; e3ep% p". 6T] + RADI O FREQUENCY | DENTI FI CATI ON SYSTEMS APPLI CATI ONS

LNSORQFR’TMM\W\\\MRENSEW?' ool 124, cot, 111 ed August 14, (AN

%ﬁg.mas assigned to the assignee of the present 1nyention,
and the conten of which is incorporated by reference herein. TECHNI CAL

FI ELD The invention relates to applicati ohs for radi o frequency
identification (RFm) systens, and particularly to the use of such systens

in libraries. BACKGROUNRODIOHE RRENENNYHRENIHICAKIQNe surveil | ance
("EAS") systens detect the pre I ¢ devices placed on
or in an article or carried bﬁggﬁirwgﬁlrﬁé&gﬁﬁgand are often used in

retail or I|brary enV|ronnents to deter theft or other unauthorized renoval
of articles. ommonly known as tags or narkers,
have in the pd Tati on regarding the presence of an

item This infor rmfrmpplaxaﬁlabphdaﬁoxoahladsrgﬁﬂn@yfr@h €cs. rxp?hmdohyerﬁanhemb@gatl ng
the tag, either internjtten cont i nuously east f.our distinct

types of EAS 93/344088, ﬁlfée‘\twm PRETT 'ﬁlﬁéaw&}esyhnﬂs\w aSHSRMO e s
I nterrogat i on, eé:&ftflé %E&Wrrvtemn%d' the cW&%mﬁ%é@borate@g%o frequency

(RF), and mcr ese four, nmagnetic systems have provided the
hi ghest | evel reféresedereity 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 reactivat ggcHMNCADYFIBLDVI di ng a high degree of security and sone

i nformati on regarding the status of the tagged article.
The invention relates to applications for radio frequency identification (RFID)

systems, and particularly to the use of such systems in libraries.

BACKGRO OF THE INVENTION

Electronic article surveillance (“EAS™) systems detect the presence of small
electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter theft or other unauthorized removal
of articles. These devices, which are commonly known as tags or markers, have in the
past contained only information regarding the presence of an item. This information
could be obtained by electronically interrogating the tag, either intermittently or
continuously. At least four distinct types of EAS systems have evolved over the vears,
based on how this interrogation was carried out: magnetic, magnetomechanical, radio
frequency (RF), and microwave. Of these four, magnetic systems have provided the
highest level of security in most applications. Magnetic tags are easily hidden in or on
an object, difficult to detect (because they are less susceptible to shielding, bending,
and pressure), and easy to deactivate and reactivate, thereby providing a high degree of

security and some information regarding the status of the tagged article.

Many users of EAS systems desire to know more than just whether a tagged
object is present. They also want to know which tagged object is present, for example.
Detailed information regarding the characteristics of objects, such as their date of
manufacture, inventory status, and owner have generally been communicated to

automated handling and control systems through an optical bar code. While



Many users of EAS systens desire to know nore than just whether a tagged
object is present. They also want to know whi ch tagged object is present)
for exanple. Detailed information regarding the characteristics of objects,
such as their date of manufacture) inventory status, and owner have
general ly been comuni cated to automated handling and control systens

t hrough an optical bar code. Wile ir?expensive and effective, the
optical bar code systemhas certain [imtations. Bar codes nust be visible,
whi ch |in t sekpensiveead effewsivenhekpadal bivepdeays dmehpl goed inandoisaBacodes can

easily be obscured), ei.t.her acci,dent al or intentiponally. The,range at
eh e et S UEREL RS R B e bER bR e be ARG AR “e
bar code mayodls%tn BAUE bt BbRErcAPBEIRPhicdcaty PR Stk A, fTHe iR WhRR aAl SO)

because bar codes are often exposed to pernmt detection, the barcode is
suscept i bl edetecignsrigensenbg bas £qde Balgorcompapeively smalh £hs Pascede mpyaisq v,

multiple it L I of bar
code syst eé%%%ﬁ@ﬁ%gﬁ’ﬁ?&f‘?@{ al&rclég*oh 2? Seoﬁ;gg%g% %gﬁg&%gt) |ﬁ(?3ti ons,
such as nar kxprged idopeamit deeediian, Moy lrecgle éndulsgeptibleec amegechatdemtdsdit mat i on

g fr uelnc% Ld ntificat 'kon or | D echni.ques have been
uEh Wi PHEP

(al so known ,as rad e) t
devel oped t8°‘§6‘b‘?“ell Hemsrmib)h OF REICCHSY RU R S Vil D%y st ens nave

succeeded i BoRk@MitSbMAr 80eastiend aice ileapbddesiradort ihefEikiemdfor Biste ar e
deficient in providing object security because nost RFID systens operate in
frequency r apRjieatipns, sucknas margng bibtasy mediawhi ch the tag i s easily def eated.
The security deficiency associated with radi o frequency tags ari ses because
t hey can be "shiel ded" by, for exanple, covering the tag with a hand or

al um num foi |, oMaeercephaclesgoniaeddnafjcationdalvo bkowrEssoadib dtetyeangy power ed

radi o frequency..t ags bl ocke al t ho t hei.r .ran I.S. superjor and
bl ocki ng \I\DL‘J(F'C& ’géa‘%roﬁ%i}ﬁf je€ T’P?e%ﬂ %’“Bb‘i%gg?%edt‘aﬁg%’a“aﬁ‘% m%‘“%f—'?t) tag may
escape det eajpticd) baotidseRFIIN aylvearid leave Isyccegded b prolvidinmadtjsct idehiiScagbeaid y
reduces their effectiveness as seca‘rit devi ces, RFID nar s are al so

related to "EFEPE W AFLEICISRL IR PLBH QEPXJQF\‘GFEE‘HHYBG?F&@°% SEES have
appear ed i n gpeFiEih Fedherp Parged (- ONSz 2nBRbove] & HRich Bitdad R Ry REQfdat ed with
a specific person rather than with a tagged object. Issues related to the
security andhesgeuitngdelienchassofistad wigh @diodFeasenayiaespaisesdiscaue gy aip be ) are
simlar to t“@ﬂ%ﬁlﬁgi %w&sagmalwv@véﬁg RRAPWIRLKERS or ADKiInSRCMIH dieviSSUES

associ ated wt D' markers are simlar"to those famliar to anyone

skilled in trasing the p42 ip adiookf Esepuleaieny-pawriedhiadicoravendydagsiniiAs tegked,

Subst anti al { s .D: t%ﬁ - y e L Ci encies
of radio freag‘hé%'[thyl-h Qg?laé’gfgnﬁgsru gé\’gve- gca&]sdé:gmgA t@%im&&v\%@%rw gé%éoﬂgéé

subst ant i al ItgggedpridvadRFleiag npordscapesipeeticas eslec inadvgrenty sr idtéSriokdlyent  No.
5,517) 195 (Harlow.et .al.). .entit.led "Dual Frequenc S Tag wit

beact 1 vat 1 o EupfeRd fealtes M Ocly Gftss BBl SR RES RIS MM o ¢ ha

i ncl udes an reltednb&smart €ariis.” MBoth ogntact dhdclehtachlest sadtaandsiheed appeared incui t . The
deactivation ci rcujf responds to a Idg\é\éngne gy alternating gnetic field by

i nduci ng a \RMMBgEI| }PPAREIHS.odEapcat 10 bR ASOBHEL 1 aSBERC PESHH sabl e t he
di ode and t hgRpiaRWAh o (HESRRb) e atieY AlldBYd RE sdcBfry Al RBHBE o ttBE EHAn f O
sonme applications, the capacitor-based tag dlscLoseg in Narlow et al. may

| eak el ectried (slefthgerpr canrying it) arsi sonilas do these disassediabovalyr REbecone
activated uq&g&ﬁgtionally. Radi o frequency EAS tags of the type disclosed
in US. Paten . 4,745,401 (Montean et al.) include a magnetic el enment.
The magnetic elenment alters the tuning of the tag when it has been suitably
magneti zed by an accessory device, apd.t by bl ocks. t.he radio frequency
eabonse of the vl ser it tohednc] Nk REG atulcare amiBaed Mot famingy ot )
do not addr egsnibfe dkiiRdes 1HefaresHadic el qS@eW drldymidtivavel8 el I AP oON. Radi o
frequency identification technol ogy has been devel oped by a nunber of
conpani es, i%\ehsmwﬁlgeffvm*@ﬁémmaageé [ RRNRYS 1 repadee drfiGBRaGies oS raEig. 880 and

5, 565, 846)) ) ; ) Say , -
S 541, Coa) | W ERcy DRl PHTB0AT. bAGE Eustact MEPLPUBRERS L thfnfPinlitg o
Pat ent Nunbethsir $erfd@naB0d as sechid, 18664 ;U 5. Fo@5 BB25,557, PAG(NapRw eanld), Bptuled, 851) )

CSIR (see Eug n docu nunbers 0.494 114 A2: 0O 58 2 Al: 0 598 624
AL, and 0 elsﬁ%gr%ﬁ)cy% ?&%8’“%.%“%%‘8?1#Oﬁu%é‘?‘gefs? é“i%%f%‘f‘,“t%, 550, 547:
5,521, A1; and 5,682,143), and Sensormatic Electronics (see U S. Patent No.
5,625,341 ). These tags all attenpt to provide renote identification

w thout the need for a battery. They operate at frequencies ranging from
125 KHz to 2 45 GHz. The lower frequency tags ( 125 KHz) are noderately
resistant to shielding, but have only limted radio frequency functionality
due to bandw dth constraints. In particular, systens based on these markers

o o o, o b o .



susceptibility to shielding discussed earlier. Thus) they cannot provide
the hieh level of security denmanded in certain applications, such as a

| ibrary Fromthe foregoing discussion, it should be clear that there are a
nunber of applications for RFTD tags in various environnents in which the
identity of the tagged itemis inportan{. For exanple, PCT Publication WO
99/ 05660, published February 4, 1999 and assigned to Checkpoi nt Systens,

Inc , describes an_jnventor ystemusing. articles with RFID tags. The
preferred éﬁﬁ&?%@%@géwﬁﬁg‘dﬁ?@r%‘ﬂwné ’t‘i?‘{éh]ifl"é‘tgés‘}"v‘lf eff %E@F“ PBH tags in
l'ibrary matgflal She H@Hcﬁbat%%ir‘cﬁ]?r@sm&nﬁﬂéﬁﬂen@% Rt bRt xf[nﬁgﬁe'u)f fieM by

interroeating the RFID tag to determne the identify of ~material.
However, a indudieg a véltagepothesmde of thdestienebdigultisb paroydisableshé drode andghe or y

functions r I n [e..not de i | n:khe  Qp0

publicati on&%ﬂm{%@g@eﬁﬁgﬂnﬁl@ﬁiﬁ# Cﬁﬁ %’%ﬂﬁ?ée*g%ﬁﬂoﬁgcv%m’%%hm%g Gtes to RFID
devi ces, | napadionyadednad disclo B irNatow eed, mandalagpdinicathaps of@ningyich devi ces
' The devi ces, apd ﬂg)pl [ caltEi ons mag/ be used in cann 'ction with itens that are
associ at ed WPER T gpsd the g8 IoheAOBOETYALA MPAERHAAN i ¢ security el ement
"the devices and applications are described with particular reference to
library materials such as books, periodicals, and nmagneti c and opti cal

nedi a. O her appRadiafreaency EAStsgs opthegenadisiesein 85 Batentdie o, B&H#0Ei oned.
BRI EF DES \E eﬁﬁﬂﬁ | ' [ ' in
greater det .a’?‘%“ﬁ?‘f‘r)eﬁg’r“ gﬁ@eﬂa%ﬁ t Eg%aeg { ache a@?gﬁgé@?ﬂiaﬁ%ﬁﬁﬁ%ﬁwngﬁg |
nunber s r epthes&awhdni ik bassieeniatitably magnetmpt bytantabeesoey devade, endthsrebynd i n whi ch

tags; Figurgs 1 and 1B are schematic ill rations of .radio frequency
dont 11 oat PaFE e Se0EnG ShREm e e ATbeEBER AP TeA B A rad o
frequency i gty theycatll @ndra@dress the issues of enhanced security and identification.

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



Figure 3 is a schematic top view of a conbination tag; Figure 4 is a bl ock
di aeram of an RFTD interrogation systeminteracting wwth an RFID tag; -5
Figures 5, G 7, and 8 are illustrations of conbination taes according to
the present invention; and Figures 9, 10, 1 |, 12, 13, 14, |I5) 16) 17, 18A,
18B, 19A, and 19B are illustrations of,various enbodi ments of the present

i nvention. DETAI LED DESCRI PT10N OF THE TNVENT10N The enbodi nents of the

present inventi.on. described herein ke.use .of RFID tags nd preferably of
ono! nat | GHEREFBI I hE S S STy TEa g ey sPphrb oy s e Bl os e
inUS Amal:m@«tdeaﬁn&rih@bnd}lu%ptamaﬁls,os%h 42Plibrhiyl ed June 8, 1998 and

entitled "ldentification Tag h Enhanced Security,"” which was assigned to
t he assignee of the present invention and was incorporated by reference

into the U S a I catd Jro I i i | @i s
priority. A det gﬁnlég@&’gg?if]%? llq%u\r%gg?h% %’gﬁr?g)rﬁﬁczcted?g a%eﬂ?eaga}rl\%egﬁgi nation

t ags used dpplicarignsrfot REID ragd ih vhfieu sembioctinnennd is vofich theden@g efithei taggedt i on i s
described in Section |, belo he enbqgdi t f th sent invention
ot hon SUAM FOIARRAR. Jar BiAHe P Bd AeGFEeD W Db ke CF SRR e mont s

For Use W {9yoEiHaqdiipRdatis CRECKpBR BYsesd)ind MéedMokOsh véndéhy UpRch Whihp t he
enbodi nents of the rnvention described in Section Il, below, may

i ncor por at ¥tiplss WidHREE tagsa dibe ipraferead empodineens essubedbersiseapiemplaies the si ngl e
devi ce. Thgy o%ﬂ%&?@é ih rg&?\l Hﬁﬁari%?, ﬁﬁi?}ﬂﬁ% iRk chéckEc?éxR%Pﬁ;‘m‘éﬁci@. % magnetic
interroeation signaly and an clenent at’i's responsive to a radi

frequency intdrengadgatlie®RFIBitgn@l determine miee iderhdg ofrmatmatdriab However, a

magnet i cal | y-responsi ve el ene | so provides the,antenna for the radio
T eduency- PR TDBOEE RSFETaiH CorE g oh oo SRS ncRBATEna R fhat e cont ext
of the preg@rfesériednt s@ipestbd@lind 180 gLITRAEN Pr Ovi des intel ligible _

i nformati on when subjected to an appropriate interrogation field. Tile

i ndi vi dual el enents are described first below, followed by a description of

a conbi nat 'ggm?%yﬁﬂgmm@@ppar ent, the enbodi ments of the present
i nvention I i bel ow, may include either an RFID
el enent al one) dhe aresentimveaiononlaes taRFRFiEYiadsenending hashdheld®FIBt i ¢ security
element. AylNg Mt DEhEGHNL Yor RESPRUREE FleBNs and applicar

pplications may be used

devices, and applica

in connection with items that are associated with an RFID tag, and optionally a
magnetic security element The devices and applications are described with particular
reference to library materials such as books, periodicals, and magnetic and optical

media. Other applications for the present invention are also envisioned.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in greater detail with reference to the
attached Figures, in which like numbers represent like structure throughout the several
views, and in which

Figures 1 A and 1B are schematic illustrations of radio frequency identification
tags;

Figure 2 is a schematic of a second embodiment of a radio frequency
identification tag,

Figure 3 is a schematic top view of a combination tag;

Figure 4 is a block diagram of an RFID interrogation system interacting with an
RFID tag;



The maenetically-responsive elenent is preferably nade of a | ow coercive
force, high perneability ferromaenetic material. such as the material used
in the strips VWO 001 10122 PCTI US99/ 17857 -6 sold by the M nnesota M ning
and Manufacturing Conmpany of St. Paul, M nnesota (3M under the designation
"TATTLE- TA. PET"~" brand strips. These stsiLps, or marker assenblies, are
described in several patents assigned to 3M including U S Patent Nos.
5,331, 313 ( Koni ng).. 3.7 (; - : 3 ive force,
hi gh per meabi | i ty*f@?%n%gﬁé%‘?ggﬁaﬁﬁi"?ﬁ{?’?@fﬁﬁ@%@?#éﬁmé@ o el /i ron
al loy), and hpr¢fanpsvendommanée anor phous netal s such as those avail able from

the AlliedSignal Conpany_ of Morristown, NY_ unde desj tions Metglas
2705M and Met gl as Fﬁ‘i%ﬁqu?ﬁé’ h:hdﬁeﬁ’_éé'l 'Iﬁy-l'r"ggﬁoigé’agp‘ef"édﬁg%a“ﬁay_ be either
singl e stat ug;Qraf&idlof Sud BhbHGRRARI M theQRRedeiEndiibf e of the article with
whi ch the el enent 1s associated. For exanple) certain reference books in
libraries are not to be renoved fromthe library, and thus a single-status
(non-deacti v%ﬁkﬁgﬁtgeﬁwgi@g%ﬁplﬁ; '@ge whet her such a book passed

Wi thin an int . such as common |ibrary

materi al s or commdteiembodiments of reypreseglinventian desalibesithateirs make kerof RFIBNMDI v,
so that when the article has been prg I rocessed the marker may be
appropri at el y2&fedk W’Sé_fagﬁ' "?Go‘b‘gé\?@?ﬂ Rg@@%ﬁ?"é‘ﬁ 5%”%‘@%%@%‘%3&%& sour ce.
Dual ‘status fygehiseBaddihy $ APaREaIGRIdeMalPtObd @9/0051 20! Giled Nime 80idginn Of
sections of higher coercivity magnetic material in proximty to the |ow
coercivity mephded ddenifisption Dag it Enbanced Seasalyow il Wahassiidedr e son pat ent
ref erenced abQy: i | P i ; he ability
o aw toh maoREe b e B B R B eauency
al ternati ng nappliedios fromevkiclf $O pirizse tiappldtikizipini soprioeixa nd ldeta)lecadedcimiopr oduce

a predeterm neldhchar act 5@“ ¢, response t hat dmiﬁ benc(t:llgrt]ec{he by the
recei vi ng coi P'¢" o2& YEt et of” TANCE L8 A TR EHOOP PHES mar ker
assenbly is cenbddithédofaie prasennigesiondaiésenbeitiaSectioh I1huow @l tioer ci ve
force elenents) or "keeper elenents,” Wen thes ,keepg?r, Iementz are
magnet i zed, t#BOQHNENtY Of thE Presat HAEREW A othem spdertiuiadent! sppeipndh OrIo¥nd forth
within the alternating magnetic field of the interrogation zone is altered,
and the marker typically is not detected. Wen the keeper elenents are
den‘agneti Zed,l. 3es g L ERNA s g Bhthdrmbadiaent A.":"'n,n';" g Jnvention , enabl i ng
the interrogation t . The keeper
el enents may be pr%v%gdggd %Vﬁh |f%ogh%ﬁéﬁﬁgggg}tggE%%ﬁ%gqiﬁkﬁmemnart. 7
The mar ker asldo) maynayoradrae biotfehhjeke idedhibsitive anheftaenveosectiityhn gisiigk t her eof ,
to enabl e the,mark to be bond to book or her article.. The adhesive
| ayers) may b%ev(':cg\'/ghé-‘éprﬁge rz}f’?@ﬁ@@%ﬁ? ééﬁ“ﬁ‘e‘f‘?‘ % Begl%porng”\\/’%?ﬂéglgﬁ'gesulcon of the

mar ker to an neérilgeishetenal) aidseciphiemrthdtds @ponsieatd Onadibdrdghendynt ended
surface. These and ot her at ures o&, t he mar ker.agserrb‘ly%/.%\ré descyibed in
the U S. Pat eliferiqgaonsigng lgpge epladigent, ths moagaetcaBy-respotsiviE gyt 2lspd

5,331, 313 (KOEx!onm)es th@lahteh B 1B @R GEH0 AEQIBCy-RREGHINE elemtnf IBRUBHSFY NMagnetic

el ements of this type are difficult to shield fromdetection) they may be
ef fectivel y u$eshonsivel meats, iv Hrei coniexoef the pregeniiraentivacthpt thy elemenigsoyidesnt . | n
addi tion) the L he Lvat t e Yy,

conpl etely, a%ﬁ%’%lgé?fggﬁa&ob @ﬁﬁgﬁ E%?Js‘%ga?r}ﬁ %@%ﬁ%e @f{?{@ﬁﬁ%ﬁggbg&%l ogi es,
maki ng t hem nindévidual tlafnkms drerdestsibed first belbwi follappd bcatesomstiqrsef@h as

i braries) where this cha actlegistic i S highlnxg desirab g . .
combination tag. As will become apparent, tHe embodiments of the present invention

NS |

described in Section 11, below, may include either an RFID element alone, or a

combination of an RFID element and a magnetic security element.

A The Magneticallv-Responsive Element

The magnetically-responsive element is preferably made of a low coercive

force, high permeability ferromagnetic material. such as the matenal used in the stnps



B. The Radi o Frequency- Responsive El enent RF mtags can be either active or
passive. An active tag incorporates an additional energy source) such as a
battery) Wwaleisike tag construction. This energy source perparisacissve RF>D
tags to create and transmt strong response signals even in regions where
the interrogating radio frequency field is weak, and thus an active RFID
tag can be detected at greater range. However) the relatively short

lifetime of the battery limts the u?efu.l |ife of e tag. In addition) the

battery adf¥ Byght Nanugso@ Mingscpd Mappischieng 5gmpannelss TaliMiprewia ves the
ener gy NERSO uhier PR chiiforl GO TTIAMTIPETH U GId SGAL I st AFbO of hAENCY
field) and uses that ernfergy to transmt response codes by nodul ating the
i npedance as$embling, andespredemseyertabpathms asstgoed wgadi inglufingLHS Raberr Doy

nmodul atin ignal refl| ck t he reader antenna . Thus, their
fange 1 s et P ReBie) i ATbRsB8EGH, ERTAFLI5h PRHFER e ichany

appl i cat i QiemedbiiRy f@rehdpaedc Bitehd1indiuge Yasiandy W hikkdverog@nbynemd High t hi s
class of tag, Those skilled in the art, however, wil| recognize that these
two types RSFIOETBRSE SMAFRhoRRMaIssahaaokiRitahi TesB iy 4ilgdYigndlsed with this

| nvent | on. cipmYRMUArsbhAUTE uhierdnP ks Rt ad S RBNPILY seHRONST VE

el emrent 10 typically 1 ncludes two conponents: an I nteerate Ircuit 12 and
an ant enna&@714A. The inteerated circuit provides the primary identification
function. It includes software and _g_ circuitry to permanently store the
tae identification and other desirable information, interpret and process
co][n"rands recgi \/Hﬁ:rﬁatghmictam@-ri:smbﬁdwmgrhéxﬁmwalya:lédwbdfrﬁing;ljeﬁﬂﬁﬂdr dual ftﬁlcmests for
informatio y.the interrogator, and assist the hardware in_resolving
conflicts 488iding behFr"éH‘n’WﬁE‘? ml_elet\wéswws%ﬁgmt s@s§otandr Semt i on _

si mul t aneoyginpie, EREAiPRRrkdoe bbBIR ih MRl 858 doCiobe YehovBYydth tiélfigarf,0r updati ng
the information stored in its nenory (readlwite) as opposed to"j ust

readi ng t hRadithysor iegle-swetusnoncdeagiivagablle) marken wegldaal waysdndisare whethet sugbl e f or
use in RFI Helc L . r ts (in
thei 1 T R E R Al i HERuregator AL SR EISE s T AROR IR HER " 1 Far e
and Hi t ag matesaleor prrodacia poodybnay igaird mdizl-atatua mbrSirngleabGhispthBy st ens,

R e
(ar sim | addactrraiéd topeevenndetetibly py thelihyrromadbuskiree. ddyd bretua fifretiomalitisuch as
2Nt ennas. 1 EEH PRV E HERLShahe FANIOIN ST PELRIdHElP" PR FOE e ement 102
in Figure rhBerid iaPr&bmihito (hellovs taBréidity miel hateriah Uk desdfBedbefddh kil Or coOi |
antenna 14pb) as shown attached ta%Pt he radi o frequency responsive el enent

10b in Fi gtirthe Beterspn paieptdefeenesd)aboke ant enna 14 i ntercepts the radio
frequency energy radi ated by an interrogation source This signal energy
carries both power and commands to the tag. The antenna enabl es the

RF- r esponsi ve efermhmagaetishiboraspanive glemsoiped bpedbility wowetch masnatic chi p and
t her eby prQyl.de: . sp,ﬂr; t 3 ni.gt 1 cs of

t he antenngﬂr{‘quf&‘ggp‘?r@tc ezﬁf%g%‘ﬁg‘léfpslg gt&ﬁgtﬁerﬂ; ?Eﬁm?t{fh %1 ’@%‘%@g?‘%&(g‘% ed. In
t he case oHzt@adG0 KHey for example), rhigo lprglucddgret aer@ized chagejerislierespamte | mpor t ant
characteristic is the antenna |ength.Typically, .the effective |length of a
di pol e ant Bhey Be eFedy bR s bEs ffead BeSoRanrE mviontighh or

mul ti pl e halafkenassemBlyds BofolledBy ihatredghogrationate bftelhigh dbetdie forge of tags
operating in the lowto mid Mz region (13.56 Miz, for exanple) where a

hal f wavel BRBERSEHT EHERET FISMERPT AW PELUESCdiePer sleaients arq magnstireshyie ¢ he

i mpor tant  glifty xﬁéhﬁmepﬁaﬁ&n@emwmcnmﬁ%@m@mnmem@ of turns on
the antenna coil For both antenna’types, good electrical conductivity is
requi red Typguaiclfie]d ofthe irsersagetiorazone agpgdered pandaheimiarkenmypiallg isbet used, but

ot her condyct ors)yjincl.udi ne netic tals. such as permalloy, are also
accept abl eld?itﬁ%fe%r\é},he? HIce ke g@ﬁ‘éf“éﬁ%‘g?%?e‘%ﬁﬁ es'é'grkgrf capmggxnipﬁgg ion. It
i s al so i npRrsiathing Hadciiohcenbbipighihd impebanam sofirct fedd et rtRekehée offthe mat ch
t he i npedance of _the antenna for paxi mum enerey transfer. Addjtional

i nf or mat i oMaBssul hakesdahelemens Ay, bk Proyided diiTeient ways, #rigkpeyindRe 2. i n t he
art from for exanple, reference texts such as J.D. Kraus, Antennas (2d ed.
1988, McGawHill, Inc., New York).



A capacitor 16 is often included to increase the performance of the marker)
as shown in Figure 2. The capacitor 16) when present, tunes the operating
frequency of the tag to a particular value. This is desirable for obtaining
maxi mum operating range and insuring conpliance with regul atory

requi renents. The capacitor may either be%a di screte conponent, or
integrated into the antenna as described below. In sone tag designs,

particularly tags .designhed to erate at, very high freguenci as
D25 G ot unt g EAmARS doteeG R ive filuEEadherind Op spEch T AE bifdciRa so
that, when c odmabiehd MarkBeoibd BdRdedNS @ bSOV dRg ahwet hﬂxeaxﬂhemaavet(bﬁmﬁ)esanant

frequency of the conposite structure, given by: 1 2~r LC C~ where
C = capaci t anea¥erer Ry Baermensple liner, it grevers agkesionief mﬁparée)wéna@éleyd%iatches t he

07Ty SR Ut Ll PRI s o e

.) and 4, 578akbraséeRabily aeetdeadribed inuhe &hS daeenalisi. 1790, %46 (Bietdd), sﬂ;G&3bllJ12ed
capaC|tance i s.desirable tqo.r e g tlcularly t hi ckness, and to
i ni m ze manudl® té?é”?g‘ra)r'bq .5’:&4’33 ngﬂ'f‘@ aﬁéé rg'?ﬁ%é\lﬁ Y Figure 4, the radio

frequency-responsive tag 110 is interrogated by an EAS securlty system 100,
which is typically |ocated near the point at which the tags are to be

noni t ored,  An i nt SReceuEtipWATeguesy mapgnelis etensent of shietypspreslificklide shirlded

det ecti on pan

articles are Flc’)@a"t%@ﬁé’?pq’ﬁ@éﬁ?éé‘g‘&mc‘%???fg(w‘?é %ﬂ%gﬂ%ﬁ?%ﬁg% or
the like. Handimgbmantieinsgiditon, deymepbe deartivdigandaearsizaied Mord cmmgrrﬁ@glati on
source 102 (t Y |nclud|n a dri,ve 0S¢ i Il at a ifier) is
coupl ed to antaaRRenEpReiE Ay ReriE SR und SBe A0S Rp ey ek
transmtting eiemahérelstitdbie@r et Qerkdi@apiineork RLKl as Mrafidl) @heRgEEi on signal)
inthe interrg i on zg\r}ly’g}lhg system 100 al so includes an antenna -10 for
receiving a sF*g’ﬁ%qw”e% % desebiina 104, and sonetines described as a
receiving coil) and detector 106 for processing signals produced by tags in
the interrogation zone. The interrogati on source 102 transmts an

i nt err oeat i onBsilhaRadipdn hecRespansivectiemerict ed wit hin certain known
frequency bands th af & re with other
appl i cations) and ecafja SQJ eé{h%cp vmﬁ@hmgé;%* a@f? {é&é’g@éﬁﬁ[@sﬂaﬁ

regul ations V\h@ﬁlidmaeerreagy mufqeeqmbncybnmqpmme nhzeagatcmmmnone%ls\ceﬁgﬁn

i ntet TQgati on SI it tra i.ts _own code signal .202 t.hat is
Fecel ved byt REv it RETD e B Anl FER R P abE [ reisE S BrniSNeaitlcy o
decodes the reég}imﬂ&&mrdtﬂehﬁtﬁ'dgﬁﬁngﬁ&xotfﬁdguértcyrﬂemak wabaaedm@ln kdifve RIRIDI on
stored in a co g or her evi ce é alf?s. acoéj on based on
the code si gnéﬁ %E'E‘é‘ﬁe Vé’?%‘ﬂs’a NERE “Hf"e yh%“’f‘l g ofthy syst em
are known to bieseliits steldskful nfetdmeaag Innebinidh,NBe bRy A8 FPILE sz BhdEhst
~separate antennas for the interrogation source 102 and the detector 106 in
pl ace of the SFHE§NIE ahpessivs tagoderivesdhe paergy nagded 1gtpawver W g fromepheD tags aI o)
provi de si gni t i [ r

form of read- EAAW%BH% ﬁer{q/%'/fﬁnte odﬁgg&rﬁr%?nt)m Enc %P%’ﬁ‘gfﬁ’%ﬁg?y o] ferl ng
t he user the Mdhlanyg the xmppdaatedihymumdairesehdseo memneryogmynmz Beld) themsby i t s
contents from a dj stance, The_anmount, of nmengr oVvi can vary) and

i nfl uences th&% §F98"%1ﬂ’8 siggak reflgcts Mﬂ‘e’ﬁf‘g@ﬁ"gﬁ"%w u?)b*l‘el" TB?Eed% MO RFm
tag. Typicall Yimike! Beeisé paisivb tags aRpréfdrdeddfot Mmad)f appiit@lonsRAPfeYhafiAer SBthe

provi ded economically. For exanple an RFID tag ‘avail able from Texas

| nstrunent s ofdispagsioasvill-pecarfinedrie this ¢l#rs ofiagi Jheseiskilled Taigeiapty hqyeyen, als 256
bits of user gﬂ{ﬁg rrg;gq r eserved
for itens sucﬁ&gs ﬁlt ﬁr?lgséfue t %ésggtra?gﬁlayéuﬁgne};rf?m\%%rgsaﬁ%ﬁhﬁeﬁgh@%f%géurl ng

i nformation, aviththisénvenken. Sinilarly) an RFID tag available from Philips
Sem conductors of Ei ndhoven, Netherlands, under the designation "I-Code"
provides 384 bits of user nenory along with an additional 128 bits reserved
for the aforenmenti areHowy pESIgOe 1 BhGIVR FAdM frddiefcieonsive eRfilehd ¥ menory may
be exploited to enhance the perfor mance of an itemidentification system
depl oyed, for tBeayIiRcludes 1o COBPRNeyseHVIPICEIRSHTCUIP B aRdAN %menna bt -alhees
dentify itengp, Qé’ra@ﬁ%ﬂ&! {ho@Hde Of pﬁﬁulmﬂﬁéxﬁf?ﬂﬁuonFD&x Al (ﬂHﬁcl %\tvﬁr%
contained in th arcode’ i's Used to dccess circulation ata ase

i ncludi ng software




provided by library automati on vendors (LAV software), where nore extensive
informati on about the itemis permanently maintained Wiile this system has

been highly devel oped and works very well in many applications, it may have
two di sadvantages. First, a connection to the circul ati on database nust be

established to access the information. This [imts the availability of the

information when an itemis at a | ocat®on renote froma connection to this

dat abase. Second, the retrieval of information fromthe circulation

dat abase ceéircusioyres pemmaneney|stiorethameglidentiCieptaabing okiendesirabie infpaauog,ul ar |y

during perjods of heavy use. stori.n ertain criti i tens of

i nf or mat i oMYA ﬁ’é‘rﬁﬁf%s 'E%ma'b‘g‘trﬁceb‘fe f’I‘Pg’Sgel’mﬁV’E’%f’f PB%I%’gﬁ'é’r‘? BPBYE cone. ne
exanpl e of rdq0EQ¢ MR BIMaYBA 60 1160 et ob DY, BN PadsREhR BEAIMRBRS&oRInga |1 brary
identifi catl on systemif present on “the RFIDtag itself would be a Ii brary

i denti fi cacordhictagesbbing fromenultipie tagsrespRodiag wgerepcammsleanemm tem s "home"
i brary copl qui I t ning the
REL' D | abep.pg Pzﬁ{yh%c%}ﬁ&/m%pq“&?p%a B%Réiée?f%rﬂ.ﬁad?é _etriﬂgﬂ]fQ%aﬁon 10 ed(x)rhﬁgn REI D
tag itsel fmamdrﬁ(rbai/ar:m@ahaopbmc:cguoam r@duvgehmmfortﬂaeon mmewsnm) book) a video

tape, an aydio t m This code coul for
el o ool Sk sinbl oy D6 B SHID Skt s Fish' S sk 8Vl i

I nter changﬂxs’?ﬁ;ﬂ{eaggmmmmg& TRYA IIxﬁtblfgrd‘dbam thpﬁﬁﬁuﬁi}qmme Mi¥grepr esent
i nvention iately knowing the nedia ty library's materi al

managenent asd/Bitagine efpr qcFﬁéLMélOt"H@@ndaH Mdeﬁﬂ&Iﬁ§hHé$)ﬁ§Fﬂaﬁpmwmwbl y
processed without incurring the delay and i nconveni ence of consulting a
renote circul ati on database. O her exanples of information suitable far

i ncor por ati on i IThe ahlesnaffeomleabahd WObknibaede@pmamerItc degret loparaigkiréquestyi n t he

art. Anot her. ar i n whi ch RFID_syste an advan over

bar code- baSbHhe e?ﬂi“‘?“s"rhhe IaﬁeFP%@‘ﬁf“i °| %g'ﬁzG‘IS‘ ‘PE‘L"?ﬁqﬁ wEseyuld fy using
sophi sti caiRfica9fihNade @p&ieahiehn® sudikk &aiﬂ@dﬁdxgolaaﬁkeme kessovaaaperate to
insure that all items in the reader's interro ag‘gtlon zone are successfully

i denti fi ed Figradds of the Blded fdipep apgnnan ddoihomaadiached ity he cadiafrauensy enabl es
the devel 095%8%99@ @HE’WI@H?n P‘i@ﬁxerI'B apps 'SG?JI}'{P% sInﬂIaF)Wt%?&oGlﬁ vsQyentory
control, ite trac ing, and sorting that woul d be difficul i npossi bl e
to inpl ememspiraliaricob anerndd Abassctiowd anached tathe md@irsquem responsige €lenréns

Conbi nati o rSh el ation tae
20 conbi neg Og%?rrg@ q HyePF !ggp@ng?‘\?g" :ﬁqqné"{ep{sqﬁadlg f:thE&rc ggg% ive

el enent t o radiered &¢ ah mem\aam sgec Ofhidwigral enengysgartidsebothver eixbnt s can be
applied to an itemof interest at the s i me, thereby reducing cost The
oD nat | oFOTRTRAYS W JVF abinia PSS [ Rlstmeins e Prtis® S FhB e over og
by a renovabffiiért fepoweritiediT @ﬂ@mdaﬁekmpr@omanmtemnsettweH@zeaed athigred to a
surface of the article wen the liner has been renoved. | n another

embodi ment ,the pharaceistiseaf thantearg et Rampighedio bnwistem 18 Pdisht ISas an ant enna
far the radh&rﬁsﬁ&uem&mee&%wa@s\eger% B ke hlgnmmmﬁagé Yhe'RigPONSi ve

el emrent, when used as an antenna, is e ectrlca |y coupled to the radio

f r equencyr éBportantahararienstistis tMrmremleosth naypiaaty, dIestﬁe@é/Cdmgﬁl ef#l |y coupl ed
to the radl guenc, S I t de
according to é%% as'eﬁ “"‘?ﬁ"ﬁ% l?‘%(tgtn?rcrg)gg e gﬁf‘g%%mg{ﬂ "ﬁ"\r}ﬂ)lggalga First, the
RFB7 i nterr\og.&lemgm mwm&mgulm digl. rIadheoca‘se emagnq;erasmgnaihs Idvotdmrduest and
recei ve co framtﬂfgrmtfated (ilrcwt Pls i.nfgrmation woul d indicate,
for exanpl YFRHESIPRERT o5 EXHFPIERNES: § helf Waysleng AR Ra 14EPPRgHCR s

associ at ed)g,and s%@imﬁ{xo&shﬂmeﬂﬁxbbﬁirﬁcm&té}%ﬁ& RE Qmeﬁdaynd%%@émqhe Second, a
magnetic interrogation field would interrogate the tag to determ ne Wnether
t he magnet i mingesrof symsodn thé entariralcsy! Ess@fbwevms}ymtmg elepmicglhe nar ker
assenbl y nt t r nse,
Such as o rarRRGistafred SR aRT haRe SO S RoB PR ARy bESRE]
processed. liieothes eomdmexorsagmhtdnrm mmnena: oerts sooh aspemmlmyr mlah;bamteptable

shi el di ng th%n the r adi (} enc gﬁérogatl on I] net i g portion of

t he conbi natCAiet 8 dachatisier PU’é’ HRvewepy f1isals napyihatahess ures of
bot h nmagnet inguBiftheRiHcPot Mg Seldéted YO BRlp Raekhithé nprdedcB OF Se@aikhfE i on tag. In
a preferred embodi nment, the combination tag includes a

maenet i cal | PRESBOMgRRY EansieenAddnignel infopna pnabpygieares inlnove ivse ph t he
circuitry of the radio frequency-responsive el enent. To serve bout
functions, the antenna material nust exhibit | ow magnetic coercivity and
very hieh maenetic perneability (to serve as an efficient security

el enent)) and noderate to high electrical conductivity (to function as an
efficient antenna). In addition, the geonmetry of the antenna nust be
corrpatl bIe Wlth -13 bot h functlons In this enbodi ment) the antenna

o o o - 1. T 1 o



permal | oy, an alloy of nickel and iron. In one enbodinent, a 3h'1l
"Tatt| e- TapeTM' brand security strip, or other equival ent nmagnetic el enent,
may be used as a linear dipole antenna to operate at 2.45 GHz or a simlar
hi gh frequency The | ength, wi dth and thickness of this strip are sel ected
to match the particul ar operating frequegcy and other characteristics of
the RFID chip used. Typically, the strip would be nade from pernmal | oy

(avail able froma ber of .sources includi ng Carpenter cialty Alloys)
Reading, P Af WﬂaépﬂfﬁéLTWéggmn xmﬁaﬁﬂﬁ d %%anﬁugﬁﬁﬁéﬁ3§3“%fwﬁvnﬁhch as
t hat avai | ahbe ef r o8 MCGAW-HRd Shaméw @oppany of Morristown, NY, under the
desi gnation 2705M and its length would be between 6.35 and 16.i cm (?.5
and 6.5 inches). The termnals of the integrated circuit would be

physi cal |y connec . : ity j heal

measur enent s of |érg% gﬁ%’é@ﬁ?%ﬁ%&%@?ﬁﬁ%@é”& tcghﬁigﬁceg* {t%ﬁg{{ahgséﬁc a
magnet i ¢ st rshpwprin¥igdes?2.t ke canetof W6 derespraknteiupet the opdratgizdreaotreyioft i cs as
t he copper or al um num dj pol.e t.ennas. roal ]y, used with such a chip, and
s Tt woul e B 2 RaURE Pt e T HE Bt DetlE R ARbrIRe e b B RERET 5 Dhen
the magneti caldlifsufiag REMBIiMRe NidITRAllatbS re§B8EnRBIsAThE Eatitdtahdy herltR® ant enna
for the radig frequency-responsive eléenent, the two are electrically

coupl ed to eHBHEISCAHBPOENG S tegipted Bipihe apteRRg/assieeTibehbelaws dn smedaghysi cal
connection b e] [ j 5 ¢n the
absence of dﬁ%ﬁﬁgﬁﬁa %% ﬁ%??#%gﬁaﬁyOﬁgﬁ?égg?ﬂé@ﬂgﬁgggﬁgﬁh%ﬁg?{%4%oupling
(as shown i nGHEzgrmemgGapatitonisaosicquiNgin ddwtcapciteos pdl¢atey soahati wikdnuedepled
parasitic couplin capaci t.ive coupling, ,or inductive couplin and use
such ant ennamg%?rﬁ’gﬂ%mcg pé%w%eéfbé’stﬁf F‘l’e ¢ g ﬁ%”&?“ﬁé%‘t%?y ?%F 8%’?‘8’?“%nd

di rector antgnnase, giagibyda antennas, or other suitable antenna
configurations. The conbi nation tae shown in FiLgure 3 includes coil turns
made from nmagnetic material. The tag cqul fl ba,/ For exanple, a 13.56 MHz tag
havi ng an antenna structure such as 14¢ TQophigl faux collectors are

provi ded at the corners to inprove the magnetic function of the tai. O her
types of fluwheel | ectors may be provided. -14 The conbi nation tae 30
shown in Figure ~ Lﬂ%'%?%? a.Pp%si al connection between the antenna 22)
which is made of fagRerTEarT (7 F&8%dnsi ve naterial, and the integrated
circuit 1 ~'. OneLerindmtanck¢aiMunried)ements or the t~~pe descri bed above al so
may be applied to the magnetically-responsive material, so that it may be
selectively activated and deactivated to provide a dual status tag. The

antenna 22a glaesM maithkd Giéld8sifed dpEMBNESrequeficUhORYID Galehy TRMASRhSd to the
integrated circuit 12 or the dipole antenna 23, but s nonethel ess

el ectri cal | y™@pa|sp &8 2idisttibigedicapagior andesamedsy U Patent Nes. 43881286 Cl3itsti ng to
provi de a comwﬁautm,ésaqT%Pa_anmmmL gss%wWWZ%amm@&E@aeaaﬁce%t her
magnet i cal | y-r'esponsive material or non-nmagnetical l'y-responsive naterial .

Fi gures 7 andesgableltoisaduat wgsirbauitmuiarly thinkneisi, ehd reomioininemaovad assemblyna 22 i s
provided to electrically couple with antennas 23b and 23c, respectively. In
t he conbination tag 20b shown in Figure 7, integrated circuit 12 includes
di pol e ant enna 23k opthativih, assshpanh asFigiea, the radio fleqebntpreapdraiveasg ADls

Ant ennas 22b.are nmade of neti.cal | y-responsi ve material ), and, ant.ennas)
23b oy b TR A R Py S Spai D0 e 5 ee iR OB R B 1 ag

20c shown i nwhidUh&ta8s ark tb B nfdnfi 628 URRGHERSRODS R rRdyai¥Risiabdhed b type
shown in FiSure 2 is parasitically electrically coupled to antennas 22c.
Ant ennas 22c PREBSsaRred GEteRERTRANEIS AP0 the 8 sriEany the fegre i which Hiedagesd ennas)
23c may be mgggLf i a0 ve: nJ : e r.ati.ans of
these. anbod! Sacied e BOREL el ¢ ok SRPERRINEN I Bl Flopy ol A" 00
conbi nat i on theld dsteoudriddyeceamaymisblbe aisedp oissinkdrmgation sewrabll 82 {(thpcallag t o be

i nconspi cuousl | aced on in an article. For exanple, t t ag .may be
appl o6 i h el yeeseAater n o Ageies s s M Aereina (8 RGP o 1 o
nmake the tag dedtriBedsiodHOd il PloPaMtmi@ias ¥n didrRfink alidSreqUeney RélBGrt he end of
t he book. Conventiagnal |ICs may be approximately 0 5 mm (Q 02 in) thick, and

the overal | tHFEREGMISR sigpal; inghe mgeriogavnezoat aibhe/Syseas] 00rise tocledss appantennap 25

in) The conbination tags of this invention nay be provided in roll farm to
enabl e the automated sequential application of individual tags to articles.
This general systemis described in) for exanple, PCT Publication No WD

97/ 36270 (DeVale et al.). Individual conbination tags) one or nore surfaces
of which may be covered by an



-15 adhesive (such as a pressure sensitive adhesive), may be renoved from
the roll and applied between two pages of a book, near its binding. ~' ~
page spreader may be provided to facilitate insenion of tire conbination
tai:, and other options such as sensors to detect the position of various
conponents in the system may al so be_pjovided. The conbination tag is
believed to have particular, although not exclusive, use in the processing
of |ibrar -] a i.hrary i &,S i 7 tag of this type
coul d be %ﬁg%%gék %§§W§(%ﬁsmﬁﬁg§£§%%ﬁky?Qgébﬁgggp%§$%%ﬁﬁsﬁﬁ%ﬁﬁ”g%sistance.
That is, tdib antidetetiat $06/Motbabcesding¥irinkie arddychicbyclagcinehe mterrobfich eas.t i cul ar
patron (who may herself have an RFID tag associated with her |ibrary card)
when the patron passes through a suitable detection zone, and checked back
in when the pathOfudrRsedfiodrdeN®2 biaRiditYanhieRobdi®n RhIrdod! whic Ryt ag of the
invention may also assSist in inventory managenent and anal ysis) %y enabl i ng
library abesedated withinsenan keepn frequskcobandather iralpsefemsst kentmandeysdby and
cont i nuousgl y ese. ot her. features of the in LiQn .can) of course, be
br ougnt + oo f e e farbE et B8elie hBSoRE b BPuRBE | g
stores) waswhaeRSeguldtiofls t Wiieh tHe@adib frequudt i edspEshadi] emdit reckiRes s0bi nat i on
tag coul d, provi de dual -status marker information, both through a nmagnetic
response [MSTERSRHPR HENAUMISIAREPILE HEOWR ETREASE CPeatgNabeO%hat ip eeceiXed hutepeen

act i vat edQenfieratinddtaBhhineMth dddcitads aThagdibe: i REMRE o repoR@nse
(indicating, through the use of appropriate software, whether the database
or the neidspyfiesthe ke (Fpically higsd ion dnfpfmasion wicded in atcomputer prothdracengen

i . ) f i i idel _furth
PP or at § oevide, R RAREL sctibabdl HPY BoaSBRPALS Y Niridhs Rblineagats "'
descri bed of the Shostiad sivdtem e lowwhxamplse of3kél | A o atpinthidirgy) fdr aganipls, made i n
accordance with the present jnvention. A perngll tri Qduced from an
T oy oyl pebar i AR RS R hO e R i afeq I essf e ReerrBr, Flsrn RSdiohg
Pennsyl vagtiexsindé enirertac) 0d el gidthétated. HYMU80" was attached to a test fixture

manuf actured by Single Chip Systens (SCS) of San Diego, California. The
strip neasured approximately 1.6 nmrn (0 62S in) wde by 0.0254 mm (0. 0D1

in)  -16 thi clsdBerd RFES126I64 piodide! sRREicERCart Rt Jf _l‘érééf:&sﬁﬂ@%ieﬁo‘?f‘ of a

i
standard SCS 2 45 GHz ant énna connect'ed to_an LED clixl ode The devi cC€ was
desi gned semetaes ingbhioseb seadeonomamoryAs vEHg-onseanemenyy biiaasnoueh to power a

Cvpi cal S d al A . ot e visi bl
cont i rmat P ar S RAnk I hE oAl Bl P UL 1R AR BERIT 0 e
devi ce. ' dpuentsdimag disgnteh €l tetamubar of rorapravided can varyt énd ipfuehotsithe

per e | o BRARDR oLl R S ORRERFL UL BB Lo
Fi gure 3 ibith asd 8 B2 Biss afnotkihveemerylxad beprividel eeonoatidadipndot HamplesanifHIDeved
usef ul tag available from Texas Instruments of Dallas, Texas, under the designation “Tag-it”

provides 256 bits of user programmable memory in addition to 128 bits of memory

reserved for items such as the unique tag serial number, version and manufacturing

information, and the like. Similarly, an RFID tag available from Philips

Semiconductors of Eindhoven, Netherlands, under the designation “I-Code" provides

384 bits of user memory along with an additional 128 bits reserved for the

aforementioned types of information

This user accessible memory may be exploited to enhance the performance 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 1o access a circulation database including sofiware



with a 13 56 M-iz RFID design At this frequency, a coil-type antenna
eeonetry is preferred The spiral turns conprising the coif are fornmed from
a magnetic alloy such as permall oy, either by etching (physical or

chem cal)) die cutting, or deposition through a mask The straight "arnf
portions of the coil serve also as the magnetically responsive elenents in
this design. However, the reduced Iengt'H]Df these netallic elenents in this
beonetry limts the effectiveness of the magnetic security portion of the
device. In tprevi@ndbbyiiihramatsmkmnivmndérsgw Sftwdrex wheileneare extansveenent s

provi ded at the corn have been added to the aghenna coj | Qver cone
this Iimtati %ma‘f’ﬂ'éebc%’hg‘ﬁ”ﬁ@t B B"ﬁ“’é%&ﬁ)‘. mainpingd & h@ &Bﬁ?"&&e”b{’ﬂéfbéﬁ abl y,
include a capigRlytdevelagedrng wiopkiSlely WA MARthphBcAisns it petwbi ng frequency
of the antenna to the prescrl bed interrogation frequency The

char act eri st figadvantagese F ﬁﬁtéﬁ%&‘eﬁl%é@ ihBétfc'i‘lﬁ“‘?%?%‘*t@)‘("a‘i‘?ﬁtg’e\ﬁ&a@‘%ﬁq@ar ed with
the characte {

circuits) an%f Eeségilsng&t ose gﬁﬁ@?@?%ﬂaggmﬁe}%s GM VJH&B%H‘E@ 't eved
that the ant HMacanﬁonvhnmeé'marmctoanmuhcbtﬂmn;tatabasn: aﬁieqdat@lrympval@ﬁch an
application .T e errbo?r ts of tire present invention describ 1b | ow may
use either a™UPHAYIRE BAFIFIMORENEDASE CATEYIMEBIES SEPRART H’éﬂcﬁfﬁa ‘ég’"gboth of
which are deﬁﬁx@l;&wﬁhﬁdmmnig EotRoPNa %, APPitbAad tpialm dritREEtdnSofconst ant |y
receive a large vol une of grar materials that are returned by patrons
who have fi ni qréaneepﬁdwtﬂeFdEéaswﬁ@@rqf Hhese lipitainisican BUPEERRMIt patrons to
-17 locate and check-out the materials again) the materials nust be sorted
and shel ved accurately and qui ckly, and the patrons nust often be assisted
in locating the n@nerxampie ohofrmbep Waskecdvéennprepd e pefformapceelrd lduery

erbodi ment S MentfGah bRl Sty QYENR LN AP LLRAD AR dBALTAH fect!Y
to this process 4" e &g o or - sep desired.
conponent  of nmﬁ\berswsmﬁ:rmdmaczdcmlda hdntebne,lzm ieam RFﬁdn?e ’dévvarge)mwblech [ s

th t abl f er abl d- hel tat ol
Cype. The. RERSCHYFE EoM e SRETIED o S0UPIT i Mb PR LT BHF o oR¥HT {2 on an

item such agx@nfebf @forfaf Fpr’@&%ly REsedt §iein RBIEagadself Woglddealdody t he
information read fromthe RFID tag i ncludes a designation of nedia type

(magnetic, pAFYERalRE WHBHETASS item gyas ék%ﬁwé!)deome@ﬁn eudip BRe. i) TFOMAsure the

proper subseguRpher! FERBANGuR, (rRRarhI€Bomphige hxteFA,éamolgyé ESel spec@fi@inequi pped
with a device, such as the coil, desi ned to enab e activation and

deact i vat i onthsf3N ﬁ@@é’@dﬁ‘ief@ﬂﬂféﬂeé’ﬁ@mf’l pb‘?'?*i wraveable@on theassigpee offtbeer t he
RFI D devi ce (’g N!:ﬁu&FFBy' Bu%@zﬁgtelb *ﬂﬁ?\%g b EmEdj Q'fﬁ,g#@ 1 SorhRes }nﬁﬁﬁ‘h
ot nf t ed by a

identificati ormationm to a co havi ng war e “pr ovi
library aut omanhgamenesidtems conldlimsure mmngteap\pam:maperqpns@bcmmmd LAV

sof tware syst Ei\tholér%;]%[ i%’nxcéalray ap{ggon\/\%m?ﬁce f%gnsultlln;galm ﬁi”ﬁ:réx;[c?‘f&gﬁ#i brary

Services of Pr vali Prom
Cor por ati on dhtabeay enher €odnyl et ,infanshiiobiuifble’ fonkicotporasioa b izeRETY lnbeh DRA,

of St. Louis ssour i
w:Mve apparent to those skilled in the art.

Another area in which RFID systems offer an advantage over barcode-based
systems is in the identification of multiple items. By using sophisticated software
algorithms, RFID readers and markers cooperate to insure that all items in the reader’s
interrogation zone are successfully identified without intervention by the operator. This
capability enables the development of numerous useful applications in the areas of
inventory control, item tracking, and sorting that would be difficult of impossibie to

implement with barcode-based identification systems.



There are a nunber of ways to transmt the information obtained from an
RFID tag to the LAV system One would invol ve using the commands

i npl enented in the 3M Standard | nterchange Protocol (SIP). Another would

i nvol ve using an electronic device known as a "wedge" to transmt the
information as if it originated froma conventional barcode scanner. These
and ol her techni ques are well -known t&-those skilled in the art. In this
manner, the RFID conponent of the RF ID device perforns the functions

formerly GerfherGembitationdappti cal bar-code scanner) which may or may not
continue to be d wth the, devicge, | i brar.i y continue to use
their existi ng%%&%'&ﬂ%‘f%‘c‘%& %ﬁ]\r?urﬁ-l;g?&éeccgén%gﬁ( ofzargn%ncé’fng"\%?l e enj oyi ng
t he added nfagh@icadnadspbysi@tbnienaivith @8 R @yjonsitle Biemishtlio predden@k ogy The 1t 11D

device need not ingclude a display if it ul d .cooperate with an existing
LAV soft wagwgagsi b By bt 5o flewras caxgwp#*efg@o@dw %vaeswé*ﬁeat or
Opti onal | Yaméifke StbRYy chaﬁ% Bt TRedhRGKa iR ehaRNh S OB piEe®RithAaC! uded in the

RFI D devi ce as an inteerated package. For a nunber of applications, it is

desi r abl e prassyse sristive adkasive gpvesed iy eresrcabbly lingmwhitdleayblebe devi ce. The
hand- .he'dcﬁiﬁbﬁaﬁg"{aﬁ‘%béa&%@f’i‘%g Lfr?aé%%‘{h%% e&!m{@xe?ﬁ??#h‘é?%%enb' ns, piles
and |ibrary cans can essentially sSearch erever it can be positioned

cl ose enoughoved. Thendth@rembodimens teapabiee thefmagherntallyytesponsivé éibmb ak t ens t hat
are within the rag)g of .t ge devi ce These and o ﬁer featLi es make the

i nventi ve 2p3RERIA ITBslig G ANEBCY TRPRPRINS e GNbr ARG MABRSHICAlNOIESRANANE | ci t y)

por tabl e leidnlehk, deieh co&d Walrxlantlaﬁnag?s‘s&éd%ut?&q*yfcbﬁp%d iorl?é ﬁdf@ﬁi&{upﬁéﬁei r conponents

and operation, and second in terns of vafrious useful functions for or

met hods ofresponsiye eempntdend rerysor may rios alsrpe physirelly goyndedetotthgatadiohe f uncti ons
or net hod i I re equal ly applicable to non-portable RFID
devi ces) E}eﬁﬁ%ﬁgg@ﬁaﬁgnﬁéﬁg frgns or net hods described above in reference to
nanportabl e RFID devices are simlarly applicable to portable RFID devices.

The diff t functions .and nethod |y been. d together with
{he type of RETSFGBUPUR AIZS MGPE S oULE a0 B RELH M HoL on or et hod

The hand- hgleflofiirtdvitewaie Fitht, the R AID & sRAbgdriak StirtO@Wotld @k efaal egubsdyudes an
RFID reader and witer, nenory; a _power source) and software to enable

various f uigielsépEeqyestipRérecgipesodsa o e inteasated Arcuith ThiApformatiarer / wri t er
could consj&kd Qxfdid'ézec?d’ﬂ@mg%, z_?}é’ﬁah@ﬁéﬁa%?zh@%ﬁial% WG Sch tmﬁ fsactured by

Texas Instrunents of Dalla exas. Menory, preferably int formof a

conput er, asspgiaes, pacowhetber thaarti¢le hadkeampreperly prorgbsedt Spcondra hagrdhel d

conput er Ll f n iforni nder the
desi gnat i 3%‘%8?‘?# idegf%%ﬁ%%%ng%ta cg?r}?gtte 'té’?n%nyg&?’ﬁrctﬁgh’ggaerﬁ'c(?%gt&gti ng
system a dfohechanker aembly syab agtives éitbe alaritznkssomblyfvess adevethepi ng user

i nt erfacesIht a {r!g’cohar erece%;to%di on, a. docki ng séati gnmlio igr%naf er g(aet a between
the devi ce™SHASARKISREFE SRS aGHce 3ResPapseniFh aps Pouliqeron b E matkeli pher al s
to the hangtidiehsd Aa\beeeprloperbiprasesssd. Riecidst erdRIgnedd thiedrdzafidnas ynopower supply
Some units may al sg jnclude a built-in peripheral such as a bar-code
scanner. |FESHaR ta fagloigiban the 9 PRV CRBRIESHORAUAS the RABNEIHAATIRTRS the ent s.
audi 0 and @nfbisieioAYa oxﬂ@%Fa&ld‘é%ﬂhﬁE@d’?écuii@.e_rﬁus"}rtﬁe fRatdtIRE boimagRbions for
transferring data between the hand-held dévice and another procCessing
station. Andddilbitags are germinedaippsr odegie gembinationgage used to upl oad or

downl oad data. This nmethod could be used, for exanple, to upload item
identification information prior to performng a search to find those

speci fic itens.InAnotfesed examgohentyshekdmbmatian Wy wehadasa dageetically-ow ng a

col | ecti on_of i.tenE thaﬁt9 h ngbe.en usgd Wi t hi.n }t he |1 br r%/‘E The link could
be i npl eme"tREGSYE €GB f“r‘@so U0 A3 108 AMEREIP NG WEPY AL I 306 ess or

cabl ed dOV\ﬂétﬁaﬁk\aﬂﬁé(ﬁﬁivUBleﬁﬁdﬂ. RSsetveoiieibisore) the 8kt mateddi niusie | i nk

bet ween t he hand-hel d device and another processor, or in any other manner
suitabl e f@niyIgRoTagnel 6 Pl Hd ey DB mageHIceHRFAbHIY o4erehatdt unp4

Wi rel ess L@hlc- f V. : 00 : Off i ork.
Systens |ike l? ﬁ‘zﬁgfe‘m"%@ Jﬁ%%zﬁgﬁﬂéﬁﬂggégpﬁ] Sm\jﬁutrci%lédsdggl n?ﬁ%ﬂi cate
bet ween nodi ¢fBcidevantarsa)arid adoel, tier gameey wothesnteRor mustibe copeatdte wnh t he
nmobile unit wll typically include a conmunicati on conponent to support

Wi rel ess conmmuni cation, such as Synmbol's LA 2400 Wreless LAN PC Card The
user interface for the device is designed both to comruni cate the status of
searching and to allow the user to enter data. Entering data may include
switching the device anong various search nodes and entering data specific
to a task (for exanple) to check out an item or to put an itemon hold).
Feedback to the user is preferably provided through a conbination of sound,
lights and a display. The display nmay either be integrated into the unit or

T e



-20 conputer is used, it may include its own power source, and may be
rechar ged when connected to the docking station to upload and/ or downl oad
i nformation. A hand-held RFID device can inten~oeate and identify

RFI D-tagn~ed itens whenever it is activated within ranee of the itens

| ntennittent activation can be provided by, far exanple, a trigger
associated with the device, so that thel®l apsed tine for which power is
required for' the RFID device is mnimzed. The readi ne distance is a
function of beehinérast.olnShiskebotBneay pecinedhnt oolé, fhetxaepie, he Sbaoaed fiom
centinmeters (b %d 18 incge,s{( gi ven current technology and the likely
frequenci es PSTMURYCH 2iqy 0§ PckelAddGrd operate. In sone applications, it may
be desirable to restrict the operating range of the device so that it only
interrogates ItFID tags associated with itens at a closer range. |In other
cases, the | ongednonvembaaiidhenty adlfe Toftleoppeat i toandmieturntpatngessiateed. | n ocher
applications, it. may be.preferred to restri.ct the, o U ower t hus
the readi ng suiBef NerBu HEPERG REebeutshar h Bba BRICHR PR A B ory
pack. The regldz bangmilud Hikh Bbqenbe Tiflbagmnoaadibandtthiekrdessfghiseiriptdne ant enna
as well as the orientation of the RFIL7 tag rel gtive to the antenna. It

shoul d be apfiesies & watch fhepafiiculay aprrayngfgraverny and KPehiametgnisteelthe et i ne
bet ween bat tigf1yy dhariRH 9ESpildily! BRls Hbé‘hﬁdQ?rBﬁxrbeﬁﬁQ%@ql@Mla&@ ﬁﬁm ot her.

Various tradeoffs can be envisi oneg) based on the particular application
for the devimsmber of opweninclodingappantar SoeaziyAleyst Readingal &y endst thg thaded- hel d
device is o | Jni -t i i J i . has been
scanned by t ag{edw%‘reg.% ré’%‘ rXlﬁ'lso ,r&{oﬁégﬁﬂoé}nsgg %éf%@t&g)\z}?%é@@ '%‘téﬁérpé\h{:lﬁ%é?ﬁati on
fromthe |tRdnpagof Mudrizowhe¥Y| umiedihatiedignadbs PYeipé, anthaas ldngfhowemdd bon, or

i rmedi at el y di spl i nf.or.matiopn s ed within the handhel d device .that is
ot ed to (TR BRI kS a5 €S ebihie hEreei e fedbiai raut be
docked Wi th Weul@bbehysicaRy ESHRebRE EAthe eMdstdT i eepray airip. Eadcaiase of

i nformation before that 1 nformation can, be disp}@%e‘g for the user. The
hand- hel d deDFESBIEBINT ReiReaRaTANE ROWHL $hNB4IFS AP SBEbBAGYER ddnagRencaiTip

ot herw se COpfgVRECRE Sanfd fuldAn GRARIR{RAIAMhARRBStcsIab 112 U6 pdr @R RMERRuRT ©
desired A Sorting Iribrarv Materials Us~ne RFTD Devi ces One enbodi nent of
the present ¢ipvieasteonss neaallymsed withserba dip, and thye ittwawdd bretipestp@ above to
provi de sort i s b y staff when they are sorting -21
itens return%égg){xg%tgh‘zﬁjﬁ?@&é%a&sufﬁgwéorti ng operation could be carried out
inregard to itens that have al ready been di scharged and the associ at ed
magneti c security,elenments resensitized. /Alternativel t he rtin
operation coul d bYRELIF magnElrATYTespaRee ekt iAReh A deogh e P Ak
resensiti zi nfyr dpardid frefiencnirapsnsigl dendnoabssvo rekleatriogllyvi iupled td bazhf i r st
operation w Ib b desc[i bed herein, hough fth ;S).résent i.nvention relates to
both. Each. | P'BFarecias] SREELES meK aFer SRSk a Ry o COREER SEMEF Ll ng, f or
exanpl e, aduhbitip@elérhéitd @03howt indhig@iie S), ok, GA tHRMbsdiBé 6fd Hysichhehneédtien,bei ng
hel d, and materials that were or wl| be on ILL (inter-library |oan) to
anot her | i br & JomoRiiEheleaynameast coiwpintoias Bryimie figiesshrt #kBloponat i on, he
or she can u ' : : lated with a
mat eri al , anﬁtﬁ]rtatecgg?dégg aé‘?ﬁégggﬁ%%r%“%@d\%gﬁ%c%}mgggi I gg’sﬁﬁgﬁhg% t he
category to Shipbhg, rhéusesuel arabnragioopgeentaaschat dseicaarenoy elementsira@ecidiehdli ng
materials wthin that cate s shown,in Fiqgur Far.exampl e) the

oper ator oy et s Sy A QSR fhnd B Ok e PR el h AR f on
category, and learn that it belongs on can nunber 123. The identification
of the material, category, and tenporary (inhitial) . or perganent (final)
location of the i TRMOMRIBER AR PAVPSSHIGHES MEIUARY O Pt BIRA®BPH: RRENEHT om t he
RFI D el ement hafefigiM theYasSQUIVEY, Gor ekbBPleda SEPGNBIL S Mg th HAREFRIFGoturkr OM
anot her source, or froma conbi nation of the foregoing. A separate sorting
dat abase pr owchas | foinerhisaflwaen gaERse PN idse Bt be FERETS IaimPrpyeshehi | ity .
Various RFID Jp: e ' ' ' One
preferred de??gﬁé"??”égg%Pf’gﬁrig',' %\A@%tg‘gﬁg eotflr?] gg?igl?&g?g{ng’gg{ g’?gpds%ﬁ'om 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 itens and
t hen pass each itemby the reader as it is processed, as shown in Figure
11. O her 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 nunber of shelves and capacity of each shelf
for each can, and a sorting processor. The sorting processor tracks the

.. Y o o o v o o oy



-22 information about cart status and sortine categories to determ ne where
to place the next item It then displays the sorting instruction to the
user and updates the cart database. Figure 9 shows an exanpl e of the

di splay of sorting information In this case, it indicates bath a fiction
son and a specific library cart |ocatign on a display attached to a device.
The sane display could stand al one, independent of the device, and be used
for feedback wit i o f SN i ove. O her
nmet hods of di spl-llia“ﬁ c@%&ﬁ%n%ﬁ €6 g%dwd 3%‘@2&% p§8§>¢‘§ tllcp’ﬁ‘g%fﬁ}t&o each shel f
on each carbetwée tboirernng ”pr@Besmﬁade@ﬂhdgmimdl_\arespcgmzle rizverfah @néigiier opri at e
shel f, causi ng the LED {o be turngg an Audi o signal s al so coul d be used.

Opt i onal |y, MERH WG §-pOPRET BOTESAERSF §leRERa ORYA YRS depdined ebaverahat verify
pl acement Ohay h€agp ﬁt@m&'ﬂe H&@n&%ﬁ]ﬁv redpYnSi vVl £ia PSS tHaBit IR belsBRclVeRM Was

pl aced properly and help in"tracking operations. An RF1D device, "used in
this sorti nﬁ}"éﬁvﬁi #Wﬁéh‘ﬂ\)al@dgIPCDVlld@@Idud'eslaidmaE| Shexntgnna G2k shewvn iFHeguER Vi ce
coul d accep fi art is full)
that a speC| weg{arg%lhpﬁpé%gl asgg%?da[? %ﬁwﬁgﬁﬁegac ré@ ?fg‘éﬂhe dfci’af egory of
materi al s (mminaas Yut ¢4 nomathel@ks dan&gwcmlﬁrtba{eaj)pcﬂe afithenal bylkgpayasitiEhe devi ce
coul d al so i.ncor orate an I Dt rint uld aut( matically

di spense t @Edﬁ& VRIS R PV, E: H’gg‘a ?i‘r‘aﬂﬁé?)eﬂéﬂed“\?lﬁ%ﬂ?‘ﬁﬁ“ nBHd. In one
embodi nent  @mpie BThdP naddeitall M &ponsive PdderfaP BncncAsiRIicdIN-RijoAGhed to a
device that includes an RFID reader/witer, and a di spenser holding a roll
of RFID tag®ateniple tag has adhesi ve on one side so that it can be placed in
an item The adhesive could be tenporary or pernanent dependi ng upon the
type of item The device is optionally connected to the LAV software
system When an Figem7smqbl8a71dxsdaurmdxeodimemarin wbdbk mecarhasope tenm@anner reads
t he bar code f he, devi £e sen th itemIDto the
LAV sof t viar oV ed e Frg gl oPhie D anvbin anp 8 £ BT Betkr 7 b that 11
shoul d havecanbikztlchDag 20 shamne antgent’A Bltégratkdciexitiadiacladididipotahennaf or mat i on
about the ifem sych asth item _The RFID w.iter then wites the
appropri at eEﬁh #’df PRASIHER kyWQBH@&O a&\FﬁWfsa')bBe AR?PE?% arepedeefal |y, the
user coul d hﬁgh&meqdrefsbmwe mmmrzﬁn@&ﬁae) bey mbﬁs@s},a@r@omegﬁea@alwa but t ons
or a keyboard. For ‘exanple) the user mght wish to indicate the fype of

i tem When afSspomsférmaieriabnImdg combinationpeg 30ctshewn gdrigunsch. asrdiafrequgncyy - 23
new tag sho d di 1l r

bl aces t e 1o RReRdRnEor A0Sk dieubl i flhe SISRERRERNY PRtEAY HBLHRE,
currently hawmenmny2RFADeahasZBntle noade h&megracud:atyaemnﬂﬁe Duagirehend . Anot her
option is t ra RFL.Dt ag._t hat -be i liced to
and rermvedg?trom?srig?z?ra;y/tb a%F Ozg agne a"%’ gﬁ?opﬁv%@%gggle (ﬁﬁ?r K F&g‘? ogpem fic
non- R F>D i tlesserhbidimeinehoksrsihdesignddnat item could be tracked by RFTD from
t he point of sorting through final shelving, at which tinme the tag could be
easily renoved and even reused The benefits of the Itl~TD based sorting
system i ncl ude kmaubigal hﬁcmeec‘dftneeolnemaﬁémg @fﬁouﬁﬁwasl sl Ahpb&iblé ke sorting
operation, and the ability to generate a itens |n a given
initial | oc&pabimthesagpolbeandonsnieueysiyplagedran arimyn awpofsas@mpémhwzg woul d

al so provid q Y. d by a
i brary w t RS ORE S FArRALE bl IRV BRELF REICHIAK IR ATRIAS

| ncor porat i mhd%gt}arlnbmdgﬁT@dBeweas déetteom Hyi dbsavipg maetmdqulthz tvakte been sorted

as descri bed, above, t are typi.cal oad 0 le carts to be
transpor t ed 18vEHE! Igﬁﬁl’a ;?Flaﬁ%/'gx’m{f’gﬁ)h f(ﬂop iﬁﬁ‘ﬁ‘b 1€ OVES Bﬁary carts of
this Kind haNigkdesashthe i2ad bgferdtly 14EQRarNEYS xﬂmf(l)@r’@m)Wﬂee' s) and shel ves)
but the library cart of the present invention nmay al so include several
features of great value to a library. Library carts incorporating portable
RF>D devi ces may ﬁ@a&ﬁﬁﬁ%&&%&% hlgEIVXm oﬁé’&em rBﬁrf&hthéHable

conveni ence Smart cans I n accdrdance Wt Tﬁe d}resent i nventron nay
i nt err ogat e thtaitomaem sanpentehtpplicaicdef edivide! tagelovetides. allgs gtmcalkeyit%er eon)

and may detetlni ne t.he. order . of t ens ng which shel f -
each item i< gHer %‘r‘lié n.for pEampl %A’SQJFUPEC%‘P"EP %&%’E@?%b&%ﬁ a@ smart cart
can assi st [Théivaluy ohdifaiivh tdgsidve of MeikaliMbdrg opwhick ey bandveababy an it em can
be tracked to a specific cart location even before it has been reshel ved.
Al t hough 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 wll

appreci ate that the present invention may have equal application to other
collections of itens in, for exanple, bins, piles, shelves, and roons,



-24 I n one enbodinent) the sman cart rnay be used in conbination with a
hand-held RFlI | 7 device of the type descri bed above and shown in Figure 12.
An operator may use the hand-held RFID device and pass it by the can in a
particul ar order (for exanple) fromleft-to-right, and top-to-bottom. As
the RFID device passes by the itens, the device reads the itens having

R '"ID tags) and records and stores t hetlp- positions on the cart. The RF>D
reader identifies the can by reading a tag on the can or by entering the
cart identi4dhesive tmch af ppmsstiecmnsitmesdhestyehamal- teciesnoyerl fromthe roh@ndiser only
needs to record,the itens that. are,on _a. cart. byt n xact item
position onap[pﬁféd i)gﬁ‘fee‘f HE RAgE} Ofcaa OBa%egr P%téméig%i }éen aﬁgggr%%%rr%r%f%geany order.
Because t hep@Rided €0 fadilfkat€dbertibn bRAE c@hbifftidntiad, Snd of@eshtiohhigich @@ginggs pr ocess
is not delayed, and the cart jnventory nmay be nore accurate. Alternatively,
an RFI D deviocdstormiPeiositpt pLGHIOHHCGHRONERS t",‘h'éﬁﬁ”’t"h@“?/P\éﬁwgﬁﬁSPVlS‘éd-passed by
the reader and shelved, after which the staff person can enter the shelf

| ocation of the itemon the cart. Wth any of the foregoi ng enbodi nents)
non- RFI D i tens cahe bembjoudtioritae idbeleavad elibvemnenicelpe ah@wgmm exclypispluse t o

identify a [ ' It ' iR, be
Isepar :at gl y ngﬁ?jlpgbcf% Qﬁ’&ia&r@?#a{%&g%ﬁf llﬁ' g[%%r?-ﬂgécé%}sr%ggjglr{'ﬁg{rlrr%éggﬁd? ed to
recei ve an BipkRotlddefchécked imvai Dudmoteceatilye perhiisDvishomt bumanTdsadstemmet hats of a

smart can and  their . locations ma ermned jn Sev?{vﬁc'; ways that
I

, al.so, b et
are expedi elit heAReHAgUPYld avﬁomavé"esrbeﬁeﬂaiﬁgawowa?wwr PO VP BY st af f .
One is tO USgrs@f hiva dn KD tad) AébdiRe @R RBADrArY RMAD G hbM helpRiRe phsgds each cart
shel f. The antennae are connected to a suitable RFID device, which enabl es
the can to thiRestehsyitabledeseyongone mad chesked basl in when the gatsan wrestersthe can nay
al so be con : JiSt4 o ntire
contents of n?ﬁé}eggﬁqgn mtg ﬁ%@i Bﬁé@ﬁtta %té%//thg?{ %Wnaﬁaﬁ%ﬁggg%\%ﬁggded to the
LAV sof t war erapggeneant and aratysiat bwenabling libeary nflormsatatars tackesh thatleoflosgperialn a
separate da this "phug-in" t pr ovi for
qui ck and i E%Q%?%‘fé&gf%ﬁ?ﬁ g@?@?x Zlé'c?hgsﬁtagd g%{" %ﬁg{g?z@gﬁ%ﬁh\}eﬁgﬁ claf’“yglfgnd
speci fi c | ocatiiserbedrodghetol el @r gtharapglidadidis, sudhpb ngtdrialshamdling in stbrestrated in
Figure 13. One .enbodi nent.,.of a smart cart systemis as follows The user
initiates aw"é%hof’s"rse%ﬂﬂiitﬁ‘bh eration" via a keyboard or button interaction.
The cart optionally has an ItFID tae associated with it. if atag is
avail able, the sqoftware initiates an RFID -25 interrogation tq establish
the identity of tRaNhs emiogigienhtheempnatipptagsayldiprpyidedualigatus magksr ¢
readi ng opengthtaidmvoth ﬂ%ﬂgh%%gﬁ&férekﬁﬁ%ﬁﬁd‘i&%# QethB RE FREAHR 1 Nto the
RFI D devi ce manual ly. The Software sends the cart ID to the location
dat abase, areptengsaf thatas had hagreastivaieh ostrarfvatethand therveh pradia frequedsy each item
on the shel f..d S d; ' : [ tjon to
the | ocati orge 32{‘ abésdééa,%ﬁaé’? ﬁoﬁ%ﬁh}@’%éjﬁl}’!@hﬁ?g&?%ﬁhﬁ%ﬁ 'g,%he{d%gtﬂs?g %\[/)va@g rcan
optional | y sknuhemory dmthe RIED ichip ifseld phovied thay etiieonhaddieam appeonrateihe LAV
software to '148da§e% the Latter. Another nethod of identifying library
material s afd tRel P exact location on a cart would be to pass the can
t hrough an RF1D tunnel, or over an RFm "anti-tunnel,” as illustrated in

Figures 14 and 1 spectively As the cart noyes under the tunne] or over

the anti-tunnel, ﬁf@é{)ﬁ@?‘n& G Prﬁ"’(éaéwfgﬁ'_ﬁie’d‘é PTG EIG e T and

appr oxi mat e thoeRbb@AmeRts oftht ihveRiidh QAR Sidies I0belblie cart. One benefit of

the tunnel is that it would not require a special can so long as the can

can be rolled under the tunnel, although non-netallic carts may be

preferred tg ébhg carts so as not to interfere with the RF1D system
m%&@p'p'r‘oa

The anti-tu ch would require a special can that can be rolled
over a reader thaA comboesorgagevat made in accudéance hvixth clenpresenoihvérinencart. One

further nmethod of identifyi and |l ocating itens on a can invplves the use
of a »swor d RS SEF Proglel i ehefi AP oA TeChOgY has Rl D
readi ng capaBbrpbfaYibn 8MRedlp, PEMRYILASEEARE He Bk Ogdien PHOPRBOY WediaREdOT

| ocations in the cart deternm ne the contents and | ocations of the itens on
it C. Shel vitatatestApgge mpnpfactreed by Senglcehkip Syeems (eC3)iab Sar Diegat Ealifeiini. have
been arrang on.. . iLnidialal i i nable to
provi de assis‘ﬁ%g "ﬁ%&@ﬁgﬁeﬁﬁgﬁﬁ?525§#ﬁ#gfﬁgﬁbaﬁgﬁ%%?“aggmgﬁgg@3'®n t he
dat abase of information obtained by the smart cart as descri bed above.

Anot her enbodi ment of the present invention thus relates to aids for
shelving materials, preferably including a |ist of the materials in the
order in which they should be shelved. The list may contain specific

| ocation information for carts) and interactive assistance nmay al so be
provi ded.




-zb The first step is to establish a desired order and process for
shelving. Libraries often establish their own nmethod for shelving library
materials. Each section of the library may contain a different ordering
schene. For exanple, adult fiction may be shel ved by the author's | ast
name, and then by title within that author) whereas adult non-fiction may
be sorted by the Dewey Decimal system ‘The |ibrary may al so specify the
preferred path for traversj the lihrary duri the re vin rocess
(for exarrpl@‘,cnsbtydrotlésc_l% %‘Pkﬁg%hg‘i’?w% EXFF’EGB'I’S_ES‘%%?TSF‘EF?’E%,eastjn%%}gé to shel f
4). One wayarkdhng ebifekied o MELPOGRdaN 1R IdeIs wab ddsihned eaiher dpslakpdiage of
shelving information automatically as inventory is taken. 1n one

enbodi ment , toa ZHhellizdg! dutcap aswich & peveeitadipiby SCRRIUBLAE edAD weuldser sweeps
an ItFI D deyigce | 1. 1 | | | ; [ r tet~ttined
by the useréi/l b&sp@g@h’% ne%n%egmfee‘gggl@icf) nf?'}s?ﬁél\eéﬁt% fﬁglpfhﬂjgﬁémeg{[g} noggq%r ocessor.
The shel vi ngowraeebdog potiag eftht Bevidenfldpamatplacing tht craadst SCEi angnalababase,

mai nt ai ni ng,the order in which the L%ﬁ were input. .The s ering £rocessor
may al so pr &FPERIORPE BRI tgmadht HB”'BP‘&@F L APRy Mgl the pmre 584 or mat i on
gat hered 1 grenbfhe cdrd@ingdhd RR¢sSFo fbphiRARTehrotolyBe LAV sof tware. For
exanpl e) after conpleting a bookshelf) the shelvi'ng processor m ght use
information fromthe LAV software to determ ne that the shelf contained
Adult Ficti at the shelf order was established using author |ast
nane. In ttha gTRJA) t he database may be "taught" an appropriate shelf
order, whi ch mayFighers flestsedinothercorbndotdnnof aw drtenot brer islbiebevedyusefpler at i ons.

Usi ng the configurat.i information established.by the |ibrary or the
i nventory p?”b‘Eégﬁ %&@l% dﬁﬂ%?/e& P JEaHEY W f‘?‘n"%ﬁ%a’ﬁg{"&lﬁig’gt a "smart
cart," a shpfeferfidd e giral RenL&Iniking MR dilodre formad fromlamenRiie RNt , a
shel f order list can be printed for, the user. A shelf order ||lst for a

gi ven can nayPermalieaeuberiyetching physicat erphempals dig gyutipg, @pdepasiiion nunper
913.47A, 't hﬁu‘f)ﬂx% miRr t?lQQtrQ%htt“Qﬁn’tﬂJHi&stIftm&r}pﬁ@fag@ as e Bty MY hore

. . .") is located on cart shelf 3, and that it is the fifth ook on that
shel f. The sesponsive elemgreoiniis desegny dtbwayet, shereduckd fengthafphese metllic nunber
916.8, the fj t] t;. it f_ whi .her on . . ")
and the sneFlmapay i oo iafgalesricfentlt it BRI SUBHATOAGRTCT |
shel f 2, antheidevicae Imihatembbdiolenoshowhat Fighed ¥, flu¥hellechon edememsptovided ashel ved
coul d be, f?’r exanpl e, .cal | dnﬁ‘gnb?[ 916 912, the fl rz§1 por t.i on.. f the title
of which i s BeIeLTEY payeben §ddpeto the anténtia Fofl o, ougiegme tBis dipiation T ) g

i ndi cat e t habnstferidioMlowinSn FRaad Balond), gieferabhehdcludy a@nghcitsr 4shpevigusiyt h book on
that shelf, and so on. The shel f_order -27 list could also be created for
more than ofESCEIRRY 30 tpe (RicRHAENEsEEapEReY|9f dhe AP e Progssived MierRalghal
field indicafehighethe cart on which the book is |ocated. This enbodiment of
the systemis beneficial because library materials within a particul ar

cl ass could be randomy placed on the appropriate can, and yet could be
shel ved directlywtho L t r L e rted cart
coul d be sorted, %%&{%ﬁﬁ@gﬁﬁ%&gé%%&gnﬂIragscﬁ@lfgapﬁ‘ dﬁg%;é%/n%%\%eg%wgﬁgfe@ers who

m ght have avith tht ckdhdreristits oftknowvd efitsh e domgdibHeqpenop enegade eirduls, aaiel vi ng
itens. Lastl the 1Z F)(D shelf order systemcouyld optim ze the path taken
Lt ough ¢ he TP RIS SG A PR s DRURYE TPt RHHeEP Gt ant ¢

savi ngs of tek#Bple@ould finalionh Meglately ihnuanet Bgslicamaodi ment, a portable 1t1=1D
devi ce having a display may be used to provide the shelf order information)
rat her than a paper copy. The display could be nounted on the cart as shown
in Figure 17) war l.d.d: M pfanl) in
that illustrati orﬁe?ﬁgggw%qg}e]{fﬁﬁeespﬁi’g\[’)élnglﬁh E%;H?%fboe?on‘q’ ?’Eguaﬁélrh%g?%he next
itemto be dhawingedly dntRFIDogdeanérnorenomhmayan tag, totvof which sreatesamedabavie
shelf. It may be preferable to provide a portable RTID device that provides
shel f order information to the user, and accepts input fromthe user. |nput
coul d includg ther@Ebidustevnsthpsiesidhd itens, to indicate when an item has or
has trot been reshelved, to ask for nore information about a particul ar
item or to di spl dybrarieuanaeytly jeetivest lafgserobyng eltbsary maserialythat argyrepipadner
embodi ment, ebg%u.ra% &ﬁﬁhﬁvﬁmﬂd qg;@ GBsd1BhRRalk N€o Qrpa%feagu%equkrﬂ%attr&ﬁ Hext item

to be shelv using the RF1D tag affixed to the item The operator sends a
nmessage to the shel ving processor indicating that the materials on a
specific cart should be shelved. The shelving processor determ nes which
item shoul d be shelved first using information fromthe |ocation database
and the shel ving dat abase The operator scans the shelf with a hand-held
RFID reader Each itemID is sent to the shelving processor. Wien the ID
mat ches the ID of the itemto be shelved, the shelving processor sends a

o b e —— o




The present invention also extends to an ItFID device that provides a |ist
of all itens within a specified area of the library (shelves for
non-fiction 200-300, for exanple), and then presents a shelf order list of
all itenms 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
produci ng hardcopy lists is to provi del'b'ortabl e devices) in which each
device is "programred” to look for itens that belong in a particul ar
section of lotaee gridmhaekroutThi matends dgawe tie oitcidempsissaned andoshelivedh i s
particul ar la)écd‘}ﬁt%fv%ndm?crﬂlvs Qr?qfctlh% IStr Inrs]%u\é! gfsflcarlll be a\g\%}(ecpﬁ 16&TRE rgzlngﬁ flso r

mai ntai ning a certain part o RE™ T brary, or en 1t I's especi arl y

i mport ant tanckéep hped lideq épddced €Thd @RsuDEmbdiemeritbofthy RAEDuplated dat e as
possi ble. A variation. of an inventio reviously described is to enable a
user to reddVeHP cribeg hetsin relts éifﬁc{?)é ‘Sa"é‘”éﬁ?{ﬁﬁ‘gﬁ‘f‘)f h’&l“%ﬁd PHUERSor t ed
book shel f)sepdihelyOaddtslre@ut the items that nmeet a certain criteria (e.g.)
non-fiction 100 - 200) in shelf order. 'This enbodinent is particularly
useful when itens arc already on an initial sorting area and ready for

shel vi ng) which aids ﬁc&ﬁ;%ne{u%f?ﬁe?s?tszieﬂqj&%g)leé 2%{%‘%% Er?}é?ﬂﬁ HEvi{er OMcARs | nitial

sorting area. Because any collection can Is not’'lrmted to
pre-sorted ethel pemblef(ptefdratdy Jamipliedd)i anlsmtionkny, ofiredolidwing enpe. TaedFAY t o be
shel ved can, be pr ocessgd in %{ﬁ]i S wa% A fir#ﬁb enbodi nent enabl es a user to
use a port aBVES(HFRIRRED DT [Fah BYrmrapRfomas R BUFE RN #h S SHER 2 1RO, 1 ect
pl ace on t herdbebk, of etheAmgieMN Préferbly Tihe iR atiod edxdi ffonetheaFIDUGIN t 0 shel ve
and then passes the hand-hel d device across a row of itens on a shelf. As
the correctinpBdssts designarionsMediatype tleagnesis, Prwtnps eptiget e examplederdishck i s
given to t i E | nag d )
h&@nle ggcd t:c:)‘?ﬁﬂp@tﬁg ﬁFog@r Q@se‘%% ggcgcgss'idl o 1ROTEN N d ﬂﬁm)&:(vYL}%%{fs) on

including on a display) wt udio te andlor wwth 1 ghts

t he hand- hedlsp emnpipeé withra devicersoch evthe agil, sepgredtto efabledthe pesivatiorgand whi ch i s

most typic eg}:t alliu% éxiegam nggelﬁée’g pégl%{]io?ﬂ{pimtage Lﬂ%gwﬁg{]¥e5helf SO

long as it ows and i's ;r)lrec he correct 1tens in's order. In
a nore consteads the AFED &gy thegedystramgnits tlenennidsttifivation mEGmatiaceth i n a

ific | ti | f. Fr hel, vi i t.ypi cal d i
Tore pr ocesSTIRSE SRR RAReE RISV AT aRalTLTEpE oSfAVE Ciipoan <
const r ai nedapphedimbiely JoscuneR AV EBRSacapsiérfs AddDgnisl"rvaitiet i aballaleettdm

| ocati ons and t.heg can |ight up to indicate V\/n'ereifgn i tem shoul d be pl aced.
Even in t hePeRECh krgymgrdesraFrayo. Yty "LaddhShwhicddbeyailablg fromet ARLy ¢

det er m ni neC¥hbfiio BEDEnYeER difralid, GRE “DRAD IR C2ilRE FoADASTE.0N What is
on the shelf at the tinme Underlying this function is al so an understandi ng
of proper sh®fi$: NMissRWI. Each |ibrary indicates how they want itens shel ved
(by, for exanple, Dewey Decimal nunber) or author's last nane). These

shel ving schenmes can vary across the various sections in a library. This
function coul d aFkese sig@pwimbet of wasyo tarsotisthe Hiferawtighebteinag fromenyidi itens
are shel ved, i n i ndom.,order. This IS for shel ves
of materi al tsabtt)%ﬁﬁg‘%%efg%é%nggﬁgﬁu é“g"(gvpﬁ‘fs‘cﬂgéﬁ%&%’g%{gﬁg‘?b%ﬂ%ﬁ‘gﬁ i"{)t(rg’g as well.
In this sit3idtStamardindriabge Braden! GAP). beousedotld ifivalek \ing dncglactrogian t he

unsorted shelf. Benefits of this embodi nment include that this system can
hel p a shel&é’r‘ceilﬁ‘@m‘i#? Wi5dsce 10 Jauyrl \e in{prmatignps i“sorlf-léﬂ?“’dgll'%ﬁi cularly

useful for ¢dieemtnbCoarediRlsyMhdr. WHeSdandBYhe? RREMqUE FERIRRAGWA ROhERer at i on.
Once the shelver is close to the | ocation) the device can quickly zero in
on the prectkidedsinabe art.olaghis granngnthgddilPicomapneat elthe BFED devicheeromps thenent s
descri bed i gukdy ' i I i b b W cHt %ﬂ,\ nts for
a user to obtn atil nﬁifﬁﬁwf%ﬁn%@r%ﬁ%u‘f {’Dr?é* Q%és;gesggprg%géd ctholgﬁyagrimr:g tdgedomml oad
or print outontinee jotfearsedmiitbnhe devirat Mous, Narerienmpy roritivbnitp WEItIRIMeNstiogs and

Conponent s y. patrons have difficult avi.gatin ithin.,the lihbrary.

5 1T cul oA Rk BRaT HGere b brrha i Erisgatht MBe v EorE: o ¢ he
l'ibrary, geird feguted prd\ededasi KD 2 8alolde). THed D devich fedtesdtimshaehel f and
ultimately locating the materials of interest. Sonme patrons have specific
items in ni figplag ifdhwauldicpppesae wighansuistieg haVgoRMarerfsitemidigpiayds peayiden

subj ects, such as Revolutionary War Hi story. The enbodi nents of the

i nvention described in this section assist library patrons with navigation.
and provi de guidance that is visual, interesting, and perhaps even fun
Figures 18A and 18B illustrate one enbodi nrent of the invention, in which a
card having an RFTD el enent is | oaded, or programmed, with one or nore
items of -~0



interest as shown in Figure 18A Loading can be done at a patron accessible
termnal. In this enbodinent) a | oading processor can interact with the LAV
dat abase directly or via a searching processor to determ ne the cateeories
and itens that are currently available. That information is displayed to
the patron The patron interacts with an,input device such as a keyboard or
nouse to select a category or set of it8hs. In this exanpl e) the patron

sel ects two books, The Life of Mark Twain and Tom Sawyer. This information
is sent to qudbaqkdadhwepw(: dmionalivatdisplayeed Othﬁbfepfmae‘r FREENABISMS M bEhe RFI D
| ocat or ca q?qgt | oad a card for the patron
at, for exggﬂCﬁelgl%e erék%ge si?“#ﬁ%?%&ﬁg also be "preprinted" cards by
subjects of interest that a patron can pICk up and use in the library. The

data | oaded ontq the card coul.d .be eci f t tIe or C reas of
interest. I|nsteadf Bf‘”’ﬁigi”r&i aﬁg'é‘ﬁléﬁ?salsl%p%:" %:)tg%‘oll:\‘if‘?B %%P%f%gé E’%"t’ yssact ual

library camgndRUIRPED §68¢k e RAnSREE RFD idBviké Qrca;ﬁa\bleccﬂrsgarﬁmhﬁ gméxg desi gned
for this purpose For_in- I|brary use cards). the patron woul d | eave themin

the |i brar yphéimesnbigepiles prdylibranecary - Jrican essgntialy seasghavheseMer tisavke a
TATTLETAPE' e

assi gnee OPOS’HQP%PLZE%%Pgl en%%/%%?ﬁsfg%bqﬂﬁr %%ﬁgﬁl@/ﬁpg@gﬁtﬁ"{me ta}egf t he
card. Once withén demrengefitieadkyecewiTthhsetane Odesfqaexdesmn%@nhmnvmve pérmbjeat r on can

use it to lgate withi i brary as .shown jn F 18B. F)D devi ces
mmy be str dEipEEe s valtaBie iy S B MBS SrP e ki uPeRe) b car g
i's present Qi@sdrme@rﬁestmrftehhesethléeadmranenistanﬂ Bpkrerddng snd' sacdrideln R BN wher e the
itens) of interest can be found relative to the reader's |ocation. The

devi ce ni gma"P‘Pfcll'sﬁﬁ’é functipapioapr mRTheRs fating sueh (it e & ITPPRATEHIGh

gr aphi cal ﬁftwﬁ%m&}ﬁ ofrmentdd@%gaabémrexsemeqeinv%%h@ala& 18Rb¥- é‘nﬂﬁ’é' es of
LEDllghtst i'ght up to acknow edge 't emlswtﬁ e aisle
near est thRIidBWeyeces,aind tirathe fugtrions pr metpads destribad pbaye an feferaprenhoere the item
can be foun f F OV R RS QS e ron is
to the tar d’e"a})l:ggui &%VE% L@ rRlZ\Q]& a%?@icagﬁﬁﬁ{a Qﬁab?l cate eto‘:%goﬂﬁe (ﬁgg%gﬂher

fl oor of tHendtidns ancyn(emoénhi\&rmérelgmlc&agrgepéd togettieamithwastypoufREHD ai sle to a
specific shéelf when ﬁé Sog gnolf.u to the,itemof interest. In another
enbodi nent , 4IFE MY ERECHYE 1B 8’3?%"1? BRIOP QLMY be | oaded into a

hand- hel d RFI D device that can then be taken around the library to |ocate
the item(s). -31 The dat an be | oaded in a nunbe f ways, as descri bed
above The shel ve'Ehec'@l'itjé‘Fﬁi }ﬁ&q fryigerad the PEFSENARYSPDGR gra%erzg}ly B‘F%‘\‘}F%Pé‘ some type
of signal, pbgNehlig ahBE}rPerdﬁ\‘éhﬁa?y laoRel m,e& aidsbh@mezar E‘ﬁ‘dﬂle vaRBugat ron cats
fol I ow t he lights to find t roximte |ocation of the library material.
Once there,fu Pﬁ@”l&ﬁfﬁhedmsr%%‘bleﬁgﬁel“t die R&ER repdeniuaer equldheansist ¢f@ pat r on
find the speghfiafad 5980358 rJd?!'z At prﬁm\%ﬁé’thfeg b§ dexdsQAdnindis\grdual itens
and indicate, via Treedback on deV| ce he target 1tem has been

| ocat ed. ThRaliasi Temgﬁtmm'sorémethﬁf¢mb¢far%0"ma¥95 may beiprovided tyefop t he
patron find_t hei th I|brar L ment may
be parti cul %{(rawlleugef)éf" {Ogr OW "rszl CBQP?%?]%“W qlﬁ%ra?‘%%ﬁfns%%ﬂpanyyem 6’%

rel ated aspe€lhta, Qjalifdﬁﬁlaﬁhheﬂﬁhé degigmndsxi Pdimi Blot. hEheusetable cdxzﬁ)xa mnprnanuye car ds)
not only for g oses of chec g inﬂgr checkhn‘g10 Ol}l ra% materi al s, but
al so to tratkORFHIBEFYVERehIOUGH s £ YeRlax HEVSTR) R "IS"HrszY oPHHESShunber of
patron accega®fuctan rfarlok atkiad AdkinBeMish Rl tkdbleCadid VerdB@ g 8€liden@bt ai n
usage information. For exanple) the Systemcould count the number of

pat rons t hatnother epmauics g PhmogtRarisan cahestperiphiemisioghe mrdrhebhb:vweopl e spend
in various C ertain library
equi pnent sﬁSLﬁ‘ g’sanwmu{léég?gﬁddpéﬁ{ewep Om?ﬁl%$5?e§%"% unﬂ?%%ygso md&a% so be
used for acbksifisn tpam}fe@dl sudhast dibas- cedrdondmmsenh ,matvhBokZﬁth \Aanbnsafhgdbaacr d
controls which atr&% r .staff. may yse which facilities. A facility my be
a room in Wit ng @hﬂ%@}’d’f’@el H§Pl€}5ntrol | ed. Access may be controlled
for using certain equipnent or other library facilities. The control may
further determ ne which conputer operations are permtted to be perforned
by a user so that} dessribedahgyeetherstarg einumbenolibptiopefod transderriag datg bemwserer t ai n
materials of e"i‘q'aﬁ&gx @Qi'eglc!: %ﬂa‘o‘ﬁaer@'r&c%%u ! IR MRk b‘% & r@? dppg, by

pl acing rea ers at these speci a IE points or by Ravi e person
carry the reader and then readl ng the Iocatl on tag to enabl e access.

Lastly, an RF1D library card may be used in conjunction with certain
accounting functions perfornmed in a library The RFI'17 library card woul d
be integrated with information regardi ng general fees and fines that are
collected in the library. These charges include overdue charges) fees for
using certain equi pnent, copyl ng fees and the Iike. The card can act as

.



-33 W claim An RFID device, conprising: (a) an interrogation source for
obtaining information froman RFID el enent associated with an item (b) an
i ndicator for indicating information regarding a class of materials to
which the item belongs. 2. The RFID device of claim1l1l, wherein the

i ndi cator provides at |east one of an auggble and a visual indication. 3.
The RFID device of claim1l, wherein the device is portable and adapted for

wher ei n t he. PREB e RS Speled BE b wluf SRuTR: BT R T  e

RFI D devi ce. upload item identification information prior to performing a search to find those
specific items. Another example would be to download data following a collection of
items that have been used within the library  The link could be implemented as a
docking station (as illustrated); as a wireless or cabled download and/or upload; as a
wireless or cabled, real-time link between the hand-held device and another processor,
or in any other manner suitable for transferring such data. One such example is a
Spectrum?24 wireless LAN system, from Symbol Technologies of Holtsville, New
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 2 communication component to support 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 panticularly 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 sofiware are all provided in a single integrated unit. By
using a hand-held computer such as the Palm Piiot 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 software 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 to a docking station When a hand-held



5. The RFID device of claim1, wherein the information of feature (b) is
obt ai ned from nenory separate fromthe RFID device by upload. 6. The RFID
device of claiml, wherein the infornmation of feature (b) is obtained from
the tag on the item
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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. That1s,
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_ Sonting Librarv Materials Using RFID Devices

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

described above 1o provide sorting assistance to library staff when they are sorting



i KSLO%@& ()- 10% & ()- 10% & ()-10@0@0@ 410%@& () - &310%@& ()-9 10%@& () -
)XZ9S 10% h h& ()-410% h& ()-S 10% h& ()-10//10//10// @ 10%/& ()- @
10%/ & ()-)~f!1{Z<S c109%& ()- @9s109%& ()- Y9s109%& ()- F@ 109 ()-10 h h10 h
h10 h h S 10%h h& ()-!"1"#$N$$S$i K- <& 109%& () - +10%& () -

& 10%&' ()- YI0%F& ()- YI0%& ()- Y z10%821-) - Y<10% & () - $$U% %0888%F; 0 10
108109& ()- 6- 109%& () -

items returned to the library. The sorting operation could be carried out in regard to
items that have aiready been discharged and the associated magnetic security elements
resensitized. Alternatively, the sorting operation could be carried out in combination
with the discharge and resensitiiing operations in a single process. For simplicity, the

first operation will be described herein, though the present invention relates to both.

Each library designates their own soning 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 to 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 a 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 soning 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 1o 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 soning processor The processor uses
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information about cart status and sorting categories to determine where to place the

next item. It then displays the sorting instruction to the user and updates the cart

database.

Figure 9 shows an example of the display of sorting 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 cars 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 particular 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 software system. When an item is placed under a bar
code scanner, the scanner reads the bar code for the jtem. Optionall'y, the device sends
the item ID to the LAV sofiware 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
to 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
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new tag should be printed and the printer dispenses the tag. The user places the tag in
the item. This would be useful for items that do not currently have any RFID element,
or have a damaged RFID element. Another option is to dispense a temporary RFID tag
that can be easily applied to and removed from library materials. 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 soning 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 soning 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

Afier 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

Sman 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 car, 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 to carts, 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 can in a panicular order (for example,
from left-to-right, and top-to-bottom). Asthe 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 cart by reading a 1ag on the cart or by entering the
cart identification information into the hand-held unit. If 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 afier 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 [ocations 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 can having antennas running the length of each cart shelf. The
antennae are connected to a suitable RFID device, which enables the cart to 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 software 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 smart 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 sofiware initiates an RFID
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interrogation to establish the identity of the cart. Alternatively, the user initiating the
cart reading operation may input the can 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 software to update the latter.

Another method of identifying library materials and their exact locationon 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 i1dentity and
approximate location of all items on both sides of the cart. One benefit of the tunnel is
that it would not require a special cart 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 locatons of the items on it

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 smart can as described above. Another
embodiment of the present invention thus relates 1o 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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The first step is to establish a desired order and process for shelving. Libraries
ofien establish their own method for shelving library materials. 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
orthe LAV sofiware. 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 .
..”, i1s located on cart shelf 3, and that it is the fifth book on that shelf. The second item
to be shelved could be, for example, call number 916.8, the first poﬁion 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



10% h& ()- 10 U U 10 U U 10 U U f2mL0% U U& () - ("vdEuv74 1! 110%
h& ()-S.10% h& ()- @®- 10% h& () - @310% h& ()-*" 10% h& ()-f10% h& () - SpxmbC4
1!

-27-

list could also be created for more than one cart, 1n which case the list would include an

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

This embodiment of the 'sysu:m 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,

resulting 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 car, 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 also 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 1o read
through any collection, such as an unsorted or rough-sorted book shelf, and to pull out
the items that meet a certain 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 read, 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 pontable (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 detected, 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 librarnies,
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 constiained shelving system, items must be



10<< 10<< 10<<!|L6' 10%<& ()- !'1L6' 10%-& ()- !F&S 10%<& ()-3

}oP14Yl s10%&' ()-S10%&' ()- 10'0' o 10'0' 0

10' 0' 0! 9Y110% 0' 0& ()-! & &109% o' 0& ()-!10% o' 0& () - JPQRSXX} OP14@LOY& () -
y10%&' ()- 10 10 10! F( 10%& ()-& y10% ()-!'1 10%& ()- X'

-29-

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 tem. When constrained shelving
is used, LED’s can be added directly to shelf locations and they can light up to indicate
where an item should be placed. Even in the free shelving scenario, LED’s can be
added to 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 particularly 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 1o 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 10 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. For in-library use cards, the patron would leave them in the
library when depaning. 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 par 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 targer) 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
locator 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
could count the number of patrons that enter a certain location of the library, how long

peopie spend in various places within the library, the number of uses of certain 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 a 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
functions are handled manually and often with some unpleasant feelings between staff
and patrons. This system would allow a mostly automated method of handling these
problems, reducing iension and improving staff productivity to deal with more
important 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.



10%&' ()-sF10%& ()-LY 109 ()-s109%& ()- 10%& ()- Y$} $$WY%p%lEuj T#

10%610%&' ()-L' glO0%&' ()-s&10%&' () - L#GLO%&' ()- "10%& ()-L34 10%& ()- Nornal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph

Font " +52>HPZ(c@t ~[ Rur 1Yz( p" &(*, . 02468:33>@DFHILNPRTVXZ\ " bdf $+<0' Zp%
)1$% . 8; GAWLP (f @vW ~I xus2<)"#Y$p%6Ti mes New RomanAri al Courier New'h Root
EntryWordDocunentj  !"#$9%&' ()*+,-./0123456789: ;

<=>? @ABCDEFGHIW&EIMNOPQRSTUWKYZ[ \ | " abcdef ghi j kI mopgr st uvwxyz{| } ~

L. An RFID device, comprising:
(a) an interrogation source for obtaining information from an RFID element
associated with an item;
(b) an indicator for indicating information regarding a class of materials to which

the item belongs.

2. The RFID device of claim 1, wherein the indicator provides at least one of an

audible and a visual indication.

3. The RFID device of claim 1, wherein the device is portable and adapted for

carriage and hands-free use by a person.

4, The RFID device of claim 1, wherein the information of feature (b) is obtained

from memory within the RFID device.

5. The RFID device of claim 1, wherein the information of feature (b) is obtained

from memory separate from the RFID device by upload.

6. The RFID device of claim 1, wherein the information of feature (b) is obtained

from the tag on the item.



