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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 interrogator 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 writing interrogator, can write data
upon receipt of a write signal and that, in the communication

range of a reading interrogator, can read and transmit
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_interrogatory signal s’ froman interrogator to the responder and
receiwvi ng respondi ng signals fromthe responder.

BACKGROUND OF THE | NVENTI ON A nmobil e object identification
systen1transn1ts ' i nterrogatory signals froman interrogator to a
reggpnder attached to a nobile object and receives responding signals

here | hede AR T el Shah retint of @bkadd S 1dSEHK s maves, EH Ly
that can ageure acrurgl e SOMMUALEALI Ahnder RRIGREY P HRAMA Aivéfiion

responder.
.comprises: data storage means for writing or reading

'necessary data; Control means for controlling the processing
5 _for writing data to or reading data ffom 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
10  jinterrogator. The control means invalidates the processiﬁg'
for writing data when, with the write comﬁletion status
retained in the status storage means, it receivgs a write
signal from the writing interrogator.
Aécording to the first invention, when the
15 responder of the mobile object identification system receives
a first write signal in the commupication 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
20 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
25 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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BRI EF - SUMVARY OF THE | NVENTI ON To neet this demand, the
firstz object of the I nvention (first invention) is to provide a
responder for a nobile object "~ identification system that, in
the,.. comuni cation area of a witing interrogator, can wite data
. upan.Teceipt of a wite signal and that, in the comunication range
of a reading interrogator, can read and transmt
-2 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
10 transmitting/receiving signals through the mobile antenna.
mounted on a mobile 6bject; an interrogator for
transmitting/receiving signal thréugh a plurality of
stationary antennas installed along the moving area of the
_ mobile object; and a control device for controlling operation

15 of the interrogator. The interrogator includes a level
judging circuit to identify the highest-level responding
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
20 s |

clrcuit.

According to the communication complex of the
second invention, the interrogator transmits interrogatory.
signals through the antennas. When the mobile object enters
the communication area, the responder mounted on the mobile

5 object transmits a responding signal in response to the

interrogatory signal received.
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nééessaryldata,upon receipt of a read signal as it noves with the nobile
object. The responder according to this invention conprises: data
storage neans for witing or reading necessary data; control neans
for.gontrolling the processing for witing data to or reading data from,
t hesgat a storage neans; and status storage means for storing the
wite conpletion stainsewhéhenecasternogiticr haiabeerher i iglairdvidye ogfat a
storage neans under control of the control neans, so as to respond to a
wite signahtessasvelhstahiede along nghe nmovingat area ToE cehér ohoBR28S
i nval i dates the processing for witing data when, wth the wite
conpl eti orob3e@tus the responder communicates with the plurality of
antennas simultaneously. The level judging circuit of the
S5 interrogator identifies the highést-level responding signal
of all the signals received by these antennas, and the level
selection circuit selectively outputs to the control device
the responding signal identified by the level jﬁdging
circuit, enabling the control device to <read the
10 highest-level responding signal without switching &ntennas.
The third 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
15 band, with a responding signal, modulates the unmodulated
carrier wave received after the interrogatory signal, and
transmits the responding signal-modulated carrier wave; a
plurality of interrogators, each of which modulates, with the -
interrogatory signal, the carrier wave in the specified
20 _ frequency band allocated for each of the communication areas
of the plurality of interrogators, transmits the
interrogatory signal-modulated carrier wave, followed by
unmodulated carrier waQe; to the appropriate communication
-area, and receives the responding signal from the responder
25 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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i



retained in the status storage neans, it receives.a wite signal fromthe
writing interrogator. According to the first invention, when
t he. ~responder of the nobile object identification systemreceives a first
wite signal in the comrunication area of the witing interrogator, the
cont¥ol neans wites the necessary data to data storage, the status

PSS of cibng " Bl gl R c%ﬁt‘%}&ewé' é%x%ﬁ”i'ﬁi?*ﬁsfgeﬁ% ??d%ti‘??ﬂ%Y
witing TRASELOOBLYr . LG SeN T oladEANSy 'dagaaaialdasag 574

the wite tion st arts a ore or varrous
reasons, t@fhfﬂ&éle obj ect nmay nove

Acqording to the mobile object identification
5 ' 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 fesponder receives the
10 'inferrogatory 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 interroéatqr receives this wave, thereby
15 identifying the responding signal. . |
When the responder 'is located in the 2zone where
. communication areas overlap, the corresponding interrogators
transmit interrbgatorf signals at different frequencies and
differéﬁt timings via the control means, so that the
20 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
25 signal-modulated carrier wave."
At this time, it is possible that the responding
signal-modulated carrier wave is received by the two

lac
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sl owy .or

stop in the conmunication area of the witing interrogator.

such :aa case, the responder attached to the nobile object receives the
wite signal repetitively fromthe witing interrogator. Wth the

r esponder
i nvention,

10

15

of the first ' _ - 3-
since the control neans invalidates processing for

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

20

25

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

\\\iii\\\\\\\\\\\\\\\\\\\
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witing the second and subsequent wite signals, it allows a wite signal

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

The  =second object of the invention (second invention) is to provi de

a mobil e iy %mirgffﬁiﬂcl% d¥y %5&%%‘:0%‘2? . #i&ﬂ CO%%%EWantenna

responder “for transm |ng receiving sig ough the

-mounted  GQfehidle "PREGPmat28heHeed wt bent&fercq&a oe-lsuépiy Even if
transmtting/receiving signal through a plurality of “stationary

ant ennas iy}d atbd cakons t kanABYgNpaEteaw@tnbli€ stopping, the vehicle

. information can be recognized easily.

.When t.he 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
10 without causing .any problems. This position is also the
optimum for el_ectronie label reception of .interrogatory
signals. transmitted frem ahead of or above the vehicle. For
_.a vehicle to be driven on public toads, it  is 1egally
-reun.red to have such vehicle J.nspectlon label or regular
13 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.

20 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
25 interrogatory signal receive.d. from an interrogetor, the

responding circuit being embedded in the windshield or window

glass.
-_—
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nmobi | e obj ect; and a control device for controlling operation of t he

I nterrogator. The interrogator includes a -level judging circuit to
identify the highest-level responding signal of those received by the
stationary antennas, and a signal selection circuit to selectively output
to tle control device the responding signal identified by the |evel

judging circuit. —ywpen an ACHFOLALOGat tDEn EPMN! CALLON cconpl ex - of
The®*tn Fhnsi ¢ Yor yFTOR| #8 s

the second invention, terrogator tI S Tnterrog ) (
rouon, L eseut aanas e lbstohter et © £ FELLETL SeutlBeR TUIE N LED
signal in¢psprseié0 1dWel 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 thel‘ fourth
invention, the vehicle information need not be checked
visually, and can be recognized easily if the vehicle is
running past without s’topéing.
10 '

. BRIEF DES-CRIPTION OF THE DRAWINGS.

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

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

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

Fig. 4 1is a schematic view explaining the
20 conventional é’rt 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 Viev} explaining the
disadvantages of the conventional arts as opposed to the

25 first invention;
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I nterrogatory signal received. : _ -4 -
Since the'interrogator has the plurality of antennas installed along the
noving area of the nobile object, the responder conmunicates with the
plurality of antennas sinultaneously. The level judging circuit of the

i nterrogator identifies the highest-level responding signal of all the

signal s received by ﬁ?&?e antenn%ﬁocin%igg%gﬁaéﬂowing the construction

of the interrogator used in an embodiment of the
communication complex according to the seCond invention;
Fig. 8 is a block diagram of the responder used in
the second invention;
Fig. 9 is a schematlc view explaining the general
concept of the second 1nvent10n,
Fig. 10 is a chart showing change in signal level
of the responding signals by the second invention as a mobile
10 object is moving} o
Fig. 11 is a schematic view explainiﬁg the general
concept of the mobile object identification system according
to the third invention;
| Fig. lélis a perspective view showing the generai.
15 appearance of the third invention; |
Fig. 13 is a block diagram show1ng the electrical
constructlon of the third invention;
Fig. 14 is a chart showing the frequency
' characteristics of the interrogator and respoﬁder of the
20 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;
25 Fig; 17 is a schematic view explaining another
operation of the third invention;
-
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selection circuit selectively outputs to the control device the responding
signal identified by the level judging circuit, enabling the control
devite to read the highest-level responding signal w thout sw tching
ant ennas. The third object of the invention (third invention) is
to provi de nobile object identification system conprising: a responder
nmounted on a nobile 9bhect whi ch resp when recei

i nterrogatory signal (ﬁﬂ*ﬁed fré&géﬁéﬁlcbaﬁHEWMEﬁ%é%%igékmdiﬁée
[ dul e received. after
Phiorr oga a5 eaFantaGe WE ¥ BoBOonERbhRT" A1 Cad PREPERE A Eois aEBdTa

carrier mayﬁveﬁtlghurallty of I nterrogators, each of which nodul ates, with
t he

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; '
10 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;

15 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
o road accounting system;

20 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

25 regular customer sensing systeﬁ;

Fig. 27 is a general view of the windshield glass

of a vehicle incorporating the responding circuit of the

- 10 -~ This Sheet Has Been Rep
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i interrogatory signal, the carrier wave in the specified frequency band

. allocated for each of the conmmunication areas of the plurality of

. interrogators, transnmits the interrogatory signal-nodul ated carrier

- wave,.-foll owed by unnodul ated carrier wave, to the appropriate

commgni cation area, and receives the responding signal fromthe responder

posi ti onedeleetirb@iappLapelatef  GNETURE¢Rhi Onvéh€fon, AL ¥iewdd ' BhoffEans
which controls the plurality of interrogators so that at |east thosé
i nt err ogat dnsideothec orinicileat i on
o | 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; -
10 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 another embodiment ‘of the fifth invention,
15 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
20 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
25 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
This Sheet Has Bee
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- 5- areas overlap transmt carrier waves i-n different frequency bands

and :transmt interrogatory signals at different timngs.

According to the nobile object identification systemof the third

i nvention, when the responder nounted on the nobile object is in any one

of the pIuraIity of connunication areas _provided by t he plurality

of interrogators, opriate int tor transmts the
|nterrogatory si gndt; iia RIEFIN e %3%&§P$é9n syftem has many

appl:.cat:.ons, 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,
quantitiés and destinations of thelarticles being transported
10 by the unmanned.truck. This memory is designed to enable
readout of stored data and write-in of ﬂew data, as
necessary. |
Each antenna unit is designed to tranémit a carrier
wave of specified fréquency as modulated by én interrogatory
15 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
20 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
25 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

-12 - This Sheet Has Been Replaced




interrogatory signal, generating a responding signal in response. The
carrier wave received after the interrogatory signal is then nodul ated by
t he Tespondi ng signal, and the responder transmts the responding

si gnal -nodul ated carrier wave: The interrogator receives this wave,
thereby identifying the responding signal. When the responder is
| ocated in the zone where conmmuni catjon areas over]ap, the correspondi ng

i nterroga Mt (the 1 anbeRpa nitsishenes fevidatedy and/Pre fantdads and
different timngs vi.a the cqntrol neans, so.that the responder receives
one inter atoé%faﬁlé‘r?aloﬁ rtg'}ﬁ Anpasned, Fruche AHFRGEESIY -a tine.  Thus,
the responder acceptg,fhe 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
10 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
o communication.
15 As one of the conventional arﬁs 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
20 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.
25 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

- - is Sheet Has Been Replaced
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t interrogatory signal received first, generates a responding signal which

nodukates the carrier wave received after the interrogatory signal, and
transmts the respondi ng - signal -nodul ated carrier wave. At
this time, it is possible that the responding si gnal - nodul ated carri er
wave i s received by the two - 6-

it enters the communlcatlon 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
10 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
15 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,
20 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
25 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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- interrogators whose conmmunication areas overlap the appropriate one.
Even:zin such a case, the responder can conmunicate with the appropriate
interrogator without radio interference, due to the difference in
frequency of the responding signal-nodul ated carrier wave fromthe
frequency allocated for the other interrogator. In addition, according

to the preggal dBvARMmeHtiddd KSroBLERNBINCoEo 1A atliaia hRE:

comuni cation period is tine-shared y mltiple |nterrogators,lP£dio
waves can be t1aasntat egrSnsit areoyite | BifhA81Z 0881 YN Irieel,0 MHULC alch@n

areas overlap. Consequently, the responder nounted on the nobile object

can communuamafned truck 14A enters and stays in the communication area

18A or 20A..

5 , This arrangement, however; also has a drawback.
There is no problgm 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 througﬁ
‘the communication area 18A or 20A simultaneously, as shown in

10- 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 éééa later.

15 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 communication area 18A
or 20A, the tag unit 22A entering the communication area
first will receive the write signal two times, resulting in

20 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 .this embodiment, the first
25 ' '

invention is applied to a tag unit for use in the

communication system for unmanned trucks.

=15 - : This Sheet Has Been Replaced
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W th an appropriate interrogafor pronptly and accurately, even mhen'aning

at high speed. The fourth object of the invention (fourth
invention) is to provide an electronic |abel for the nobile object
identification system conprising: a responding circuit in whichis

stored vehicle |nfornation such as the frane nunber, and mhich outputs the
vehitcl e |nfornat|on i

o hter Togatar Cank®) ERGRPAS Gchd “dnolRCioH a%é’#%z%ig?%ﬁ 40 T
| abel bei r@lfé‘@tﬁﬁﬂéﬂ@ﬁﬂ SHﬁhuhﬁg\ﬁhédt Je%c r%oA '4 FdIA Lq oexgjéeml?rom

attached to anin erroga ory signa
an - 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
10 order at specifiéd adjécent 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
15 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
20 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
25 on PC boards; these batch antéﬁnas are arranged in multiple

groupings as an array anténna to improve the directivity and

to accommodate long-distance communication. To transmit

- 16 - This Sheet Has Been Replaced

R 1




ext er nal

interrogator to the vehicle to which the electronic |abel of t

fourth invention is attached, the responding circuit receives the
interrogatory signal, and returns the : - :

prelimnarily Ioaded vehicle information, Therefore, the vehicle
i nformation need not be checked visually. Even if the vehicle is runni

past’ wi t h%;éé?feaag sigR@1%ENitHee adﬁgerMﬂﬂfb cgpabe4p8G oAUz eth §aghAY-

10

15

20

25

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

he
-7-

ng
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When the el ectronic |abel bears on the surface the. sane particulars as
given on a mandatory vehicle inspection Ilabel or a regular check and

mai nt enance | abel - legally attached to the w ndshield glass of the vehicle,
the: electronic |abel can be attached to the wi ndshield glass wthout _
causiFng any probl ens. This position is also the optinmum for electronic

| abel i f ahead. of .or
bbove t he aehodfilalion! €iEChINNsHRY enioHiated T {ddto AR PERE1 fea

legally [Byluicned dRchaug sl VAl CberpRERCEHeOTlilifl) ed el ar af Ngek
and mai ntenance | abel attached. —Ther ef such a Is not to b
removed. Aeeeptiogl gighhe itef emEtdot rol circuit 52A. The modulation
circuit 62A modulates the é:érrier wave by opening/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
10 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.
13 invention is described with reference to .-the flow chart of
Fig. 1. When power is supplied, the control circuit 523 of
the tag unit 50A starts running the communication contrbl
program shqwn in fig-. 1. Specifically, after initialization
(stép S1), the control circuit 52A is put in the wait state
_20 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
25 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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read fromthe electronic |abel attached to the windshield glass of a
vehi cl e can be considered as information specific to the vehicle.

The fifth object of the invention (fifth invention) 1is to provide another
el ectronic |abel for the nobile object identification system conprising:
a responding circuit in which is stored vehicle information such as the

i er r ogana® caStEptoy Sk Acvdols TEHLE Srite (b, ' EndTOREINE S a O ¢
bei ng embefaad-i fbd hgi yhRISHELOT c¥hPd8Y 4h@38t S2A. 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 a write 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*® iﬁ step S3, and advances the
program to step S4. .
10 In steé S4, the control-circuit_SZA checks if the
completion flaé F has‘been set. Since the 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.
15 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.processingt Therefore, if the unmanned truck'BOA
ié moving at ordinary speed, the tag unit 50A may complete
20 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 moving 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
25 writing. In such a case, the.fag unit S0A receives a write

signal again. However, when the program proceeds through

steps S2 and S3 to step S4, the control circuit 52A makes the
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- 8- When an interrogatory signal is sent froman externa
|ntetrogator to a vehicle equipped with the electronic Iabel of the fifth
i nvention, the responding circuit enbedded in the w ndow glass
receives the interrogatory signal and returns the prelimnarily witten
vehi el e information. Ther ef or e, as with the fourth invention, the

vehicl e i n{eagménen saeed Net ﬁEt&ﬂﬁQkéﬂe'comple;ion 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

'cont;ol circuit 52A invalidates the second or subsequent

write data.

10 ' When the unmanned - truck 302 enters the
coﬁmunication area 38A of the reading antenna ﬁnit 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*,

15 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

20 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 transmission to
25 the reading antenna unit 40A 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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visual ly, and can be recogni zed easily if the vehicle is runni ng past

wi t hout st oppi ng. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig.-1is a flowchart of the control programfor an enbodi ment of the
responder according to the first invention; Fig. 2is a

schenratic view explaining the general concept of the first invention;
ot o, e EheEnd REEBLATRY. POAUE, ShESLebieko) PRLIONIOR Shatitol Tt
the switch . circuit 60A.
The unmodulated carrier wave sent from the reading
antenna unif 40A and received by the antenna 54A is thus
3 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 demddulated to obtain é'responding signal.

10 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

15 step sz; )

If the unmanned - truék 30Aa stops. in  the
communicétion area 34A of the writing antenna unit 36A for
sdme reason, the tag unit 50A will receive a write signal
repéate‘diy. According to the present invention, once the °
20 control circuit 52A has carried out the data writing process,

it invalidates the second and subsequent write signals, and
dbes not conduct data writing any more. Therefofe, the
problem of duplicate data wfiting'does not-occur.
| . If more than one unmanned truck 30A é:e stitioned
25 in the communication area 34A, receiving a write signal

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

"50A of each_unmanned truck 30A carries out the data writing

=21 - ' This Sheet Has Been Replaced

i I




conventional art as opposed to the first invention; : Fig. 5is a
schematic view expl ai ni ng another conventional art as opposed to the first
i nventi on; Fig. 6 is a schematic view explaining the

di sadvant ages of the conventional arts as opposed to the first invention;
-0- .

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
10 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
15 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 unmanned truck 30A that has received a
20 reéd signal in the communication area 38A enters .the
communication area 42A of the writing antenna unit 44A and
receives a write SLgnal there,_the control circuit 52A of the
tag unit 50A carries out the data writing process as follows.
The program is advanced through steps S2 and S3 to step S4.
25 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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Fi\g. 7 is a block di agram showi-ng the construction of the interrogator
used. in an enbodinent of the communication conplex according to the:.

second i nvention; : Fig. 8 |s a bl ock diagram of the responder

used in the second i nvention; ... Flg. 9 i.s.a schematic view -

expl ai ni.ng t he general concept. of the Fecond invention; “Fig. 10
. is a chartghowdy £harge i o abrhpvele Wity asianl ne s wal the
©second | |nvent|on as a n%%e J'éﬁ%fec];t. r?s n%vﬁllg ﬂ?g . qIfé}g 11- ?as&a/

schemati ¢ pgewWeeyR! aind Wﬂr_i_@fn@eaﬁtéhna unit 36A, the. control circuit
522 makes the judgment :Eor "NO* in's'tep S7 ‘and advances the
program to step S5 where data is written. _ |

' Thus, according to this J.nventlon, ‘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 _second 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 reading antenna unit 40A

20 © Ox- 48A, it'.ca_n write data withou’_t‘*’-’ "'fail'w'fhen 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 -data'.
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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concept of the nobile object identification systemaccording to the third
I nventi on; Fig. 12 is a perspective view showi ng the general
appearance of the third invention; Fig. 13 is a block diagram
showi ng the electrical construction of the third invention;

Fig.* 14 is a chart showng the frequency characteristics of the

TS S SRR Ykl el CTE A v ion i hPoLea * °

Fig. 16 istgd shemldd \WiiW ©¥Brai Phd9 Abte" e OEdentJ.fy.Lng unmanned
trucks. The invention is also applicable to the responding
unit of any-othef mobile object identification system. For

5 example, it may be applied to the tag unit for the process
control system in a factory ﬁo 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.

10 "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

15 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

20 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

25

through an antenna, and transmits a signal in response to the
interrogatory signal. The interrogator receives the

responding signal and outputs it to the control device which
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of the third invention; Fig. 17 is a schematic view explaining
anot her operation of the third invention; _

-10-° Fig. 18 is a schematic view explaining the

di sadvant age of a conventional art as opposed to the third invention;
Fig. 19 is a schematic view explaining the :

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
10 the control device. The control device selects the antenna
receiving the highest level fesponding signal. |
| With the above-mentioned conventional method,
however, the control device is required to switch antennas
while reading the responding signals output from the
15 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
20 second invention will be.described in detail below.

In Fig.-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
25 and second stationary antennaQIIZB 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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di sadvant age of anot her conventional art as opposed to the third

i nventi on;

Fig. 20 is a general perspective view show ng an

enbodi ment of the electronic | abel according to the fourth invention;

Fig. 21 i's a perspective view showi ng an exanple of the actual application
of tke fourth invention;

el ectrical
i nventi on;

Fig. 22 is a diagram show ng

mor P51 41641 88 Pho 001 ROBILEN S04 U100 AR o v

interrogatg¥ (QntBe LYY tdtdeMi¥yP antennas 12B and 14B is indicated

10

15

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 20B through an input pin 10Ba and an output

t he

pin 10Bb. The interrogator 10B comprises a level judging

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

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

20

25

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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Fig. 24 is a schematic view explaining an exanple - of the actua

application of the fourth invention to a toll road accounting system

Fig.” 25 is a schematic view expl ai ning an exanple of actual application of
the fourth invention to an incom ng/outgoing vehicle nmanagenment system of
a parking |ot; Fig. 26 is a schematic view explai.ning an exanpl e

of the actipdepPRbhestyOns nd e yoUht NelPYEOET WP iGRY AErEHStORET
sensi ng system 'gilg. §§D|s a general view of "t he mnngsﬂle
glass of ggyedigtsri BosY PAnAl cigpulke AT AINGLE] Blidndf tH¥ugh the
circulator 32B to the microstrip antenna. 34B. When a
responding signal is received by the microstrip antenna 34B,
5 -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

10 signal level 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 résponding

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

15 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.

;0 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. 1In addition, the
control device 20B procésses data received from the responder
18B, and outputs processed data to a host computer  (not

25 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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-11- el ectronic |abel of the fifth invention,. as viewed from inside
t he vehi'cl e; Fig. 28 is a schematic VIeM/ShOMAng t he genera
construction of the responding circuit of the fifth invention;

Fig. 29 is a general view of the windshield glass of a vehicle

i ncorporating the responding circuit of the fifth invention connected to

anot her '”ﬁ@éﬂﬁé'283p58C§%§8£’tnrougn 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
10 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.
15 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
20 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
25 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
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as viewed frominside the vehicle; | Fig. 30 is a sectional view of
wi ndew gl ass for explaining the nethod of enbedding the responding circuit
of .the fifth invention in the w ndow gl ass; Fig. 31 is a diagram
showi ng the general electrical construction of another enbodi nent of the
fifth i nvention, concerning the wi ndow glass that incorporates the
responding circuit; Fig. 32 is a general view of the w ndshield
gl ass ofamtemha c14Bihasr pover i sipgnak Ieepbrthay the agsparding sigwahd
enbodi ment of the fifth invention, as viewed from inside the vehicle; and
from the first statlonary antenna 12B. Accordingly, the
level judging circuit 22B reckons that the responding signal
input from the fifst stationary antenna 12B is higher, and
5 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
10 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
13 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 -
20 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 123 and 14B, the 51gna1 level of
25 the responding signal from the second 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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Fig. 33 is a circuit diagramfor explaining the nenmory in the RF
processirng | C of the information processor. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Prior to explaining the first
i nvention, the conventional art as opposed to the first invention and its
probtenms will be described in detail in the follow ng.
Sl -10. Then, the signal s'electlion 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
5 - 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,
10 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
15 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 communication system

in which a control device is provided with a means for

20 selecting 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

25 o

antenna-switching operation.
Before the mobile object identification equipment

of the third invention is explained, the conventional arts as
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A nmobile object identification systemhas nmany applications, one of which
Is in tHhe system for managi ng unmanned trucks in a factory. This system
conprises a tag unit nounted as a responding unit on each unmanned truck,
and antenna units installed along the passage of unmanned trucks to
provide communication areas for comunication with tag units. Each tag

RARNRUTESEES R IR I S R 0 RN
ber 09U ERRELRs B HAE4ATIATERC Fylopil o oLy 15 desaned o)
| 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
10 identification éode, 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
15 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
20 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
25 wave. | |

The antenna unit receives the responding signal,

which enables the unit to identify the tag unit of the
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Each antenna unit is designed to transmt a carrier wave of specified
frequency ‘as nodul ated by an interrogatory signal, and then an
unnmodul ated carrier wave to its cormmunication area. As an unmanned
truck noves, the tag unit attached to the truck enters a

conmuni cation area and rfeceives an interrogatory signal. The tag

uni t”

article | BBREPPPLat iLFH LodPassd _
respondi n i gnal dul ates .t he,unnodul at ed arrji.er wave receive
fol | ow ngg?ﬁgg?‘ﬁf‘gr * %

si gnal -
respondin

10

15

20

25

then generates a_ respondi na si.gnal _.confai ning varjous,édata such as
S

U i & ro WOLCIEL0R| | aFPA,
Fa By Cdesn P10, FanTihe RY LRSIy OnﬁFﬂﬁedne"’
d8L8¢ B0a%8L L8herol uomanned"ErGlkeBPa-4RLby] coCI Ves the
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 comunicatidn 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 coinmunication areas 14C anci iGC overlap,
as shown in Fig. 18, wave interference can oo.;:cur.

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

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

unit 22C attached to tﬁe unmanned truck 20C will receive two
interrogatory signals transmitted from t1_1e antenna units 10C
and 12C. In such a case, the two signals interfere with each
other, possibly disabling the tag unit 22C for comunication.

To avoid this problem, the antenna units 10C and
12C may be 'arranged so that the communication areas 14C and
16C do not overlap, as shown in Fig. 19. However, this
arrangement forms a dead 2zone for comunication 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.

- 32 - This Sheet Has Been Replaced

AW




which it identifies the tag unit of the unmanned truck passing

t hrough t he communi cation area, and recognizes the articles being carried
by the truck. According to this . : - 13-

i nformati on, the antenna unit stores new data and/or controls the
operation of the unmanned truck, as necessary. Some of such

conventi onal oD gy BlBREsoh 1R bEL6AE OTLSY HHET® HBRRe17! BaTRIR' Y

conposed of
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
5 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
10 allocated to eacﬁ of the several antenna units, that is, when
the communication period is time-shared by the éntenna 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
15 each antenna unit will be long.. For the tag unit of aﬁ
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.
20 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.
25 in Fig. 12, showing.fhe general appearance of the

third invention, the motion of an unmanned truck 30C as a

mobile object is controlled along a specified runway 32C. A
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nonvol atil e nmenory such as EEPROVM for the responding unit. Generally,
much-tire is needed to wite data to a nonvolatile nenory. Wen the

i nterrogatory signal froman antenna unit includes a data wite comrmand,
therefore, the processing for witing data to the data nenory takes an
extended time. When the unmanned truck is noving at a high speed, the tag

L o TR 16° AL U DRI B 001 BB UL by
onienne, a3 v L <) GREK, Slangeg tla: g o
obj ect identificatiphesystem3se is installed astride the runway 32c,
and has a plurality of antenna units, e.g., five antenna
‘units 36Ca through 36Ce,.in pertions 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
10 ae 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
15 controller 42C not only controle 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. Eaeh unmanned
truck 30C has a tag unit 46C as a responding ﬁnit'storing
20 various data. When an unmanned truck 30C passes’threugh 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
25 '

described. The antenna unit 36Ca comprises an antenna 48C

for transmitting/receiving signals, a modulation circuit 50cC,
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which an antenna unit is divided into a witing antenna unit 10A and a
readi ng antenna unit 12A, which are arranged in that order along the
passage 16A of an unmanned truck 14A, as illustrated in Fig. 4. The
witing antenna unit 10A transmts wite signals to the unmanned truck
14A ¥n the comunication area 18A, and the reading antenna unit 12A,

i nstal ed t %&%6Pa@2§5| él %rcﬂﬂ%%%@ t§4&eacg slgg%gi,s%&r,’et he a

unmanned comminication™  afea

the tag “Pé&eggfbnaEgéeﬂgq tgct he unmanned truck 14A, takes tine in
witing data to I1ts data nenory, tag unit 22A can conplete the processing

for witing data befgee antenna 48C is composed of batch antennas
realized by microstrip lines formed on PC boards; these batch
5 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
19 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 allocated for the system of thls invention so that
semi-microwaves in this frequency band are output as carrier
15 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 f1 set by the oscillatof 52C.
The reception circuit 56, which carries out signal
20 . 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’
25 signal are synthesized by thé.mixer 58C and.input to the
reception circuit 56C where the synthesized sigﬁal is
’_ﬂﬂ,.,——~’~”””’~’f
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-14 - It enters-the comruni cati on area 20A of the reading antenna unit

12A.- In other words, if the unmanned truck 14A is noving at a high
speed, the systemcan identify -the truck " through accurate conmmuni cation
between the tag unit and antenna units. However, this

conventional art also has a drawback. The unmanned truck 14A may stop in

the communi cation area 18 f the witi antenna_unit | OA for a certain
r eason. qqmodulated to o tagn a respon&ghg 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 fregquency 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
10 not overlap, as.denoted by f2 ﬁhrough £5 in Fig 14. 1All
these frequencies f£1 through £5 are w1th1n 'the spec1f1ed
frequency band mentloned earlier, and are allocatgd to the
antenna units 36Ca through. 36Ce so that the oscillation
frequency for an ﬁntenna unit is as different as possible
15 from thbse 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,
20 to output Iinterrogatory signals at a specified timing
mentioned later, aﬁd 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
o5 il

is supplied, the power circuit 64C converts it to a specified

DC voltage, and applies the DC voltage to the unit control
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such a. case, the tag unit 22A attached to the unmanned truck 14A
repeatedly receives a wite signal transmtted fromthe witing antenna
uni-t" |OA.  If the wite signal includes a wite conmand for such data as
the nunber of transits, the nunber of transits will be witten and updated
every tine the wite signal is received. Consequently, the wong nunber of
transits is stored in the tag unit 22A. ) To solve this problem

i nvent or sCd#EENdEd 60fe ang ey RGRT ARRMEINFUHIY 628, R dfelthgasotehtbe

ar r angenent obj ect, detector 24Ag, 24Ab, 26Aa and 26Ab are installed
before anBREPRBR R tSHnB5GRa tHRPEGD BBC8nd 12A, respectively, to detect an

object. That is, th?‘cﬁe gggecéé)grs u%eltteCt‘lsrCheag aga responding unit, an

antenna 66C, composed of a microstrip antenna formed on a PC

5 board, is capable of receiving a wide frequency range of
radio waves as indicated by the broken 1line 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. '

.10 A contfol circuit  68C includes CPU, ROM, RAM etc.
It is designed to receive interrogatory sigﬁals r and to
output various data, including the identification céde, in
the form of responding si_.gnals to the interrogatory signals,
lacco.rding to the stored program. The control circuit 68C is

15 connected in -two ways to the antenna 66C: through a
transmission circuit 70C, and through a .receptio_n circuit-
72C. |

The transmission «circuit 70C modulates the

unmodulated carrier wave received through the antenna 66C, by

20 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

25

loadable/readable nonvolatile memory data memory 74C. Each

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

76C. N
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unit 22Aif it is in the comunication area 18A or 20A of the antenna unit
10A or 12A. Wth this arrangenent, the system calculates that the
unmenned truck 14A exists in the conmunication area 18A or 20A for
the period fromthe time when it is detected by the object detector 24Aa
or 26Aa to the tine when it is detected by the object detector 24Ab or

260, Therefore, thg, aystem bl LY oAl BROEAP20neait0 %% descrived

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
5 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 T1 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
10 than the timing for the former three anteénna units as shown
in (b) and (d) of Fig. 1S. |
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
15 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,
20 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
25 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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t he above-nenti oned problem by controlling antenna unit- | OA or 12A to
transmt a wite signal only once, when the unnmanned truck 14A enters and
stays in the communi cation area 18A or 20A : Thi s arrangenent,
however, also has a drawback. There is no problemas |ong as unmanned
trucks 14A with tag units 22A pass one by one through the conmmunication

area 18A or 20A.,. However, two unmanned trucks,14A nay pass through, the
comuni cabPBn OFcdd 1AERTr 528 ALE | RUEPRTe | Yumadulay FE QQ%k %# tPﬁ.such

8 Case St he 2R A WO 0L. 1R shBe §241 LR EHebRab" 30T 13
other words, each antenna unit. 36Ca through 36Ce always
outputs radio waves, but transmits an interrogatory signal

5 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
10 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
15 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
20. 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
25 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

tH,
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a wite signal to-the tag uni.t 22A entering the comruni cation area 18A or
20A first, but not to the tag units 22A entering the communication area
| ater. If the antenna unit 10A or 12A transmits a wite signa
two tinmes when the object detector 24Aa or 26Aa detects two unmanned
trucks 14A in the communication area 18A or 20A, the tag unit 22A

entering §de ComEHY CALi 9B Aidfbadididd Wkb! trlﬁ;cei-é!é‘%_éﬁ@:i{\é' 8 gHladNhn§ WO

times, resulting in duplicate writing. |nvent|on has

sol ved t hge@OVE- ERA! coRegdo1PERLUOEE OffrhehandanRHtrdlalcitddit 6 of
enbodlnent of the first invention is described in detail with reference to

the controller 42C then inputs the identification code data

of the 'communlcatlng tag unit 46C through the interface
5 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.

10 command instfucting the tag unit 46C to stdfe pertain'data;
the contrbl circuit 68C of the tag unit 460'cafries 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

15 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,

20 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 déscribed earlier, the tag unit 46C in

25 .

the overlapping communication zone 40Cc receives the radio
wave of an interrogatory signal from either the antenna unit
36Cc or 36Cd.

This g I
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Figs. - 1 through 3 bel ow In this enbodinment, .the first invention is
applted-to a'tag unit for use in the comunication systemfor unnmanned

t r ucks. ' -16- In Fig. 2, that
shows the general concept of the first invention, an unmanned truck 30A as
a nobile object is controlled by a control device (not shown) to nove

al ong a passage 32A. The trugk 30A loaded with articles,is expected
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
5_ 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
10 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
15, 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 antenné.‘units 36Cc and.'36Cd are set
20 differently at £3 and f4, respecfively; 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
25 signél, 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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to run along the passage 32A in the direction of arrows toward a specified
destination. A witing antenna uni t 36A providing a
comtuni cati on area 34A, and a readi ng antenna unit 40A providing a

conmmuni cation area 38A are installed in that order at specified adjacent
posi ti ons al ong the passage 32A. A witing antenna unit 44A providing a

communi cagi,on _area 42A_.and r eadi ani en It 4 rovi_di n

comuni cé:{qm%% whEkhELe %f%o%gﬁg?&l In]é% ?’%tg ﬁg do?%elf g}gagpe%?ﬁ“éﬁa
adj acent Igﬁ:;i tions along the passage 32A downstream fromthe antenna
units 364 " 40A. Accordingly, when the unmanned truck 30A runs along

the passage 32A, mjfis, PASRES tdd" Qe tdéc responds only to the
interrogatorﬁr signal 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
10 can communicl.:ate. with the antemna units 36Cc and 36Cd
accurately, without radio interference between the antenna
units. _
| Furthermore, since. the c'oxmnuﬁicatioﬁ time is not
divided between the antenna units 36Cc and 36Cd as it is for
15 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
suffici.ent éommunication time to be identified by the antenna
20 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.
25 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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communi cati on areas 34A, 38A, 42A and 46A in that-order. The
unmanned truck 30A is provided with a tag unit 50A as a responder of the
preSent invention, so that it comrunicates with the antenna units 36A,
40A, 44A and 48A in the communication areas 34A, 38A, 42A and 46A,
respectively, as will be described later. Each of the antenna

lrJnn'C ﬁisf?f\% ggﬁg%éﬁ/ﬁﬁagcéﬁ ”Pﬁé%?r?ﬁt £h %ﬂ%e“i‘f‘s {ga! L4 gduRXt 46C

or e boards ese ch”aht énnas are arranged in

mul tiple 38 p%ﬂ@u@ﬁcaartﬁrgr ayi At BBER ta%ermfaovmé@ %&ectan\atxﬁéad to

acconnDd I Stance ~conmuni cati1 on. transm t
without 1nterruptlon 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
10 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
15 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. .
20 £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
23 communicate accurately and promptly with the tag unit 46C of

an unmanned truck 30C passing through the respective

communication areas.
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-17- wite/read - -signals, the antenna units 36A, - 40A, 44A and 48A use
sem =ni crowaves in a frequency band of, for instance, 2.45 GHz as carrier
waves. The antenna units 36A, 40A, 44A and 48A transmt the
above-nentioned carrier waves as nodulated by a wite/read signal
during the wite/read signal transmssion period, and transmt unnodul ated

carrier waves duringptheye apove 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

5 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.

10 In the above embodiment, the third invention is
appliedl 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

i5 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.
29 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
25 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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other period. Wile the antenna unit 36A, 40A, 44A or 48A is
an uanodul ated carrier wave, it receives radio waves sent fromthe tag
in the communi cati on area 34A, 38A, 42A or 46A. In

unit” 50A

Fig. 3, that shows the electrical construction of the tag unit 50A, a
control circuit 52A includes CPU, ROM and RAM as control nmeans. The

transmtting

control circuit 52A stores_ a control program (described  later) for
control | i FgPREomfiRdshieddas W1 a®ff orthRe 8Bo¥est dnformatdane nfers
(al so described | ater An antenng 54A i s conposed ,of, fqQr exanple, _ batch
ant ennas +98RFZEYLRY %PErH Cgelﬁﬁe§’ WBireEcYoatien a vehicle

is moving, it is difficult toxﬁhéck the above information
visually, particularly at night.

A non-contact information card is conventionally

known as means for radio communication. When this

10

15

20

information card is for a vehicle, the driver holds up the

card to face it toward an interrogator or other 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.

25

The fourth invention has solved the above problem.
An embodiment of the fourth invention 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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The antenna 54A is connected to the control circuit 52A in tw ways:
through a radi o wave detector 56A and through a denodulation circuit 58A.
The antenna 54A is grounded via a switch circuit 60A. The control pin of
the switch circuit 60A is connected to the control circuit 52A through a
nmodul ation circuit 62A. The radi o wave detector 56A detects the radio

vave.recel ‘Q?éjmfbi’%t& e‘[ﬂhe@i@c‘é%nlﬁn%axf&gt%ff IRGplEt £54 1 9923t g 03 he

control crrcu
roughly divided into a visible information layer 2Da and an

electronic circuit:y layer 2Db, which are joined with
adhesivel so- as not to be easily separable. The visible

5 - 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.

10 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

15 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

20 the rearview mirror RM, as #iewed from‘the driver’s seat. In
this position} thenlabel does not obstruct the driver’s view.
In addition, this position is outside the moving range
(indicated by the éhaiﬂ double—-dashed lines in Fig. 21) of
the windshield wiper arms WP, so that the metal used in the

25 '

wiper arms has minimal influence on communication between the

responding circuit 3D and an interrogator 8D.
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-18-  denodul ation circuit 58A denpdul ates the radio wave received by
ant enna 54A, and out puts the denpdul ated wave as a reception signal to

t he
t he

conttol circuit 52A. The nodul ation <circuit 62A nodul ates the carrier wave

by opening/closing the swtch circuit 60A according to the respondi ng
signal output fromthe control circuit 52A As a data storag

nmeans, a data nenor 4A 1 :ﬁp&ffcﬁ}e t h i L, sB2 Th
menory. 64A i s conp}gggd%c#ésat nonvol at ?Fe%?%n%f%%% If'g %%EEEEJ%G%D Q%h
control cjgreui ;g%%_ CULesqédLi Pr oAt NBefOfeNkdt ity Piqg. T | Ngmyar
data int ohé‘? o‘%ﬁ 0 tﬁe H’glt ad%rgrrlf)r'y 64A as et g." P! N9
responding circuit 3D comprises an IC chip 21D for processing

internal information, an antenna 22D for receiving

5 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

10 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.

15 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

20 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. |

25 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

e

dat a-

e
i ous
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required' Al'l these circuits of the tag unit 50A.are fed wth power by a
battery (not shown) . The operation of this enbodi nent 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
runnfng the communi cation control progran1shomn in Fig. 1. Specifically,

ST IR0 b8 S0 S ed Y PSRN 0 K L LTl ¢
R T e S b oLl
Clearediékéﬁﬁ%ééﬂtﬁ€<éammand contained in the interrogatory signal
s1. .If the command demands internally stored data, the CPU
5 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
.10 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 sigﬁals §1 to, and receive responding éignals
S2 from, the above-mentioned electronic mandatory inspection
15 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

20 waves; an antenna 14D | -as the entrance and exit ' of
electromagnétic ﬁaves; a demodulator iSD to take out
.iﬁformation from the received waﬁes of a responding signal
S2; a signal processor.lsD to control the modulatof 12D and
demodulator 15D to process informétion; and an external

25 .

interface 17D which communicates necessary information of the

received responding signal S2 to an upper  information

It
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When

t he

of the witing antenna unit 36A, the antenna 54A of the tag unit 50A

receives a wite signal transmtted fromthe witing antenna unit 36A
The radio : -19- wave detector 56A
detects this wite signal, and outputs a detection signal to the control
circuit 52A. Based on

10

15

20

25

processing sysé@ﬁ (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-identifying 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 abové,
the interrogator.SD operates as follows.

' 'Anfinterrogafory signal S1 to be traﬁsmitted froﬁ
the interrogator 8D is produced in the :modulato# 12D by
ﬁodulating the carrier wave from the carrier wave geﬁeration
circuit 11D. In other words, the data sent ffom'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; 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 demodulaior.lsn, which extracts information from
the responding signal S2 and gives the information to the
signal processor 16D. The'sigﬁél processor 16D processes the
information, and outputs it, if necessary, to the external

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

unmanned truck 30A noves into the conmunication area 34A

/.
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detection signal, the control circuit 52A makes the judgment for "YES" in
step-S2,” and advances the programto step S3, to check if the radi o wave
received is a wite signal. Since the control circuit 52A receives a
reception S|gnal as opposed to the wite signal fromthe denodul ation
circuit 58A, ‘i makes the judgnment for "YES' in step S3, and advances the

0031 ke ercronaing b Bl oL %%%%‘#%q:%é%%*ﬂﬁzés
R, SORRIERD, G o O o AR BRI
to the dai@DUEHBHYS@ﬁﬁs 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
10 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
15 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
20 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 éach vehicle has passed the toll gate

T, thus enabling the syétem to give toll discounts to
25 N

vehicles frequéntly using the toll road.
(2) Incoming/outgoing vehicle management system .of
a parking lot (Fig. 25)
I —
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Then, after setting the conpletion flag F (F<-1) in step S6, the program
returns'to step S2. The data witing process in step S5 takes

| onger than other processing. Therefore, if the unmanned truck 30A is
noving at ordinary speed, the tag unit 50A may conplete data witing by
the time the unmanned truck 30A | eaves the .communication area 34A of the

10100 AT e i dBe senicre, ¢ bbakiig ME IEL R CodnBLD
e MBS ERA UkbeRO e d5° GRERLR! S0 dahip) 14, | opsien @
program pf ocepASsghB5PUER installed at the upper part of the entrance
reads the frame number and other vehicle information of the
3 vehicle C from the electronic maﬁdatory inspection label 1D.
The vehicle information read by the interrogator.BD 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 1lot, the
_ 10 computer 36D judées the vehicle C as a customer, based oﬁ'the
input information, and 6pens 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
135 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

20 parking lot.
(3) Regular customer sensing system (Fig. 26)
When a vehicle D bearing the electronic mandatory
inspection labél 1D ié to enter the parking lot of a
department store, the interrogator 8D installed at the
25 .

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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steps .S2 and S3 to step $S4, the control circuit 52A nmakes the

-20 ;' judgnent for "NO' because the conpletion flag F has al ready been
set {F = 1), and the programis advanced to step S7. In step S7, since
the wite signal received the second. tinme is transnmtted fromthe sane
witing antenna unit that sent the first wite signal, the control circuit

52A makes t .
es;par ing space number on the guideboard 41D, and inform the

special customers section of the visit of the special regular

customer by displaying such on the indication board 45D, thus

enabling a person in charge to meet the customer promptly.
3 (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
10 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 '
15 By instélling the interrogator 8D above or on the'
.side of roads, Ehe 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
20 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
25 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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judgment for ."VYES," and the programreturns to step S2. In other words,
since data witing is already executed, the <control circuit 52A

i nval i dates the second or subsequent wite data. When t he
unmanned.  truck 30A enters the comunication area 38A of the.
readi ng antenna unit 40A, the tag unit 50A operates as folloms The

control Suisk (38 se! Yaiy BECHEPRLEbRARENNI ' BaBek cHoReiRed 40
POV TRy S SPons RACEe kLT M iR | ST
j udgment fgr; SYES" in step S8. The
(6) Criminal invastigation by the police
In criminal investigation, the police may be
required to detect an escaping vehicle. The electronic
mandatory inspection label 1D can be applied to this purpose.
In such application, the interrogators 8D are installed at
important points of cities, so that information on the
10 escaping vehicle.can be obtained and referred to for pursuit.
-Conventionally, investigators have been requirea to identify
visually the characteristic and license plate number of the
ascaping.vehicie. The present invention eliminates the need
for such visual identification, and is very effective because
15 it enables the police to idantify 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
20 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
25 '

is passed through the front windshield.SlD, and connected to

an on-board battery 59D.
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programis advanced to the step S9 where the control circuit 52A carries
out -.the data reading process. After the conpletion flag Fis cleared
(F<0) in step S10, the program returns to step S2. By the data
readi ng process in step S9, the control circuit 52A reads to check data

recorded, for exanple, by the wite processing in the data nenory 64A, for

LT s o0 0, {AphCREBSATEIRTUALE 496,39 TRpbRAREH! Lt DR SELRRE" S
modul ati op; GhERYEEa628apWhikeh gar phEStOMh, ™gYLat LRBnple, behind the
rearview mirror RM, where the mandatory vehicle inspection
label 55D is attached. Concealed by the mirror RM an& the
5 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
10 - Fig. 27) of the ﬁindshield wiper arxﬁs 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
15 such a position that the upper end porﬁion 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 label 55D is visible, and that the

responding circuit 53D is hidden behind the label 55D.

20 The responding circuit 53D of the f£ifth invention
is of the same construction as the respondiﬁg circuit 3D of
the electronic mandatory inspection label 1D, exéept that the -
former circuit 53D does not have a built-in battery 23D.
Specifically, as shown in Fig. 28, it comprises. an. antenna

25 .

unit 61D for transmitting and receiving radio waves, an IC

chip 62D for processing internal information, and a power

.'This Sheet Has Been Replaced
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-21- - using the responding signal, and controls the OV OFF state of the
swteh circuit 60A. The unnodul ated carrier wave sent fromthe
readi ng antenna unit 40A and received by the antenna 54A is thus

refl ected or absorbed, and transmtted back to the reading antenna unit
40A.:The reading antenna unit 40A receives the radio wave transnmtted from

the conmmupjgat isgm 8£fcﬁa SSPpYPing pbirels teeH i aphe!NIRdEhaeb ARl M A81L
wave. The radi o wav
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
5 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
10 windshield S51D. : The communication/power line 77D is péssed
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
15 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

reference to Fig. 30. Fig. 30 shows in (a) thereof a method

20 applicable when the front windshield is of laminated glass.
In the pi:'ocess 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

25

recess is formed inside the front windshield 51D, and __the
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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t hus received is denodul ated to obtain a respondi ng signal. In
step. S8, if the radio wave received by the antenna 54A is neither a wite
sigmal nor a read signal, the control circuit 52A makes the judgnent for
"NO," assuming that the radio wave is transmtted froma source other than
the antenna unit 36A or 40A. The progran1th6n returns to the step S2.

he L FESARBLRE LHFE=aiRo0 S vkl an SRR S R
ecelve Rlabhpchdte, RPSEERAl oA Hifl 00y LohbEceT FRER' LBl
line 57D or communlcatlon/power line 77D. A glass cover 51Dd
is placed err the responding circuit 53D, and fixed to the
5 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
10 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
15 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 application

_20 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 -
25 -

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

J—
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It invalidates the second and subsequent wite signals, and does not
conduct data writing any nore. Therefore, the problemof duplicate data
writing does not occur. I f nmore than one unnmanned truck 30A are
positioned in the conmunication area 34A, receiving a wite signal
repeatedly fromthe witing antenna unit 36A, the tag unit 50A of each

{Jgga[med thYyck J0ASGY TETaPY palke -3t heBs, after vehJ.cle A has
' been judged admissible, the credit number is output from the
IC card to the responding circuit 53D. The responding
circuit 53b communicates - the credit number to the
_5 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
10 credit number, 'Ehe 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.
15" 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 réng_e (indicatec_i' by the chain
20 double.-dashed 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
25 interrogator 8D and on the ass.ux.nption 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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process only once, .due to the above-nmentioned neans of the control circuit
52A. - According to the present invention, the unmanned truck 30A
is:controlled to pass through the comunication area 34A of the witing
antenna unit 36A prior to the comunication area 38A of the reading
antenna unit 40A. Normally, therefore, as the unmanned truck 30A runs

t hr ough f the,&aapu
i o B?FR%SSBQG e Mear edn:ér?q’tsslt g%%f%a %éélthe control

conpletlon ag F1s set in step S6 an

circuit 520veA¢gendi il KPp'l“.ﬂ@a ke YR dpol LEEK 3R CiPstdifs, as
conmmuni cat1on area 42A of another witing antenna unit 44A"the tag unit
50A carrifggnedbnell® above, the responding circuit 53D should not be
built into movable window glass for the following reason: if
5 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
10 invention, transéarent PET is used for the substrate of the
responding circuit 53-D,.'as shown in Fig. 28. Oﬁher 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 ihirention
15 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

20 antenna 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.

25 :

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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data writing process only once. However-, if nore than one
unmapned truck 30A are running in parallel through, for exanple, the
cormuni cation area 38A of the reading antenna unit 40A, it is possible
that. the tag unit 50A of a truck behind the other truck does not receive
a read signal sent fromthe reading antenna unit 40A When t he

unmanned (%é e g@ H0eleBAS theC eintethra f@l}fio§ﬁ&nehe' th%e‘amenn akon

.area 38A conmuni cation area 42 the witi unit 44A

and recejyns. @ whiel Cad s (o5, idie 208! iealargireuid Gevel Ehesed Y

unit 50A carries out the data witing process as follows. The programis

advanced gl Db SteFasd g tickork 0 6k€d Sdoor-mirror angle adjusting
motor.

5 o More specifically, the antenna 101D is embedded in
the front wiﬁdshield 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

10 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

15 the infofmation 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 ultrav1olet ray radiation; and an’SRAM

115D whose data can be reset (erased) by ONIOFF of power

20 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

25

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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Si nce .the completion flag Fis not cleared (F = 1), the control circuit
52A makes the judgnment for "YES' in step S4, and advances the programto
step' S7. Since the tag unit 50A -23 -
receives a wite signal fromthe MW|t|ng antenna unit 44A and not fromthe
witing antenna unit 36A, the control circuit 52A makes the judgnent for

"NO'" in faaking alek agragceasyheis 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 inputting the appropriate code

5 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

10 mandatory inspecfion 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

15° 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; | '

20 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

25 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——__
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programto step S5 where datais witten. ' Thus, according to this
i nvention, when the tag unit 50A receives a wite signal fromthe witing
anfehna unit 36A or 44A, the control circuit 52A executes data witing .
process, and sets the conpletion flag F to invalidate wite process by the
second or subsequent wite signal, thereby preventing duplicate data

writing tgediwediat ayEnOiNpubtng Evele i f dpprophiatene dade UNiduddy exi st
in the comunication area 34A or 42A, each tag unit 50A carries out the

data wri tAdebPdDEEDS, Othy ahtiver need not Ncardyt mcirs/hec:comll egrdo éxe
present invention, the control circuit 52A checks in step S7 if the wite
signal magnetic card. 1In addition, it is not necessary for the
driver to 'input the individual information each time the
5 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
10 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
15 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
20 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 information in the SRAM 115D of the RF

25 processing IC 102D is erased while the information stored in

the EEPROM 114D remains unerased.
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recei ved has been.sent fromthe same witing antenna unit as the |ast
wite signal, and wites data if it nmakes the judgnment for "NO'
Thérefore, even if the tag unit 50A has not received a read signal from
the reading antenna unit 40A or 48A, it can wite data without fail when
it receives a wite signal I n the above-nentioned enbodi nent

f iTe fi : 64 EE f
of the first invenj ach Rﬁﬁﬁy Bﬁd émﬁﬁaiméﬂﬁ BEMas (¥+f€ﬁlc

storage. A battery menory, such as a so-ca

card,  Can Hfeioesh | NEHRAGRS' ﬂﬂ&e%%&'ﬁg\/' PEthegD  H8PaTda fdPmibhespi T t

of the present |nvent|on
information processor 104D housed in the dashboard.

Alternatively, it may be embedded together with the antenna
5 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 card, and collation of fingerprints, may
10 be used to this.end, as long as it enables the driver to
confirm the 1nformatlon specific to the vehlcle.
~ In the above second emquiment, the antenna 101D is:
embedded in ‘the front windshield 111D. It may be attached to
the inside of the front windshield 111D. The information
13 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
20 |

paragraphs. = Needless to say, the mobile object
identification system is realized by combining the first
through the fifth inventions.

INDUSTRIAL APPLICABILITY OF THE INVENTION

25 . . . . .
_ 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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-24- In the above enbodi nent, the invention is applied to the
tag unirt for the systemof identifying unmanned trucks. The invention is
al so” applicable to the responding unit of any other nobile object
identification system For exanple, it nmay be applied to the tag unit for
the process control systemin a factory to control production by

attaching the tag unit to eac roduct jn th [ . [
95 g {Eéaon s%a%us s o&% ? éﬁe'gontrol means

with the write comp
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“

5 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

10 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

15 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
20 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
25 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

[ —
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al so applicable to the ID card for a systemof nmanaging persons

entering/exiting a room ~ Now, prior to explaining the second
i nvehtion, the conventional arts as opposed to the second invention and
its problems will be described in detail in the foll ow ng.

Vari ous communi cat.i on conpl exes have been in operation for nobile
object identificgation

O e 2L Lo cRYS TR L UBRFEE! CIBIBLC.AS &y CRIRLEX iy i o
esponder aLached Lo Bl BOUE) IS0 SHL SoBher CNIAOL o
control g%@é%%gégfé¥§asignals at a time. Thus, the third invention
provides sﬁch superior effects that it prevents radio
5 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 Qhen

10 an interrogatory.signal is sent from an external interrogator
to the vehicle, thé responding circuit feceives the
intérrégatorj signal ahd sends back éppropriate vehicle
information stored in advance in the responding circuit.
Therefore, it is not necessary for persons to identify
15 vehicle information visually. In addition, the vehicle
infofmation can be identified easily even when the vehicle is
moving. If the-e;ectronic label bears on its surface the
information provided on the particular labels legally
required to be attached to the front windshield of a vehicle,
20 the electronic label can be attached to the front windshield

without cauéing any problemsf As well,.the electronic label

~ bearing such information on the_surféce is not expected to be

removed from the vehicle. Accordingly, the information read

from the electronic label may be reasonably considered as
25 information specific to the Veﬁicle._

Thus, with the electronic label-according to the

fourth or fifth invention, the vehicle-related information,

- 64 -
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processing. : In specific, t he I nterrogator sends an

| nt errogatory signal through an antenna.- Wyen a nobile object enters
t he tomunication area, the responder attached to the nobile object
receives the interrogatory signal through an antenna, and transnits a
signal in response to the interrogatory signal. - The interrogator

rgge'_ves shBR d£speedi PPafédtmbad aHEPWNe | bxperhBEofONid€e ¢RVi £8eWhi Ch
mandatory .inspection certificate_, ~can be collected_ by the
inferrogator by non-contact means, and not wvisually.
Therefore, the fourth or £fifth invention is extremely
5 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.

10

15

20

25

- 65 ~ This Sheet Has Been Replaced




processes t he respondi ng signal, sending the processed data to a host
conput er when necessary. Recently, the quantity of comrunication

time-shortage. Conventionally, this problemis overico
mul ti pl e antennas of the interrogator along the noving
and outputting a responding signal fromeach of the antennas to thé

dat'a*to be handled by such a communi cation system has_been expanding wth
the increase in operating speed of conveyor lines, ‘¢ usﬁm@ﬂwm cati

control

S

device. The control dgyifersetechmed Megantenna receiving the

hi ghest | evel respondi ng signal.

10

15

20

25

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 readiﬁg-interrogator as the responder
is moving with said movable object, compfising: n

data sforage means to write or reaqlnecessary data;

control means to control the processing for writing

data to or réading data from said data storage means;

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

said control means invalidating the processing for
writing datg when it feceives another write signél from said
writing interrogator with the write completion status

retained in said status storage means.

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

through the mobile antenna mounted on a mobile object;

I

ts
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Wth the above-nentioned conventional met h hhowever, the contr ol

device is required to switch antennas while Tvaﬂlmmmmllmmﬂ di ng
sigmals - output from the interrogator. For ith
period, the control device cannot read a respdndlng So data

-fgnnugication S gnterrupted The sécond |nvent|on has solved
e above-nentioned__pro hg gonven
the second inventi3h &F %ggggég%r? d%lw(iﬁqu elocei@l&ﬂ“@@%ﬂ%ﬂé
9, that s C h d t t
'}#V?S % rgfp@irgi UiGARlofdry Nanteasaad iA¥ERIIEA, aohgt eEREUAL OF

| OB has ry antenna I2B and a second stationary antenna
148, and:mov:Lng 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
10 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,
15; 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
20 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
‘comminication area, and receives a responding signal £from
25 said responder positioned in the appropriate communication

area; and

-
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transmts interrogatory signals selectively througt ond
stationary antennas 12B and 14B. A responder 18B bile
obj'ett 16B. The first and second stationary ant qnnummm'm"mgg

installed al ong the -26-t W nuvi area

of the nobile object 16B. The conmunication area ’of each of the stationary

antennas 128 and 148 'S 'fd'xt?eaé[n%d which controls said plurality of

interrogators so that at least the interrogators whose
communlcatlon areas overlap each other tramnsmit carrier waves
of different frequencies and transmit interrogatory s:Lgnals

3 at different timings.

4. An electronic label for a mobile object
identification system, comprising:
a responding circuit in which is stored vehicle
10 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

15 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
20 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.

25

e
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by. t he .chai n doubl e-dashed |ine. The interrogator 10B can conmunicate

wi th-the responder 18B when the nobile object 16B is positioned in either
of :the communi cation areas. The conmuni cation areas of the first
-and second stationary antennas 12B and 14B overlap. The-interrogator 10B
is designed to transmt interrogatory signals as controlled by a
control device 20B, and to output responding signals received fromthe
.-responder 18B to the control devi In Fig. 7, that shows

t he construction of the int errogEI(@,.the 1nt errogator 10Bis
connected to the control device 20B through an input pin | OBa and an

out put
(: START :)

INITIALIZE

) -

ST

<::?OMPLETIO YES
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E 'NC):f ~
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TSUNIT?

\

S5 WRITE vYES S91 READ
SET . CLEAR

861 S101
COMPLETION COMPLETION
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pin 1 OBb. The interrogator 10B conprises a level judging circuit 22B, a
signal selection circuit 24B and a denodul ator 26Bin addition to the -
first and second stationary antennas 12B and 14B. Si nce the
first and second stationary antennas 12B and 14B are of the sanme
construction, the first stationary antenna 12B alone w || be described in
the following, with the description for the second stationary antenna 14B
omtted. The first stationary ant gg?B comprises a nodul ator
28B, an oscillator 30B, a circulator 3323: et r 36B and a
mcrostrip antenna 34B. When an interrogatory signal is input from
the control device 20B '

/\\.\
e \[
AF |
~—— H— 46A
g
A} 30a
/_[, T~—H—50a
a4 ST A
508
— 308

40A
= rd -—50A
L™~ i
36A ——30A
\A/
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through the input pin | OBa, the nodulator 28B nodul ates the

-27 - interrogatory signal by a carrier signal given fromthe
oscillator.30B, and outputs the nodul ated signal through the circulator
32B to the mcrostrip antenna 34B. Wien a responding signal is

recejved by the mcrostrip antenna 34B, the detector 36B detects the
signal through the circulator '

FIG. 3

54
K% | 56A
{
RADIO WAVE
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. ?BA -
DEMODULATION
CIRCUIT
CONTROL DATA
CIRCUIT[  ~|MEMORY
—
{0
MODULATION
! / < CIRCUIT [ g
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32B, and outputs it to the |evel judging circuit 22B. The | evel
judging circuit 22B is designed to receive responding signals fromboth
first and second stationary antennas 12B and 14B. The circuit 22B judges
the signal |evel of each responding signal received, to identify the
hi gher | evel responding signal, and sends t he Judgnent _result to the
signal selection circuit 24B. Iﬁq;i na sel ection ci ' B 4 SO
designed to receive respondi ng.EI g fromboth first Eﬁi@ﬁnﬁi‘
‘stationary antennas 12B nd 14B. Based on the judgnent result fromthe
| evel -judging circuit 22 hg si gnal  sel o cuit 24B selects the
hi gher | evel responding S|gn |, pnd outpdts ﬂt to the control _

/ "'\ /\"\,
.', II \
l.', \ 22A I.-I ‘.\.. 14A

A

g
' ~22A
4
1 A‘\\ _,/ 3 \\\ﬁ e
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182 16A 20A
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devi ce 20B t hrough the denodul ator 26B and the output pin | OBb.

The control device 20B controls commands to be out put fromthe _

interrogator 1 0B to the responder 18B, and the operation time of the

interrogator 10OB. 1In addition, the control device 20B processes data
recei ved fromthe responder 18B, and outputs processed data to a host
conput er (not shown) or a display unit (not shown) as necessary.

In Fig. 8, that shows the construction of the responder 18B, the

i nterrogatory signal received by a nobile
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-28- . antenna 4OB is input through a detector 42B to a control unit 38B.
The nDblle antenna 40B is conposed of a mcrostrip antenna. The control

unit® 38B outputs a responding signal in reply to the interrogatory signal
to the mcrostrip antenna 40B through a nodul at or 44B whi ch nodul ates the

responding signal. In addition, the control unit 38B interchanges data
with a data nenory 46B. Each conponent of the responder 18B is fed with
power by a battery 48B. Now, the operation of the second

i nvention, having

FIG. 8
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t he above-nentioned construction, wll be described. The

contyol device 20B outputs interrogatory signals intermttently to the
interrogator | OB, so that the first and second stationary antennas 12B and
14B transmt the interrogatory signals. When t he nobil e object
16B enters the communication area éI; firstegstati onary antenna 12B, the
responder 18B attached to the nDbI? ot 165/receives an interrogatory
si gnal through the nobile antenna 40B. The responder 18B then transnits
a responding signal, indicating its own identification nunber,

t hrough the nobile 33$Egna 29B. The first stationary antenna 12B of the

interrogator OB re
}\JSB
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t he responding signal, and outputs it through the detector 36B to the

| evel jjudging circuit 22B. . At this tinme, the responding signal
fromMthe responder 18B is al so received by the second stationary antenna
14B and input to the level judging circuit 22B. However, the respondi ng
signal fromthe second stationary _ - -29-

FIG. 11
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antenna 14B has | ower signal |evel than the responding signal fromthe
first stationary antenna 12B. Accordingly, the Ilevel judging circuit 22B
reckons that the responding signal input fromthe first stationary antenna
12B is higher, and outputs this result to the signal selection circuit
24B.7 Based on this result, the signal selection circuit 24B
selects the responding signal from the first stationary antenna
12B, and outputs it to the denodul ator 26B. The denodul ator 26B

denodul ates the responding signal to obtain the identification nunber,

and outputs it to the control device 20B. The control device 20B
checks if the identification '

FIG. 12
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nunber is appropriate. |If it is, the control device 20B outputs an
interrogatory signal- containing a dapa wite comand or a data read
command through the first andrsecondt—statiomary antenmmasi12B and 14B to
communi cate with the respondpr 18E: he stpnal il evel of the
respondi ng signal received by the iit stati onaréawten a 12B and i nput

to the control device 20B chatag_es 'hedmbi eft 1B noves. Fig. 10

shows in (a) thereof this chahdg it sggnal | IEve . As the

nobi | e obj ect 16B noves and epi\@rs| &h®) o\ﬁer\l\ap zpne df the '

comuni cation areas ofOthe fifst ar@ E§econd st afy antennas 12B and
E O

14B, the signal Ievel @f_..\ : O
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the respondi ng signal fromthe second stationary antenna 14B becones

hi gher than that fromthe first stationary antenna 12B (at the timng

i ndicated by "A') as shown by (b) of Fig.

- 30- 10. Then, the signal selection circuit 24B sel ects as shown by (c)

of Fg. 10 the respondl ng signal ed fro second statlonary
antenna 14B, according to the |n§?%i?
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gi.ven by the level judging circuit 22B, and outputs the signal to the

cont¥ol device 20B. Accordingly, after the timng "A™" the control
device 20B controls data communication based on the responding signa
fromthe second stationary antenna 14B. According to this

invention, as nentioned above, the level judging circuit 22B and signal
selection circuit 24B enable errogayore~ OB to output to the control
devi ce 20B the higher |evel Igg];&;g.3|gngl the two signals received
by the first and second statlonary antennas 12B and 14B. Therefore,

al t hough the responding signals received by the first and second
stationary antennas 12B and

38Cc 36Cc

30C

46C

33ca 36_Cd 34C
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14B change as the nobil e object 16B noves, the control device 20B always
recei ves the higher |evel responding signal. Thus, unlike the
conventional conmunication system in which a control device is provided
with a nmeans for selecting one of several stationary antennas, the control
devite 20B of the communi cation system according to the present invention
does not contain an a'ntenna swi tching neans. Consequent |y, comruni cation
bet ween the interrogator CEa e resgﬁrg 18B e

interrupted by antenna-swt :EC'zes ati ﬁﬁlﬁke AﬁTm)bl |l e
obj ect identification equipnent of the third |nvent|on i s explained, the
conventional arts as

14C 10C

20C 22C

16C 12C

FIG. 19 PRIOR ART
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-31 -. opposed to the third invention and their problems will be
descsibed in detail in the follow ng. The nobi |l e obj ect

i dentification systemhas nany applications, one of which is for unmanned
trucks in a factory. This systemconprises a tag unit nmounted as a
respondi ng unit on each unmanned truck, and antenna units installed al ong
the route of unmanned trucks to provi de areas

This Sheet Has Been Replaced
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for communication with tag units. The tag unit of this systemincludes a
menosy to store various data, such as the identification code, quantities
and destination of the articles being transported by the unmanned

truck. This menory is designed to allow the stored data to be read, and
new data to be witten as necessary. Each antenna unit is
designed to transmt a carrier wave of a specified frequency as

nodul ated by an interrogatory signal, and then an unnodul ated carrier
wave to its conmunication area. Wien an unmanned truck enters the

communi cation area, the tag unit attached to the truck receives an
interrogatory signal. The tag wunit then '

FIG. 21
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generates a responding signal for various data, such as the article

i dentification code, to answer the interrogatory signal, nodulates the
unnodul ated carrier wave received following the interrogatory signal

using the responding signal, and transmts the respondi ng signal - nodul at ed
carrier wave. The antenna unit receives the respondi ng signal
whi ch enables the unit to identify the tag unit of the
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-32 - . unmanned truck passing through its communication area, determ ne
the articles being carried by the truck, store new data and/or control

unnanned truck operation. | f unmanned trucks are allowed to nove
in alarge area, it is necessary to set a wide comunication area to
cover the large noving area. |In the conventional art, this requirenent is

met by dividing the wide conmunication area into blocks and installing a
plurality of antenna units to cover the bl ocks.

FIG. 23
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However, if the antenna units 10C and 12C are arranged so that the
communi cation areas 14C and 16C overlap, as shown in Fig. 18, wave
interference can occur. 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 transmtted fromthe antenna units | OC and 12C. In
such a case, the two signals interfere with each other, possibly disabling
the tag unit 22C for communi cati on. To avoid this problem the
antenna units 10C and 12C nay be arranged so that the communication areas
14C and 16C do not overlap, as shown in Fig. 19. However, this '

FIG. 24
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arrangenment fornms a dead zone for conmunicati on between comunication

areas 14C and 16C. If an unmanned truck 20C enters this dead zone, the
tag unit 22C of the truck 20C will not be able to conmuni cate through
either of the antenna wunits | OC and 12C.

-33-: The invention disclosed in the Japanese Patent

Provi si onal Publication No. 93390/1990 sol ves these probl ens

FIG. 25
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by the foll owi ng nmethod. When a wi de communication area is to be covered
by a=plurality of antenna units, the antenna wunits are allocated different
communi cation periods. As a result if the antenna units are arranged so
that their comunication areas overlap, tag units can communi cate through
the antenna units w thout wave interference. However, when

di fferent comruni cation periods are allocated to each of the several
antenna units, that is, when the conmunication period is tine-shared by
the antenna units, each antenna unit can be used for comuni cation only
during the allocated period. If the systeminvolves a | arge nunber of
antenna units, the cycle of the comuni cation period for

FIG. 26
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each antenna unit will be |ong. For the tag unit of an unmanned truck to
communi cate properly while it is running in the communication area, a
short comruni cation period nust be allocated to each antenna unit, or the
unmanned truck must be .driven at a limted speed. The third

i nveption has sol ved the above problens. An enbodi nent of the third
invention wll be described in detail below, with reference to Figs. 11
through 17. In this enbodinment, the third invention is applied to
the identification systemfor unmanned trucks. ' In Fig. 12,
showi ng the general appearance of the third invention, the notion of an
unmanned truck 30C as a

FIG. 27
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nobi | e. object is controlled along a specified runway 32C. A

-34- - gate 34C is located at the specified position of the runway 32C,
to |dent|fy each unmanned truck 30C. The gate 34C is installed
astride the runway 32C, and has a plurality of antenna units, e.g., five
antenna wunits 36Ca through 36Ce, in portions above the runway 32C.

FIG. 28
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The five antenna units 36Ca through 36Ce provide comunication
areas’ 38Ca through 38Ce, respectively, obliquely dowward to the
runway 32C. O the communication areas 38Ca through 38Ce, the adjacent
ones overlap each other as shown in Fig. 11, which explains the general
concept of the third invention. The overl apping zones are denoted 4QCa,

40Ch, 40Cc and 40Cd, respectively. - Referring to Fig. 11, the
antenna units 36Ca through 36Ce are connected to a controller
42C. The controller 42C not only controls data transm ssion/reception

of the antenna units 36Ca through 36Ce but also sends
communi cation data to and receives such data froma signa

FIG. 29
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psocessor 44C, which may be a host conputer. Each unmanned truck 30C has a
tagwnit 46C as a responding unit storing various data. Wen an unmanned
truck 30C passes through the gate 34C, this tag unit 46C communicates with

one of the a-

ntenna units 36Ca through 36Ce, as will be described | ater.

Fig.- 13 shows the electrical construction of the invention. The
construction of the antenna unit 36Ca is described. The antenna unit 36Ca

conprises an antenna 48C for trFTGi ng/ rge'Oi ng signals, a nodul ation
®

circuit 50C,

(2)
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-35- an oscillator 52C, a circulator 54C, a m xer 58C, and a
reception circuit 56C. The antenna 48C is conposed of batch
antennas realized by mcrostrip lines formed on PC boards; these batch ¥
antennas are arranged in multiples to forman array antenna for inproving
directivity and to acconmodate | ong-di stance comrunicati on. The
nodul ation circuit 50C nodul ates carrier wave

FIG. 31
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wikth a frequency of f1 (generated by the oscillator 52C) by an
interrogatory signal fromthe controller 42C, and outputs the nodul ated

- sigmal to the antenna 48C through the <circulator 54C. A specified
frequency band of, e.g., 2.45 GHz is allocated for the systemof this
invention so that sem-mcrowaves in this frequency band are output as
carrier waves. The oscillator 52C outputs sem-mcrowaves at a
frequency of fl in this frequency band. The antenna 48C is adapted to
selectively receive only radio waves with a limted frequency of fl set by
the oscillator 52C The reception circuit 56, which carries out
signal processing such as denodul ation, is connected to the m xer

FIG. 32
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58C.- The m xer 58C receives not only carrier waves fromthe oscillator 52C
but ,al so radi o waves as opposed to a responding signal fromthe antenna
48€:'through the circulator 54C. The carrier and radi o waves as opposed to
a reSponding signal are synthesized by the m xer 58C and input to the
reception circuit 56C where the synthesized signal is -

_36_" . .

FIG. 33
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denodul ated to obtain a responding signal. The denodul ated responding
signal is output to the controller 42C ' The antenna units 36Cb

t hr 0ygh 36Ce are the same in construction as the antenna unit 36Ca, except
that the oscillation frequency of the oscillator 52Cis different in each
antefina unit. Specifically, while the oscillation frequency of the
oscillator 52C for-the antenna unit 36Ca is set at fl, the oscillators 52C
for the antenna units 36Cb through 36Ce are all ocated narrow frequency

bands whi-:ch do not overl agpgagafengkedaYpidcidsergh f5 in Fig. 14. Al
t hese f+equencies fI_througﬁ ?gAare mnt%?n t%% specified frequency band
mentioned earlier, @Rd premat{06Bi€ELI Of1HRe invention is to realize a
| " mobile object identificétion system of simple construction
5 and low coét, in which the responding unit-attaghed to a
mobile object writes data.only once when it receives write
signals repeatedly in communication with antenna units.
When a tag unit (responding unit) receives a write
signal from a writing antenna unit, it writes data to the
10 data memory on cbndition that the completion flag is cleared
by the control circuit. When the data is written, a control
circuit sets the completion flag. Then, if the tag unit
receives additional write signais in the communication area
of the séme writing antenna unit, the control .circuit
15 = ‘invalidates the data write command, on the ground that the

completion "flag is set, thereby preventing duplicate data

writing.

(Figure 11)
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ant enna units 36Ca through 36Ce so that the oscilffati A
ant'enna unit is as different as possible fromtHho g J1e™
antenna.units, as shown in Fig. 14, I eé% PBF P

unist . control circuit 60C is connected to the nobg raé‘ﬁ( HCB’E‘&“—d oap@gedgg

reception circuit 56C of each of the antenna unift W“gﬁﬁ}ogwd 5687

k9, paged ..7¢

output interrogatory signals at. a specified tim ng' hﬁfﬂctonenagedterl;o paged
to receive responding signals. The unit control jcircuit 60C is connected

to the signal processor 44C thr ough an interface DATRIOF mEIPTIQd

circuit 64Cis fed with power frcsnmmzxm Suppry (not blluvvn) vhc..

power

MOBILE OBJECT IDENTIFICATION SYSTEM

REPLACEMENT SHEET

14 OCT 996

FIELD OF THE INVENTION

The present ‘invention relates to a mobIlé object
 g;identification system for identifying a responder mounted on

a mobile object in a communication area by transmitting

interrogatory signals from an interrogator to the reéponder

and receiving résponding signals from the fesponder.

BACKGROUND.OF'THEIINVENTION

A mobile object identification system transmits

inté%iogatcry' signals from an interrogator to a responder

" attached to}a'mqbile object and receives responding signals

from the responder, thereby jdentifying the responder.

.Recently, there has been demand for mobile

6bjeét

identification systems that can assure accurate communication

' between_interrogator and responder.
PR

e BRIEF SUMMARY OF THE INVENTION

Td meét this demand, the £first object of the

lnventlon (flrst lnventlon) is to provide a responder for a

.moblle "ob]ect -ldeﬁtlflcatlon system  that,

in the

communication area of a wriﬁing interrogator, can write data.

upon receipt of a write'signal and that, in the communication

range of a reading interrogator, can read and traasmit

el .

%




Is supplied, the power circuit 64C converts i-t.

i : ~specified DC voI t age,
and applies the DC voltage to the unit control

REPLACEMENT SHEET

-37- circuit 60C and the interface circuit 64C he
antenna units 36Ca through 36Ce. In gh t 46C a$ a
respondi ng unit, an antenna 66C, conppsed of ja m@gcﬁﬁ' epna forned
on a PC board, 1is capable of receiving a wid ran b Df

L—

necessary data upon receipt of a read signal as it moves with

the mobile object. The responder according to this invention
.compri_seé: data storage means for writing or reading
necessary dé.ta; control means for controlling the processing
for writing data to or reading data from the data storage
means; and  status sﬁorage ﬁteans for storing the write
completion status when necessary data has been written to the_
data storage means under control of the control means, sO as
to respond to a write signal received from the wr:.t:.ng
interrogator. The control means invalidates the processing
for writing data when, with the write comp'let.ion status
retained in the status storage means, it receives a write
signal from the writing interrogator.

Aéc’:ording to the_ first invention, when the
responder of ‘the mobile object identification system receives
a first write signal in the communication area of the writing
interrogator, the control means writes the necessary data to
data storage, the status storage means ensuring storage of
the write .completion status data. In this state, if the
respondér receives a second write signal from the writing
interrogé.tor, the control means invalidates said signal,
since the write comp_let'ion 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., .thé responder attached to the
mobile object recéives the write signal repetitively from the
writing interrogator. With the responder of the first

e e
oW
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radi o waves as indicated by the broken line i'n Fig. "14. Specifically, it
i s adapted to receive all interrogatory sighals wth frequencies fl
through f5 output from the antenna units 36Ca through 36Ce.

A control circuit 68C includes CPU, ROM RAMetc. It is designed to-
receive interrogatory signals, and to _putput various data, including the
i dentification code, in the formof responding signals to the
interrogatory signals, according to the stored program The control
circuit 68Cis connected in tw ways to the antenna 66C t hr ough
a transmssion circuit 70C, and through a reception circuit 72C

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 réséonder for
fransmitting/recéiving signals through the mobile antenna
mounted. on a mobile object; an intefrogator for
tranémitting/receiving signal through a plurality of
stationary antennas installed along the moving area of the
mobile object; and a control device for controlling operation
of the intérrogatof. The interrogator includes a level .
judging circuit to ideﬁtiﬁy' the highest-level .responding
" signal of those received by the stationary antemnas, and a
signal selection circuit to selectively output to the control
device the responding signal identified by the level judging
circuit. - - |
Aﬁcording to the communication. complex of the
second invention, the interrogator transmits interrogatory.
signals through the anﬁennas. When the mébile-object enters
the communication area, the responder mounted on the mobile

object transmits a responding signal in response to the

interrogatory signal received.



The transm ssion circuit 70C nodul ates -the#
recei ved through the antenna 66C, by a responding
control circuit 68C, and transmts the nodul at eg
circuit 72C denodul ates the radi o wave recei ved{t

control circuit 68C is connected to | oadabl diks I
nmenory data nmenory 74C. Each circuit in the tag unlt 460 S fed th

power by a battery g'nce the interrogator has the plurality of

antennas .installed aldng 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 recéived by these antennas, and the level
selection circuit selectively outﬁuts to the control device
the responding signal identified .by the level judging
circuit, enabling the | control device to read the
- highest-level résponding'signal without switching antennas.
The third objecﬁ of the invention (third invention)
is to provide mobile object identification system comprising:
a responder mounted on a mobile object, which respon&er, when
feceiving an interrogatory signal in a specified ffequeﬁcy
band, with a responding signal, modulates the unmodulated
carrier"wavé received after ‘the interrogatory signal; and
transmits the responding signal-modulated carrier wave; a
plurality of interrogators, each of which modulates, with the
interrogatory signal, the carrier wave in the specified -
frequency band allocated for each of the communication areas
of the’ plurality of interrogators, transmits  the
interraogatory signalQmodulated carrier wave, followed by
unmodulated carrier waﬁe, to'the appropriate communipaﬁion
area, and receives the responding signal from the responder
jpositioned in the appropriafé communication area; and a
control means which controls the plurality of interrogators

so that at least those interrogators whose communication



-38- The operation of the third inventiof lpen !

wi‘th reference to Figs. 15 through 17. The urdi fEPEAGE SMERTC i t
60C of the controller 42C outputs interrogatjody signal's o '
antenna units 36Ca through 36Ce at the tinmings sho [
Specifically, it outputs interrogatoryssignals to {h antennaﬂa%t
36Cc and 36Ce at the sane timng with intervals of T
(c) and (e) of Fig. 15, and to the antenna units 36

areas overlap transmit carrier waves in different frequeney
bands and .transmit interrogatory signals at different
timings. |

According 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 ﬁrovided by the plurality of
interrogators,. the appropriate interrogator transmits the
interrogatory signal; the responder receives the
inrerrogatory sxgnal, generating a responding signal in
response. The carrier wave received after the interrogatory
signal is then modulated by the responding signaL, and the
respender transmits the responding signal-modulated carrier
wave. Thei interrogator receives this wave, thereby
identifying the respondlng signal. '

When the responder is located in the zone where
communication areas overlap, the corresponding interrogators
transmit interrogatory signals at different frequencies and
different -timings via +the control means, so that the
responder receives .one interrogatory'signal from any of the
interrogétors at a time. Thus, the responder accepte the
interrogatory signal receivedifirst, generates a responding
signal which modulates the carrier wave received 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



36Cd at the sane tinmng with interval's of T1 -but I a]

ti‘mng for the fornmer three antenna uniits as shown §i¥
15. ' In each of the antenna units 36Ca thf

modul ation circuit 50C nodul ates the carrier wave f} o
by an interrogatory signal output fromghe- control
the formof a microwave signal through the ante
appropriate comrunication area 38Ca through 38Ce. ]

n In the
interrogatory signal output interval T1, the period "ta 18 ser—for
outputting an interrogatory signal, and the remaining period "tb" for

outputting A dr8RHErY ~ whose communication areas overlap the

appropriate one. Even in such a case, the responder can
communicate with the appropriate interrogater without radio
interferencé, due to the difference in frequency of the
responding signal-modulated carrier wave from the frequency
allqcatéd for the other .interrogator. In addition, according
to the present invention, unlike in conventional cases, where
the communication period .is time-shared by’ multiple
interrogators, radio waves can be transmitted simultaneously
in the zone wheré communication areas overlap. Consequently,
the re_sponder mounted ,'on the mobile object can .communicate
with an appropriate interrogator promptly and accurately,
even when moving at high speed. - |

The fourth object oft the invention (fourth
invention) is to provide an electronic label for the mobile
object identification system comprising: a responding
circuit in which is stored frehicle information such as the
frame number, and which outputs the vehicle inf_ormation in
response to an interrogatory signal received from an
interrogé.tor; and information given on the surface of the
electronic label. being that found on such labels that are
legé.lly reé;uired to be attached td a_vehicle.

When an interrogatory -signal is sent from an
‘external interrogator to the vehicle to which the electronic
label of the fourth inventio;:x- is attached, the responding

circuit receives the interrogatory signal, and returns the



signal. For any two adjacent antenna units, -e.g., 36Ca and 36Cb, the

I iterrogatory signal output periods "ta" do not overl ap. The
modul ation circuit 50C of each antenna unit 36Ca through 36Ce does not
carry out nodulation in the period "tb" when interrogatory signals are not
given fromthe controller 42C. During-his period, the carrier wave from

- 39 -
preliminarily loaded vehicle information. Therefore, the
vehicle information need not be checked visually. BEven if
the wvehicle is running past without stopping, the vehicle
information can be recognized easily.

-When the electronic label bears on the surface the
same particulars as gi&en on a mandatory vehicle inspection
label or a regular check and maintenance 1label legally
attached to the windshield glass of the vehicle, the
electronic label can be. attached to the windshield glass
without causing 'any' prbblems. Thié position is alsa the
Sptimnm for glgctroniﬁ label reception of .inter:ogatory
signals transmitﬁed from ahead of or above the vehicle. For
a vehicle to be driven on public roads, it is legally
required to have such vehicle inspection label or regular
check and maintenance label attached. fherefore, such a
label is no;: td bé_ removed. ~ Accordingly, 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)
is to provide another electronic label for the mobile object
identification éysﬁem comprising: a responding'circuit in
which is stored_vehiclé-information sucﬁ as the ‘frame number
and which outputs the vehicle information in response to an
-interrogatory signal receivea. from an interrogator, the

responding circuit being embedded in the windshieLd or window

glass.
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the oscillator 52C is output as unnodul ated to each of the communication
aréa 38Ca through 38Ce via the antenna 48C. In other words, each antenna
unit 36Ca through 36Ce always outputs radio waves, but transmts an
i nterrogatory signal only during the period "ta" which cones at intervals
of TI1. Wth interrogatory siggals being thus output to the
comuni cation areas 38Ca through 38Ce, when -an unmanned truck 30C
approaching the gate 34C on the runway 32C, enters the conmunication area
38Ca, the tag unit 46C conmuni cates by the follow ng nethod. The tag unit
46C receives radi o waves by the antenna 66C. The reception circuit 72C
denodul at es t he When an interrogatory signal 1is sent from an.
external interrogator to a vehicle equipped with the
electronic label of the fifth invention, the responding
circuit embedded in the window glass receives the
interrogatory signal and returns the preliminarily written
vehicle informationm. Thefefore, as with the fourth
invention, the vehicle information need not be checked
visually, and can be recognized easily if the vehicle is

running past without stopping.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fié. 2 is a schematic view explaining the.gengral
concept of thé.first invention;

Fig. 3 is a block diagram showing the electrical
constructio.n of the firs£ invention;

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

Fig} 5 is a échematic view explaining another
conventional érﬁ'as opposed to the first invention;

Fig. 6 is Ta schematic ﬁiew explaining the
"disadvantages 'oﬁ the conventionai arts as opposed to the

first invention;
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radio waves to an interrogatory signal, and sends the signal to the
control circuit 68C. Deternmning that the interrogatory signal is
from the antenna unit 36Ca, the control circuit 68C outputs a responding
signal of the identification code to the transmission circuit 70C. At
this tinme, the antenna 66C is receiving.an unnodul ated carrier wave from
-the antenna unit 36Ca, and is sending it to the transm ssion circuit 70C
The transm ssion circuit 70C nodul ates this carrier wave by the
responding signal, and reflects the nodulated carrier back for
transn155|on ' _ The antenna unit -36Ca receives the respondi ng

Fig. 7 is a block diagram showing the construction

of the interrogator used in an embodiment of the
communication complex according to the second invention;

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

Fig. 9 is a scnematic view explaining the general
concept of the second invention;?‘

Fig. 10 is a chart showing ghange in signal level
of the responding signals by the second invention as a mobile
object is moving;

Fig. 11 is a schematic view explalnlng the general
concept of the mobile object identification system according
to the third invention;

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

Fig. 13 is a block diagram showing the electrlcal
construction of the third invention;

Fig. 14 is a chart showing the frequency
eharacteristics of the interrogator and respdnder of the
third invention; | |

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

Fig. 16 is a echematic view explaining an operation
‘of the third inventidn;. .

Fig; 17 is a schematic view explaining another

operation of the third invention;
: REPLACEMFNT SHEE T
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si'gnal radio wave through the antenna 48C, thereby identifying the
tag unit 46C. Mre specifically, the radio wave received by the antenna
48C is input through the circulator 54C and the nmixer 58C to the
reception circuit - 40 - 56C, where it is denodulated to the
responding signal and sent to the coniygpll er 42C. The unit control

circuit 60C of : -

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

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

X
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 applicatidn bf the fourth invention;'

Fig. 22 1is  a diagram showingl the giectrical
-construction of the responding circuit of the fourth
invention;

Fig. 23 is an. electric circuit diagram of the
interrogatorlfor-the fourth invention;

Fig. 24 is a schematic view explaining.ad example
of the actqal app;ication of the fourth invention to a toll
road accounting system; B

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 explaining 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

- b




the controller 42C then inputs the identificationg

connunlcatlng tag unit 46C through the interface si gnal
processor 44C. To conti nue conmmuni cat i ng 46C,
the controller 42C controls the antenna unit 36Ca qﬁngt an
interrogatory signal during the next ingerrogator i ghhIOCD 994t | peri od.
If the interrogatory signal includes a wite confa Lnstructing|the tag

unit 46C to store certain data, the control circ

46C carries out the processing to-wite the data'

lit 68C of the tagf unit

If the i elegtapmis ylabgdal of ndihaleEiftheatinventrdnd, i nadr vsweay t Haom ag

unit 46C to read certain data, the control circuit 68C of

inside the.vehicle;

| Fig. 28 is a schematic view showing the general
constructioﬁ of the responding «circuit of the £ifth
invention;

Fig. 29.is a.geﬁéral view of the windshield gléss
of a vehicie 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 glass;

Fig. 31 is a diagram showing the general electrical
construction of ‘another embodiment of the fifth invention, .
concerﬁing the window glass that incorpqrates the resppnding
circuit; -. - -

Fig. 32 is a general view of the windshiéld_glass
of a vehiqle .incorporating the respondiﬁg circuit of the
second embodiment of the fifth invention, as viewed from'
inside the vehicle; and

Fig. 33 is a circuit diagram for explaining the

memory in the RF processing IC of the information processor.

BEST MODE FOR CARRYING OUT THE INVENTION
Prior to ‘explaining the first invention, the
conventional art as opposed to the first invention and its

problems will be described in detail in the following.



the tag unit 46C carries out the processing to reao-thmrﬁafa——treﬁr#he data
meiory 74C, and output it for communication. REPB&Q@M&M@ 5Bdﬂht|on of
the present invention is described for the case in t 46C
of .an unmanned truck 30C passes through the overl gp |ng ggg ﬁﬁgb

bet ween the communi cation area 38Cc of_ {he antennaj gb tihe
communi cation area 38Cd of the antenna unit 336Cd, 16.
Since the interrogatory signal output timng of tke antenna unit 36 od | ags
by T2 behind that of the antenna unit 36Cc as described eartier, tag

unit 46C in the ovekl apPike cobjectcaidentifheandon reystems hdm madiyo

wave of an interrogatory signal fromeither the antenna unit

applications,  one of which is in the system for 'managlng

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 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,
quantities and destinations of the articles being transported
by the unmanned.truck. This mémory is designed to enable
readout of stored data and write-in of ﬁew data, as
necessary.

Each antenna unit is designed to transmit a carrier
wave of specified frequency as modulated by an interrogatory
signal, and- then an unmodulated carrier wave to its
communication area. As an unmanned truck moves, the tag un;t
attached -to the trutk enters a communication 'érea and
receives an intetrogatory signal. The tag unit then
generates a responding signal containing various data éuch as
article identification code, to answer the interrogatory
signal,.-via responding signal, modulates the unmodulated
carrier wave received following the interrogatory signal, and.
transmits the respondin§ signal-moduléted carrier.

| The antenna unit receives the responding SLgnal by
which it ldentlfles the tag unlt of the unmanned truck
passing through the communication area, and recognizes the

articles beéeing carried by the truck. According to this



36Cc or

tag unit 46C may receive the radio wave of an interrggdtory signal“TWo
the antenna unit 36Cc first. The control circuit 68¢ ¢f 14eQCR i
accepts the signal, and outputs a responding signal acgording to e
process described above.” The transmi sggan circuit 70C noddratres b

TN b v b ite .

S

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 cbmposed of
nonvolatile memory such as EEPROM, for the respﬁnding unit.
Generally, much time is needed to write data to a nonvolatile
memory. When the interfogatory signal.from an antenna unit
includes a data write command,ltherefore, the processing for

writing data to the data memory takes an extended time. When

the unmanned truck is moving at a 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 antehna unit
104 and a reading aptenna'unit.le, which are arranged in
that order along thé passage 16A of an unmanned truck 14A, as
illustrated in ;Fig., 4. The writing antenna unit 107
transmits write signals to the unmanned truck 14A 'in the
communication érea 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 ééA, attached to the unmanned
truck 14A, takes time in writing data to its data memory, tag

unit 22A can complete the processing for writing data before

ecd. - | _4J_REPLQQEMENT SHEETTHe
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respondi ng signal, the unnodul ated carrier wave rec@Eﬂ@xgwﬂwhgmmﬁ nt enna

uni't 36Cc through the antenna 66C, and reflects i}t praek~for- t-rangmlssion.
At the time of respondingsignal transm ssion, thg nS 6C may feceive
an interrogatory signal radio wave fromthe antern at gdﬂmbeca se the
tag unit 46C is positioned in the ovefhappi ng corn1n1rat|0n Zone
In such a case, the responding signal radio wave belng transn1tted from
the antenna 66C to the antenna unit 36Cc is also

Q..

antenna unit 36Cd, and the interrogatory S|ﬁnal n1th ptenna unit 36Cd
i s modul alsd eTHERs rek®oRENRYRAFARION sAECR 2 §-m°cft +GnRBRRRRENI t S
unit 12A.. In other words, if the unmanned truck  14A is

moving at a high speed, the system can identify the truck
through accurate communication between the tag nnit and
antenna units.

However, this-conventional art also has a drawback.
The unmanned truck 14A may stop in the communication area 18A
of the writing antenna unit 10A for a certain reason. In
such a case, the tag unit 22A attached to the nnmanned truck
14A repeatedly teceives_a write signal transmitted from the
writing antenna unit 10A. If the write signel includes a
write command for sueh data as the number of transits, the
nnmber 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. According to this arrengement,
object detectors 24Aa, 24Ab, 26Aa and 26Ab are installed
before and after the antenna units 10A and 123, 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 nnmanned truck 14A exists in the
communication area 18A or ZOA for the period from the time
when it is detected by the ob]ect detector 24Aa or 26Ra to
the time when it is detected by the ob]ect detector 24Ab or

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



36Cc and 36Cd. However, since the freguencies-of radio waves transmtted
fromthe antenna units 36Cc and 36Cd are set differently at f3 and f4,
respectively, the antenna unit 36Cc can receive and identify the radio
wave of respondi ng-signal nodulated carrier waves with a frequency of f3
al.one. Furthernore, by including the jgentification 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

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

| This arrangexﬁent, however, also has. a dfawback.
There is no problem as long as unmanned trucks 14A with tag
units 22A pass one by one through the communication area 18A
or 20A. Howevér ; two unmanned trucks 14A may 'pass through'
‘the communication area 18A or 20A simultaneously, as shown in
Fig. 6. 1In sﬁch.a case, since the antenna unit 10A or 12A is
controlled to transmit a write signal only once,-. it transmits
a write signal to the tag unit 22A entering the. cqmn_mnication
area 18A or .20A first; but not to the tag units 22A entering
the communicgtion area later.

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

The first invention has solved the ahové—men;ioned
problems of the con#entional arts. An embodiment 'df the
first invent.ion_ is described in detail with reference to
'Figs. 1 through 3 below. In this embodiment, the £first

invention is applied to a tag unit for wuse in the

communication system for unmanned trucks. e cHEET
REPLACEMENT UH\.t1
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-42 - det erm ne whether the signal is intended {oOggdhat ini t .
Thus the tag unit 46C responds only to the inte rﬁ m Mﬁﬂ?ﬁﬂﬁ T ffomthe
antenna unit 36Cc -- the signal received first - connunlcatlng wth the
antenna unit 36Cc. After conpleting comunicatio t'hd tOGT 39 npal uni t
36Cc, if the tag unit 46C renmins in l{g. overlap img zone 40Cc, Wil |
accept the interrogatory signal fromthe antenna gnit 36Cd and compruni cate
with it. Therefore, the tag unit 46C : o '

In Fig. 2, that shows the general concept of the
first invention, an unmanned truck 30A as a mobile 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 spec:l.fled adjacent pos:.t:.ons along the passage 32A.
A writing antenna unit 44A providing a communication area 42A
and a reading antenna unit 48A providing a comhuniC§tioh area
46A are also installed in that order "at specified adjacent
positions aiong the passage 32A downstream from the antenna
units 36A and 40A. Accordingly, when the unmanned truck 30
runs aloﬁg the passage 327, it passes through ‘the
communication-areas 34A, 38A; 42A and 46A in that oréer,

The ﬁnmanned truck 30A is provided with a tag unit
5024 as a responder of the present - lnventlon, so that it
communlcates with the_antenna units 36A, 40A, 44A and 48A in
the communication areas 34A, 38A, 42A and 467, respectively,
as will be described later.

Each of the antenna units 36A, 40A, 44A and 48A
comprises batch antennas realized by microstrip liﬁes.formed
on PC boards; these batch antéﬁnés are arranged in multiple
groupings as an array ;ntenna to improve the directivity and

to accommodate long-distance communication. '~ To transmit



ely,

can communicate with the antenna  units -36Cc [faREFABERENT XeeHEa
wi't hout radi o interference between the antenna unjtg: sy |
Furt hernore, since the comunication time is not [ idﬁgﬁﬁftween [ he
antenna units 36Cc and 36Cd as it is for conventipngl 11296
communi cation, each antenna unit is pey_limted ijp & ' ' '
Consequent |y, even when the unmanned truck 30C i s} noving at hig

the overlapping conmuni cati on zone 40Cc, the tag omt—4ec~-has-suifli ci ent
communication tine to be identified by the antenna unit 36Cc or 36Cd.

In the overthppi Peadorirgnada: | Shezansenpec unds t3Qp, 40A, 44A and 48A

use semi-microwaves in a frequency band of, for instance,

2.45 GHz ds carrier waves.

The antenna units 36A; 40A, 44A and 48A transmit
the above-mentioned _carrier waves as modulated by a
write/read signal duriﬁg the write/read signal transmission
period, and transmit unmodulated carrier waves during the
other period. While ﬁhe antenna unit 36A, 40A, 44A or 48A is
transmitting an ummodulated carrier wave, it receives radio

. waves sent fromlthe tag. unit 50A in the communication area
34, 38A, 42A or 46A. |

In Fig. 3, that shows the electrical coqstruction
of the tag unit 504, a conﬁrol'circuit 52A includes CPU, ROM
and RAM as control means. The control circuit 52A stores a
contrél program (de#cribed' later) for controlliﬁg
communicatioﬁ aé well as for use as.a status storage meané
(also described later). An antenna 54A is coﬁposed of, for
example, batch antennas realized by microstrip lines formed
on PC-boards.

The antenna 54A 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 pin of the
switch circuit 60A is connected to the control circuit S52A
.through a modulation circuitIGéA. 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



comunicating with the other wunit. Accordlng}y;

truck 30C is noving on the runway 32C, passing t

area 38Cb
t he
arrow in

the overl apping zone 40Cc. ggid the co
Fig. 17, the tag unit 46C
demodulation circuit 58A demodulates the radio wave received
by the antenna 544, and outputs the demodulated wave as a.
reception signal to the control circuit 52A. The modulation
circuit 62A modulates the carrier wave by opening/closiﬁg the
switch circuit 60A according to the'responding signal output
from the control circui£ 52A.
| As a data storage means, a data memdry GQA is
connected to the control circuit 52A. The data memory 64A is
composed of a nonvolatile memory such as an EEPROM. The
control circuit'SZA executes the processing for writing or
reading various data into or out of the data hemory 64A as -
required. All these circuits of the tag unit 50A are fed
with power by a battery (not shdwn).
The operation of ‘this .embodimént of the first

invention is. descrlbed with reference to -the flow chart of

Fig. 1. When power is supplied, the control c1rcu1t 52A° of

the'tag unit S0A starts running the communication control
program shown in Pig. 1. Specifically, after initialization
(stép S1), the control circuit 522 is put in the wait state
until it receives a radio wave in step S2. In the above
initialization étep, various registers and flags are cleared
for initial setting. The completion flag F, as the status
storage means, is also cleared in step S1 (Fe0). |

When the unmanned . truck 30A moves into the
Eommunication area 34A'6f the.Qriting antenna unit 3§A; the
antenna 54A of the tag. unit SO0A recéives a write signal

transmitted  from the writing antenna unit 36A. The radio

-43 - direc by the



da REP t
communi cation with both antenna units 36Cc and 36(d E&Gﬂﬂéﬂﬁ ggﬁgﬁn_ﬁc can
al ways exchange signals with elther of t he ant enna nﬁiﬁ‘&éfb nd{3¢Cd
uptil it conpletes conmunication. ggconpl etinglc [ |70 Wi t
either of the antenna units 36Cc and 6 t he tag j . :
comuni cating with the other antenna unit 36Cc or 6
earlier, to prevent duplicate data witing; if dufs = Ay i ng
'S not W@Véﬂaﬁ%éétorlssal%eﬂy@tsTEHE§SﬁfYté0sib%ﬁlgoﬁﬁﬂﬂ'6@%@&93“%?h
the ot her antenna unit. Thus, according to the above enbodi nent
of the detection sigmal to the control circuit 52A. Based on the

detection signal, the control circuit 52A makes the judgment
| for "YES" in step S2, and advances the program to step 83, to
check if the radioc wave received is a write signal. Since the
control circuit 522 receives a reception sign&l'as opposed
to the write signal from the demodulation circuit 58A&, it
makes the judgment for "YES" in step S3, and advances the
program to step S54. | |

In steé S4, the control circuit 52A checks if the
compietion flaé F has been set. Since the coméleﬁion flég Fi
has not yet been set (F.= 0),.the control circuit 52A makes
the judgment for FNO“, and advances the program to step S5
where neceséary data is written to the data memorY' 64A.
Then, afterzgetting the completion flag F (Fé&l) in stép Sé,
the program returns to step S2.

The data writing process in.step S5 takés longer
than other_processing{ Therefore,.if the unmanned truc£'3OA
i§ 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 w;iting antenna unit 36A.

If the unmanned truck 30A is moying at low speed,
the tag unit 50A may still be in the communication area 342
.of.the writing anténna unit 36A when it has completed data
writing. In such a case, theaﬁag_unit 50A reéeives a write
signal again. However, when the program prqceeds throﬁgh

~steps S2 and S3 to step S4, the control circuit 52A makes the



third invention, while the five anterina units 36Ca throu mgpﬁm mrgngglr“rlg
communi cati on areas 38Ca through 38Ce, respectively, ar -

comuni cation areas of the adjacent antenna units overl
oscillators 52C of the five antenna units 36Ca through 3
with different narrow bands of oscil Lapi-on frequencies .
anhd the controller 42C controls the antenna units 36Ca hr ough 36CE SO
that the adjacent antenna units providing the overlappi _
zones 40Ca through 40Cd output interrogatory signals at different timngs,
with the |jagighent ABom F¥OUI becensk thet mompletiel (flag Bebtast RlaeRdy36Ce

can comunicate accurately and pronptly with the tag unit 46C of :
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 S2. 1In
other words, since data writing Iis already executed, 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'ci;éuit 52A
runs the program throﬁgh step S2 to step S3 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 received a read signal from the demodulation
.circuit 58A, it makes the judgment for "YES" in step.ss. The
program is advénced to the step S9 where the control circuit
52A carries out the data reading pfocess. " After the
completion flag F is cleared (F¢0) in step S10, the program
returns to step S2.

By the data réading érocess in sfep s9, the_control'
circuit 52# reads to check data recorded, for example, by th;
write procgssing in the data memory §4A, for transmission to
.the reading antenna unit 40#.' To transmit the data thus
read, the control circuit 52A sends it as a respon@ing sigpal‘

to the modulation circuit. 62A, which carries out modulation



an unmanned truck 30C passing through the r espective communicati on
ar eas. REPLACEMENT SHE!:T
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using the responding signal, and controls the ON/OFF stﬁte of
the switch.circuit 60A.

The unmodulated carrier wave sent from the reading
antenna unit 40A and received.by the antenna 54A 1is thus
reflected or absorbed, and transmitted back to the reading
antenna unit 40R. The.reading antenna 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 demodulated.to obtain a' responding siénal.

In stép S8, if the radio wave received by the
antenna 54A is neithgr a write signal nor a reéd'signal, the
control circuit 52A makes the judgment for "NO," assuming
that the radioc wave is transmitted from a source other. than
the antenna unit 36A or 40A. The program then returns to the
;tep 82;

If" _tﬁe unmanned ~ truck 30R stops in .the

- communication area 34A of the writing antenna unit 36A for
some .reason, ﬁhe tag unit 503 will recei&e a write signal
repéatedlyu - 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
does not conduct data writing any more. Theréfore, the
problem of duplicate data writing does not.occur.

If more than one uhmanned truck 30A are positioned
-in. the communication area 34A, receiving a write signal
repeatedly from the writing antenna unit 363, the tag unit

SOA of each unmanned truck 30A carries out the data writing



In the above embodiment,; the aRERIDACEMERT t SHEBGC
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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 30A is controlled to pass through the" communication
area 34A of the writing antenna unit 36A prior to the
communication area 38A of éhé reading antenna unit 40a.
Normally, therefore, as the unmanned truck 30A runs through
the passage and moves out of the communication area 38A, the
completion flag F is set in step S6 and cleared in step S10
by the control éircuit 52A. Acc'ordingly, when the unmanned
truck 30A enters the communication area 422 of another
writing antenna unit 44A, the tag unit 50A carries out the
data writing process only once.

However, if more than one unmanned truck 30A are
running in paralle1. through, for example, the communication
area 38A.of ;:he i:eading antenna unit 40A, it is possible that
the tag unit 502 of a truck behind the other truck does not
receive a zjead signal sent from the reading an_tfenné unit 40A.

When the unmanned truck 30A that has received a |
read signal in the communication area 38A enters the

communication area 42A of the writing antenna unit 44A and

‘receives a write signal there, the control circuit 52A of the

tag unit S50A carries out the data writing 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



through 36Ce- are positioned so that the communication arees S
adj acent antenna units overl ap. Al ternatively, the REPLACEMENESHEET
units 36Ca through 36Ce nay be positioned so that the . '
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- receives a write signal from the wriﬁing antenna unit 44A and
not from the writing antenna unit 36A, the coatrol circuit
52A makes the judgment for “NO" in step S7 and advances the
program to step S5 where data is written.

Thus, according to this invention, when the tag
unit 50A receives a write signal from the writing antenna
unit 36A or 44A, the control circuit 52A executes data
writing process, and sets the completion flag F to invalidate
write process by thé second or subsequent write éignal,
thereby.preventiﬁé duplicate data  writing to the data memory
64A. Even if more than one  tag unit S50A exist  in the
communication area 34A or 42A, each tag unit'SOA'cgrries.dﬁt'
the data writing process only once.

Iﬁ addition, according to the present invention,
the control circuit 52A checks in step S7 if the write signal
received has been.sent from the same writing antenna unit as
the last write signal, and writes data if it makes the
judgment fqr "NO*. Therefore) even if the tag_unit 50A has
not received a read signal from the reading antenna unit 40A
or 48A( it can write data without fail when it receives a
write siénal.

In' the 'above—meﬁtioned embodiment of the first
invention, the data meﬁory 64A uses an EEPROM as fof data
.storage. A battery-backup RAM or other memory, such as a
so-called IC card, can be use&.instead of the EEPROM without

departing from the spirit of the present invention.



comuni cation areas of three or nore of the antenna rﬂﬂggLACEMENTo§§§EEW.
| R such a case as well, communication can be adqcur ate, w thodt jany

radio interference, if the antenna units 36Ca] Jthl14ufBT B9sec| 4re
controlled to out put , .

-24 -

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.other mobile objeét identification system. For
example, it may be applied to the tag unit. for the process
control system in a factory ﬁo 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; the
conventional arts as opposed to the second invention and its

'problems will be described in detail in the following.

Various communication complexes have been in
operation for mobile object identification s?stems. A
typical example is a complex in which an interrogator
transmits aﬁ iﬁterrogatory signal to communicate with a
responder attached to each product being carried on a
conveyor line, receives a responding signal sent from the

responder, and outputs it to a control device for data

processing.
" In specific, the interrogator = sends an
interrogatory signal through an antenna. When a mobile

object enters the communication area, the responder'attached
to the mobile object receives the intérrogatory signal
£hrough an antenna, and transmiﬁs-a signal in response to thg
interrogatory signal. = The inferrogator receives the

responding signal and outputs it to the control device which



|ﬂterrogatory signals at different timngs. - i LﬁﬁﬁmﬁﬂBdﬁEET
effbodi nent, the third invention is applled to an uhnpnned tTUCK
i'dentification system The _ 14 OCT 1996
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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 aleng the moving passage cf products and
outputting a respondlng signal from each of the antennas to
the control dev1ce. The control device selects the antenna:
receiving the highest level responding signal. .

"With the _aboveementiened conventional method,
however, the control device is required to switch antennas
while reading the responding signals output from the
interrogator. For the antenna switching period, the control
device canndn read a responding signal, so data communication
is‘inter;npted. |

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 Fig. 9, that shows the general concept of the
second invention, an interrogator 10B has .a first stationary
antenna 12B and a second stationary antenna 14B, and
transmits interrogatory SLgnals selectively through the first
and second statlonary antennas 123 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




invention is applicable to other nobi'le object identificati
as well, including factory process control systemfor
products in the production |line, and in systens

ens
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moving area of the mobile object 16B. The communication area
of each of the stationary antennas 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
stationaﬁy antennas 12B and 14B overlap. The interrogator
10B is designéd to transmit .intérrogafory signals as
controlled by a control device 20B, and to output responding

~ signals received'from the responder 18B to the control device
20B. | |

In Fig. 7, that shows- the construction of the
interrogator 10B, the interrogator 10B 1'_.s connected to the
control deviceIZOB througﬁ an input pin 10Ba and an oﬁtput
pin 10Bb. The interrogator 10B comprises 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 aﬁd second stationary antennas 12B
and 14B are of the same construction, the first stationary
antenna 12B alone will be described in the following, with
the description for the second stationary antenna 14B
omitted. The £first étatibnary antenna 12B comprises a
‘modulator 28B, an oscillator 30B, a circulator 32B, a
aetector 36B and a microsffip antenna 34B. When an
interrogatory sigmal is input from the control device 20B

through the input pin 10Ba, the modulator 28B modulates the



f-or managi ng roomentry/exit. ' ‘Before theg f ' u.;fk
I nventions are expl ai ned, the conventional arts asﬂ%?L% ﬁbsHEET
fourth and fifth inventions and their problens wjlll be detailed @n
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interrogatory signal by a carrier signal given frbm: the
oscillator. 30B, and outputs the modulated signal through the
circulator 32B to the microstrip antenna 34B. When a
fesponding signal is received by the microstrip anteﬁna 34B,

- the detector 36B detects the signal through the circulator
32B, and outputs it to fhe level judging circuit 22B.

The level judging circuit 22B is designed to
receive responding signals. from both first and second
stationary antennas 12B and 14B. The circuit 22B judges the
signal level of each responding #ignalireceived, to identify
the higher level respdnding signal, and sendg.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 antgﬁnas 12B.
and 14B. Based on the judgment result from the level4judging.
circuit 223; thé signal selection circuit 24B selects the
higher level responding signal, and outputs it to the control
device 20B through the demodulator 26B and the output pin
10Bb. '

The control device 20B controls commands to be
output from the interrogator 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 sigmnal received by a mobile
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by the license plates attached to its front
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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 micro.strip
antenna. 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 unit 38B interchanges data
Witn a data memoty 46B. Each component of the responder 18B
is fed with power by a battery 48B. | |

Now, the operation of the second inventinn,'having
the above—mentioned construction, will be described.

The control device 20B outputs -intarrogatory
signals intermittently to the interrogator 10B, so that the.
first and second statiomnary antennas 12B and 14B transmit the
1nterrogatory SLgnals.

When the mobile object 16B enters the communlcatlon
area of the first stationary antenna 12B, the responder 18B
attached to the mobile ob]ect 163 receives an 1nterrogatory
s;gnal through the mobile antenna 40B. The responder 18B -
then transmits 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 judgin§ circuit 22B.

At this time, the responding signal <from the

responder 18B is also recelved by the second stationary

antenna 14B and input to the level ijudging circuit 22B.

However, the responding signal from the second stationary



(or to the rear alone for a two-wheeled véhicles), fr

vehicl e inspection | abel to be updated three years ER&AGBMEN&JBHEEBe
thereafter every two years in general, and fronm the reqgurar

i nspection and mai ntenance | abel indicating 14 OCT 199
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antenna 14B has lower signal level than the responding'signal
fron the .first stationary antenna 12B. Accordingly, the
level judging circuit 22B reckons that the responding signal
input from the first stationary antemna 12B is higher, and
outputs this result to the signal selection circuit 24B.
Based on this result; the signal selection _circuit. 248
selects the responding signal from the first stationary
antenna 12B, and outputs it to the demodulator 26B. The
demodulator 26B demodulates the responding SLgnal to obtain
the ldentlflcatlon number, and outputs it to the control
device 20B. .. o .

The control device 20B checks if the identification
number is appropriate. If it is, the control device 20B
outputs an interrogatory signal containing a data write
command or a. data read command through the first and second
statlonary 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.eommunication areas of the first and
second statlonary antennas lZB and 14B, the signal level of
the responding signal from the second 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.

tory

and
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10. Then, the signal selection circuit 24B selects as shown
by (c) of Fig. 1Q 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, éfﬁer the
timing "“A," the céntrol device 20B controls data
communication based on the responding 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 of the two
signals received by the first and second stationary antennas
12B and 14B. Therefore, although the responding signals
received by the first and second stationary antennas 12B and
14B change ag thé mobile object 16B moves, the control device
20B always receives the higher level responding'signél.

Thus, unlike the conventional communicatioﬁ system
in which a control device is provided with a means for
selectiﬁg 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, communication 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



front windshield. Al of the above infornation'.ﬁEFLACEMENﬁiSHEEﬁ

t he

vehicle is checked visually. Wien a vehicle is noving, =t—ts—drffrcujtito

check the above information visually, particularly af
non-contact information card is conventionally known

[ %) T, 3%

radi o conmuni cati on. Wen this infgrmtion card fslfor a.vehicl

d}iver holds up the card to face it toward an interr
informati on reader, or places it on the dashboard, t

gator .or other

the interrogator. |If this information card retained. vehicle
i denti fi calpposatht ip seh tBirde ihvemsioontand sthapEd preklams fvikd &e each

vehi cl e,

the vehicle registration nunber shown
described in detail in the following.

The mobile object identification system has many
applications, one of which lis for unmanned trucks in a
factory. This system comprises a tag unit mounted ‘as a
responding unit on eaéh 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 vaﬁious 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.

Edch antenna unit is designed to traﬁsmit a carrier
waﬁe of a specified frequency as modulated by an
interrogatorf siénal, and then an unmodulated carrier wave ﬁo
its communication area. When an unmanned truck enﬁers the
communicafipn area, the tag unit attached to the truck
feceives an interrogatory signal. The tag unit then
generatés a responding signal for various data, such as tﬁe
article “identification code, to answer the interrogatory
signal, modulates the unmodulated carrier wave received

following the interrogatory signal, using the responding

signal, and transmits the responding signal-modulated carrier

wave.
The antenna unit receives the responding signal,

which enables the unit to identify the tag unit of the

he



on the license plate, and the expiry date of the mandatory inspection
certificate, the information card could be used to provide the identifying

i nformation specific to each vehicle. I n such application,
however, since the information card is not fixed conpletely to the as
opposed vehicle, it can be takgpn and used for other vehicles.

Consequently, the information stored in the information card does not
al ways conformto 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 fas SAld/ed Li& aPO¥E PO Efough its communication area,

determine the articles being carried by the truck, store new
data and/or control unmanned truck operation.

If unmanned trucks are allowed to move in a large
area, it 1is 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 communication area
into blocks and installing a plurality of aﬁﬁenna uniﬁs to
cover the blocks. | .

Howevef, if the antenna units 10C and 12C are
arranged so that the communication areas 14C and 16C overlap,
as shown in Fig. 18, wave interference can oécur.
Specifically, if an unménned-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 aﬁtenna units 10C
and 12C. 1In such a case, the two signals interfefe with each
other, poss;bly disabling the tag unit 22C for communication.

To avoid this problem, the antenna units.loc and
12C may be arranged so that the communication areas 14C and
16C do not overlap, as shown in Fig. 19. However, this
arrangement forms a dead zone for communication between
coﬁmunication areas 146-and 16C. If an unmanned truck 20C
enters this dead zbne, the tag unit 22C of the truck 20C will

not be able to communicate through either of the antenna

units 10C and 12C. o REPLACEMENT SHEET

l
14 OCT 1996 |
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An enbodi ment of the fourth invention is described bdl
view of the electronic nmandatory inspection

“an enbodi ment of the fourth
i nventi on. _
into a visible information Iayer 2Da ang an el ectroni
2Db, which are joined with - '

gener al

The el ectroni c nandatory inspeCtion | abel

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

However, when different communication pericds are

allocated to each of the several antenna units, that is, when

the communication period is time-shared by the éntenna units,
each antenna unit can be used for communication oqiy dﬁring'
the allocated period. If the system involves a iargé number
of éntenna units, the cycle of the communication period for
each antenna unit will be long. For the tag unit of an
unmanned truek tS communicate properly while it is ruaning 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 referenée to Figs. 11 through 17. 1In this

embodiment, the third invention is applied to the

identification system for unmanned trucks.

In Fig. 12, showing the 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




adhesive so as not to be easily separable. The visible iu& ornatlon Iayer
2ba may be nmade of paper, with printing of |nfornat|on,,|mE%L YSpLe

i'ndi cating the nonth of expiry of the mandatory inspegdilf=Ven

certificate. The electronic circuitry layer 2Db incqgrp
responding circuit 3D which sends andijgecei ves el ectrofig
The el ectronic mandatory inspection Iabel 1Dis fixed
wi ndshield 7Da of a vehicle 7D, as shown in Fig. 21, ufing aar
that it cannot be renoved, or using an appropriate cha¥

materi al that | eaves clear evi dence of , renoval The _ el ectror
nandatorygatﬁsééﬁlkﬁlLQ&EﬂEQIﬁEoﬁﬁﬁnﬁ@&F&§lﬁptPoﬁﬁFéPPo@ﬁxﬁgﬁ EinaY

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
as shown in Fig; 11, which explains the general concept of
the third invention. The overlapping zones are.denoted 40Ca, .

_ 46Cbh 40Cc and 40Cd, respectively.

Referring ‘to Fig. 11, the antenna units 36Ca
through 36Ce are connected to a _éontroller 42C. The
controller 42C not only controls data transmission/reception
of the antenna units 36Ca through 36Ce but alsd seﬁds'
communication data to and receives sﬁch data from a-signal
processor 44C, which may be a host computer. Eaﬁh unmanned
truck 30C haé a tag uniﬁ 46C as a responding unit storing
various data. When an unmannéd truck 30C passes through the
gate 34C, this tag unit 46C communicates with one of the a-
ntenna units 36Ca through 36Ce, as will be described later.

'Fig. 13 showé the electrical construction of the
invention. The construction of the antenna unit 36Ca is
described. The antenﬁa unit'BECa comprises an antenna 48C

for transmitting/receiving signals, a modulation circuit 50C,



(described | ater)

fixing position of the electronic nandatory inspection jads

shown in
behind t
posi tion,

this position is outside the moving range (indicatec
doubl e-dashed lines in Fig. 21) of the wi ndshield w per

t he net al
bet ween t

Fig. 21, the upper center of the front w ndshield
he rearview mrror RM as viewed fromthe driver'
the | abel does not obstruct th driver's view.

used in the w per arms has mninmal influence op_
he responding circuit 3D and an interrogator 8D. .
an oscillator 52C, a circulator 54C, a mixer 58C, and
reception circuit 56C.

The antenna 48C is composed of batch antennas
realized by microstrip lines formed on PC boards; these batch
antennas are arranged in multiples to form an array antenna

for improving directivity and to accommodate long-distance

communication.

The modulation circuit S0C modulates carrier wave °

with a frequency of f1 (generated by the oscillator SZC) by

an interrogetory 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 this invention so that
semi-microwaves in this frequency band are output as carrier
waves. The oscillator 52C outputs semi-microwaves at a
frequency of £1 in this frequency band. The antenna 48C is
adapted to selectively receive only radio waves ‘with a
limited frequency of £1 set by the oscillatof 52C.

The reception circuit 56, which carries out signal

. processing such as demcdulatlon, is connected to the mixer

58C. The mixer 58C receives not only carrier waves from the
oscillator 52C but also radio waves as opposed to a

responding signal from the antenna 48C through the circulator

'54C., The carrier and radio waves as opposed to a responding

signal are synthes:.zed by the mJ.xer 58C and input to the

reception circuit 56C where the synthesized signal ' is

installed al ong a road. - The nost preferable



-47 - The construction of the responding circujt 3Dis now

described in detail, with reference to Fig. 22. The r¢gsgonging circuit
3D conprises an IC chip 21D for processing internal info i on, an
antenna 22D for receiving interrogatory signals S} 1Lting
responding signals S2, and a built-in gattery 23D for | t he chip

21D. The I C chip 21D conprises a detector 2

demodulated to obtain a responding signal. - The demoduléted
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
osci;lation frequency of thé oscillator 52C is different in
each antenna unit. Specificélly, while the oscillation
frequency of the oscillator 52C for the antenna unit 36Ca is
set at £1, the oscillators 52C for the antenna units 36Cb
through 36Ce are allocated narrow frequency bands which do
not overlap, as.denoted by £2 thfough £f5 in Fig. 14. 111
these frequencies £f1 through £5 are within 'Ehe specified
frequency band méntioned earlier, énd are allocated to the
antenna units 36Ca through 36Ce so that the oscillation
frequency for an antenna unit is as different as possible
from thése fér the adjacent antenna units, as shown in Eig.

14, _

In the conﬁrolle: 42C, a unit control circuitlsoc
is connected to tﬁe modulation circuit 50C and reception
circuit.56C of each of the antenna units 36Ca throuéh 36Ce,
to output interrogatory signals at a specified timing
mentioned later, aﬁd to receive responding signals. The unit
control circuit 60C is connéctgd to the signal processor 44C
through an interface circuit 62C. A power circuit 64C is fed
‘'with power from én AC power supply (not shown). When_power
is supplied, the power circuit.é4c converts it to a specified

DC voltage, and applies the DC voltage to the unit control



referred to as the CPU) 2l [d, a cl ock generator 2| De,
2IDf. The detector 2| Da takes out information from ardf i

signal Sl received by the antenna 22D. The |evel corrprto
reception of the interrogatory signal shased on the sifna
fromthe detector 21Da, and supplies power to each cir
21Dc stores vehicle |nforrrat|on such as frame nunber, daree

i nspection.certifi
(1icense BEEEShy r@g) %&%1@%@%@% ;%%\Z‘%é "Pogngl 8rI 88,
conparatot 21PB.. srasrm tt%r%ualhg@%beaccordl ng to the information stored

in
In the tag unit 46C as a responding unJ.t, an

antenna 66C, composed of a mlcrostrlp 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 f1 through £5 output froﬁ the
aﬁtenna units 36Ca thfough 36Ce.

A contfol circuit 68C includes CPU, ROM, RAM etc.
It is designed to receive intérrogatory sigﬁals, and to
output various data, including the identification code, in
the form of responding signals to the interrogatory signals,
accdrdiﬁg to the stored program. The control circuit 68C is
connected in two ways to +the antenna 66C: through a
transmissionf_cifcuit 70C, and through a receptiqn .circuit
72C. |

The transmiséion circuit 76C modulates the
unmodulated carfier wave received through the antenna 66C, by
a'responding signa1 output from the control Cirquit 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.



the menory 2l Dc. The cl ock generator 2| De generates cl
operate the CPU 21Dd. The nodul ator 21Df nodul ates thef{in
S1 using the signal output fromthe CPU 21Dd,
respondi ng signal S2 through the antenna 22D.

I nterrogatory signal S1 sent frogg-an interrogdgtar
by thhe responding circuit 3D through the antenna 22D.
t he | evel

si gnal

si gnal ,

The operation 6f the third invention is described
below with reference tb Figs. 15. through 17. The unit
coﬁtrol circuit 60C of the controller 42C outputs
interrogatory 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 antenna _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 froﬁt the
oscillator 52C by an interrogatory signal output from the
controller 4-2C, and sends it- in the form of a microwave
signal thréugh. the antenné 48C to the | appfopri—ate
éommunication area 38Ca through 38Cé. | .

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 responding
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 carry out modulation in the period

"tb* when interrogatoi:y signals are not given from the

controller 42C. During this period, the carrier wave from



-48-

cfock generator 2l De. Then, the CPU 21Dd interprets andﬁi'

command contained in the interrogatory signal S1. If

internal]l]y stored data, the CPU 2|l Dd operates to nod :a e
interrogatory signal S1 by the informgpi.on stored infgtife

to transmit it as an internal-information-bearing re§

t hr ough
descri be

t he antenna 22D. Now, the followny
an interrogator 8D which outputs radio waves to the
the oscillator 52C is output as unmodulated to each of

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 Tl.

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 area 38Ca, the tag unit 46C communicates'by the
following method;. The tag unit 46C receives radio waves-by
the antenna 66C. The reception circuit 72C démodulateé the
radio waves to an inﬁerrogatory signal, and sends the signal -
to the control circuit 68C. |

Détermining that the interrogatory signal is from
the antenna -unit 36Ca, the .control ‘circuit 68C outputs a
reéponding signal of  the ‘identification <c¢ode to the
transmission circuit 70C. At this time, the anteﬁné 66C 1is
receiving an uﬁmodulated carrier wave from the antenna unit
36Ca, and ié sending it to the transmission circuit 70C. The
transmiésion circuit 70C modulates this carrier wave by the
respondihg signal, and reflects the modulated carrier back
for transmission. . '

The antenna unit 36Ca receives the reéponding
signal radio wave through the antenna 48C, thereby
identifying the tag unit 46C..'More specifically, the radio
wave received by the antenna 48C 1is input through the

circulator 54C and the mixer 58C to the reception circuit




ctrcuit 3D to obtain vehicle information. : The
i nterrogator 8D is to transnmit interrogatory S|gnals
responding signals S2 from the above-nentioned el ectfoific
i nspection label 1D. As shown in Fig. 23, thefinte
conprises: a carrier generation circuigp. D to generate
modul ator 12D to produce an interrogat.ory signal- S1 by supeg
information on the carrier wave;- a circulator 13D to separate
waves fromreceived waves; an antenna 14D as the entrance and -exit
el ectronageet, i ovlvewes ita e ndembdu batéd Dtoo th&kerespondahgr retgmal f and t he
recei ved waves of a respondi ng signal

sent to the controller 42C. The unit control circuit 60C of

the controller 42C then inputs the 1dent1f1catlon code data
of the communicating tag unit 46C through the lnterface
circuit 62C to the signal processor 44C. |
To continue communicating with the tag unit 46C,
the controller 42C controls the antenna unit 36Ca to output
an interrogatory signal during the next interfogatory signal
output period. 1If the interrogatory signal includes a write
command instfucting the tag unit 46C to stofe certain data,
the control circuit 68C of the tag unit'4ﬁc'cafries out the
pfocessing to write the data to the data memory 74C. If the
interrogatory signal includes a read command instructiné the
tag unit 466 to read certain data, the control circuit 68C of
the tag uni§j469 carries out the processing to read the data
from the data memory 74C, and duiput it fqr communication.’
Now the operation of the present inveﬁtion is
described for .the case in which. the tag unit 46C of an
. unmanned truck 30C pasﬁes through the overlapping zone 40Cc,
between‘the communication area 38Cc of the antenna unit 36Cc
and the communication area 38Cd of the'antenné unit 336Cd, as
shown in Fig. 16. Since the interrogatory signal output
timing of the antenna uﬁit'SGCd lags by T2 behind fhat of the
antenna unit 36Cc as déscribed éarlier, the tag unit 46C in
the overlapping communication.éone 40Cc receives the radio
wave of an interrogatory signal from either the antenna unit

36Cc or 36cCd.



Sz, a S|gnal processor 16D to control "the nodul ator 12D and
15D to process information; and an external interface 17D
‘communi cat es necessary information of the received respon

an, upper

pr.ocessing system (such as the system pgpagenent conputer,
Fig. 25).

i nformati on

The tag unit 46C may receive thg'radio wave of an
interrogatory signal from the antenna unit 36Cc first. The
contrdl 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 unmodulated carrier wave received from
fhe antenna unit 36Cc through the antenna 66C, and feflects
it back for transmission. At the time of responding, K signal
transmission, the'antenna 66C may receive an interrogatory
signal radio wave from the antenna unit 36Cd because the tag
unit 46C is p051tloned in the overlapping communlcatlcn zone
40Cc.

In such a case, the responding signal radio wave
being transmitted from the antenna 66C to the antenna unit
36Cd is also transmitted to the antenna unit 36Cd, and the
interrogatory signal from the antenna unit 36Cd is moduiated
by a responding signal and transmitted to both antenna units
36Cc and 36Cd. However, since the frequencies of radio waves
transmitted from the antenné 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 frequency of £3 alone.

Furthermore, by including 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



The signal processor 16D is conposed of a CPU 16Da which j
to control communication, and a systemidentifying infor
bl ock 16Db which sets the identification nunber for the
16Db is * conposed of a PROM 16Dc to store systemidentif
Having the circuitry construction nmentygned above, the in
operates as foll ows. An interrogatory signal S1 to be

from

t he

interrogator 8D is produced in the nodul ator 12D by nodu

the carrier wave fromthe carrier wave generation §ircuit | 1D. -l n ot her

wor ds, thée&ﬂﬁﬂiﬁﬁnVFFﬁﬁ?Fh§49gﬁ%ﬁnal is™ intende

f6r that antenna
unit.

Thus, the tag unit 46C responds only to the
interrogatorf'signal from the antenna unit 36Cc -- the-éignal

received first =--, communicating with the antenna unit 36Cc.

After completing communication with the antenna unit 36Cc, if

the tag unit 46C remains in the oﬁerlapping zone 40Cc, it
will accept the inferrogatory signal from the antenna unit
36Cd and communicate with it. Therefore, the tag unit 46C
can communicate. with the antenna units 36Cc and 36Cd
accurately, without radio interference between the antenna
units. | _

Furthermore, since. the communication time is not
divided between the antenna units 36Cc and 36Cd as it is for
conventional time-sharing communication, each antenna unit is
not limitedlin communication time. Consequently, even when
the - unmanned' truck ioc is mbving at high speed in the
overlapping communication 2zone 40Cc, the tag-unit 46C has
sufficient communication 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 unmanned 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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processor 16D to the nodulator 12D is superposed on the
signal S1. The interrogatory signal Sl1 thus produced

circulator 13D, and is radiated into the air through tje&
When a responding signal S2 is returned fromthe respadqdi ng
the electronic mandatory inspection |ahgl 1D, the interr i
It by the antenna 14D. The responding signal S2 is then input -
circulator 13D to the denodul ator 15D, which extracts infornmation
the responding signa] S2 and_gives the information _to the signal, processor

16D. The SifFRgFtindbordirated BY Jehe HEPhel R iF¥Dr el e &RE ARGutdEG ¢

~if necessary, to the external . .
kggps communicating with both antenna units 36Cc and 36Cd,

without inte;ruption due to change in the communication area.
By maintaining communication with both antenna units 36Cc and
36Cd, the tag unit "46C can always exchange signals with
either of the anﬁenna uﬁits 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 earlief, to prevené duplicate daté writing; if
duplicate data writing is not antic}pated,- it is  not
necessary to stop communicating with the other antenna uﬁit.
Thus, according to the above embodiment of the
third invention, while the five'antenng units 36Ca ‘through
36Ce, providing communication areas 38Ca through 38Ce,
respectively; afe set with the communication areas of the
adjacent antenna units overlapping, the oscillators 52C of
the five aqtenha units 36Ca through 36Ce are allocated with
different narrow bands of oscillation frequencieé £f1 through. -
fs;fand'the controller 42C controls the_antenna units 36Ca
tlhirough 36Ce so that the adjacent antenna units providing the
overlapping communication zones 40Ca through 40Cd output
interrogatory signals aﬁ different timings, with the lag T2.
' As a result, each of the antenna units 36Ca through 36Ce can
.communicate accurately and prométly with the tag unit 46C of
an unmanned truck 306 passing through the respective

communication areas.



interface 17D. ° The signal procesSbr 16D al so-carries out

-50 - I nternal processing based on the control instructi
other information input fromthe external interface 17D,
transm ssion data to the nodul ator 12D. Usi ng t jle

8D,

It

ahove-nentioned el ectronic mandatory iggpection |abel 1Dfand |
I's possible to 2

In the above embodiﬁent,. the antenna units 36Ce
through 36Ce are positioned sd that the communication' areas
of adjaceﬁt antenna units overlap.  Alternatively, the
antenna units 36Ca through 36Ce may be positioned so that the
communication areas of three or more of the antenna units
overlap. In such a case as well, communication can be
accurate, without any radio interference, if the antenia
units 36Ca through 36Ce arel controlled to - output
interrogatery signals at different timings. |

In 'the.'above embodiment, the thifd' invention is
applied to an unmanned. truck identification .system. The
invention is appiicable to other mobile object identification
systems as well, including factory process control system for
control of products in the production line, and in systems
for managing room entry/exit. |

Before'.the fourth and fifth inventions -are
explained, the conﬁentionalgarts as opposed to the fourth and
fifth invenpions and their problems will be detailed in the
following. '

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 inspeetion label to be updated three years

after purchase and thereafter every two years in general, and

from the reqular inspection and maintenance label indicating
that the vehicle has undergone regular inspection and

maintenance. These labels are attached to the inside of the




realize t
(Fig. 24)

on a toll.

Rl and st
person P.

mandat ory inspection .| abel 1D approaches the tollg gate T,

he systens given bel ow ' (1) Toll road
When an ordinary vehicle B approacheg® g

road TR, the vehicle Bis required to run al ongf
op in front of the toll booth 27D to pay the t§
Meanwhi | e, when aggehicle A bearin

run al ong the second lane R2 to pay the toll; the |nterrogator
i nstal |l ed above the second_ | ane reads the ane nunper other
vehicl e ExPBtmat¥ERASEISIR - t he lél e@% onfRe ma Sf’Sry . 1"r-’d?P | ab®F 1D

of the vehicle A
identifying the vehicle is checked wvisually. When a vehicle

is moving, it is difficult to check the above information
visually, particularly at night.

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

Inlsucﬁ application, however, since the information
card is not fixed completelf ﬁo the as opposed 'vehicle,
it can be ;aken and used for other vehicles. .Consequentlf,
the informatibn stored in the information cérd does not
always conform to the identifying information Spelelc 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 ié a general view of the electronic mandatory

inspection label 1D according to an embodiment of the fourth



and judges the vehicle A adnissible to the road, based on
registered in the system managenent conputer (not shown)

the toll
I f readl

thus enabling the systemto give tol|l discounts to vehigkg
using the toll road. (2) I'ncom ng/outgoing vehic

syst em of

my be paid from the -designated bank accoupft
nformation is stored in a database, it is pos

a parking lot (Fig. 25) _ _
invention. The electronic mandatory inspection label 1D is

roughly divided into a visible information layer 2Da and an
electronic circuitry 1layer 2Db, which are joined with
adhesive so as not to be easiiy separable. The visible
information layer 2Da may be made of paper, with printing of
information, including a figure indicating the month of
expiry of the .mandatory inspection certificate. The
electronic circuitry layer 2Db incorporaﬁes ‘a responding
circuit 3D which sends and receives electronic informaéicn.

Thé eiectronic mandatory inspection label .1D 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 evidénce of removal. .The electronic mandatory
inspection 1label 1D éommunicates with interrogators 8D
(described later) installed along a road.

The most .preferable - £fixing position of the
electronic mandatory inspection label 1D is, as shown in Fig.
21, the upper center of the front windshield 7Da, just behihd
the rearview mirror RM, as viewed from-the driver’s seat. 1In
thls position, the label does not obstruct the drlver ] v1eﬁ

In addition, this position is outside the moving range

(indicated by the chain double-dashed lines in Fig. 21) of

the windshield wiper arms WP, so that the metal used in the

w1per arms has minimal lnfluence on communication between the .-

responding circuit 3D and an interrogator 8D.



-51-

i hspection label 1D is to enter a parking lot, thg/
install ed at the upper part of the entrance reads the frai
ot her vehicle information of the vehicle Cfromthe el edt
i nspection |abel 1D. The vehicle infqygation read by thg

I S I nput

interrogator 8D. |If the frame nunber of the vehicle C has

When a vehicle C bearing the electronic

to the system managenent conputer 30D connected ™

The construction of the responding circuit 3D iebn
now described in detail, with reference to Fig. 22. The
respooding circuit 3D comprises an IC chip 21D for processing
internal information, an antenna 22D for receiving
interrogatory signais.Sl and transmitting'responding‘signals
S2, .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 geherator

21De, and a modulator 21Df. The detec{:or 21Da takes out
information from an interrogatory signal S1 reoeived by the'
antenna 22D. The level comparator 21Db oonfirms reception of
the interrogatory signal based on the signal level data sent
from the deteoror 21Da, and supplies power to each cirouit.-
The memory 21Dc stores vehicle information such as frame
humber, data on mandatory inspection certificate expiration,

and vehicle reglstratlon number, (license plate number) When

‘the CPU 21pd 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 S1 using the signal output from,the

CPU 21Dd, and transmits it as a responding signal S2 through
the antenna 22D.

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

through the antenna 22D. Receiving this signal, the level



been regi stered as a custoner of the parking lot, the conput
the vehicle C as a custoner, based on the i nput i nfornation
barrier gate 32D. The vehicle Cis thus all owed
parking |ot w thout paying the parking charge at the entrg
may be paid fromthe designated bank acg®unt on a |ater d4
of the toll road accounting system _If read information is s\ :
database, it is possible to obtain nDntth data on how nany tines
vehicle has wused the parking lot, thus enabling the systemto give

di scounts on parking charges to vehi cl es frequently using the parking |
comparator 21Db starts to supply power to the CPU 21bd and to

ot~

the clock generator 21De. Then, the CPU 21Dd interprets and
executes the command contained in the interrogatory signal
Sl. .If the command demands internally stored data, the CPU
21Dd operates to modulate the interrogatory signal S1 by the
information stored in the memory 21Dc and to transmit it as
an internal-information-bearing responding signal S2 through
the antenna 22D. ' | ,
Now, the following paragraphs describe an
interrogator 8D thch outputs radio waves to the responding
circuit 3D to obtain vehicle information. |
| The means of the interrogator 8D is to transmit-
interrogatory signals S1 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 ci:éﬁit 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
electromagnetic~'ﬁa§es; a demodulator 15D to take out
information from the received waves of a responding signal
S2; a sigmnal proceséor'lsn to control the modulator 12D and
demodulator 15D to process information; and an external
" interface 17D which communicatéé necessary information of the

received responding signal S2 to an upper information



;
T

hen a vehicle D
to enter the
nslnnl d at the

(8) Regul ar custoner sensing system (Fig. 26)
bearing the electronic mandatory inspection |abel 1D
parking lot of a departnent store, the interrogator
entrance, reads the vehicle information fromthe | abel 1
information indicates that the visit@y. is a special
the system nmay show a vacant

ﬁrocessing system (such as the system management computer 30D
shown in.Fig. 25).

The signal processor 16D is composed of a CPU 16Da
wh;gh includes programs to control communication, and a
system—identifying 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 mentiqned.above,
the interrogator.BD operateé as follows. |

An' interrogatory signal S1 to be traﬁsmitted from
the interrogator 8D is produced in. the modulato#'.lzD by
modulating the carriér wave from the carrier wave generation
circuit 11D. In other words, the data sent from the signal
proéessor' 16D to the -modulator. 12D is superposed on th§
interrogatory signal S1. The interrogato:y signal S1 thus
produced is sent through the circulator 13D, and is-rédiated
into the air éhrough the antenna 14D.

" When a responding signal S2 is returned from the
responding circuit 3D of the electronic mandatory inspection
label 1D, the interrogator 8D receives it by the antenna 14D.
The responding signal 82 is then input through the circulator
13D to the demodulator:lsn, which extracts information from
;he respondiné signal S2 and gives the information to the
signal processor 16D. The sigﬁél processor 16D processes the
information, and outputs it, if necesséry, to the external

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



par ki ng space number on the gui deboard 41D, and informthe

custoners section of the visit of the special regular cusyo

di spl ayi ng such on the indication board 45D, thus enabl

charge to neet the custoner pronptly. (4) IIIeaa

control by the police In caorprolling illegal pa R0

can collect vehicle information (frame nunbers, I|icense plates
etc.) wusing a portable handy terminal that incorporates the
interrogator 8D. This tool elimnates the need to fill out documents

pens, all ewkagneachppotessimg Basedoohr othea dczmgmlnummsrtrmfctﬂdregahﬂy ‘
par ki ng vehicl es

various other information input from the external interface
17D, and sends transmission data to the modulator 12D. |
Using the above-mentioned electronic mandatory
inspecﬁioq 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 toll gate 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 inspection label 1D approaches the tollg gate T, it

has only to run along the second lane R2 to pay the toll; the
interrogator;BD installed above the second lane R2 reads the
frame number and other vehicle information from the
electronic mandatory inspection label 1D of the vehicle A,
and judges the vehicle A-adﬁissible to the road, based on the
information registered in the system management cbmputer (not
shown);‘ In this case, the toll .maY. be paid from the
designatéd bank account on a later day. If read information
is stored in a database, it is possible to obtain monthly
data on how many times éach vehicle'has-passed the toll gate
T, +thus enabling the system to give ¢toll discounts to
vehicles frequently using the toll road.

(2) Incoming/outgoing vehicle management system.of

a parking lot (Fig. 25)




efficiently in a short period of tine. . (5) Copit ol
of vehicle mandatory inspection certificate expirationf
i‘nstalling the interrogator 8D above or on the side ‘
police can control vehicles whose nmandatory inspec
have expired. Wth radio waves transmnigited to each oncomms
interrogator 8D reads at | east the frane nunber and the.expira
the mandatory inspection certificate fromthe electronic nandatory
i nspection | abel 1D attached to the vehicle. Based on the information¥thus

read, the police cagydd iverdcie Febedr@tg tHWVEIdEOIHiy, mah@atbrg such

I 11 egal vehicles,
inspection. label 1D is to enter a parking 1lot, the

interrogator 8D installed at the upper part of the entrance
reads the ffame 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
té the system managemen;c éomputer 30D connected with the
interrogator 8D.l If the frame number of the vehicle C has
been registered as a customer of the parking 'lof, the
computer 30D judées the vehicle.c as a customer, based on the
input information, and opens the barrier gate BZD.

The vehicle C is thus allowed to énter the parkiﬁg
lot without paying the parking charge at the entrance. The
charge may be paid from the designated bank account on a
later day as in the case of the toll road accounting system.
If read infgrmation is stored in a database, it is possible
to obtain monthly data on how many times each vehicle has
used the parking lot, thus enabling the system to give
discounts on parking charges to vehicles frequentiy using the
parking—lot.'
. (3) Regular customer sensing system (Fig. 26)

Wwhen a vehicle D bearing the electronic mandatory
inspection label 1D ié to enter the parking lot of a
department storé, the interrogator. 8D installed at the
éntrance reads the vehicle inféfmation from the label 1D. If
the vehicle information indicates  that the visitor is a

special regular customer, the system may show a vacant



policenen have been required to visually read the nonth of
qhndatory vehi cl e i nspection | abel 55D (Fig. 27). The
application of the fourth invention relieves policen
troubl esome and i nefficient '

work, and is very effective because it. gnables the polic
vehicle information easily, even from a. noving

parking space number on the guideboard 41D, and inform ﬁhe
special custoﬁers section of the visit of the special regular
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.) ‘using a portable handy terminal that
incorporates the interrogator 8D. This tool eliminates the
need to £ill out.documénts with pens, allowing each policeman
to control a large number of illegally parking vehicles
efficiently in a short period of time. | |
- (5) Contrdl by the police of vehicle mandatory
inspection certificate expiration
| By;instélling the interrogator 8D above or on the
.side of roads, éhe police can control vehicles whose
mandatory inspection certificates have expired. Wifh radio
' waves'transmitﬁed to each oncoming wvehicle, the iﬁterrogator
8D reads at least the frame number and the expiraﬁion date of
the maﬁdatory inspection certificate from the electronic
mandator& inspection label 1D attached to the vehicle. Based
on the information thus read, the police can find illegal
vehicles. Conventionaliy, to find such illegal vehicles,
policemen have been required to visually read the month of.
éxpiry on each mandatory vehiéie inspection label 55D (Fig.
27). The present application of the fourth invention

relieves policemen from such troublesome and inefficient



vehicle.
ctim nal

g€scaping vehicle. The electronic nandatory inspection |abel 1D can be

_ _ (6) Crimnal investigation by the police
I nvestigation, the police may be required to detect an

applied to this purpose. In such application, the interrogators 8D are
installed at inportant points of citigy,.. so that information on the
escapi ng vehicle can be obtained and referred to for pursuit. _
Conventional ly, investigators have been required to identify visually the
-characteristic and |icense plate nunber of the escaping vehicle. The

present

In

I nvention_elimnates e need . fo
is very eff®% rvgnge&auggry e%?ecglve bedauz&’ tvéig%lesd%@”f'éfn'énkoand

obtain vehicle information easily, even from a moving

vehicle.

(6) Criminal investigation by the police

In criminal investigation, the polico may be
required to detect an escaping vehicle. The electronic

mandatory inspection label 1D can be applied to this purpose.
In such application, the interrogators 8D are installed at
importaﬁt points of cities, so that information on the
escaping vehicle.can be obtained and referred to for pursuit.
.Conventionally, investigators have been requireo to identify
visually the characteristic and license plate number of the

escaping vehicle. The present invention eliminates the need

‘for such visual identification, and is very effective because

it enables the police to identify the vehicle in question

_easily, even if the vehicle is moving.

The electronic 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 vehlcle, which incorporates
the respondlng 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 passed through the front windshield 51D, and connected to

an on-board battery 59D.




it enables the police to identify the vehicle-in question easily, even if

the vehicle is noving. - The electronic label for a vehicle

according to the fifth invention is described in the follow ng.

Fig. 27 is a general view of the front windshield 51D, as viewed from

i nsi de the vehicle, which incorporates.sqhe responding circuit 53D of the

el ectronic | abel for a vehicle according an enbodi nent of the fifth

i nvention. The responding circuit 53D is integral with a power |ine 57D,

and is enbedded in the front windshield 51D. The power line 57D is

passed t hrough the front wi ndshield 51D, and connected to an on-board

battery 59D. 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 and the
mandatory vehicle inspection label 55D, the responding
éirquit 530 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 windshield wiper arms WP, for the same reason -
as mentioned for the electronic mandatory inspection label 1D
of the fourth invention.

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

The respoﬁding circuit 53D of the fifth 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

T AEPLACEMENT SHEET

14 OCT. 1996

e ———— e e



-54- The responding circuit 53D is e#g ARl D
w ndshi eId 51D at a position, for exanple, behfnfl tT
where the mandatory vehicle inspection |abel [
the mrror RMand the mandatory vehicle inspe¢tio
responding circuit 53D is not visifle frpm

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
;frindshield 51D, as viewed from the lnSlde of a wvehicle, 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
coﬂununieation/power line 57D, and is embedded in the front
windshield 51D. The communication/power line 77D is passed
through the front windshield 51D and connected to the
infofmation 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. S | |

Some methods of embedding the responding circu_it
53D in the front windshield 51D will be described with
reference to Fig. 30. Fig. 30 shows in (a)  thereof a method
applicable when the front windshield is of laminated glass.
In the pfocess of manufacturing the laminated glass, the
responding circuit 53D is sandwiched together with a resin
sheet 51Db between a tdp glass sheet 51Da arid a bottom glass:
sheet 51Dc. Fig. 30 shows in (b) thereof another method. A
recess lS formed inside the front windshield 51D, and the
power line 57D or communication/power line 77D is passed

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



Preferably, the responding circuit 53D is |located in the RE-F)_Q
the front windshield 51D and outside the novi ng range (fin
chai n doubl e-dashed lines in Fig. 27) of the wi ndshielg
the same reason as nentioned for the electronic nmandat pr
1D of the fourth invention. .9¢re preferably,
vehicl e inspection |abel 55D should be attached to thg _
51D in such a position that the upper end portion of tT 3
| aid over the responding circuit 53D, so that the necessary i nT or et
i ncl udi ng tdepdndineg icidiowdtti n§3D hd.s esetr umg thet hrexgedshe slbabkhat5slies
visible, and 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 over the responding circuit 53D, and fixed to the
front windshield 51D using adhesive S51De. 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
J.nventJ.on J.ncorporated into the .front windshield 51D is
mounted on a vehicle, it is also very effectlvely aple.cable
to the toll road account:.ng 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
certificate, criminal investigation by the police etc., as is
the electronic mandatory inspéction label 1D of the fourth
invention.

- The operation of the fifth invention in application -
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 line

77D to the IC card reader. The IC card then deducts one

point from the number of prepaid points, thereby paying the



responding circuit 53D is hidden behind the |-abel 55D. ;
responding circuit 53D of the fifth invention is of the samefcd
as the responding circuit 3D of the electronic mandatory inspef
1D, except that the fornmer circuit 53D does not have a builf-|

23D.  Specifically, as shown in Fig. 28gy.it conprises an anffenna

for transmtting and receiving radi o waves, an IC chip 62D

i nt er nal

i nformati on, and a power

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

In the applic&tion to the incoming/outgoing.vehicle

-management system of a parking of Fig. 25 as well, if the

responding circuit 53D is ' connected with the 1IC card

-reader/writer to enable the interrogator 8D to réad the

credit number, the 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 may be positioned in the
upper left :'corn'er of the £front windshield 51D, where the
regular check and maintenance label 56D is attached as shown
in Fig. 27. 1In this position as well, the responding circuit
53D is outside the moving rénge (indicated byl the chain
double-dashed lines in Fig. 27) of the windshield wiper arms
WP.

In the present embodiment of the fifth invention,
the responding circuit 53D is embedded in the front

windshield, for convenience in communicating with an

Iinterrogator 8D and on the assumption that vehicles normally

move forward. The responding circuit 53D can be embedded in

the rear windshield or a window glass without affecting the




°55 - line 57D for supplying power to drive the IC ch
afranged on a transparent PET substrate 60D. Fig.
anot her general view of the front w ndshield 51D, as view
inside of a vehicle, in which the responding circuit 53
another information processor 70D, -sgich nmay be a
reader/witer. In this case, as shown, the respondi circuit
S integrally connect ed W th a conmuni cation/ power

and i s ertgidert | i N g OBhvelib 283N © HoRdbr, ToHHMHN 05 | ALPOYST, [TTe

77D i s passe
invention is applied to various police control systems, as

mentioned 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 si&e-panel to open the window, the metal
of the side panel hampers communication between +the
responding circuit 53D and the interrogator 8D.

According to the present embodiment of the fifth
invention, transéarent PET is used for the substrate of the
responding circuit 53D, as shown in Fig. 28. ther maﬁerial,
such as resin and glass, may be used instead of PET as long
as it is transparent.

| Now, a second eﬁbodiment of the fifth invention
concerning the responding-circuit-incorporating windshield
51D is deséribéd in the followiﬁg. Fig. 31 shows the
electrical cqnstruction of the second embodimént. As shown,
the égconq embodiment . comprises an antenna 101D, an
information processor 104D, a shield wire 107D coﬁnecting the
antenné’lOlD with the information processor 104D,'a powér
supply 106D, and an actuator 105D. The information processor -
104D is composéd of an RF 'processing_ IC 102D and a
reader/writer (hereinaffer referred to as R/W) 103D which
exchanges data with the RF processing IC 102D.
' The R/W 103D may beién IC card R/W or a magnetic
card R/W. For the shield wire 107D, a shielded wire, not an

ordinary wire, is used. to protect the system from noise



through the front w ndshl eld 51D and connect ed to the inforf
pfocessor 70D, which is connected to the on-board battery j
a floppy disc, a reloadable optical disc (conpact disc), of
rel oadabl e t ool may be used as information processing nedi§
i pf or mati on processor 70D. . $wme et hods of enbg
responding circuit 53D in the front w ndshield 51D will bg

when the front Wi ndsh| eId is of lam nated glass. 1In the p
nmanuf act urgegetated abetweed ghessantiemna ridbrahdgtber RE| tprmsang IC
~sandwi ched together with a resin

102D. The actuator 105D is, for example, a driver’s seat
position 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
mirréruRM, where the mandatory vehicle inspection label 55D
is é.ttached., or at a position where the regular check and
maintenance label 56D is attached, so that it does not
obstruct the di:i\}er’s view, as shown in Fig. 32. The antenna
101D is connected to the information processor 104D housed in
_the dashboard, by the shield wire 107D .laid around the fromnt
windshield 111D.

As shown in Fig. 33, the RF processing IC 102D of
the infomqtién précessor 104D includes two different
memories 113D: an EEPROM 114D whose data can be rewritten
electrically but cannot be erased or changed by dN/OFF of
power supply or by ultraviolet ray radiation; and an SRAM
115D whose data can be réset (erased) by ON/dE"F of power
.supply.’ The identifying inférmatioﬁ specific to a wvehicle,
such as i:he license pléte number, and the expiration date of
the mandatory inspection certificate, is stored in ﬁhe EEPROM
114D. Information on an indi&idual person such as the
person’s identification number for a membership athletic
club; and the registration_. ._number for the toll road
accounting system of Fig. 24 or for a f:arti_cular parking

space of the incoining/outgoing vehicle management system of a



sheet 51Db between a top glass sheet 51Da and-a bottom gl ass
Fig. 30 shows in (b) thereof another method. A recess is for
front windshield 51D, and the power line 57D or communicatio
77D i s passed through the glass to a position under the rec
- 56- responding circuit 53D is set jgplthe recess so that

parking lot (Fig. 25) is stored in either the SRaM 115D or
the EEPROM 114D. The information processor 104D is equipped
w1th a ten-key board so that individual lnformatlon can be
called from the EEPROM 114D by inputting the appropriate code
number.

The operationfoffthe second embodiment of the fifth
invention is described in the following.

When the relevant ovehicle is registered, the
vehicle registration number, the expiration date of the
mandatory inspecﬁion certificate and other data oéecifio to
the vehicle are input to the EEFPROM 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,l'or
through the  antenna 101D embedded in the front windshield
111D by sending radio waves to the.antenna 101D. The data
thus input oan..be ‘changed only by officials of the Land
Transportation Bureau at the time of vehicle mandatory
inopection or feregistratioh, and cannot be changed by other
individuals. '

Prior to using the vehicle for the first time, the
driver is expected to 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'aiso.
éxpected 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



efectrodes of the circuit 53D cone in contact- with the power |ine 57D or
communi cati on/ power line 77D. A glass cover 51Dd is placed over the.
responding circuit 53D, and fixed to the front w ndshield 51D using
adhesive 51De. By.either of the above nethods, it is possible to
integrally incorporate the 'espondingggi.rcuit 53D into the front

w ndshield 51D (or in other words, into a vehicle body). If the
responding circuit 53D of the fifth invention incorporated into the
front windshield 51D is nounted on a vehicle, it is also very effectively

appl i cabl gesieeline b@! | Hopdtagagunt LR SY§p§fb%£E§tenC°8bHQ/Ouﬁ&ﬁbag
vehi cl es managenent System of a parking | ot regul ar
'Accordingly, the driver need not carry his/her IC card or
magnetic 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 certificaée, are
unconditionally input to the SRAM 115D. When a code number
is input, the individual information as opposed to the
code number is elso uploaded. As the vehicle in this state
is passing in -front of the 'inte.rrogator 8D of tﬁe system
shown in Fi.g. 2-4 or 25, the interrogator 8D receives the
iﬁformation Stored in the SRAM 115D from thepahtenna 101D
embedded in the vehicle. .
The 1nformatlon recelved by the lnterrogator 8D is
input to the host computer (not shown) of the system for
' necessary processing. When the interrogator 8D tfansmits
informaeion, 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, the power supply 106D
is turned off, and the information in the SRAM 115D of the RF
processing IC 102D is erased'wﬁile the information stored in

the EEPROM 114D remains unerased.

REPLACEMENT SHEET
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custoner sensing system the control by police of illegalf
expiration of the vehicle mandatory inspection certi ficgte, crim nal A .;‘-', ]
i nvestigation by .the police etc., as is the electronic :

ndat or R
i nspection label 1D of the fourth invention. ' _ hé o?fe T@p%o
the fifth invention in application to_ghe toll accountifng .em of
24 is described in the following. If the responding ciggcuit 53D 1

connected to an |IC card reader/witer as the information p ssor 70D,
shown in Fig. 29, and if the IC card has a prepaid neans, the infor
that the vehicle A his beka | dbged adscsaidbl embedimbatt Ollf r aafd | SFSEY
t hrough the conmuni cati on/ power |ine

invention, . the RF processing IC 102D is installed in the

information processor 104D housed in - the dashboard.
Alternatively, it may be embedded together with the antenna
101D in the front .windshield 111D. In that case, the shield
wire 107D is not necessary.

In the above seaond embodiment, code numbers are
used to call up individual information. Other mean.s ; such as
a magnetlc card, IC card, and collation of flngerprlnts, may
be used to th:.s end, as long as it enables the driver to
confirm the J.nformatlon specific to the veh:.cle.

In the above second embodiment, 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 Wit_.h 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 embodlments of the first through the f:.fth
inventions have been described independently in the above
paragraphs. Needless to say, = the mobile object
identifiéation system is realized by combining the first

through the f£ifth 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,



77D to the 1 C card reader.
nunber of prepaid points,

The 1C card then deducts one
t hereby payi ng the

-

AD&E#EAG’EN@W&]%ET

-57 - toll. If the IC card has a credit nmeans, after veli A has beep
judged adni ssible, the credit nunber is output fromthe §C CHCOCT 3996 he
responding circuit 53D. The respongjng circuit 53D] ¢onmmuni cates
"the credit nunber to the interrogator 8D, to pay the¢ toll on credit.

‘with the write completion status stored, the control means

invalidates the write signal. Consequently, the responder

writes data only once as it passes through the communication

area of the writing interrogator. Thus, despite ité-simple

construction, the first invention is effective in preventing
duplicate data writing.'
According to the second invention, the interrogator

of the communication complex for the mobile object

identification system includes a 1level judging circuit to

identify the highest level responding signal of those

received by the stationary antenna, and a signal selection

circuit to selectively output to the control device the

responding signal identified by the 1level judgiﬁg circuit.

With the communication complex 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 invention provides

such a superlor effect that it allows the responder to

complete communlcatlng with the 1nterrogator w1thout

interruption.
" With the mobile object identification equipment
according to the third invention, the control  means controls

the plurality of interrogators so that at least those

interrogators whose communication areas overlap provide

different-frequency carrier waves and transmit interrogatory

signals at different timings. Therefore, even in the

overlapping zone of communication areas, there is no need to



In the ap
parking o
with the
the cred

I n the enbodi ment descri bed above, the ggesponding circui

in the po
attached,

positione
regul ar c

plication to the incom ng/outgoing vehicle nanag:"
f Fig. 25 as well, if the responding circuit '

IC card reader/writer to enable the interrogafo
it nunber, the driver can pay the parking chargef o

sition where the vehicle nmandatory inspection |#
as shown in Fig. 27. The responding circuit 5QR_rmay be

richdmainkPREenaRes e oridatle  Hhlinielify, eXRTH

there is no possibility that the responder receives two

interrogatory signals at a time. Thus, the third invention
provides such superior effects that it prevents radio
interference and promises accurate and prompt éommunication
even when the responder'is moving at hiéh speed. |

When the electronic 1label for thé mobile object
identification system according to the fourth or £ifth
invention is attachéd to or embedded in a vehicle, and when
an interrogatory SLgnal is sent from an external lnterrogator
to the wvehicle, the responding c1rcu1t receives the
interrogatory signal and sends back appropriate vehicle
information stored in advénce' in the responding circuit.
Therefore, ‘it is not necessary for persons to identify
vehicle information visually. In addition, the wvehicle
information Ean be identified easily even when fhe vehicle is
moving. If the.electronic-label bears on its surface the
information provided on the particular labels legally
required to be attached to the front windshield of a ﬁehicle,
the electronic.label can be attached to the front windshield
without cauéing 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 vehlcle.

Thus, with the electronic label according to the

fourth or £ifth invention, the vehicle-related information,



in Fig. 27. In this position as well, the responding circuit 53D is
outside the noving range (indicated by the chain double-dashed lines in
Fig. 27) of the wi ndshield wi per arns WP. In the present

enbodi nent of the fifth invention, the responding circuit 53D is
embedded in the front windshield, _dsar convenience in communicating
wth an interrogator 8D and on the assunption that vehicles normally
nove forward. The responding circuit 53D can be enbedded in the rear

wi ndshield or a wi ndow gl ass without affecting the :

such as the frame number and the expiration date of the
mandatory .imspection certificate, can be collected by 'the.
interrogato; by non-contact means, and not visually.
Therefore, the fourth or £ifth invention ,is extremely
effective if applied to the toll or parking charge collecting
system, illegal vehicle or illegal parking control by the

police, criminal investigation by the police etc.

REPLACEMENT SHEEY
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- 58- spirit of the invention. However, - considering that the
invention is applied to various police control systens, as nentioned

above, the responding circuit 53D shoul d not be buLLL_LﬂLQ_HPMQQ%E_WL?dOW
glass for the followi ng reason: if the window gl ass nin .
responding circuit 53D has been noved.iggt.o the side Mﬂ’lﬂj‘ﬂgﬂmuﬁ

w ndow, the netal of the side panel hanpers conmunic
responding circuit 53D and the |nterrogator 8D. : Accordlng to the

present enbodi nent of the fifth.

WHAT IS CLAIMED IS:

1. A responder 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 receiviﬁg a read signal in the
communication area of a reading.iﬁterrogator as the responder
is moving with said movable object, compfising:

data sforage means to write or read neéessary data;

control means to control the processiﬁg_for writing
data to or'reading data from said data storage means;

status storage means to store write completién_
status data when said control means receives a write signal
from the writing interrogator and writes necessary-data'to
said data stéragé; and

said control means invalidating the processing for
writing data whén it receives another write signal from said
writing interrogator with the write completion status

retained in said status storage means.

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

through the mobile antenna mounted on a.mobilé'objec:;;_@h

REPLACEMENT SHEET
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i Avention, trdMsparent PET is used for the substrate of the responding
circuit 53D, shown in Fig. 28. Oher material, such as resin and gl ass,
nay bg used inptead of PET as long as it is trar”pa.cut. Now, a
second enbodi ngnt of the fifth igvention concerjn

réspondi ng- ci r quit - i ncorperettrig{wi ndsh§el d 51IZ£ ”nflmmﬂm(l}lmﬂﬂﬂ t he

fol | owi ng. Filo. 31 shows. thq electrical cgnsttuction tshe=Second
enbodi nent . - LS00ty econd enbodinentfconprlses ant enna

| 01D, an |nfornat|on processor 104D, a shield w,re 107D connectlng t he
ant enna IOlD\Mtr1trﬁn|hh@@ﬁ@QG%ﬁP¢wﬁﬁ%s§§#n§04E¢l§gé6ﬁEPlvéﬁﬁpﬁ}g?@éﬁ and

an actuator 105D. The information processor
_ through multlple stationary antennas 1installed along the

mov:l.ng area of the mobile object; and

a control dev:.ce for controll:.ng the operat:Lon of
said interrogator, _

wherein said .interrogator includes a level judging
circuit to identify the highest level responding si‘gnal_ of
those received by said stetionary antennas, and a - signal
selection circuit to selectively output te said control
device the respoﬁd_ing signal identified by said level judging

circuit.

3. . Mobile object identification system, comprising:
| a ‘responder mounted on a mobile object and which,

- when rece:va.ng an interrogatory signal with a specified
frequency, modulates by a responding signal the unmodulated
carrier wave received after the interrogatory signal,- and
transmits the fesponding-signal-modulated carrier wave;

multiple interrogators, each of which modulates by
an interrogatory signal the carrier wave with a specified.
frequency allocated for each of the communic_:atiori areas of
multiple interrogators, transmits the modulated carrier wave,
followed by an unmodulafed carrier wave, to the appropriate
communication area, and receives a responding signal from

said responder positioned in the appropriate commun:.cat:.on

a X

area; and - . RW@WEW? SHEET '
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THIS SH :‘T H EEN
REPLACED




104D is conposed of an RF processing IC 102D and a reader/witer

(here| nafter referred to as R'W 103D which exchanges data vmth t he
processing |1 C 102D. The R/'W 103D may be -
magnetic card R'W For the shield wire 107D, a shitel mmnme“l ‘ ‘

ordinary wire, is used to protect the_%‘gs_temfrom nl0|
- 59 -

control means which controls said plurality of
interrogators so that at least the interrogators whose
coﬁmunication areas overlap each other transmit cari'ier waves
of dif'feren'.c frequencies and transmit interrogatory signals

at different timings.

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

a responding circuit in which is stored vehicle
information inclﬁding the frame number, and which "outputs ‘
said vehicle information in' response to an .interrogatory _
signal received from an interrogator; and

information given on the surface, said igfomation
being that found on particular labels legally required to be.

attached to a vehicle.

5. An electronic label for a mobile 6bject
" identification system, f:omprising:_

a 'responding circuit which is embedded in a
windshield or window g]Tas.s of a vehicle and in which is
stored vehicle information inclﬁding the framé 'number, and
which outputs said vehicle information in response to an

interrogatory signal received from an interrogator.

This Sheet Has Been Replaced »
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gener at ed between the antenna 101D and the RF processing IC 102D. The
actuator 105D is, for exanple, a driver's seat position adjusting notor,
or a door-mrror angle adjusting notor. More specifically, the antenna
101D i s enbedded in the front windshield 111D at a position behind the
rearview mrror RM where the mandatory vehicle inspection |abel 55D is
dttached., or at a position where the ul ar check and nai ntenance | abel
56D is attached, so that it does not léggtruct the driver's view, as shown
in Fig. 32. The antenna 101D is connected to the information processor
104D housed in the dashboard, by the shield wire 107D | aid around the
front

FIG. 1
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wk ndshi el d 111D. As shown in Fig. 33, .the RF processing |IC 102D
of the information processor 104D includes two different nenories 113D:
an EEPROM 114D whose data can be rewitten electrically but cannot be
erased or changed by OV OFF of power supply or by ultraviolet ray

radi ati on; and an SRAM 115D whose data can be reset (erased) by OV CFF of
power" supply. The identifying inforgﬁg?on specific to a vehicle, such as
the license plate nunber, and the expi ion date of the mandatory

i nspection certificate, is stored in the EEPROM 114D. Infornation on an

i ndi vi dual person such as the person's identification nunber for a

menbership athletic
FIG. 2
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ckub; and the registration nunber for the toll road accounting system of
Frg. 24 or for a particular parking space of the incom ng/outgoing vehicle
nmanagenent system of a -60 - par ki ng .
lot (Fig. 25) is stored in either the SRAM 115D or the EEPROM 114D. The
i rif ormati on processor 104D is equipped wth a ten-key board so that

i hdi vi dual information can be called é/ZOim t he EEPROM 114D by i nputting t he.
appropri ate code

FIG. 3
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nunber . The operatlon of the second enbodi ment of the fifth

i avention is described in the follow ng. When t he rel evant
vehicle is registered, the vehicle registration nunber, the expiration
date of the nmandatory inspection certificate and other data specific to
t e vehicle are input to the EEPROM 114D of the RF processing |C 102D
Sich data can be input to the EEPROM % through the RI'W103D by using an
|C card or a magnetic card, or throug he antenna | O D enbedded in the -
front windshield 111D by se adi o ves to the antenna |AQ D. The

data thus input can be chaElej.9 ¥ by fficials of BREORIART
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Transportation
or reregistration,

Bureau at the tinme of vehicle mandatory inspection
and cannot be changed by other individuals. '
Prior to using the vehicle for the first time, the driver is expected to
information to the EEPROM 114D of the menory 113D, by

i nput the individual

ifiserting an |1 C card or
housed in the dashboard.
regi ster code
‘thus stored is not erased by turning the power

(RF'W103D)
expected to

of f, and can be called up as
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-61 - desired by I nputting the appropriate code nunber.
Aecordingly, the driver need not carry his/her 1C card or nmgnetic card.
Ih addition, it is not necessary for the driver to input the individual

i nformati on each time the vehicle is used. I n actual operation,

whien the vehicle engine is started, the vehicle-specific information
sfored in the 6/27

FIG. 8
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EEPROM 114D, that is, the license plate nunber and the expiration. date of
t he mandatory inspection certificate, are unconditionally input to the
SRAM 115D. When a code nunber is input, the individual "information as
opposed to the code nunber 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‘&§ﬁpives the information stored in
the SRAM 115D fromthe antenna | O D enbedded in the vehicle. The
i nformati on received by the interrogator 8D is input to the host conputer

(not shown) of the systemfor nec procegyi ng. \Wien the interrogator
8D transmts FTGO 9
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information, it is received by the antenna 101D of the vehicle, and
witten in the EEPROM 114D of the information processor 104D when
necessary. When the engine is stopped, the power supply 106D is
turned off, and the information in the SRAM 115D of the RF processing IC
102D is erased while the information stored in the EEPROM 114D remai ns
uner ased. . 8/27 - 62-

FIG. 11
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In the above second enbodinent of the fifth invention, the RF
processing I1C 102D is installed in the information processor 104D

housed in the dashboard. Alternatively, it may be enbedded together
with the antenna 101D in the front windshield 111D. |In that case, the
shield wre 107D is not necessary. In the above second
eimbodi ment, code nunbers are wused to g@é up i ndividual information.

Q her nmeans, such as a nmgnetic card, card, and-collation of
fingerprints, may be used to this end, as long as it enables the driver to
confirmthe information specific to the vehicle. '

FIG. 12
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In the above second enbodi nent, the antenna 101D is enbedded in the front
wrndshield 111D. It nmay be attached to the inside of the front wi ndshield.
111D. The information processor 104D may be equi pped with a display to
show the content of conmunication. The R'W103D nmay be an optical card
RFWinstead of an IC or magnetic card RR'W The enbodi nents of

the first through the fifth inventioqﬁ)§7ve been descri bed i ndependently

in the above paragraphs. Needl| ess {o say, t he nobi | e obj ect
identification systemis realized b§ conmbining the first through the fifth

inventions.
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| NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON : According to the first ..
i avention, as described above, if the responder for the nobile object
identification systemreceives a'wite signal froma witing interrogator,
-63 - with the wite conpletion status stored, the control neans

i ival i dates the wite signal. Consequently, the responder wites data

only once as it passes through the coqyaizcation

FIG. 14
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area of the witing interrogator. Thus, despite its sinple construction,
the first invention is effective in preventing duplicate data witing.
According to the second invention, the interrogator of the conmunication
conplex for the nobile object identification systemincludes a |evel
judging circuit to identify the highest |level responding signal of those
récei ved by the stationary antenna, ari(i/27si gnal selection circuit to

sel ectively output to the control devicCe the responding signal identified

by the |evel judging circuit. i t he co cation conpl ex according to
the second invention, therefaiz RS noﬂngLessary to switch over the
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nmul ti pl e antennas of the interrogator to communicate with the responder.

| n ot her words,
.that it allows
interrogator without
i dentification equi pnent
means controls

the second invention provides
t he responder
i nterruption.

to conplete

such a super

comuni cating wth

Wth the nob

according to the third invention,

i nterrogators whose conmuni cation areas overlap provide
different-frequency carrier waves and transmt

different timngs.
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- 64- di vide interrogator output sighals comrunication tinme, and there is
no possibility that the responder receives two interrogatory signals at a
time. Thus, the third invention provides such superior effects that it
prevents radio interference and prom ses accurate and pronpt connunlcatlon
eyen when the responder I s moving at. hi gh speed.

14/27
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VWhen the electronic |label for the nobile object identification system
atcording to the fourth or fifth invention is attached to or enbedded in a
vehicle, and when an interrogatory signal is sent froman externa
interrogator to the vehicle, the responding circuit receives the
interrogatory signal and sends back appropriate vehicle i nformation stored
in advance in the responding circuit iﬁg refore i's not necessary for
persons to identify vehicle infornag V|suaIIy In addition, the
vehicle information can be identified easily even when the vehicle is
nmoving. |If the electronic |abel bears on its surface the information
provided on the particular |abels legally :

FIG. 21
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required to be attached to the front wndshield of a vehicle, the
efectronic | abel can be attached to the front windshield w thout causing
any problens. As well, the electronic |abel bearing such information on
the surface is not expected to be renoved fromthe vehicle. Accordingly,
the information read fromthe electronic |abel may be reasonably
considered as information specific tqj?bq vehi cl e. Thus, with
the electronic | abel according to the ourth or fifth invention, the
vehicle-related i nformati on,
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-65 - such as the franme nunber and the expiration date of the

mandat ory inspection certificate, can be collected by the interrogator by
mon-contact neans, and not visually. Therefore, the fourth or fifth
invention is extrenely effective if applied to the toll or parking charge
collecting system illegal vehicle or illegal parking control by the
police, crimnal investigation by thel-?}aj ce etc.

FIG. 23
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Substitute sheet - 28 May 1997 ' ' 66 - d ai ns:
1 A responder which is attached to a novable object for witing data
when receiving a wite signal in a comunication area of a witing
interrogator and reading and transmtting data when receiving a read
signal in said comunication area of a reading interrogator, as said
responder is noved with said nnvablel%ybgct, sai d responder conpri sing:
data storage neans for storing data; control neans for controlling
a process of witing data into said storage neans, and for controlling a
process of

FIG. 24
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readi ng data from said data storage neans; and status storage
means for storing wite conpletion -status data when said control neans
controls said process of witing data to said data storage nmeans in
response to a first wite signal fromsaid witing interrogator;

said control neans invalidating said process of witing data to said data
st orage neans when said control rreanslgﬁ?ei ves a second wite signal from
said witing interrogator. 2. onmuni cation system for a
nobile object identification system conprising:

FIG. 25
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a- responder transmtting and receiving signal's through a nobile antenna
nmounted on a nobil e object; an interrogator transmtting and
recei ving signals through a plurality of stationary antennas installed
along a noving area of said nobile object, said plurality of stationary
ant ennas havi ng respective conmuni cati on areas

Substitute sheet - 28 May 1997 _ /27 - 67 - which
overlap partly in a direction of nnve%ga% of said nobile object; and

FIG. 26
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a-control ‘device controlling an operation of said interrogator;

wherein said interrogator includes |evel judging and signal selecting
nmeans for sinultaneously judging respective signal levels of a plurality
of responding signals received respectively by said plurality of
stationary -antennas, for selecting one of said plurality of responding
signals, and for outputting said seligkgq one of said plurality of those
recei ved by said stationary antennas, a signal selection circuit to-
selectively output to said control device .responding signals.

\ 5(_6D 5 7D
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3." A nobil e object identification system -conprising: a
résponder nounted on a nobile object and which, when receiving an
ihterrogatory signal with a first frequency, nodulates by a respondi ng
signal an unnodul ated carrier wave received after said interrogatory
signal, and which transnmts said responding-signal-nodul ated carrier wave;
a plurality of interrogators, each Ofﬁ%@?ﬁ plurality of interrogators
nodul ating a respective carrier wave g a predeterm ned frequency

al l ocated for respective overlapping comunication areas of each of said
plurality of interrogators by a respective interrogatory signal, each of
said plurality of interrogators transmtting said nodulated carrier wave,

_ .‘l’ 6][1D 6‘,013"
F L
’ /
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foll omwed by an unnodul ated carrier wave, to said reSpective.
Substitute sheet- 28 May 1997

_ - 68 - communication
area, adjacent ones of said respective

communi cation areas of said
plurality of interrogators having different carrier frequencies, and each
of said plurality of

interrogators receiving a responding signal fromsaid
responder when positioned in said rese%ﬁa7ve conmuni cati on

FIG. 29
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atea; and control neans for controlli-ng said plurality of
I.-nterrogators so that said adjacent ones of said plurality of

isnterrogators transmt said respective interrogatory signals at different
tinmes. 4. An el ectronic | abel for a nobile object identification
system conpri sing: a responding circuit for storing vehicle
I'nformation varying fromvehicle to zﬁQ%g said responding circuit
outputting said vehicle information i { ponse to an interrogatory signal
received froman interrogator; and a visual information sheet
attached to on a w ndshield

FIG. 30
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glrass of a vehicle to face said responding circuit, said visual
I nformati on sheet being displayed on said vehicle so as to be seen from an

exterior of said vehicle; wherein at | east said responding circuit-.
is enmbedded in said vehicle. 5. An el ectronic | abel for a nobile
object identification system conprising: a responding circuit

whi ch is enbedded in a wi ndshield
25/27

FIG. 31

10l4D 102D

I C . 105D

;I:[ ACTUATOR




Substitute sheet - 28 May 1997 ' : - 69 - glass of a
vehicle, said responding circuit storing vehicle information varying from
vehicle to vehicle, and said responding circuit outputting said vehicle
information in response to an interrogatory signal received from.an

i it errogat or; said responding circuit being placed just above a
réar viewmrror of said vehicle andzﬁgagected to a battery of said
vehi cl e through a power |ine.




6+ A responder according to claim11, wherein said control neans
i.nval idates said process of witing data to said data storage neans when.
gaid control neans receives a second wite signal from said witing
interrogator and said wite conpletion status data retained in said
status storage neans indicates that said control neans allowed data in
response to said first wite signal 59[27 witten to said storage neans.

FIG. 33
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ABSTRACT

MOBILE OBJECT IDENTIFICATION SYSTEM

The primary object of the invention is to realize a
mobile object identification system of simple construction
and low cost, in which the responding unit attached to a
mobile object writes data only once when it receives write
signals repeatedly in communication with antenna units. |

When a tag unit (responding unit)' receives a write

signé.l_ from a writing antenna unit, it writes data to the

data memory on condition that the éompletion flag is cleared

by the control circuit. When the data is written, a control
circuit sets .the completion £flag. Then, if_the .tag unit
receives additional write signals in the communication area
of the same writing antenna unit, the control . circuit
invalidates the data write command, on the ground that the
completion -flag is set,. thereby preventing. duplicate déta_

writing. . .

(Figure 11)
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Claims :
1. A responder which is attached to a movable object for

writing data when receiving a write signal in a communication
area of a writing interrogator and reading and tfansmitting
data when receiving a rea& éignal in said communication area
of a reading interrogator, as said responder is moved with
said Q\ovable object, said responder comprising:.

data storage means for storing data;

control means fér controlling' a process of writing
data into said storage means, and for contxolling a process of
reading data from said data storage means; and

status storage means for storing write completion
status data when said control means controls said process of
writing data to said data storage means in response to a first
ﬁite signal from said wr.-"iting interrogator; |

said control means inva.lidating said procéss of
writing data to said data storage means when said control
means receives a second write signal from said writing

interrogator.

2. A comunicatio.n system for a mobilé object
identification system, comprising:

a responder transmitting and receivixig signals through
a mobile antenna mounted on a mobile object;

an interrogator transmitting and receiving signals
- through a plurality of stationary antennas ihstélled along a
moving area of éaid mobile object, said plurality of

stationary antennas having respective communication areas

T
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- 67 -

which overlap partly in a direction of movement of said mobile
object; and ) o

a control !';evicé controlling an operation ﬁf said
interrogator; |

wherein said interrogator includes level judging and
signal selecting means for simultaneéusly judging respective
signal levels of a plurality of responding signals received
respectively by said plurality -of stationary -antenmas, for
selecting one of said plurality of responding signals, and for
outputting s#id selected one of said pluraiity of those
received by said stationary antennas, and a signal selection

circuit to selectively output to said control device

responding signals.

3. - | A mobile object identification system, comprisings

a responder mounted on a mobile object and which, when
receiving an interrogatory signal with a first frequency ,.
 modulates by a responding signal an unmodulated carrier wave
received after said interrogatory signal, and which_.transmits
said responding-signal~-modulated carrier wave;

a plurality o;‘ interrogators, each of said plurality
of interrogators modulating a respective carrier wave having
a predetermined frequency allocated for respective overlapping
communication areas of each of said plurality of_ interrogators
~ by a respective interrogatory signal, each of said plurality
of interrogators transmitting said modulated carrier wave,

followed by an unmodulated carrier wave, to said respective

—
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communication area, adjaéent ones of said respective
cemmu-nication areas of said blurality of interrogators having
different carrier frequencies . and each of said plurality of
interrogators receiving a responding signal from said
resPO;ider when positioned in said respective communication
area'} and | _ . |
control means for controlling said plurality of
interrogators so that said adjacent ones of said plurality of
interrogators _transm'.i: said respective interrogatory signals

‘at different times.

4. An electronic label for a mobile object identification
system, comprising: | _ | |
| a responding circuit for storing ve!gicle infomaﬁion
varying from vehicle to wvehicle, said reéponding circuit
outputting said vehicle. information in response to an
interrogatory signal received from an interrogator; a'.r.xd
a visual information sheet attached to on a windshield
glass of a vehicle to face said responding circizit, said
visual information sheet being displayed on said vehicle so as
to be seen from an exterio.r of said wvehicle;
| | wherein at least said responding circuit is embedded

in said vehicle.

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

a responding circuit which is embedded in a windshield



L
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- 69 -
glass of a vehicle, said responding circuit storing vehicle
information wvarying _from' vehicle to ' vehicle, and said
responding circuit outputting said vehicle information in
response to an interrogatory signal received from an
interrogator; |

said responding circuit being placed just above a rear
view mirror of said vehicle and connected to a battery of said

vehicle through a power line.

6. A responder according to claim 1, wherein said contzol
means invalidates said process of writing data to said data
storage means when said c_ontrol_ means receives a second write
signal from said writing interrogator -and said write
 completion status data retained in said status storage means
“indicates that said control means éllowed data in response to

said first write signal to be written to said storage means.
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