5 15 * DI STANCE MEASURING APPARATUS, DI STANCE MEASURI NG METHOD, REFLECTOR,
AND COVMUNI CATI ON SYSTEM 5 TECHNI CAL FI ELD ﬁ'he present invention
relates to a di stance neasuring apparatus, a distance rfeasuring nethod, a
reflector, and a comruni cati on system which 10performwreless

communi cation with a reflector via radi o waves. BACKGROUND ART Recently,

RFI D (Radi o Frequency Identification) tags (wrel ess tags

wi dely used. The RFID tags are used as a substitute for I e RFID
tags are gathering popularity parti QESCRPTIONhe field H’Mm" m‘ﬂ'!”m ion and
are expected to spread widely in the near future. r*ésen* y, as a
frequency band exclusively for the RFID tags purpose, 13.56 ML band, a
so-cal l ed UHF band that is sonewhere between 800 MHz 20 and 950 MHz, and

2. 45 GHz barRISANGEMEASHRINGARRARATALS, DISTANGE\MEASURING IMETHODyjand or
the 2.45 GHz band are advant ageous over radi o waves using the 13.56 MHz in
that it is easy to i ncREREGTORANDCOMMUNIGAFIONSYSTEM on, the UHF band
radi o waves are advant ageous over the 2.4 Gz band radio waves in that it is
easy t® go behind the object. For this 25reason, RFID tags and
reader/witers using the UHF band radi o waves are
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The present invention relates to a distance measuring apparatus, a
distance measuring method, a reflector, and a communication system, which

10 perform wireless communication with a reflector via radio waves.

BACKGROUND ART

Recently, RFID (Radio Frequency Identification) tags (wireless tags)
15 have been widely used. The RFID tags are used as a substitute for barcodes.
The RFID tags are gathefing popularity particularly in the field of distribution
and are' expected to spread widely in the near future.'
Presently, és a frequency band exclusively for the RFID tags purpose,
13.56 MHz band, a so-called UHF band that is somewhere betWeen 800 MHz
20 and 950 MHz, and 2.45 GHz band are used. Among these bands, radio
waves using the UHF band or the 2.45 GHz band are advantageous over radio
waves using the 13.56 MHz in that it is easy to increase a communication
range. In addition, the UHF band radio waves are advantageous over the 2.4
GHz band radio waves in that it is easy to go behind the object. For this

25 reason, RFID tags and reader/writers using the UHF band radio waves are
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bei ng devel oped. -~ In the case of using the UHF band radi o waves, it
I's possible to i ncreas(e_,the comuni cabl e 'di stance between the reader/witer
and a wireless tag fromseveral ten centineters to several neters, conpared
to the case of 5 using the 13.55 MHz band radi o waves which are w dely used
at present Accordingly, by utilizing the UHF band radi o waves, it becones
possible to relatively greatly increase a comrunication area which is a
spatial area in which the reader/witer .can comunicate with the wreless
tags. MeanwhP$BY develorgdr to estimate the |ocation of the RFID tags, there
10 has been suggested a technal ogy for measuring the di stance between the
RFID tags and a corfhifPcease®f 1siig dhei WHEobandiredio wavest lit ishpossibl tags.
As an exanple, a technology is known in which a plurality of base stations
recei ve si griafeasedhe somBnicablecdistancesbetweerrhe reader/writertare diwitaless t o
and |l ocation of the active IC tag are estimated on the basis of the
reception sitgadramisevergtenreenitmetess tseugral meterss conapared, to the case ahice
bet weer, each of tge {)a e statjons and the active ICtag is estimated on the
basi s t hedsing {he %gérMHﬁybe'ﬂd trAdia- wayesi Whichi arieanidely dmsachat qresard. | C
tag. That is, the, dlystbgnce_ estimation i%“ﬁerf_orrred by utilizing correlation
bet ween t he Aféi%gm n by; giiaing the AdHE b radie wavesant decomas possiblento a

net hod i n whi gg bé’ Béggarj ng 20 access points of which the location is
known, si gndFP@INE ly\ipgrease, Bt eprapnicationoaiaa which iiv @ spatialgateadin he
access points,, and the del ay anount between receiving timngs for the
respective éﬂ’@ﬁgl?ge r??ﬁ’@r’&ﬂﬂéég?m rEMMENIcate ‘M'lﬂkf"@n‘dﬁe%ésttﬂﬁs-act ive | C tag.
As shown in Fig. 2?! Jn%ewese Pat ent Publication No. 2004-507714T

25( publ i shed on Ma & iy prdeflapatimete the lacatien ofitherREID ¢agss theneent
Docunmgnt 1) disgloses an E‘; co ni atiPn systemin which an interrogator 36
as a ridader NAS;RERN sudgesied a BRI AeAgUng ftle distancefortmeesstheo an
RF tag 38, g:g._q tpe nu%r of nu] | .Eoi nts in conbi ned waves that are obtai ned
by superi mpd¥THg!a98AN\A CONYRUNICalian statiamingammunicationrvith the REHBYags.
5estimating fhe distance b twaep t he 'nterr_ogwt_or 36 . and the RF tag 38.

DI SCLOSURE d_s NEex R chnology Is known in ‘which a plurality of base stations

receive signals from an active IC tag as the RFID tag, and the distance to and

location of the active IC tag are estimated on the basis of the reception signals

156 from the active IC tag. In the example, the distance between each of the

base stations and the active IC tag is estimated on the basis of the signal

intensity of the reception signals from the active IC tag. That is, the distance

estimation is performed by utilizing correlation between the reception signal

- intensity and the distance. Also is known a method in which by preparing

20 access points of which the location is knowh, sighals are received

simultaneously from the active IC tag and the access points, and the delay

amount between receiving timings for the respective signals, thereby
estimating the distance to the active IC tag.

As shown in Fig. 26, Japanese Patent Publication No. 2004-507714T

25 (published on March 11, 2004; hereinafter will be referred to as Patent



Problemto be Sol ved by the Invention 10Al t hough the RFID comruni cation
system using the UHF band radi o waves enables a | ong di stance conmuni cati on,
it beconmes possible to uselessly communicate with an RFID tag that is

| ocated far away and does not need to be comunicated with. Thus, there are
problens in that usel ess processings are perforned to the RFID tag, and the
response perfornmance 15 nay be deteriorated by being influenced by multiple
paths. In order to solve such problens, a nethod can be conceived in which
by al | owi ng Dbeumentid) thaclases aro RFatomiminication sistemninevhiehest té&frbgatory.
the RFID tags that should be subjected to processes such as analysis or
rewiting of3G he alseaderdransmitsasignalso4@mandT2 havingr diffetdm drezjuetigiesUoddn ng

t he di stance between the 20reader/witer and the RFID tag has the foll ow ng
pr obl ens. RF tag 38, rasd, the manalseri ofenulbopoiofs inheordbintd wavesathat acs obtined gnal
intensity of the reception signals fromthe RFID tag or the delay tine
results in DY cupesisresingntheptwoi signals Trdo peach sother oist @ouatdde fhievsby he
above distance estimation is actually about in the range of 1 nmeter to

sever ald net eastimating thecdisiapice between tpinterogatorn 3@iasidrthb (RF tay 88nagenent
system such precision is not practical, but a higher distance nmeasurenent
precision is required. In the technol ogy disclosed in Patent

Docunent 1, since the distance is estimted by counting the nunber of null
points in the conbined waveDISGLOSYIREQFSTIHENINMEMTION t he two signal having
different frequencies, the 5 distance estimated has very poor precision.
More specifically, according to the exanpl e described in Paragraph [0025] of
Pat ent Docunent 1, when a first signal of 880 MHz and a second signal of 884
MHz were usdifoblem ite be Splved pyithe Inventipound at a position | ocated about 37.5
nmeters fromthe interrogator 36 and additional null points were found every
75 met®s from t he Althesghibe IRAID gemmunicationesystemeysing théUi4F band radiont s
were found between the interrogator 36 and the RF tag 38, the estinated

di st ance betWRM&$ teh@bles < rlepat distawearnpmmeunicationg iBdeaconeas tpossitdagio of
187.5 nmeter to 262.5 neter. Therefore, 75 neter is an error range. In the
case of occlselassly edmmunicaie withhan KFIPtagdhat igracateddar pwayayat doesnothe

| onger distance. thus the cal cul ate distance
. need to be communicated with. Thus, there are problems in that useless

processings are performed to the RFID tag, and the response performance
15 may be deteriorated by being influenced by muitiple paths. In order to solve

such problems, a method can be conceived in which by allowing the

reader/writer to calculate the distance to each RFID tag, the RFID tags that

should be subjected to processes such as analysis or rewriting of the data

section are chosen. The prior method of calculating the distance between the
20 reader/writer and the RFID tag has the following problems.

First, the estimation of the distance based on the signal intensity of
the reception signals from the RFID tag or the delay time results in a low
measurement precision. The precision obtainable from the above distance
estimation is actually about in the range of 1 meter to several meters. For

25 example, when applied to a distribution management system, such precision is



15may becone different fromthe actual distance to the RFID tag.

As shown in Fig. 27, EP1239634A2 (hereinafter will be referred to as

Pat.ent Docunent 2) discloses a conmuni cation apparatus 138 that

"W rel essly conmunicates with an RFID tag. Reflection signals fromthe
RFID tag are received through an antenna 140, reception signals

I nputted froma circulator 20 92 and carrier signals inputted froma

circulator 90 and a splitter 98 are nmultiplied by m xers 100 and 102

to generate an | signal and an Q signal, and the anplitude and phase

f the reflectipnesi li g, t h
of the reflect bgé%gé%ggla{gﬁ gfdh%ﬁurs%cgﬁh&mén redisiinl isréglien. t he

basis of the'l Ss. Also is disclosed a nethod of

cal cul ating the digtaagcirfolédiediBbibsed roPaenti Boogmihe1 psiase the distance
di fference between 25the carrier signals and the reflection signals

from the RFiDek@@ated by countindtthe pruaskest of nuik poirnds ifdse weerbined evaves
vi ew of such problens, and an object of the invention is to provide a
di st ance neadtainet) bappareainsirg dhies than cigmal dsaving giffeee mtoflequanties, the
conmmuni cati on system capabl e of enabling to nmeasure the distance to
RFI D t &gs wididtariiegastfmaledsham vennpedrepresisiact Moresspesifioals meacerding te o
provi de a distance. neasuring apparatus, a di stance neasuring nethod, a
reflector afie exappimsascEbedin Epoganiciafgasl of RateahRpeument b Whatsa fiest
the distance to tags wi thout using special RFID tags. 10How to Sol ve.
t he Probl emsignal of 880 MKz gndiarsacgnd signal phds4Mbtn werts usedd adtrstrud!

Comort 2 PR o050 % Pl g ¥k 7 B 7 oo
di |, whi i i.gnal d of f f

ot S SRR, P RREE S50 AT AR P W b,
whi ah TS & Belpt . For exeinBi8" BfHo, ndi Bbinl il Four HACEAhE InfeHaD&tor

request sl agla:aghggle%ﬁ %ggg?,;tpgga;s&ihﬁtéd BREIFCktRwben §iRd Infsrisihidy3dand
the RF tag 38 is in the range of 187.5 meter to 262.5 meter. Therefore, 75
meter is an error range. In the case of occurrence of multiple paths, radio
signals may propagate to the longer distance; and thus the calculate distance
15 may become different from the actual distance to the RFID tag.
As shown in Fig. 27, EP1239634A2 (hereinafter will be referred to as
Patent Document 2) discloses a communication apparatus 138 that wirelessly
“ communicates with an RFID tag. Reflection signals from the RFID tag are
received through an antenna 140, reception signals inputted from a circulator
20 92 and carrier signals inputted from a circulator 90 and a splitter 98 are
multiplied by mixers 100 and 102 to generate an | signal and an Q signal, and
the amplitude and phase of the reflection signals from the _RFID tag are
calculated on the basis of the | and Q signals. Also is disclosed a method of

calculating the distance to the RFID tag by using the phase difference between

25 the carrier signals and the reflection signals from the RFID tag.



a phase information acquirer, that cal cul ates an anmount of phase
20change between the reflection signal received by the receiver and
the request signal for each of the carrier frequencies transmtted
‘fromthe transmtter; and a distance cal cul ator, that
cal cul ates a distance between the antenna and the reflector on the
basis of the carrier frequencies and the phase change amobunt for each
of the carrier frequencies acquired by the phase information
25acquirer. Here, the reflector is an RFID tag that is equipped with

an IC for wireles PIBLR GRkhASh has Pehadide ANVlewnvfaichIPioblems, and
Exanpl es of the RF?E)ES?)ag |E\§ﬁ%ge a passive RFID tag that does not

have a poweransggfegp ob Wed ivenha tie ity providead efistandeC tidasuliyg dippardtgds, a
energy fromradio waves transmtted froma reader/witer, thus

per form ng Widish&sseaSIinediddo anaiat dorinenicetiore systemt @pabiaoiderabling
active RFID tag that has a power source such as battery. Al so, the
RFI D tag nayo hgassurd sheodistamceduRFID {agsarittahigbrprecision. — Anothedti abject of
measuri ng method according to the invention is characterized by
conpri $i ng: the invention is ta proxidemat distanest epeasuring aapparatusnga adistance
request signal, which is a signal 10conposed of one frame, from an
antenna to tmeaswrirg methad:2 raleaionanka CREVIWYCAIGN UMty of

different carrier frequencies; , ] ) .
capable of enabling to measure the distance to tags without using special

RFID tags.

10 How to Solve the Problems
In order to solve the problems, a distance measuring apparatus
according to the invention is characterized by comprising:
a transmitter, that fransmits a request signal, which is a signal
composed of one frame, from an antenna to the outside via radio waves
15 having a plurality of different carrier frequencies;
a receiver, that receives a reflection signal which is a signal
composed of one frame and is obtained when the request signal transmitted
- \ from the transmitter is reflected by a reflector while being modulated;
a phase information acquirer, that calculates an amount of phase
20 change hetween the reflection signal received by the receiver and the request
signal for each of the carrier frequencies transmitted from the transmitter; and
a distance calculator, that calculates a distance between the antenna
and the reflector on the basis of the carrier frequencies and the phase change
amount for each of the carrier frequencies acquired by the phase information

25 acquirer.
Here, the reflector is an RFID tag that is equipped with an IC for



a receiving step of receiving a reflection signals which is a signal
conposed of one frane(and is obtained when the reques{ signal transmtted in
the transmtting step is reflected froma reflector while being nodul at ed;
15 a phase information acquisition step of cal culating an anmount of phase
change between the reflection signal received in the receiving step and the
request signal for each of the carrier frequencies transmtted in the
transmtting step; and | . a distance calculating step of
cal cul at i ng Virelpss gREENYRICALRM @ §toraganasdan antennge Exanepiesof dhe tRidDbasi s
of the carrier _freguenci es, and the phase change anobunt for each of the
carrier fredagrbfledeapassive RRID kag thatsdoesnet have & pewEli sauige sueh.as
According tq the above-nentioned configuration and nethod, it is configured
to receive thplteryrapesates Cikcugndly draming enefgy feomtradip waves traasmitted:from
25via a plurality of different carrier frequencies. The reflection signal
transni tt ed @ (gaderiditar, thug petforning; wireless cogumunication withetheiresderwriter,
di fferat phasge stat_esr’%gﬁ) differ for each of the carrier frequencies
dependithg oNchan Adive REILL G hamearrawarcs@ree ich; as battery. e Alsacthe
reflection gj &al and %he di stance, neasuring apparatus. 5According to the
above- ment i @gmay HaNeilts Pwim HniqeieBdnfargatiophase change amount of the
reflection signal i sgc uired for each of the carrier frequencies and the
di stance i s cal cul & HSARCEhANBASYINGF Metodhhagerrdiighgto atheuninvankien nis
carrier freﬂ:genci es. B this case, by acquiring the carrier frequencies and
t he phase ¢ ﬁ@@tﬁfdﬁd] Y GPM¥®ING:gnal transnmitted via the 10 plurality of
carrier frequencies,, it becomes possible to calculate the distance with high
preci si on, which \A,Pltfar!fé“@@&ﬁe@e‘a frangritting a| reauest signal, dvichids @ssignal
accorg‘i ng to abovearregti onﬁd conffi uration and nethod, it i s possible to
provi d@ a diCOMRNSEdRL N figme, 5eT: 88 AAtsARA doothe: Quisia: viagradie: waveSance
wi th high precision and hi.gh accuracy. 15Accqording to the distance nmeasuring
apparatus of'@Vifg g Hwﬂﬂycﬂi%ﬂeﬁ@rgébff@%’?ﬁ'ﬁaﬁur ation, the transmitter may
set a plurality of divided periods in. a periqd for transmitiing one request
signal, and may coﬂtfﬁ&ﬁ'vénlﬁzﬁ?‘?%éﬁ rFﬁ@'VmijﬁeFegWP['E%r?Q’é? Sf‘f"é@be%c?eﬂg%ﬁ'e used
for the resQ:Smdo\é%d%f\ﬂn%eﬁar‘?@réno&jﬁ' obtained when the request signal transmitted in
the transmitting step is reflected from a reflector while being modulated:;
15 a phase information acquisition step of calculating an amount of
phase change between the reflection signal received in the receiving step and
the request signal for each of the carrier frequencies transmitted in the
transmitting step; and
a distance calculating step of calculating a distance between the
20 antenna and the reflector on the basis of the carrier frequencies and the phase
change amount for each of the carrier frequencies acquired in the phase
information acquiring step;
According to the above-mentioned configuration and method, it is
configured to receive the reflection signal that is transmitted from the reflector

25 via a plurality of different carrier frequencies. The reflection signal transmitted



According to the distance neasuring nmethod of the invention, in the 20
above nethod, the tranf\sn‘itti ng step may be confi gured(\'to set a plurality of
di vided periods in a period for transmtting one request signal, and to
control such that the different carrier frequencies are used for the
respective divided periods. According to the above-nenti oned
configuration and nethod, one 25request signal is transmtted via different
carrier frequencies in each of the divided periods. In this case, the
reflection Migtae plyralitysof differanticarder frequendiés hastdifferent @haseestatescthas i n
each of the divided periods. Accordingly, the distance cal cul ator becones
possi bl e t o diffiercfarsgach pbthe sadiessreguencigs depending o thendistardes betieeme
reflection signals for each of the divided periods. In 5 other words, the
di stance carthedeflectonthatdgansmijtedytherrefiection signahadddherdistaincemgeaswingquest
signal and one reflection signal. Thus, it becones possible to reduce the
nunber of siapR@ralSmmuni cations required for the distance cal cul ati on.
Accordingly, it is possible to calculate the distance wi thout deteriorating
t he commni cati on &ccpedingclp. the ahayednantioned reonfigutatione andamethad; the
apparatus of the invention, in the above configuration, the transmtter may
transm t th®hasgrhangei amauntofthewefledtionsignalris iaequired fureeachesf thengarserd of
different carrier frequency conponents. According to the distance
measuri ng ndtaasensest ard ithe ditanee is palculated oncthecbasisl oftthe phasescharigeng
step may be configured to transmt the re?ues_t' 15 signal via one of the
carrier fred@meiteand dhgocardenifrafuensiesnt I dhisi ease,r by aaauring tive reanter.
According tg the above-nentioned configuration and net hod, one request
signal is tfeencesdand dhephasgr ehange ammust ¢if dbecsignalstsansrhittsids viar et
carrier. frequency conponents. In this case, the reflection signal is also 20
t r ansrit t ed PWraliynef earrier drequesgiasndt becermap inssible taigaleiate: theadistance
frequency conpopents. Accordingly, the distance cal cul ator beconmes possible
to cal cul at hB'g@i Ef%'ﬂ@"by"hé&hl\’v'iih@gdﬁﬁ@lbﬁdgﬂhﬁeﬁllalaé%f- ofin other #fdrds;t i on
signal for each of the frequency conponents. In other words, the distance
can be cal c@FSPRNG HPyabgve-mantioned; aonfigiuation ranskinethgdorit is eupssitle sognal

and one 25reflecti on.iiﬁnal . Thus, it beconmes possible to reduce the nunber
of signal Provide a distarice measuring apparatus capable of calculating the distance

with high precision and high accuracy.

15 According to the distance measuring apparatus of the invention, in the
above configuration, the transmitter may set a plurality of divided periods in a
period for transmitting one request signal, and may control such that the
different carrier frequencies are used for the respective divided periods.

According to the distance measuring method of the invention, in the

20 above method, the transmitting step may be configured to set a plurality of
divided periods in a period for transmitting one request signal, and to control
such that the different carrier frequencies are used for the respective divided
periods.

| According to the above-mentioned configuration and method, one

25 request signal is transmitted via different carrier frequencies in each of the



communi cations required for the distance cal culation. Accordingly, it is
possi bl e to cal cul at e@he di stance wi thout deteriorat -(71'9 t he comuni cati on
efficiency. According to the distance neasuring apparatus of the invention,
in the 5 above configuration, the reflection signal may be transmtted from
the reflector via three or nore different carrier frequencies. The phase

I nformati on acquirer nmay acquire the phase change anount by sel ecting
signals of two carrier frequencies having signal states which satisfy a
prescri bed dhvidedipgrigds: dal this faseg the geflectiomsignal risnalsogtrahsmitfed ki
carrier frequencies. 10According to the di stance neasuring nethod of the

i nvention, idiffersat aptrigs frequenties ineeaeh lof dhe alivided periodsy Wecordingly; thieed
fromthe ref|ector via three or nore different carrier frequencies. The
phase i nf or igtanee salpulater begpmesqpossiblente palsulate Whe glistanverty apalyeinget i ng
signals of two carrier frequencies having signal states which satisfy a .
prescri bed ¢he signabstates of ang taflestion gignals dorseact of the dividédyperisdsf Inhe
carrier_ frequenci es. . The case may be considered in which dependi ng
on card er Pthe[uNdss the Hdistascee gan obe scajaalatadhyortiyey Aransymittings tasdéort hat
s not suitable for the distance cal culation due to reasons such as
occurrence &Cetyingi ne requast signahaand-onectefiestien gsighal. TaThuse it decomes,
according to the above-nentioned 20 configuration and nethod, the signals of
two carrier PPpaigleeidei esluse the enmbes of gignal ommunications yregujredsfori thed
criterion for the distance calculation are selected fromsignals of three or
nore, diffedistancaGalapation.qulrepidinglyunt isheopsiblee te healgelaterdhet distanget ect ed
on the basis of the sjgnals. Accordingly, it is possible to increase the

det ecti on pWitepyt detesiorating the-cameyaicationaifigien®sand thus to increase the
preci sion of the distance calculation. |In the above configuration, the

di st ad®e rmeasuri ngAGpYEINg testhgrdistaace mearuries arparatusiafdhe dventiopeinthe

frequency coBver ter, that pe[;r forms a ) )
above configuration, the transmitter may transmit the request signal via one of

the carrier frequencies composed of different carrier frequency components.

According to the distance measuring method of the invention, in the

above method, the transmitting step may be configured to transmit the request
15 signal via one of the carrier frequencies composed of different carrier
frequency components.

According to the above-menﬁoned configuration and method, one
request signal is transmitted via one carrier ffequencies composed of different
carrier frequency components. In this case, the reflection signal is also

20 transmitted via one carrier frequencies composed of different carrier frequency
components.  Accordingly, the distance calculator becomes possible to
calcqlate the distance by analyzing the signal states of one reflection signal for
each of the frequency components. In other words, the distance can be
calculated only by transmitting and/or receiving one request signal and one

25 reflection signal. Thus, it becomes possible to reduce the number of signal



frequency conversion processing with respect to the reflection signal

recei ved. The fréquency converter may convert thg reflection signal to
an | signal and a 5Q signal. In the above net hod the distance
measuring nmethod of the invention may further conprise a frequency
converting step of performng a frequency conversion processing with respect
to the reflection signal received. The frequency converting step converts
the reflection signals to an | signal and a Q 10signal. According to
t he above- moummuaitation$i meuirsdoforanhe ndistante carulationect AeBordikylp! it gcei ved
I's subjected to frequency conversion by being converted to the | signal and
the Q si gnalposéiertdi ngicylate tthbedistarcee adthoub digérsrating ethehas@mmddsidstsr di ng
to the distance neasuring apparatus of the invention, In the above

confi gur at i efficiehey.di stance cal cul ator may cal cul ate the distance with

hi gh-resol uti on spectrum anal ysi s. According to the distance

measuring met hod ofAcchedingtettie distarice mbeasaimy apparatiadof thednvérsticH) aethe
calculating step may cal cul ate the distance wth 20hi gh-resol uti on spectrum

anal ysidss. above cabdigueatianotize eflectiba digedi-may beutrarsmitted fidrihé@réfleciors has
been used for the purpose of estimating direction of arrival of radio waves

by recei vingia dbres ompnore rdiffenent ccarseg rfeéquereiss. veThehphagd mfeimstni ty of
antenna el ements. To the contrary, according to the above-nentioned
confi gur at i @cquiter mayhadquipsithe phasei clangs amulelt byf sélbetilli?l igrizts @f Uivoon
spectrum anal ysis is changed by using the reception signal of each of the
carri er fregadigrfeequencies baeingtsigreal fstateshehick cafisfyca psespridedr @iteiive for
through the antenna el ements, used in the conventional high-resolution
spect r um angglcsilatingthecdistanee,i foomadignals of theecarrienfrejuanciesal . 51 n such a
hi gh-resol ution spectrum anal ysis, since values for
10 According to the distance measuring method of the invention, in the
above method, the reflection signal may be transmitted from the reflector via
three or more different carrier frequencies. The phase information acquirer
may acquire the phase change amount by selecting signals of two carrier
frequencies having signal states which satisfy a prescribed criterion for
15 calculating the distance, from signals of the carrier frequencies.
| The case may be considered in which depending on carrier
frequencies, the reflection signal may have a signal state that is not suitable for
the distance calculation due to reasons such as occurrence of multiple paths of
the reﬂecﬁon signal. To the contrary, according to the above-mentioned
20 configuration and method, the signals of two carrier frequencies of which the
signal states satisfy a prescribed criterion for the distance calculation are
selected from signals of three or more, different carrier frequencies, and the
phase change amount is detected on the basis of the signals. Accordingly, it
is poséible to increase the detection precision of the phase change amount

25 and thus to increase the precision of the distance calculation.



estimati on can be cal cul ated on the basis of the nost |ikely values, even in
t he case of occurrencé of multiple paths, it is possible to exclude the

di stance associated with the nultiple paths fromconsideration. |In other

wor ds, according to the above-nentioned configuration and nethod, it is
possible to 10 calculate the distance with high accuracy even in the
occurrence of nultiple paths. According to the distance neasuring
apparatus of the invention, in the above configuration, the distance

cal cul ator may uti llhAbezabavsl @rfiguratiqr, ¢h&idjstahc€lmeasdrirgpappaatieohtite as

t he hi gh-resol ution spectrumanalysis, in 15 which the reflection signal
recei ved vi adnventiafi frhay e furthear comprisee qudregjuescy s cosveshtars that | perférmsama MUSI C
eval uation function is obtained using a node vector as a function of the

di stance, arflequencyicanwecsion processingwitt regpedittaithe ngfigetivn sighalagceivetihe
MUSI C eval uati on functi on. In the above-nenti oned

confi gur at i ohe fraqueney aonenaranay icogveldhe aefiectionodighaketo avy ¢ signaih andya be
configured such that the distance cal cul ator utilizes an MJSIC

(MU tiphe Si@msignatl assification) nethod as the high-resol ution spectrum
anal ysis, in which the reflection signal received via the plurality of
different carrier iné&gehovesnéthoddbe distance nmeasuring mbthod S t6e invention

met hod; and an MJSI C eval uation function is derived using a node vector as
25a functi ormay furtkerdremanse a frequency copudrtingl step aff perfarmihilaCiregagnat i on
function, thereby calculating the distance. According to the

di st ance neXONVErROMEIRCEsSING twith irespecti tan thé reflaetiar signateteteivedt héThe

di stance cal culator may utilize a MJSIC (MJtiple Signal Cassification)

nmet hod as t Heequiegey cosvedingmstep soovedsithenreflestion signaldita bntlisigrial matil 26 | on .
signal received via the different carrier frequencies is used as an input,
an MUA@C eva&ignali on function is obtained usi ng a node vector as a function
of the distance, and the distance is cal cul ated by obtai ning peak val ues of
the MUSI C eval uat i &§ceigheg itenthe above-mentioned monfigurstionhantupethar; atheat i on
function generally has only one peak 10value, in the case of occurrence of
mul ti pl e pat'Bllectionysignali tegeivedyésiksubigated to frequency conversion by being

converted to the | signal and the Q signal. Accordingly, it becomes easy to
detect the phase. |

15 According to the distance measuring apparatus of the invention, in the
above configuration, the distance calculator may calculate the distance with
high-resolution spectrum analysis.

According to the distance measuring method of the invention, in the
above method, the distance calculating step may calculate the distance with

20 high-resolution spectrum analysis.

Conventionally, the high-resolution spectrum analysis has been used
for the purpose of estimating direction of arrival of radio waves by receiving, as
an input, reception signals received through a plurality of antenna elements.
To the contrary, according to the above-mentioned configuration and method,

25 the application model of the high-resolution spectrum analysis is changed by

10



may exist. Even in such a case, because the distance corresponding to the
multiple paths is | onq{e_r than the di stance that shoul Q be cal cul ated, by
selecting the shortest of the distances corresponding to the peak val ues as
t he di stance to be calculated, it becones possible to calculate the
di stance with 15hi gh accuracy. . According to the distance neasuring
apparatus of the invention, in the above configuration, the distance

cal cul ator may cal cul ate the di stance al so on the basis of a reception
intensity ofusing thefecaptioorsignajrefleachodithe darrier frequenciesias ar stibgitite fohe

di stance neasuring nethod of the invention, in the 20above nethod, the

di st ance caltbel erdepijont signahyecaived | thtaughhdheli anntanna elenidmts based iaf the
reception intensity of the reflection signal received. According to
t he above- neganventianaldrigh-gescluliomspectrurstanatysis for edtistativnofitse directivraded

al so on the basis of the reception intensity of the reflection signal. Wen
there are a @rvalal ity of distance value candidates, for 25instance, by
taking the reception intensity into consideration, it beconmes possible to
sel ect @ he correct IR suelhca high-reseiution cspectrium eanalysidi ssinoe e vaiues forch

hi gher accuracy. In the above configuration, the distance nmeasuring
appar at us ofestimationean besalesyated onHbe hasipof the mostliegly valuespevein the, t hat
acquires information 5 in a data section of the reflection signal, and

outputs, to case elipseureenceneof aniltinlec pathsf ot isapossibleata exalude the distarttiest ance
cal cul ator Viahsisggiaitesd av?/i?r?ctih%t ?rg]lul},ivri)lteh p;{]hes prcIn? rggrtisliggraltign.t helnd%tﬂ?ers?:c}rtlig,n.
according to the above-mentioned configuration and method, it is possible to
10 calculate the distance with high accuracy even in the occurrence of multiple
paths.
According to the distance measuring apparatus of the invention, in the
above configuration, the distance calculator may utilize a MUSIC (MUitiple
Signal Classification) method as the high-resolution spectrum analysis, in
15 which the reflection signal received via the different carrier frequencies is used
as an input, an MUSIC evaluation function is obtained using a mode vector as
a function of fhe distance, and the distance is calculated by obtaining peak
values of the MUSIC evaluation function.
In the above-mentioned configuration, the distance measuring
20 apparatus of the invention may be configured such that the distance calculator
utiizes an MUSIC (MUltiple Signal Classification) method as the
high-resolution spectrum analysis, in which the reflection signal received via
the plurality of different carrier frequencies is used as an input of the MUSIC

method; and an MUSIC evaluation function is derived using a mode vector as

25 a function of the distance to obtain peak values of the MUSIC evaluation

11



In the above nethod, the distance neasuring nethod of the invention may
further conprise a regeption control step of acquiring information in a data
10 section of the reflection signal, and outputting, to the outside, the

di stance information cal cul ated by the distance cal culator which is
associated with the information in the data section. Accor di ng
to the above-nentioned configuration and nethod, the information in the data
section included in the reflection signal gives 15 information that

i dentifies tfHECHQ therehy qaletlatingthedistaaget he refl ection signal, for

I nstance. The reception controller identifies the distance information
measured by the di $YCSREENG 4P dhe Aiglanee mearsringr mvethad of the) inveatioar i thect i on
whi ch are associated wth each other. Accordi n%l_y, even when the distance
measuri ng arﬂshﬂ”&t metheding; diataase galeulatop maw utifize of MUSIG (Mblitiglei $igbakones
20possi ble to distinguish the distances to the reflectors. Accordi ng
to the dist %S’ﬁﬁ%&cmi'ﬁsﬂmsipa?éh%g\m-r%munqn/ténecwm amalysie, ibwhich the
configyration, the djstance calculator may neasure a direction that the

refl ectbr tAglestion sianal reeqived iz the iferent sariejniequencies 4s asedoas ane

basis of the reflect] signal .. 25According to the distance nmeasuring nethod
of the i nvedfR¥nan M@l@ eg{B@A%OHefvﬁéﬁen tih Obirised nesing . cuede ivegtostas anay

measure a direction tnat ,t{%grefl ector that has transmitted the reflection.
signal is | dwagtion ofdhendisiances and the distanes tis waleylgies bysebiatning meako t he

above-nentioned c i Lon and nethod, it becones possible to identify
the directi cYﬁFU(ﬂs &3@33?’@%5%?@'%@ furgtiofet or exists along with the distance

to the reflector. Accordingl .1 becones possible to identify the |ocation
where the reflect o?‘f"g?\‘glﬂ §I_?e Yustc evaluatiop fenctiongaensrally has ariy eee meakur i ng

PP S Ol S ot b S R T £ e 2
may exist. Even in such a case, because the distance corresponding to the
multiple paths is longer than the distance that should be calculated, by
selecting the shortest of the distances corresponding to the peak values as the
distance to be caiculated, it becomes possible to calculate the distance with

15 high accuracy.

According to the distance measuring apparatus of the invention, in the
above configuration, the distance calculator may calculate the distance also on
the basis of a reception intensity of the reflection signal received.

According to the distance measuring method of the invention, in the

20 above method, the distance calculating step may calculate the distance on the
basis df a reception intensity of the reflection signal received.

According to the above_—men_tioned configuration and method, the
distance is calculated also on the basis of the reception intensity of the
reflection signal. When there are a plurality of distance valué candidates, for

25 instance, by taking the reception intensity into consideration, it becomes

12



analyzing a signal in a preanble section of the reflection signal.

According to the distﬁnce measuri ng net hod of the inv@ption, I n the above
met hod, the distance calculating step may cal cul ate the di stance by '

anal yzing a signal in a preanble section of the reflection signal.
15According to the above-nentioned configuration and nethod, the distance is
cal cul ated by analyzing the signal in the preanble section of the reflection
signal. Here, the preanble section represents the data indicating the start

of the refl guissible 1o Getdctahd cosreed diktarmsk aﬁth@éw@mMeQﬁbeﬁ.g@ﬁe@wm t hat
Is common to all reflectors based on the sane standard (EPC,

exanpl e) . Thauel bighertaceutaeygt hs of the preanble section are aI I the sane
for signals that are received fromany reflectors, thus nmaking it possible

to performthe sighaltherabloyei configusations Ik @ktﬁﬁé@ﬂﬁeasﬂ?ﬁ@uéﬁpérbﬁlssbﬂﬂ@ s in
the preanbl e section are all the sanme, it becones possible to calculate the

di stance evénvention mag faitheacemprise baeteptith e6iteslierothablcquifed rifbeRatiodd The
respective nenbers in the di stance neasuring apparatus of the invention may

be real§ zed ihya adatangedtien. of thé reflectite sigrag, hnd eoutpafs, Y tHee outsidd, i fed by
causi ng the conputer to execute a programthat operates the computer as the

respective ndistance inférmafior chivulsted dydiheddistanchecdlfatdrivitiich Ss @lasdaterr i zed
by conpri sing: a signal generator, that generates a
“refl ection séithhthle infdrmationdn #he dgtzesection.
In the above method, the distance measuring method of tr_ie invention
may further comprise a reception control step of acquiring information in a data
10 section of the reflection signal, and outputting, to the outside, the distance
information calculated by the distance calculator which is associated with the
information in the data section.
According to the above-mentioned configuration and method, the
information in the data section included in the reflection signal gives
15 information that identifies the reflector that transmitted the réflection signal, for
instance.  The reception controller identifies the distance information
measured by the distance calculator and the information in the data section
which are associated with each other. Accordingly, even when the distance
measuring apparatus communicates with a plurality of reflectors, it becomes
20 possible to distinguish the distances to the reflectors.
According to the distance measuring apparatus of the invention, in the
above configuration, the distance calculator may measure a direction that the
reflector that has transmitted the reflection signal is located, on the basis of the

reflection signal.

25 According to the distance measuring method of the invention, in the
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5conposed of one frame, froma request signal transmtted fromthe
di stance neasuring apparatus of the invention; and a
frequency controller, that transmts the reflection signal generated
by the signal generator via a plurality of different carrier

LTI DR S A LIS BT PRt
5t ance TSRS AR £ YR 4R RS AT T Uit

hi gh preci sj ' accuracy. According to the reflector
of the inveﬁ%@gﬁg{s@lﬂgﬂe above configuration, the frequency

controlgl er may setA&opgnga{d lile OhbéleLmdRtlomal | defiglratian Pand ometid, it
15tranSm tting one request signal, and controls such that the

dif.ferent CgLgdRbs HHSEIHRNS! i@gntdy ehaaRectionr oftibeatioaspentithe refiectataskists
peri ods. According to the above-nentioned configuration, the

di stance cagjohg with ¢he alistshaentoytheyrefieatus.n At¢dandinglyeit resfcbemssi possible to
signal. Thus, I't becones possible to reduce the nunber of signal

communi cat i pestifvebeilsedichavhdrbehe teflestamaistisal cul ati on. Accordingly,
it is possible to calculate the distance w thout deteriorating the

communi cati on ef f iAdcending to the distancateensgiing appataies pidhpdeventions indhe
{ranariOt | hebovs wentiowrleal (e diseAseo FeieHBteraal i B s FEance. by
he. above. meReEREd YaRMIGRMERORI THUoBI R Eoetin dana 0 ' °
According to the distance measuring method of the invention, in the
above method, the distance calculating step may caiculate the distance by
analyzing a signal in a preamble section of the reflection signal.

15 According fo the above-mentioned configuration and method, the
distance is calculated by analyzing the signal in the preamble section of the
reflection signal. Here, the preamble sectioi_n represents the data indicating

the start of the reflection signal and is composed of a prescribed data
component that is common to all reflectors based on the same standard (EPC,

20 for example). Therefore, the lengths of the preamble section are all the same
for signals that are received from any reflectors, thus making it possible to
perform the signal analysis in an assured manner. Because the signals in the
preamble section are all the same, it becomes possible to calculate the

distance even when the signals had been subjected to PSK modulation.

25
' The respective members in the distance measuring apparatus of the

invention may be realized by a computer. In this case, the invention may be

14



calculated only by transmtting one reflection signal. Thus, it
becomes possible to reduce the nunber of signal comunications
required for the distance calculation. Accordingly, it is possible to
cal cul ate the distance without deterigprating the conmuni cation

%g% ‘ﬂ%

eLf i ci ency. f?‘l‘;@@n@ﬁlﬁﬁ@ﬂﬂgdhesﬁ?ﬂ GG @ BrA%R@Mi nvention is
characteri I sing: th ' . '

“nvent i on: 4R oypeia%gé’ S bl B BhE RRBRETARMEREY por T or e wir el oss
conmuni cat ith,t i St > . .an] . i nQ:

Che above- ment | oneA A PR i AhyBRR G el bl Roftodink”

system for nmanagi ng s@ﬂ%é}jlc{rﬁfoirotﬂaf’g] arét%y ehigttorfel nﬁtsﬁg&ih% bsignal

capabl e of understandi ng¥Tnfornatio out "di stance Yo

refl ectoors. OB B ' i ' i
char acES(e)ri z(e:amlggs?i%r%ﬁr%i ng: a‘lgtawegg?@%{ﬁ?@ﬂé@ﬁ?ﬁ#ﬁﬁ%mﬁfﬁgw

the inventi giuasfRfg apparatus ofthBBMASEBRdnd@ppar at us, that manages at
| east one of arti c?es, people, and living things that are associ ated

with the reflectors fRiquehey bostrsliesf that erarsmis tiss ireffection Wigna) afenessted

the distance nmeasuring apparatus and the reflectors. 20According to

t he above- megthesigdatgevdrgior ata plurality bbdiferest carsigr frequemsies.uct a

system t hat manages articles, people, and living things that are_

.associ ated with thdcoaefiingdodhe abade-mentiapadicenfiguratiemtthe yetigption signal

i nformati on about the | ocation thereof. a

10 transmitted by the reflector is received by the distance measuring apparatus of

the invention, thus making the distance measuring apparatus possible to
calculate the distance with high precision and high accuracy.

According to the reflector of the invention, in the above configuration,
the frequency controller may set a plurality of divided periods in a period for

15 transmitting one request signal, and controls such that the different carrier
frequencies are used for the respective divided periods.

According to the above-mentioned cﬁnﬁguration, the distance can be
calculated only by transmitting one reflection signal. Thus, it becomes
possible to reduce the number of signal communications required for the

20 distance calculation. Accordingly, it is possible to calculate the distance
without deteriorating the communication efficiency.

According to the reflector of the invention, in the above configuration,
the frequency controller may transmit the request signal via one of the carrier

frequencies composed of different carrier frequency components.

25 According to the above-mentioned configuration, the distance can be

15



Advant age of the Invention As descri bed above,..the distance

measuri ng appar at us og_t he i nvention has a confi gurat(_o,n in which the
apparatus perforns a processing of receiving a reflection signal transmtted
froma reflector via a plurality of 5 different carrier frequencies, and the
apparatus is provided wth a distance cal cul ator that anal yzes the
reflection signal transmtted fromthe reflector to cal cul ate the distance
between the refl ector and the distance measuring apparatus. Wth such a
confi gur at i ®ajculatede obhe byatraasmitipguoneoreflectionasignahe dhesarit devemesen t he
reflector and the distance nmeasuring apparatus with 10nmuch hi gher precision.
The comuni G@SBibie dosresiicef theh aumbernof eignalscamnuinidagionat iequired fdri thle t he
systemis provided with the distance neasuring apparatus of the invention
and one or istaneefcaleulation.t hAccputinglymitaisripossibiss toocatoulatetthendistaricet he

di stance neasuring apparatus. 15Wth such a configuration, it becones easy
and advant aydthesit detesipsating the eorspuinicationzefficianeyyes t he conmuni cation with
the reflectors and is at |east capable of identifying information about the
di stan® to the ref eynBiugication systemhacensdingriocthei ioMentjen ésrcbaracterized

i nvention has a configuration in which the systemis provided with the

di stance me®YGOMpfisiR@ar at us of the 20 invention and a managenent appar at us
t hat nmanages at | east one of articles, people, and living things that are
associ ated wit h t hthe distancegneasirinhappriatus offthetievendiom; 8adof conmuni cati on
bet ween the di stance neasuri n(i] apparatus and the reflectors.

Wth such a confi gat éﬁa%mnei'telségtsrfbgt pag9rmas aviegless cagwaunicatiorp Bdtbriber uct a
systemthat nanages articles, people, and living things that are associated
with the reflistancs measyring apRPEAINS. of identifying i nformation about the

| ocation thereof. ) , i
10 According to the above-mentioned configuration, it becomes easy to

construct a system for managing communication with reflectors and especially
capable of understanding information about distance to the reflectors.
A communication system of the invention is characterized by
comprising:
15 the distance measuring apparatus of the invention; and
a management apparatus, that manages at least one of articles,
pebple, and 'I'iving things that are associated with the reflectors on the basis of
a communication result between the distance measuring apparatus and the
reflectors.
20 According to the above-mentioned configuration, it becomes easy to
construct a system that manages articles, people, and living things that are
associated with the reflectors and is capable of identifying information about

the location thereof.
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BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Fig. 1is a sinplified block
di agram of a reader/witer of an RFID tag communicatilon system according to
the invention, show ng the configuration for nmeasuring the distance between
the reader/witer and the RFID tag. Fig. 2 is a sinplified block diagram
showi ng the configuration of the 10RFID tag communication system
Fig. 3Ais a diagramshowing the state in which an RAN request signal and a
tag response signal are communi cated between the reader/witer and the RFID
t ag. Advantayge)of 8@ Inyentiahh agram in which signals transmtted fromthe
15reader/witer to the RFID tag and carrier frequencies thereof are
illustrated on tinmAsaxescribed abovesi dhe 3distance dheapuaing rapgaratuss iof nthles
transmtted fromthe RFID tag to the reader/witer and carrier frequencies
t her eof ar e inventiornr hasd configuratiomxinswhiehghe 4pparatus ipepforfnseal ppocesising ¢fgr am
of the reader/witer, show ng the 20detailed configuration of a reception
processor tha@ellém\gblaeseﬂa@tlperﬂgnai ansmitted efodmoa. reflector viaFiag pluvality of
flowchart showi ng the procedures of a di stance neasurenent processing.
different carrier frequencies, and the apparatus is provided with a distance
calculator that analyzes the reflection signal transmitted from the reflector to
calculate the distance between the reflector and the distance measuring
apparatus. With such a configuration, it becomes advantageous to calculate
the distance between the reflector and the distance measuring apparatus with
10 much higher precision.

The communication system of the invention has a configuration in
which the system is provided with the distance measuring apparatus of the
invention and one or more reflectors that perform a wireless communication
with the distance measuring apparatus.

15 With such a configuration, it becomes easy and advantageous to
construct a system that manages the communication with the reflectors and is
at least capable of identifying information about the distance to the reflectors.

The communication system of the invention has a configuration in
which the system is provided with the distance measuring apparatus of the

20 invention and a management apparatus that manages at least one of articles,
people, and living things that are associated with the reflectors on the basis of
the resUIts of communication between the distance measuring apparatus and
the reflectors.

With such a configuration, it becomes easy and advantageous to

25 construct a system that manages articles, people, and living things that are

17



Fig. 6 is a flowhart showi ng the procedures of the di stance 25nmeasur enent

processi ng based on m@ ti ple frequencies. - Fi @ 7 is a flowchart
showi ng the procedures of a frequency selection processing and a distance
cal cul ati on processing. Fig. 8 is a schematic di agram show ng an

exanpl e of the frequency selection processing. 5Fig. 9A is a diagram show ng
the state in which nultiple paths occur in the conmunication between the
reader/witer and the RFID tag. Fig. 9B is a graph show ng the

change of adﬂdﬁbﬁt@d@biﬂﬁ‘tﬁ@ﬁ’eﬂé&?&r&i%ﬁ@'cﬁbé?ﬂ%_-69io@h§%ﬁfgﬁ1?té%r?gbbﬁt a

di agram for explaining a processing of estimating t

Fig. 10 is ahélieastion thepdsfi ng the first half of the procedures of the

di st ance neasurenent processing enpl oyi ng an MJSI C net hod. Fig 11
is a flowhart showi ng the second half of the procedures of the distance
measur enent processi ng enploying the MJSIC nethod. 15Fig. 12A is a diagram

showi ng the case where frmmissempen@rvmhﬁqlewvm% n one frame, in
which signals transnitted fromthe reader/Witer to I D tag and carrier

frequergies thereof are illustrated on tine axis.

Fig. 1 is a simplified block diagram of a reader/writer of an RFID tag
communication system according to the invention, showing the configuration
for measuring the distance between the reader/writer and the RFID tag.

Fig. 2 is a simplified block diagram showing the configuration of the

10 RFID tag communication system.

Fig. 3Ais a diagram showing the state in which an R/W request signal
and a tag response signal are communicated between the reader/writer and
the RFID tag. |

Fig. 3B is a diagram in which signals transmitted from the

15 reader/writer to the RFID tag and carrier frequencies thereof are illustrated on
time axis.

Fig. 3C is a diagram in which signals transmitted from the RFID tag to
the reader/writer and carrier frequencies thereof are illustrated on time axis.

Fig. 4 is a simplified block diagram of the reader/writer, showing the

20 detailed configuration of a reception processor that enables to perform phase
detection.

Fig. 5 is a flowchart showing the procedures of a distance
measurement processing.

Fig. 6 is a flowchart showing the procedures of the distance

25  measurement processing based on multiple frequencies.
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Fig. 12B is a diagram showi ng the case where frequencies are 20sw tched over
within one frame, in \@hich signals transmtted fromthe RFID tag to the
reader/witer and carrier frequencies thereof are illustrated on tinme axis.
Fig. 13 is a flowchart showi ng the procedures of the distance measurenent
processing that involves frequency sw tching over within one frame. 25Fig.
14 is a sinplified block diagramshow ng the configuration of the
reader/witer that enables to identify the RFID tags and the di stances

thereof in a li nkeql:@amgea.ﬂoﬁcg,anlsﬁ\d@gg éﬁ% ﬁ,\p%}éﬂre? ReY ﬂg%ﬁégfcyﬁaégﬁ%es of

t he di stance neasurenent processing ntifticati

tags. SFig. preéssify ahbY@isidhcd Gt AsticoNcBEshES Processing of estimating
the direction of |ocation where the RFID tag exists. Fig. 17 is a

sinplified bl ock diFggr f [ i ' ANt d on for
calmc)ul ating the di rFZg?:thi“ci)@'n.g Séﬂ&‘éwﬂb"% é%".""q :A%JZ%"H%% artrggﬂgﬁvﬁ)}r)\g t he
first half Qelédtonpreeessings of a 10l ocation estimating processing.

5 Fig. 9A is a diagram showing the state in which multiple paths occur
| in the communication between the reader/writer and the RFID tag.
Fig. 9B is a graph showing the change of a MUSIC evaluation
function relative to distance.
Fig. 9C is a diagram for explaining a processing of estimating the
10 . direction
Fig. 10 is a flowchart shoWing the first half of the procedures of the
distance measurement processing employing an MUSIC method.
Fig. 11 is a flowchart showing the second half of the prbcedures of the
distance measurement processing employing the MUSIC fnethod.
15 Fig. 12A is a diagram showing the case where frequencies are
switched over within one frame, in which signals transmitted from the
-reader/writer to the RFID tag and carrier frequencies thereof are illustrated on
time axis. |
"Fig. 12B is a diagram showing the case where frequenc_ies are
20 switched over within one frame, in which signals transmitted from the RFID tag
to the reader/writer and carrier frequenc_:ies thereof are illustrated on time axis.
Fig. 13 is a flowchart showing the procedures of the distance
measurement processing that involves frequency switching over within one
frame. |

25 Fig. 14 is a simplified block diagram showing the configuration of the
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Fig. 19 is a flowhart show ng the second half of the procedures of the

| ocation estimting pl@_cessi ng. Fig. 20Ais a(d_i agram show ng the
case where a plurality of frequencies are sinultaneously transmtted wthin
one frame, in which signals 15transmtted fromthe reader/witer to the RFID
tag and carrier frequencies thereof are illustrated on tine axis.

Fig. 20B is a diagram showi ng the case where a plurality of frequencies are
simultaneously transmtted within one franme, in which signals transmtted
from t he RFIrBadaywriterithat enables tavidentify thedREID tagsrarid #uudistinees 2héfeef rof ar e
illustrated on tinme axis. Fig. 21 is a sinplified block diagram
showi ng t he &linkedyoaaneon of the reader/witer when a plurality of
frequencies are sinultaneously transmtted within one frane.

Fig. 22 is a di agr&i@.sHéwiihca affowsharpl shawing thestproceduresi oh thbe didfdiideD t ag
comuni cation systemof the invention is applied to a systemfor inspecting
and/ or checKnagswemeritgsocessing based onidentification ofthe REHAtags. a di agr am
show n\g}%an exanple of a systemin which the RFID tag comunication system of
the i nvntion is afig.i tiis a sshepaticrdiagrans showing thecprovessingrofrgstinfatingoduct s
or stored articles. 5Fig. 23B is a diagramshow ng an exanple of a systemin
whi ch the Rﬂh@duregﬂ@rmﬁiqma' tanivdrere jise BhIDftag lexistsiventi on is applied to an
security systemin which an RFID tag 1 is attached, for exanple, to a w ndow
or a door; and t he Figs]? isoa sinplifies pcdiagram oftheoréader/aditer; showing the
detecting opening of the w ndow or the door.
configuration for calculating the direction.
Fig. 18 is a flowchart showing the first half of the procedures of a
10 location estimating processing.

Fig. 19 is a flowchart showing the second half of the procedures of
the Iocation_ estimating processing.

Fig. 20A is a diagram showing the case where a plurality of
frequencies are simultaneously transmitted within one frame, in which signals

15 transmitted from the reader/writer to the RFID tag and carrier. frequencies
thereof are illustrated on time axis.

Fig. 20B is a diagram showing the case where a plurality of-
frequencies are simdltaneously transmitted within one frame, in which signals
transmitted from the RFID tag to the reader/writer and carrier frequencies

20  thereof are illustrated on time axis.

Fig. 21 is a simplified block diagram showing the configuration of the
reader/writer when a plurality of frequencies are simultaneously transmitted
within one frame.

F'ig. 22 is a diagram showing an example of a system in which the

25 RFID tag communication system of the invention is applied to a system for

20



10Fig. 24 is a diagram.show ng an exanple of a system.in which the RFID tag
comuni cation system ¢f the invention is applied to the places such as .
stations or novie theaters where tickets are exam ned. Fig. 25 is
a di agram showi ng an exanple of a systemin which the RFID tag comunication
system of the invention is applied to a keyless entry 1l5systemthat is
sui tabl e for autonobiles. Fig. 26 is a block diagram show ng the
configuration of an RE conmuni cation system according to a prior art _
technol ogy. inspecting and/oir¢heckitiy adickesiih eirkukdtiagr am showi ng the confi guration
of a communication apparatus that perforns w reless communication with RFID
20t ags i n accor dan€ég.\R3A isaapiagranashowinghaolexginplefra pystem if whithethence
Nuneral s 1: RFID TAG 2: READER/ WRI TER 253: TRANSM TTER ANTENNA 4: RECEI VER
ANTENNA 4A: RfIRStagAsoEmhunicatitvENystemn oBERENDBY eMtiDENISAappFdERG a system for
5. RECEPTI ON PROCESSOR 55A: PLL SECTI ON
surveillance monitoring of products or stored articles.
5 Fig. 23B is a diagram showing an example of a system in which the
RFID tag communication system of the invention is applied to an security
system in which an RFID tag 1 is attached, for example, to a window or a door;
and the position of the RFID tag 1 is monitored, thereby detecting opening of
the window or the door.
10 Fig. 24 is a diagram showing an example of a system in which the
RFID tag communication system of the invention is applied to the places such
as stations or movie theaters where tickets are examined.
Fig. 25 is a diagram showing an example of a system in which the
RFID tag communication system of the invention is applied to a keyless entry
15 system that is suitable for automobiles.
Fig. 26 is a block diagram showing the conﬁguratioh of an RF
communication system according to a prior art technology.
Fig. 27 is a block diagram showing the configuration of a
communication apparatus that performs wireless communication with RFID

20 tags in accordance with a prior art technology

Description of Reference Numerals
1. RFID TAG
2: READERWRITER
25 3: TRANSMITTER ANTENNA
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5B: MODULATOR 5C: PO/\EE AVPLI FI ER 6: TRANSM SSI ON PROCESSOR 6A, 6Al1, 6AZ2:
AMPLI FI ER 1068: FREQUENCY CONVERTER 681, 6B2: M XER 683: 90- DEGREE PHASE
SH FTER 6C. PREAMBLE EXTRACTOR 6D: SELECTOR 157: COVMUNI CATI ON CONTROLLER
7A: FREQUENCY CONTROLLER 7B: TRANSM SSI ON CONTROLLER 7C: RECEPTI ON
CONTROLLER 8: LOCATI ON MEASURE

4; RECEIVER ANTENNA
4A: FIRST ANTENNA ELEMENT
4B: SECOND ANTENNA ELEMENT
5: RECEPTION PROCESSOR
5 5A: PLL SECTION
5B: MODULATOR
* 5C: POWER AMPLIFIER

6: TRANSMISSION PROCESSOR
6A, 6A1, 6A2: AMPLIFIER

10 6B: FREQUENCY CONVERTER
6B1, 6B2: MIXER
6B3: 90-DEGREE PHASE SHIFTER
6C: PREAMBLE EXTRACTOR
6D: SELECTOR

15 7: COMMUNICATION CONTROLLER
7A: FREQUENCY CONTROLLER
7B: TRANSMISSION CONTROLLER
7C: RECEPTION CONTROLLER
8: LOCATION MEASURE

20 8A: PHASE INFORMATION ACQUIRER
8B: DISTANCE CALCULATOR
8C: DIRECTION CALCULATOR
9: EXTERNAL COMMUNICATOR
10: AREA DETERMINANT

25
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208A: PHASE | NFORIVATI ACQUI RER 8B: DI STANCE CALCULATOR 8C: DI RECTI ON
CALCULATOR 9: EXTERNAL{ COVMUNI CATOR 10: AREA DETERM NANT 25 BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON Herei nafter, one enbodi nent of the
invention will be described belowwth reference to Figs. 1 to 25. 5
Configuration of Reader/witer Fig. 2 shows a sinplified block

di agram of a communi cation system of the invention, including RFID tags and
a reader/witer. As shown in the drawi ng, the comunication systemis
configured to includdBE8E MODBFOREARRVING OUT THEINVENTIONand a
reader/witer (distance neasuring apparatus) 2.

Hereinafter, one embodiment of the invention will be described below

with reference to Figs. 1 to 25.

Configuration of Reader/writer

Fig. 2 shows a simplified block diagram of a communication system of
the invention, including RFID tags and a reader/writer. As shown in the
drawing, the communication system is configured to include one or more RFID

10 tags (reflectors) 1 and a reader/writer (distance measuring apparatus) 2. |

| The RFID tag 1 is attached to vafibus articles and stores information
about the article aftached or about objects or people associated therewith.
The RFID tag 1 is configured to include an IC (Integrated Circuit) for wireless
communication, a storage, and an antenna.

15 In the present embodiment, the RFID tag .1 used is considered as
being a passive RFID tag that does not have a power source such as battery,
operates circuits by drawing energy frdm fadio waves transmitted from the
reader/writer 2, thus performing wireless communication with the reader/writer
2. The RFID tag that is usable in the present embodiment is not limited to the

20 passive RFID tag', but an active RFID tag that has a power source such as
battery may be used.

The reader/writer 2 is a device that performs wireless communication
with each of the RFID tags 1 and reads/writes information from/into the RFID
tags 1. In the present embodiment, the reader/writer 2 is configured to

25 read/write information from/into the RFID tags 1. However, the invention is
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The RFID tag 1 is attached to various articles and stores information about
the article attached o( about objects or people associ{ated therewith. The
RFIDtag 1 is configured to include an IC (Integrated Circuit) for wireless
comuni cation, a storage, and an antenna. 15In the present enbodi nent, the
RFID tag 1 used is considered as being a passive RFID tag that does not have
a power source such as battery, -operates circuits by drawi ng energy from
radio waves transnmtted fromthe reader/witer 2, thus performng wreless
conmuni cat i aotviiited He thisydand whé tread@r/wiiitee RithB thieg cbhfiguried BAFDIE réay t he
present enbodinent is not limted to the 20passive RFID tag, but an active
RFI D tag t hdhfdmamtiangome the RFIDdagsidh as battery may be used. The
reader/witer 2 is a device that perforns wrel ess comruni cation with each

of the RFID tags 1 larttermadentvenibzsiimehtriet frequdrioyband oft the Rdi® waes 1.
In the present enbodinent, the reader/witer 2 is configured to 25read/wite

i nf or mat i on tfansmittetd oby htheRFeadérAgrtet . 2 Heway ethe t62alled eUHPObANY thatNf
limted to this, and the reader/witer 2 may be configured only to read
i nf or nelt i on Soncewhére BEVZern@O01MHz and 960 IMHEheBpr gsingtthenteb Weive, int he
frequency band of the radio wave transmtted by the reader/witer 2 is in

t he so-cal | edicoHr flesquebniciiciand; the seadeliariterb2 tbaeemad08bHo aothnWalicildn By
using the radi o wave in such a frequency band, the reader/witer 2 becones

abl e to comwith thet REitDVagH that isRlddatedin 4 distahce sahge of fdm Severdil Hiatsee
range of from several neters to several ten neters. Al though the present
enbodi nent ite sevesaldtan metersUHRAItudhc thempneseatt i embodineentnigecdnsiderirg @ot
limted to this. As a frequency 10 band that is usable exclusively for RFID
tag, frequenldyFbandscornoiunication, fite Mventiomis not [midéd @HthibanAsar frequendyabl e.
Addi tionally, the comunication nmay be nmade using other frequency bands as
| ong d9 wi r dlapdsthad isrusaklet éxoiusively for RFiiDdage frequentyabahds guehcys Hasés.
MHz band or 2.45 GHz band are available. Additionally, the communication
may be made using other frequency bands as long as wireless communication
can be performed in that frequency bands.
The reader/writer 2 is configured to include a transmitter antenna 3, a
15 receiver antenna 4, a transmission processor 5, a reception processor 6, a
communication controller 7, a location measure 8, an external communicator 9,
an area determinant 10, and an area information storage 11.
The transmitter antenna 3 is an antenna that transmits radio waves to
the RFID tags 1, and the receiver antenna 4 is an antenna that receives radio
20 waves sent back from the RFID tags 1. The transmitter antenna 3 and the
receiver antenna 4 are configured, for example, as a patch antenna or an array
antenna. Although in the present configuration example, the transmitter
antenna 3 and the receiver antenna 4 are separately provided, a single

antenna may be used in which functions of both the transmitter antenna 3 and

25 the receiver antenna 4 are integrated into the antenna.
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The reader/witer 2 is configured to include a transmtter antenna 3,
a 15 receiver antenna 4, a transm ssion processor 5, a reception
processor 6, a commrunication controller 7, a location neasure 8, an
external conmuni cator 9, an area determ nant 10, and an area

i nformation storage 11. The transmitter antenna 3 is an

X .
ecel ver antenna dMeaRARTERROERE P aapies DaRrpe HokRee ron
back from the rQRQFdI eq{?u g@ﬁmpiﬂ&%@%ﬁgﬁ@ thdrRmidgoE Eﬁﬂaﬂo@tréﬁ@nﬁt@@ Fhorer

antenna 4 afe as a patc enna or an array

antenna. Al %?’%ﬂﬁ%‘qg& r&@bﬁé%‘t $001 lQub i %Poé’eé@ﬁﬂ)b‘?sa ket

transmtter € recelver antenna 4 are separate

provi ded d pgﬁ{;@h g%;B Hflcationbl eBriddnfiioan® ok mebubrme

trans 25t e receiver antenna 4 are int egr at ed

into the a”%@ﬂﬂ%-recewedb theffét%nferraﬂféﬁn%% on processor 5 is a block
t hat perfor processes g as nodul ation or anplification to the

transm ssion si gnatpd Qorhﬁd;ﬁc’%iﬁ&ﬁ”iddn&dliérrbm bhslodi thas pietfoams ancerir of.
The reception processor 6 is a block that 5perforns processes such as

anpl i ficati pradig gedredwritihg infotratiorefrorace o e RETD ey § foreanmedicalion
ghe receiver antenna 4, . The communi cation controller 7 is a
lock that profigh the ansnitieoantefina Saatidfier the deenivanantenig 4.nf or mat i on

fromor to the RFID tag 1 for communication through the transmttei:I

antenrld@ 3 and/ or tTe losatiby areastre fnia ablogh s mééﬁifﬁ%ﬁh?f%ﬂip@ g e
a bl ock that measures the |ocation of the RHO ta d%ﬁ Hggﬂﬁp

the recepti RilRitagmdlan thedeasieeel hedrremiongignss @cgeive A ntéﬂt

of the | ocation of the RFIDt 1.inc e u of th

di st ance bet h@éﬂe@%em@%@fm %P%?OTEO#aﬁE? %ﬁ@e%gli) E‘é&? mﬁgﬁ r&%entrﬂf
of the direction of th d

ond 15 mealis Sice SRR D gt AR oF Bnd SRREDS 1 3 feathtenionty

w ||l be des d Claq J MdL k ter 2: and
di stance_ beﬁ?ﬁeéﬁr Ph X r%aﬁLrIF%A}ﬁPt liag 2 adr?d%%% D'tﬁéggre%&i‘rg.?rrl ggpongg

R T L
the di stancg, habyeaqsrt @nétﬁpéﬁééﬁng@'ﬂﬁéﬂlé@ar{befﬁetﬁrbén tea eeldenwwirter2 and
the RFID tag 1 corresponds to an additive. average of two distances: the
(' .. distance between the transmitter antenna 3 of the reader/writer 2 and the RFID
tag 1; and the distance between the receiver antenna 4 of the reader/writer 2
20 and the RFID tag 1. Here, if the RFID tag 1 is an active one, the distance
corresponds to the distance between the receiver antenna 4 and the RFID tag

1.
The area determinant 10 is a block that determines whether the RFID
tag 1is located within a prescribed spatial area (communication area) on the

25 basis of the location measured by the location measure 8. Area information

about which spatial area is located the communication area is stored in the
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20and the RFID tag 1. re, if the RFIDtag 1 is an active one, the distance
corresponds to the di SQH:nce bet ween the receiver anter@a 4 and the RFID tag
: The area determinant 10 is a block that determ nes whether the
RFIDtag 1 is located within a prescribed spatial area (comruni cation area)
on the 25basis of the |ocation nmeasured by the | ocation neasure 8. Area

I nformati on about which spatial area is |ocated the conmunication area is
stored in the area information storage 11. The area determ nant 10

det er mi nes \@ieaHeformatiorrstorageg 11. eXhetareai déterminanat clddeterninés wimstioer by
determ ni ng whether the | ocation neasured by the | ocation neasure 8 exists
within the doenRifD:teg drexisteavitién the sommenication laceabyadetefrining whethérThe
external conmunicator 9 is a block that transmits information about the RFID
tag 1 read Byet lecationdeneasuredr by tthearloeaticer nmeasprear 8it exists withiti Vibe
information to be witten into the RFID tag 1 fromthe external apparatus.
The ext er nalcoappunigatien aren as prasaribeddly therareaiinfatroatién.ar e communi cabl y
connected to each other in a wired or wireless manner. In this 10 case, the
extern® appar at us Theaéxtepnal tsamsmonicater Baisi 8 Wéclkofkatatransmitsf infdrmation
reader/witer 2 readi ng and/or witing information fromor into the RFID tag
1 may be co@biytithel RFIDitagl Lisead by theaeadeuwritarr2 20 an external apparatusar
information stored in the area information storage 11 is set dependi ng on

t he envi r onfigeRives, infermationctor edwritteni inde thei RAIDstay 1edronThthel Bxteanaia

I nformati on may be set by the external apparatus through the external

comuni cat o@Pparatys. eXagpexternal yarparahise andcthef extarnalucommguninatonr®are

i nformati on may be provided to the reader/witer 2.

comimunicably connected to each other in a wired or wireless manner. In this
10 case, the external apparatus that operates on the basis of operations of the
reader/writer 2 reading and/or writing information from or into the RFID tag 1
may be configured to include the reader/writer 2.
The area information stored in the area information storage 11 is set
depending on the environment in which the reader/writer 2 is installed. The
15 area information may be set by the external apparatus through the external
communicator 9, for example. A user interface for inputting the area
information may be provided to the reader/writer 2. |
Components of the reader/writer 2, that is, the communication
controller 7, the location measure 8, the area determinant 10, and the external
20 communicator 9 may be configured as a hardware logic, or may be configured
to be realized by a processor, such as CPU, executing programs stored in a
storage such as ROM (Read Only Memory) or RAM.
When the above-mentioned configuration are configured by the
processor such as CPU and the storage, a computer equipped with these

25 means reads out the program from a recording medium and executes the
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Conponents of the reader/witer 2, that is, the communication controller 7,
the | ocation neasure 8( the area determnant 10, and t(he -external 20
communi cator 9 may be configured as a hardware |ogic, or nmay be configured
to be realized by a processor, such as CPU, executing prograns stored in a
storage such as ROM (Read Only Menory) or RAM When t he
above-nenti oned configuration are configured by the processor such as CPU
and the storage, a conputer equipped with these 25nmeans reads out the

progr am f r orpragrarnpr dihegele dvarivasd fenctionsesaride varigu® dloparatidiy ey ¥y i ous
functions and various operations of the comunication controller 7, the

| ocati on neammulicativn contllde7ethe heatiod Mneasutet8)ethexdren dtemaimaHNTgat or 9
are realized. Additionally, by recording the progranS into a renovable
recordi ng neafidithe ekternaircarumunicatsri @ase aealizdie Additionilyopgratordiy RN be
realized on an arbitrary conputer. The recordi ng nmedi um may be a
menmory (not programy,infoon emoydbde recerdigg anedienh, the sutidougsfurchibhe andi te a
program for execution on a conputer is recorded. Alternatively, the
recor dithg nedirions eperations garobe aealizedi oman asbitrasy coragatdre when bei ng
inserted into a programreadi ng device 10(not shown) that is provided as an
external storage ddWhedecording medilm rmay bess esemortye(npt sbown), fopegample, a
preferably one which can be accessed and executed by a m croprocessor.
Pref erabl y, program omedium ssuahacsoiROMaird witieh r 2 aprogramp farg erstutiord @angoaded
for execution to a program nmenory area of a microconputer. In this case, it
i s assumed tdemputeeisiregordadamAlternatively, dhelirecprdingomestium enlay bea prigham
apparatus. - _ If the systemis configured to be able to connect to a
comuni cat i dnedismnthealt is readablegwhéer heing insertedt into ree proglamg reatiniyy ievice
preferably one which actively downl oads a program fromthe comuni cation
net wor® and (8eloshawn)itbabisqyovidedasr an axteptalstoragectesscenf downl oadi ng t he
program fromthe comuni cation

In any cases, the program stored is preferably one which can be

accessed and executed by a microprocessor. Preferably, the program is read

out, and the read-out program is downloaded for execution to a program

memory area of a microcomputer. In this case, it is assumed that the
15 program for downloading is prestored in a main apparatus.

If the system is configured to be able to connect to a communication
network including the Internet, the recording medium is preferably one which
actively downloads a program from the communication network and stores the
program therein. |

20 In the case of downloading the program from the communication
network, the download program is preferably prestored in the main apparatus,
and alternatively the download program may be installed from other recording

medium.
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network, the downl oad programis preferably prestored in the nmain apparatus,
and alternatively the @ownl oad program may be install Qﬁ fromother recording
medi um Configuration Related to Di stance Measurenent Next, the
configuration of the reader/witer 2, especially for measuring the distance
between the RFID tag 1 and the reader/witer 2 will be described with
reference to Fig. 1. As shown in the drawing, the transm ssion processor 5 5
i ncludes a PLL (Phase Locked Loop) section 5A as a frequency adjuster, a

nmodul at or 5ECorfiguration Refdted ite Distenc@Mbazureérmaatr tter 5D. The reception
processor 6 includes an anplifier 6A and a frequency converter 6B. The

| ocation measure 8 Next|thdeonfignration ofithereadémiritee QUespecigtly Pstdngaslirrigance
cal cul ator 8B. The conmunication controller 7 includes a freequency

control | er 1h@Alistante betweers tenREIDtag!1 and Tk readéravites opkill e gesdribeld! er
7C. In the transm ssion controller 5, the PLL section 5A is a bl ock

that sets a withr reéfererfcectqidgcl esAsishawnrianheidsswing, tHegttahsimissish prozassart t ed
fromthe transmtter antenna 3, and the PLL section 5A is configured by a

PLL ci r&cui t .5 iotudesdalPitlo(PHeRenbockett ESop)asedtion 5A @isca $r@ﬁ1@ﬂbﬂfa%?h§wr, ahe PLL
section 5A 15 and the transmtter 5D to superinpose data to the transm ssion

signal . |In trhedpatre5B, anpodenanplifitne5Codnd ad dranshitlenSDat EFhd heception
transm ssion signal through ASK (Anplitude Shift Keying) nodul ation. A
nodul ati on rpEobessarf 6 tindutdesreniassplifier BAyamd asfreqiendyncorderter 6Be ARK
nodul ati on, but FSK (Frequency Shift Keying) nodul ati on, PSK (Phase Shift
Keyi ng) nodidcatioonmeasutd8tiheludds g phhseuuforrmatiom atguiterd $Amand kediskrde The
power anplifier 5Cis a block that anplifies the transm ssion signal.
I n the recepspicuator 88esJde cammieicatiphidontolléry ircludds adiequeaty aoplrolidres t he
reception signals received by the receiver antenna 4. The frequency
converli@er 6BA,a tiamsniskioneontrodler @Bt and lacreteptiprecontralfert#® reception signal s
25anplified by the anplifier 6A into a |ower frequency signal.
In the transmission controller 5, the PLL section 5A is a block that
sets a carrier frequencies of a transmission signal to be transmitted from the
transmitter antenna 3, and the PLL section 5A is configured by a PLL circuit.
The modulator 5B modulates carrier signals generated by the PLL section 5A
15 and the transmitter 5D to superimpose data to the transmission signal. In the
present embodiment, the modulator 5B generates the transmission signal
through ASK (Amplitude Shift Keying) modulation. A modulation method of
the transmission signal is not. limited to the ASK modulation, but FSK
(Frequency Shift Keying) modulation, PSK (Phase Shift Keying) modulation, or
20 other digital modulation methods may be used. The power amplifier 5C is a
block that amplifies the transmission signal.
In the reception processor 6, the amplifier 5A is a block that amplifies
the reception signals received by the receiver antenna 4. The frequency
converter 6B is a block that converts the frequency of the reception signals

25 amplified by the ampilifier 6A into a lower frequency signal.
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In the location neasure_ 8, the phase information acquirer 8A'is a bl ock that
detects the anount of éﬁase change in the reception si(gnals that is :
frequency-converted by the frequency converter 68 and acquires the phase
change anmount as phase information. Here, the phase change anobunt of the 5
reception signals is the anount of phase change produced when the reception
signal s propagates a prescribed distance More specifically, when the
carrier signal outputted fromthe PLL section 5A is expressed as sinafit,

the frequency convdntihie ffbativhtiehs@e 8hehe Phaser infdreittlons hedfekt sty t he
reception signals D(t)Asin(27tflt+4)) inputted from 10 the anplifier 6A and

passes a mul blopk itleatt detectsethiel Amuahtusf Més@c@m/get i thacreRBpfsn isiHrﬁ:'iérﬁ’Ht‘?é‘

acquirer 8A. The phase information acquirer 8A cal cul ates the "phase change

anount 4) onfrédueroysceonvelitedhby \the lf%g(@?;h&?%dﬁv@ﬁb? 5B faha%kﬂﬂﬁhéscﬂfé"ﬁﬁé@é 68.
_ e

In the above forrmula, t is a tine; I s a baseband signal when

modul at or  5BchangecarmbuASHs phdsé aifoanatioh.i SHefe, #i@ phhselehahgd amduit of tid | er
signal itself; is the phase change anount when propagating a roun(?-trl p

di stanc® of reception signalsTisetheiarhoumteofqHaze! cHapigedsrotiticéd WHerkthehkeption
cal cul ates the distance between the RFID tag 1 and the reader/witer 2 on

t he basis ofsigmdlspropagateszaopresthiteddisthcehange amount acquired by the phase
i nformati on acquirer 208A In the comruni cation controller, the

frequency control | éloréAspecifically okhérahe ceartiep! sigidicolitbattednNfrymPthd M L
transm ssion signal that is set by the PLL section 5A. The transm ssion

control | er #&ctionbAisnekpressed iasminZridative heqdehoy EoAVEREEEB MuUlipAEEtHeSSi on
signal to the nodul ator 5B. The reception 25controller 7C is a bl ock that

al I ows the aamemsignal sin2sefitwithithe recdption sigaall \B(t)Asii(@RfTBEH) Rp @Rt frofhe
di stance cal cul ated by the distance cal cul ator 86. Details of D stance
Measurthent thexamplifieraBlAsand paesesi atmoitiplioation reswt tvaflie CRHPcHEH ib! thebe
phase information acquirer 8A. The phase information acquirer 8A calculates
the phase change amount ¢ on the basis of the value passed from the
frequency converter 6B. In the above formula, t is a time; D(t) is a baseband
signal when the modulator 5B performs ASK modulation; A is an amplitude of
15 the carrier signal itself, ¢ is the phase change amount when propagating a
round-trip distance of 2r.

The distance calculator 8B is a block that calculates the distance
between the RFID tag 1 and the reader/writer 2 on the basis of information
about the phase change amount acquired by the phase information acquirér

20 8A.

In the communication controller, the frequency controller 7A is a block

| that controls the freqqency of the transmission signal that is set by the PLL
section 5A. The transmission controller 7B is a block that inputs data used to

modulate the transmission signal to the modulator 5B. The reception

25 controller 7C is a block that allows the communication controller 7b to receive
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5 described. In the present enbodinent, the reader/witer 2 is configured
to transmt an R/Wreq@est signal (request signal) toﬁhe RFID tag 1, and
the RFID tag 1 is configured to reply a response signal” (reflection signals)
Wi th respect to the request signal. Such a procedure is illustrated in Figs.
3A to 3C. Fig. 3Ais a diagramshowi ng the state in which the RNV request
signal 10 and the response signal are communi cated between the
reader/witer and the RFID tag. Fig. 3B is a diagramin which signals
transm tted ihfomatiba abead the distdreoe dalclbtedRy Betdistantd catdulater 8B equenci es

thereof are illustrated on tine axis. Fig. 3Cis a diagramin which signals
transmtted fromthe RFID tag to the reader/witer and carrier frequencies
thereof are illustrated on time axis. 15 The reader/witer 2 is always

transm tti ndPetailpef Distance Medsuteangnl for powering the RFID tag 1). Wen
requesting the RFIDtag 1 to transmt the response signal (hereinafter wll
be referred to as Nexhg dedaifsonsfe the gdistanceasmeasuenentFipgocédsing NRill be
reader/witer 2 transmts the RNV request signal -that requests a reply of
the tad respessdbedgnhi thellpaesent, embodimentthe séader/wiitee 265 confige@dsei on
controller 7B of the reader/witer 2 controls the nodulator 5B to transm t
dat a i ndi cattrarsnut anhBANoretpiessisigrml (Wrrest aigres) to1thé IRFIDREJ 4S ppdSte
signal, the reader/witer 2 controls the nodulator 5B to transmt data that
constit ut es RF® RigMVr isqoenfigused rtal repfha ieBpbnsesignal reflestipn signalspwithg t he
signals sent fromthe reader/witer 2. Wen detecting reception of the 25RAN
request si gnespectHe tREl Bquest signabnsSBudts at precedgrer Bsitlastsatesli pnPigsi BA! fae
form of responding to the RAN request signal. More specifically,

t he reader/ \#G.t efrig2 3friaras diagsam smawihgaire statgnial whichptheeR/Wfrejhestyhalequest
signal and a CW (continuous carrier wave). \Wen receiving the RNV request

si gnall0and tamg the/responsen signal are commuricated hetweentthe readeewriteridner the, t he
RFID tag 1 transmits the tag response signal via a carrier frequencies ||
correspondi Mf o tage Figqdbndy afdiagrantvin( sdvich reignals clransmitteda\fim tthet he
reader/witer 2. In Figs. 3B and 3C, the RRWrequest signal and the CW

( cont i nuous readen/writefide dhe It tagrand carigr fiegueheciesdherenf drediipnstrated snf 1,
and accordingly, the tag response signal is transmtted via the 1Ocarrier
frequenci es time axis. théq i diagramsia Whigh signiads ransmitted: fromithe RipPetagbl e
section and a data sectjon, as illustrated in Fig. 30. Here, the preanble
section repteiiieaderwriar and garriesdieqyenpiesdbereot gre ilistratad o timenaxis.gnal s,
and i s _conmposed of ﬁ prescri bed data conponent_that is comon to all

refl edPors based oh ?H@aé%ﬁ/rwr tes Zissalwaya transonittingr a spaaificsignati{signat for
section is transmtted [:&gl ow ng the rgreanbl_e section and represents the
dat a i ndi caPPMETOGHEEREMAtag ) or M¥herb requesting dhe (RRDtag ddtor trapsmitdher| D

tag 1. As informatian inglude a section, IDinformatjon that is

uni que to eé%s?P(m_'setﬂgnﬂ f?'aggég“&'gﬁeg%tf%rm iasi @dad APSRONSSiGNANL B8N t hat
that i st ofBAWHN AG: Ebr ligeeser Mo e RraBgNGS the T reduest Sgnal that
requests a reply of the tag response signal. That is, in a normal state, the
20 transmission controller 7B of the reader/writer 2 controls the modulator 5B to
transmit data indicative of the normal state. When requesting the tag
response signal, the reader/writer 2 controls the modulator 5B to transmit data
that constitutes the R/W request signal. The RFID tag 1 is always monitoring
the signals sent from the reader/writer 2. When detecting reception of the

25 R/W request signal, the RFID tag 1 transmits the tag response signal in the
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may be included in the data section. The reader/witer 2 transmts
the RAN request signal{tw ce and uses different carri ef_frequenci es in each
transm ssion of the RI'VW request signal (nore specifically, the CW
(continuous carrier wave) follow ng the RFRWrequest 25signal). That is, in
the first transm ssion of the RAN request signal, the frequency controller
7A of the reader/witer 2 controls the PLL section 5A to output the carrier
signal using a first frequency -11. Meanwhile, in the second transm ssion of
the RNV r equesn ofirgsponding ¢o thee RdAheyuesigignall er 7A controls the PLL section
5A to output the carrier signal using a second frequency f2that 5is

di fferent from the Moresispecifiqallyycthef reader/writer 2 traasmiteva dre-frag®e $ignaB and
3C, when the RFID tag 1 receives the RI'VW request signal transm’tteg via the
first frequesargpdsed tofichead/Wemguest sijrahand a Cwl(b@dtintﬁiusgcéﬂﬁiQrfWé\%g.
frequency fl. In the reader/witer 2, the phase information acquirer 8A

anal yzes t héMheaaeiseingthe BANofequist signal amd! theaGVIl contimmisecatiignaavép
detect Si that indicates the phase change anount of the tag response signal.
Sinilardy, Jirem thaeeaiedwiiteg 2] the REIDdag tihteari¥nvits thgLlagt response sighahvigid t ed
via the first frequency f2, the tag response signal is replied using the
first frequesatsief requenciee fi eattespomdingrtoZthet frequeracyeof tHe IOWI! (continesus r er
8A anal yzes the preanbl e section of the received tag response signal 15to
det ect -4) 2 tdaavien mévexttesthehreadenseitehangén &igaind3B cind B€, tthg RAYp@gsest

si gnal . In the above exanple, the phase change anount of the tag
response si gignali andidhe (2\84 (dontinualiy xanert wave) asertitamsesitted onia thievearger, t he
invention is not limted to this. The phase change anount may be detected
whi | e t aki ndrexpieniciesofit and eacordingly; thectagsiespoase signallis dranshwtted aizethehange
amount may be detected for the data section. However, in the case of the PSK
nmodul atQ on, dafriersfreguencies fi.t o det ect the phase change anpunt that depends
on di stance on the basis of the data section having variable contents. Thus,
it is preferabl e tdhgetegctespppseisignal ibaogetitutasliby a prearebler sestivneasdat i on
havi ng fi xed 25contents. -

data section, as illustrated in Fig. 3C. Here, the preamble section represents

the data indicating the start of the reflection signals, and is composed of a

prescribed data component that is common to all reflectors based on the same

15 standard (EPC, for example). The data section is transmitted following the

preamble section and represents the data indicating substantial information

that is transmitted from the RFID tag 1. As information included in the data

section, ID information that is unique to each of the RFID tags 1 can be

exemplified. Also, information that should be transmitted from the RFID tag 1,

20 for example various information that is stored in the storage of the RFID tag 1
may be included in the data section. |

The reader/writer 2 transmits the R/W request signal twice and uses

different carrier frequencies in each transmission of the RW request signal

(more specifically, the CW (continuous carrier wave) following the R/W request

25 signal). That is, in the first transmission of the R/W request signal, the
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In this manner, when the phase information acquirer 8A detects the
phase change anounts gm and 02, information about the phase change
amounts is transferred to the distance cal cul ator 8B. The di stance
cal cul ator 8B cal cul ates the di stance between the RFID tag 1 and the
reader/witer 2 on 5the basis of 01 and 02 in the foll ow ng manner.
First, assum ng the distance between the transmtter antenna 3 and
the RFIDtag 1 is equal to the distance between the receiver antenna
4 and the RFID tag 1, the distance is defined as r. The Ehase_change
anounts + dredju@Bcy lantralier PA ofdbe deadrrfvriteie2 ceaniiols they Ghkisecien Sheto
first frequency fl and the 10second frequency f2 propagate round-trip
di st ance of Qutpwahe saridsRigaalasbing atfiset TeAUSHRY fg f%?gﬁw%l? i} s sepond
1] 29 A 2 02 - 2g92r 15l n the above fornul gts, C reeBreseni{s th_(??{é
vel oci ty of tangrssiam of e BHYY seqest pignahove TaRbensY Fonyelier fa controls
distance r %ﬁg Plaﬁ s%-;flzlticcarl1J lsgttgdou gutttng CLPr}elr%Y&ngpuéiggrj rallusleac'ond frequency fthat
5 is different from the first frequency fy.
As shown in Figs.1, 3B and 3C, when the RFID tag 1 receives the
RMW request signal transmitted via the first frequency fi, the tag response
signal is replied using the first frequency f;. In the reader/writer 2, the phase
v information acquirer 8A analyzes the preamble section of the received tag
10 response signal to detect ¢4 that indicates the phase change amount of the tag
response signal, Similarly, when the RFID tag 1 receives the RAW request
signal transmitted via the first frequency f,, the tag response signal is replied
using the first frequency f.. In the reader/writer 2, the phase information
acquirer 8A analyzes the preamble section of the received tag response signal
156 fo detect ¢, that indicates the phase change amount of the tag response
signal.
in the above example, the phase change amount of the tag response
\ signal is detected by analyzing the preamble section. However, the invention
is not limited to this. The phase change amount may be detected while taking
20 the data section info consideration. Also, the phase change amount may be
detected for the data section. However, in the case of the PSK modulation, it
is difficult to detect the phase change amount that depends on distance on the
basis of the data section having variable contents. Thus, it is preferable to
detect the phase change amount in the preamble section having fixed

25 contents.
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[Formula 2] thO *"dfr - - f2I 20In this manner, on the basis of the phase
change anount 01 and OQ, It is possible to calculate t@e di stance r between
the transmitter antenna 3 and the RFID tag 1. Here, it "can be expected that
a phase shift may occur at the RFID tag 1 during the period between
reception of the RI'W request signal and transm ssion of the tag response
signal. However, the carrier signals of the first frequency f1 and the
second frequency f2 experience the sanme anount of the phase shift.

Therefore, the phada iy FanPepdWREs the Meﬁﬁf%{ﬁﬁn%d&lﬁﬂér%fﬁ&@?ﬂﬂ? _—

signal s does not influence the distance calculation. In Formula 2, 1

equal to or ph#sE ehanganariounts i¢y ahlf irbﬁ“ﬁﬁfomat%rpaé%aﬂ‘% phgsg! éﬁ?’égeet Le

wi th high accuracy. In other words, a rmaxi mum neasur e value rma

di stance r iamobhtt Bethndieied\d tie distandd éﬁlcﬁ%‘tbrb%.exﬁ’ﬁéﬁﬁﬁgn?é( chltilator
following formula. [Fornula 3] rmax 21f, -LI 10For exanple, 1f the

di fference bBBwaltulites thé distance Betisah the RFIDUAS 1 and the reader/writer 2 on

5 the basis of ¢1 and ¢, in the following manner.

First, assuming the distance between the transmitter antenna 3 and

the RFID tag 1 is equal to the distance between the receiver antenna 4 and the

RFID tag 1, the distance is defined as r. The phase change amounts ¢; and

¢z that are produced when the carrier signals of the first frequency f; and the

10 second frequency f, propagate round-trip distance of 2r can be expressed by

the following formulas.

[Formula 1] .
& =2—ﬂf‘—2r
c
¢, = 24, 2r
Cc
15 In the above formulas, ¢ represents the velocity of light. On the

basis of the above two formulas, the distance r can be calculated by the
following formula.

[Formula 2]
cAg

4nlf,- £)]

20 In this manner, on the basis of the phase change amount ¢1 and ¢y, it
is possible to calculate the distance r between the transmitter antenna 3 and
the RFID tag 1. Here, it can be expected that a phase shift may occur at the
RFID tag 1 during the period between reception of the RW request signal and

transmission of the tag response signal. However, the carrier signals of the
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second frequency f2 is set to 5 MHz, the maxi num di stance rmax becones 30
meters from Formul a 3.(§inilarly, if the difference bdtween the first
frequency fl and the second frequency f2 is set to 2 MHz, the nmaxi num

di stance rmax becones 75 neters from Formula 3. Since the RFID conmunication
system 15 using UHF band is considering the use of a maxi mum commruni cabl e

di stance of about 10 neters, such a neasurenent wll not cause any probl ens
in practical use. When it is required to nmeasure a distance greater

than t he maxirstfrequeneynfieandthe sédondeeguersyeh lexperiehce #he sapeCamoliRt of €
performed in 20 conjunction with the neasurenent of a reception intensity of

the recepti dhegtgsal shiftf oThercfione), the Phasé ishifbproduced ih fRE RFID tagdPsdw | ity
that A4) becones greater than 2; a candidate r' of the distance r can be

expressed asommanicating.sigreais does siotimflusheg te aistdhcercdi®lilgtion Accor di ngly, by
using the fact that the reception intensity of the reception signals :

decreases as the distRorowl@32,nif ripaiseequalt tdee greatepohanbbe, itoisdgiium e t he
val ue of n. In the case of using the active RFID tag, the

r eader /o i t eal@ilatee thenatistanea sminitht highRigcuragyesin tiggaword®d at Ridxirht
di stance nmeasurenent may be perforned on the basis of the tag response

si gnal that measurablesValue ransfithe distdncen istubtRhedvirem AS =SPeoikith cBX®ep! e of
Recepti on Processor " In the distance neasurenent .descri bed above, a

processi ng @&xpdetsect bythe folowmgsfermblnge anmount of the reception signals is
performed. Detailed configuration of the reception processor 6 that enables
t he det ecti ¢ghomiulaf3]t he phase change anmount wi |l be described with reference
to Fig. 4. In this specific exanple, the reception processor 6 separates the

reception signals ir.m,;em ignal and a Q signal and inputs the I and Q
signals to the locatio sablir e 8, thereby enabling the |ocation nmeasure 8
to performthe processing of detecting the phase change anmount. As shown in

the drigni ng, the 1Pof @&8RIJIONT RO affet&hcd bkgﬂogéeéf% m’]gg f?é@einfckefﬁ Sn@theand

6A2 as the anplifier 6A, two mxers 6Bl an as requency converter

?S&e?\?gdabg%%ﬂd tRquRASE 5§ §4t90 SRz, the maénﬂlhﬁ diSGREEION. SRS 30.
y the receiver antenna 4 is branched into two pal'i's: one TS i nput

to the anpl inieters frédi Fomtuiale: BifflarlySif tHiditfeféhdeSetween the first frequency

fy and the second frequency f; is set to 2 MHz, the maximum distance ryay

becomes 75 meters from Formula 3. Since the RFID communication system

15 using UHF band is considering the use of a maximum communicable distance

of about 10 me.ters, such a measurement will not cause any broblems in

practical use.

When it is required to measure a distance greater than the maximum

distance rmax, the measurement of the distance r may be performed in

20 | conjunction with the measurement of a reception intensity of the reception

signals, for example. Specifically, if there is a possibility that A¢ becomes

greater than 2x, a candidate r’ of the distance r can be expressed as r' = r +

N-rmax (N is an integer of 0 or moré). Accordingly, by using the fact that the

reception intensity of the reception signals decreases as the distance

25 increases, it becomes possible to determine the value of n.
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20 anplifier 6A2. The anplifier 6A1 anplifies the input reception signals
and i nputs the signal (o_ the m xer 6Bl. The anplifier @AZ anplifies the

i nput reception signals and inputs the signal to the m xer 6B2.

The m xer 6Bl multiplies the reception signals inputted fromthe anplifier
6A1 with the carrier signal outputted fromthe PLL section 5A to 25obtain
the I signal and inputs the |I signal to the phase information acquirer 8A
The m xer 6B2 multiplies the reception signals inputted fromthe anplifier
6A2 wi th the carridn thegase dfing theoattivet REID ftagntheheaBehwsiest2 gpesMoand
90- degree phase-shifted by the 90-degree phase shifter 6B3 to obtain the Q
si gnal and itpnsmeittthe RV¥irgqaesttsigndicand ases itné distaideo measarérment Ay Be
Herei nafter, details of the reception processing and the processing of

cal cul ati ng pérfordied anctherbadis o the éag esspunsedsigyalt that &barkvep tiangHiitedd on

wi || be described. Assum ng the frequency of the carder signal
is ft the sifjomitheRiD/iag. at the reader/witer 2 after propagating
round-trip distance of 2r can be 10expressed by the follow ng formula.
[Formul@& 4] (r) = D(t)4sin(27W + In the above fornula, t is a tine;
si(t) is a signal state that is transmitted through the carrier signal of a
frequency f 1SpeXifig Exampld af ReaeptidrtbPriagsabr when t he nodul at or 5B perforns
ASK nodul ation; Ais an anplitude of the carrier signal itself; 4), is the
phase change anountinwthen distapeg amieagurementndesciitredi aioves ea oprodessihg dhi s
case, |1(t) that represents the signal state of the | signal outputted from
the mixer 6Bleteplingythie )phaset change semuntt diethe gecdptiinasignals i @edosmegdal
outputted fromthe mxer 6B2 can be expressed by the 20fl ow ng fornul as.
[ Formul a 5] Detailed configuration of the reception processor 6 that enables the detection
10 of the phase change amount will be described with reference to Fig. 4. In this
specific example, the reception processor 6 separates the reception signals
into an | signal and a Q signal and inputs the | and Q signals to the location
measure 8, thereby enabling the location measure 8 to perform the processing
of detecting the phase change amount. As shown in the drawing, the
15 reception processor 6 includes two amplifiers 6A1 and 6A2 as the amplifier 6A,
two mixers 6B1 and 6B2 as the frequency converter 6B, and a 90-degree
phase shifter 6B3.
The reception signals received by the receiver antenna 4 is branched
into two paths: one is input to the amplifier 6A1; and the other is input to the
20 amplifier 6A2. The amplifier 6A1 amplifies the input reception signals and
inputs the signal to the mixer 6B1. The amplifier 6A2 amplifies the input
reception signals and inputs the signal to the mixer 6B2.
The mixer 6B1 multiplies the reception signals inputted from the
amplifier 6A1 with the carrier signal outputted from the PLL section 5A to

25 obtain the | signal and inputs the | signal to the phase information acquirer 8A.
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[1(t)= D(t)A sin(2elt + 4)sin 27TWD(t)A cos 0, [Formula 6] (t) =
D(t)Asin(2nft + 0) cos 2eit D (t) A sin 25Fromthe above fornmul as,
and on the basis of the | signal and the Q signal, the phase change
‘fanount $1.1 attributable to the carrier signal of the frequency f1
can be calculated by the followng formula. [Fornula 7] A = tan-' 221
/,(0 5Simlarly, the phase change anount (1)2 attributable to the
carrier signal of the frequency f2 can be cal cul ated by the follow ng

f or mul a.
5
¢
10
15
( N
20
25

[ Formula 8] 02.4 @(0

The mixer 6B2 multiplies the reception signals inputted from the amplifier

6A2 with the carrier signal that is outputted from the PLL section 5A and
90-degree phase-shifted by the 90-degree phase shifter 6B3 to obtain the Q
signal and inputs the Q signal to the phase information acquirer 8A.

Hereinafter, details of the reception processing and the processing of
calculating the distance r which are performed by the above configuration will
be described.

Assuming the frequency of the carrier signal is fy, the signal received
at the reader/writer 2 after propagating round-trip distance of 2r can be
expressed by the following formula.

[Formula 4]}

5,(t) = D(t) AsinQrff +¢)

In the above formula, t is a time; s4(t) is a signal state that is
transmitted through the carrier signal of a fﬁequency f1; D(t) is a baseband
signal when the modulator 5B performs ASK modulation; A is an amplitude of
the carrier signal itself, ¢1 is the phase change amount when propagating a
round-trip distance of 2r. In this case, 1({f) that represents the signal state of
the | signal outputted from the mixer 681 and Q1(t) that represents the signal
state of the Q signal outputted from the mixer 6B2 can be expressed by the
flowing formulas.

[Formula 5]

L(5) = D(H Asin2afyt + ¢, )sin2afit = D(f) Acosd,
[Formula 6]

O(t) = D) Asin(2rfit + ¢ ) cos2afit = D()Asin ¢y

From the above formulas, and on the basis 6f the 1 signal and the Q signal, the
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= tan (t) In this manner, the phase information acquirer 8A acquires the
phase 10change anounts( 4 and (1)2 on the basis of the (T\nput | and Q signal s.
Then, the distance calculator 86 calcul ates the distance r fromthe
following formula. [Formula 9] r= cAO -f21 15 Procedures in Distance
Measur enent Processing Next, the procedure of the distance measurenent
processing in the reader/witer 2 will be described with reference to the
flowchart of Fig. 5. First, when the distance nmeasurenent processing is
started, in phase dhage ahmount pafatributable tbehe ajaeriersighal af e frequBhey f,
frequency controller 7A controls the PLL section 5A to adjust the frequency
of the carrican b2 galeulated bytthe followdng foriiga RNV request signal so as to
beconme the first frequency

[Formula 7]
¢l = *tan_1 %2
L
5 Similarly, the phase change amount ¢, attributable to the carrier

signal of the frequenéy f, can be calculated by the following formula.

[Formula 8]
Yo X()
’ L(®)
In this manner, the phase information acquirer 8A acquires the phase
10 change amounts ¢ and ¢, on the basis of the input | and Q signals. Then, the

distance calculator 8B calculates the distance r from the following formuia.

[Formula 9] _
cAg
" alfi- £
© Ap=4 -4,
15
Procedures in Distance Measurement Processing
Next, the procedure of the distance measurement processing in the
reader/writer 2 will be described with reference to the flowchart of Fig. 5.
First, when the distance measurement processing is started, in Step 1
20 (hereinafter will be referred to as S1), the frequency controller 7A controls the

PLL section 5A to adjust the frequency of the carrier signal used to transmit the
R/W request signal so as to become the first frequency f;.

Next, the transmission cbntroller 7B controls the modulator 5B to
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Next, the transm ssion controller 76 controls the nodulator 5B to

superi npose the data r@presenti ng the RNV request si gr@l to the carrier
signal. The transmi ssion signal nodul ated by the nodul aor 5B i s anplified
by the power anplifier 5C and is then outputted fromthe transmtter antenna
3 (S2). Follow ng the transm ssion of the RNV request signal, the CW
(continuous 5carrier wave) is transmtted via the first frequency f1 (S3).
When detecting the RRWrequest signal, the RFID tag 1 transnmits, as a reply,
the tag respsupimpesethevdatadeprisenting e RAANRIGeRsE SigharROMdi dBriéOsigha. fir st
frequency f1 of the CW (continuous carrier wave) that is detected subsequent

to the R\ rEhedeinssiigsioh. sighainmiodeldted byetheo R utdtsP BB isS ahiblified by &k by
the receiver antenna 4, the reception processor 6 perforns a recept’ion

processing tpowaeatplifiecSQmmbissignadutpGied frond thé erapbatitter aMteRAALT BR).
acquirer 8A perforns a phase information acquiring processing (S5). That is,

in the recepfollowipg dbestransiission ohehdaRIW relquest gigral 4tHeo OW EontiRGous
frequency converter 6B calculates the | signal and the Q signal by

nul tiplYying ¢arder waee} istrarsngittet via thaufirsefteguensyt fhgsSanpl i fier 6A and the
carrier signal outputted fromthe PLL section 5A. \Wen acquiring the |

signal and the Q siWheh deteutirighthel RAtUeqagstaigival] iy RETD tag 1 ftaniaks Sasdf
Formula 7 and 8, the phase information acquirer 8A cal cul ates the phase

change anoura seplji thertdg(@sporse signat aial  camidrifreduenties’ c@msEEHding ta e
stores the amobunts and the frequency (first frequency fl) used as the _
carrier sigrfast ifrequenapl & iofi thec @Wel(edrdihusasnearrier wave) tHaenst Beteckeept i on
processor 6 finishes the reception of the tag response signal fromthe RFID
tag 1 (S6), subseghest td ther RANV equestsigral. 8Whemithbetagt respomseesighaloisat i on
acquiring processing (S7). Thereafter, the 25transm ssion processor 5
fi ni shdy t hgeceixadnby sherrestiveharieviia eht theuraception processor 6 performs a
reception processing to the tag response signal (S4); and the phase
information acquirer 8A performs a phase information acquiring processing
(S5).
That is, in the reception processor 6, on the basis of Formula 4 to 6,
15 the frequency converter 6B calculates the | signal and the Q signal by
multiplying the reception signals inputted from the amplifier 6A and the carrier
signal outputted from the PLL section 5A. When acquiring the | signal and the
Q signal from the frequency converter 6B, on the basis of Formula 7 and 8, the
phase information acquirer 8A calculates the phase change amounts ¢ and ¢,
20 attributable to the first frequency f; and stores the amounts and the frequency
(first frequency f1) used as the carrier signal in a table in a correlated manner.
When the reception processor 6 finishes the reception of the tag
response signal from the RFID tag 1 (S6), the phase information acquirer 8A

finishes the phase information acquiring processing (S7). Thereafter, the

25 transmission processor 5 finishes the transmission of the CW (continuous
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carrier wave), that is, the transm ssion of the one-frane signal (S8). The
reception controller 7C determ nes whether the recepti(on signals has been
received for the entire frequencies. If it is determ ned that the reception
signal s has not been received for the entire frequencies (NOin S9), the 5
procedure goes back to the processing of Si. In the above exanple, the first
and second frequencies .11 and f2 are used as a frequency of the reception
signals. Therefore, the reception controller 7C determ nes whet her the
reception sicardes wawe)bdeat isedbevieansmissiont bf dfie tdne-framet siyn@l (88).s epqnd
frequencies fi and f2. 10At this nonent, since the reception signals is
recei ved onlreception eorttiallet 710 eletermiges Whéther e ceceptiorgeRmanatiast Bedrhe
processing of Si. \Wien the processing of Si is perforned again, the
frequency coeceivedefor?thes entireifrequisacieisl  dedtt isodefehrinedidhas thé heckprsiiency
of the carrier signal (and the CW (continuous carrier wave)) used to
transmit thesignalsrbasiowt beemakceivedsfarathk5ehtieofrequibacibsr NOf ineSogne f 2.
Thereafter, processes of S2 to 58 are perfornmed. If it is determ ned that
the redepti qirosedure goembatictmthecpricessingwf She Iarthe rabolveasapmsieSthe(ffES | n
S9), the procedure goes to the processing of S10. In S10, on the basis of
the phase i rdnst second feagquencies, fit ard dj srensed28s eafrequeney oBBhe akesptisres t he
di stance between the RFID tag - 1 and the reader/witer 2 in accordance wth
t he above- designalded Thermefate, ther eecepdionf confroller 78e dditerindines whkthérathey 8B
extracts the phase change amount for each frequency fromthe table and

cal cul at es trReepiion Higrals has beenbrateived féioboth af Stheefirsti drdl thbosecoHie

di stance information calculated is 25transferred to the reception controller
7C. In this freguescieshandifst ance neasurenent processing is conpl et ed.

D stance Measurenment with Miltiple Frequencies In the above exanpl e,
the di'tance i s medddhisdmemente singei theofeception esignatls ds recejned oy fomthe
different frequencies. However, as described later, the distance may be
measur ed on firsidrequancydi, thaerecedyseignesdiapkabshe pradessingof 8br eVihdif theent
frequenci es.

processing of S1 is performed again, the frequency controller 7A controls the
PLL section 5A to adjust the frequency of the carrier signal (and tﬁe Ccw
(continuous carrier wave)) used to transmit the R/W request signal so as to
15 become the first fréquency f,.  Thereafter, processes of S2 to S8 are
performed. If it is determined that the reception signals has been received for
the entire frequencies (YES in S9), the procedure goes to the processing of
S10.
In S10, on the basis of the phase information acquired, the distance
20 calculator 8B calculates the distance between the RFID tag 1 and the
reader/writer 2 in accordance with the above-described methods. More
specifically, the distance calculator 8B extracts the phase change amount for
each frequency from the table and calculates the distance r on the basis of
Formula 9 described above. The distance information calculated is

25 transferred to the reception controller 7C. In this manner, the distance
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Wien signals are communi cated between the reader/witer 2 and the RFID tag
1, the signal transm’t(ed fromthe reader/witer 2 di r@ctly arrives at 10
the RFIDtag 1 and the signal transmitted fromthe RFID tag 1 directly
arrives at the reader/witer 2. However, the case may be considered in which
the signal does not directly arrive at the reader/witer 2 and the RFID tag
1 but arrives at themafter being reflected from nearby objects (nmultiple
paths). In this case, since the reception signals received at the

reader/ w i t emeasuement protessing isdcdyppleted.nul ti pl e pat hs, noi se conponents
can be mxed into the original phase state, thus deteriorating the S/N
characteristics. That is, in the nmethod of calculating the distance on the
basis of phase information, the precision of the phase infornmation acquired
‘may be degr ddistancelMeaguresmentrwith Myltitle Frequersiesn of t he di stance

cal cul ated. 20l n the above exanple, the nethod of separating the reception
signals into the | IBithaabayedexareple, theydistancedisdmeasuiethon Hhe drasis of trenge
amount on the basis of the | and Q signals has been described. However,
dependifig orfecaptiom signals £fdwo different frequesiciashe HoweévgralasadesdribedQatsrgnal
may have an extrenmely smaller signal |evel than the other one. In this case,
neasur enent thedlistancemay baimgassred onitbe hasiq of theirgoeptiarasignatsaof threendt uence
the cal cul ation of phase. That is, when either one of the | signal and the
Q signal bedbpiediffierentfiaqueseigisl er than the other one, the phase neasurenent
error increases, thus deteriorating the precision of the distance

cal cul ated. The abdV¥Bepsignatsratarommunicated befween tihe reagdenwriter Qcand the.
First, 5 the reader/witer 2 transmts the RFWrequest signal via three or
nore di f f er SREID fagydedoe signah dransmitted Srann dhe agaderiyrites 2 dirgatly afmiveseatch
frequency. Then,_anpng the reception signals, tw reception signals of which
the S/ at ithedidlt tag diandathe) sigeal tansmidted feora the RRJEhtag 4rdirestiyaeiveshan
those of other reception signals are selected, and the detectjon of the
phase chang@tdhguieadgrWritere<1oHowavesnthearase Mmavwheasensideredr inewhish thee
basis of the twy reception signals selected. Procedures of D stance

Measur ement SRR degshgotdiracthfipfive at theéerderivedter 2 and the RFID tag 1 but

arrives at them after being reflected from nearby objects (multiple paths). In
this case, since the reception signals received at the reader/writer 2 is

15 influenced by the multiple paths, noise components can be mixed into the
original phase state, thus deteriorating the S/N characteristics. That is, in the
method of calculating the distance on the basis of phase information, the
precision of the phase information acquired may be degraded, thus
deteriorating the precision of the distance calculated.

20 In the above example, the method of separating the reception signals
into the | signal and the Q signal and detecting the phase change amount on
the basis of the | and Q signals has been described. However, depending on
the phase states, either one of the | signal and the Q signal may have an
extremely smaller signal level than the other one. In this case, measurement

25 error attributable to the smaller signal can greatly influence the calculation of
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Next, the procedure of the distance measurenment processing with 15nmultiple
frequencies in the reader/witer 2 wll be described With reference to the
flomchart of Fig. 6. First, when the distance neasurenent processing
is started, in 511, the frequency controller 7A controls the PLL section 5A
to adjust the frequency of the carrier signal used to transmt the RNV
request signal so as to becone 20the first frequency Next, the
transm ssion controller 7B controls the nodul ator 5B to superinpose the data
repr esent i ngehase. RMhat dgjuwben sithealonteoof tiee ¢ signadrarsd gvelQ sigral thetoamésssi on
signal nodul ated by the nodul ator 5B is anplified by the power anplifier 5C
and is then axtigmely sallesthamthe: othes one; the phasermeasuregiient.ertdrfintieasesg t he
transm ssion of the Ft/Wrequest signal, the CW(continuous carrier wave)

i s transmi t tthds deteriasating thet precisinreotthel distaddd calculated. Wien detecting the
RAN request signal, the RFIDtag 1 transmts, as a reply, the tag response
signal via a carri dhefatmyegprobltem canrbes polved by the folimwihgrmrocésssgierRigstf 1 of
the CW(continuous carrier wave) that is detected 5 subsequent to the RAN
requestd si giiae readeriwiites 2t trapsnaitp thesB/\Y/ rgquest signalova derebyr mioee diffeeenter
antenna 4, the reception processor 6 perforns a reception processing to the
tag responsdresjughgies(@diyeceives theetaghrasponsé signalifon eachdiequendp pEhémr ns a
phase information acquiring processing (S15). 10That is, in the reception
processor 62meng the mrespiobrsignalsytwe reaeption signals of ydictt thee S/N aatieandB
calculates the | signal and the %si_gnal by multiplying the reception

si gnal s i npthe signal fevel étharbandiQ sigalsiate highet shan thoss ofnetheoneqrptiond fr om
the PLL section 5A. Wien acquiring the | signal and the Q signal fromthe
frequency c&ignAls are galected.tand thes detestiorwfthe phasgenchanget amount and the

10 location calculation are performed on the basis of the two reception signals

selected.

Procedures of Distance Measurement Processing with Multipie Frequencies

Next, the procedure of the distance measurement processing with

15 multiple frequencies in the reader/writer 2 will be described with reference to
~ the flowchart of Fig. 6.

First, when the distance measurement processing is started, in S11,
the frequency controller 7A controls the PLL section 5A to adjust the frequency
of the carrier signal used to transmit the R/W request signal so as to become

20 the first frequency f;.

Next, the transmission controller 7B controls the modulator 5B to
superimpose the data representing the R/W request signal to the carrier signal.
The transmission signal modulated by the modulator 5B is arhplified by the
power amplifier 5C and is then outputted from the transmitter antenna 3 (S12).

25 Following the transmission of the R/W request signal, the CW (continuous

41



15 phase information acquirer 8A cal cul ates the phase change anpbunts +1 and
+2 attributable to the{(first frequency f1 and derives (the signal ‘level s(t)
on the basis of Fornmula 10 described later. Then, the phase infornmation
acquirer 8A stores the cal cul ated phase change anounts and the frequency
(first frequency fi) used as the carrier signal in a table in a correl ated
manner. 20[Forrmula 10] s(t) = VI(t)2 +Q 02 Wien the reception processor 6
finishes the reception of the tag.response signal fromthe RFID tag- 1

(S16), the pFREEN WaVe} isdfansinitiedwia the trat frequency fi(B18hes t he phase

I nf ormati on acqui ré&% Eroces_si ng (817). Thereafter, the 25transmni ssion
processor 5 fini shedng é’ett?%iﬂ'grﬁ(i%l refuesicsignal S RRQdag 1 transmits, asve) ,
that is, the transm ssion of the one-frame signal (S18). The reception
control | er 7RTeRYeiNG l3greRRensf signab vieea egrmienfrequansies porespandingtethed for
the entire f eqtc#enci es (?19(%. If it is determned that the reception signals
has not beenSEJEFAHENYof1 9 ethentG\We (Fontinuonsi 3rrierhwayeptbatirie detestssl back

to the processing of 311 I i s case, assuming the first to fourth

frequenti es egé‘éﬂt 8 @efwm%fsmw r YVeen ithe taggresroNsensignakémt i on
controller 7C det 8rg1 r‘{gs whet her the reception signals has been received for
the entire, "EERYEd: BY fHEr taFCiMEE AIHRRNR A, fegeptigpnpracessemepererms@pt i on

signals is received only for the 10 first frequency f1l, the procedure goes
back to the fﬁP%B'é%%iWQCéFS'Bﬂl.tO \When t3g espeneR ssiggabi(Sd4); iandpéhe ophase
again, the f.rﬁﬁuenc cont.rolé{gr 7A controls the PLL section 5A to adjust the
frequency ofM @aé'a%r?%qu'gqrg | P]TEQIENS; RePkfsq dRfRrMAtion AcamiNng: Prorassing used
to transmt tlg R/ 'Wrequest signal so as to beconme the first frequency f2.
Thereafter, (E‘r tesses of 812 to 818 are 15 repeated until the reception .of

the regeption signgls,i.s.confirnmed. for the fourth frequency fa. If it _is
deterrrf(ﬁed in S19 ?’Jﬁ‘élt '%HBC{E%J%B?ROIW RIOGREPY aQn the Rasis i Rermylad to@
entire freq t he

o R B BRETE e 1SR ub ety T 5Tl The Bl B 1
multiplying the reception signals inputted from the amplifier 6A and the carrier
signal outputted from the PLL section 5A. When acquiring the | signal and the
Q signal from the frequency converter 6B, on the basis of Formula 7 and 8, the

15 phase informatioh acquirer 8A calculates the phase change amounts ¢ and ¢,
attributable to the first frequency f; and derives the signal level s(t) on the basis
of Formula 10 described later. Then, the phase information acquirer 8A
stores the calculated phase change amounts and the frequency (first:
frequency f1) used as the carrier signal in a table in a correlated manner.

20 [Formqla 10]

s@) = V1@ + Q)

When the reception processor 6 finishes the reception of the tag
response signal from the RFID tag 1 (S16), the phase information acquirer 8A
finishes the phase information acquiring processing (S17). Thereafter, the

25 transmission processor 5 finishes the transmission of the CW (continuous
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20 information acquirer..8A; and the distance cal cul ation processing is
performed by the distatce cal cul ator 8B, thereby fini s(bi ng the distance
measur enent processi ng. Next, the procedure of the frequency
sel ection processing in S20 in the phase information acquirer 8A and the
procedure of the distance 25cal cul ati on processing in 820 in the distance
calculator 8B will be described wth reference to the flowhart of Fig. 7.
First, in 821, the phase information acquirer 8A acquires the signal |evel

of the receptarsar wayexl thatds, the transmission ofjtba coresfrasmee sigadl {(8068).t khet abl e.
Next, in 822, the phase information acquirer 8A determ nes whether 5 the

si gnal | evelregeptior coatefier d& detpratines orhethehtie cecaption signgisehasrbedman a
prescribed threshold. The prescribed threshold is preset as small as

possi bl e so gseivedgpbthedentyerfraatiensiesp(Sd9)si it is detérenided thaitbeateptiont i on.
The phase information acquirer 8A determ nes whether the nunber of

frequenci es Hgnalpdascrelhbeem recejved fon thet entire frequeansies, the prheeduresgodsbed
threshold is less than 2; 10nore than 2; or 2. I f the nunber of
frequerkti es RACk fR the qupeessingiefin8r$. t lathiar casg, cassuming athet Fiest pooefourinbed
threshold is less than 2, in S23, the phase information acquirer 8A

i nstructs t HEequaneias aer usad amearsequency obthe reraptiont signals| the geesptioni gnal
via other frequencies in order to reacquire the reception signals 15at other
frequenci es.controller 7C deteyminesuwhethesthe receptioni signals hassbeen eeceived $orgnal s
that are greater than the prescribed threshold is nore than 2, first, in
824, the phdBe entirefsktodaunl fiearenciga. r enoves the frequencies of the
reception signals that are not greater than the prescribed threshold from
sel ection candi dat &4 thisomeaant, sincgothe regeption signais is received andyuforcthes A
extracts, fqr each of the frequencies of the reception signals that are |eft
as thdG&el egﬁ"oﬁe‘&%ﬂﬂd t the pracegiure igoes backnte thenprocresiqgdsefyhial. tWaenhas
the small er signal |evel, and uses the smaller one as a mninmal conponent.
Thereafter, tﬁﬁ%@%ssme%ﬁéw Peffermed iagaindheifieguenay sentreller TAvsoniralsmal

conmponents qf ich the signal 25level is greater than that of other m ninal
Coggonent S glpe ﬁ%ﬁeqﬂo&la@agi@ust the frequengcy of the carrier signal (and the CW

(continuous carrier wave)) used to transmit the R/W request signal so as to
become the first frequency f.. Thereafter, processes of S12 to S18 are
15 repeated until the reception of the reception signals is confirmed for the fourth
frequency f,. If it is determined_ in $19 that the reception signals has been
received for the entire frequencies, the procedure gbes to the processing of
$20. |
In $20, the frequency selection processing is performed by the phase
20 information acquirer 8A; and the distance calculation processing is performed
by the distance calculator 8B, thereby finishing the distance measurement
processing.
Next, the procedure of the frequency selection processing in S20 in
the phase information acquirer 8A and the procedure of the distance

25 calculation processing in S20 in the distance calculator 8B will be described
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m ni mal conponents, the phase information acquirer 8A(acqui res the phase
information fromthe table and transfers the information to the di stance
cal culator 86. In 827, the distance calculator 86 performs the distance
5cal cul ati on processing on the basis of the phase information received.
Meanwhi l e, if the nunber of frequencies of the reception signals that are
greater than the prescribed threshold is 2, the phase information acquirer
8A acqui r es Witk refesarce tof tberflowahartodf Fige7t wo reception signals and transfers
the information to the distance calculator 8B. In 827, the distance

cal culator 10 86 (fdrstoim821 htheliphasadrformbtion aidquitep!8Ac 864iirgs tHe bighabasi s
of the phase information received. Fig. 8 schematically shows an
exanpl e of tlaeelfofdhecacsption signals fopthecentise frequencieliraceivedmiorn tHdablase i s
considered in which the reception signals is received via - frequencies fi to
f4. In the case of NeM, ine52pt thenpbasmaifernatiart atgeinere8Ayddtdrmings whethemal
conponent is represented by 11; the Q signal conponent is represented by Ql;
and t hed r ecdpeisignali ignel of they eceptionesigrals fordably fléqueneytiseyreates than tahe
reception signals of frequency f2, the 1 signal conponent is represented by
12; the Q sipyaagrikashiivasldi s Thepresentieskthbysh@ld ispresehasrseeaipas possibenal s

| evel is represented by S2. In the case of the 20 reception signals of
frequency f 30 addolprovigieasufficiepbpeetision toethreedistarert bylcliRitiohhe TRespiEal
conponent is represented by B; and the reception signals level is

repr esent ed infprieation racguiret 8dedeterminesrwhether the siugisrsofdteduericanetythesd, t he
| signal conponent is represented by 14; the Q signal conponent is

repr esent ed regeglipn signatshibat ace preéater thamnthlespresusbed shresholdsisnésdthan 29.
25First, in 822, anong the signal levels Si to 84, it is determned that 82
is smeld er there thae 3aseri bed threshol d. Thus, in S24, the reception
signals of frequency f2 is renoved fromthe selection candidates. Next, in
525, Q, and Q4 ar Hy thel nupler ekfreqeendies ofithe: tegeptiont sigals fthaharengieaterf 1,
fa, and f4, respectively. In 525, anong 01, 13, and Q4, Q and is that have
greater si gian ghe preseribed thyesbeldeis, lesadthanud, inh828¢ the tphasesinfpradatioaf
frequencies f1 and f3 are sel ected. .. Through the above processes, it
becones pos&@caHiEer A dngpicts Hbe, %@mqwtgwﬁéf‘@o&f wio ftrangmihdhesRMWIr use
in the distance cal cul ati or \M}i | e excluding, from consideration, the
reception Sir%ﬂ\léﬁé signal "I'?aQﬂ'tj%t Bausngtesdngreler to reacquire the reception signals

16 at other frequencies.

For the reception si gnélbs of the frequency corresponding to the two sel ected

If the number of frequencies of the reception signals that are greater
than the prescribed threshold is more than 2, first, in S24, the phase
information acquirer 8A removes the frequencies of the reception signals that
are not greater than the prescribed threshold from selection candidates.

20 Next, in S25, the phase information acquirer 8A extracts, for each of the
frequencies of the reception signals that are left as the selection candidate,
one of the | signal and the Q signal that has the smaller signal level, and uses
the smaller one as a minimal component. Thereafter, in S25, the phase
information acquirer 8A selects two minimal compohents of which the signal

25 level is greater than that of other minimal components of other frequencies.
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10 characteristics by peing influenced by the nultiple.paths and the
reception signals in which either one of the |I signal (and the Q signal has
an extrenely snaller signal |level that the other one. Accordingly, it
beconmes possible to nmaintain the precision of the distance calculation at a
hi gh | evel under any circunstance. 15 Di stance Cal cul ati on Met hod Enpl oyi ng
MJSI C Met hod Next, another exanple of the distance cal cul ating

met hod will be described. In the above exanple, the phase change anounts of
t he recepti drersthgnigceptior signals oé the frequency coespondiag tanthet tno delettedce r
is calculated by 20 Fornula 9 on the basis of the phase change anobunts. To

t he cont r ar yninivatiegmpiopedts, 4be mhaskeinfivrmationeacquitey &% arguirek ahedphinse

enpl oyi ng the thinking nmethod of an MJUSIC (MJ tiple Signal C assification)
net hod, whi difor®agae gpmt Kae hiagle ransbltearisferss frectinformatiahy 0 stheetistatce

The MJUSI C net hod has been widely used as a nethod of estimating 25the
direction ofcalgulaten| 8B+ t“ao$2)7,wéiﬂa§ilStanCe healoalsior BBt pedorméicthéi distdricen of
arrival_of radio waves is estimated by analyzing the reception signals

recei véd t hicalgiationpiacessing asf therhasisef thesphasesnformationgeeeivedr can be
estimated using the MJSIC net hod by replacing the reception signals received
t hrough each of t hMeanwdiileaifdhermunnker of freguennies ohthef redeptionrsignals thatf
arrival with the 5 reception signals of each frequency so as to transform
the appl i cat@dregraaigsthan the seescabedrthegsholdiised, the pihase informatiam acquitdre
direction of arrival) (see Formula 11) in the MJSIC nethod into a node
vector a(r) SAsaeduires Hie phasennfpemation of dhelitwe Jacepticre sighalsand tian)sferBy
enploying the MUSIC nmethod in the estinmation of the distance r, as described
later, it bik@irfermationiathe distangea,calkulateredBiceln §37ethieadistaricencaltilptar pat hs
under real % vironment involving the occurrence of multiple paths and thus
to furtfher BE peHers Hbedigtanseqealculation processing ion the basingf the phasber of
array antenng el enents i.s K the wavel ength of incom ng waves is A; the
nunber of i HUSHRAUWCRVRRENVES |: and 15 the arrival angle of the i-th

I ncom ng waves isS qugl = 1to L), an array response vector a(00 for the i-th

i ncom ng waves can %%ﬁh@%@é‘ﬂall% shaws) ai: gxanile oxf the) freaupnew isetrstion

processing. In this examble, the case is considered in which the reception
signals is received via frequencies f to f4.  In the case of the reception signals

15 of frequency f, the | signal component is represented by ly; the Q signal
component is represented by Q4; and the reception signals level is represented
by Si. In the case of the reception signals of frequency f,, the | signal
component is represented by I; the Q signal component is represented by Q,;
and the reception signals level is represented by S,. In the case of the

20 reception signals of frequency f;, the | signal component is represented by |5;
the Q signal component is represented by Qs; and the reception signals level is
represented by Si. In the case of the reception signals of frequency fs, the |
signal component is represented by l4; the Q signal component is represented
by Qq; and the reception signals level is represented by S,.

25 First, in S22, among the signal levels S; to Sy, it is determined that S;
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ON(80 = -(2n/ A)dNsi n(0)- (see Fornmula 11). I'n the above formula,
0:1:iN(O) is a receptilon phase of the i-the incom ng waves 20in the N-th
antenna elenment; T is a transposition; and dN is the location of the N-th

antenna el enment. . I'n Formula 11, the node vector a(n) (see Formula
12) can be derived by replacing the nunber K of array antenna elenments with
t he nunber of used frequencies (fi, f2, f3, ..., and fK); the arrival angle

Qof the i-th incom ng waves 25with the distance ri(ri tori) to the i-th
tag; the arriggsmaligsdhae the prescribedithréshold.t hEhus,tin $24;thiemgceptiars signals t he
array response vector a(rl) for the i-th tag; and the reception phase 1N(8;)
of the i-th afftasmengyfaisgemavedHeonnthe selectionzandidates. Wext, im826e@eplsj on
phase N(r) (ON(ri) = -21t1IN. 2r,/c; c is the speed of light (3*108) of the
si gnal receiansdQuraye selected as they minimalieomponeritrfeq drequentiesef: 555 @andJg) .
[Formula 11] 27r a(8,) = [exp( - -22rd, sin O, ),A ,exp(- j --d,,, sin 81
[ For mul a 12]regpegtively. exXpS25, jamong Qy, I3, and Q4, Qq and I3 that have greater signal
5 level are selected, and thus the reception signals of frequencies f; and f; are
selected.
Through the above processes, it becomes possible to select the
reception signals of two frequencies for use in the distance calculation while
excluding, from consideration, the reception signals that has deteriorated S/N
10 characteristics by being influenced by the muitiple paths and the reception
signals in which either one of the | signal and the Q signal has an extremely
smaller signal level that the other one. Accordingly, it becomes possible to
maintain the precision of the distance calculation at a high level under any
circumstance.
15
Distance Calculation Method Employing MUSIC Method
Next, another example of the distance calculating method will be
described. In the above example, the phase change amounts of the reception
signals are detected for two frequencies, and the distance r is calculated by
20 Formula 9 on the basis of the phase change amounts. To the contrary, as
described later, the distance r may be calculated by employing the thinking
method of an MUSIC (MUltiple Signal Classification) method, which is one of
the high-resolution spectrum analysis methods.

The MUSIC method has been widely used as a method of estimating

25 the direction of arrival of radio waves. In the MUSIC method, the direction of
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2 )A ,exp(_MI c c A 10Hereinafter, details of the distance neasurenent
processi ng enpl oyi ng t%e MJSI C net hod (hereinafter wil{l be referred to as a
di stance estimation MJSIC nethod) will be described. The distance

‘measur enent processing described later is perforned by the | ocation nmeasure
8. In the case of the reception signals of frequency 1,, lit) that 15
represents the state of the I signal and Q (t) that represents the state of
the Q signal are expressed by Formula 5 and Formula 6, respectively. Here,
xi (t) that rarpvalssfiradia waves icestimatesl lgyahalyaingftheqeesption %ilg_;@%lsare%@mbex
representation can be expressed by the followi ng fornula. [Fornula 13]

20x! (t) = D(tirdughi atplurality of ant€nhma lelementsxN(The disdindes pr &f€ beSeétitfated
reception signals of frequency fN as a conpl ex representation can be

expressed byusirgetfeoMUSIG metbodnbyarepldomgrtieardetiptiofxsignals TeBéived Ahroigh+ | QN
(t)] - Consi dering the case in which the reception signals are

recei ved vi ®akhfofdheeantersa elementsdoaestimation of thd-dirsctiom ob armvad hiheieon t he
basis of the reception signals of frequencies .11 to fic as foll ows.

5 reception signals of each frequency so as to transform the application model (a
modé vector a(6) used in the estimation of the direction of arrival) (see
Formula 11) in the MUSIC method into a mode vector a(r) used in the
estimation of the distance (see Formula 12). By employing the MUSIC
method in the estimation of the distance r, as described later, it becomes

10 possible to further reduce the éffect of multiple paths under real environment
involving the occurrence of mUltipIe paths and thus to further increase the
precision.

That is, assuming the number of array antenna elements is K; the
wavelength of incoming waves is A; the number of incoming waves is L; and

15 the arrival angle of the i-th incoming waves is 6; (I = 1 to L), an array response
vector a(B;) for the i-th incoming waves can be expressed as:

a(8) = [exp{j®1 (8)}, ..., exp{iPx(G)N";
®n(O) = -(2n/A)dnsin(6;) (see Formula 11).
In the above formula, ®n(6)) is a reception phase of fhe i-the incoming waves

20 in the N-th antenna element; T is a transposition; and dyis the location of the
N-th antenna element. _

In Formula 11, the mode vector a(rj) (see Formula 12) can be derived
by replacing the number K of array antenna elements with the number of used

frequencies (fy, fz, f3, ..., and fk); the arrival angle 6; of the i-th incoming waves

25 with the distance ri(ry fo ) to the i-th tag; the array response vector a(8;) for
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[Formula 15] 512,j= E[ X(OX(O X(t)=[xI(t), x2 (t),A, X In the above
formula, His a conplg; conjugate transposition; and E[ ] is a tenporal
average. Next, eigen val ue deconposition is applied to-the correlation
matrix IR o, obtained above by the follow ng fornula. 10[Formula 16] Rne, =
(pl+a2)el : In the above formula, ei is an eigenvector of FL; p, is an
ei gen value; and a2 is a noise power. Fromthe above facts, the follow ng
relation is satisfied. 15[Formula 17] e,H a(r)= 0 here, 1 i L [Fornula 18]

- ?2r )1 [exp(thejidh incBming/waeePwitRthé arra§ response vector a(r) for the i-th tag; and
the reception phase ¢N(6i) of the i-th incoming waves in the N-th antenna
element with the reception phase ®y(r) (On(r) = -2nfy-2ric; ¢ is the speed of
light (3*10®) of the signal received from the i-th tag via the N-th frequency (see

5 Fig. 9C).

[Formula 11]

T
a(6) = [eXp(-— j %@dl sinH,.J,A ,exp(— J 27” d, sin 49,)]

[Formula 12]

a(r) = [exp(“ 727, %)A ,exp(— J2nfy 2%)]

T

10 Hereinafter, detailé of the distance measurement processing
employing the MUSIC method (hereinafter will be referred to as a distance
estimation MUSIC method) will be described. The distance measurement
processing described later is performed by the location measure 8.

In the case of the reception signals of frequency f;, I4(t) that
15 represents the state of the | signal and Q(t) that represents the state of the Q |
signal are expressed by Formula 5 and Formula 6, respectively. Here, x;(t)
that represents the reception signals of frequency f; as a complex
representation can be expressed by the following formula.
[Formula 13]

20 x(0) = DO AL ) + 7O, 1))

Similarly, xn(t) that represents the reception signals of frequency fy as
a complex representation can be expressed by the following formula.

[Formula 14]

xy(8) = DOA[L, (1) + 7O, ()]
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20From t he above facts, the node vector and MJSI C eval uation function Prusic
in the distance estinmgtion MJSIC nethod is given as fQTIoms. [ Formul a 19]
Ha (r)a(r) Prrusx(rl=2 let a(0)1 1-4,11 In tthe above fornula, by
varying the distance r, the graph as shown in Fig. 9B is obtained. In the
graph, the horizontal axis represents the distance r, and the vertical axis
represents the evaluation function Pnusic. As shown in the graph, the

eval uation function Pnusic includes a peak value and the value 5 of r

correspondi ng to t GdrRfRfingheccase Tne@H[éHUEﬁ_etr@céﬂS‘l‘?or%@ﬁl'i};ﬁre{ Réééi&é’q v

ia_ .
e eval uation

cal cul at ed. In the graph shown in Fig. 9B, altho
function Pmysifequeatiedea ottelafitle miaRk RA! S4h bet Hieldueed LB k! St -
This is becauseqvvi th the influence of nu)ﬁti pl e pat hg, tki?eﬁ/g%eéjaéé\sllal ufe@éare

produced at rdigptioicsignaie of RiquenRRR_G: RYRl4S follewsu! tipl e paths. Even in such
a case, because the distances corresponding to the nmultiple paths are |onger

than the di §Femmglar1g)hat shoul d be cal cul ated, by selecting the shortest of
t he di stances corresponding to the peak values as the distance to be

calcul gted, it becqa*resg{gqgixt(} to calculate the distance r with high
accuracy. 15l n the above exanple, although the MJSIC nethod as the

hi gh-resol ution sp@cX(ﬂ;m[glr@I%@,s\ ’ryg(t(})?d is enployed in the distance
measur enent, other high-resol ution spectrum anal ysis net hods such as Beam

former nethod, Capimtheealievi foruld;iHeaE cBirpiexcEofigatetiasposiddm; MAEE[Tet hod,
or ESPRIT nethod may be enpl oyed in the di stance ‘neasurenent.
is a temporal average. Next, eigen value decomposition is applied to the
correlation matrix R, obtained above by the following formula. |
10 [Formula 16]

R e, =(u;+0%)e,

In the above formula, e;is an eigenvector of Ry; piis an eigen value;
and o is a noise power. From the above facts, the following relation is
satisfied.

15  [Formula 17]

ea(r)=0

here, 1<i<L

[Formula 18]

a(r) = [exp(— j24, %’)A ,exp(— j2uf, ?Ciﬂ

T

20 From the above facts, the mode vector and MUSIC evaluation
function Pmysic in the distance estimation MUSIC method is given as follows.

[Formula 19]

a” (r)a(r)

5 la(o)

i=L+1

Busic(r) =
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20 Procedures of Distance Measurenent Processing Enploying MJSIC Met hod
Next, the procedures ¢f the distance neasurenent procgssing enploying the
MUSI C nethod in the reader/witer 2 will be describedwi th reference to the
flowharts of Figs. 10 and 11. 25First, when the distance nmeasurenent
processing is started, in S31, <ci the frequency controller 7A controls the
PLL section 5A to adjust the frequency of the carrier signal used to
transmt the R/'W request signal so as to becone the first frequency '11.

Next, the transm sghaRe a8BUE Pifila By GaRIHPIHE &iQt%nEBQ}Jh\%t%pﬁ%stéhoﬁm in

superi npose the data representing the N equest sigha the carrier

signal . The RigagBIE ebtaifedi Jnathe Hoaph ahethdiigoht a%%k)ﬁés‘érnts'aﬁné &is?ieﬁﬁbirf I ed

by the power anplifier 5C and is then outputted fromthe transmtter ahtenna

3 (832). Foldmthegvehizal bRRSEpEicHls Bhe N8IUBYN 'FAACES P&ng-ﬁgﬁggﬁﬁ%@

(continuous carrier wave) is transmtted via the first

10When det eché rgraphethid ¥V4lQaNsHs furfotiBRayysimcltidel d pBak valand ithe (y?ﬁléa

‘reply, the tag response signal via a carrier frequencies corresponding to

the first frofqueneespbndingt tte tHVhesRNAIBOSSTESHTTAR to\iYe)distARte | S tgl@letCt €d

subsequent to the RFWrequest signal. When the tag response signal 1s
recei ved by daisulatedei ver antenna 4, the reception processor 6 perforns a 15
reception processing to the tag response signal (834); and the phase

i nformation acquirén tHAgrpH SHdWn i P98, ahengRtHOBvAGSHbA rm&tiahqaﬁ;&i ng
(S35). That is, in the reception processor 6, on the basis 0

Fornmul as 4 tinclGdes lomly bRgyRakyvalesVether bebR valdy nyasxisthe This isopataded t he
Qstonal by with the influence of multiple paths, the peak values are produced at distances
10 corresponding to the multiple paths. Even in such a case, because the
distances corresponding to the multiple paths are longer than the distance r
that should be calculated, by selecting the shortest of the distances
corresponding to the peak values as the distance to be calculated, it becomes
possible to calculate the distance r with high accuracy.
15 In the above example, although the MUSIC method as the
high-resolution spectrum analysis method is employed in the distance
measurement, other high-resolution spectrum analysis methods such as Beam

former method, Capon method, LP (Linear Prediction) method, Min-Norm

method, or ESPRIT method may be employed in the distance measurement.

20
Procedures of Distance Measurement Processing Employing MUSIC Method
Next, thé procedures of the distance measurement processing
employing the MUSIC method in the reader/writer 2 will be described with
reference to the flowcharts of Figs. 10 and 11.
25 First, when the distance measurement processing is started, in S31,
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20 multiplying the reception signals inputted fromthe anplifier 6A and the
carrier signal outputted fromthe PLL section 5A VWeﬁ—acquiring the |

signal and the Q signal fromthe frequency converter 6B, on the basis of
Formul as 13 and 14, the phase information acquirer 8A calculates xi(t) that
represents the reception signals of the first frequency f1 as a conpl ex
representation and stores the 25conpl ex representation xi(t) and the
frequency (first frequency fi) used as the carrier signal in a table in a

correl ated rthemeguency controllNE% cbhols &RE IFLILOSEdbASH fPadjisf tHa ﬁ@@&ﬁc&e
reception of the tag response signal fromthe RFID tag 1 (S36), the phase

i nf or mat i on ofithelicafierSAghalnisdieto trifsmiane R/ @é%@éslt%ﬁgﬁél% &¢ 1 bBEOR@SS! N9
(S37). Thereafter, the 5 transm ssion processor finishes the transm ssion
of the OV (toafirstdeidguenayfi.er wave), that is, the transm ssion of the
one-frame signal (838). The reception controller 70 determ nes whether the
reception signals Next bt tragemiigsien feontiolier T8 icoAtrblse thee MebdRatdrf 58 ttol S
determ ned that the reception signals has not been received for the entire

frequerici es supbfimposeate data fsisreddntirtCihet RIVY hequrs st gl 10 ted c&dibr sighal hi s
case, assuming the first to Nth frequencies are used as a frequency of the

reception siTgwatransmissioresigral chodwlatedoby ¢he fhodelatsr5BEs AMpPLRRS by hhe
reception signals has been received for the entire, first to Nth

frequenci es poier amslifier BEhand 38 tieh dlitputted o tHe FhasmiterintémeB\8d2pn! y
for the 15 first frequency ii, the procedure goes back to the processing of
S31. Wen t Fellpwingesise ntcarsmissivni of tiw RiWVeequasi signalhehé renugeentine@asr ol | er
7A controls the PLL section 5A to adjust the frequency of the carrier signal
(and t he O\camierwaue)is traasmitted via\)thé)'lrstimhdeﬁcylf@(&B'T)I the RNV request
'signal so as to becone the first frequency f2. Thereafter, processes of S32
to 8380are 20 repeWftexh detecting ltiee RWV\E paquest sfgnahethe REID tagn1 Hapiealis, a6
confirmed for the Nnth frequency. If it is determned in 839 that the
recepti on sageplys tietad eespansessigral Viaa cdrdeefrequendies Qoeespoadingite the

procedure goes to the processing of 840. In 840, the
| ocat i on nefissir Fequerayd st bie thecEpV i wontingmad scaxfién wedve)Steathis rdstestsdy from
the table and creates the correlation matrix R, ," on the

subsequent to the R/W request signal. When the tag response signal is
received by the receiver antenna 4, the reception processor 6 performs a |
15 reception processing to the tag response signal (S34); and the phase
information acquirér 8A performs a phase information acquiring processing
(S35). |
That is, in the reception processor 6, on the basis of Formulés 410 6,
the frequency converter 6B calculates the | signal and the Q signal by
20 multiplying the reception signals inputted from the amplifier 6A and the carrier
signal outputted from the PLL section 5A. When acquiring the | signal and the
Q signal from the frequency converter 6B, on the basis of Formulas 13 and 14,
the phase information acquirer 8A calculates x(t) that represents the reception
signals of the first frequency f; as a complex representation and stores the

25 complex representation x1(t) and the frequency (first frequency f;) used as the
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basis of the reception_signals of each frequency. Next, the |ocation neasure
8 applies the eigen vdl ue deconposition to the correl gtion matrix R (S40)
and obtains spectra of the MJSIC eval uation function Pmusic so as to search
peak values (342). In this manner, the distance r is calculated in 343. 5
Frequency Switching within One Frane In the above exanple, the
reader/witer 2 is configured to transmt the RAN request signal a plurality
of tinmes while changing the carrier frequencies in each transm ssion and to
recei ve the daager sigpahinea tibigir a ebrrefited midimetO0 frequencies of the carrier
signal are different fromeach other. To the contrary, the reader/witer 2
may be configured tWhenlthel mioeptibr plosteswre6sfitiShédahe tleeepR6N idH the tag
frequencies is changed nore than one tines in the course of transmtting the
RNV request respoase sighaliofcte RFID Uag da(S36); thaaptedse itdrmiationogawised saf one
frame, and the tag response signal that 1s conposed of one 15 frame is

recei ved wi tfinishtes the phasef infarmativine acqlieing gsogessing NS379neTherRster, Nthehe

m dway, thereby calculating the distance on the basis of the tag response

si gnal 5 transniissionepreessoi Gefinidhes thewasinsrissiiof tthe gCwV Seekiidudus
signal. Wen requesting the RFIDtag 1 to transmt the tag response signal,
as shown i n darger @@vépAthat lis, theattanémissiar of the amiramet é‘igna 8eaupet
signal that requests a reply of the tag response signal. The freduency
control | er Teéception zoptralier 7Cydefermiindsdehetiesri thds rédeptiba $igAaRNHAS ibeenper i od
of the RIWrequest signal (nore specifically, in the transm ssion period of
the CW (contreceived foartheeentivey érpqtiehtiesi nif ithie dblérmirmde statsthenaédeptiof
controls the PLL section 5A such that 25different carrier frequencies are
used for easkgrals hae nbtvibeksd rexmiventifor the éritiee fraquepiess itavprodedtirg.gobgA,

t hree divided Eeriods are set such that frequency f1l is used in the first

di vi dd@ per bagk for theieprogessing sofuS&8d. i rint this sasendssumintedheefiisbdo Nt
frequency f3 is used in the third divided period. The RFID tag 1 is always
noni tori ng frequengies! ares used fasoan fréquehcyeafdihe/ redeption Signillenthie resdptiog
reception of the RNV request signal, the RFIDtag 1 transmts the tag
response si gaatroller TGedatermines whsthben thien(edeptivhesigthals hagussdn seashadd fdrn thi s
case, the carrier frequencies of the tag response signal are changed with

t he tenpor th%ﬁaﬂ'@eﬁ(ﬁq te iNetholipquencies.equenci es of the RAN request signal

(nore specifically, the CW(continuous carrier wave)
At this moment, since the reception signals is received only for the

15 first frequency f,, the procedure goes back to the processing of S31. When
the processing of S31 is performed again, the frequency controlier 7A controls
.the PLL section 5A to adjust the frequency of the carrier signal (and the CW
(continuous carrier wave)) used to transmit the RAW request signal so as to
become the first frequency f.. Thereafter, processes of S32 to S38 are
20 repeated until the reception of the reception signals is confirmed for the N-th
frequency. If it is determined in S39 that the reception signals has been
received for the entire frequencies, the procedure goes to the processing of

S40.
In S40, the location measure 8 reads the reception signals x,(t) of

25 each frequency from the table and creates the correlation matrix R, on the
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10 follow ng the RAN request signal). In the exanple shown in Fig. 12B, the
carrier frequencies of( the tag response signal are cotifi gured such that
frequency fl is used in the first period, frequency f2-is used in the second
period, and frequency f3 is used in the first period. By receiving such tag
response signal, the |location neasure 8 15 becones possible to detect the
states of the reception signals transmtted via a plurality of different
frequencies. In the reception processor 6, the timngs for changing the
frequenci es igdsié _féﬂ?_tﬁ@@eécﬂﬂ%@?nél&%%acﬂﬁe@f‘énd@?‘ Nase g 1Sciort Hﬁa@h?&“ency
switching over timngs at the Tine of transmtting the request signha
(more speci f8 eppligs tHergigeW/ vahan it iGiBh fé ibR!rh

20r equest signgF). ggw,Here?égﬂgﬁggg?géb?ﬁa&gvg%n?ﬁéh€%$p¥%ggfgﬁﬁﬁtncies

of the tag rettamssspedtansl ther MUSICt&aidation Rmefien T, %ﬁ}ag“aé QbArdigedie | 0d
thoF the

of the preanble section. This is because the |eng ata secti1on

varies in t helleg(SEBPONA ehis ndliHer, theldistafck PIPLACAtddf S45anbl e section is

fixed. Thus, it becomes possible to 25secure the period In which the carrier
frequergi es are sw tched. Procedures of Di stance Measurenent Processing
I nvol vi ng Frequency Switching within One Frane Next, the

procedur es Fregheney SwiteamgWRSIH'GRE Frameocessi ng t hat 5invol ves frequency
switching over within one franme in the reader/witer 2 will be described

with reference to tihehd bbved akhnpie, thé redder/iwriter 2 is cbhfi +r§dVYBQFhﬁ§ﬁﬁt g.iest-ance

measur enent processing is started, the frequency contro r /A controls the

PLL secti on RV segliestisigndl epliirtitp eNtmes \Aﬂfiletd)h%fg#frg th@' catti@ffequditiés in
0

specifically, the CW (continuous carrier wave | I owi ng the RAN request

signal) to heachs&naiisdient ane tof récaivs nhiet tay rebpom¥e/\sigRAluUB twHicHNHe ar €
swi tched over for each of the plurality of divided periods.: Next, the

transm@si orfrezpueincies eff théBaeder sighsl drealiff@rdrt fRbRT edch bhied UPTS tHPeGRrdhe data

representing the RRWrequest signal to the carrier signal. The transnission

si gnal nodulthé edader/whiter® echdyabercorfiguredafd hlcuRee ive iditaRedv8uch Ihael f i er
5C and is then outputted fromthe transmtter antenna 3 (S51). Follow ng the

t ransmi ssi orcaofiert feedeientiesque sthangithl motdahallV bAeNtiMEOWs &Y IddifrseVayfe) i S
transmtted via different frequencies for each of the plurality of divided

peri ods (553ranSHitingSthie. RMYcreqdestysignat aed RWN (contimsduss taimiar Wa®) ahat is
specifically, the CW(continuous carrier wave) follow ng the RNV request
composed of one frame, and the tag response signal that is composed of one
15 frame is received with the carrier frequencies changed more than one times in
the midway, thereby calculating the distance on the basis of the fag response
signal.
The reader/writer 2 is always transmitting a specific signal. When
requesting the RFID tag 1 to transmit the tag response signal, as shown in Fig.
20 12A, the reader/writer 2 transmits the R/W request signal that requests a reply
of the tag response signal. The frequency controller-7A sets a plurality of
divided periods in the transm.ission period of the R request signal (more
specifically, in the transmission period of the CW (continuous carrier wave)

following the R/W request signal) and controls the PLL section 5A such that

25 different carrier frequencies are used for each of the divided periods. In the -
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20signal) is transmtted in which frequencies are sw tched over in each of

t he divided peri ods. wﬁén detecting the RMrequest signal, the RFID tag 1
transmits, as a reply, the tag response signal via a carrier frequencies
‘(frequencies f1 f2, and f3) corresponding to the time-varying carrier
frequencies (frequencies f1, f2, and 25f3) of the CW (continuous carrier
wave) that is detected subsequent to the RNV request signal. Wen the tag
response signal is received by the receiver antenna 4, the reception

processor 6 @grﬁﬁrer@mvm aF BIY. 110, RReCSivided ;Sé}id&&ear(eaébtrﬁx%ﬂotﬂa?fr%h%ﬁéy (853,
S56, S59); and the phase infornmation acquirer 8A perfornms a phase

i nformation fadsiused ng tivs Girgsvited pehdd, fFEduerifOh-is LUed %és&ﬁiﬁ% gh)ﬂfvﬁq[ H the

carrier frequencies of the tag response signal received are c

tenporal chaserodfandfrequnioydy isf isRaLinNAE eRird Hiidey Féhed equest signal (nore
specifically, the CW(continuous carrier wave) follow ng the RNV request

signal). That is, iThe IRFIDEe&Pti A5 MWRGSSAINIBring Nthel SRMARN Gent ORYAT iy 6B

10 identifies the preanble section fromthe tag response signal, and

cal cul & es treader/airitgral. aMihérm it &irg 2écditioneof ihé 'rRAVERGYeSt sidialdind ded
periods in the preanble section on trﬁ;g basF?s of Formul a?ég to g.d}aﬁ'etnﬁé

acqui ring tIRFID taginaramsmits the AgSic@pahsé @igrRe the RSHHEBE Yedpohdind ® the
frequency converter 6B, on the basis of Fornula 7 and 8, the phase

i nfor mat i on RN uegeestSdignall cin thiscasbethbcaries reqianeies BTHA tag fhsparid 4) 2
for each frequency and stores the amounts and the frequency uséd as the

carrier sigrsignalrare d¢rebigedi witl tive terapaiad ¢hBRGE &F the RakrbrSrédifchcidd 8f the
switching over timngs of the divided periods are set on the basis of the

frequency sVRAXhiequest ssighalnimore apetifieally, TheolCWr fétsitinUbus Icarier Ridvéjeauest
signal (nore specifically, the CW(continuous carrier wave) 20foll ow ng the

RIWr elfuest fellgmiag) the R/W requésh sidvealy. edaptheosxarinpie SEeWn GinaF[y. t 108 Pikase -
i nformati on acquirer 8A, the frequency sw tching processing and the phase

i nf or mat i on cacrier ffieqyepciesessithe tay respbnée esigeaic urd f corigarsd esudhl tha2, f 3)
of the divided periods in the preanble section of the tag response signal
are perfor néequesacytfads used in the first period, frequency f, is used in the second

period, and frequency f; is used in the first period.
By receiving such tag response signal, the location measure 8
15 becomes possible to detect the states of the reception signais transmitted via a
plurality of different frequencies. In the reception processor 6, the timings for
changing the frequencies of the tag response signal are set on the basis of the
frequency switching over timings at the time of transmitting the RAW request
signal (more specifically, the CW (continuous carrier wave) following the RIW
20 request signal).
Here, the period in which the carrier frequencies of the tag response
signal are switched is preferably set within the period of the preamble section.
This is because the length of the data section varies in the tag response signal,
but the length of the preamble section is fixed. Thus, it becomes possible to

25 secure the period in which the carrier frequencies are switched.
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25transm ssion processgor 5 is transmtting the CW(continuous carrier wave)
of a corresponding fr@quency. For exanpl e, when the (r ansmi ssi on processor
5 starts transnmi ssion of the CW(continuous carrier wave) at the first
frequency f1 (S52), the RFID tag 1 transnits, as a reply, the signal
corresponding to the first divided period in the preanble section of the tag
response signal via the first 5 frequency LT. The reception processor 6
receives the tag response signal of the frequency f1 (853), and the phase

i nformati on acquirer 8A acquires the phase information of the frequency 11
(S54). After a prescribed period, the transm ssion processor 5 starts

t ransmi ssi orProcedtresCVef cistanueousleaemrrehﬁntv\/&*/re):egéingh%\&ﬂﬁﬁ?d Freqaewdcy f2
(855). When receiving the CW(continuous 10 carrier wave) of the second
frequency f Bwitthingmitbin &nelFtanamsnits, as a reply, the signal corresponding
to the subsequent divided period in the preanble section of the tag response
signal via the secdVektf theypesusduids of ke rdistaptée aneaswreRRiRprocessing \tRat t he
tag response signal of the frequency f2 (856), and the phase information
acqui r ér 8A invajués requieacy sadtehing overawitbin ofie fizaend lire thee ReaderBvrité? 20 Wi7) -
After a prescribed period, the transm ssion processor 5, the reception
processor 6, beadesaribedphitls eeferdrmentatthe flonchartrafFigA Jer f orns t he sane
operations with respect to the third frequency f3 (858 to 860). When
the reception procé&irstr wheni thes ltistantee measyrenmentoprocessinggis' ertats ethel gnal
fromthe RFID tag 1 (861), the transm ssion processor 5 20finishes the
transmi ssi orfresfuenicy controden?Arontrolss thver PeL. sestieh 54 bath timat thbdrdquangissssi on
of the one-frane signal (862).Thereafter, the distance cal cul ator 8B

cal cul ates tdfiethei satieresignah (moge bepsicifically,t the [BIAS ¢continuoost camienfwave)
plurality of different frequencies stored in the table, thereby conpleting

: the priékbessifellpwisgdhe RIYY request sigoal) tebermsed atithe tite bhtrassmitfisg the RAWat ed
on the basis of phase. However, the sane can be applied to the distance
measur enent rpAYRSisSigng argbwitched oier fuSearhref bl .plunalitddf divided pbdods.nay be
configured such that two reception signals of which the S/Nratio and the

si gnal | evelNest, thedransmigsions¢aniesller EBecdnitrplisethe: nanduldtos 8Bdb suipkeemposeept i on
signals are

the data representing the RW request signal to the carrier signal. The

transmission signal modulated by the modulator 5B is amplified by the power

15 amplifier 5C and is then outputted from the transmitter antenna 3 (S51).

Following the transmission of the R/W request signal, the CW (continuous

carrier wave) is transmitted via different frequencies for each of the plurality of

divided periods (S53, S55, S68). Accordingly, the R/W request signal (more

specifically, the CW (continuous carrier wave) following the R/W request

20 signal) is transmitted in which frequencies are switched over in each of the
divided periods.

| When detecting the R/W request signal, the RFID tag 1 transmits, as

a reply, the tag response signal via a carrier frequencies (frequencies fi, f,, and

f3) corresponding to the time-varying carrier frequencies (frequencies f;, f,, and

25 f3) of the CW (continuous carrier wave) that is detected subsequent to the RW
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5 selected, and the detection of the phase change anount and the | ocation
cal cul ation are perfo(ﬁed on the basis of the two recgption signals
selected. Identification of Distance to RFID Tags As descri bed above, the
data section is included in the tag response 10 signal. Wen the data
section contains IDinformation that is unique to-each RFID tag 1, it
becones possible to identify the distance neasured using the tag response
signal in the above-described manner and the RFID tag 1 that transmitted the
tag responseequéstakignal.a Whekethe iy esspdrisecsigabl & reddifed By tHa réddipey f or
enabl i ng suchqi dent igf ication wll Dbe depscri beg with ref ereﬁlﬁyetrt% r%élzﬁi}ég. 14.
The confi guramitémma shame receglion piotessodbifefdiis 4 resepticd pRiceSkig th fHe t hat
the reception processor 6 of Fig. 14 is provided with a preanbl e extractor

~ 6C. Qrher caajirgspotsesignal ¢S582556/1850% dmp e phabé dnfofmafibl dddufrer 8A
descriptions thereof will be omtted. 20The preanble extractor 6C recelves

the | si gnalperforimishe pBasedinfdrnidtioh fdquiiy prodeddiny 84,8571 560). 644 tARd t he

m xer 682, respectively to extract the preanble section of the tag response

si gnal 5 and casentteccarrich dreguentiesof1hé tthg tedporiseesigREpidcaiveiPat U argedAt
this time, the data section of the tag response signal is transferréd as a

reception f withetHeotdnhporat change of e camldr dreqifenciedf oft the RANTTEHLESK dighal
controller 7. The | ocation neasure 8 anal yzes the preanble sectionto

neasur e t he (ohose apeeifically, tite OW\(Contirpushettrisewaee) RINBwingihe R\ refest
measurenent information to the reception controller 7C The

reception caeignab).ler 7C identifies the IDinformation of the RFID tag 1 that
transmtted the tag response signal by analyzing the data section 5 received

fromthe preanbl e Thatadst or tHECreddptione praeseor @ rtheofréquendy cdavértdri 68 t he
measurenent result of the distance to the RFID tag 1 neasured by the

| ocat i16n neidentifie8 thedptdaenbl® settion fesrathei tagardspolissl sigrisleand AsldUgtesa! v,
even when the RFID tag conmuni cati on system comunicates with a plurality of
RFI D tags 1the i sigradreesl thes€i sigralt for dashi freuiesieytdfethei dividedeperiods in the
preamble section on the basis of Formulas 4 to 6. When acquiring the | signal
and the Q signal for each frequency from the frequency converter 6B, on the
basis of Formula 7 and 8, the phase information acquirer 8A calculates the
15 phase change amounts ¢4 and ¢, for each frequency and stores the amounts
and the frequency used as the carrier signal in a table in a correlated manner.
In this case, the switching over timings of the divided'periods are set on the
basis of the frequency switching over timings at the time of transmitting the
R/W request signal (more specifically, the CW (continuous carrier wave)
20 following the R/W request signal).
In the reception processor 6 and the phase information acquirer 8A,
the frequency switching processing and the phase information acquiring
processing for each frequency (frequencies fi, f;, f3) of the divided periods in

the preamble section of the tag response signal are performed when the

25 transmission processor 5 is transmitting the CW (continuous carrier wave) of a
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10to each of the RFID tags 1. The information that is identified
along with the distancé information in the linked manfiler is not limted to
the IDinformation that is unique to each of the RFIDtags 1. O her
information may be |inked to the distance information as long as the
information is described in the data section of the tag response 15signal.
Procedures of Di stance Measurenent Processing with Identification of RFID

Tags Next, the procedures of the distance neasurenent processing
wi th 20i dentédriesponding freqendy! [Fdragarmplel Mehere #5ie tansirdigsior? dﬁbééss}é? 5
described with reference to the flowhart of Fig. 15 First, when

the di st ancestarsgransnission od tes EV gcortinebas icafrier Waﬁ?ﬂat théﬁrsftrf%ﬂ.%ﬂﬁy f1
controller 7A controls the PLL section 5A to adjust the frequency of " the

carrier sign@52)sthd REID tagn$ tiahstrite, Y repiyass s@han@drré@om. %tobth%q’ﬁ?t 25t he
first frequency Next, the transm ssion contro controls the

modul at or  5&iivided yperiddnipotie pmmmebﬁmwenélt@?r Eﬁauﬁatthélfﬁaﬁl to
the carrier signal. The transm ssion signal at ed by e nodul ator 5B is

anplififed byfreduencyvier Thelreteptiorbprauedsorse treesives tthe!tag dedpatset anal of
transmtter antenna 3 (S72). 5 Following the transm ssion of the

request si grthe,frequency f;c(883)nandstheaphiasey infexeatiors abg iﬂérWBN@éhuHe% fh‘ée
first frequency fl (S73). When detecting the RMrequest signal, the

RFID tag 1 tphaseninfarmationaof ¢hig Yrequbacy #g ($54)ponfersa Prascribed peficd ! iher
frequencies corresponding to the first frequency f1 of the CW (cont’i nuous

carrier wavdjanshission preicesserd51starts Lraresmissiont of thee CYW\(dortiHashs daeer! -
When the tag response signal is received by the receiver antenna 4, the

reception pmave)stthé seeond freguence ((855)n Winaressdeddng thé mwt(agmr,ﬁmnse
signal (S74); and the phase information acquirer 8A performs a phase
i nf or ik i on cacrigri wave) of theeseiang! ft&jBncy f2, the RFID tag 1 transmits, as a reply,
the signal corresponding to the subsequent divided period in the preamble
section of the tag response signal via the second frequency f.. The reception
processor 6_receives the tag response signal of the frequency f, (S56), and the
phase information acquirer 8A acquires the phase information of the frequency
15. f (857). After a prescribed period, the transmission processor 5, the
reception processor 6, and the phase information acquirer 8A performs the
same operations with respect to the third frequency f; (S58 to S60).
When the reception processor 6 finishes the reception of the tag
response signal from the RFID tag 1 (S61), the transmission processor 5
20 finishes the transmission of the CW (confinuous carrier wave), that is, the
transmission of the one-frame signal (S62). Thereafter, the distance
calculator 8B calculates the distance r on the basis of the phase information of
the plurality of different frequencies stored in the table, thereby completing the
processing (S63).

25 - In the above example, the distance r is calculated on the basis of
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15That is, in the reception processor 6, on the basis of Fornulas 4 to 6,

t he frequency convertdr 68 calculates the | signal and the Q signal by

mul ti plying the reception signals inputted fromthe anplifier 6A and the
carrier signal outputted fromthe PLL section 5A. The preanble extractor 6C
extracts the preanble section of the received tag response signal (I signa
and Q 20 signal) and transfers the preanble section to the | ocation neasure
8. At this time, the data section of the tag response signal is transferred

to the recephase.cddoweleérrthé Gambecan axciapplied ttbether aRfdce pesdsurembrem t he
preanbl e extractor 6C, on the basis of Fornula 7 and 8, the |ocation neasure

8 cal cul at esprosessihgs enlioying e UMUSIGL neetiod.12 iat tadditisrabiierkonidie Hd r st
25frequency f1l and stores the anounts and the frequency (first frequency fi)

used as thmonfigurédsuch tratltwoneception sighalsdf aictetil SIN FERIBISRd 69 Signal
When the reception processor 6 finishes the reception of the tag response

signal fromlevel dtfh®|and Q si@vd$ are higheo tisdr thoseRFIREr Rckplibs BRMald grePhase
i nformati on acquiring processing (877). Thereafter, the transm ssion 5

processor 5 deledtetieandhthet detentionsobthefphabe EHANGe0 UM Usnd: aRé i I8EatiiY ©)
(878). The reception controller 7C determ nes whether the reception signals

has been realadatiéroara perfemmed enfthe hasisaifehe o rédeptiondsigRalgisersttédat t he
reception signals has not been received for the entire frequencies (NO in
879), the procedure goes back to the processing of 871. If it is determ ned
that the 10reception signals has been received for the entire frequencies
( YES i n S79)ldentification of Mistange és RAIDtTagspr ocessi ng of 880. In 880, the
| ocation nmeasure 8 extracts the phase information of each frequency fromthe
‘tabl e to cal cul at e Ashdestiribedratzoved 809 datehsedttioraisiinoluded in the tag response
10 signal. When the data section contains ID information that is unique to each
RFID tag 1, it becomes possible to identify the distance measured using the
tag response signal in the above-described manner and the RFID tag 1 that
transmitted the tag response sighal in a linked manner. Hereinafter, the
configuration for enabling such identification will be described with reference to
15 Fig. 14.
The configuration shown in Fig. 14 is different from that of Fig. 4 in
that the reception processor 6 of Fig. 14 is provided with a preamble extractor
6C. Other. configurations are the same as those of Fig. 4, and thus
descriptions thereof will be omitted.
20 The preamble extractor 6C receives the | sighal and the Q signal that
are outputted from the mixer 6B1 and the mixer 6B2, respectively to extract the
preamble section of the tag response signal, and transfers the preamble
section to the location measure 8. At this time, the data section of the tag

response signal is transferred as a reception frame to the reception controller

25 7C of the communication controller 7. The location measure 8 analyzes the
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measure 8 may cal cul ate the di stance by using the above-described MJSIC
15met hod as wel | as on(the basis of the phase infornation.

Meanwhi | e, when receiving the data section fromthe preanble extractor 6C,
the reception controller 7C verifies the IDinformation of the RFID tag 1
that transmtted the tag response signal on the basis of the data section
(881). Then, the reception controller 7C registers the distance information
20 received fromthe location neasure 8 and the ID information of the RFID
tag 1 in a |preleatblewecton (&dRgasufbehe distamslin theQibeve-@ss @ibedRafhet amge and
the IDinformation of the RFIDtag 1 is registered in a recording section
(not shown) tparsfertethermebsurepnentiinfoiination ¢ the Riceptior caRffoilér zden
transmtted to an external apparatus through the external comunicator 9
shown in Fig. 2. |MHStéieptivancatiollehdlidkntifies the 3D UnfIFRRkioAr SFORBSRAID | S
conpleted. Location Estimating Processing In the above exanpl e,

measur ement taf 1 Hbatdtrahamitted theetad) redpdrise §Gh& bpamalyZiagp the datslesetidrbed.
The direction of |ocation where each RFID 5 tag 1 exists as seen fromthe

reader /3w i t eeceivedy fiven nthes preambld téxtiactdr BEAS UMRBE Réceptiond €onfBRe TS bl e
to specify the distance to and the direction of each RFID tag 1 and thus to

speci fy t he itentifiesothenmeasurméntaButtasf the elistahce A5 tife RFIDaegOf nRSisuPat | ng
the direction of location where the RFID tag 1 exists, a matﬁod can be used

in whi ch t héyplthealddagionf nmeeasens a8 camarethes IDf inférmidtion 66 eh Vinkeahtreameerd ar e
arranged in an array configuration, and the difference between phases of the

si gnal s r ecAccaidingly aienowhehethenRED dag | comruaication efystsra conhimunicatdd er, a
processing of estimating the direction of |ocation where the RFID tag 1

exi sts will wvith dgsluralibeof RFID.tags 1i, st becomhesrpbssiblei teodistinguisiViting distence
processing of estimating 15 the direction of |ocation where the RFID tag
exi st s10 I n ttheaghafithg REIDstagsdei ver antenna 4 is constituted by two antenna
el enents: a first antenna el enent 4A; and a second antenna el enent 4B. In
addi tion, 0 desi gndthesinfarmatighdhatigiidentifiegl aloeg withethei distante liforhation isher e
the RFID tag 1 exists. This angle S is neasured in a state in which a nornal
line direct it lioked manmer isoiatdimitédhtp thet 1D ofomnaation that és unineet foceaghooft s at
the first antenna_el enent 4A

the RFID tags 1. Other information may be linked to the distance information

as long as the information is described in the data section of the tag response

15 signal.

Procedures of Disfance Measurement Processing with Identification of RFID
Tags |
Next, the procedures of the distance measurement processing with
20 identification of the RFID tags in the reader/writer 2 will be described with
reference to the flowchart of Fig. 15.
First, when the distance measurement processing is started, in S71,
the frequency controller 7A controls the PLL section 5A to adjust the frequency
of the carrier signal used .to transmit the R/W request signal so as to become

25 the first frequency f;.
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and the second antenna elenent 43 is set to O degree. Assum ng the
di stance between the r(adi 0 wave reception points at the first antenna

el enent 4A and the second antenna elenent 4B is d, a phase difference A4) of
signals received at the first antenna el enent 4A and the 25second antenna
element 4B is represented by the following fornmula. [Forrmula 20] AO =k d
sin 0 k =27r Here, assumng d = Al 2, the phase difference Al)
is represented by the 5following forrmula. [Fornula 21] ArnsinO Thus,

on the basis of a Nedetisd ftfaiseiission coritrlidi rm:tdomc%f tﬁé'rﬁbeﬂlfatdrosettoo“ 9
I's represented by the fol | ow ng formula. 10[ Formul a
superimpose the data representing the RW request S|gnal to the carrier signal.
The transmission signal modﬁlated by the modulator 5B |s amplified by the
power amplifier 5C and is then outpUtted from the transmitter antenna 3 (S72).

‘5 Following the transmission of the RW request signal, the CW (continuous
carrier wave) is transmitted via the first frequency f; (S73).

- When detecting the R/W request signal, the RFID tag 1 transmits, as
a reply, the tag response signal via_é carrier frequencies corresponding to the
first frequency fi of the CW (continuous carrier‘wave) that is detected

10 subsequent to the R/W request signal. When the tag response signal is
received by the receiver ahtenna 4, the reception processor 6 performs a
reception processing to the tag response signal (S74); and the phase
information acquirer 8A performs a phase information acquiring processing
(S75).

15 That is, in the reception processor 6, on the basis of Formulas 4 to 6,
the frequency converter 6B calculates the | signal and the Q signal by
multiplying the reception signals inputted from the amplifier 6A ahd the carrier
signal outputted from the PLL section 5A. The preamble extractor 6C extracts
the preamble section of the received tag response signal (I signal and Q

20 signal) and transfers the preamble section to the location measure 8. At this

| time, the data section of the tag response signal is transferred to the reception
controller 7C. When receiving the preamble section from the preamble
extractor 6C, on the basis of Formula 7 and 8, the location measure 8
calculates the phase change amounts ¢; and ¢, attributable to the first

25 frequency fi and stores the amounts and the frequency (first frequency f;) used
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That is, it is possible to obtain the direction of existent |ocation 9 by
obt ai ni ng the phase dKIference A4). Fig. 17 shows the(configuration of the
reader/witer 2 related to the 15 cal cul ati on of direction. The
configuration shown in the drawing is different fromthat showm in Fig. 4 in
that in Fig. 17, a direction calculator 8Cis provided to the |ocation
nmeasure 8, and a selector 6D is provided to the reception processor 5. O her
configurations are the sane as the configurations shown in Fig. 4, and thus
descri pti onsag ther earfiensignabin @tabilé #tla coffélees edatiep(SBH) sel ectivel y switches
over the signals received by the first antenna el enent 4A and the second

antenna el enent 48 Whehhther rsogbption priocesser 6. fisished tR@sleeeptidhfsignfdgs to
the anplifier 6A1 and the anplifier 6A2. The sel ecting operation of the

sel ect or 6D response siginabffobytheRFIDEtap1 (ST6); #id dYati6h nféasure 8 finishes thEne
direction cal cul ator 8C acquires information about the phase difference

bet ween t he phiageainforeatioredcyiring eprocessingn((STTha Thereaker, 4heaidndirsiongnal
recei ved by the second antenna el enment 4B fromthe phase infornmation

acqui rér 8Apracessoal 5 irishes thee tdinsatission off thex CYV qabnlimesls earrerofatde RFI D
tag 51 on the basis of the phase difference information by the

above- nent i ¢5&8).pr beesecentiofheontrdllee 7C:defermimes whetharlthe réestic sighailst he
di stance information calculated by the distance cal cul ator 8B and

i nf or mat i on halsobeen hreceivedc farotheoentiva fleguentiesat ifon isadstelaired hatt the
direction cal culator 8C, and , transfers this information to the area

det er mi nant recepticrsignalsdeasieotereemmueived fdetre ehtiresfrodueineiss (N® ilRB78)t ag 1
is located within a prescribed spatial area (conmunication area) on the
basi s of théhelpsocadireigdesriraxkitorthamdocdssingnob 8t i Ifrit isldvtérniheddhaeiei on of
exi stent location as the location information. At this tine, the area

det er ffilhant receptisresignalss has deeerrechiveBFoD the@ntires freguendies (VES e S79),
comuni cation area on 15the basis of the area infornmation that is stored in
t he area i nthe pragesture goeade the processing of S80.

In S80, the location measure 8 extracts the phase information of each
frequency from the table to calculate the distance (S80). The location
measure 8 may calculate the distance by using the above-déscribed MUSIC

15 method as well as on the basis of the phase information.

Meanwhile_, when receiving the data section from the preamble
extractor 6C, the reception controller 7C verifies the ID information of the RFID
tag 1 that transmitted the tag response signal on the basis of the data section
(S81). Then, the reception controller 7C registers the distance information

20 received from the location measure 8 and the ID information of the RFID tag 1
in a linked manner (S82). The combined information of the distance and the
ID information of the RFID tag 1 is registered in a recording section (not
shown) provide in the communication controller 7 and is then transmitted to an
external apparatus through the external communicator 9 shown in Fig. 2. In

25 this manner, the distance measurement processing is completed.
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11. As a method of- obtaining the direction of existent

| ocation O of the RFID tag 1, it is not limted to the
above-nentioned nethod, and it is possible to use various known

‘met hods. For exanple, as technology of estinmating the 20 direction
of arrival (DOA: Direction of Arrival) of radio waves, Beam former
met hod, Capon nethod, LP (Linear Prediction) nmethod, M n-Norm nethod,
MJSI C net hod, and ESPRI T net hod can be exenplified. Procedures of
Location Estinmating Processing 25Next, the procedures of the |ocation
estimating processing in the reader/witer 2 will be described with
reference to the flowharts of Figs. 18 and 19. First, when
t he | ocati oneestiormttiimgtimy Boeessing is started, in 891, the frequency
control ler 7A controls the PLL section 5A to adj ust the frequency of
Sthe carrier signaln theegbave exainilgi maaseremant ofdfactistaney falcash agheo

becone the first freqb;nc Next, the transm,ssion controller
7B cont rol s RFHB tagseld Sobe%Bd?%Pf@l?ﬁerlTﬁﬁé%@Cfﬂ%o @Pﬁ“?‘b)ﬂh@%ﬁ??ﬁ]%FﬂQe

uest S|%nal tothecrrl ' a} The t nsm|5|on Si QS
XiRfa At efvgter 15P8'P
ook ileqsf st “%h%a&ﬁ%n“a e
ol lowing t St
(503 MU of & rmﬂ‘ﬁ%ﬁeﬁ;ﬁ%ﬂgﬁﬁ%%ﬁ%@% it Wikte SRRA1EARY 0,

1 transmts xi@f g SRndhol Q)‘? e%ﬁ@aﬁﬁ&Wﬁﬁe&foﬂ%lloé‘iﬁﬁn%@é%@ RFID tag

QrequenC|es corresponding t
K 1 exists, a method can be used in which the plurality of antenna elements of

10 the receiver antenna 4 are arranged in an array configuration, and the
difference between phases of the signals received at each of the antenna
elements is detected. Hereinafter, a processing of estimating the direction of
location where the RFID tag 1 exists will be described.

Fig. 16 is a schematic diagram shovﬁing the processing of estimating

16 the direction of location where the RFID tag exists. In the drawing, the
receiver antenna 4 is constituted by two antenna elements: a first antenna
element 4A; and a second antenna element 4B. [n addition, 8 designates an

\ angle indicating the direction of location where the RFID tag 1 exists. This
angle 8 is measured in a state in which a normal line direction of a plane

20 including both of radio wave reception points at the first antenna element 4A
and the second anfenna element 4B is setto O c_iegree.

Assuming the distance between the radio wave reception points at
the first antenna element 4A and the second antenna element 4B is d, a phase
difference Ad of signals received at the first antenna element 4A and the

25 second antenna element 4B is represented by the following formula.
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15 first frequency fi of the CW(continuous carrier wave) that is detected
subsequent to the RAN (request signal. The tag responsgnsi gnal is received by
the receiver antenna 4. At this nonent, the first antenna elenment 4A is
selected by the selector 6D. Therefore, on the basis of the signal received
by the first antenna el ement 4A, the reception processor 6 perfornms a
20reception processing (894); and the phase infornmation acquirer 8A perforns
a phase information acquiring processing (895). That is, in the
reception pripoesnsta20] on the basis of Formulas 4 to 6, the frequency
converter 6B calculates the | signal and the Q signal by nultiplying the
reception signals inputkedifgomthe anplifier 6A and the carrier 25signal
outputted fromthe PLL ggction 5A. Wen acquiring the | signal and the Q
signal fromthe fréyé converter 68, on the basis of Formulas 7 and 8,

t he phase information a%ui rer 8A cal cul ates the phase change anpbunts GO and
0112 attributable to the first frequency f1 and stores the anounts and the
frequency (first frHereeassurhing disewR ahelphaseaiifiérehcs Ay 8lreprasdnicdPb@tid @
correl ated 5manner (595). When the reception processor 6 finishes

t he recdepti dollowingfermata.r esponse signal fromthe RFID tag 1 (596), the
phase informati on acquirer 8A finishes the phase information acquiring
processi ng ([Bémpula2yreafter, the transm ssion processor 5 finishes the
transm ssion of the CW (continuous 10 carrier wave), that is, the

transm ssi on of theAgaerdinane signal (S98). The reception controller 7C

det erm nes whether the reception signals has been received for the entire
frequencies. If it Thmsdehaheibasis bhatphase differRpice iy, the Hhilettiba Hf R9dstdFEN
received for the entire frequencies (NOin 899), the procedure goes back to
t he processilogatioin & %lreprésented bydhe éollowing fofailat he 15 reception signal s has
been received for the entire frequencies (YES in S99), the distance

cal culdx or $Bommulad?2}s a di st ance cal cul ati on processing (5100) and the
procedure goes to the _prlo&&ssi ng of 5101. In this case, the location

cal cul ator 8 may c# =sinate-t he di stance by using the above-descri bed MJSIC
met hod as well as on the Basis of the phase information. In addition, the
20di.st ance cal cul ati on may be perforned before and/or after S111 and 8112.
In S101, the sel ecifbat 8Dt is pessibladd abtain the diedetion ohexistead futatiohed by

el ement 413. Under the control of the transm ssion controller 78, the RNV
request si g@Rlaining theohaae(diferene@dds carrier wave) are transnitted via the
first frequency le(5102 to S104). \Wen detecting the RNV request signal,

Ig. 17 shows the configuration of the reader/writer 2 related to the

15 calculation of direction. The configuration shown in the drawing is different
from that shown in Fig. 4 in that in Fig. 17, a direction calculator 8C is provided
to the location measure 8, and a selector 6D is provided to the reception
processor 5. Other configurations are the same as the configurations shown
in Fig. 4, and thus descriptions thereof will be omitted.

20 The selector 6D selectively switches over the signals received by the
first antenna element 4A and the second antenna element 4B in the receiver
antenna 4, and transfers the signals to the amplifier 6A1 and the amplifier 6A2.
The selecting operation of the selector 6D is controlled by the reception

controller 7C.
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25the RFID tag 1 transnmits, as a reply, the tag response signal via a
carrier frequencies dorresponding to the first frequéncy fl of the CW .
(continuous carrier wave) that is detected subsequent to the RNV request
signal. The tag response signal is received by the receiver antenna 4. At
this nmonent, the second antenna el enent 4B is selected by the selector 6D.
Therefore, on the 5 basis of the signal received by the second antenna

el enent 46, the reception processor 6 perforns a reception processing
(8105) . Thathe direction healcudatept 80 nagyuiess iformiatic dbbat RS shade
Formulas 4 to 6, the frequency converter 66 cal culates the | signal and the

Q signal by diffeteinceybeteethédhe sigmpal reveividdbytite firspahtaithd slemdnita %M tHe er 6A
and the carrier 10 signal outputted fromthe PLL section 5A and out puts the

| signal ancsigma receivgddly the sevendlamennablenmeriti 4B frabtitHe phastNinfolsatidnhe
reception processor 6 finishes the reception of the tag response signal from

the RFID tag@cquirst88) andhealtulatesnthesdinsttipn af esdstentiotatibrs Best the RFID tag
transm ssion of the CW (continuous carrier wave), that is, the transm ssion

of the %ne-ft amethel basis ¢fStte7phadé difeshce inforationdsy tHe AbB%eméhtibHE
related to the direction cal cul ati on processing are perforned. In

8108, the pheeessui@r nalThen, dbguireespth deintailer t NE Hoyemedi ther 8REMdaet ween
the signal received by the first antenna el ement 4A and the signal received
by the secoriafoamationgatdulatedtbyfie distancetdaicutatoe 88 and Hforraaticri hBbGK theC
cal cul ates the direction of existent location (direction of existence) of
t he RFD tag direstion hef existentdbcation jchtstatdd f e tiee alirdcGdA Balcliatdrh@Ccang of
estimating the direction on the basis of the phase difference between
ant enna el etiamsigrsithisiisformation éol theoareangeteaminaet p0ase di fferences at the
sane frequency. 25Thereafter, the reception controller 7C acquires the
di stard® i nfornat iTbe ataa detereninant t0e detestnimes: wiethet sheorRBID aag 1 is
i nformati on about the direction of existent |ocation calculated by the
di rection céocaiedmithiz@ priesctibedspatial area (cofmmumication aced)hen #reebasis of
determ nant 10. The area determ nant 10 calculates the |ocation of the RFID
tag 1 on théhedistaneg infesmation aanck tie rinfornmatiooratend theediretdtionnef egistetiout
the direction of existent |ocation (S110).

location as the location information. "At this time, the area determinant 10

determines whether the RFID tag 1 exists within the communication area on

156 the basis of the area information that is stored in the area information storage
1.

As a method of obtaining the direction of existent location 6 of the

RFID tag 1, it is not limited to the above-mentioned method, and it is possible

to use various known methods. For example, as technology of estimating the

20 direction of arrival (DOA: Direction of Arrival) of radio waves, Beam former

method, Capon method, LP (Linear Prediction) method, Min-Norm method,

MUSIC method, and ESPRIT method can be exemplified.

Procedures of Location Estimating Processing

25 Next, the procedures of the location estimating processing in the
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In this manner, the |ocati-on nmeasurenent processing is conpleted.

Si mul t aneous Transmi ssion of Multiple Frequencies within One Frane In
the above exanple, the reader/witer 2 is configured to calculate 10
t he di stance such that the carrier frequencies is changed nore than
one tinmes in the course of transmtting the RAN request signal and CW
(continuous carrier wave) that is conposed of one frane, and the tag
response signal that is conposed of one frame is received with the
carrier frequencies changed nore than one tinmes in the m dway,

t her eby cal cahdeiwrter IZewili be aleseoriioed with refereees éo Hie flowchalts peEjgsnds
signal. To the contrary, the reader/witer 2 may be configured to

cal cul ate twddi%tance such that the carrier frequencies used in

transmtting the RNV request signal and CW (continuous carrier_wave)
that is conposed ofirehavhendthe Ipsatiosnestimatingdrregessing s sterted. ky SO1, the

frequency caonponents, and the tag.res e signal .that is ¢ osed qf
one frame i dF4AERFY, EANIP eﬁTﬁQO@%%%ﬁﬁpéEﬁﬁ?%ﬁhﬁéiﬁééﬁnﬁ’&?ﬁf‘gﬁgguenw of

o) o0 SHEn T RTBORET et et ERN B3l i B

is always transmtting.a specific signal. Wen requesting the RFID
tag 1 to tré’ﬁi}ﬁﬁqu{aﬁggﬁag response signal, as shown in Fig. 20A, the

L to trefd . .
renly 2501 the. tag eRehas LB TRaPh el T StaIE nd SRR B to

Fequency contr

cont rol S L 8yRhimpoge fid astaG8oRushutd e ANG rERldet fonbl BAHEREIRS sl

t{he RNV reque st gnal ( nor peci ransm ssi on period

of .the CW (qept{ranQHBsA SihRAI MRUBhtdL b aHe tHodNstoRAE TLaRpTtied bynak)
is constituted by a plurality of frequency conponents. In the exanple

2o 10, 7 o038yl SO S Gopug o vt st (550
frequency f Fpllanihgathehtadsiissiprent yhd RW request signal, the CW (continuous
carrier 1{rufan.re) is transmitted via the first frequency fy (893).
When detecting the RW request signal, the RFID tag 1 transmits, as
a reply, the tag response signal via a carrier frequencies cotresponding to the
15 first frequency f; of the CW (continuous carrier wave) that is detected
subsequent to the R/W request signal. The tag response signal is received
by the receiver antenna 4. At this moment, the first antenna element 4A is
\ selected by the selector 6D. Therefore, on the basis of the signal received by
the first antenna element 4A, the reception processor 6 performs a
20 reception processing (S94); and the phase information acquirer 8A performs a
phase information acquiring processing (S95).
That is, in the reception processer 6, on the basis of Formulas 4 to 6,
the frequency converter 6B calculates the | signal and the Q signal by

multiplying the reception signals inputted from the amplifier 6A and the carrier

25 signal outputted from the PLL section 5A. When acquiring the | signal and the
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The RFID tag 1 is always nonitoring the signals sent fromthe reader/witer
2. Wen detecting reception of the RRWrequest signal(ythe RFID tag 1
transnits the tag response signal in the formof responding to the 10 RAN
request signal. In this case, the tag response signal is transmtted via a
carrier frequencies corresponding to the carrier frequencies having a
plurality of frequency conponents of the RAN request signal (nore
specifically, the CW(continuous carrier wave) followi ng the R W request

signal ). |n @QfsigealafrhethehferquédntyFidhver@BGB, it e basls of FtHRIgS #Sar’f 8t he
tag response signal are 15configured such that frequency f1 is used in the

first periodhefpleapesinfyrrhatiors acqeider aAtmpmafésnmeoﬁhheél,ch@ngefémau3@0g1 f3is
used in the first period. By receiving such tag response signal, the

| ocati on neamnd ¢, attibatabrks tpathei firse flequeRéE ¢ ahliestofey @fe @mduMis 'fREMd ON
signals transmtted via a plurality of different frequencies. 20Hereinafter,

t he confi gurfedquemcldfirst fiziguiengy ) tBedelsahé icafrial sli%nél@n daable iRgficyrrélbted
reference to Fig. 21. The configuration shown in Fig. 211s different
fromttat ofmanger @©995). that the transm ssion processor 5 of Fig. 21 is
provided with transmtters 5D1, 5D2, and 5D3 corresponding to each frequency

and a combi ner 5E, Vithentthe Rieptiontprosessdrcesfinishds ithe reeEplisi ofi thi tag
band-pass filters 6ClL, 6C2, and 6C3 and m xers 683, 6B4, and 685 as the

frequency coesponse sigBal ffolrethe RBID itay r1a(S9B)sthershdsecinfaimation ddtumer @A Fi 0.
4, and thus descriptions thereof wll be omtted.
' finishes the phase information acquiring processing (S97). Thereafter, the
transmission processor 5 finishes the transmission of the CW (continuous
10 carrier wave), that is, the transmission of the one-frame signal (S98). The
reception controller 7C determines whether the reception signals has been
received for the entire frequencies. If it is determined that the reception
signals has not been received for the entire frequencies (NO in S99), the
procedure goes back to the processing of S91. If it is determined that the
15 reception signals has been received for the entire frequencies (YES in S99),
the distance calculator 8B performs a distance calculation processing (S100)
and the procedure goes to the processing of S101. . In this case, the location
calculator 8 may calculate the distance by using the above-described MUSIC
method as well as on the basis of the phase information. In addition, the
20 distance calculation may be performed before and/or after S111 and S112.
| In §101, the selector 6D is switched over to select the second
antenna element 4B. Under the control of the transmission controller 7B, the
R/ request signal and the CW (continuous carrier wave) are transmitted via

the first frequency f; (5102 to S104). When detecting the R/W request signal,

25 the RFID tag 1 transmits, as a reply, the tag response signal via a carrier
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In the comruni cation controller 7, the frequency controller 7A controls 5
the PLL section 5A such that the carrier frequencies (ﬁ‘,the RNV request
signal (nore specifically, in the transm ssion period of the CW (continuous
carrier wave) following the RNV request signal) is constituted by a
plurality of frequency conponents. The carrier signals generated by the PLL
section 5A and the transmtters 5D1, 502, and 503 are conbi ned by the
conbi ner 5E and 10are transmitted through the nodul ator 5B and the power
anpl i fi er 5drequenciescqstaspondingnio she efrst reduency He ofethel OW (ountinneud ar e
branched into three paths after passing the anplifier 6A and are
respect i vel ycariguwaye) thattia sletested sabsequentdothe R/W e&iyestisigrats. The ¢ag t he
reception signals inputted to the band-pass filters 6Cl, 6C2, and 6C3, a
si gnal of a resppasefsignalrieqaeeived dynthentaneives antenoatded Atrthis noméntd the t he
m xers 683, 684, and 6B5. The | signal and the Q signal of each
frequency co¥is@ndnrteppaflepantyBiinselecias by desselestor 6ind HasSefore, omthe t ed
to the phase information acquirer 8A, and the phase change amobunt of each
frequenty cditfonmehthesignabreceived byrtbe sesond anbennaglementB, aheweteption
cal cul at ed. - Simlar to the exanples of Figs. 4 and 13, the reception
processor 6 RIgresseli@perfaeny pLecepticmpwaessingt(Sd05each frequency conponent
when the reception _processor 5 is transmtting the CW (continuous carrier
wave). In the abové'ph@tawnéhetfﬁ@eRIloslt@f@@eS!BOfi& aratheubasie of Gormblasbéito 8, of
25phase. However, the same can be applied to the di stance neasurenent '
processi ng Rl BgAHENen Ccanverter AR nealculatesadioe tli signah arshfthgu@asigmal i tsy
possible in which two reception signals of which the SINratio and the
si gnal | evelMgltipiying Fh%ﬁ%FQQt@ﬂgﬁlﬁmésdm@UﬁﬁCbﬁ@m theaamplifisrebAfandt thercarderpt i on
sel ected, and the detection of the phase change anobunt and the -

fggg? !1(S§)nar © signal outputted from the PLL section 5A and outputs the | signal and the Q
signal to the phase information acquirer 8A. When the reception processor 6
finishes the reception of the tag response signal from the RFID tag 1 ($106),

~ the transmission proéessor 5 finishes the transmission of the CW (continuous
carrier wave), that is, the transmission of the one-frame signal (S107).
15 Next, processings of S108 and S109 related to the direction
calculation processing are performed.

In S108, the phase information écquirer 8A detects the phase
difference between the signal received by the first antenna element 4A and the
signal received by the second antenna element 4B. Then, the direction

20 calculator 8C calculates the direction of existent location (direction of
existence) of the RFID tag' 1 on the basis of the phase difference (S109). In
the case of estimating the direction on the basis of the phase difference
between antenna elements, it is required to compare the phase differences at

the same frequency.

25 Thereafter, the reception controller 7C acquires the distance
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Scalculation are performed on the basis of the two reception signals
sel ected. Active RFID (‘[ag In the above exanpl €, the RFID tag 1 has
been described with respect to the configuration of thé passive one. As
descri bed above, 10 however, the RFID tag 1 may have the configuration of
the active one. In this case, the RFID tag 1 may have a configuration in
which the RFIDtag 1 is provided with a battery section, a signal generator
that generates the tag response signal, and a frequency controller that is
confi gured tinfarmation calchiatadaly thes distancescajoalatgedB natiddfdimatibe aboun the
generator via a plurality of 15different carrier frequencies.In this case,
it is possi bilieeationobfiexistent boaationsealtylatéd biyethes alirettion i datdulator réOsand ti ng
the RFWrequest signal. Simlar to the frequency controller 7A, the
frequency conansfetrsetheoinfotmatitifi B the atearaletdreninant 1 Qur THe tareaeadeterrinahdl i ty
of divided periods in the transm ssion period of one tag response signal
such that di10 eadsulatesr theetocationrefgtren®FBD tage 1TusadthEobasiscdf tHe dittaske/i ded
periods. Alternatively, the frequency controller may be configured such that
di fferént cdnfareatipneandiig idormationsalabutdhe etireletion arf existentdocatiort (§110)9
response signal. Further alternatively, the carrier frequencies nmay be
const it ut ed Ipythis rppaoner, the lashtibn measutgmentpmoessing i€ Somplgtedcat i on Exanpl es
of Conmuni cation System Using RFI D Tag Next, specific application
exanpl es of the communi cation systemusing the RFD tag of the present
enbodi nent will be described. Fig. 22 shows an exanple of a conmunication
syst em usi ngSiENIRREPUS Jgargmisaion efMultiplenF tesjuappies endthin Qnesksaneen f or
i nspecting and/ or checking articles in circulation. In the exanple shown in
the drawi ng, articllRdhe=ahavg exampie| the agaderviteciRis comfigired doecalcuatepor t ed
via a plurality of belt conveyors. The articles having the RFID tag 1
attachl t hdhetdistanee sueh thattbresarder fiequanciesisr changsd mbee thernt one tivesor s.
The reader/witer 2 comunicates with the 10 RFID tags 1 in order to inspect
the articl ednBpngoynsgnebdransmitling thee RAA requestesignal and €WV (costimeus i t
beconmes possible to manage the circul ation of the articles..

_ carrier wave) that is composed of one frame, and the tag response signal that

is composed of one frame is received with the carrier ffequencies changed

more than one times in the midway, thereby calculating the distance on the

15 basis of the tag response signal. To the contrary, the reader/writer 2 may be

configured to calculate the distance such that the carrier frequencies used in

transmitting the R/W request signal and CW (continuous carrier wave) that is

composed of one frame is constituted by a plurality of frequency components,

and the tag response signal that is composed of one frame is received with the

20 carrier frequencies having a plurality of frequency components, thereby-
calculating the distance on the basis of the tag response signal.

The reader/writer 2 is always transmitting a specific signal. When

requesting the RFID tag 1 to transmit the tag response signal, as shown in Fig.

20A, the reader/writer 2 transmits the R/W request signal that requests a reply

25 of the tag response signal. The frequency controller 7A controls the PLL
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In such an communi cati on systemusing an RFID tag, a nmanagenent apparatus

t hat nanages the artiQIes in circulation is provided @s the external
15apparatus for communicating with the reader/witer 2. In such a

comuni cation systemusing RF1ID tag, if the communication area is not
definitely defined, the system may usel essly conmuni cates with the RFID tags
1 located at a position apart fromthe belt conveyors, which do not need to
be conmunicated with. To the contrary, 20according to the conmunication

syst em usi ngeclibP 5&gueh thﬁnethepéﬁieﬂwreggbﬁdibWthei R SeBaest Qgﬁar engﬁet ect
t he distance to (or location of) each 1D tag | by the procesSing of the

reader / wri t eypeifichilg,oindtheg transinis st PeERiBAPEE Hed oVt (‘zéoﬁf?ﬂ%{EE %QFri%rV‘G'v%Ve)onl y
the RFID tags 1 that need to be communi cated with. 25According to the

communi cat i dollewisgethel R/MY r&'ﬁi&ttﬁgﬁl%) i$ hnatirfed thye BbPK AR Lof ﬁé(ﬁ&éhéyhe

di stance to (or location of) each tag 1 can be detected wt

relatively lioghpanertssi nthet dxanisiadsowr it Big. 20pe #O8RDNIOAEH RLeh tRal gentify
the belt conveyor line where the RFID tag 1 is being transported.

Only ore i nsiaatiérafréquendies lsecarstitleed Wyi & frst ?rdq%eﬁu%ff{, & SstondFredithey f,
construction of the communication systemusing RFID tag having such’5
functions. lamdoa third fleqdencyifs. i s possible to obviate the necessity of a
menber for limting the reachabl e range of radi o waves or the necessity of

installing a plur amhteynﬁlormgdarssam%zs Mohiterisg 2he THIghBIO&ENt FEHAT Hieng t O
the RFID tag communi cation system of the present enbodinent, it becones

possi bl e t oreadémwritese2.t | Wherpeetsdting reteptiohoh theTRIVE rehBESt SighaF Bk
nstatling RFID tag 1 transmits the tag response signal in the form of responding to the
10 R/ request signal. In this case, the tag response sighal is transmitted via a
carrier frequencies corresponding to the carrier frequencies having a plurality
of frequency components of the R/W request signal (more specifically, the CW
(continuous carrier wave) following the R/W request signal). In the example
shown in Fig. 20B, the carrier frequencies of the tag response signal are
15 configured such that frequency f; is used in the first period, frequency f; is
used in the second period, and frequency f; is used in the first period.
By receiving such tag response signal, the location measure 8
becomes po_ssible to detect the states of the reception signals transmitted via a
plurality of different frequencies.
20 Hereinafter, the configuration for enabling such detection will be
described \)vith reference to Fig. 21.
The configuration shown in Fig. 21 is different from that of Fig. 4 in
that the transmission processor 5 of Fig. 21 is provided with transmitters 5D1,

- 5D2, and 5D3 corresponding to each frequency and a combiner 5E, and the

25 reception processor 6 is provided with band-pass filters 6C1, 6C2, and 6C3

69



10envi r onnent . Fig. 23A shows an exanple of a systemfor use in
stores, in which the c@mmni cation systemusing RFID t@g of the invention is
applied to a systemfor surveillance nonitoring of products or stored
articles. In this exanple, a comunication area is set to a range in which
articles having the RFID tag 1 15 attached thereto are naturally and
originally existable. Wien the article is noved out of the comunication
area, the novenent of the article is detected, thus determ ning that there
i s a possi biand ynixess 6B3, $B4i card BB5 basrthet frequendy Ton¥eResBBYS @thexanpl e
of a systemin which the RFID tag conmuni cati on systemof the invention is
appl i ed to atonfigumatians agesthensamevds tHosenoRFigD4;, amdltha8 descaiptiond gsbrebpr
exanple, to a window or a door; and the position of the RFIDtag 1 is
moni t or ed, twidlbebgmittecbct i ng openi ng of the window or the door. The
construction of such an security systemonly requires a sinple setting
operation, i.e., arndpecamnumicdtioat cantiolieg 7t tree freGlizricyocchtiolen 7Aaiohiols
obj ect, which is conventionally used. Moreover, it becomes possible to
construet tHbeRYHFsertiony5Asuch thabihecarsgsfrequemncles of #ié RAY esjuespsigRat s in
a flexible manner. Even in the case of the above exanple, in the
comuni cat i dmaresspenificaliyg irRthe ttangmission eyt of the GWatdontinhotis naambges t he
security b5operations is provided as the external apparatus for comrunicating
with the reasve)wiollowing. the RW reqHest signaihdswscanstitntedpby af pluralitgt éfm i n
whi ch the communi cation systemusing RFID tag of the invention is applied to
the places degveasysampeientsr Toeicaridreigrals generateti mkitesPht seetiomisped.
Nowadays, a 10 ticket exam nation system based on RFID tags is w dely used
for ticket etghthedransmitiersbBii 502, ahd 503 areacanabined byutbe conshineesE ande
ticket examnation is performed by reader/witers that are provide to gates.
To t hél&ont rade jransartied thgugb the mashtaton 5Baandbthegyawemamplifieg 5&I D t ag of t he
present enbodi nent,_ by setting the whol e passage where the ticket

' The reception signals received at the receiver antenna 4 are

branched into three paths after passing the amplifier 6A and are respectively
inputted to the band-pass filters 6C1, 6C2, and 6C3. From the reception
signals inputted to the band-pass filters 6C1, 6C2, and 6C3, a signal of a

15 specific frequency component is extracted and inputted to the mixers 6B3,
6B4, and 6B5.

The | signal and the Q signal of each frequency components obtained
by the mixers 6B3, 6B4, and 6B5 are inputted to the phase information
acquirer 8A, and the phase change amount of each frequency component and

20 the distance corresponding to the amount are calculated.

Similar to the examples of Figs. 4 and 13, the reception processor 6
calculates the phase change amount of each frequency component when the
reception processor 5 is transmitting the CW (continuous carrier wave).

In the above example, the distance r is calculated on thé basis of

25 phase. However, the same can be applied to the distance measurement
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15 exam nation is nmade_as the communication area, it becones possible to
performthe ticket exiﬁination wi thout needing to prepare the gates. In this
case, the RFIDtag 1 may be installed in portable phones held by users.

In the application exanple shown in Fig. 24, when the result of

comuni cation with the RFID tag 1 shows that there is a user who is not 20
allowed to enter, it is conceivable that it is necessary to specify the

di sapproved user. In this case, by turning a nonitoring canera toward the

| ocati on of prbeeskisgmmplogithguties MESIG paetiodd by atibitiohe a0 ebhfGiilaBibn 2isSO as
to capture images of the user, it beconmes possible to specify the

di sappr oved possiblein whicts two eetdystionTsigaalsast whichvihde8N ratio ard the signal
Even in the case of the above exanple, in the conmunication system 25usi ng

RHO tag, a rhevelgétimel andf2siinats bteshighantgmsthbbe of bthHerteeeptictPsigAis e
operations is provided as the external apparatus for communicating with the

reader / wri t seléttedhandeathegdetestiommfathet phasershadge ameuatRindr tHe |edibat | on
of the nmonitoring camera. 5Fig. 25 shows an exanple of a systemin which the

conmunicat i calayaticemanesperforRiedon tee bdsis of thentwentaoeption sigzls sdleteda keyl ess
entry systemthat is suitable for autonobiles. The reader/witer 2 is
provided in the interior of an autonobile, and a user holds a key having the
RFID tag 1 incorporated therein. Wen detecting that the RFID tag 1
i ncor por at edctive REIPeTdgey hel d on 10 the user is disposed within a
prescri bed range of a space around the autonobile, the reader/witer 2
instructs to unl ock tthe amve vkampiecthea RRIDf tagiriathasnbeémedasseibedawithnl ock
the key only by approaching the autonpbile while holding the key thereon.
Even in therespactofo tthe abufiguratiempdfe the npassives comauni Aat idesscrlyed eabdve, Uusi ng
RFID tag, a managenent aE)parat us that controls and manages the | ock states
~of thd0key howeveritbie®RFID tagel maychavel thepgomfigutationoof theradtine oniel ngn thish t he
reader/witer 2.
case, the RFID tag 1 may have a configuration in which the RFID tag 1 is
provided with a battery section, a signal generator that generates the tag
response signal, and a frequency controller that is configured to transmit the
tag response signal generated by the signal generator via a plurality of
15 different carrier frequencies. In this case, it is possible to obviate the
necessity of the reader/writer 2 transmitting the R/W request signal.
Similar to the frequency controller 7A, the frequency controller of the
RFID tag 1 may be configured to set a plurality of divided periods in the
transmission period of one tag response signal such that different carrier
20 frequencies are used for each of the divided periods. Alternatively, the
frequency controller may be configured such that different carrier frequencies
are used for each transmission of the tag response signal. Further
alternatively, the carrier -frequencies may be constituted by a plurality. of
frequency components.

25
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| NDUSTRI AL APPLI CABI LI TY A di stance measuring apparatus and a
5conmuni cati on system equi pped with the tag communi cati on appar at us
according to the invention are applicable to, for exanple, the system
for inspecting and/or checking articles in circulation, the system
for use in stores for surveillance nmonitoring of products, the ticket
exam nation systemwhich is installed at places such as stations or
novi e theaters where tickets are 1l0exam ned, and the keyless entry
system Al t hough the invention has been described in detai

W t h ref er enggplication ExamblesasTiTuhmBAcation By¥ehl UBRgdtmarRgt to those
skilled in the art that various nodifications and var| ati ons can be

nmade to the above- flestr sfsifics appiitiationt exavhpled eofp s eBinmumicitioh O8ystem
wi thout departing fromthe spirit or 15scope of the invention.

Thi s appl i catding thes RFéiBethgoof fmp preseat Rattexlimepplilcbeiduschbed. Fig. 22
2005- 066298 filed March 9, 2005, the contents of which is

i ncor por at edshowsean @gamMEemfeac@nnmunmatz@ntsystany usimrdLAhNBFID Aag of the
di stance neasuring apparatus, conprising: a transmitter that
transnits a inexjliest isspgpligd ta ensystemnfasninapedtinghendiot siheeking aartlelesan
waves having a plurality of different carrier frequencies;

recei ver tha&lrcwééemve@ %ereéfﬂn'@lﬁﬂﬂwftlﬂgfhaldfﬁmf@ha isles hﬁvgmaﬂhed%'ﬂﬁd@éd
of one frane and |sdrngta| ned when the request signal transmitted from

the transmi th &tached herglq & dipnseeeed oda ¢t Piwalits Hebaly GepveydsedThe
articles having the RFID tag 1 attached thereto are also stacked on places

. apart from the belt conveyors. The readerfwriter 2 communicates with the
10 RFID fags 1 in order to inspect the articles being transported via the belt
conveyors. In this manner, it becomes possible to manage the circulation of
the articles.
In such an communication system using an RFID tag, a management
apparatus that manages the articles in circulétion is provided as the external
15 apparatus for communicating with the reader/writer 2.
In such a communication system using RFID tag, if the
communication area is not definitely defined, the system may uselessly
( communicates with the RFID tags 1 located at a position apart from the belt
conveyors, which do not need to be communicated with. To the contrary,
20 according to the communication system using RFID tag of the
present embodiment, it is possible to detect the distance to (or location of)
each RFID tag 1 by the processing of the readerfwriter 2. Accordingly, it
becomes possible o communicate with only the RFID tags 1 that need to be

communicated with.

25 According to the communication system using RFID tag of theu

present embodiment, since the distance to (or location of) each RFID tag 1 can
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a phase information acquirer that cal cul ates a phase change anount between
the reflection signaI(Leceived by the receiver and thé request signal for
each of the carrier fréquencies transmtted fi-omthe transmtter; and

a distance cal culator that cal cul ates a di stance between the antenna and the
reflector on the basis of the carrier frequencies and the phase change
anmount for each of the carrier frequencies acquired by the phase information
acquirer, wherein: t he receiver conprises a frequency converter that
converts t hepg dét;%lcvaﬂvv!tﬁfrémibél?mi?n pradisibR, (e rba?ég\'ﬂ/ﬁ{er@ge@or%§ gg%bie

the reflection signal is transmtted fromthe reflector via three or nore

di fferent caviigentifyesbekicenveysidine wherelthe FIESRg! N, itr%ﬂs%&ﬂé'&.r e
extracts, as a mniml conponent, one of the I signal and the srgnal that

has a smaller sign@niyegré inetaliafieh of thEereRicrivititel fzeq}gegﬁiﬁggptsfb'rgﬁbs two

carrier frequencies having mnimal conponents greater than t 0 | east

one of the womstruction i 6f tﬁéea@mnﬁjr@é‘atioﬁn%ymﬂﬂﬁﬁgthﬁmhﬁaﬁ H%W?’Ees unt
for each of the selected two carrier frequencies. tthe trdhsmtter

sets afpl ur dunttiorsd dh \Gthedworls, #ds ddd%siblé)% bBdiatePthd hEESIEity I nidibdrcauest
signal, and controls such that the different carrier frequencies are used

for the resgeclimitingling eehabld emge & raﬁi@m@vé§%?f%ﬁerﬁé%§§§i!¥‘tﬁg ﬁtﬁﬁagﬁr 4s as

set forth in claim1, wherein: ‘the transmitter trans quest

signal Vvia qhralify bheeadersi &id/br aititerces TheRaTeRS thetbrdih§ fter fid ft'hﬁf_
frequency conponents. 4. The distance nmeasuring apparatuS as set forth in

claim1, wheommunichtion esystsrh off theabréserh GBBaIMERROBEEhAEs Pissivlens: and
the reflection signal includes a preanble section. 5. The di stance nmeasuring
appar at us apesfermf aettfing noperation 1in vaesfhple manner regardless of instaliing
10 environment.
Fig. 23A shows an example of a system for use in stores, in which the
communication system using RFID tag of the invention is applied to a system
for surveillance monitoring of products or stored articles. In this example, a
communication area is set to a range in which articles having the RFID tag 1
15 attached thereto are naturally and originally existable. When the article is
moved out of the communic;ation area, the movement of the article is detected,
thus determining that there is a possibility that the article has been stolen.
Fig. 23B shows an exa{mple of a system in which the RFID tag communication
- system .of the invention is applied to an security system in which an RFID tag 1
20 is attached, for example, to a window or a door; and the position of the RFID
tag 1 is monitored, thereby detecting opening of the window or the door. The
construction of such an security system only requires a simple setting
operation, i.e., an operation of attaching the RFID tag 1 to a target object,

which is conventionally used. Moreover, it becomes possible to construct the

25 RFID tag communication system under various environments in a flexible
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t he di stance cal cul ator cal cul ates the di stance with high-resol ution
spectrum anal ysis. 6. The distance neasuring apparatus as set forth
in claim5, wherein: t he di stance cal culator utilizes a MJSIC
(MJtiple Signal Cassification) nethod as the high-resol ution
spectrum anal ysis, in which the reflection signal received via the
different carrier frequencies is used as an input, a MJSIC eval uation
function is obtained using a nbde vector as a function of the

di stance, and the distance is cal cul ated by obtaining peak val ues of

the Musl C eVAPIEET on function. the distance cal cul at or
cal cul ates the distance @I SQ QM. Ig\e ﬁasi S._of a rrﬁtéepti on i.ntensity of
the reflection sign&f" MERE A8 Of dhe FReVGFXAMRIEe MBS SOMMY ISR}

Control | o RED SRR rBe. (i bRRARFARRY FPida ek, PohBEFY 48" securty
fl i ' 1 i : ‘
cal cul &l od oy TREn S PIRHESY S bl of bR R SeribABl wih dhe

i nformati on piudrR@itd@da section. 9. The distance neasuring apparatus
as set forth in claim1, wherein: the di stance cal cul at or

cal cul ates the di stigngey yiow8ahy Zdangde Sb10BakydtBma P WiRdR the SECt i ON
of the reflection signal. 10. A distance neasuring nethod,

conpri si ng: communi€atiohagyetarh usitg RIFIEPtaef oftthe ifhtibh ROapblieBAH e8¢ places
signal froman antenna to the outside via radio waves having a
plurality obuch &§etativhscamaode tHaateysemiredickets are examresl. viNwgvsiagp, of
receiving a reflection signal which is obtained when the request

si gnal10t r an$iekett exhrnimatibe systars nbasadngns REDD | Egsels| widedyd fsednfar ticket
reflector while being nodul at ed, a phase information o
acqui si t i onexamnagpn dasativas.ifaginatasieas e restohgr systemn thepinkeé examination
reflection signal received in the receiving step and the_request
signal for Babgrfemeddycigadesivritars dhiahare Previdedni gates i fp tthe contrary,

transmtting step; an
gccorgf%g ?0 (iihe communication system using RFID tag of the

present embodiment, by setting the whole passage where the ticket
15 examination is made as the communication area, it becomes possible to
perform the ticket examination without neediﬁg to prepare the gates. In this

case, the RFID tag 1 may be installed in portable phones held by users.
In the application example shown in Fig. 24, when the resuit of
communication with the RFID tag 1 shows that there is a user who is not
20 allowed to enter, it is conceivable that it is necessary to specify the
disapproved user. In this case, by turning a monitoring camera toward the
location of the disapproved user, as specified by the reader/writer 2 so as fo
capture images of the user, it becomes possible o specify the disapproved

user and fo store the images as an evidence.

Even in the case of the above example, in the communication system

25 using RFID fag, a management apparatus that manages the entrance
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a distance calculating step of calculating a distance between the
antenna and the reflector on the basis of the carrier frequencies and
t he phase change anmobunt for each of the carrier frequencies acquired
in the phase information acquiring step, wherein: t he receiving
step conprises a frequency converting step of converting the received
reflection signal to an | signal and a Q signal; t he
reflection signal is transmtted fromthe reflector via three or nore
different carrier frequencies; and t he phase information
acquisition step includes: a step of extracting, as a m ni nal
conponent, one of the | signal and the Q signal that has a smaller

si gnal | evelagpesvirohpersftionads peavisied as tiguRdemakapparstusyob Fomauniaating
two carrier frequencies having mnimal conponents greater than that
of at | east vdthethef resder/sritesy2.caflhe E1anRgeqeahapearatiimgontrals dhe gapturing
acquiring the phase change anount for each of the selected two
carrier fredqperiiogoftha Moperipg s8R/ measuring method as set forth
in claim10, where

in: h i fti i fi d.
oLl 10 et oL e it B b 5 oA b en
t si | d I h that th j ff t i
et 5190k eI ERT A b B Bl H Sl £ B AR gyt
f"hSt ance megourl Eﬂitéﬂ?&.'?&da@tﬁpﬁ%ﬂei.orfﬂé #e’édgh%hfﬁr]%s SGREL T the interior
e transm tting Step IS configured to transmt thé Tequést signa

via one of thencaksnshid AaHENkPRoRATPRSPAafhg dhd FH18NLG PTED Rbratey

f requency conponents. I stance asurl nmet ho S set

in claim 10shBRr elihert Rt ﬁﬁtﬁéRFl@i%;ﬂn&ﬂﬁm_@f&Qnﬂi then@y HeBh
and the reflection signal inclTudes a preanble section. 14. Thé

di stange ne#wmirisey isedikpdses witinfarprestibedl abngyd bf whep&ddn around the
the di stance calculating step cal cul ates the distance wth
hi gh- r esol uautomatiiec tthe meadal/ystes. 2 instructs to unlock the key. With such a
configuration, the user can unlock the key only by approaching the automobile
while holding the key thereon.
Even in the case of the above example, in the communication system
16 using RFID tag, a management apparatus that conirols and manages the lock

states of the key is provided as the external apparatus for communicating with

the readerfwriter 2.
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15. The di stance neasuring nethod as set forth in claim14 wherein:
t he di stance calculating step utilizes a MUSIC (Mul tiple Signal
Classification) nethod as the high-resolution spectrumanalysis, in
which the reflection signal received via the different carrier
frequencies is used as an input, a MJSIC evaluation function is
obt ai ned using a node-vector as a function of the distance, and the
di stance i s cal cul ated by obtaining peak val ues of the MJSIC

eval uation function. 16. The di stance neasuring nethod as set forth

in claim 10, wherein: t he di stance cal cul ating step cal cul ates

t he di stance also on the basis of a reception intensity of the

refl ection signal received. 1M§§B@%ﬁ§ﬂt@ﬁﬂéﬂi ng nethod as set

forth in claim10, further conprising: a reception control step

of acquiring information in a data section of the reflection signal,

and outputting, to the outside c{.sge di stance cal cul ated by the
di stance cal cul ating step whi ch TEARETERSHING dpPRFatUSANA or mation i n

the data section. 18, The di stance asyyri % qethod as set, forth i
claim 10, wWOMITHRICEHRN (SVStSR ¢ BIUBPERI Wi nis (1a% SaMEiunicalion | pRparats

i onal 10" SRRt AR B kBBt Bif BieTEITE! oG Tot 18Tt e ST for
Feroctor ¢ IGEAuHD RS nesREberes it bdeadiine pyoe! firifdlindres
n\?aéur I Ng aRpRE@EMance monitoring of products, the ticket examination system which is

{
. installed at places such as stations or movie theaters where tickets are

10 examined, and the keyless entry system.

Although the invention has been described in detail with reference to
specific embodiments, it will be apparent to those skilled in the art that various
modifications and variations can be made to the above-described
embodiments of the present invention withi;)ut departing from the spirit or

15 scope of the invention.

This application is based on Japanese Patent application No.

2005-066298 filed March 9, 2005, the contents of which is incorporated herein

(, by reference in its entirety.
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20. A conmuni cati on system conprising: the distance neasuring
apparatus as set forth in claiml; and a managenent appar at us,
t hat nanages at | east one of articles, people, and living things that
are associated with the reflectors on the basis of a comunication
result between the distance nmeasuring apparatus and the refl ectors.

CLAIMS

1. A distance measuring apparatus, comprising:

a transmitter that transmits a request signal from an antenna to the outside via radio

waves having a plurality of different camier frequencies;

a receiver that receives a reflection signal which is a signal composed of one frame
and is obtained when the request signal transmitted from the transmitter is reflected by a

reflector while being modulated;

{ a phase information acquirer that calculates a phase change amount between the
reflection signal received by the receiver and the request signal for each of the carrier

frequencies transmitted from the transmitter; and

a distance calculator that calculates a distance betweern the anterma and the reflector
on the basis of the cairier frequencies and the phase change amount for each of the canier

frequencies acquired by the phase information acquirer, wherein:

the receiver comprises a frequency converter that converts the received reflection

signal to an [ signal and a Q signal;

{ the reflection signal is transmitted from the reflector via three or more different carrier

frequencies; and

the phase information acquirer extracts, as a minimal component, one of the I signal
and the Q signal that has a smaller signal level for each of the carrier frequencies, selects two
carrier frequencies having minimal components greater than that of at least one of the other

carrier frequencies, and acquires the phase change amount for each of the selected two carrier

frequencies.
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2. The distance measuring apparatus as set forth in claim 1, wherein:

the transmitter sets a plurality of divided periods in a period for transmitting one
request signal, and controls such that the different carrier frequencies are used for the

respective divided periods.
3. The distance measuring apparatus as set forth in claim 1, wherein:

the transmitter transmits the request signal via one of the carrier frequencies

composed of different cartier frequency components.
4, The distance measuring apparatus as set forth in claim 1, wherein:

the request signal is a signal composed of one frame; and

the reflection signal includes a preamble section.
5. The distance measuring apparatus as set forth in claim 1, wherein:

the distance calculator calculates the distance with high-resolution spectrum analysis.
6. The distance measuring apparatus as set forth in claim 5, wherein:

the distance calculator utilizes a MUSIC (MUItiple Signal Classification) method as
the high-resolution spectrum analysis, in which the reflection signal received via the different
carrier frequencies is used as an input, a MUSIC evaluation function is obtained using a mode

vector ag a function of the distance, and the distance is calculated by obtaining peak values of

the MUSIC evaluation function.
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7. The distance measuring apparatus as set forth in claim 1, wherein:

the distance calculator calculates the distance also on the basis of a reception intensity

of the reflection signali received.
8. The distance measuring apparatus as set forth i claim 1, farther comprising:

a reception controller that acquires information in a data section of the reflection

signal, and outputs, to the outside, the distance calculated by the distance calculator which is

associated with the information in the data section.
9, The distance measuring apparatus as set forth in claim 1, wherein:

the distance calculator calculates the distance by analyzing a signal in a preamble

section of the reflection signal.
10. A distance measuring method, comprising:

a transmitting step of transmitting a request signal from an antenna to the outside via

radio waves having a plurality of different carrier frequencies;

a receiving step of receiving a reflection signal which is obtained when the request

signal transmitted in the fransmitting step is reflected from a reflector while being modulated;

a phase information acquisition step of calculating a phase change amount between
the reflection signal received in the receiving step and the request signal for each of the

carrier frequencies transmitted in the transmitting step; and

a distance calculating step of calculating a distance between the antenna and the
reflector on the basis of the carrier frequencies and the phase change amount for each of the

carrier frequencies acquired in the phase information acquiring step, wherein:

the receiving step comprises a frequency converting step of converting the received

reflection signal to an I signal and a Q signal;
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the reflection signal is transmitted from the reflector via three or more different carrier

frequencies; and

the phase information acquisttion step includes: a step of extracting, as a minimal
component, one of the I signal and the Q signal that has a smaller signal level for each of the
carrier frequencies, a step of selecting two carrier frequencies having minimal components
greater than that of at least one of the other carrier frequencies, and a step of acquiring the

phase change amount for each of the selected two carrier frequencies.
11.  The distance measuring method as set forth in claim 10, wherein:

the transmitting step is configured to set a plurality of divided periods in a period for
transmitting one request signal, and to control such that the different carrier frequencies are

used for the respective divided periods.

12 The distance measuring method as set forth in claim 10, wherein:

-

the transmitting step is configured to transmit the request signal via one of the carrier

frequencies composed of different carrier frequency components.

13.  The distance measuring method as set forth in claim 10, wherein:
the request is a signal composed of one frame; and
the reflection signal includes a preamble section.

14.  The distance measuring method as set forth in ¢laim 10, wherein:

the distance calculating step calculates the distance with high-resolution spectrum

analysis.
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15, The distance measuring method as set forth in claim 14 wherein;

“the di'sta.nce caicul'afting step utilizes a MUSIC (Multiple Signal Classification)
meﬂ}od as _the h1g%1—1‘esol_ut10n spectrum analysis, in which the reflection signal
received via the different carrier frequencies is used as an input, a MUSIC evaluation

ﬁ}nction 'is obtained using a mode vector as a function of the distance, and the
distance is calculated by obtaining peak values of the MUSIC evaluation function.

16.  The distance measuring method as set forth in elaim 10, wherein:

the distance calculating step calculates the distance also on the basis of a reception

intensity of the reflection signal received.
17.  The distance measuring method as set forth in claim 10, further comprising:

a reception control step of acquiring information in a data section of the
reflection signal, and outputting, to the outside, the distance calculated by the distance.
calculating step which is associated with the information in the data section.

18.  The distance measuring method as set forth in claim 10, wherein:

the distance calculating step calculates the distance by analyzing a signal in a

preamble section of the request signal.
19. A communication system, comprising:
the distance measuring apparatus as set forth in claim 1; and

at least one reflector that performs wireless communication with the distance

measuring apparatus.
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20. A communication system, comprising:
the distance measuring apparatus as set forth in c¢laim 1; and
a management apparatus, that manages at Jeast one of articles, people, and living

things that are associated with the reflectors on the basis of a communication result between

the distance measuring apparatus and the reflectors.
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