab or

26Ab. Therefore, the system'with this arrangement can solve

\
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the above-mentioned problem by controlling antenna .unit 10Aa
or 12A ta transmit a write signal only once, when the
unmanned truck 14A enters and stays in the communication area
18A or 20a..

This arrangement, however; also has a drawback.
There is no problc_em as long as unmanned trucks 1l4A with tag
units 22A pass one by one through the communication area 18a

or 20A. However, two unmanned trucks 14A may pass through'

‘the communication area 18A or 20A simultaneously, as shown in

Fig. 6. 1In such'a case, since the antenna unit 10A or 122 is
controlled to transmit a write signal only once , it transmits
a write signal to fhe tag unit 22A entering the cqmmunicatidn
area 18A or 20A first, but not to the tag units 22A entering
the communication ézﬂr:aa later.

If the antenna unit 10A "or 12A transmits a write
signal two times when fhe 6bject detector 24Aa or 26Ra
detects two unmanned trucks 14A in the comunication area 18A
or 20A, the tag unit 22A entering the communication area
first will receive the write signal two times, resulting in
duplicate writing.

The first invention has solved the above-mentioned
problems of the conventional arts. An embodiment of the
first invention is described in detail .with reference to
Figs. 1 through 3 below. In thJ.s embodiment, the first

invention 1is applied to a tag unit for wuse in the

communication system for unmanned trucks.
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In Fig. 2, that shows the general concept of the
first invention, an unmanned truck 30A as a mobilé object is
controlled by.a control device (not shown) to move along a
passage 32A. The truck 30A loaded with articles is expected
to run along the passage 32A in the direction of arrows
toward a specified.destination.'

A  writing " antenna | unit 36A providing a

communication area 34A, and a reading antenna unit 40A

providing a communication area 38A are ‘installed in that

order at specifiéd adjacent positions along the passage 32A.
A writing antenna unit'44A pfoviding a communicétioﬁ area 42A
and a reading antenna unit 48A providing a communication area.
46A are also installed in that order at specified adjacent
pdsitiops along the passage 32A downstream from the antenna
units 36A and 40A. Accordingly, when the unmanned truck 30A
runs along the passage 32A, it passes through - the
communication areas 343, 38A; 42A and 46A in that order. |

The unmanned truck 30A is provided with a tag unit
502 as a responder of the present invention, so that it
communicates with the antenna uﬁits 36A, 40A, 44A and 48A in.
the communication areas 34A, 38A, 42A and 46A, respectively,
as will be described later. _

_Each of the antenna units 36A,-40A, 44A and 482
comprises batch antennas realized by microstrip lines formed
on PC boards; these batch antéﬁnas are arranged in multiple
groupings as an array gntenna to improve the directivity and

to accommodate long-distance communication. To transmit
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write/read.signals, the antenné units 36A, 40A, 44A and 48A°
use semi-microwaves in a frequency band of, for instance,
2.45 GHz as carrler waves.

The-antenna units 36A, 40A, 44A and 48A transmit
the above-mentioned carrier waves as modulated by a
write/read signal during the write/read signal transmission
period, and transmit unmodu'lated carrier waves during the
other period. While the antenna unit 36A, 40A, 44A or 48A is
transmitting an unmodulated carrier wave, it receives radio
waves sent from the tag. unit 50A in the communication_area
34A, 38A, 42A or 46A. | |

In.Fig. 3, that shows the electrical comstruction
of the tag unit 50A, a control circuit 52A includes CPU, ROM
and RAM as control means. The control circuit 52A stores a
control progrém (described later) for- controlling
communication as well as for use as a status storage means
(also described later). An antenna 54A is coﬁposed of, for
exampie, batch antennas realized by microstrip lines formed
on PC-boards.

The antenna S4A is connected to the control circuit
52A in two- ways: through a radio wave detector 56A and
through a demodulation circuit 58A; ~The antenna 54A is
grounded via a switch circuit 60A. The éontrol piﬁ of the

switch circuit 60A is connected to the control circuit 52A

through a modulation circuit 62A. The radio wave detector

56A detects the radio wave received by the antenna 54A, and

‘outputs the detection data to the control circuit 52A. The

- 17 -
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demodulation cifcuit 58A demodulates the radio wave received
by the antenna 54A, and outputs the demodulated wave as a'
reception signal to the control circuit 52A. The modulation
circuit 62A modulates the é:érrier wave by open_ing/ciosizig the
switch circuit 60A according to the 'responding signal output
from the control circuit 52a. |

As a data storage means, a data memdrY 6_4A is
conhected to the control circuit 52A. The data mémory 64A is
cbmpose'd of a nonvolatile memory such as an EEPROM. The
control circuit .52A executes the processing for writing dr '
reading various data into or out of the data iner_nory 64A as
required. All these circuits of the tag unit— 50A are fed
with power by a battery (not.shown).

’i‘he operation of - this .embodiment of the first.

invention is described with reference to the flow chart of

Fig. 1. When power is supplied, the control circuit 52A of

the tag unit 50A starts running the communication contrbl
program shown in fig-. 1. Specifically, after initialization
(stép S1), the control circuit 52A is put in the wait state
until it receives a radio wave in -step S2. In the ébove
initialization step, various registers and flags are cleared
fo:r:_' _initial setting. The completion flag F, as the status
sﬁérage means, is also E:leared in s{:ep S1 (Fe0).

When the unmanned truck 30A moves into the
communication area 34A of the. v.writing antenna unit 36A, the
antenna 54A of the tag unit 50A receives a write signal

transmitted from the writing antenna unit 36A. The radio
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wave detector 56A detects this write signal, and outputs a
detection signal to the control ciréuit 52A. Based on the
detection signal, the control circuit 52A makes the judgment
for "YES" in.step SZ,.and advances the program to step S3, to
check if the radio wave receivéd is alwrite signal. Since the
controllcircuit 52A receives a reception signal as opposed

to the write signal from the demodulation circﬁit 58A, it

makes the judgmént for "YES®* in step S3, and advances the

program to step S4.

In steé S4, the control-circuit_SZA checks if the
completion flaé F has‘been set. Since thg coméletion flég F
has not yet been set (F.= 0), the control circuit 52A makes
the judgment for QNO#, and adﬁaﬁces the program to step .S5
where necessary data is written to the data memory 64A.
Then( after setting the completion flag F (Féi).in stép S6,
the program returns to step S2.

| The data writing processiin step S5 takes longer
than other processing. Therefore, if the unmanned truck'BOA
ié moving at ordinary speed, the tag unit 50A may complete
data writing by the time the unmanned truck 30A.leaves the
communication area 34A of the writing antenna unit 36A.

If the unmanned truck 30A is moying at low speed,
the tag unit 50A may still be in the communication area 34A
of the writing antenna unit 36A when if has completed data
writing. In such a case, the.fag unit 50A receives a write
signal again. However, when the ﬁrogram proceeds through

steps S2 and S3 to step S4, the control circuit 52A makes the
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judgment for "NO" because the'completion flag F has already
been set (F = 1), and the program is advanced to step S7. 1In
step S7, since the write signal received the second time is
transmitted.from the.same writing antenna unit that sent the
first write signal, the control circuit 52A makes the
judgment for "YES," and the program returns to step 82. 1In

other words, since data writing is already executéd, the

control circuit 52A invalidates the second or subsequent

write data.

When .the unmanned - truck 30A enters the
coﬁmunication area 38A of the reading antenna unit 40A,  the
tag unit 50A operates as follows. 'The control circuit 52A
runs the program thrbﬁgh step S2 to step 83 in the same
procedure as already described,-makes the judgment for *NO*,
and advances the program to step S8. Since the control
circuit 52A has receivéd a read signal from the demodulation
Eircuit 58A, it makes the judgment for “"YES" in step s8. -The
program is advanced to the step S9 where the control circuit
52A carries out the data reading procesé, - After the
completion flag F is cleared (F¢0) in step S10, the program
returns to step S2.

By the data reading process in step S9, the control
circuit SZA reads to check data recorded, for example, by the
write processing in the data memory 64A, for tramsmission to
the reading antenna unit 4OA;. To transmit the data thus

read, the control circuit 52A sends it as a responding signal

to the modulation circuit 622, which carries out modulation

[ —
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using the responding signal, and controis the ON/OFF state of
the switch . circuit 60A.

The unmodulated carrier wave sent from the reading
antenna unif 40A and received by the antenna 54A is thus
reflected or absorbed, and transmitted back to the reading
antenna unit 40A. The reading anfenna unit 40A receives the
radio wave transmitted from the communication area 38A while
it is sending an unmodulated_carrier wave. The radio wave
thus received is demndulated to obtain é'responding signal.

In steb S8, if the radio wave received by ‘the
antenna 54A is neithér a write signal nor a reéd_signal, the
control circuit 52A makes the judgment for “NO," assuming
that the radio wave is transmitted from a source other than
the antenna unit 36A or 40A. The program then returns to the
step sz; |

If the unmanned - truék 30Aa stops. in nthe
communicntion area 34A of the writing antenna unit 36A for
snme reason, the tag unit 50A will receive a write signal
repéate‘diy. According to the present invention, once the
control circuit 52A has carried out the data writing process,
it invalidates the second and subsequent write signals, and
dnes not conduct data writing any more. Therefofe, the
problem of duplicate data wrltlng does not occur.

. If more than one unmanned truck 30A are pOSltloned
in the communication area 34A, receiving a write signal

repeatedly from the writing antenna unit 36A, the tag unit

"50A of each_unmanned truck 30A carries out the data writing
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process only once, due to the above-mentioned means of the
control circuit 52A.

According to the present invention, the unmanned
truck 302 is controlled to pass through the communication -
area - 34A of the Qriting antenna unit 36A prior to the
communication area 38A: of .rhe reading antenna unit 40A.
Normally, therefore, as the unﬁanned truck 302 runs through
the passage and moves out of the communication area 38A, the
completion flag F is set in step S6 and cleared in stép S10
bf the control éircuit 52A. Accordingly, when the ﬁnmanned
truck 30A enters the communication area 427 of another
writing antenna unit 44A, the tag unit 50a carrieg out the
data writing process only once. |

However, if more than one unmanned truck 30A are
running in parallel-through, for example; the communication
area 38A of the reading anténna unit 407, it is possible that
the tag unit 50A of a truck behind the other truck does not
receive a read signal sent from the reading aﬁtgnna unit 40A.

-When the unmannéd truck 30A that has received a
reéd signal in the communication area 38A enters .the
communication area 42A of the writing antenna unit 44A and
receives a write sigﬁal t@erélr;pg control circuit 52A of the
tag unit 50A carries out rﬁe:déra-ﬁriting process as follows.
The program is advanced through steps S2 and S3 to step S4.
Since the completion flag F is not cleared (F = 1), the
control circuit 52A makes the judgment for "YES" in step S4,

and advances the program to step S7. Since the tag unit 50A
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~ _receives a write signal from the writing e.utehna uhit 44A and
not from the writing entenna' un_it 36_A,' the. 'co.nt.r_ol' circuit
52A makes the judgment :Eor "NO" in'step S7 'ahd advances the
program to step S5 where data is written. _ |

' Thus, according to this J.nveutlon, ‘when ‘the :tag
-unit 50a receives a write s:.gnal from the writihg antenna
-unit' | 36A or 44A, the control c:.rcu:Lt 524 executes ~data
writing process, -and’ sets the completlon flag F to lnvalldate

write process by the .. .'cond or subsequent wrn.te s1gna1,

thereby prevent:.ng dupllc te""data er.t:Lng to the data memory .
64A. Even if more than one tag unit SOA_ exist in the-
communication area 34A or 423, each tag unit S50A° carries: out
the data writing process only once.

In addition, accordlng to the present J.nventlon,

15

the control ¢ircuit 52A checks in step 87 :Lf the wr:.te s:.gnal

'receJ.vec_l has been sent from the same wr:.tlng ant,enna unit as-

thelast ‘write signal, ‘and writes data if it ‘makes ‘the.
jucigment for “NO". Therefore, even if the'tag'unit 50A has

not received a read signal from the readiug antenna unit 40A

20 © Ox- 48A, it'.ca_n write data withou’_t‘*’-’ "'fail'w'fheh it '-r'e'ceives a
write signal. |
In -the above-mentioned embodiment o.f. the first o
invention, the data memory 64R uses an EEPROM as for -datalh.
storage.- aA battery-backup RAM or other memory, such as a
. 25

so—called IC card, can be used J.nstead of the EEPROM w:.thout

departing from the spirit of the present invention. .
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In the above embodiment, the invention is ‘applied
to the tag  unit for the system of identifying unmanned
trucks. The invention is also applicable to the-responding
unit of any-othef mobile object identification system. For
example, it may be applied to the tag unit for the process
control system in a factory to control productién by
attaching the tag unit to each product in the line. It is
also applicable to the ID card for a system of managing
persons entering/exiting a room.

"Now, pfior to explaining the second invention;.thé
conventional arts as oppbsed to the second invention and its
problems will be described in detail in the followigg.

Various communication complexes have been in
operation for mobile object identification sjsteﬁs. A
typical example is a complex in which an interrogator
transmits an’ interrogafory signal to communicate with a
responder attached to each product being carried on a
conveyor line, receives a responding signal sent from  the
fesponder, and outputs it to a control deviée for. data
processing.

In specific, the interrogator sends an
iﬁterrogatory signal thréugh an antenna. When a mobile
object enters the communication area, the responder.attached
to the mobile object receives the interrogatory signal
through an antenna, and transmifs a signal in response to the
interrogatory signal. The interrogatpr receives the

responding signal and outputs it to the control device which
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processes the responding signal, sending the processed data
to a host computer when necessary. |
Recently, the quantity of communication data to be

handled by such a communication system has been expanding

with the increase in operating speed of conveyor lines, .

causing communication time shortage. Conventionally, this
problem is overcome by installing multiple antennas of the
interrogator along the moving passage of products and
outputting a responding signal from each of the antennas to
the control device. The control device selects the antenna
receiving the highest level résponding signal. |

| With the above-mentioned conventional method,
however, the control device is required to switch antennas
while reading the responding signals output from the
interrogatof. '~ For the antenna switching period, the control
device cannot read a responding signal, so data communication
is interrupted.

The second invention has solved the above-mentioned
problems of the conventional arts. An embodiment of the
second invention will be. described in detail below.

In Fiqg. -9, that shows the general concépt of the
second invention, an interrogator 10B has a first stationary

antenna 12B and. a éecond stationary antenna 14B, and

transmits interrogatory signals selectively through the first

and second stationary antennas 12B and 14B. A responder 18B
is attached to a mobile object 16B. The first and second

stationary antennas 12B and 14B are installed along the
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moving area of the mobile object 16B. The communication area
of each of the stationary aﬁtennas 12B and 14B is indicated
by the chain double-dashed line. The interrogator 10B can
communicate with the responder 18B when the mobile object 16B
is positioned in either of the communication areas.

The communication areas of the first and second
stationary antennas 12B and 14B overlap. The interrogator
10B is designéd to transmit interrogatory signals as
controlled by a control device 20B,.and to output responding
signalé received.from the responder 18B to the control device
20B. | | |

In Fig. 7, that shows the construction of the
interrogator 10B, the interrogator 10B is connected to the
control device-ZOB through an input pin 10Ba and an oﬁtput
pin 10Bb. The interrogator 10B c&mprises a level judging-

circuit 22B, a signal selection circuit 24B and a demodulator

'26B in addition to the first and second stationary antennas

12B and 14B.

Since the first and second stationary antennas 12B
and 14B are of the same construction, the first stationary
antenna 12B alone will be described in the following, with
thé description for the second stationary antenna 14B
omitted. The first étationary antenna 12B comprises a
modulator 28B, an oscillator 30B, a circulator 32B, a
detector 36B and a microsﬁfip antenna 34B. When an
interrogatory signal is input from the control device 20B

through the input pin 10Ba, the modulator 28B modulates the
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interrogatory signal by a carrier signal given from the
oscillator. 30B, and outputs the modulated signal through the
circulator 32B to the microstrip antenna. 34B. When a

responding signal is received by the microstrip antenna 34B,

-the detector 36B detects the signal through the circulator

32B, and outputs it to the level judging circuit 22B.

The level judging circuit -223 is designed to
receive responding signals from both first- and second
stationary antennas IZB-énd 14B. The circuit 22B judges the
signal levei of each responding signal'received, to identify
the higher level respdnding signal, and sends-the'judgment
result to the signal selection circuit 24B. The signal

selection circuit 24B is also designed to receive responding

- signals from both first and second stationary antennas 12B .

and 14B. Based on the judgment result from the level-judging
circuit 22B, the signal selection circuit 24B selects the
higher level responding signal,  and outputs it to the control
device ZOB.through the demodulator 26B and the output pin
10Bb.

The control device 20B controls commands to be
output from the_intefrogator 10B to the responder 18B, and
the operation time of the interrogator 10B. In addition, the
control device 20B procésses data received from the responder
18B, and outputs processed data to a host computer  (not
shown) or a display unit (not éﬁown) as necessary.

In Fig. 8, that shows the construction of the

responder 18B, the interrogatory signal received by a mobile
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antenna 40B is input through a detector 42B to a control unit
38B. The .mobile antenna 40B is composed of a microstrip
anﬁenna. The control unit 38B outputs a responding signal in
reply to the interrogatory signal to the microstrip antenna
40B through a modulator 44B which modulates the responding
signal. 1In addition, the control ﬁnit 38B interchanges data
with a data memory 46B. Each component of the responder 18B
is fed with power by a battery 48B. .

Now, the operation of the second invéntion, having
the above-mentioﬁed construction, will be described. |

The control device 20B outputs .interrogafory
signals intermittently to the interrogator 10B, so that the.
first and second stationary antennas 12B and 14B transmit the
interrogatory signals.

When the mébile object 16B enters the communication
area of the first stationary antenna 12B, the responder-ISB
attached to the mobile object 165 réceives an interrogatory
signal thrqugh ﬁhe mobile antenna 40B. The fesponder 18B
then transmité_ a responding signal, indicating its own
identification number, through the mobile antenna 40B. The
first stationary antenna 12B of the interrogator 10B receives
the responding signal, and outputs it through the detector
36B to the level jﬁdginé circuit 22B. |

At this time, the responding signal £rom the
responder 18B is also recelved by the second stationary
antenna 14B and input to the level judging circuit 22B.

However, the responding signal from the second stationary

- 28 - is Sheet Has Been Replaced

|||||IHIII|| Jle




7

10

15

20

25

antenna 14B has lower signal level than the responding signal
from the first stationary antenna 12B. Accordingly, the
level judging circuit 223 reckons that the responding signal
inéut from the fifst stationary antenna 12B is higher, and
outputs this result to the signal selection circuit 24B.
Based on this result, the signal selectionl circuit 24B
selects the responding signal from the first stationary
antenna 12B, and outputs it to the demodulator 26B. The
demodulator 26B demodulates the responding signal to obtain
the identification number, and outputs it to the control
device 20B. _ - . |
| The control device 20B checks if the identification
number is appropriate. If it is, the control device 20B
oufputs an interrogatory signal containing a data write
comnand or a data read command through the first and second
stationary antennas 12B and 14B to communicate with the
responder 18B.

The signal level of the responding signal received
by the first stationary antenna 12B and input to the control -
device .20B-changes as the mobile object 16B moves. Fig. 10
shows in (a) thereof this change in the signal level.

As the mobile object 16B moves and enters the
overlapping zone of the‘communication areas of the first and
second stationary antennas 12B and 14B, the signal level of
the responding signal from fhé gecond stationary antenna 14B
becomes higher than that from the first stationary antenna

12B (at the timing indicated by "A") as shown by (b) of Fig.
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-10. Then, the signal selection circuit 24B selects as shown

by (c) of Fig. 10 the responding signal received from the
second stationary antenna 14B, according to the instruction

given by the level judging circuit 22B, and outputs the

- signal to the control device 20B. Accordingly, after the

timing "A," the —control <device 20B controls data
communication based on the r_esponding signal from the second
stationary antenna 14B.

According to this invention, as mentioned above,
the level judgiﬁg circuit 22B and signal selection circuit
24B .enable the interrogator 10B to output té the control
device 20B the higher level responding signal bf_ the two
signals received by the first and second stationary antennas
12B and 14B. Therefore_, although the respﬁnd‘ing signals
received by the first and second stationary antennas 12B and
14B change as the mobile object 16B moves, the control device
20B always receives the higher level responding signal.

Thus, unlike the conventional communicatioﬁ system
in which a control device is provided with a means for
sélecting one of several stationary antennas, the control
device 20B of the communication system according to the
present invention does not contain an antenna-switching

means. Consequently, éommunication between the interrogator

'10B and the responder 18B can never be interrupted by

antenna-switching operation.
Before the mobile object identification equipment

of the third invention is explained, the conventional arts as
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opposed to the third invention and their problems will be
described in detail in the following.

| The mobile object identification system has many
applications, one of which is for unmanned trucks in a
factory. This system comprises a tag unit mounted as a
responding unit on each unmanned truck, and antenna units

installed along the route of unmanned trucks to provide areas

‘for communication with tag units. The tag unit of this

system includes a memory to store various data, such as the

identification code, quantities and destination of the

.articles being transported 'by the unmanned <truck. This

memory is designed to allow the stored data to be read, and
new data to be written as necessary.

Each antenna unit is designed to transmit a carrier
wave of a specified frequency as modulated by an
interrogatory signal, and then an ummodulated carrier wave to
its communication area. When an unmanned truck enters the
communica£i9n area, the tag unit attached to the truck
receives an interrogatory signal. The tag' unit then
generates a responding signal for various data, such as tﬁe
article identification code, to answer the interrogafory
signal, modulates the unmodulated carrier wave received
following the interroéatory signal, using the respondihg
signal, and transmits the responding signal-médulated carrier
wave. | |

The antenna unit'receives the responding signal,

which enables the unit to identify the tag unit of the
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unmanned truck passing through its communication area,
determine the articles being carried by the truck, store new
data and/or control unmanhed truck operation.

If unmanned trucks are allowed to move in a large
area, it is necessary to set a wide communication area to
cover the large moving -area. In the conventional art, this
requirement is met by dividing the wide communicatidn area
into blocks and installing a plurality of antenna units to
cover the blocks.

Howevef, if the antenna units 10C and 12C are
arranged so that the coﬁmunication areas 14C and iGC overlap,
as shown in Fig. 18, wave interference can oécur.

Specifically, if an unmanned -truck 20C enters the overlapping

-zone 18C (in the direction indicated by the arrow), the tag

unit 22C attached to the unmanned truck 20C will receive two
interrogatory signals transmitted from the antenna units 10C
and 12C. In such a case, the two signals interfere with each
other, possibly disabling the tag unit 22C for communication.

To avoid this problem, the antenna units 10C and
12C may be érranged so that the communication areas 14C and
16C do not overlap, as shown in Fig. 19. However, this
arrangement forms a dead 2zone for communication between
communication areas 146 and 16¢. If an unmanned truck 20C
enters this dead zone, the tag unit 22C of the truck 20C will
not be able to communicate tﬂrough either of the antenna

units 10C and 12C.
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The invention disclosed in the Japanese Patent
Provisional Publication No. 93390/1990 solves these problems
by the following method. When a wide communication area is
to be coveréd by a plurality of antenna units, the antenna
units are allocated different communication periods. As a
result, if the antenna units are arranged so that their
communication areas overlap,. tag units can communicate
through the antenna units without wave interference.

However, when different communication periods are
allocated to eacﬁ of the several antenna units, that is, when

the communication period is time-shared by the antenna units,

each antenna unit can be used for communication only during

‘the allocated period. If the system involves a iarge number

of antenna units, the cycle of the communication period for
each antenna unit will be long. For the tag unit of an

unmanned truck to communicate properly'whiie it is running in

the communication area, a short communication period must be

allocated to each antenna unit, or the unmanned truck must be
driven at a limited speed.

The third invention has solved the above problems.

An embodiment of the third invention will be described in

detail below, with reference to Figs. 11 through 17. In this
embodiment, the third invention is applied to the
identification system for unmanned trucks.

in Fig. 12, showing.fhe general appearance of the
third invention, the motion of an unmanned truck 30C és_a

mobile object is controlled along a specified runway 32C. A
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gate 34C is located at the specified position of the runway
32C, to identify each unmanned truck 30C.
The gate 34C is installed astride the runway 32C,

and has a plurality of antenna units, e.g., five antenna

‘units 36Ca through 36Ce, in portions above the runway 32C.

The_ five antenna units 36Ca through 36Ce provide
communication areas 38Ca through 38Ce, respectively,
obliquely downward to the runway 32C. Of the communication
areas 38Ca through 38Ce, the adjacent ones overlap each other
aé shown  in Fig; 11, which explains the general concept of
ﬁhe third invention. The overlapping zones are denoted 40Ca,
40Cb, 40Cc and 40Cd, respectively.

Referring to Flg. 11, the antenna units 36Ca
through 36Ce are connected to a controller 42C. The
controller 42C not only controlg data transmissioh/reception
of the antenna units 36Ca"through 36Ce but also sends
communication data to and receives such data from a signal
processor 44C, which may be a host computer. Each unmanneéd
truck 30C has a tag unit 46C as a responding ﬁnit'storing
various data. When an unmannéd truck 30C passes through the
gate 34C, ﬁhis tag unit 46C communicates with one of the a-
ntenna units 36Ca through 36Ce, as will be described later.

Fig. 13 shows the electrical construction of the
invention. The construction of the antenna unit 36Ca is
described. The antenna unit.36Ca comprises én antenna 48C

for transmitting/receiving signals, a modulation circuit 50cC,
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an oscillator 52C, a circulator 54C, a mixer 58C, and a
reception circuit 56C.

Thé antenna 48C is composed .of batch antennas
realized by microstrip lines formed on PC boards; these batch
antennas ére arranged in multiples to form aﬁ array antenna
for improving directivity and to accommodate long-distance
communication. |

The modulation circuit 50C modulates carrier wave
with a frequency of f1 (generated by'the oscillator 52C) by
an interrogatory'signal from the controller 42C, and.outputs
the modulated signal to the antenna 48C through the
circulator 54C. A specified frequency band of, e.g., 2.45
GHz is aliocated for the system of thié invention so that
semi-microwaves in this frequency band are output as carrier

waves. The oscillator 52C outputs semi-microwaves at a

frequéncy of f1 in this frequency band. The antenna 48C is

adapted to selectively receive only radio waves with a
limited frequency of fl1 set by the oscillator 52C.

The reception circuit 56, which carries out signal

. processing such as demodulation, is connected to the mixer

58C. The mixer 58C receives not only carrier waves from the
oscillator 526 but also radio waves as opposed to a
responding signal from the antenna 48C thréugh the circulator
54C. The carrier and radio waves as opposed to a responding’
signal are synthesized by the mixer 58C and input to the

reception circuit 56C where the synthesized signal is

,/’/’/
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demodulated to obtain a responding signal. The demodulated
responding signal is output to the controller 42C.

| The antenna units 36Cb through 36Ce are the same in
construction as the antenna unit 36Ca, excépt that the
oscillation frequency of the oscillator 52C is different in
each antenna unit. Specifically, while the oscillation
frequency of the oscillator 52C for the antenna unit 36Ca is
set at fl1, the oscillators 52C for the antenna units 36Cb
through 36Ce are allocated narrow frequency bands which do
not overlap, as.denoted by f2 ﬁhrough f5 in Fig. 14. All
these frequencies f£1 ﬁhrough £5 are within 'fhe specified
frequency band ﬁentioned earlier, aﬁd are allocatgd‘to the
antenna units 36Ca through. 36Ce so that the oscillation
frequency for an ﬁntenna unit is as different as possible

from those for the adjacent antenna units, as shown in Fig.

14,

In the controller 42C, a unit control circuit 60C
is connected to the modulation circuit 50C and reception
circuit 56C of each of the antenna units 36Ca through 36Ce,
to output Iinterrogatory signals at a specified timing
mentioned later, and to receive responding signals. The unit
control circuit 60C is connécted to the signal processor 44C
through an-interface circuit 62C. A power circuit 64C is fed
with power from an AC power supply (not shown). When povwer
is supplied, the pbwer circuit‘ééc converts it to a specified

DC voltage, and applies the DC voltage to the unit control
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circuit 60C and the interface circuit 62C, as well as to the
antenna units 36Ca through 36Ce.
| In the tag unit 46C as a responding unit, an
antenna 66c; composed of a microstrip antenna formed on a PC
board, is capable of receiving a wide frequency range of
radio waves as indicated by the broken line in Fig. 14.
Specifically, it is adapted to receive all interrogatory
signals with frequeﬁcies £1 through £5 output from the
antenna units 36Ca through 36Ce. '
A contfol circuit  68C includes CPU, ROM, RAM etc.
It is designed to receive interrogatory sigﬁals, and to
output various data, including the identification_céde, in

the form of responding signals to the interrogatory signals,

according to the stored program. The control circuit 68C is

connected in -two ways to the antenna 66C: through a
transmission circuit 70C, and through a ieceptiqn circuit-
72C. |
The transmission «circuit 70C modulates the
unmodulated carrier wave received through the antenna 66C, by
a responding signal output from the control circuit 68C, and
transmits the modulated wave. The reception circuit 72C
demodulates the radio wave received through tﬁe antenna 66C,
and inputs it as an interrogatory. signal to the control
circuit 68C. The control circuit 68C is connected to
loadable/readable nonvolatile.mémory data memory 74C. Each

circuit in the tag unit 46C is fed with power by a battery

76C. N
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The operation of the third invention is described
below with reference to Figs. 15 through 17. The unit
coﬁtrol' circuit 60C of the controller 42C outputs
interrogatofy signals to the antenna units 36Ca through 36Ce
at the timings shown in Fig. 15. Specifically, it outputs
interrogatory signals to the antenna units 36Ca, 36Cc and

36Ce at the same timing with intervals of Tl as shown in (a),

_ (c) and (e) of Fig. 15, and to the antenna units 36Cb and

36Cd at the same timing with intervals of Tl but later by T2
than the timing for the former three anteénna units as shown
in (b) and (d) of Fig. 15. |

In each of the antenna units 36Ca through 36Ce, the
modulation circuit 50C modulates the carrier wave fro:ﬁ the
oscillator 52C by an interrogatory signal output from the
controller 42C, and sends it in the form of a microwave
signal +through the antenna 48C to the apprbpriate
éommunication area 38Ca through 38Ce. .

In the interrogatory signal output interval T1, the
period *"ta" is .set for outputting an interrogatory signal,
and the remaining period “tb" for outputting a reéponding
signal. For any two adjacent antenna units, e.g., 36Ca and
36Cb, the interrogatory signal output periods "ta" do not
overlap. '

The modulation circuit 50C of each antenna unit
36Ca through 36Ce does not carr-y' out modulation in the period
"tb" when interrogatory signals are not given from the

controller 42C. During this period, the carrier wave from
////}
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the oscillator 52C is output as unmodulated to each of the
communication area 38Ca through 38Ce via the antenna 48C. 1In
other words, each antenna unit. 36Ca through 36Ce always
outputs radio waves, but transmits an interrogatory signal
only during the period *"ta" which comes at intervals of T1.

With interrogatory signals being thus output to the
communication areas 38Ca through 38Ce, when an unmanned truck
30C, approaching the gate 34C on the runway 32c; enters the
communication afea 38Ca, the tag unit 46C communicates by the
following method. The tag unit 46C receives radio anes'by
the antenna 66C. The reception circuit 72C demodulates the
radio waves to an interrogatory signal, -and sends’;he signal
to.the control circuit 68C.

Determining that the interrogatory signal is from
the antenna unit 36Ca, the .control circuit 68C outputs a
reéponding signal of the ‘identification <code to thé
transmission circuit 70C. At this time, the antenna 66C is
feceiving an unmodulated carrier wave from the antenna unit
36Ca, and ig sending it to the transmission circuit 70C. The
transmission circuit 70C modulates this carrier wave by the
responding signal, and reflects the modulated carrier back
for transmission. -

The antenna unit 36Ca receives the responding
signal radio wave through the antenna 48C, thereby
identifying the tag unit 46C.‘.More specifically, the radio
wave received by the antenna 48C is input through the

circulator 54C and the mixer 58C to the reception circuit
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56C, where it is demodulated to the responding signal and
sent to the controller 42C. The unit control circuit 60C of
the controller 42C then inputs the identification code data
of the 'comﬁunicating tag unit 46C through the interface
circuit 62C td the signal processof 44C.

To continue communicating with the tag unit 46cC,
the controller 42C controls the antenna unit 36Ca to output

an interrogatory signal during the next interrogatory signal

output period. If the interrogatory signal includes a write.

command instfucting the tag unit 46C to store certain'data;

the control circuit 68C of the tag unit 46C carries out the .

pfocessing to write the data to the data memory 74C. 1If the
interrogatory signal includes a read command instructing the
tag unit 46C to read certain data,'the control circuit 68C of
the taé unit 46C carries out the prdcessing to read the data
from the data memory 74C, and output it for communication.

Now the operation of the present invention is

described for the case in which the tag unit 46C of an

. unmanned truck 30C passes through the overlapping zone 40Cc,

between the communication area 38Cc of the antenna unit 36Cc
and the communication area 38Cd of the antenné unif 336Cd, as
shown in Fig. 16. Since the interrogatory signal output
timing of the antenna unit 36Cd lags by T2 behind fhat of the

antenna unit 36Cc as described earlier, the tag unit 46C in

the overlapping communication zone 40Cc receives the radio

wave of an interrogatory signal from either the antenna unit

36Cc or 36Cd.

\'
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The tag unit 46C may receive the radio wave of an
interrogatory signal from the antenna unit 36Cc first. The
control circuit 68C of the tag unit 46C accepts the signal,
and outputs a responding signal according to the process
described above. The transmission circuit 70C modulates, by
responding signal, the unmodulaﬁed carrier wave received from
the antenna unit 36Cc through the antenna 66C, and reflects
it back for transmission. At the timé of responding signal
tranémission; the antenna 66C may receive an interrogatory
signal radio wavé from the antenna unit 36Cd because the tag
unit 46C is positioned.in the overlapping commﬁniéatioh zone
40Cc.

In such a'case, the responding signal radio wave
being transmitted from the antenna 66C to the antenna unit
36Cé is also transmitted to the antenna unit 36Cd, and the
interrogatory signal from the antenna unit 36Cd is modulated
by a responding signal and transmitted -to both antenna units
36Cc and 36Cd. However, since the frequencies of radio waves

transmitted from the antenna units 36Cc and.'36Cd are set

differently at £3 and f4, respectively, the antenna unit 36Cc

can receive and identify the radio wave of responding-signal
modulated carrier waves with a fréquency of f£3 alone.
Furthermore, by includiﬁg the identification code for each of
the antenna units 36Ca through 36Ce in each interrogatory

signal, and that for each tag unit 46C in each responding

'signal, each antenna or tag unit that receives a signal can

\
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determine whether the signal is intended for that antenna
unit.

Thus,- the tag unit 46C responds only to the
interrogator& signél from the antenna unit 36Cc -- the signal
received first --, communicating with the antenna unit 36Cc.
After completing communication with the antenna unit 36Cc; if
the tag unit 46C remains in the overlapping zone 40Cc, it
will accept the interrogatory signal from the antenna unit
36Cd and communicate with it. Therefore, the tag unit 46C
can communiéate. with the antemna units 36Cc and 36Cd
accurately, without radio interference between the antenna
units. _

Furthermore, since. the COmmuﬁicatioh. time is not
divided between the antenna units 36Cc and 36Cd as it is for
conventional time-sharing communication, each antenna unit is
not limited in communication time. Consequently, even when
the unmanned truck 30C is moving at high speed in the
overlapping communication zone 40Cc, the tag unit 46C has
sufficiént éommunication time to be identified by the antenna
unit 36Cc or 36Cd. |

In the overlapping communication zone 40Cc, the tag
unit 46C communicates with both antenna units 36Cc and 36Cd,
and upon completing communication with either of the antenna
units, it stops communicating with the ‘other unit.
Accordingly, when the unmanne.d‘ truck 30C is moving on the
runway 32C, passing through the communication area 38Cc, the

overlapping zone 40Cc and the communication area 38Cd, in the

_—
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direction indicated by the arrow in Fig. 17, the tag unit 46C

keeps communicating with both antenna units 36Cc and 36Cd,

without interruption due to change in the communication area.

By maintaining communication with both antenna units 36Cc and

36Cd, the tag unit 46C can. always exchange 1signals with
either of the anfenna units 36Cc and 36Cd until it completes
communication. When completing communiéation with either of
the antenna units 36Cc and 36Cd, the tag unit 46C stops
communicating with the other antenna unit 36Cc or 36Cd, as
mentioned earlie'r, to prevent duplicate data wi'iting; if
duplicate data writing 'is not -antic;patgd,' it is not
necessary to stop communicating with the other antenna unit._

Thus, according to the above embodiment of the
third invention, while the five antenna units 36Ca through
36Ce, providing communication areas 38Ca through 38Ce,
respectively, are set with the communication areas of the
adjacent antenna units overlapping, the oscillators 52C of

the five antenna units 36Ca through 36Ce are allocated with

different narrow bands of oscillation frequencies £1 through. .

£f5, and the controller 42d controls the antenna units 36Ca
through 36Ce so that the adjacent antenna units providing the
overlapping communication =zones 40Ca through 40Cd output
interrogatory signals af different timings, with the lag T2.
As a result, each of the antenna units 36Ca through 36Ce can
communicate accurately and promptly with the tag unit 46C of
an unmanned truck 30C passing through the respective

communication areas.
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In the above embodiment, the antenna units 36Ca
through 36Ce are positioned so that the communication' areas
of adjacent antenna units overlap. Alternatively, the
antenna units 36Ca through 36Ce may be positioned so that the
communicatidn areas of three or more of the antenna units
overlap. - In such a. case as well, communication can be
accurate, without any radid interference, if the antenna
units 36Ca through 36Ce are controlled to - output
1nterrogatory 81gnals at different timings.

In the above embodiment, the third invention is

applied to an unmanned truck identification system. The

invention is applicable to other mobile object identification

systems as well, including factory process coﬁtrol system for
control of producté in the production line, and in systems
for managing room entry/exit.

Before the fourth and £fifth inventions are
explained, the conventional arts as opposed to the fourth and
£ifth inven;ions and their problems will be detailed in the
followihg.

Presently, a vehicle is identified from the
exterior'by the license plates attached to its front and rear
(or to the rear alone for a two-wheeled vehicles), from the
mandatory vehicle inspeétion label to be updated three years
after purchase and thereafter every two years in general, and
from the regular inspection anﬁimainteﬁance label indicating
that the vehicle has undergone regular inspection and

maintenance. These labels are attached to the inside of the

\“
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front windshield. All of the above information for
identifying the vehicle is checked visually. When a vehicle
is moving, it is difficult to.:check the above information
visually, particularly at night.

A non-contact information card is conventionally
known as means for radio communication. When this
information card is for a vehicle, the driver holds up the
card to face it toward an interrogator or'othér information
reader, or places it on the dashboard, to communicate with -
the interrogatbr; If this information card retained vehicle
identification data, sﬁch as the frame number sfamped on the
frame of each vehicle, the vehicle registration number shown
on the license plate, and the expirj date of the mandatory
inspection certificate, the information card could be used to
provide the identifying.infdrmation specific to each vehicle.

In such application,'hbwever, since the information
card is not fixed completely to the as opposed vehicle,
it can be ;aken and used for other vehicles. Consequently,
the information stored in the information c;fd does not
always conform to the identifying information specific to the
vehicle for which the card is being used. Such information
card is therefore not practical in view of its high potential
for abuse. . |

| The fourth invention has solved the above problem.
An embodiment of the fourth .iﬁvention is described below.
Fig. 20 is a general view of the electronic mandatory

inspection label 1D according to an embodiment of the fourth
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invention. The electronic mandatory inspection label 1D is
roughly divided into a visible information layer 2Da and an
electronic circuit:y layer 2Db, which are joined with

adhesive so as not to be easily separable. The visible

- information layer 2Da may be made of paper, with printing of

information, including a figure indicéting the month of
expiry of the .mandatory inspection certificate. The
electronic circuitry layer 2Db incorporates a responding
circuit 3D which sends and receives electronic information.
The eiectronic mandatory inspection label-llD is
fixed to the front windshield 7Da of a vehicle.7D, as shown
in Fig. 21, using adhesive so that it cannot be removed, or
using an appropriate change-preventive material that leaves
clear evidence 6f removal. The electronic mandatory
inspection label 1D communicates with interrogators 8D
(described later) installed along a road. | .
| | The most breferable; fixing position of the
electronic mandatory inspection label 1D is, as shown in Fig.
21, the upper center of the front windshield 7Da, just behind
the rearview mirror RM, as #iewed from‘the driver’s seat. In

this position, the label does not obstruct the driver’s view.

In addition, this position is outside the moving range

(indicated by the chain double—dashed lines in PFig. 21) of
the windshield wiper arms WP, so that the metal used in the
wiper arms has minimal lnfluence on communication between the

responding circuit 3D and an interrogator 8D.
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The construction.of the responding circuit 3D is
now described in detail, with reference to Fig. 22. The
responding circuit 3D comprises an IC chip 21D for processing
internal information, an antenna 22D for receiving
interrogatory signals S1 and transmitting responding signals
Sz,_and‘a built-in battery 23D for driving the IC chip 21D.

The IC chip 21D comprises a detector'ZIDa, a level

comparator 21Db, a memory 21Dc, a central processing unit

‘(hereinafter referred to as the CPU) 21Dd, a clock generator

21De, and a moaulator 21Df. The detector 21D.a takes out
information from an inﬁerrogatory signal S1 reeeiVed by the
antenna 22D. Thé level comparator 21Db confirms reception of
the interrogatory signal based on the signal level data sent
from the detector 21Da, and éupplies power.to each circuit.
Tﬁe memory 21Dc stores vehiclg information such as frame
number, data on mandatory inspection certificate expiration,
and vehicle régistration number (license plate number). When
the CPU 21Dd receives power from the level comparator 21Db,
it transmits a signal according to the information stored in

the memory 21Dc. The clock generator 21De generates clock

~pulses to operate the CPU 21Dd. The modulator 21Df modulates

the interrogatory signal él using the signal output from the
CPU 21Dd, and transmits.it as a responding signal S2 through
the antenna 22b. |

An  interrogatory signal S1 sent from an
interrogator 8D is received by the responding circuit 3D

through the antenna 22D. Receiving this signal, the level
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comparator 21Db starts to supply power to the CPU 21Dd and to
the clock generator 21De. Then, the CPU 21Dd interprets and
executes the command contained in the interrogatory signal
s1. .If the command demands internally stored data, the CPU
21Dd operates to modulate the interrogatory signal S1 by the
information stored in thé memory 21Dc and to transmit it as
an internal-information-bearing responding siénal S2 through
the antenna 22D. | ;

Now, the following paragraphs describe an
interrogator 8D ﬁhich outputs radio waves to the responding
circuit 3D to obtain vehicle information. |

The means of the interrogator 8D is to transmit
interrogatory signals Sl to, and receive responding éignals
S2 from, the above-mentioned electronic mandatory inspection
label 1D. As shown in Fig. 23, the interrogator 8D
comprises: a carrier generation circﬁit 11D to generate a
carrier wave; a modulator 12D to produce an interrogatory
signal S1 by superposing information on the carrier wave; a
circulator 13D to separate transmission waves from received

waves; an antenna 14D as the entrance and exit of

electromagnétic waves; a demodulator 15D to take out

information from the received waves of a responding signal
S2; a signal processor.lsD to control the modulatof 12D and
demodulator 15D to process informétion; and an external
interface 17D which communicatéé necessary information of the

received responding signal S2 to an upper  information
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'processing system (such as the system management computer 30D

shown in Fig. 25).

The signal processor 16D is composed of a CPU 16Da
which includes programs to control communication, and a
system-ident'ifying information setting block 16Db which sets
the identification number for the system. This block 16Db is
composed of a PROM 16Dc to store system—identifying
information. ' |

Having the circuitry consfruction mentioned aboiré,
the interrogator .8D operates as follows. |

"~ An’ interrogafory signal S1 to be traﬁsmitted froﬁ

the interrogator 8D is produced in the modulato# 12D by
inodulating the carrier wave from the carrier wave g"eﬁeration
circuit 11D. In other words, the data sent from the signal
proééssor 16D to the -modulator 12D is superposed on the
interrogatory signal S1. The interrogatory signal S1 thus
produced is sent through the circulatof 13D, and is rédiated
into ﬁhe ai_r fhrough the .antenna 14D. |

When a responding signal S2 is returned from the
responding circuit 3D of the électronic mandatory inspection
label 1D, the interrogator 8D receives it by the antenna 14D.
The responding signal S2 is then input through the circulator
13D to the demodulator .15D, which extracts information from
the responding signal S2 and gives the information to the
signal processor 16D. The 'sigrila;l processor 16D processes the
information, and outputs it, if necessary, to the external

interface 17D. The signal processor 16D also carries out

/.
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intefnal processing based 6n the control instruction and
various other information input from the external interface
17D, and sends transmission data to the modulator 12D.

Using the above-mentioned  electronic mandatory
inspection label 1D and interrogator 8D, it is possible to
realize the systems given below:

(1) Toll road accounting system (Fig. 24)

When an ordinary vehicle B approaches a toli gafe T
on a toll road TR, the vehicle B is required to run along the
first lane R1 and stop in front of the toll booth 27D to pay
the toll to a collecting person P. | |

Meanwhile, when a vehicle A bearing the electronic
mandatory inépection label 1D approaches the tollg_gate T, it
has only to run along the second lane R2 to pay the toll; the
interrogator 8D installed above the second lane R2 reads the
frame number and other vehicle infqrmation from the
electronic mandatory inspection_labelmlD of the wvehicle 2,
and judges the vehicle A admissible to the road, based on the
information registered in the system management cémputer'(not
shown) . In this case, the. toll may be paid from the
designated bank account on a later daf. If read information
is stored in a database, it is possible to obtain monthly

data on how many times each vehicle has passed the toll gate

T, thus enabling the syétem to give toll discounts to

vehicles frequéntly using the toll road.
(2) Incoming/outgoing vehicle management system .of

a parking lot (Fig. 25)

R —
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When a vehicle C bearing the electronic mandatory
inspection. label 1D is to enter a parking lot, the
inferrogator 8D installed at the upper part of the entrance
reads the frame number and other vehicle information of the

vehicle C from the electronic mandatory inspection label 1D.

‘The vehicle information read by the interrogator 8D is input

to the system management computer 30D connected with the
interrdgator 8D. If the frame number of the vehicle C has
been regiétered as a customer of the parking lot, the
computer 30D Judges the vehicle C as a customer, based on the
input information, and opens the barrier gate 32D.

The vehicle C is thus allowed to enter the parking
lot without paying the pafking charge at the entrance. The
charge may be paid from the designated bank account on a
later daylés in the case of the toll road accounting system.
If read information is stored in a database, it is possible
to thain monthly'data on - how many times each véhicle.has
used the parking lot, thus enabling the system'.to give
discounts on parking charges to vehicles frequentiy using the
parking lot. |

(3) Regular custoﬁer sensing system (Fig. 26)

~When a vehicle D bearing the electronic mandatory

inspection 1label 1D ié to enter the parking lot of a

department store, the interrogator 8D installed at the
entrance reads the vehicle information from the label 1D. If
the vehicle information indicates that the visitor is a

special regular customer, the system may show a vacant

-
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parking spéce number on the guideboard 41D, and inform the
special customers section of the visit of the special regulaf
customer by displaying such on the indication board 45D, thus
enabling a person in charge to meet the customer promptly.

(4) Illegal parking control by the police

In controlling illegal parking, the police can
collect vehicle information (frame numbers, license plate
numbers etc.) Tusing a portable handy terminal that
incorporates the interrogator 8D. This tool eiiminates the
need to f£ill out-documents with pens, allowing each policeman
to control a iarge number .of - illegally parking vehicles
efficiently in a short period of time.'

(5) Control by the police of vehicle mandatory
inspection certificaﬁe expiration

By instélling the interrogator 8D above or on the

.side of roads, the police can control vehicles whose

mandatory inspection certificates have expired. With radio’
waves transmitted to each oncoming vehicle, the iﬁterrogator
8D reads at least the frame number and the expiration date of
the mandatory inspection certificate from the electronic
mandatory inspection label 1D attached to the vehicle. Based
on the inf&rmation thus read, the police can find illegal
vehicles. Conventionaliy, to find such illegal vehicles,
policemen have been required to visually read the month of
exXpiry on each mandatory vehiéie inspection label 55D (Fig;
27). The present application of the fourth invention

relieves policemen from such troublesome and inefficient

-
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work, and is very effective because it enables the police to
obtain vehicle information easily, even from a moving
vehicle. |

(6) Criminal investigation by the police

In criminal investigation, the police may be
required to detect an escaping vehicle. The electronic
mandatory inspection label 1D can be ﬁpplied to this purpose.
In such application, the interrogators 8D are installed at
important points of cities, so that information on the

escaping vehicle can be obtained and referred to for pursuit.

Conventionally, investigators have been required to identify

visually the characteristic and license plate number of the
escaping.vehicie. The present invention eliminates the need
for such visual identification, and is very effective because
it enables the police to idéntify the vehicle in question
easily, even if the vehicle is‘moving.

The eleqtronic label for a vehicle according to the
fifth invention is described in the following.

Fig. 27 is a general view of the front windshield

51D, as viewed from inside the vehicle, which incorporates

" the responding circuit 53D of the electronic label for a

vehicle according an embodiment of the fifth invention. The
responding circuit 53D is integral with a power line 57D, and
is embedded in the front windshield 51D. The power line 57D
is péésed through the front win&shield.SlD, and connected to

an on-board battery 59D.
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The responding circuit 53D is embedded in the front
windshield. 51D at a position, for example, behind the
rearview mirror RM, where the mandatory vehicle inspection
label 55D is attached. Concealed by the mirror RM an& the
mandatory vehicle inspection 1label 55D, the responding
circuit 53D is not visible from the driver’s seat.

Preferably, the responding circuit 53D is located in the

" upper center of the front windshield 51D and outside the

moving range (indicated by the chain double-dashed lines in
Fig. 27) of the ﬁindshield wiper arns WP, for the same reason
as mentioned for the electronic mandatory inspeétion label 1D
of the fourth invention.

More preferably; the méndatory vehicle inspection
label 55D should be attached to the front windshield 51D in
such a position that the upper end pornion of the label 55D
is laid over the responding circuit 53D, so that the
necessary information, including the figure indicating the
expiring month on the lanel 55D is visible, and that the
responding circuit 53D is hidden behind the label 55D.

The responding circuit 53D of the f£ifth invention

is of the same construction as the responding circuit 3D of

the electronic mandatory inspection label 1D, except that the -

former circuit 53D does not have a built-in battery 23D.
Specifically, as shown in Fig. 28, it comprises an antenna
unit 61D for transmitting and receiving radio waves, an IC

chip 62D for processing internal information, and a power

- 54 ~
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line 57D for supplying power to drive the IC chip 62D, all
arranged on a transparent PET substrate 60D.
| Fig. 29 shows another general view of the front
windshield 51D, as viewed from the inside of a vehicle, in
which the responding circuit ‘53D is connected to. another
information processor 70D, which may be an . IC card
reader/writer. In this case, as shown, the responding
circuit 53D is integrally connected | with a
communication/power line 57D, and is embedded in the front
windshield S51D. fThe communication/power line 77D is paésed
through the froﬁt windshield 51D and connécﬁed to the
information processor 70D, which is connected to the on-board
battery 59D. An IC card, a floppy disc, a reloadable optical
disc (compact disc), or any other reioadable tool may be used
as information processing media for the information processor
70D. i
Some methods of embedding the responding circuit
53D in the front windshield 51D will be described with
reférence to Fig. 30. Fig. 30 shows in (a) thereof a method
applicable when the front windshield is of laminated glass.
In the pfocess of maﬁufacturing' the laminated glass, the
responding circuit 53D is sandwiched together with a resin
sheet 51Db between a toﬁ glass sheet 51Da and a bottom glass:
sheet 51Dc. Fig. 30 shows in (b) thereof another method. A
recess is formed inside the front windshield 51D, andtthe
power 1line 57D or communication/power 1line 77D is passed

through the glass to a position under the recess. Then, the

- 55 -
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responding circuit 53D is set in the recess so that the
electrodes. of the circuit 53D come in contact with the power
line 57D or communication/power line 77D. A glass cover 51Dd
is placed err the responding circuit 53D, and fixed to the
front windshield 51D using adhesive 51De. By either of the
above methods, it is possible'to integrally incorporate the
responding circuit 53D into the front windshield 51D (or in
other words, into a vehicle body). |

If the responding 'circuit 53D of the fifth
invention incoréorated into the front windshield 51D is
mounted on a vehicle, it is also very effectivély applicable
to the toll road accounting system, the incoming/outgoing
vehicles management system of a parking lot, the regular
customer sensing system, the control by police of illegal
parking or expiration of the .vehicle mandatory inspection
Eertificate, criminal investigation by the policé etc., as is
the electronic mandatory inspection label 1D of the fourth
inventién. -

The operation of the fifth invention in apélication
to the toll accounting system of Fig. 24 is -described in the
following. If.the responding circuit 53D is connected to an
IC card reader/writer as the information processor 70D, as

shown in Fig. 29, and if the IC card has a prepaid means, the

information that the vehicle A has been judged admissible to .

the toll road is sent through the communication/power 1line
77D to the IC card reader. The IC card then deducts one

point from the number of prepaid points, thereby paying the

-
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toll. If the IC card has a credit means, after vehicle A has
been judged admissible, the credit number is oqéput from the
IC card to the responding circuit 53D. The responding
circuit 53b communicates - the credit number to the
interrogator 8D, to pay the toll on credit.

| In the applicétion to the incoming/outgoing vehicle
management system of a parking of Fig. 25 as well, if the
responding circuit 53D is connected with the IC card
reader/writer to enable the interrogator 8D -to read the
credit number, fhe driver can pay the parking charge on
credit. ' | .

In the embodiment described above, the responding
circuit 53D is located in the position where the vehicle
mandatory inspection label 55D is attached, as shown in Fig.
27. The responding circuit 53D mé.y be positioned in the
upper left corner of the front windshield 51D, where the
regular check and maintenance label 56D is attached as shown
in Fig. 27._.In this position as well, the responding circuit
53D is outside the moving rénge (indicateﬁf by the chain
doubleFdashed lines in Fig. 27) of the windshield wiper arms
WP.

In the present embodiment of the fifﬁh invention,
the responding circuit 53D ‘is embedded in the fromt
windshield, for convenienée in communicating with an
interrogator 8D and on the assﬁﬁption that vehicles normally
move forward. The responding circuit 53D can be embedded in

the rear windshield or a window glass without affecting the

-
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spirit of +the invention. However, consic_lering that the
invention is' applied to various poiice control systems, as |
meﬁtioned above, the responding circuit 53D should not be
built into movable window glass for the following reason: if
the window glass containing the responding circuit 53D has
been moved into the side panel to open the window, the metal
of the side panél hampers communication between the
responding circuit 53D and the interrogator 8D. |
According to the present embodiment of the “f£ifth
invention, transéarent PET is used for the substrate of the

responding circuit 53D, as shown in Fig. 28. Other material,

" such as resin and glass, may be used instead of PET as long

as it is transparent.

Now, a second embodiment of the £fifth ihﬁention
concerning the . responding-circuit-incorporating windshield
51D is described in the following. Fig. 31 shows the
electrical co_nstruction of lthe second embodimént. As shown,
the second embodiment comprises an antenna 101D, an
information processor 104D, a shield wire 107D coﬁnecting the
antenné 101D with the information processor 104D, a power
supply 106D, and an actuator 105D. The information procéssor'
104D is composed of an RF processing IC 102D and a
reader/writer (hereinaffer referred to as R/W) 103D which
exchanges data w1th the RF process:.ng IC 102D.

' The R/W 103D may be an IC card R/W or a magnet.lc
card R/W. PFor the shield wire 107D, a shielded wire, not an

ordinary wire, is used to protect the system from noise

| .
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generated between the antenna 101D and the RF processing IC
102D. The actuator 105D is, for example, a driver’s seat
poéition adjusting motor, or a door-mirror angle adjusting
motor.

More specifically, the antenna 101D is embedded in
the front windshield 111D at a position behind the rearview
mirror RM, where the mandatory vehicle inspection label 55D
is attached, or at a position where the regular check and
mainfenance label- 56D is attached, so that it does not
obstruct the driver’s view, as shown in Fig. 32. The antenna
101D is connected to the information processdr iO4D housed in
the dashboard, by the shield wire 107D laid around the fromt
windshield 111D.

As shown in Fig. 33, the RF processing IC 102D of
the informatlon processor 104D includes two different
meﬁories 113D: an EEPROM 114D whose data can be rewriften
electrically but cannot be erased or changed by ON/OFF of
power supply or by ultraviolet ray radiation; and an SRAM
115D whose data can be réset (erased) by OdeFF of power
supply. The identifying information specific to a vehicle,
such as the license plate number, and-the expiration date of
theimandatory inspection certificate, is storéd in the EEPROM
114D. Information on an individual person such as the
person’s 1dent1f1catlon number for a membership athletic
club; and the registration number for the toll road
accounting system of Fig. 24 or for a. particular parking

space of the incoming/outgoing vehicle management system of a
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parking lot (Fig. 25) is stored in either the SRAM 115D or .
the EEPROM 114D. The information processor 104D is eqﬁipped
wifh a ten-key board so that individual information can be
called from the EEPROM 114D by inpui;ting the appropriate code
number. o

The operation. of the second embodiment of the fifth

invention is described in the following.

| When the relevant vehicle is registered, the:
vehicle registration number, the expiration date of the
mandatory inspeci:ion certificate and other data sﬁecific té
the vehicle are input to the EEPROM 114D of the .RF processing
IC 102D. Such data can be input to the EEPROM 114D through
the R/W 103D by using an IC card or a magnetic card, or
through the éntenna 101D embedded in the front windshield
111D by sending radio waves to the antenna 101D. The data
thus input can be changed only by officials of the Land
Transportation Bureau at the time of vehicle mandatory
ingpection or reregistration, and cannot be changed by other
individuals | '

Prior to using the vehicle for_the first time; the
driver is expected ﬁo input the individual information to the
EEPROM 114D of the memory 113D, by inserting an IC card or
magnetic card into the information processor 104D (R/W 103D)
housed in the dashboard. At that time, the driver is also
expected to register code' | numbers. The individual
information thus stored is not erased by turning the power
supply or the engine on or off, and can be called up as

TT——__

- 60 - \
This Sheet

- I



10

15

20

25

"desired Dby inputting the appropriate code number.

Accordingly, the driver need not carry his/her IC card or
magnefic card. In addition, it is not necessary for the
driver to 'input the individual information each time the
vehicle is used.

In actual operation, when the vehicle engine is

started, the vehicle-specific information stored in the

.EEPROM 114D, that is, the license plate number and the

expiration date of the mandatory inspection.certificate, are
unconditionally input to the SRAM 115D. When a code number
is input, the individual information as opposed. to the
code number is also uploaded. As the vehicle in this state
is passing in front of the interrogator 8D of the system
shown in Fig. 24 or 25, the interrogator 8D receives the
iﬁformation stored in the SRAM 115D from the antenna 101D
embedded in the vehicle. |

The information received by the interrogator 8D is
inpwt to the host computer (not shown) of the system for
necessary processing. When. the interrogator SD transmits
information, it is received by the antenna 101D of the
vehicle, and written in the EEPROM 114D of the information
processor 104D when necessary. . '

When the engiﬁe is stopped, fhe pbwer supply 106D
is turned off, and the’ 1nformatlon in the SRAM 115D of the RF
processing IC 102D is erased whlle the information stored in

the EEPROM 114D remains unerased.
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In the above second embodiment of the fifth
invention, . the RF processing IC 102D is installed in the
information pfocessor 104D housed 1in the dashboard.
Alternatively, it may be embedded together with the antenna
101D in.the front windshield 111D. 1In that case, the shield
wire 107D is not necessary.

In the above second embodiment, code numbers are
used to call up individual information. Other means, such as
a magnetic card, IC car@, and collation of fingerprints, may
be used to this.end, as long as it enables the driver to
confirm the information.specific to the vehicle;

~ In the above second eﬁquiment, the antenna 101D is:
embedded in ‘the front windshield 111D. It may be attached to
the inside of the front windshield 111D. The information
processor 104D may be equipped with a display to show the
content of communication. The R/W 103D may be an optical
card R/W instead of an IC or magnetic card R/W. _

The embodiments of the first through the fifth
inventions have been described independently in the above
paragraphs. = Needless to say, the mobile object
identification system is realized by combining the first

through the fifth inventions.

INDUSTRIAL APPLICABILITY OF THE INVENTION
According to the first invention, as described
above, if the responder for the mobile object identification

system receives a write signal from a writing interrogator,
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with the write completion status stored, the control means
invaiidates the write signal. Consequently, the responder
writes data only once as it passes through the communication
area of the writing interrogator. Thus, despite.its simple“
construction, the first invention is effective in preventing
duplicate data writing.

According to the sécona invention, the interrogator
of the communication complex for the mobile object
identification system includes a level judging circuit to
identify the highest' level responding signal of those
received by the stationary antenna, and a sigﬁal selection
ciréuit_ to selectively output to the control device the '
responding signal identified by the level iudging circuit.
wWith the communication coﬁplex according to the second
invention, therefore,-it is not necessary to switch over the
multiple antennas of the interrogator to communicate with the
responder. In other words, the second iﬁventioh. provides
such a superior effect that it élqus the responder to
complete cémmunicating with the interrdgatér ﬁifhout
inferruption.

With the mobile object identification equipment
according to the third invention, the control ﬁeans controls
the pluralify of intérrogators so that at 1least those
interrogators whose commﬁnication areas overlap provide
different-frequency carrier wa&és and transmit interrogatory
signals at different timings. Therefore, even in the

overlapping zone of communication areas, there is no need to

I
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divide interrogator output signals communication time , and
there is no possibility that the responder receives two
inﬁerrogatory signals at a time. . 'i'hus, the third invention
provides sﬁch superior effects that it prevents radio
interference and promises accurate and prompt communication
even when the responder is moving at high épeed.

When the electronic 1label for thé mobile object
identification system according to the fourth or f£ifth
invention is attached to or embedded in a vehicle, and ‘;lh_en
an interrogatory .signal is sent from an external interrogator
to the vehicle, thé responding circuit .feceives the
intérrégatorf signal ahd sends Dback 'éppropriate vehicle
information stored in advance in the responding circuit.
Therefore, it is not necessary for persons to identify
vehicle information visually. In addition, the vehicle
information can be identified easily even when the vehicle is
moving. If the -e_lectronic label bears on its surface the
information provided on the particular labels legally
required to be attached to the front windshield of a vehicle,
the electronic label can be attached to the front windshield

without causing any problems. As well, the electronic label

~ bearing such information on the surface is not expected to be

removed from the vehicle. Accordingly, the information read
from the electronic label may be reasonably considered as
information specific to the Vefzi;cle. _

Thus, with the electronic label according to the

fourth or fifth invention, the vehicle-related information,
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such as the frame number and the expiration date of the
mandatory .inspection certificate_, ~can be colle'cted_ by the
inferrogator by non-contact means, and not wvisually.
Therefore, the fourth or £fifth invention is extremely
effective if applied to the toll or parking charge-coilecting
system, illegal vehicle or illegal parking control by the

police, criminal investigation by the police. etc.
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WHAT IS CLAIMED 1IS:

1. Agrespondef which is attached to a movable object
so as to write data when receiving a write signal in the
communication area of a writing interrogator and to read and
transmit necessary data when receiving a read signal in the
communication area of a readlng 1nterrogator as the responder
is moving w1th said movable object, comprlslng'
10 data storage means to write or read necessary data;

control means to control the processing for writing
| data to or reading data from said data storage means;

status storage means to store write completien
.status data when said control means receives a write signal
15 from the writinglinterrOgator and writes necessary data to
said data storage; and

said control means invalidating the processing for

writing data when it receives another write signel from said
writing interrogator with the write completion status

20 retained in said status storage means.

2. A communication. system for a mobile object
identification system, comprising:
a respohder for tramsmitting/receiving signals

25 through the mobile antenna mounted on a mobile object;
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an intertogator for transmitting/receiving signals
through multiple stationary antennas installed along the
moving area of the mobile object; and

a control device for controllihg the operation of

‘said interrogator;

wherein said interrogator includes a level judging
circuit to'identify the highest level responding signal of
those received by said stationary antennas, and a signal
selection circuit to selectively output to said control
device the requﬁding signal identified by said level judging

circuit.

3. ' Mobile object identification sjstem, comprising:

a a responder mounted on a mobile object and which,
when receiving an interrogatory signal with a specified
frequency, modulates by a responding signal ﬁhe unmodulated
carrier wave received after the interrogatory signal, and
transmits the responding-signal-modulated carrier wave;

multiple interrogators, each of which modulates by
an inigrrogatory signal the carrier wave with a specified.
frequency allocated for each of the communiqatioﬂ areas of
multiple interrogators, transmits thgimodnlated carrier wave,

followed by an unmodulated carrier wave, to the appropriate

‘communication area, and receives a responding signal £from

said responder positioned in the appropriate communication

area; and
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control means which controls said  plurality of
interrogators so that at least the inﬁerrogators | whose
communlcatlon areas overlap each other tramnsmit carrier waves
of different frequencies and transmit interrogatory s:Lgnals

at different timings.

4. An electronic label for a mobile object
identification system, comprising:

a responding circuit in which is stored vehicle
information inciuding the frame number, and. which outputs
said vehicle information in response to an .inte_rroga{:ory
sig'né.l received from an interrogator; and

information given on the surface, said information
being that found on particular labels legally requifed to be

attached to a vehicle.

5. An electronic label for a mobile object

' J.dentlfz.catlon system, comprising:

a responding circuit wh:.ch is ‘embedded in a
windshield or window glass of a vehicle and in which is
stored vehicie information including the frame number, and
which outputs said vehicle information in response to an

interrogatory signal received from an interrogator.
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