;e3e/, $: B86nT513 FEB 2003 RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS

APPLI| CATI ONS | NCORPORATI ON BY REFERENCE ‘Thi s patent application cl afl fbsf EB 2003
priority fromU. S. application serial nunber 091134, 688, fil eded August 14)
1998 with the sane title) which was assigned to the assignee of the present
invention) and the contents of which is [p_cor porated by reference herein.
TECHNI CAL FI ELD The invention relates to applications for radi o frequency

identification (RFID) systens) _and parti cul arlﬁ to.the ube:mof such systens
inlibraries. BACKGRONR&DHMER NG B NIIAICATIQANe survei | 1 ance

("LAS") systens detect the pr I i c devices placed on
or in an article or carried bmmgﬁgﬂmﬁéﬁigﬁgand are often used in
retail or library environnents to deter theft or other unauthorized renoval
of articles. i , .eh ommonly known as tags or narkers,
have in the I B %Eﬁiﬁtﬁgti on regarding the presence of an
item This informeghingeremn dbslicheornbiiaispeidribyreh BcS. applicaibh yerlahb@hbergat i ng
the tag, either interpittently or continuously, AE‘ | east four distinct

W

types of EAS QL1488 higd dugysidelPo8wath the gamediiles whishauas 2sHemap tsi s
interrogatio Cahyd : netsl RN , 0 frequency
(R, and m craierast iy P R e R R R ot e ¢ he

hi ghest | evel refdrersebemeinty i n nost applications. Magnetic tags are easily

hi dden in or on an object) difficult to detect (because they are |ess
susceptible to shielding, bending, and pressure), and easy to deactivate
and reactivaterCcHRBCADFIBLDVI di ng a hi gh degree of security and sone
information regarding the status of the taned, article. Many users_of EAS
systens desire to Kionvenbipa relaesiojapplicajipes lRerediy fregygray identdsanandREI s ent |
They al so wan Kk I t } i for exanple.

Detail ed inf oéryﬁ%ﬁsb%]mwg\é{?ru &blﬁdggﬁgggﬁgirugg%gr{ﬁsﬁ f‘ ggﬁgg‘es'obj ects, such as
their date of manufacture, inventory status, and owner have generally been
communi cat ed BACKGROENEHORAHE INGENKIDNM ont rol systens t hrough an opti cal
bar code. While *166166* *@E00002*.,, 13, W9 2003, ir ensi ve and

of fective, the. opt FEAroMEIERaR syarseh FAS duftens o PRI RERBIE B codes
must be vi si béiectromiy ddvidek plat@ drhér ih af akiclens chrfied\by & peisbeyf yeshanphaced,
and bar codes g¢an easil obscured, either acci dentl %I%th i ntenti oral |y

.be
The range at WRFLHCLAEIATY PR EABENS OB NP I RRUBOESHBEPAR! vel y
smal | . The bapf gaeles. Mes@biefciavBich freRBmARIAYIRLIVATE kags PP fiatkePd) 85kel iR khe
detection Al so) because bar codes are often exposed to pernt detection,
the barcode i Bassgauaped enleinformpsinmereatding the ai¢senes f 4n itgm.ddhisénfpametioni | ur es.
Last !y, mul ti phiq bl GOEnBY5) RErARFIAEMo AR b 1, HAE indBEREuRQRS ral nt s
of bar code systens make them undesirabl e or” inefficient for sone
appl i cati ons, cemiphousdy. ndr ledsh fpur idistingtyynes f BAMsy eemelbavstevglved peas theareris,
identificatio | so_known radi o f ney. i dentificati r..RE
t echni ques hag%égggﬁoggﬁél'%gé%aﬁ gn g’éﬁéaggésjoe? q'emﬁq’?n{']{’é{'éggglg m%?h aobctaﬁééad%
bar codes. RFI Peqysite(RF)handemizuoeaed Od these foug\maghail sysjessthavamiotidéd tat i on
and tracking) but ?re ((Pj{efi cient in Erovi,di ng, obj ect securi.ty.?b cause nost
RFI D syst ens bisbrs el SEPEHY EhEGS ARPIFaEOTS: MagRpEc aYATE SRR I WP t he
tag i s easilyaflgbat &fhiculing deREbéda¥sedREy 41k RRECs@DBHBRI 131sHidIdMel Berlafhl O
frequency tags arises because they can be "shiel ded" by, for exanple)
covering the eedypigbsure).aand£aty ordeadtiyaierndraaetivate, dereby dnoyidiagiahightdegree®§ i n a
book. Even ba Y- .o f y ed, al though
their range iéécghyeﬁa\grg%gnrg%ﬁ%%l?ir%%mggﬁ% g%g‘g%g%tﬁgﬁfi?bﬁﬂ( Thus, objects
tagged wth an RFID tag may escape detection, either inadvertently or

intentionally. Thi reat | uces their effectiveness as securit

dovi ces. RFI D mar kb Gits B E8S SEiena diSirt o knairport S0 BusP Bepelte anc
contact| ess sgBjet: i predént NAUEy ARPRAIS khdw GRINRIGERbbjRRAS preddnt FBSexa iR t
cards tend to_be associated with a specific person rather than with a

tagged obj ect Detailsginomeation separding te chueaipistigs efifdiacasuahrrg their dareols mar t
card (or of t%nﬂﬁ%ﬁ%imw ngk,_ta)xdal}vﬁeﬁ{a% gaa'émhgb\%mé}gwp@s#gé d above

for RFID markers. e security ’'issues assoCl ate rkers are
simlar to thesenfaedihandlingtandznyorieyséns thesighan bprecabbar cofie.r Wibile f r equency-

and m crowave- based EAS tags. Substantial effort has been expended in
attenpts to renedy the deficiencies of radio frequency mmmmmve- based
LAS tag one has substantially inproved thea\“\m “ e as
securi ti@l“j@ﬂ@ﬁlﬂ.@@l“ﬁat ent No. 5,517,195 (Harlow et al.), enfitded "Dual
Frequen AL th Deactivation Coil," describes a dual frequency




1Y, -3 mcrowave EAS tag that includes an antenna circuit having a %‘Em[ﬁ)
and a deactivation circuit. The deactivation circuit responds to ald 3
energy altematine magnetic field by inducing a voltage in the diode of the
antenna circuit so as to disable the diode and the antenna, thereby
deactivating the tag. Al though useful for sone applications, the

capaci tor-based tae disclosed in Narl ow2et al. may |eak el ectri cal charge
over time, which could cause the tag to becone activated unintentionally.
13 FEB 2003inBgetheivé aeigifedye, BiSofragshao toddwy steypas dersil bmaakidns. BaS.  Pat ent

No. 4,745, 401 (Montean ncl ude a. nasne el enent netic
el enent al t?—f}d§sg e ttel}’r‘lfi‘ﬁﬁ ‘64“‘3% H@*&Sé@f \RFASIQN {0 ‘ﬁ&ﬁﬂ&éﬁ‘%&%’%f@ ﬁgﬁet: zed

by an accesgpiey c4ukitFbe GiduledesiglY adldemkfy Bhﬁtanasmxyf TREWRREY: Wigeppnse of
the tag. Al though these tags have a certain utili they still do not

address t heddtemoreagn génse tivdrie sadsisalse |cwpanuvqlx:1@mli leteahar epde maydils® fr equency

ol udi ng MERaRS PEAMERERLT 834057 HRIFARRL RS, Fraltagte i AETRER o
5, 5Gb, 846) , expexaitolpeahit derentios, (r&emrdddsxseascepnbluwm&eEyaBdaTn,rEBﬂk iand

5,541,604), MKkro hi i ps Sem conductors, Single Chip Syste see U. S
Pat ent Nunbé‘?‘%c“z?"zjﬁ‘ ’S‘o% W?@@"BQ&C"’B %Eb%%’?ge%e%’é 4% meaﬁgé 407, 851 ),

CSIR (see EpgRRgan doemRetydmbafage ehIthdddhbRdr ikkfhddm Ikont; 0 S98 G24
Al; and 0 615 285 A2)) 1BM {(see U.S. Patent Nunbers 5, S28,222; 5, S50, 547,

5,521, Q01; sprlicBi@B2suth 3y nagking Beragonedid i ¢ El ectronics (see U. S Patent No.
5,625,341). These tags all attenpt to provide renote identification wthout
the need for a battery. They operate at frequencies ranging from 125 ICl -1z
to 2.4S GHz. TheMmevweeertiye gleemsnic idegsiidatiod PBsddownans eadimfiequzhel y resi st ant

banow dt n COETRSHIT & NI Jar ot V8 pE e o isdEaptel s

general |y opgiicl Bare@ddsalblrm g@{emm@as@ceddegheprba.gmgs:bjem idesificafi®r dandgat i on
zone at a tine. The tend toé(s)e relativel y bul ky angd__gi enswe to

manuf act ur e raghing;oy “F’r?%&'tiéﬂ@f%’ ing PRIBt SERUFYY E%calsse“m ez, and
2.45 GHiz), E&a@qgﬂqmef\’!n‘éu‘(ﬂ%-ﬂzﬁm EoNAP inRGHiER he @k i Bﬁus;l%vﬁh:@ament of

systens which can reliably process multiple tags in the interrogation zone
in a short pJaeiseryrins deficipacy Fyspsiajed Withgpdip figasency s afgss begase heveande

app! i cat | ons o Aqasdlyl kbkam e erihil e LMW HR T hEREoAiniR SR R-GE Of Deing
relatively inexpensi've to therefore nore attractive to a
cust omer . H(m)aemgrthe tages e bholy hEvenf tragenyeomser atiorailiodrequdnay tags onay de ploglgediegr ees

the 13 FER.ZA0R SHPRRPE LRLLLLY 58,80k A o AGHSRAL oFhlcfyeis), hey

cannot pr owad securl in certarn I cati ons,
such as a Iltkggadwdﬁranmﬂmaag maegmapeddesmsst}mmnad\temhmudndnlteeumiaﬁﬁr t hat

there are a 'ﬂ'\xs greaﬂv rfeduces their effectiveness as security devices. RFID markers are also
related to “smart cards ” Both contact and contactless smart cards have appeared in
commercial applications. Smart cards tend to be associated with a specific person
rather than with a tagged object. Issues related to the security and tracking of the smart
card (or of the person carrying it) are similar to those discussed above for RFID

markers.

The security issues associated with RFID markers are similar to those familiar
to anyone skilled in the art of radio frequency- and microwave-based EAS tags.
Substantial effort has been expended in attempts 1o remedy the deficiencies of radio
frequency- and microwave-based EAS 1ags. However, none has substantially improved
their performance as security tags  U.S. Patent No. 5,517,195 (Narlow et al.), entitled

"Dual Frequency EAS Tag with Deactivation Coil,” describes a dual frequency



of the tagged itemis inportant. For exanpl &, 'PCT Publication WO 99/10h

publ i shed February 4) 1999 and assi gned to Checkpoint Systens, |ne.)
describes an inventory systemusing articles with RFi D tags. The preferred
enbodi ment described therein contenplates the use of RFID tags in library
materials, which may then 6e checked oWt autonmaticall y by interrogating the
RFID tag to determine the identify of the material. However, a nunber of

i nport ant orcrpeaive BASdag they iaelydesan enteena ¢irppsrheving afdindet sndresdeaetivation t hat ar e
not descri bed .or.suggested i.n the " 660 pyblication, RY OF

RVENTY O ey TRAREN e ees rapttide BIav bt Mempetidnt Ty

handhel d Riblddchgwivofage RNbe @D 61aRd ARdhalfcirenis ks 10@ishisie she dibee: Mevheces and
applications may be used in .connection with itens that are associated with
an RFI D t agMeand tsptaysieast¥pting e digetA thossl wiefitl yorsomeenplicatippe tdevi ces and
appl i cati ongyake:GReE tdeL108d i NeAoW & |, May'|EIENERTEI Eifhrdd Nepfitemat eri al s
such as books, periodicals, and magnetic and optical nedia. O her

appl i cat i orvhi¢hagouicheauge thedam tojbpsoarrt dematad unialesvongHyi si oned. BRI EF
DES~RTPT10N OF THE DRAWINGS The present invention is described in greater
detail with reference to the attached Figures, in which |ike nunbers
represent |ike RadiecfrequendytAdtiglhoof the heesiescirsed ini.8vRateraiNb. B/T4M0kh t ags;
Figures 1 nd 1B ar.e ﬁqggnatic.illustrq%ions of ﬁadio (re uency

i denti fi catMApteEn §t#'a 1nclpde 2magnguc plement ¢ hg magpelis FEme alters e W of aqi o
frequency iHenigivities M Ha@Bedre@hitalily Sdpferi3ed By @n 8&BAERL devick Odhduh&wbyof a

conmbi nation tag; Figure 4 is a block diagramof an ItFID interrogation
system i nt éa*%&fﬁitbfgaauotfrpqawcmsaortsa@,f the 1383 Although ipemtags hpjeq pegainsy 6) 7,

and 8 are 1| tid st Rt 2fPEP ALk Ao Al5n R SRLAY Whd ik rtiRCation,

applications for ItFID tags in various environnments in which the ident %%3003

Radio frequency identification technology has been developed by a number of
companies, including Motorola/Indala (see U.S. Patent Numbers 5,378,880 and
5,565,846), Texas Instruments (see U.S Patent Numbers 5,347,280 and 5,541,604),
Mikron/Philips Semiconductors, Single Chip Systems (see U.S. Patent Numbers
4,442,507, 4,796,074; 5,095,362, 5,296,722; and 5,407,851), CSIR (see European
document numbers 0 494 114 A2; 0 585 132 Al; 0 598 624 Al and 0 615 285 A2),
IBM (see U.S. Patent Numbers 5,528,222; 5,550,547, 5,521,601, and 5,682,143), and
Sensormatic Electronics (see U.S Patent No. 5,625,341). These tags all attempt to
provide remote identification without the need for a battery. They operate at
frequencies ranging from 125 KHz to 2.45 GHz. The lower frequency tags ( ~125
KHz) are moderately resistant to shielding, but have only limited radio frequency
functionality due to bandwidth constraints. In particular, systems based on these
markers generally operate reliably only when a single tag is in the interrogation zone at
atime. They also tend to be relatively bulky and expensive to manufacture. At higher
frequencies, (typically 13.56 MHz, 915 MHz, and 2.45 GHz), the added bandwidth
available has permitted the development of systems which can reliably process multiple
tags in the interrogation zone in a short period of time. This is highly desirable for
many product applications In addition, some of the tag designs hold the promise of
being relatively inexpensive to manufacture and therefore more attractive to a

customer. However, these higher frequency devices share to varying degrees the



present invention; and Figures 9) 10, 1 |, 12) 13) 14, 15, 1 § 17, éEQ%OM
18B, 19A, and 19B are illustrations of various enbodi nents of the ﬂr Z

i nvention. DETATL, ED DESCRI PTI ON OF THE TNVENTI ON The enbodi nents of the
present invention described herein nmake use of RFID tags, and preferably of
conbi nati on RFI DI magnetic security tags. Tags of this type were discl osed
in US. Application Serial Nunber 09/ 093, 120, filed June 8, 1998 and
entitled "ldentification Tag Wth Enhanced Security," which was assigned to
t he assi griessepfibilinetophiskiing disagsen erdiar aHsvidiey ¢aneerpsovids be high level ef ence
into the . I Is 0, j r application clains
priority.%%§%%?§?+%§ﬂﬁé§§?%%}ﬂ%ﬁagﬁﬁ%ﬁgﬁﬁﬁéﬁ§§| , RF1D, and conbi nati on
tags used in conjunction with the enbodi nents of the present invention is

described in Section |, belo and th odijtnents of the present
Tt on e tiram Geforpaatiiciaten, b Fos A Dagcet B thire oise Aber of Ta0s and-
a ments FopskiseioWd tdt @mqs’gmp&r&u@fw&ihﬁn@h@ﬁﬁ%ichny&aaﬂxﬁﬁoﬁhlé@&gtl&ed with

the enbodi nents of the invention described in Section I, below, may
i ncor por atigmbistimpopprscFof ekermplef PEAPublhcaaina WP PREE 66 peldishied epryany 4, si ngl e

devi e Theyonrgh etably | RELYES, AL ELSTEAL LhAbe) 5 iHESBRNSINE, LGy maONet i C

t
i nt errogat’i"oh“si gnat, nt that 1's responsiv
frequency aridley with RADNagi Fheaprefdrred @mbodintendideseritied thdnein contemplates the
magnetical | y-r nsi ve. el enent .al sq.provides the antenna for. the radio
fr equency-"r%?ﬁg_i%s&%gsél‘ Librapy matgginls.¢ mpy Bh%&F@E"d&’éﬁ%‘f’f“FﬁcaﬁlH Ycont ext
of the preaRRLhMEMRE REM 1doN8lebAGnELIRTBMIAPEOYE feRrbiNi/lvhdvey Bl €
i nformation whén subjectedto an appropriate interrogation field. Tile
i ndi vi dual numbemehinpertast efaiesirabirdibranyros othgeingantofydunaapsirempainghatesser i pt i on of
a conbi nat | , Wi 0 rent . the enbodi nents of the present
i nvention gsg(%}rc?%%éfﬁu%égéﬁ)lggheﬁ?&g‘gﬁgv@mﬁay i nclude either an RFID
el enent al one, or a conbination of an RFID el enent and a magnetic security
el enent . Aggﬁﬁﬁg§§ﬂ§§fﬂi%ﬁfgﬁﬁiﬂﬂiSiVe El ement The magnetical | y-responsive
el ement i s : w coercive force, high perneability
ferromagneti ¢ NMph&pilesdnt inveritibnaslaleNed REMLdvides Us@GHinghdnRelsRFPS 13 F E B
2003 WO 001 10122 PCTI CIS99/ 17857 -6 sold g%_the M nnesota M ni ng and
Manuf act ur $aYiFesorndaapyligniony for pieh deviggsn ids dewicesng appitfetionsiieaydResisghat i on
" TATTLE- TARE nnectidh @8th idnis tRst -arel 3ot WiiPgn RPID (MR d@lopASAYRl 1 €s, are
described in several patents assigned to 3M including U S ~Patent Nos.
5, 331, 3| 3 wrenttggEcurivy eRmeay Thg@eyifastand gppiicatimmsarpdeseriped avithqsagayilae f or ce,
hi gh permeghi | fierr [ ' A acku a.ni ckel /iron
al 1 oy)) an%%#%‘?‘ﬁéﬁ%f %%@gltségr%{%tﬁgég@hé?da%isé%gdh&%%%n%c’p%ggi | able from
t he Alli edSedimalOtompalisatiofs fobtheipstsemnnveltvonardelso ehrasidessli gnat i ons Met gl as
2705M and Met gl as 2714A. The nagneti cal |l y-responsi ve el ement may be either
single status or dual status, depending on the nature of the article with

whi ch t he BREPEMESCRATHON IOF BYE DRAYWENGSP! e, certain reference books in
libraries are ngt to be . renpved frqomthe Iibrarﬁ,\wﬁnd t hus a, singl e-status

(non- deact i vat agf‘é)’rﬁ%ﬁ]‘ﬁ’é’l"-m\%ﬂfs SCS&W\%@_QP’%‘F@&? é‘t’fﬁ"éf‘c%‘l?dhea book passed
Within an hidcBEd SRRdOM WiRAEkAufersdtbrefhe file SMERrABroRBRaR tel debdrdl ¥
materials or commercial goods, may require a dual -status marker assenbly)
so that wh¥wwshanddntwhithe has been properly processed the marker nay be
appropriately d LV t I ic tdnQ1af BYiot Lt eddnpgal,lqan source.
Dual status fungl?giQ' gﬁaﬁ?@ 1|Es)argéﬁh\eésr%raa}li;yﬁl{cs){r?ig)lvdlngedat ﬁrfgbﬁ% }'ﬁegnagg%ttqlgon of
sections ofaghi gher coercivity magnetic material in proximty to the |ow
coercivity mgn%’ig‘u&%tae{ch%aticaq .a%gs%rdlepi%gdi%eelnPWaarg o'fﬂﬂéé?)%%laet erson patent
ref erenced above. rialin maghe 2eE y-responsi ve el ements have the ability
to switch igguaftatonasgentation rapidly when passed through a | ow frequency
alternating magg_.etic field (50 Hz ,toréroo K-iz, for exanple), and to produce
a predet er ni ned FeRF 341 RIPEPINC 1PRYSHR@ OMRINHER 2B det ect ed by t he

recei ving coil s padurd4 Gef B8hOdiagrIR@r SNVRFED iMerrddafet {yeftnOhtetREnEWithehn,
assenbly is controlled by the hagneti zation state o6f the high coercive
force el em®iR)agir "keeper el enents." Wen these keeper el ements are
magneti zed, the ability of the marker to magnetically switch back and forth
within the alternating magnetic field of the interrogation zone is altered,
and the marker typically is not detected. Wen the keeper elenments are
demagneti zed, the marker can again performthe sw tching function) enabling
the interrogation source to detect the presence of the marker. The keeper

el enents may be provided in different ways, as is known in the art.




13 F E B 2003 The marker assenbly may al so i ncl ude adhesi ve on one o% ﬁ%tﬁl}
sides thereof, to enable the marker to be bonded to a book or other? 1003
article. The adhesive |l ayers) may be covered by a renovable liner) to
prevent adhesion of the marker to an uni ntended surface prior to
application to the intended surface. These and other features of the marker
assenbly are described in the U S. Patent Nos. 3,790,945 (Fearon))
5,083,112 (Piotrowski), and 5, 331,313 (Koning)). all referenced above.
Because | ow fr equEsies fagreand afedinstpgonsfof camBingygidagsaccendingtethet t o
shield from 1 : may be effectively used on a wide variety of

i tenms when sggéusrgrﬁé/\gﬁrsmrf‘%g%rtant. In addition, they nmay be deactivated and
reactivated nore Eouws® &ntlly)2, ¢dnpl, &, dicy]7,d84d, i Ehe@heatlid/19Bhae nmar ker s

enpl oyi ng. ot her EAS technol o Le ., maki them.nore suitable for use in
certain appl i‘lguasfr?‘écﬁ‘é Of ¥31toHS E\’g q"?’B’F%‘PPtQ‘? RREEP ™ YHIHS™ char acteristic is

hi ghly desirable. Ii. The Radi o Frequency- Responsive El enent RFmtags can
be either active r passi ve. An anti ve tag i ncorporates an additional

energy sourc IEEDRESCREIHQNOF THEIJNMVENTIEN constructi on. Thi's energy
source pernmts actd

( : X@mEiFExﬂ%{{?Q p?Js?rﬁtix“r‘veﬁﬂg'n Bcfsé‘r’i\a%g‘:hkre?{ &Ql?gusre%?pﬁ%ﬁ?e :
signals even in regions where the'interrogating radio frequency field is
weak, and t husgsamdgotfenablyRiFtombiagioaliF IDemdeneac tetrigtagy Skage of thisngpe

However) the rel atively rt Lifetinme t he imts_t usef ul
Fre" o the. tuge dbtiosn D16 Aprltoh stttk 0OB5 Pl e hne B85€ of ¢ he
tag. A passi\@uflaD 1datifvaintTig VeEghanbersedrity)’ Wwhveivad sitighedtd them t he
interrogating radio frequency field) and uses that energy to transmt
response codeassigneeobthglPAESEH 4R eREOR Mslovasaecrporated vy esierangsriawehe V.50 t he
interrogatin i: el I : j £.ef t he
reader antengagw.l&kijﬂﬁg%nﬁ]}g?%hr géééerﬁitagagncépgﬁf]?’nqg {}gilg.rl{)geé‘:gggsag&p%gg’:ﬁjﬁggt ags
are pref er r ecbfitir magnayc, RFPP. andtcoobinatiotheags esediim deyursfion wahdhscussi on wi | |
be confined tg.,thi I ag. Those L) kL, . h ver, wll
recogni ze thacgnqﬂgué"zeé’&to\?ﬁoﬁet@%sgé‘ 'g?' °'¥‘§§§S @%gljrldéggr%%&u%ggtb%ké&é’ agﬁgﬁt hat both
can be used wnitbdinhdnts dfnhvegntdcaninvdaios Asviicn stt Fordilin detdi) imSERivsilly Beloadi 0
frequency-responsi ve el ement 10 typically includes two conponents: an
inteerated circuit 12 and an antenna 14. The inteerated circuit provides

the primary igdent iflo¢aid ©EmEMOELI Ok With Hritlduskess SFolid Pragedr divedntionl 3 FEB 2003
g_circuitry to permanent|y store the tae identification and other

desi rabl e i nf or matA B8 usedwigh the embadignepis o dhesinveman Asrsribesciai Seedert Hom t he

i merroeation ta: ; ' d ' :

i nterroeator ,%‘gwg{ ?F%‘{’E‘?ﬁg@ﬁ%‘r &\%gggﬁ?\ﬁcﬁgégfﬂﬂ ér%&g‘é%%i:%tv lsw_? télggllet ing from
mul tipl e t oesdaviespdhedl prgferablyi include sreelement that pvsesnansveissl aymagysticonal |y, the

i ntegrated cirgui . PLOYI i i nf oF. i tored inits
menory (read/ '\;/\lfﬁy'ltog?%g)sé’g@%p%dsq%g’ Jtlglgfngs ﬂse%%lohg% ir?g r?%%ehg{hc n out (read
only). | ntegriateedgaioncigntls 1s un¢ ebbalidhent, ths enagnetichlfyl-Bspansivereteneanc hisale t hose

avail abl e from Texas | nstrt%megts ip their TIR.S or Tag-,llt | i ne of
product s), Phﬁ’rlc’?”(égs‘t F APLERaTPT Ipe tiﬁ*é%ffCWFP%Yr"éS%ﬂﬂ’aWHF‘F@gmr i & WM product s) ,
Mot or ol a/ | ndatrgspondiek” Fhéafi, @n BRicBneYiSIf eMSpre AP de bR Q& thel B8meRt RENIdes
eeonetry and properties depend on the desired operating frequency of the
RFI D portion @fellggide irdgrmapep whgm pdliested 0 a5 appappriass intgiggaugn) figld. FTI® t oes
woul d typi cal ..k I ! r.¢di pol e

nt enna 4a s ol et e B0 A e s o e shown
attached to ttmmbiziioo tég egual bgcores prpasiny ehe¢rairdmientOef thepfesgut myedtiin A

13.56 MHz (or ,siml,ar) RFI woul d use spir or _cojl, antenna 14b) as
Shon e s pedteet Ssatan ol A H eltBE sTrdRo BT Henkft HgRE OET Er g r e 2
I n either easembifiondf BNREITL&emefieng aphszntliesct@ily elememquency ener gy

radi ated by an interrogation source. This sibnal energy carries both power
and commands to the tag. The antenna enables the | Zh'-responsive elenent to

absorb energyAsgfhgmggmcaﬁ\QRQ%gvg Q%n{ggl chip and thereby provide the
response to be detec : us € characteristics of the antenna nust be

mat ched to the sysThemignendaligiresponsige ¢lemontpoprafesably made dfa lowsmernsivet ags

operating in the Hi h Mz, t. F—iz range, the.nost inpportant characteristic
is the antenna t% ﬁ'ﬁlﬁ’FrWB’?’gva efrﬁf"agrheg'cé?a;weréatl‘is\?é] z|wedr;1reg teggl ‘ése%f"ptgFétngﬁtenna
is selected so that it is close to a half wavel ength or nmultiple half
wavel ength of the interrogation signal. In the case of tags operating in
the lowto md MHz region (13.56 MHz, for exanple) where a half wavel eneth
antenna is inpractical due to size limtations, the inportant
characteristics are antenna i nductance and the nunmber of turns on the
antenna coil. For both antenna types, good electrical conductivity is

o - . o .

—



13 FEB 2003 _g_ ordinary skill in the art from for exanple, referend¢gp 2003
texts such as J.D. ICraus, Antennas (2d ed. 1988, MG awHiIl, Inc., New
York). Awapaoitor 16 is often included to increase the pectosiged of the
mar ker, as shown in Figure 2. The capacitor 16, when present, tunes the
operatine frequency of the tag to a pgfticular value. This is desirable for
obt ai ni ng nmaxi mum operati ng range and 1 nsuring conpliance with regulatory

|t ogr ot o R RSN e Rt Ee et R e Er GRS i o Rag e gns,

par ti cul agdm) LRdEs titedekigRfibnt T AQURIEAT BPEM bRy skrifgh The SOMIEHC bieGark&uCh as
2.45 GHz, a tuning capacitor is not required. The capacitor is selected so
that) wheds€BBpPedradsserhediniiephprientpisegneied 0 nHedipg ehdatent Nes. r esonant
frequency t | I i : =S ~..L ere C =
capaci tanécé?fs(l i:ﬂ?I‘—’gr&gtqg%s dntﬁ%iﬁ?r?ggg?‘g%é%ﬂ(%%% }Cfe\hé)co%?gégqr?’ &ﬁpghes t he
desired opemadabiigy feremugneaic mdteridieinBlelOpamalienta ritlel/capaldoy)andiigh al so be a
di stributed c%[l)aci tor _as descri beﬁd iF U S..I Elatent Noda. @59?, 276 (Tait et
al.) and ReE9gNaesamempus ety sygh asahosy avilablg iam the ligdSignal i st r i but ed
capaci t an@origan§ 85 MorkdiSwh NY Q8 €he RGighdiB83 Meadlad 20ohpsiddMEBlagkness, and
to mnimze manual assenbly. 1n operation, as shown in Figure 4) the radio
frequency-/&&Honsi ve tag 110 is interrogated by an EAS security system 100)
which is typically |ocated near the point at which the tags are to be
nonitored. An interrogation zone may be established by placing spaced

det ecti on panelTheamagosticatlreespmisive dleroent trag be eidhrer ismelestaztis ordealtseeagase d
articles aje |locate near conveyor canrying itens to b nitored, or
the 11 ke. HeEmeREAT e R GR or3n HEVF 4L RY ot BmshClBub®aki PR er rogat i on
source 10Zx&ipR| estatryrefdnédce 8bsI@ iR libfativearofith bataiovad droanhaiplany,i er) is
coupled to an antenna 104 (sonet| meahcges ri bec{ as a f'icfl d coil) far
transmi tt i39G 1Y 2R8de-SAMS ARpnracacty 2abley MRHEY VPR Al XS indipale PPEYEPEh si gnal )
i n the i ntagdoRgRlded Withi s intbthBpRaT8M. | Ofleddr§@ed, B6dnUAREmAbnantepna 13 FEB
2003 -1o for receiving a si gna{’ (shown as antenna 104, and soneti nes

descri bed maerdals aceimynergiabgnady, raarcaetecdugb-siags mepter pisemblys bigalsi gnal s

pr oduced iyt Lt i i 1] source 102
Franam ts e e O e e DR O et n
known fr ecdeeetivatdsan gseventaieteation by bt emereagatiercwuysse. tDhaystatws fioctidnatior fere with
ot her aPp'i'sigé]érﬂl‘ySq{o%ﬁgd R‘?&gﬂ?}% M&ﬁ%n%?E@ligns%f%%%P%e'r@% ) GadiQyigr nrent
regul ati ons en-t'he radi o rrequency-responsi ve elefnent recerves an

i nt er r ogat mavarisliigpedximity to thaow ¢cerdivisy oagreiesprerisic acdderilsddgrebw &@d2 that is
recei ved b tthlg antenna 104 ang %r ansmtted to detector 106. The detector
decodes t h8 DeEHERYLPAFYLHEEPTEEPYR tag (typical |y based on information
stared in a conputer or other nenory device 108), and takes action based on

t he code signal detected.. Various nodjfications of, .the illustrated system
are known to t HoQBImaENgcaly-Tesparpie sleperts Mdﬁ%g?ﬂ"rycip SAREhPREACLifis| ng

separate agiiRa rifiblyWiRn pBdsEd HPElRhI 296w Feldenby aPetnAG rhibResteh@eisy 106 in
pl ace of the single antenna 104 that is illustTated.

Hz to 100 KHz, for exampie), and to produce a predetermined characteristic response

that may be detected by the receiving coils of a detector. The switching function of the

marker assembly is controlled by the magnetization state of the high coercive force

elements, or “keeper elements.” When these keeper elements are magnetized, the

ability of the marker to magnetically switch back and forth within the alternating

magnetic field of the interrogation zone is altered, and the marker typically is not

detected. When the keeper elements are demagnetized, the marker can again perform

the switching function, enabling the interrogation source to detect the presence of the

marker. The keeper elements may be provided in different ways, as is known in the art.



Modern RFID tags al so provide significant anounts of user accessi blngs £B 203
menory) sonetinmes in the formof read-only nmenory or wite-once ne 5):)
nore preferably offering the user the ability to repeatedly update the
menory by rewiting its contents froma di stance. The anount of nenory
provi ded can vary) and influences the sizge and cost of the integrated
circuit portion of an RF)D tag. Typically, between 1Z8 bits and 512 bits of
total nenory can ilable
From Texas. | st unasrer by “EarFaa AASEins e Bl P BB ARIEL AR S,

provi des 256 dnabls ttufmuke'no be bg;rmcmabb@akrwrmtrey amnlead'chetadhmwmdavxﬂ@ iyt ke of
menory reserved f@{) gyﬁ as the uncli}%tfj.e tg& serrge . nunber) . versi on and
nmanuf act ur i ndvHE %ﬁf?’ﬁ‘h‘ﬁa L@t hoeprfngéa 9P PLPE JaTsET e BURadedy ai | abl e
from Philips ﬁmﬁﬁmwtm@amfn 1EtHedheNdd, suedeh @he s ,ozmrl&afurtstwthe
designation ' rovides 384 bits of use al ong

addi ti onal 128”5Ffta§5§"§§ké?f\‘f’é'ds°ff@|3d e Qf%rpét?éhlﬂ‘i’soﬁggotéﬁ)gseaw)'|5rﬂ‘88f1r]rﬁt| on

Thi's user aCC@?ﬁtoWsEi) %H@rm1w(}b&uﬁggptlp;ct@gmt@aedmance the performance of
an itemiden cat 1 on system deployed) for exanple, in a library

environment. Presentl y, libraries i dent| fy itens by scanni ng an opti cal
barcode. The uniq i t f.i er cont ai ned code access
a circul ation dat ﬁe&g %%frﬁﬂ‘i'eﬁ@’ B‘SWMreeememfé’fé\‘:‘Btny@? db@\}lit E?esg"e‘i‘i/) library
aut omat i on vefetaidstehany e hiapde @jfectWeRBeddh £ wivetvarigiywsd e Shemédcorityabout

the itemis permnentl jntained. While this system has been highly
devel oped andlsmwtant/eﬁvgaepp they Raynbe %Fﬁﬁtwﬂéf&ﬁn@ﬁ%acuvttecta@yrerm\éﬂnt%

di sadvant ages i

est abl i shed t%on?é%glgsant%hrg&:a%%gt}r)rg{]ﬁ)ﬁe{ls%ﬁf%f%%tl?rtgﬁﬁes g\% I l ity %f t he

i nformati on whem ragre iswitabie for use im céromanpbnaticantsueh wldmraeswhcre@ms on to this
dat abase. Secaﬁgac &1@&: 8 hf&&lraﬂz information fromthe circulation

dat abase can SOnEti Res re"{q Ire an unacceptably long tine, particularly
during periods of heavy use. By storing certain critical itens of

i nformati on of th ofvt ese I imtations can be overcone. One

exanpl e of i NEORHELE WFRUES PSPNGSHEDENt he performance of a library

identification Sysmem IaE;s Wn&ﬁenherqautm g3k, t«agcmtes:e%tncwmkstm a library
identification punber. Then) w thout accessing a database, _an items "hone"

library coul dadsiieqal 1ergy sRHiFe Ry &y Ratteryy Ine &3 fr?étamwog. TS $nE8YANNi ng t he
RFI D | abel . Ag@i&afenfastmve RETD 143k & fBdik QRd n%ﬁﬁ\ﬁrs%h%’ re?ﬁcﬁx%@%na@sne\@ﬂ ikFl D
tag itself would be a code designating whether the itemwas a book, a video
tape, an audi tFeicaphers tmpptestogsuneradip tisauence field Thiveaks eadthos e d:)nveBﬂ"ID
exanpl e, conpg, ﬁgpl i t

I nter change Pg t% g?:o ?& %%éayeg?/?%?aglo rot;rhé Fﬁadvgls’sslﬂg?égé uﬁcad[?gl?aer pr esent

i nventi on. Bybatrameliinas éteyl5kfnblvﬁe o thehag. rﬁnddémbryple:)baa!em doldatothe sinmdrer doal

. managenent sy oul d AR item ately
rocassed it RBE enctprive b idiths ety RIS efFen e BRRIBRECI £ g o

renpte circul pitérspathty AERSFRequeXdY diel & ¥RdTiee shaDénetdyf 10 RSO FesPatisé e by ar

i ncorporation i to the RFID |l abel will be apparent to those skilled 1n the

art. Another HI8a2{ing RRiBACRATING JUERPISERE 0 taﬁmé%rvzﬁatl&ag@e itigreby

bar code- basedmaxtﬁggm'ﬁ chi) sk dod3B I h b @bnd M ThbPlifeir hfils mbiy UST N
sophi sticated soft gorl ne) rea ers and Kers operate to

i nsure that alimited.eBecause paigve vasiee peeférndddor mgataptphczz@me the emmderersfshul |y
identified w thout. i nt.ervention b theoera |I|t | es
the. devel opreAcurioRaHE PE B @R iis e BEGE! Sftee ke i BF B roneVernbBh: or y
control, itenrédogsikd theh thesedws @,gfek agtagmtarshﬁmyctemred aifd thaitdih eetn be&ssi bl e
to inpl ement W, h barcode-based identification systens 13 F E B 2003 -12
C The Conbi natfrih¥3yepdonhown in Fieures 3 and 5 throueh 8, the

combi nation tag 20 conbines a magnetically-responsive elenment with an

1t F-responsive el enent to provide the advantages of both. Thus) the two
el ements can be appiiskevn o Fagure tl enpassive mdm@stuerw rtemnsacreletmemelo t her eby

reduci ng cost ti [ eSSUL.
sensitive adhéd Ié\;a‘ﬁy c%cn'gdeégw Qonépon %BPI m%[e le m nagg "&?{!tﬁ'

conbi nati on tmegmebexraﬂhmadestme anmlrryfua@mﬁ@tuotﬂfermrohl 0l igcludes Boftvisre lahdier
has been renoved. In another enbodi nent, the tag uses the

magneti cal | y-responsi ve el enent as an antenna for the radio
frequency-responsi ve el enment. The nmagneti cal | y-responsi ve el enent, when
used as an antenna, is electrically coupled to the radio
frequencyresponsi ve el enent, and may or may not al so be physically coupl ed
to the radi o frequency-responsive el enent. The conbination tag nade
accordlng to the present |nvent|on may be |nterrogated tmo vays. Flrst) the

~e—4 e~ " . - o v oy




13 FEB 2003 -13 both functions. In this enbodiment, the antenna COWFFEBQMB
exanpl e, be fabricated frompernalloy) an alloy of nickel and iron. In one
enbodi ment, a 3M "Tattl e-TapeTM' brand security strip, or other equival ent
magnetic el enent, may be used as a linear dipole antenna to operate at 2.45
GHz or a simlar high frequency The Ieggth, wi dt h and thickness of this
strip are selected to match the parti ctilar operating frequency and ot her
characteristics of the RFID chip used. Typically, the strip would be nade

f r om per medifcoitry @REMNaISNYY sipEihetag idepEficasongsd pbesdasiietieiformadan pent er

Specialty Al I ' Q" an
anor phous 2 ﬁr@r}%?%ﬂlﬁ! é‘é;eéﬁt %‘Fa'?\fél&lggg? gIDP' ﬁgHrﬁﬁﬁo%ﬁW}g&@%’zﬁs%g%oany of
Mor ri st ownreqdeéss fion ibdsrniatien b siegmatrogator? a@bdekisxhel hirt ware émgistivigul d be
between 6.3S _and 16 5 ¢m (?.5 and 6.5 igches. . The termnals of the
i nt esr at ed®HEEEUIHBE rEmyRUBR{FF P BRHECIEQLH O s HRM BRERUsl ¢ he
Security spplibhail SRk &R MBREN rﬁf&eﬂbﬂdé’for'dﬁgﬁﬂ@ﬂﬁ@in%}ﬁxaﬁ&d"ﬁéregﬂ #s have

-

establ i shed that "such & nmagnetic strip providesthe same fundanental

el ect ri cal memary@easywiie) asorposadie Jusbispding die iafonmpinirauti(rpad enlvint ennas
normal Iy u Lk b such . | QFPE L I t erform
bot h functﬁ’ge ng% *.fi‘#"%%f‘%rb H]{?Puﬁﬁﬁgn éﬁ ﬁ%éé?]}g@ﬂggﬁ%ge %@%ﬁ%?ﬁx’}‘eﬂe erment is
used as at Insgrasenty intthexf TIRAS caAtenhiae bbHprotihes) Bikiips (i ehein @1Goye IMEgensi ve

el ement, the fwo are electrically. c |l ed t ach, ot her. Electrical

coupt i ng i Bies e Ratitsh Aaiol Bl e Lo BT A A o

el ements (as shown in Figure 5), or) in the absence of a physical
connection) by non-contact electronmagnetic coupling (as shown in Figures G
7, and 8) NoncodheawernsgePneigy aetpropriiesdispent eisihe desired apariing, fragupneti ti ve
Coupl 1 ng, - GF i BB Ik R R D00 ARGmRC SH At BANZ) ROFRULE Yehy S
parasitic antenna enments) reflector ahd director antennas,” Yagl - Uda

ant ennas, opiciligénchsdei at difdle amatrennah eotifeilgpasratipgasnienbhsd4cgbiniat i on t ae

shown in Figure i ncl coi.l turns e from netic.material. The tae
could be, FRRELR b 23 it iehnd® | 35 wp EAERHER IR BHAPebRSt ur e such
as 14c in ydpehsivd dlemanl beniKigsreaBe ADINY6 NELk @ sitdier) RFID&sSwbEld ukgd ove t he
magnetic function of the tag. O her types of f|ux collectors may be

provi ded. SPU of ceil e 3 4b.1as shpwn & ?%‘atlhwdt%émwcgﬁmnw Hpt e ~

i ncl udes a)10BYSFigite £ WNEMEE EAB, HEINEAA 14 ReABHEMRA2dE fredltinefenctgyrade of
magneti cal | y-responsive material, and the integrated circuit |[~". One or
nor e keeperadittedroy e ingarroghgon soueced dbisrsigreldengrycarmes bethrpgyvepandappl i ed to the

ti cal Ly : . Lt . s i vat ed
ognet | o2l L AphARRERSY BoTSheLhehr AR Rl B hedBELECs uBlugRl v
Fi bntre 6) shffiveenero paver thetlCpdhysandahdrebyconvide ttedesponsehabe detegedat Buks.ci r cui t

12 or the dipgle antenna. 23, but is .nonetheless electrically coupled to the
di pol e ant g‘ﬁeg%afﬂf‘eﬁﬁ?%fsq?f}?ecdnd‘f%’aI“E’SIC%JBTIF%% P ghﬁpsly ovrda™ ’cvlgd‘?/r‘f)i nation tag
20a The di pedoepdtadednithe CaseRY 1326 opdratg iftHeltegh NADNS GHzakhge; theIpRnsi ve

mat eri al or non-magnetical |l y-responsi ve terial. Fh,gcu,re? 7.and 8
i |1 ust r at e IBRETHL FRARGETHC hihe Anispradensin T yHerlinthe HEFHYS Tsngthdyi ded t o
el ectri cal lgpdlObitbmmaih leleciidl @NAA% id HBsAR% HaGvaveRARE 6F MURIpte Balf  he

conbi nation tang 20b shown in Figure 7, integrated circuit 13 includes
di pol e ant avavalepgth of ke interrogatiarsignil i1a dhel apseofupgscaperaingin the lpastodmig.

Ant ennas 2 re. f i.Cahl\y-r.es i i . it ennas)
330y be RGP ROt eroPRRP Bl s s BBBF 01 o
20c shown iduelo gidé #mRatichs,theiimpdrtageiareerespansantene irdorenhceaindttiee t ype
shown in Figure 2. is parasitically electrically coupl ta gntennas 22c.
Ant ennas ZZ%WéOFr‘é’Hé %f‘h?ﬁ'@?@’f‘ice 1l Fgfﬁ}o&?jﬁﬁgﬁa\}geﬁﬁ%g‘?glgflpc nd ant ennas)
23c may be JgRGERity TEHERREC Atypltal £ TRONS LR 2886 Pet & alurkdhBRwoldd bide@ns of

t hese enbodi ments are easily designed. The overall thickness of the

combi nat i orPut aes pengneotselngRIdERENARNEIC HRI8lSishtheds nepnadigninre alspacaepgbleo be

i nconspi cu I re hele, XAR; may be
applied w %H'ﬁgéﬁgé?a\%ggbegﬁ\%efﬁ} Pﬁg&ﬁgéfe‘lgﬁd egﬁgéoﬁ,l éndﬁll’ptoh?g th egllcr able to
make t he t agpiathinpedamoeigftht selpated/ Khthiremsieh diet ieqiedone bitho bsennaifog t he end of
t he book. Conventi onal ICsf ma¥ é}e ap r.oximately 0.5 mm (,0. 02 Ir}f?fﬁthij ck, and
the over al IR EREEYIFnEicE (adip@! FVRTaian Fooy: ateBrrihisdig™Eas o €10, 02s

in)



The conbi nation tags of this invention may be provided in roll for m13PFB 2003
enabl e the automated sequential application of individual tags to articles
This general systemis described in, for exanple) PCT Publication No WO

971 36270 (DeVale et al.). Individual conbination tags, one or nore surfaces
of which may be covered by an 13 F E B.2003 -15 adhesive (such as a
pressure sensitive adhesive) may be renoved fromthe roll and applied

bet ween two | 00 near |ts b| |ne r e

provi ded to® arP'i‘(f) gtl ns@%‘t on' ’i‘amtphe c T w? g‘ﬁcg?’éz?{ %ﬁ r%?{"agpti ons
such as senspd sd.tlewe\tte@tawmm, PeS iNewOVior. vari ous conponents in the system
may al so be provided. The conbination tag is believed to have particul ar)
al though not exclusive) use in the processing of library materials. Library
materials havi ng /anoRldy ibadoth ,tat&dwmraﬁwh@p%rﬁﬂﬁmh.& AaiBlaput more
easily) perhaps w thout human assi stance he materials would

aut omat i cal Ispowe ircFigetecd Butcapzzwar Hamthien presgntganes dhe qperasingdipquesesed f have

i ough a o aBre: ARPEMA albe) o i AR e Rl e g R R Bher e AR

re-enters thedlinsdriag yospitdncs nﬁhmmmralr@qmrmemt aphedapidir may eiflidr 68amay al so
assi st in inyentory managenent and anal ysis, by enabling |jbrary
admi ni st r at JHEETHE CHUBRATERY, SEW‘QSfa‘?Fa’f‘@r‘i‘%tP@e’i%saf QFﬁcah@o‘tfgq Lsame g i nuousl y.
These and Otdaggnd %%Hﬁﬁﬁy%usﬁ@ﬁadeﬂ‘(@@ L ap@é?y high ﬁ%@s&bﬁt@ﬁl sQh o4kt to
bear on other &pplications, such as terials handling in stores,

war ehouses, @iz atheing cagacitoris aptoedqibred e Thocpaeirar is tefest éhﬂlanatheonoltmgi coul d
provi de dual f tio h e gsponse

(i ndicating t\?\/?iﬁetaiha\?m{lﬁg WJV"M& brgémm "ﬁ? Bgé HLH gﬁﬁxr%qgegeon Svated or
deact i vat ed)statlrd, hivengi: a radi o frequency response (indicati ne t hr oueh
the use of appropriate software, whether the abase or the nenory on the
1ZF' 1D chip itself showed that the ite }:n \?EE appropriately processed).
The foll owm ng Exanpl es provide still furtihgs /\pformation as to the tags
used in the enbodi nents of the inventi on described in Section I, bel ow
Exanpl e One whasonbi nati on tag was nmade in accordance with the present

i nvention. A pernalLl ed froman alloy available fromthe

Car pent er Technolr%gfgéo?t%éreg %ﬁﬂéf Readi ng, Pennsyl vani a under the

desi gnati on " HyMIi86'induzmnat {imtleedes) 0 a test fixture manufactured by Sinele
Chip Systens (SCS) of San Diego) California. The strip neasured
approximately 1.G mm (0.625 in) wide by 0.0254 nm (0.001 in) 13 FEB
2003 -16 thi glsseDymihdsGhe Besirdd bperatinfrequdite otfﬂﬁ:tleID&ystExﬁ queeipatied of a
standard SCS 2 45 GHz antenna connected to an LED he device was

desi gned so TAXEISYpDA IS HIET@PIconasdegesibegyn Visepéfe%‘%%nésg%%lpe(ﬂ-attﬁt power a

typi cal SCS fhlaki h3gs teb@(tﬁQtwwimﬂla%@ss@hed/io@mgoaﬂluummbatta\dI sible
confirmatron of the proper operation of the power-receiving [)Ol‘tl on of the

devi ce. Upondassphiatq regdueetag glsemaraiceiasz:enmenmi tQimimmizeempRUt SRRy

permal | oy antenna, the LED illum nated at approximately the sane field
strength) confirm ng the successful operation of the prototype. Exanple Two
Figure 3 ill ustramapemnonmshemodiigend, bt raio dequensyaresprasive saghdlieved

usef ul interrogated by an EAS security system 100, which is typically located near the point at
which the tags are to be monitored. An interrogation zone may be established by
placing spaced detection panels across the exits from the room in which the tagged
articies are located, near a conveyor carrying items 10 be monitored, or the like. Hand
held detection devices may also be used. An interrogation source 102 (typically
including a drive oscillator and an amplifier) is coupled to an antenna 104 (sometimes
described as a field coil) for transmitting an alternating radio frequency field, or

interrogation signal, in the interrogation zone. The system 100 also includes an antenna



with a 13 56 MHz ItFID design At this frequency, a coil-type antengz F 3
geonetry is preferred The spiral turns conprising the corl are for é #ﬁém
a magnetic alloy such as permall oy, either by etching (physical or

chem cal), die cutting) or deposition through a mask. The straight "arnf
poni ons of the coil serve also as the yagnetically responsive elenents in
this design. However, the reduced IeﬁH%h of these netallic elenents in this
geonetry limts the effectiveness of the magnetic security portion of the
devi ce. Ifar taseivinerotignme (howhananternapilguing sgnefimesdesentied@s p seredingnent s

provi ded at t: i ercomne
Phi's 11 m e PEeGREBELG BFHReASER RHAST dBpdd I R A o BHET U

i nclude a capacitor as previously described to tune the operating frequency
of the antenng_to the Erescribe 7inter.ro%ation fregye %éo The
characteristic hep‘lntet‘?‘?& U SOHIES e YeryHEd PHET PRASOR ﬁﬁ%l W:é’?‘%h B@hpar ed wi sh
the char agd &fdcsdd wishiR eddhOMLWANERRAS, BAks ThACire pfef@FHdaREM s¢ (Hefds at ed
circuits, and because those characteristics were simlar, it 1s believed

t hat the wmimerereofith ¢ther apriseapbes, andibetaisgribayi comphdeiiapicgblen such an
application Th Lent f the.present inventi ri.bed bel ow may
use eit he$°”§"}’§eg“?h@a%3*?%%'g’g sonY%)}/’g%hheIﬁi‘—qﬂgfref“’eer’fe)ﬁf?p%ngwae%g%gré?ﬁezﬁ%’?’%sna"t ag, both of
whi ch ar eintteogaiidresigmd) iieanbrhit sl OviSys p@ize cdfeRignab-202ahs ik tdosiagd wstheonst ant |y
receive a large volyne of Ijibrary materjals that, are returned by patrons
who have ?q‘?ﬂ"gﬂé)ﬁ ag i"ﬁ@s”f‘ﬁé@ %ilégs&hﬁ%‘@%gle@dgﬁ%éﬁﬁﬁew’ patrons to

13 FEB 20{3ntRsah€13M6 pcBR¢ kaset bn idTSrmiRioR kiokddSin a@8hPutet Breotﬁ@tn?errﬁ&* s nmust be
sorted and shel ved accurately and quickly, and the patrons nust often be
assi st ed fieyiteoldR),i ang takee actioneraped on needesigny! desaptedh SaniopeppdifiestionThe vanous
enbodi nen [ ' ' rel te directly
o this prouulstietgth ikt FYRaE AR SRCEL RERAI R ddgBe 207
conponent usifig teparase sritemasi &5 ¢hid inedropaionisnurice 18harfd, the detdauni 106,in phcedl | s
ei t her poytabl referabl y. hand-hel d) or stationary, of the follow ng
type. The“ﬁﬁFﬁﬁﬁ%gPBEnggﬁﬁHﬂ@bﬁ@“@o read information froman RFID tag on
an item such as a patron card) book, or other material. Preferably, the
information read fromihe RFID tag inc|ludes a designation, of nedia type
(magnetic, priiiedegt Rpi jagsplso P@w%eﬁ&rfmcgw)mmwéwf B3 2pesile M9 nsur e t he

proper subsREUREY inRROERS B R dUnly MemblyaiNwritblend8rhdméloVihiendrs al so equi pped
with a device) such as the coil, designed to enable the activation and

deact i vat Prsferably oiierigg therusenthe plaliwrie repsptedly wpéate theangmanynby sgyvriti@isr t he
REID devi ¢ ESads zbﬁis!?ﬁéeD f}@gxmohnten%fﬂfé@&ﬁ gHv?d@ﬁ Wi Sary NdiikflPhces

h
identification |nP%rna_|on to a conpu Vi ng softvgre prOV|deé %y a
| i brary asizesnd fesh of thaduegraied cirgdit poitiemef aagibxsral wigaligobetweanddB LAV

sof tware e "Dyni x. " i i i o] i worary
Servi ces g?{?i&fﬁ%ﬂ'&og%al'@r??%ﬁgge Wi".”gdﬁgfls"%gb’gﬁ“f‘%bFé@%hf%iﬁﬁ"ﬂ’

Cor por at i cag avhilidewem Tdat hsadoenanfiDAlRs] Pexas, whiarhhe desanandretlag-if'r om DRA,
of St. Louis,, M uri . There are nunber, of .ways trapsmt the

"t or mat | TPV ASRENS PF witt BivcrEs e g epayn by Gy LB SEREMGBLI A i nvol ve
usi ng t he r&seRIFB TESIdrPIuER B e dnigle i238erdYInSinBard adrsloh AhE maRaR@eridy ot ocol
(SIP). Angther would involve using an_el ectronjc device known as a "wedge"

to transnitforpRIgn,ars hadikenSipdlarly, an RGN 1g¢ avatlabie fioghPhilitbnvent i onal bar code

scanner ThResfcoABAcBfsNFEidRe MY, SRR, Wk mKG&W%:aIiQn t‘ﬁ@é&‘e“%ké\li&e%d in the
art. In this manner) the RFID conponent of the I'ZFTD device perforns the

f unct i ons 3dbiveefl ysepmemonnalandyithan egditionl 1 abitsaeeveddamther) whi ch may or

may not c I : 1 he device. Thus) libraries nmay continue
to use thgm#@%%ﬁn?%gﬁfg«@f@g%%g?é systeminterfaces and termnals while
enj oyi ng the added functionality and features provided by RFI'D technol ogy

The RhlI D devi ce.,need trot.include a djsplay i,f it would cooper at ith an
exi sting LAY SOPbVEREeoitiniamen Bay poSimfist qpemance iné pifohindt of

an item identification system deployed, for example, in a library environment.
Presently, libraries identify items by scanning an optical barcode. The unique identifier

contained in this barcode is used to access a circulation database including sofiware



13 F E B 2003 _|a_ feedback to the operator. Optionally, a display ?2?:
ot her feedback nechani sns nmay be included in the RFID device as an EB 2003
i nt egrat ed package. For a nunber of applications, it is desirable to

provi de a portable, preferably hand-hel d) RFB7 device. The hand-held ItFID
device is capable of searching anong shelves, bins, piles and library cans,
It can essentially search wherever it chh be positioned close enough to the
itens It is capable of identifying multiple itens that are within the range
of the devi geovidtitlselitany anutneniof eaidursé B Aivadodtvane), whare ntore/extgronteabl e RFI | 7
device a val.uagble.l i%rar% tool.. For si Iici.t%/ \&ﬁrt@bl e RFI}D evices w ||
be descri bed™fFTaEon popEhfgegss E%’B?qﬁ“egﬁﬁﬁ}%ﬂ & WAt BrevsEmbes P8y second
in terms of pgKl Qevelsi8labd woHRGEYQRN ih HandhppRiatiests it afayusi-@gvguch devices.
It is inportant to note that the functionS or nethods described herein are
equal |y appldisedyerdages. Risst. peanmedior tRIE prepdstianedarabaseamush e estpldishediet i ons or
met hods descy/. : i raf : I e
simlarly ap{)c ?sgg%fng’o;f%afb@rta@féﬁ&éﬁé\%&@ﬁ@%&@ﬁéﬁﬁﬁ?ﬁ@ g]‘rﬂltgﬁ ?ﬁﬁ%’ﬁsons and
met hods haveatndoetign benene fomup@dndcogreiohbis daiabiset [Secdndpbe ofirifal Bf devi ce nore
of ten used t.oﬁﬁerf.or th@% .fugcti n.or nethod.. The hand- hel d devi ce of
the present NARIBATPLROBIRS HrCLBHGN databadrrdd SQRCHIBET FEaWEHAn WHECSRAY 10N mrenor v :
a power sourgfe rARftub td“ﬂﬁg?pér%d?@ﬁﬁb@y YR IBUSodinehhiaReirief] ifehs ofypes
descri bed herein. The RFID teader/witer could consist of a Commander 320
13.56 M |z Rrfamedenrier the Rdhbftag; berh efithese lTraiatipnf gan bagyersomeof Dal | as, Texas.
Menory, preferably in the formof a conputer) may be provided by) for
exanple, a "pal mtop"” or handhel d conputer avail able from 3Com Conpany of
Santa Cl ara) Cal i®oz enasmpimefenfotrveiod ediapratidoimpPaterth@pdrformaiidesnfpdibtagp| e

conput er may..nclude an operatin a.touch-scre di spl .sever al
but Lons. 1 or” HE0ZiEn SR BRF bR e M Blof ulelb POt B £ Rty Mneai
station to tﬁmﬂsa‘r.errhdatuaxhbezta@e@fing hﬁatﬁlﬁ‘ﬁé,ﬁlﬁ ighﬁs ?wghdibrm(wuﬂﬁé) one or
nore ports to.cqnnect per.ipherals.to, the hand-he eyi ce, (sych.,as an RFID
reader) and %% Yf‘@‘?ﬁ" Ee ‘Pys{fb%w.eg%wnﬁm%"&?ﬁg‘“e B 1ahd é‘d‘@‘hﬁr built-in
peripheral  spghphsSofinfommatdfefa8yPedsentldn FBFID @9 it6MMb@ila b alch@uis f eedback
systens, including lights. audio and a display As described_above, there
are a nunber 9%5f2najypg whethgrahe temwas bqakng vidge Hpseaniidi? 1ehfe AKENEF BOPY devi ce
and anot her LSS t Q. i i 13 FEB
2003 - 19 be e Ts ua oo o, CheHREIL OnpRlh: R RARRIARE shaed ot or
exanpl e, to thsi3dA8tandaintersharigk Peaedobwhiclf i amaitablerfrqm therastignesefther ni ng a
search to fi egific i AN r.e .9 downl oad
dat a ol | owi =St BRFmadE il ndpéd ok MR SR S IMRAL SRRl e Brar
The |ink couhdnigemenpiysrwenkcedd asua tho ek itag vedsdeingrappmpnatelyysoceatedd) ; as a
Wi rel ess or cagl ed downlﬁa(a land/dﬁr uQI oad; as a EA rel ess or qabl ed)

real -time |ink BerNEEH"g KE CHAN B HET R VTRV E S SAPVETEAIEPOISYER8YH " or in
any ot her nagfefassuOtRbknipdss dfirdnafa@on hnigbRUbhindadparaéns teRERAsRI e is a
Spectrunk4 wirel ess LAN system. from Synbol Technol ogies of Holtsville, New
York. Syst enﬁv'lfpk@ﬁaﬁé“ @dgaerswgdunahww mobil e users to wirel essly

conmruni cat e between nobil e devices and | ocal area networks. For this
operation, the nobile unit will typically include a comrunication conponent
to support wi rel edsothenareminoaticloRIDsyystama o8y arbard vastage/oven barcvia-baseds LAN PC
Card. The user_interface, f he devi.ce .| s designed ni cate the
status of seg s(t:cr#n'g '%‘2’5 "{cgggﬁt‘vaoﬁwgft'ﬁge'kqso%%n%énrg 582%)' %‘ﬁa}f(r%lts(eér%% data may
i ncl ude swi t elgbrithnishRFI®wades aniomgrkeraco@iesats etintlre Madsabitangdinaht aadery dat a
specific to a task .(for exanple,,. to. che out an item or to put an.item on
o d) . Feedbaier oo Eonsaks Seecsybly wEaie) iksus Hesbe B MSPRRdn: s on o
sound, i ght gapaBHitesbibfadhiydevdiBpmeh: SPhderbBYuRkl REflicRRorsh 8@ ARG Nt o the
unit or separated. Wen separate) it can be designed in various ways,

i ncl udi ng as yengessob itea teaskiag, anth sertieg Hhapwoulddie|diffigalbaEinpeysibledd user . A
particularly:. : LBl f. - RFTD device is as foll ows.
A hand- hel d ﬁg?]%%gétv‘?'gﬂe)egég%%ﬁe:a %@hﬁ%ﬂ%ﬂggﬂ%ge It FI D reader, user
interface) power source, antenna, processor, and software are all provided
in asingle integrated unit. By using a hand-held conputer such as the Palm
Pil ot described above, a nunber of realtime functions of the type described
bel ow can be achieved, in contrast to systens in which the RF1D devi ce nust
interact with a separate conputer, database, software system and the I|ike.
The software can also provide either limted or full-range capabilities for
supposi ng functions of the type described herein, as desired. The handhel d
RFI D device al so preferably includes an integral power source, although it
can be tethered to a | arger power source of the type that m ght be worn

e o o - o o o -




A hand-held RFID device can inten~oeate and identify RFID-tagged itens
whenever it is activated wthin ranee of the itens. Intermttent act{Y&EBom)
can be provided by, for exanple, a trieger associated with the device, so
that the el apsed tine for which power is required for the 1t1"1D device is
m nim zed. The readine distance is a_{ﬂncti on of many factors, but is
expected to be between 1 S and 45 centineters (6 and 18 inches) given

current technol ogy.and the |likely frequencies at which the system woul d
oper at e. &H——@B«Q@%{#&‘—‘ﬁ@g@pns) it may be desirable to restrict the
operatine ranggsghowd® MENECEAR0S thRRighist 1HeRbMbinaliSN 2@ 2818/binkdd D t ags
associated with itens at a closer range. In other cases, the |oneest

avai | abl emagmaygalbif-raspensiveielsmeni With be Rdesspoasive ¢lamentiepraypdsitheat i ons, it may
be prefer t o t put r( L he f.eadi ng..range) to
permt | o%‘gng‘ag%{] i r?&%ﬁthuté’gg? g.’?ol @%m?'ﬁg?nﬁt%ea%ggﬁ Igt@ “t|1'):<r31nccf<.l t“Fﬁteaq}heﬁad range
wi | | al sosdmee iimé | ihenperkdiying dat. dBis @mbidatibh eagandyebmproeidedwehh aas t he

orientation of the RFm tag relative to tnﬁgfnt_enna Tt shoul d be

appr eci at BYSLFaIensitXe pahey Ve savgE B remoyatle fipge Whigh 4nablesdbs me bet ween
battery rgshsthsiesh @f 16 SBPIRERIRNS sipfRe 8f the AnRRPARGARE 1ifd HB@sdnOt her . Vari ous
tradeoffs can be_envi si oned, based on the particul ar application for the
devi ce. | Ferepedaln enpthes ephediment theltys wssethgimagaetiqatp-resporsivralemene k8l devi ce

i s obtaini el i i r.ei i . h n scanned
by ¢ he- doth uti ot bEEad f R B ERLL PRp e A, O d Rl B e St e
RF117 t agklemeot, eitiehased amapditatmel is elécaidally souphat toithd @adisetdqoemcyor | medi atel y
di splays inforpation stored within the handhel d device that is related to
the taggefFSPERSING elfPEnt; adimey Of may 19 QP%D‘HQW{% v Eoppiedipdhe rgdiogocked with or
ot her wi se feRReReNréspbRsiVd dikmé separ at e dat abase of information before that

i nformation can be di splayed for the user. The hand-hel d devi ce~of the
present invention can al so be docked or can otherw se communicate with a
separate datab Lf oSk { j ; rtJ Li brary

Materi al s Usi ngﬁgﬁ%&c"%‘b@é ﬁ%&%@nﬁ%ﬁaﬁﬁﬁgﬁeﬁ%@% xt?gergrggsr{édt i nvention uses
an RFI D dénerregaddd toevaygpEirgdetbe RIFHR dntedpogacion soupceowoule ussonadindregssicyt ance t o
library staff \Iﬁlnen theﬁ are sortiﬁg 13 F EGB.20Q3T2~. itens returned to
the |ibrarBratiRreg8rY ARG 5% SO HORIlF B e 15 8a T8l PR %ar d to i tens
t hat have vauldiadicatepfon edinsié) akgidentifidtibherl ths sticieatidowhigl tttagissecuri ty

el enents resensitized ‘IA\I ternati ﬁég the sorti n% Spgrati on coul d be
carried o@fsoFidtedopts Whatheshagrigle N PEPRSFY Broshtrer e SEHRBH-13 ARG per at i ons
in a singlifeRbORRA Field WUl infiRtddaiciMe 18 ddibmihe RRARShOMaiMelik pBRIoHESCT i bed
herei n) thqueh the present invention relates to both. Each library

desi gnat eSfthsanarkengsserphly Magriyeeffobs aarkenessembliygyasmgtiveetgnpl e, adul t

non-ficti Qfterr&itilod sty \vfo}nllgtpilg@dﬁce msﬁ&i(ls_@,l Sich Bad n@lreati&l e Rehdrkeand

materials that”were or w e on iLL (inter-library loan) to another

| i brary bragtirdhhadafns heempropestyaireresisd giBesaust the Sepgnpimyintpegastandonmoree or she
can use the. i . the . i A terial,
and 1 ocei vSistiho SRR héh REAY okl AP b IR Rk Ebo Rl bei T

whi ch t he combinatiah tdgebaiidsrovide @nlidneed seourity. Thnd, shefestuted bfiboy nagheic al s

Wi thin that %ﬁ_.gﬁqory, as shown in Figure 9 For exanple) the operator may
scan a bod®d APBStATG EORIngdIniop SIpRIE Epbipationta8-1  cti on category, and | earn
that it belongs on can nunber 123. The identification of the material,
category) and tenporary (initial) or permanent (final) location of the item
may occur in rdBgoneferrebembpdinentthe gormbingiondat Meldet hwageticelbt ement , from
LAV SOft“ﬁ%@on!i&%‘eﬁﬁﬁﬁ%ﬁb%&%hé mkg%mq%ﬁmefcmm}mﬂ Ghqigource, or
froma conbination of the Toregol ng. separate sorting database provides
potenti al feuentvagsmneive pementr Mwnee/edoth fuheidnkithe arytenndamatenizs MR D devi ces

may be used ring the.sorting operati.on. One preferned device is a

ot abi o, SEAEH AbMeatBuE el AR BRRERLER i RGP LR 68 S Bdou o

provi de t hafigdemantiais ekmeminad niddetuOpRa@l dievir cahbaidaeivilvardinéiaasoption is
to position a_reader near the.repository of itens and then pass each item
by the redddiligentantenga)ytpadditiony thegeoarisnar tha apepray Bugt by compgtibls witht i ons

i nclude a hand-held reader as shown in Figure 12) or a fixed device) as
will be apparent to those skilled in the art. Various procedures may be
used to handl e the sorting operation. One option includes a database of

soni ne categories for the Library, a database of can information that

i ncl udes the nunber of shelves and capacity of each shelf for each can, and
a sorting processor. The sorting processor tracks the status of each cart,
how cl ose to capacity it is and the current category assigned to the can.
As an itemis processed, the identification of the itemis sent to the

o N N S o A PN ™ ™ ™ NN\ ~ N o . o,



Figure 9 shows an exanple of the display of sorting information In this
case, it indicates both a fiction son and a specific library can | ocgd FpR2003
on a display attached to a device. The sane display could stand al one,

i ndependent of the device, and be used for feedback with the other
identification options described above her met hods of display could al so
be used. LEDs could be attached to each Shelf on each can. The sorting

processor could send a signal to the appropriate shelf? causing the LED to
be turned oRothyastionsi brhis smRrdigneah ihenbdng sedd.Cpt £X3mAle be fabrested EomI d be
RFI D reader c%&,@gpgpa”tog) of hekaans idohat verify placement of the itemon the
cart. This uld assure"that the itemwas placed properly and help in
tracki ng operations. An RFID device, used in this sorting environnent)
could include additional functi - Jne.deyi.ce coul d accept information
(conmands)) such ﬁgmtﬂgtfo‘ié{"%’b’e%ﬁqis‘ga‘élﬁ're{aplzs ?Dﬁ?qd,scf‘ﬁqﬂgp’s?fe"é}?cﬁ c can
shoul d be asgoEhRhEHagNetidelamP! ¢ be ddedaak Gigedr\ipiic AMdnaE tbSerdi6 MM RS
fiction, or damaged materials, or the Ili The device coul d al so

ke).. ] |
i ncor por at e @z R milarchigh frequency hbhe lﬁkﬂk’l”ce}’?’iéﬁ‘t"@%’vﬂ@é?sl of this SpierdEe t ags
havi ng RFI D g.eiB Y & tcﬁ’{hegiéﬁflﬁf}x?%ﬁ%r?t m,tug&rmg ottePc ggbe?gh&ddhfgrt?@t of an

RFID tag printer, a bar code scan I's attached to a cet i ncl udes

an RFI D r eaddrIDwhipt wsed. Aypicalydibepaipseoulthbe diadg framipetrhaliof (RrklEble iysra The t ag

has adhesi ve _on one side so.th it can b ced,in.anjitem The adhesive
coul d et enabst S abreREiRRA bR T st SPre B TR Py ReP Ar e T "Gevi ce
i's optional Inanmeciydaiseth drantab@rhld\s sitfyt soall es sysdveilabldfhen tanAllieéSiphs pl aced
under a bar g¢ode sc er, th canner reads th code for the jtem

Opt i onal 1y, GaEPana ol Merasionss Nhomdecte Fﬁ*gw'?%g”@{/ag@ftf 16REW WIdRs i fy ¢ hat
the item belRRgsntstsstda 16isuA(Y5 aitds b irhed) ! TRORWhRaRAY heaRebifeheirb@g) and
potentially to extract additional information about the item such as the
type of it envourtae msoally Fanaected inthoendsed therecuipy poipr Elgcaicahf or mation to
the next avahlaletefsbPiniitdandoRnl PBAL! dhin AfVE HFBIshELHhkub AR Itrgonal
information to .bg cl écea pca)enm%che tgg vi%mnbuttc?ns cfr) a kte;lljboa%o?.gﬁ%%rsmggarrpl e,
the user m ghovidisshe same foddapeneal cheetricylpbantten stemaythe nopper or aAfimimmt | on has
been input, ¢t L ndi E - new tag shoul d be
printed and ‘E‘ge g’?‘?éﬂaég @Bgl?l%c}e‘gﬂ% ﬁ%htaacé%’?%‘hégg%oﬁrd}ceeesx PEHE °ag in the
item This vpeofodnbethufsmdtiohs fanisfactosis t hat do not currently have any RFID

el enent, or have a damaeed R>~ID el enent. Another option is to dispense a
tenporary ItFTD tag that can be easily applied to and renoved fromlibrary
materials This cowheh die nden@ichDy-réxbbnsile s {siuGed@nn BadiBakto e dntenkie

hol ds) Then, .t hat i.tﬁm coul d be tracked bx RFTD from the, point of sorting
through finaPT &40 HEJUEAEY-(RTP I YE SRNTRENE WKP X HFETERIYEQuPlEy 19 @byed and
even reused. gifée ErRhI dchphfe MRS Rk Pediasest s it Gomesti SbdiRednude knowi ng
the specific location of each itemafter the sorting operation, and the
ability to ewpletelements (g showngn|Figurefk of, b thegpseape 9fri rhiysicall correction (e. g.)
all itens o t - e l. Pk ON| e accurate
sorting, an}fcﬁﬂllcg%ég?%%@ﬁagﬁ?%p o@@gﬁ%(’é%s y a'qll u?ée%réye\/\%\ﬂtd%ﬁuﬁ%he need for
ext ensi ve stanfact camplmgican iikludeapdrssitioop iy, aspanitiPocdupbihg dRifiddcDes/i ces Aft er
i brary materi a{is haale beghn sorted as described above) the% arf&ft¥$fi(55§al |y

| oaded ont o FEPYHHPRY ¥EAPY 1BEHE PPARMSE ¥ @3 b AREME LopiBhrelscte ations

in the |ibradisectdraiemiay, & AaQhtdnhiss okbthél sDAMSe i@ tbom@iradons.ncl uded only
a frane) wheels) and shelves) but the library cart of the present invention
may al so include several features of great value to a library. Library cans
| ncor por ati ng. por ity Raibr 1:RAbER In P inEiBIRIR rhOmSbdROY rfignerTa |
carts" herein for convenience” Smart carts In accordance wth t present

i nvent i on mepateritlerThe tpetcouidisi forguwmplert BhiMiy tehaving ancantdnea stasctrre al s
stacked t her d terstnine th rder itens op the cart,

i ncl udi ng V\h@gﬁ)ﬁsﬂg T %Cgﬂ?qxt%%eﬁgmoaﬁ% pr%ﬁ'ee%r%l 1%%%%r%%gh°e‘ﬂp{%veot ®a smart cart
are that a smagretic AmctiGofaistagt Gthemases of flak tolwicidrs minebe gohidedi ng process,
and that an itemcan be tracked to a specific can |location even before it
has been reshel ved. Although the enbodi ment described in the nost detail
herein is related to cans, and specifically carts in a library) those of

skill in the art will appreciate that the present invention nmay have equal
application to other collections of itenms in, for exanple, bins, piles,
shel ves) and roons. 1 3 FEB 2003 I n one enbodi nent, the smart cart may be

used in conbination with a hand-held RFI|7 device of the type descri bed
above and shown in Figure 1?. An operator may use the hand-held RFID device
and pass it by the can in a panicular order (for exanple, from

|l eft-to-right, arid top-to-bottom). As the RFID device passes by the itens,

Y " . | e g e—— . ey "



One enbodi nent of a srnan can systemis as follows The user initiates a
“cart reading operation" via a keyboard or button interaction. The qngEhB 2003
optionally has an ItFID tae associated with it if a tag is avail able
software initiates an RFAID 13 F E B 2003 -25 interrogation to establish
the identity of the cart. Alternativel the user initiating the can

readi ng operation nmay input the can idg‘htification information into the

RFI D devi ce manual ly. The software sends the cart 1D {to the |ocation

dat abase, and t HEhCPRPBAIGLAE 88 Shostarn EHaIg 5 inhudes %htsrcrll EAFBIRNOf each i tem
on the shel, bh tion to
the locati o% “l(fgt gr%arggeéngaAf't 3?'%%{52@958%?%%“.&@@?8%?% %hlléﬂggltmware can
optionally nsemdre’dhecumfbr@aa oronoria rkomet ﬁentmcatuhonpdaibscb@sdaaltooe the LAV
software to ur{{iate tJ; E ot her .nmet hod of dentrf ng |.i brary
material s SR EeHBPPekd "tmf’%’t?élf:‘? rfe*i?ﬁmé"ec@?‘te”e\oiﬂ ‘8‘“1:)’&”13?5 EWHE can

t hrough an aBinid dnanRherivafed Q¥ rovaealaEmszamtmgtmrhetenna asa sHowsﬁ Fuad in
Figures 14 and 15, respectively he can noves, under the tunnel or over

the anti -t Gnheweve, Hénmhoﬂr%vor@ﬁnchdé%wxeasrawéréwﬁ heckthe dipglent i ty and
appr oxi mat %ntem;@t:r Ch efnoa%tertts%reum\b&hgreat@lﬁé dfford hﬁem@ ad2bific benef it of
the tunnel 1s that i1t not require speci al cart so gng as the can
can be rol |digblaueaipling tmpltouldneICpmbumIiunugﬂ@mnThm;wllﬁ sntergar2Banayay be

preferred tg neta 0_as not t erfer the REm system The
ant i -tunnelcog’ﬁﬂr’r’ %{hﬁr P%’c? X ms'?oémé{c g‘ﬁge Lap rn@ﬁﬁ"%nlgéahvr{“@g"? Yiled over a

reader thatmateriglesi gned to f|t under the center of the cart. One further
net hod of identifyi ng and locating itens on a cart invoI ves the use of a
"sword reader” of the type shown in Figure | 6. This "sword" has RF)D
reading capabi | iftiyyre SN AnE 8MMHEPR chbEAEHs I Rch RSrédhePsFe dGaL hORL OF

| ocations in the Cart determne the contents and | ocations of the itens on
it C Shel wirayded Welegiigally Reurte wisl pyennagidteandyac reppestiyelyalngb¢ al s have been
arf anged_Ofkutiflidon fg R\B6wh M Hil 7| QAL O ech 1 TTEIRE S A3 o ARG, | O
provi de assistance i vrngurngrn ormation that was aced 1 n the

dat abase of23bpivbichag paymsrtmtlaicnrededny attaenas 2@b.t Ao!amaas'l”ttes&:madnecd above

Anot her enbadi i nt| hus rel a or

Shel vt ng' et EbTErAly Kt ey BT o et R T2 PSR b B Rl 1 e
order in V\hieﬁ}i‘bn&rheyhasd’iﬂwHttbecaﬁlﬁﬂta\tteﬁi!ag'ﬂ% showei infFagure N4 eddiv ismemcfyrc

| ocation information for (cg nd i.n eractrve assrgtalnce aga algg

provi ded. FeiPORSIERIEMNSHLOLL 6‘3’PT phovm ip Ejsuss 2 5 Rreesitigallcelgprically cqupiedtor ed
order and pm&e@wcorm@ﬂtavhﬂaamma@é@rm%ﬁ,eaéathneeetﬁbé maferihin@dd own net hod
for shelving I|brarg materi als. Each iori library may contain a
di fferent ofemR{Ry23emayie mrde okmagnprically-aepppesive BatEeal. Qiberyariaions 9kd by the
author's | agk g@.ﬁ% =Yale) \V e within that author, whereas adult
non-ficti oﬁ&rrsé edlsor Se%flg%gs'p’ deg' e\I(/jvey Deci mal system The library may al so
specify the preferred pat h for traversing the library during the reshel ving

Co shalt 4). onoTRg ) BlebaBrLife RerRbarahn BpRat B3¢ piblefglo, " 97

dat abﬁ; edof erabR) the ra% ula bé orcogéphdmgustgultlmtdnmahd aéh ﬁﬁcle nl?e:nttmrn)zsr:j,1 ﬂaetﬁé(hen In
one enpodl nent a S evrng atapase IS create t euser en the user
sweeps an 17FY be aerlied avipuadhesiyq betveepghegpnssiaf astr?@f{«ﬂeg 1 igidggrahls 1 Pake

determ ned Py ddhidiSRgh ASpredmledsh ﬁmdtﬁmrb?%gaerhhg {he epB R te®obki® shel ving
processor. The Sshel ving processor pl aces the information into a shel vine

dat abase, n&inveationaidCs may be dpproximawhyi Ghmhe.0% iehthickesns thapuerall The shel vi ng
processor al so ovrde Si S 0 sheI n rder using additional
i nformati orr:aécﬁnﬁss oe-ghefxra%rﬁ‘trh ’at%gg§%“éa“s°e%)ar‘%‘t‘é89 ?a ase or the LAV

software. For exanple) after conpleting a bookshelf, the shelving processor

m ght use inforrrE}‘r on fromthe I_f \/ sof t war e to determ ne %ﬂat t he shel f
cont ai ned Adul t FEPEETBRNEHRD tpesl tihBveRiop mayhgere BRI BrPsRedeRiEi ng
aut hor | ast yiRafiomatél tet;he%m@ﬁmaéuotlaﬁmqm&}aaﬁes BBV, “Tradgibral 8Btem

appropriate shelf order, which nay then be used in connection w'th other

library opeisdeseribed injdpnexample, B6APublination ba Wik GV dReNelesbaldshed by t he
library or e £ he
dat abase of thgﬁy‘wa\{%{} %Bméugﬁggg%%?& otk é?ﬁ%gﬁg e}ﬁ%hs{“gg%yaﬁ%rwf% acart. In
one enbodi nent, a shelf order |ist can be printed for the user. A shelf
order list for a given cart may indicate, for exanple, that the first item
call nunber 913 47A the first portion of the title of which reads "Join ne
at ny hone . . .") is located on cart shelf 3, and that it is the fifth
book on that shelf. The second itemto be shelved could be, for exarrpl e,
caII nunber 916.8 the frrst portron of the trtle of V\/mch reads Another

S T} o . 2 1.



1 3 FEB?2003 _2~ list could also be created for nore than one can,_in

whi ch case the Tist would include an additional field indicating the I:EEB 4ia3
whi ch the book is located. This enbodi nent of the systemis beneficial
because library materials within a particular class could be randomy

pl aced on the appropriate can, and yet could be shelved directly w thout
further sorting Alternatively, the unsdfted cart coul d be sorted, which may
be especially hel pful for novice shel vers who m ght have a diffi cul't tine
under st andrardgesuhe(spcrtoperprcﬁrsrderserfsoweghledswrehg\amberrsmowéétqnytherdbarrdFl Z7 shel f
order system ti m z ro rny. when

reshel vi ng aippg?fgéeq és) ESOR% bggubs%rglr%t%r qt‘pgsaf\k/lrgg gerati%rﬁnnsr or library
staff. In Qﬁ@hb@dtoﬁﬁhﬁdtdfﬁﬁhaorﬂofﬂl@d’&cﬁkﬂin&uﬁiﬂzﬁ ﬁlr&Mbtﬁﬁ dpéansigetpastiefgoray nmay

be used to provi d% t he shelf .order information, rath r t han g aper copy.
The di spl aJOGSGFH‘ Béoﬁb‘ij‘rﬂ TYarigys GEAwoReHtying %’ﬁ‘Gani% B Rpprevided. yorn by the
user, or held in the user's hand. As shown in that illustration) the |IZFm

device display may informthe user of the next itemto be shelved, its

| ocation on the Beecombinttipn taglivbelieveshtodave prstianias) althopgh patexdiesiye; efeer abl e t o
provi de a p C ion to the
user, and agceaﬁljogics'%g? fﬁ‘“%’? %‘hﬁg e)?%%g\%?r@gﬁ%\dmg %gﬁgg%&%he@%i lity to
scrol | i t enype t:mxld bdchmk&t mrhedloaxnnortcem:llya;serhnpsImaﬁrommntaeemstmherhad to
ask far rmre nforma ion gbout a ﬁaéticu cfdr item or. tlo sp a sunmary
list of thé ﬁt”b‘h“t’? soyould gugpmatically i, gheqisd QR PHERAET PF‘H& Tt e RFID
devi ce hel prseridneh@raahmta‘gtaa@bctalf@r \nﬁxﬁerumm tadpRhahet pagbnpaiseg the RFID
tag affixed to the item The operator sends nmessage to the shel vi ng
processor | HERuEi3 wgahlﬁgttettrqé ZH%P( énq dreskeérbad WyEentpe paronre-eMeRsithe pe

shel ved. Th t e shel ved
first usi ngﬁ?éhﬁg‘!rv\r{r’égg or}r%ﬁ et%e%f?gﬂngﬁﬁﬁﬁ@fgggg agndwﬂ{glngﬂﬁl Vi ng

dat abase. Tmenagsercat oxd asdans hyrvealdhelhbrmw admiaistratods todieeh tRIEkDf mawediels. Each
itemIDis r the I D of
the itemto g{%t h&rush nﬁQﬁJﬂmuHQﬁ giﬁg&g ?rgur %gg\ggamrtepgf hP; iny non%%n,tg t he

oper at or Theoures bagmughitb dedr@nanher spydicaiuns auch immmlehmdhh‘g fnsmc&es‘ | ashi ng
LED on the RF1l handhgl d device, an LED on the shelf, or a beep. The
operator t h¥ATPEREH0d thfdiket em from the cart, and passes it by an RFID
reader that verifies that the correct item has been renoved and updates the
current |ocation_ of that Eocgmto on shel f" The @rocess continues until ail

i tems have been Inanpther pmpodiggni, the Sombinaliondag corld PIoXIde dutlestanss Pardieny i ce

coul d al so |geiRiowbethneiough §Bﬂﬁhé{ic%épbﬁ%@(ln&c@t"hé\bﬁetﬁé'ﬂhe‘%ﬁigﬂgué he RFID tag
affixed to the item The nﬁ)resen invention also extends to an RFlI |~ device
that provi d&ates pighe B had beenragiigateg ariderrtiyatgdiend throneing weiodtequensy| i brary
(shel ves foy fel gra Y | Edoftvaind WHaGR

shel f - or der csrpgr%e (i fc 9& a{e?%s&? h%ugqusg&g@e%rlr gccﬁecﬁgel\ hr ﬁl nlﬂé@ﬁ%},fségﬁ

shel ved, thde rbem@rryg:nrthe RﬁB:t chip &selfithowed that thagkmdied bedreapproptattiynd each

item An aI 5:9(] éasnte&ve to produci ng hardcopy lists is to provide portable
devi ces, I'ch *¢ach device is "programmed” to | ook for itens that bel ong
in a partr cuI ar secti on of the I|brary Thi s enbodi ment of the present

invention is partjc sef when speci nd| vi dual

responsi bl e for herFE‘t am %‘r‘t’%‘f‘ﬁeﬁ ft’“&?’ ipiREM3tjog . ¢ ‘?‘ Hﬂgﬂifgdnrt is
especi al l'y tmﬁt@%emom@mv@mr&m&wr%d meSekii@g, ®fiowhe library as up to
date as possible. A variation of an invention previously described is to
enable a user to read through any collection, such as an unsorted or
rough-sorte elf, and to pull out the itens that neet a certain
criteria (e %XQ'Q‘ keé#b i ction 100 - 200) in shelf order. This enbodinent is
particul arl y usefAubom\bxemonnagrwaanmieaih aeciancnwigintherprdserlinoridn. gy area and
ready for shel vi whi ch ai u i atin hel f ered cans from
an initial §8Vt‘?lp?§ SRRy odised ﬁg‘ea“aaﬂ?yécﬁ‘ @E Toahlhgg%mgg‘efgggi olPBY s i s not
limted to m&p&@ﬁéﬁdmsrlngqsenatvrtdnm@rdw tﬂ@B&fgnﬁr&t Mu@"%s @ftadnk&NS
needing to be shel ved can be processed in this i nal enbodi nent

Cnabl 65 & udn iesfuises MapGITUBA by SE iGN mBY e Shel 331 TRFes, daiocwar o

| ocate the hel f t r.identifies
an itemto ?ﬁ‘el Y %icﬁ‘tccﬁ ﬁﬁog@e@? r?e""ﬁgé 8a§nﬂ ﬁ?a(}eﬂ\yl cﬁ@sg}pﬁ dsjé(gl Pow of
items on a shelf. As the correct position for shelvin g the newitemis
detected) feedback is given to the user. Feedback can be provided in a
conbi nati on of ways, including on a display, with audi o feedback and/ or
mﬁth lights (LED s) on the hand-hel d device. This function can support
"free-shelving,” which is nost typical in libraries, wherein the item may
be pIaced on any shelf 'S0 Iong as it folloms and |s preceded by the correct

-, o ey -, oy




13 FEB 2003 -29 placed in a specific location on a shelf Free shelving S
nmore typical and requires nore processing to produce the right shel f13FEB 2003
| ocation for an item Wen constrai ned shelving is used, LED s can be added
directly to shelf locations and they can light up to indicate where an item
shoul d be placed. Even in the free shelying scenario) LED s can be added to
a shelf, but determ ning which shelf Lé to light is a dynam c deci sion
based on what is gn the shel f the tinme Underlyin hi.s. functjion is also
an under st dﬁ“&“ :’?é lgfléﬁfrbﬁﬁél’ loRg| hedF%é‘lx?urEﬁ%’H‘sfﬁdk# as “%ﬂﬂissgét%ass 4%%6\/ t hey

want items ghahyeshnel¥d 1J 47 LY 315aE )THPRWRY e RS d¥Rine D SOHREY upoRlexpdshROr ' s | ast
nane) These shel ving schenes can vary across the various sections in a

library. Thp$ 2f4fnetr faldstrahglerpughtospgyprsrtynien! ACE\RIIRdasmsedditheduld hel vi ng)

in which it | v ; ' [ I SchS comonly
done for sté@’e’gr% gl]d ﬁ’%fe{l éﬁﬁ‘ﬁb'@leﬁgﬁtﬁg%@}%& I'ﬁﬁggﬁa%%gpgpﬁﬁ%ﬁ]z)t{)}% i n other
si tuati ons msvenetdeividgpdriibrsofahé dgideopoanefRidifl the aledard §GShatensewliti o fi nd
an itemfromthe unsorted shelf. Be pri'tls of this enbodi &ept incfj#(ﬁe t hat
thi's Syst eriE BFPIPRPSPESmaNRY AR Ak Py IGRREd FLERRFRID R S taatnliehi s can
be parti cul @lehyhUsttibhinkQhe d6 SO perarDRR) VRIprotdlyben may speed up the
shel vi ng operation. Oncée the shelver is close to'the |location) the device
can quickly zero in on the precise shelf location. An additional a feature
of the errbog;rr;ﬁgﬂﬁ,wgescri bed in this sectionis the ability in certain of

t he enbodi a user to obtain information in real tine) as opposed
to having to dowhibmad itostpares ahotbestentblodinment of aredntemna thar Bdlehiowed Nsafillgat i on

Usi ng RFI D Deyi nent s n atrons have difficulty navigating
Wt the Tk dspetaft RFTR AT TR bl SR sl Y R itp b gl e ai byt he
desired fl ogefepfedt ITRe kiRl Ay codfptitinf thel dlthefctiRed rof aSBadde0alidvisaeh ng t he
desired shelf and ultinately |ocating the materjals . of interest. Sone

y, ! .
pat rons hava Rsp@eliqy; either Ssichins fpyaicalqichemical); Git BRUINRREARRSIISE her s are
nore | nteregf h'aﬂnz_?s\ébh‘ﬁ%ﬁ:)igiﬁu%"%n'ﬂﬁié@f el @N3Erve YRS ab i hiioNericl
enbodi ments of the invention described in this section assis lerary
patrons w tresprnsivgatenents ints gesieni Howeverd theoeduchdlengty of thesmimetallist er est i ng,
and per haps un. Fi qures..18A L]l r ] i of the
i nvention, flg%\%ﬂ‘ls E:%més éteg}r’l'aﬁig\%ﬁﬁbh%gg&éﬁﬁe%log%n@%%gt%}%ﬁ;ﬁ%b%%?oer amcd,
wi t h one orthedleeice.t Brrbe efhbodidb8ntREBv2 BB gure 30 fluntaleesdn demeahoprovided & gur e
18A Loadi ng,can be .done at gcgat E_on accesii bl e ternh.n?.l . |.n t,g‘ibes
embodi nent , "5 “PBYLH }H’@feﬁf’%’cag SO AT TINE EPRLR OO E IS MRS Bt aifase directly
or via a seasmtruii@bnRhewe #EPRuleq WRHlE pitfBRbINMchidt egaiatRs ANeviduelys that are
currently available. That infornmation is displayed to the patron. The
patron i nt efeSETiRedjogppedie ppsseinedegrensy of the aagcnaz 0 orssdibsd IHBIRSRIY sel ect
a category ggqﬁgv.of itens. In this exanple) the patron selects two books)
The Life of Mark Twain and Tom Sawyer. This information is sent to the
| oadi ng processor that places the information into the RFID | ocator card.
An alternative i 8. S f . f tro for
exanple, a referzﬂ%:gé}‘ag%\s{%ﬁ%‘gef?ﬁee aﬁge%ﬂgpgsggggeadmﬁﬁéE%th?ﬂlggl'&eccgpl %téregy subj ect s
of i nterest withahe ehaprtardricscdknpiv e knternaa figh radie fiequenbeintdgpaiad pirculthandat a
| oaded onto,the card coul d .be specifi.c ti.tt) S %{ suE%ect ag}?as of interest.
| nstead of BEFHEE °§‘pfg’6'iaé'lef‘ﬁtfﬁ SESTRIMD S PVl BAPOIR RO A | brary
card coul d kgamsiehouR fuactioR@@bdiatelyinlshéd &1 ypphidfidncoul d be designed for this
purpose. For in-library use cards, the patron would | eave themin the
| i brary when departing. The in-library use card could have a TATTLETAPE " ~'
magneti c securit : il - el t he
present inventi olgha Fg(ga’g{nﬁtg?g‘te ye?%‘gér{\geggﬁfh%ﬁ@%?mﬁ&frﬁ?g%%&sgrcﬁfgé t he
card is | oaliedngiotlly anRFBesimend or atombmtiionagthoe gfarhicnare dnscubed above o
navigate within the library as showm in Figure 18B. RFID devices may be
strategically placed throughout the library, and when an RFID card is
present ed t @] one RFIDIShesms Aealekisns it 1 ndicates to the patron where the
itens) of interest can be found relative to the reader's |ocation. The
devi ce might i nclikieries c@ngpiyyecaiecnargs yolrmsecilibrasy Batsriglstthat gegyewmed
graphi cal i i e fok e &6 i - i es of
CED 1 ght s ChEFPIE ROt hak i s o BRI pREEI TS, ©
nearest the device) or that light up a part of a library nap where the item
can be found. The information provided depends on how cl ose the patron is
to the target iten(s). For exanple, it mght indicate to go to another
floor of the library (when far fromtarget) or half way down an aisle to a
specific shelf when the patron is close to the itemof interest. In another
enbodi ment, the itens or subjects of interest may be | oaded into a

Y o1 o~ 1 o N T M T




1 3 FE8 2003 -31 The data can be | oaded in a nunber of ways, as described
above. The shelves containing the itens are activated, or provide soh® FER?
of signal, when the RFID device is pointed at them Then, the patron can
follow the lights to find the approximate |ocation of the library material.
Once there) the unit can nove into itgp’l ocator node to help the patron
find the specific item In this node, the device can read individual itens
and i ndi cat e, vigl {ﬁe dbagk on H;\%d_evi ce, when the target .itemhas been

| ocat ed. THEGRNE C ‘grﬂm e SRR RGP BN he My w%ﬁ%sw e shRlYedhel p t he
patron findcdipRély aN@YuidkiQUiHd thdSarlohDmBE6AcYBE halstanf iRBddline nfifdradi ment may
be particularly useful for library patrons wth di mnished eyesight. A

rel at ed aspeesthey havedepr walpad. i Theanuousrembodinpatsf ehedhFIR=retated brary cards,
not only f : : hecki ng;. i r L1g ' i al s) but
also to trgivﬁpﬁ@%%%ggréégﬁmgﬁ Elf%{a&tqi r"lgﬁ'quto ﬁ@gggﬁkg TT@L}&Q{QF%%X%%%% of

pat ron acceemeseclgas desirddr acked and then statistically anal yzed to obtain
usage i nformati on For exanple, the systemcould count the nunber of patrons
that enter a certain location of the library, how | ong people spend in
various places W thi i ddapohé? bfihé)sydtétf dBdeRBET he@din iSARIID deRicedivRich isbr ary
equi pnent such as conputers and copiers. RFID |library cards_may _al so be
used for acibespogaiie fryeferably hanp heldrpositinnaty, of the felloving ype-afke control s
whi ch patr : . i L hicth €3, fact L a room
in which cggzlc? Sésﬁé@g%d {Egrgiﬁlﬁgreggéﬁﬁl%%ﬁghwg%g%sosﬁﬁﬁgmbéu%%aﬁgﬁ%ﬁﬁd for

usi ng cert &am, bopki, pnether roaterdstl h Brefératidy,aheinferoialipn fead fromitbe BEE tagl nmay

further deterqu?ne dvvhi ch. co ué.er oqerati.ons. ar e @grm’ {1 ed tg beh.Flze)rfornt ed
by a user <IYIFAA SeHBTEQUSRBRLS N AP SR o SR G P H MBI cer ¢ ai n
mat eri al s @&n bt edneiistrelthd gop@tsubich®in plots@a@itiatiledn THRRHID ddoieeisby
pl aci ng readers .atﬁ{jheﬁe speci al. control  poi né}s or bgh havi ng the person
carry the rPER&SFIPRFHIVIAE[eY e didipsthtroilodestangd i efgbletheartpptiongnd ess.
Lastly, an deiiNatidP6anY siedhd efdenP BortiS S f the neaRhdI NAftdr e REIDdGAGL @i N
accounting functions perfornied in a library. The RFID |ibrary card woul d
be i nt egr atreafis e RFhtag, thed¢vaee trasgmitsitha dtegapentificaticadafognatidnta@s t hat are
collected i i . r i : e,.Ghay g ees for
Gsi ng. cort mPaer MRl B AERBY BRGah R pRR AR R AR hen T8 e
ei t her a depproxonately dQictrreraleh Vhefi vt sys(cascoeiRynixawhizd ikeytlaie fiole card
(updating t Loy j in e Y PC P 08 - t abase.
The main a va?lrtﬁ:\t gégh[e)l,“%?a SQSH‘{EE% %)8 rrgﬁo’éﬁgﬁtEgﬁﬁ%r‘é?'%‘?lsiasgﬁ'g%?cuﬁ??%
sinplify t Heorpehtiedst Denveh iColoraday; maltDR A Esvhghds hvaikable drom DRAJbESE. Today,
many of thg{se.f ctions are handl ed manual ly and often with sone unpl easant
feel i ngs betWEen '¥P4Ff and patrons. This systemwould allow a nostly
aut omat ed net hod of handling these problens, reducing tension and inproving
staff productiviig‘y to deal with nore in&ortanﬁﬂ i ssueib. .Anpf her Lon is
for the patron t'GCHF §RUMBErOf Wayg1q ranging thy infarmapen raipedyfiromar 5 g with
their REL D ibd Riae ¥ ASOHMeAN DR ARG Bl Lking Y @t irkB8RemdiiShe L he
library card is preserited to pay fees) but™it has no noney directly
associ at ed 3M Stendard IntetchamERrood (SB3. Waotkeawenld Involyepwsing ad elsEraieler i ng a
group of UnQUAERAAL LEMPwRRE Mok 5k R R S0ARSPR AL Akl HEREYT L N.
conprising the steps ©

conventional barcode scanner These and other techniques are well-known to those

skilled in the art. In this manner, the RFID component of the RFID device performs the
functions formerly performed by an optical bar-code scanner, which may or may not
continue to be used with the device. Thus, libraries may continue to use their existing
LAYV software system interfaces and terminals while enjoying the added functionality
and features provided by RFID technology The RFID device need not include a

display if it would cooperate with an existing LAV software system display to provide



(a) interrogating the itens to determne information about their identity;
(b) organizing the identification information in a predeterm ned 0rd?5FEP2%3
excl udi ng organi zing by weight; and (c) providing an output indicative o
that order. 2. A nethod of ordering a group of unordered itens having RFID
el ements associated therew th, conprisigyg the steps of (a) interrogating

the itens to determne information about their identity; (b) organizing the

i dentifi ' | nf ti in . det erm ned,order i,n ich the itens are
o be shot reabeeltt Hecpelsfl, Ohiefhnt SiehhEn AR ot B eRars BRaLF 3. “The
met hod of [lcRide® inlth@ RFZD dehick @é ih infe@ra0ddt dkagdes an i nteractive visual or

auditory display. 4. The nmethod of claim 3, wherein the operator can
provide input to the display in order to control it. 5. The nethod of

claims | or 2, ' At oS | 4-S: i of

I dentifying a sglgxg{ ﬁr@b%?gﬁﬁﬂggﬁngs lzﬁ%ﬁgra%?%ﬁogr@h%Jlg%osr%g%eg?ggi;{bﬁgr ewith
f r om anonghand-belgRFPrdeniseofThe hershedd BHIIN deni cryis RiflaDiealf eemeciting asengei at ed
therewith, ¢ ri.si e steps. of:, (a r ovi, di an. RFLD i nterrogation
dovi ce wi i TGt R et R Rt o L BB b ey PRt gt £ g

t he | ar ger pgsiisied@iose kfstRh 16 €he ifeBeilMb BghabRUTCDES irfef iipla6tebds @KW areand (d)
provi ding a.signal when the RFID device interrogates the RFID taP
associ at ed Miih¥mthe pangs ﬁég]efqegxcpt &Rsse and other features make the inventive portable

RFID device a valuable library tool. For simplicity, portable RFID devices will be
described first in terms of their components and operation, and second in terms of
various useful functrions for or methods of using such devices. It is important to note
that the functions or methods described herein are equally applicable to non-portable
RFID devices, and that the functions or methods described above in reference to non-
portable RFID devices are similarly applicable to portable RFID devices. The different
functions and methods have merely been grouped together with the type of RFID

device more often used to perform that function or method.

The hand-held RFID device of the present invention preferably includes an
RFID reader and writer, memory, a power source, and software to enable various
functions of the types described herein. The RFID reader/writer could consist of a
Commander 320 13.56 MHz RFID reader, manufactured by Texas Instruments of
Dallas, Texas. Memory, preferably in the form of a computer, may be provided by, for
example, a “palm-top” or handheld computer available from 3Com Company of Santa
Clara, California under the designation Palm Pilot. The portable computer may include
an operating system, a touch-screen display, several buttons for developing user
interfaces, a recharge station, a docking station to transfer data between the device and
another computer, one or more ports to connect peripherals to the hand-held device
(such as an RFID reader) and a battery power supply. Some units may also include a
built-in peripheral such as a bar-code scanner. It may also contain various feedback

systems, including lights. audio and a display

As described above, there are a number of options for transferring data between

the hand-held device and another processing station. A docking station approach can
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York. Systems like the Spectrum24 allow mobile users to wirelessly communicate

between mobile devices and local area networks. For this operation, the mobile unit

will typically include a communication component to supporn wireless communication,

such as Symbol's LA 2400 Wireless LAN PC Card.

The user interface for the device is designed both to communicate the status of
searching and to allow the user to enter data. Entering data may include switching the
device among various search modes and entering data specific to a task (for example, to
check out an item, or to put an item on hold). Feedback to the user is preferably
provided through a combination of sound, lights and a display. The display may either
be integrated into the unit or separated. When separate, it can be designed in various

ways, including as a “wearable™ display that can be easily viewed by the user.

A parnticularly useful embodiment of the hand-held RFID device is as follows.
A hand-held RFID device is provided in which the RFID reader, user interface, power
source, antenna, processor, and software are all provided in a single integrated unit. By
using a hand-held computer such as the Palm Pilot described above, a number of real-
time functions of the type described below can be achieved, in contrast to systems in
which the RFID device must interact with a separate computer, database, software
system, and the like. The sofiware can also provide either limited or full-range
capabilities for supporting functions of the type described herein, as desired. The hand-
held RFID device also preferably includes an integral power source, although it can be
tethered to a larger power source of the type that might be worn around a user’s waist.
In the case of an integral power source, the source may or may not power the processor,

and may be recharged when connected 1o a docking station When a hand-held



13. The method of claim 11, wherein the information obtained in provided by
a dat abase separate fromthe RFID tag. 14. The nethod of claim 11, veFER 1003
t he database is separate fromthe RFID device.
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whenever it is activated within range of the items. Intermittent activation can be
provided by, for example, a trigger associated with the device, so that the elapsed time
for which power is required for the RFID device is minimized. The reading distance is
a function of many factors, but is expected to be between 15 and 45 centimeters (6 and
18 inches) given current technology and the likely frequencies at which the system
would operate. In some applications, it may be desirable to restrict the operating range
of the device so that it only interrogates RFID tags associated with items at a closer
range. In other cases, the longest available range of operation will be desired. In other
applications, it may be preferred 1o restrict the output power (and thus the reading
range) to permit longer continuous operation from the battery pack. The read range
will also be influenced by the design of the antenna as well as the orientation of the
RFID tag relative to the antenna. It should be appreciated that the read range, battery
weight, and lifetime between battery recharges or replacement are often dependent on

each other. Various tradeoffs can be envisioned, based on the particular application for

the device.

In operation, a particularly useful feature of a hand-held device is obtaining
real-time information regarding an item that has been scanned by the device. That s,
the hand-held device obtains information from the RFID tag, and either immediately
displays that information, or immediately displays information stored within the hand-
held device that is related to the tagged item. This is in contrast to devices that must be
docked with or otherwise communicate with a separate database of information before
that information can be displayed for the user. The hand-held device of the present

invention can also be docked or can otherwise communicate with a separate database, if

such features are desired.

A. Sorting Librarv Materials Using RFTD Devices

One embodiment of the present invention uses an RFID device of the type

described above to provide soning assistance to library staff when they are sorting
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Each library designates their own sorting categories including, for example,

adult non-fiction, children's fiction, materials that are being held, and materials that
were or will be on ILL (inter-library loan) to another library branch. When an operator
begins the sorting operation, he or she can use the RFID device to scan the RFID
element associated with a material, and receive, for example, a visual or audible signal
of the category 10 which the material belongs, and the cart or container holding
materials within that category, as shown in Figure 9 For example, the operator may
scan 2 book, learn that it is in the children’s fiction category, and learn that it belongs
on cart number 123. The identification of the material, category, and temporary
(initial) or permanent (final) location of the item may occur in response to information
obtained from the RFID element, from LAV software, from a separate sorting database,
from another source, or from a combination of the foregoing. A separate sorting

database provides potential advantages of performance and flexibility.

Various RFID devices may be used during the sorting operation. One preferred
device is a portable, wearable reader of the type shown in Figure 10, which would
provide the advantage of hands-free operation. Another hands-free option is to position
a reader near the repository of items and then pass each item by the reader as it is
processed, as shown in Figure 11. Other options include a hand-held reader as shown

in Figure 12, or a fixed device, as will be apparent to those skilled in the art.

Various procedures may be used to handle the sorting operation. One option
includes a database of sorting categories for the library, a database of cart information
that includes the number of shelves and capacity of each shelf for each cart, and a
sorting processor. The sorting processor tracks the status of each cart, how close to
capacity it is and the current category assigned to the cart. As an item is processed, the

identification of the item is sent to the sorung processor The processor uses
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next item. It then displays the sorting instruction to the user and updates the carnt

database.

Figure 9 shows an example of the display of sorung information In this case, it
indicates both a fiction sort and a specific library cart location on a display attached to a
device. The same display could stand alone, independent of the device, and be used for
feedback with the other identification options described above Other methods of
display could also be used. LEDs could be attached to each shelf on each cart. The
sorting processor could send a signal to the appropriate shelf, causing the LED to be
turned on. Audio signals also could be used Optionally, there could be RFID readers
attached to the carts that verify placement of the item on the cart. This would assure

that the item was placed properly and help in tracking operations.

An RFID device, used in this sorting environment, could include additional
functions. The device could accept information (commands), such as that a specific
cart is full, that a specific cart should be associated with a parnticular category of
materials (such as fiction, or damaged materials, or the like). The device could also

incorporate an RFID tag printer that would automatically dispense tags having RFID

elements, or dispense them on demand.

In one embodiment of an RFID tag printer, a bar code scanner is attached to a
device that includes an RFID reader/writer, and a dispenser holding a roll of RFID tags.
The tag has adhesive on one side so that it can be placed in an item. The adhesive
could be temporary or permanent depending upon the type of item. The device is
optionally connected to the LAV sofiware system. When an item is placed under a bar
code scanner, the scanner reads the bar code for the item. Optionall'y, the device sends
the item ID to the LAV software 10 verify that the item belongs to the library and that it
should have an RFID tag, and potentially to extract additional information about the
item, such as the type of item. The RFID writer then writes the appropriate information
to the next available RFID tag. Optionally, the user could input additional information
10 be placed on the tag via buttons or a keyboard. For example, the user might wish to

indicate the type of item When all information has been input, the user indicates that a



100 100 10O 810%& () -F 6-10%& ()-F ,510%0% () -13109%0& () -\ & &&& 13 FEB 2003
's' ' dEnbC f @LO%WE () - 10%W& ()- f 310%& () -
"10%vE' () - S10%v&' ()-10%v& ()-'**G m.///dE/ 10M
10MBF10%VE' () - S8&10%VE' () - 6e10%V&' () - $310%v&' () -1 " 10%v&' () - 310%v&' ()-//
/| @| 14888uSE7 10M 10 10! 3Y( 109%&' ()-! W& ()-Y s& 109&' ()-Fs&
109%&' ()-F ' 3109& ()- 10MB888t::4<_<uV77 10M 10% & () -
0 & - 0 & ' 0 & 0 &
%8,(; &0 3119::@ t(%gs oujlg %%m(ned ar}é ti]'o;érjnr%er(glspelng}s(g}é) t(%z()rhe user;licesp}le tag in

AAAAAdYNC
the item. This would be useful for items that do not currently have any RFID element,

or have 2 damaged RFID element. Another option is to dispense a temporary RFID tag

that can be easily applied to and removed from library materiais This could be done

for all or specific non-RFID items (like holds) Then, that item could be tracked by

RFID from the point of sorting through final shelving, at which time the tag could be

easily removed and even reused.

The benefits of the RFID-based sorting system include knowing the specific
location of each item after the sorting operation, and the ability to generate a list of all
items in a given initial location (e.g., all items on cart 123) RFID-based sorting would
also provide more accurate sorting, and could be quickly implemented by a library

without the need for extensive staff training.

B. Carts Incorporating Portable RFID Devices

After library materials have been sorted as described above, they are typically
loaded onto portable carts to be transported to their appropriate locations in the library.
Library carts of this kind have traditionally included only a frame, wheels, and shelves,
but the library cart of the present invention may also include several features of great
value to a library. Library carts incorporating portable RFID devices may be referred

to simply as *“‘smart carts” herein for convenience,

Smart carts in accordance with the present invention may interrogate their own
contents to determine the materials stacked thereon, and may determine the order of the
items on the cart, including which shelf each item is on. The primary benefits of a
smart cart are that a smart cart can assist library staff with the reshelving process, and
that an item can be tracked to a specific cart location even before it has been reshelved.
Although the embodiment described in the most detail herein is related 1o cars, and
specifically carts in a library, those of skill in the art will appreciate that the present
invention may have equal application to other collections of items in, for example, bins,

piles, shelves, and rooms.
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In one embodiment, the smart cart may be used in combination with a hand-held

RFID device of the type described above and shown in Figure 12, An operator may use
the hand-held RFID device and pass it by the cart in a particular order (for example,
from lefi-to-right, and top-to-bottom). As the RFID device passes by the items, the
device reads the items having RFID tags, and records and stores their positions on the
cart. The RFID reader identifies the can by reading a tag on the cart or by entering the
cart identification information into the hand-held unit. 1f the user only needs to record
the items that are on a cart, but not the exact item position on the cart, the user can pass
the device by items in any order. Because the entire cart can be read after it is loaded,
the loading process is not delayed, and the cart inventory may be more accurate.
Alternatively, an RFID device may be affixed to the cart, and the item may be passed

by the reader and shelved, after which the staff person can enter the shelf location of

the item on the cart.

With any of the foregoing embodiments, non-RFID items can be quickly
determined when the reader is unable to identify a 1ag in the item Those items can, at
the user’s option, be separately handled, identified with a bar-code reader or designated

to receive an RFID tag for conversion to the RFID system.

The contents of a smart cart and their locations may also be determined in
several ways that are expedient, and require little or no involvement by the library staff.
One is to use a smart cart having antennas running the length of each cart shelf. The
antennae are connected to a suitable RFID device, which enables the cart 10 take an
inventory of the items and their locations. The cart may also be connected to an
existing LAV software system, and the entire contents of the cart and the identity of the
cart may be downloaded to the LAV sofiware system. Alternatively, the information
could be kept in a separate database In both cases, this “plug-in” cart would provide
for quick and immediate transfer of accurate data as to the identity and specific location

of the library materials. A plug-in cart is illustrated in Figure 13.

One embodiment of a sman cart system is as follows The user initiates a “cart
reading operation” via a keyboard or button interaction. The cart optionally has an

RFID tag associated with it 1f a 1ag is available, the software initiates an RFID
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interrogation 10 establish the identity of the cart. Alternatively, the user initiating the
cart reading operation may input the cart identification information into the RFID
device manually. The software sends the cart ID to the location database, and then
interrogates each shelf. The identification of each item on the shelf is sent to the
software which then sends the information to the location database. After interrogation
is complete, the software can optionally send the information from the location

database to the LAV sofiware to update the latter.

Another method of identifying library materials and their exact location on a
cart would be to pass the cart through an RFID tunnel, or over an RFID “anti-tunnel,”
as illustrated in Figures 14 and 15, respectively As the cart moves under the tunnel or
over the anti-tunnel, the RFID reader in each can determine the identity and
approximate location of all items on both sides of the cart. One benefit of the wunnel is
that it would not require a special can so long as the cart can be rolled under the tunnel,
although non-metallic carts may be preferred to metallic carts so as not to interfere with
the RFID system. The anti-tunnel approach would require a special cart that can be

rolled over a reader that is designed to fit under the center of the cart.

One further method of identifying and locating items on a cart involves the use
of a “sword reader” of the type shown in Figure 16. This “sword” has RFID reading
capability, and can when inserted into the proper location or locations in the cart

determine the contents and locations of the items on 1t

C. _Shelving Aids Using RFID Devices

Once the library materials have been arranged on a cart or other initial location,
it may be desirable to provide assistance in shelving using information that was placed
in the database of information obtained by the sman can as described above. Another
embodiment of the present invention thus relates to aids for shelving materials,
preferably including a list of the materials in the order in which they should be shelved.
The list may contain specific location information for carts, and interactive assistance

may also be provided.
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often establish their own method for shelving library matenals Each section of the
library may contain a different ordering scheme. For example, adult fiction may be
shelved by the author’s last name, and then by title within that author, whereas adult
non-fiction may be sorted by the Dewey Decimal system. The library may also specify
the preferred path for traversing the library during the reshelving process (for example,
start shelving shelf 1 in adult non-fiction, then go to shelf 4). One way to establish
methods and orders is to create a database of shelving information automatically as
inventory is taken. In one embodiment, a shelving database is created by the user when
the user sweeps an RFID device past all items on all shelves using an order determined
by the user. As each item is read, it is sent to the shelving processor. The shelving
processor places the information into a shelving database, maintaining the order in
which the items were input. The shelving processor may also provide an analysis of
shelving order using additional information gathered from the tags, a separate database
or the LAV software. For example, after completing a bookshelf, the shelving
processor might use information from the LAV software to determine that the shelf
contained Adult Fiction and that the shelf order was established using author last name.
In this manner, the database may be “taught” an appropriate shelf order, which may

then be used in connection with other library operations.

Using the configuration information established by the library or the inventory
process described above, together with the database of a “smart cart,” a shelf-order can
be established for a cart. In one embodiment, a shelf-order list can be printed for the
user. A shelf-order list for a given cart may indicate, for example, that the first item,
call number 913 47A, the first portion of the title of which reads “Join me at my home .

", is located on cart shelf 3, and that it is the fifth book on that shelf. The second item
to be sheived could be, for example, call number 916.8, the first porﬁon of the title of
which reads “Another reason . . *, and the shelf order list would denote that the book
is located on cart shelf 2, and is the ninth book on that shelf. The third item to be
shelved could be, for example, call number 916.912, the first portion of the title of
which is “The life and time ", and the shelf order list would indicate that the book is

located on cart shelf 1, and is the fourth book on that shelf, and so on. The shelf order
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list could also be created for mare than one cart, in which case the list would include an

additional field indicating the cart on which the book is located.

This embodiment of the system is beneficial because library materials within a
particular class could be randomly placed on the appropriate cart, and yet could be
shelved directly without further sorting Alternatively, the unsorted cart could be
sorted, which may be especially helpful for novice shelvers who might have a difficult
time understanding the proper order for shelving items. Lastly, the RFID shelf order
system could optimize the path taken through the library when reshelving items,

resuiting in a substantial savings of time for library staff.

In another embodiment, a portable RFID device having a display may be used
to provide the shelf order information, rather than a paper copy. The display could be
mounted on the cart as shown in Figure 17, worn by the user, or held in the user’s hand.
As shown in that illustration, the RFID device display may inform the user of the next
item to be shelved, its location on the can, and its location on the shelf. It may be
preferable to provide a portable RFID device that provides shelf order information to
the user, and accepts input from the user. Input could include the ability to scroll items,
to indicate when an item has or has not been reshelved, to ask for more information

about a particular item or to display a summary list of the contents of a cart.

In another embodiment, the portable RFID device helps the operator find the
next item to be shelved using the RFID tag affixed to the item. The operator sends a
message to the shelving processor indicating that the materials on a specific cart should
be shelved. The shelving processor determines which item should be shelved first
using information from the location database and the shelving database. The operator
scans the shelf with a hand-held RFID reader. Each item ID is sent to the shelving
processor. When the ID matches the ID of the item to be shelved, the shelving
processor sends a message to the operator The message could be a visual or auditory
cue such as a flashing LED on the RFID handheld device, an LED on the shelf, or a
beep. The operator then removes the item from the cart, and passes it by an RFID
reader that verifies that the correct item has been removed and updates the current

location of that item to “on shelf™ The process continues until all items have been
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shelved. The portable RFID device could also locate whether a specific item is on the

cart using the RFID tag affixed to the item.

The present invention aiso extends to an RFID device that provides a list of all
items within a specified area of the library (shelves for non-fiction 200-300, for
example), and then presents a shelf-order list of all items that have been checked in, but
not yet shelved, that belong in that area The list includes where to find each item. An
alternative to producing hardcopy lists is to provide portable devices, in which each
device is "programmed" to look for items that belong in a particular section of the
library. This embodiment of the present invention is particularly useful when specific
individuals may be responsible for maintaining a certain part of the library, or when it

is especially important to keep particular sections of the library as up to date as

possible.

A variation of an invention previously described is to enable a user to read
through any collection, such as an unsorted or rough-sorted book shelf, and to pull out
the items that meet a cenain criteria (e.g., non-fiction 100 - 200) in shelf order. This
embodiment is particularly useful when items are already on an initial sorting area and
ready for shelving, which aids a user in creating shelf-ordered carts from an initial
sorting area. Because any collection can be 1ead, this is not limited to pre-sorted

shelves of library materials. Any area of items needing to be shelved can be processed

in this way.

A final embodiment enables a user 10 use a portable (preferably hand-held)
RFID device to locate the correct place on the shelf for a given item. The user
identifies an item to shelve and then passes the hand-held device across a row of items
on a shelf. As the correct position for shelving the new item is dete'cted, feedback is
given to the user. Feedback can be provided in a combination of ways, including on a

display, with audio feedback and/or with lights (LED’s) on the hand-held device.

This function can support “free-shelving,” which is most typical in libranes,
wherein the item may be placed on any shelf so long as it follows and is preceded by

the correct items in shelf order In a more constrained shelving system, items must be
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placed in a specific location on a shelf Free shelving is more typical and requires more
processing to produce the right shelf location for an item When constrained shelving
is used, LED’s can be added directly to shelf locations and they can light up 10 indicate
where an item should be placed. Even in the free shelving scenario, LED’s can be
added 1o a shelf, but determining which shelf LED to light is a dynamic decision based
on what is on the shelf at the time Underlying this function is also an understanding of
proper shelf order. Each library indicates how they want items shelved (by, for
example, Dewey Decimal number, or author’s last name) These shelving schemes can
vary across the various sections in a library. This function could also support totally
unconstrained shelving, in which items are shelved in essentially random order. This is
commonly done for shelves of materials being held. and may be applicable in other
situations as well. In this situation, an RFID reader can be used to find an item from

the unsorted shelf.

Benefits of this embodiment include that this system can help a shelver identify
where to shelve an item. This can be panticularly useful for the novice shelver, which
may speed up the shelving operation. Once the shelver is close to the location, the
device can quickly zero in on the precise shelf location. An additional a feature of the
embodiments described in this section is the ability in certain of the embodiments for a
user to obtain information in real time, as opposed to having to download or print out

the information.

D _Patron Navigation Using RFID Devices and Components

Many patrons have difficulty navigating within the library. Difficulties include
finding the desired building, the desired floor of the library, getting to the desired
section, finding the desired shelf and ultimately locating the materials of interest. Some
patrons have specific items in mind, such as titles, whereas others are more interested in
subjects, such as Revolutionary War History. The embodiments of the invention
described in this section assist library patrons with navigation. and provide guidance

that is visual, interesting, and perhaps even fun

Figures 18A and 18B illustrate one embodiment of the invention, in which a

card having an RFID element is loaded, or programmed, with one or more items of
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interest as shown in Figure 18A Loading can be done at a patron accessible terminal.

In this embodiment, a loading processor can interact with the LAV database directly or

via a searching processor to determine the categories and items that are currently

available. That information is displayed to the patron. The patron interacts with an

input device such as a keyboard or mouse to select a category or set of items. In this

example, the patron selects two books, The Life of Mark Twain and Tom Sawyer. This

information is sent to the loading processor that places the information into the RFID

locator card.

An alternative is to have a staff load a card for the patron at, for example, a
reference desk. There may also be "preprinted” cards by subjects of interest that a
patron can pick up and use in the library. The data loaded onto the card could be
specific titles or subject areas of interest. Instead of using a special-purpose RFID card,
a patron’s actual library card could be used, or a special in-library card could be
designed for this purpose. Forin-library use cards, the patron would leave them in the
library when departing. The in-library use card could have a TATTLETAPE™
magnetic security marker of the type available from the assignee of the present

invention affixed thereto to prevent theft of the card.

Once the card is loaded with the desired information, the patron can use it to
navigate within the library as shown in Figure 18B. RFID devices may be strategically
placed throughout the library, and when an RFID card is presented to one of these
readers, it indicates to the patron where the item(s) of interest can be found relative to
the reader's location. The device might include a display which could be complete with
map and graphical instructions for finding the item, or perhaps only a series of LED
lights that light up to acknowledge that the item is with the aisle nearest the device, or
that light up a part of a library map where the item can be found. The information
provided depends on how close the patron is to the target item(s). For example, it
might indicate to go to another floor of the library (when far from target) or half-way

down an aisle to a specific shelf when the patron is close to the item of interest.

In another embodiment, the items or subjects of interest may be loaded into a

hand-held RFID device that can then be taken around the library to locate the item(s).
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The data can be loaded in a number of ways, as described above. The shelves
containing the items are activated, or provide some type of signal, when the RFID
device is pointed at them. Then, the patron can follow the lights to find the
approximate location of the library material. Once there, the unit can move into item
Jocator mode to help the patron find the specific item. In this mode, the device can read
individual items and indicate, via feedback on the device, when the target item has been
located. The unit might also show mini-library maps to further help the patron find
their way around the library. Variations on this embodiment may be particularly useful

for library patrons with diminished eyesight.

A related aspect of the present invention is the use of RFID library cards, not
only for purposes of checking in or checking out library materials, but also to track the
movement of patrons through a library. The number of patron accesses can be tracked
and then statistically analyzed to obtain usage information For example, the system
couid count the number of patrons that enter a certain location of the library, how long
people spend in various places within the library, the number of uses of cenain library

equipment such as computers and copiers.

RFID library cards may also be used for access control. In this embodiment, the
RFID library card controls which patrons or staff may use which facilities. A facility
may be a room, in which case the door lock is controlled. Access may be controlled for
using certain equipment or other library facilities. The control may further determine
which computer operations are permitted to be performed by a user so that, for
example, children would be denied access to certain materials or electronic internet
sites. Implementation can be done by placing readers at these special control points or

by having the person carry the reader and then reading the location tag to enable access.

Lastly, an RFID library card may be used in conjunction with certain
accounting functions performed in a library. The RFID library card would be
integrated with information regarding general fees and fines that are collected in the
library. These charges include overdue charges, fees for using certain equipment,
copying fees, and the like. The card can act as either a debit or credit card The data

(account) can be kept on the card (updating the chip each time) or in 2 separate
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database. The main advantage, for the patron and the library, is to unify and simplify
the methods by which various fees and fines are handled Today, many of these
funcuions are handled manually and ofien with some unpleasant feelings between staff
and patrons. This system would allow a mostly automated method of handling these
problems, reducing tension and improving staff productivity to deal with more
imponant issues. Another option is for the patron to designate a credit card of his/hers
to be associated with their RFID library card and automatically charged for fees. Thus,

the library card is presented to pay fees, but it has no money directly associated with it.
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(b) organizing the identification information in a predetermined order
excluding organizing by weight; and

(c) providing an output indicative of that order.

2. A method of ordering a group of unordered items having RFID elements
associated therewith, comprising the steps of:
(a) interrogating the items to determine information about their identity;
(b) organizing the identification information in a predetermined order in
which the items are to be shelved; and

(c) providing an output indicative of that order.

3. The method of claims 1 or 2, wherein the output is an interactive visual or
auditory display.
4, The method of claim 3, wherein the operator can provide input to the display in

order to control it.

5. The method of claims 1 or 2, wherein the output is a paper listing.

6. A method of identifying a specific item having an RFID element associated
therewith from among a larger group of items also having RFID elements associated therewith,
comprising the steps of:

(a) providing an RFID interrogation device with information identifying the
specific item;

(b) interrogating the larger group of items;

(c) receiving responses from the items; and

(d) providing a signal when the RFID device interrogates the RFID tag

associated with the specific item.
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7. The method of claim 6, wherein the information provided in step (a) is
information identifying a class of items, and step (c) comprises providing a signal when the
RFID device interrogates an RFID tag associated with a specific item within that class.

8. The method of claim 7, wherein the class of items are items belonging in the

same section of the library.

9. The method of claims 1 or 2, further comprising the steps of:
(d) providing an indication of the first item in order;
(e) interrogating an RFID element associated with the item indicated in step
(d) using the RFID device; and then

(f) providing an indication of the next item in the order to be selected.

10. The method of claims 1 or 2, wherein the order provided in step (b) is a list in

the order in which the items are to be shelved in a library.

1. A method of verifying the order of items of interest in a free-shelving system,
the materials each including an RFID tag associated therewith, comprising the steps of:
(a) interrogating RFID tags associated with three items of interest using an
RFID device;
(b) determining from the information obtained whether the item of interest
that is located between the other two items belongs between the other two items; and

(c) providing an appropriate signal.

12. The method of claim 11, wherein the information obtained is provided by the
RFID tag itself.
13. The method of claim 11, wherein the information obtained in provided by a

database separate from the RFID tag,

14. The method of claim 11, wherein the database is separate from the RFID

device.



