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DESCRIPTION LI~~L1Errerrrrrrrrrrrrrrrrri~~reretr i
*159159* D §TANCE MEASURI NG APPARATUS, DI STAANCE

MEASURI NG METHOD, REFLECTOR, AND COVMUNI CATI'ON SYSTEM
5 TECHNI CAL FI ELD The present invention relates to a

di stance neasuri ng apparatus, a distance neasuring

nmet hod, a reflector, and a comuni cati on Systeny which

10 performw rel ess conmuni cation with a refl ' I

radi 0 waves. BACKGROUND ABESBRIPTION, RFID (Rm”wmm Iﬂ”[mmm
Frequency ldentification) tags (wWreless tags

have been wi dely used. The RFID tags are used as &%
substitute for barcodes. The RFID tags are gathering
pBISTANGE MEASURING APPARATIS| DISTANCEIMEASURING METHOD,
and are expected to spread widely in the near future.

Present |y, aREELECIQRNANDEOMMUNICATION SYSTEMe
RFI D 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. Anong these bands,

radi o waves usi ng the URECHMECAL FIEA® 2. 45 GHz band

are advant ageous over radio waves using the 13.56 MHz
inthat it is easy to increase a conmuni cation range.

In addition, the UHF band radi o waves are advant ageous

over thdhe presant inentionartlatesdoea distanbatmeasuringeapparatus, a
to go behind the object. For this 25 reason, RFID tags
aigtaneadeeasuing: methedng reflectoriFanthadcoraniunicationssystem, which
T 0 treerer reervierr verrveer veer e reet
@Erformowvireless agsmynigation wyithda reflectdrevia aadioofaves. ng

the UHF band radi o waves, it is possible to

BACKGROUND ART

Recently, RFID (Radio Frequency Identification) tags (wireless tags)
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
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

reason, RFID tags and reader/writers using the UHF band radio waves are

: WM
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I ncrease the. comuni cabl e di stance betvveen t he
reader/vvrltér and a wreless tag from seve(al ten
centineters to several neters, conpared to the case of
5 using the 13.55 MHz band radi o waves which are
wi dely used at present. Accordingly, by utilizing the
UHF band radi o waves, it becomes possible to
relatively greatly increase a comruni cati on area which
iéewgﬂﬂﬁ%ﬂechrea in which the reader/witer can
conmuni cate with the wireless tags. Meanwhile, in
order tonetha gase afhesingcthei biffobanteradio vavess it tisigassible to
10 has been suggested a technol ogy for neasuring the
dinsreasecthectammunicable distanceabetwenrn thecreadenwriter and a wireless
station in conmunication with the RFID tags. As an
elagnfipe severattatorenymeters towreveralvihetens acnpared to tid case of
base stations receive signals froman active IC tag
aﬁs'ﬂﬁethRFﬂ®5t5aMHialb@nﬂh@Cg¢ vavasewhichaate widelyt used it present.
the active I1C tag are estimated on the basis of the
r BEEdingly, stP)gNm'%inQHhﬁrUhﬂFt hand gadipewages.ail. becornés possible to
exarrpl e, the distance between each of the base
gierflvt Mcraase i cpmmunjcation: erearavhich da a rspatial area in
baslwg of the signal intensity of the reception
wh |t5eﬁ¢e¢@ﬁ/watea@anmmrnuﬂ@gte withthe wireléss tagst ance
estimatign is performed by utilizing correlation '
bet ween Mﬂ%nWB'l%ﬁf‘leﬁeE tgﬁ@tlmatﬁﬁl@mg@qqtioamf theeRFID tags, there
d| st nce. Also .is known a nmethod in which by preparing
Bssyggentad & teghnglogidon measuong i thekdistance between the
S%E[@l S are recei ved, sjnultaneously fromthe active
gshand RecQIBBBIICaliGNN%tation i comanynication witbthe RFID tags.
bet ween receiving timngs for the respective signals,
7 SR R W08 5 Konoei whichea sluralily PC besg, stations
As shown | ese Pat e ubl i cation No.
B E el ok 2 AE Shottcrs s BRI 120, A7hine distance to and
X naf referr at ent Docunent |
q?" %{weég t@arﬁFﬁrﬁ 'mtsﬂ %ﬁgﬁé}ﬂsv%o eclicgRtion signals

&Sﬁa@. né&af.ef é% iﬁ%%%%ni@gfﬁweamsts' " Bgfusen @eh of the
gtgﬁesﬁngféggﬁs Oz;ncp e | ntl& aré Fsogg fima ednget?let gassaof 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

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

(published on March 11, 2004; hereinafter will be referred to as Patent
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by superinposing the two signals onto each other is

count ed, th& eby 5. estinmating the distange between

the interrogator 36 and the RF tag 38. DI SCCOSURE OF

THE I NVENTION Problemto be Solved by the Invention

10 Al though the RFID comuni cation systemusing the

UHF band radi o waves enables a | ong distance

comuni cation, it becomes possible to wuselessly

cDocumenit’y disclosesnaRRMcorgnumisatiors systeat #lwhish amamerrogator
and does not need to be communi cated with. Thus,

t B6ras arreagdeothnsmits sigrizts 40smid242 haviry difereégsirédguencies to an
performed to the RFID tag, and the response

pBFf tagr3s candL themaymber dehell poirds édcombimdeaves thitrre bbtained
by multiple paths. In order to solve such problens, a

nky heuperimpbsingothesitwed signaléi oitobyeaghl othergis fedunted, thereby
reader/witer to calculate the distance to each RFID

t egfimating K@ distarge hétweenthe intdrrbgatoniJ6earid:the RF tag 38.
processes such as analysis or rewiting of the data

section are chosen. The prior nethod of calculating

t he di stance between the 20 reader/witer and the

RFI D tag has the DISCIOQBUREOHTHEEINVENTIONt he

estimati on of the distance based on the signal

intensity of the reception signals fromthe RFID tag

or the delay tinme results in a |l ow neasurenent
preabilemdn.berSelvpd dyi tbednvention nabl e from t he above

di stance estimation is actually about in the range of :
1 net er Althaughethel RRtD eommimication systepi asingtthe UHF band radio
applied to a distribution managenent system such
praves i enables 3 long wdlistapeenccoroaiunidationa ihi béeomes possible to
di stance neasurenent precision is required. In the

tussiessly gpmindnicateawith anfRE Ehtagthat islocated fir mnayt dred does not
di stance is estimated by counting the nunber of null

g¥ed doibe tqqmragwgawgdm%veg’ hushthergedarepproblems in that useless
super i nposi ng the two si %Qé' havi ng di fferent

fRTegessege areprrfomadstofae RRID tag, canch ke vesponssoperformance

pr eci si 8n. More specifically, according to
may be deteriorated by being influénced 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
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

example, when applied to a distribution management system, such precision is
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the exanpl e described in Paragraph [0025] of Patent

Docunent 1,(\/\,hen a first signal of 880 MHA and a

second signal of 881 Miz were used, a first null point

was found at a position |ocated about 37.5 neters from

the interrogator 36 and additional null points were

found every 75 neters fromthe first null point. For

10 exanple, if three null points were found between

t het practicalobut a higher aistahte medsuterpeBprecisiore i iotired.

di stance between the interrogator 36 and the RF tag

38 i s irintthe teanplogy distfosedniat RatenbDa6@mentdt €ince the distance
Therefore, 75 neter is an error range. |In the case of
oiscestirated b cnuritingl thepauhber rafdhgll poiislin theycombined waves
propagate to the |onger distance, and thus the :
ceblainest bydsupatimposing thectwe sigrial didvirg alifferenbfréquencies, the
actual distance to the RFID tag. As shown in Fig. 27,
EdistBge3astinatedr bas aene poor Igrebisionef doredspecifically, according to
Pat ent Docunent 2) discloses a comruni cation apparatus

1the exannpleidasicebed yn Pacagraph{@025] ofi RateaDBEUMenad, when a first

-Refl ection Mlir?nals fromthe RFID tag are received

t sigaakef 880 binzand asecond signm!iof B84 MHalveerenysed, acfirst null point
froma circulator 20 92 and carrier signals inputted
fwasnfeund atalpesitiondocated abosip3i7t5 met@s frora thenimtermogatst 36 and
by m xers 100 and 102 to generate an | signal and an Q
sadgitionalandl paints' wenedound davean @5 phetees front the first null point.  For
reflection signals fromthe RFID tag are cal cul ated
aexamplep fstheee null pwints anerefasingnbétweenl the interdogatbn$6dand the
a_nmethod of calculating the distance to the RFID tag
byF 139 3§, the eptimatedidistancerheiweenviberinter®gater 3Bandehe RF tag
signals and the reflection signals fromthe RFID tag.
43%_5 0 thecranagesehi87.Aveetarde 2625 oetermatieerefore, @& mieter is an
such problens, and an object of the inventionis to
R @0ag- il the CasreefsesGuitenespel multiple pathis stagie signals may
d, and a communi cati on system capabl e

drrﬁ 33%&%@%93%5&9%%@@%@@ thysstheccalellate distanpe miay hecome
Bt fle e paaianeado finBF RS at us, o di ot ance

As shown in Fig. 27, EP1239634A2 (hereinafter will be referred to as
Patent Document 2) discloses a communication apparatus i38 that wirelessly
communicates with an RFID tag. Reflection signéls from the RFID tag are
received through an antenna 140, reception signals inputted from a circulator
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

the carrier signals and the reflection signals from the RFID tag.
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nmeasuri ng net hod, a novabl e nenber and a comruni cation
system capa@ e of enabling to neasure the @Ii stance to

tags w thout using special RFID tags. How fo Sol ve

the Problens 10 In order to solve the problens, a

di stance neasuring apparatus according to the

invention is characterized by conprising: a

transmtter, that transmts a request signal, which is

a si gnal The prgseiddnygntionchas been maderimuieanobsueh problems, and
the outside via radjo waves having a plurality of

dantehiesk ot dhe ilayertioagise i peevide 52 slistanes veeasuring apparatus, a
receives a reflection signal which is a signal
cdisfancedmeasurieg methed.aand asosymunicationisystenh capabjeftenabling
signal transmtted fromthe transmtter is reflected

blp meastre the disingetar BFHG tagswith bigh. precisierse Another object of
i nformation acquirer, that calcul ates an amount of

pthgs dnveriiongds g@t REQ¥ide ha distanse: inveasuringalapparatlsed  distance
by the receiver and the request 20 signal for each of

t MeasHrng apethpdgadneyabie member andd commurnieation system capable
transmtter; and a distance cal cul ator, that )

c@fl enaklingdomeasyraibe distangeto tags withaut nsingsspedialRFID tags.
reflector on the basis of the carrier frequencies and

t he phase change anount for each of the carrier

frequenci es acqui red by the phase infornation
a'dawﬂpg’fql\/@@%@r@'emse reflector is an RFID tag that

Is equipped with an IC for 5 wreless comunication,

a st oragg, 0'5%5 ton soiMec iy Preklems.ca distance mpeasuringg apparatus
i ncl ude 3 Rﬁlssi ve RFI.D La t hat does not. have a power
Sfofeing fering dnvendippds chaigetarizedby¢comurisiadby dr awi ng
energy fromradi,o waves transmtted from a L )
reader / & itfaéTs,m'ﬁﬁh\gﬁ}?érﬁ‘%’r‘?H‘ﬁ@ i eauest sighatuwhighiisna signal

wth the, reader/wite 5 and an active RFI.D tag that,
B QR A, Ty 3pfeanp. 1oyt Oytiide e fadio waves

R LA B B Ry ePEB LT o LSt anee

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
change 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 between the antenna
and the reflector on the basis of the carrier frequencies and the phase change
amou.nt for each of the carrier frequencies acquired by the phase information
acquirer.

Here, the reflector is an RFID tag that is equipped with an IC for
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characterized by conprising: a transmtting_step of
transmtti a request signal, whichis a {ignal 10
conposed of one franme, froman antenna to the outside

via radio waves having a plurality of different

carrier frequencies; a receiving step of receiving a
reflection signals which is a signal conposed of one

frame and is obtained when the request signa

t walessteasamunicatins, arstarage, tandgas antenna.r Exaroples of the RFID
froma reflector while being nodul ated; 15 a phase

i tegoingideoa Rasgives RFilBtagttbpt dbes aiat have agpawerasounce such as
of phase change between the reflection signa

r bafterycapenateseireuitsdhy, trayving @nergyifrorheadie suaves teirgmaitted from
for each of the carrier frequencies transmtted in the

t @ paderwiite thus pertonming wirstessonumboigation wjths thepresder/writer,
cal cul ating a _di stance between the .20 antenna and

t@Rd a8 aetiteoRFYA tagdhatibas apowre seurae such aschatteryesAlso, the
and the phase change anount for each of the carrier
fREIR &g may havglits ewniuniqueelDp infernatioft. or mat i on

acquiring step. According to the above-nenti oned

conf i gurat AistAnged . measyeng i method c @ecpeing d te o thec éiveation s
the reflection signal that is transmtted fromthe
r@iaraetedzed by GAMPHESIRY:.ural ity of different carrier
frequencies. The reflection signal transmtted 6 via

t he pl uraatrammﬂtmgn%%pémanéam%ngra fempstsignal, which is a signal
different phase states that differ for each of the
GAPPRYed of R diamae.dEgEh @mgntannanto dheteutsidepiaweadio waves
the reflectgr t transmtted the reflection signa

Ayinga Rir '%@&%@%PPH{?T fresyengiess. 5 According to

t he above- nent.i oned cqpfigunation and method, the )
phase clRafRREYASHEP P fareiviag |2 ceflestios; gigapls which is a signal

SR bESnSRAIShal K ob et VSRR R simitea
glﬁ% E%W%g@énlﬁttgs %rgtfﬁg:tegcgfr{)r:n:qr refffeec W cllieet“i’t.i:‘inlg nmct)g ll.l I%ted;

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
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; |

Accordihg to the above-mentioned configuration and method, it is

configured to receive the reflection signal that is transmitted from the reflector

via a plurality of different carrier frequencies. The reflection signal transmitted
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frequenci es _and the phase change amount of the signal
transnittedivia the 10 plurality of carrier
frequencies, it beconmes possible to calculate the _
distance wth high precision, which will be described
in detail later. In other words, according to
above-nenti oned configuration and nethod, it is

possible to provide a di stance measuring appar at us

cvpdbeeplyralifa bt differenlycamier dieguencies has differerit phase states that
preci sion and hi gh accuracy. 15 According to the

adiffen fiereeaeh ofi the gasfigafraquencies dependingnon dhe distanbe between
above configuration, the transmtter nmay set a

piher egflector d%aﬂtfana@mqibthemﬁﬂactioa signaliasdl fher distance measuring
transmtting one request signal, and may control such
t#RRargies. different carrier frequencies are used for

the respective divided periods. According to the

di st ancAGaeEdingi Hy thet abevesmentioned veonfigunatiom aride meéthod, the
above nethod, the transmtting step may be confi gured

tRhas& change amount obthe rgflectienisigoal isdcacquired foeeachl of the carrier
transmtting one request signal, and to control such
tfrequenciesipnddhedistaaceiis caloulaied o e hasisuefetief phase change
the respective divided periods. According to the
ABodohandi hecgadishf freauendies dndthisicase, bynacquigng the carrier
request ;signal is transmtted via different carrier
ffreqppnciese andtheapitass chaege anmpunt of; thedsignpk trapemitted via the
this case, the reflection signal is also transmtted
Rluralify pf saBiRr fraquengies,rib beeaniesspossiklecte ealculate the distance
di vi g@} periods. Accordingly, the distance cal cul ator

ywth PEecisione whick will heydescrieediin tdgtaik lajgr.  In other words,
anal yzing the signal states _of one reflection signals
fascoEdipg tor appyednentipned,spnfiadration andtmethagoritisis pessible to
di st.ance n be calculated only by transpmtting and/or
RUBUAG, A AISABCE dHRESYING GRRATalits cRable.f calquiting the distance

S B SR B R BB ot veos the
gglsf:ﬁrg %Slﬁﬁrlflg,?éi%@i@fécn%%rr%ieggtlﬂﬁg iaépair%tlf)sog tihgliﬁvér?tion, 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

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

request signal is transmitted via different carrier frequencies in each of the
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wi t hout deteriorating the conmunication efficiency. 10

Accor di ng t@—the di stance neasuri ng apparaﬂﬁs of the
invention, I'n the above configuration, the"

transmtter may transmt the request signal via one of

the carrier frequencies conposed of different carrier
frequency conponents. According to the distance

measuring nethod of the invention, in the above

nidivided perieds.r alins thist ¢ane, stheprefiection signali isuatsd transmitted via
transmt the request 15 signal via one of the carrier

f difgiam asder iapuenrcies fin diacheofcthe disidedeperiddsequcmydingly, the
cqngfnents. According to the above-nentioned
cdstaingarealedatairkecames wossible to ealoedatesthgndistarce by analyzing
transmtted via one carrier frequencies conposed of
dherdgealt statagr of ene refieptioncsignalsfoneack of ithetdivided qrariods. In
the reflection signal is also 20 transnmitted via one

ether avordse fhiendistance mans b¢ ealcylatedrenly byr trassmitting and/or
frequency conponents. Accordingly, the distance

JdECeVINg enepeeqiiast siarali aned ane refigationasignahe Thus,aitcleecomes
by anal yzing the signal states of one reflection

fassihle tior redugen the nuraber ofjsignal eempumications! requitesr for the
words, the di stance can be calculated only by
tistanae t ¢alawlatinny oAqoerdinglyndt éhdossipledo calgnlateathe distance
one 25 reflection signal. Thus, it becones possible to
athu deferiorating they commynication efficiepeymuni cat i ons

required for the distance cal culation. Accordingly, it

is pos$iosPHing te e distance: meastringapraratusefthe invention, in the
deteriorating. the communication efficiency. According
APVRLUNGUEQD, the, fransmittergpay dransmit thenequestaignahvia one of
hﬁ the. 5 above, configuration, the reflection signa

§ cRHierfisauanciescqrpaesadhef diferast carrienfragueancycasponents.

Irrg][ gr %Hcgﬁ%?égg&&{:%%%{;ggﬁﬁﬁﬁgégmg? ﬁ]ﬁaj{'g/@ntion, in the
BB BNRE S Sl S B ST spngmit e request
%rigensa?rl/ige%n%r iotfe{I'ileoncafnglér 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
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

reflection signal. Thus, it becomes possible to reduce the number of signal
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calcul ating the distance, fromsignals of the carrier
frequenci e§. 10 According to the distance (Tﬁasuri ng
nmet hod of the invention, in the above nethod, the
reflection signal nmay be transmitted fromthe
reflector via three or nore different carrier

-frequencies. The phase information acquirer may

acqui re the phase change anount by sel ecting signals
otornmurieationsr requirlifocithe distange ddcdtion.at @ecofdifgly, it is
satisfy a prescribed criterion for 15 calculating the
dpessibleeto foatoulategtie dlisthncdavitriouti detefioRAingn e Tonh@nication
case nay be considered in which depending on carrier
fefigeeaocyi es, the reflection signal may have a signal

state that is not suitable for the distance

cal cul atAcoording to dhe distamse measufing apparates 6Lty invention, in the
mul tiple paths of the reflection signal. To the

catraveaconfigurationdithg refledtion signslemeamiie wassmided from the reflector
configuration and nethod, the signals of two carrier

fviaqthreei es mibrevhdiffereritecasiegnfrieqaéndies sathesfphage information
prescribed criterion for the distance cal cul ation are
satqelines dnay @nqsirgrthesplidse lchargeramourt, byliskiewtiagt signals of two
carrier frequencies, and the phase change anmount Is

arder equenciae haxingssighal states whidhssatisbcarptesegribed tiiterion for
is possible to increase the detection precision of the
malcidating thredistanget froabsignalst dfithe carrierdrezpmacidse

preci sion of the distance calculation. 9 C In the

above cdacodingitodhe distande sheasiwingeamtinachgf dhpe dmvantion, in the
of the invention may further conprise a frequency _
ahover method, Hhe rplledtiomsignal imaygbetransmitied fromrthe reflector via
processing with respect to the reflection signal

theas pednoreTdifferendocarniey fraguweaciesr g phaseeinfotrhation acquirer
reflection signal to an | signal and a 5 Q signal. In

tMRY Asaurenthe, phase changeaagount Ly selegting tdigaialsf oft hweo carrier
invention nay further conprise a frequency converting
Jrequencigse haying rignalt plader nwbichc satiefy sroprescsibedsicriterion for
vvi‘h res %ct to the reflection signal received. The

ca culatlndo 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 reflection signal. To the contrary, according to the above-mentioned
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

and thus to increase the precision of the distance calculation.
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frequency converting step converts the reflection

signals to@n | signal and a Q 10 signal. @ccordi ng

to the above-nentioned configuration and nethod, the
reflection signal received is subjected to frequency
conversion by being converted to the |I signal and the

Q signal. Accordingly, it becones easy to detect the

phase. 15 According to the distance neasuring

appar at ul the abeveé copfiguration,i thet distarmeomeasuring apparatus of the
configuration, the distance cal culator may cal cul ate

t inyeotien amay further hoghpnisss a Uréqurersye convertanathati performs a
According to the distance neasuring nmethod of the

i frequenaynconversioa prabessingwtithorbspebttadihet refieetion signal received.
calculating step may cal cul ate the distance with 20

hiT be frasienay iconve fier mayncanveirtythiesreflEctiore signah & by, | sigreal and a
hi gh-resol uti on spectrum anal ysis has been used for

t Qesign@lpose of estimating direction of arrival of

radi o waves by receiving, as an input, reception

si gnal s Indbeiabmyetmethoghthe distanakimgasiriranietingd of the invention
elenents. To the contrary, according to the

abeyfuRbat icompriseoaffregueacy monxeadingestepdof Aérfommaing a frequency
appl i cati on nodel of the high-resolution spectrum

aPRIVEEsIoN| prasgesaiggdwith respect @ ubienteflection esigpali ceceived. The
signal of each of the carrier frequencies as a
stigauenayteorverting atepreanyertsdhe sefigctionrsigeals dd anhirsignal and a Q
the antenna el enents, used in the conventional

h$igRal esol uti on spectrum anal ysis for estimation of

the direction of arrival. 5 In such a high-resol ution
spect r uf\GEREding; to the rakoveameationed canfiguratidro@ndametbod, the
cal cul ated on the basis of the nost |ikely val ues,

edaciion tsignalc seceived dscauvbjesled &0 fiequendye coaversjon tby being
i%@oossi bl e to exclude the distance associated with
1gR0verted; tor thephsigaal apeh the{Qisignalt i decordingly.hié begemes, easy to

detect the phase.

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
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,

the application model of the high-resolution spectrum analysis is changed by
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according to the above-nentioned configuration and

met hod, it @s_ possi ble to 10 cal cul ate the(distance

wi th high accuracy even in the occurrence of multiple

paths. According to the distance nmeasuring apparatus

of the invention, in the above configuration, the

di stance calculator may utilize a MJUSIC (MJ tiple

Slgnal Cassification) method as the high-resolution
spsiogrthenreception signahofieackhotthet dwrrieefrequéncies Sisgnslibstitute for
received via the different carrier frequencies is used
atheamecention, signalusceivedathraugirtheuantenma efemétts] need in the
using a node vector as a function of the distance, '
agenventionakhighgesokitionIspettiumdannalysib far estinatipradf the direction of
val ues of the MJSIC eval uation function. In the

adiival.ment i oned configuration, the distance nmeasuring

20 apparatus of the invention may be configured such

t hat t hdndistichn@e highcesclution spedtiuras aaaly®isS| €ince values for
(MJ tiple Slgnal O assification) nethod as the '
hesgfimatierorcan i%@maitpdateldmn thenbgsis ©f thermadst tikelyhvalues, even in the
reflection signal received via the plurality of

d¢dgee o mccueente roff meliiplen paths, i it isipodsine 40 exciude die distance
the MUSIC nethod; and an MJSI C eval uation function is
drssogiaiedswith theronultiple: tpathaisfrom gonsideratiom. of It hether words,
di stance to obtain peak val ues of the MJSIC eval uation
1acqordings tenibei above-mentibped gonfigarationp and metbodnités possible to
According to the distance neasuring nethod of the
i@@ﬂat%ﬂ)e distange withohigh eedusacy eken di ¢haransurrence of multiple
cal culator may utilize a MUSIC (MU tiple Signal

@aBsi fi cation) nethod as the high-resol ution spectrum

anal ysis, in which the 5 reflection signal received

vi a t he Afcordingde thexdistasnces megawring spparatussefithesnwention, in the

i nput, an_.MJS|.C eval uati on function is obtained using )
AtiRYe: coRtgAtioR, fe distance caljulatae rary iiize 2 AMESIGAMUItiple

?ﬁgk%ﬂgﬁégqéﬁﬁ : %\%ﬁgqgﬁ)éqogﬁ; | hqgt?-%egcﬁ&tllgon Vs?)le%(tarimOfanalysis, in
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
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

a function of the distance to obtain peak values of the MUSIC evaluation
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Al t hough the MJSI C eval uation function generally has
only one peék 10 value, in the case of ocgurrence of
mul tiple paths, a plurality of peak values ~may exist.
Even in such a case, because the distance
corresponding to the multiple paths is |onger than

- the distance that should be cal cul ated, by selecting

the shortest of the distances corresponding to the

pBuetion; thesebiscalpelating shexdistance. be cal cul ated, it

beconmes possible to calculate the distance with 15

hi gh acdeeidingAectheddistpnce measuring methodedsheiingention, in the
apparatus of the invention, in the above

cabeveyniethpdnthe: dHistanast ealculater mayantdizerayMUSIC (MU IEple Signal
the di stance also on the basis of a reception

i Glassificatiopy method @b thet high-resolntion rspestrued analysis: dh mehich the
to the distance neasuring nethod of the invention, in

t Iedlection signal reseived, viatthe diffetentearder freqaencigssiseysed as an
may cal cul ate the distance on the basis of a
rigpdhtan MUSI@ revalyation funstipafiscehtaineds ugingl armode wattor as a
According to the above-mentioned configuration and

nENRERN dfhthe distances cand; thel disteacedisataloulated ty bhtiining peak
of the reception intensity of the reflection signal.

Waldes atthe '§||U§|§ ‘fﬂ&'H%ﬂqFﬂ{Jn@\‘IO'ﬂi stance val ue

candi dates, for 25 instance, by taking the reception

i nt ensi Athonigh the MUSE avabiation: fupetiemaenerstly fwassomnly one peak
to select the correct distance and thus to calcul ate

VAU i5: theceas of ocaurenss ghanultiplepatby. alpiurality abpeak values

configuration, the distance nmeasuring apparatus of the

iM% ﬁ%i%n Eﬂ?"f'u SUGBra €38 becauser thecdisiansecenirespianding to the
that. acquires information 5 in a data section of the
rrgpftng& ﬂaghgi lgn&ngegﬁbaaump@ma@ tthat @hoyildjet;e taadculated, by
Sefeding: e ShirRt pEheidsess Goraberniing thiiko pralvales as the
i 5 A0 h oo B bl o A1S5ce i
ﬁ%%héﬁag*r?ﬁegthgpacontroI step of acquiring

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
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

instance, by taking the reception intensity into consideration, it becomes
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10 section of the reflection signal, and outputting,
to the outgide, the distance information cdlcul ated by
t he di stance cal cul ator which is associated with the
information in the data section. According to the
above-nentioned configuration and nethod, the
information in the data section included in the
reflection signal gives 15 infornmation that

| gesdiblel ©Ssdlbet ﬂh@fé&?é&rdlétaﬁ&e tanaNhis (tbeshiédISte the distance with
reflection signal, for instance. The reception

Calichigieer adiﬁ?é(t ies the distance information
nmeasured by the distance cal cul ator and the

i nf or matihathel ébd\)éec@i@ﬁg'tréﬁc?ﬁ 1188 divfained Mmess@hRPabpheflus of the

with each other. Accordingly, even when the distance

ningentiom hayPiunthel eempPRBLE idtebasn \Wohttoflerd thét douire8finformation
reflectors, it becomes 20 possible to distinguish the

dinShaﬂél%Sséﬂldri‘l@f rthe! Rffeefion sighdll dnddobiputd et itivd ifiside, the
measuring apparatus of the invention, in the above

c@usfar@@rmfdrmatnohftsal@hléfe@lnwtw@Hrslt&r%@&alemétdmﬁiéheusaassocuated
direction that the reflector that has transmtted

rwith ¢ieé irdormsatimein the dats 8éetibn.on the basis of the
reflection signal. 25 According to the distance

measur i rg thetabode ohethbd, thevdistanes. measuriiy n%&_oﬁthe invention
above met hod, the distance cal cul ati ng step may

nmay farther cbmpﬂse arretéyptiort bentrdl eteeof acquifing iffafmation in a data
transmtted the reflection signal is |ocated, on the

bseitionodf thee refiedtionc signal, sargh autpudtingr o e tdmtélbé the distance
above-nentioned configuration and nethod, it

hiaformatioposaicidhted: by ithke alisthyce balcdlatecivhivh isf aémted with the
where the reflector exists along with the distance to

tinformattibadn the datacsedliongl y, it becones possible to
identify the | ocation where the reflector exists.
Accor di igcordingetoditle catmyerpastioned) comfiguestion ahdt heethod, the
invention, in the above configuration, the distance
diafasuatioor imathec alatal seetiarheindiugedndre tlnp reflection signal gives
information that identifies the reflector that transmitted the reerctlon 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
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.

According to the distance measuring method of the invention, in the
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reflection (signal. According to the distande neasuri ng
met hod of the invention, in the above nethod, the

di stance cal cul ating step may cal cul ate the di stance
by analyzing a signal in a preanble section of the
reflection signal. According to the above-nentioned
configuration and nethod, the 15 distance is

cah&ve %&ﬁo@ytl‘%”@ig cBgcéI&ﬁa gﬁﬂg\%l Hﬂ%}’ M8§§%%a$§g%5 fion that the

section o ection si

S, SR BE S ) B 44 g B b rve

d nt that is conmon to all reflectors based
F—gf%ﬁgsga standard (EPC, for exanple). Therefore,

the |.enghfsor an ot he HeaBYve- rﬁ@ﬁflbr?ébo?né uratﬁcp'gc rgcfemethod it

20 for signals~that are received

tbé’éorﬁag' sible W@nﬂbﬁth'éodlré?ﬁ‘ BECHf%H} vgﬂ@?é the reflector exists

anal ysi s |n an assured nmanner ecause Signal s

t BB ngPNeRThe %lftﬁﬁf:% ?g tﬁﬁereﬁéétot heAécf%ﬂEm |tb8§{:7ﬂﬁ§s possible to

p033|ble to ca di st ance eve when

s.uangfgahaaécé}ma% m%tr%ﬂeéter Bxigtgrodul ation. The

respective nenbers in contmuni cati on appar at us

of the ﬂ&dr&\‘:@%'tﬁé‘di@é‘né@ﬂeﬁ@hh qgeBéré’luggf‘ﬁiz% i 89{'&1’ in the

this case, theYinvention may be rea

Catisie @;ohﬂgu 1EBBR U teé dl&aﬁéé CéHI@uIQtotr %a?oﬁgﬂﬂma@tth? .ndistance by

program at operates the computer as-t respec

NEiEipsiAg a%néﬁél' iR SreaPMNe'sBLfich Bﬂh‘eﬂ%ﬂb@ﬁ@r‘i‘%

ig?\%l's
characterized by conprising: a signal gener

gener at @ccrdifg! t8Cthedising8 aheadttirig iethéd %f Qﬁé‘llnve%tlon in the
conposed of one frame, froma requést signal

tav@Thidthed f framdidienél %bﬁ:‘“ufeﬂmg”@@?quWcélEﬁﬁtéttHé &btance by
the invention; and a frequency control I'er

taraiying @ Siealiinfa mreanible SbacH oDRRaEAREbN Siynhhe

signal generator via a plurality of different carrier

f requendiazerding ctor dher Caiavetmentibimed -doMfiguftitRfh and method, the
confi guratl on, the reflection signal

distance is calculated by analyzing the signal in the preamble section of the

10 anal yzi né_'a signal in a preanble section of the

reflection signal. Here, the preamble section represents the data indicating
the start of the reflection signal and is composed of a prescribed data
component that is common tb all reflectors based on the same standard (EPC,
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 m.odulation.

The respective members in the tag communication apparatus of the

invention may be realized by a computer. In this case, the invention may be
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di st ance asuring apparatus of the invent{ion, thus
maki ng t he di stance nmeasuring apparatus possible to
cal cul ate 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

1redlized sy chusingohe tempetsr Bl BXédute 3 tag COMMURICAUSA program
that the different carrier frequencies are used for

t theat opeRates ithe computsich i regecthecbribagst o t he

above-nmentioned configuration, the distance can be

cal cul at&deflgttor &8cording1Bithé iM@ntos is BharaetdrizedshyPBénprising:
Thus, it becomes possible to reduce the nunmber of

si gnal caeignal geherisr, tRayeneratbsa refectsh SighbRWich is a signal
cal cul ation. Accordingly, it is possible tocalculate

t bempbséd vf dnenraimey frome tee FédUiedt isitfhal RinsAMEd iffcHh itA8 distance
efficiency. According to the reflector of the

| Imeasuring appardtts optreviavention, Eidet i on, the frequency
controller may transmt the request signal via one of

the carra éequéneylwentrotisr, thappassmipé tisk fréRéctivn Sighkl 8Enerated
frequency conponents. 25 According to the

aipthe signal gerestattevia gylatalitynof differefit samiee freg@enbrs. 15

C C calculated only by transnitting one reflection

si gnal . Aduesdingttolthe catyove-mentiomed configuration, theereflection signal
nunber of signal comunications required for the
dransmitteddsy thel reflector is\ceamividby Yhe tistaricepmeaslifg apparatus of
cal cul ate the distance wthout deteriorating the
dberrinveation othes frnakiagcthe distancenmeaswring mappusate’® possible to
according to the invention is characterized by

ocatpulate thg: distaacd ivithelnigh preeisioni argl kighatceurscyof t he

i nvention; and at |east one reflector that perforns

wi r el esAasondingite dbeé sefledtohof the indestiam de the above rnfiguration,
appar at us.

tﬁg frequency controller may set a plurality of divided periods in a period for

10 transm’mtged by the reflector is received_by the

transmitting one request signal, and contro'ls such that the different carrier
frequencies are used for the respective divided periods.

According to the above-mentioned configuration, 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
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. |

According to the above-mentioned configuration, the distance can be
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10 According to the above-nentioned configuration, it
becones eady to construct a system for maagi ng

conmuni cation with reflectors and especially capable

of understandi ng i nformati on about di stance to the
reflectors. A communication systemof the invention is
characterized by conprising: 15 the distance

nmeasuri ng apparatus of the invention; and a nmanagenent
agaleulateds ,ortihaby risaresyaitting  dneaseflectionofsigiali cl®ws, it becomes
people, and living things that are associated with the
rpddsiale otos reducehehdasuraberf of asignaimoomeainicatiorss véduired for the
bet ween the di stance nmeasuring apparatus and the :
rdistanceocalculztioAc c dkationdingly, tihds gimsibleetat icalotthte the distance
configuration, it beconmes easy to construct a system
twithoutededgriarating ithe esmmpartipation effidienicyi ng t hi ngs t hat

are associated with the reflectors and is capabl e of

i dent i f YA sgmimidnicatian systebvatcornding totw inventibrris atharacterized
16 C Advantage of the Invention As described above,
thyecenptisinge neasuring apparatus of the invention has

a configuration in which the apparatus perforns a

pr ocessitheg distanceneasurigg appafdtas of the isvgntidn; and
transmtted froma reflector via a plurality of 5

di f f er e@t leastrong réflentorcthat gerfonms wineleap manamunrication with the

- provided with a distance calculator that anal yzes the

rdistapce inveasuripgaapparatusni tted fromthe reflector to

cal cul ate the di stance between the reflector and the

di st anc&aeesding itadhe ahaveasmestiowd nosfigiration, it becomes easy to
configuration, it beconmes advantageous to cal cul ate

taeastiust arsystare fore@manaping egmainigationdvith eefiiatorsrand especially
measur i ng apparatus wth 10 nmuch hi gher precision.

napablsaiunderstanding ifermation akout distancete thesreflectors.
contl gutAatci:ooeriurr]\ication system of the invention is characterized by
comprising:

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.

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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whi ch the systemis provided wth the distance

measuring dpparatus of the invention and gne or nore
reflectors that performa wreless comunication wth

t he di stance neasuring apparatus. 15 Wth such a
configuration, it beconmes easy and advantageous to
construct a systemthat manages the comrunication with

the reflectors and is at |east capable of identifying

i Advantage of thebbwentioe di stance to the reflectors. The
comuni cation system of the invention has a

confi gurAs i desdribedwiabolet Hbes ylistamee smpaswiittpdapparatus of the
t he di stance neasuring apparatus of the 20 1nvention
aindeatiom hag eneonfigapatiors ruwhidhethenappeyatusaseforass aqecessing of
of articles, people, and living things that are

aresediing & refledtionh signal | teartsmnitted nfroime abesflectorf vid ke plurality of
results of communication between the distance
ndiffetant reareep frequiesciaad antdhther apparatus & pYdtided usith a distance
configuration, it becomes easy and advantageous to 25
ceaieulatasithat analyzes thatreflectioge sigaat trahsmitteak fphe thénéflector to
living things that are 17 associated with the

reglcwateothe odigtancec hgtween dhei riflectaryand thef distah¢ermeasuring
about the |ocation thereof. BRI EF DESCRI PTI ON COF THE
DRPAralus. YVith guch a eonfigiration,fit bectrines ladviaatageousf toacalculate
reader/witer of an RFID tag conmunication system
dbedlisfange between the eeflécter, andthe digtarive measugng apparatus with
for neasuring the distance between the reader/witer

dndch highrrpreeisign. Fig. 2 is a sinplified bl ock di agram
showi ng_the configuration of the 10 RFID tag

conmuni d&€i eamelication-systean of she invenficamhak oa capfigheation in
state in which an RAN request signal and a tag

g tbe syisteml is dprevidednwithctheedistancremeasheng apparatus of the

reader/witer and the RFID tag. o
invention and one or more reflectors that perform a wireless communication

with the distance measuring apparatus.

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
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

construct a system that manages articles, people, and living things that are
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Fig. 3Bis a diagramin which signals transmtted from

the 15 red@er/mwiter to the RFID tag and €arrier
frequencies thereof are illustrated on tine axis.

Fig. 3Cis a diagramin which signals transmtted from

the RFID tag to the reader/witer and carrier

frequencies thereof are illustrated on tine axis.

Fig. 4 is a sinplified block diagram of the

r gestediAtetl WiRh .the henbéterd BAAS dpapid of i&émfryiagfiﬁidr%tion about
of a reception processor that enables to perform phase
dgieclotation tHargof 5 1S a flowchart show ng the

procedures of a distance neasurenent processing. Fig.

6 is a flowhart show ng the procedures of the

di stance 25 neasurenent processing based on nultiple
frequencies. 18REF DESCRIPTION OF THEVSRAWINGSW Ng

the procedures of a frequency selection processing

and a distance cal cul ation processing. Fig. 8 is a
schemati c di agram show ng an exanpl e of the frequency

sel ecti dfigpn ds essiniplified ik dram F &lirésdetilHer f 3 RFID tag
the state in which nultiple paths occur in the

Ca:tbmniﬂljnﬁkﬁticﬁm_sﬁftttar\neﬁdft:drlf]ﬁnﬁ;r RAHRY Inventieh, SRewingethid téhfiguration
tag. Fig. 9B is a graph show ng the change of "a MJSI C

efor medsuring thelistance betvaddn/thet rRadbFivitsiandthe RP® iy
a diagram for explaining a processing of estimting

the 10 Rigr 2dsisnsintplified otk dradramshéwingstheveaitiguistion of the
first half of the procedures of the distance

iR tagreorn muricationi sygteapl oyi ng an MJSI C net hod. Fi g.
11 is a flowchart showi ng the second half of the
pr ocedurfag. 3A ig &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
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
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

 measurement processing based on multiple frequencies.
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di stance neasurenment processing enploying the MJSIC
met hod. 15 (Fi g. 12A is a diagram showi ng tlie case
where frequencies are sw tched over within one frane,
in which signals transmtted fromthe reader/witer
to the RFID tag and carrier frequencies thereof are
illustrated on tinme axis. Fig. 12B is a diagram
showi ng the case where frequencies are 20 sw tched

over Wwi tmg.gq@% fidvicRart EﬁoWgcﬂﬁegﬂr@Eéaﬁregr ngreblhgﬁcy selection

fromthe IDtag to the reader/witer an

fl %@&é@@iﬁ?%d Qarsff@rﬁc@&acmhhaﬁb&@ée%@g@;eti me axis. Fig.

is a flowhart show ng the proce s of the

di st ancerigBasy s8Rathalié $hdWing 4 e .
frequencygsvvi tching oser‘av?ﬁﬁi n one| bféfma\rér'tse&a fglféhe {rfquency
| Selactidriptdcessimgb! ock di agram showi ng the

configuration of the 19 C reader/witer that enables

to i dentri§yoAhe FHlagra%howifg the sf’ététiﬁ”vﬂﬁéh Frﬁ&’lfi?%‘;pétﬂs occur

a linked manner. Fig. 15 1s a flowhart show ng

PihGRe dehffuficatit betfée i reBRBHWHESTANd tHePRERS itigg .
based on identification of the RFID tags. 5 Fig. 716 is

a schemigc o agrargrapRVsREWingetHy ehangensr of Musl i
estimati n% the di :gecFi on of [ocation \%here t he chltDevaluatlon
t fagction fdlativdtddistahdes a sinplified bl ock di agram of

the reader/witer, showing the configuration for

cal cul atFigg9ChRs di diagtdrArfor Explaidifigi # probésikftestimating the
showi ng t%e first han of thé@procgdurpgs of a 10 g

. | difesdtiogn estimating processing. Fig. 19 is a flowhart

showi ng the second half of the procedures of the

| ocat i orFigs10 nsa ﬂ@Nﬂﬁ@@%ﬁ@M@ tHe flrst HAf oFthe gict@daras of the
showi ng the case where a plurality of
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.

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
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.

Fig. 14 is a simplified block diagram showing the configuration of the
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frequencies are sinmultaneously transmtted within one

frame, in vhich signals 15 transnitted frémthe
reader/witer to the RFID tag and carrier. frequencies
thereof are illustrated on tinme axis. Fig. 20Bis a

di agram showi ng the case where a plurality of

frequencies are sinultaneously transmtted within one

frame, in which signals transmtted fromthe RFID tag

t teades/wredthat enables taridentify the RFID dags and ¢dbe d&ances thereof in
thereof are illustrated on tinme axis. Fig. 21 is a
sadipked imanngrock di agr am showi ng the configuration of

the reader/witer when a plurality of frequencies are

si nul t ankigus1y isr anflowchad shéwimgn tle epfocedaresFiaf. the2 distance
Is a diagram show ng an exanple of a systemin which

t Measgeermeniiproggssingnipased ani identificatiomafthe RFIDrtagst i on

is applied to a systemfor 20 C (,. inspecting and/or
checki ngFigr 16d$ @ss¢hematic diagrarorshawing tEe processing of estimating
di agram showi ng an exanple of a systemin which the
Ribenliregiionmfilegationt woeresthetRiniDofagtéxistsnvent i on i s

applied to a_systemfor surveillance nonitoring of

pr oduct Figr 1§t acgimplified biack diagiagn of 3B readerdiritgr, ahowing the
showi ng an exanple of a systemin which the RFID tag
cenfiaviration fof alingothetdirectionent i on is applied to an
security systemin which an RFID tag 1 is attached,

for exarfi9e 18tis a flowehew showingothe, firshriwlf o the prodestures of a
of the RFIDtag 1 is nonitored, thereby detecting
dpeationyestimating pipcessioder the door. 10 Fig. 24. is a

di agram showi ng an exanple of a systemin which the

RFI D t adi@onhidia Hewehard showing the isecong dvalfi ohthesprocedures of
aspl ied to the places such as stations or novie

tthedeeation ptinaating: RiICessiNg. exani ned. Fig. 25 is a

- di agramﬁgovﬂd}\g .an exanple of a _systemin which the

iIs a diagram showing the case where a plurality of

frequencies are simultaneously transmitted 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. 20B is a diagram showing the case where a plurality of-

frequencies are simdlténeously transmitted within one frame, ih which signals

transmitted from the RFID tag to the reader/writer and carrier frequencies

_ 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

RFID tag communication system of the invention is applied to a system for
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RFID tag copmuni cation systemof the invention is
applied to(a keyless entry 15 systemthat (is sui table
for autonobiles. Fig. 26 is a block diagram show ng
the configuration of an RF comuni cati on system
according to a prior art technology. Fig. 27 is a
bl ock di agram show ng the configuration of a
communi cation apparatus that perfornms wireless
ciospectingaand/or eheckifi-bRicl@Dint cigulationaccor dance with a
prior art technol ogy Description of Reference Nunerals
1: RFI DFigQ2A iREADBRMNIRI SHOWIRG ad: exErRAPIBN\GITI SRstINT Eilihich the
21 C C 4: RECEI VER ANTENNA 4A: Fl RST- ANTENNA ELEMENT
ARF | B EapNDMNURIdatio L Systei ofStheRINGERTTOIONS RIFPIESIORa System for
5A: PLL SECTION 5B: MODULATOR 5C. POWER AMPLI FI ER 6:
TSuNSiass: ooritecogstproduts obstbred AfticleSVPLI FI ER 10 6B:
FREQUENCY CONVERTER 6B1, 6B2: M XER 6B3: 90- DEGREE
PHASE SHIgTZEB i$@ dingeanvRihewing BAGEXaMPIB: of EISESTEARin 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.
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
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

tags in accordance with a prior art technology

Description of Reference Numerals
1. RFID TAG
2: READERWRITER
3: TRANSMITTER ANTENNA
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15 7: | CATI ON CONTRCLLER 7A: FREQUENCY
CONTROLLER (_7B: TRANSM SSI ON CONTROLLER 7€ RECEPTI ON
CONTROLLER 8: LOCATI ON MEASURE 20 8A: PHASE

I NFORVATI ON ACQUI RER 8B: DI STANCE CALCULATOR 8C:

DI RECTI ON CALCULATOR 9: EXTERNAL COMMUNI CATOR 10:
AREA DETERM NANT 25 22 BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON _ Herei nafter, one enbodi ment of the

i nvent i ot RECEIVERANTENDAI bel ow with reference to
Figs. 1 to 25. 5 Configuration of Reader/witer Fig. 2
shows a ¥ipRST ANTE EHEMENT of a communi cati on
system of _ the invention, including RFID tags and a

r eader / vitB:t3ECOND ANFTENNA ELEMENTawi ng, t he

comuni cation systemis configured to include one or

nore RFITREBGEPIIRINPROCGRSS 1 and a reader/witer

(di stance neasuring apparatus) 2. The RFIDtag 1 is
attache@ﬁkf’l\)-a?'ﬁ@ﬁo&fti cles and stores information
about the article attached or about objects or people
associ ata MOEUATOR  The RFID tag 1 is configured to

i nclude an ICV\SInte rated Circuit) for wreless
communi &%t i RAWER bY4ERand an antenna. 15 In the
present the REID t 1 used is considered

i
as bei r@é J I@%%'Q@I%@Q@S&SR does not have a

ower saqurce such as battery,
P BA, BAT BA2: AMPLIEIER”

6B: FREQUENCY CONVERTER
6B1, 6B2: MIXER |

6B3: 90-DEGREE PHASE SHIFTER
6C: PREAMBLE EXTRACTOR

6D: SELECTOR

7: COMMUNICATION CONTROLLER
7A: FREQUENCY .CONTROLLER
7B: TRANSMISSION CONTROLLER
7C: RECEPTION CONTROLLER

8: LOCATION MEASURE

8A: PHASE INFORMATION ACQUIRER
8B: DISTANCE CALCULATOR

8C: DIRECTION CALCULATOR

9: EXTERNAL COMMUNICATOR

10: AREA DETERMINANT

22



10

15

20

25

operates circuits by drawi ng energy fromradi o waves
transmtted(fromthe reader/witer 2, thus(perform ng

Wi rel ess comunication with the reader/witer 2. The

RFID tag that is usable in the present enbodi nent is

not limted to the 20 passive RFID tag, but an active’

RFID tag that has a power source.such as battery may

be used. The reader/witer 2 is a device that performns

W rel ess cBESTWMODE GORBARRYING OUTITIHE RNVENHRION 1

and reads/wites information frominto the RFID Ttags

1. In the present enbodinent, the reader/witer 2 is
configured to 25 read/wite information frominto the

RFI D t adderkinadfiencomes entbodimentot theninvéntictiswill b€ desetibed below
limted to this, and the reader/witer 2 may be

cwitlh referertceotol figso1 te@8. i nformation fromthe RFID

tags 1. In the present enbodi ment, the frequency band

of the radio wave transmtted by the reader/witer 2

is in the so-called UHF band that is 5 sonewhere
beomfiguratiod) ofReadedwdifier MHz. By using the radi o wave

in such a frequency band, the reader/witer 2 becones

abl e t o Fign2rshowata sxmpllﬁedi Iblddkediafialh bfig cbnmiiahication system of
| ocated in a distance range of fromseveral neters to
dbecinyentiem, induding RFtDdags arid: aorrea@ﬂwmdnodmeshOWﬁ in the
considering a UHF band comuni cation, the invention
idraming, Itheicomintpication sy@tsnansfcrmﬁgar@tol&chm‘mlonél aF mare RFID
usabl e exclusively for RFID tag, frequency bands such

de89s reflectors)y 1 bad@ madErlwlte}(zilsmmnb measaring lappaeatus) 2.

Addi ti onal | t he conmuni cati on ~nay be nade using

ot her f ﬁé@uéﬁ@ taguidis attacheddoamrinuselrtisles and stores information
conmuni cati on can be performed in that frequency

rhoid . theharticleaattathed tagr aldoutsobjedtsi gupedpte assotiatéel therewith.
transmtter antenna 3, a 15 receiver antenna 4, a
thenRhiRdAar js eerfigused 3o include aptICofiniegratessGircwit) far wireless
conmuni cation controller 7, a |ocation neasure 8, an
SPM¥PHRICalioRna &tQragerand an antenna.

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
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

read/write information from/into the RFID tags 1. However, the invention is
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an area determnant 10, and an area information

storage 11. (The transmitter antenna 3 is an(antenna

that transmfs radio waves to the RFID tags 1, and

the receiver antenna 4 is an antenna that receives

radio 20 waves sent back fromthe RFID tags 1. The
transmtter antenna 3 and the receiver antenna 4 are
configured, for exanple, as a patch antenna or an

anotyimitedt ontiis, Ahd begfedderiiePdResRt bE WHrifigured iodly to read
exanple, the transmtter antenna 3 and the. receiver
ainfernmatioh o the (RFIEX elgg 1r ovi ded, a single antenna

may be used in which functions of both the transmtter
antenna |3 thed pre¥ent lembedifiant, tlﬁ“fr@ﬁ[]énéyr%faﬁd of the radio wave
integrated into the antenna. 24 C.. C . The

t transmittesl by e ceader/woitérs 2aidliacthd RatcdiRd’ WHE band that is
processes such as nodulation or anplification to the

t semewhese betwegnB00 M2 dnda060i MHed Byousinghthe radio wave in
transmtter antenna 3. The reception processor Cis a

béuatk at fraqueresyf band, ther rerksAgitet 2hbésorme® lable &&tdomunication
or denodul ation to the reception signals 5 received

byith Hlee IRFAD tagr 1 dmateislecated Thea distancei raayedt from several meters
controller 7 is a block that perfornms a control of
rteadeverabien aneters t i Ajhoughothatpreserfitr embedirhent ke cBhsidering a
tag 1 for communication through the transmtter

aldHenbend camiviunication, itke diwertioars @ob dmited Tehisoc As @frequency
measure 8 is a block that neasures the |ocation of the
ligarki-thattis gishbten extlasivelyi for RFIOhtag, dreguleney ingi’asusch as 13.56
received fromthe RFID tag 1. The neasurenent of the

| Mtiz: bamd of 2.4% Gifz bandgare availabiies Additonallye tiie @mmunication
t he di stance between the reader/witer 2 and the RFID

tragy be madewsimg: nthesffrequeacyibaads iasfond asheirélBs®cbagninication
as seen fromthe reader/witer 2; and neasurenent of

t¢an ke perfarmed dathatfrasfueniy bRRHS tag 1, which will be
described 15 in detail later. Strictly speaking, the

di st ancd hectepder/writer 2 imdenfigured do intludela transnittteDantenna 3, a

1 corresponds to an additive average of two di stances:
tngeeiver 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
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

the receiver antenna 4 are integrated into the antenna.
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di stance between the transmtter antenna 3 of the
reader/vvrit{r 2 and the RFID tag 1; and thg distance

bet ween the Teceiver antenna 4 of the readerfwiter 2

and the RFIDtag 1. Here, if the RFIDtag 1 is an

active one, the distance 20 corresponds to the '

di stance between the receiver antenna 4 and the RFID

tag 1. The area determ nant 10 is a bl ock that

det er m nEse waebhssiomprddesbor § &ga block that pedermé P(bdés%es such
prescri bed spatial area (comrunication-area) on

bas insodflatidre ot anmlificatiorersthedranymissien!sigsdlite lbefm#ﬁlﬂed from
8. Area information 25 about which spatial area is

| theatransrhitier antentia 8at The raceptionsprotessut € s Afockthatperforms

"C area information storage 11. The area determ nant 1
- dptazesses ssudhe lseamplificatidrl Ort dgmadelatish Stowvithéli reckption signals

comuni cation area by deterni ning whether the

| recaivedhbyrtesteceivepantdrind 4cat i on neasure 8 exists
within the comunication area as prescribed by the

ar ea i nfohierebirenunibatidre contrelleral i< anbtock eivatoperfornss a control of
bl ock that transmts information about the RFID tag 1

r eediriy abdier varititgr inforivationFrdm oo ¢hé RFIDI tagpforadlontmunication
or receives information to be witten into the RFID

t thgough thentrahsmitter anterina 3 ppd/ortthe reddiverexritennald.

apparatus and the external conmunicator 9 are

conmuni cEiE Joaatinnaueasureos ésaahblotk ¢hati measudasetheolocation of the
wireless manner. In this 10 case, the external

aRpD $ag1d arhthe basis af dse cecephion signals oéceiped fonotiee RFID tag 1.
the reader/witer 2 reading and/or witing

i hie neasuwemend of the logationrof tREIRFIDatagl1 ineludes measurement of
configured to include the reader/witer 2. The area

i theatistanice between dhé neader/vanitea 2i aricbthea RFD tag di, ageasitement of
is set depending on the environnent in which the
rtegddireghion eof the RFHXttapl éd asTeeen Ifsorar the i nedenfuritem 2; and

may be set by the external gar atus through the
é)@?éﬁWﬁmQ!HrﬁﬁIhe @aaaal locatien okthenBFID tag asmhucmwdt bedescribed

for inputti ngsthe ar
in detail later. “Strictly speakmg, the distance between the reader/writer 2 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
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 1 is located within a prescribed spatial area (communication area) on the
basis of the location measufed by the location measure 8. Area information

about which spatial area is located the communication area is stored in the

25



10

15

20

25

informati on may be provided to the reader/witer 2.
Conponents Of the reader/witer 2, that is,(t he

communi cation controller 7, the location neasure 8,

the area determ nant 10, and the external 20

communi cator 9 may be configured as a hardware | ogic,

or may be configured to be realized by a processor,

such as CPU, executing prograns stored in a storage

sarela iforREMiqrRetodlagan| . Maiher glean defédiviinalitetO tdetermines whether
above- nenti oned configuration are configured by the
pthecBEHd tag ucexists Withinathe ¢cdmmandation, areadwdetetmining whether
equi pped with these 25 means reads out the program

fthem lacatéror ieagureeli byn thel Iocation emddstire 28 @xists  within  the
program whereby various functions and vari ous
opEmanLninaionfarehas prescnibed by tremamaninforimation?, t he

| ocati on neasure 8, the area determ nant 10, and the

ext er nalTheoextenhalacomnmunicator €alis achlockditiat itcarainits infgrmation
recording the program into a renovable recording
ratiulthetRielDs tad duead by theoreadentivritee 22ovaar estesnal apparatus or
operations can be realized on an arbitrary conputer.

Teeeives oinformationd tairherawritten dntoe thie \REID0ttag hbwindm ther external
exanple, a program nmedi um such as ROMin which a

ARpgraiust orlhex externah appatatus amslitihe éxtemat momemiunicator 9 are
Al ternatively, the recording nedium may be a program
rasmmbinicably cennesierhto eaci etherdn ragwired @rivdrkléss mamner.  In this
program readi ng device 10 (not shown) that is

Mese; dhel external appanats thatoopereteseon dbe Hasisanf opesations of the
the program stored is preferably one which can be
deaderwhteid reading and/gywriting infopmatiers from oPrirtoethebRE|D tag 1
the programis read out, and the read-out programis

daax bespedgurad toxeeludedhe readerpwiitgr am nenory area of

a mcroconputer. In this case, it is assumed that the

15 progr&f 2162 intrmaiani steradsinpthesareadafarmationesterage 11 is set
appar at us. IL the system.is configured to be able to
6@&’5@3{"& gn the shviranmeant dp, which the reader/writer 2 is installed. The
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
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

means reads out the program from a recording medium and executes the
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network including the Internet, the recording nedium
is preferab(y one which act|vel y downl oads{ a program

“fromthe communi cation network and stores the program

therein. 20 In the case of downl oading the program
fromthe communi cati on network, the downl oad program
is preferably prestored in the main apparatus, and .
alternatively the downl oad program nmay be install ed

f progratihewhigreby divagiouse duHbtiond’ an&- \@?ibft.l'sg%ﬁérbﬁans of the
Rel ated to Di stance Measurenent Next,

coofinmunicatiomcortrdlies 7, @he escationt mteagureespﬁ@ Q}éa)/dé@i'mlnant 10,
nmeasuring the distance between the RFID tag 1 and

r and¢hé \extéranl Sommuniditor 9sarel frealzedy thdlﬁBﬁélﬁP‘!ﬁ Fe%ordlng the
Fig. 1. As shown in the drawi ng, the transm ssion

pprageamointe & remolablesrezofihg (rediken, Lk earid P Pinctions and the
section 5A as a frequency adJ uster, a nodulator 5B, a

peaviouscogerations cafbeaedlized bmaﬁrmbttﬁfry ebmplier.
reception processor 6 includes an anpli f| er 6A and a

f r equenchhe revoedingrmediim Hay be agaémeny X&ﬂ%ﬂfa@vrﬁ for example, a
i ncl udes a phase I nfornmation acquirer and a

dpmgmememmubamrassmomencwmmnacgt 7gwam:qat réXelcBfion on a
7' includes a frequency controller

tcampuies i$ recarded . oAltemalitelyathe r@cbﬂﬂﬁ@hhﬁumhbyfﬂé &'program
7C. In the transm ssion controller 5, the PLL section

Shediuna thabiskreddable sdien beingrinserted i frﬁawmb%%nﬁ’fre@dmg device
transm ssion signal to be transmtted fromthe
t(nahshownpthatis provided] asiad externBL$tossys devicBA i s

configured by a PLL circuit. The nodul ator 5B

nodul at d8 any cases str@npmgrgarnstca'eddsbgrdféreblv_bneewhlchncan be
5A 15 and the transmtter 5D to superinpose data to
tmessaﬁmﬂs@(wnted by al microprokessqr e Peeferatiipatierprogram is read
t he nodul at or ?enerat es the transm ssion signal

tto @ mreade,ﬂu tRragraghi ist dewgloadednfod ubxetdution # a program
nodul ation method of the transm ssion signal is not.
|mamosyl areat RE AJRicreramputesn, IbdhisFsase, it is assumed that the
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. |

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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(Frequency Shift Keying) nodul ati on, PSK (Phase Shift

Keyi ng) nodd@l ati on, or 20 other digital nnd@]ation

net hods may be used. The power anplifier 5Cs a

bl ock that anplifies the transm ssion signal. In the
reception processor 6, the anplifier 5A is a block

that anplifies the reception signals received by the

recei ver antenna 4. The frequency converter 6B is a
bCoakgtfaionRetast to Distariceaneasiignintt he reception

signals 25 anplified by the anplifier 6A into a | ower

f r equenchlest, gheatonfifuratidn bfitHeveadenaritet 2, edpeeially for measuring
t he phase information acquirer 8A is a block that
diHecdistaricechetweenithe 'RAIDEER) ¢RaddBeirBal&PwFiRFEPWilPBe described
signals that is frequency-converted by the frequency

cwith eeferencdBtcaRig. 4CqWis siiowrh i theadrawirty)aRE eran@RiisdioA processor
phase i nformation. Here, the phase change anmount of

t Sandludes epPLD1{Phages dosked Lidap) avtivrt 5Afad Bafréquditydsdjuster, a
produced when the reception signals propagates a

pmesiatator GBdi 5 panee . atplifiersSEC idndcal transitted SME The reception
carrier signal outputted fromthe PLL section 5A is

eprocessed 6aimchidedi af | Amplifier GAW@ﬁeQQBMG{twnvﬁﬁer 6B. The
multiplies the carrier signal sin2tflt with the '
rlecation emeaswed incidgsAaipHadier infdrmBtionnacyuird A afd1d distance
the anplifier 6A and passes a nultiplication result

vedlcalalrt§Bic oBife tomhinicativaseontrdlier Tahélades ecfiéd@ndysontroller
The phase information acquirer 8A calculates the

phRAsa tranamigsiemoontrolEraiB, tamel & esdeptioh controliet P€. passed
fromthe frequency converter 6B. In the above

f or mul a,IntthestransrissionD¢ontroller b, theePbln dectiogrBA isMaeblock tha
t he nodul at or 5B perforns ASK nodul ation; Ais an :
asqis ia aarriepffrepfienbiescafr a itemssiigsiah sigred th ;bed tfransmiitterd from the
phase change anpbunt when propagating a round-trip
dransinitter @ntenna Jhanditbe dtide sectiarubAtis cobfiguredabplaoPkL circuit.
that cal cul ates the distance between the RFID tag 1 '
ahe mrdulaten §B modulates carriartrigmais igenefatedrhy thet Pbh section 5A

and the transmitter 5D to superimpose data to the transmission signal. In the
present embodiment, the modulator 5B generates the transmission signal
thr_ough ASK (Amplitude Shift Keying) modulation. A modulation method of
the transmission signal is not. limited to the ASK modulation, but FSK
(Frequency Shift Keying) m.odulation, PSK (Phase Shift Keying) modulation, or
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

amplified by the ampilifier 6A into a lower frequency signal.
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about the phase change anobunt acquired by the phase
informati on{acquirer 20 8A. In the comuni ¢ation
controller, the frequency controller 7A is a bl ock
that controls the frequency of the transm ssion signa
that is set by the PLL section 5A. The transm ssion
controller 7B is a block that inputs data used to
nodul ate the transm ssion signal to the nodul at or 5B.

The recepi e |@SatRPNifedlsURS 87 Ghi Spiadd ﬁﬁlsrmémﬁ 8%@19&4!5 8A is a

t he comruni cation controller 7b to recelve
| bfogkrthbt d8tettotie bR UAL of ﬁﬂé@e eRhRYeE M 85k Pé/cédﬁ%n signals that is

di stance cal cul ator 8B. Details of D stanc

N&equeﬁ@geabnw%éd b?eﬂhé' fréq@ndyhoslieiict 68 éFﬁﬁ%H&ﬁl’F@s“ihe phase

processing wl | 5 describéd. In the present

eshangerantourit e ;il'fa%@thdﬁhlahéh 2Hepe GRB(Y r&‘ééﬁ:‘iﬁn@e am%unt of the
transnmt an RI'Wrequest signal (request signa

Rfddeptiag signalsds tHeeamBhPof pidase bﬁaﬁéé‘bfcﬁiﬂc%ﬁ witen ?rFél Yeception

a response signal (reflection signals) wth respec

t sighbils prepagatessa predcribéd eistangy.ocedure is illustr at ed
in Figs. 3Ato 3C Fig. 3Ais a diagramshow ng the

state i riviore cdpeicifically, \Wherugrt cairErasigh8l @ﬁf’pdtﬁéﬂ from the PLL
response signal are comuni cated between th

r section’ SAii$ exprardedas sinBriX tthe. freﬁzlubnc? I%:drﬁel?teiii esgmmpnes the
i n which S|gnalstransmttedfrom reader/writ

t carriee sigRaDsireuf A ndthcther reeepticre Qigﬂaﬁd sa)Aélﬁ(zem‘tw)r mputted from
illustrated on tine axis. Fig. 3Cis a diagramin

vitiec Brrpilifien| 6A tandnpatsdsed friumiplicatioRMeBult agalué MDitjcose to the
reader/witer and carrier frequencies thereof are

| phass inforetation acquiren8fs. Tie phase addrnatsn hequirer 8A calculates
always transmtting a specific signal (signal for

pibvee phage t ¢rearigel Bmagit1) .otVthe basisesf tvg vahee fFdsBetiaflom the
1 totransmt the response signal (hereinafter wll
bitequenayreanvestes $Ba  tinghe ebpuedermsiulgnais) a tiase; B(tpisna baseband
Fig. 3B, the reader/witer 2 transmts the R ' Wrequest
sslgmil wheathe meefidatos 5B perfdryne ASK enddudatiors poissan amplitude of
signal. That is, in a nornal state, the

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
8A.

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

that controls the frequency 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

controller 7C is a block that allows the communication controller 7b to receive
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20 transm ssion controller 7B of the reader/witer 2
controls thé nodul ator 5B to transmit. dat@

indi cative of the normal state. Wen requesting the

tag response signal, the reader/witer 2 controls the

nodul ator 5B to transmit data that constitutes the
R/'Wrequest signal. The RFID tag 1 is al ways

nonitoring the signals sent fromthe reader/witer 2.
Winforniaticrcab ot the ditaned calculated Bp tH¥ Mistaftecsdicdaiialn.

the RFID tag 1 transmts the tag response signal in

the 30 C Cformof responding to the RIRWrequest

signal. Mre specifically, the reader/witer 2

t Detailsi df Distance-Measwenieptal conposed of the RI'W

request signal and a CW (continuous carrier wave).

When rechexti ndetaile Bf WWheeqlistahcs i aieisupstlent prebéssing will be
(continuous carrier wave) 5 fromthe reader/witer 2,

t desdribied. t gy thetprasent embodimeny the seaterwsitan2 ! is Véchfigured to-
carrier frequencies f, corresponding to the frequency
ofransrait @ RMhrequestssignalr (reqliestasignal) Qotthe RFID tag 1, and the
reader/witer 2. In Figs. 3B and 3C, the RI'Wrequest
sREtHaltagrt i leenfiyliredotut replp us responser sigaaicireBéction signals) with
transmtted via the carrier frequencies f1, and

arespedt tothe redwest aignals pSosk = petadurs i$ liRss@itéd @l Figs. 3A to
via the 10 carrier frequencies f1. The tag response
s3@naFig. 3A natdiagraed shpwingotheastates irs adiidhothea R\Brequest signal
data section, as illustrated in Fig. 3C. Here, the

parchthe eesponse mignal @re semraunichtedlbétvdendiheatdaderiiter and the
start of the reflection signals, and is conposed of a

pREH2 rtaged Fgt 3B depandiagramain iwhicbnsignalso t@nismitted from the
refl ectors based on the same 15 standard (EPC, for
geanpl/vriteritocthaREID; tag aod dasrien feerpranciexdtierébfomienifjustrated on
the preanble section and represents the data

i inae @xis. ndrig ule isatdiagrammirowhighi signals transmitted from the RFID tag
transmitted fromthe RFID tag 1. As information '
itadhe deaderfviites apdicarrierdeequanciesthergafraratilustratecionitime axis.
unique to each of the RFID tags 1 can be exenplified.

Al'so, i rihérieaderWritera? isaiways sansmidiingratspegifio signahésignal for
RFI D t ag

powering thle’ RFID tag 1). When requesting the RFID tag 1 to transmit the
response signal (hereinafter will be referred to as a tag response signal), as
shown in Fig. 3B, the reader/writer 2 transmits the RW request signal that
requests a reply of the tag response signal. That is, in a normal state, the
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

R/W request signal, the RFID tag 1 transmits the tag response signal in the
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20 for exanple various information that is stored in

t he storage@f the RFIDtag 1 nmay be inclufled in the

data section.” The reader/witer 2 transmits the RR'W

request signal twice and uses different carrier

frequencies in each transm ssion of the RAN request

signal (nore specifically, the CW(continuous carrier

wave) following the RM request 25 signal). That is,

| fortrhef despshdingatbthe Ry reqifest BignBl.W r equest  si gnal ,

the 31 C frequency controller 7A of the

reader / wiorerspacifieally, otte réaddrivriter X it@ivshits! @ oRéUfidinie signal
the carrier signal using a first frequency f1.

Meampbied, ofi thet RANS esquisht digmdlsand @ OWOfcohtifuis\carrier wave).
request signal, the frequency controller 7A controls

t Wherl teceddng tine BAN equéspgignahand ahe iCW @oafialiows tadier wave)
a second frequency f2 that 5 is different fromthe

f frost thier reqderfoyitdri2, the RFIDWag Ntrahgmits théitil Aespose signal via a
the RFID tag 1 receives the RAN request signal

t camieniftéqeencied filovrfdspohdingetil tHec frebilienéy @f tth8 CW (continuous
response signal is replied using the first frequency

f darrien wéne)r teather feaddrawritér 2 hdn (Figs.e3Bi ah@r3C tHRNR/W request
acqui rer 8A analyzes the preanble section of the
reigealvaddtthe CW (esplimmeisscamiel wave)edrectrafdmitfedt via the carrier
i ndi cates the phase change. anmount of the tag

rfesquersies fgramd aGiordingly, Yhe W responsBRighalaig ttansmitted via the
receives the RAN request signal transmtted via the

f¢argier frequemcieg ff.2, the tag response signal is replied
using the first frequency f2. In the reader/witer 2,

t he phaskhé tdgrespianse signajuisreonstuted dyya grebimble section and a
preanbl e section of the received tag response signal
ldatacseaptivecas (iRistiated imbigc 8G:s Hére, tia peearhblegsedtivpuepresents
of the tag response signal. In the above exanple, the
pghesdatehingipatingoine: stert ofthe sefleatioposignalssiamdals cemposed of a
detected by anal yzing the preanble section. However,
treseiledh datscomponent thatist eammentthiall refiaetoss based on the same
change amount nay be detected while taking '
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,
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

signal). That is, in the first transmission of the R/W request signal, the

31



10

15

20

25

20 the data section into consideration. Also, the
phase changé anount may be detected for the data
section. However, in the case of the PSK nodul ati on,
it is difficult to detect the phase change anount

t hat depends on distance on the basis of the data
section having variable contents. Thus, it is
preferable to detect the phase change anount in the

pfrequbhey sontrost NR\Gf e frender/writerc® tbafibl: the? P@L!g%ction 5A to

this manner, when the phase information acquirer

dettput shé barrie?fmgrﬁaloi@m%% frepfrefGeridy AN Meanwhile, in the second
i nformati on about the phase change "ambunts is

t transrissiard of the IRV iregaestesignalc %@‘fl‘éﬁquﬁﬁq{/ Bomtroller 7A controls
di stance cal cul ator 8B cal cul ates the di st ance

btHevED sebiiorREARotagpdt theddrier éi?ﬁﬂﬁjdiﬁ‘g al fcohdofequency f, that
the basis of +1 and +2 in the follow ng manner. First,

asdifieregt from thesfirstfreqb@toyeflgn the transmtter antenna
3 and the RFIDtag 1 is equal to the distance between

t he receAy showntienFigs4 1aaed Bnevhdi-tHe RFID tagt Neeceives the RW
di stance is defined as r. The phase change anounts +,

aredjuesPsighat transmitteativiacttieirenfréqeerisy 1] e &igoRdpongé signal is
the first frequency f, and the 10 second frequency f2
prepied atsingo tivel - first frefuryc €. of IRrthearedderfiiteesaedhe phase
by the following formulas. [Formula 1] G = 2t 2r <c

ORfatMEtGRr acquites 8A aralyzd®o e fopeambRs settidre fethentsceived tag
the velocity of light. On the basis of the above two

f respohse signabtaldeteeh ¢ ethat dedicdtes thé phhsé etlahygetamfount of the tag
followi ng formula. [Formula 2]

response signal. Similarly, when the RFID tag 1 receives the R/W request
signal transmitted via the first frequency f,, the tag response signal is replied
using the first frequency f,. In the feader/writer 2, the phase information
acquirer 8A analyzes the preamble section of the received tag response signal
to 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
the data section into 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 thé
basis of the data section having variable contents. Thus, it is preferable to

detect the phase change amount in the preamble section having fixed

contents.
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SAO r= 41rlfl - A21 20 In this manner, on the basis
of the phasé change anmount +1 and +2, it ié_possible
to calculate the distance r between the transmtter
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 RNV
request signal and transm ssion of the tag response

signal . hbm%anﬁé?em%rﬂhérpﬁééb“ﬁiférn?itl&mSc?%%rcsA detects the
first frequency f1 and the second frequency

Eﬁaéé eﬂ%géﬁ%rﬁé\misa{iﬁlﬁﬁd b, |ﬁﬂ6ﬁnﬁnéﬁeﬁl§&k he phgan change

erefore, the phase shift produced in t

V\/émburﬁs)iﬁﬁ#ﬁh%hbf]@to&héQﬂétén@é’%‘éld“u‘ﬁtof gl U%%edlgﬁ“ﬁce calculator
di stance calculation. In Fornula 2, if 02 is equ

08ButAAlIates! hardigance thetwesh the RAID tag 1 5n8%8 L|‘le§<'.‘l§rlwnter 2 on
the distance r with high accuracy. In~other words,

n&wmomaaudgglueth@fduwﬁ@manﬁérthe distance 1 i
obt ai ned when AO = 2t, which can be expressed by the

fol I owi nBirdtoassliing i@y digtehcdl bétweBnthe trhndmitfer ffHtenna 3 and
exanple, if the difference between the first frequency

f theaREID kg 13sequal tbrtha distancd Betweditthel r@céuv@kléntéd?ﬁ 4 and the
maxi mum di st ance rmax becones 30 nmeters from Fornul a

3RFD tag ar, Ithie distandweisdéfirsease. b¢hmsb%a‘dg@émounts ¢ and
frequency f, and the second frequency f2 is Set to

Mz that here rprwd oeed Wh&h&h@ecdrﬂaﬂS|ghal‘806ﬁﬁ1e7ﬁrsﬂ%aﬁéné\f W’%nd the
Formula 3. Since the RFID conmuni cation system1

usecundUrequemey f,propagatéeround-tripadiskancefof 2reun B’é”éxpressed by
conmmuni cabl e di stance of about 10 neters, such a
ntbesfollewingtfomnulasnot cause any problens in

[Formula 1] |
¢ = ﬂﬂ 2r
¢, = %Zr

c

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— 1]

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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practical use. Wien it is required to nmeasure a

di st ance gréater than the maxi mum distance(rmax, the

measur ement of the distance r may be perforrned in 20
conjunction with the neasurenent of a reception

intensity of the reception signals, for exanple.
Specifically, if there is a possibility that Ad

beconmes greater than 2ic, a candidate r' of the

dfirst freqeency dnahe ties Béemdiﬁeqaehcy f> éxperiehcERg sfd?né amount of
an integer of 0 or nore). Accordingly, by using the

f thet phdise shifie  Thecefoté,theip Hift ppbddides) Tneﬁ%pRFIE‘ tag 1 when
signal s decreases as the distance 25 increases,

becrnmamicatirgj $sigrals dodetrt Mflienchahy disiensd caﬁllcu[?s\ﬁoh.n
the case of using the active RFID tag, the

reader / vini FermdladRe#f $0is equahsaidr gleatéy Ware@qwest is difficult to
signal, and thus the distance neasurement may be

pealt:nlataadhendrstmcbaslvatmﬂwlgm@dcawdyesﬂﬂr@tﬂesles tah@haximum
is actively transmitted fromthe RFIDtag. 5 Specific

Emeaplmblé valeant, cfitherdistanser id sbthleddvhéinge= 2x, which can be
nmeasur enent descri bed above, a processing of
dexmeswr!;byltbaﬁbamg:fmngnaanount of the reception

signals is perforned. Detailed configuration of the
riFoempuiaod)] processor 6 that enables the detection 10 of

the phase change amount will be described wth

referendgnt%?—(_r . Inthis specific exanple, the
reception pra esdor 6 separates the reception signals

into an | signal and a Q signal and inputs the I and Q

si gnal s fep éiﬁnbl@cﬁtthe%ﬁéﬁﬂ% rtfet\%eﬁﬁ RRE ¥t ﬁ'@ﬁl?éljlé(}gﬂ and the

the | ocati on measur e gormt € processi

dedcRmbl figy t he f@%%eﬁ@ﬁ%k&”ﬂ#@haxﬁéuﬁh&?ﬁ%&d& L€ becomes 30

drawi ng, reception processor I nc

AT T FORMELY. SO, ISt Bt et reqency
& Hhddfw eecomh equehty ¥£is 88Bto 2 MHz, the maximum distance ry,y
becomes 75 meters from Formula 3. Since the RFID communication system
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
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

increases, it becomes possible to determine the value of n.
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The reception signals received by the receiver antenna

4 is branchéd into two paths: one is input{to the

anplifier 6Al; and the other is input to the 20

anplifier 6A2. The anplifier 6Al1 anplifies the input
reception signals and inputs the signal to the m xer

6B1. The anplifier 6A2 anplifies the. input reception
signals and inputs the signal to the m xer 6B2. The

m xer 6Blh thel tagd okasingthe activé RFIDStagN tHesrddtiviirRer 2 does not
fromthe anplifier 6A1 with the carrier signal
otrapsinitetiief ROM relgaest sigaals tandrthtid the diftanediniédsurbment may be
signal and inputs the | signal to the phase

i pedormaed @n tegbasierofdhe tagFesponde Sighalrtheris @Blvely transmitted
mul tiplies the reception signals inputted fromthe

afrpm theeRFIDAPag.wi th the carrier signal that is

outputted fromthe PLL section 5A and 90-degree
phase-shifted by the 90-degree phase shifter 6B3 to

obtain the Qsignal. and inputs the Qsignal to the

pBpeeific hamgleiof Repeption BroGssop Herei nafter, details

of the reception processing and the processing of

cal cul atlinnghe hdisttincea measurethent deseribed f abowe] by prdsessing of
above configuration will be described. Assum ng the

f detgeting ythef phase changerambgntabf itke fréception Sigeds is performed.
received at the reader/witer 2 after propagating

r Detailedr ¢qnfigiusatiorc of tife Grception lprocdsor o that srdbles tHeedetection
following formula. [Fornmula 4] s, (t) = D(t)A sin(22y

t ofithg, phase changsbameunbwith bendescribedawith meferende fo Fig. 4. In this
signal state that is transmitted through the carrier
sspeeific example ctheeraneption MEcessar 6 depaedtesdhe lieception signals
S| ?nal when the nodul ator 5B perfornms ASK nodul ation;

Anfe agnl sigpal and@ 6 sighal ard iinputs ¢hgrland Qssighalsotb the location
t he phase change anmpbunt when propagating a

measure 8, thereby enabling the location measure g to perform the processing

of detecting the phase change amount. As .sho'wn in the drawing, the
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
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 rﬁixer 6B2.

The mixer 6B1 multiplies the reception signals inputted from the
amplifier 6A1 with the carrier signél outputted from the PLL section 5A to

obtain the | signal and inputs the | signal to the phase information acquirer 8A.
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round-trip di,stance of 2r. In this case, 11(t) that
represents (h_e signal state of the I signal outputted
fromthe nmixer 6Bl and QL(t) that represents the

signal state of the Q signal outputted fromthe m xer

6B2 can be expressed by the 20 flow ng fornulas.

[Formula 5] I, (t) = D(t)Asin(2t + q) sin 2n/ t

D(t)Acos A [Fornmula 6] Q (t) = D(t)A sin(2;zf t +
ATheasixgr 6B2 rdGitiphes thre fecdptibn aigridis irpjutted ffr@mnmbaénﬁlifier CA2
and on the basis of the | signal and the Q signal, the

3with the waeter sigaalghatiscoutputted fraht tHebRLEREEti®® 58nd 90-degree
carrier signal of the frequency f, can be cal cul ated
bphaseeshifteddvy thee DOrdagree dHaseraHifter’6Bg to. distain tHe QWignal and
11(t) 5 Simlarly, the phase change anmount 4)2
ainputsoiea@|Isigrial to tee phase forsnationl acefuireh8A . r equency f 2

can be calculated by the following fornula. [Fornula

8] 02 = Hereinaftez, defnils lo? tife yedeptibhiprooessiey andhthedraséssing of
informati on acquirer 8A acquires the phase 10 change
acalouiating thamistadce n vitlieh lases iperfofmed dy theuaboveaBnfJuration will

signals. Then, the distance cal culator 8B cal cul ates
tbeddsetibatte r fromthe followng formula. [Formula
9] cAO r= :

Assuming the frequency of the carrier signal is f,, 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)Asin(2rfit + &)

In the above formula, t is a time; s4(t) is a signal state that is
transmitted through the carrier signal of a frequency f;; D(t) is a baseband
signal when the modulator 5B performs ASK modulation; A is an amplitude of
the carrier signal itself, ¢4 is the phase change amount when propagating a
round-trip distance of 2r. In this case, I1(t) that represents the signal state of
the | signal outputted from the mixer 6B1 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 §]

I,(t) = D(t)Asin(2nf,t + @) sin 27ft = D(t)Acos g,
[Formula 6] |

o (t) = D(t) Asin(27f,t + ¢) cos 27fit = D(t)Asing,

From the above formulas, and on the basis of the | signal and the Q signal, the
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42r1f-f21 00OC=A-02 15 Procedures in D stance

Measur enment ( Processi ng Next, the procedure (6f t he

di stance neasurenent processing in the reader/witer
2 wll be described with reference to the flowhart of
Fig. 5. First, when the di stance neasurenent
processing is started, in Step 1 20 (hereinafter wll
be referred to as S1), the frequency controller 7A .
cpimaseochahge anhbnts@caitibutablet 1 el tariek BRyrial oA Ltﬁé Frequency f;
of the carrier signal used to transmt the R'W

reaqube tcatdulatet tythadollewingdformulahe first frequency f1.
Next, the transm ssion controller 7B controls the
nifduinatad¥] 5B to 37 superi npose the data representing
t he R/Wrequest ggn to the carrier signal. The
transm séi-otans nodul at ed by the nodulator 5B is
anplified by t povver anplifier 5C and is then

out put t ed fromthe transmtter antenna 3 (S2).

Fol | owl regdifafyt k98 YHase! RRaRde ta}ﬁogjrﬁ/ g\/ rﬁﬂﬂﬁﬁé?l?.(é?%e carrier

t he C\N(contlnuous 5 carrier wave trans

tdignali drthe We%%ﬁﬁﬁ}’z éan 6§%alcuWi86‘ bg%é %IloQﬂné '?&n%lxv

request signal e RFI smts,

t{Fermatk gesponse si gnal VI a a carr| er frequenC| es
correspondi ng t he first frequency f, of the CW
(contlnﬁustaﬁa i r wave) that is det ect ed subsequent
to the RF'Wrequi§d signal. Wen the tag response
signal is 10 received by the receiver antenna 4, the

tr Ecte e 1 '“%33%3@ Lt Biaye °?@ﬁatﬁxﬁg$ﬁh}eﬁiﬁ£égﬁﬁ?§s i phase
ac qu ?%@8%@2 SS ."ﬁ‘{f %665% nf"]e 'P' EF ?’IP,CE (f{ri_lggta[sio " Jhen, the

Rigahies SoichiatBreb Waiciies o iihfed fudet e JRugving Bfipyle
@ahAnal 9oy

_ cA¢

4x)f; - fj|

®A¢=¢1"¢2

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
(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 centroller 7B controls the modulator 5B to
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mul tiplying the reception signals inputted fromthe
anplifier 6éfand the carrier -signal.output(bd from
the PLL section 5A. Wen acquiring the | signhal and
the Q signal fromthe frequency converter 6B, on the
basis of Formula 7 and 8, the phase information

acqui rer 8A cal cul ates the phase change anobunts ~, and
~2 20 attributable to the first frequency f, and

s sapesmpbse M daibreprdsdritingf the RIVNFaqudst isiital t6 BERTIT signal,
f,) used as the carrier signal in a table1n a

c Theefransrdissiomsignal Yedulated tb;ettw@trh@aulafdicsasgrarﬁ?lified by the
finishes the reception of the tag response signal from

t pewBFathglifier 5Q SAd is then phfkfted TFoth TREitRihsAGIREl BAterPA 3 (S2).
finishes the phase information acquiring processing

( Eo)lowifge treatiamsmisdion _(ﬁ&rkr‘RWﬂ'ﬁ\J/éyﬁ sﬁ?rﬁ’él,eitﬁ@ rCW._(continuous
finishes the transm ssion of the (continuous 38 °C
Ccarrier waase) ietransmitteal via ghe fiks flegaBaoy £5(93). of the

one-franme signal (S8). The reception controller 7C

det er m ridthenhddtbeting tiee RADEIEGuUest SigaiaRthe IRFIDPRYM transmits, as
received for the entire frequencies. If it is

datreply) theltaghrdsponhee rsigretvin g ca?ti@%ééuéﬁcﬁe@@brrbgﬁﬁnding to the
received for the entire frequencies (NOin S9), the 5
pfirst eflequergyed; befc thé cCWhe(contmessi rarddr Slave) NtHdieis detected
above exanple, the first and second frequencies f,
asubseqjuent tosthe &WA réqeestesignabf Whenr #heepig 98sponse signal is
signals. Therefore, the reception controller 7C

degtoeivednby  thieetéumiveirhanteneaed! then receptions preceseee® performs a
received for both of the first and the second

f resgptioni peodebsingd t2 thel Otagt reSpenseorsighal {Baye dnde the phase
reception signals is received only for the first

f inferovation  adquitére 8Ar pedoiums agphasddnforinatibheacquiring processing
processi ng of S1. Wen the processing of S1 is

pSF)or ned again, the frequency controller 7A controls

the PLL section 5A to adjust the frequency of the

carri er Hhajrsl in(thedecapti@vprqaessoer uonshe dasissof farnalila 4 to 6,
used to transmt the R/Wreqluest signal so. as to 15

bikeo freauracy j gosvertes iR neaicalatesTithe dasignal anddbes6s signal by
of S2 to S8 are

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 ¢,
attributable to the first frequency f; and lstores 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
résponse signal from the RFID tag 1 (S6), the phase information acquirer 8A

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

transmission processor 5 finishes the transmission of the CW (continuous
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performed. If it is determned that the reception

signal s has(been received for the entire ffequencies

(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 cal cul ates

the di stance between the RFID tag 1 and the

reader/writer 2 in accordance with the above-descri bed
meafttitswaie), ethat i cihiel trahbmissidre ofi thbapwe:fiafle Wigha1"(S8). The
8B extracts the phase change anount for each

f rexppdiony comtoolier hEC tdateamimed whether ahesrecBptich SighsS Kas been
on the basis of Fornula 9 described above. The _
drexedvexk fonftbe reritire rfrequendies. edifiis i dedtemmnbar il the reception
the reception controller 7C. In this nanner, the
dignalsc das38otmbesar rveiedd farc tws iomtiré FretuaPlcRisSENO in S9), the
Di stance Measurenment with Multiple Frequencies In the
apmcederegpee backdo dhe peocessirg oe8$ur kdthenatidve Brample, the first
of the .5 reception signals of two different

f and macondsfredieensies f; aaddesarei lnsst bataalfr,eqhutehey of the reception
di stance nay be neasured on the basis of the reception
ssignalss off hetefere, othe meceptitirf foonémotlef 173 udeterrames\Wdiether the
signal s are comuni cated between the reader/witer 2
aregeptien sighaist hgs lhearneeseiyed! for rizoth not thesl firstoantdhthe second
reader/witer 2 directly arrives at 10 the RFID tag 1
affiequencies frand fr ansnitted fromthe RFID tag 1

directly arrives at the reader/witer 2. However, the

case mayAbthis orneet; sinden thehiredeption signalsal réceivedodnly for the
directly arrive at the reader/witer 2 and the RFID

tfifgt freauencyafr theserogeduleegoes back teethegproeéssing eff S oWhen the
nearby objects (rmultiple paths). In this case, since
tprecessingtafon! i3 gadoaned agaire dheatfraduency adetroller 74rcdhtrols the
is 15 influenced by the nmultiple paths, noise :
c'go'nlpoﬁ%‘qtfpg *Artopadiypk dhe ifreayiency ofotheyicarierpsigoal (and the CW
state, thus deteriorating the S/N characteristics.

Teaptinyous gagries Wm)h@éegft0ct§ae%matthﬂg%Merequgstaaigeabao_as to
t.he basi ofﬁrgh?se i nformati_on, the

become the requency 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
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

transferred to the reception controller 7C. In this manner, the distance
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preci sion of the phase information acquired may be

degr aded, tl@s deteriorating the precision(of the

di stance calcul ated. 20 In the above exanpl €, the

nmet hod of separating the reception signals into the I
signal and the Q signal and detecting the phase change
anount on the basis of the I and Q signals has been

descri bed. However, depending on the phase states,
emeasuremenbpradessingdss gomipleted. t he Q si gnal may have

an extrenmely smaller signal |evel than the other one.

In this case, nmeasurenent 25 error attributable to the

snmal l er signal can greatly influence the cal cul ation
oDistanceMeasuiserventiwith Multipletfeeqeendies one of the |

signal and the Q signal becones extrenely smaller

t han t helnotheeabovee exampleyithe alistance ie medsured @n the basis of the
i ncreases, thus deteriorating the precision of the
dreaeption sjanals| oft wh differentbfrequencies.enHowever amkdescribed later,
by the follow ng processes. First, 5 the

r é‘rﬁj@stamcetraay betmeasuriedson the IR o€ theeeeceptign signalsiof three or
three or nore different frequencies and receives the

t epre diffaseptfrequendies.or each frequency. Then, anong

the reception signals, two reception signals of which

t he S/ N \Whencsignals are sosimuaicateskétwsient the readedweiter 2 and the
signal s are higher than those of other reception

sREHAItag ot dheesigaaleigansmittedhiromethecreiader/ofritern2 ditextly arrives at
change amount and the 10 | ocation calcul ation are

pther BF R dadd angd theasigeabtrapsmitted isomethepRF U tag dndirectly arrives

sel ected. Procedures of Distance Measurenent

Priothes seaderiwitar 1y tHowever: g ease gvay e considered in which the
proocedure of the di stance nmeasurement processing with

199Ral dees dot (dilgely @rdve jat thesepderdwritan? mad thenRFIDHag 1 but
descri %‘iﬂ wth reference to the flowchart of Fig. 6.

FRITWes aiibam Akerbeingfellestedsfieramenrby abiealsi(myltinle paths). In
stharted, in Sl?;t the frequency controller 7A controls )
1 $88es 1IN s AT¢GEPYaNLSIaNalR: received naly the readerfwriter 2 is

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.

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

error attributable to the smaller signal can greatly influence the calculation of
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of the carrier signal used to transmt the R/ Wrequest
signal so a§ to become 20 the first freque@cy f1.

Next, the transm ssion controller 7B control's the

nmodul ator 5B to superinpose the data representing the
R/'Wrequest signal to the carrier signal. The

transm ssi on signal nodul ated by the nodulator 5B is
anplified by the power anplifier 5C and is then

ophase.t ethdtrismwihes eitlersone tofrtharit signal and 3w@)Q signal becomes
Fol l owi ng the transm ssion of the RI'Wrequest signal,

t éxtreInelycamaliertbas thel bther@neathie phasewsdasusement error increases,
transmtted via the first frequency f1 (S13). Wen

disus claterprating fie\premigies of theydistancehmaldifhfedt ag 1

transmts, as a reply, the tag response signal via a

carri er Theegbeve pexblemr carspesdived bytHehfolloMrigsprocesses.  First,
frequency f, of the CW (continuous carrier wave) that

i thedeadet/wiited 2 transmitsthe FIV rezjuesY\sigeal eiat theeey oamore different
When the tag response signal is received by the
rfeequerniesaandreceides the tag cesponse signakefs wach fpeqderioys Then,
a reception processing to the tag response signal

(Bnohg the deceptigmhsignals| horeception signalsrafrwididh gkre fSYNnmatio and
a phase information acquiring processing (S15). 10
Tthetsigral leveltafdhe d @k Qusigpals e highed, than those béistrerakception
Formula 4 to 6, the frequency converter 6B cal cul ates
tgignals Argraglectad, and tae slejectionef theuphage ghange amount and the
reception si %_nal s inputted fromthe anplifier 6A and

tlaeatian calsulationgarg petfopned axn theohasiseofPtie tratreceptioh signals
When acquiring the | signal and the Q signal fromthe
fsedegctedcy converter 6B, on the basis of Fornula 7 and

8, the 15 phase information acquirer 8A cal cul ates the
phase change anounts 4t and ~2 attributable to the

first frequency f1 and derives the signal |evel s(t) _
rTocadutessefdisiance Measuremend Pseeessing with Multipiedrrequipcies
phase infornption acquirer 8A stores the calculated )
phase clﬁ‘lfﬁ@e fereduse of the distancen gieasurersent processing with

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
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).

Following the transmission of the R/W request signal, the CW (continuous
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frequency fi) used as the carrier signal in a table in
a correlated manner. 20 [Formula 10] s(t) :(I(t)Z
+g(t)z When the reception processor 6 finishes the
reception of the tag response signal fromthe RFID
tag 1 (S16), the phase information acquirer 8A
finishes the phase information acquiring processing
(S17). Thereafter, the 25 transm ssion processor 5

f CAITSRsAve) ds transiittaskvia thefirstifteqoency 6n(S1Q)ous 42 c.

‘carrier wave), that is, the transm ssion of the

one- f r anhengdetectim ghe Rikrequest pignah thbe RFFIB tagr 1 T@nsmits, as

det er m nes whet her the reception si?nal s has been

r adeplyethe tag fesponseisignal via)accarties fregaencies fcormespending to the

determ ned that the reception signals has not been

r Besti {reguengy tfheofethe r@V r(squtimuouss cartier (waxsddthat is detected

goes 5 back to the processing of S11. In this case,.

agsdbsaquente the K/ gequestt signal e JVbeni the tag respensss signal is

a frequency of the reception signals, the reception

ckaeeivad by the maaiver astenpaethihe traceptinre processer ghaplesforms a

has been received for the entire, first to fourth

f fRcPbAR| pEOCessinghite fhemdag, respenset signabc@ptd)orand the phase

S| gnal s is received only for the 10 first frequency

f pformadiony geguiigre 8forarfermk a phege ipfasmationngcayirisg Jprocessing

V{g the processing of S11 is perforned again, the

f Qﬁ)ency controller 7A controls the PLL section 5A

to adju the frequency of the carrier signal (and the

CW (conthafusul® thefeceptiompegoessees. op the of Faemula 4 to 6,

%Wreﬂuest signal, so_as to beconme the first )

fiheg fleqUeney  conyertes: 6B calpulgtass dhe bsignep and dhe & signal by
until . the receﬁtion of the receﬁtion

;ﬁ?‘gﬁﬁ?ﬁ% g%éﬁ?‘?ﬂﬂ?@dsi%?'%' Rutted from the ampdiier, 6Aand the carrier
Sigh B EHGL Fhy, FE2 sk R  S58E bR ) Sh2Pan e
péos‘f&%i 'tford Wi frteautelr?gy Qér(?\?e?'?esiiétg o%f the%:za%is of Formula 7 and 8, the
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 f;) used as the carrier signal in a table in a correlated manner.
[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

transmission processor 5 finishes the transmission of the CW (continuous
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In S20, the frequency sel ection processing is

perfornmed by the phase 20 information acquirer 8A;

and the di stance cal cul ati on processing is performned

by the di stance cal cul ator 8B, thereby finishing the

di stance neasurenent processing. Next, the procedure

of the frequency selection processing in S20 in the

phase i nformation acquirer 8A and the procedure of the
dcatrenorave)s tiat! isylthe ittansmission sofnthel onSIane digreal (S18). The
di stance calculator 8B will be described 43 wth

r edeepdionecaniralles 70 aletermminesfwiiéther The Aieception sigizills has been
the phase information acquirer 8A acquires the signal

| eacslivest for tiee eatirepirequendies 63 19)f oilf it Isedetetrnined that the reception
frequencies received fromthe table: Next, in S22,

t dignplsakas inot beerntreceivaddor the edtivedfrequencies, thieepiveedtre goes
the signal |level of the reception signals for each -

f bacjudacipei prapessingr of I&1. a In thiss caséedssumisghtheal firSthe fourth
prescribed threshold is preset as small as possible
stieadenciep e iusedsas fa fiequengy ef itbé gaceptidrnsigiiaty, atheereception
cal cul ation. The phase information acquirer 8A

deerdrofiends drtarmines whethertibe reteptiaysignalsshas beehereceived for
reception_si?nal s that are greater than the prescribed

t theeeise dfinst tq fevsthtfrequenciesio nore than 2; or 2. |f

t he nunber of frequencies of the reception signals

t hat ar éAlgthisamaement, singeh the resaptiopesignalsds trekdivied only for the
less than 2, in S23, the phase information acquirer

giitst freguaney fr, Hee asaeemiregoesnbadnto the processing of S11. When
transmt the RAN request signal via other frequencies

i thegrgeessiag of &1 us merfarmedeaggini the frequenoy cordralier 7A controls
ot her frequencies. 'If the nunber of frequencies of the
rtBeeBll sectony 94 to adiyst the:frgaueney of theagarries signal (and the CW
pyescribed threshold is nore than 2, first, in S24,
té’?@"B’H‘é%‘és CRIfIES WaYE)b sgE (f9i transngik the AV Jequest signal so as to

frequencies.of the recepti signals that are not
HEEATES thEofirst HEPGHERGY, P haiPatsio| RIOPessRsLof 912 d S18 are
candi

repeapleaéiI Gl 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
S20. |

In $20, the frequency selection processing is performed by the phase
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

calculation processing in S20 in the distance calculator 8B will be described
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20 Next, in S25, the phase information acquirer 8A
extracts, faﬁ each of the frequencies of t@e
reception signals that are left as the selection
candi date, one of the I signal and the Q signal that
has the smaller signal level, and uses the smaller
one as a mnimal conponent. Thereafter, in S25, the
phase information acquirer 8A selects two m ninmal
cwithaeéerenceto We fiowtheat of Bigal7. 25 | evel is greater
than that of other m nimal conponents of other
f requencFist, in 821, Ghe_phdser lrifdsm'laftmeﬂéduﬂférsamrkﬂq%lr@é the signal
the frequency correspondlng to the two sel ected
meveetraf theoraeeption signiatsfop s eniref fasquRsricss %‘déWefdeFrorﬁ/ihe table.
acquires the phase information fromthe table and
t r ansf er Nextyén iSEh thatphasetinfdrimatioh Hoyuerer 8PaHetrmimds whether
8B. In S27, the distance cal culator 8B perforns the
dthet sigoal levet aff thé aeceptiqn sigeals foy exch freqhé@sdysisOgrddiér than a
phase information received. Meanwhile, if the nunber
opreiscebedtbieshold. (e preserbed thresholdlis prését asismall as possible
greater than the prescribed threshold is 2, the phase
| 90 @snta poovide quifficient Brécisiouite ise idistapb@alculation. The phase
information of the two reception signals and transfers
t informetmmacquirert8A deterdhisesanbetiul thel mimbeBBf frequéidies of the
the di stance cal culator 10 8B perforns the di stance
cegiceplian isignais duai:arerg;eatertthan ltlees preseiribedethpdstotd is less than 2;
i nformati on received. Fig. 8 schematically shows an
ex@ntharg; oh2 frequency selection processing. In
this exanple, the case is considered in which the
recept i dfitheshymdbles of frequestciesdfitha receptiemsigealsf that are greater
f4. In the case of the reception signals 15 of
fthaguiecprescribeddhrestioithas lesmtharedt in S2% pthesphasl infgrmation
I1; the Qsignal conponent is represented by Ql; and
taféwr@ée% iBAtrycignthes copvunicatior mastolierd” tbytraasmitnthe RW
the case of the reception signals of frequency f2, the
| regusﬁtawgnebwgcmaﬁ& frequengies iarden te yeacyuirenthegesegtian signals
oneP is represented by @2; and the reception
339?% Fe@dRICIes represented by S2. In the case of the

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.
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

level is greater than that of other minimal components of other frequencies.
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20 reception.signals of frequency f3, the | signal
conponent ig represented by 13; the Q sign@al

conmponent is represented by 3; and the reception

signals level is represented by S3. In the case of

the reception signals of frequency f4, the | signal
conponent is represented by 14; the Q signal conponent

is represented by Q4; and the reception signals |evel

i Eor Hye eecaption signals of2hEifrequericy @RRspamdirg tdi¢he two selected
signal levels S, to S4, it is determned that S2 45
~minimal oeampanents,athet peage éformatioh Bbqeisé0BA. adduisss the phase
S24, the reception signals of frequency f2 is renoved

f ndermations élose t then table daddit transfikscithe | inf@GRiaticRl to 1the distance
and are selected. as the m nimal conponent for

fealgulatari 8B. f ,In 527, 4he distanceesaleukitare BB, plerfofidss, the distance
anong QL, 13, and 4, Q and 13 that have greater

s¢ajeuintion peacsssingeon theebasis of thelphasesinforenatiorerdeived.
signals of frequencies f, and f3 are selected.

Thr ough Meanwbile;df theonembes of frequencies ©f s setémidrosignals that
select the reception signals of two frequencies for

we greaterethanghemreseibed thieshoid\isi2, the phate diogmationracquirer
consi deration, the reception signals that has

BA acauires doe phrsednfonmation «ofitheiteo tegeptiongignals and transfers
i nfluenced by the nmultiple paths and the reception
thgriafosmationitp dhe dlistapee ealcutator BB. | IniS@Talthedistahee @alculator
signal has an extremely snaller signal |evel that the

A dertarms thec distanng galcutatioacpiesespivg somithethasis of the phase
mai ntai n the precision of the distance cal cul ation at
dnforgiaticeyeseiedier any circunstance. 15 Distance

Cal cul ati on_Met hod Enpl oyi ng MJSI C Method Next,

anot her F&eaﬁp?@emat(‘;ﬁy dthawieas exaropleacf the feaduency selection
w |l be described. I'n the above exanpl e, the phase
PIIRGRSIAgo U Dip exawie.cthepcass is sppsidereds ine whieh dhe deception

for two frec{’u%nc;i ?s, and. tt}e distance r is calcul ated
bs;;gnals Is received via frequencies f; to f4.  In the case of the reception signals

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
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,.

First, in S22, among the signal levels S to S,, it is determined that S,
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20 Formul a on the basis of the phase change anmounts.

To the cont (a as described later, the distance r

may be cal cul at ed by enpl oyi ng the t hi nki ng nethod of

an MJUSIC (MU tiple Signal O assification) nethod,

which is one of the high-resolution spectrum anal ysi s

nmet hods. The MJSI C net hod has been wi dely used as a

net hod of estimating 25 the direction of arrival of
risdsroallervthan the prescribédl Breshdidd, Thbe, i 24} thenrezeptidh signals
arrival of radio waves is estimted by anal yzing the

r efcfegquencysf ihedrsovest fronetthe setectiomhcandidatea) | Nextfin S25, Qq, 13,
antenna el enents. The distance r can be estinmated

uaneh@s are setectedrasithe minimabtampogenthforrfeequericies f;, s, and fy,
signal s received through. each of the antenna

elespentieely.or IneS25, ramoog of 14, keddds, €21 and Ipthathave greater signal
with the 5 reception signals of each frequency so as

tlevel ares selentedh andpiblus dheireceptintekighals obfiequendies f; and f; are
a(8i) used in the estimation of the direction of

aselected) (see Fornmula 11) in the MUSIC nethod into a

node vector a(r;) used in the estinmation of the

di st ancellfrough Fbemabave IptpcesBese np|bwcomes: ipessibi o select the
method in the estimation of the distance r, as

deseption signale of two frequeneies] orpesesirbthe distdnoe: balculation while
reduce the effect of multiple paths under real

eexoludingefiom consitlenatign; the taveptiorrsignaié thatl haspHeteriorated S/N
paths and thus to further increase the precision.
Teharacteristies i bginghiaflueneed byf ther miugtiplet patha and:teetreception
is K, the wavelength of incom ng waves is A, the

rRighRls iprwhial @ithes oRgvelsthies! signahand tise 1Q1§Ignal ihaslan extremely
angle of the i-th incomng waves is 8; (I =1to L),
Smalleragignak jeyek that\thet othen ge) Aseordirgly.- ttrbeqqmna ngssmle to

vvave can be expresse [ exp{jd>> (

maln ;gpt{'wje(pﬁq; qr)] ﬂegﬂgt@n}:e-calqgﬁmommgw )Ie\(eje@der any
Forrrula 11 In the aboveforrrula cN(e;) is a

rYeYmst hase of the i-the incoming waves 20 in the

N-th antenna elenment; T is a transposition; and dNis
the |l ocation of the

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
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

the direction of arrival of radio waves. In the MUSIC method, the direction of
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N-th antenna-elenent. In Fornmula 11, the node vector

a(ri) (see Eorrml a 12) can be derived by r(epl aci ng

the nunber K of array antenna el enents with the nunber

of used frequencies (f1, f2, f3, ..., and fK); the

arrival angle 8; of the i-th incom ng waves 25 with

the distance r;(r, torL) tothe i-th tag; the array
response vector a(8;) for 47 C_C the i-th incom ng
varival of tadio navesrigestiemped by anabizirg tHe iéce?ﬂbnté@wals received
i-th tag; and the reception phase ON(A;) of the 1-th

i theauging phuralityi of ahienNat sleargrtinaThe|dis@nte W £4n the estimated
recepti on phase ON(r;) (cN(r;) = -27cfN2r;/c; c is the
sysing thé MUBHD tm¢thibtias) reglatihg thé geedptiore signas ifdcgged through

- the i-th tag via the NNth frequency (see 5 Fig.

[ €achrof thelanteané)elemenisefor(estidditioni of theldirkctish ofMrEval with the
O~ J [Formula 12] 2r. 2r. T a(r,.) = [ex( - j2rf; ri
Aeceptign signaig of eachlfrequelityHier as tmfrarsforrdeheidpplieatidhmodel (a
di stance neasurenent processing enploying the MJSIC
mabtledvédter e(Bxfusad \in | thebestimation aif the airestioh séfaBfival) (see
estimation MJSIC nethod) will be described. The

df emiia e1heits dhe nidtSICpnuathed i intp desnoddeakdtat alr) sised in the
performed by the location neasure 8. In the case of
tésdimatioeptof othes digtance (Seé rEoumriay12)l, By (émpldyig the MUSIC
represents the state of the | signal and Q (t) that
repthedkeint ¢he rastimation of thénalistanee gnals describgd ¢ater dit thecomes
Formula 5 and Formula 6, respectively. Here, xi(t)

tpessibie fe dedhersraducer thecaffecd rof shgltiplespathsfuretaraneal efvironment
as a conplex representation can be expressed by the
fiavolvingntner ocawrence of multiple 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
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{i®1 ()}, ..., exp{iPx(@)";

®n(O) = -(2n/A)dnsin(6;) (see Formula 11).

In the above formula, ®n(6)) is a reception phase of the i-the incoming waves
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

with the distance ri(ry fo ) to the i-th tag; the array response vector a(8;) for
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[Formula 13] 20 x, (t) = D(t)A[11 (t) +jQ (t)]
Simlarly, KN(t) t hat represents t he receptqﬁon signal s
of frequency fN as a conplex representati can be
expressed by the followng forrmula. [Fornula 14] xN(t)
= D(t)A[IN (t) + JQN (t)] 48 C C'. Considering the
case in which the reception signals are received via
K frequencies, a correlation matrix Rxx can be

p thael uttﬂdcomlrigjﬁ walas withothetdifay fe@pBRsE QB @SF{)‘ for ﬂfe i-th tag; and
frequencies f, to fK as foIIovvs [Formula 1

EIh reeéption phase @f(B;) ~ofl the (- tH incotninl) wlves >i||f thb) N-th Nantenna

the above formula, His a conplex conjugate

t elemseritowith ¢ihe recesbtic bhasescw,(ﬁ)eﬁw?ak -e%ﬁmge c e speed of
appl i

ei gen val ue deconposition is

c lighite(B210%) of iné sighaRréceddfropdthatiar Qag)(né tr{é thl fPéMd%cy (see.

formula. 10 [Forrmula 16] Rue; = (A +cr

abigv®)ornul a, e; is an ei genvector of R a, p; |s an
eigen value; and v2 is a noise power. Fromthe above
fHarmulae] fol lowing relation is satisfied. 15
[Formula 17] -~e;'a(r) =0 here, 1 <1li L [Fermula

18] T a(6) = {exl{-—j—}dl sinH,.J,A ,exp(—j-zfd,‘, sinHi)]

[Formula 12]
a(r) = [exp( - J27f, ) A exp( Jj2rfy &):I
c

Hereinafter, detaile 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
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]

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) = DO AL, (O + jO, ()]
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a(r;) =[exp(_j2~f; - Ci ,A ,exp - j27cftK- C- 1| 2

( ? 20 Fronfthe above facts, the node vectg@r and MJSI C

eval uation function PMUSIC in the di stance-estimation

MJUSI C nmethod is given as follows. [Formula 19]

Pnrusic (r) = a" (r)a(r) 2 KEleHa(a)l i=L+1 49 CC

In the above fornmula, by varying the distance r, the

graph as shown in Fig. 9B is obtained. In the graph,

the horigemidérimy e £888 %Wﬁﬂﬁ@ré@e@héﬁ% als {i‘@%celved via

the vertical axis represents e eval uation”func

PI\/USIcgle%IéH] %/\/Boirélatlbhemgfrﬁ(phxx gat B ycftﬁ}deglnor? YRE AR of the

i ncl udes a peak val ue an

CrRCEBEO® BIjnass 6pfré<i19ernﬁé>é<f1\talf.y§s fSllowesponds to the
distance r to be calculated. In the graph shown .in

HFaérm8R 15) t hough the eval uation function PMJSIc

i ncludes only one peak val ue, other peak val ues may
exi st. ij&E[g((@)e,p M8e with the influence of nultiple
paths, the peak val Ues are produced at distances 10

corresp(@g(r(n)g:{xqtjg )rwlkl(@jge paths. Even in such a

case, because stance corresponding to the

nul ti pl en pieé BB fornMIAEH i$ BadnhpIEx @bﬁﬁ@%ﬁ@trhnsééﬁﬁon and E[ ]
shoul d be cal cul at ed, by sel ecting the shortest of the

dssd aémp@raICQVérﬁgéonNdm éi@ehh@alﬁéad%dﬁb&ﬁtlﬁ i$ '?afbplled to the

di stance to be calculated, it becones possible

arcakatisremialex thﬁamedrawafbﬂh@howmgasMnuﬂa5 ln the
above exanpl e, although the MISIC nethod as the

HFgtmukastB]ut i on spectrum anal ysis method is enpl oyed
in the distance

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.

[Formula 17]

ea(r)=0

here, 1<i<L

[Formula 18]
a(r,-)=[exp( jor, )A exp( j2r ?ﬁﬂ
c

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” (ra(r)
()=

> lea(6)

i=L+1

F MUSIC
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measur enent, ot her high-resolution spectrum anal ysis
nmet hods sudh as Beam forner nethod, Capon(nethod, LP
(Li near Prediction) nethod, Mn-Norm nethod, or
ESPRI T net hod may be enployed in the distance
measurenent. 20 Procedures of D stance Measurenent
Processi ng Enpl oyi ng MJUSI C Met hod Next, the
procedures of the distance nmeasurenment processing

enpl oyi nig theeadve! fermBlal 89 vialyihy the BRESICY 'tﬁ@br%pﬁ"bé khown in

be described with reference to the fl owchar

FFigs 9Bl abigindd.  BPthie graiph, MeehoriZomit @l'aﬁ&@f@p@esents the distance .

nmeasur enent processi ng is started, in S31,

t &ed fthe et mfémbhaﬁts%ﬁe%déllo‘h Mﬁ%tlE#LPn&Ef&t ! % _shown in

5A to adjust the frequency of the carrier signal us
IMeI?@ltmmthe ebaluBtivh feactRsH Pﬁ.b%}ﬁﬁcl@cﬂa@é peakbRGRind the value

the first frequency f1l. Next e transm ssion

coft redrtesponBirkP ié rthk Spédie val kairespoiis %o the distance r to be
superinpose the data representing the R'Wrequest

s¢g)odlatdd) the carrier signal. The transm ssion signal
nodul ated by the nodul ator 5B is anplified by the

pover ariplthéigeapthShewd ih EFI% fem) émﬁﬂ@httﬁé efvémé‘tlbh%nctlon Pmusic
transmtter antenna 3 (S32 Fol  owi ng t

tinekusles ssrilp onef pédievall¥/ b qrdaksidlingd m (}héx@/\/ This is because
(continuous carrier wave) is transmtted via the

fwitts thé irflueece of mulfiidPathd Othélrsakdriiess laﬂgpfdﬂﬁlcgﬂ\ﬂt distances

request signal, the RFID tag 1 transmts, as a reply,

tdorrdspendirap do sthes nmilitiple vpaths. ¢ @venein fsh@ﬁ USNEARS because the
corresponding to the first frequency f, of the CW

(distantces mmresponding tate) mmtmlelﬁtﬁ@taeétlemerswmew&fstance r
to the RRWrequest signal. Wen the tag response

ghghashould bec wakedated, tine seleelingr thentshior@st, of Be distances
reception processor 6 perforns a 15 reception

mosesponding to thecpeaigvaluep asdbesligante (Gbé)caleuiatedhdt becomes
phase information acquirer 8A perforns a phase
ipessibiete calcuisdaithe digtanascrewith high accuracy.

In the above example, aithough 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.

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.

First, when the distance measurement processing is started, in S31,
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(S35). That is, in the reception processor 6, on the
basi s of Fdfnulas 4 to 6, the frequency cQﬁverter 6B
calcul ates the | signal and the Q signal by~ 20

mul tiplying the reception signals inputted fromthe
anplifier 6A and the carrier signal outputted fromthe
PLL section 5A. When acquiring the |I signal and the Q
signal fromthe frequency converter 6B, on the basis

otheHs cohtier A contrlos ' i :
8Aecalqg]lﬁr§t§'es Xi (ts thcacl)tn rep'rhggzlﬁf gé(%tﬁ%m?éég%td m%é fequency

sofoth@l carfler bighal us&d td rremdmiCthe! RARSequESRIGRAI so as to become
representation and stores the 25 conplex

repfeseféqidryy fi (t) and the frequency (first
frequency f1) used as the 51 carrier signal in a

tabl e i INextC oheé affisehisSBANESAtrolee 7E Nt Rhé Modulator 5B to
processor 6 finishes the reception of the tag

rsUpRpInsosY ieadath representimg the RAY rbql18363ignaln® thB&afrier signal.

informati on acquirer 8A finishes the phaSe

| THeo tramisiviEsios KighalGod LRSS fv'gnm_e( #ddulatdnBBERS bRiplified by the
the 5 transm ssi on processor finishes the

tpowemamplifier 8C andes @érn eotputtedfrsm tﬁéﬁfdn@h‘liﬂ@*’@f?tenna 3 (S32).

that is, the transm ssion of the one-frane signa

(FEIRWing Ithe transmissioh oPnhe BRAVEredGesiebiRynal, e OV¢t @Bhtinuous
the reception signals has been received for the

eoariierewveisdrarisasitted vid thel firstfeéquisrioyed éSB@)t. t he
reception signals has not been received for the

entire Whendeteating theeRMW cequestsigag StheORBHD kad d rAesmits, as
processing of S31. In this case, assunming the first to

e teply,fthedagrespsnsy signakviaas carrfer driipiengiesf§ cdrfgsponding to the
reception signals, the reception controller 7C

dieste fraquescyhfit loértheh€We {apitinabus i gavaies Waseparat is detected
received for the entire, first to NNth frequenci es.
Aubseggentotethe BiWceequest rsigreght | Uhen dheltagi esponse signal is
received only for the 15 first frequency f1, the
peceivedrky dbe gepeiver tantemra @, dbesweception [Bdtesstire@ performs a
the processing of S31 is perfornmed again, the '
freeeptionc yorocessiog | to the tamtrespense Hsigmall (S34);i end5the phase
to adjust the frequency of the carrier signal (and the
@yformation acquirer 8A performs a phase information acquiring processing
(S35).

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 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

complex representation x1(t) and the frequency (first frequency f;) used as the
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(continuous carrier wave)) used to transmt the RR'W
request sighal so as to becone the first ﬂ?equency
f2. Thereafter, processes of S32 to S38 are20
repeated until the reception of the reception signals
is confirmed for the NNth frequency. If it is
determned in S39 that the reception signals has been
received for the entire frequencies, the procedure

goarsier 8igriad irpa esisie 3h Ak dfelatedinahmerS40, the |ocation
measure 8 reads the reception signals xn(t) of 25

each fregencihd rr@clsngtm prdtlesson® fihBABSStheNfeception of the tag
correlation matrix R on the 52 ¢ C basis of the

r espphse sigia) fin thd RFDab" £ 8BB)C the PRXse iffbfnation acquirer 8A
| ocati on neasure 8 applies the eigen val ue

dfiishes thé i pitadeo informais eioguirmg prIdessing: ($3790) THefeafter, the

obtai ns spectra of the MJSIC eval uati on function

RirdisEraissiraprocessenrs: finghdls thealttadsmisaian -of| thel ®W (continuous
manner, the distance r is calculated in S43. 5

Feartiee wavepnthiathis N thevittamsmisdien fofaie ome-fatheXBRivAI (S38). The
exanple, the reader/witer 2 is configured to transmt

treeepfRéiN dontrodiet 70 Geterntings wilkdthéy td rbédftfonBignRls has been
changing the carrier frequencies in each transm ssion

anedeivedr farethes entiee tfagueesiesnsdf i Bnaktermitdd ahat e IBception
frequencies of the carrier signal are different from

esighalstties noffbeemeeceined ol the ehtirer feegq\driciés, the probBdure goes
be configured to calculate the distance such that the

deacki ¢o theepromessieg of S3tangled thivr caseh aassunsing i s first to N-th
the course of transmtting the RRWrequest signal and
Gwquentiesnacrisisedras ar frequencyt bfithe seceptioposigaalk! thegeception
frame, and the tag response signal that is conposed of
aontroflef 7&hdeiesmiresewhethenithé rebeptivar sigaalsf e besn iréseived for
changed nore than one tines in the mdway, thereby

dhe emtize.ifitgt toHd-thifrequeoeiesn t he basis of the tag

response signal. ]

At this moment, since the reception signals is received only for the
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
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

each frequency from the table and creates the correlation matrix R, on the
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The reader/witer 2 is always transmtting a specific
si gnal . V\heﬁ requesting the RFID tag 1 to¢ransmt
the tag response signal, as shown in Fig. 20 12A, the
reader/witer 2 transmts the RFWrequest signal that
requests a reply of the tag response signal. The
frequency controller 7A sets a plurality of divided
periods in the transm ssion period of the RRWrequest

o I i e ! N o) "
opRFRLOIB bR Sl bt ot AR R feasure
r ' i ' h

P I P Pl HRRLoBiioRte the SRR apB R (540) and
e i lof tiste ' i i c. I

SPEI b BAra o] SERIPSIC, Sunth YOI tof Ruiigfe G288 aron peak
t DalieS (8ATEN M this mifinet® Bk Hidtdried s Calouiliiél 47 43

period, frequency f2 1s used In the secon ivided

peri od, and frequency f3 is used in the third divided
period. The RFID tag 1 is always nonitoring the

S Festtlehcy BWitdHig Withfh Opelmaffy /Wi ter 2. Wen

detecting reception of the RRWrequest signal, the

RFI D t agnlthbrabdveid@mple, thedehasARmts ?is%fiphﬂTd {E?gansmit the
the R . Inthrs

formof responding to Wrequest signa
CRAR. reqlestsighalkd plurgiity 9P GhRs Whild Bfari ies i
1y E pluirs i}g i H?arggﬁig%[ﬁesl??ﬁtéﬁgequenmes in

signal are changed with the tenporal ge o

Ceach afarigrRigsRACA8 & rebeiveRINY t8gURSpoREENSIGNAMFewhich the
specifically, the CW(continuous carrier wave) 10

fhequandigs bhtheLattiecsignal afd @iffdrent flom BBEh SMWIP! o the contrary,
shown in Fig. 12B, the carrier frequencies of the tag

rhepeatierMriien map beocdnfiired t6 waltulitat thef dis@neaSUchlthat the
is used in the first period, frequency f2 is used in

t dtriee clhaguentsiés 0d, chRBAgéd eMRd Cthadn3 drie Umesk 1R € course of
first period. By receiving such tag response signal,
ttransmittirig tre RAAS tequest signab@ndn®y (eotinbbeas tcarisit wate) that is
the states of the reception signals transmtted via a
ptampobsed ob bndiffanee camd theetagerespense Isigriah ¢hates epimpused of one
processor 6, the timngs for changing the frequencies
dramads received withsthestagriet fraqeerseiés ohandged hase thah oneeimes 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.
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

different carrier frequencies are used for each of the divided periods. In the -
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frequehcy swi tching over timngs at the tinme of

transmtti ngthe R'Wrequest signal (more(

specifically; the CW(continuous carrier wave)

following the RAN 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 preanble section. This is because

t BramplIthowh ih g dedR thesd dRidedPpbAsds ard 86t that frequenc
resp@ﬁse__ si gnal ,rﬁgbut the length gf the prean%l?cg‘ g y
sfabiuzed id theXfRet diVidea pdriod? FeaiBACP S8 W¥ed ihGhe Second divided
secure the period in which the carrier frequencies are
speticdeghd fréqienset s 8se@fn fHeSthitd TividB@ peFisgeNt

PP%cessi ng Icr]wol ving Frequency Sw _t{:yﬁ?l g wthin One

Frame NeRhe RRD RBECEdidr afvals hidhitirmigdBfe §"$dhtMrom the
processing that 5'involves frequency swtching over
VWelden/writer 2 arihen d&ectigdecéplion & theRIW rdfuest signal, the
described with reference to the flowhart of Fg. 13.

FRF$D tagiietrahSmitslitihé aif Pedpomsel SiGRALINRAE F6MT o getﬁonding to the
started, the frequency controller 7A controls the PLL

SRAN @ueAt signal.t Natthisheade, Qﬁé‘%ﬁﬁiéﬁrec?[eﬁct& 6Pthel @lg response
signal (nore specifically, the CW(continuous carrier

veignal afk tehnged withithe tah‘ﬁbf@%lﬂg{ﬁsséﬂh@darﬁ@r ﬁéqth'lér?&es of the
e

at the tinme of transmtting th request signa

aRAN's véquestdsignal (frere espdtifivallyhene! ovw:(}:bMirgfé)LQi Chffdt wave)
e

periods. Next, the transm ssion contro r

cotlowings thd R delaéstr sigRal) 0 s igxafffe showrdt Fig. 12B, the
representing the RNV request signal to the carrier _
scayriet . frddueendiesarofntiesitag ssponke MBignbAtaAd bdnﬁqlﬁed such that
nmodul ator 5B is anplified by the power 15 anplitier 5C
dneuendyhfnisouseditin ¢he ffirstpelied| freqashty ¢ isicedna fhe second
(S51). Following the transm ssion of the RNV request

seeyind, andfeeqmancydnisi ureslin the dirstiperiodave) i s

transmtted via different frequencies for each of the

pl ur al i tBy geceiting sudhptag odspgrsEs, si@wl, tis&8lpcation measure 8
Accordi ngly, the RNV request signal (nore -

- qraomes possiblet togdetwuttbe istates of the: rraeption signa)s transmitted via a
- follow ng the RNV request

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
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

secure the period in which the carrier frequencies are switched.
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20 signal) is transmtted in which frequencies are

swi tched over in each of the divided perigds. \Wen
detecting the RAN request signal, the RFID tag 1

transmts, as a reply, the tag response signal via a
carrier frequencies (frequencies f1, f2, and f3)
corresponding to the tine-varying carrier frequencies
(frequencies f1, f2, and 25 f3) of the CW (continuous
carrier wave) that is detected subsequent to the RNV

55 C request signal. \Wien the tag response signal is

r Peagedeniedy of h®istanee v Measardrent ProdeRSingeCaRbiviy  Frequency
processor 6 perforns a reception processing to the

t Switchingonitiein Dy &rarh853, S56, S59); and the phase
information acquirer 8A perforns a phase information

acqui ri ridext; dhegrooedrs4of the7disEhide. meastifirie prst@ssing that
the carrier frequencies of the tag response signal

r invelves dreqeerdyasgitchingviovlr Withirt enp frarhedhaReaealiefMfiter 2 will
carrier frequencies of the RRWrequest signal (nore

she descrilzed withtreferéhlidd toothiel flowakarcoft F iE.eﬂ 3wave)

following the RRWrequest signal). That is, in the

recept i drirgly avteers dhe Gdistaneef measaranieso présdstingfs stlrted, the
identifies the preanble section fromthe tag response
sfireauaeincyacohtoaller MAacerstrols liee IPLLI seationaBAl subh thatsthefibquencies
for each frequency of the divided periods in the

pofe theb | carsier tsignal ofmaree specificallyf ther BW aeodtingous cifiist wave)
acgui ring the | signal and the Q signal for each
ffollqwingcthefRbMhreguestsignadntoybeosed at the e of tranBmitting the RAW
basis of Formula 7 and 8, the phase information
dequestksiggal ase switched aves fo6 epbhsof thiaplgealityrofindividdd periods.
and 42 for each frequency and stores the anmounts and -
tMexti theytransmissieni castrolles 7Bacontesls the maddulaton 5Batal supetimpose
a correlated manner. In this case, the sw tching over

tthei data sepresenting i thedRAA reqlestreigsal torthehearricasiignal. The
of the frequency switching over timngs at the tinme of
ttfmﬁpﬂrﬂgﬂﬂ%modﬂhﬁ?@auébe rapduiator(Ifbisamplified by the power

specjifically, the CW (continuous carrier wave)
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
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

f3) of the CW (continuous carrier wave) that is detected subsequent to the RW

55



10

15

20

25

20 following the RFWrequest signal). In the reception
processor and the phase information acquirer 8A,

the frequency swi tching processing and the phase

i nformati on acquiring processing for each frequency
(frequencies f1, f2, f3) of the divided periods in

the preanbl e section of the tag response signal are
performed. when the 25 transm ssion processor 5 is

t feyuieBt sidridl. t IheAMHE 24 IrBS0Ss e Ridiat'is Wa¥ENel by thereceiver
correspondi ng frequency. For exanpl®e, when the

tARBARDSP, e RIcRpEST Prodessdf & %érféfn?é‘,%”?e%‘é' f6n Proédiing to the
CW (continuous carrier wave) at the first frequency {

(185 20espbhse Rl @531 S5EarEsY)! | - i
Si gnal pcor_?g%ond(i ng to the f)'l rgg(tj%gia‘i/ri{a%gdmg%ﬂhggni %cqwrer BA

tﬁ@fmabbnaﬁmfbmam;n BEQuitiAg préceNIse (s'sg,nsbﬂ/'sgm. In this

i
the first 5 frequency f1. The Teception processor

€50, {8 cafter! REqUATRANSFPtHY Gigespbnsé BRynGY i
(S53), and themase I nf or mat poﬁsgca%i r?rnaSW?e%Changed

LWith tihé aempordl WhERGE T thE daifer fréqUEHSYs bf tHeSRANV request signal
After a prescribed period, the transm ssion processor

ndrerspedificaily, thesC\(cohtibleus Vi Wavey flfowing th
\%ave) afethe gecond f(requlelfl]cy f2 (SSS)_yv\hen '?%Ce}@wgrequest

tdigndlyV (conti nuous 10 carrier wave) of the second
frequency f2, the RFIDtag 1 transnmits, as a reply,

the si gritatcisr liethenecaption processdhSEatHR fredush& Gonverter 6B
period in the preanble section of the tag response

Sdgniifies the phearnbleosectionefiognthe tay rddponsecsighaloand calculates
processor 6 receives the tag response signal of the

fthedusignal 4d (5 Q) sigmatl fdrheactpfrageendy of g divided periods in the
acquirer 8A acquires the phase information of the

fpregobie gedtion 62 tiesbasis ohfFotmuiasi4 es6r | eserpacquibng the | signal
transm ssion processor 5, the reception processor 6,

andl thee Qobigsal forfeaahefrequeraydfiitometheSifequesrfoyr conviehter 6B, on the
same operations with respect to the third frequency f3

(B8 od Fssoiula \Fhandt$etheeplase infopnatiars acquiberf BAI cdieslates the
the reception of the tag response signal fromthe

rifadet chpnge 88Nty he and apdoi each fregueney aad stored0the amounts
finishes the transm ssion of the CW (conti nuous

andr ther freguency used as she camier 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)
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

transmission processor 5 is transmitting the CW (continuous carrier wave) of a
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transm ssion_of the one-franme signal (S62).
Thereafter,(the distance calculator 8B calcul ates the
di stance r on the basis of the phase infornmation of
the plurality of different frequencies stored in the
tabl e, thereby conpleting the processing (S63). 25 In
t he above exanple, the distance r is calculated on the
basis of 57 phase. However, the sane can be applied

t Botr8SpSHdih@ T ur egeR t
M ot g e For *?'RE!%“*’&@?“ e AR fHocessor 5

s statstthetisrhigSiohestane iCW (§b§ﬁ}ﬁlo‘-ijs‘3ari4€i %vé?&t HeMirstfréquency f;

and the signal level of the | and Qsignals are

h{Ss®! tHé‘IRFIIDh{ﬁ%G teAnsPhife rasrd?féiﬂh'tﬁ@ sigri @bﬁe@ﬁ@ncﬁn% to the first

sel ected, and e detection o e phase change ano

adiWideepénediin die p@é’érﬁuleaéédmnaéﬁhﬁetbporre%ﬁgné’é‘ sidMdl via the first
basis of the two reception signals selected

| flequéridychit | TheofecPpidR Pe6cdsBoREl facEAds e t@@%‘é&b@ﬁéb signal of
above, the data section is included in the t

rthepfraqeendy f5(858), -andeie phasé asfrsatbh Oqu%%F EBIPF%chL[Rres the

information that is unique to eachh RFID tag 1,

bpitasee information of tthel fesgiidncy fi f(ssd? St AREE a"BrRSEFIsEY genod the

using the tag response signal he above-describ

neamsmissioth phecdssbb 5 atarts traasmidsici ofithe €COW IQ@oﬁtﬂﬁhous carrier
response signal in a linked manner. Hereinafter,

cwate)gat thisi secdnar frequdricyrfy (S55) iWRsh lréb@i@ihgotheV@W (c*éﬁtmuous
described wth reference to 15 Fig. 14.

cearfiegwaae) ofi tisd second freggendylf,| melll-‘{FTIIrtQQH fréﬁéﬁ‘xh:h%s a reply,

of Fig. 4 in that the reception processor 6 of

Ithei sigpabeortedpoandihg atoptheastibseduent ajivided ;‘féﬁod]d"@lﬁe preamble
configurations are the sane as those of Fig. 4, and

tsactiondd the itag iresporisecsigod! wia the becard fréqdenc%szThQ' he reception
preanbl e extractor 6C receives the | signal and the Q
srgnessarithreceives ihettpgrespbrisecsignaleofthe éreqaBhcp i S563, and the
m xer 6B2, respectively to extract the preanble
sehasednfasmatioa acqyinee Spoarzpiires dhelphase dnformatioe of thenfrequency
reanbl e
%2 (S57). 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
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).

In the above example, the distance r is calculated on the basis of
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section to the |location neasure 8.1 At this tine, the

data sectiofi of the tag response signal iq;ﬁ

transferred as a reception frame to the reception

controller 25 7C of the conmmunication controller 7.

The | ocation neasure 8 analyzes the 58 C C preanble

section to neasure the distance in the above-descri bed
manner and transfers the nmeasurenent information to

t phaseceplowaver,othier shhe caf. bd hpplied et e distahé®! heasurement
7Cidentifies the IDinformation of the RFID tag 1

t pedceissimgs rérhplegingh¢hé aMUSIEPanethodl 9N A4diBOR! XRERD may be
the data section 5 received fromthe preanble

ezdnfigured sch thatwoeerbtion sials o wisith the iSIRNhLi6 2Pl the signal
t he neasurenment result of the distance to the RFID tag

lievehetthed ary Qt signalscarei Higherethan tifoseBoPdttet Rgcepfion signals are
information in a |inked manner. Accordingly, even
weelectede dvfd the afetection of thé i pasey shangs HRbMCah8Sthe location
with a plurality of RFID tags 1, it becones possible

t caldulation gue perfoheedict thedsasisLéf the wacBcaptiéhsighalselected.
tags 1. The information that is identified along with

the di stance information in the |linked manner is not

limted to the IDinformation that is unique to each

olidentifieatieil &f Distance. to@®RFKD Tagy or mati on may be | i nked

to the distance information as long as the

i nf or matA® deserili above,dherdath sedtiv is reluded ivf thehiag response
tag response 15 signal. Procedures of D stance

Nsigneal e M¥hen fhe datas segtion tontaitenlD friformtation tHat R-uRique to each
Ta%s Next, the procedures of the.di stance neasurenent
pRb24ag g itwbetomes passittle fto ddentify thd distané¥ Iniedsaged iusing the
the reader/witer 2 will be described with reference
ttagtnesponsavsignal inftheiapovesdeseribed matweer aie the REIDCEag 1 that
measur enent processing is started, in S71, the o
ftranfnaited thentaw|response wignaloins at linkeel Imamer orHérainafter, the
adj ust the frequency

configuration for enabling such identification will be described with reference to

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.

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

7C of the communication controller 7. The location measure 8 analyzes the
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of the carrier signal used to transmt the R/ Wrequest
signal so a6 to becone 25 the first freque@:y f,. 59
c~ C Next, the transm ssion controller 7B controls the
nodul ator 5B to superinpose the data representing the
R/ Wrequest signal to the carrier signal. The

transm ssi on signal nodul ated by the nodulator 5B is
anplified by the power anplifier 5C and is then

optgarmbledsdatiom tohaeas arestiietdistana@ ire tHt2aBoveSddsceritfed manner and
Fol |l owi ng the transm ssion of the RFWrequest signal,

t tran§férs tnirigasarsmentinforiiativiMe thé feddpidptdritdtier 76 .
the first frequency f, (S73). Wen detecting the RFW

r equest ‘Sherrebepﬁdrecaﬁﬂr&léram ldéntmies thesID M¥orndatidhPbl the RFID
the tag response signal via. a carrier frequencies

ctay dsthandiamgriitted ke thg rresponsisimay bl arﬁlyilﬁg théVdata section
(continuous carrier wave) that is detected

stgzebapde rfrorno theéepréaiibie qextsactsi BRI . 'I'Wéerrebéﬁtldrﬁgsontroller 7C
response signal is received by the receiver antenna

didentifies tioe préasurgment sesult 6f ther distaige 2o the RAID @i@ 1 measured
processing to the tag response signal (S74); and t

pbysthe ilodatiomimenswreqBi aad e (B informatohiasa Imked manner.
information acquiring processing (S75). 15 That is,

i Accordingly, egverm whero thiess R D6tagocorhhrinicztion $stémr Bbﬂnﬁﬁmlcates
4 to 6, the frequency converter 6B cal cul ates the |

swijha phmalhtyhui RFIE) tagsl 1,by beocornts pogsibie tddistingaighithd distance
signals inputted fromthe anplifier 6A and the carrier
stoggaxth oftheuRFRitdgsom t he PLL section ,5A. The preanble
extractor 6C extracts the preanble section of the

r ecei vedl hanformsatiorsthat igyidentified alongakitratid @sfhce information in
signal) and transfers the preanble section to the

| thedinked maaper & 8ot lixnitedits the 1Drinfotrhatiora tizatsis anique t each of
the tag response signal is transferred to the

rﬂ?@e‘ﬁfﬁ% tags dnt Pdhercinfarmatiphenay bedinkeddotthe distanos limformation
section fromthe preanble extractor 6C, on the basis

As langnas the infaanation iscdesaribeddn the glata eection of the tag response

signal.

Procedures of Disfance Measurement Processing with Identification of RFID
Tags |

Next, the procedures of the distance measurement processing with
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

the first frequency f;.
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cal cul ates the phase change anmpbunts 01 and 02

attributablé to the first 25 frequency f, gnhd stores

t he anmounts and the frequency (first frequency f,)

used 60 as the carrier signal in atable in a

correl ated manner (S75). \Wen the reception processor

6 finishes the reception of the tag response signha
fromthe RFID tag 1 (S76), the location nmeasure 8

fini shesngite thehegeshiRERINTebhPAIHIC ! Eoritiold tHE “fipidflibtor 5B to

(S77). Thereafter, the transm ssion 5 processor

f sup&iAposd the ﬂﬁ@?@‘?ﬁ%éﬁﬂn@fthé W\/\ﬂé’cﬂé@f‘éiéﬁ?%& carrier signal.

carrier wave) (S78). The FTeception contr

dEhErtransPaiswont Sighalt FROJURREAHYPthes h%b:i}gétf»{ *ylﬁé i $Riplified by the

received for the entire frequencies.

dsdweranpiifiense drideis thes dRitpttedfremahs thﬂw%r@%S QRt%Jt?.Hg 3 (S72).

received for the entire frequencies (NO 1IN

PF SIfAHG StheOBanSMRSId of the PRANEfHuUBSE Qignal 1 Mt (dohti

det ermi %ed that the 10 recepti on'_%?lugnal sgﬂlrﬁé;'sﬂl)éeg:rw (cohtinuous
r €ArvieY RAvepis trasrRittel\ea tHeirdereg8end Yfg‘%svs).sm) , the
procedure goes to the processing of §8 . In"S80, the

| ocat i onviveAsistectfhgether RANSrehl18stIgsedl, tHE RFIBIth§M Rhnsmits, as
each frequency fromthe table to calculate the

ca sépipcthe(1880espdhse kiypal viNa cARRSTUTSyURnEs EarrEsPdHding to th
t he di st ancg bypusi ng@?ﬁe above-descérhl bed MJSI {3&&15 g fofne

nrshdeequency! F; af e IGW Resntiudlst Bﬁrr@ﬁa%ge)t that is detected
al a

i nformati on. Meanwhi | e, when receiving the

saitseqaeht ton thBeRpNVe patilest ﬁgﬁélaCWher@%etﬁ? FESpRIREEOSignal is

controller 7C verifies the IDinformation of the RFID

tregeiVetihby theasaiver eshtehra t4)gthee Bgueiption Spradeaks e 6t Performs a
basis of the data section (S81). Then, the reception

aepeptibn eproéEssingi & ethe tde ispbAsE esighalo(874);0and0 the phase
received fromthe |ocation neasure 8 and the ID

|infopmation oacqufirer HEA Ridrfortresg alphase informétich ravgoiring processing
(S82). The conbi ned information of the distance and

t(®&5)1 D i nformation of the RFIDtag 1 is registered in

a recording section (not shown) provide in the

comuni ddat ém it e redeptionpracessos 6, loarthertasistof Ferntlas 4 to 6,
an external apparatus through the external

dbemiiandency converden 6By daileylates 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. The preamble extractor 6C extracts
the preamble section of the received tag response signal (I signal and Q
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

frequency fi and stores the amounts and the frequency (first frequency f;) used
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25 this manner, the di stance neasurenent processing is
conpl et ed. @1 ~ C Location Estimating Pro€essing In

t he above exanpl e, measurement of the distance to each
of the RFID tags 1 has been described. The direction
of location where each RFID 5 tag 1 exists as seen
fromthe reader/witer 2 may be neasured. Wth such
nmeasurenent, it becones possible to specify the

das tiencarrier sigrlimg t@tbléfh@_bidb?relé{%dfﬁléﬁné?g@?s‘}.ag 1 and
thus to specify the |location where each RFID'tag 1

exi st. Ad/henTtid)eceptions prdbrissoe 6 fiRisHes Rkl Riteption of the tag
| ocation where the RFIDtag 1 exists, a nmethod can be

usssponse Wigred) fiione thid REHD itagy 1qs7e§1ttgen@caqiowmeh§ur‘éf 8 fifishes the

the receiver antenna 4 are arranged in an array
cpindseg infotation avduirivg prbdeksii n$s77q.et WheRedHeRS e ®ansmission
the signals received at each o he "antenna el enents

i prodessot &dfinishesitheftrfiismissiBhosE #sd ITNO{copShLEBS iddrier wave)
the direction of |location where the RFID tag 1 exists

WS78) be Thesreceptich cohollekt7C HeterptiResailcthal far %Ption signals
showi ng the processing of estimating 15 the direction

dias been ceceived dot tite ntiks tfagyuiciss. If it I deftiraihdd that the
the receiver antenna 4 is constituted by two antenna

aleeaptions signals has notibeem secaNaforithd AntifflequEmies INO in S79),
antenna elenment 4B. In addition, O designates an

dhegl procediresgdoembadietotinegmriocessing of S7at i anit W@éteriied that the
RFID tag 1 exists. This angle 6 is nmeasured in a

geaeptiom signat$ hasrisgerledeivesl forrthetértite dfequeplcRiRe(YAES in S79),
i ncludi ng both of radio wave reception points at the

fthe proced wergoes! terthaprddessingloft 880.second ant enna

el enment 4B is set to O degree. Assum ng the distance

bet ween In 580, i oatior meaw e iSextpatatie phasd imforditidn of each
antenna el enment 4A and the second antenna el enent 4B
ifeequengypfrese thei table cloc caltulate Hiegrdistance (@80¢d afhe location
the first antenna el ement 4A and the 25 second

dneasiie 3|raycalcuntethedistansathyd usingt the dkdvesdesaribed MUSIC

fornul a.
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
received from the location measure 8 and the ID information of the RFID tag 1
in a linked manner (882). 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 throdgh the external communicator 9 shown in Fig. 2. In

this manner, the distance measurement processing is completed.
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62 C C [Fornula 20] AG=kdsinB k21r 2 Here,
assum ng d é@VZ, t he phase difference A~

represented by the 5 following formula. [Formula 21]
A0 = r sin 9 Thus, on the basis of a phase difference
A+, the direction of existent |ocation 8 is
represented by the following fornmula. 10 [Fornula 22]
6 = sin-' A0 That is, it is possible to obtain the
direction of existent |location 8 by obtaining the
phase difference A+. Fig. 17 shows the configuration

of otdton EgREL F‘r@ées%idgm ated to the 15 cal cul a.ti on
of direction. El‘%e configuration shown in the draw ng

i s diffenetile absMekimiple hﬁ\é@sﬂu@n{:érﬂ-of“thb”digﬁ?keitﬁ each of the
Fig. 17, a direction calculator 8Cis provided to the

| REHD itads Measbee® dedBiibed. S €T 1RE HRECRIA bfIdeafidh Wbre ®ach RFID

the reception processor 5. Qther configurations are

tfag $aistead S6erk Gidh Whe %éd&ﬁmﬁt@?%mdy”bé;irﬂeaﬁﬁe&”dWith such
thus descriptions thereof will be omtted. 20 The

SHleasliimént, &%%é@{)dsﬁﬁ\rétt@r‘s%‘écﬁy e ka‘faﬁéegﬂf |2d the direction

received by the first antenna el enment 4A an

sefceach REIPNty ¢l fitetHusi® spedifyetheCRRhl6h whas SHth éIfID tag 1
and transfers the signals to the anplifier 6A1 and the

aexist. f i/ a PRéthod Tdfeestitlativlgl the dirktishi i lo&tion\Where the RFID tag

selector 6D is controlled by the reception control
/Cexists, a method can be used in which the plurality of antenna elements of

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 showing the procéssing of estimating
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. In addition, 8 designates an
angle indicating the direction of location where the RFID tag 1 exists. This
angle 6 is measured in a state in which a normal line direction of a plane
including both of radio wave reception points at the first antenna element 4A
and the second antenna element 4B is set to 0 degree.

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 A¢ of signals received at the first antenna element 4A and the

second antenna element 4B is represented by the following formula.
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about the ppase difference between the signal
received by the first antenna el enent 4A and the

signal received by the second antenna el enent 4B from
t he phase information acquirer 8A, and cal cul ates the
direction of existent |ocation O of the RFIDtag 5 1
on the basis of the phase difference infornmation by

t [Forafuda @0frent i oned processing.  Then, the reception
controller 7C acquires the distance information

cal cul at ag by -d&sgdi st ance cal cul ator 8B and

i nformation ut the direction of existent |ocation
cal cul at®@d y— he direction cal cul ator 8C, and
transfers thi4 information to the area deterninant 10.
10 The area determ nant 10 determ nes whether the RFID
tag 1 i sHeteqyeasaing ki 2athe sisadd Biffdraral A

(communi cation area) on the basis of the dc;PLstrgggéésented by the
| fohlowireg farmudand t he i nformati on about the direction of
exi stent |location as the location information. At

t lHosmiularR21] t he area determnant 10 determ nes whet her
the RFID tag 1 exists within the communi cation area on
15 the bAgi=Szehdt he area information that is stored in
the area information storage 11. As a nethod of

obt ai ni nthus)erdtheckasioof af plitades titfetenc Abi e dirédtiohhéf existent
RFID tag 1, it is. not limted to the above-nenti oned
nietatiah B4ds depresentegddnsihel fellowingufeemuRi, i ous known

nmet hods. For exanple, as technology of estimating the
A6 odinukc22pbn of arrival (DOA: Direction of Arrival) of
radi o waves, Bggm former nethod, Capon nethod, LP '
(Li near ®Fstittfon) nethod, M n-Norm nethod, MJSIC
met hod, and ESPRI T method can be exenplifi ed.
Procedures of Location Estimating Processing 25 Next,
t-he procdwiriesit i pphsibleotoaobtain ¢ diratfiony op esistentilogation 6 by
inthe 64 CC '

obtaining the phase difference A¢.

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

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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reader/witer 2 will be described with reference to

t he rovvcha(ts of Figs. 18 and 19. First, (when the

| ocation estimating processing is started, i'n S91, the
frequency controller 7A controls the PLL section 5A to
adjust the frequency of 5 the carrier signal used to
transmt the RFWrequest signal so as to becone the
first frequency f1. Next, the transm ssion controller

7B cont r'bhe difectiondoalaulatorSBCt acqairs infoRnatioh Ebslit the phase
representing the RFWrequest signal to the carrier

sdiffeaénce Bétevelanathersiginal dacsivad dly the divdtairReniy eldifent 4A and the
nodul ator 5B is anplified by the 10 power anplifier. 5C

asignakredededoby the secbrid antehRa dlémaantBtfRdm aRé PRASe dformation
(S92). Follow ng the transm ssion of the RI'Wrequest
sagmuifer 8Aeand/\calcalates theidirestivn bfeéxist@ne Jodation 6 of the RFID tag
transmtted via the first frequency f, (S93). Wen

dttare thepasise oRANE iphasesdiffeiegical infaritationl By ttA8 dbove-mentioned
transmts, as a reply, the tag response signal via a
cpiacessingr eqUdeni ethec oreceptiomdeodtréliert 7€ d&qditdsSithe distance
frequency f1 of the CW/(continuous carrier wave) that

i infatetationechlsulateeibie the tistdrive G4Vt 8B andi igformatior out the
tag response signal is received by the receiver '

aditetion of existetti catioendalculated by theadiredtion ehlURitér 8C, and
4A is selected by the selector 6D. Therefore, on the

Hsansfersf thishiafarmatioin todheiaveal dotermtidentf1i0; st ant enna
el ement 4A, the reception processors perforns a

recept i dihe2@rea odetesmingint S )determines ewhéthee the RFID tag 1 is
i nformati on acquirer 8A perfornms a phase information

decaitedi wighipra pegsaribed (speipl afaa(cansmunicatibe areaephithe basis of
processor 6, on the basis of Fornulas 4 to 6, the
fthecdistangecinfroration ead dhecinfartregionhaboutsthgndireetiah o eexistent

signal b mul tiplying the reception signals
ilapRHQre @sf qeationripfarmadion 5 AAbtbist timec dhe i area 2determinant 10
signal outputted fromthe PLL section 5A. Wen
;Qeggqmlpﬁg whether $heyRfflIDalag 1 lexistsvithin the communication area on
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
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

Next, the procedures of the location estimating processing in the
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Q signal fromthe frequency converter 6B, on the basis

of Formulas(7 and 8, the phase infornmati or( acqui rer

8A cal cul ates the phase change anobunts 4) and 02
attributable to the first frequency f1 and stores the
anmounts and the frequency (first frequency f1) used

as the carrier signal in atable in a correlated 5

manner (S95). Wen the reception processor 6 finishes

t headarbaiter ¢hwilf behdescaibed rwithy sefetenceytalthé flewchhgs of Figs. 18
RFID tag 1 (S96), the phase information acquirer 8A

f andsies the phase informati on acquiring processing

(S97). Thereafter, the transm ssion processor 5

fi ni shesFirste whemthe keation @stintating\processing i® starfédl, in S91, the
carrier wave), that is, the transm ssion of the

ofreqtiencte contyolier 7/Seeitrolsithe Pldc spttiam5Adotadilistehe Fequency of
determ nes whether the reception signals has been _

r theecansigr fsignal lused o itrapsfitthecRMN aequést signalso as to become the
determined that the reception signals has not been

r ficst fregaenoy fihe entire frequencies (NOin S99), the
procedure goes back to the processing of S91. If it is

det er mi nidext, Hhe traesmBsiorc ephtrolters 7Bnabstrdiastheemodulator 58 to
received for the entire frequencies (YES in S99), the
dsupernimopose the Hatagiepasanting dhedR/MV e qutesth signabtoctileadarder signal.
processing (5100) and the procedure goes to the

pF be deansigissionssignal modulated deys he medulatoatsBiis amplified by the
cal cul ator_8 may cal cul ate the di stance by using the

apewer amplifien 86 angsisthenmutiputteds from thedsanamittee abtesina 3 (S92).
of the phase information. In addition, the 20

dreliowine the iansmissiomwf the BAM tequest isignal e then @\ (continuous
after S111 and S112. In S101, the selector 6D is
SERITIEhWAVEY i trarsrsittedodia the:first frequenenfid$93).el ement

4B. Under the control of the transm ssion controller _

7B, t heeWﬁPWCi'Qia%Et thg BAY regrest sisnalwthe RidDrtaguktransmits, as
carrier wave) are trapsmtted via the first frequency :
14 rerlyothe RgFesRPNSIgNa) a8 Ganten feauencies gersesponding to the

tsflggp ?%@h& gﬁggqt,m (tgér?t?qstgutss @@?rérawra(\e/gl) yt'ha% hig 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 processors performs a reception
processing (S94); and the phase information acquirer 8A performs a phase
information acquiring processing (S95).

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 and the carrier

signal outputted from the PLL section 5A. When acquiring the | signal and the
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frequenci es corresponding to the first frequency f, of
the CW (confinuous carrier wave) that is detected
subsequent to the R'Wrequest signal. The t

response signal is received by the receiver antenna 4.
At this nonent, the second antenna elenment 4B is

sel ected by the selector 6D. Therefore, on the 5 basis
of the signal received by the second antenna el enent

4Q sighal froretid fraqueneLesmidrtdd 6B &P tHE basisesFPbiniilas 7 and 8,
processing (S105). That is, in the reception processor

6theophade ibfesimation doyuiret BA ¢alcladtes tﬁé‘?ﬁa‘séq&%@é amounts ¢r

converter 6B calculates the | signal and the Q si"gn

baind gl dttriputatsie fohther ﬁfs%Méané_n%quaén% stHes (tRé efrhSHi‘ats and the

the anplifier 6A and the carrier 10 signal outputte

f froqueérsy (irdt feaflidney fHAIsEIaPNe s rfiet §ignkl iﬁ!agfé%h% ﬁAﬂS correlated

the Q signal to the phase infornmation acquirer
Vihanneh¢S9%)cepti on processor 6 finishes the reception
of the tag response signal fromthe RFID tag 1 (S106),

t he tranaieasthen redaptions prodeskbnies figshbsethkr ?é&e?'tiéﬁi &the tag
of the CW (continuous carrier wave), that is, the

trespense sigral dfon tiee RﬁthegnE(SQGJNHe pBASY InforkRatiét hequirer 8A
processi ngs of S108 and S109 related to the direction

cfilishisatthe phasec afeimatial achairing’ pstessingSIS57). t Mereafter, the
phase i nformation acquirer 8A detects the phase

drdrisgmission pedcessor tSdintshgsathe’ eaasiiskidy dfhhel OW! (continuous
antenna el ement 4A and the signal received by the

scarded wavied ntheatelb ¢ then trafBmiddiem  of tthe ohd-frahedBigHal (S98). The
cal cul ator 8C cal cul ates the direction of existent

|recepfiam doditnodiet i76h deterndnes tvehather e trbeegfidnDsigaglisl has been
on the basis of the phase difference (S109). In the

aeseivefl fost thenientice ffleguenciest | dhitois tbterhised that the reception
phase difference between antenna elenents, it is
reignAls cins mot drgeir eecdived fas thelidnties drerpenates (MO BRIS99), the
frequency. 25 Thereafter, the reception controller 7C
dygoedwe gees diaskatocthe processing of S91. If it is determined that the
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
distance calculation may be performed before and/or after S111 and S112.

In S101, 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,

the RFID tag 1 transmits, as a reply, the tag response signal via a carrier
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i nformati on cal cul ated by the distance cal cul ator 8B

and informafion about the direction of exi(tent

| ocation calcul ated by the direction cal cul ator 8C and
transfers the information to the area determ nant 10.

The area determnant 10 calcul ates the |ocation of

the RFIDtag 'l on the basis of the distance 5

information and the information about the direction of
effequenciesocanréspondBig dp . thel first requeneyef,, of fitee CW (continuous
| ocati on neasurenent processing is conpleted.

Scatrler avasa)shat isndetecteidosubsieqiieht topthe RAVWqeqoestesignal.  The tag
within One Frame In the above exanple, the

r exfponser sigoal B ieceiveds by the deteivemantenahed. 1At tHie€ moment, the
di stance such that the carrier frequencies is changed
neeeondhantenna element 4Bnstseleated bydhefselactarBid t t Thereftve, on the
RNV r eguest signal and CW (continuous carrier wave) :
t hasisiof thergignal deotived dyf thensecomddanteana alemenp4Bsthe reception
signal that is conposed of one frame is received wth

t pewcesser € perfoss entsceptioh pnogessing(SAa5)an one tines

in the m dway, thereby calculating the distance on the

15 basi sThat ishin thegeceptiamprocseisgonb, o the basis witFicamulas 4 to 6,
the reader/witer 2 rraé be configured to calculate

tihe driesiuency eonverteiabBt halculates dhef | esigrericard thee@ isignal by
transmtting the RRWrequest signal and CW (continuous
cauitiplyingdhe reeeption signatsnippstied difono tike amipiifier SA and the carrier
constituted by a plurality of frequency conponents,
atignaheutpaiteddsomnthe BlLigsectionHA apd aurpuatsetbiedf signal and the Q
frame is received with the 20 carrier frequencies
hEgnaltosthel Rhage injorprationcagauiney 84cnjihenttee recaptisimyprocessor 6
cal cul ating the distance on the basis of the tag

rfiishes the FegaptionTofdthedaadesppnse signal Fom they RFID tag 1 (S106),
transmttjng a specific signal. Wien requesting the

FﬁfiP rRNRNIESION PrOSRSSEN O fiRishesthedeansmissiongifdhe C\Wk(continuous
shown in F'q 20A, the reader/witer 2 transmts the

AN '?reweé@}' batjseaihe transmisgionafdhe ongdrame sigal ($207)ag
response,si.gnal . The freguen controller 7A controls =
the PLL N¥. <Blorpatings, Slich10haandns 108r relafed to the direction

SERRIRRER BT Rssing #E RGNt i on per i od of the OW

(conti mfrc\)u%ﬁ)g,r rt'hgr pWS¥§) 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
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.

Thereafter, the reception controller 7C acquires the distance
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following the RRWrequest signal) is constituted by a
plurality o( frequency conponents. In the exanple

shown in Fig. 20A, it is controlled such that the 5

carrier frequencies is constituted by a first

frequency f1, a second frequency f2, and a third

frequency f3. The RFIDtag 1 is always nonitoring the
signals sent fromthe reader/witer 2. Wen detecting

r efepbation oalcutatedRbWtheglistahce icgltalatot BB arfdFinforvidtioh about the
transmts the tag response signal in the form of

r dirpotich rof existené ldcatiRn\takglated 9 ghel dirddtiohhisicaass 8C and
the tag response signal is transmtted via a carrier

f trapsfensiths ioformatiportdithg dreat dstenningner! Of r ulecaIaE8eterminant |
having a plurality of frequency conponents of the RRW

r 8§uealculatem the (locations pkthé iRBID tag thenCile bagik! bhwee distance
carrier wave) following the RRWrequest signal). In

t inforenatigyl and shewformafiory ab80Bthet dieectianr dfegxistent location (S110).
frequencies of the tag response signal are 15

c bimthigyonammes, Ltbe lodationf measuremertt brocessiraylisi sorhypletdd. r st
period, frequency f2 is wused in the second period,

and frequency f3 is used in the first period. By’

recei ving such tag response signal, the |ocation
neigultanepushbaosmissiars of Muttiple Fdsqueniciaswitsinadrs Fedme

the reception signals transmtted via a plurality of

di f f er erin theeabeve: examps) therreadef/tveiter 2 lie configured to calculate
configuration for enabling such detection will be
dbecdistange\guch thet thecearsier freflugncies is Thangedh fiaye tham one times
shown in Fig. 21 is different fromthat of Fig. 4 in

tiRathe Ifeursen 9t iransroitting the RAY equestrisignap lands CW (continuous
provided with transmtters 5D1, 5D2, and 5D3

CCATFIEE Wave) thattis comnosedeefianeciramed anddbeitag eespdfsessignal that
the 25 reception ?rocessor 6 is provided with

bEreRPased of ties Trame iss ceceivad vathathes gaier drequencies changed
m xers 6B3, 6B4, and 6B5 as the frequency converter

gBOrthRR ongolimegundheomidway. thaweby eaiculsting dbe distance on the

Fiaqs._ 4 an(f*l t hus descr.i ptions thereof
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
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

of the tag response signal. The frequency controller 7A controls the PLL
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will be omtted. In the communication controller 7,
t he frequen@/ controller 7A controls 5 theg PLL
section 5A such that the carrier frequencies of the
R/'Wrequest signal (nore specifically, in the

transm ssion period of the CW(continuous carrier

wave) following the RM request signal) is constituted
by a plurality of frequency conponents. The carrier

S$&dtRIrs 58881RhAthat thy chhferRkeqificid<OBf E}% w&éﬁut%ﬁte signal (more

transmtters 5D1, 5D2, and 5 are co

cEparificdlly>in aRél traH3nfsSioh " Edd bf WKk té\f\Pk’%tiﬁU@us carrier wave)

nodul at or 5B and the power anplifier 5C e recept

sfollbMrsg teE RN? dedlieéth8ighaeisV n i '
branchrgld into th?geepat s gftegé%sggﬁtﬁﬁg% ﬁae?’gﬁgl'ﬁyf?feffequency

6corapanénts. I &% BRS bxafble shéWTih ¥5g.tZ0A he isbé‘é}ij(fd?l%ﬁss%h that the
filters 6Cl, 6C2, and 6C3. Fromthe reception signals

| garviet eéquenties iDaoastRaed by hifRssirégdencdiF a i@‘géormeqﬁency fa,

signal of a 15 specific frequency conponent

exid aqhﬁdf,@qqehqr)gt_ted to the m xers 6B3, 6B4, and
6B5. The | signal and the Q signal of each frequency

conponertite GRFID nag 1b¥ hRRyET KritoRiRg: t@%ﬁgr@?@g%@é from the

are inputted to the phase informati on  acquirer ,

aeddehlarittiage WWREYIAEBERY rééetih of tREURNYYrequest signal, the
conmponent and 20 the di stance corresponding to the

REIDtagrictramdritd Heethg Rispohaé sighdl v te Ford 8F rédponding to the
Figs. 4 and 13, the reception processor 6 calculates

tRAVTegaesicsignale amthisicask, trciagf reepbRsE YighalMonaRdmitted via a
when the reception processor 5is transmtting the CW

(cavrier frequencies doerespending tonthehearAbofreqeeReids havinea plurality
distance r is calculated on the basis of 25 phase.

tdif\feacprrencyfoorsponentsiof the RAM reqdetDsighal @héreaspeifically, the CW
measurenent 70 C C processing enploying the MJSIC '
rteohtinloushcartigr wave) fallawingi ther RAWaequest sigaal).bl n the example
whi ch two reception signals of which the S/Nratio and
tshowet gmafig. 20B, the carrier frequencies of the tag response signal are
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.

Hereinafter, the configuration for enabling such detection will be
described with 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

reception processor 6 is provided with band-pass filters 6C1, 6C2, and 6C3
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l evel of the_ | and Q signals are higher than those of

ot her recep(ion signals are selected, and (he

detecti on of the phase change anpunt and the | ocation

5 calculation are performed on the basis of the two
reception signals selected. Active RFID Tag In the

above exanple, the RFID tag 1 has been described with
respect to the configuration of the passive one. As

dandr itteatsabB3e, 6B4,0ahdweB6r ast tie Wdduehey dorRyteiaBB. Other
the configuration of the active one. In this case, the
REbIfiguagtiGnsraye the samec asfthgse of iFig) 4,nandtius d8scrigtioRs thereof
tag 1 is provided with a battery section, a signal
geflEbebmittéthat generates the tag response signal, and

a frequency controller that is configured to transmt

the tadnrthemonsmunicgtioh cortreliert® dhéYrelqhensy e6@roller 7A controls
generator via a plurality of 15 different carrier

f thegBeb sieetion I5A sishsthabtiee cafrier Srepuedtiesofithe FIW #duest signal
the necessity of the reader/witer 2 transmtting the
R@hbree gpeeificallyyrinl the Srandmission pérod roftheNCW (continuous carrier
controller 7A, the frequency controller of the RFID

twgve) rfalfowsinge tiné | RWerequess$ esignalp! isr gbhstitutld dyviad@turality of
periods in the transm ssion period of one tag

risequency edmpahesisch Theatarder Signalst gererateer bethe PLL section 5A
frequencies are used for each of the divided periods.

Aanc theatrangmytters 1591, 502 aedSD3 are combatediby tHeecombiner 5E and
configured such that different carrier frequencies

aare transmitted theaught tharmoduatasSBand tiee pawer asplifisc5C.

signal. Further alternatively, the carrier

frequencihss reseptien csigpaist ueegivey at pther aéceiyer aintenna 4 are
frequency conponents. 25 71 Application Exanpl es of

duanohed dntoothray patha Biempas¥ing the@nglifier 6#pand fare respectively
appl i cation exanples of the comruni cati on system

UBPHided He W= bapdpass filtass HEtehC2erdnstBfdnt Rohi the reception
descri bed. Fi shows an_exanple of a

LT ieapﬁeﬁg@yééeha%pﬁgs diiters |86 1,26C8f anHeB6C3, a signal of a
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
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

phase. However, the same can be applied to the distance measurement
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5 invention is applied to a systemfor inspecting

and/ or checking articles in circulation. I(h the

exanpl e shown in the drawing, articles having the RFID

tag 1 attached thereto are transported via a

plurality of belt conveyors. The articles having the

RFID tag 1 attached thereto are al so stacked on pl aces
apart fromthe belt conveyors. The reader/witer 2
Cororessingt emplayiny tthe MUSIE! Méthed. 1in mdeitit, 4 Cconfiguration is
inspect the articles being transported via the belt

coossibierin. which ttiosretaptien sigriald @f WHich es S/R! @tib%nd the signal
manage the circulation of the articles. In such an

clevaLof thatliznd Qysidedls bee Afghen tihiin thdstbf thEPRRBPIBAkIgnals are
apparatus that manages the articles in circulation is

mealgctedd sl thee deldationabf tHé pﬁlﬂ%éféﬁa/f?é @mount and the location
communi cating with the reader/witer 2. In such an

Ridi€ulbtion aperpurforaéd on the dasid ofithe the reeption sighal8Relected.
area is not definitely defined, the system may

usel essly comunicates with the RFID tags 1 |ocated

at a position apart fromthe belt conveyors, which do
nAttivenRELD fagbe comuni cated with. To the contrary,
according to the RFID tag 20 comuni cati on system of

t he predrnthecabovk re@mple! the REE®ithg e titag dleent déSeribed with
di stance to (or location of) each RFID tag 1 by the

prespestsitogthel cohfiguratiadebf ihiet pasgive Aoaer di Agl desdribed above,
becones possible to communicate with only the RFID

thenyeevert thet RRER: thg © nhay haverthe canfigliratiom of fhecactiliengnd.o In this
t he conmuni cation systemusing RFID tag of the 25

waseeihe dRbifd tagerit mayi have aheornfigiiratiore in aviich the REIDLag 1 is
of) each RFIDtag 1 can 72 C_ be detected with
pFowidedewith ha dratteng csesition, at bignad agbeerator tthat geherxeethe tag
possible to identify the belt conveyor |ine where the
RespoRsSe) signat arsl adrequensyorandtoller dnatyis womfigured to transmit the
installation of the reader/witer 2 is sufficient for
tag ©@sponsacsinoal generated obynthiecaigneh generator udang plurality of
RFI D tag having such
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
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.
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5 functions. _In other words, it is possible to obviate

the necessify of a member for limiting thg reachable

range of radio waves or the necessity of installing a
plurality of readers and/or witers 2. Therefore,

according to the RFID tag conmunication system of the
present enbodi nent, it becones possible to perform

setting operation in a sinple manner regardl ess of

| ApplidationgE xdMpRRVGTCBHRTUNicdtiod: Sykiémals DIyl €

of a systen1foP use in stores, in which pﬁgﬁﬂ _

communi cekiospacifics BppRcdtbnREkEinphés OF hee chRtfillicatibn, system
is applied to a system for surveillance nonitoring 6%
pusidgcthe RFIDtRGgedf thd ippbssnt érﬂbbBin&elﬂX@mpbs’d&cribeF. Fig. 22
comuni cation area is set to a range in which articles

hehows) drhex@Aple t6fga LedhmiinicttibRdsyiere LS
natural |y and Iglrai ginally exi stlabl ggl When {rﬁéﬁgr Bﬂ:?etag of the

| inventioreds capiplied tda epseHniféRinsyeclihg3and/Be Nt i :
of the arti CI% i's det egt ed, thussijédetgrrrrl]ni ngdqé\hégfﬁﬁ brticles in

tdirutation. a Incheiekiahipie/ showh i bife ardwifg CaitfesI9fling the RFID tag
stolen. Fig. 23B shows an exanple of "a systemin

whiattached fierBtd age dransportedt liana BNFAIRY & beRSonveyors. The
invention is applied to an security systemin which” an

Rifti€lesalgaving GthesRAID aaged attholied theiete aré Glso WtakkedW 8h places
a door; and the position of the RFID tag 1 is

rapart éroea, the hisslt epnueyors! | e ceaden@ritdr 2 heormndARAteY with the
the door. The construction of such an security system

dRIFND rtagsii T és arder nplinspedtt thegartielss Being trahsforted®Via the belt
operation of attaching the RFIDtag 1 to a target

aojnyeyors. win dhisi manner énbecomes possiblb tdVEiage! thel dirculation of
beconmes possible to construct the 25 RFID tag

dbenautidlest i on system under various environnents in a
flexible 73 manner. Even in the case of the above

exanpl e |nisuchan caommunication aysteys tusing ais iRFJDR&YPatmanagement
a managenent apparatus that manages the security
@ppasatusribat managesdbe articlesdnevitcatatimn isppavidedsas thie external
communicating with the 5 reader/witer 2.

apparatus for communicating with the reader/writer 2.

In such an RFID tag communication system, 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, according to the RFID tag
communication system of the present embodiment, it is possible to detect the
distance to (or location of) each RFID tag 1 by the processing of the
reader/writer 2. Accordingly, it becomes possible to communicate with only
the RFID tags 1 that need to be communicated with.

According to the communication system using RFID tag of the

present embodiment, since the distance to (or location of) each RFID tag 1 can
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Fig. 24 shows an exanple of a systemin which the RFID
tag communi cation system of the invention(is applied
to the places such as stations or novié theaters
where tickets are exam ned. Nowadays, a ticket

exam nation system based on RFID tags is w dely used
for ticket examnation 10 in stations, for instance.
In such a system the ticket exam nation is perfornmed

bye detstted With RifiveliPhighReBsRN fife Fdadediwiter 7 pﬁgﬁfﬁes possible

contrary, according to the RFID tag comunica

siesidentiff the RIticvePer FHERAk id B
whol e pgssa_ge V\/nereptrhe ti ckggtameexgrnmngqemé Pglnhg%ensggrted.
the corDHRl opki Wstallftdn of PRCPERIeROSER P2 Cist Qufficient for the
performthé ticket examnation 15 wthout needing to

PESHRWURLIBRE of athes cohﬁnﬁﬁlbéticﬁﬁﬁsgs&érﬁ e uEﬁ?PSFﬁPn }?ﬁgﬁa\ﬂﬁg such

installed in portabl e phones y us

afanktiend.i on cthePMords NPIWpddsibib e ottiatéfire nbﬁﬁséiﬁﬁwelf\ member

of communication with the RFID tag 1 shows that "t

i for & N Peachab® rardd BFRiHIS WR/HsCp thiel nécﬁsgi% §f installing a

conceivable that it is necessary to specify

dlasiey @f adatery anﬂlbrt\bﬂitéféo?%e’Tl@n‘efo%,né?Sbrﬁing to the RFID tag
noni toring canera toward the |ocation of the

doramphibegionusysten of IRE Presarst Bmﬂoﬂﬁném?gﬁ%%igre%f péssible to

so as to capture imges of the user, it becone

fuEsforhi esétting pepefationhan dias aMpRY EshanHERT redfafdibSs SbP' fhstalling
the i mages as an evidence. Even in the case of the
amwenementpl e, in the communi cation system 25 using

RFI D tag, a managenent apparatus that manages the

ent r anc €ig. 728 Aphows iaRd apssle of ansystemAbPuse Rstdfed, € which the
external apparatus for conmunicating wth the
roeattauhivatibr rsydtent BNt REYD TaE of AN MANESN GO HppAkd td Esystem
capturing operation of the nonitoring canmera. Fig. 25

doo surveillamcanmoaitofing of psoduots orvdtorsd ahieles.  In this example, a
communi cation 5 systemusing RFID tag of the

icomMunication aipalis edt taaaakgglie sehiemtarycley siaeimg theaRFID tag 1
is suitable for autonobiles. The reader/witer 2 is
@tleched dtheretohare paturally and originally existable. When the article is

moved out of the communiéation 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

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

RFID tag communication system under various environments in a flexible
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of an autonpbile, and a user holds a key having the
RFID tag 1 ﬁncorporated t herein. Wien detgcting that

" the RFID tag 1 incorporated into the key hel"d on the

user is disposed within a prescribed range of a space
around the 10 autonobile, the reader/witer 2
instructs to unlock the key. Wth such a
configuration, the user can unlock the key only by

. am@anoachi ng the autonobile while holding the key

thereon. Even in the case of the above exanple, in the
comuni clavernin thestase ofutierabdvel dxanfsle, i henaeRWBAication system
appar at us that controls and manages the lock 15

stisings RFEIDt hagkey h&rﬂg@meﬂﬁdapﬁaﬁa‘ﬁ@s etz Rinages the security
apparatus for conmunicating wt the reader/witer 2.

Topenationg s providedi asthes exteinali appardtusofdridmmunicating with the
above-descri bed enbodi nents, and vari ous

necider/eaitero?s are possible in a scope shown in
clainms. That is, enbodi nents whi.ch are obtained by

conbi ni riggar2d tshaws! wn26xampld icfdat s@hemca WRiBAStheN RFID tag
the scope shown in the clainms are also included in a
tearhmunidationopystefn tdfether ém@mtionniseapplied tdhite places such as
application is based on Japanese Patent Application

Natiorz 05 -6z B ehtdrs dvivdnectickets 208 mxantined OnNewadaps, a ticket
which is incorporated herein by reference inits

eaxamieation 2ystkin Gaked | DREIRtdAgs APNIdeBABed Tor icket@xamination
conmuni cati on apparatus and a conmmuni cation system
dgustatiedsyi foh instanceg cbmmauchc at isystemppahat ticket examination is
according to the invention are 5 applicable to, for
detfarmed thye regderémitecs that mret proyidendbogataseckidighe contrary,
articles in circulation, the systemfor use in stores
fagcogding dpItharRiiDhtag caommupicatioprsydternsof the hgesentkerhbodiment,
exam nation systemwhich is installed at places such

by settingothe wihole passage where the ticket examination is made as the
communication area, it becomes possible to perform the ticket examination
without needing 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
cqmmunication with the RFID tag 1 shows that there is a user who is not
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 to
capture images of the user, it becomes possible to specify the disapproved
user and to store the images as an evidence.

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

using RFID tag, a management apparatus that manages the entrance
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novi e theaters where tickets are exam ned, and the

keyl ess ent{ry system Although the inventi (én has been
described i detail with reference to 10 specific

enbodi nents, it will be apparent to those skilled in

the art that various nodifications and variations can

be made to the above-descri bed enbodinents of the

present invention wthout departing fromthe spirit or
sapprevirfg bperatione i providddias theRxterabi ﬂgpar%td%aﬁﬁ%o%}numcatmg
Japanese Patent application No. 15 2005-066298 filed

Muith (the, re2deBwritdre2 c oMhe thanagembht Bppéra'tti@ ebﬁﬁ!&l%t t‘ﬁ@ € capturing
herein by reference inits entirety. 76 C_ {
loferatiodiof tther owonitesiay rcangerappar at us, conprl si ng: 2 a
transmtter, that transmts a request signal, which is

a si gnalF|932605mesaénoéxamﬂefdsfam%fdm7m Whlmttl%%rﬂrﬁumcatlon
the outside via radio waves 4 having a plurality of
dsyfstemeusingaRFilktad of dhe iovertionSiseapstiedi toea | kelyltﬁis entry system
receives a reflection signal which is a signal

ctbap isssuitatfle doreaditomubilesd Theabhdémedtenizer rir’@@udﬁe@CiHQﬁé interior
signal transmtted 7 fromthe transmtter is

reff are alitamobiley aref hameotholds hekdyehadndrast REIBotag81 ihcorporated
phase information acquirer, that cal cul ates an anount
dhergins eWiterc tetegting ¢hatethe RFID tagf 1 Bebipbiatidiingd the key held on
recei ved by the receiver and the request 10 signal

ftbe w@aeh isf dishesedirwitkin fir presuribeds rangenofi 4t efats oafound the
the transmtter; .and 11 a distance cal cul ator, that
cutemobiles the dieadeariveitdre Rninstruttse taintrdocka thd keynd With such a
reflector on the basis of the carrier frequencies and
taeafigheation e yeer ¢an aninokt the deyeaniy byfappineactng ities automobile
frequenci es acquired by the phase information 14

adhjle heldingithe keytbetiart. ance neasuring apparatus as set

forth in claiml, wherein:
Even in the case of the above example, in the communication system

using RFID tag, a management apparatus that controls and manages the lock
states of the key is provided as the external apparatus for communicating with
the reader/writer 2.

The presént invention is not limited to the above-described
embodiments, and various modifications are possible in a scope shown in
claims. That is, embodiments which are obtained by combining arbitrarily
modified technical means in the scope shown in the claims are also included in
a technical scope of the present 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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2 the transmtter sets a plurality of divided periods

in a peri od(for 3 transmtting one reques{ signal,

and controls such that the different carrier 4 -
frequencies are used for the respective divided

periods. 1 3. The di stance neasuring apparatus as set

forth in claim1l, wherein: 2 the transmtter transmts

the request signal via one of the carrier 3

frequenci es conposeNDUSTRIAEARRLICABILETY f r equency
conmponents. 77 1 4. The di stance neasuri ng apparat us

as set forth in claim1, wherein: 2 the reflection

signal is transmtted fromthe reflector via three or

more 3 Ali fagereommaaication fappgretusi ead andofmmbaicatiene system
i nformati on acquirer acquires the phase change anount
bgquipped wéttt thegagi apmarhenichtiomapparatus mctoming tecthesinvention are
havi ng signal states which satisfy a 6 prescribed
capplicablentd, for exdnopleathensystéra fdi Bispecting andior shgokdhg articles in
of the carrier 7 frequencies. 1 5. The distance

 neiecsilationy the systemuforasesststérestfor survellianoe moritaringesf products,

2 conprising: 3 a frequency converter, that perfornms a
fthedficket exaorinatian systerh whisheissinstalledtdt placgsesuch astdiations or
reflection signal received, wherein: 5 the frequency
doaviertheaters e dickels arefeixanined, andythel keytessreritry system.
signal 6 and a Qsignal. 1 6. The distance measuring

appar at dtheugbdthefioventiamhas been desatibediim detailt with reference to
di stance cal cul ator calculates the distance with
Hingeificcembadiraents 3it syilk berappasent tpshese skilled finghe art that various
di st ance neasuring apparatus as set forth in claim6,
vnediéications  gaddi variglioesc statul beormadel i teesthe Malshve-described
(MJtiple Signal 3 Cassification) nethod as the
rerghodimants it ofothes peesentninyaatign iwithaut departing feomathe spirit or
reflection signal received via the different carrier

fscopgafdhe nvedtigied as an

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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5 input, an MJSIC eval uation function is obtained

using a rmdé vector as a 78 6 function of (the

di stance, and the distance is cal cul ated by obtai ni ng

peak 7 values of the MJSIC eval uation function. 1 8.

The di stance neasuring apparatus as set forth in claim

1, wherein: 2 the distance cal culator cal cul ates the

di stance al so on the basis of a 3 reception intensity

of the reflection signal recdiMME 1 9. The distance

measuri ng apparatus as set forth in claiml1, further

2 conprising: 3 a reception controller, that acquires
information in a data section of 4 the reflection

sfignal , Auistancemeasuting Bppaatis, cbenpridigg:di st ance
information 5 calculated by the distance cal cul ator

whi ch i sa afsamsmitteed thvitt trahbmits né oreticst sigmal, GviibE is a signal
data section. 1 10. The di stance neasuri ng apparat us
asorwposédrafhone fecaraemfrbm vdre rasitenina? td tRe dbetsRieC 9ia radio waves
cal cul ator neasures a direction that the reflector

t haxing aspluaality ehdiffetert datrer frerfuemciagspn signal is .

| ocated, on the basis of the reflection signal. 1 11.

The di stankeeeivess dhatngeegives adusefiectiont signal hwhithcligi & signal
1, wherein: 2 the distance cal cul ator calcul ates the
dtamposed lof omeafrgmienand: iss bbtaihed wheb thepreziett gignal transmitted
section of the reflection signal. 1 12. A distance

rfeerathe dtpnsmitienis refieqted biyray refRctortwhilestieing imgdwag: of
transmtting a request signal, which is a signal 3
conposed ghasaeinfarenationf acquieet, dmtecalaulates ad anictindef phase
via radio waves 79 4 having a plurality of different
«ehanger betwegnethei reflectorasignakieceivgdsby theofecebveiaridhearequest
refl ection si?nals which is a signal 6 conposed of
dignalfaneacthaf the eastiar frequercies trapsmittrdesomsthg tensmitter: and
transmtted in 7 the transmtting step is reflected

from a Aeflistancercalgiiiatoribahgaleplaienacdistance 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

acquirer.

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 carrier frequency components.
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8 a phase information acquisition step of calcul ating

an anount o 9 phase change between the rqﬂ ection

signal received in the receiving step and 1.0 the

request signal for each of the carrier frequencies
transmtted in the 11 transmitting step; and 12 a

di stance cal culating step of calculating a distance

between the 13 antenna and the reflector on the basis

of the carrier frequencies and the phase 14 change

amount for each of the carrier frequencies acquired in

the phasEhe tistamdeomeabinng apgaidtis as seeforthlinlaim M ewherein:

di stance neasuring nethod as set forth in claim12,

wher ei n:the reflectiorasignal isi trghsthittedifforfi ARé rEREESE Vig thikle or more
a plurality of divided periods 3 in a period for

t diffesamittdarner tequermipszaihdsi gnal , and to control such

that the 4 different carrier frequencies are used for

the resphetphasednforaationeicyaiter adqdifes theeplttiset éHifige amount by
measuring nethod as set forth in claim12, wherein: 2

t selectigsignals obtwat eqrries frequéngies ddving signalssthfestiiich satisfy a
request signal via 3 one of the carrier frequencies
cpresosked odriteiiér doe mhlotidatinge thd Idistanes,y froth ey ftthe carrier
1 15. The distance nmeasuring nethod as set forth in
crequeri®es.wherein: 2 the reflection signal is

transmtted fromthe reflector via three or nore 80 C

C 3 different carrier frequencies; and 4 the phase

i nformati on acquirer acquires the phase change anount

by 5 selhetdistgnes gnedsuring apparcaus izsr sér ésrtremeicksim 1, further
havi ng signal states which satisfy a 6 prescribed
ckanopising: f or cal cul ati ng the distance, "from signals

of the carrier 7 frequencies. 1 16. The distance

measuri @y freguentcyascaryerteor tthat npetfaimms 13, ffaguehey cdnversion
conpri si ng:

prggessing %vith respect to the reflection signal received, wherein:

the frequency converter converts the reflection signal to an | signal

and a Q signal.

6. The distance measuring apparatus as set forth in claim 1, wherein:
the distance calculator calculates the distance with high-resolution

spectrum analysis.

7. The distance measuring apparatus as set forth in claim 6, wherein:
the distance calculator utilizes a MUSIC (MUltiple 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, an MUSIC evaluation function is obtained using a mode vector as a
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3 a frequency converting step of performng a

frequency c()nver3| on 4 processing with res{pect to the

refl ection signal received, wherein: 5 the frequency
converting step converts the reflection signals to an

| 6 signal and a Qsignal. 1 17. The distance .
measuring nethod as set forth in claim12, wherein: 2

t he di stance calcul ating step cal cul ates the distance
widrictioR of dite rdistahcé, and sthectistaficend )é%lc%latédll‘?y oB*fﬁnmg peak
di stance neasuring nethod as set forth in claimé6

whalues of tile MESID evalnatorc fnetibat or utilizes a MUSI C
(MJUtiple Signal 3 Cassification) nmethod as the

hi gh-resol uti on spectrum analysis, in which the 4
reflection signal received via the different carrier

f 8equencTles distanceetheasuriy apparaus as 88t f4dBl i claim 1, wherein:
eval uation function is obtalned using a node vector as

a 6 funtbeidistaotetdatcutatot ealcalatés thé destahss arecon $he basis of a
cal cul ated by obtaining peak 7 values of the MJSI

eregleption amtehsitc of the. refldction Sighall@ceilled. di st ance

measuri ng nmethod as set forth in claim12, wherein: 2

the di stance cal cul ating step cal cul ates the distance

on the basis of a 3 reception intensity of the '

r@f | ect i e siigjante meeasuring. appa@tus e desf@titen claim 1 further
measuring nmethod as set forth in claim12, further -
ceorppiisingy: 3 a reception control step of acquiring
information in a data section of 4 the reflection

si gnal , aanecepliopucantraller,tthat heqoines iisfermatien dh 3 daeesection of
information 5 cal culated by the distance cal cul ator

vihiec reflestias ssighalt eahdniowitputéie to rther omtsiden) the distdniee information
data section. 1 21. The di stance neasuring nethod as
xalcylatednby thecdistanceZalauatoe mhictRistdss odiatédiwith the mformatlon in
cal cul ating step nmeasures a direction that the

rtBeidata gection.

10. The distance measuring apparatus as set forth in claim 1, wherein:
the distance calculator measures a direction that the reflector that has

transmitted the reflection signal is located, on the basis of the reflection signal.

1. 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.
12. A distance measuring method, comprising:

a transmitting step of transmitting a request signal, which is a signal

composed of one frame, from an antenna to the outside via radio waves
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3 that has transmtted the reflection signal is

| ocat ed, on(\t he basis-of the 4 reflection(signal. 1

22. The distance neasuring nmethod as set forth in

claim 12, wherein: 2 the distance calculating step

cal cul ates the distance by analyzing a 3 signal in a
preanbl e section of the response signal. 1 23. A

reflector, conprising: 2 a signal generator, that
gbavngta:plusality of different carderafrequéricids;i s a signal 3
conposed of one frane, froma request signal

transni tageceiving ategi sf aeceiving avefleciioy sijrze athich as a signal
set forth in claim1; and 5 a frequency controller,

t femposad ofione fraree aatl is obtained witenl thearequastesign@rdnshitted in
6 by the signal generator via a plurality of different
cthertransmitiing stepi ie seflected AonTaeefledtbewhile beingsmiodiiRtéd

in claim23, wherein: 2 the frequency controller sets

a pl uralatphase infoiratibrpacqaisitiom stepesfi calculdtihgran amount of
transmtting one request signal, and controls such

tphase phange betwern ther reflection signad veceivers irthe reeeiliigstep and

. the respective. divided periods. 1 25. The reflector

dbes eequest: pignal fomieach3of wher eamier 2frédueerioies) temsynitted in the
controller transmts the request signal via one of the
Frangmitiéng stepgavdci es conposed of different carrier
frequency conponents. 1 26. A conmmunication system

conpr i sighglistanes ccal¢ating: step afucaloglatipgaa adistanse Isettveen the
forth in any one of clains 1 3 to 11; and 4 at | east
dHeenaa agg: the reflegtopen the hasisi ofdhe carmienfreqienaissoand the phase
with the 5 distance neasuring apparatus. 1 27. A

change amawsn foy 2agh, of dhersarfier frequenciesi acquiredl in the phase
neasuri ng apparatus as set forth in any one of clains
information acquiring step.

13. The distance measuring method as set forth in claim 12, 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.

14. The distance measuring method as set forth in claim 12, wherein:
the transmitting step is configured to transmit the request signal via
one of the carrier frequencies composed of different carrier frequency

components.

15. The distance measuring method as set forth in claim 12, wherein:

the reflection signal is transmitted from the reflector via three or more
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3 to 11; and 4 a nmanagenent apparatus, that manages at
| east one of articles, 5 people, and livi |@ t hi ngs
that are associated with the reflectors on the basis
of 6 a communication result between the distance
measuri ng apparatus and the 7 reflectors. 83
different carrier frequencies; and
the phase information acquirer acquires the phase change amount by
selecting signals of two carrier frequencies having signal states which satisfy a

prescribed criterion for calculating the distance, from signals of the carrier

frequencies.

16. The distance measuring method as set forth in claim 12, further
comprising:

a frequency converting step of performing a frequency conversion
processing with respect to the reflection signal received, wherein:

the frequency converting step converts the reflection signals to an |

signal and a Q signal.

17. The distance measuring method as set forth in claim 12, wherein:
the distance calculating step calculates | the distance with

high-resolution spectrum analysis.

18. The distance measuring method as set forth in claim 6, wherein:

the distance calculator utilizes a MUSIC (MUltiple 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, an MUSIC evaluation function 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.
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19. The distance measuring method as set forth in claim 12, wherein:
the distance calculating step calculates the distance on the basis of a

reception intensity of the reflection signal received.

20. The distance measuring method as set forth in claim 12, further
comprising:

~ a reception control step of acquiring information in a data 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.

21. The distance measuring method as set forth in claim 12, wherein:
the distance calculating step measures a direction that the reflector
that has transmitted the reflection signal is located, on the basis of the

reflection signal.

22. The distance measuring method as set forth in claim 12, wherein:
the distance calculating step calculates the distance by analyzing a

signal in a preamble section of the response signal.

23.  Areflector, comprising:

a signal generator, that generates a reflection signal, which is a signal
composed of one frame, frdm a request signal transmitted from a distance
measuring apparatus as set forth in claim 1; and

a frequency controller, that transmits the reflection signal generated
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by the signal generator via a plurality of different carrier frequencies.

24, The reflector as set forth in claim 23, wherein:
| the frequency controller 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.

25. The reflector as set forth in claim 23, wherein:
the frequency controller transmits the request signal via one of the

carrier frequencies composed of different carrier frequency components.

26. A communication system, comprising:

the distance measuring apparatus as set forth in any one of claims 1
to 11; and

at least one reflector that performs wireless communication with the

distance measuring apparatus.

27. A communication system, comprising:

the distance _measuring apparatus as set forth in any one of claims 1
to 11; 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
a communication result between the distance measuring apparatus and the

reflectors.
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