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| NCORPORATI ON BY REFERENCE Thi s patent appljcation clains priori ty‘lé Fm 0]
U.S. application serial nunber 09/134,688, filed August 14, 1998 W [ln
sane title, which was assigned to the assignee of the present invention,
and the contents of which is incorporated by reference herein. TECHN CAL
FI ELD The invention relates to applicati.ons for radi o frequency
identification (RFID) systens, and particularly to the use of such systens

in libraries. BACKGROUN lB"'l:'lilE‘gWN@" H)ENTm@AquNI e surveillance

("EAS"') systens detect the presenceé of sna ectroni c devices placed on
or in an article or carried bYSYSPEMOARPLIOATIEONS and are often used in
retail or library environments to deter theft or other unauthorized renoval
of articles. These devices, which are coomonly known as tags or markers,
have in the an&ti on regarding the presence of an
item This infor b i rogati ng
the tag, either ma,i.}g tfrﬁ%ﬁéfl%f/"%rﬂ%gh{?@ﬁ @érgﬁj §%R%\§§Eér¥ﬁgh\$ﬁﬁ stinct
types of EAS $94840688, fikederuaun Meb9Bwath 1mmmyed¢,svhlcm§@d51mdh®wet hi s

interrogation was cartied out neti.c, a

frequency (RFPSSIENREC 5?%5&\/5“’6'5091%8%}3 CTQBtﬁ \Sh”‘éﬁp i g‘l'og@dr%wér@jhave

provi ded the rffe@h@erdigvel of security in most appl i cations. Magnetic tags
are easily hidden in or on an object, difficult to detect (because they
are |l ess susceptible to shielding, bending, and pressure), and easy to
deactivate an@m@}%ﬁm hereby providing a high degree of security and
some information re t he status of the@{~ ged articl Ma( sers of
EAS systens desireT @mmawnﬁﬁmesmaﬂi%@tsfﬁﬁ ‘P]g "é“’fyaﬂﬁ’%}ﬁa‘ g‘%

present. They ¢ %tglgs YR barkiQuldr AW ehis€ b Sudgedmo b 1asiridss present, for

exanpl e. Det af informati on regardi ng tthe characteristics of obj ect s,
such as their date of rranuf acture i nventory status, and owner have

general |y beerB4 20ES RENRSNed handling and control systens

through an optical é?&(roﬁtg(JErclc\éh’\Jcmancc (“EAS™) systems detect the presence of small

electronic devices placed on or in an articie 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 years,
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
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*166166* *ACTION* 13 FEB 2003 -1 inexpensive and effective, the optical
bar code systemhas certain limtations. Bar codes nust be visibl oRh
linmits the locations in which they may ‘be placed, and bar codes ¢an easl |y
be obscured, either accidentally or intentionally The range at which a
detector can sense the bar code is also conparatively small. The bar code
may al so have to be appropriately posij.ioned for detection Al so, because
bar codes are often exposed to pernlt ‘detection, the barcode is

bl d ly,
?nljlstclegfle : te é‘%?gp"rﬂ%g’?q%e’geﬁ%%gg %P? ik dars cto'ae S)Ejs?etn?ﬁz}s_f;gr[?mrf‘ folides: phastly

h constfralints of bar
code syst emgodaksust beevizibledwBich abiuetmnoaanafsfm eihehtthdyorayde mpiacedapmpd bacat i ons,

such as marking |ibr di a ,More recent ectr.oni.¢ i denti f,i. atlon
(al so known Ca@sﬁ%%% g%gﬁs? Bregh e“lhﬁ"eaﬁf‘ 9;}@&({%%&3}% | OFe {R8HK I have

been devel opggcioP cadense e tah@odd mns@t;dmmmay senalli Thd babaas:teo@slsoRFl D
systens have succeeded in providi n ect ﬂ Egl fi c |on and _tracking,

but are def|'@V%‘f‘i’tbelaﬁpfﬁf”@ﬂ}?lbﬂlpﬁ@j”%’ﬁp éB‘UM é‘laé{ff Frsiet argefies syst ens

operate in fepaenSYerhRReRBidy b bMﬂédﬁE‘%s@QﬁM&)mldﬁinmlll@hcﬁ\@suﬂta@ is easily
defeated. The security deficiency associated with radiog frgguency t ags

ari ses becaudstectiorefailergh Lrstly, mylinle darns myst bepapeesssd,ARe ala URGy dPSShg the tag

w th a hand ' § nigVeR ﬂh@&lrMeEhﬁefﬁagnxlfGrs%mbOOk Even
battery- pomec;a;’sci?ér aglln{(}ﬂpwe(gugﬂec@ {]ags tEr“xa‘ly be bl ocked, although their range

i s superior applicabibos kichgs matkiog Beraryonediadi f fi cul t . Thus, obj ects tagged
with an RFID tag nmay escape detection, either i nadvertent ly or
intentionally. This greatly reduces their effectiveness as securi ty

devi ces. RFI D narMeresecandy, aleswonic aleatifsdtiom(atse kaewn esapdie freqeseh cont act and

contactl ess gicgggr dﬁ’f?ﬁ};?“g‘ﬁﬁ‘?%m b'eEHf d&R Sk RN RS Smart

cards tend t a specific person rather than with a
t agged obj ecoptichiSmomges EFHI eﬂtetn@ Iamesusesded m;vrcawns phieck jdeptifisprionadds mar t

card (or of {r%&r&e{mslx%ge excne %ré\}xc}x 5b?ec§'sé&1 grbei:a‘ﬁséﬂes?mf?;ﬁmed above

for RFID nma ecurl I ssues’assocl ated wth RF1D nmarkers are
simlar to tbfpsgeinahiguesy radges &nlyMile askatoveldn whichike 142 is eatilyrdal#rigd f r equency-

and mi cr ovvav%hé) &%@ﬁy%’aﬁc &rﬁg%socxated with radio frequency tags arises because they can be
“shielded” by, for example, covering the tag with a hand or aluminum foil, or even
placing the tag in a book. Even battery-powered radio frequency tags may be blocked,
although their range is superior and blocking would be more difficult. Thus, objects
tagged with an RFID tag may escape detection, either inadvertently or intentionally.
This greatly reduces their effectiveness as security devices. RFID markers are also
related to “smart cards " Both contact and contactless smart cards have appeared in
commercial applications. Smart cards tend to be associated with a specific person
rather than with a tagged object. Issues related to the security and tracking of the smart

card (or of the person carrying it) are similar to those discussed above for RFID

markers.

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

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



Substantial effort has been expended in attenpts to renedy the deficiencies
of radio frequency- and m crowave-based EAS tags. However, none hiz
substantially inproved their performanée as security tags U. S. Pa rftEBIQﬂ]a
5,517,195 (Narlow et al.), entitled "Dual Frequency EAS Tag with
Deactivation Coil," describes a dual frequency 13 FEB 2003 -3 m crowave
EAS tag that includes an antenna circuigt having a diode, and a deactivation
circuit. The deactivation circuit responds to a | ow energy alternating
magnetic field b i,nduci,ng. ol t N, i . circuit
so as to di g‘éﬁS?‘ﬁy"f #é“%‘i%@ﬁ'ﬁﬁﬁ% ﬁrégﬂ%ﬁ?&ﬁ%@&%ﬁ%ﬁ:ﬂﬁ@c{ed%@g‘%\%tﬁ?&% t he tag.
Al t hough usgfdth, fTaE desetratiap pirduiiaéspomds 1o & hev ercegyabemenngazmelic fajd b scl osed

in Narlow et al.. may |eak el ectrical charge.over tjng, i | d cause
the tag to BEETRB2 WAta8E it bedions HeeATIRLF TS Sﬁéﬁ\ood’gslgdlﬁeer{%%qﬁ&g%t ags of

the type di gfibgneHereby dba&rivating @0tagNAJthdughAhefdDibr sqridappBeations, thel . ) i ncl ude a
magnetic el enent. The rra%gc{]eti c. el enent laI tegﬁs tlhe .tllmf'éng of L he tag when
it has beencapaFHorbesediagfierqsstin Niylow st aloay gk §leHaiA S B4 AVE I eby bl ocks
the radi o f LBAHEBRY chife MRNEE10BkcInftactinged Miitbinioadllyt hese tags have a certain
utility, they still do not address the issues of enhanced security and
identification. Radio frequency identification technology has been

devel oped by a n{iigFreQienc CAD &L Sthe i}gehudb&e MOt Pates N dausi4@isee U. S.
Pat ent Nunbers 5,378,880 and 5,565, 846), Texas .l strugg‘nts (see S Pat ent

Nunber s 5, 34Viopan etl) Bcidea agnetic elpprK o fMORRENEHS eleRAM AR (R BNEE Olgj gl e
Chip Syste - - ized HfPacBR9Gry Aevi@b alifierely, 095, 362,
5, 206, 722; ng'heé‘ﬁg?’ﬂ%g'?g%%%wc%f%?Eggéléﬁdf%pearf door%,:u?r‘;ank;nume)rg%s 0 494 114
A2; 0 585 13ocks the GadbiBe@prcyarsporsa@f thesass Alfougpiese 1388NLYSEEMNYNS  Pat ent

Nunbers 5, 5%&@@3@ Ri1P 8O nct ddred @Ay B eniileDoe b Ay rtiiemeltionSensor mat i ¢

El ectronics 5,625,341). These tans all anenpt to
provi de renote identification without the need for a battery. They operate

at frequencies hgmgif}lguie E@f@eﬂx?fémliﬁﬂz‘eéhqol%gﬁ?aes% delBIgpddbyes minibeelbfeNCY t ags

( -125 KHz) are noderdt resistant to | di ng, but__have only limted
radi o frequanepanityinchidingaVotosoladindala tsebH i RpaaNwRset» 8/ and i parti cul ar,

systems basegs o 4h8ge,s INBRIRRS (SETSS Bhiek 10RRBA £I14%180akl §,5anbg)when a
single tag is In the interrogation zone at a t|rT8. hels/l\?l sbo tend to be
relatively bMikgnBitipeSemisanidyaions Sinainthiacyeres (5 U %&z umbers

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 1ags all antempt to
provide remote identification without the need for a battery. They operate at
frequencies ranging from 125 KHz t0 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 panticular, 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 1ag 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



frequencies, (typically 13.56 M-1z, 915 M1z, and 2.45 GHiz), the added
bandwi dth available has permtted the devel opment of systems whi ¢l fggngn
reliably process multiple tags in the interrogation zone in a short period
of time. This is highly desirable for many product applications In
addition, sone of the tag designs hold the prom se of being relatively

i nexpensi ve to manufacture and therefgre nore attractive to a custoner.
However, these higher frequency devices share to varying degrees the 13 FEB
2003 -4 s ept thili : el di di | : cannot
provi de- ¢ nESROFaR P el G Rel kilr. TRGLIRS CaRBl o e eVl Y " e
as a | i br aseguftyadentandedfiocegoi apgliditisnusushaena liberyshoul d be clear that there
are a nunber of applications for RFID tags in various environnents in
which the identity of the tagged itemis inportant. For exanple, PCT

Publ i cation WO $¢4) BeGBregdintbdibcukuish, kahuuldbe/cléar thal @88 asndhuagst ghed t o
Checkpoi nt Systens,_lng., describes an inventar. stem usin articles
with RFID feRjsatiqnidonREDLAEsp VHIRYS BRRSAT S Iy %‘e@g{dﬁ@%f’ ‘hﬁga&g%({rpl ates the

use of RFIl Ret3gsmpdhahi. ForEMniprt PCT Ublicatiéti WD 90205660 @obilsRed Fedaloeyl4 out
aut omat i cal Ig/9 by i nterro%ati ng the RFID %a to deternmine the.identify of

the mat eri aP99 mesiwssigped 1g Cherkppiat SyStems b r FESFPES P HXEIORSYSE™ P¥%&ry or ot her

i nventory f,Hagli\GRSRFE@h Tﬁx@ﬁ'{?fﬁes emBOlimemsiescribarthereinTugeMplarg ten t he ' 660
publ i cation. SUMVARY OF THE TNVENTi ON The Rr esent inventi on.raglly tes to RFID

devi ces, i ms¢ ofdRFE wanianbragy meetnls, avhighaeay theie cherked eutapigratsally by ych
devices. T ) DRI deRIrhiR the VRS Wharhierlal BORALLEI ON With itens
that are agrgtg'g?%*@g%% th g%thglg‘%tnélgg egmr?ﬁugpti onal Try a nmagnetic security
el ement. Thembevofieporsn ongasiribtelitiranior awher igeentary Rsetions famayuihas &6 ar
reference to Library material . : ks, periodicals, and nmagnetic and
opti cal medt g‘?scfﬁl‘f%?r 55%%%‘?‘2@5?%%@?%%? g' present invention are al so

envi si oned. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is

descri bed i Qror_d i b ][,ef erence to the attached Figures, in
whi ch |ike ' structure throughout the several views,
and in which Fi gritegsesenAnandon rBlzees @ REMedraices includingthredheldFIBf radi o
frequency i éje%ﬂ:teg,falng %ﬁl%gﬁons for such devices. The devices and applications may be used

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

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

Figure 3 is a schematic 1op view of a combination tag;

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

RFID tag;



tags; Figure 2 is a schematic of a second enbodi nent of a radio frequency
identification tag; Figure 3 is a schematic top view of a conbi nat1i§)FEgﬁm
Figure 4 is a block diagramof an RFID interrogation systeminteractlng
with an RFID tag; 13 FEB 2003 -5 Figures 5, 6, 7, and 8 are illustrations
of conbi nation tags according to the present invention; and Figures 9, 10,
11, 12, 13, 14, 15, 16, 17, 18A, 18B, 193, and 19B are illustrations of
vari ous enbodi ments of the present invention. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The embqel fRnt § 0fnd dife RLSSRRKs bbaRinaGh @SkEbRRG 1H@eei N Make
use of RFID tags, and preferably of conbination RFIT magnefic security
tags. Tags of presenisinyeppien; ander e di scl osed in U S. Application Serial Nunber
09/ 093, 120, filed Ntk tiheh )" | iaf | ' Tag Wth
Enhanced Securi ty,ﬂmm%iggho’ﬁ’gﬁazgﬂéh@dq%’017’[ ﬂeeA’ ]gg’gitgg’néﬁeaag%wé}ﬁe pr esent

i nventi on andillastibmadvganatebodimemedfchepresent myventiohe U. S.  application from
whi ch the present application clainms priority. A detailed description of
the magnetic, RFID, and conbination tags used in conjunction with the

enbodi ment s oHETAE D PECORIPMUNIQH DHENNVERFIONbed i n Section 1, bel ow, and
the enbodinments qf, th resenf .invention are _then t forth i ail in
Section |1, bel ow.’th°|°m$a§§‘¢%1ha¥‘él=8¥?é‘ﬁ‘f ?V%Pon&sec”%dt%%@ g(pﬁ lr’wstgr??ls)‘go t he
Present | nvenidgindprefheabliss¥dombinbiidnRF DMk tsinptage. HEags b histtizen

descri bed in Section ||, _below ma i_ncor%or@t % 32@2. %ﬂ' ec% iaggnt' fication
and ef f ect i vewgediciossd in -5 Appligatian Seral Nombet{B(093 1 &% djled{upe Pry an

el ement that Rile8SRERT cHfonlTRgWREMNAKEE Sctuther WA baoBssiingdad the and an

el enent that is responsive to a radio frequenc [ nft erro.glat i’og ignal. In
one enbodi menessignprofitbypiesetdayan]on FY R dRGPEPOR Y TE P €™M YR Vites t he

antenna for tReo i atinGrdnf SRERINE presert REFIRhTGH GliREPidrity. TAQeiaREdescriptiBpONSi ve"
means, in the context of the present invention, that, the ellement provi des

intelligible ihthemearatisrRIAReNISORPHRIABLSEH NFIPHBPPP 2% Pt er r ogat i on

field. The embodiments of the present invention is described in Section I, below, and the

embodiments of the present invention are then set forth in detail in Section 11, below.

L Tags and Elements For Use With Embodiments of the Present Invention

A tag used with the embodiments of the invention described in Section II,
below, may incorporate both object identification and effective security in a single
device They preferably include an element that is responsive to a magnetic
interrogation signal, and an element that is responsive to a radio frequency
interrogation signal. In one embodiment, the magnetically-responsive element also
provides the antenna for the radio frequency-responsive element. The term
“responsive” means, in the context of the present invention, that the element provides
intelligible information when subjected to an appropriate interrogation field. The
individual elements are described first below, followed by a description of a
combination tag. As will become apparent, the embodiments of the present invention
described in Section 11, below, may include cither an RFID element alone, ora

combination of an RFID element and a magnetic security element.

A The Magneticaliv-Responsive Element

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

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



i'ndi vi dual elenents are described first below, followed by a description of
a conbination tag. As will becone apparent, the enbodi nents of tHeﬁDE)EBaH%nt
i nvention described in Section fl, below, may include either JEF

el ement aW@M8/103¢ a conbi nation of an RFID el ement and &€ W@gﬁéf St securi ty
el ement. A The Magneti cal | y- Responsi ve El ement The magnetical | y-responsive
elenment is preferably nade of a | ow eéercive force, high perneability
ferromagnetic material, such as the material used in the strips 13 FEB 1003
WO 00/ 101Z%IWJhUSQMG}»&S57mm@anc5101hﬁhfﬁjurtn@@oMplm)esf'CﬂtaPM Mingesead

Manuf acturin Co any of St. S0 er. the designation
CTATTLE: TABMpunderiihe, 28349 Aﬁh@s@‘g{m §“d %é‘%a?‘i?é“rs‘“%?s%’é%\‘ﬁ es, are
described jgersinue dd@as&amea@rsu ek aEéPgn%MoJMCxlntldﬂxaguS PateRat@nt Nos.

5, 331, 313wéKon| ngé( and 3,747,086 (Pet er son) | ary | ow coercive force,
high per nbabi,B 1% Konwe) aWegHa0Be (Fesgrson). §P‘§“9lﬁ'&llﬁl‘ﬁé°6@P’ﬁﬁlr$°®9‘g'Qa ni ckel /iron

|1 | abl e f
The Al | ooty BEFRla B BT B eRRl fe e iR 5 a“gﬁﬁ%ﬁ%hsam? las

2705M and mfogmamcc azmmus mhiels suagrie shosesdveijablecfsors mag AliedSigtnt may be eit her
single sta QB0 hdsheaf MbiBgs article with
whi ch the Q?@Ré’"ﬁt&?@fg%é@hﬁ@‘{ %&?gﬁmg,mu&ﬂm Eci:lerta?\)ﬁaref et?g?]ce books in
libraries areAnot to be renoved fromthe I|brary, and thus a single-status
(non-deactivat abl e) marker woul d al ways i ndi cate whether such a book
passed within an interrogation zone. Qher articles, such as comon library

materials or commmsgmtnc@goempnsmwermuma)eb@cnhcraﬁmgk siawsonmduallstatusassenbl vy,
so t hat

he article n 0 ker may be
appropri at FRF“B'%QEP?"\/E{“&P g ‘Hf"g @P‘E’ 'eci’é%et e(}’b% s aP‘%’t g‘?\{ ogation
source. Dugkansgietcesaih bH'fé‘rEdefbabkstuy hbnaeesgaeerm a Heyrempmdl foonl teibmogh t he
addi tion of ctions, of hi coer n r oximty
to the | ow%‘i&"‘é?é‘i"ﬁ&? SFFé‘b‘r{g “ﬁh‘?b‘ﬂX X%{ w%’eag%:‘?’v%% HB & (k)v\?vlng!ﬁ(r} 81|r n the
Pet er son patBk pﬁﬁéd&bﬂﬂﬁeﬂxm@gmon%ﬁi amhlerrmghstsuclahsl qpmpzbmy ve el enents
have the ability to sw tch

netic .orientation ra assed
t hrough a |TRRRETH l&gﬁwr%l ggqcﬁd{l?ynréqw&rp@?l s&al\la rg rp a,\_s)f n}{)ly, IS 1hat

when the article has been properly processed the marker may be appropnately

deactivated to prevent detection by the interrogation source. Dual status functionality
is generally provided through the addition of sections of higher coercivity magnetic
material in proximity to the low coercivity magnetic material, as described below and

in the Peterson patent referenced above.

Certain magnetically-responsive elements have the ability to switch magnetic
orientation rapidly when passed through a low frequency alternating magnetic field (50
Hz to 100 KHz, for example), and to produce a predetermined characteristic response
that may be detected by the receiving coils of a detector. The switching function of the
marker assembly is controlled by the magnetization state of the high coercive force
elements, or “keeper elements.” When these keeper elements are magnetized, the
ability of the marker to magnetically switch back and forth within the alternating
magnetic field of the interrogation zone is aliered, and the marker typically is not
detected. When the keeper elements are demagnetized, the marker can again perform
the switching function, enabling the interrogation source to detect the presence of the

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



Hz to 100 KHz, for exanple), and to produce a predeterm ned characteristic
response that may be detected by the receiving coils of a detectoy3 Fihgl
switching function of the narker assenbly is controlled by the

magneti zation state of the high coercive force elenents, or "keeper

el ements.” When these keeper elenents are nmagnetized, the ability of the
mar ker to magnetically switch back and #érth within the alternating
magnetic field of the interrogation zone is altered, and the marker
typically is not Thetnerkesdssemblgmayhisolmbplerdissieroniae errbotioedeatheeeef, 2@d, t he

mar ker can agai n, perform. th A fching | t Lo J
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of the marker to an unintended rface prxj or to a‘ppl ication to the intended
surface. Thes&iawerkdiand S3daclt Bony).f|dcfersassR 8p°*Sssenbl y are described in
the U S. Patent Nos. 3,790,945 (Fearon), 5,083,112 (Piotrowski), and
5,331, 313 (Koning), all rcferenced abgve. Because | ow f(ﬁ&gu]encx, E’ggneti o

el ements of this tBherauslew feqeneimegnerc samenyol b bipedeWlictbie Selfey may be
effectively uggd f caoaf\ﬁﬁig 63 bk Blrdei0Lly Ll AARENvaI RS idedhs whén deBlRRYt ant . I n
addi tion, they may be deact|vated and reactivated nore conveniently,

conpl etel y, ansdimpepeut baadgitionaheyraankerdsadivpredgndigadied MerRSOPERIFAYT ogi es,
meking  them ] | Rers bR iRg BMBY E &S dchmtioghS ki

librari es) o Bh ), b Yefealed] r‘?"@ﬁ’i‘:’?f’s_hf’_g A i ir s T

Fr equency- Res ploers mer sEltabiefor uiin Braigpppbeationsdsush ah Eprages) Wheredhs passi ve. An
active tag inc . il onal energy source, such as a battery,
into the tag ccgélrg?g%%??solﬁ&%ﬂ%gwe%ergy source permts active RFID tags to
create and transmt strong response signals even in regions where the

i nterrogating 1 Q, fr ney. & o , and thus an active RFID tag
can be detect “Piehid g, lf(és' |.\Je%lé44$, _k(t he relatively short lifetinme of
the battery |im t&FPgagssafhy eith¢rfagtivgforipResiveafy aqiNe TR Ae battery
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source permits active RFID tags to create and transmit 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 limits the useful life of the tag. In addition, the battery adds to the size and cost
of the tag. A passive tag derives the energy needed 10 power the tag from the
interrogating radio frequency field, and uses that energy to transmit response codes by
modulating the impedance the antenna presents to the interrogating field, thereby
modulating the signal reflected back 1o the reader antenna . Thus, their range is more
limited. Because passive tags are preferred for many applications, the remainder of the
discussion will be confined to this class of tag Those skilled in the art, however, will
recognize that these 1wo types of tags share many features and that both can be used

with this invention.

As shown in Figure 1, a passive radio frequency-responsive element 10
typically includes two components: an integrated circuit 12 and an antenna 14, The

integrated circuit provides the primary identification function. It includes software and



interrogating radio frequency field, and uses that energy to transmt :
response codes by nodul ating the inpedance the antenna presents #@ REBLL003
interrogating field, thereby nodulating the signal reflected back to the
reader antenna . Thus, their range is nore |imted. Because passive tags
are preferred for many applications, the remainder of the discussion wll
be confined to this class of tag Thosg.skilled in the art, however, wll

recogni ze that these two types of tags share many features and that both

can be usedicited tb ddthehil 8Bk Mg @gm&mm i diiedHésGable inforhgsH ve radio

f requency-respons enmen ypically includes two conponents: an

i Nt egr at ed ivenpeatiatd graceanebmmarnalareseived fiom pHaerrpeptieryhasdwste.drsped 1 provi des
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e integrated circuit nay, provide updat.i n e infor | stored in

its nenor Q"‘(‘E@é&&‘/%‘?‘isé)‘“%g ‘%bﬁﬁé%&%ﬁ)mf&fs ‘P%‘g{fi"ﬁ’dﬂe f‘f‘?élak?lggw‘%son. out

(read onl y)instnimdnBIEAhOOTIRIE @4 ThSit Siké dapbducispIPhbipe(in thelfFldadepmifee s i ncl ude

t hose avail abl.e from Texas _lnstrunents él g tgerélr,q_gh US or Tgﬁ;lt l'i ne of

product s), ardiHitagding phprpdysts). Yo ndalp. B¢ Single{MIRPYSIERS FPRISHIPHY oduct s)

Mot orol a/ I ndal a, and Single Chip Systens, anong others. The antenna

geonetry and pro_g,evrties depend on the_ desired operating frequency of the
RFI D portion of anteasp gepmetne RachsPrenies dapendyap tiegiesieed 9perayng FE8NESSY ags woul d
typically i ki ePRAxampe ASGHRGorlsiniBARIEDRYs oAt €NNas 4a
shown in F&éhggﬁﬁ&&h@f&ﬁé&%ol @Z‘é‘” dﬂiﬂp'ol_e ant gor:rias l4a sho'vsvr] attached to
the radi o fwpigekynimglude edipoinshiganagiushanthe linger dipolei2gigpnes fBshoamin 56 MHz (or

simlar) RF{-‘iEHyté:alrgég?{é”e 1H&ifole SRbdndd 14Q%h& bR DR réﬁ@frec%iinc@ho"m

attached to requency responsive elenent [0b in ure 2. In
ei t her easerespdmsivarteenantd 04 in FigtrsriBept B ithdHz den smilar RfTBHag Wevepf2  r adi at ed

by an int ergﬁﬁﬁuaﬂaﬁ%ﬁﬁacﬁb FUnSw hiHRRdd 16 MR 180 GRGueh@SrefiRhtivdanmen and
commands to the tag. e antenna enabl es_the FS—re%Eony ve el enent to

absorb ener §9b indligure 8i lasither §assothe Anteriad 14 intemaenss e FROOERQRENY SPBBY de t he
response t OrMIM)pﬁtiﬁxq"og:mUﬁ source. This signal energy carries both power and

commands 1o the 1ag. The antenna enables the RF-responsive element 1o absorb energy
sufficient to power the IC chip and thereby provide the response 10 be detected. Thus,
the characieristics of the antenna must be matched 10 the system in which it is
incorporated. In the case of 1ags operating in the high MHz 10 GHz range, the most
important characteristic is the antenna length. Typically, the effective length of a
dipole antenna is selected so that it is close to a half wavelength or multiple half
wavelength of the interrogation signal. In the case of tags operating in the low 10 mid
MHz region (13.56 MHz, for example) where a half wavelength antenna is impractical
due to size limitations, the important characteristics are antenna inductance and the
number of turns on the antenna coil. For both antenna types, good electrical
conductivity is required Typically, metals such as copper or aluminum would be used,
but other conductors, including magnetic metals such as permalloy, are also acceptable
and are, in fact, preferred for purposes of this invention. It is also important that the
input impedance of the selected IC chip match the impedance of the antenna for

maximum energy transfer. Additional information about aniennas is known to those of



t he characteristics of the antenna nust be matched to the systemin which
it is incorporated. In the case of tags operating in the high MHz{GFie8)3
range, the nost inportant characteristic is the antenna | ength. Typically,
the effective length of a dipole antenna is selected so that it is close
to a half wavelength or nultiple half wavel ength of the interrogation
signal. In the case of tags operating i-a-the lowto md Mz region (13.56
MHz, for exanple) where a half wavel ength antenna is inpractical due to
size |imtathQfisry skiMbniRPef fr@Rtfocdample] @fer&ict @sisauh aadDe Knausj Adersbance and
the nunber of turns on_ the_antenna coil. For both antenna types, good
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regul atory r €My, & amkieicapaciibeis aayramiitedir Theegepaitbhie seléntedzso teitsvheaceupitdnponent ,
or integrated into, the anten as described bel - desi gns,
particularly® %é“%é‘é?ﬁr?éﬁv'qeg%dﬁéera&‘feé'"%ttlhe\/ré?oya%?g ue#' !r;yeéﬁg%%l % uch as
2.45 GHz, asfryfbRgei¢a@eci tor is not required. The capacitor is selected so
that, when coupled to the inductance provide y the antenna, the resonant
frequency of the conposite structure,,gifvén IF () LC 2n where C =
capacitance (in Farads) L = inductancé (\i2x i es)

where
C = capacitance (in Farads)

L = inductance (in Henries)

closely matches the desired operating frequency of the RFID system. The capacitor
may also be a distributed capacitor as described in U S. Patent Nos. 4,598,276 (Tait et
al.) and 4,578,654 (Tait et al.), which are assigned to 3M. Distributed capacitance is

desirable to reduce tag size, particularly thickness, and to minimize manual assembly.

In operation, as shown in Figure 4, the radio frequency-responsive tag 110 is
interrogated by an EAS security system 100, which is typically located near the point at
which the tags are to be monitored. An interrogation zone may be established by
placing spaced detection panels across the exits from the room in which the tagged
articles are located, near a conveyor carrying items to be monitored, or the like. Hand
held detection devices may also be used. An interrogation source 102 (typically
including a drive oscillator and an amplifier) is coupled to an antenna 104 (sometimes
described as a field coil) for transmitting an alernating radio frequency field, or

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



closely matches the desired operati ng frequency of the RFID system The
capacitor nmay also be a d| stributed capacitor as described in U S 3 Ped gt
Nos. 4,598,276 (Tait et .) and 4,578,654 (Tait et al.), which are
assigned to 3M Distri but ed capacitance is desirable to reduce tag size,
particularly thickness, and to m nimze nmanual assenbly. In operation, as
shown in Figure 4, the radio frequengy:-responsive tag 110 is interrogated
by an EAS security system 100, which is typically |ocated near the point at
whi ch the .t ags L{
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(typlcally ormati1on stored onput er or other nenpry
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nodi ficati f ystem are known to those of skill in the
art includ (f}mglf(% 5 enﬁald4 lklﬂ'ir“ri,ﬁ'&ﬁ\!%;&!separ ate antennas for the interrogation

source 102 and the det ector 106 in place of the single antenna 104 that is

i11ustrated. Mogond, R 42480 BJ&QeI@rgQ\ﬁwﬁ aﬁlbﬁlﬁ‘i i BadccaAPYRiemonf, User
accessi bl e menory,  sonetines in t he form of read- onI¥Prrermr or wite-once

nmenory, busomesimss iptheffenmudfireadodrheMEREFYIOR ¥TRESYEE FRECRL PPt 0 r epeat edl y
update the,aRamY oft¥idgihE hdet 89 abilify 10 repeatedly update the memory by rewriting its

contents from a distance. The amount of memory provided can vary, and influences the
size and cost of the integrated circuit portion of an RFID tag. Typically, berween 128
bits and 512 bits of total memory can be provided economically. For example an RFID
tag available from Texas Instruments of Dallas, Texas, under the designation “Tag-it”
provides 256 bits of user programmable memory in addition 1o 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 to access a circulation database including software



contents froma di stance. The anount of nenory provided can vary, and

i nfluences the size and cost of the integrated circuit portion oﬁsqgaqme
tag. Typically, between 128 bits and 512 bits of total nmenory ca

provi ded econom cally. For exanple an RFID tag available from Texas
Instrunents of Dallas, Texas, under the designation "Tag-it" provides 256
bits of user progrannable menory in adg Htlon to 128 bits of nenory
reserved for items such as the unique tag serial number, version and
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l'ibrary automation vendors (LAV software), where nore extensive
i nformati on atfmmauom&omumnmcslamdmh@nparysomnmearqu a'WﬂaF@PtahﬁVslmﬁyst em has
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have two di $9§y a co e circul at1 on dat abase
must be est ah{fbﬂﬁmdnbmtheaﬁ’@%& bdnleofthﬁsghmmlm cambsovereames t he avail ability
of the information when an itemis at a |location renpte froma connection
to this database. Second, the retrieval of information fromthe

circul ati on dat ab@seexmpltsmfﬁnfoimnﬁsn whighi cowd impraveaibe pgsfoamprceloba dibrany ne,

particularly. eﬁ' gﬁa%toﬁgrl Od%p e grg\(\%{ﬁ?ﬁfmu%clﬂvgwd@ga ﬁﬁfa"@fd@mﬁfcht‘idncal items

of informati tthese [Imtations can be overcone.
One exanpl e abmbaf Olf‘hmtwnmnuwdutashngmﬁkzbasenprm'st“hmnq)élbf%}' peidbe of a library

dent 11 Catl o, ot ST br RSN 08 Bl Dok 1h REI 1880 o @ |1 brary

i dentificati M ssing “a database, an i1tems
"home" | i br aretamplelodinfi@maen wkierblgpesaony emRERD fag idef would hed cpde sinply

coanning,the BB AR R ANPLIRGer SLATRL 8ol uhLRRIR! o0 sl Call ¥ resent

on an RFID ta designatin her the itemwas a
book, a vi decmhaplem ghiszade @utdafye;xamp@momrxsgdmnedlatype code specified in

the 3M Standard Interchange Protocol, which is available from the assignee of the
present invention. By immediately knowing the media type, 2 library’s material
management systems could insure that an item was being appropriately processed
without incurring the delay and inconvenience of consulting a remote circulation

database. Other examples of information suitable for incorporation into the RFID label

will be 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 10 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 impossible to

implement with barcode-based identification systems



other item This code could, for exanple, conprise the nedia type code
specified in the 3M St andard I nt erchange Protocol, which is available from
t he assignee of the present invention. By inmmedi at el y knowi ng t he1deidiBa003
type, a library's material nanagenent systens could insure that an item
was being appropriately processed wthout incurring the delay and

i nconveni ence of consulting a renotejgircul ation database. O her exanpl es
of information suitable for incorporation into the RFID |abel wll be

appar ent t% THRASEnbikdioh §dg i N the art. Another area in which RFID systens
of fer an advantage over_barcode-based systens i,s in _the identification of
mul tipl e itensAsBhowsindieusesgrand 5itbrap eyl 4 opkingtion]2g P cembiges 2RFI D r eader s
and mar keng, GARRRY MsSorsRe craﬁ,uﬁm}rr&tnﬁ ?dngx‘%gﬁle}n@mttbﬁrcfvﬁﬁ%r
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t hat woul npossi b | enen r code- based
identifi caprcssncsysuwmd}ﬂc$VFCd§t:Bd2@@3cmo\mle@nmhé'h@br¢mbﬂmtthmn Tag As shown in
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magnet i cal PYCIEEPLRSI Ve e enent fesponsive el ement to provide

t he advanemgesl. dﬁ alohdn emlfdsdnmcmttlhetagmcsehemmscatﬂaﬂeslpensa\pmlﬂnwt 450 an item
of interest at th her eb r.educi cost he conbi nation tag
may be pr _cﬁ?iaﬂﬁﬂ%ﬁ’trwedgg %%ré‘ﬁ‘é’ﬁcrv re§pé’ﬂ§' fl%e"édﬁges %"c% VEFEF°HY a renovabl e
liner, whigém&nahenuséds anﬁmaﬁianﬁhlceﬂﬂxcil@g:ohﬂed)ﬁb thdhéfoéfd:qbﬂxcyl- surface of the

artlcle when the |iner has been noth nment, the ta
uses the n’ﬁ@?r?éi‘?’"c‘é?F'l“ﬁmr%‘QﬁEMﬂWYéP‘g‘g’@m‘ Pg%s‘ca ¥|° "éirfﬂgp 0t he' radi o )

frequency-goepRiSkyRnaledBRdn. The magnetical ly-responsive el enment, when
used as an antenna, is electrically coupled to the radio frequency-

responsi ve el enment, and nay or nay not al so be physically coupled to the

radi o frequen%erc%ﬁﬁﬁﬁﬁbd/ﬁg Bk 8IRBbrdinESthe PreRem aiviemivntiigy berde according to
the present invention may_be interrogated two Fir the RFID
i nt err ogat mmﬁrosefe%@wml irgisie REER yrerroggiineseyree %@H&F%’aaﬁ freaifdest and

recei ve coggsld toQEdueftQnd Ricags eddeslfr6 fikelindegratklicBeuin fIisaforGaion
would indicate, for example, the identification of the article with which the tag is
associated, and whether the article had been properly processed. Second, a magnetic
interrogation field would interrogate the tag to determine whether the magnetic portion
of the marker assembly was active. If the marker assembly was active, the
interrogation source would produce a response, such as a notification that the marked
article had not been properly processed. Because the magnetic interrogation is more
resistant to shielding than the radio frequency interrogation, the magnetic portion of the
combination tag would provide enhanced security. Thus, the features of both magnetic

and RFID tags are combined into a single combination tag.

In a preferred embodiment, the combination tag includes a magnetically-
responsive element that also functions as the antenna in the circuitry of the radio
frequency-responsive element To serve both functions, the antenna material must
exhibit low magnetic coercivity and very high magnetic permeability (to serve as an
efficient security element), and moderate to high electrical conductivity (to function as

an efficient antenna). In addition, the geometry of the antenna must be compatible with



woul d indicate, for exanple, the identification of the article with which
the tag is associated, and whether the article had been properly
processed. Second, a nmagnetic interrogation field would interrogaldFER&003
tag to detennine whether the magnetic portion of the marker assenbly was
active. If the marker assenbly was active, the interrogation source would
produce a response, such as a notificafjzon that the marked article had not
been properly processed. Because the magnetic interrogation is nore
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portion of the conbination tag wou provi de enhanced security. Thus, the
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When the magnetically-responsive element is used as at least part of the antenna
for the radio frequency-responsive element, the two are electrically coupled to each
other. Electrical coupling may occur because of a physical connection between
multiple elements (as shown in Figure 5), or, in the absence of a physical connection,
by non-contact electromagnetic coupling (as shown in Figures 6, 7, and 8) Non-
contact coupling can include parasitic coupling, capacitive coupling, or inductive
coupling, and use such antenna components as parasitic antenna elements, reflector and

director antennas, Yagi-Uda antennas, or other suitable antenna configurations.

The combination tag shown in Figure 3 includes coil turns made from magnetic
material. The tag could be, for example, a 13.56 MHz tag having an antenna structure
such as 14c in which flux collectors are provided at the corners to improve the

magnetic function of the tag. Other types of flux collectors may be provided.



di pol e antennas nornmally used with such a chip, and thus it would be
expected to performboth functions satisfactorily. Wen the
magneti cal | y-responsive el enent is used as at |east part of the ark¥hEBa2003
for the radio frequency-responsive elenent, the two are electrically
coupled to each other. Electrical coupling may occur because of a physical
connection between nultiple el ements gas shown in Figure 5), or, in the
absence of a physical connection, by non-contact el ectromagnetic coupling
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parasitic coupling, capacitive couplin r inducti've coupling, and use
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it may be sepraprisewisher magaeticolhy-eegpogsive Batged!iof YRS “bﬁéﬁfﬁ?@"%""dual st at us
tag. The antgnpg; 22a shown in Figure 6, however, is not physically

connected to the integrated circuit 12 or the dipole antenna 23, but is
nonet hel ess el ectrically coupled to the dipole antenna by parasitic dipole
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conprise either gnetically-responsive material or |
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responsive element of the type shown in Figure 2 is parasitically electrically coupled to

antennas 22¢. Antennas 22c are made of magnetically-responsive material, and

antenna(s) 23c may be made of magnetically-responsive material. Other variations of

these embodiments are easilv designed.

The overall thickness of the combination 1ag should be as small as possible, to
enable the tag to be inconspicuously placed on or in an article. For example, the tag
may be applied with adhesive between the pages of a book, and it is desirable to make
the tag thin enough to prevent easy detection by observing the end of the book.
Conventional ICs may be approximately 0.5 mm (0.02 in) thick, and the overall

thickness of the tag is preferably less than 0.635 mm (0.025 in)

The combination tags of this invention may be provided in roll form, 10 enable
the automated sequential application of individual 1ags 10 articles. This general system
is described in, for example, PCT Publication No WO 97/36270 (DeVale et al).

Individual combination tags, one or more surfaces of which may be covered by an



responsive material. In the conbination tag 20c shown in Figure 8, a radio
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is described in, for exanple, PCT Publication No WD 97/36270 (DeVal e et

al.). Indivi dU&HhEQ&%l%Bh%&@@évedqaﬂawpamamer Sldlﬁcfu@Eﬁ&leluWH. e may be
covered by an 13 F E B 2003 15 adhesive (su Vi“éd“&% sensitive

adhesi ve), ylebéoqemﬁéd}bﬂaﬂb’ﬁ?‘ﬂms rIdP‘]aWdWHc” W\i) pages of a

book, near ifs biideNgecky RAAE o&nﬁ@r@dﬁn %mapsewmwwwmdsmantacnhmtate
insertion of the conbination tag, ¥ ptions such as sensors to

detect the pashqmmrlﬁswvdﬁna@e@aw@moéﬁ@m‘%cduow ‘Pﬁé’aw%‘ﬂeﬁﬁ"ﬁﬁ ha Y pe
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excl usi ve, use ﬂ‘t roceSS| ng ?,qXF materials. Library materials
havi ng an RFthEOugblg smfablerdptgcuqnyp@e.emjﬂ@cl@éb d kben the PAFRY 'B'G'E““ﬁﬁ‘i“’e easily,

perhaps wit *]3,‘#%,3%{55\ &gxgr%hzﬁg HHeQag Jﬂﬁ'@mvén%on B a IR bR Blifvervryl d

automati cal | to a Bartlcu ar patron (who may " herself have
an RFID tag mamgenentadd wialysisherenhblmgdibgarcadmiyistien 1¢ krep pagkas mapsgialses
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re-enters thi terrals. The tag of the invention may
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admi ni stratofgs hgusgggpd hefgk of materials instantaneously and
conti nuously. Fhese'and ot her features of the invention can, of course, be

brought to bear on other applications, such as materials handl ing in
stores, In another embodiment, the combination 1ag could provide dual-status marker

information both through a magnetic response (indicating whether the magnetic
features of the tag had been activated or deactivated) and through a radio frequency
response (indicating, through the use of appropriate software. whether the database or

the memory on the RFID chip itself showed that the item had been appropriately

processed).

The following Examples provide still further information as to the tags used in

the embodiments of the invention described in Section 11, below

Example Qne

A combination tag was made in accordance with the present invention. A
permalloy strip produced from an alloy available from the Carpenter Technology
Corporation of Reading, Pennsylvania under the designation “HyMuB80" was attached
1o a test fixture manufactured by Single Chip Systems (SCS) of San Diego, California.

The strip measured approximately 1.6 mm (0.625 in) wide by 0.0254 mm (0.001 in)



war ehouses, and the like. In another enbodi ment, the conbination tag could
provi de dual -status marker information both through a nagnetic response
(indicating whether the magnetic features of the tag had been act iﬁa‘%@dm@r
deactivated) and through a radio frequency response (indicating, through
the use of appropriate software, whether the database or the nenory on the
RFID chip itself showed that the itemyynd been appropriately processed).
The foll owi ng Exanples provide still further information as to the tags
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confirmati on of the proper operation of the power-receiving portion of the
devi ce. Upon replacing the standard SCS antenna with the prototype

permal | oy afX8mBleTWGhe LED illuninated at approxi mately the sanme field

strength, confir pigiee 3 MAsiFAS GR&Rd UmbediaTeAt dfan aménrahien prietiotey peeful Exanpl e Two
Figure 3 illustrates another enbodi nent of an aptenna that is helieved
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responsive elements in this design. However, the reduced length of these metallic

elements in this geometry limits the effectiveness of the magnetic security portion of

the device. In the embodiment shown in Figure 3, flux collection elements provided at

the corners have been added to the antenna coil to overcome this limitation The

construction shown in Figure 3 would, preferably, include a capacitor as previously

described to tune the operating frequency of the antenna to the prescribed interrogation

frequency.

The characteristics of the antenna described in this example were compared
with the characteristics of known antennas for radio frequency integrated circuits, and
because those characteristics were similar, it is believed that the anienna of this

example would function adequately in such an application

The embodiments of the present invention described below may use either a tag

having only an RFID element, or 2 combination tag, both of which are described above

11 RFID Svstems Applications

Libraries constantly receive a large volume of library materials that are returned

by patrons who have finished using those materials. To enable subsequent patrons 10
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portion of the device. In the enbodi nent shown in Figure 3, flux

coll ection el enents provided at the corners have been added to t hd SfHBiia
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(preferably, ha | d) or talonar of, the foll.ao RFI D
device is el gﬁ‘e’cﬁ Bruead! Ms ‘6I‘¥P§t(¥‘6ﬂ‘°¥’? SRl ??l’:‘f% 1‘395 éﬁ’?% Wh' em such as
a patron cgdrtbe REDI, inRAfe BE b@berﬁ&ﬁs@ﬁde&i profélﬁﬂiﬁredsfahﬂ iyem. tTie mﬁDCdtwm ison read
fromthe RFID tag includes a mgw |o%§lof ne aBIC print.

or optical, alF%Fq‘éBP&ﬁﬁ‘f"é‘)a deWﬁ? éPF gred'8 cf‘%éedﬁgartl 2% Cher
subsequent RBEREERDh BRI sedufi dlénfdit pdrtien Bﬁhd]mhemgcﬁﬁmahe B.Fﬂbdmpm pped with a
device, such as the coil, designed to, enabl e. actkvatlo and

deact i vat i offags the RETI aagy e dgvies EARSRLS 156 HFT “‘6 CaPRRMYERITHGE After the

RFI D devi ce compacishating smﬁe pagided bea Herviyceidmans nindsr, phieAVt édmong

| dentificat Iagg?ro;uma?clyr% currem LA\E} software systems are “Dynix,” which is available from
Ameritech Library Services of Provo, Utah, *Carl ILS" which is available from CARL
Corporation of Denver, Colorado, and "DRA," which is available from DRA, of St.

Louis, Missouri.

There are a number of ways to transmit the information obtained from an RFID
tag to the LAV system. One would involve using the commands implemented in the
3M Standard Interchange Protocol (SIP). Another would involve using an electronic
device known as a “wedge” 10 transmit the information as if it originated from a
conventional barcode scanner These and other techniques are well-known to those
skilied in the art. In this manner, the RFID component of the RFID device performs the
functions formerly performed by an optical bar-code scanner, which may or may not
continue to be used with the device. Thus, libraries may continue 1o use their existing
LAV software system interfaces and terminals while enjoying the added functionality
and features provided by RFID technology The RFID device need not include a

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



conput er having software provided by a library automati on vendor, or LAV.
Anmong approximately 50 current LAV software systens are "Dynix," which is
avai l able from Ameritech Library Services of Provo, Utah, "Carl |US Feg10eh
is available from CARL Corporation of Denver, Colorado, and "DRA, " which
is available fromDRA, of St. Louis, Mssouri. There are a nunber of ways
to transmt the information obtained figoman RFID tag to the LAV system
One woul d invol ve using the commands i nplenented in the 3M Standard
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devi ces, andevitehored@ed usrats peroranhartinhdatsordesiondi bed above in reference to
non- portable RFID devices are simlarly applicable to portable RFID

devices. The different
The hand-held RFID device of the present invention preferably includes an

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

systems, including lights. audio and a display

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

the hand-held device and another processing station. A docking station approach can



functions and nmet hods have nerely been grouped together with the type of
RFID device nore often used to performthat function or nethod. BeF 2003
hand-hel d R FID device of the present invention preferably includ am
RFID reader and witer, nenory; a power source, and software to enable
various functions of the types descri bed herein. The RFID reader/witer
coul d consist of a Commander 320 13.56!RHz RFI D reader, manufactured by

Texas Instrunents of Dallas, Texas. Menory, preferably in the formof a
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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 software are all provided in a single integrated unit. By
using a hand-held computer such as the Palm Pilot described above, a number of real-
time functions of the type described below can be achieved, in contrast to systems in
which the RFID device must interact with a separate computer, database, software
system, and the like. The software can also provide either limited or full-range
capabilities for supponing 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 10 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



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
i nclude switching the device anong various search nodes and enter! h§EB2i0h
specific to a task (for exanple, to check out an item or to put an item
on hold). Feedback to the user is preferably provided through a

conbi nation of sound, lights and a dizé&pl ay. The display may either be
integrated into the unit or separated. When separate, it can be designed in
vari ous vmyﬁ;me'r Rakeddit Moy rsclale’ m;awnabhe soghics phdupay batechamgedoghesasi |y vi ewed

by the user articularly useful d| ment, qf. nd- hel d RFI D device
is as fol I‘GW%“‘J% 0 Hig HCHRg § %‘ﬁﬁl‘?ﬂ“p&% |a5 of dowj} pr}%\%l'rggd?ﬁt’EQM| ch the RFID

reader, user interface, power source, antenna, processor, and software are

all provided in a sin nfegrated unit [ a ha d- hel d conput er
such as the PaI’H‘*‘idrrtS([Jd IEF&Q#V%%EP“&E‘SV%@“%“"E&%B% ’té%e "*M%e functions of

the type desgeideds RehavH GARNPSeRENINEUEHs. Infer8RRRGTaibA caYsd ens in  which
the RFID device nust interact with a separate conputer, database, software

system anpfovided by, fes. examne, gofiesenprsocued Witk e geyes, d%‘héﬁ prezpsed Biveed or
full -rangee, GARAREWELS RRTAr oSHPRRI LAk LRGHAARS Ple titind HiRgndescri bed

her ei n, desir evice al so pref erablé i ncl udes an
i nt egr al pmﬁmmlcsmfrrmy faglorh buigh expectedie big detveen %?@&St%mawarrsé andyover

source_of i) lgfﬁ%gger h&%eﬁ?t%‘x?lﬁgy Souﬁ'e l%c%?@hu@nc%%fwﬁmﬂ‘@le%&swml n the case

of an inte source rce not power the processor,
and nmay bewbeldhaeged Indoare a@plmaemtseldntambad@mbd: wge%':ﬂ%ltlh‘wcmeaf@ghand hel d

13 FEB 2003 - B0iE00MH Slonly TutsaSthes RERTR LOSLMGP I Rl AMEY Sour ce. and

may be r echED connecte I'ng statron to upload and/or
downl oad i pdnge. rmntmlmﬁcasés hanmmalawnﬁﬂhhrdewf ceerasian wilhbedesigeht kv cahedl i denti fy

RFI D-t agged it ens ever i s activat ed d e itens.
| nt er m tteﬁ?p“é(‘,‘f‘?'\?df V‘%bcc%{ﬁfegéd mdfsmc J’eé’uﬂm M‘%Pkﬁgéﬁg?}% rg;d"%]i gger

associ at ed ra &hotpbmdeugeceommoasrmperamdmefrcmh &p:bembrf parh. Thgreamngh povver is
reqwredfor the RFILD deyij i,s.mnimzed. The.r i

function oitkahgb T?@PW%‘}/b)b@f dfség"é{gb'&afnéﬂnﬁf o a \A‘?glgﬁtq%&

cent i met er RF{B @ndiatidSoitecinesha. g stenlddg Iame;rm'att?‘é@h‘rfb? ey ransel bt“ﬁ%’yl i kely
frequenci eg ?ﬁtﬂt %Ifi(l\’xpen;nrg%eé%%& b er}y\Q&Haggt QQﬂchB&meh{br@Qm apBhderdn ONS, it

may be desi"f" restrict the “oper %rane of the device sothat it
only i nt er reagaties. RatidsttegdenBsanbs atVéwnvd hseid o8 e Pafticulag prpdigption for

the device.

In operation, a particularly useful feature of a hand-held device is obtaining
real-time information regarding an item that has been scanned by the device. That is,
the hand-held device obtains information from the RFID tag, and cither 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. Sontine Librarv Materials Using RFTD Devices

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

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



range. In other cases, the |ongest avail able range of operation will be
desired. In other applications, it may be preferred to restrict tﬂf é)ut ut
power (and thus the reading range) to permt |onger continuous op GG &0
fromthe battery pack. The read range wll 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 appreci atedithat the read range, battery
weight, and lifetinme between battery recharges or replacenent are often
dependent on negRcHumedwrhe Naary 0T8e soradearpiefasocarnidies @middsiunivaegardiased on t he
particular applicatjon for, the device. In operation, a particularly useful
feature of a 'ﬁgﬁdbaﬁbﬂ"d "‘Iﬁfé\??’ééeq ‘gscgﬁrtg%fﬁﬂdﬁgc aSFOé:éaltqdltT?géwi’%?%?”ﬁéflie@ﬁm? egar di ng
an itemthat RassibRENARCARARL, M sbhfg dpathieR.collbak chrsied olbte chrabiskuibel d devi ce
obtains information fromthe RFID tag, and_either imediately, .displays

that i nf or matVighthe 8scharaseng Esens iz SBrrayens iht SRHEPTOSHSs £ 8 BEPYEYHMN t he
hand- hel d defYrile(f?ﬁ)tan@r;willsbérd%i@i}j)@djhérgn,tth&gil@lQ@lﬁE&ehtﬁﬁ\VE‘mi&h:?efl?alésso bdih.contrast
oCcKe

to devices that st be W th or otherwi se comrunicate with a
separ at e dat abase of .information before that information can be displayed

for the user. The ﬂ@pﬁkrmld?%iglﬁlwégﬁeipgwé%ﬁingrcgé es ircl ,ifd?'gx&?{cfk,al so be

docked or can otherw se co te wth a“separate database, such
features are stieitinoediction, ctildrenisdigtitn, azerialsivkat ereibging heldi ang marerdlsDbai ces One

enbodi ment of the prhesent, i nvent. . i e
descri bed abo‘\ygretoE)Q'Hfboevoan%LZ'cr)lreg'itl'hépya@%ﬁz g’%’é’gﬂ’@a i !r"gt(rﬁy s‘t’%l ? oé%&elﬁr t hey
are sorting 1BeginsEheBoRD@3peratitin, h¢ emshe camtuse e RFID deviee 1o sgamthy RFIThe sorti ng

operation could be carried.put in regard.to. ite t ve .alr y been
di schar ged anH€PHE aﬁg%‘ﬁﬁ?m‘@a %ﬁﬂgf?‘@rcgee"éeuﬁrtef/am %r?ehﬁ{ugharagg@ﬁsf‘l ' zed.
Al ternati vel yof thi ea&ofib RgicdpRY MbicHsl belond sl atdaheearr oredmainer holdispnbi nat i on
wi th the discharge angd. resensitizi r% opgli__ati St in a % QQJ e 1%(09 ess. For

sinplicity, tRatenplspipindbatcajegory, agsiownin Feate i 9L &4 % ORFREUGRY ¢ he
present inventdaqn bbed, Raghitar Do the cifedn’d fidnioarategbey iagd lenssthittidietongsn
sorting categories including, .for._exa , adult non-fiction, children's
fiction, mateP!&IEPuIRst 1%y é'q’ﬁé‘;cﬁ@ﬁ?féP’g?’l‘Sﬁﬂ‘aﬁﬁ%{eﬁ‘%c’?‘ ?ﬁ‘g{cmp%?’e or will be
on ILL (i nter {initanar yerhmasen) (final) doreddnalr thei ilEmamnyy dncamnio iespyrene afpropinat or

gle:?i:)ns the Soro liapngd ggr%rtﬁaetl{ﬁﬁ’eler}neen ,rfro%hEAg%Qﬂ\Ufrg. f”?r?a Eﬂfwkgtgfb\‘lsn‘é%a{a&sécan the

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 sonting 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 1s to position
a reader near the repository of items and then pass each item by the reader as it is
processed, as shown in Figure 11, Other options include a hand-held reader as shown

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

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

identification of the item is sent to the sorung processor The processor uses



el ement associated wwth a material, and receive, for exanple, a visual or
audi bl e signal of the category to which the material bel ongs, and ggg 2@8
or container holding materials within that category, as shown in ’: p
For exanple, the operator may scan a book, learn that it is in the
children's fiction category, and learn that it belongs on cart nunber 123.
The identification of the material, e®-egory, and tenporary (initial) or
permanent (final) l|ocation of the itemmay occur in response to information
obt ai ned finyrmatien RiduDcaed seamesning sérioguakedvnesod tevemmene Whesericeplasepgr at e sorti ng
dat abase, from another. source, or.froma,c ' | foregoing. A
separ ate sBPt R ?‘d‘éfrh‘ﬂ%f’z@'sb}Feos\t}Fﬁéénsb%ct‘gﬂﬁIgppgeg\%dn‘?%gggm%?gberforrrance and
fl exibilityaabdsg.i ous RFI D devices nmay be used during the sorting operation.
One preferred device is a portable, wearable reader of the type shown in
Fi gure 10, which would provide the advantage of hands-free operation.
Anot her hands- f £@reOPiHo@8 ah SxainpletFslieldiPhy ofisoreagiaformedon tihehis@pEodi tory of
itens and then pass each itemby the reader as it is processed,  as shown
in Fi gure ngicatgsheth pltiopset i ﬁHEFéﬁca]"’rﬁ%ﬂ%ﬁFﬂ'or"éﬁ&& p!ﬁ WA H n Figure
12, or a fhé‘ﬁﬂz. OfNE e dEﬁlaW:Méd REndARRR i88dpeddent dTaREdevick, dnede Led e art .

u

Various procedures nay be used to handl e the sorti nq9 oper at i og. One option
i ncl udes afatdbadsaxith &F oder idemigcaionegorms descrbrd abRve | PHEIPSNods O at abase of

cart infor %ék?@oultdQﬁtbb;'«jjﬂgeld.‘“ii_ﬁﬁsﬁ:aﬁdB‘élm%eﬁed% esthehaies, apflcsamei ty of each

shel f for each’cart, an sorting processor. The sprtin%tﬁrocessor tracks
the stat us sofing pcdtessar ¢ouldrond ¢ ipaabtathe appaqpaatesiel cayswsabdRIR ke Reyr r ent
category assigned £ o ol bBlselit BRidraIPRRGESSASIbe R readdant i fication
of the ite?‘r?'f’gy%%néu%%gﬁﬁfe\sadg%rcﬁﬁﬁg@p?eoce?s’or #‘he processor uses 13 F E B
2003 -22 ianhcedas iherambbutventymiacsmert ebthaiem sotheaag. darsapsldiaewre o det er i ne

where to place the next It I j LiBgs sorting instruction to
t he user aﬁ@“ﬁ AT &4 Plléccgﬁﬁpeﬂ%lg?dta’gg’sg.qjaé\?’lgquriera§ shows an exanpl e of the
di splay of sorting information In this case, it indicates both a fiction
sort and a specifi |brary cart l|ocation. InSRl; Ached to a

devi ce. The sanﬁ“"bﬁ'@ﬁ g’i}"c(?o‘fff%lmst{“éﬁ?f“% %"Hér?m?%é‘geﬁglﬁ ﬁ%&tg? the device, and
be used f orfundiimeebTnkdemicklvonitecoopttisformaiiontdofimeatiomch pt hejisPerdficr i bed above

ghgle; gﬁt 22%?]; lgé_ljelthsaﬁ),lﬁgﬁ@cﬁi(g%rg 13l ASsotie @8 with EipsnicQw chdagry@ift ached to each

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 t0 2
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 item. Optionall'y, the device sends
the item TD to the LAV sofiware 10 verify that the item belongs 1o the library and that it
should have an RFID tag, and potentially to extract additional information about the
item, such as the type of item. The RFID writer then writes the appropriate information
to the next available RFID tag. Optionally, the user could input additional information
10 be placed on the tag via buttons or a keyboard, For example, the user might wish to

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



sorting processor could send a signal to the appropriate shelf, causing the
LED to be turned on. Audio signals also could be used Opti onal l'yq 3?9??@3
could be RFID readers attached to the cans that verify placenment o
itemon the cart. This would assure that the itemwas placed properly and
hel p in tracking operations. An RFID device, used in this sorting
environnment, could include additional .2functions. The device coul d accept
i nformation (commands), such as that a specific cart is full, that a
specific ca sPerR@nkd @bl Be ol BOOS Ye g in Mat eri al s
(such as fi g%?gh%%%#@g%ﬁ?ﬁgﬂnﬁgﬁg}rwgfg ﬁeor the Tike). Tﬁe devi fge could al so
i ncor por at e tianleRFﬂihtSa’gwM'ﬁemS@Pl forizamsibal 08 nal AUETRRILY; Rads Ry P&’@ﬁ@%é‘ t ags
havi ng RFI D S nt of an
RFID tag pri nFJV%%gEEQEd%I% eﬁ@?@nﬁﬁomﬁ?}g{a{]g&?ﬁgﬁgﬁéégl e\r/al ‘ce thta i ncl udes
an RFI D r eadhe tanrtieteasily appliedao aidspmnwdrirdmolibtpmignaenalsl |ThisfcomEbpdenggs.  The
tag has adh?ér )& ?p cﬂﬂ%ﬁ'lﬂ‘fnﬁé’mE Q?{E hblﬁﬁ %gerp?hapllﬁﬁg&lﬂ Be k&ct The,
adhesi ve couldqo e npor ary mane ependi ng upon t pe of item
The devi ce iRFID gyt thaabxlnyofcsormmgtWMhtﬁoaltshdwmmﬂls'djﬁgwehﬁstysc@ bewhen an
itemis place d] under scanner, the scanner reads the bar code
for the iterf® @W%Yfglapgevctnﬁwse evi ce sends the itemID to the LAV software
to verify that the itembelongs to the library and that it should have an
RFID tag, and po i al ract addi tional f.or t the
item such as thggfbﬁ?ﬁgfom’tc PR Eﬁv%s‘efnepdk# ‘R‘Q%gttg%p?ﬁgyappr opriate
i nfor mat i on jodatiof bﬁeaﬁﬁxtmaﬁalzﬂaasbhmglaﬁéraxdnagad 1ﬁpahﬂomab gyxpratehé:sudeﬂ coul d
i nput additional inforpati 1 | aced on Lhe Vi ut tons ,or
keyboard, FJETEXHABEIVE 'W‘H‘é%ﬁ%‘w? HF"W 90 g ! 'i’ &‘ﬁ@tb € ﬁm'?%/”ﬁ(e“ﬁ%f item
When al | i nfél’d’orﬁbwh@d'\mbﬁsachﬁﬂﬂsdnﬂguind dobi begeicklyidplemtasd bhalibrary13 FEB 2003
-23 new tag s |nt ed and_the. printer dispenses the tag. The user
pl aces the t¥ 'E}'Oi“h‘ "l”f’1"°éi Pt ST AT AP be useful for items that do not
currently have any RFID el enent, or have a damaged RFID el enent. Anot her
option is to dis that can be easily applied to
and renoved from&s+b S ¥ be done for all or specific
non-RFID itens (|Afke lxholryjs:)teﬂ'heimve bimtsontdemd@@ubdi dbeve, theg kedymspllyRFI D from
t he, point of rt| roy I k g could
be easily r@ﬁ%véﬂm ;%&tagl\c}élq]rgs?%gc p@spdﬁnﬁté’!h@gap;ﬁ&prw{ylﬁat&ﬁsrmthte fi8raf

Library carts of this kind have traditionally included only a frame, wheels, and shelves,

but the library cart of the present invention may also include several features of great
value to a library. Library carts incorporating portable RFID devices may be referred

to simply as “‘smart carts” herein for convenience.

Smart carts in accordance with the present invention may interrogate their own
contents to determine the materials stacked thereon, and may determine the order of the
items on the can, 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 10 a specific cart location even before it has been reshelved.
Although the embodiment described in the most detail herein is related 1o cans, and
specifically carts in a library, those of skill in the ant will appreciate that the present
invention may have equal application to other collections of items in, for example, bins,

piles, shelves, and rooms.



The benefits of the RFID based sorting systeminclude know ng the specific
| ocation of each itemafter the sorting operation, and the ability. :f? 0
generate a list of all itens in a given initial |ocation (e.qg., 1I FQ%P&
on cart 123) RFID based sorting would also provide nore accurate sorting,
and coul d be quickly inplenmented by &, library w thout the need for
extensive staff training. B. Carts i ncorporati ng Portabl e RFTD Devi ces
After library terl been sorte i oV y are
typically | oadb8ist 83‘5893‘ Isg‘a'c‘,éﬂré‘ayt% qﬁgﬁ‘émo%“g‘ %nﬁthm

appr opr i atRFIbQfedicé 6Mfe iype tidaenHeidlab@reynd sHoiwbmangumeaﬁt aneberator saa:kwsnd have
traditionally included onl‘%laﬂ q g:e \({e rt the library
cart of tHBe %Q“Qs*éwt RETR\dene pﬁﬁy‘ ‘E%“i"rfﬁla@@lrélc%%r\fé AUf BM%s of great

val ue to aydd Wﬁai'b%ghi—'arw@ﬁ)’o B@fbm)i A e PP UEVIE fasses byoihe itRink, thedevi ces may be
referred to sinmp smart__carts" herein for co veni ence%‘%ﬁrrart carts in

accor dancedeyjce FFaE’hé ﬂF'B%‘éar’ﬂ“Qﬁ‘NBrﬁ’c?asoat’?d FRETds AR ??’8591 PEPLHHEN? contents

to determng Hig REES RLERdnSERGKEGN b e6HERE 2 14y sh 1nBYende be itk thdie or der  of
the itens on the cart, including which shelf_ each |“i§m|s on. The primary

benefits ofanadensifigation prmagipimiciie handdgidrniic Jite ysgrp %"'legiwI’F"BFdary st af f
wi th the rtﬁéh%%’lh@lg%é)?rp&@aﬁsbm%‘aﬁhcEﬁ&txteﬁﬂpdsﬁ@ﬁbﬁﬁiﬁcm 1hé @eked pise a specific
n

cart | ocation eve ore It has been reshel ved Al t hough t he enbodi nent
descri bed thedevies hydems dreanyi drddie Beqanseite raleR2B ¢t b readhadter Bigfoadeheci fi cal | y

cans in a tlrt]\v a?{n)é;gréc@§§ no(?fdel§)l%'d|4nd't}§'é dalenvefitbrythdyl beditRE 8&LAte that the

present ave equal application to other collections of itens
in, for exahphajvely m&Fl’Qﬁdve:s mag he hiised todbarafiotdshe IEMmmErR pAssd - 24 | n one

embodi ment SR S LY R RSB R hounat by gend- el d

RFI D devi CEY ove d shown in Figure 12. An operator
may use thﬂnﬂaaxrm\-theéad RFI D device and pass it by the cart in a panicular
order (for exanple, fromleft-to-right, and top-to-bottom. As the RFID
devi ce passes by the itens, the device reads the itens having RFID tags,
and records andwWithangsf thh@rcgopgsntbptbmsmﬁmwtl-ﬁé'méaﬂ“%Ca"'PHéURF’D’D r eader

identifies the .can by read 828 MNhOhenPYTINL REhIGntde cart
i denti fi caff'SH T %}F%nai[;ﬁ on 1 %u%al};ﬁ\% %DmF a? unllgt | f he usgra nl'y needs

to record thenser s @mipn tboaepasately bwdkdclé&'l“ﬁe‘bwt‘h Abr- ct"ﬁ%”’é%@f §S188#Fhosi ti on on
the cart, tlcb?ccé'we in RAD IQQ?O‘T‘ conversion to the RFID system.

The contents of a smart can and their locations may also be determined in
several ways that are expedient, and require little or no involvement by the library staff.
One is 1o use a smart cart having antennas running the length of each cart shelf. The
antennae are connected 1o a suitable RFID device, which enables the cart 1o 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 cant 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 10 the identity and specific location

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

One embodiment of 2 smart can system is as follows The user initiates a “cart

reading operation” via a keyboard or button interaction. The cart optionally has an

RFID 1ae associated with it 1f a tag is available, the software initiates an RFID



the device by itenms in any order. Because the entire cart can be read after
it is loaded, the |oading process is not delayed, and the cart gmol{nw
may be nore accurate. Alternatively, an RFID device nmay be affix e
cart, and the item my be passed by the reader and shelved, after which
the staff person can enter the shelf location of the itemon the cart.
Wth any of the foregoing enbodi nents, -8bn-RFID itens can be quickly
determ ned when the reader is unable to identify a tag in the item Those
itens can, atimetrbgaidses es&bmtth@xﬂemsbﬁof&ﬁe{)&ha'w%ryla\hehdkﬁd.;semniemnlgflhced with a
bar - code reader or designated to recei tan REID tag f.or golgﬁﬁ;smn to the
RFI D system CFR&CAHIZPATREOLPaYingrrahe cap Ageptitigation ‘RO PayI B i y al so be
determ ned i Nye,RENBLEAIYWGHS sdiAte RR (RXRAADEM e IREbNT debaseardithdnl € or no
involvenent by the library staff. One is to use a spmgrt cart having

ant ennas runnmmgogihes dagthgjelf bhe ideruificatpntof eashtem orrHig sh ngﬁtséﬁ’ﬁé‘e‘h&re connect ed
to a suitabl eoﬁw Hﬁy}\ §n sl 160 R AR G0 tHeGo AT datdBadeak @ InerkdpesH Or y oOf
the items and their locations, he cart nmay al so be connpected to an

exi sting LAV isebmplateeths yaftwang caampdtiarialty egad W-‘e"f@f@ﬁf'%frgmd?e fordioBart and the
identity of t YA e LAV software system

Al ternativel y&?ﬁbﬁgﬂgﬁ& ngg?fgﬁw{g)gﬁﬁﬁgbg%@ht in a separate database In
both cases, this "plug-in" cart would provi de for quick and i nmediate
transfer of accura j [ @n of the
library materials. ozﬁe?'i&uﬁarﬁ] O?:grc }ti‘h?' éﬁﬁg{f '{'%{%r?ggn?gﬁgle&tcrqe&%%%

embodi ment of cat wmﬁdbe mapnssystaewhlosgfa@ RIID|terwel, Wfé’%@‘éﬁm}\ aﬂi"&t"é%‘ a "cart
readi ng operati 0

optional Iy ha® 'gﬂs"axff—dab?f eegggg%dgllsa CS%QMEW AS%%aﬁg%‘ggu?ésEpg\sgﬁglﬁre t he
sof twar e i nit badreise an-tREreD HERFFD EeaBerd0 @8 h capdptirmine theodemtitv®ndt o est abl i sh
the identity of the r. i . i el isan

readi ng opera??pdﬂx’ﬁ‘ﬁﬁfq?cmﬂ'?&t ﬂe{;%gr%{% ﬁé'r?%nglﬂt:égﬁi oon&:t;r?hgfﬁtr?gﬁetéﬁﬁl lnt 0 t he
RFID device maniiatduld noThemuisof (pecieleas entdng axtbe eagrran pg rallsd pper thg gupnflon

dat abase, and _then, inte cent dsf Oditgach
itemon the Sﬁéﬁ“}‘lgl‘g%g‘n il c%%% @“f‘g"o‘?‘f%’?&&mﬁ?&?ﬁ c’% hen dssedr?g?tl?lﬁgrl nf ormati on
to the |ocati ore REMDatystem. TAE traituprr eppresg vyl reapise 2ERSHREEAR that 520 Rf t war e

can optional | ¥o§e%’b@e{1§ﬁ: aé?(rﬁl{ Efﬁééxg?u@d [ RPnbdIehelcOmi@tor @ caflat abase to the LAV
software to up ate fat

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 inseried into the proper location or locations in the cant

determine the contents and locations of the items on it

C. Shelving Aids Using RFID Deviges

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 obiained by the sman cart 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.



Anot her nethod of identifying library materials and their exact |ocation on
a cart would be to pass the can through an RFID tunnel, or over aﬁé%?m
"anti-tunnel,"” as illustrated in Figures 14 and 15, respectively t

cart noves under the tunnel or over the anti-tunnel, the RFID reader in
each can determine the identity and approxi mate | ocation of all itens on
both sides of the cart. One benefit of6the tunnel is that it would not
require a special cart so lone as the cart can be rolled under the tunnel,
al t hough non- netrat fifse siepists enayishedpivef @deredd pocessfeiishéleng akibeariso as not to
interfere with the RFID syste

| m . The ant. -t unnel. require a
speci al carPfiER&iablish thsi owngpgtigy fBVg’F‘vg‘gﬁ%ghgrrna‘t%hg? plﬁ)écggg‘!s&f)gﬁtqggto fit under
the center I}Bf‘ar% hAly €8dthin a @Feeréri ok deaing sEREMO OF o fexdmigq aidly finign ang beocat i ng
itens on a cart involves the use

I a "sword .reader’ of the e shown in
Figure 16. Srplved b)‘sﬁhbﬁ‘dhOTFﬁdés‘RFmBanHHP Hb“‘\{\‘g‘é{}ﬁyﬂﬁﬁ‘ ?‘i}}foraﬁl&”?éﬁé‘éﬁen i nserted
into the propef.; \ Qb vty Dekithal B1eaR I The lidRineiay fleo ipagifycont ent s
and | ocati orﬁgq%%lb?ﬁggl P?%ﬁ@agk it (0 'Shell ;i f}gl Al df‘.eUlsi 1i‘l}gﬁs&;%TD [Sigvi ces Once
the | i br ar yherpreferied pesh enieavirsiaa therlibsany e ing AN GreahsMnEg OSEHERN SrHPRlf
| ocation, | ; ; [ lefl80 ASHeFURNOR W4y 16 RekblisNg usi ng
i nformati ongt{rhg‘tgx\l/\rg’gsthZciﬂMt?}ﬁh?ﬁgsﬁmea %s_e of ?nf,or ngtti on ollgt ai ned by the
smart can asetdedsand betdrsabmvaseaten database of shahaps EHMAUAN AHIMAYEEY St i nventi on

thus relates to aidgdon, shel hdlRh$ daiRd 264 BicaRlel by Helsdivign a | i st of
the materi a'f'gml?%r?tlﬂéke& &%?pe énmm??: ’%ﬁey sioﬁl da be ?shel vyed. y The |ist may
contai n spek fibes siveapath BRTD désdeerpmsti aritemapn alh phelves uHeg InAréy delemiBedassi st ance

may al so be provided. 1.3 FEB 2003. - Js 4 tablish a
desi red or dBtNEHEF ASERLI S res%ﬁ'elfl\?isﬁg?o‘E?g}eg\’rlégzﬁsm&gf@t?eﬁ&e%?l abli sh their

own net hod poeessdraliacenge iriftrariyn med £shebing da@hase, maveingg tforderdn | ibrary may
contain a di{ferent orderin hepe.. For LCh may be
E@Eéﬁ&%&}s.%ﬂ? Qg?t ﬁg\ﬁéﬁw%prp e?%@%‘;g'%!so F!Hld!i:a hx@atl)lsﬁrbf

shel ved by ¥ a en titfe wthin that author,
wher eas adubHelvifosrdéd wing@Bditiaysl beforsarioreghtizyedt frram e vy, B3epiraadaalpst em  The

i brary may al so specif the preferred path f ' the library
during the Pé‘é‘ﬁél“\)&?é“ﬂ?’oggrs a%‘f’@r%&ﬁ th %‘,ng asbft3 é‘?%glgxgs\%lgggshelf | in
adul t non- f peickwsr, mighewse gdotnptioh &of g LA WRIY 1¢ #“E@t"&b‘l’ﬁ’ Sh%t hods and
orders is t Qoiniad Rad gat abase, of; SRAF ¥hfGvds REMINRL RivgalheNBitingme | Y as

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 cant,” a shelf-order can
be established for a cart. In one embodiment, a shelf-order list can be printed for the
user. A shelf-order list for a given cart may indicate, for example, that the first item,
call number 913 47A, the first portion of the title of which reads “Join me at my home .
_." is located on cart shelf 3, and that it is the fifth book on that shelf. The second item
to be 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



inventory is taken. In one enbodi ment, a shelving database is created by
the user when the user sweeps an RFID device past all itens on aILSigﬁ?mfs
using an order determned by the user. As each itemis read, it i o]
the shel ving processor. The shelving processor places the information into
a shel ving database, maintaining the order in which the itens were input.
The shel ving processor may al so provide2an anal ysis of shel ving order
usi ng additional information gathered fromthe tags, a separate database

or the LAV sq@fitosaidQlso e kreadardintre bt &e canniplvatidhngseathb bolvedudd ificludehaa

shel ving processor _m. ght use infor %E}?{?}eég)&msghe LAV software to

det erm ne t hafdiienal Geid indicappgthe CHEY ¥¥%Ad that the shelf order

was established using author last name. |In this manner, the database nay
be "taught" an appropriate shelf order hen be used.in

,. Which ma d
connection with offhisemppdmanipf gisaysugm 6rP§P°fll9§¥' Hﬁcagﬁéﬁ’éﬁﬂabeﬂf‘léﬁ“giﬂ a
| nformati on Gakafki Giiedodty bl AfaAhIPDAEK G iné BrbMHeRNAl shd YT @GRSE descri bed

above, together wth the database of a "smart cart,"” a shelf-order can be
est abl i shed fsbelved dimetly Withpuo fusherrsonia s maHermativebh erungprted cam £yld Rean pe
printed for th e . i |, 5hovi@Tshaly @k WA i havERi gl cat e,
for exanple, sf)ﬁ%df%t%ﬁé"fiﬁrbg?%eg%ﬁ{ﬂ%(’:ﬁglqo n?JrII‘%gr 513 47A,9¥hg fi rlslt portion
of the titl e tofe widerstandieqtie prdpei erderdorashelmipslitgms.. Lastly; e REEXsheld oeder car t
shelf 3, and that it.is.the.fi OtdrarS el reshGing emNd item to
be shel ved ccﬁ’jf‘&mﬁg‘,’ldPB‘félggglﬁﬁF@?a%g%o%%er %?6. 8, the P?r st 'portion of
the title of reshingtinpestdmntiAnotrssof ipaswrdibrary staff. and the shel f order 1ist
woul d denote that the book is located on cart shelf 2, and is the ninth
book on that shelf. The third itemto be shelved could be, for exanple,
cal | nunber 916. 917 andthee efnbodimemos parmhle FIDHevics bavinzof displgyi edy tieqisedThe | fe

and tine ", and th hel f. order. |1 st [WalelR 3 i S

| ocated on caff Pé%vé‘fﬁ‘ﬁig“’]:{ﬁa’f i 's"fcfrﬁét'?no\égr?%%g%; gérilltct8 #aPﬁ% k?geglaﬁylegﬁgbgo on.
The shel f or dgburtedSorfihEcdd A068wn inFiguré 51, veoubyithgbess. dsdeldrietheastrsdandor e

t han one cart, i.n whicgh se the, |l I -s' j Tk field

i ndi cating t h&s & 'Bﬁ’%ﬁﬁé‘ﬁ‘“f’ﬁg"”b%’g@ 4’@#%{;@“?%‘99?}{?@ ‘é'@nggéé:"gﬁﬁé "5 the
systemis beniér o ad shbleedits éochiidoraante armt andiiliacayipn oft the sheli dr Pa%chel ar cl ass
coul d be randomt.y il AGELiQMN JdGeBRRAIBEA!Fu GRSdes UE oel: iABHhlope  shel ved

directly wi t hBf§ er sorting ternatively, the unsorted cart could be
sorted, whi chtheayerbadesempes ioput fromahaxiset. Ihp cpdd inclidg His 2blitstok! #eght have

a difficult 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 can.

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 sheiving
processor. When the TD matches the 1D 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 untii all items have been



ti me understanding the proper order for shelving itens. Lastly, the RFID
shel f order systemcould optimze the path taken through the |ibr en
reshelving items, resulting in a substantial savings of tinme for 18&%53\2%93
staff. In another enbodi nent, a portable RFID device having a display my
be used to provide the shelf order information, rather than a paper copy.
The display could be nmounted on the €&t as shown in Figure 17, worn by
the user, or held in the user's hand. As shown in that illustration, the
| T- 1 D devi cseldled pligyponmalyle REMMd#mideheuldaip lahte twhetherexdpecifi¢ aem tsonhie shel ved,

its location on. the d jts location on the shelf. It may be

pref erabl e ¥8 %Wé&'fedéﬁ? ‘Eﬁ)%?‘éﬁi 18 W[ devi ce that provides shel f order
information to the user, and accepts | nput fromthe user. Input could
include the ability to scrol | itemns, h_gﬂég e when an i mE{]sor has
not been reshel vBY, presemaw"ma'w&"iiwa? 'Cea\}ﬂf‘éﬁpv ci)%l £ item or
to display gensdAUmh Y spdcitfed QfeaTohﬁ:e‘ﬁ@ﬂ?ﬂ@ﬁe‘ﬁve@for&oﬁ—ﬁﬁtﬁon do00-3@0abher enbodi nent,
the portable RFID device hel ps the operato t he = next *temto be

shel ved usi #\gmpled WI‘*B“'(PEF@C'&HF’B@Ec?f@"éhflr?éﬂlg t‘g’f‘ﬁ‘gﬁ*ﬁ‘év%‘ﬁé? ghegkeddp By a
message to J;Ji?,eﬁd?.@n'vga ke DGR 0 an'eE‘dTlﬁeaJs! Reuddiathetels IRBERR ngis AGN a
el ved

specific cart’s be sh The shel ving prqcessar determ nes which
i t em shoul daltsenasive topraducingderdcopst listg is 1ofrsR\idetAOBADle Aeyises.HB Whisk &8¢hon dat abase

and the shej \Uglchdﬁagrgﬁﬁx% S RGokIBEL s hiat bccl&ﬁﬂﬁ alpBRicABedebiidM dithed hand- hel d

RFI D r eader. is sent to the shel vi n‘g processor. \Wen the 1D
mat ches t helibréryofThiswembiogiemnt of the prebest weention s@amialpiy vl wheewsefit sends a

message to t rat VS e 1BFarddA &Y cue such
as a flashi H‘Q'V@%ﬁ A% °erg-%§1‘%ﬁ§goﬁd %thvp%eaﬁ: FAh LED onan?he sﬂ{elf, or a
beep. The op&xsﬂdcmwmlnemanemﬂuqspmwsenorfsmérhetllh@r?cﬁrltp,mdﬁelafpasses it by an
RFI D reader tt%t verifies that the correct item has been renoved and

updat es t hePRI'%nt  location of that itemto "on shelf" The process
continues until all itenms have been 13 FEB 2003 -28 shelved. The portable

RFI D device coul vaaldgé)on %a n%em%tp?nﬁfo I)l%&%ﬁbéd'l?ldéﬂ%ﬁhﬁseﬁb fefle cart using

the RFID tag aff <F invention al so extends to an
RFI D devi ce trhegh W@OH@ESH auCFhl astan gfisogkd or rpesbraerigd baek shedl. ansdepril 8¢ ar ea of

the Iibr ary lé]esxFE?tks i ereQ 3 &ngmfén?ctrfa(w 29(91 R268n 1600 2008MAREf 6er. AWM t hen
presents a s er | st %ems t hat have heen checked |J1 but
embodiment is pamcularly useful when items are already on an initial soring area an

ready for shelving, which aids a user in creating shelf-ordered carts from an initial
sorting area. Because any collection can be 1ead, this is not limited to pre-sorted
shelves of library materials. Any area of items needing 1o be shelved can be processed

in this way.

A final embodiment enables a user 1o use a portable (preferably hand-held)
RFID device to locate the correct place on the shelf for a given item, The user
identifies an item to shelve and then passes the hand-held device across a row of items
on a shelf. As the correct position for shelving the new item is 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 suppon “free-shelving,” which is most typical in libraries,
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 2 more constrained shelving system, items must be



not yet shelved, that belong in that area The list includes where to find
each item An alternative to pr oduci ng hardcopy lists is to provil@efER 2003
portabl e devices, in which each device is "programmed” to | ook for itens
that belong in a particular section of the library. This enbodi nent of the
present invention is particularly useful when specific individuals may be
responsi ble for maintaining a certain &t of the library, or when it s
especially inportant to keep particular sections of the library as up to
date as posgladel éh a Hebifit icabticnonad shelh Hrewshalvingris mpwmcﬂ kyd esesinoed IS to

enabl e a user to.read ugh, an coIIe tion 0 d or

r ough- sortedprﬁ%f%”%’ﬁé’lr‘?‘}uc%lﬁ‘ﬁ%tgg‘ Sﬂﬁﬂoc%ﬁf‘ o demy emsentcﬁns ramw%" b ertain
cri Ee“ F‘ (Ie Iused][]D]fJstlcﬁﬁ b@fﬂdi@@xrcctl?ﬂﬂsﬁel( locahdb ﬁnd)lmd,e:{an h'ﬂmxmttc:)mdimt!h ment lds
particularly usefu e a n, an init.i orting area an
ready for sheheff ﬁ'g“e’\}\mgi H’Iboﬁ %‘:e‘gﬁ r””i ?%‘?g‘iv'wcg'}%é?‘q‘%?&@" % carts from
an initial sed lGshalf 81 ddseaavsewrialy sieRILEEChIlight is adyiaamid éidjontblased | s not
e O B Raarenthe STt o Lo e e R 1A e R bf ore,
enabl es a usgfoper%haﬁsfd@f QLR AlthS lwae,-fs%amey vhandenhaheyed BB device to

| ocate the c ect place on the'shelf fo given_ite The user

i dentifies anxampémpmessﬁequél TPt ﬁé%\‘"}?éé&aé‘s"af'}?é Fofassling SaRsMeE B2 cr 0ss a

row of items r9BerBss l/afnoué&chaﬁ i PhErag! Tn@%ﬁctx&nccfumlmb;ydmmnhe new i tem
i s detected, 3 b given to the user. Feedback can be&p vi.ded in a
conbi nati on gﬂcmwed#hﬂi‘rlnﬁﬂm’hwh“amsHFé‘}ffvég}’"'WF%’W"“ ap e A ¥ind/ or
with Tights CLER omd&ﬂ: %Pﬁaeh@?émﬁ&rﬁls%}ﬂgwd ﬁﬂa'rﬁavfﬂéﬁﬁﬁllcﬁme%&héwmort
"free-shel ving, I's nost typical_1n braries, wherein the item may
be pl aced on smayloasmmfellsbl1h¢$rﬁgua§matanF6DIf€?\%f @Re Pt d it B TYOM t he
correct ite rder In a nore constrained shelving system itens
must be 1 3%%”’@%86%!9-29 placed in a specific location on a shelf Free
shelving is nore typical and requires nore processing to produce the right

shel f | ocation fobexgerﬁ Jféﬁm)!}hmnﬁm%ruﬁb ﬂﬁﬂh?sh?:hé’rh@zgm helgSa $heleh jdddily S can be

added directly to's |'ocat1 ons and ey can'light up to indicatie where
an it em shoulvhetseto sheixecan itemy Shhiy %“Pﬁé“?ﬁ*’é’é'@ﬁ%@\ff’hﬁ‘e§‘é‘é‘ifa5thf"d°’ PBS"s can be

added to a shglyfspeddih 1REMEMHYpeGNI Gite BREhd]vdr 21650 1d ihg Ficatich, edynami ¢
deci si on based b
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 10 obtain information in real time, as opposed to having to download or print out

the information.

D Patron Navieation 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



on what is on the shelf at the tinme Underlying this function is also an
under st andi ng of proper shelf order. Each |ibrary indicates hom/th!y want
itens shelved (by, for exanple, Dewey Decimal nunber, or author' 3 3 F£8:1003
nane) These shelving schenes can vary across the various sections in a
library. This function could also support totally unconstrained shel ving,
in which itens are shelved in essentidPMy randomorder. This is comonly
done for shelves of materials being held. and may be applicable in other
situations wmtrdsedslshowmin e $8A Uadading carabe doift B am@eacoca'rbldmnniadd to find

an itemfrom the upsorte hel f. Benefits of ncludethat
this syst errﬂ‘]dg’ﬁ “WQ?‘S’“&”‘sﬁg’F%@rPrf’fféﬁﬂrlcf'ﬁ/'me{/ﬁ%e‘?”éh &hS Wvga%ndquef ent’ This can
be particul &ghYediafd ro&e@for U'tﬁleﬂﬁ‘vihﬂﬁ cfagdrieeind MﬂMs(xhat afEB:)arermyed up the

shel vi ng operati on, léHel ver, i 5 close Tth | ocation, the device

can qui ckl ya2detle; Fh abH‘f‘P’I’T@”?ﬂ pRlavedie e PRIt BRa‘r‘l{h‘"‘ﬁﬁﬁisﬂ B a feature
of the enbmébmmics s@%@ﬁk%garh Br hBise 16 Seddc @ﬁldgﬁlytdreetaiﬁﬁtbmi yhnitliscert ai n of

t he enbodi nents for user to obtain |n 0 time,..as opposed
to having té"%ﬁn!"&é&ﬁ“@’? seffcis o Bagks, Thed Fﬁ¥ gﬁ‘g%’fw%ﬂam{}e@éﬁ‘ﬂf’ I\gs'i"gatl on
Using RFID [RyhfaBién ﬁ@&mt@iﬁ@%&ﬂé Srob&ssot 1R bl @3 shdiafematiohfinG e RFIDavi gat i ng
within the library. Difficulties include finding the desired building, the

desired fl o¥rcalgf carthe library, getting to the desired section, finding the
desired shelf and ultimately locating the materials of interest Some

patrons have specific itens in mnd suc t|t| es, vmereas others are
nore interested Apaligpyjvedx's) ha\g@@ﬁffdgaq:\% frﬁri’é‘rri}“ TORIPE S The

enbodi ment s (gi.f Q&b VEfREd 192!(}' al 498 @ﬁr'eﬂ'ﬁﬁed" RardHbySsubReisiopraessitata | i brary

patrons w th navigati on. provid ui dance that is visual, interesting,
and per haps pevwahwmkmpgnfﬂw"lw\hbfﬁw I dP‘I“Ile’ﬂfdr%‘F%“EﬁéfdéPrﬂSHFrrent of the

I nvention, | gv?cm:? lﬁns gr Slﬁ) r&%f lqgrt@p 1‘%: dald o?l.\ﬁrg?a";:pehﬁl -puPpHie AFIIP Eard,

progranned tens of 30 interest as shown in
Figure 18A Laqaupmg a@aaihb@rad@rﬁecoald baum Pb?rﬁpé‘ii@é%gp'ﬁfyecafde?%drp&l In this

embodi ment, gﬁﬁ%nﬂ.sgﬁgﬁ&swmqmry Dica inépdfnbRRIdIAN dabae di rectly

or waasear ssor to determ ne the categories and itens that
are current Ilybrwwhklaéfrpem"!lhﬁle in-Ryramyrvat FafH cquid ’éﬁ"%ﬁl'ré\%é&EtT@P Efie patron. The

patron int erxﬁ%"étlé’\ge;:&}n?%arkcr of the type available from the assignee of the present

invention affixed thereto to prevent theft of the card.

Once the card is loaded with the desired information, the patron can use it to
navigate within the library as shown in Figure 18B. RFID devices may be strategically
placed throughout the library, and when an RFID card is presented to one of these
readers, it indicates to the patron where the item(s) of interest can be found relative to
the reader's location. The device might include a display which could be complete with
map and graphical instructions for finding the item, or perhaps only a series of LED
lights that light up to acknowledge that the item is with the aisle nearest the device, or
that light up a part of 2 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 1o go to another floor of the library (when far from target) or half-way

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

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

hand-held RFID device that can then be taken around the library to locate the item(s).



i nput device such as a keyboard or nouse to select a category or set of
items. In this exanple, the patron selects two books, The Life of k 03
Twai n and Tom Sawyer. This information is sent to the |oadi ng proces oztD
that places the information into the RFID |ocator card. An alternative is
to have a staff load a card for the patron at, for exanple, a reference
desk. There may al so be "preprinted" ca¥lds by subjects of interest that a
patron can pick up and use in the library. The data | oaded onto the card
coul d be speBefdhg chi bd 1681edin Stunjbecsf varygas dedcribat sboestThelshgvsad of using a
speci al - purpose RFID card, a Fatron' S actual Iibr,.a{# lcaﬁgl 59 be used, or
a special i n-PMBIEBPCIEMS AT YA H OF RIBYPGIORE Wi VP BUFLOSE  For
in-library usgvie@fs$pintddhetheml Taeh, WRyhtod &aYelldvhealiphs tofind the brary when
departing. The in-l'ibrary use card could have a T@TTLETAPETI\/I netic
security rar leprosmainiacationel the Arraymateral oipqerheredag yidan geve H‘é°n§ sent

i nvention af fi,xed Adue it t@l@pzﬁfo‘ﬂ\f@lﬂﬁhetsﬁaﬁﬁc iodm. t InQhic aode, 1K dRick b read d i S
| oaded with the desired information, the patron ca{;qngge it to.n \éiﬂgate

within the | iibdividyaldems pestindirae Fageedbackam theggvisedy SUarggl, 1R has
strategi cal | YocdAGHH bl EHPRIOH ok iint- ithii 3 raps Ak BBIpaRe fbRraar d 1 S

presented to one of these readers, Indicates to the patron whe £ t he
iten(s) of irther way around thelifraninyariatioas py thisgnbodent Bay ks PAUURINISEN,  The

device m ght 4§ I @ik 6ol d be conplete with map and
gr aphi cal insftogﬁé:rtgg r?sm%or fi nlo’I]i ng %}ﬁegri’{tem or perhaps only a series of

LED lights that |ight up to acknow edge that the itemis with the aisle
nearest the devi CeAﬁ?Jted zfsP&? of th@HeseHPinGenbi {s 1R usd of RPIPfdrafyRRArddRE e the
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item can be found. ormation provided depends on how cl ose the
patron is to oiefurguipesesiof hegkina infopeheskingpridibrary mapsrightyibut e tAfEk s go to
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aisle to a spe I'C she e atron is close to the itemof interest.
In anot her enbidherenatisticalip apalyzad tapbtainpjaee NEOTERUIOT FOF @@MPiRhes¥s'$Baded i nt o

a hand-held Rf| f&‘?q’%ﬁl@g RuhBR ke SRR AR nkPa LEHSANIOBABH BEkHE NBraky, MoRNOAE! O

| ocate the it‘é?'f’e : 31 The data can be |oaded in a nunber of
ways, as descpédpisispaisp earioph glagsteriissthe Bbrapvaihfi gL ERE vies OFES B U vat ed,

or provide sopg; h a8 tSHRhers M¥QBpileRe RFID device is pointed at them
Then, the patr r‘g’%gﬁs?{)la ow t he Iigh?s to find the

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 5o 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 cach time) or in a separate



approximate |l ocation of the library material. Once there, the unit can ane
into item |ocator node to help the patron find the specific item |In thi
node, the device can read individual itens and indicate, via feedb&&EB&W3
the device, when the target item has been |ocated. The unit m ght also
show mni-library maps to further help the patron find their way around
the library. Variations on this enbodi-3®snt may be particularly useful for
l'ibrary patrons with di mnished eyesight. A related aspect of the present

invention i gahtace USHR Rdin RivhRagd Rirake/paerdh 8 thlbraryoBkyudidranpuimpises of
checking in or checking out Iibrary naterlalaﬁbb t, al so tg track the

novenent of theanatkngs by W%GDQH’%‘SIf?eBP&‘?9“°S‘FFFe’“H odgy, many PhHESccesses can be
tracked —ang, G aﬁé}%aﬁ? hGAlallY aANBhMAEHh dome@Rbidisin Weeiggs bethanRBEri on For
exanpl e, the system cou count the number of patrons _that enter a certain
| ocati on of amdwtnonbersysrlquQUéﬂwg‘O“p@@sf‘b/ apERREdimstheg of Serdlips Bes wi t hi n
the library, fhe niabas g;xsndﬁsa%g xxgprogﬁuf,ts@h*brédugﬁﬁ&)'o dQAWLKRIRE such as
conput ers aﬁd’coplers %% rary cards nay al so be used for access
control . | nimpaneneistiesi mmer optins is RIEND RaiBR H’r%‘r’s‘&'&ﬂ’cﬁ eedit ¢3¢ of RiMiesh pat rons
or staff na se mhl rdi r [ ich case
t he door )c{(f(yﬁ BSEEN q}r\(’%’li b.k%lggbra@ Ja?ﬂbg agﬁgr?ta{r?%bﬁ( ed g @Pﬁgsl nTrﬂ us‘(,:\Igrtal n
equi prrent Onhedibirey chridbs pxegentkam ;baytfr:&ssbut”ﬂﬁes comerey|dirpgly atsznqarpérw &t erm ne

whi ch conputer operations are permtted to be perfornmed by a user so that,
for exanple, children would be denied access to certain materials or
electronic internet sites. Inplenentation 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

i nformation regardi ng general fees and fines that are collected in the

| i brary. These charges include overdue charges, fees for using certain

equi pnment, copying fees, and the |ike. The card can act as either a debit
or credit card The data (account) can be kept on the card (updating the
chip each tine) or in a separate 13 FEB 2003 -32 database. The main
advantage, for the patron and the library, is to unify and sinplify the
met hods by which various fees and fines are handl ed Today, many of these



functions are handled manually and often with sone unpl easant feelings
between staff and patrons. This systemwould allow a nostly aut omat ed

met hod of handling these problens, reducing tension and inprovingl3tFas003
productivity to deal with nore inportant issues. Another option is for the
patron to designate a credit card of-3% s/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 noney directly associated with
it. 13 F BvE&Iamd3 -33 W claim |. A nethod of ordering a group of
unordered itenms having RFID el enments associated therewith, conprising the
steps of: (a) interrogating the itens to determne information about their
identity; (b) drganiAzimetod lof oidexing # fgrovatof anorderéditerest havingi RFIR ¢eraadtst er ni ned
order excludin [ i Zing. i ; and (c) providing an out put

i ndi cati v@ssgfla&eﬁgt:gregdrﬁ@é:?b&%}&x{‘%n@%%% of ordering a group of unordered

i tems havi ng RFI D el@neintesrogatingthe jteasctel deteraving\ipformati ytitheiridgntite st eps of .
(a) interrogating t*ag i £ iRt gfieldRiTicRfni MfRhdRE | N aPeMfermiiid brdedent i ty;
(b) organizing the identification information in a predeterm ned order in
whi ch t he exel ereanizing yaveightpRed: and (c) providing an output indicative
of that order. 3. The npitiarlg of ovurineBatlve of thid ordeher ei n the output is an
interactive visual or auditory display. 4. The method of claim3, wherein
the operator can provide input to the display in order to control it. 5.
The met hod of @ ai NHA Imethiod 2f ovdesige b rgrdupeofambrdertd iitsma hpageeRFID slements 6. A
met hod of identifying a specific |temhaving an RFID el enent associ ated

t her ewi t h FGH® H%Ffé‘gg’ Qgrésénrg tgersééﬁ%)gg items al so having RFID el ements
associ ated therew t Hg) dtamogativg thy itehetosletenyrnegafofmaliomsbeyt thRirgentty; RFI D
interrogation devi CQoM ton%aﬁiﬂﬁéjmgﬁhéngﬁcdtig@mfbrfrlxiidﬁgint&hﬁred&&ﬁlﬁieﬁ IoEdet HreM

which the items are to be shelved; and

(c) providing an output indicative of that order.

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

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

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

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

(b) interrogating the larger group of items;

(c) receiving responses from the items; and

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

associated with the specific item.



(b) interrogating the larger group of itens; (c) receiving responses from
the itenms; and (d) providing a signal when the RFID device interrog’%_ﬂﬁg blﬁe
RFID tag associated with the specific item 1 3 F E B 2003 -34 7 1
met hod of claim6, wherein the information provided in step (a) is
information identifying a class of iBens, and step (c) conprises providing
a signal when the RFID device interrogates an RFID tag associated with a
specific itemwithin that class. 8. The nmethod of claim7, wherein the

class of itenms @are 'ﬁ@%t%@'&r@d.mgﬁ lvﬂxeﬁehﬁthesamna'ﬁ&ctprdmcd)ﬁn g (A)ibrary. 9.
The net hod of cl ains or 2, further co r|5| n the PS, of 'gg%
provi di ng iafermaigp ('fj&t‘ﬁ'fbﬁg afclapnef items.cand jste §) iopmpy; Sase?"’“ sﬁ[’%r“ihf) ing an

EFI D el enengrlnﬁﬁﬁeﬂgaﬁ@gﬂtemﬂ RFIDN& dsdoeiated with £peafic item \Sltlﬁ'pthat(ctd)s usi nght he §F| D
evice; and the icati e order
to be sel ect ed Tfﬁg’eﬁﬁgﬂg‘ga’ﬂf Kﬁgf’ﬂi\”fﬂ‘(ﬁs 89‘6;" 13 't%g b% %@mérnggjtre provi ded

in step (béanESec&odﬁfsﬂelibmrythe order in which the |tem; are to be shelved in
a library. 11. A nethod of verifying the order of itens of interest in a
free-shelving system the materials each including an RFID tag associated
therewi th, conpti si ridemaiodefetpimpk or2afirthen easorisigathe fiepsREI D t ags associ at ed

with three items of iyt gr eﬁrn mnaﬁatﬁﬁloftl%%ha.a@.\m&eer (b) determ ning from
the informati on obt a| ne he item of | n(t! et‘ﬁ@'F i is.located

bet ween the ot her tw® |!W%@Séﬁ§§%’%@‘éﬁ”ﬁ‘ﬁ\§ i"‘f“ﬁ Stend (c¢)

providi ng @@uﬁ%qﬁmm@g@ceshmﬁdn 12. The met hod of claim 11, V\,her ein the
i nformati on obtained_is provid

The net hod of
claim 11, wherein tHE i RI¥IREAD B’H'C%BPQﬁH%'&FX{ E"b'?g]\'/slor St ofbe Seilb%te(cilat abase
separate fromthe RFID tag. 14. The nethod of claim 11 where| n the

database is Sepgy at eThe memok %?clﬁ% lPor f’%'er%ﬁ ‘the order provided in step (b) is a list in

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

11. A method of verifying the order of items of interest in a free-shelving system,
the materials each including an RFID tag associated therewith, comprising the steps of:

(a) interrogating RFID tags associated with three items of interest using an

RFID device;
(b) determining from the information obtained whether the item of interest

that is located between the other two items belongs between the other two items; and

(c) providing an appropriate signal.

12. The method of claim 11, wherein the information obtained is provided by the

RFID tag itself.

13. The method of claim 11, wherein the information obtained in provided by a

database separate from the RFID tag.

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

device.



