1 COVMODI TY MANAG NG ANTENNA AND CONTRCOL METHOD OF THE SAME BACKGROUND OF
THE INVENTION 1. Field of the invention 5 The present invention relates to
a reader/witer antenna for RFIDs, which boots up reading/witing action
with respect to RFID (Radio Frequency ldentification) tags. Mre
specifically, the present invention relates to a commodity nanaging
antenna and a control nethod thereof for nmanaging the 10 commodities by
booting up reading/witing action with respect to RFID tags pasted on each
of a large nunber of densely placed comopbdities. 2. Description of the

Rel ated Art ReoEMODYTY tirenzes Inas Abeemiproposedraol, Rtk iy stremawhisghe 15
manages a | arge nunber of densely placed comodity nedia such as
docunents, books, CDs (Conpact Disks), DVDs (Digital Versatile Disks) by
using RFID tags. This will be described below by referring to the case of
usi ng books ﬁgﬁKaﬂ@ﬂﬁédﬁ%Tﬁg INVENEEMhodity nedia. 20 FIG 7 is a
perspective view for show ng an exanple of a commodity nanagi ng ant enna.
As shown in FrGi9id e temiBHFRYiomanagi ng antenna is provided to a

bookshel f _500 where the books and, docunents with the RFID tags pasted
thereon aPe densely'® BFSFRY 1DESHHEOR SRABHET  CnRf&GPAG/ %Rt k9hanfFenna

copstituted hiNdnsS! D816 BBLEENG $eaMERY /00 1ng' 2 RI6S WA P E0E0E, 900 18
to RFID (Radio Frequency Identification) tags. More
specifically, the present invention relates to a commodity
managing antenna and a control method thereof for managing the

10 commodities by booting up reading/writing action with respect
to RFID tags pasted on each of a large number of densely placed
commodities.

2. Description of the Related Art
Recently, there has been proposed an RFID system which

15 manages a large numbér of densely placed commodity media such
as documents, books, CDs (Compact Disks), DVDs (Digital
Versatile Disks) by using RFID tags. This will be described
below by referring to the case of using books and documents as
the commodity media.

20 FIG. 7 is a perspective view for showing an example of
a commodity managing antenna. As shown in FIG. 7, the commodity
managing antenna is provided to a bookshelf 500 where the books
and documents with the RFID tags pasted thereon are densely
stored.

25 The commodity managing antenna is constituted with a

single antenna. element 900. The antenna element 900 is a




reader/witer antenna for RFIDs for booting up reading/witing action with
respect to the densely placed RFID tags, which is capable of instantly
detecting, for exanple, the presence of books and docunments stored on the
bookshel f 500. 5 The antenna elenent 900 is constituted with a | oop-type
conductor 901, a capacitor 902, and a feed conductor 903. The | oop-type
conductor 901 is a closed | oop-type conductor, and the capacitor 902 is
inserted in the mddle thereof in series. The feed conductor 903 is
connected to an arbitrary position 10 of the | oop-type conductor 901, and
connect ed t0r82808%halte oM dia EQP@@QbQVf&f b@o%hﬁlre%@glrlﬁ/agg?tlre% coaxi al
outer conductor of the coaxial cable 905 is connected to the |oop-type
conduct or 903ctihe wikmbessgdctdensehy Rindeed RRAL2d *gspt gL ommBdht ys 15
managi ng antenna can boot up for reading/witing action is only about
thirty. Wthcapsbbebofeidesant bedietemrmudy} yedmragnple, atie piaseavencif the
nunber of densely placed RFID tags is increased through attaching a
plurality ofbarkemral elcempants 990 rad onhéhbob&shaldlH5000and acti vati ng
them there may face such 20 an issue that, as will be described later, a
good oper@tion may'hepentirna cdededtd® Gl iel eenstorhageet Vit GupbPPhRgt Yeher at ed
between the antenna el enments 900. Specifically, even when a single

ant enna el ensPRAGTP AR bGoF2RPCHIRY PP2RATY fakred cPRERECRI%8Sr ofiynet i ¢
coupling is generated between t antenna 25 Iemsnts 900,. the nunber of
RFID tags ¢ hERORY e CBBRECTRE FON 17 eadi Myt LPPRGH¥Ra [GRABS S8Rpl T ng two

antenna elen%%g%a%ggltof@m?-iéﬁhkérted:u1the middle thereof in series.

The feed conductor 903 is connected to an arbitrary position

10 of the loop-type conductor 901, and connected to a coaxial

central conductor of a coaxial cable 905. A coaxial outer

conductoeor of the coaxial cable 205 is connected to the loop-type
conductor 9201.

The number of densely placed RFID tags the commodity

15 managing antenna can boot up for reading/writing action is only

about thirty. With the above-described commodity managing

antenna, even if the number of densely placed RFID tags is

increased through attaching a plurality of antenna elements 300

to the bookshelf 500 and activating them, there may face such

20 an issue that, as will be described later, a good operation may

be disturbed due to electromagnetic coupling generated between

the antenna elements 900. Specifically, even when a single

- antenna element 900 can boot wp thirty RFID tags, if the
electromagnetic coupling is generated between two antenna

25 elements 900, the number of RFID tags that can be boot up for

‘reading/writing action by employing two antenna elements 900




3 does not sinply double up to sixty but increases to about forty at the
nost. Wth such commodity nmanagi ng antenna, for booting up reading/witing
action of nearly a hundred pieces of densely 5 placed RFID tags, for
exanple, it is necessary to consider the loss in the operations caused due
to the electromagnetic coupling of the3plurality of antenna el enments 900.
Thus, the nunber of antenna elenents 900 to be placed becones increased,
which is not practical. 10 Therefore, desired is a comobdity nmanagi ng
antenna with which there is no | oss generated in the operations due to the

el ect r omagnetdce scouplsii gl pfadude e Pk 8l d itk yobuanteReasel e b Sur 380t yhi ch
boot up reading/witing action of the densely placed RFID tags. 115 In
regards to the easmmdsty managi ng antenna using such reader/witer antenna
for RFIDs, there are conventional techniques described bel ow.
‘Conventional |y, i nWoridesudio caeiriogy ey pnepayimatantaomyurficcabioonihgt wueen t he
antenna pattern and | C cards by 20 providing the optinmum natching state
with those | cegding/velsil essioh ahaedirdyandeibtetepnette diCdeasdsyt o be
el ectromagnetically coupled, and the kinds and the nunber of the |IC cards,
there is di selased B IfDoEP@W A§ Tt A lguelt figr neeraspte toseen Jdransbe
Unexam ned Patent ,Publ.ication 25 2001-024413 (Patent Literature 1%). I n
this techni qu8SSwhén th&n JRETELAE"F s CaPERer GHEg& i T | §L TSI ebian

ant enna pattgggpling of the plurality of antenna elements 900. Thus, the

number of antenna elements 900 to be placed becomes increased,
which is not practical.

10 Therefore, desired is a commodity managing antenna with
which there is no loss generated in the operations due to the
electromagnetic coupling of the plurality of antenna elements
900 which boot up reading/writing action of the densely placed
RFID tags.

15 : In regards to the commodity managing antenna using such
reader/writer antenna for RFIDs, there are conventional
techniques described below.

Conventionally, 1in order +to achieve proper data
- communication between the antenna pattern and IC cards by

20 providing the optimum matching state with those IC cards
regardless of the distance between the IC cards to be
electromagnetically coupled, and the kinds and the number of

.the IC cards, there is disclosed a following technigue (for
example, see Japanese Unexamined Patent Publication
©. 25. 2001-024413 (Patent Literature 1)). In this technique, when

-.an ICcard is electromagnetically coupled to an antenna pattern,




4 a matching-state nonitoring part detects the voltage level of a
matching circuit and outputs it to a gate array. The gate array, upon
receiving an input of the detected |evel fromthe mtching-state

nmoni toring part, conpares the voltage level and 5 a voltage level that is
set in advance. Wen both levels are inconsistent, a swtch control part
is driven to close/open the |loop of the |loop pattern of the antenna in
order to attain the optinmum matching state with the 1 C card. Patent
Literature 1 described above optimzes the 10 matching state between the

antenna pattef Ra8BHihesdfeCabfitoQWeNstr ddedct sNOhe 30185HAI AMIA: 1 B

dealing with a loss in the operation generated due to the el ectromagnetic
coupling of & mpkuhahytyi@uidnbedneughaEents cwh cdhdoat-rHp. read pgtwriting
action of RFID tags that are placed densely. 15 Further, there is

convent i onal larrdiys chiosedeaet ethniaguenp¢f arf exanpbesctlrpasese nexarktned

Pat ent Publication 2003-072919 (Patent Literature 2)) to propose a
comodity nEmaaghnyggsysdieamonl noningopdact codeaté$ yhegraistayed] ewnl antienna
unit, and a commodity managi ng shel f, which are capable of 20 accurately
recei vi ngdi nPoVabtaom 1svelethith isaded tragsivehae - avéenpbovh dedetle are
comodities stored on the shelf w thout using hands while greatly reducing

the | abor rediffRE-Fof rafayiifghdrat rediviidh &Pk ivereq gbore Rt thand wor k
time. In this technique a comodi ty nmanagi ng system conprises: sections
for keeping ?ﬂapfspégﬁwb%?ﬁ P@gFe¥%&fotP%&“gfc‘%Yﬁ§bF% Prdedt by iatdain the

char act er i st g ;3§ B9 806, P3R! §,2f ;ponzggntact communi cation, whi ch

Patent Literature 1 described above optimizes the

10 matching state between the antenna pattern and the IC card,
however, it is not a technique for dealing with a loss in the
operation generated due to the electromagnetic coupling of a
plurality of antenna elements which boot up reading/writing
action of RFID tags that are placed densely.

15 ' Further, there is conventionally disclosed a technique
(for example, Japanese Unexamined Patent Publication
2003-072919 (Patent Literature 2)) to propose a commodity
managing system, a non-contact identifying method, an antenna
unit, and a commodity managing shelf, which are capable of

20 accurately receiving information stored in radio tags that are 7
provided to commodities stored on the shelf without using hands

~while greatly reducing the labor required for managing the
commodities, the labor costs, and work time. 1In this technique,
a commodity managing system comprises: sections for keeping the
: :257 commodities; radio tags capable of storing characteristic

‘information and capable of non-contact communication, which are




5 provided to the comodities stored in the sections; an antenna for
communi-cating with the radio tags without contact; and a nanagi ng device
for managing the characteristic information by relating it to the
comodities based on the result of 5 comrunication through the antenna. For
such commodity managing system a pluraity of the antennas are provided
within the section, and a switching device is provided for switching the
antenna to be in comrunicating action anong a plurality of the provided
antennas. 10 Patent Literature 2 described above switches the antenna to

be in comunigaiiagdact ihe w¥RRYithespldaraki 1y 1ok provided sAnkeRAas,
however, it is not a technique for dealing with a loss in the operation

generat ed duedroctieuel @atingnmagort tite cRUPbi Bggs ofi thopltueaht iyt Ofan@ntenna

el enents which boot up reading/witing 15 action of RFID tags that are

pl aced densemanagingmietvhee Hhovenaescr thedhaaseteFlust hedmivenat her byi s
conventionally disclosed a technique (for exanple, Japanese Unexam ned

Pat ent Publ i c&LRERNY 2005- 086419 (Pawmmstiticterasde G)) the acéswiMe sécure 20
comuni cation with el ectromagneti c-gui dance RFID el enents even when an

ar bi t r ar ySnufBBIUBFCHE Iy eFBRRWIR tdsi denkgmwe fr dinr ededh otdeEModitpver | ap

on one another. This technigu§1provides a data transnitting/reqeiying
syst em whi ch™@8F7+2% SEate™r 8XTG A Y Aing DR bARe W F R Pre¥heet "6 REl Ds.
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the antenna to be in communicating action among a plurality of
the provided antennas.

10 Patent Literature 2 described above switches the antenna
to be in communicating action among the plurality of provided
antennas, however, it is not a technique for dealing with a loss
in the operation generated due to the electromagnetic coupling
of aplurality of antenna elements which boot up reading/writing

~ 16 action of RFID tags that are placed densely, as in the
above-described case.

Furthermore, there is conventionally disclosed a
technique (for example, Japanese Unexamined Patent Publication
2005-086419 (Patent Literature 3)) to achieve secure

- 20 communication with electromagnetic—guidance.RFID elements
even when an arbitrary number of RFID elements reside close from
each other or overlap on one another. This technique provides
a data transmitting/receiving system which carries out
reading/writing of data with respect to RFIDs. The system

25 comprises: an arbitrary number of electromagnetic-guidance

RFID elements; a reader/writer having an electromagnetic-




6 guidance active antenna; and a passive antenna having an adjusting part
that can adjust a resonance frequency gradually or continuously. Patent
Literature 3 descri bed above can achi eve secure 5 comunication between
the RFID el ements even when an arbitrary nunber of RFID el enments reside

cl ose fromeach other or overlap on one another, however, it is not a
technique for dealing wth a loss in the operation generated due to the

el ectromagnetic coupling of a plurality of antenna el ements which boot up
10 reading/witing action of RFID tags that are placed densely, as in the

above- descri bedJ8R8€SacEUrE NGRIDASA; | In®r debak0i $8CULELYnABAZIENE NS
comodities having thin thickness with respect to the arranged direction

on a shelf, thguetisg gasel anadcancoedid ¥eEBAAPLOG reYEEABY WHaahalby MaNages
commodities stored on a shelf using RFID nedia, wherein coil-type

ant ennas, whiochcesaithwutsliynf ormation from 1 C tags through resonating with
the 1C tags pasted on books, are provided on a book shelf that is
sectioned in the digtectti batefatare angeagrilted kdoks Choradxiaws esclapanese
Unexam ned Patent 20 Publication 2005-343608 (Patent Literature 4)).

Pat ent Li Per &PTer rafdsuy Pobdesibove RRAD element peuealvhep anfarbétkarype
antennas in order, however, it is not a technique for dealing wwth a | oss
in the operalPBPegehdt A EMEN D reRde elese iRy RaE ©th6HHT RYSBEaR

plurality of antenna el ements 25 which boot up readin%/mmitinglaction of
REID tage ar PARGEC @iifde JOVGETn EHk> BBbve! AEEET Piod Ofaledl 1hg With
a loss in the operation generated due to the electromagnetic
coupling of a plurality of antenna elements which boot up
10 reading/writing action of RFID tags that are placed densély,
as in the above-described cases.

Furthermore, in order to securely manage the commodities
having thin thickness with respect to the arranged direction
on a shelf, there is disclosed a commodity managing system which

15 manages commodities stored on a shelf using RFID media, wherein
colil-type antennas, which read out information from IC tags
through resonating with the IC tags pasted‘on hooks, are
provided on a book shelf that is sectioned in the direction of
arranging the books (for example, Japanese Unexamined Patent

20 - Publication 2005-343608 (Patent Literature 4)).

Patent Literature 4 described above switches a plurality
of coil-type antennas in ordér, however, it is not a technique
for dealing with a loss in the operation generated due to the
electromagnetic coupling of a plurality of antenna elements

.25 which boot up reading/writing action of RFID tags arranged

densely, as in the above-described cases.




7 Moreover, in order to provide a | oop antenna system and a radio

conmmuni cati on system which can flexibly correspond to the application
environnments and the use purpose while securing the accuracy of data
transm ssion/reception, there is provided 5 a follow ng techni que (for
exanpl e, Japanese Unexam ned Patent Pulilication 2005-347794 (Patent
Literature 5)). In the loop antenna systemof this technique, a plurality
of | oop antennas are arranged in a straight line of a first plane by
shifting the positions, wherein the array of the plurality of |oop 10
antennas incl ude avswdd®lr,| ineomfert Be Fidwildephansopratbhfa adya¥n §a8 be

el ectromagnetically coupled with radi o tags having, as an antenna-coi
face, a secoadrpianeowhosécaotsralsykiae whlidheehn ofl €8 bilkecabhospotesesi bed
straight-line direction. The radio conmunication systemof this technique
conprises théh¢sprddicetiagsnvandnaentalaod tthy worpsspdeywbelé secactegsing to
the radio tags, wherein the | oop antenna system descri bed above is
applied as th eaﬂﬂC@ﬁﬁ&Y@%ﬁéh@§r@ﬂsmh%5¥%rd1@q%l@@eef§§r@ew esovpdednt

Literature 5 descri bed abqove conprises a plurality of |oop antennas in an
array, hoteveériollowiagndichpiggen iju%xaf%lqroﬁaﬂé%ﬁ%ﬁnﬁﬁﬁﬁl%ﬁq 835SPH the

antenna ol anBRCE d“e%@é o Lo Ra o P B GR o TEIBRL é‘c'gr'»%a?f
B I RS 5eh U DR TR, R PP ML B0
present inveQ%é(H}féig%% Eﬁog'ég%éigﬁgnf}ﬁ%té@ %a%ﬁggegpfgﬁéﬂﬂ@ashlftlng
the positions, wherein the arréy of the plurality of loop
10 antennas include a normel line of the first plane and the array
can be electromagnetically coupled wifh radio tags having, as
an antenna-coil face, a second plane whose normal-line
direction is the above-described straight-line direction. The
radic communication system of this technique comprises the
15 radio tags, and a radio-tag access device for accessing to the
radio tags, wherein the loop antenna system described above is
applied as the antenna elements of the radio-tag access device.
Patent Literature 5 described above comprises a plurality
e of loop antennas in an array, however, it is not a technique
20 for dealing with a loss in the operation generated due to the
electromagnetic coupling of a plurality of antenna elements
which boot up reading/writing action of RFID tags that are
placed densely, as in the above-described cases.
SUMMARY OF THE INVENTION
 '725’ In view of the aforementioned issues, the object of the

present invention is to provide a commodity managing antenna




8 which generates no loss in the operation due to el ectromagnetic
coupling of. a plurality of antenna el enents which boot up reading/witing
action of RFID tags that are attached to a | arge nunber of densely pl aced
commodity nedia. 5 In order to overcone the aforenentioned issues, the
present invention provides a commopdity managi ng antenna for booting up
reading/ witing action of RFID tags attached to commopdity nedia that are

densely stored on a shelf conprises: a plurality of |oop-type antenna
el ements arranged in parallel 10 at a constant interval on the shelf where

the commudi t ynAedi@nc2hecdeRSebys $haRdopdrdd Fat asWithchh Q- aekaetivel y
supplying electricity to one of the antenna el enents; and a plurality of

second sw t chespl nsgréedat p1eachi 0oy dnddiganiieneatel GRRBLSHo¥hi 65, When
one of the antenna elenents to which the electricity 15 is supplied by the
first sw tchreadiegonsatting, aeliect 6f GEEIDY agdi SeonNaeetatthenhtQapsa abhrgenai ni ng
antenna el enents so that those antenna el enents becone non-resonant.
Further, a resvhancet fdegedygcyléosd atdnowicigyt hedsel ected antenna el enent
to resonate is a frequency that is adjusted to 20 resonate under a state
where t heSRFI D t agsh serdethed tovatweonsomisdi afipnmadingdicnedeissvead bhe
densely placed. Furthernore, when the shelf for keeping the commodity
‘nmedi a is forREESHE HNVENTAGRePI VIR &loMnepAE ¥ BaRaE NSk GWt§BH20RCT nner

si des of botpg?ends of the shelf, and the spacers are formed wth at |east

one 25 of maPePFHI%E WoleAddady FErt 10 2@t i Ritldt itavs athanhet ab®

material, angoﬁngc?i%rgagggg_écthﬁt g:rrieacliénsely stored on a shelf comprises:

a plurality of loop-type antenna elements arranged in parallel

10 at a constant interval on the shelf where the commodity media

are densely stored; a first switch for selectively supplying

electricity to one of the antenna elements; and a plurality of

second switches inserted to each loop of the antenna elements

which, when cone of the antenna elements to which the electricity

15 is supplied by the first switch is resonating, electrically

disconnect the loops of remaining antenna elements so that those
‘antenna elements become non-resonant.

Further, a resonance frequency for allowing the selected

‘antenna element to resonate is a freqguency that is adjusted to

20t resonate under a state where the RFID tags attached to the

commodity1nedia1x>be stored are densely placed. Furthermore,

when the shelf for keeping the commodity media is formed with

a magneticmaterial, spacers are provided con inner sides of both

ends of the Shelf, and the spacers are formed with at least one

256 of materials selected from a dielectric material, a nonmetal

material, and a nonmagnetic material.




9 Moreover, as each of the second swtches of the plurality of antenna

el enments, a diode is inserted to a |loop at a position between points where
a coaxial central conductor and a coaxial outer conductor of a coaxial
cabl e which supplies electricity 5 are connected to the loop, and there is
provided a bias tee that is constituted with a coil for applying a bias
voltage to the coaxial central conductor of the coaxial cable and a
capacitor for preventing the added bias voltage frombeing flown to an
opposite side of the |oop. 10 Further, boot-up of reading/witing action is

carried out on thg,RERL a£§etagﬂtofa£}¢e %EE@&EF%%ﬁt%h@E depnt Anea9iclhe

ki nds sel ected fron1books docunents, CDs, D nedi a, clothes, and food

products as tpesaeimmadi tandrmd aafdh@aeairselﬁgé@f‘éd’tataonssp a@.nablae,lab@lhf 15
Furt hernore, the present i nventi on provides a commobdity rmanagi ng ant enna

control nethedthesn poohtBoird eashax@aw ¢dritith) achdeatov bhdrespagialo RFI D
tags attached to coomodity nedia that are stored densely on a shelf, which
conpri ses theustepsndotto2oBel ectxieal yablippihiaigsebpties aliegtrocbne of a
plurality of |oop-type antenna elenents that are arranged in parallel at

a const and i areracanerhed tst bhadeopparsl Where 1sher cumesdt by aseiicathat e
densely placed; and when electricity is supplied selectively to one of the
25 pIuraI|tyléfmﬁﬁﬁéﬁﬁéeél%ﬁ@hﬁscongﬁ§'éppgfhégfhﬁﬂéﬁnﬁ?%?ﬁﬁbﬁ?sth?han t he

antenna elenent tao which the electr|C|tX is selectively
coaxial central conductor of the coaxial cable and a capacitor

for preventing the added bias voltage from being flown to an
opposite side of the loop.

10 Further, boot-up of reading/writing action is carriedout
on the RFID tags that are attached to at least one of the kinds
selected from books, documents, CDs, DVD media, clothes, and
food products as the commodity media that are densely stored
on the shelf.

15 Furthermore, the present invention provides a commodity
managing antenna control method for booting up reading/writing
action with respect to RFID tags attached to commodity media
that are stored densely on a shelf, which comprises the steps
of: —

20 selectively supplying electricity to one of a plurality
of loop~-type antenna elements that are arranged in parallel at
a constant interval in a storage space where the commodity media
are densely placed; and

when electricity is supplied selectively to one of the
25 plurality of antenna elements, loops of other antenna elements

than the antenna element to which the electricity is selectively




10 supplied are electrically disconnected so that the other antenna

el ements becone non-resonant. As descri bed above, in the present invention,
electricity is selectively supplied to one of the plurality of |oop-type

5 antenna elenents that are arranged in parallel at a constant interval on
a shelf where the coomodity nedia are depsely stored. Wen the electricity
is selectively supplied to one of the plurality of the antenna el enents,
the | oops of the other antenna elenents than the antenna el enent to which
the 10 electricity is selectively supplied are electrically disconnected

for making theogibes antenracelesents BoN-seRonanl oo Theref ofe, othere is no

| oss generated I n the operation the el ectronmagnetic coupling of a

plurality of ;anteRnas RRIRAL Becbi@tnéi-&-d¥Puhded for the RFID tags placed
densely. Thus, the 15 operation state of each antenna elenent for a |large

nunber of densel yaphased J¥d dbdvgsis aReht-cSehtanhddne ibaste 1cemrdition,
thereby inproving the recognition rate of the RFID tags. The resonance
frequency f odsresbnative) yoneppiiddecaphenss thel eanhditg setlobp-bepd he
frequency that is adjusted to resonate 20 under the state where the RFID
tags attaBhedntenthelcoentdi tyatredicaatroabgedtior pdraléetiensel yopkhsed. Thus,
it becomes easier to adjust the resonance frequency for the plurality of
antenna el er@hesvalppg shel shkefe the deawpdagy tisdiconderye hedrares: f or ned
.25 with a magnetic material, spacers_are provided_on the inner sides of
both ends of "ifR @W%I?Lecﬂﬁécéﬁﬁcé?ss%%%P?%ﬁ@ﬁﬁj%MHPHlEd to one of the

plurality of the antenna elements, the loops of the other
antenna elements than the antenna element to which the
10 electricity is selectively supplied are electrically
disconnected for making the other antenna elements non-resonant.
Therefore, there is no loss generated in the operation due to
the electromagnetic coupling of a plurality of antenna elements
that are provided for the RFID tags placed densely. Thus, the
15 c¢peration state of sach antenna element for a large number of
densely placed RFID tags can be set as the best condition,
thereby improving the recognition rate of the RFID tags.
The resonance frequency for rescnating one of the antenna
elements is set to be the frequency that is adjusted to resonate
20 under the state where the RFID tags attached to the commodity
media to be stored are densely placed. Thus, it becomes easier
to adjust the resonance frequency for the plurality of antenna
elements.
When the shelf for keeping the commodity media is formed
25 with a magnetic material, spacers are provided on the inner

- sides of both ends of the shelf. The spacers are formed with




R 11 at least one of materials selected froma dielectric
material, a paper material, a nonnetal material, and a nonmagnetic
material. Therefore, it is possible to ease the influence of the naterial
that constitutes the bookshelf. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
IS a perspective view for show ng the sghematic structure of a commodity
managi ng antenna according to an enbodi nent of the present invention, in
whi ch books and docunents are used as the commodity nedia; 10 FIG 2 is a
perspective view for describing action of the commodity nmanagi ng antenna

shown i n Fl GarlieddiGond oS lanchact o dary desgrd Biogetbe coateolaget ion

of a coaxial switch 501 and swtches 103, 205 of the commobdity managi ng

antenna showg ifapkEkGmaltepiaf] Ga %on%étEiGhaéetﬁaP-p@ﬁépsckbﬁﬁaghéwﬁéor
showi ng the schematic structure of a commodity managi ng antenna accordi ng

to a nodifigatepmexampéeetdrd;l & s dasswbiehcdbeeks ahnd idaureatscr ar e
used as the commodity nedia;, FIG 5 is a perspective view for showi ng the
schematic 26hstmaidnirad thaf commidittesmahagbogksttlenna according to a
nodi fication exanple of FIG 2, in which books and docunents are used as
the comuidi t PRI RESURIGTIIGN | @F dierldpédiise view for show ng anot her
exanple of the inner structure which corresponds to the antenna el enents
25 100, 200, and 386-ot F @ perspepehive gi@vFEer ghowip the schematic

structure of a commodity managing antenna according to an
embodiment of the present invention, in which books and
documents are used as the commodity media;

- 10 FIG. 2 is a perspective view for describing action of the
commodity managing antenna shown in FIG. 1;

FIG. 3 is a flowchart for describing the contrel action
of a coaxial switch 501 and switches 103, 205 of the commodity
managing antenna shown in FIG. 1 or FIG. 2;

15 FIG. 4 is a perspective view for showing the schematic
structure of a commeodity managing antenna according to a
modification example of FIG. 1, in which books and documents
are used as the commodity media;

FIG. 5 1s a perspective view for showing the schematic

-20 structure of a commodity managing antenna according to a
modification example of FIG, 2, in which books and documents
are used as the commodity media;

FIG. 6 is a perspective view for showing another example

.of the inner structure which corresponds to the antenna elements

25  100, 200, and 300 of FIG. 1, FIG. 2 and FIG. 4; and

FIG. 7 is a perspective view for showing the schematic




FIG 7 is a perspective view for show ng the schematic 12 structure of a
commodi ty managi ng antenna according to the related art. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An enbodi ment of the present
invention will be described 5 hereinafter by referring to the acconpanyi ng
drawings. FIG 1 is a perspective view {®r show ng the schematic structure
of a commodity managi ng antenna according to the enbodi nent of the present
i nvention, in which books and docunents are used as the comodity nedi a.
In FIG 1, books 10 and docunents to which RFID (Radi o Frequency

| dentificati S &f .are ; 0 - e
connnhi;y h%g%gﬁ5§% gﬁo%n%?%hggt?§1T§%§%Sg%?£ﬁﬁgggléﬁgﬁ%élﬁggugﬁﬁkgoo are
di sposed at a.fonst aht . interval as the comodity nanaging 15 antennas,

i.e. reader/witer antennas for RFIDs. Coaxial cables 105, 205 of the

ant enna el eneRtsriEd0 pE2ORT &F FoI¢ N aGire drEFORRE S GtoplT Mealbke 502 t hrough a
coaxial switch 501, to which a coaxial connector 503 is added. The coaxi al

switch 501 sw t cheseariigehions hekwesssantCOaxdedient i albecaasuctiord of the
20 coaxi al cable 502 and coaxial central conductors of the coaxial cables
105, 205.5 Theexdioragtewhen tdemoang dle shet etedipbnydiogndcesinge. coaxi al
central conductor of the coaxial cable 502 to the coaxial centra
conduct or of the &88xihliscabberipsctitre viegakpalshoerindgltheofd@rdiicof t he

coaxi al cable 502 and the 25 coaxial central conductor of the coaxial cable
205 are . Structure of a commodity managing antenna according to the

.embodiment of the present invention, in which books and

documents are used as the commodity media. In FIG. 1, books

10 and documents to which RFID (Radio Frequency Identification)

tags are pasted are stored on a bookshelf 500 as the commodity
media.

As shown in FIG. 1, two antenna elements 100 and 200 are

disposed at a constant interval as the commodity managing

15 antennas, i.e. reader/writer antennas for RFIDs. Coaxial

cables 105, 205 of the antenna elements 100, 200 are connected

to a coaxial cable 502 through a coaxial switch 501, to which

‘a coaxial connector 503 is added. Tﬁe coaxial switch 501

switches connection between a coaxial central conductor of the

20 .coaxial cable 502 and coaxial central conductors of the coaxial

cables 105, 205, Therefore,'when the cecaxial switch 501

rcénnectS‘thew:oaxial central conductor of the coaxial cable 502

R to the coaxial central conductor of the coaxial cable 105, the

-coaxial central conductor of the coaxial cable 502 and the

256 coaxial central conductor of the coaxial cable 2050 are

électrically isolated. When the coaxial switch 501 connects




electrically isolated. Wen the coaxial switch 501 connects 13 the coaxi al
. central conductor of the coaxial cable 502 to the coaxial centra

conduct or of the coaxial cable 205, the coaxial central conductor of the
coaxi al cable 502 and the coaxial central conductor of the coaxial cable
105 are electrically 5 isolated. A coaxijgl outer conductor of the coaxi al
cabl e 502 and coaxi al outer conductors of the coaxial cables 105, 205 are
el ectrically connected irrespective of the open/close control of the
coaxial switch 501. However, |like the case of the coaxial central

conductors, ¢aANSELIQR ESB%&I‘ éo%%u%@é‘f'@f t?lgt Séaéloalc%%g‘ét%z of, the

coaxi al cable 502 and the coaxial outer conductors of the coaxial cabl es

105, 205 may csekest icvk¥abeonsivbtehedt Bye thex €QRXBh oM, CHnOQbaxkh1 1 S
important to adjust the antenna elenments 100 and 200 such that the

resonance fregHensy bethiEDrCoFSikbteRbavidh cAH KRB0 gal shendeexidp state
where the bookshelf 500 is filled with the RFID tags. This nmakes it easier

t o adj ust theentsahaneeludtpequénclye foradilz@ aabetanal®larerdlect@@cahty 200.
The outer franme of the antenna elenent 100 is constituted with a case nade
of a diel&ctipelapdri al coarcinlasupbastdarciucand af [tdepcbgpealGabdenddiet or

101, a capacitor 102, a switch 103, and a feed conductor 104 are arranged
t herein. Theapééﬁ’ﬂ?‘yﬁé ERIUCPRAUCIIE S| F &hecrrRuciedr caiples 18Foddd: #00p type.

In the mddle_of the |l oop-type conductor 101, the capacitor 102 is
inserted in SkFFiERicald Yt RS isch I 1OSSReC i Y A deeaPFR SkR9ECRETkI | . The

feed conductgr 104 15,CoMEELe o

However, like the case of the coaxial

central conductors, connection between the coaxial outer

10 conductor of the coaxial cable 502 and the coaxial outer

conductors of the coaxial cables 105, 205 may selectively be
switched by the ccaxial switch 501.

It is important to adjust the antenna elements 100 and

200 such that the resonance frequency becomes consistent with

15 RF signals under the state where the bookshelf 500 is filled

with the RFID tags. Thismakes it easier to adjust the resonance

freguency for the antenna elements 100 and 200. The outer

frame of the antenna element 100 is constituted with a case made

of a dielectric material such as plastic, and a~loop-type

. 20- conductor 101; a capaciter 102, a switch 103, and a feed
conductor 104 are arranged therein.

The loop-type conductor 101 is a c¢onductor of a

closed-loop type. Inthemiddle of the loop-type conductor 101,

the capacitor 102 irs inserted in series and the switch 103 is

25 ~ inserted in series as well. The feed conductor 104 is connected

to an arbitrary position of the loop~type conductor 101, which




to an arbitrary position of the | oop-type conductor 101, which 14 is

di sposed in parallel. to the | oop-type conductor 101 with a proper distance
and connected to the coaxial central conductor of the coaxial cable 105.
In this case, the coaxial outer conductor of the coaxial cable 105 is
connected to the | oop-type 5 conductor 1401. The antenna el enent 200 has
the sanme structure as that of the antenna 100. The outer frame is
constituted with a case nade of a dielectric material such as plastic, and
a | oop-type conductor 201, a capacitor 202, a switch 203, and a feed 10

conduct or 204 apesgsEANgRdLd AEnein o g '1%Q>B|'—WB]§ GRANELRT 1020k ¢hSa @

conductor of a closed-loop type. In the mddle of the |oop-type conductor

201, the capagicher 202 ansel IPEbREEtESEbI @R c88didNecaWM AR 208 kS
inserted in series as well. The feed conductor 204 is connected to an

arbitrary 1bfpasit coaxodl thdeleoqmst.ypencendsicéode,20the Wiiakh alls odkgposed in
parallel to the | oop-type conductor 201 with a proper distance and
connect ed t ocbthducbaxipdltheerdasdlalcoacluc 106 iaf cdieecteaxi@khe dabbet208. | n
this case, the coaxial outer conductor of the coaxial cable 205 is
-connect el t eondecteoplGlype conductor 201. 20 The coaxial switch 501
controls to choose either one of the coaxial cables 105, 205, and supplies
the electricity tohhénteneactlegirator OPheaarthensamel epitsivF0@5ahB2R00 from
t he coaxi al %a | e 502. Further, the swi tches 103, 203 of the antenna

el enents 100° BBE ¢ elch TRecOMEF DI TAREL § RENP bt SpFERR P5CREE ot

sel ectedto br%aagpd%] ge&e\ye%@rggema%:le%%tarli nglct:}Y a%ypfa?setic, and a loop-type
conducter 201, a capacitor 202, a switch 203, and a feed
10 conductor 204 are arranged therein. The loop~type conductor
201 is a conductor of a closed-loop type. In the middle of the
loop-type conductor 201, the capacitor 202 is inserted in series

and the switch ‘203 is inserted in series as well.
The feed conductor 204 is connected to an arbitrary
15- position of the loop-type conductor 201, which is disposed in
parallel to the loop-type conductor 201 with a proper distance
- and connected to the coaxial central conductor of the coaxial
cable 205, In this case, the coaxial duter conductor of the
coaxial cable 205 is-connected to the loop-type conductor 2017
20 - The coaxial switch 501 controls to choose either one of the
coaxial cables 105, 205, and supplies the electricity to the
‘either one of the antenna elements 100 and 200 from the coaxial
cable 502. Further, the switches 103, 203 of the antenna
elements 100, 200 perfeorm such a control that the lopp, which
26 1is not selected to be supplied with the electricity by the

control of the coaxial switch 501, becomes electrically cut and




control of the coaxial swtch 501, becones electrically cut and 15
non-resonant. FIG 2 is a perspective view for describing action of the
comodi ty managi ng antenna shown in FIG 1, and FIG 3 is a flowhart for
describing the control action of the coaxial 5 switch 501 and the switches
103, 205 of the commodity managing antasna shown in FIG 1 or FIG 2. FIG
2 is a case of using the two antenna el enents 100 and 200. The storage
space of the bookshelf 500 is partitioned into three by the two antenna

el enents 100 and 200. RFID tags 10 91 - 99 are pasted on the books or

docunents asrddhercesndeity nedia, which are densely stored within the
st orage space of the bookshelf 500 partitioned by the two antenna el enents

100 and 200. For FE®AQiiWatgea sheeksvervidierdeurent 5ixg lkitd ohher t48
bookshel f 500 by using the antenna el enents 100 and 200, the resonance
frequenci es cbmithditywmantgngaaet ement shckGD ian@I2001, adrel adjcustBedst a
resonate when the RFID tags 91 -99 are densely placed (step S701 in FIG
3). Then, thélevakant tabldesr8bisgsshecteut byl operiati rg tthe c2@xdedxia
switch 501, and the coaxial cable 502 is connected to the antenna el ement
100 to endbl &aEERISPlornd fibcerabtshas £03f it of Haec samneditapleagdngt o t he
antenna el enent 100 (step . S702 in FIG_3). Then, the switch 103 of the
ant enna el enBRtS100 @@“Vbﬁﬁlﬁ@ﬁ %SMfﬁjéh én state (step S703 in FIG 3)

Thus, when the el eE%Gr 5' ;(.X a case of using the two antenna elements 100
and 200. The storage space of the bookshelf 500 is partitioned
into three by the two antenna elements 100 and 200. RFID tags

10 91 - 99 are pasted on the books or documents as the commodity
media, which are densely stored within the storage space of the
bookshelf 500 partitioned by the two antenna elements 100 and
200.

For managing the books or the documents within the

15  bookshelf 500 by using the antenna elements 100 and 200, the
resonance frequencies of the two antenna elements 100 and 200
are adjusted to resonate when the RFID tags 91 -99 are densely
placed (step 5701 in FIG. 3).

Then, the coaxial cable-105 is selected by operating the

20 coaxial switch 501, and the coaxial cable 502 is connected to
the antenna element 100 to enable supply of the electricity from
-the‘ coaxial cable 502 to the antenna element 100 (step S702 in
FIG. 3).

Then, the switch 103 of the antenna element 100 is remained

25 . in anon state (step 8703 in FIG. 3). Thus, when the electricity

. is supplied from the coaxial cable 502, the antenna element 100




is supplied fromthe coaxial cable 502, the antenna el enment 100 16 becones
capabl e of resonation. Meanwhile, the swtch 203 of the antenna el enent
200 is turned off to cut the loop electrically (step S704 in FIG 3).

Thus, the antenna el enment 200 becones incapabl e of resonation. 5 Wen an
RF (radio frequency) signal is inputtedisromthe coaxial connector 503 to
the antenna el enent 100, the antenna elenent 100 resonates andamagnetic
field is generated therein, thereby booting up reading and witing actions
of the RFIDtags 91 - 97 that are close to the antenna el enment 100 (step

S705 10 in Flgacodks &apikls Fa86sokdield .| SMBSLHESANank PRENONENGR of

generated in the antenna el enent 200, so that reading/witing action with
respect to th:eRRMRdrags 9Bement 990@! ase i rdie opNt eBna. gl eppat 1209 are
not booted up. Depending on the intensity of the magnetic field generated
in the ant enrdeekeimeatli3step gMHenn tiie.i ht enghinyg, i thavaakdnndeokmypt of
reading/ witing action with respect to the RFID tag 97 or the RFID tags 96
and 97 anongOfPhkeRmnegs tiggerabdseof oredmmadritoanna el ement 100 may not  be
carried out due to the distance. The coaxial cable 205 is selected through
operating®the 20 WikpalREiregho Feragenechk Jeinetl Whemputhedrizzd hhgwri ting
action is conpleted between the antenna el enent 100 and the RFID tags

stored withi APEREALIGRGELSpac® &P the apE6REACt ke A8 $he 2paRPRR| oned

by the antenna el g 100 te 706 in FIG . 3).. Wien the coaxial cable
2%5 i's selecFZﬁm?ﬁggﬁéﬁefﬁgggﬁﬁgﬁ?ﬁb&?%ﬁ?ﬁ?%ﬁl?%%lﬁ6@%F£Ft§QFP€ﬁ65@Q, t he

coaxi al cabl @hgpgm} Bogggﬂg%kegeading and writing actions of the RFID tags
91 - 97 that are close to the antenna element 100 (step S705
10 in FIG. 3). 1In this case, there is no resonant phencmenon
generated in the antenna element 200, so that reading/writing
action with respect to the RFID tags 98 and 99 close to the
antenna element 200 are not booted up. Depending on the
intensity of themagnetic field generated in the antenna element
15 100 (when the intensity is weak), boot—up of reading/writing
action with respect to the RFID tag 97 or the RFID tags 96 and
97 among the RFID tags close to the antenna element 100 may not

- be carried oqt due to the distance.
The coaxial cable 205 is selected through operating the
20 coaxial switch 501 at the point where the reading/writing action
is completed between the antenna element 100 and the RFID tags
 stored within the storage space of the bookshelf 500 that is
partitioned by the antenna element 100 (step $706 in FIG. 3).
When the coaxial cable 205 is selected through the operation
25 . of the coaxial switch 501, the coaxial cable 502 is connected

© . to the antenna element 100. With this, the electricity can be




to the antenna elenment 100. Wth this, the electricity can be 17 supplied
fromthe coaxial cable 502 to the antenna el enent 200. Then, the switch 203
of the antenna elenment 200 is turned on (step S707 in FIG 3) . Thus, when
the electricity is supplied fromthe coaxial cable 502, the antenna

el ement 200 becones. 5 capabl e of resonatiron. Meanwhile, the switch 103 of
the antenna elenent 100 is turned off to cut the |oop electrically (step
S708 in FIG 3). Thus, the antenna el enent 100 becones incapable of
resonation. Through the RF (radio frequency) signals inputted from 10 the

coaxi al connechpl i 58FrdnenaBbERNR ehBIBM02200 HhRsANales « Ptk A pBENetic

field is generated therein, thereby booting up reading/witing action with

respect to the RFIThd0s8h84wit98 20(B6LRhS7ON end el BhEn€ 286,14 BAERHS NO
resonant phenonenon generated in the antenna el enent 100, so that

readi ng/ w i t bng stepa®tdoin ®EEGh 31 espetis, tehdrheh&KELBet apsi19lis sQBptiese to
the antenna elenent 100 is not booted up. Depending on the intensity of

t he nagneticffb@Iﬂh@ehénaﬁédCEhleHﬁﬂanﬁéﬁnanébenenelQQQNiWMénbebbmes
intensity is weak), boot-up of reading/witing action with .respect to the
RFI D tag 94 6#P% Rlﬁlr|951089519m aMdagshbhonghelseri20h REOBDf tigsavteseat o t he
antenna el ement 200 may not be carried out due to the distance. Therefore,
it is possi b%ewfffh %% ienbothsfe Rttt bo bt s leerderpiaiicelAy 42E$BNn with
respect tot FLD %ggs 33 97 and the RFID tags.94, 95 which are stored
in the storag spale titiohed ' h%n%‘?ﬂréann% retent L 1pBcoDDY

through incapable ©f resconation.
Through the RF (radio frequency) signals inputted from
- 10 the coaxial connector 503, the antenna element 200 resonates
and a magnetic field is generated therein, thereby booting up
reading/writing action with respect to the RFID tags 94 — 99
{(step S709). In this case, there is no resonant phenomenon
generated in the antenna element 100, so that reading/writing
16 action with respect to the RFID tags 91 - 93 close to the antenna
element 100 is not boqted up. Depending on the intensity of
- the magnetic field generated in the antenné element 200 (when
.the intensity is weak), boot-up of reading/writing action with
| respect to the RFID tag 94 or the RFID tags 94 and 95 among the

20 RFID tags close to the antenna element 200 may not be carried

out due to the distance.

Therefore, it is possible with the embodiment to boot up

. reading/writing action with respect to the RFID tags 96, 97 and
the RFID tags 94, 95 which are stored in the storage space
- 26 partitioned by the antenna elements. 100, 200 through

 selectively switching the antenna elements 100 and 200,




selectively swtching the antenna el enents 100 and 200. 18 1In the

enbodi nent, the switch 103 i's turned on to set the antenna el enent 100 to
be capabl e of resonation, and the switch 203 is turned off to set the
antenna el enment 200 to be capable of non-resonation. Further, the switch
103 is turned off to 5 set the antenna glgenent 100 to be capabl e of
non-resonation, and the swtch 203 is turned on to set the antenna el enent
200 to be capable of resonance. The reason will be described bel ow. Wen
there is a resonant circuit that resonates with the sanme radio frequency,

the antenna el errents 00,2001 age. Lhe. 10 d-01L QUAgal a5ugS.c{ 1. There

is generated el ectromagnetic coupling between "the resonant cirtcuit, which

causes shift dnehhg J1R%RARNGR +§ BRALSHOY: d Beluding b BE, coupted STYEERM S0
that the magnetic field of sufficient intensity cannot be generated. 15

(2) The magnebicié itelrfedi St1 itbUsd©OR hieNakhfEnsP08mb St 2MAPLEst @Agable

unbal anced, so that boot-up of reading/witing action with respect to the
RFI D t ags whic€hnaneresvoridtdohef thiantherr,i ght sides casnos he-mer bermed
sufficiently. That is, in the case of FIG 1 or FIG 2, when the antenna

20 el enend 266ti sheaintteona ebsomantl 08t ab eoahidpablibec Anterma senemenh, 100 is
resonating or, inversely, when the antenna elenent 100 is set to a
resonant stafBdviHig éviheh &dtehndwinedent 2OGetsthe estrans rgiemeng a0 enna

el ement 100 and the antenna el ement 200 are el ectromagnetically coupled
and the resoh3REe~IRBYFHEFeFPNET e er fle gleashe widddareeapiked bsley- 205 is

. hen there is a resonant circuit that resonates with the
shifted due to th%
same radio frequency, the antenna elements 100 and 200 face the

10 following issues.

(1) There is generated electrbmagnetic coupling between
the resonant circuit, which causes shift in the resonance
frequency inclqding the coupled system so that the magnetic
field of sufficient intensity cannot be generated.

15 (2} The magnetic field distribution in the space is
changed and unbalanced, so that boot-up of reading/writing
action with respect to the RFID tags which are on the left and
right sides cannot be performed sufficiently.

That is, in the case of FIG. 1 or FIG. 2, when the antenna

20 element 200 is set to a resonant state while the antenna element
100 is resonating or, ihversely, when the antenna element 100
is set to a resonént state while the antenna element 200 is
resonating, the antenna element 100 and the antenna element 200
are electromagnetically coupled and the resonance freguency in

26 terms of the coaxial cable 105 or 205 is shifted due to the

influence of the mutual inductance by caused the coupling. As




i nfluence of the nutual inductance by caused the coupling. As 19 a result,
the antenna el enent 100 or 200 cannot convert the RF signals to a
sufficiently large magnetic field. Further, the generated nagnetic fields
are concentrated between the antenna el enent 100 and the antenna el enent
200, 5- and it is hard to be distributgd on the left and right sides and
the periphery of the antenna el enents 100, 200. Thus, it is not possible
to boot up a sufficient reading/witing action wth respect to the RFID
tags which are on both sides of the antenna elenents 100 and 200.

Therefore, withoLbe pft%% ejn%aeQPQrQér?E%U éh%'o% L300 'o%f&%egf”c‘%{eak?d in

t he operation due t0 ectronagne i'c coupling o urality o

antenna el emengaai1thad Ar dAieykAed, fﬂ:&éﬁ%@ﬁhl@l&a §eﬂh.aced densely. Thus,
the operation'state of each antenna el ement for a arge nunber of densely

placed RFID tags canrtRrsetha@ycnleabestndgnrdiiti ple1dd atberalientipredi ng the
recognition rate of the RFIDtags. FIG 4 is a perspective view for

showi ng the sehesahithe shtuahdr€lafert COUMBLH thhdTARBGhNEY Eldredita 2aocor di ng
to a nodification exanple of FIG 1, in which books and docunents are
used as the eodnmbdiis hpedi fo ha dilse rébbodd nenttishawiti an@ Qi@ sddetshree

| oop-type antenna el enents 100, 200, 300 are disposed to the bookshelf 500
at a const angnfinths welriphearicd theadhesnnk0sleposts IFV,f 8P 0supivg, ngt
electricity to each of the antenna elenments 100, 200, 300 are connected to
the coaxi al 1&dMtergodikln sagrr Ebax sl eeh rseding fvhii g eRE1eBaxi al

25 connect or 503 i s added.
h respect to the RFID tags which are on both sides of the

antenna elements 100 and 200. Therefore, with the present
10 embodiment, there is no loss generated in the operation due to
the electromagnetic coupling of a plurality of antenna elements
that are provided for the RFID tags placed densely. Thus, the
operation state of each antenna element for a large number of
densely placed RFID tags can be set as the best condition,
16 thereby improving the recognition rate of the RFID tags.
FIG. 4 is a perspective view for showing the schematic
structure of a commodity managing antenna according to a
modification example of FIG. 1, in which books and documents
are used as the commodity media. In the embodiment shown in
20 FIG. 4, three loop-type antenna elements 100, 200, 300 are.
disposed to the bookshelf 500 at a constant interval, coaxial
cables 105, 205, 305 for supplying electricity to each cf the
antenna elements 100, 200, 300 are connected to the ceaxial
cable 502 through a coaxial switch 504, to which the coaxial
256 connector 503 is added.

'The antenna elements 100 and 200 are in the structure as




The antenna el enents 100 and 200 are in the structure as 20 descri bed
above. Further, the antenna el enent 300 al so has the sane structure as
that of the antenna elenents 100 and 200. The outer franme is constituted
with a case made of a dielectric material such as plastic, and a | oop-type
conductor 301, a 5 capacitor 302, a sw bgh 303, and a feed conductor 304
are arranged therein, which are connected in the sane manner as the case
of the antenna el enents 100 and 200. The coaxi al cables 105, 205, 305 for
supplying the electricity to the antenna elenents 100, 200, 300 are

connect ed toglatgﬁrf@@a‘iaﬁlavéw tﬁpgﬁggzJc%esé&%‘e&nﬁaélgﬂ&toéoé@%g%?rge{set?hga” be

sel ected, an e coaxi al cab is connected to the coaxi swtch

504. Throughsthe ReLaLkoR Ofndiher ¢RRX A ot L EOnSD4 16H8naCRRXI akngabl e
502 can be connected selectively to one of the coaxial cables 105, 205,

and 305. 15 bhtés Passd hlse cwhbhitheerbedi reRhsshauie idr Bl Giedeborbeot up
reading/ witing actions of ninety RFID tags that are placed densely at an

interval of aboatifll Reochivken dlhseecansaedna ebepenise odnddctbe BFipoaer of
4W ar e di sposed at an interval of about 25 cmat 13.56 MHz, for exanple.
20 Referrd ngctpadEHt@r 43043,hea casiechf 3981t iahidor Mpedheocstiorage 38pageeby t he
three antenna el enents is described. However, it is not limted to that
case. |n generwangechehevtiowivhich stneucennectsl ahddiepoanrs bpanef Bs phe
plurality of Ioop-tyge antenna elenents are 25 connected in _parallel;
case of the antenna elements 100 and 200. The coaxial cables
105, 205, 305 for supplying the electricity to the antenna
elements 100, 200, 300 are connected to the coaxial switch 504
- 10 such that one of the cables can be selected, and the coaxial
cable 502 is connected to the coaxial switch 504.
Through the operation of the coaxial switch 504, the
coaxial cable 502 can be connected selectively to one of the
coaxial cables 105, 205, and 305.
15 It is possible with the embodiment shown in FIG. 4 to boot
up reading/writing actions of ninety RFID tags that are placed
densely at an interval of about 8 mm, when three antenna elements
with the RF power of 4W are disposed at an interval of about
25 cm at 13.56 MHz, for example.
20 Referring to FIG. 4, the case of partitioning the storage
space by the three antenna elements is described. However, it
is not limited to that case. In 'general, the followilng
structure is alsc possible.
(1) A plurality of loop-type antenna elements are

25 connected in parallel;

{(2) The loop-type antenna elements are switched as




(2) The | oop-type antenna el enents are switched as 21 necessary; (3) The
| oop of the unused | oop-type antenna elenent is cut electrically; and (4)
The resonance frequency of the |oop-type antenna 5 elenents to be used is
adjusted to resonate when the RFID tags to be used are densely provided.
In this manner, the plurality of antennaiel enents disposed to boot up
reading/ witing actions with respect to a |arge nunber of RFID tags are
operated in order. For not 10 generating resonation, the switches of the
ot her antennas are turned off when one of the antenna elenments is in
action, so thatsthe,pther antenna element is not electrically coupled.
Wth this, operation state of each antenna el enent can be set as the best

condition. 15 FI G (3) ithea1 H8 SpeEhd UGV b - SHWREhNE SICheRt g
structure of a commodity nmanagi ng ant enna accordﬁng to a nodification
exanpl e of FkGt 2ledtwmddlak;besks and docunments are used as the commodity
media. In the enbodi nent shown in FIG- 5, spacers 600 are di sposed on the
i nner sides of  bot Mertle 2@sohahbe boefshetfy &OO:hellergpagee 6OBehsaf or med
with a dielectric material such as plastic, paper material, nonnetal

mat eri al 5 suehemsntoam hg ysekyss wdjhsterd o neswaghetitenrhberdEID t¥en t he
bookshelf 500 is formed with a nagnetic material such as netal or iron,
boot - up of r BadPhgiSRY tHuegdaesebin Raideds respect to the RFID tags pl aced

on the both ends of the bookshelf )
In this manner, the plurality of antenna elements

disposed to boot up reading/writing actions with respect to a
large number of RFID tags are operated in order. For not
10 generating resonation, the switches of the other antennas are
turned off when one of the antenna elements is in action, so
-that the other antenna element is not electrically coupled.
With this, operation state of each antenna element can be set
as the best condition.

15 FIG. 5 is a perspective view for showing the schematic
- structure of a commodity managing antenna according to a
. modification example of FIG. 2, in which books and documents
are used as the commodity media. In the embodiment shown in
FIGT“S, spacers 600 are disposed on the inner sides of both ends
20 of thebookshelf 500. The spacer 600 is formedwitha dielectric
~material such as plastic, paper material, nonmetal material

© such as foaming polystyrol, or a nonmagnetic material.
When the bookshelf 500 is formed with a magnetic material
such as metal or iron, boot-up of reading/writing action with
25 . respect to the RFID tags placed on the both ends of the bookshelf

500 may become difficult.




500 may becone difficult. 22 1In the enbodi nent showmn in FIG 5, the
spacers 600.are provided for easing the influence of the material that
constitutes the bookshelf 500. FIG 6 is a perspective view for show ng
anot her exanple 5 of the inner structure which corresponds to the antenna
elements 100, 200, and 300 of FIG 1, BpG 2, and FIG 4. An antenna

el ement 400 shown in FIG 6 corresponds to the antenna el enents 100, 200,
and 300 shown in FIG 1, FIG 2, and FIG 4. The antenna el enent 400 shown
in FIG 6 is in a structure 10 in which a capacitor 402 is inserted in

series to the m ddje pQf eﬂb&&%ﬁc PRt YR&ONQUCE L 401..,ang08 diode 403

is inserted in series as wel That is, the switches 1 3, 203, and 303 in

FIG 1, FIG p2ovaash FirGr ‘lea%rl%g(:h@‘ﬂegegn?ﬁlérh?e swkt ghes Mstdgiaia ghode. 15

Further, a feed conductor 404 i's connected to an arbitrary position of a

| oop- type condust brutd¥l thehbebklse T sgpased in parallel to the | oop-type
conductor 401 with a proper distance and connected to the coaxial central
conduct or of a codXi@l ¢ icablmeARectlinethiear €aseshdiagcamxiladr enb@ple
conductor of the 20 coaxial cable 405 is connected to the | oop-type
conduct or?  Farthkeimmerest fumt ugienpliichyd iy espendsricut e efitéhea blasetts rent ,
a diode 403 . is inserted to the | oop-type conductor 401 at the position
bet ween the pBPnt&’Uherd #H@ ¢hdical leehtFal2 .conduEicr 4 andnt ABtew2XI al

outer conductor of the coaxial cable 405 are 25 connected to_the |oop-type
conductcw 4Oglement 400 shown in FIG. 6 corresponds to the antenna elements

160, 200, and 300 shown in FIG. 1, FIG. 2, and FIG. 4.
The antenna element 400 shown in FIG. 6 is in a structure

10 in which a capacitor 402 is inserted in series to the middle
of a closed loop~type conductor 401, and a diode 403 is inserted
in series as well. That is, the switches 103, 203, and 303 in
FIG. 1, FIG. 2, and FIG. 4 are changed to the switches using
a diode.

15 Further, a feed conductor 404 is connected to an arbitrary
position of a loop-type conductor 401, which is disposed in
parallel to the loop-type conductor 401 with a proper distance
and connected to the coaxial central conductor of a coaxial
cable 405. In this case, the coaxial outer conductor of the

20 coaxial cable 405 is connected to the loop-type conductor.
Furthermore, for simplifying the circuit of the bias current,
a diode 403 is inserted to the loop-type conductof 401 at the
position between the points where the coaxial central conductor
and the ccaxial outer conductor of the coaxial cable 405 are
26 connected to the loop-type conductor 401.

A bias tee 450 for applying a direct current to turn on




A bias tee 450 for applying a direct current to turn on 23 or off the
diode 403 in terns of radio frequency is connected to the other end of the
coaxi al cable 405. A coil 451 is connected between the coaxial central
conductor and a bias termnal 453 to apply the bias voltage. A capacitor
452 is for 5 preventing the bias currenggfrom flowing to the opposite side
via the coaxial central conductor. For the coaxial sw tches 501 and 504 in
FIG 1, FIG 2, and FIG 4, it is also possible to use diode switch
circuits and solid-state switches which are available on the market. 10

The present Lavsht i hasabepn deserbiied DYl SuingnLo 14 e sasecal using

t he books and docunents as ense ace |ch t he

RFID tags ar %oaﬁzﬁécggger l‘QM\@ng thé tcé i qt éa'bmet %@St 0 Ahéglfa@?l I e
present invention can also be applied to the coomodity nedia such as CDs,

DVD nedi a, ckehhested It phaduehsiahishale &inedodensgl ¥ pnashel ves.
24 VWHAT IS CLAIMED I'S: 1. A commodity managi ng antenna for booting up

readi ng/ wri t tegmaedl aB3wid Appegpeetbias RELDagags ratipediathrt 952 cenmedi ty
media, conprising: a plurality of |oop-type antenna el ements which resonate
5 wth a supptyvaitigletheilcidy cuandnswitceh€sowidi@rtel hhé hgdoedpet ypde ant enna
el ements are provided at positions to partition a storage space where the
commodi ty nedia Hre costxdpddcennral conductor.

For the coaxial switches 501 and 504 in FIG. 1, FIG. 2,
and FIG. 4, it is also possible to use diode switch circuits
and solid-state switches which are available on the market.

10 The present invention has been described by referring to
the case ¢f using the books and documents as the densely placed
commodity media to which the RFID tags are attached. However,
it is not limited to that case. The present invention can also
be applied to the commodity media such as CDs, DVDmedia, clothes,

15 food preducts, which are stored densely on shelves.




the switches control the supply of electricity to the 10 |oop-type antenna

el ements. 2. The comodity nmanagi ng antenna as clainmed in claiml1, wherein
.each of the |oop-type antenna el enents conprises a swtch for

di sconnecting its loop. 3. The commobdity managi ng antenna as clained in
claims 1 or 2, wherein a resonance freddency that allows the antenna
elenments to resonate is a frequency that is adjusted to resonate under a
state where the RFID tags attached to the cormodity nedia 5 to be stored
are densely placed. 4. The commodity managi ng antenna as clainmed in any one

of clainms 1t VT WAl cers are provided on inner sides of both
ends of. a sﬁg?% t a?iﬁ% %?ﬁ%d with a magnetic material; 25 and the

spacers are formed with at | east one of materials 5 selected froma
dielectric material, a nonnetal material, and a nonmagnetic nmaterial. 5.

The commodity managj ngs arH@MRA18 ChaidBBthd N a6k@hAk 2, foMhefRitngasuphe
swtch of the antenna elenent, a diode 1s inserted to the |oop at a

posi tion bet weedipglnt st wheretaoscaimlrespaotrad rramdualeraandhadceaxi al
outer conductor of a coaxial 5 cable which supplies electricity are
connect ed t ocbthmwodlbop, mexhich, tthapeissngrovi ded a bias tee that is
constituted with a coil for applying a bias voltage to the coaxial centra
conductor of the &paxiralitablfel cord tapeapduinrer eiemerpreventh mgsthatadded
bias voltage frombeing flown to an opposite side of the |oop. 6. A
comuodi t y? nalagf iy SRRh&csheFbr igidtHo@ntopwitches, wherein

the loop-type antenna elements are provided at positions
to partition a storage space where the commodity media are
stored, and

the switches control the supply of electricity to the

10 loop-type antenna elements,

2. The commodity managing antenna as claimed in c¢laim 1,
wherein each of the loop-type antenna elements comprises a

switch for disconnecting its loop.

3. The commodity managing antenna as claimed in claims
1l or 2, wherein a resonance frequency that allows the antenna
elements to resonate is a frequency that is adjusted to resonate
_under a state where the RFID tags attached to the commodity media

5 to be stored are densely placed.

4. The commodity managing antenna as claimed in any one
of claims 1 to 3, wherein: spacers are provided on inner sides

of both ends of a shelf that is formed with a magnetic material;




booting up reading/witing action with respect to RFID tags attached to
commodity nedia,- conprising the steps of: selectively supplying electricity
to one of a plurality 5 -of |oop-type antenna el enents that are arranged
in parallel at a.constant interval in a storage space where the commodity
media are placed; and when electricity gs5s supplied selectively to one of
the plurality of antenna el enents, |oops of other antenna elenents 10
than the antenna el enent to which the electricity is selectively supplied
are electrically disconnected so that the other antenna el enents becone

non-resonant .and the spacers are formed with at least one of materials
5 selected from a dielectric material, a nonmetal material, and

a nonmagnetic material.

5. The commodity managing antenna as claimed in claim 2,
wherein, as the switch of the antenna element, a diode is
inserted to the loop at a position between points where a coaxial
central conductor and a coaxial outer conductor of a coaxial

5 - cable which supplies electricity are connected to the loop, and
there is provided a bias tee that is constituted with a coil
for applying a bias voltage to the coaxial central conductor
of the coaxial cable and a capacitor for preventing the added

bias voltage from being flown to an opposite side of the loop.

6. A commodity managing antenna control method for
booting up reading/writing action with respect to RFID tags
attached to commodity media, comprising the steps of:

selectively supplying electricity to one of a plurality

5 of loop-type antenna elements that are arranged in parallel at

a.constant interval in a storage space where the commodity media

are placed; and
-when electricity is supplied selectively to one of the
plurality of antenna elements, loops of other antenna elements
10 - than the antenna element to which the electricity is selectively
supplied are electrically disconnected so that the other

cantenna elements become non-resonant.




