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di sposes interrogators in GRQSS-REFRRENCE2TO REIATED APPLIAATIONf a tol |

roadway and_di sposes transponders in vehicles I's known as an automatic

tol | -collecPion system Jhisfappbicatibe, inrebited cadamy .clalinshptivrg 5y st6M)
an interrogation signal which has undergone ASK (anplitude-shift -keyed)
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transmtted by the interrqggator, the interrogation signal is received by
the transpondePfSTEHT hFREELERGRal is transmitted

BACKGROUND OF THE INVENTION

10 1. Field of the Invention

The present invention relates to an interrogator system
having a interrogators which communicate with moving-body
transponders. A part of an interrogator system according to the
present invention may be disposed on an automobile, and can be

15 applied in an automatic toll-collection system for vehicles at.

toll roadways or the like.

2. Description of Related Art

A system which disposes interrogators in each lane of

20 a toll facilityl of a toll roadway and disposes transponders in
vehicles is known as an automatic toll-collection system of, for
example, a toll roadway. With this system, an interrogation
signal which has undergone ASK (amplitude-shift keyed) modulation

or PSK (phase-shift keyed] modulation of its carrier wave is

25 transmittgd by the interrogator, the interrogation signal is
received by the transponder_, a response signal is transmitted

from the transponder to the interrogator .in a format for



from the transponder to the interrogator in.a format for 2-
answering the interrogation signal, and toll-coll-ection for each vehicle is
performed by a conputer which controls the interrogator. The foll ow ng

exi sts as one nethod of generating a 5 cq&gier wave in a case of

transmi ssion ahsRekeAHIRe iﬁhgmgﬂiﬁiﬁdﬁﬁéﬁ%‘i;st R9€L11 1B 18R REE %gﬁg%o -

Wth this nmethod, the interrogator e carrier wave an

an unnodul at e¢ehdtleer igavpetr fddned) WY €y OYakl i Si e

di vi si on techni que, and thg transponc?e% rarecg%&gge?ﬁi S chunrr%%é{lesd the
carrier wave, ipeetpogatd¥=K or PSK nodul ation on this unnodul ated carrier
wave, and re-transmts it to the interrogator. = This nethod does
not require providi ngThenfoklowimt axilshat agepeahRhear "oifergéf@f‘i%'hg Lhe
transponder, and consequently power consunption is |ow and this netﬁo 'S
15 preferréd terriee wave impai cased ody tyénshi SsA0R0bE T4 aRispofBE as 1grta 1P ¥
source. In the above system however, because there are nultiple travel

| anes for vehicl eeanspondemetessar yinveyroystde.  With this method, the

S

interrogator modulates the carrier wave and inserts an
unmodulated carrier wave into an interrogation signal using a
time division technique, and the transponder receives this

10 unmodulated carrier wave, performs ASK or PSK'modulatioﬁ on this
unmodulated carrier wave, and re-transmits it .-to the
interrogator. This method does not require providing an
oscillator that generates carrier waves in the transponder, and
consequently power consumption is low and this method is

15 preferred for use in a moving body which cannot freely obtain a
power source.

In the above system, however, because there are
multiple travel lanes for vehicles, it is necessary to provide
each travel lane with a respective interrogator. In this case,

20 carrier'waveé of identical frequency obtained from the respective
oscillators of two interrogators must be separated by a certain
extent; otherwide, the carriers would interfere with one another.
In this way, the bandwidth of frequency-division multiplexing is
raised.

25 However, each interrogator employs its own respective
oscillator, and so even if carrier waves of identical_frequency

are generated, it is quite unlikely that. their phases or



each travel lane with a respective interrogator. In this case, 20 carrier
waves of identical frequency obtained fromthe respective oscillators of
two interrogators nmust be separated by a cgrtain extent; otherw se, the
carriers would interfere with one another.” In this way, the bandwi dth of
frequency- di vifgieguengles prild rexaicklyacsintidd® thus, the fretlowRybés RAGR:E

I nterrogator enploys its own respective oscillator, and so even if carrier
waves of i dentdesamef coupbeislnrislapdicad eahd id dextqint emowht kef ydidpairikhei r
phases or -3- frequencies will exactly coincide; thus, the frequencies
do not becone QsEWESet BRYFWRERNt EBal , fremhenciest adue anboint coristiuyidmiet v and
occurs between the frequencies due to constructive and destructive
interference A¢ftpugtiverteterfemense andHorath efifecssi. nt Bhusgaaittoughe the
separated by sone extent, the two waves will interfere. For this reason, if
the first a%d iNEeSRAIRROET r U PR LgEAG I BY esamite exienEr obRe | BYP Srapes wdfllt he
sane tinme, an interrogation signal transmtted froma first interrogator
during 10 inti&@t@ZFeRE: nterferes with an interrogation signal transnitted

For this reason, if the first and second interrogators
generate the interrogation signal at the same time, an
interrogation signal transmitted from a first interrogator during

10 interval A interferes with an interrogation signal transmitted
from a second interrogatot during the interval A, and the beat
of the two carrier waves is detected when the transponder
receives them. Additionally, a response signal transmitted from
a first transponder during a time interval B interferes with a

15 response signal transmitted from a second transponder during the
time interval B, and in a case of receﬁtion by the first and
second interrogators, the beat of the carrier waves is detected
and generates crosstalk. In particular, ; homod&ne wave
detection is normally performed by the interrogator during the

20 reception of the signal, and so errors due to the beat are more
prone to occur at the time of reception by the interrogator than

at the time of reception by the transponder.

SUMMARY OF THE INVENTION

25 The present invention is devised to solve the
above-described problems, and an object thereof is to prevent the

occurrence of abnormal communication due to interference of



v

froma second interrogator during the interval A and the beat of the two
carrier waves is detected when the transponder receives them Additionally,
a response signal transnmitted froma first transponder during a tine - -
interval Binterferes with a 15 responsgsignal transmtted froma second

transponder dedifies RRveis B DS 4Ha1Bey 1{L a case of reception by the
first and second interrogators, theabeat [fe carrier waves is detected

and generates crosst &lKk.golvd mwrgﬂ&;ﬁu_agscr%%@gg%@emsvyavg Bg%?%%%&? is

normal |y performed by the interrogator during t reception

signal, and semssdientdueft acHdepPentar EnvaK G I 00§ 0 99§tk§matna%liﬁ tigre
of reception by the interrogator than at the tine of reception by t g

transponder. SIMERCYOFoTHIntdMIYRONs2Qhich perform Jdofnui¥RQBh for a
invention is devised to solve the above-described problens, and an

obj ect theg eoplm:sal:'ctyproévemhnsﬂ:mdn@umm@d)fonahaﬁiﬂi@de:BJ@@Jnb@l_?_bfﬂé‘iﬂ&'e
to interference of -4- carrier waves of identical frequency. To sol ve

t he above- deszrfimst pndelreogatar phakhr regeard e spatation f prassAitting
i nvention is a system having a

an interrogation signal with a modulated carrier wave of a

predetermined frequency during a time interval A and transmitting
an unmodulated carrier wave of a frequency thereof dﬁring a
10 subsequent time interval B, as well as modulating at a
transponder an unmodulated carrier wave thereof and receiving a
signal transmitted as a response signal; a second interrogator
disposed in a range in which interference with a carrier wave
transmitted by the first interrogator may occur and WhiCI'I repeats
15 an operation of transmitting an interrogation signal with a
modulated carrier wave of a predetermined frequency during the
time interval A and transmitting an unmodulated carrier wave of
a frequency thereof during a subsequent time interval B, as well
as modulating at a transponder an unmodulated carrier wave
20 thereof and receiving a signal transmitted as a response signal;
a common oscillator to produce a signal which becomes a reference
for generation of the carrier waves for the first interrogator
and the second interrogator; and phase-lock loop circuits
disposed in the first interrogator and the second interrogator
25 to divide a signal output from the oscillator by an équal' ratio
and generate the carrier waves of the predetermined frequency.

The first interrogator and the second interrogator



plurality of |nterrogators whi ch performcormunl cation for a 5 pl urallty of.
" transponders di sposed on novi ng bodies, conprising a first interrogator-
which repeats an operation of transmitting an interrogation signal with a
" modul ated ccarrier wave of a predeterm nedzfrequency during a tinme interval

A and transni édp gy 2arniepiedwrisedt mhtﬁéamqﬁénﬁyf [ PRE88 Ykt iRreRives
during a 10 subsequent tinme interval B, as well as nodulating at a

transponder aare ngemkysieed b(yarempeayﬂwg/&ésgﬁwﬁzfreapﬁaseemcld N@op elhigsdits
transmtted as a response signal; a second interrogator disposed in a range

i n which intetédedixnicie @ rhfarersce isignedvgenerated fron dycddmorf iosgillator

I nterrogator may occur and which repeats 15 an operation of transmtting an
i nterrogati onbyi ymaidentiicad ratlid at Fdrchhis ereasans Gheacyreict savesedsed
frequency during the tine interval A and transmtting an unnmodul ated
carrier wale by the kequmierrogstens agerdonpletelyssypaimonized imifeequendy as
wel | as nodul ati ng at a trans onder an unnodul ated carrier wave 20 thereof
and receivi ngaad g Jtntgéa‘, dthen freqpenc ofi thalcaryiesnvwave of the
oscillator to pr oduce SI gnal which becones a reference for generation of
the carrier \mﬁgrmﬁat’cm f$¥Eali fnansogbted £ﬁ@mt fhes dgss iimterregator;
and phase-lock |oop circuits disposed in the first interrogator and the
second i nt err GBEERY Be £dug RtRFvRlsAand thet Predyenay Ofetie F3TeS wgye an

equal ratio an enerate the carrier waves of the, predetermn fre uen
9 9 9 H Jt.nterrogata.on sxgnEfL t:ransm:i.&:ecgI terom %‘iix con

10 interrogator during the time interval B match completely. The
frequency of the unmodulated carrier wave transmitted from the
first interrogator during the time interval B and the frequency
of the unmodulated carrier wave traz;smitted from the second
interrogator during the time interval B also match completely.

15 As a result of this, communication error can be prevented because
there is no contamination of the carrier waves into the dual
sideband of the) interrogation signal or the response signal, and
no beat is produced. Also, because communication error is
prevented in this way, it becomes possible to dispose the first

20 interrogator and second interrogator in closer proximity.

BRIEF DESCRIPTICN OF THE DRAWINGS

Additional objects and advantages of the present

invention will be more readily apparent from the following

25 detailed description of preferred embodiments thereof when taken
together with the accompanying drawincjs in which:

FIG. 1 is a block diagram indicating a structure of a



The first interrogator and the second interrogator -5- enploy carrier
waves of identical frequency. These .carrier waves are generated. by

enpl oying respective phase-lock loop circuits to divide a reference signal
generated.from a_common oscillator by an -ibgent i cal rati o. For this reason,
the carrier wNES*Bse¥CETHRG hEOt o~ PRECE FisyaeBPediment omfl ethey present
synchroni zed i,n_frequency and phase. Accordingly, the frequency of the
carrier wave &Pvfeﬁglpﬁterrogat ion signal transmtted fromthe first

i nterrogator during the %é i.;nterval A and the freguency of the carrier
wave of the interrogatip "rsTiezgﬁ'gl 3 Pt dLa9F B MHEasdRgnd aructure of

I nterrogat or dutl ' I.nt erval mat ch conpletely. The frequency of
t he unnodul at gdrtc%ggrsﬁggd%\fla\%élggﬁgﬁ?t PEEIERReSYSY™ i nterrogator during
the time interval B andFi@e f3r e_,&uencg offthe anm)dul ated, carrier, wave
transmitted fromthe second rPnterrogdEBrieh i AY2EHER t FABLFHE AV aP mMehbod
mat ch conpl et %'oiﬁmuﬁ%c@‘ﬁi@nr le]in-Of this, conmmunication error can be
prevented because theré i s 1o contamination of the carrier waves into the

dual sideband of the ingfgd 00g4 | siggnal.. or p . Sl gnal d.n

beat is produced. Al so, ecausgﬂ%oﬁrgm%rgatwla&)%?gﬁ%rglﬂgsﬁé " modilated
response signal output from a transponder; and

FIGS. 5A - 5C are waveforms showing how interrogators

10 X1, X2, X3... transmit interrogation signal S1 and unmodulated

carrier wave S2.

DETAILED DESCRIPTION OF THE PRESENTLY

PREFERRED EXEMPLARY EMBODIMENT

15 The present invention will be described hereinafter
with reference to a presently preferred exemplary embodiment
thereof.

FIG. 1 is a block diagram indicating the structure of
the present embodiment. A plurality of lanes L1, L2, L3... are

20 formed in a toll facility of a toll roadway, and .vehicles.
installed with respective transponders.Yl, ¥2, ¥3... travel in
the lanes. Several interrogators X1, X2, X3... are disposed as
base stations in the respective lanes L1, L2, L3... The
interrogators are of identical structure, and so the circuit

25 structure of the interrogator X1 will be described as a
representative device. The interrogator X1 includes a

phase-locked loop circuit (hereinafter termed "PLL") 11, a



prevented in this way, it becones possible to dispose the first 20 _

i nterrogator. and second interrogator in closer proximty..BRl EF DESCRI PTI ON
OF THE DRAW NGS Additional objects and advantages of the present invention .
will be nore readily apparent fromthe follQw ng 25 detailed description of
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I ndi cating a nmethod comruni cation system

B ot s e SN e
interrogatiof srareivinly aperdBiess ¢ ahPalinkRErdENDSXL, X2, X3... and an
oscillator 10 which transmits a common, standard signal S6 to all
of the interrogators X1, X2, ¥X3... The reference signal S6 is
divided by an established fixed ratio, formed into a carrier wave
§7 of a predetermined frequency f1, and provided to the modulator
10 12 by the PLL 11.

The CPU 13 outputs binary data for querying the
transponder to the modulator 12 during interval A. The modulator
12 performs amplitude-shift modulation (ASK) of the carrier wave
§7 on the basis of this binary data. This modulated signal is
15 transmitted as a radio wave via the antenna 15 as an
interrégation signal S1. This signal is a dual sideband (DSB)
signal. In interval B that follows interval A, the CPU 13 sends
a high-level signal -to the modulator 12, an ummodulated carrier
wave S2 having the frequency £l is output from the modulator 12,
20 and the signal is transmitted as a radio wave via the antenna 15.
| The transponders Y1, Y2, Y¥3... are all of identical
structure, and so the structure of the transponder Y1 will be
described as a representative unit. The structure of the

transponder Y1 is shown in FIG. 2.
25 The transponder Y1 has an antenna 21 which receives the
interrogation signal S1 and the unmodulated carrier wave $2 and

transmits a response signal S3. The antenna 21 is connected to



DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY . EMBODI MENT 15
The present invention will be described hereinafter with reference toa .~
presently preferred exenplary enbodi nent thereof. FIG 1 is a block diagram

i ndicating the structure of the present enb@dinent. A plurality of |anes '

L1, L2, L3... ard ARodsrafdaidicde 88l viac |ﬂ:ta.’dmﬁsﬁdn0?ht§{g?ﬂ,"‘%e 23 ode

vehicles installed wth respective transponders Y1, Y. ave

the |anes. Severd §hf &ipg§aldr s Xonn¥ered3tg .2 Aiesdi gn@sed é‘stfﬁz%‘ti:ission
ogators are

stations in the resEective |l anes L1, L2, L3... The interr

of identical strRA%u<E, Indithe quhercend bi 6 f Mhestrinamikeisd dat® bt pegat or
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X1 will be described as a representative device. I nterroga

X1 includes. a Fudenghliafdthis srensmisgionhesti pafieest i TithaaPrd be ihq, 2
-7- modul ator 12, a denpdul ator 14, a CPU 13, and an antenna 15. Each

interrogator X1,Whece A 43 the wavelemgthtef tife cargQePDiavell €rTHA0ANBHe ang
controller 100. The interrogator controller 100 includes a host conputer

20 whi ch cont r ol eatheslet ofirthve di0den23rake connected to a coil 28 and a resistor

29, and a coil 30 and a resistor 31, respectifely. The coil 28
and a capacitor 32 and the coil 30 and a capacitor 33 fomm a
low-pass filter, and form an envelope detection--wave circuit
10 together with the diode 23. The anode of the diode 23 is
connected through a resistor 34 and transistor Tr2 to a power
source Vpp.
In addition, power is applied to the connection between
the coil 30 and resistor 3i by the power source Vp, via a
15 transistor Trl. The bases of the transistors Trl and Tr2 are
connected to a CPU 26, and an identification code unique to the
individual transponder is stored in a ROM 27 connected to the CPU
26.
When the transponder Y1 is in a reset st.a'ce, the
.20 transistors Trl and Tr2 are off. As a result, the cathode of the
diode 23 is grounded through the resistor 31, and no bias voltage
is applied to the diode 23. Accordingiy, when the interrogation
signal S1 indicated in FIG. 3 is received from the antemna 21 in
the time interwval A, the interrogation signal S1 is made into an
25 envelope detection wave by a envelope detection-wave circuit
implemented by the diode 23, coils 28 and 30 and capacitors 32

and 33 (i.e., the carrier wave is interrupted). A modulation



5 receiving operations of each interrogator Xl,"' X2, X3... and an oscill atd_r |

10 which transmits a conmon, standard signal S6 to all of the interr ogator_s,_..,'_--..,..--_--

X1, X2, X3... The reference signal S6 is divided by an'established fixed
ratio, fornmed into_a carrier wave S7 of a$redetermned frequency f1, and
provi ded to tledgmadulit dpinary zigpalhetimtteds] isThapwPU-d TheuCFUt 26bi nary
data for querying the transponder to the nodulator 12 during interval A
The nodul ator 12 perf or fBlanpedulatdoshsienabdid dis analxeeg by CPE 2far randk
wave S7 on the basis of this binary data. This nodul ated signal is 15
transmtted adben ddi o wdRberminedetanPena interrogatinReficRati oresmapss
S1. This signal, is afgug(lé Si debangA( DSB) signal. In i Et e%al B that follows
interval A tH&%8d §8s F4Ghi $AL | @igh digyridie MOARhRtRDJITRLRIAN £f the
unnodul ated, carrie ve S2 having the _frequency fl is _output fromthe
Todul ator 2, SPOISLRG SRERLTT Mever $As et EeRSR thach g e SHLA 21
antenna 15. The t.ranspo rs Yi,.Y2,_Y3,.. .are all. of identical, strughure,
and so the st r%ﬂ'ﬁ’i@rgﬂgiéilof"ﬁn’slbgﬁgeﬂYIT]%isI PLRREINRE: P 2% f%?'laws' e
representative A he ,str.ugt ur f .t.he_transponder .Y1.j ' | G
5P o' 25, peard i ta i dugRe L ERERON Sof ok TRESoU
I nterrogation §j d,t d rrd q&sr{g' a
response si gna@%&%ﬁétggt%nﬁ%%glgsg}é%ﬁgcﬁés@&nW%ﬁ QB? b rtys
data containing the identification code. On/off control of the
10 transistors Trl and Tr2 is performed on the basis of the response
signal S5. When the tramsistor Trl goes on and the transistor
Tr2 goes off, power-source voltage Vpp is applied to the cathode
of the diode 23, and the diode 23 is reverse-biased through the
resistor 29. Consequently, the diode 23 goes into a
15 nonconducting state and the unmodulated carrier wave S2 received
by the antenna 21 is reflected by an input lead (first reflection
point) a of the diode 23, and is reflected from the antenna 21
as a modulated signal S3.
Moreover, when the transistor Trl goes off and the
20 transistor Tr2 goes on, the diode 23 goes into a forward-biased
state. Accordingly, the ummodulated carrier wave S2 passes .
through the diode 23, propagates across the transmission path 24,
and is reflected at an open end (second reflection point) b of
the transmission path 24. This reflected wave passes through the
25 diode 23 in reverse, propagates across the transmission path 22,

and is transmitted from the antenna 21.

Because the effective wavelength of the transmission



'”_-8 an anode of a diode 23 via a transmi ssion path 22, the cathode of the
diode 23 is connected to a first end of a transm ssion path 24, -and the
other end b of the transmission. path 24 is open The length of this

En[ atnfuren iztlf?inelroﬁé\/\tt/al%/ézd21 ‘f’%e anbd%ASh détﬁfﬂgﬁ%eqéltﬂgémgg ’Eeféel?lig’&ﬁ ggéb\l\%&;g Po
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< appl | ed gnf'ﬁtertggﬁhitct?{eoléﬁ’e% %@“Zn‘pﬁfr i3 E’%ﬁeaﬁé&‘}%‘ie&f of bR ol e
G T3 ar 6 comnagasisinal ) 85 Shokn in FIE. P87 1t s iyl 'Storfv&Tetr lhe

i ndi vi dual tragBpeIdes is @ﬁﬁsﬁﬂttedafm% £pnnegct 94 éﬁh%%e?egd%?y

the transponder Y1 is in a reset state,
interrogator X1.

The response signal S3 received by the antenna 15 of
the interrogator X1 is demodulated into a response signal of

10 binary data by the demodulator 14 and read into the CPU 13, and
the CPU 13 sends data to the host computer 20 to indicate that
the vehicle on which the transponder Y1 is mounted has passed
through the lane Ll. Toll collection is managed by thé host
computer 20.

15 According to the foregoing system, the frequencies of
the carrier waves of the interrogator X1 and the interrogator X3
are both fl, and the frequency of the carrier wave of the
interrogator X2 which is most proximate to the interrogator X1
is a frequency f2 different from f£1. Accordingly, as shown in

20 FIGS. 5A - 5C, interrogators X1 and X3 which employ carrier waves
of identical frequency transmit interrogation signal S1 and the
unmodulated carrier wave S2 at the same time. Also, as.shown in
FIG. 3, interval A 1is the transmission interval of the
interrogation signal S1 and the time interval B is the

25 transmission interval of the unmodulated carrier wave S2 for both
interrogator X1 and interrogator X3.

Interrogator X2, which uses a carrier wave having a



20 transistors Trl and Tr2 are off. As a result, the cathode of the diode
23 is grounded through the resistor 31, and no bias.voltage is applied to -
the diode 23. Accordingly, when the interrogation signal Sl indicated in
FIG 3 is.received fromthe antenna 21 inritthe time interval A the

i nt errogat i onfERGRERCE1 £% dEANSBLES animtermogatdpe deignal orsnawadby the
envel ope detectiog-gave circuit inplenented by the diode 23, coils 28 and
30 and capaci BBPQdubated carriercwave 82 wheni tatewrogatorsnibrandiéddpresat
modul ati on - 9- shgnal S4,Sginar signal) thereof is input to the CPU 26.
This nodul at i 3RSEr grBFCSS & ﬁﬁF?%%EP%XéP@@GQ SHELReLtR interogatPhed
to be an intek%ogat% n.siEnaJ Q&;ﬁgnse signal S3 (see FIG 4A) which is
the modul at ed®der8i GRELF BHRLLS of, Fransmi weing interragdian signad,Sinpnded
fromthe antenna éllig %nterval B sho in FIG 3. This groce ure i s as
fol l ows. TRe BPEPIBPERHSLAHESFNHRYT Real PPAERESFIREAUCEN CESHES FRISHFAYSHe EReM

cont ai ni ng  nerRRRRE P BRRLE R TR T AP BT o e R AR b
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interrogator X2 which minimizes the effect of crosstalk of
signals from those units. Therefore, transponders Y1, Y2, Y3...
10 experience no beat frequency effects.
On the other hand, the frequencies of the carrier waves
of the respective interrogation signals S1 of the interrogator
X1 and the interrogator X3 match completely. Accordingly, no
beat is detected by the transponders Yl and Y3, and a
15 received~data error does not occur. Furthermore, the
interrogator X1 and the interrogator X3 go into a receiving state
during interval B. Accordingly, the interrogator X1 goes into
a state of receiving the unmodulated carrier wave S2 output by
the interrogator X3, the response signal S3 output by the
20 | transponder Y1, and the output signal S3 output by the
transponder Y3. The interrogator X3 also goes into a state of
receiving the unmodulated carrier wave S2 output by the
interrogator X1, the response signal S3 output by the transponder
Y3, and the output signal S3 output by the transponder Yl1.
25 However, because a carrier wave of divided phase-lock
loop frequency £1 from the éommon oscillator 10 is employed by

the respective PLL circuits 11 of the interrogators X1 and X3,



Tr2 goes off, power-source voltage [err] is applied to the cathode of the
di ode 23, and the diode 23 is reverse-biased through the resistor 29..
Consequently, the diode 23 goes into a 15 nonconducting state and

t he unnodul ated carrier wave S2 received b$24he antenna 21 is reflected by

. \ . \ f : : it /
{ ??'mn'to he QEE cniaelfteqiddity BF £ UnhoRnq b Catille Gave UMY \chel FarErefs,
T ' T. ' i nt
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and is reflected at an open end (second re

transni ssion pahl 2dspdiiies sighhes! Wi MAWAvRABEES AdHaAweR.the 25 diode 23 in
reverse, propagates across the transm ssion path 22, and is transmtted

fromthe antenna 21. BecwsRquBRte] ailossealrvel Q!%&Tahcgimﬁﬁ‘ﬁzéﬁiﬁ\ihsme%§59ﬂ
-10- path 24 is [err], the phase differential of the wave reflected at the

first reflecti Qntaei:ds@ataoﬁlditsbcs@@yﬁjra;%tehem{se@h@bet peevesesd dmef laeehirate
point b becones [err] radians at this tine. a result

communication can be performed. Additionally, because accurate

communication can be performed, the installation spacing of

interrogators employing an identical frequency can be narrowed.

10 Although the present invention has been fully described

in connection with the preferred embodiment thereof with

reference to the accompanying drawings, it is to be noted that

various changes and modifications will become apparent to those

skilled in the art. Such changes and modifications are to be

15 understood as being included within the scope of the present

invention as defined by the appended claims.



S

wof this the carrier wave is phase-nodul at ed (PSK) by the 5 re@onse si gnal

y
'S5, as shown in FIG 4A  This modulated response mgniﬂlm}uu ' u m ed -

fromthe antenna 21 and recei ved by the |‘Ht3€rrogator
signal S3 recciHRD Iy CLAIMEDVIIgBNa 15 of the interrogator X1 is dem)dul ated
into a response signal o I'nary data by the denodul ator 14 and read
into the CPU 13, and th&.CPU B3 senderfffatd0 shetlmst £68NPHt epoednd<bod

i ndi cate that the vehicle on which the transponder Y1 is nounted has pas¥sed
through the | areanspontielr, saidesysten comprierd by the host conputer 20. 15
According to the foregoing system the frequencies of the carrier waves of

the interrogator X1 andat hepluwtaditygatof X3dirveerbgétods, amdchhe £rggysgncy
of the carrier wave of the interrogator X2 which is nost proximate to the

i nt errogat o? Xinterzegatdgueaiygndls diof heving-Badymttinspomdens ngind  as shown
in 20 FIGS. 5A - 5C, interrogators X1 and X3 which enploy carrier waves of
i dentical frequency traR®m eSehtlatargat sepasagmalirsh asdidheplunalidyt et
carrier wave S2 at the sane tine. Also, as shown in FIG 3, interval Ais
the transni ssi PAEeGROIAILSof JERRTALINGr RogamRom Siignadl tBatahs used thyrsaid
interval Bis the 25 transm ssion interval of the unnodul ated carrier wave
S2 for both i nMtRYSFRAAGOTR1 28nd iShaedabdafor generating said interrogation

signals.
10

2. An interrogator system for a moving-body
transponder as in claim 1 wherein each of said plurality of
interrogators has a phase lock loop which frequency divides said

common signal generated by said oscillator to generate a carrier

15 wave having a predetermined frequency.

3. An interrogator system for a moving-body
transponder as claimed in claim 2 wherein each of said plurality
of interrogators modulates its respective carrier wave and

20 transmits said modulated carrier wave to said moving-body
transponders as an interrogation signal du;ing a first interval,
and transmits its respective carrier wave as an Mdullated

carrier wave during a second interval.

25 4, An interrogator system for a moving-body
transponder as claimed in claim 3 wherein after receiving said

interrogation signal from an interrogator, said moving-body



“Int e’rro'gator X2, which uses a carrier wave having a f _
. transmits. interrogation signal 'S1 and the unnod Ll @Eﬁgmnﬁm e S2
“when interrogators X1 and X3 are at rest.Agg-cause i nt L fid X3

differ with interrogator X2 in their tinmng of transmitting interrogation

signal Sl and tranwpoddess esemiresponye\se gRals Whiicht SF& PRI LREC ¥ESm REGYISE
the frequencies of their carrier waves differ. reover, the area in I'ch

X1 and X3 int exfmodulilatedveaeridyy wake €6 I plaraNety fdOMntRirebgadster X2
whi ch mnimzes the effect of crosstalk of signals fromthose units.
Therefore, transponders Y1, Y2, Y3... 10 experience no beat frequency
effects. On the other hand, the frequencies of the carrier waves of the
respective interrogatiof.si gndhs Stefrdgatornt eysognt ofoxXl andmbien ~body
i nterrogator X3 match conpletely. Accordingly, no beat is detected by the
transponderd Yaranapovgeradsd <la3mededni vddimaBawhereitn adpextibat ofocsuild
Furt her nor e, the interrogator X1 and the interrogator X3 go into a
recei vi ng st atRluraliity i af erintierBogatens disegdy, interrogadioagasbonads gaas
into a state of receiving the unnodul ated carrier wave S2 output by the

i nterrogat or Xgmqdid LagegopsdTirgnaRves davpng lBy same timing and a same

frequency.

10 6.  An interrogator system for a moving-body
transponder as claimed in claim 3 wherein émong said plurality
of interrogators, adjacent interrogators transmit interrogation
signals and unmodullated carrier waves having different timing
and different frequencies to said transponders, and non-adjacent

15 1interrogators transmit interrogation signals and unmodullated
carrier waves having said same timing and said same frequencies

to said transponders.

7. An interrogator system for a moving-body
20 transponder as claimed in claim 3 wherein said plurality of
interrogators ASK-modulate or PSK-modulate said carrier wave

having said predetermined frequency.

8. Amethod of interrogating moving-body transponders,
25 said method comprising the steps of:

transmitting a common oscillator signal to a plurality

of interrogators; and



20 transponder Y1, and the output signal S3 .o .
transponder Y3. The interrogator X3 also goes into a ;Hmn” 1'”Hﬂﬂ\"|l“b t he
unnmodul ated carrier wave S2 output -by the.d nterrogator %1,cthe Mesponse
signal S3 output by the transponder Y3, and the output signal S3 output by
the transponder Y1. 25 generating, inHeawh of,sdielimiserrmogadorsera waspeotive

di vi ded phase-lock | oop frequency f1 fromthe comon oscillator 10 is

enpl oyed by tFREFERHSEAYS Laped ef rsadid somtonfosdid liatoer sbgpabsr s X1 and X3,
-12- the frequencies of the unnodul ated carrier wave and the carrier waves
of the respective response signals match conpletely, and so no beat is
detected and consequently ng data error occurs in the response signals

whi ch have been recei véd. 57The method qfnséaimnfly, saidsgereratingiastep
comruni cat Lon_between interrogators di sposed adjacent|y can be prevented
and accurabe SOFRRHTE i%FteRn Ofe TReMHIGH A1 vAdinG | |GPEMAE: H§6d Liator at e
conmuni cati on_can fe. erf rrrgd ICEQ installation spacing of interrogators
enpl oyi ng an FHERR ela'rcglqﬁ NS RERETAGR FRRe O produce said respegbiwe
the present invention has been fully described in connection with the

preferred enbdHF T 1HSeof with

10. The method of claim 8, further comprising the

10 steps of: |

modulating and transmitting, in each of said

interrogators, a respective carrier wave during a first time
period to obtain said interrogator signal; and

transmitting, in each of said interrogators, said

15 respective carrier wave during a second time period.

11. The method of claim 10, further comprising the
step of receiving a modulated carrier wave transmitted during
said second time period.

20

12. An interrogator system. for a moving-body
transponder as claimed in claim 10 wherein a portion of said
plurality of interrogators send interrogation signals and
unmodullated carrier waves having a same timing and a same

25 frequency.

13. The method of claim 10, wherein:



“reference to.the acconpanying drawings, it is to be us . '
_changes and nodifications will becone apparent to‘tbmﬁgnm%@ﬂﬂlﬂheart.
Such changes and .nodifications are to be 15 underst OEWNY's uded
within the scope of the present inventiongqgs defined by the appended

clains. -13- WHAT IS An interrogator system for a

MED IS 1.
novi ng- body transponder ,%Q FEOFERERT GRePi SPmBEises &|feR i9f) gengrating
i nterrogators ich. .t It 5 interrogation signals.to vi ng- body
t ransponders; arrieggggpl‘{)%c‘%ﬁé‘%r‘fave?eﬁgré’t%aerﬁPBngregﬁlie&"lﬁ? ug‘lgﬂq jageat

I nterrogators, | common signal that is used by said .
I nterrogators é%ﬁ%?’é‘?ﬁ%%% for generating said interrogation signals. 10

2. An interrogator . : L ng-haody t s_in_claim
1 wherein each of said pﬁlﬁa |t%i%%mﬁ%éﬁ%rﬁ%gsgﬁﬁggggi%ﬁal 55??
whi ch frequency, di-vhdes: S3nY SHTREs I BANGRLE0PYs kY Q5 WildeRbQk e t O
generate a carrier
times from adjacent interrogators:; and
said transmitting step comprises a step of transmitting
said respective carrier wave at different times from adjacent
interrogators.
10
14. The method of claim 10, said modulating and
transmitting step comprising a step of amplitude shift keyed

modulating said carrier wave.

15 15. The method of claim 10, said modulating and
transmitting step comprising a step of phase-shift keyed

modulating said carrier wave.



15 wave having a predeternined frequency. 3: An interrogator system
f,or a noving-body transponder as claimed in claim2 wherein each of said
- plurality of interrogators nodul ates-its respective carrier wave and 20
transmts said nodul ated carrier wave to said noving-body transponders as
an interrogation signal during a first interval, and transmts its
respective carrier wave as an unnodul | ated carrier wave during a second

interval . 25 4, An interrogator system for a noving-body
transponder as clainmed in claim3 wherein after receiving said
interrogation signal froman interrogatdr, said noving-body -14-
transponders send response signals which are nodul ated from said
unnodul | ated carrier wave to said plurality of interrogators. 5. An
interrogator system for a ,rnoving-body 5 transponder as clained in
claim3 wherein a portion of ggdid plurality of interrogators ,send
i nterrogation signals and unnpdul | at ed carrier waves having & same tinmng
and a sane frequency. 10 6. +« An interregatoi-—system._for a
novi ng- body - ™
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transponder as clainmed in claim3 wherein anong sai d plurality of
interrogators, adjacent interrogators transmit interrogation signals and
unnmodul | ated carrier waves having different timng and different
frequencies to said transponders, and non-adjacent 15 interrogators
transmt interrogation signals and unnodul | ated carrier waves having said
sane timng and said sane frequencies to said transponders. 7. An
interrogator system for a noving-body 20 transponder as clainmed in
claim3 wherein said plurality of interrogators ASK-nodul ate or
PSK-nodul ate said carrier wave having sagd predetermnined frequency. 8. A
nmet hod of interrogating noving-body transponders, 25 said nethod conprising
the steps of: transm ttine—a-eorea-oscitlator.signal.to a plurality of
interrogators; and g=ne§§t|ng, in each of said interrogators a
respective carrier wavel|b ar.signal .

(U

met hod of claim8, saidigenerating steps5 conprising a step of re y
di vidi ng said common os¢till | ator signal @A.n each of said interrog ;E?
produce said respective o !
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carrier wave. 10. The nethod of claim8, further conprising the 10 steps
~of: nodulating and transmtting, in each of saidinterrogators, a
‘respective carrier wave during a first time period to obtain said '

i nt errogat or S|gnal and transmtting, in each of said interrogators, said
15 respective carrier wave during a second tinme period. 11. The nethod of
claim 10, further conprising the step o§_receiving a nodul ated carrier wave

transmitted during said second time perlod 20 12. An interrogator
system for a noving-body transponzF' din claim10 wherein a
portion of said plurality of interrpg I nterrogation signals and

unnodul | ated carrier waves having a sanme timng and a sanme 25 frequency.
13. The nef hod of claim 10, erein: -16- said ﬁeneratin% step conpri ses

a step of nerating
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: respect ive car rier waves of different frequencies from adj acent

I nt errogat ors;

said nmodul ating and transnitting step conprises a step 5 of

transmtting sai d respective interrogator sighal ‘at different tines from
adj acent -interrogators; and said transmtting step conprises a step of
transmtting said respective carrier wave at different tinmes from adjacent

I nt errogat ors.

10 14. The met hod of claim 10, said nodul ating and

transmtting step conprising a step of anplitude shift keyed nodul ati ng
said carrier wave. 15 15. The met hod of claim 10, said
nodul ating and transmtting st Miwrmanwmmase-shi ft keyed
nodul ating said carrier wave.

10

13

20

INTERROGATOR SYSTEM FOR MOVING-BODY TRANSPONDERS

*—_M

WHICE PERMITS DENSE INTERBOGATOR POSITIONING

e

Prevention of communication errors due to interference
of carrier waves of identical frequency in a moving-body
identification system Raving a plurality of interrogators is
accomplished by providing several interrogatorsin respective
lanes. An oscillator common tg all interrogato:é is provided,
and a reference signal thereof is input to phase-locked loop
circuits of the interragators, divided by an established fixed
ratio, and formed into a carrier wave of predetermined frequency.
The carrier wave is amplitude-~shift modulated during a first time
interval, and unmodulated carrier wave of the frequency is output
during a time interval, and a transponder modulates and returns
this carrier wave. Meap.while, an interrogator X3 employs a
carrier wave of a frequency which is identical to that of an
interrogator X1 due to the phase-locked loop, and the
transmission states during the first ar.:zd.'..second time intervals
are identical with those of the interrogator. Because the
carrier-wave frequencies match completely, beat comm'mication
error due to crosstalk of the carrier waves of the interrogator

X1 and the interrogator X3 does not" occur.



