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BACKGROUND OF THE INVENTION
10 ~ 1. Field of the Invention
The present invention relates to a mobile object
identification device having an antenna located at a station and
a responder unit which is mounted on a mobile object, and more
particularly relates to a device in which an interrogatory
15 signal-wave is transmitted from the antenna to the responder unit
of a mobile object in a communication area to identify the object
according to a responding signal transmitted from the responder.
2. Description of the Related Art
A toll collection system for a toll road is one of the
20 well known mobile object identification systems. The toll
collection system, as shown in Fig. 11, has an in-vehicle
responder unit 3 ( hereinafter referred to as IU) disposed on the
 windshield glase of an automobile 2 end an antenna 4 disposed
on a toll gate located aﬁ a predetermined station to communicate
25 with an IU 3.
A pilot signal-wave of a given frequency is transmitted

repeatedly by a control unit (not shown) from the antenna 4 to



wi ndshi el d gl ass of an autompbile 2 and an antenna 4 di sposed on a toll
gate located at a predeterm ned station to conmuni cate 25 with an U 3.
A pilot signal-wave of a given frequency is transnitted repeatedly by a
control unit- (not shown) fromthe antenna 4%o a conmuni cation area Sd.
Wien it receives omawipdsdtion sanpaalSdwhibén i st trewedwest ad rhgpohiding) sionfl
the autonobile 2 passing through the communication area Sd in response to
the pilot signalwhighe 15t fE2BsRIEEAd Yy ther Hhshiafs thet eutogabiley s2 padsidg
waves such as a read-command signal, a wite-command signal and the |ike
for the toll-colihzoughn they ¢ YeatioRe arespidli By FPEROmSe cber &gomiileg
thereto. The 1U 3 doaﬁs not gggerate a radi o wave si,gnal, by itself but the
antenna 4 transm¥EaEaBe ofhe; GARIEUanisy teesmets LRLRFFIIRREYy signal

i gnal - d sub t] dul at ed- carr | di o-vave. The 1.U 3
receives thd cartii® PHGH & AN ARt ety i YHE B SUBOR RoTy AR

and responds to éhrée fi']éee% the toll-collection and receives the responding
signals corresponding thereto. -

The IU 3 does not generate a radio wave signal by itself
but the antenna ¢ transmits the pilot signal-wave or the

10 i_nterrogatory signal-wave and subsequently an unmodulated-carrier
radio-wave. The IU 3 receives .the carrier radio-wave and
modulates it with a responding signal and reéponds to the antenna
4 by reflection of the carrier radio-wave. In other words, the
IU 3 is not required to have an oscillating circuit or an

15 electric power source, resulting in a simple, compact and
inexpensive IU 3 as well as power saving of the automobile .

At the side of the antenna 4 which receives the
responding signal, toll-due amount and/or the current balance
thereof are calculated according to the type of the automobile

20 and toll collection data. Thus, the driver is not required to
stop his automobile 2 for exchanging a card or money each time
he uses the toll road, so that conges_tion at the toll gate is
relieved and alsoc the troublesome exchange of the card or money
can be omitted. In addition, people working in the toll gate may

25 not be exposed to the exhaust gases c;f automobiles.

However, in the above system, since an unmodulated

carrier-radio-wave-signal transmitted from the antenna 4 is



4°pby reflection of the carrier radio-wave. In other words, the U 3 is not
required to have an oscillating circuit or an 15 el ectric power source,
resulting in a sinple, conpact and inexpensive U3 as well as power '
saving of the autonobile At the side of the antenna 4 which receives the

respondi ng si gnairarisalikted caguin by aml/ﬁfﬁé&leﬁrﬁ&ﬁh&)&&hénﬁﬁté&% epPfarRes
cal cul ated according to the type of the autonobile 20 and tol

col I ection dat a:itTHisspodinkatthd wéthis mespondimg rsigma, Sibrbduo&eeuaefmmaltedZ
for exchanging a card or npney each tinme he uses the toll road, so that
congestion at tteefiosle iatdsi Seeeivedydy athe abstennae 4 randl etlmeneebxehamge
of the card or noney can be omtted, In addition, people working in the
toll gate nmy 25FeSPORGEDEECURRHLEALIQN t IRFa@xhaust (@KLK oRr8a),onwheTees the
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transmtted aga'Pec@ivL.QGDJ ?:Blaeﬁﬁgﬂatf\ﬁ% gmg hr?ar%:%tw(:égn@hé]h q!he _communication
area Sd (downlink) where the pilot signal-;wave and the
interrogatory signal-wave transmitted by the antenna 4 can be
received by the IU3.

10 That is, although the IU 3 of the automobile 2 in the
responding-communication area Su shown in Fig. 11 can transmit
the responding signal-wave to the antenna 4 in response to the
pilot signal-wave, an IU 3a of another automobile in the
communication area Sd indicated by a broken line is out of the

15 responding-communication area Su and cannot transmit the
responding sighal-wave to the antenna 4 in response to the pilot
signal-wave. Therefore, the substantial communication area is the
communication area Su, which is also the uplink area.

As shown in Fig. 12 for example, if a plurality of

20 antennas 6 and 7 are used to cover a broader communication area,
the following problems arise.

The antennas 6 and 7 are set side by side and the uplink
areas are formed as the communication areas Sul and Su2 as shown
in Fig. 12, and the communication areas are arranged to form an

25 overlapping area Sup at an adjacent portion thereof, thereby
avoiding failure in communication with the automobile passing

through the portion between the communication areas Sul and Su2.
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and modulates the ummodulated carrier radio-wave received from
the antenna 6 to retransmit and the antenna 7 does not respond
to the pilot signal-wave.

However, in order to provide the communication areas Sul
and Su2 in which the responding signal of the IU 3 can be
transmitted, the broader downlink areas Sdl and Sd2 must be formed
as indicated by broken lines in Fig. 12. Therefore, if two
automobiles 2b and 2¢ as shown in Fig. 12 exist in the
communication area Su 1, and IU 3 of the automobile 2c is out of
the area Su 2, however, within the downlink area Sd 2 and if the
antenna 7 receives the pilot signal-wave first, the responding
signal-wave of the automobile 2¢ is not received by the antenna
7 but received by the antenna 6. On the other hand, since the
other automobile 2b exists in the commpnicaticn area Su 1, the
IU 3b thereof transmits a responding siqﬁal-wave in response to
the pilot signal-wave coming from the antenna 6, and thereby
interferes with the responding signal?wave of the IU 3c, causing

communication troubles.

SUMMARY OF THE INVENTION

The present invention is made in view of the above
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n
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The antennas 6 and 7 are set side by side and the uplink areas are forned
as the comuni cation areas Sul and Su2 as shown in Fig. 12, and the _
communi cation areas are arranged-to forman 25 over| appi ng area Sup at
an adj acent..portion thereof, thereby avoiding failure in comunication with
t he aut onobil e passing through the portion-between the communication areas
Sul and Su2. nenkiohed avirenmatarcesnd ahdahesaar aatpe dobeailtqiitpriclrédingi
wave signals of different frequencies at different timngs so that the
comruni cati on wwaldilehebiente duantififcatiomsdanice, it whinghua expmowphcaficanarea
aut onobi | e passing through the intervening portion between 5 t he areas
Sul and Su2 andfefeedhntdhnanc IEINResdifRogad ofRsi ynatakder fandt angthes

the U 3 conposes the respondin i gnal and nodul at es the unnodyl a .
carrier radi o- VERAPYHSEN SR @FS%]?ﬂgm%#tEﬁn% BE SRR At t{0Fnd ™ églCIe

antenna 7, 9% k) FEUNGR A SRl L8, 18" 50 Mounted on an HBUELE"
object become substantially the same in their shapes and sizes,
thereby preventing communication failure.
Another object of the present invention is to provide a

mobile object identification. device which includes the IU

10 mounted on a mobile object for modulating a carrier radio-wave
received from the outside with related data and trénsmitting it
back as a responding signal-wave, antenna control means for
transmitting a carrier radio-wave and receiving the responding
signal-wave through an antenna to identify the automobile; and

15 means for decreasing output power of the antenna to a prescribed
level during the communication so that transmitting area (or
downlink area) and the receiving area (uplink area) of the
antenna and IU may coincide with each other during the
communication. |

20 A further object of the present invention is to provide
a mobile object identification device which includes an IU
mounted on an automobiie for modulating a carrier radio-wave
received from the outside with a related data and transmitting
it back as a call-back signal-wave when receiving a call signal-

25 wave from the outside and for modulating another carrier radio-wave
with an answering data agd transmitting it back as an answering

signal-wave when receiving an interrogatory signal-wave, antenna



uand Su2 in which the responding signal of the IU 3 can be transnitted, the
tbroader downlink areas Sdl and Sd2 nust be forned as indicated by br oken
lines in Fig. 12. Therefore, if two autonobiles 2b and 2c as shown in Fig.
12 exist i-m'the 15 communi cation area Su 1, and U 3 of the autonobile

2c is out of the area, Su 2 owever mnthJﬁthe downl.i.nk area Sd 2 and_.i f
the antenna 7 rEEEFﬁél;qﬁ%QS teﬁfiGHEP SHERFSDE; FRE Q%ﬁe ¢ afid the
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transmts a respondlng Si g wave 1 nr he pi ot si gnal - wave
coming from the 2obepa SeceidnlhediRP¥nERESICEegnal bhdtfee LeeReiTying the

si gnal -wave of the IU 3c, causing conmunication troubles. 25 SUWARY OF THE
| NVENTI ON The pregefbbileenindonares setteing) meansv fir tdeeraisirey output power
of the antenna to a prescribed level during the call signal-wave
is transmitted.

A still further object of.the~invention is to provide a
mobile object identification device which includes, in addition
10 to the aboﬁe structure plurality of antennas disposed so as to
transmit and receive radio wave signals of different frequencies
assigned in a given frequency domain of the IU to and from a
plurality of the communication areas overlapping one another, and
the control means providing different timings of its output
15 signals corresponding to the communication areas of the antennas.
Thus, the antenna installed on the toll gate can receive
the responding signal in the antenna receiving area which
substantially coincides with the antenna transmitting area when
the responder unit receives the communication signal in the antenna
20 transmitting area, thereby ensuring the reliable communication

with the IU without communication failure.
When the IU mounted on an: automobile enters the
transmitting area and receives a call signal-wave, it composes
a call-back signal-wave by modulating the received carrier radio-
25 wave with a call back data and transmit the call-back signal-wave
to the outside. The level of the call-back signal-wave at the

moment of transmission is lower than the level of the



menti oned circunstances, and has a main object of providing a nobile object
i dentification device . in which a communication area formed by an antenna

di sposed on a station and anot her comruni cati on area formed by a responder
unit (or In-Vehicle 5 Unit, hereinafter rgiterred to as the U nounted on
an nobi | e obj echinheddrateti+bataiér-dadiotReve agenératidieiby St esomtiyd 1S imklns

t hereby preventing comruni cation failure. Another object of the present
invention is tosimayithe aahibbhek obj gl -wdeat ohly aitidd zéevicbe whmodulated-
includes the U 10 nounted on a nobile object for nodulating a carrier
radi o- wave recetaeuigryindincwave si gsansnitted atfnprdatan anemts i antiengai.t
back as a respondi ng_signal -wave, antenna control neans for transmtting a

carrier radi o- WBRRTRERF Sreddiey PRE2 t PRETING SieanAgderEpRicsndPe BRESRRM Qutput
antenna to jidentif he aut onobj | e; ang éS rrpan% foE decr.%%si ng_out plll_"{e
power of the anP® oaapﬁersgé#’?‘ge]t?vle vEP RARTOHG PR TORTHTCLRE | 37e% dTERat
t 1 tti i .and_th [ Vi i nk

Cranen 1o oreg. (ar dotnlL St gakanS, b acelie ahen Gl o stk
conmmuni cation. g0.na1-wave or Ak uiﬂé@ro%@t@?& Qi GhHE- YRS 8lHg | FVRReaN the

to provide
antenna output power to its original level when the control means

transmits the unmodulated-carrier-radio-wave.

10 When the control means receives the call-back signal-
wave, the antenna transmits the interrogatory signal-wave and
subsequently the unmodulated-carrier-radio-wave. When the
responder unit receives the interrogatory signal-wave, it
composes the answering data and modulates the subsequently-

15 received-unmodulated-carrier-radio-wave with the answering data

| and transmits it as an answering signal to the antenna. When the
antenna completes the communication, it transmits the call

signal-wave again.
As a result, when the IU receives the call signal-wave in

20 the transmitting area, the antenna can receive the call-back
signal-wave in the receiving area which substantially coincides
with the transmitting area so that reliable communication is
ensured without fail. Further, when one IU in the communication
area receives the interrogatory signal-wave and other responder

25 units in the same communication area do not receive the call
signal-wave, the interrogatory signal-wave is transmitted only

to the one IU which has received the call signal-wave and only



a'nobil e object identification device which includes an IU nounted on an
autonobil e for nodul ating a carrier radi o-wave received fromthe outside
with a related data and transmtting it back as a call-back signal -wave
when receivinng a call signal- 25 wave fromthe outside and for nodul ating

anot her carrier irtgdicg{i@‘é%k"‘é A0 APSWR' LQ qr;aeﬁta%}?%;rﬁg %Lné’;[ﬁgﬁg%ggff

as an answeri ng Signal -wave n recel ving

ant enna cont r@glgnEangve Okokh@nkr JaEkt tigg; hm#eikggaggggﬁg%@&% t Qoe

carrier radi o-wave when receiving the call-back signal-wa

transmtting an dghiiefeotisd cddm@hgaaticym\g@c@ggsmw‘er radi o- wave when
recei ving said answering signal and for identifying the 5 aut onobi | e,

and area setting nmeans $imcedehe easitrgl audanst optyets dftst BegRALI €A digfarent
prescri bed | evel during the call signal-wave is transmtted. Arstill
further objBct dfimihesitwentilomality wramredras whitH dasbieatsmitting areas
i dentification device which includes, in addition 10 to the above
structure pluraldveyrlarPring cPRgs anofhesed Wemsan o automobile exists in the

overlapping communication area, its IU receives either one of the
communication signals from the antennas.
Since the communication signals and the unmodulated-
10 carrier-radio-waves transmitted from the different antennas have
different frequencies, the communication with only one antenna
is ensured. Thus, reliable communication coveriﬁg a broad area

without leaving dull area is provided.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Other obje;ts, featu_re_‘s anc__il_igharacteristics of the present
invention as well as the fﬁnctions of related parts of the
present invention will become clear from a study of the following
detailed description, the appended claims and the drawings. In

20 the drawings:

Fig. 1 is a block diagram illustrating a mobile object
identification device according to an eﬁbodiment of the present
invention;

Fig. 2 is an overall perspective view illustrating'the

25 - device according to the embodiment;
Fig. 3 1is an overall schematic view of the device

according to the embodiment;



i transnmit and receive radio wave signals of different frequencies assigned

i in a given frequency donmain of the IUto and froma plurality of the

~ conmmuni cation areas overlapping one another, and the control neans

~providing different timngs of its output 15 signal s- corresponding to
the communication areas of the antennas. Th¥s, the antenna installed on the

toll gate can receive Fimp deipondichgrtilaistratinge faequanty cheractierjstiics

whi ch substantially coincides with the antenna transmitting area when the

responder unit 9fedBi FeandhaneenhasnPEtheo fleyighacqording ot i embgdinent;

transmtting area, thereby ensuring _the reliable communjcation with the U

Wi t hout communi cation F:§{ ur®s WRenCrheP 1399 M tPH-RGChants R 3%

enters the transm tting area and_tecejves a _call,si.gnal -wave,. it conpgses
a cal | -back si e_r\ﬁg\ggg%:gy #hi aff‘ﬁréaq[ heosfr eégf’ve%ev ri BreeRgs %8 the
wave wth cal | fa and transmt the call-back signal-wave to the
out si de. The |é%%?%§§e§ﬁb cal | -back signal -wave at the nonent of

transmssion is |ower fhang hg d eMely hadt'®f a control program of an antenna
of the device according to the embodiment;
Fig. 7 is a flow chart of a control program of an IU of
the device according to the embodiment;

10 Fig. 8 is a _time chart showing the timings of the
communication between the anteﬁna and the IU according to the
embodiment;

Fig. 9 is an explanatory chart illustrating the
communication when two automobiles enter a communication area;

15 Fig. 10 is a chart corresponding to Fig. 8 showing the
communication timings when two automobiles enter a communication
area;

Fig. 11 is a schematic view illustrating a communication
area in a conventional system; and

20 Fig. 12 4is an explanatory schematic view when a

communication trouble is caused.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A toll collecting system for a toll road according to an
25 embodiment of the present invention is described with reference
to Figs, 1 through 10 next.

An overall perspective view of a toll road 20 is



-7- unnodul at ed-carrier-radi o-wave generated by the control neans 'since the
cal | -back signal-wave only utilizes the unnodul ated- carrier-radi o-wave
transmitted from an outside antenna. Therefore, the area setting neans
decreases the antenna output 5 power to a prescribed |level to narrow the
transmitting area when the control means trggsmts a communication signal

such as a call sipastrasee iar Fag, | ! ahe0gal of Yoad 973 hﬁévga[@é‘ a%%i{u?;ﬁs {‘

antenna output power to its original |evel when the contr ans

the unnodul at ed2tarthmsughadiie- @ach o0 two automobil\dsenz} hﬁufé?ﬁtl Oh READSF
receives the call-back signal- wave, the antenna transmts th

i nterrogatory stlgaamolwal/e Ghmécs:lsbséqueqmipped hdth an IU (In-veh:.cle Unit or
unnodul at ed-carri er-radi o- wave. When the responder unit receives the

i nterrogatory srgsmnqueunitt) @3npias ishdisprsest bngamlalppeancernaddl porsidme
subsequent | recei ved- unnodul at ed-carri er-radi o-wave wi'th the
answer i ng oé/at a aﬁdtl'ﬁ’ HrBAfRteld ghasuplarsabrohdhsi gukemobdlena2 aesnit. rutsen
t he antenna co n| cation, it transmts the call signal-wave

et 5 tﬁ;
again. As a restPttieuie ?t’ﬁ%a Sy AN, 48 Fhe- 3 B Jp§RaPS vk OUiAL to cross
the toll road 20 and is equipped with a plurality (in this case,

five) of antenna units 25a through 25e above the lanes 2la
through 2le respectively. Each of the five antennas 25a through
10 25e faces the road surface obliquely downward. Communication
areas 25a through 26e thereof are arranged so that the adjacent
ones overlap partly with each other to form overlapping-
communication areas 27a through 27d as shown in Fig. 3.
The antenna units 25a through 25e are connected to an
"~ 15 antenna controller 28 as shown in Fig. 1. The antenna controller
28 controls the antennas 25a fhrough 25e to transmit and receive
signals and to exchange data between a host computer and a
signal-processing-unit 29 shown in Fig. 3.
Now, the structure of the antenna uhits 25a through 25e
20 is described with reference to Fig. 1.

A transmitting and receiving .antenna 30 is an array
antenna which is a plurality of patch antennas composed of micro-
strip lines formed on a pfinted board in order to increase the
directivity of the antenna and the communication distance. A

25 modulating circuit 31 modulates a carrier radio-wave having the
frequency fl1 which is generated by an oscillator 32 with an

interrogatory data-signal received from the controller 28 and



- 20 the transmtting area, the antenna can receive the call-back

signal -wave in the receiving area which substantially coincides with the
transmtting area so that reliable communication is ensured w thout fail.
Further, -when one U in the communication afea receives the interrogatory
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do not receive

transmitted onlyhyeoskhn QiR bikaHdaChohas-dughel et-duigr62!33.51 gR&! riddven

its call-back signal-wave is réceived by the antenna, and t

only - 8-

il ke IPRBHRT a Ch-car kbl Sydvh WA° oROTREORTRNI 3! s2Bnaf €2

e call signal-wave, t Interrogatory 'sig

ﬁgd

cal | signal -wavel fef e cRirieer! thdio-sidbeecgaesrdtiad bINsHet ek 11ataehBeves

t he communi cati on successively. Since the control
at different 5 one tinnithgsassigned Gratuéencybaad; efomnsexampth, h2as4d Mz The ng

areas overl apping one another, when an autonobile exists in the over | appi ng
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frequency fl generated by the oscillator 32.

A signal receiving circuit 34 (hereinafter referred to as
the receiving circuit) for'signal-processing such as demodulation
is connected to a mixer 35. The mixer 35 is supplied with the
carrier-radio-wave from the oscillator 32 and is also supplied
with a responding signal-wave (which is a carrier-radio-wave
modulated with a responding data signal) coming from the antenna
30 through the circulator 33. The carrier-radio-wave and the
responding signal-wave are mixed by the mixer 35 and supplied to
the receiving circuit 34. The receiving circuit 34 demodulates
the mixed signal-wave and obtains the responding data signal and
send it to the controller 28.

Other antenna units 25b through 25e are the same in the
structure as the antenna unit 25# except for their frequencies.
That is, the frequency f1 is generated by the oscillator 32 for
the antenna units 25a, and the frequencies £2 through £5 for the
antenna units 25b through 25e are generaﬁed in a narrow frequency
band so as not to overlap with one another. These oscillation
frequencies are assigned in the previously mentioned fixed
frequency band (2.45 G Hz band) and the frequencies for the
adjacent antenna units are assigned to differ from each other as

much as possible.

means outputs its signals



SI nce the communi cation signals and the unnodul ated- 10

§fcar rier-radi o-waves transmtted fromthe different antennas have different
ifrequenci es, the conmunication with only one antenna is ensured. Thus,
‘reliable com*runi cation covering a broad area without leaving dull area is
provi ded. 15 BRI EF DESCR| PTI ON OF THE DRAW NGS Clher

obj ects, features andrghgieiahedrna! !:ﬁ-ﬁ:r%h 8Pr£%%ﬁﬁrdln\é§9&xhﬁn3éslﬁféﬁ
the functions of relafed parts of the present invention will becone c ear

froma study of idpg flabkowndensichnd! ¢d dRagettid oo tésperrierdeghdallati®gand
the drawi ngs. In 20 the drawngs: Fig. 1 is a block diagramillustrating

a nobi |l e obj eckitglgids Bilcatecsiwiay eereeny didngnd cchen oschbiatent320bit tige
present invention; Fig. 2 is an overall perspective viewillustrating the
25 devi ce aaﬁﬂérd'iangnits 25e throodhmSe.; TheyanBenma a:nnbmaklaelﬁ 28 cdemcntes
vi ew of the device according to the enbodi nent;

5 a program which is described later and generates an interrogatory
data-signal to the modulating circuit 31 at a timing to be
described later, receives a responding data-signal through the
receiving circuit 32 and decreases the output power of the
oscillator 32 to a prescribed level at a timing of outputting a

10 pilot signal-wave Sp to be explained later. The control circuit
36 is connected through an interface circuit 37 to the signal-
processing-circuit 29 which is previously described (see Fig. 3).
A power supplying circuit 38 converts an AC current supplied from
an electric source (not shown) to a DC current and supplies it

15 to the control circuit 36 and the interface circuit 37 as well
as the respective antenna units 36a through 36e.

In the IU 23, an antenna 39 is a micro-strip-antenna
formed on a printed board and is arranged to recgive radio waves
in a broad frequency band as shown by a broken line in Fig. 4.

20 That is, it can receive all the frequencies f1 through £5 of the
interrogatory signal-waves Sk transmit_ted from the respective
antenna units 25a through 25e.

The control circuit 40 includes a CPU, a ROM and a RAM,
and generates responding data-signals for a call-back signal-wave

25 { or pilot-responding signal-wave) and answering signal-wave (or
interrogatory-responding signal-wave) when receiving a pilot

signal-wave Sp or an interrogatory signal-wave Sk from the



-9- Fig. 4 is achart illustrating frequency characteristics of an IU and
antennas of the device according to the enbodinent; Fig. 5A 5B, 5C, 5D and
5E are timng charts of an interrogatory-data S|gnal of the device
according to the 5 enbodinment; Fig. 6 is a flow chart of a control
program of an antenna of the deV| ce according to the enbodinent; Fig. 7 is
a flow chart of a control programof an | UBF the device accordlng to the
enbodi ment ; 10outside. In tﬁggneanglqng, &he pdlehAignahovrvey SPhéalﬂ$¢ﬁ #§8 ©fU

t he conmmuni catlonéget ween t he antenng and the | U according taq

enbodi nent; Fi §F §h¢ Laptra p‘FJa’??é‘thr?/ ditastart | ks PBFF%H%@“@O%F”BHPF%
wh t t bi | t, 15 .

char t \(lz\gr?gsggnﬁ‘&: AEEEBers, S Enh gRRR RO s ornt thendaforkastiasd °
aut onobi | es eniy 19x9£%r‘”$faéétf§7esart‘?1% P9 tol keaB ?ia‘?:ﬁh%%}é& Yhe¥he RoM

illustrating a an nicati
5 and/or REM of the control circuit 40 or to write data to the RAM

for the toll collection. Thé control circuit 40 is connected
to the antenna 3§ through a transmitting circuit 41 and through
a receiving circuit 42.
The transmitting circuit 41 modulates an unmodulated-
10 carrier-radio-wave which is received from the antenna 39 with a
responding signal such as the call-back signal-wave and transmits .
the modulated-carrier-wave as a responding signal-wave such as
the call-back signal-wave Ap. The receiving circuit 42 demodulates
the interrogatory signal-wave Sk received from the antenna 39 to _
15 obtain an interrogatory data-signal and sends it to the control
circuit 40. The control circuit 40 is connected to a data memory
43 which is a non-volatile read-write memory. The control circuit
40 does not transmit any signal-wave even if it receives the
interrogatory signal-wave Sk until it receives the pilot signal-
20 wave Sp. After the control circuit 40 has started its communication
with one of the antenna units 25a through 25e, it will not start
communication with another. When a sefies of toll collection
process has been carried, the control circuit 40 stops its
communication aﬁd does not start its communication after a while
25 or after running a given distance. A battery 44 energizes
respective circuits in the IU 23a.

The operation of the above embodiment is described with



area in a conventional system and 20 . Fig. 12 is an :
expl anatory schematic view when a communication trouble is caused.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A toll collecting system
for a toll .road according to an 25 embodiqgent of the present invention

per spoct i ve vi ehRSPEGRE M FLy S Fhobgh " FEYLY BhEr thne [ut¥B1Dchacuit 36
road 20 has fivgepagnl nnt@es 2dReid¥iNiNy ¢ 18enERib ! cLllfALATRY! |£322

which is a kind of the no jects, 1s equipp th an U (1n-vehi

Uni t or respondisigndisf)ig3tidl Cdhdes @ $H128€04d2Fa-YJAhRNCWhEER! 13| dBSEA iy S
of the wi ndshield glass of each of the autonobile 2Z when it runs on the

toll road as shqaaBetrnahdginSerfoditiony24aita-bigndl tandragpliies tublelm tRadthi0
and is equipped with a plurality (in this case, five) of anterdna units 25a
t hr ough . 25e5 abovrespéctivenest@ine thits @ba2 throwhpebe i atelbimifgs shoknt e Fiigue
ant ennas 25a t hrough
5. e antenna controller 28 sends the communication data-signals
repeatedly to odd-ordered antenna units 25a, 25¢ and 25e at the
same timing during each cycle time T1l, and to even-ordered
éntennas 25b and 25d during each the same cycle time Tl but a
10 time T2 (e.g. T1/2) later than the former.

In the respective antenna units 25a through 25e, the
modulation circuit 31 modulates the carrier-radio-wave with the
communication data-signals and transmits the communication
signal-waves to the respective communication areas 26a through

15 26e by the antennas 30.

In this case, there are two kinds 6f the communication
dgta-signals, the pilot data-signal and the interrogatory'data-
signal. They are generated repeatedly during a period ta within
the output cycle time Tl and the remaining cycle time tb (ta +

20 tb = Tl) is set to receive the responding signal-waves or data-
signals (which are obtained after the responding signal waves are
demodulated) . The output period ta for the pilot data-signal and
the interrogatory data-signal is arranged not to overlap with
those from the adjacent antenna units, for instance, antenna

25 units 25a and 25b.

During the cycle time tb (tb = Tl - ta, as shown in Fig.

5) in which neither the communication data~signals are supplied



10 25e faces the road surface obliquely downward. Conmunication areas
25a through 26e thereof are arranged so that the adjacent ones overlap
partly with each other to form overl appi ng- comuni cati on areas 27a.t hrough
27d as shown in Fig. 3. The antenna units 25a through 25e are connected to"
an 15 antenna controller_ 28 as shown in-¥rg. 1. The antenna controller

28 controls th@YaﬁP%ﬁﬁE§125ée¥H¥bB@ﬁ'gybnpéui?ﬁﬁghﬂﬁ ﬁﬁﬂﬁﬁéhépﬁém§ﬁ5ﬁ£¥§g

56 shown | n P GATEURoR (SHE SPPRRUIA b ot SART RS %{]ﬁeﬁgg-ggiesﬁﬁ%{%ﬂbfse

20 d F

b it

conposed of m qEQy SES% 1#63{3%1 H8E "ES G %8%%8&% %@nlﬂaeigﬁ atdhs 26 2
e 1 ONe»

i ncrease the directivi ant enna an € conmmuni cat stance.

2 quoa BB PR hes SO e 0

dat a- si gnal recglevatwdydMerhfskdNtraalb8faved @Afch include the pilot signal-
wave Sp(carrying the pilot data-signal) and the interrogatory
signal-wave Sk(carrying the interrogatory data-signal ) transmitted
during the period ta within the cycle time T1.

10 The output power 1level of the antennas 30 of the
respective antenna units 25a through 25e is arranged so that the
level of the pilot signal-wave Sp becomes L1 and the level of the .
interrogatory signal-wave Sk and the unmodulated-carrier-radio-wave
becomes L2 which is a given level higher than the output power

15 level of Ll1. The receiving and transmitting of the signal-waves
by the antenna units 25a through 25e are controlled according to
a communication program shown in Fig. 6 and the corresponding
operations by the IU 23 are controlled according to a
communication program shown in Fig. 7.

20 In other words, when the control circuit 36 starts to
control the antenna units 25a through 25e according to the
communication program after its initiaiization (step S1) shown
in Fig. 6, the oscillator 32 sets the output level of the antenna
30 to L1 (step S2), and, subsequently, pilot‘signal-wave Sp is

25  transmitted (step S3). Then, the oscillator 32 sets the output
level of the antenna 30 to L2 (L2>Ll) (step S4) and the

unmodulated-carrier-radio-wave is transmitted (step 4), and the



-11- generates a nodul ated-carrier-wave as an interrogatory signal--wave Sk

on the antenna 30 through a circulator 33. The frequency fl of the carrier
radi o-wave generated by the oscillator 32 is one in the assigned . frequency
band, for exanple, 2;45 G Hz. The 5 antenna 32 receives only a limted.
range of the radio

f f | toed by th il 32.
si gnal recei vi ﬁﬁr&}'%\l}% éiefq%ﬁg%]?ﬁ%ﬁ tLe’Tgenenrar gf' g?‘Y%él‘H d'esagggh%d ?%é)éiu%%ﬁb%he
circuit) for S%%E%_E{ﬂgeﬁsh{&m?ﬁgflﬁgs denodul ation is connected to a m xer
Wi

35. The m xer i'S supplie e 10 carrier-radi o-wave fromthe

oscillator 32 and is aiﬁqhgug_g%ﬁgh%ws aggaegﬁpagg 9ssi Gna 13%V§eéé’ﬁ%ie?9hé5

a carrier-radi o-wave nodul at a respondi ng data signal) comng from

the antenna 30 Jdahnowabkt ke gtk cwawd 013.%3&11_1:11‘!& ¢8k! ic%c1eadijge\\ame amebt hes
respondi ng signal -wave are m xed by the m xer 35 and supplied’to 15 t he

recei.ving gircudcteFhinedhénrecstiep 36 ah8cthé prbglanpdutaies tdehd xedp s2
signal -wave and obtains the responding data signal and send it to the
control |l er 28. afdhetheandizapsa Snitthsodbh Skr awvghrépeated urid lsdihe icalilhback
' signal-wave Ap is received, in other words, until the IU 23
comes into anyone of the communication areas 26a through 26e,
and, if received, ([YES] is determined. Then, the program takes
10 step S7 and the antenna unifs 25a through 25e transmit the
interrogatory signal-wave Sk to read data for toll collection and
else from the IU 23 (step S7). Thereafter, they transmit the
unmodulated-carrier-radio-wave (step S8) and wait for receiving
the interrogatory-responding-signal-wave (hereinafter referred
15 to as answering signal-wave) Ak from IU 23, and signal processing
is executed if they receive it (step SS{.
If data writing is necessary in addition to data reading,
the antenna units 25a through 25e to transmit the interrogatory
signal-wave Sk which includes data to be written into the IU 23
20 before the communication is completed. In this case, (NO] is
determined in a step S10 and the program returns to the step S7.
Then, the interrogatory signal-wave Sk is transmitted (step S7)
and the program goes through the steps S8 and S9 to the step S10, -
where [YES] is determined and the communication is stopped when
25 the transmission of the interrogatory signal-wave is completed.
Then, the program returns to the step S2 to repeat the above-

described operations.



structure as the antenna unit 25a except for their frequencies. 20 That
Is, the frequency f1l is generated by the oscillator 32 for the antenna
units 25a, and the frequencies f2 through f5 for the antenna units 25b
‘through 25e are generated in a narrow frequency band so as not to overlap

with one another. Thesgifgsi th@tdghpulr Q@%mcmswr@e@S@A%%ﬂ@ A pilot
previously nentioned fixed 25 frequency band (2.45 G band) and t-he

frequenci es forsidmladjavecSp astlosinrgy wtrahsmbtisedismidgntd betplt flivellr om gach
ot her as much as possi bl e. -12- In the antenna controller 28, a control

circuit 36 inclsateshilEPEhendntetmgaiony dsiignad owares tSd and the pautddndated-
modul ating circuits 31, receiving circuits 34 and the oscillator 32 of the
antenna units 2AFnigrorficoyave Bre haiedriranshitiad er the qorogpicatipn arga

program which is dgﬁpribe%g%gt r .and generates an interrogatofy data-signal
to the nodd at i $Rf CPFEESR 248f Qf Hhe Phiolh SINBE-WRKS SPLERLIML R, be diasedueda

responding dataﬁfiéyga&Utfg(gﬁggt§£¥ially coincides with the communication areas
of the call-back signal-wave Ap and the answering signal Ak which
can be received by the antenna 30.
When.the IU 23 is operated éccording to the communication
10 program shown in Fig. 7, an initialization is executed in a step
Tl, and it waits for the pilot signal-wave Sp (step T2). When it
comes into any one of the communication areas 26a through 26e and -
receives (by the antenna 39) the pilot signal-wave Sp transmitted
from the antenna units 25a through 25e, the signal-wave is
15 demodulated by the receiving circuit 42 and applied to the
control circuit 40, and {YES] is determined to go to the next
step T3. The IU 23 receives the unmodulated-carrier-radio-wave
by the antenna 39 subsequently, and modulate it with the call-
back data-signal outputted throuéh the transmitting circuit 41,
20 and transmits the call-back signal-wave Ap which is the
modulated~carrier~radio-wave (step T3). Thereafter, steps T4 and
T5 are repeated until the interrogatory signal-wave Sk is
received.
When the IU 23 receives the interrogatory signal-wave Sk
25 from any one of the antenna units 25a through 25e, signal
processing for transmitting or writing data of the toll

collection is carried according to the contents of the



receiving circuit 32 and decreases the output power of the oscillator 32 to
a prescribed level at a timng of outputting a 10 pi l ot signal -wave Sp .
to be explained later. The control circuit 36 is connected through an '
interface - circuit 37 to the signal - process-i_,&g-ci rcuit 29 which is

previ ously descr,i 1g; 3). A power supplying circuit 38 converts an
AC current supplﬁngggjf’é%a%%gﬁg?'@r' Y’Evgcﬁfrcéf('ﬁ?ﬁ déﬁgvﬂ‘ﬁ toobe manizedntthend
supplies it 15 o] S0 £4 rGui t. 36 and the interface circuit 37 as
wel | as the resgéagttai \a}%gjﬁtenriezli;l1 Eﬁﬁ stq%ga'gﬁr%?f‘%‘%gé. gYn“i%&Q”@rQé,ch?Fult
antenna 39 is aggc {d kRagftenn r on print ed board and is
arranged to recéi@ve%?i%t\l}/gggs&?na%é%rtggeﬁ% der'fk’ﬁ giﬁ% are §ﬁ8‘a7nf5?}nthe

broken line in Haga fem@®y 43 (B8Lp i) .| trh%i‘@afst%if,ir \Eﬁeaglﬁtge%qu#o%ggﬁgf-iv?a%ef 1

through f5 of the interrogatory signal-waves ansm

respective Bnt emkaisiniompoded, LhAretmdR W&Rds, TERe Qﬂﬁb&ﬁia@d—%ﬂf#ié@ﬂa@#‘%b a
0 | -back

CPU, a ROM and a RAM and generates respondi ng data-signals r-aca
si gnal -wave 25 is spodulatiedolstepsPhindiWhen SiHEN2ht ¥ PoRhtaPd sAGERELAYE Sk does

signal -wave (or interrogatory-respondi ng si.gnal -wave) en receiving a

pi | ot si gnal - wanetSpnekudenai remminatidrosigaal et they eofthudicaviohe the IU 23
determines [NO] in the nekt step T8 and returns to the step T4
where it waits for the interrogatory signal-wave Sk agéin. On the
10 other hand, when it includes the termination signal, the IU 23
determines (YES] and the termination of the communication is

executed (step T9), and returns to the step T2.
If the IU 23 has not received the interrogatory signal-wave
while the steps T4 and T5 are repeated in a given period, [YES]
15  is determined in a step T5 and a communication error process is
carried (step T10). As a result, the IU 23 returns to the step

T2 and waits for the pilot signal-wave Sp again.
Although the step is not convenient in case of a system
trouble, it ensures to receive the signals when the IU 23 passes

20 the next gate.

If two automopiles 22a and 22b are passing on the
respective lanes 2la and 21b and approaﬁhing the gate 24, and the
IU 23a and the IU 23b, after a while, enter into the
communication areas 26a and 26b while the pilot signal-wave Sp
25 is transmitted to the respective communication areas 26a through
. 26e as shown in Fig. 3, the IU 23b receives the pilot signal-wave

Sp first from the antenna unit 25b and transmits the call-back



13- outside. In the neantinme, the pilot signal-wave Sp causes the CPU of
the control circuit 40 to start its operation and interrogates an .

aut onobi |l e about its identification code, @d the interrogatory signal-wave
Sk causes the CPU to read data stored in the"ROM 5 and/or RAM of the
control circuit sA@nadrwave ip tanddfhe anmswdringAbignal+tvavet Akl inokéepdrisen to
The control circuit 40 is connected to the antenna 39 through a
transmtting cird§ LEerzpgatery Fjgnalreaws \Gkagandraiter 42 whike the IU 23a
transmtting circuit 41 nodul ates an unnodul ated- 10 carrier-radi o-wave
which is recei vétPRLERt e aﬁ?ﬁ@ﬁnﬁlwl\m‘*@ﬁeas? 5980 §hARRERY UBEEN2 3R anke
cal | -back signal-wave _and transmts the nodul ated-caryier-wave as a

respondi ng si gnaitenS3Be sREFHSENRS BRAVeHAER BTeC TASES #TThe recei vi ng
[ it 42 dul at [ I, | 5 S ' f t
e 33 goha s e gt agn o, 8908 MR Sof SR Lo U
control circuit 40 30€, CUhBhi CAtitH £ LRe CHRECIEA IR B0 ALR MBI ag

automatically between the gate 24 and the IU 23a and IU 23b. Since

the communica%ion areas where the pilot signal-wave (transmitted
from the antenna units 25a through 25e) can be received by the
10 IU 23a and IU 23b becomes almost the same as the communication
areas where the IU 23a and the IU 23b can transmit the call-back
signal-wave Ap, reliable_communications are ensured.
When the automobile 22b in Fig. 3 passed through the
communication area 26b beforehand and then enters to the area
15 26a, the IU 23b transmits the call-back signal-wave Ap in response
to the pilot signal-wave Sp from the antenna 25b but does not
respond to the pilot signal-wave from the antenna 25a. That is,
the IU 23b only communicates with the antenna unit 25b, and the
IU 23a likewise only communicates with the antenna unit 25a. Since
20 the IU 23a and IU 23b do not start communications for a while or
until a short-distance-running after the toll collection process
has been completed, they do not transmif-the call-back signal-wave -
Ap even if they receive the pilot signal-wave Sp from the antenna
units 25a and 25b after the toll collection process has been
25 completed.
A case where three automobiles 22c¢ through 22e are

passing the communication area 26a as shown in Figs. 9 and 10 is



43 which is a non-volatile read-wite nmenory. The control circuit 40 does
not transmt any signal-wave even if it receives the |nterrogatory

signal -wave Sk until it receives the pilot signal- 20 wave Sp. After t he
control circuit 40 has started its comunication with one of the antenna
units 25a through 25¢, it will not start cordanication with another, Wen a
series of toll ‘gﬁq%’tﬁq%rf‘%%e@sg ‘has Mﬁ cté%er‘aé’dwmphéleoﬁ?ﬁolen‘éFFthhﬁ)

stops its conmunicati,on ,and does t st onnunlca ion after a while
25 or after Wﬁwa&lﬁf‘v@ﬁeﬂlgaaﬁ@é 1erA taéﬁtf?mﬂ li Zsé@sequently
respective CIrCUItS in t e operati ove

described with SREERHT gg%rgﬁ%u?loc%lém $£4%% o * 1 ﬁe? ]c%né%

cirouit 36 of 'DEAUPUAdRANER! LAl S8a0e0etal t%%n%ﬂxh&gl aaoqlagag@ea 262

signals, in thi dat a-'si gnal I'S déscr er-an

B A Rt
signal-wave) of the antenna unit 25a may be received.

As shown in Fig. 10, the IU 23c of the automobile Zic,
which has entered the communication area 26a earlier, receives
the pilot signal-wave Sp from the antenna unit 25a and responds

10 to the signal to start its communication. Although the automobile
22d enter the communication area 26a during the communication of
the IU 23c, the IU 23d does not start its communication even if
it receives the interrogatory signal-wave Sk since the antenna
unit 25a is in communication with the IU 23c and the interrogatory

15 signal-wave Sk is being transmitted.

When the communication between the IU 23c and the antenna
unit 25a has been completed and the pilot signal-wave Sp is
transmitted from the antenna unit 25a again, the IU 23c¢c receives
the signal-wave and starts the communication. Since the IU 23¢

20 has completed its communication at this moment, it neglects the
pilot-signal-wave Sp even if it subsequently receives the signal.
Thus; the IU 23d solely communicates wifh the antenna unit 25a.

The IU 23e of the automobile 22e passing through the
downlink area 26ad does not receive the pilot signal-wave Sp

25 since it passes outside the communication area 26a, and the
automobile 22e passes without communication even if it receives

the interrogatory signal-wave Sk. The automobile 22e in practice,



5. The antenna controller 28 sends the comruni cation. data-signals

repeatedly to odd-ordered antenna units 25a, 25c and 25e at the sane timng
during each cycle time T1, and to even-ordered antennas 25b and 25d during:
each the sanme cycle tine T1 but a 10 timg T2 (e.g. T1/2) later than the

former. In the respective antenna units,ZSa??hrou h e, .the nodul ati on ,
circuit 31 mdtﬂ%%?rt' hB2E88PF i QrW&EéEthﬁF%@%goﬁﬁuﬁPEaFPBﬁnna unit

data sional s anty TGS A8 5OTMRLEA O LEREILUPYER LIS LASPSRLIY®
ghere are two §;5“15ro91f thi€s “hﬁi‘{:'?ﬁb."a@l&'s%‘a%ﬁé" Bts tJ?:?nm%'i%%xtaon.
ata-signal andthe I nterrogatory datfa-"signal. ey~ are generat e

repeatedly during a peghed fre Wit bbnogh&& UHSmoY Eb Celtdts bl BRfuhifation
remai ning cycle tine tb (ta + 20 tb = T1) Is set to receive the

respondi ng ssi gnatear2ve Switdred &ha- cénntinaést{ohiagBadr BePRhal P68l ff itBe BR€enna
respondi ng signal waves are denodul ated). The output period ta for the

pi | ot data-si gnalitand5a hend 25er 6egiapr Wititeachi gtRér, thar IRMFEGerRiveéd the
overlap with those fromthe adjacent antenna units, for instance, antenna
25 units 25spkimk Xblgnal-wave from either one of the antenna units 25a and

25b since the antenna units 25a and 25b transmit the pilot
signal-wave Sp at different timings as stated before so as to

10 ensure steady communication of the IU 23 with either one of the
antenna units 25a and 25b.

Since the communication time is not shared by the antenna '
units 25a and 25b, it is not so much limited as compared to the
ordinary time-sharing communication and can be secured sufficient

15 even while the automobile is running at a high speed. Thus, the
reliable communication with the antenna unit 25a or 25b and,
consequently, the reliabie identification can be achieved.

The present embodiment has the following effects.

First, when the antenna units 25a through 25e transmit

20 the pilot signal-wave, the output level Ll is set to be lower than
the output level L2 for other signals. As a result, when the IU
23 which has received the pilot signai-wave Sp in one of the
communication areas 26a through 26e, it modulates subsequentlf
the unmodulated-carrier-radio~wave which is received subsequently
25 at an increased power level and transmit it as the call-back
signal-wave to the corresponding antenna units without fail. Since

the antenna units 25a through 25e transmit the interrogatory



During the cycle time thb (tb = T1 - ta, as shown in Fig.- 5) in which
nei t her the communi cation data-signals are supplied -15- by the _ :
gontroller 28 nor the nodulation is nade by the nodulating circuit 31, the
unnmodul at ed-carrier-radi o-waves is generated by the oscillators 32 and is
transmtted by the respective antenna units-2%a through 25e to the
respective comufit@aRi RS etk 3f%Lhs highprooutpuibelevetal2y s thendU 23 can
respective antenna_units,25a,through 25e al ways, transmt radi o-waves which

@ntcl ude tPe pi | pFegT’g%%lst?‘emé%(;@‘aéﬁ _g?r‘g'ﬂihlﬂ’g’_uﬁh 3ptd ot dat a-si gnal ) ?nd t he

i nterrogatory signal -wa r the. interro Yerdat s Si gna
transmtted during the \p?gfl?ig) aé%%%afzr%z %g%-}%g%ta??r{é tlh% E%ot g.s:.gnai-wave
The out put powegyl I ; 30 J r [ t

units 25a throug p2§§&i g%réﬂabﬁd'gggéo % ngyt %é elvg 6gf t e%%i F'ﬁ(;tﬁ] 4HldEne
si gnal -wave $p bggaeeRsal in2ds £Bg EB!&L%I'Pf 28d1eat @t QEPAERIY YsSi BN - Y@V 23Sk

and t he unnodul at ed-carrier-radi o-wave becones L2 which is a given | evel
hi gher than the edé@ittespoherinterrogatory signal-wave Sk only after it receives
the pilof signal-wave Sp, if_one of the IUs 23 is receiving the
interrogatory signal-wave Sk while running in one of the
communication areas, another of the IUs 23 entering the same
10 communication area will receive the pilot signal-wave Sp after
the former communication completes. Thus, the communication may
be achieved without interference of the two IUs 23.
Since the frequencies £1 through £S5 of the oscillators 32
are assigned to a narrow frequency band and the controller 28
15 controls to shift the timing of the pilot signal-wave Sp of the
adjacent antennas by a period &2, the respective antenna units
25a through 25e can communicate with the respective IUs 23 of the
automobiles 22 without interference in a short time.
The modulating circuit 31 may be arranged to control the
20 oscillator 32 to transmit the unmodulated-carrier-radio-wave
automatically from the antenna units 25a through 25e whenever
none of the pilot signal-wave Sp or interrogatory signal-wave Sk
is transmitted.
_ The data memory 43 of the IU 23, which is integrated into
25 a unit, may be separated as a detachable member such as a memory

card or a prepaid card.

The communication may be completed by one time



15 | evel of L1. The receiving and transmtting of the signal-waves by -

the antenna units 25a through 25e are controlled according to a

conmuni cati on program shown in Fig. 6 and the correspondi ng operations by
the 1U 23 aré controlled according to a commpgsoi cati on program shown in Fig.

7. 20 int8rfd ﬂngﬂ,t | circuit,36 starts

control the ant éﬁnarun%ﬁor%z%g?ﬁoug © 2 gg@%#’%‘lnﬁgt%’% Pﬁ%oéo%allcg%%nsl:
program after i&ﬁdifﬁéifﬂﬂeégbhgﬂof téﬂﬁnﬁllwﬁbQV§kJ'1 Fig. 6, the oscillator
32 sets the output |level of the antenna 30 to L1 (step S2), and, '

subsequently, pilot sighel comvendhtion?areas! 6PEIEPIRG NSEEPR thHR8may
the oscillator 32 sets the output level of the antéenna 30 to L2 (L2>L1)

(step S4) and tbe pmowildédteitatr ifailr 8¢ evoiRy | &iifareat tiedngst €8r 4the

and the -16- arrival of the call-back signal-wave Ap is waited for until

the cycle tinme Pilobtrdigmedswavé tSpe anderthe ubhtergetolryougihgre-wavee spt

receive the transmitted from the respective antenna units thereby to prevent
the communication interference.

In the communication area which has no overlapping area,
the same wave may be used.

10 The present invention for the toll.collection system of
the toll road may be applied to a system such as an operating
system for an unmanned carrier which carries products in a plant,
a production control system for controlling the production line
of a plant, an access control system which controls people coming

15 in or going out of rooms or the like system.

In the forégoing discussion of the present invenfion, the
invention has been described with reference to specific embodiments
thereof. It will, however, be evident that various modifications
and changes may be ﬁade to the specific embodiments of the present

20 invention without departing from the broader spirit and scope of
the invention as set forth in the appended claims. Accordingly,

the description of the present invention in this document is to

be regarded in an illustrative, rather than a restrictive, sense.



cal | - back signal -wave Ap during the cycle time T1, i rm ned
in a step S6 and the programreturns to the step S2 | !1“” B@ S
~through S6 are repeated until the call-back signal - c ed, in

ot her words, until the IU 23 comes into anyone of the conmunication areas
26a through 26e, and, if received, [YES]-24% determ ned. Then, the program
t akes 10 Wb@@pl§7caﬁam9ﬁel§htenna units 25a through 25e transmt the

i nterrogatory signal-wave_ Sk to, read data fqr toll col]lection and el se from
the 1U 23 (step S7)1-TherRaiPdilg hnQPieCinshrentpéication device gor a

i or 1 ogat oV APUSEEARERD. ALatal YORVE CREPERAEIChr tPor A nond obfieen
answeri ng SE%B&&’W@EEL gkaﬁéogié%ééggnzgam $1988},. processing is executed if
eIt Fste g ). Tf data 8

they receiv _ witingisn éessary in addition to data
readi ng, the antenngnURintendad coRte8gNudze hAvihgnam tan%ﬁ%“%"s?%%&%)t

si gnal -wave Sk which includes data to be witten“into the Il . .
before the gaitAiican foxr ¢eapkaledingnat BosmemteatidiNGignaldemerna Bagd i n

a step S10 and the programreturns to the step S7. Then, the interrogatory
si gnal - wave aSk unsotubaised tdagdtiest padiS-waaned thireughogn aam teres ttowaugh silid
steps S8 and S9 to the step S10,
communication area and receiving a responding signal-wave from
said communication area;

a ‘responder unit mounted on said mobile object for
transmitting said responding signal—wave.when receiving said
communication signal-wave and said unmodulated carrier-radio-wave
subsequently, said responder unit including a receiving circuit
receiving an unmodulated carrier-radio-wave from said
communication area, a control circuit generating a responding
data-signal, and a transmitting circuit modulating said
unmodulated carrier-radio-wave with said responding data-signal
and transmitting a modulated carrier-radio-wave as said
responding signal-wave; and

means for decreasing output power of said antenna to a

prescribed level while said antenna control unit is transmitting

said communication signal.

2. A mobile object identification deviée claimed in claim
1 further comprising a gate for toll collection, wherein said

antenna is disposed on said gate.



where [YES] is determ ned and the conmmunication is St en 25  the
transm ssion of the interrogatory signal-wave is conﬁm ] ;u!, MHL -
programreturns to the step S2 to repeat the above- by Mons.

-17- Since the output level LI is set onlpg_while the pilot signal-wave Sp
I's being transmtted and the output level L2 is set while the interrogatory
si gnal.-wave Sk and #he uUhnBebile egbiegkr identadicator devipei fdaimed in

t itted, .th i cati . 5 26a, t hy ough 26e of, the pil ot
i gnal - vave C33 hiteh WBSR I8 PAAG: GBESBPR L RERTEPHIRth ST MR 19S 0

i whi‘el . Y
it e CORTMOLALOA; 8RS 0kt Dea L) bRgl S ML JEY o kSRt
S operatedcggggég;ggdigLﬁgg%(%ﬁgggqgﬁgyr%g 10 program shown in Fig. 7,

an initialization is executed and it waits for.the pilot

signal -wave Sp (step T2)n M¥e{iétob9eBE HAkAL2RYcRPLoR! dbHECEOPTHAME! i1gN
areas 26a through 26e and

claim 3 further comprising a signal-processing-circuit for

processing data for said toll collection when receiving said

responding signal-wave.

5. A mobile object identification device claimed in claim
2, wherein said antenna control unit further comprises a

plurality of antennas disposed on said gate.

6. A mobile object identification device claimed in
claim 5, wherein said antenna control unit further comprises
means for generating said carrier waves having different
frequencies and assigning said carrier-radio-waves to said
antennggﬁgorresponding to said communication areas overlapping

with one another.

7. A mobile object identification device claimed in
claim 5, wherein said means for generating said carrier-radio-
waves having different freqﬁencies further comprises circuit
means for supplying said communication signal-waves at different
timings to said antennas corresponding to those of said

communication areas overlapping with one another.



-receives (by the antenna 39) the pilot signal- tted fromthe
antenna units-25a t hrough 25e, the signal-wave |Hmﬂrml gﬂﬂg ed by the
receiving circuit 42 and applled to the control ctroul YES] is
determined-to go to the next step T3. The_|U 23 receives the '
unnmodul at ed-carri er-radi o-wave by the anté¥ma 39 subsequent |y, and nodul ate
it with the call- b8ck dat pobidfRalobjecputidentificaghonhdeviges dliaimeg in
circuit 41, 20 - and transmts the call-back signal-wave Ap which
is the nod@kaday- farvhereindsaidarespendsr T¥it heekudeera companicaliAnR T5
are repeated until the interrogatory S|gnal wave Sk is received. Wen the
|U 23 rece|@§§gFﬁ@-Wﬁﬂépr§8§F69§ss¥§ﬁﬁuS gt £9 5t°Pr§ﬁ¥§591€#E#Qﬁ fare
antenna units 25a throu <¥€ naI pracessing for transmttin

writing dat@ ofLFRB RATLGChH 2EERT of2se Rl cEOhERGH IR PTRCEHE B8Rt RSP of
t he interro t%ry signal -wave Sk. If the data is to be nmenorized, the
data are wi the data nmenory 43 by the control circuit

9. A mobile object identification device claimed in
claim 4, wherein said responder unit includes a communication
program which controls last said unit to stop communication until
a given running distance after said toll collection process has

been completed.

10. A mobile object identification devicé claimed in
claim 2, wherein said antenna control unit comprises means for
transmitting a pilot signal-wave and an unmodulated-carrier-
radio-wave successively, and an interrogatory signal wave
subsequent to receiving said responding signal-wave from said

responder unit.

11. A mobile object identification device claimed in
claim 10, wherein said responder unit includes a communication
program which controls said unit to stop communication until it

has received said pilot signal-wave.

12. A mobile object identification device claimed in
claim 11, wherein said responder unit includes a communication

program which controls said unit to prohibit communication with



40, and if there are data to be read, the data are a
menory 43 (step T6). Thereafter, the answering si gngmumlfmﬂlﬂm;
conposed, in other words, the unnodul ated-carrier-ratli 0~ waveti ss ul at ed
(step T7). Wen the interrogatory signal-yave Sk does not include a
termnation _sjgnal ,of the communication, The IU.23 determ_nes [NJ in t.h
next step Tg%égﬁsr@%ﬁ nsﬁt aﬁhéeg?ﬁ)eél)'f \ﬁ?& Ff’%\%{f’i"ﬁa"ﬁotfrf’ﬂeéne ot saidf
i nterrogatory,signal -wave Sk again. On the 10 ot her hand, when it

i ncl udes th@XFSP%Pﬁation signal, the IU 23 determi nes [ YES] and the

term nation of the conmunication is executed (step T9), and returns to the
step T2. If the U 23 has not received the interrogatory signal-wave while

the steps T4 and T5;gre 4 £ EH%@cEi {QBnPEEL 89 i by ERbviae cliaimgd( sj’[nep

determined in a step T5 and a conmunication error process is carrie

T10). As a 'E:Q%Ehtn}%ﬁﬁﬁﬁ shehuhoend Of&f‘ecr%h%&i-{%iﬁ?dsmtﬁii&i é{&aﬁU ot

si gnal -wave Sp agai n. ough the step 1s not convenrent I n case of” a

system troublage idnENSHATI@LEEYEL Y EnhlCwab@Nttandhien s | b4 Bk PaSARS 20
the next gate. If two autonobileS 22a and 22b are passing on the respective

| anes 2la apgvélBtagdodiey QRFRLNUohEL P s¥id AR¥ekPBgatory signal-wave.

14. A mobile object identification device claimed in
claim 11, wherein said means for transmitting said unmodulated-
carrier-radio-wave transmits said unmodulated carrier-radio-wave

at the same power level as said interrogatory signal-wave.
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1Y 23a and the 11U 23b, after a while, enter into the communication areas

26a .and 26b while the pilot signal-wave Sp 25 - is transmitted to the
respective conmmuni cati on areas 26a through 26e as shown in Fig. 3, the IU
23b recei.ves the pilot signal-wave Sp first fromthe antenna unit 25b and
transmts the call-back si gnal - wave and the answering signal -wave Ak
in response to the interrogatory signal -wave Sk, and after a while the IU
23a receives the pilot signal-wave Sp fromthe antenna unit 25a and the
sanme processes as above are carried thereafter .5 Thus, when the
aut onobi | es 22a and 22b pass a cdommuni cation for the
toll collection is carried auj I cgl | yevbdt ween} t hg gate 24 and the IU 23a
and 11U 23b. Since the comuni ' he pi | ot signal -wave
(transmtted fromthe antenna 5e){ can be received by the
10 U 23a and 11U 23b beconi S tfhe conmuni cati on areas
where the 11U 23a and the U 2 cal]l - back signal -wave Ap,
reliabl e comuni cations are e
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“Wien the autonobile 22b in Fig. 3 passed through the communi cation area 26b
bef orehand and then ‘enters to the area 15 = 26a, the |U 23b transnmits the
*call -back signal-wave Ap in response to the pilot signal-wave Sp fromthe
antenna 25b but does: not respond to the pilot signal-wave fromthe antenna
25a. That is, the U 23b only comuni"éates with the antenna unit 25b, and
the 1U 23a |ikewi se only communi cates.w thithe antenna unit 25a. Since 20
the 1U 23a and IU 23b do not stif? qggnuni ations for a while or until a
short-di stance-running after thé t®l¥Aocol #~ecti on process has been

conpl eted, they do not transmt the call-back signal-wave Ap even if they
receive the pilot signal-wave Sp fromthe antenna units 25a and 25b after

the toll collection process has been 25 conpl eted. A case where three
aut onobi | es 22c through 22e are passing the communication area 26a as shown
in Figs. 9 and 10 is -20- described?fext. Fig. 9 shows the autonobile

22c entering the




conmuni cation area 26a earlier, the aut onobi | e 22d subsequently enterlng _
.the communi cati on area 26a; and t he aut onobil e 22e passing a downlink area -
26ad outside the communication area 26a 5 where signals other than the
pil ot signal-wave Sp ( |ower |evel signal-wave) of the antenna unit 25a may
be received. As shown in Fig. 10, the IU 23c of the autonobile 22c, which
has entered the conmunication area 26a ®4rlier, receives the pi | ot
signal -wave Sp fromthe antennax:;zzz% :3hd responds 10 to the signal
to start its conmunication ut onobi |l e 22d enter the
communi cation area 26a during the conmunication of the 11U 23c, the U 23d
does not start its comrunication even if it receives the interrogatory
si gnal -wave Sk since the antenna unit 25a is in comrunication with the U
23c and the interéqgatory 15 signal -wave Sk is being transmtted. Wen
the communi cationsbetween the 1U 23c gnd the ggenna unit2f25a has been
conpl eted and the p|Iot si gnal - wave S% I's trangmtted fr the antenna unit
25a agai n, thekld 23c _receives the si naI -wave® and rarys_the

communi cat i on. =Srfcete—t T20" s fetet é:EEEﬁEﬁPcation at
this nmonment, it Heglects t ilot signal- mave~8p en%ﬁ jf it subsequently
recei ves the signal. 26b 1
21a~— A
= 25bE==
+
21b~ |
> ===25¢
21 C~ ,/"’[
‘ 7 F =254
21d~— 22d
22e
2le—

SROCESS
29" |UNIT




Thus, the | U 23d solely communicates with the antenna unit 25a. The IU 23e
of the autonobi | e 22e passing through the downl i nk area 26ad does not
receive the pilot signal-wave Sp 25 since it passes outside the
conmuni cation area 26a, and the autonobile 22e passes w thout conmunication
even if it receives the interrogatory si-gnal -wave Sk. The autonobile 22e in
practice, -21- however, passes the i catjon area 26b of the antenna
unit 25b as shown in Fig. 3, and 11U 2 ?EE%%% the pilot signal-wave Sp
fromthe antenna unit 25b and starts ation. When the 11U 23 of

t he autonobile enters a Comuni cation 5 area 27a where the conmmuni cation
areas 26a and 26b of the antenna units 25a and 25b overlap with each ot her,
the U 23 receives the pilot signal-wave ftkd3either one of the antenna
units 25a and 25b since the anten un| 25a and 25b transmt the pilot
signal -wave Sp at different tim n ﬁ'e@ibf 028680 23¢Cto 10 ensure

st eady connunlcaE%on of the U 23 mnth |Lh one f th
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-antenna units 25a and 25b. Since the conmunication tinme is not shared by
tthe antenna units 25a-and 25b, it is not so.much-limted as conpared to the
ordinary tinme-sharing conmuni cation and can be secured sufficient 15

even whi|le the autonobile is running at a high speed. Thus, the reliable
conmmuni cation with the antenna unit 25a50r 25b and, consequently, the
reliable identification can be achi eved” The present enbodi ment has the
followi ng effects. First, when the g uni 25a through 25e transmt
20 the pilot signal-wave, the ou?gz | gvel is set to be |ower than
the output level L2 for other signals. AS a reSult, when the |U 23 which
has received the pilot signal-wave Sp in one of the conmunication areas 26a
t hrough 26e, it nodul ates subsequently the unnodul ated-carrier-radi o-wave

whi ch is received subsequently 25 ed power |evel and
transmt it as the call-back signal{wa¥eTtA € co}responding antenna units

without fail. Since the antenna unit 25e transmt the
i nterrogatory

S1{ INITIALIZE

S2] SET TO L1

S3| TRANSMIT Sp

S4{ SET TO L2

TRANSMIT

55| CAR- WAVE

- YES
S7|| TRANSMIT Sk

Y TRANSMIT
CAR- WAVE

S9 PROCESS

No  S10

COMPLETE ?




-22- signal -wave Sk at the higher output |evel L2, the IU 23 can receive

the signal -wave without fail. Since the comunication timngs for the pilot
si gnal -wave Sp and for the interrogatory signal-wave between U 23 and the
5 antenna units 25a through 25e are separated so that U 23 receives the
interrogatory signal-wave Sk only after it receives the pilot signal-wave
Sp, if one of the IUs 23 is receiving t i nterrogatory signal -wave Sk
while running in one of the comunication areas, another of the |Us 23

entering the sane 10 conmuni cat eapni || receive the pilot

signal -wave Sp after the forner Ci:§?1€§at§2% conpl etes. Thus, the

communi cation may be achi eved wthout “hterference of the two IUs 23. Since
the frequencies f1 through f5 of the oscillators 32 are assigned to a
narrow frequency band and the controller 28 15 controls to shift the

timng of the pilot signal-wave Sp of the adjacent antennas by a period T2,
the respective antenna units 25a through 25e can communicate with the

respective IUs 23 of K?E‘HWFQQWQEEE?DZZ wi thout interference in a short.
time. The nodul ating irouil Al y Pe arranged to control the

T1| INITIALIZE

Sl

T2

T3| TRANSMIT Ap

Tt

T4

Sk RECEIVED ?

TIME PASSED ?

Té PROCESS

YES

T7| TRANSMIT Ak

TR

YES
T9|| COMPLETE ~ T10|f ERROR PROCESS




20.

automatically fromthe antenna units 25a through 25e whenever

non

oscillator 32 to transmit the unnodul at ed-carrier-radi o-wave

e of the"

'pil ot signal-wave Sp or interrogatory signal-wave Sk is transmtted. The

data nenpry 43 of the 1U 23, which is integrated into 25 a unit, my be
separated as a detachabl e nenber such as a nenory card ﬁr a prepaum card.
The comruni cation may be conpl et edt by one tikhd - 23-kidnt er r ogattaly
si gnal -wave by combini ng thejpilot| sigral -wale Sp and {He interrdgatory
si gnal -wave Sk. The connqgjcﬁLjon ar ead over| gppi ng _mofe than thrjee may be
provi ded without fail by I iffedent t] m ngs  tlhe 5 pi|l ot
signal-wave Sp and the interrggatorly sifgnal-wave |3k transmjtted from
the respective antenna units|theregby t et t he COWTUnicatttﬂ
interference. In the connuni¢ation ar ed I cp Ihas—na ayer| appi ngiar ea,
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t he sane wave nmay be used. 10 . The present. invention for the toll
collection systemof the toll road may be applied to a system such as .an

operating systemfor an unmanned carrier which carries products in a plant,
a production control systemfor controlling the production line of a plant,

an access control system which controls pgople conmng 15 in or going out
of roons or the like system In the f scussi on of the present

i nvention, the invention has been deigfiﬁégf gz reference to specific
enbodi nents thereof. It will, howeve vi dent that various

nodi fications and changegggﬁy be nmade to the specific enbodi nents of the
present 20 i nvention Qut- departing fromthe broader spirit and scope
of the invention as set fogti in the apﬁEnded claims. Accordingly, the
description of the present’\nventiop- N dpcunent is to be regarded in

an illustrative, rather than\a r trlctrﬁa SERIE -24- pbat—+s cl ai ned
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1. A nmobile object

identification

devi ce

for

a communi cation area .

where information is exchanged between a nobile object and a station

FIG.T0A 252 vy

FIG.10B

FIG.I0C 2

FI1G.10D e

conprising: an antenna control unit having an antenna di sposed at said
station for-transmtting a connunLcatlon s?rnal -wave jnd an unmdul at ed
carrier-radi o-wave through &n antpnna toward s ni cation $ a and
recei ving a respondi ng sign z?i* fromsaid co npcati on area;
responder unit mounted on sadimepile object] fof trieagmtting sal
respondi ng si gnal -wave when{receiyin 0 nicatldm si gnal - Jave and
sai d unnodul ated carrier-radio-waje gubsequgntll, aidliﬁsponder unit
i ncluding a receiving circuilt_recpivijng ar nnnggL
carrier-radi o-wave from comuni datilon reaL_a Eont rol cijrcuit
generating a respondi ng dat a-si gngal, and J|a ransmilt C|rcuit
nodul ati ng said unnodul ateq carr|er-{radi o-javel with s d respondi ng
data-signal and transnittind a nodul gted cafrie -radlq e as_?jld
respondi ng signal -wave; andlneans] f or ﬂecL§%5|dglouf§ sai d
antenna to a prescribed level whi]e gaid antlenra control nit is]
‘transmtting g: i -
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sai d comuni cati-on signal. 2. A nobile object identification device clained
inclaiml further conprising a gate for toll collection, wherein said
antenna is di sposed on said gate. -25- 3. A nobi | e obj ect _
ddentification device clained in claim2, wherein said antenna control unit
conprises neans for transmtting an intefg-ogatory signal wave and said

unnodul ated cakrjeQ; ragi g-wave subsequently. 4. A nobi | e obj ect

i dentificati F%@ceil?i me? { maiAer- further conprising a

si gnal - processi ng™¢i« cuit fo RJ S data for said toll collection when
recei ving said respondi ng signal-wave. 5. A nobile obj ébt identification
device clained in claim2, whetei?n sdi d ant enna control} unit further

conprises a plurality ¢f antennag di N~sai d gat e\ 6Gp—Aq Qe
obj ect identification Tevj i in I~
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QLainfBg wherein said antenna control unit further conprises neans for -
generating said carrier waves having. different frequencies and assi gni ng
said carrier-radi o-waves to said antennas corresponding to said

comuni cati on areas overl appi ng mﬁtg ?nother : A nobi | e object -

I dentification device clained in cl Pgﬂﬁm wher ein sald nmeans for generating
said carrier-radi o- waves havi ng different fre%nenC|es further conprises

circuit means for supplyi ngMaBilg ERIEGENIREMTIGICATIOMN BEVIfEves at different

timngs to said antennas corresponding to those of said comuni cation areas

over| apping w th ong catlonzgreg for’a Eéhﬂgndi %os%@nbhthEBiPn

device clained in cIa|n1 wherein sald responder unit

conmuni Cat'%&ﬁé&%%”?%éqh&%“&Sﬁh&i@a’%lcﬁzahgeE“fér taoﬁg gmgn o SFMRMILC QPN

for a given period affer said toll collection process npl et ed.
mounted on an automobile are arranged to coincide with each

other, and communication failure in intervening areas when a
plurality of communication areas are'formed in a toll collection
area. When an IU mounted on an automobile receives a pilot
signal-wave, it modulates a carrier-radio-wave-signal which is
subsequently transmitted thereto with a responding data-signal
and transmits the modulated-carrier-radio-wave as a responding
signal-wave. In this system, the output power of the responding
signal-wave is attenuated during the round trip of the carrier-
radio-wave. Therefore, the output power thereof is decreased from
an original level when the pilot signal-wave is transmitted. On
the other hand, when other signal waves are trénsmitted, their
output power are restored to the original 1level, thereby
equalizing the power of the responding signal of the IU and
that of the communication signals from the antenna thereby

ensuring steady communication.

——————

heet Has Been Replaced

il \IIl\\ L




9.. .A nmobile object identification device clained in claim4, wherein

sai d responder unit includes a comunication program which cont rols | ast
said unit to stop communication until a given runni ng di stance after said
toll collection process has been coﬁﬁ%ﬁ% A nobi | e obj ect

i dentification device clained in cl erel(ﬁe%]fﬂcﬁm%ﬁ M control unit
conpri ses neans for transmtti ngga pil ot si ﬁnal 1376

dapehy
unmodul at ed-carrier- radi o- WABILE (BJEGK IDEN FI%HOHnDE‘ﬂFErrogatory si gnal

wave subsequent to receiving said responding signal-wave fromsaid

responder unit. 11. A GRBkhfiobiRG JAentdd Gal bLaRARY Gesphabdtohi s WAl M

10, wherein said respo unit 1 ncl a conmmuni cat I onptogram Whi

control s saigd1uabtibh 4D AT UARRILAC YO [drdd d3Sal FEGHAHEL:S Bhdt PLIE)

si gnal - wave. . A nobile object 1den I cat1on device C In clai

11, wherei nm%%ﬂn‘ierdesmnﬁﬁr attohobDth UGS aa)?fHH%HH cgbl eBiRERERAWIMY Wheh

cont rols said unit to prohibit comunication w
other, and communication failure in intervening - areas when a

plurality of communication ai'eas are formed in a toll collection
area. When an IU mounted on an automobile receives a pilot
signal-wave, it modulates a carrier-radio-wave-signal which is
subsequenfly transmitted thereto with  a responding data-signal
"%'”.alnd_ transmits the modulated-carrier-radio-wave as a responding
-'_fs';ignal-ﬁwave.. _In this system, the output power of the responding
"',éignél-wave_ is attenuated during the round trip of the carrier-
radio-wave. Therefore, the output power thereof is decreased from
- an original level when the pilot signal-wave is transmitted. On
the other hand, when other signal waves are transmitted, their
output power are restored to the original level, thereby
'equalizing the power of the responding signal ;af the IU and
that of the communication signals from the antenna thereby

ensuring steady communication.

(Figure 1)
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-27- others when it has received a pilot signal-wave fromone of said
antennas. 13. A nobile object identification device clained in claim11,
wherein said neans for transmitting said pilot signal- wave and .
interrogatory signal wave transnagg ql pi | ot signal - wave at a power |evel
| ower than said interrogatory si gna wave A mobi | e obj ect

I dentification device cl d neans for
transmtting said unm)du@qﬁg dﬁgﬁiwgﬁ%ﬁﬁi smts said
unnodul ated carrier-radi o-wave at the sanme power-|level as said

I nterrogatory signal -wave.

A communication area for an antenna (30) disposed on a toll collection gate and a

communication area for a responder unit (IU) (23a) mounted on an automobile are arranged

_ to coincide with each other, and to prevent communication failure in intervening areas when a

' plurality of communication areas are formed in a toll collection area. When an IU (23a)

mounted on an automobile receives a pilot signal-wave, it modulates a carrier-radio-wave-

signal which is subsequently transmitted thereto with a responding data-signal and transmits

the modulated-carrier-radio-wave as a responding signal-wave. In this system, the output’

power of the responding signal wave is attenuated during the round trip of the carrier-radio-

wave. Therefore, the output power thereof is decreased from an original level when the pilot

-wave is transmitted. On the other hand, when other signal waves are transmitted, their

output power are restored to the original level, thereby equalizing the power of the responding

s1gnal of the IU (23a) and that of the communication signals' from the antenna (30) thereby
ensuring steady communication.
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