DESCRI PTI ON DI STANCE MEASURI NG APPARATUS, DI STANCE MEASURI NG METHOD,
REFLECTOR, AND COVMMUNI CATI ON SYSTEM 5 TECHNI CAL FI ELD The present invention
relates to a di stance neasuring apparatus, a distance neasuring nmethod, a
reflector, and a comunication system which 10 performwreless

communi cation with a reflector via radi o waves. BACKGROUND ART Recently,
RFI D (Radi o Frequency Identification)Ijé@éRQ&hEﬁ&ess tags) 15 have been

wi dely used. The RFID tags are used as a Substitute for barcodes. The RFID
tags are gathering popularity particularly in the field of distribution and
are expected to spread widely in the near future. Presently, as a frequency
band excl usi vel d UHF
band that is syngmglr%@gneﬁggr@ @?OA mmglg"sdn%%a% %Qgﬁg.qﬁgw(yghd
are used. Anong these ban ' : r the 2.45 GHz
band are advant ageous oveseF%ggﬁtﬂ§g€§gﬁﬁgﬁﬂggpﬁgglgﬁgéﬁﬁiﬁéﬁn that it is
easy to imgcrease a comunication 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 25reeppiRaLREDDt 29s and reader/witers
usi ng the UHF band radi o waves are el ped. In the case of using
the UHF band radio waves, it is possible to increase the communicable

di stance between the reader/witer and a wireless tag fromseveral ten

centineters to severafhdprédent iMAIRIBNCAIdtEs t8% BR#c’ measuring apparatus, a

distance measuring method, a reflector, and a communication system, which

10 perform wireless communication with a reflector via radio waves.
BACKGROUND ART

Recently, RFID (Radio Frequency Identification) tags (wireless tags)
15 have been widely used. The RFID tags are used as a substitute for barcodes.
The RFID tags are gathering popularity particularly in the field of distribution
and aré expected to spread widely in the near future.
Presently, as a frequency band exclusively for the RFID tags purpose,
13.56 MHz band, a so-called UHF band that is somewhere between 800 MHz
20 and 950 MHz, and 245 GHz band are used. Among these bands, radio
waves using the UHF band or the 2.45 GHz band are advantageous over radio
waves using the 13.56 MHz in that it is easy to increase a communication
range. In addition, the UHF band radio waves are advantageous over the 2.4
GHz band radio waves in that it is easy to go behind the object. For this

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



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 becones possible to
relatively greatly increase a communication area which is a spatial area in
whi ch the reader/witer can conmunicate with the wireless tags. Meanwhil e,
in order to estimte the | ocation of the RFID tags, there 10 has been
suggested a tecy Q?Q E measuring the distance between the RFID tags and
a comuni cation s t|on |n comuni cation with the RFID tags. As an exanpl e,

from i hetTve 1 & ong Thanghedsh BRI the ORE GRRErAMIGARS, I & BokEpfe &%, °
the active IC tﬁ?ﬁs@ tﬁatddmrhsﬂ;cgﬂlet.{iletaheﬁ'bagﬂé%ﬁn?eF Aoty éﬁ%a%etu%s%

fromthe active ance Ween eac

base st Fons s i Qrde s AT ol B o 0

intensity of the“reception I ve

di stance gsti gF§Ih$rthbS1 g)gsfﬂhgetg%m é§&|b| waléy Xf]ﬁéﬁ %'ré‘tvbrﬂé b&éé(@%h ﬁé@&nt

recept ion si agn ntensity a I St ance. IS kno

whi ch by prepar zBgordfh Oﬁﬁﬁtu@ﬁé@;ﬂhﬁ@mem fdfo 'ufm&:j {I%éc%n'fé? ss.ﬁleggba' S

are received sinulta e active ICtag an e accesSs polnts

and the delay RNely BRIMGCRCFRRR ¥i diinikicaien {fteal Wfich 48PS Sphls) gte@nﬂs

t her eby estlnatlngthe I Stance to t active I1C tag

Japanese Pat entwRghlthé feaduiniiter 280 domPrcate vif tﬁewmm gn March 11,

2004; hereinafter will be referred to as Patent Docunent 1) di scloses an
RF communi cati on syst qieadwhite, 47 ordler 1 8StirRSR! BE ioéﬁlﬁﬁoﬁﬁeeﬂﬁﬂb téé@"cﬁ@?et S
signals 40 and 42 having different frequencies to an tag 38,
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RFID tags and a communication station in communication with the RFID tags.
As an example, a technology is known in which a plurality of base stations
receive signals from an active IC tag as the RFID tag, and the distance to and
location of the active IC tag are estimated on the basis of the reception signals

15 from the active IC tag. In the example, the distance between each of the
base stations and the active IC tag is estimated on the basis of the signal
intensity of the reception signals from the active IC tag. That is, the distance
estimation is performed by utilizing correlation between the reception signal
intensity and the distance. Also is known a method in which by preparing

20 access points of which the location is known, signals are received
simultaneously from the active IC tag and the access points, and the delay
amount between receiving timings for the respective signals, thereby
estimating the distance to the active IC tag.

As shown in Fig. 26, Japanese Patent Publication No. 2004-507714T
25 {(published on March 11, 2004; hereinafter will be referred to as Patent



5 estimating the distance between the interrogator 36 and the RF tag 38.

DI SCLOSURE OF THE I NVENTION Problemto be Sol ved by the Invention 10

Al t hough the RFI D comruni cation system using the UHF band radio waves
enabl es a | ong di stance comunication, it becomes possible to wuselessly
communicate with an RFID tag that is |located far away and does not need to
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preci sion. The precision obtainable fromthe above distance estimtion is
actually about in the range of 1 nmeter to several neters. For 25 exanpl e,

when applied to a distributi oON IR RBRTRIE @W?H%\ﬁéﬁﬁdﬁed sion is 3 not
practical, but a higher distanCe neasurenent precrsromnrs required. In the
technol ogy disclosed in Patent Docunent 1, since the distance is estinmted

by counting the nunber of null points in the conbi ned waves obtained by

superi nposi ng t%b‘éfﬁtébﬁ'@lvé’tﬁwﬂfé RuEAGSENt frequencies, the 5 distance

esti mated has very poor precision. Mre specifically, according to the

exanpl e degcribed in Rahaagrrte RFBPontrthuRRaASH sYREHBSThg the YR bBnkiradib

waves enables a long distance communication, it becomes possible to

uselessly communicate with an RFID tag that is located far away and does not
need to be communicated with. Thus, there are problems in that useless
processings are performed to the RFID tag, and the response performance
15 may be deteriorated by being influenced by multiple paths. In order to solve
such problems, a method can be conceived in which by allowing the
readeriwriter to calculate the distance to each RFID tag, the RFID tags that
should be subjected to processes such as analysis or rewriting of the data
section are chosen. The prior method of calculating the distance between the
20 reader/writer and the RFID tag has the following problems.

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

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



signal of 880 MHz and a second signal of 881 MHz were used, a first null
point was found at a position |ocated about 37.5 neters fromthe
interrogator 36 and additional null points were found every 75 neters from
the first null point. For 10 exanple, if three null points were found
between the interrogator 36 and the RF tag 38, the estimated distance
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I nventi on has been nmade in view of such problens, and an objec

invention is toadyitidHalAul pdirts Wese fFERRPNVdr) TSAPBRrs from the fr@t RURpSAt. For
nmeasuring method, and a communication system capable of enabling to neasure

the distange toexdmdle! #3Arad Al Polits WeRs ifelrRD betWeXmBle Phdresdaterl 36 dridethe
I nvention is to prOV|de a di stance nmeasuring apparatus, a distance
measur i ng met hoRF tag 38y e estimatedrdistadcd bem@amihedinterogRGit 36TRAA RS RF tag
38 is in the range of 187.5 meter to 262.5 meter. Therefore, 75 meter is an
error range. In the case of occurrence of multipie paths, radio signals may
propagate to the longer distance, and thus the calculate distance may become
15 different from the actual distance to the RFID tag.
As shown in Fig. 27, EP1239634A2 (hereinafter will be referred to as
Patent Document 2} discloses a communication apparatus 138 that wirelessly
communicates with an RFID tag. Reflection signals from the RFID tag are
received through an antenna 140, reception signals inputted from a circulator
20 92 and carrier signals inputted from a circulator 90 and a splitter 98 are
multiplied by mixers 100 and 102 to generate an | signal and an Q signal, and
the amplitude and phase of the reflection signals from the RFID tag are
calculated on the basis of the | and Q signals. Alse is disclosed a method of

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

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



of enabling to neasure the distance to tags w thout using special RFID tags.
How to Sol ve the Problens 10 In order to solve the problens, a distance
nmeasuri ng apparatus according to the invention is characterized by
conprising: a transmtter, that transmts a request signal, which is a
signal conposed of one franme, froman antenna to the outside via radio

waves having a pl ur aiheYorabedt ihf iR n&fbbb ndde UABE Gt SuchTprBoleRficiang’
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anount for each of the carrier frequencies acquired by the phase infornation

acquirer. 25 HehgasuritRy mRHERE Emolabidmémber hﬁﬂ 4 Bahmivhicftigh %fbﬁ“a&?alﬂﬁe' C

for 5 wreless comunication, a storage, and an antenna. EX es o

REID tag incl ugenbhee & Hﬁa?&l‘e[ihb%thﬁé’é tS'@8s Witoub B¥iRg 3pREIMPRFID WS such

as battery, operates Tircuits by draw ng enérgy fromra |o waves
transmtted from a reader/witer, thus performng wreless comunication
with the reader/witer, 5 and an active RFID tag that has a power source

such as batt er yHowts Solvethe FRbblemisag may have its own unique | D information.
A di stance neasuring nethod according to the invention is

10 In order to solve the problems, a distance measuring apparatus
according to the invention is characterized by comprising:

a transmitter, that transmits a request signal, which is a signal
composed of one frame, from an antenna to the outside via radio waves
having a plurality of different carrier frequencies;

15 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

20 signal for each of the carrier frequencies transmitted from the transmitter; and

a distance calculator, that calculates a distance between the antenna
and the reflector on the basis of the carrier frequencies and the phase change
amount for each of the carrier frequencies acquired by the phase information
acquirer.

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



characterized by conprising: a transmtting step of transmtting a request
signal, which is a signal 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 frane and is obtained when the request signal
(ransmtted inwildhésd campiliniddtdf, 8! fBrdge, 'Rl & BRtbrnal "EXalfpies6f e KRID S

p acqui si cal c

bei ng nodul ated; 15 a phase I nformatio tion step o ulating an
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calculating a distance between the 20 antenna and the reflector on the
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the carrier frequencies acquired in the phase information acquiring step.

Accordinggo t bﬂdaéwheﬁ\vaemmmgg tAaNhag & poWeNs@irde "RICROAS bhftelyS Al fthgur ed
to receive the reflection signal that is transmtted fromthe rfeflector 25

via a pluralitgrmb tg%fnf,gy RaNe tebWhainidueD infsrhiitionThe reflection signal
transmtted 6 via the plurality of different carrier frequencies has

different phase statea tdigthncali frfegisufing afsthod®f abBsrdaRy rioerther eAEtiBheSs
dependi ng on the distance between the reflector that transmtted the

reflection si gghhraztetizedebyicorhprisieg:neasuring apparatus. 5 According to the
above-nenti oned configuration and nethod, the phase change anobunt of the

reflection signal is atansmittingstepat kranmitting aareguest signal)wich &sa aighal he
di stance is calculated on the basis of the phase change

10 composed of one frame, from an 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
composed of one frame and is obtained when the request signal transmitted in
the transmitting step is reflected from a reflector while being modulated;

15 a phase information acquisition step of calculating an amount of
phase change between the reflection signal received in the receiving step and
the request signal for each of the carrier frequencies transmitted in the
transmitting step; and

a distance caiculating step of calculating a distance between the

20 antenna and the reflector on the basis of the carrier frequencies and the phase
change amount for each of the carrier frequencies acquired in the phase
information acquiring step.

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

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

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



anount and the carrier frequencies, In this case, by acquiring the carrier
frequenci es and the phase change anount of the signal transmtted via the 10
plurality of carrier frequencies, it becones possible to cal culate the
distance w th high precision, which will be described in detail later. In
ot her words, according to above-nentioned configuration and nethod, it is
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to the distancey #isi ng nethod of the invention, in the 20 above nethod,
the transmtting step may be configured to set a plurality of divided

periods inga period T NochidiAg ol $H&%b80€-.n’ié}ﬂlé?\§3 é&rﬁf@g?ﬁdt?ﬂ%nhonfé?ﬁéé.ofhe
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one 25 request signal I's transmtted via ent carrier frequencies in
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transmitted via different carrier frequencies In each of the divided

periods. Accor diiglit ahéethedédrfiandeqoah&iBsat By e ases bpoéédl.hﬁﬁg ftRe GRlrfat ate
the di stance by analyzing the signal states of one reflection signals for
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cal culated only by transmtting and/or ‘receiving one request signal and one
reflectiongsi grgiliralifyhes catﬁerﬁﬁfm@&iespﬁﬁﬁedﬂmé possiBecd &dleulateriey dirtarfegnal

communi cations required for the
"~ with high precision, which will be described in detail later. In other words,
according to above-mentioned configuration and method, it is possible to
provide a distance measuring apparatus capable of calculating the distance
with high precision and high accuracy.

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

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

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

According to the above-mentioned configuration and method, one

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



di stance cal cul ation. Accordingly, it is possible to calculate the distance
W t hout deteriorating the comrunication efficiency. 10 According to the

di stance neasuring apparatus of the invention, in the above configuration,
the transmtter may transmt the request signal via one of the carrier
frequenci es conposed of different carrier frequency conponents. According to

the distance nepzyéd NseridRshOdh Ghis! BSsd, MHRNfRRtioh SigA isaQBESet{EﬁérHﬂQd Vige
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carrier frequency Tconponents. Accordingly, the distance cal cul ator becones
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reflection signal for each of the frequency conponents.” I n other "words, the
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request signal and one 25 reflection signal. Thus, it "becones possible to

reduce the nunipegsible 36 deduce &heonumber aifi sigsalr esrmupttatiohs t lRquite8 tfanase
cal cul ation. Accordingly, it is possible to calculate the distance w thout

deteriorating tdtaseemoaigulationron AeddrdinigBnay is Aussible o talcilate dhetdisnce

measuri ng apparatus of the invention, in the 5 above configuration, the

reflection si gmithoukyletesioratingstivetdoenmiinioatiorhefficiehbgct or  via three or nore

different carrier frequencies. The phase information acquirer may acquire

t he phaselthange anpuAtcdrdirgeliodhe idigiantegmaasudrig apparatus of the invention, In the
above configuration, the transmitter may transmit the request signal via one of
the carrier frequencies composed of different carrier frequency components.

According to the distance measuring method of the invention, in the
above method, the transmitting step may be configured to transmit the request

15 signal via one of the carrier frequencies composed of different carrier
frequency components.

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

20 transmitted via one carrier frequencies composed of different carrier frequency
components. Accordingly, the distance calculator becemes possible to
calculate the distance by analyzing the signal states of one reflection signal for
each of the frequency components. In other words, the distance can be

calculated only by transmitting and/or receiving one request signal and one

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



carrier frequencies having signal states which satisfy a prescribed
criterion for calculating the distance, fromsignals of the carrier
frequencies. 10 According to the distance nmeasuring nethod of the invention,
in the above nethod, the reflection signal nmay be transmtted fromthe
reflector via three or nore different carrier frequencies. The phase
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the basis of the signals. Accordingly, it is possible to increase the

detection precigdguirepimay @chlinG ahé lHage camgat amdbnby selttding Csigmals FQot he
preci sion of the distance calculation. 9 In"the above configuration, the

di st ance neasurgardepflequdridics havihgsigral seies Whichyatisty bhRes@dayd trterién for
frequency converter, that perforns a frequency conversion processing with

respect to the gafdlatig the disenee, fremaigrds of theecdri@dfraudncizdnverter nmay
convert the reflection signal to an | signal and a 5 Q signal. In the above

met hod t h¢0di st ance neasording torthd distarice rasoNsy meathod B thé ivengoncCipnpei se
a frequency converting step of performng a frequency
above method, the reflection signal may be transmitted from the reflector via
three or more different carrier frequencies. The phase information acquirer
may acquire the phase change amount by selecting signals of two carrier
frequencies having signal states which satisfy a prescribed criterion for
15 calculating the distance, from signals of the carrier frequencies.

The case may be considered in which depending on carrier
frequencies, the reflection signal may have a signal state that is not suitable for
the distance calculation due to reasons such as occurrence of multipie paths of
the reflection signal. To the contrary, according to the above-mentioned

20 configuration and method, the signals of two carrier frequencies of which the
signal states satisfy a prescribed criterion for the distance calculation are
selected from signals of three or more, different carrier frequencies, and the
phase change amount is detected on the basis of the signals. Accordingly, it

is possible to increase the detection precision of the phase change amount

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



conversion processing wth respect to the reflection signal received. The
frequency converting step converts the reflection signals to an | signal and
a Q 10 signal. According to the above-nentioned configuration and net hod,
the reflection signal received is subjected to frequency conversion by
being converted to the | signal and the Q signal. Accordingly, it becones
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according to the ove-nmentioned configuration and nethod, 25 the
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10 signal.

According to the above-mentioned configuration and method, the
reflection signal received is subjected to frequency conversion by being
converted to the | signal and the Q signal. Accordingly, it becomes easy to
detect the phase,

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

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

20 high-resolution spectrum analysis.

Conventionally, the high-resolution spectrum analysis has been used
for the purpose of estimating direction of arrival of radio waves by receiving, as
an input, reception sighals received through a plurality of antenna elements.

To the contrary, according to the above-mentioned configuration and method,

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

10



associated wwth the multiple paths from consideration. In other words,
according to the above-nentioned configuration and nethod, it is possible to
10 calculate the distance with high accuracy even in the occurrence of
mul tiple paths. According to the distance nmeasuring apparatus of the
i nvention, in the above configuration, the distance calculator may utilize

a MUSIC (MU ti p'u@ingﬁh@?géevﬂogﬁﬁ{;ﬁélcﬁtéﬁ%g)ofﬁﬁé Qﬁﬂié’?‘?{é{‘u‘énl?i:egt;agr%?gi)#héé@%r

spect rum anal ysi's, e reflection signal Trecelv

Speetrum SLS ni ch the . t.
Function i o obt Sl daCiRiG sEhal JeUaieq (Fradh WP dnterith, Vet e itde g
the distance iscg éHﬂoﬂhPﬁﬁ?HMeQ@hﬁbﬁ‘??@ctﬁﬁﬁ!éna%{shﬁ?ggﬁméﬁ& M{’ﬁb%i.%\eabﬁa%on

function. In the above-nmentioned conflguration, e di stance neasurl ng
apparatus of thgmyayention may be configured such that the distance
calculator utilizes an MJUSIC (MJtiple Signal Cassification) nethod as the

hi gh-resol i on Spect rMsHRA! ¥Sigh rasdiioh oBRULAT | AN Sirkanval Rieifypd

via the plurality of different carrier frequencies is used as an I nput o

the MUSIC et hadimatish ein Hedaficifaebn the'bdsidief thembst IRy vaites  Evef iRtipde
vector as 25 a function of the distance to obtain peak val'ues of the MJSIC

eval uation 11 tagstdfQbcubreatedf malipld phihRg it ﬁeﬁﬁlééiﬁlé%eexc‘i‘@@é’%ﬁ’é WisthRed he
di stance neasuring nethod of the invention, in the above nethod, the

di stance cal cul akssciated With! tee muliplel athdIfidni!| sorfEiditation.Cl a6 Sbthef akédras)
met hod as the high-resolution spectrumanalysis, in which the 5 reflection

o T vl arremroi eses oiones chrmtn sh mopedets bl
of the di qi0ancecalenkitd ltiee distarmoe withshighlaoelricydevan wbthal otagrameakof multipie
paths.
According to the distance measuring apparatus of the invention, in the
above configuration, the distance calculator may utilize a MUSIC (MUltiple
Signal Classification) method as the high-resolution spectrum analysis, in
15 which the reflection signal received via the different carrier frequencies is used
as an input, an MUSIC evaluation function is obtained using a mode vector as
a function of the distance, and the distance is calculated by obtaining peak
values of the MUSIC evaluation function.
In the above-mentioned configuration, the distance measuring
20 apparatus of the invention may be configured such that the distance calculator
utlizes an MUSIC (MUltiple Slignal Classification) method as the
high-resolution spectrum analysis, in which the reflection signal received via
the piurality of different carrier frequencies is used as an input of the MUSIC

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

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

11



val ues of the MJSIC eval uation function. Although the MJSIC eval uation
function generally has only one peak 10 value, in the case of occurrence of
mul tiple paths, a plurality of peak values nay exist. Even in such a case,
because the distance corresponding to the nmultiple paths is |Ionger than the
di stance that should be calculated, by selecting the shortest of the

di stances corr efpRAieh Befeby dHlclSfng ) distands, the distance to be

calcul ated, it becomes possible to calculate the distance with 15 high

accuracy. According tQAédb?de&bQﬁéQiiéfﬁﬁéé’Hé&uﬁH?%é&Bﬁ &fm}ehﬁvém@f'g{% in

the above configuration, the distance cal culatof may cal culate t | st ance

al so on the bagbgvedinethb@ it distanicBt ililatsr Phay Uﬁtiieeslrﬂ%lenmlﬁgél Signal
received. According to the distance neasuring nethod of the invention, In

the 20 above neldweicatibs) MieMioas thélHigh-AddoNdtion Spdiir @AaRMIsAt® whikh the
di stance on the basis of a reception intensity of the refléction signal

recei ved. Bccor fhflegtit® sigreal reodiced B itha dlifsrent canien ficjueABiRsNBl led aé
di stance is calculated al so on the basis of the reception intensity of the

reflection signinput Ve MUBE evalationpfunttdn iy cblaited Laime avabde visttsh sgtes,
for 25 instance, by taking the reception intensity into consideration, it

becones 12 posfiinktien tef the! distarides ard) tee distasdea e eafthtéd Usy obthtihg Upeile
the distance with nuch higher accuracy. In the above configuration, the

di st ance neasur valgesipptheaMilSiCfevaluationfumetionon nmay further conprise a
reception controller, that acquires information 5 in a data section of the

reflection signal, andlthdughtthe MUSIGevaluttionéundtion génerallycieas ohlgronet pesk

cal cul ated by the distance cal cul ator which is associated wth the

informati dB i n valeedimt theseade ofipccurrence of multiple paths, a plurality of peak values
may exist. Even in such a case, because the distance corresponding to the
multiple paths is longer than the distance that should be caiculated, by
selecting the shortest of the distances corresponding to the peak values as the
distance to be calculated, it becomes possible to calculate the distance with

15 high accuracy.

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

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

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

According to the above-mentioned 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 value candidates, for

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

12



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

di stance information cal cul ated by the distance cal culator which is
associated with the infornation in the data section. According to the

above- nenti one con ur and the, jnformati i th dat a.
section includ q &e g‘ FoRe cgﬁﬁr'cpgiavgsth go 'Cﬁf‘:b'%tta% istapge with
identifies ther ﬁﬁbﬁr that transmtted the refl ection S|gnal for

i nstance. The Il'g FAGH S| er identifies the distance information

whi ch are assoq SL ca I e Bafive Ebffiadt aﬁ%?ﬁa.f%t%m%dxﬁetﬁ daatapsq?i e
gSaE‘é;'s.”%l 2"??@#@oﬁ&n"&ﬂlrﬁ%}%r%rg%@e@f% @‘m'saﬁftééﬂeéeﬁat Sgév‘iéeisdfptﬁ Sﬁ”Fﬁe
the SPE?a%ZSE i CE1BRE SRl @t ot i 2P o, W ErBCBvHE, g “has
refl oot on sf g?a JEnE A "g@ﬁ%u'hfeﬁeﬁ’ﬁ@i% Ohstes AR il b Ssnoctates

I nventi on, é’{]ﬁ“ﬂé% Fﬂ%{'ﬁo q:iat% @&tﬁft ance cal cul ating step may

nmeasure a d|re t ha Iec at has transmtted the refl ection

signal is |ocated, ony tﬂﬂ‘éﬁﬁﬁr\e ’Ehlo dalgﬂ‘abgggh%g qﬁé%‘gé ng@gw“g’"d&},t he

above- ment i oned conf i gurat I on an tify

i <t ance to tnd RLEFEE BOmHEER fek 5{' | o "éﬁgﬁﬁﬁdﬂ*'“"aﬂm 4 the

l'ocati on qger e gebfor %ffltﬁétr@ﬂe%n%@nal, and outputting, to the outside, the distance

information calculated by the distance calculator which is associated with the

information in the data section.

According to the above-mentioned configuration and method, the

information in the data section included in the reflection signal gives
15 information that identifies the reflector that transmitted the reflection signal, for
instance. The reception controller identifies the distance information
measured by the distance calculator and the information in the data section
which are associated with each other. Accordingly, even when the distance
measuring apparatus communicates with a plurality of reflectors, it becomes

20 possible to distinguish the distances to the reflectors.

According to the distance measuring apparatus of the invention, in the
above configuration, the distance calculator may measure a direction that the
reflector that has transmitted the reflection signal is located, on the basis of the
reflection signal.

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

13



According to the di stance neasuring apparatus of the invention, in the

above configuration, the distance calculator may cal cul ate the di stance by
10 analyzing a signal in a preanble section of the reflection signal.
According to the distance neasuring nmethod of the invention, in the above
met hod, the distance calculating step may cal cul ate the distance by
analyzing a signal in a preanble section of the reflection signal. According

to the above- matioveradthod) theydistaricercalculatireg steg, map enedsurdiasdifentionithat the
cal cul ated by analyzing the signal in the preanble section of the

refl ection signeflectidethmt hakdranserttdd thesraflechion sigpalds ¢odated,lon thetsagisdi that i ng
the start of the reflection signal and is conposed of a prescribed data
conponent that reflectiomsignalo all refl ectors based on the sane standard (EPC,
for exanple). Therefore, the |l engths of the preanble section are all the
same 20 for signals tAstomiing rtecthe eabdveemeatignedefdonfigorationt bnd redthetd) itt
possible to performthe signal analysis in an assured nanner. Because the
si gnal s i rbt he bgmoowashpassible to ddendificthal diradtien ofiecation viesrerthe reflectobddsts o

cal culate the distance even when the signals had been subjected to PSK
nodul ati on. Thealomg patht theedistamberte the reflectorg Acwordinglyaitibecoamsapassitie 46 t he
25 invention may be realized by a conputer. In this case, the invention may
be 14 real i zeddéntify thelocgtiomeheoantha reflector existsut e a t ag conmuni cat i on
program that operates the conputer as the respective nenbers. A reflector
accordi ng to the i nveAcroidingtothardistance measugng apparatusof theanwsndion| in the
generator, that generates P reflection signal, which is a signal 5 conposed
of one frane, faboveaconfigueationsithaadistangasealculaior fmayn aaiculates thendistanteabyr i ng
apparatus of the invention; and a frequency controller, that transmts the
refl ecti ol si granRlyginga sianal in a preamble section of the reflection signal. '

According to the distance measuring method of the invention, in the
above method, the distance calculating step may calculate the distance by
analyzing a signal in a preamble section of the reflection signal.

According to the above-mentioned configuration and method, the

15 distance is calculated by analyzing the signal in the preamble 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 to all reflectors based on the same standard (EPC,
for example). Therefore, the lengths of the preamble section are all the same

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

The respective members in the tag communication apparatus of the

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

14



by the signal generator via a plurality of different carrier frequencies.
According to the above-nentioned configuration, the reflection signal 10
transmitted by the reflector is received by the distance nmeasuring appar at us
of the invention, thus nmaking the distance 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, t he frequency

control ler may trglized ;J%Pa!_i%'fig the cArIpyien o sxesute 2 ag GRERMYRIcAtien pregram
carrior 11 equeiaeaeetes Megeemonty b R R VA MEMBRB per i ods.  Accor di ng
by tranamitting one. eI AcCPifag to Hie javenEnis chApteTrsah FampR G duLe
cal cul aton.  Accor di ngh HENA| GeneBRE<hB eneiates & (FIREHOR Ranal atick b 2 fispAbur
the. i nvent Pon. - FAPREESANFEe A Ey TP RORUSt oI RS ed drArR ane clotngF
transmt the request .signal yia pne.of the carrier frequencies conposed of
different carri aFP{é'a%gHB?faX%ﬁ@ﬁsdfﬂ‘ée."“?Ba a8 or ding to the above- ment i oned
Ferl ection ofgnal . Thit reppefr sRatolks i isliri Ba ees¥ian SERALpearatsna
commny cati ons, bl 58 Sipdk s ¥ S PR UL B R RE o Lt
CL1 oL enoy & A, oMk G 554 SBRaechBa' Briorlt e Mhhion gona
| nventi onyaand yronsmitted by the reflector is received by the distance measuring apparatus of
the invention, thus making the distance measuring apparatus possible to
calculate the distance with high precision and high accuracy.
According to the reflector of the invention, in the above configuration,
the frequency controller may set a plurality of divided periods in a period for
15 transmitting one request signal, and controls such that the different carrier
frequencies are used for the respective divided periods.
~ According to the above-mentioned 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
20 distance calculation. Accordingly, it is possible to calculate the distance
without deteriorating the communication efficiency.
According to the reflector of the invention, in the above configuration,
the frequency controller may transmit the request signal via one of the carrier

frequencies composed of different carrier frequency components.

25 According to the above-mentioned configuration, the distance can be
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at | east one reflector that perforns wireless communication with the

di stance neasuring apparatus. 10 According to the above-nentioned
configuration, it becomes easy to construct a system for nanagi ng

comuni cation with reflectors and especially capable of understanding

I nformati on about distance to the reflectors. A comunication system of the
invention is characterized by conprising: 15 the di stance_neasuring

appar at us of t (algulated: palY: DY ntaRSTREtiNG anenreflgationasigsal. t hZhusmitahesomes

| east one of artic]es, peogl e, and living things that are associated with
the reflectors RosSbife tofedyce rthe ,nedkat of Signalncorsmunicationsrenuired far sbance
measuring apparatus and the ref|lectors. 20 According to the above-nentioned
confi guration, distange salculaion, tAccardinglyy Jkds :P@?@ﬂ%%ﬂ’t saleulateh dbe distanee | es,
people, and livin ihi n(%s that are associated with the reflectors and is
capabl e of ider‘mm%‘ﬂ Agternigraiingthe semipwrication efficignay.i on t hereof. 16 Advant age
of the Invention As described, ahove, the distance peasuring apparatus of the
i nventi on <has a confi émmanlcaﬂomv%m AECRENG: & the rertitnis ehrasteszed ng
of receiving reflection signal transmitted froma reflector via a
plurality of 5Q¥iGUMRERS:carrier frequencies, and the apparatus is provided

with a distance calcyl at.or that anal yzes the refl ecti on si al transmtted
fromthe reflector tof ecéiﬁ@ﬂ%@ﬁ*@"éiaﬂ’a%\és BEWBWﬂtmi ngl ector and the

advant ageous 1o ool cuRbEest phe rlesian HitiarRoss Aicrs FPagicals Wi the
di stance measulf el Reaghiing Shparatus.

10 According to the above-mentioned configuration, it becomes easy to
construct a system for managing communication with reflectors and especially
capable of understanding information about distance to the reflectors.

A communication system of the invention is characterized by
comprising:

15 the distance measuring apparatus of the invention; and

a management apparatus, that manages at least one of articles,
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.

20 According to the above-mentioned configuration, it becomes easy to
construct a system that manages articles, people, and living things that are

associated with the reflectors and is capable of identifying information about

the location thereof.
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10 much hi gher precision. The comuni cation system of the invention has a
configuration in which the systemis provided with the di stance neasuri ng
apparatus of the invention and one or nore reflectors that performa

Wi rel ess communication wth the di stance neasuring apparatus. 15 Wth such
a configuration It becones easy and advantageous to construct a system

t hat nmanages t communi th the reflectors and is at |east capable
of identifying | Wﬂ%ﬁ?ﬁ ee{ﬁv)?ﬂ\qﬁq-'he di stance to the reflectors. The

Cyatom i o provi ded wi O (HECHT IR oRE, AR JHp Gl dhmpidluB ot e
ool o, and |1 IR g% & RRPOUALES A Stict B Sitardhs SHm LA ofeesBhnorer™
apparatus ana BREVIS: RordBRTR fiha chafihieg ?ffﬁ%ﬁ@gk%‘f?cevﬁﬁgiﬁﬁa@@&aosy
and Tivings Chi e éf?nat%%'?%”ﬁ%@*ﬁisomé‘f& e, Bferefl R pRadity Sl a FEERGE.
THE DRAW L&”géaﬁlﬁ%ﬁ@”ﬁ% e e el BRbS e Rl ek S
cont i gurai fon PRUNEALS YSGHE BAGEER D rorRelch ahd R, Bnge BIANGT, .
REID tag. Fig. aé)pa?atﬁss' B! S4'a Ul B R BeBHR MRG0 b ©f

the 10 RFID t comuni cat'1 on
the distance between the reflector and the distance measuring apparatus with

10 much higher precision.

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

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

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

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

With such a configuration, it becomes easy and advantageous fo

25 construct a system that manages articles, people, and living things that are
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Fig. 3Ais a diagramshow ng the state in which an RIWrequest signal and a
tag response signal are conmuni cated between the reader/witer and the RFID
tag. Fig. 3Bis a diagramin which signals transmtted fromthe 15
reader/witer to the RFID tag and carrier frequencies thereof are
illustrated on tinme axis. Fig. 3Cis a diagramin which signals transmtted
fromthe RFID tag t,o, the reader/witer and c rrler freguencies thereof are
illustrated on alsgq),@atgpi ‘é’ﬁh tﬁgirsflec%qssaladgq rapable of 'QFB ing; 1Btpraatien a
reader/writer, | he 20 detailed configuration of a reception
processor t hat t%ﬁ’&ﬁﬁ&"i"&?rﬁ@ form phase detection. Fig. 5 is a flowhart
showi ng the procedures of a distance neasurenent processing. Fig. 6 is a
flowchart show ng the procedures of the distance 25 neasurenent processing
based on nultiple frequenci ' howi ng t he
procedures of a frequency st A 2 ®nce cal cul ation
pr ocessi n% Fig. 8is a schematlc di agram shovm ng an exanpl e of the
frequency ™ sel ection processing. 5 Fig. 9A is a diagram showi ng the state in

and-the R B' Cag R 'ggérﬁéa'"m'f'ﬁﬁﬁ%;%"éé‘r‘ahﬁ%f%ﬁt Syt dri) P18 ag
oxpl aining a promstditdich SiehatiaPerE meoPyenian, pdwing the conﬁguratwn

for measuring the distance between the readeriwriter and the RFID tag.

Fig. 2 is a simplified block diagram showing the configuration of the
10 RFID tag communication system.

Fig. 3A is a diagram showing the state in which an RW request signal
and a tag response signai are communicated between the readeriwriter and
the RFID tag.

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

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

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

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

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

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

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

25  measurement processing based on multiple frequencies.

18



Fig. 10 is a flowhart showing the first half of the procedures of the

di stance neasurenent processing enploying an MJSIC nethod. Fig. 11 is a

fl omchart showi ng the second half of the procedures of the distance

measur enent processing enploying the MJSIC nethod. 15 Fig. 12A is a diagram
showi ng the case where frequencies are sw tched over within one frane, in
which signals transmtted fromthe reader/witer to the RFID tag and
carrier frequencies thigr&ds aflewehart,showingdhe progadusesof 3 fraqugncy selection

di agram showi ng the case where frequencies are 20 switched over within one
frame, in whi c%f%qelﬁﬁli!gsaﬂdrﬁﬁﬁﬁrﬂ%ﬁﬁlwléﬂﬁ”l ROCRE$INGt ag to the reader/writer
and carrier frequencies thereof are il|lustrated,on tine axis. Fig. 13 is a

1 Fi
fl owchart showi ng t heFifr 8dé Aupehersatic AiRgmmasioming R axarapie Af tbeg@éwgnﬂg

t hat involves frequency swifching over within one frame. 25 Fig. 14 is a
sinplified bl o8 ?'%@Pé?ﬁ&,?ﬁm ng the configuration of the 19 reader/witer
that enables to ident fy.the REID tags and the distances thereof in a
linked madner. Fig, 159; 8A451 diRgranShowing the state [ whichumullinky pathe QFcYE ance

measur enent processi ng based on jdentjfication of the REID ta 5 Fig. 16

is a schemati c/Mh YAKAIRR bees theseader/witer apditha RR1Y tag-?\é direction

fol ti wh t he_RFILD t. ' . Flg. 17 i i npl 1§ bl ock di

of the reader ur i ter FignolH i 2 rarapb ool eomhaags & 2 MufElg evagation ®" ™

direction. Fig 1% IS %ﬁfl V\ﬁhill‘t showing the first half of the procedures
fgisteavelRtYe iR d5HnceS oi ng.

of a 10 | ocat
Fig. 9C is a diagram for explaining a processing of estimating the

10 . direction
Fig. 10 is a flowchart showing the first half of the procedures of the
distance measurement processing employing an MUSIC method.
Fig. 11 is a flowchart showing the second half of the procedures of the
distance measurement processing employing the MUSIC method.

15 Fig. 12A is a diagram showing the case where frequencies are
switched over within one frame, in which signals transmitted from the
reader/writer to the RFID tag and carrier frequencies thereof are illustrated on
time axis.

Fig. 12B is a diagram showing the case where frequencies are

20 switched olver within one frame, in which signais transmitted from the RFID tag
to the reader/writer and carrier frequencies thereof are illustrated on time axis,

Fig. 13 is a flowchart showing the procedures of the distance
measurement processing that involves frequency switching over within one
frame.

25 Fig. 14 is a simplified block diagram showing the configuration of the
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Fig. 19 is a flowhart show ng the second half of the procedures of the
| ocation estimting processing. Fig. 20A is a diagram show ng the case where
a plurality of frequencies are sinultaneously transmtted within one frane,
in which signals 15 transmtted fromthe reader/witer to the RFID tag and
carrier frequencies thereof are illustrated on tine axis. Fig. 20Bis a

Si mil t ancous! y FRARTARECEAY SR o WsRtblthe I (EF 4RI InE Aiflrons tortanf I e
fromthe RFID hq@ﬁéﬁr%% rr'_eader{wri ter and carrier frequencies 20 thereof
are illustrate Xis. Fig, 21 is a sinplified block diagram show ng

Ll Taneduaty £ anerk Wl T AU bl o BRI 2o
?Rviﬁf‘?‘;rei o oSSBT ChrdOhgeind Pvec ah Hen b R R IP BBE i g o 1 ol e
whi ch the® RAD tag dadmibs SRR AR Snng B el S PHERRAD
system for S“fh‘éeaihé&iﬁﬁgof%ikﬁ%ﬁegﬁ@e Er@‘;giaxig{s_ stored articles. 5 Fig.

23B i s a di agram Show n mi1n which the RFID tag

whi ch an RFID 49 1 1801 T S Ra PYIS o8 B RetRadGiAlitel noliid 6 "

e £ nui o PRGOSk g etgeh, Lo oy oetect, g open o of
systemin which the Fig 18 is a flowchart showing the first half of the procedures of a
10 location estimating processing.

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

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

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

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

20 thereof are illustrated on time axis.

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

Fig. 22 is a diagram showing an example of a system in which the

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

20



RFI D tag conmuni cati on systemof the invention is applied to the places such
as stations or novie theaters where tickets are examned. Fig. 25 is a

di agram showi ng an exanple of a systemin which the RFID tag conmmuni cation
systemof the invention is applied to a keyless entry 15 systemthat is
suitable for autonobiles. Fig. 26 is a block diagram show ng the

cont 1 9ur 2t 1 on, Sos¥BnlE apR R IR PR PR A BRBRLCL 0, 0,2 P o
communi o2t on 2ppar 2 e A SRR MRS SHIELE Ko e
oL e orG B AR R e APOARI RS AT st
T O PRl b TSR B BRERE e e, M LR
6B1, 6B2: éVI XER Fig. 238 is a diagram showing an example of a system in which the
RFID tag communication system of the invention is applied to an security
system in which an RFID tag 1 is attached, for example, to a window or a door;
and the position of the RFID tag 1 is monitored, thereby detecting opening of
the window or the door.
10 Fig. 24 is a diagram showing an example of a system in which the
RFID tag communication system of the invention is applied to the places such
as stations or movie theaters where tickets are examined.
Fig. 25 is a diagram showing an example of a system in which the
RFID tag communication system of the invention is applied to a keyless entry
. 15 system that is suitable for automobiles.
Fig. 26 is a block diagram showing the configuration of an RF
communication system according to a prior art technology.
Fig. 27 is a block diagram showing the configuration of a
communication apparatus that performs wireless communication with RFID

20 tags in accordance with a prior art technology

Description of Reference Numerals
1: RFID TAG
2: READERWRITER
25 3: TRANSMITTER ANTENNA
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6B3: 90- DEGREE PHASE SH FTER 6C. PREAMBLE EXTRACTOR 6D. SELECTOR 15 7:
COMVUNI CATI ON CONTRCLLER 7A: FREQUENCY CONTROLLER 713: TRANSM SSI ON
CONTROLLER 7C. RECEPTI ON CONTROLLER 8: LOCATI ON MEASURE 20 8A: PHASE

| NFORVATI ON ACQUI RER  813: DI STANCE CALCULATOR 8C: DI RECTI ON CALCULATOR 9
EXTERNAL COVMUNI CATOR 10: AREA DETERM NANT 25 22 BEST MODE FOR CARRYI NG OQUT

THE | NVENTI ON Her ei n&fﬁgbﬂ\ggﬁwggnt of the invention will be

descri bed below w th rererence 1 to 25. 5 Configuration of

Reader/witer Fig. 2 iﬂPPﬂﬁas”TﬁN Nﬂé{ﬁiﬁm di agram of a comuni cati on

system of the invention, i1ncluding gS and a reader/witer. As shown

in the draw ng, the i i i nfigured to include one or
nore RFID 10 tags (re??ggggrs; ﬁ%@@&@&@?mi ter (distance measuring
apparatus) 2. The RF'QI&E@E#'ﬂIéNaiﬁR 6B various articles and stores
information about the article attached of about objects or people

associ ateg therewi th.ga. pL1 SECTION

58: MODULATOR
5C. POWER AMPLIFIER
6: TRANSMISSION PROCESSOR
BA, 6A1, 6A2: AMPLIFIER

10 6B: FREQUENCY CONVERTER
681, 6B2: MIXER
6B3; 90-DEGREE PHASE SHIFTER
6C: PREAMBLE EXTRACTOR
6D: SELECTOR

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

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

25
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The RFID tag 1 is configured to include an IC (Integrated Crcuit) for

W reless conmunication, a storage, and an antenna. 15 In the present
enbodi ment, the RFID tag 1 used is considered as being a passive RFID tag
t hat does not have a power source such as battery, operates circuits by
drawi ng energy fromradi o waves transmtted fromthe reader/witer 2, thus
performng wireless co heath QR W& L DelLE X e RFID tag
that is usable in the % eRBde --“” *' ! n20 passi ve
RFID tag, but an active RFID tag that has a power source such as battery
maybe used. The reader/witer 2 is a device that perforns wreless

communi cation wth e : I . tes (] r.gt i on
frominto the RAD .t Asteians SpErbadized of g iFEREN WIS dbHiaTieY -
is configured [ ' =mation frominto the RFID tags 1.
However, the iwter?n%f%%ﬂgé%ggghg%%?mwd to this, and the reader/witer 2
may be co:ﬁ)i gured only to read information fromthe RFID tags 1. In the
present enbodi nent, the frequency band of the radio wave transmitted by the

reader/witer mhp‘ﬁb eof?l@é&fe'ﬁ}vﬁﬂePHF band that is 5 sonewhere between

800 MHz and 96 usi ng e radi o wave in such a frequency band, the

oo s AR SRt b SR A
though the pftﬁé%ﬁ@erﬂlﬁh?‘#hgféﬂhg' E@%Q??@%qﬁgﬂ%&jﬁ{%@ﬁié@%@&% R

the invention is not limted to"t I S usabl e

excl usi vel y f orgeRin E@%met?gﬁryﬁw iéé&nﬂﬁﬂ&dlt“b ﬁ@ludyg/neg&‘ﬂoﬂi RPIOH

GHz band are avail abf e. the co ni cation e made usli ng

other frefyiencya@afiéfieddrd)ANshds rdhdVARS: @MTERGE fRiakQfing apparatus) 2.

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

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

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

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

25 read/write information from/into the RFID tags 1. However, the invention is
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can be perfornmed in that frequency bands. The reader/witer 2 is configured
to include a transmtter antenna 3, a 15 receiver antenna 4, a transm ssion
processor 5, a reception processor 6, a conmrunication controller 7, a

| ocation neasure 8, an external comunicator 9, an area determ nant 10, and
an area information storage 11. The transmtter antenna 3 is an antenna that

transmts radio s .,to he LD ta t he ecel a na 4 i s an
Fomna thar r BebTRERd B s, “an 136 (8a3er Mt 4 i, he GanYigried pRlyutor rea
?Paﬁgnmatte? a;lt nna 3 ;fn ; etll ver antenna 4 a(r)e configured, for ©
o Fatan M YhE RFTE Sag -

exanple, as a antenna. Al though in the pr esent
configuration exanpl

are separately provi ﬁed g:p'lﬁggafgm%@ﬁﬂatt 3’9&!3{6@@&}%% Q\ﬁﬁ@n ‘{lﬂgﬁﬁgao?
"nto the ant enaneBed b % nRdefitn, dds B0 hel Sosl e SR ol R e
roEestes L e P A U B R AR |
e e SRR RS AL A e
commun cat, on GRISSIND ol Pufeid RRied o R R Pre R bl
rouan the {1 LSS IeRHERRE, S e BoREAP s R oo, .o
Lo e ) SR 0y BSERACGR, IF SRS R BB BT d hdro
di st ance 1get weggngd Iﬂf‘atﬁ?%ﬁbfe"‘éké]ﬂw@w%pRﬁﬁ tgﬁ'&&@&m& bafRRSSUHEO U3 Y6
MHz band or 2.45 GHz band are available. Additionally, the communication
may be made using other frequency bands as long as wireless communication
can be performed in that frequency bands.
The reader/writer 2 is configured to include a transmitter antenna 3, a
15 receiver antenna 4, a transmission processor 5, a reception processor 6, a
communication controller 7, a location measure 8, an external communicator 9,
an area determinant 10, and an area information storage 11.
The transmitter antenna 3 is an antenna that transmits radio waves to
the RFID tags 1, and the receiver antenna 4 is an antenna that receives radio
20 waves sent back from the RFID tags 1. The transmitter antenna 3 and the
receiver antenna 4 are configured, for example, as a patch antenna or an array
antenna. Although in the present configuration example, the transmitter
antenna 3 and the receiver antenna 4 are separately provided, a single
antenna may be used in which functions of both the transmitter antenna 3 and

25 the receiver antenna 4 are integrated into the antenna,
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the direction of the RFID tag 1 as seen fromthe reader/witer 2; and
nmeasurenent of the spatial |ocation of the RFID tag 1, which will be
described 15 in detail later. Strictly speaking, the distance between the
reader/witer 2 and the RFID tag | corresponds to an additive average of
two distances: the distance between the transmtter antenna 3 of the

antenna 4 of the r eaddPPAFEmEgEh BrociRef B dbRR S RS hrblidegarit T 2
rccai ver ant o (rodbiafoflof effifcador § 3RSl AR 0d Vefomitel iy ..
Spat ol ara ( ChaRanrier e, | The tetenoRiRbetket €k Aok et 1,

(e ool T 096 S o U S PSP o,

| ocated the c nicati on area | red’l rea rn

11. The arga d%@éi%@ﬁgrthége é?'réﬁt&?r% yhether the RFID tag 1 exists within
. Ly : .

t he conmmuni cati on area eterm ning whether the |ocation nmeasured by the

| ocation measure 8 exh—gg%}dﬁhr”nﬂhi’&aﬁfi&? coRf aRB+ T@Eiﬂ?éblf‘fsrﬁg p%ﬁg@'bgfﬂigéw ofY

the area i nfornation. e external comruni cat or

transii s nf OfygBiigndKWitide WrGFdRohdFork of §5the REID ad 66t niiatidn. O

an ext ernal apparattls or receives Information to be witten into t

tag 1 from the tgygiRhRAk trahBRMeHdmennd!S aRYld thétecRA AtehhaAd the external

communi cator 9 are” comuni cably connected to each other 1n a wred or

wirel ess manner. In tirhg [datichsReabliR 8% QrhIatk anitansidiies 1R ISUMbAISTIhEN
the basis of operations of the reader/witer 2 reading and/or witing

ir 2; 3; ;rm ﬂpe]; r CZR_‘Flmabnf 8n'the bBEk D tAE rdceptiBh sighat® Pddetiedefoaha REIDAaghe

The measurement of the location of the RFID tag 1 includes measurement of

the distance between the reader/writer 2 and the RFID tag 1; measurement of

the direction of the RFID tag 1 as seen from the reader/writer 2; and

measurement of the spatial location of the RFID tag 1, which will be described

15 in detail later.  Strictly speaking, 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 readeriwriter 2

and the RFID tag 1. Here, if the RFID tag 1 is an active one, the distance

20 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 measured by the location measure 8. Area information

25 about which spatial area is located the communication area is stored in the
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The area information stored in the area information storage 11 is set
dependi ng on the environnment in which the reader/witer 2 is installed. The
15 area information may be set by the external apparatus through the
external conmuni cator 9, for exanple. A user interface for inputting the
area information may be provi ded to the reader/witer 2. Conponents of the

égggga;elwrs: E rge%é?%ﬁn 88?%?%‘6 ﬁi‘?{?gﬁo e ﬁ%ﬁ%ﬁ@%ﬁ\b 3 éebzeiﬁ%zs;‘?’b?t?@f may
processo?, sucﬁﬁ%?@l}%ﬂgéﬁ%g}”féhwr%‘&% %ﬁ %yscf%g%{g?nguwﬁe =Y
Cont1 gured by 18 RGRE. cosdhhed, "By B AR ‘¢g%§%3$%2 CEElS R the
and xecut es '« RATBUERATARS dARSaMAbY s RdiADRl . Vot SLQ 9 redium
%E%%??%E gfspjﬂaﬁ{] elom?ﬂé’@%@h EeebffifieaBha. i 2affok 38 baatfi Highntton :
the var i ous | AEPIEHE BRI 07 LR B MR %’QSE’?A%Q@‘%%
exanpl e, ya g]ro gé%‘r’r?sne otﬁ}%@%rgﬁggggw %i (H:‘EE zh'ﬂb”g%% @rrm Ztagm%}%teg{??on a
conputer is Fe%@ggﬁgﬁ.g m%zé{gél‘ﬁ%\ %pﬁtapaﬁy %\%é‘%x‘f@?ﬂhf’%ﬁﬁﬂurﬁ@ atfr [ Q@ am

mediumthat is erng rnser to a programreadi ng device

e hob oot shhuieall enAgtodto ek s 514 SRR Ranhd 2B et
a m croprpesshse Pirel extaRlal -apparatds 19518pdratdsCaf the basis of operations of the
reader/writer 2 reading and/or writing information from or into the RFID tag 1
may be configured to include the readerfwriter 2.
The area information stored in the area information storage 11 is set
depending on the environment in which the reader/writer 2 is installed. The
15 area information may be set by the external apparatus through the external
communicator 9, for example. A user interface for inputting the area
information may be provided to the readeriwriter 2.
Components of the readeriwriter 2, that is, the communication
controller 7, the location measure B, the area determinant 10, and the external
20 communicator 9 may be configured as a hardware logic, or may be configured
to be realized by a processor, such as CPU, executing programs stored in a
storage such as ROM {Read Only Memory} or RAM.
When the above-mentioned configuration are configured by the

processor such as CPU and the storage, a computer equipped with these

25 means reads out the program from a recording medium and executes the
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out, and the read-out programis downl oaded for execution to a program
menory area of a mcroconputer. In this case, it is assuned that the 15
program for downl oading is prestored in a nain apparatus. If the systemis
configured to be able to connect to a comunication network including the
Internet, the recording rredi umis preferably one which actively downl oads a

f th 1 d st th th
' Che case of ABAAMbAdHAG PHo \BEYS o TWRRARe: TV NAGRHE £ OPBIR °H§£eva§ e (e

Al tor nat Béfﬁrt%?@'rﬁa&ﬁﬁﬂéégﬁv%g%aﬂﬁ% Tesation CFEPIER B DR AP delermiT Ry
Conf i gur at i o G e PRSW paFFRGHcaior B é%%%%aa“%?ds A el recofna 108 ance
ref eronce to FPGRSE JatBA sERSABR Eaariing foediuf the S it taidie s s
modul at or 56, YOS PPEFenF cah teeaiied @r“eﬁ%&@ﬁﬁ& ARG e T ecept] on
processor © L nct ules e agBbaashe by § SRR BEPAGAOE o B
e o A ﬁgﬂa@w;wﬁ e B 0 5 o
TE 1 e ousgs B aaShen | e BB R o S .,
(e L e A S AR, R eg%éfmgw%t
section Sfy (not shown) that is pravided as an external storage device.

In any cases, the program stored is preferably one which can be
accessed and executed by a microprocessor. Preferably, the program is read
out, and the read-out program is downloaded for execution to a program
memory area of a microcomputer. In this case, it is assumed that the

15 program for downloading is prestored in a main apparatus.

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

20 In the case of downloading the program from the communication
network, the download program is preferably prestored in the main apparatus,

and alternatively the download program may be installed from other recording

medium.
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15 and the transmtter 5D to superinpose data to the transm ssion signal. In
the present enbodi nent, the nodul ator 58 generates the transm ssion signal

t hrough ASK (Anplitude Shift Keying) nodul ation. A nodul ati on nmethod of the
transm ssion signal is not. limted to the ASK nodul ati on, but FSK
(Frequency Shift Keying) nodul ation, PSK (Phase Shift Keying) nodul ation, or

20 0Lt 919 | R a8 BB M e POLr TP et SC 1 @

by the recer ver. ant eniats e B ot 8 coadbing BRFBce b A Rt heflila’

anpl i1 or oa i N ARHRGehetueEN AR ETIDRac SRl el WPhers S BY dedfined,

phase change | WEHEREREIR B 17 ghstBedn i o g, iAo gef Bodie..

it or mat s o ey BELERE REL PR FRckelE HRORT Fecth DB A UBAR Y, RIEREr & 1

G e e,
e [ sinzZnt 1 e p

6B nul tiplies carrier signa W tht rec 1'on signals

D(t) Asin(2af, t To@atibﬁﬁﬂéé ngJ&stQ‘?)h%gB'iMohﬁ ti&‘?‘aﬁﬁgir&aﬁﬁ%daa distance

mul tiplication result valu Acos4d 'to the phase 1Aformation acquirer 8A.

The phase i nf %Hﬁhiq‘?& W.QWHQE?%&%%M@&&%NI&W ifRARS éﬁéag%ﬁ{%%{oﬂée“r on

t he basis of the val ue passed from frequency converter

oot LB, T PUPSSHon ol 7o Bpgspdpu st e ol o o5

In the transmission controller 5, the PLL section 5A is a block that

sets a carrier frequencies of a transmission signal to be transmitted from the

transmitter antenna 3, and the PLL section SA is configured by a PLL circuit,

The modulator 5B modulates carrier signals generated by the PLL section 5A

15 and the transmitter SD to superimpose data to the transmission signal. In the

present embodiment, the modulator 5B generates the transmission signal

through ASK (Amplitude Shift Keying) modulation. A modulation method of

the transmission signal is not limited to the ASK modulation, but FSK

(Frequency Shift Keying) m‘od ulation, PSK (Phase Shift Keying) modulation, or

20 other digital modulation methods may be used. The power amplifier 5C is a
block that amplifies the transmission signal.

In the reception processor 6, the amplifier 5A is a block that amplifies

the reception signals received by the receiver antenna 4. The frequency

converter 6B is a block that converts the frequency of the reception signals

25 amplified by the amplifier 6A into a lower frequency signal.
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15 the carrier signal itself; O is the phase change anmpbunt when propagating
a round-trip distance of 2r. The distance calculator 8B is a bl ock that
cal cul ates the distance between the RFID tag 1 and the reader/witer 2 on
the basis of information about the phase change anobunt acquired by the
phase information acquirer 20 8A. In the conmunication controller, the

I ?Sﬁi‘fﬁ”;i on'si S'n;?rlt 7’*{“%%%@%&5&%?%@%&-‘&&%rgﬁ'ﬁé%}i gﬁfﬁﬂﬁ%ﬁﬁéﬁé’rﬁ@éﬁ?&

ntr r 7B i in S . u ragsni.ssi on
'giolgtnalo t§ t he Pi%%l tﬁ@@ﬁétg}g&aﬁnﬁealrfg@itp&?%%s%§%abgr|Bﬁlﬁ%!reéaﬁteﬁptg _ 'tfﬁlgg’?rpt'%ah °
i stance cal curSRUERYSPREEtHL By e ek EpRedder SRaH %égﬁl?é%?hq?glﬁ%%et )
desor bea. 1 n ehang€ stioie 8t ehaSe MBHAR. TIRIY ek SRR A O o
RAD tag Bis (RogatSTiae Roinel 4RGN hedBtnanh8 profcdd whd e recdBfiod "

with respect 3é_&n&lﬁ‘gpFo@%ﬂ?t?saasét%ge}ibedsaﬁtbrﬁepr ocedure is illustrated in

Figs. 3Ato Iragram Showm ng the state in which the RNV

eader  uri Lor and  neMeREiSBer RGaNE, Bhehe X AAE0 A FHSICH 0FF ng AL

reader/witer and the I'chsignals

Lhoroot ara |1 BRAcHe saE Aipraatel ' shontt! TGRS BRI BECRUERELBE >

thereof are il rated on tine axrs. _ gramin signal s
rarann Led | RS QAL it R BAGA hAL SSRGS PholEg e o
transm t tyong aysPerplifier BAHND passHd2h Mbltiplication result value D(t)Acosé to the
phase information acquirer 8A. The phase information acquirer 8A calculates
the phase change amount ¢ on the basis of the value passed from the
frequency converter 6B. In the above formula, t is a time; D(t) is a baseband
signal when the modulator 5B performs ASK modulation; A is an amplitude of
15 the carrier signal itself, ¢ is the phase change amount when propagating a
round-trip distance of 2r.

The distance calculator 88 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 acquirer

20 BA.

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 SA. The transmission controller 7B is a block that inputs data used to

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

25 controller 7C is a block that allows the communication controller 7b to receive

29



powering the RFID tag 1). Wen requesting the RFIDtag 1 to transmt the
response signal (hereinafter will be referred to as a tag response signal),
as shown in Fig, 3B, the reader/witer 2 transmts the RNV request signal
that requests a reply of the tag response signal, That is, in a nornmal
state, the 20 transm ssion controller 7B of the reader/witer 2 controls the

nodul ator 5B tq . trapsmit data jndicative of, the narmal state. n
requesting the "t’fe%ma 1 ﬂbﬂg@hgidé?r}ﬁp?e %ﬂg”'? %@?@B%%@%Hﬁt%ﬁ%ﬁt he

nodul ator 5B to transmt data that constitutes the RWrequest signal. The
RFID tag 1 is always nonitoring the signals sent fromthe reader/witer 2.

Unen detect | 19 8552 BRule PRafaRRDL0UcSt oy onel, Lhe FED ta0 1
Lequest sional | Wore KISE: Ueblk br, b GARES ebkeriu BGBRERGE TSP ™
ive) s S TSR, o S R, e bR T O
S s PR i VPURR nBCLBRRE N 0 HERAETBE TSl
(e W eauestarip gl Rl Bl T URACE" G4 (OBl FaldTR
transmtted viggaioy té%p%a}‘ggg%t iiﬁﬁ%gegﬁubﬁgﬂ groceEﬂFe ?@ﬁu&ﬁé‘%ﬁ%%ﬁ%%?!t% IS

constituted by a prea on*~a section, as rllustr

g, 3C Here, ddie pigeartis SR MG RRISIe RHIA e RAVGBHLAY i

start of the r on si and 1s osed o rescr

CEmRonenttd)al o TRl sbhal 6 SEAACIEEL e e TRy e
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.

15 The reader/writer 2 is always transmitting a specific signal (signal for
powering the 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 readeriwriter 2 transmits the R/W request signal that
requests a reply of the tag response signal. That is, in a normal state, the

20 transmission controller 7B of the readerAwriter 2 controls the modulator 5B to
transmit data indicative of the normal state. When requesting the tag
response signal, the reader/writer 2 controis the modulator 5B to transmit data
that constitutes the RAW request signal. The RFID tag 1 is always monitoring

the signals sent from the readeriwriter 2. When detecting reception of the

25 RMW request signal, the RFID tag 1 transmits the tag response signal in the
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preanbl e section and represents the data indicating substantial information
that is transmtted fromthe RFID tag 1. As information included in the data
section, IDinformation that is unique to each of the RFID tags 1 can be
exenplified. Also, information that should be transmtted fromthe RFID tag
1, 20 for exanple various information that is stored in the storage of the

RFIDtagl may, belncluddln ta setlo The reader/witer 2
transmts the If;PWroé éf‘em?"é’ﬁa ﬂga different carrier

Speci f1cally. ¢ ﬁi‘c?;wt M‘ogﬁtﬁfhffe'@;ﬁahﬁea%?&“és "Bl e 1 SR PE R 25
31T requency cdmAsyeE: 8¢ e R i8R B 34, 52@%” SR ceapiet Bakeh on

the second’ tr t\&@ﬁﬁ?g%ﬁﬂg?‘*?ﬁ%ﬁ%%&%@ﬁ a0, M e Ret gy PRI e [ e
(requency 32 ¢ e the FERldrbiiselz, Reihg ¢ Fothily ®3J§h%3%r*?ele2@gﬂﬁg Brein
{: Ir g?\smlt ? gg \?;I ac\g?ﬁé} #rgﬁgéﬁf' ifuency ? ﬁ@fn}’;ﬁt@ {h% r encge(gfjg\ 921’%@“"%‘88& ed
S Lne e [l 1 dhe rgaaémw%erg%—*@ %) aavaggcfggéw gt i on

acquirer 8A ana yzes e sectron'o recei

Feaponse.si gnal oG 4@?’1"1 %C@ﬁﬁﬂ 005 PAIRBE oYRT aFe, FifRH Tl %“f%t&ﬁg‘se{
Si gnal_trans tffeg.@e;eb%st 1504 BELMTRIARE Yo ol sl S ARSI

replied u5|ng equenc Iter ase
i nformat i g@ 'r't'é r@i&%‘ zes the preanble section of the recei ved t ag
response Ssi gnal Ely etect 02 that "indicates the phase change anount of
the tag response The tag response signal is constituted by a preamble section and a

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

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

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

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

preamble section and represents the data indicating substantial information

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

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

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

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

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

different carrier frequencies in each transmission of the RAV request signal

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

25 signal). That is, in the first transmission of the RW request signal, the
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signal. In the above exanple, the phase change anmobunt of the tag response
signal is detected by analyzing the preanble section. However, the invention
is not limted to this. The phase change anount nmay be detected while taking
20 the data section into consideration. Also, the phase change anpbunt may be
detected for the data section. However, in the case of the PSK nodul ati on,

on the basi & dred BoCq EEbeliel 7AYNe TRARRRYAER L bahindh HE U Settar bR 8™
Fi xea 25 cont et s S B8RRCIGRTS FREHBhAy 2 MERINIE, FOFe aaidy "0
ggﬁgge:%ﬁobggstfaﬁ?“ﬁfﬁﬁﬁfdéiigﬁiﬁW%ﬁgé‘%‘ﬁ@an'iﬁ%QPEE%‘%VSF*’@%:%?% hhfaice"®
reade_r/wri ter éﬁgrﬁ%ﬁﬁénbas%&%ka{ﬁ‘%nd 'épﬁg%élpﬁé&éﬁeggﬁ%geggnﬁ%ﬂﬁtrst,
S equal 13 thde BETan PN aist fehlER: e Antenna 4 and the RFID tag 1,

the distance is defingd dfhyn il sppaﬁﬁd WK ?{rEDRﬁlﬁ 14 Preteivbe Eh@aigfv@re

produced when the carrier signals o e first equency f1 and the 1

T | e AShEARURAITIANG i sk ARy, o GENGBRRPEGRA
replied using the first frequency fi. In the reader/writer 2, the phase
information acquirer 8A analyzes the preamble section of the received tag

10 response signal to detect ¢4 that indicates the phase change amount of the tag
response signal. Similarly, when the RFID tag 1 receives the RAW request
signal transmitted via the first frequency f., the tag response signal is replied
using the first frequency fa. [n the feaderlwriter 2, the phase information
acquirer 8A analyzes the preamble section of the received tag response signal

15 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 preamblie section. However, the invention
is not limited to this. The phase change amount may be detected while taking

20 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 the
basis of the data section having variable contents. Thus, it is preferable to

detect the phase change amount in the preamble section having fixed

25 contents,
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15 In the above formulas, c represents the velocity of light. On the basis
of the above two fornulas, the distance r can be cal cul ated by the

following fornmula. [Formula 2] cAO 4>rlf, -f2i 20 In this manner, on the
basi s of the phase change anount 41 and 42, it is possible to calculate the
di stance r between the transmtter antenna 3 and the RFID tag 1. Here, it

peri od bet veen r ecept oINS FANErFANER dnBagiace, hissmaom acapkReat daterisdhe (e
2Tand he- SecEsr; BRMiRAoslS (6 AEHC ba; OGNSR DRRE BF PRI GHEGE
communi cat | mo. SRS 4 BRBSIeEeY thy Rk RlERee, cAghiafar B ~cLFR dlAnrealpyiator
cal cul ate’ t he FRPARBNE yieraiSfnth BN I RFD a4, aranebihedleStetnufbr oor
e oxprodbeq e ERBS B S 45 B RaMng B3] ' 21t 21 0 For
roquency 12 15 set t5rs pepomic e, dRiice e aRAdRS Ransmifidhatteea Lokl
and the second 1% ERURTRY s ehual fe AT ERREHTC e diépid AR T

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

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

10 second frequency f; propagate round-trip distance of 2r ¢an be expressed by

the following formulas.

[Formula 1]
é= Eﬁ21"
¢

15 in the above formulas, ¢ represents the velocity of light. On the
basis of the above two formulas, the distance r can be calculated by the
following formula.

[Formula 2]
cAp

r=—
4t~ 1|
20 In this manner, on the basis of the phase change amount ¢y and ¢, 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 RAN request signal and

transmission of the tag response signal. However, the carrier signals of the
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becones 75 neters from Formula 3. Since the RFID conmuni cati on system 15
using UHF band is considering the use of a nmaxi mum comruni cabl e di stance of
about 10 nmeters, such a nmeasurenment will not cause any problens in

practical use. Wien it is required to neasure a di stance greater than the
maxi mum di stance rmax, the nmeasurenent of the distance r nmay be perforned

acepti on i graf 8 roenel i oM FRCEETRR trlehel g SRhafthdd e St o

reception signa ere 1s a possi Ty that

A becones agr ?@ﬁébpéﬁ@@ﬁ?ﬂa )ﬁfﬁ@f?gg.gﬁé Phase Shiff ?f%éﬁ%?& ?fﬁoﬁ% RF?EE%Q 3 when

expressed I'nteger o ingly, by

using the fact chitghuiBting GGARKIRUBS 12k Btk He AREICECERUARrS AN3!

decreases as the di stanc ncr eases, | e to determ ne

the value of n. 34 Inyf h@rrﬁQEGZOTift&fhsggﬂkﬁ)et@?ﬁg;éaﬁﬁt'?a %k i“i?diffcu.{%go

: i
reader/witer 2 does not transh requ si gnal’, "and 't hus

i anal Chat 15 ARSI SHE, PRIk { PRI kpirabl y ShercRalad, 4 TRBRREA

signal that is actively transmt romt ag. 5

of Reception Py Sle VBl Lbthe8 YkaBAPHSHIEREd WA APS D2 Wich cdh b

processi ng of etecting the phase change anount o reception signals is

perfornmed. Deleghldadal BN th8YSIRIWIRG féndidie reception processor 6 that enables
t he detection r1egbof thgﬂphase c'ﬁge anount will be described with reference

to Fig. 4. In t[ﬁ:@,:mulgg?cific exanpl e, the reception processor 6 separates
the reception signals "into an | signal and a Q signal and inputs the I and
Q signals to the Iocapnj“oa_n%asure 8, thereby enabling the | ocation neasure
8 to performthe processi r?{fl-fz

10 For example, if the difference between the first frequency f; and the
second frequency f; is set to 5 MHz, the maximum distance ry. becomes 30
meters from Formula 3. Similarly, if the difference between the first frequency
f1 and the second frequency f; is set to 2 MHz, the maximum distance fmayx
becomes 75 meters from Formula 3. Since the RFID communication system

15 using UHF band is considering the use of a maximum communicable distance
of about 10 me.ters, such a measurement will not cause any problems in
practical use.

When it is required to measure a distance greater than the maximum
distance rmax, the measurement of the distance r may be performed in

20 conjunction with the measurement of a reception intensity of the reception
signals, for example. Specifically, if there is a possibility that A¢ becomes
greater than 2=, a candidate r' of the distance r can be expressed as r' = +
N'fmax (N i an integer of 0 or more), Accordingly, by using the fact that the
reception intensity of the reception signals decreases as the distance

25 increases, it becomes possible to determine the value of n,
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of detecting the phase change amobunt. As shown in the draw ng, the 15
reception processor 6 includes two anplifiers 6A1 and 6A2 as the anplifier
6A, two mxers 6Bl and 6B2 as the frequency converter 6B, and a 90-degree
phase shifter 683, The reception signals received by the receiver antenna 4
I's branched 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
i nput reception signdhdhacdse ofusingtthe ativa RFIDdag themeader/aBter 2Tdees not
anplifier 6A2 anplifies the input reception signals and inputs the signal
to the nmixer oBansmihdherRM raapestrsignaflandsthul dhe aistpnde mesisyrarhenti mpytbeed
fromthe anplifier 6A1 with the carrier signal outputted fromthe PLL
section 5A to perforomdabn thedasissolgihel tagrresponast signalkethiat &5 getively transmitiedase
i nformation acquirer 8A. 35 The mixer 682 nultiplies the reception signals
i nputted from from thefRkibitag- CA2 with the carrier signal that is outputted
fromthe PLL section 5A and 90-degree phase-shifted by the 90-degree phase
shifter 683 to obtain the Q signal and inputs the Q signal to the phase
information acquirer 8A, 5 Hereinafter, details of the reception processing
and the procesSpegffioExample-of Recepsiontrogesstince r which are perforned by the
above configuration will be described. Assum ng the frequency of the
carrier signal is fl Intthe gigfange reeasurementidesktibed akavenr a t processing of
pr opagat i ng rmd-tri p distance of 2r can be 10 expressed by the follow ng
formul a. [For ndgtgcting dhe iphaserghangs ameupt Ahthe reception §lapalsiswpeHomed.s a
time; si(t) is_a signal state that is . )
Detailed configuration of the reception processor 6 that enables the detection

10 of the phase change amount will be described with reference to Fig. 4. in this
specific example, the reception processor 6 separates the reception signals
into an 1 signal and a Q signal and inputs the | and Q signals to the location
measure 8, thereby enabling the location measure 8 to perform the processing
of detecting the phase change amount. As shown in the drawing, the

15 reception processor 6 includes two amplifiers 6A1 and 6A2 as the amplifier 6A,
two mixers 6B1 and 6B2 as the frequency converter 6B, and a 90-degree
phase shifter 683,

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 inpuf to the

20 amplifier 6A2. The amplifier 6A1 amplifies the input reception signals and
inputs the signal to the mixer 681. The amplifier 6A2 amplifies the input
reception signals and inputs the signal to the mixer 6B2,

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

25 obtain the | signal and inputs the | signal to the phase information acquirer 8A.
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transmtted through the carrier signal of a frequency f1;, D(t) is a baseband
15 signal when the nodul ator 5B perforns ASK nodul ation; A is an anplitude
of the carrier signal itself; 4i is the phase change anobunt when propagati ng
a round-trip distance of 2r. In this case, 11(t) that represents the signal
state of the |I signal outputted fromthe m xer 6B1 and QL(t) that

can be- oxpr essdaeny e 82 tiRlios I BsRhiPLsioRHlihisfEn bpMiinesmalier cAZ”

Q (1) D0 1) Aci n( 2R choder sidnatinad nitifestfiotndhie R saion S4ond Pacteamty on
L P e R
}quggﬁzsé:gggggﬁgﬁh?gp &‘ag?‘gﬁ%.ﬁ?%ﬁf:)quﬁ'gpégggﬂ\("f%rqu" Si gn?I of tf.le % i
tane @ OF 15 (1) 1 pfadel s BFulcecBlif plotaR¥ed and B ioPeding o1
and Q ot gnal s CHRBRthd B Y e SRR WHich i B B B oA R,

fromthe foll O%%s@:ﬂﬁé@.l a.

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
10 expressed by the following formula,
[Formula 4]
5(t) = D(NAsin(2at +¢)
In the above formula, t is a time; sq(t) is a signal state that is
transmitted through the carrier signal of a frequency fi; D(t) is a baseband
15 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, [1(t) that represents the signal state of
the | signa! 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
20 flowing formulas.
[Formula 5]
L) = D()Asin(2nfit + 4 )sin 27t = D(f)Acosd,
[Formula 6]
O,(1) = D(1) Asin(27ft + ¢ ) cos 2t = D(r) Asing

25 From the above formulas, and on the basis of the | signal and the Q signal, the
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[Formula 9] cAO r=a>j f -f2J OAC=A-01 15 Procedures in Distance

Measur ement Processing Next, the procedure of the di stance neasurenent
processing in the reader/witer 2 will be described with 'reference to the
flowchart of Fig. 5. First, when the distance neasurenent processing is
started, in Step 1 20 (hereinafter will be referred to as Sl1), the
frequency cont 7A control

roll er s the P ection SA to adjust the frequency
of “the car r 1 or PBRYRNANGE ANt by AFnckatle 6 e, SReipruiondl dr e fidistey &
becone the first frequency f1. xt, .the transm ssion controller 7B controls
the nmodul ator 58"PE %ﬁ%ﬂ&ﬁ*ﬁﬁl\%@b"f'ﬂﬁ%@ @representing the R Wrequest
signal to the @_arri ?r fi gnal . The transm ssion signal nodul ated by the
nodul at or 58 i %{mﬂ??‘ ed by the power anplifier 5C and is then outputted

fromthe transmtter n_tgagnﬂ(a‘)(SZ). Fol l owi ng the transm ssion of the I W

request signal, the K¢ nty @yous 5 carrier wave) is transmtted via the

first frequency f, (S3). Wen detecting the RRWrequest signal, the RFID tag
1 transmts, as a reply, the tag response signal via a carrier frequencies
correspond ng to the Similaly, ﬁh%cﬂ%@ﬁéych@ngﬁ ameunt\gz( atiributableu so cther carfiefave)
that is detected subsequent to the RAN request signal. Wen the tag
response si gnapsigngl Qﬂhﬁgfﬁﬂ‘-\ﬁééy facambe calsulated by thefaewing formulaecept i on
processor 6 performi a, reception processing to the tag response signal

(S4): and the prHgwia 8]

= tan" 220
¢y =ton” L)

In this manner, the phase information acquirer 8A acquires the phase
10 change amounts ¢4 and ¢z on the basis of the input | and Q signals. Then, the
distance calculator 8B calculates the distance r from the following formula.

[Formula 9] ’
cA¢

4zlf - £,
OAf=¢ -4
15
Procedures in Distance Measurement Processing
Next, the procedure of the distance measurement processing in the
reader/writer 2 will be described with reference to the flowchart of Fig. 5.
First, when the distance measurement processing is started, in Step 1
20 (hereinafter will be referred to as S1), the frequency controlier 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
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I nformati on acquirer 8A perforns a phase information acquiring processing
(S5). That is, in the reception processor 6, on the basis of Fornula 4 to 6,
15 the frequency converter 6B calculates the | signal and the Q signal by
mul tiplying the reception signals inputted fromthe anplifier 6A and the
carrier signal outputted fromthe PLL section 5A. Wen acquiring the |

Formul a7 and $ReirO8s 116 8H BBrederBHE IS RAMBEGLES <igy) f Phe BriP Bl
chanse" ot 1 54 AR, s, AN, e Tl B e
rocessor o 11 M dfipifer 5 Bnd & IEPbBuES Rein the UaRhiter AR Pls2)er,
tag 1 (S6), th%dﬂrﬁm i Qfa’ﬁ%Hi%@f}?%éMQ’Fﬁhb& ?ﬁgﬁl,tztgé t@g\ﬁg@ontinuous

I nf ormati on acqui processi n er, m ssion

processor & 11 iaphasydii) 4 ERRSHIRH R Al risbRetildgantaguous 38 carrier

wave), that is, the transm ssion of e one- me“signdl (S8). The

reception controller M&a%miﬁgsﬁmpuég%&%ﬁae%i metj;k]%@ltt%ngﬁﬁtsbggn

received for the entire ftrequen t et mned e reckption
si gnal s has not %p ' : g qpédﬁ;é ' doMes| , 5
procedure goes aba _'tt'éét er 8@525‘?%'2 ééfsrrfeﬁ t gg%ée exghgréei,ﬂbttﬁteﬂs?i rst
and second freqpan¢ieqBency abf thell WS EShtHuoRs| EAHAFNGIvE) tHdte s Yekdttedn
signals. Therefore, the reception controller 7C determ nes whether the

reception si gnfﬁubs@?gerheﬁntﬁéwfféqﬁégt 46h4). OWhER the 'ta§ RBFoAe s}s_@@pg

frequencies f, and 10 At this nonent, since the reception signa
recei ved foly fregeité® by tHe redei@stugneyinats, thaerdteptiedl UirBcsiRy & Feformstae

processi ng of S1. \Wen the
reception processing to the tag response signal (S4); and the phase
information acquirer 8A performs a phase information acquiring processing
(S5).
That is, in the reception processor 6, on the basis of Formula 4 to 6,
15 the frequency converter 68 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 SA. When acquiring the | signal and the
Q signal from the frequency converter 6B, on the basis of Formula 7 and 8, the
phase information acquirer 8A calculates the phase change amounts ¢, and ¢,
20 attributable to the first frequency f, and stores the amounts and the frequency
(first frequency f1) used as the carrier signal in a table in a correlated manner.
When the reception processor 6 finishes the reception of the fag
response signal from the RFID tag 1 (S6), the phase information acquirer 8A

finishes the phase information acquiring processing (87). Thereafter, the

25 transmission processor 5 finishes the transmission of the CW (continuous
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processing of S1 is perfornmed again, the frequency controller 7A controls
the PLL section 5A to adjust the frequency of the carrier signal (and the
CW (continuous carrier wave)) used to transmt the RIWrequest signal so as
to 15 becone the first frequency f2. Thereafter, processes of S2 to S8 are
perfornmed. If it is determ ned that the reception signals has been received

LELCSQL‘&S”L} "ol WY, dfiat K-t atmisDR, F MEPBHE SR S (38 The o,
} gtndI fthgnf:rGea er/m;rbﬁgié?ﬁtgmieﬁ%ac:c?gr anc?#%%h@bg%gﬁﬁméegﬁﬁgﬁ%ﬁdgég
More specifi C?éf-]d ved 116 the iR 1 u@HE‘ﬁ@ or 8 iexcgé@%ﬁebhﬁmg?gﬁéere%@ﬁw

anount for eac requency fromthe table and cal culates t I Stance r on

the basis of En3l Hal H@ﬁﬁé&ﬁﬁ@céib@&%rﬁf]é Qﬁt@éaﬁé@édﬁéﬁfnﬁﬁ ik ! ,Lﬂ*\& at ed

s 25 transferrgj to the reception controller 7C. In'this ner,

di stance 539 UE?&HE!@F@@be@'bﬁﬁl@?&'tﬁwpﬂo‘ée%ﬁa'oﬂsqq- It 366 MeahpleS rstM th

Mul tiple Frequencies Ih the above exanple, "the distance is neasured on the

basis of the &nfesRRhHOMeqichidsSt,0hnd WP aftl koS afy afﬁétg.laés?\iﬂgitﬂsthe"l‘é\&’éﬁﬁn as

described later, the distance nmay be neasured on the of the reception

signals of threpnals. MPheredorel SheNreddptioheBemtRsiler WENdeletmes WHther the
comuni cat ed between the reader/witer 2 and the RFID tag 1, the signal

transmitted fresadpfien’ Sigaak/ Was tiien? rébidied for BbIH BeIhatfirstl AndhtheREEEDARY |
and the signal transmtted fromthe RFIDtag | directly arrives at the

reader/witer feqtienéigef, anid, case may be considered in which the signal
does not directly arrive at the reader/witer 2 and the RFID tag 1 but
10 At this moment, since the reception signals is received only for the

first frequency fi, the procedure goes back to the processing of S1.  When the
processing of 81 is performed again, the frequency controller 7A controis the
PLL section SA to adjust the frequency of the carrier signal (and the CW
(continuous carrier wave)) used to transmit the R/W request signal so as to
15 become the first frequency f.. Thereafter, processes of 82 to S8 are
performed. If it is determined that the reception signals has been received for
the entire frequencies (YES in S9), the procedure goes to the processing of

S10.
In S10, on the basis of the phase information acquired, the distance
20 calculator 8B calculates the distance between the RFID tag 1 and the
reader/writer 2 in accordance with the above-described methods. More
specifically, the distance calculator 8B extracts the phase change amount for
each frequency from the table and calculates the distance r on the basis of
Formula 9 described above. The distance information calculated is

25 transferred to the reception controller 7C. In this manner, the distance
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arrives at themafter being reflected fromnearby objects (nultiple paths).
In this case, since the reception signals received at the reader/witer 2
is 15 influenced by the nultiple paths, noise conponents can be m xed into
the original phase state, thus deteriorating the S/N characteristics. That
Is, in the nethod of calculating the distance on the basis of phase

i nformation, tRhgeadirémient fbc@&sﬁg%@&ﬂ pRtdd)f ormation acquired may be

degr aded, t hus deterlora Ing thée precision of the distance cal cul ated. 20
In the above exanple, the nethod of separating the reception signals into
the I signal and the Q signal and detecting the phase change anount on the

basis of the | rRgdnkd Mt urEmBAGWHE MU FradiRtcigdovever, depending on the
phase states, either one of the | signal and the Q signal nmay have an

extremely smal ler si Iiethel Sh&le éi?@\‘ﬂpléh%é)ﬁﬂ@éndé”i% méEsdrEdsorPﬁf&ebaQE%‘flﬁﬁ@”E”t
25 error attributable to the smaller signal can greatly influence the

cal cul ati g of reé’ébti&haﬁgnalﬁh@ﬂ e diffelfént feeduericicane Hiwedvee as Hegbibed R he Q

si gnal becomes extrenely smaller than the other one, the phase nmeasur ement

error increaseshe dfst&*&edﬁb?'b‘e%éésmﬁdtdhethéfb%%ls%ﬂﬁe Pécdpliondigna18 of three or
cal cul ated. The above problem can be solved by the foll'owi ng processes.

First, 5 the rnméeﬁﬁmntﬁéqaeﬁd@msm ts the RNV request signal via three or
more different frequenci es and receives the tag response signal for each

frequency. Then, anoWhenhsignale et icomrsirgoated betwoer tieiddenwsite2 had dhe
which the S/ N ratio and the signal level of the I and Q signals are higher

than those of @®HIPrtaget.epiai signalsiramsrhitted rfeom ¢he ceader/vitdr Rhdirattlyemrtives abf
t he phase change anount and the 10 | ocation calculation are perfornmed on the

basi s of the t tiee RFtBtagdnasd gnakbignabirbesihitted flRamdke RRIB tah Ddisectlycarrives
Measur ement Pr ocessing with Miltiple Frequencies
at the readeriwriter 2, However, the case may be considered in which the
signal does not directly amrive at the reader/writer 2 and the RFID tag 1 but
arrives at them after being reflected from nearby objects (multiple paths). In
this case, since the reception signals received at the reader/writer 2 is

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

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

extremely smaller signal level than the other one. In this case, measurement

25 error attributable to the smaller signal can greatly influence the calculation of
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Next, the procedure of the distance nmeasurenment processing with 15 nultiple
frequencies in the reader/witer 2 will be described with reference to the
flowmchart of Fig. 6. First, when the distance nmeasurenent processing is

started, in 511, the frequency controller 7A controls the PLL section 5A to
adj ust the frequency of the carrier signal used to transmt the R Wrequest

Control Tor 78 SOAEFol Ihhe: Wk %{tfoéf ob B LY sinal L e & alghdnBebambe™

2?%’22?62%53?5 SRR, SRS 3 RE ot S b rﬁ%‘%?ﬂ%“’ﬂ&é&i’?’iﬁ??ﬁﬁif' §2
' : ' : 2). 25 F ]

? Panls fn ; S ?2 nog?%éggﬂkf#feﬁgﬁgglp %‘?%égqlor,f Erﬁl%@%??%% Ir?t%llle‘ntej%u)s 41 c gr r ?\émr n\?\asle;a

oquest S gnal .t he REMDPake PRARERTEH be soivedloy HRANGIARE Froatheess I

S92l vig A CG ISl MARHPEYFSARNE TN st Ga By thied o hBRUEREAE L ©

the CW (continuous carrier wav cte ubsequent

oauest ) 7 R R BEOREag fasraeiof 95 et et o

reception processing to the

tag response Sia‘ﬂﬁ‘@dagcgﬁilﬁ:ﬁaﬁ&% %Is?*&ﬁé‘??%éir{)lgoﬂrél@ﬁéllﬁgtﬁﬁgéﬂf@ Sﬁ@'% kRgms a

phase i nformation pr oc¢essi ng In t reception

processor 6, Omhd BRyraRfEval ef theor apd @ éiglfné‘lg?larerl;\tnl'J t it %Wofc&ﬂéﬁfécﬁgﬂ&?

calculates the I signal and the O sign I plying the recepti

signal s inputt %ﬁt{r{a@ Bd B8lcatH, iandetheCdbtedtibr SEthetpHARY chﬁ%néﬂno%f BHY tRé
fromthe PLL section 5A. Wien acquiring the | signal and the
10 location calculation are performed on the basis of the two reception signals

selected.

Procedures of Distance Measurement Processing with Multiple Frequencies

Next, the procedure of the distance measurement processing with

15 multiple frequencies in the readerriter 2 will be described with reference to
the flowchart of Fig. 6.

First, when the distance measurement processing is started, in S$11,
the frequency controller 7A controls the PLL section 5A to adjust the frequency
of the carrier signal used to transmit the R/W request signal so as to become

20 the first frequency fi.

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 amplified by the
power amplifier 5C and is then outputted from the transmitter antenna 3 {(812).

25 Following the transmission of the RW request signal, the CW (continuous
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Q signal fromthe frequency converter 6B, on the basis of Fornmula 7 and 8,

the 15 phase information acquirer 8A cal cul ates the phase change anounts 4,
and 02 attributable to the first frequency f, and derives the signal |evel
s(t) on the basis of Fornula 10 described | ater. Then, the phase

i nformati on acquirer 8A stores the cal cul ated phase change anmounts and the
frequency (fi r%arriéﬁﬁﬁ&?%!raﬁ%it&%e\ﬁafﬁﬁeﬁfsefrééﬁéhéyf 808l in a table in a
correlated manner. 20 [Forrmula 10] S (r) = 1(t)2 +Q€r When the reception

processor 6 finishes yer geretihgtheRNMRGUaSt sigRAPHSRFID tapH tfarefitshas RFI D
tag 1 (S16), the phase information acquirer BA finishes the phase

i nformation acqidpiyldhenag esstionse (skinal vial A yzehdr fedéqueniarRs2loridspaadingstodhe
processor 5 finishes the transm ssion of the CW (continuous 42 carrier

wave), that is firsthérequansyn fsoPthef Chhgcontindouameafied nawbvé)SiRat. islhdetected
reception controller 7C determ nes whether the reception signals has been

received f®r thgbesquent fo ﬂwﬂme&qﬁé‘&%i?nérf Whers tﬂetta?rﬁespdnsél@igddneis
reception signals has not been received for the entire trequencies, the

procedure goes racéigsd B thd eepgiosreantenpaocd, ikl redeptiohi processor Ggsarfarmg adhe
first to fourth frequencies are used as a frequency of the reception

signals, the reaeegptiomn procedsing |ter theC tdgt exaponss wigabhdB14 eandctte iphase
signal s has been received for the entire, first to fourth frequencies. At
this nmoment, siinfoematien rannprer @A pedfomhs d phase dnfoemiation \achoiringhprock8sihgr st
frequency f,, the procedure goes back to the processing of Sl11. Wien the
processi ng of $815).s performed again, the frequency controller 7A controls
the PLL section 5A to adjust the frequency of the carrier signal (and the CW
(continuol® carrier waha) s, irsthe teceptiompniodessbrt A the hasistof Fagmalla 4dods to
the frequency converter 6B calculates the | signal and the Q signal by
multiplying the reception signals inputted from the amplifier 6A and the carrier
signal outputted from the PLL section 5A. When acquiring the | signal and the
Q signal from the frequency converter 6B, on the basis of Formula 7 and 8, the
15 phase information 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.
20 [Formula 10}
sty= 10! + 0y
When the reception processor 6 finishes the reception of the tag
response signal frorn the RFID tag 1 (816), the phase information acquirer 8A
finishes the phase information acquiring processing {(S17). Thereafter, the

25 transmission processor 5 finishes the transmission of the CW (continuous
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beconme the first frequency f2. Thereafter, processes of S12 to S18 are 15
repeated until the reception of the reception signals is confirnmed for the
fourth frequency f4. If it is determned in S19 that the reception signals
has been received for the entire frequencies, the procedure goes to the
processing of 520. In S20, the frequency sel ection processing is perforned

oy Lhe Phase. 20rid SadB y5A, b iBiftiidl By lE ek ARE ST e,

e 0 st ance iacllBRE e 7S AN \ e, BB Y oG
procedure of Ml MR RGOS 2 R BELt PR rRE i et
TS b0 S BaRHE heLAA 05 ARUATE I ANGRER WSS OBRke

table: Next, iBckag, e Brdbidshol & daim! imhiec‘?éy;gﬁ%{ssﬁﬁmgig@éfﬁr%%og@g@wef >

t he signal of 't ecept1On signals for eac requ I's gre t han

8 oorescribed iaygshakd adieddr 85 rBleddy SEIHY fdepibh ShaldSteRicknisy .

possible so as to provide sufficient 'pre arice ¢

The phase inf %ﬁgBlilé}“?@%!tErﬁﬁﬁe§&hgﬂ¥e‘?rtﬁé Wé&ﬁ%ﬁéggﬂé?léﬁﬁgﬁ%efecgfved fo

frequenci es of t reception signals that ar e prescri [)ed

threshold is '?fﬁeﬁm‘ﬁf‘ﬁ%ﬂo?&lm Jehees2; or 2. If the nunber of

frequenci es of e reception signals that are greater than the prescribed

reracts the Sommun Sufa MR, S BRI WOR, B Sy r e
10 first frequency fi, the procedure goes back to the processing of S11. When
the processing of 811 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 RW request signal so as to
become the first frequency f.. Thereafter, processes of $12 to S18 are
15 repeated until the reception of the reception signals is confirmed for the fourth
frequency f,. If it is determined in S19 that the reception signais has been
received for the entire frequencies, the procedure goes to the processing of
S20.

In 820, the frequency selection processing is performed by the phase
20 information acquirer 8A; and the distance calculation processing is performed
by the distance calculator 8B, thereby finishing the distance measurement

processing.
Next, the procedure of the frequency selection processing in S20 in

the phase information acquirer 8A and the procedure of the distance

25 calculation processing in S20 in the distance calculator 8B wili be described
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request signal via other frequencies in order to reacquire the reception
signals 15 at other frequencies. If the nunber of frequencies of the
reception signals that are greater than the prescribed threshold is nore
than 2, first, in 524, the phase information acquirer 8A renoves the
frequencies of the reception signals that are not greater than the

prescri bed thr%{ho}eqe%keg\(?meew%rgwédﬁt es. 20 Next, in S25, the phase
extr

i nformati on acquirer acts, tor eath of the frequencies of the

i anal and the Q@ si onaTot NhSaadre phege ScRRaIGH EAIPY Bh acqufBE e SqfRl
sl | er one as i piPleceRBIGAbIs PHECENHHE reqhindas reddifadhathe table

i nformati on acquirer onen 0 e signal

25 level is greater t Qt,tinaéfzz)ft%%”pg?%%g}}fghgﬁic{rﬁg@g%rﬁﬁd@ierﬂﬁﬁé%f whether

frequencies. 44 For the'recepti equency corresponding to

the tvo seb ect e Sl TBel o TRE MK Stion' HnARTBP cath HeBRENE) IRGAER AR

acquires the phase rmation mthe“table and transters ormati on
to the distanc o Ridhofi T cribdtethié fpieabras Sffil ifi@r me
t he di stance r%a é%l atlFon proce@s’?‘r‘% cl)n t%e %g@s %@tﬁe p aseéﬁ\?sgsr mat i on

received. Meanwhi A€ toigrofile sumithest SreclkidOeid Bistdice! Bfchi8fsRt | PHe Phasel s

that are greater than the prescribed threshold is 2, the phase 1 nfornmation

acquirer 8A aGffairhafior ABqERSSEA dRteRridd RReer tRE nLiber % TRiqueicies Bithe and
transfers the information to the distance calculator 8B. In S27, the

di stance cal culra¢éptiohOsi§Ralb @hatos@egreater dhan &@Ere%éﬁl‘iéﬂ HreSfblANO faSShAg 200

the basis of the phase information received. Fig. 8 schematically shows an

exanpl e ofgt he fhereana@A@yopgl ection processing. In this exanple, the case is
considered in which the reception

If the number of frequencies of the reception signals that are greater
than the prescribed threshold is less than 2, in S23, the phase information
acquirer 8A instructs the communication controller 7 to transmit the RW
request signal via other frequencies in order to reacquire the reception signals

16 at other frequencies.

If the number of frequencies of the reception signals that are greater
than the prescribed threshold is more than 2, first, in $24, the phase
information acquirer 8A removes the frequencies of the reception signals that
are not greater than the prescribed threshold from selection candidates.

20 Next, in S25, the phase information acquirer 8A extracts, for each of the
frequenciés of the reception signals that are left as the selection candidate,
one bf the | signal and the Q signal that has the smaller signal level, and uses
the smaller one as a minimal component. Thereafter, in 825, the phase
information acquirer 8A selects two minimal components of which the signal

25 level is greater than that of other minimal components of other frequencies.
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signals is received via frequencies f, to f4. In the case of the reception
signals 15 of frequency f,, the | signal conponent is represented by I,; the
0 signal conponent is represented by Q; and the reception signals level is
represented by S1. In the case of the reception signals of frequency f2,
the | signal conponent is represented by 12; the Q signal conponent is

represented by fgineaad p‘i’.on EGRER! ﬂﬂgfﬁrﬁl@ | B¥@ %gbﬁ?hg%etﬁg%ﬁdsé?é(cté?

the case of th |gna S ncy I gnal conponent

|'s represented Mufreve?ﬁﬁ&né?n@ﬂﬂaa h %&Hﬁﬂﬁ@ndnsaé Fe‘?sﬂ”a%gyi?%(% .the

recept I On Signhals repr es e case I on

signal s of fre%‘l‘éﬁ% «Sﬁl fréMe tHe tﬁ!?)l@”ébd Cﬁgrg;q.?ﬁmthé %nfo%%ﬁéﬁ”foe‘ihé)ycféén é he Q

si gnal conponent present ed reception signals lTeve

et er i ned Eﬁt"%ﬁﬂg'@ I T e ‘%ﬁ?%‘é‘é‘?fbﬁe%beﬁ t@’ﬁ é“é’@g‘ﬂ"b‘* E
524, . the recep daiicyiflotossihg éh‘iﬁé‘aﬁgﬁ&ffﬁ\é SaITRRRFhatibR eédidedel ecti on

candi dat es are se m ni mal

conponent for freque”Me%%vfhﬁe ff%eﬁﬂ%b“eﬂofﬂbﬁﬁ&?&%&\ﬁ?r e rddd ﬁFi’sn Ghatdl,

13, and 4i QL and 13 that have greater sign evel are ect and
thus the receptgr@yreh@pthan te ﬁfe%aﬁmuﬁésﬁd:dgflé the Eﬁ&se ﬁﬁbﬁﬁétﬁﬁn a&&iﬁr@k‘gh

the above processes, it becones possible to s ect t reception signals of

two frequenci e Qequirdd fHe pResedintéritRnCer thel tdbl @Beitivon §§n%1%chHG"tF#B|sfér§ om
consideration, the reception signals that has deteriorate

characteristi C?théwnfbﬁhﬂﬁbr\ W theedieihcbyedldifatat BBl P SRFt ke Gistbﬁc@ecdléiﬂﬁtﬁf' on
signals in which either one of the | signal and the 0 signal has an

extrenel y10 snalds:pefoang!the edistantd afalddiationt PRIcessifg dif tes BaRE uf thd phsgeorres
possible to maintain the precision of the distance calculation at a high
| evel under anynformation received.

Fig. 8 schematically shows an example of the frequency selection
processing. In this example, the case is considered in which the reception
signals is received via frequencies f; to f;.  In the case of the reception signals

15 of frequency fy, the | signal component is represented by I;; the Q signal
component is represented by Qq; 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 Qo;
and the reception signals level is represented by S.. In the case of the

20 reception signals of frequency fa, the | signal component is represented by Ia;
the Q signal component is represented by Qs; and the reception signals level is
represented by S;. In the case of the reception signals of frequency f, the |
signal companent is represented by ls; the Q signal component is represented

by Q4; and the reception signals level is represented by Sa.

25 First, in 822, among the signal levels S to Sy, it is determined that S
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ci rcunst ance. 15 Di stance Cal cul ati on Met hod Enpl oyi ng MJSI C Met hod Next,
anot her exanple of the distance calculating nethod will be described. In

t he above exanpl e, the phase change anobunts of the reception signals are
detected for two frequencies, and the distance r is cal culated by 20 Formul a
9 on the basis of the phase change anobunts. To the contrary, as described

b WUSIC Ot © S eaer ik e 6@serhdl ﬁﬁﬁ%@f’tﬁ&aﬁ.éﬁf thé'sEkRdin e ©
oot ne o ot o TRAGER a”aﬁ"éo"%ﬁ? &.%%%&%%‘Jaﬁ#%ﬂ%thiﬁ? Brh SEE Rty cs”
le;s]t o by | AR08 Arl Sl AR s e Thinirial, BarmpifentYon fefkadR ﬁ? %t andie K
R LT §?§n§%s"93%ei'w§agﬁn %t it 1o 50 eyl Grebter darff L "
S onel's S ofS b ac iy drt Ihdted "nd L& The cdind r%‘é“ﬁ'ﬁﬁﬂ%ﬁ‘%ﬁ@ﬁ'eﬁu@%&a Ao de

vector a(8) uses%écq%he estimation of the direction of arrival) (see
Formula 11) in h SI C method into a node vector a(r) used in the

LR 0 o o TGP B ke, Y AR, B M B
possil e Lo TLbginGBlig SV faklofied i ddh  0BLBHREEIAMh vl
'elng:rgﬁtsg |t geK %fxﬁﬁidﬂgo Yol *?:%hsfdératféﬁs'tHB F&ebﬂSn YA o 1A' AR 3/N
10 characteristics by being influenced by the multiple paths and the reception
signals in which either one of the | signal and the Q signal has an extremely
smaller signal level that the other one. Accordingly, it becomes possible to
maintain the precision of the distance calculation at a high level under any
circumstance,
15
Distance Calculation Method Employing MUSIC Method
Next, another example of the distance calculating method will be
described. In the above example, the phase change amounts of the reception
signals are detected for two frequencies, and the distance r is calculated by
20 Formula 9 on the basis of the phase change amounts. To the contrary, as
described later, the distance r may be calculated by employing the thinking
method of an MUSIC (MUltiple Signal Classification) method, which is one of
the high-resolution spectrum analysis methods.

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

25 the direction of arrival of radio waves. In the MUSIC method, the direction of
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wavel ength of incom ng waves is A; the nunber of incomng waves is L; and

15 the arrival angle of the i-th incomng waves is B, (I =1 to L), an array
response vector a(el) for the i-th incom ng waves can be expressed as:
a(0j) = (exp0O (el)), ..., exp{nmK(Q))]T, ON(ei) = -(21r/AdNsin(ej) (see

Formula 11). In the above fornula, nN(8i) is a reception phase of the i-the
I ncomng waves 20 in the N-th antenna elenent; T is a transposition;, and dN

i s the Iocati ordréyakafdadiq wavesisasimaed hyanalyzing-teniecaption sigpalsFsaeive@ct or
a(ri) (see Fornula 12) can be derived by replacing_ the nunber K of array
antenna el errenttBrQMQPhatNErafll‘tYnﬁgla”Eﬁ"ﬂ?sEﬁmﬁ‘\igqu idisfange, r gan begestimated 5,¢
fK); the arrival _angle el of the i-th incomng waves 25 with the distance
ri(r, torlL) { aisingthe MUSIGymethad By rr%elaﬁles58ﬁ§ec%ano$igaaleﬁwmd thypughe
i-th incom ng waves with the array response vectar a(y;).for the i-th tag;
and the recept93h ¢HasANRErA ?19_8{9'\‘% i estimatiep afithg digetian phatrival witrhe =
The Spocd i ITEERRITSIG0RF Of PochFeaheal s¢ et i fabsipr the RBPIAIMBA ¢ he
N Ereauency (552 et S Ghso R khitafon & B oFlbiin o B e
P2 N 2 el el BOSES Sl bl e eriaSRTERRLI TS
di stance estimation of the distance (see Formula 12). By employing the MUSIC
method in the estimation of the distance r, as described Iater, it becomes
10 possible to further reduce the effect of multiple paths under real environment
involving the occurrence 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
15 the arrival angle of the i-th incoming waves is 8;(l = 1 to L), an array response
vector a(8) for the i-th incoming waves can be expressed as:
a(8) = [exp{i®1 (B} ..., exp{Ox(BN";
Pdn(B) = -{(2n/A)dysin(€y) (see Formula 11).
In the above formula, ®n(8)) is a reception phase of the i-the incoming waves
20 in the N-th antenna element; T is a transposition; and dyis the location of the
N-th antenna element.
In Formula 11, the mode vector a(r)) (see Formula 12) can be derived
by replacing the number K of array antenna elements with the number of used
frequencies (i, f, f3, ..., and f); the arrival angle 6, of the i-th incoming waves

25 with the distance r(ry to r.) to the i-th tag; the array response vector a(B;) for
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estimation MJSIC nethod) will be described. The distance neasurenent
processing described later is performed by the |ocation nmeasure 8. In the
case of the reception signals of frequency f,, I,(t) that 15 represents the
state of the | signal and Q (t) that represents the state of the Q signal
are expressed by Formula 5 and Fornul a 6, respectively. Here, x1(t) that

Fepr osont at | on e hincaming 8auas uiththe FavTotperise acle A (R perithiagafng
R O
e st RS i ol DA e e e Y
signal's of f red@bﬁdge@%féﬁﬁ% aégecfe&\fqdoﬁgm ‘F%&Bﬁfﬂga‘"?éﬁ"e E‘E B frgqué)ncyo(see

E[ X(t) X(t), ?(é% [1 (t), x,(t),A, X r(t)] In the above formula, His a
conpl ex caonj ugadt q’)ansposmlon; and E[ ] is a tenporal average. Next,

ei gen val ue degFWItH?n is applied to the correl ation matri x R a obtained
above by the f J ornmula. 10 [Forrmula 16] Rye, = (A +dz)e, In the

above formula, e; is an eifen ect of X; pif i n e| val ue;
a(8) fexp{ Zfd smé?,Fj,A cxp( ;S—Zfad sin j](

[Formuia 12]
wyin Al
a(n) = exp| — j2rf, . LA ,exp “127?3:'?

10 Hereinafter, details 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,, I1(t) that

15 represents the state of the | signal and Q(t) that represents the state of the Q
signal are expressed by Formula 5 and Formula 6, respectively. Here, x(t)
that represents the reception signals of frequency fi as a complex
representation can be expressed by the following formula.

[Formula 13]

20 %(0) = DAL @)+ jo (0]

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

[Formula 14]
%y (1) = DIOVAL, (1) + jOy (D]
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and a2 is a noise power. Fromthe above facts, the following relation is
satisfied. 15 [Formula 17] e,'a(r) =0 here, 1 < i <_ L [Formula 18]
a(rr) = [exP(_i2.v 2rI)A, ex J22r c c \-4fx | JJ 20 Fromt he above
facts, the node vector and MJSI C eval uation function PMJUSic in the distance
estimati on MJUSIC nethod is given as follows. [Forrrula 19] pMuuslc(r)= rK

r ry 2 LI eHa(O)! . |. 49 1n the.abqv rmul a,. by.varying the distance
E,)ﬂle)graph as sglos/mcioﬂs'la%'ﬂg té%qa§ed%t“§|ﬁbh1e Wer‘\:epﬂgné@&wafﬁﬁecﬁb 7431t al
axis repre ent nce_r nd t ertic a resents .th
ea'juat Ponsf un gnﬁé a C&f%ﬂ%"\aﬁ“‘ Héc'apj)&np?(q@geg\% ﬂ?ﬁ f’%ﬂs q?r%'@?i on
PMUSI ¢ i ncl udes eak u fu r.corresponding to the peak
val ue correspor{ﬁgeﬁ ﬂégﬂﬁgﬁgggé&'?ﬁﬁt}g%‘gﬁ?@‘fﬂ”&t ed. Iﬁ t he graph shoa/n in
Fig. 9B, altho r{)hl al uation function PMUSic includes only one peak
val ue, ot her «'ﬁﬁr 'ésu may exist. This is because wth the influence of

mul tiple ths the p produced at di stances 10 correspondi ng
to the mulYiple pat hs%"E\'/e }(ﬁﬁi’gﬁﬁ a case, because the

® X (1) =[x ) x,(0.A , 2. (1)]

In the above formula, H is a complex conjugate transposition; and E[ )
is a temporal average. Next, eigen value decomposition is applied to the
correlation matrix Ry obtained above by the following formula. |

10 [Formuia 16)]

Roe = (4, +0%)e,

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

15 [Formuia 17)
efa(r)=0

here, 1<i<L

[Formula 18]
a(r‘,):[cxp( J2nf JA exp[ J2nf, 2 )]
20 From the above facts, the mode vector and MUSIC evaluation

function Puyusic in the distance estimation MUSIC method is given as follows.

[Formula 18]
”(r)a(r)

Z‘e a(a)(

feL+1

PMUS:C(")-
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di stances corresponding to the multiple paths are |onger than the distance r
that shoul d be cal cul ated, by selecting the shortest of the distances
corresponding to the peak values as the distance to be calculated, it
becones possible to calculate the distance r with high accuracy. 15 In the
above exanpl e, although the MJSIC nethod as the high-resolution spectrum

A gh esol uti on_spect TLeAR pPEfyE: Ry SERn (RIBUGBEREF e s hoyr '%apon
Tay e empl oyed 19194 ROMALERn 1T Rie Py HoRaBh el RkE Seoreent bl il

di ot ance measurLRRE T ARRaH BEPrEREH IR ARl eclo b AY gl e
reader w1t e Golighdeyby dRal S thiton BEL! FRRGS S IRRCAA i Pl 95

10 .and 11. 25 I'stance nment cessing 1S S

S31, 50 tge ”o?@?ﬁﬁ%sﬁ%uﬁ'tb%gﬁééﬁ%gf %ﬁa r{dk ﬁﬁ’i%tﬁﬁcé? ttﬁdbé'St

t he frequency e carri use request Signal
so as to becong &J{;ﬁ Jirst frequency fl. Next t he transm ssion controller
7B controls the no Fator 5B to 5 superinpose the data representing the RNV

(R ool o b s afEF YA U ARG B Spagir e mLES
out putted fromitdigadd Bﬂfz%ﬁé Eéa%(ﬁ@”%ﬂ%r &?é%)valué:soH a9Vd0g, t Rid lsBEaLsS| on

of the RNV request sign contin carrle wave) 1S transmtted

via the first f t t al |
the RFID tag | »{ur@gﬁg%ﬁméﬂcae(éﬁ%hmp@pAnghg%g Vallfes' &t ﬁe&hé&ﬂﬂ?@ﬁfaﬁb@@

10 corresponding to the multiple paths. Even in such a case, because the
distances corresponding to the multiple paths are longer than the distance r
that should be calculated, by selecting the shortest of the distances
corresponding to the peak values as the distance to be calculated, it becomes
possible to calculate the distance r with high accuracy.

15 In the above example, although the MUSIC method as the
high-resolution spectrum analysis method is employed in the distance
measurement, other high-resolution spectrum analysis methods such as Beam
former method, Capon method, LLP (Linear Prediction) method, Min-Norm

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

20
Procedures of Distance Measurement Processing Employing MUSIC Method
Next, the procedures of the distance measurement processing
employing the MUSIC method in the readeriwriter 2 will be described with
reference to the flowcharts of Figs, 10 and 11.
28 First, when the distance measurement processing is started, in 831,
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a reply, the tag response signal via a carrier frequencies corresponding to
the first frequency f1 of the CW (continuous carrier wave) that is detected
subsequent to the RAN request signal. Wen the tag response signal is
received by the receiver antenna 4, the reception processor 6 perforns a 15
reception processing to the tag response signal (S34); and the phase

(253 ™ har < e BB 7 SRR LA CRERD SKI ehABPUR A", o
6, the f t B cal.cuyl at h ignal, and the O .signal b
Sb 51 1 oo oS BB o SRS b SRl 35 o ke U
carrier signal tRUtFE#tgft ed frogthe PLL section 5A. When acquiring the |
signal and the @' FRCPEG I t he frequency converter 6B, on the basis of

Formlas 19 nd 14, N NS Ra ORI LA A6T 45 S e WGk by
b esent o on dSkALE Y4 e ReR PR 56 RGP RBDBH 0 e B B,
5 oo el o o Tt R S e 0L e SRS AR BT
scquirer SA | i BECSR ISR T ARYON 4 SRR O ST, .
W cont L ous e RLEKE pd et i e RN RIS SBE b S @ORRIT,
5|90l s Do GRS LSRR ol FERNGFlssd, L, 8 doterm nec

frequencifg, the ProcopeiPagiefind theRAW dubdiSigilchRoRPID fg PHanshis! 4 S
, g the first to th :
a reply, the tag response signal via a carrier frequencies corresponding to the
first frequency f; of the CW (continuous carrier wave) that is detected
subsequent to the R/W request signal. When the tag response signal is
received by the receiver antenna 4, the reception processor 6 performs a
15 reception processing to the tag response signal (S34); and the phase
information acquirer 8A performs a phase information acquiring processing
(835).
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
20 multiplying the reception signals inputted from the amplifier 6A and the carrier
signal outputted from the PLL section SA. 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 xi(t) that represents the reception

signals of the first frequency fi as a complex representation and stores the

25 complex representation x¢(t) and the frequency (first frequency fi) used as the
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frequencies are used as a frequency of the reception signals, the reception
controller 7C determ nes whether the reception signals has been received for
the entire, first to NNth frequencies. At this nonment, since the reception
signals is received only for the 15 first frequency f1, the procedure goes
back to the processing of 331. Wien the processing of S31 is perforned

?EZLP;e;EZni;e%%?ﬁégés@@#?ﬁ#§'¢@%g%’§;cﬁ%&%%ﬁga - (oonti nuous carrier uave))
2 her ear ter . proceltintl Bf¥ BceicRoBtocRs0g sl ME racicpr Bf pid ST O
Fin : . P : TN

det er i BZS‘EFL' o Bn R g RETD G dkihnase LR o degliter 8n

the 1 ocat | on mignes B8, BAGESMEAmARSE aeguing epscny ta7l. Diteahdh 10
requency grom . ; r I 52
f taMe |§§?$ﬁ.;ﬁ'8g?é§o?aé Sthi fn@ Erﬁh%is%elbn{rﬁ? tthéé (ﬁ(i)\?é Zgﬁhtﬁmnﬁus

basis of the reception sign of " eac requency. X on neasure
6 applies the ¢i e mf@i | ; r _ﬁ%mg i ri | 540)
and obtains sgﬂggﬁ}a%% éﬁt‘ AQ%SI é{/d&@dhé%s?%rﬁl'b? Jﬁ%tcl{n%ln gsl' 'gﬁélodgasﬁ t oﬁ%éearch
peak values ( t ol ' VW@ hitetngre ' : | 5
Frequency Swi t(?ﬁ?én%m\n ??ﬁ&?’l&&e %Etn%ﬂﬁefk@ abpvl{eﬁeeiéelcr%lﬁéﬁl%lgﬁﬁge% e_rﬁg'\%ri ter
2 1S confiour eqeldvid 3opthé dritfe fRANenBRACSlr R @Nabtefmied’ ! theCledepliBit
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are different fromeach other. To the contrary,

10 back to the processing of S31. In this case, assuming the first to N-th
frequencies are used as a frequency of the reception signals, the reception
controller 7C determines whether the reception signals has been received for
the entire, first to N-th frequencies.

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

15 first frequency f,, the procedure goes back to the processing of $31. When
the processing of 831 is performed again, the frequency controller 7A controls
the PLL section 5A to adjust the frequency of the carrier signal (and the CW
(continucus carrier wave)) used to fransmit the R/W request signal so as to
become the first frequency f.. Thereafter, processes of S32 to S38 are

20 repeated until the reception of the reception signals is confirmed for the N-th
frequency. |If it is determined in S39 that the reception signals has been
received for the entire frequencies, the procedure goes to the processing of
540.

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

25 each frequency from the table and creates the correlation matrix R« on the
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the reader/witer 2 may be configured to cal cul ate the distance such that
the <carrier frequencies is changed nore than one tinmes in the course of
transmtting the RM request signal and CW (continuous carrier wave) that is
conposed of one frame, and the tag response signal that is conposed of one
15 frame is received wth the carrier frequencies changed nore than one
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signal) a controls the PLL section 5A such that 25 different carrier
frequenci €s are used for each of the divided periods. In the 53 exanple
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the reader/writer 2 may be configured to calculate the distance such that the
carrier frequencies is changed more than one times in the course of
transmitting the RW request signal and CW (continuous carrier wave) that is
composed of one frame, and the tag response signal that is composed of one
15 frame is received with the carrier frequencies changed more than one times in
the midway, thereby calculating the distance on the basis of the 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.
20 12A, the reader/writer 2 transmits the R/W request signal that requests a reply
of the tag response signal. The frequency controller 7A sets a plurality of
divided periods in the transmission period of the RAW request signal (more
specifically, in the transmission period of the CW (continuous carrier wave)

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

25 different carrier frequencies are used for each of the divided periods. In the
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carrier frequencies of the tag response signal are configured such that
frequency f, is used in the first period, frequency f2 is used in the second
period, and frequency f3 is used in the first period. By receiving such tag
response signal, the location neasure 8 15 becones possible to detect the
states of the reception signals transmtted via a plurality of different
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carrier frequencies of the tag response signal are configured such that

frequency f1 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
15 becomes possible to detect the states of the reception signals transmitted via a
plurality of different frequencies. In the reception processor 8, 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 R/W request
signal (more specifically, the CW (continuous carrier wave) following the RW
20 request signal).
Here, the period in which the carrier frequencies of the tag response
signal are switched is preferably set within the period of the preamble section.
This is because the length of the data section varies in the tag response signal,
but the length of the preamble section is fixed. Thus, it becomes possible to

25 secure the period in which the carrier frequencies are switched.
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Next, the transm ssion controller 713 controls the nodulator 5B to
superinpose the data representing the RAN request signal to the carrier
signal. The transm ssion signal nodul ated by the nodulator 5B is anplified
by the power 15 anplifier 5C and is then outputted fromthe transmtter
antenna 3 (S51). Following the transm ssion of the RNV request signal, the
CW (continuous carrier wave) is transmtted via different frequencies for
each of the plurality of divided periods (S53, 555, S58). Accordingly, the
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request signal are switched over for each of the plurality of divided periods.

Next, the transmission controller 7B controls the modulator 5B to superimpose

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

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

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

Foilowing the transmission of the R/W reguest signal, the CW (continuous

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

divided periods (S53, $55, S58). Accordingly, the R/W request signal (more

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

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

When detecting the RAW request signal, the RFID tag 1 transmits, as

a reply, the tag response signal via a carrier frequencies (frequencies fy, f2, and

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

25 fa) of the CW (continuous carrier wave) that is detected subsequent to the RW
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preanbl e section on the basis of Fornulas 4 to 6. When acquiring the |
signal and the 0 signal for each frequency fromthe frequency converter 6B,
on the basis of Formula 7 and 8, the phase information acquirer 8A
cal cul ates the 15 phase change anobunts +1 and 42for each frequency and
stores the anounts and the frequency used as the carrier signal in a table
in a correl ated_man
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reception proc l 6 receives the tag response signal of the frequency f,
(S53), and the éﬁas)é I nformati on acquirer 8A acquires the phase information

of the frequency T, (Phdy isAh! e feo:éhgégér?t?é’ss%?ré Offhg ?rggueﬁcﬁﬁﬂé\g%eg@r;@at he

processor 5 starts transm ssion o conti ndous carrie
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preamble section on the basis of Formulas 4 to 6. When acquiring the | signal

and the Q signal for each frequency from the frequency converter 6B, on the

basis of Formula 7 and 8, the phase information acquirer 8A calculates the
15 phase change amounts ¢; and ¢, for each frequency and stores the amounts

and the frequency used as the carrier signal in a table in a correlated manner,

In this case, the switching over timings of the divided periods are set on the

basis of the frequency switching over timings at the time of transmitting the

RW request signal (more specifically, the CW (continuous carrier wave)
20 following the R/W request signal).

In the reception processor 6 and the phase information acquirer 8A,
the frequency switching processing and the phase information acquiring
processing for each frequency (frequencies fy, fa, f3) of the divided periods in
the preamble section of the tag response signal are performed when the

25 transmission processor 5 is transmitting the CW (continuous carrier wave) of a
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section of the tag response signal via the second frequency f2. The
reception processor 6 receives the tag response signal of the frequency f2
(S56), and the phase information acquirer 8A acquires the phase information
of the frequency 15. f2 (S57). After a prescribed period, the transn ssion
processor 5, the reception processor 6, and the phase information acquirer
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the signal corresponding to the subsequent divided period in the preamble
section of the tag response signal via the second frequency f,. The reception
processor 6 receives the tag response signal of the frequency f; (856), and the
phase information acquirer 8A acquires the phase information of the frequency
15. fa (857). After a prescribed period, the transmission processor 5, the
reception pracessor 6, and the phase information acquirer 8A performs the
same operations with respect to the third frequency f; (S58 to S60).
When the reception processor 6 finishes the reception of the tag
response signal from the RFID tag 1 (S61), the transmission processor 5
20 finishes the transmission of the CW (continuous carrier wave), that is, the
transmission of the one-frame signal (S62). Thereafter, the distance
calculator 8B calculates the distance r on the basis of the phase information of
the plurality of different frequencies stored in the table, thereby completing the
processing (S63).

25 In the above example, the distance r is calculated on the basis of
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transmtted the tag response signal in a |inked manner. Hereinafter, the
configuration for enabling such identification will be described with
reference to 15 Fig. 14. The configuration shown in Fig. 14 is different
fromthat of Fig. 4 in that the reception processor 6 of Fig. 14 is
provided with a preanble extractor 6C O her configurations are the sane as
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reception controller 7C |dent|f|es the nmeasurenent result of the distance to
the RFID tag 1 neasured by the |ocation neasure 8 and the ID information in

a |inked ”a””erldentﬁféﬁﬂéﬁbﬁpidan ﬁWa%she RFI D tag comuni cati on system

communicates with a ura It becones possible to

62T a1 e o, o e O et W SO,
is not liated sﬁgfhatl.he\Nth' e UdtR Seefior Bahtains IDinfdtmdtBnaR& isAlnique to each
RFID tag 1, it becomes possible to identify the distance measured using the
tag response signal in the above-described manner and the RFID tag 1 that
transmitted the tag response signal in a linked manner. Hereinafter, the
configuration for enabling such identification will be described with reference to

15  Fig. 14.

The configuration shown in Fig. 14 is different from that of Fig. 4 in
that the reception processor 6 of Fig. 14 is provided with a preamble extractor
6C. Other' configurations are the same as those of Fig. 4, and thus
descriptions thereof will be omitted.

20 The preamble extractor 6C receives the | sigrial and the Q signal that
are outputted from the mixer 681 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 fransferred as a reception frame to the reception controfler

25 7C of the communication controller 7. The location measure 8 analyzes the
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the RFID tags 1. QG her information may be linked to the di stance information
as long as the information is described in the data section of the tag
response 15 signal. Procedures of D stance Measurenent Processing with
Identification of RFID Tags Next, the procedures of the distance

measur enent processing with 20 identification of the RFID tags in the

T e
0 b AR Y ek e T
ST "o o o BB ALY e SISV 1 P ™

oduest s1onal 59,4 WrRkfarlid 9o gl SR 67 YA e pLARKSH B
out put  od &1 omBeibi 2R3t the” pRANHIE SertrdcRZbe, 5 ThE! Ao NeortfdE e on

of the RNV request signal, I nuous ~carrier wave ransm ited

via the first fizenuRAGMe messtrdmentfedlindsiRe didtanéd fo {?{evﬁrﬂ\ﬂ;iﬁ'?t‘l mesd\rba the
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reception processor 6 perforns a receptioh processing tO the tag response

signal (S74); agth hlBu§S6t RFID d5 ) iPBedsiAibs bBSsiBIR Bedisiglsrtit @8@nce
i nformati on acquiring processing
10 to each of the RFID tags 1.

The information that is identified along with the distance information in
the linked manner is not iimited to the ID information that is unique to each of
the RFID tags 1. Other information may be linked to the distance information
as long as the information is described in the data section of the tag response

15 signal.

Procedures of Distance Measurement Processing with ldentification of RFID
Tags
Next, the procedures of the distance measurement processing with
20 identification of the RFID tags in the readerMwriter 2 will be described with
reference to the flowchart of Fig. 15.
First, when the distance measurement processing is started, in 871,
the frequency controller 7A controls the PLL section 5A to adjust the frequency
of the carrier signal used to transmit the R/W request signal so as to become

25 the first frequency fy.
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(S75). 15 That is, in the reception processor 6, on the basis of Fornulas 4
to 6, the frequency converter 6B calculates the |I signal and the Q signal
by multiplying the reception signals inputted fromthe anplifier 6A and the
carrier signal outputted fromthe PLL section 5A. The preanble extractor 6C
extracts the preanble section of the received tag response signal (I signal
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received by the receiver ahtenna 4, the reception processor 6 performs a

reception processing to the tag response signal (S74); and the phase

information acquirer 8A performs a phase information acquiring processing

(S75).

15 That is, in the reception processor 6, on the basis of Formulas 4 to 8,

the frequency converter 6B calcuiates 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 SA. The preamble extractor 6C extracts

the preamble section of the received tag response signal (| signal and Q

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

time, the data section of the tag response signal is transferred to the reception

controiler 7C. When receiving the preambie section from the preamble

extractor 6C, on the basis of Formula 7 and 8, the location measure 8

calculates the phase change amounts ¢, and ¢, attributable to the first

25 frequency f; and stores the amounts and the frequency (first frequency f) used
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measure 8 may cal cul ate the di stance by using the above-described MJSIC 15
nmet hod as well as on the basis of the phase information. Meanwhil e, when
receiving the data section fromthe preanble extractor 6C, the reception
controller 7C verifies the IDinformation of the RFID tag 1 that
transmtted the tag response signal on the basis of the data section (S81).
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the processing o
the procedure goes to the processing of S80.

In $80, the location measure 8 extracts the phase information of each
frequency from the table to calculate the distance (S80). The location
measure 8 may calculate the distance by using the above-described MUSIC

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

Meanwhile, when receiving the data section from the preamble
extractor 6C, the reception controller 7C verifies the |0 information of the RFID
tag 1 that transmitted the tag response signal on the basis of the data section
(S81). Then, the reception controller 7C registers the distance information

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

25 this manner, the distance measurement processing is completed.
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15 the direction of |ocation where the RFID tag exists. In the drawi ng, the
receiver antenna 4 is constituted by two antenna elenents: a first antenna
el enent 4A; and a second antenna el enent 4B, In addition, B designates an
angle indicating the direction of |ocation where the RFID tag | exists. This
angle 6 is neasured in a state in which a normal line direction of a plane
20 including both of radio wave reception points at the first antenna

el enent 4A and the second antenna elenent 4B is set to O degree. Assum ng

t he di stance between the radia wave.reception points at the first antenna
el enent 4A andm@ﬁ%gﬁﬁ@aﬁﬂggﬁﬂ%%f%nt 48 is d, a phase difference A+ of
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of each RFID tag 1 and thus to specify the location where each RFID tag 1
exist. As a method of estimating the direction of location where the RFID tag
1 exists, a method can be used in which the plurality of antenna elements of
10 the receiver antenna 4 are arranged in an array configuration, and the
difference between phases of the signals received at each of the antenna
elements is detected. Hereinafter, a processing of estimating the direction of
location where the RFID tag 1 exists will be described.
Fig. 16 is a schematic diagram showing the processing of estimating
15 the direction of location where the RFID tag exists. In the drawing, the
receiver antenna 4 is constituted by two antenna elements: a first antenna
element 4A; and a second antenna element 4B, (n addition, 8 designates an
angle indicating the direction of location where the RFID tag 1 exists. This
angle 6 is measured in a state in which a normal line direction of a plane
20 including both of radio wave reception points at the first antenna element 4A
and the second antenna element 4B is set o 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

25 second antenna element 4B is represented by the following formula.
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Fig. 17 shows the configuration of the reader/witer 2 related to the 15
cal cul ation of direction. The configuration shown in the drawing is '
different fromthat shown in Fig. 4 inthat in Fig. 17, a direction
calculator BCis provided to the location neasure 8, and a selector 6D is
provided to the reception processor 5. Qther configurations are the sane as
the configurati P@@r@go%qj in Fig, 4, and thus descriptions thereof will be
omtted. 20 The[ t 6D sel ectively switches over the signals received
by the first antennaAerfjg?rgggin A and the second antenna el enent 48 in the
receiver antenna 4, and transfTers the signals to the anplifier 6Al and the
anplifier 6A2. The sgj@g@ﬂng operation of the selector 6D is controlled by
the reception controller ZC. 63 The direction cal cul ator 8C acquires

i nformati on about the phase difference between the signal received by the

el crent 45 11 om Che phisce o Bria A2 el iRe el S S FafpSeRRUE)Ife

direction of exj ion 8 of the RFIDtag 5 1 on the basis of the
phase di ffse)r en)ggﬁé»ﬁﬂgrfér@'ﬁ@%h by the above-nentioned processing. Then, the
reception cont r[pjf.)}rﬁm ?} acquires the distance information calculated by the
di stance cal cul*at or § And i nformati on about the direction of existent

| ocation cal cul ated by fhe figection calculator 8C, and transfers this
information to the ared determ nant 10. 10 The area determ nant 10

determines whether t henfEl S fbheis of d QUALEMHE G e UHELiSR i SRBldrh!

area (communi cation area) on the basis ormation and the

i nformati on abggéationto A reprddeptecPby He Ril6Wing theR@ki on as the location
information. At th!dsi‘I t!iilrre,9 the ar e% eter mfnrQant 10 determ nes whether the

RFID tag {g exi gFgmMiytaly2) the communication area on

6=sin 1 &8
T

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 the reader/writer 2 related to the

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

20 The selector 6D selectively switches over the signals received by the
first antenna element 4A and the second antenna element 4B in the receiver
antenna 4, and transfers the signals to the amplifier 6A1 and the amplifier 6A2.
The selecting operation of the selector 86D is controlled by the reception

controller 7C.
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15 the basis of the area information that is stored in the area information
storage 11. As a nethod of obtaining the direction of existent |ocation 6
of the RFIDtag 1, it is not limted to the above-nentioned nmethod, and it
IS possible to use various known nethods. For exanple, as technol ogy of
estimating the 20 direction of arrival (DOA; Direction of Arrival) of radio

sting tf _ (DOX i A
N Nor m et hod. - MUS Eor oo GaEaRERG decies “RiormiAtn RbaR pecphace

P d f | | ' | th
ocat1 on esti e o Seed e ol JECaidty 1 PR aptonng e AERCIAGH Mo Lo

wi th ref erence gdhd eVl id Seindddtinnd Blerfift 4P 1roi ! phatSftciiBtion

| ocation estimating processing Is starte guency controller

7A control s thecBlireFBA! AR caulfetHe Gitedtidn df'SGHEMNAYc onéo?hﬁ“gﬁr?gtr t

signal used to transmt the RNV request signal so as to becone

frequency §,. Megh thkhBadis JNIAE THRB GHE é'iﬁfon%ﬁﬁsmﬁsmesﬁswe.mémbﬁé@r 5B

e
to superinpose the data representing the RNV request sSignal to the carrier

signal . The tiggasishi, On THeH)aindorbdbaber! Ebhticher PGU atodireOtieS ditahéd | ed

by the 10 power anpl er 5C and is then outputted fromthe transmtter
antenna 3 ( S92)nforrhatidrPhRiatdteby tie dtdritehl@iatoP 8BRANG ifoietionsastiithe t he

CW (continuous <carrier wave) is'transmtted via the first frequency f,

(S93). When deidnektiol ofhéxidieMY Iceadieh {caitdarl, by MRe Riildetiba Lalcuia@®PFT, { §ad aS
a reply, the tag response signal via a carrier frequencies corresponding to

tdg?ectlgdfi rst frzmefees Mis infohafidittoQné GFea bbeuitanea0r i er wave) that is

10 The area determinant 10 determines whether the RFID tag 1 is

located within a prescribed spatial area (communication area) on the basis of

the distance information and the information about the direction of existent

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

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

15 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 8 of the

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

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

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

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

MUSIC method, and ESPRIT method can be exemplified.

Procedures of Location Estimating Processing

25 Next, the procedures of the location estimating processing in the
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subsequent to the RWrequest signal. The tag response signal is received
by the receiver antenna 4. At this nonent, the first antenna elenent 4A is
sel ected by the selector 6D. Therefore, on the basis of the signal received
by the first antenna el enent 4A, the reception processors perfornms a
reception 20 processing (S94); and the phase information acquirer 8A

Pecept on pr ocdeadebted WAL bR BACHL08 ik SRS, 6o et o1 R, 18

converter 6B Ca%rﬁH@t es the | signal and the 0 signal by nmultiplying the
reception signals inputted fromthe anplifier 6A and the carrier 25 signal

outputted from the PLESEoUANIRACUIGN c8ifMlng Moddiling & ke A 5he 65 Q

signal fromthe frequency converter on asis o or mul'ds
t he phase infor ' | and
02 at 11 but abl & er g prole 7R ofRbEUhS PLL Sekfich B, SpR0henFRUey by

frequency §1irshelcy )glfﬁbd%?r%n%littthﬁ R F%%s? Eg@?l %6 ?s‘io baBbmelthe @

correlated 5 nmanner (S en the reception ces I ni shes the
reception of thpetfidudn@§Rpnse signal fromthe RFID tag 1 (S96), the phase
i nformati on acquirer 8A “finishes the phase information acquiring processing

(S97). Thereafter, thglext &asFaAshRBid e6RESIRT 78 idhitoRethd Fﬁodﬁlﬁ!&?;ﬁﬁ% on

of the CW (continuous 10 carrier wave), that is, the transm ssion o

one-franme si gnajupefifipose the datCrRPPEdeMing THé RAN Riquést QQ&&&G&H@E&«MP}EEE?QIF ts he

reception signals has been received forf the entire frequencies. |

det erm ned t hatTH GrahS@RRidrPBignal ettlutatbd by e RRAINIEE SBViSCamplifidd By @& r e
frequencies (NOin S99), the procedure goes back to the processing of 591.

If it is fpter powst dmplifier 5C dfd Isepen tdugputtdiféinghs AanBerier Atenned (59z), t he
entire frequencies (YES in S99),
Following the transmission of the RAW request signal, the CW (continuous
carrier wave) is transmitted via the first frequency f; (S93).
When detecting the RW request signal, the RFID tag 1 transmits, as
a reply, the tag response signal via a carrier frequencies corresponding to the
15 first frequency fi of the CW (continuous carrier wave) that is detected
subsequent to the RW 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 8D0. Therefore, on the basis of the signal received by
the first antenna element 4A, the reception processors performs a reception
20 processing (S94); and the phase information acquirer 8A performs a phase
information acquiring processing (S85).
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 ampiifier 6A and the carrier

25 signal outputted from the PLL section 5A. When acquiring the | signal and the
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t he di stance cal culator 813 perforns a di stance cal cul ati on processing
(5100) and the procedure goes to the processing of 5101. In this case, the
| ocation calculator 8 may cal cul ate the di stance by using the
above-descri bed MJSIC nethod as well as on the basis of the phase
information, In addition, the 20 di stance cal cul ati on may be perforned

Lo Seloct the S *é%?iﬂ%g%ﬁémeie%%ﬁf e ot epPelfubl’ GRS, O
carror “vave) L F%h'a'& il Sloolac SRt A PR B ¢ 45 AR
reply, the tag ?E@ﬂweﬁlggéﬁ eglﬂ%tcf([ﬁqi F’ﬁ fBé r t&ﬂh@nmeegﬂpblpiseéﬂgﬁﬂ?ng
ot ected QEESLJFF%H{%“?% (st PeanPtRa o M eirercang) T aXRE I B Brpides

recei ved %‘i’i&é@% antenna 4. At this nonent, the second antenna
el enent 4 |s se 2/ t he sel ector 6D. Therefore on the 5 basis of the

o gnal recelved by 8 %ezrgz@éﬂnrgfﬂ%@%@f%c%%s& lsh i € Bk T PR,
Cheoh e bast sefor Skhafdn!ie REIDHAE { [SOHpRA rdftarBF Al ghos

the I signal by~ ‘mu recep signal’s Tnputted

fromthe anmpli fy he@ﬁt%“ﬂh&%@ lﬁf%% éa%ﬁlrﬂ%abro%&ﬁﬁbt@g}]rOi"?xérQEftgnLHhe

section 5A and o puts t
oo St M= R B, SRRSO FRIOR) o
LLeTE D SSAOT PURAAPav, I e RGN A haTL e LIS |
Next, processinggegtionSéOftraled 76 tete@hiRb dwiietheh theliré&tibANsignals has been
received for the entire frequencies. If it is determined that the reception
signals has not been received for the entire frequencies (NO in S99), the
procedure goes back to the processing of S91. If it is determined that the
15 reception signals has been received for the entire frequencies (YES in S99),
the distance calculator 8B performs a distance calculation processing (S100)
and the procedure goes to the processing of $101. In this case, the location
calculator 8 may calculate the distance by using the above-described MUSIC
method as well as on the basis of the phase information. In addition, the
20 distance calculation may be performed before and/or after S111 and S112.
In §$101, the selector 6D is switched over to select the second
antenna element 4B. Under the control of the transmission controller 78, the
R/ request signal and the CW (continuous carrier wave) are transmitted via

the first frequency fi ($102 to S104). When detecting the RMW request signal,

25 the RFID tag 1 transmits, as a reply, the tag response signal via a carrier
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cal cul ati on processing are perfornmed. In S108, the phase information
acquirer 8A detects the phase difference between the signal received by the
first antenna el enent 4A and the signal received by the second antenna

el ement 4B. Then, the direction 20 cal cul ator 8C cal cul ates the direction of
exi stent location (direction of existence) of the RFIDtag | on the basis

o e prase L 6ngs (518kn R 115 SHSE By BEAL Pt e B FUAGE, o

o comar e g 101 BAERCEscAlks ARSI LB MI BB TURAE g

(he st ancecal Lot A LOBY PRI aibnd | ARG b

I ot AR AR ol 4.

B ol e N A

ARG e S R
a S and cont’i as ' ot at

transmtting the RRWreques I'gha i nuous carrier wave)

| s conposed of tﬁ’é‘.efréc&?é%yh%eérfgréBgcéIEEIB@??héiIQQ@haf 'éﬂg tHed doﬁﬁéegﬁgf

one frame is recei ved w rrer Trequenci es” Changed rmore than
S ek onne NYABin ke ol ol a9 A Wis Lo 1
to cal culgje tlagyfh SBRRSHSM Ne2PLL 3Bl BiaCind LRGP siynal ahl the Q
signal to the phase information acquirer 8A, When the reception processor 6
finishes the reception of the tag response signal from the RFID tag 1 ($1086),
the transmission processor 5 finishes the transmission of the CW (continuous
carrier wave), that is, the transmission of the one-frame signal (§107).
15 Next, processings of S108 and S109 related to the direction
calculation processing are performed.

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

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

the same frequency.

25 Thereafter, the reception controller 7C acquires the distance
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transmtting the RNV request signal and CW (continuous carrier wave) that is
conposed of one frame is constituted by a plurality of frequency conponents,
and the tag response signal that is conposed of one frame is received with
the 20 carrier frequencies having a plurality of frequency conponents,
thereby calculating the distance on the basis of the tag response signal.

e 2o 0L el Sl S o LBEATA % el oot |
% 0o 20, 11 GRRSSHA it BSIRTLA R WSt S 2 o 7
e 02 e s BRI RleR S Fhe aBhpdCro, TN SBE Sednd, ™
(oont s, i StEl nd LT 0E A T BB o AL
5 £omgoloRtHaloh Bl oot Sholl FRLREISH o BRI RS oF
L a0, L T e B o PR R 17

transmts the tag response signal in the formof responding to the 10 RF'W
request signal. In this case, the tag response signal is transmtted via a

O O RaRR0LE TARARIRTeh By MU g RSV £ BRI °
Pl 1Y e TS RLBYR . G MENE b £ B e,
291 eonoRe = RaYRes Hor B ESfc flublioks ff AR bl WApt NS o
I's used In the jifh3t HGFELOSF transmitting the RW request signal and CW (continuous
carrier wave) that is composed of one frame, and the tag response signal that
is composed of one frame is received with the carrier frequencies changed
more than one times in the midway, thereby calculating the distance on the
15 basis of the tag response signal. To the contrary, the reader/writer 2 may be
configured to calculate the distance such that the carrier frequencies used in
transmitting the RAW request signal and CW (continuous carrier wave) that is
composed of one frame is constituted by a plurality of frequency components,
and the tag response signal that is composed of one frame is received with the
20 carrier frequencies having a plurality of frequency components, thereby
calculating the distance on the basis of the tag response signal.
The readeriwriter 2 is always transmitting a specific signal. When
requesting the RFID tag 1 to transmit the tag response signai, as shown in Fig.
20A, the reader/writer 2 transmits the R/W request signal that requests a reply

25 of the tag response signal. The frequency controller 7A controls the PLL
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By receiving such tag response signal, the | ocation neasure 8 becones
possible to detect the states of the reception signals transmtted via a
plurality of different frequencies. 20 Hereinafter, the configuration for
enabl ing such detection will be described with reference to Fig. 21. The
configuration shown in Fig. 21 is different fromthat of Fig. 4 in that the

and 506 cor  eoativh g sdbite fie saaed Fesingis shubA M aauss) Tansldgiore
o o, o o5 Rhs AR AR BEE B RuRe S e
Chereo i |1 aIeing o8 TN BausBE R cicrasistieBRY i PoplUraii of relibnen.c
contr o et 74, S@hliehr. b 8e Submr A FFEL 2B 10k cepofdh B tat e
request - sitnal et el Bireds SBINUBHON A TR siuent Rt o8 HebRehe L e
canter L ne! BB fehuichJg PLL oot on SA, aqg Lhe (ranemiters sOL
e podl ator 58 and e RENS'eg " ! SR orouss L OB IORL B IR 1
DT o2 R P ety BE SRR TR 4858, Y,
S o2 nd WD g3t FARbal 1 o RGELL il 1 HRE PRGBS o
10 R/M request signal. In this case, the tag response signal is transmitted via a
carrier frequencies corresponding to the carrier frequencies having a plurality
of frequency components of the RAW request signal {(more specifically, the CW
(continuous carrier wave) following the RWW request signal). In the example
shown in Fig. 20B, the carrier frequencies of the tag response signal are
15 configured such that frequency fi is used in the first period, frequency f2 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 possible to detect the states of the reception signals transmitted via a
plurality of different frequencies.
20 Hereinafter, the configuration for enabling such detection will be
described 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

25 reception processor 6 is provided with band-pass filters 6C1, 6C2, and 6C3
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The | signal and the 0 signal of each frequency conponents obtained by the
m xers 6B3, 654, and 6B5 are inputted to the phase information acquirer 8A,
and the phase change anmount of each frequency conponent and 20 the distance
corresponding to the anbunt are calculated. Simlar to the exanples of Figs.
4 and 13, the reception processor 6 calculates the phase change anount of

each frequency copponent en e_re tion, processor 5 is transmtfing the
CW (cont i nuous (TP .6% #nd éﬁgvas e@gnﬁ'ﬁgpe?‘% Ceﬂg?é%gﬁr iétheg
cal cul ated on the Dbasis of phase. wevey ., t S cap be appljied to
the distance neX\iQURligNS afﬁ%ﬁ?cf‘@&es?ﬁgﬁ%ﬁ?p?éﬂ%gf tq@r%ﬁgl%sﬁ@? .tIh?FFOtf
addition, a confjl%uratj %? Is possible in which two reception signals of |
which the S/'N r‘?ﬂi 5’%{Hl§t he signal |evel of the |I and Q signals are higher

{pan those of oL her Gl AmONRAEAS o3 B gl el PR LA
bas s o 142 LuReTASCE AR 54 J0Ek T RARY rGbhYE LR, B bR
conf out a1 o d 8 RBRNE, e PiodREECH LS T, Oy BAIIRCss HiFETL
L2, 1 Y Do AR 0, Kok et Sl ' By B RN, 2
o0 2 e OH g oo, TRy L R
CArT " LLSUEnSie AR, o0, 9SS LAy e chlive e L
frequencyqgont rgbltRinshfited HroligieHeeRBYuSRIITERLAE thehowbeamplifier 5C.

The reception signals received at the receiver antenna 4 are
branched into three paths after passing the amplifier 8A and are respectively
inputted to the band-pass filters 6C1, 6C2, and 6C3. From the reception
signals inputted to the band-pass filters 6C1, 6C2, and 6C3, a signal of a

15 specific frequency component is extracted and inputted to the mixers 8B3,
6B4, and 6BS.

The | signal and the Q signal of each frequency components obtained
by the mixers 6B3, 6B4, and 6B5S are inputted to the phase information
acquirer 8A, and the phase change amount of each frequency component and

20 the distance corresponding to the amount are calculated.

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

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

25 phase. However, the same can be applied to the distance measurement
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RFID tag 1 may be configured to set a plurality of divided periods in the
transm ssion period of one tag response signal such that different carrier
20 frequencies are used for each of the divided periods. Alternatively, the
frequency controller nmay be configured such that different carrier
frequencies are used for each transm ssion of the tag response signal.

rurther | ol Ler ngbiushe oiorfG' b VAISEURAAGS. TR ANBUSETS EoMftaftn
Comunt o211 on SESLER [E WP FRGINR Gonal 8t i, BRP SIS eI AR
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articles having attac eto are transported via a
plurality of b I ! | ; ched
thereto arsé al ?gicg;l\éa}(@}(‘l?’({@ (Er;e ”S@%gsfﬁ’ t&lpe?ra '? ﬁf%#m}%%pﬁghg%@%%%l&@ﬁé
reader/witer 2 communicates with the 10 RFID tags 1 in order to inspect the
articles being transported via the belt conveyors. In this manner, it
becones possi blgtive RB the circulation of the articles. In such an
comuni cati on system usi n% an RFID tag, a managenent apparatus that manages

the articles in circulmif®mbovePeapiRd th REM 2§ ©f Nidls béen ARARTIBEY Switdr
comrunicating with the reader/witer 2. In such an RFID tag conmuni cation

system if the reguERinia" ahé OfonfRUPRionS df Othed phk&ivé cbie deTAd &fbscHb&d Satidvem may
usel essly comrunicates with the
10 however, the RFID tag 1 may have the configuration of the active one. In this
case, the RFID tag 1 may have a configuration in which the RFID tag 1 is
provided with 2 battery section, a signal generator that generates the tag
response signal, and a frequency controller that is configured to transmit the
tag response signal generated by the signal generator via a plurality of
15 different carrier frequencies. In this case, it is possible to obviate the
necessity of the readeriwriter 2 transmitting the R/W request signal.
Similar to the frequency controller 7A, the frequency controller of the
RFID tag 1 may be configured to set a plurality of divided periods in the
transmission period of one tag response signal such that different carrier
20 frequencies are used for each of the divided periods. Alternatively, the
frequency controliler may be configured such that different carrier frequencies
are used for each transmission of the tag response signal. Further
alternatively, the carrier frequencies may be constituted by a plurality. of

frequency components.

25
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RFID tags 1 |located at a position apart fromthe belt conveyors, which do
not need to be conmunicated with. To the contrary, according to the RFID
tag 20 comuni cati on system of the present enbodinent, it is possible to
detect the distance to (or location of) each RFID tag | by the processing
of the reader/witer 2. Accordingly, it becones possible to comrunicate

}LM.htehcgm’rﬁni Lgfi@?r ?é e%xé@%ﬁ%qﬁgg\l%?mﬁ%i%ﬁﬁgméjﬁ%éﬁfﬁ;m ngs;[ ﬁce
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this exanple, a conmunication area™is set to a range in which articles
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exi st abl e. \Wen the_ arti _cI e is noved out of the communi cation area,
noverment ff thREID tadse 1i dﬁieeqbemspeéthmlﬁ dRicRisbBingItrbAsdortdic iR the Belt

possibility that the article has been stolen.
conveyors. In this manner, it becomes possible to manage the circulation of
the articles.
In such an communication system using an RFID tag, a management
apparatus that manages the articles in circulation is provided as the external
15 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
20 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

25 present embodiment, since the distance to (or location of) each RFID tag 1 can
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Fig. 23B shows an exanple of a systemin which the RFID tag comuni cati on
systemof the invention is applied to an security systemin which an RFID
tag 1 20 is attached, for exanple, to a wi ndow or a door; and the position
of the RFID tag 1 is nonitored, thereby detecting opening of the w ndow or
the door. The construction of such an security systemonly requires a
sinple setting, operation, i.e,, an operation of attaching the RFID tag? |l to
a target obj ectoe detacisd with telativein igh pregisigncthe repdeardydter 2jhecemesnrassible

5 RFID tag comuni cation system under various

possi ble to construct the 1
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10 environment.

Fig. 23A shows an example of a system for use in stores, in which the

communication system using RFID tag of the invention is applied to a system

for surveillance monitoring of products or stored articles. In this example, a
communication area is set to a range in which articles having the RFID tag 1

15 attached thereto are naturally and originally existable. When the article is
moved out of the communication area, the movement of the article is detected,

thus determining that there is a pbssibility that the article has been stolen.

Fig. 23B shows an example of a system in which the RFID tag communication
system of the invention is applied to an security system in which an RFID tag 1

20 is attached, for example, to a window or a door; and the position of the RFID
tag 1 is monitored, thereby detecting opening of the window or the door. The
construction of such an security system only requires a simple setting
operation, i.e., an operation of attaching the RFID tag 1 to a target object,

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

25 RFID tag communication system under various environments in a flexible
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comuni cation 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 20
di sapproved user. In this case, by turning a nonitoring canera toward the

| ocation of the disapproved user, as specified by the reader/witer 2 so as
to capture imges of the user, it becones possible to specify the

di sapproved u to store the inages as an evidence. Even in the case
of the above exanple, in the comunication system 25 using RFID tag, a

provided s Lhe oxt er TPt AR e o e SRk Emeld, (ARG BYCAIRRALR SRRy ¢

provi ded as the externa s for communi c e rea I ter

2. The mnagen%gngaﬁg@t %ﬁéEQnHﬂaﬁeHﬁt fﬁﬁ%#%td%g th?P%Qﬁé% 3he§ Egcurity

moni t ori ng caner a. 2 ows an-~exanpl € a systemin

cati : . : i : :
oyl o5 ont ry SPETARRTe Rrolted A i S hoshdaR of Balpm R E Wi e,
is providegl in phgeinfietieor of an autonobile, and a user holds a key having

the RFID tag | incorporated therein, Wen detecting that the RFID tag 1
i ncorporated into theF!?gyz.beg%wgn ant gga,lﬂg%r dfsa?é e \WHidN gh@ RERS Ghd bed
I .

range of a space around the 10 autonobi | t he ader/writer I nstructs to
unl ock the key.coWrhiinielidh Syste dfdtHer invitioh N8 4pBled” tHe! Paked 'k%lchex]-;qonl y

by approachi ng the autonobil’e while holding the key thereon. Even 1n the

case of the abeygigsasmhfvid thddiérsONRErenicd@td afe SXaRRARd. UNWadZysDal ket @
managenent apparatus that controls and manages the |l ock 15 stat'es of the

key is provi de@gxamihdtforesjstémMasansd RFVD thy isCRMEW IS fdtdicket Bxarhin@tion
reader/witer 2. The present invention is not limted to the above-described
10 in stations, for instance. In such a system, the ticket examination is
performed by readeriwriters that are provide to gates. To the contrary,
according to the RFID tag communication system of the present embodiment,
by setting the whole passage where the ticket examination is made as the
communication area, it becomes possible to perform the ticket examination
15 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 result of
communication 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

20 disapproved user. In this case, by turning a monitoring camera toward the
location of the disapproved user, as specified by the readeriwriter 2 so as fo
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

25 using RFID tag, a management apparatus that manages the entrance
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enbodi nents, and various nodifications are possible in a scope shown in
clains. That is, enbodi nents which are obtained by conbining arbitrarily 20
nodi fied technical nmeans in the scope shown in the clains are al so 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 here reference in i,Lts entiret 25
75 | NDUSTRI AL RPPLQ%PEPFFE*OJ&S ﬂ%af‘%iﬁdﬁ &'ﬁ/ P!Sfﬁ"?d PRParalYs forpommunicating

according tot MM FPLIRARB WA 5 ThpMerseanary SHPoTats OGS N5eCaR Y  or
I nspecting and/or hec articles in C|rculat|on the systen1for use in
stores for sur\%’Pr ﬁ‘gm%ﬁ"r’ﬂg CBM&RAoducts, the ticket exani nation
PR T R
| venti on 4125, B56arf G355, BBl dl 475 Iyl i RS % ke BB e
oo 11 catl one. Al RO AR o PR 2 B B R
e o0 T B ARG A AR R R TR B S Th e
herein by ref g{GaGe Winkh defettihg Bhat thé RFDALYR incorporated into the key held on

the user is disposed within a prescribed range of a space around the

10 automobile, the reader/writer 2 instructs to unlock the key. With such a

configuration, the user can unlock the key only by approaching the automabile

while holding the key thereon,

Even in the case of the above example, in the communication system
using RFID tag, a management apparatus that controls and manages the lock

15 states of the key is provided as the external apparatus for communicating with
the readerAwriter 2.

The present 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

20 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 refarence in its eatirety.
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1 1. A distance neasuring apparatus, conprising: 2 a transmtter, that
transmts a request signal, which is a signal 3 conposed of one franme, from
an antenna to the outside via radio waves 4 having a plurality of different
carrier frequencies; 5 a receiver, that receives a reflection signal which
is a signal 6 conposed of one frame and is obtained when the request signal
transmtted 7 fromthe transm t‘mﬁUS?R’IR[hWL‘P@A%Jj [fyr ef l ector while being
nodul at ed; 8 a phase infornati ates an anmount of
phase 9 change between the reflection signal received by the receiver and
the request 10 signal for each of the carder frequencies transmtted from

the transmtter; and pll, rﬁﬁﬂl’ﬁﬁ%ﬂﬁﬁ' %Hbﬁlta% ihdta C%l?l\'ﬂt.ﬁﬁ@a‘hoﬁ %ﬁpce

bet ween t he antenna 12 a d the reflector on t e basis carri

frequenci es angq urp@eafmﬁeug@g%maan%aﬁwbgﬁafat@sas&d?amgfts tﬁ@'ir{\}eﬂ'hon are

frequenci es acquired by th ase informati 14 acquir

di stance measUigppicald ¥, &buéx@rﬁp&ethé wswnlfar inspestin ar\@ﬂ@rrﬁéékm% ér’ﬂéles in
transmtter sets a plurality of divided periods in a period for

transmtting orfelliafioetheHyStem foraiké if @idreslfsr Suobillang moRRofhd bE ﬁiﬂhcts

carrier 4 frequencies are used for the respective divided peri ods 1

di stance measuthd tcledtnaamiraticnr spsterm which rbﬂnﬁhﬂédThﬂ-Platﬁgrs@lcﬁ as25ttat1@ns or
transmitter transmts the request signal via one of the carrier 3

frequenci es compsvie theditedi isreditkesaird @xaiinst) eingthe keplessehly s gteiln 4. The
di stance nmeasuring apparatus as set forth in claiml1, wherein: t he

reflection signal is Alldsgh tHecovéntion hiebeeh Idesttiednadéthll edthoeferenee t
different carrier frequencies; and 4 the phase information acquirer acquires

t he phasel{changpeeaific embdiyments, it will be apparent to those skilled in the art that various

modifications and variations can be made to the above-described

embodiments of the present invention without departing from the spirit or

scope of the invention.
This application is based on Japanecse Patent application No.
15 2005-066298 filed March 9, 2005, the contents of which is incorporated herein

by reference in its entirety.
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5 selecting signals of two carrier frequencies having signal states which
satisfy a 6 prescribed criterion for calculating the distance, fromsignals
of the carrier 7 frequencies. 1 5. The di stance neasuri ng apparatus as set
forth in claiml, further 2 conprising: 3 a frequency converter, that
perforns a frequency conversion 4 processing with respect to the reflection
signal received, wherein: 5 the frequenct%ggmgerter converts the reflection
signal to an | signal 6 and a Q signal. . The di stance neasuring
apparatus as set forth in claiml, wherein: 2 the distance cal cul ator

cal cul ates the distance with high-resolution 3 spectrumanalysis. 1 7. The

di st ance asurqi ng a ; ' ' .wherein: 2 the
di st ance (rgl cul1é1t gr E?.?‘F?éﬂée ﬁéﬁﬁg}f‘%& ?%ﬁa:t% gb@pg%a " 3 Classification)
method as ghe hi oh- regolrihidilited, PR HahERAY Y0 Bquedt Waal Whikh & 'Plsigifd ' On

signal received via the different carrier tTrequencies~ s used as an

i nput, an S| GopRlseat bOBNE UREMEORrdnt AP ERAIEARE 165 Y utdIBE Sy GaHR wased 78

6 function of the distance, and the distance Is cal cul ated by obtaining peak

7 val ues of thea\idal £pRirAlity of diferdntRarictfreqhieReiedhe di stance measuring
apparatus as set forth in claiml, wherein: 2 the distance cal cul ator

cal cul atess the di st angeradenerothaGebdives 21 reflecfion CSigRAI WhitMtBNEl sigrial t he
reflection signal received. 1 9. The di stance neasuring apparatus as set

forth in @ ai mchmposet hsrone? frame@Pand i abtainedl WhSR the F8qGest Signdl afansiiiféd
acquires information in a data section of
7 from the transmitter is reflected by a reflector while being modulated;
8 a phase information acquirer, that calculates an amount of phase
9 change between the reflection signal received by the receiver and the request
10 signal for each of the carrier frequencies transmitted from the transmitter; and
11 a distance calculator, that calculates a distance between the antenna
12 and the reflector on the basis of the carrier frequencies and the phase change

13 amount for each of the carrier frequencies acquired by the phase information

14 acquirer.

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

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

1 3. The distance measuring apparatus as set forth in claim 1, wherein:
2 the transmitter transmits the request signal via one of the carrier

3 frequencies composed of different carrier frequency components.
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4 the reflection signal, and outputs, to the outside, the distance
information 5 calculated by the distance cal culator which is associ at ed
with the information in 6 the data section. 1 10, The di stance neasuring
apparatus as set forth in claiml, wherein: 2 the distance cal cul ator
measures a direction that the reflector that has 3 transmtted the
reflection signal is |ocated, on the basis of the reflection signal. 1 11.
The di stance neasuring apparatus as set forth in claiml1l, wherein: 2 the

di stance ol culgator CRhEWARRS, HaSsti 8peialls AYQBAAT Babh A Gheldly: 3 2

preanbl e section of the retlection Si I'stance measuri ng

method, cogprising: 2y Fe‘ﬂ@gﬁdéﬂo%»ibhﬁﬁssﬁa%nﬂﬁ?é ?@H?fﬂe%h@&oﬁv{aﬁfﬁﬁbg ﬁio‘i’é‘al !

which is a signal 3 conpos one frane, om an antenna si de

via radio er%iﬁe}?nﬁcé}ﬁ&ﬂ%@erﬁié@%bhty of different carrier frequencies; 5

a receiving step of recerving a reflection signals which is a signal 6

TR, Lransm 15 ng. ot e e A e S R AP S g AR P e

7 the transmtting step is reflected froma at ed;

8 a phase g nf OIsEctifig st of fd eaﬁibeﬁeaﬁeﬁaggHbﬁhg%@@msﬁ@y%adﬁfsat@ ase

change between the reflection signal received in the Tecelving step and 10
the requesg si ghgderied EmeRoRffof RaIEMtingSthe HW'fﬁfmtéigf'ﬂéiQ‘ 4ft e Garrfebe
11 transmtting step; and 12 a distance cal culating step of calculating a
di stance letwegpguBAcied3 antenna and the reflector on the basis of the
carrier frequencies and the phase 14 change anount for each of the carrier
frequenci es acquired in the phase 15 information acquiring step. 1 13. The
di stance nmeasuring nethod as set forth in claim12, wherein:

1 5. The distance measuring apparatus as set forth in claim 1, further
2 comprising:

3 a frequency converter, that performs a frequency conversion
4 processing with respect to the reflection signal received, wherein:

5 the frequency converter converts the reflection signal to an | signal
6 and a Q signai.

1 6. The distance measuring apparatus as set forth in claim 1, wherein:
2 the distance calculator calculates the distance with high-resolution

3 spectrum analysis.

1 7. The distance measuring apparatus as set forth in claim 6, wherein: -

2 the distance calculator utilizes a MUSIC (MUltiple Signal
3 Classification) method as the high-resoiution spectrum analysis, in which the
4 reflection signal received via the different carrier frequencies is used as an
5 input, an MUSIC evaluation function is obtained using a mode vector as a
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2 the transmtting step is configured to set a plurality of divided periods
3in a period for transmtting one request signal, and to control such that
the 4 different carrier frequencies are used for the respective divided
periods. 1 14. The distance neasuring nethod as set forth in claim12,
wherein: 2 the transmtting step is configured to transmt the request

sronal Vi % 3 il b€ UkaREs, 5FIE0 ASPREE TR Rl S BB ¢,
claim 12, Jher %meségt@gM@fc‘eg\w‘?@é‘oﬂfggg{iﬂ_s transmtted fromthe reflector

via three or nore er en equenci es; and 4 the phase
I nformati on acquirer acquires the phase change anount by 5 selecting
signals of two carrier frequencies having signal states which satisfy a 6

prescr i et or Lt | on 1R id Abbatiid SpdlrhANACoer AT RUARR SuBbrdtl
;' aim 12, further 2 &%ﬁ@%ha%i&n&oi &@gaswth%%\g&hgg%&@ﬁw!‘bafg&rw m ng
quency conver sl on processing w respect (0] e re eclt! on si gnal

received, er eh g t: L . converts the reflection
signal s toSAQn ? Ebe‘“@f’dﬁ%"gg‘ﬁ9“@%‘@?%@%@?‘?éé"?%de di stance neasuring
nmet hod as set forth in claim 12, wherein: 2 the distance calculating step

cal cul ates the distance with 3 high-resolution spectrumanalysis, 1 18. The

di stance nmeasurg ng NMetROHidaneEm | BnSArdtu® &k Nt ' ce
calculator utilizes a HI\/%SIIC (MJ tiéﬁlgmgi g?\% s %Rt n &afn*\‘ei,dfu%éP
2 comprising:
a reception controller, that acquires information in a data section of

3

4 the reflection signal, and outputs, to the outside, the distance information
5 calculated by the distance calculator which is associated with the information in
6

the data section.

1 10. The distance measuring apparatus as set forth in claim 1, wherein:
2 the distance calculator measures a direction that the reflector that has

3 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:
2 the distance calculator calculates the distance by analyzing a signal in

3 a preambie section of the reflection signal.
1 12 A distance measuring method, comprising:

2 a transmitting step of transmitting a request signal, which is a signal

3 composed of one frame, from an antenna to the outside via radio waves
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3 Cassification) nethod as the high-resolution spectrum analysis, in which

the 4 reflection signal received via the different carrier frequencies is

used as an 5 input, an MJSIC eval uation function is obtained using a node

vector as a 6 function of the distance, and the distance is cal cul ated by

obtai ning peak 7 values of the MJUSIC evaluation function. 81 1 19. The

di st ance as Ul ¢ il | 2, wherein: 2 the distance
oot DoV bluRal of Bfbrer caitel etuBheeg

cal cul ating st | stance on asis of a 3 reception
intensity gf the refl Eeing I j : ; | ; g
met hod as 5}s)et forth iﬁq{glbglp%ﬁlgﬂ,éﬁf%ﬁ %\Xﬁg acéenﬂ%t|gﬁ%gﬁ%§wg§é%?§ﬁnhp
trol L : . o : ) ) ti
control stgep Ofcoﬁfb%éa'd?%nb’ﬁ;]ﬁﬁé@hd%obﬁlrﬁ:ﬁﬁén &?&Féc@@fe.p%.ﬂ%@,t}é}ér@ﬁ&w on

signal, and outputting, to the outside, t stance I nfo i on

cal cul ateq by thetrdhshtiigseplis kéf@c@éld fgg‘rh%i‘r%éf@cﬁﬁ%ﬂﬁlbadéhﬁb #iodiatétp

information in 6 the data section, . e di stance neasuring nethod as

set forthgn claim12; phiecinforrwatione adhSitABA Sstep! 6ﬂ|c§khmin§t§tﬁ) AMRaaMt 8F a
direction that the reflector 3 that has transmtted the reflection signal

i's | ocate@ . onphhse BRahGe Beividen the refibttRsi sigRaSiedived if rt]h"e? recBiing! sfelpodli

measuring nmethod as set forth in claim12, wherein: 2 the distance

cal cul ati1gg st ¢ie cahgedtabial Her @aghadr ehdYearhied Yigiendies ransiitedi A the
preanbl e section of the response signal. 1 23. Areflector, conprising: 2 a

si gnal gerer at ¢lansinittihg gpeaaties a reflection signal, which is a signal 3
conposed of one franme, froma request signal transmtted froma distance 4
measur i ndg2apparat us as digfanterdaiculatirej stgp bf cuislilating 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 phase

15 information acquiring step.
1 13. The distance measuring method as set forth in claim 12, wherein:
2 the transmitting step is configured to set a plurality of divided periods
3 in a period for transmitting one request signal, and to control such that the
4 different carrier frequencies are used for the respective divided periods.

1 14. The distance measuring method as set forth in claim 12, wherein:

2 the transmitting step is configured to transmit the request signal via
3 one of the carrier frequencies composed of different carrier frequency
4 components.

1 15, The distance measuring method as set forth in claim 12, whereln:

2 the reflection signal is transmitted from the reflector via three or more
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5 a frequency controller, that transmts the reflection signal generated 82
6 by the signal generator via a plurality of different carrier frequencies.
1 24. The reflector as set forth in claim?23, wherein: 2 the frequency
controller sets a plurality of divided periods in a period 3 for
transmtting one request signal, and controls such that the different
carrier 4 fre nC|es are used for the respective divided periods. 1 25

The refle(?t or erent qasnenfrequencigs,Abd  wherein: 2 the frequency controller
transmts the request,signa a _ope of carrier fre uenci es comnmposed
of 01 1 or ht carr o1 PRSHHSRIEBANOR SHILIEr RCRulToA e e CHAGS A9 N
conprisin 2 th | st anc asu aratus, as set forth in a

ol 18 o seiecling sl Of s cardH FROM ARG Slgnal Faen Wit 5a0sE &
conmuni catj on with di st.ance ar at.us . .
communi catd on ?{&ﬁ%‘h‘?gc‘a P?’%lfﬂbcafﬁfﬁgdﬁh&gﬁ %a{%’?lwa&%é the arger set
forth in of claime 1 3 to 11; and 4 a managenent apparatus, that
manages at |ea2ﬁeq8ﬁ@°‘8§ articles, 5 people, and living things that are

associated with the reflectors on the basis of 6 a comrunication result
bet ween the di stance neasuring apparatus and the 7 reflectors. 83

1 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 |

0O O A W N

signal and a Q signal.

1 17. The distance measuring method as set forth in claim 12, wherein:

2 the distance calculating step calculates the distance with
3 high-resolution spectrum analysis,

1 18. The distance measuring method as set forth in ¢laim 6, wherein:

2 the distance calculator utilizes a MUSIC (MUitiple Slgnal
3 Classification) method as the high-resolution spectrum analysis, in which the
4 reflection signal received via the different carrier frequencies is used as an
5 input, an MUSIC evaluation function is obtained using a mode vector as a
6 function of the distance, and the distance is calculated by obtaining peak
7 values of the MUSIC evaluation function.
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19. The distance measuring method as set forth in claim 12, wherein:
the distance calcuiating 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. A reflector, comprising:

a signal generator, that generates a reflection signal, which is a signal
composed of one frame, from 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 piurality 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, comptrising:

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 refiectors on the basis of
a communication result between the distance measuring apparatus and the

reflectors.
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