; e3eB XB| 46TX/ 13 FEB 10f 3 APPLI CATI ONS FOR RADI O FREQUENCY | DENTI FI CATI ON

SYSTEI\/IS ORATI ON BY REFERENCE This patent application claf 3sFEBi 2803ty
fromU. mmmon serial number 09/134,686, filed August 14, 1998 with
t he sarre U S. application serial nunber 091 344,758, filed June

25, 1999 WI t*PPOQOIre sane title, both of I ch were assigned to the assignee
of the present invention, and the contents of both of which are

i ncor porated by referencel{ﬁ% &8 ?Q-EF%W ention rel ates
to applications for radio 'E Néﬁ@hlﬁﬁh (&//stems and
particularly to the use of SUChIEENtI‘iF‘iCA'TIUI@SQ’rsmi 15 BACKGROUND COF THE
I NVENTI ON El ectronic article surveillance ("EAS") systems detect the

presence of small electronic devices placed on or in an article or carried
by a person of ig%@mbﬁ;?m§§§%gkﬁchsed in retail or library
environments to t hori zed renoval of articles.
These devi cés, whi ch &hiepgenrarphdasiorkairinrpriastytitegsU.8rappiizeticarserial iber in t he 20
past contained orjoy sk BEdHER ggvgume §%tn&eghfe:ME%@wa%lcaa&gehﬁm Thi s

i nformati on coul d be ’obt'al ne ctroni c interrogatin e tag)

ei ther internittenmbgr B3BR446H ﬁ’P&i@B@#Syw%tWhé@ﬂmﬁﬂélﬁrbo& @Mm@bﬂ’e{eme f EAS

systems have evolyeg augke 4R YK MvenRarS Gh tAcoRRMHYs bfYoth drhRA k@Yt i on was
carried out: magnetic, magnetomachanl cal, radio frequency (RF), and

m crowave. OF t hd8OrRomtsd Yr‘i%f@[ﬁ@?heéel%ysterrs have provi ded the 25 hi ghest
| evel of semurity in nost applications. Magnetic tags are easily hidden in

or on TECHNICAL FIELD
The invention relates to applications for radio frequency identification (RFID)

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

15 BACKGROUND OF THE INVENTION
Electronic article surveillance (“EAS”) systems detect the presence of small

electronic devices placed on or in an article or carried by a person of interest, and are
often used in retail or library environments to deter theft or other unauthorized removal
of articles. These devices, which are commonly known as tags or markers, have in the

20 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

25 highest leve! 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.

30 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
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an object, difficuit to detect (because they are | ess susceptible to

shi el di ng) bending) and pressure), and easy to deactivate and {rEfB \29@

t hereby providing a high degree of security and sone information regar ng
the status of the tagged article, 30 Many users of EAS systens desire to
know nore than just whether a tagged objyect is present. They also want to
know whi ch tagged object is present, for exanple. Detailed information
regardi ng th%ufaﬂﬁi'ie%(ﬂaﬁ'dhhgﬁh@@onm)l QQ&&QE&U&I?HF&)&@ bﬁlh&)UE VWil Einlpensive

manuf act ure, inventor atus, and owner have generally been communi cated
to 13 FEB meﬁectlze tMﬁﬁtberopOﬁamwmhgs @ﬁamélmmms Byrgodesgnushbeough an
optical bar I t et} code
system has certal r‘?)ﬁruh rlrllﬁ%tgp)% gﬁgnéﬁgﬁ@@g}hg ﬁﬁ?ﬁé %%e(\iilagf%ﬁga evvhlimc | mts the
| ocations in bwlobsﬂnrqdhe&)nerrmyxdbﬁalbloameamnoxaﬂxi Beerrangsde whiclha desectdriogn be

obscur ed, e|t ci dent ar _intentional | ich a

det ector can sesﬁéectiahgo% as?al%:ogc mp?rétwaeﬁ a@o?fiﬁca% |V§T§%ﬂgﬁ?‘%tmyf\€e bar code
may al so havmppmpbﬁe]&pmm&d ﬁirelhtyctpmsmsodnedxsébmcd@sectaﬁeme)@bmd)to because

b d f. h bl
o danage { nEETILAECR L PR BN Ra A theedie EACERD ) SREPRI o 1 fome

nust be procdsikes. GaglypmuldpleiieRs mirdaeéproe@wtdnalam ﬁmafT}hsercomdmsmsterrs make
t hem undesirabl e or ineffici ent f.or %&E ations, .such as, marki ng
library medi 23098 systeospaks them) widesirells or IpgiRAent for same ppligaliPoSiehdin as radi o
frequency i dewmikkihg Bsthiy@edar RFI D) technl gues have been devel oped to address
the limtations of optical barcodes. RFID systens have succeeded in
providing object identification and tracking, but are deficient in

provi di ng Obl ect myrec&myb&s@mle,dammkat%l(as&wmrss rRRAFhécy N frequency
ranges (~1 Miz and ab%/ﬁ which the tag is ea5|l defeated. The security
def i ci ency aﬁ%ﬁf‘%“éw W)ﬂ%P’EbUGF F‘é’&@%‘%‘é@“ﬂ%g ‘%1?4 wsthe §muaoss phey can be
"shi el ded” byptifdd barBdRETHAD w%esruavwsu&&@derdagpmwdh.g%bjlaan&nmcaaémnum foil)
or even pl aci ng the tag in a book, Even battery-powered radio frequency
tags may be BIagkiRR®ut af Mmrgh'ntprﬁyidrngroawg'ese%ﬂss%fﬁﬁwspmostd%!)tﬁywu ng woul d be
nore di fficulgherhitlis reiRh&CrhSges RAARA: MdtdBo @) ihilh {ha thgWPehsifeRRRd dRfeeCt | ON,
either inadvertently or i'ntentionally. Thi$ greatly reduces their

ef fecti venes§°%’§“$‘3§‘@&'P’?°U)?“&é‘éieéé‘%‘h rjorragueney Fags anses bacause phey 3 to "snart
cards. " Bot h“ﬁﬂ&&é’ﬂﬁ’tbyﬁﬂndex‘ﬁﬁ:ﬂfea&%k $he~°t£§3(vhh & BirfdSor ARYEuAIBE % 8¢kni N

conmmer ci al PI i cations. rt car tend to be associated with a specific
person rat hetPatcwarﬁhWEWad’OP&géé@ bemrke@werr:@%@sfrqqémr tags may behlockedyrity and
tracking of tahﬁmfggamr rs.?geqls A,?End?fanéﬁ&kp.grmm KedhdrY dituk Tl Shjetsni 1 ar to

t hose di scussed abov mar kers. The security issues aSsociated with
RFI D mar ker s t2gged ithian BFID Bty SEcapedetection: eithsr wagvsAentlyier infedgonalyt he art of
radi o frequengy %grﬁh%sqmvﬁfeg%ﬁgjs#@&u?nﬁ%vnc@%%?@}sa?éﬁlwt has been
expended in atte tS to renedy the deficiencies of radio frequency- and

ni cr owave- ba§@!@FeEKS smag sardmHoViEare pontagionme cpeiactissssstagieaidahavy aprepredifed t hei r

f I
nti 41 e - pugp e iiplich 5 Sperard Rl b Rsocine Ay pelitEer B ether . i
frequency  UBnREHD atagRd Objem dssomdaemshc segurithand iravking dfibe smarhearénna
circuit havi g& doznﬁ'é &?'s%f] oi¥ e n)da? rfuaYﬂHhSPe b &bl ébove ﬁf‘ﬁ%ﬂy&@t I on

circuit respon rgy a ernatlng nmagheti ¢ i nducing a
voltage in the diode of the antenna circuit so as to dlsable t he di ode and

t he ant e-nna’ t her ﬁéﬁg%rlﬁ%s:gt\_{e%%%sggatf ltlaﬁﬁ@ %I'H( EIF{OL{L Se?%ﬁllﬁﬁqg

applications, the'C may | eak
el ectrical claayape skill@rin thermt)of\mktim:ﬂmqoamy-chndauerewh\lfeebasadgEASJtagnecorre activated

uni nt enti onalJ fre uenc sclo ed in U S
Patent No. 4 s‘fﬁ%“"R'gﬁ ﬂ?’ e"ﬁ") ate dea ée"ée%%é%pﬁ%ﬁ‘f'??c'@f & 9’? The
magnet i c el efieghency-tagd ﬁudr&@a\fetlﬂkea@AGftags 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



the tag when it has been suitably nmagnetized by an accessory device, and

t hereby bl ocks the radio frequency response of the tag. Althogq?JﬁRgSﬁggags
have a certain utility) they still do not address the issues of f
security and identification. Radio frequency identification technol ogy has
been devel oped by a nunber of conpanies, including Mtorolal/lndala (see

U S. Patent Nunbers S, 378,880 and 5,565,84%)) Texas Instrunments (see U S.
Pat ent Nunbers 5, 347,280 . and 5, S41, 604), M kron/ Phili, Sem conduct or s,
Single Chip Syst BVEOWEEREAR a6 thatsipliles amaaippmineucu aving ahéce, apdpgigacvasion

5, 09S, 362; 5, 296irfcdt, TR dadtivAion ciftdil yespondd tRa (chedergi lipRAR, Maactiveaid bpunbers 0

494 114 A2; 0 58S5.132 Al. 0,598 .624 Al : and 0 61S 28 ) M e U S
atent Nimbers 5 AFHEs»Slass indbicsiods ot g bnsGhts gyt s do bl te gy sheifs
Sensormati ¢ El ectitenns,Qlerdby denctivating thiathg NAlthbligh uSefil 26 s3mMd Jpplicktiesahé ags al |
attenpt to provide renpte identifi.cation w thou he. need for a battery.
They operate at F?péﬂﬁgﬁigf%tgg &'gﬁ?&f‘fd&ﬁ r:l°3fﬁt\é\fz§aﬁﬁ§‘ éegnﬁgﬁ@%?r Ui | ower
frequency tags ( whizbcdGldzchusatie tagno becaine hefivir@Riniiteatidnallyo shi el di ng, but have
only imted radio frequency functionality due to bandwi dth constraints. In

particul ar, systens based on these markers generally operate reliably only
when a single tag is RadiotfiequencytbikS tegyaf the type dispboset in &.S. iPatent Nohé,§45%4030 tend to

be relatively bu iV . i i es)
(typi cal 1y 15. 5o Cpuag & LRRRM.Shebs URRH Bl Wafpe b8l b RRHERS

avai | abl e has peiheitagwdign it hes bgensuitablymmanetiedd by gacesssornirvish ané therebs blegks v
process multiple p L I i I f time.
T 1o highly qusrim ubfreghilor Mofl AMKEEifes Rushd0e BTGNS com
of the tag desi gl dedrotaddress the igspsd enbancpdsepisity anfl identifisptionj nexpensi ve to
manuf acture and therefore nore attractive to a custoner. However, these

hi gher frequency devices share to varyi rz)gqg?egrees the susceptibility to

13 FCB rQC3 -4 shi diadiodgausnyddsaificetion schnoley s been devriaped Biamimogiiyi de t he

f;i gh ltﬁve:c of S?Qb&ﬁ]iahx)és,dﬂﬁ&ﬂgiﬂdt_oit'dlhllﬁa@dli(@éegl.sm’ﬁﬂeﬁt%ﬁﬂb&@Sﬁz‘S,Mhn&S a Iim) ary
rom t he foregoi sign, it sho e ¢l ear e re a nunber
of applicati ogs gg’ﬁg%ﬁ%ﬁé&?‘ﬁ"ﬂ”&éﬁe%‘g Pétﬁ'i}ﬂ”@ﬁ%%p‘?’%sh aWLﬁ?:‘ﬂ’(’?@e identity
of the tagged i t Mikros/PhilifsSemiasriductérarSinglealiipl Systerid({dee UPSL[Hateateuntiers\WO 99/ 05660,
publ i shed Febr uary, ! i ) i.nt t l.nc.,

descri bes an invéﬁ#@?"yﬁg’i%gﬁr@%%u@?ﬁgﬂ3*?9‘?’?:%@3%9%9%%ﬁlgsgegﬁ%%" preferred
embodi ment descr idbashentmembirs0 €318 € AR 0686 432 Al 058%:623f A IRBid TP I5288APIN | i brary
materials, which e 000 PGy SRRKE AU BUOTR 533 bot. B o b §iAHQ8Rt i ng the

y of "t ] wever, a nu

RFID tag to determne the identli € materral. er of
i nportant or desiSenspmati¢ Elpgtepnigs (see LbS.PatentiNoy &6255374). f Thessithgsall attempiion t hat are

not described or a0 fdloRddnfifchiih wifi6H tRURtd 163 afl ﬁég‘}{*sﬁa& GF THE
1T1VENTI ON The prpesent i nv,er?ti 0F1 rw‘e@at es to RF [a) é(}%'w cés, | ﬁcl udi ng

handhel d RF1D deiegueacies sanging fipm il $xKiniea 45 §itzs Totlowenfeguency gl dé¥i ces and

appl i cations nay xg) Mg adddratelf REAERE td MRkIdME (bl RS8Ry fhRE rdiraaeeri ated with
an RFlI |~ tag, and OE‘tE‘I on@fl y. a . magnetic Security ‘el enment. The devi ces and
appl i cations ar e fEdquplithdis 1 panfwidth consraints, Inparighaswatempbasqdipnahese mat eri al s

such as books) pefarieeligemeraily operete i8Iy Rhlly whahin@Rlighain 1B RteRogatidi Wfie at a

applications for the _present. inventiqgn are al so envisioped. )
PP time. They also tend to erelatnvgy bu amiJl expensive to manutacture. At higher

frequencies, (typically 13.56 MHz, 915 MHz, and 2.45 GHz), the added bandwidth
available has permitted the development of systems which can reliably process multiple
tags in the interrogation zone in a short period of time. This is highly desirable for many
product applications. In addition, some of the tag designs hold the promise of being
relatively inexpensive to manufacture and therefore more attractive to a customer.

However, these higher frequency devices share to varying degrees the susceptibility to



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is desc‘r$prBi'm[}3
greater detail with reference to the attached Figures, in which Yike
nunbers represent |ike structure tlvoughout the several views, and in which
tags; Figures | A and 1B are schematic illustrations of radi o frequency
identification Figure 2 is a schematic %f a second enbodi nent of a radio
frequency identification tag; Figure 3 1S a schematic top view of a

conbi nation tag;,. Figure 4 is bl ock di agram of an RFID jnterrogation
System i nt er BEkiRg dieisedsarier . ey cannpgprepde the Bigh JvekfgERBY 5. 6, 7, and
8 are il ustr@hiies imdenaiafialonORudhag s ike@eOr ding to the present invention;
and Figures 9, 10, 11, 12) 13, and 14 are illustrations of various

enbodi nents of the
From the foregoing discussion, it should be clear that there are a number of

applications for RFID tags in various environments in which the identity of the tagged
item is important. For example, PCT Publication WO 99/05660, published February 4,
1999 and assigned to Checkpoint Systems, Inc., describes an inventory system using
articles with RFID tags. The preferred embodiment described therein contemplates the
use of RFID tags in library materials, which may then be checked out automatically by
interrogating the RFID tag to determine t.he identify of the material. However, a number
of important or desirable library or other inventory functions remain that are not

described or suggested in the ‘660 publication.

SUMMARY OF THE INVENTION

The present invention relates to RFID devices, including handheld RFID devices,
and applications 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 a radio frequency
identification tag;

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

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



present rnventron. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The enbodi nents of
the present invention dcscnbed herein nake use of RFID tags, and preferably
of conbi nati on RF1D/ magnetic security tags. Tags of this type wédeFEB zgcg
disclosed in U S. Application Serial Nunber 09/093, 120, filed June 8, 1998
and entitled "ldentification Tag Wth Enifanced Security,” which was
assigned to the assignee of the present invention and was incorporated by
reference into theFigufes SpQl, bmbd dreilluftradonsvdficombibdiien pige aentdimgaplthecat i on
clainms priorit A .detail ed description of the nmagnetic, RF1D, and

conbi nation t AGECHIBYEN: ¥hj unction with the embodi ments of the present
invention is descriF@eksioni5eeti20m, kid Ridr®WustAfienstdTQarfiub eflbsdRnés ¢ffthe he
present invention are then set forth in detail in Section li, below. |. T~s
and El enents FRI$SEURENO Enbodi ments of the Present Invention A tag used
with the enbodinents of the invention described in Section 1I, below) may

i ncorporate both object identification and effective securi ty in a single
devi ce. They &E@L&W@MMMW is responsive to a magnetic
interrogation signahe edbtshiRdhtEreREIMserdt RAkndoh d'&&%@&ﬂﬁke\(@m&l& Re bARKID
frequency interrogation signal |In one enbodi nent) t

magnet i cal | y- rtegsp@dgreferady eheambinglirRIPGnaenes spmwnyerﬁas plghistype radi o
frequency-r espons kiNgosel Fﬁff?@tA?pT Qﬁao&%FﬁHlNﬁﬁ‘qﬁé}%ﬁdﬁ‘%zo fﬁ?e%f}?ne:t ﬁgédﬁﬁxdcont ext
of the present 1nvention e el enent provides’intellidi

i nformati on wreanitles Er}cenfioeuort bagaWitlapihaogsd iSatueity, hwvbich wepassipreditp dled. The

i ndi vi dual el r f scription of
a conbi nati one"tgg e %ﬁ:@g&g@g%ﬁgn gdgp%trsg%tg}pg o bgné)@%ﬁnéﬁiéstﬁe‘?%t he present
i nvention desapplisation fronswbich gre prgsent bmhowonwhyns pmiotityd é ddtailed desanptRppf 17

el enent al one, : i | curity
el emrent. A Thﬂéé) ﬁeclc’)%gﬁ ,ﬁ%h%@g%ﬁaﬁngﬁbg Y:%geﬁ'ecngﬁ %gﬂ%h%{%ﬁweﬁﬁ Z’gponm ve
el enent is prahepratehyinymtien sfdesribedun Sxstiorcl, belowoand ¢he dmbghmpetts wéélbl lity
ferromagnetic r. r-' the strips sold by ~
3 FES ~QC3 -6 "?%r“ﬂlvﬁk‘ﬁ}r‘n@s"o?‘pmﬁf o E\JA‘R ’F‘%ﬁﬁd" #C“Bﬁ E"?E”%‘S” ‘Company of St. Paul,

M nnesota (3M under the deS| gnatl on TATTLE- TAPET"" " brand strips. These
strips, or marlker AS S i . S assigned to
3M including TS , U806 (Peterson),

t he contents of V\/mActIag aseéwmhchﬁqmmodutneuis biytheerﬁlememdescmmdem Bectibx npdew,y | ow
oer ol e o C ey hARRL BRRRLLL en RASQTRE DAL G HRLEL Ll SndhdRlelerig ! | 0¥
(a nickel/iron all? an pertormance anor ﬁ <Geh'8E those
avail abl e fr orpréfheblﬁhﬂclued& gemdnt ﬂiem)a:sgons)f/e M:nrm&gheanmeWgaunniegnaﬂ tand

desi gnati ons I\E/Il;,;tegl as tg7(lDSST and e gada}) o 714CA tThe Jregn gal Ié/ responsive
el enent may bé &ITH Pgre %‘f afd Ty LTt E o "R% on the nature
of the articl eambbmhwwhlhe hwagmmlyeemmtswbslemsmaabatoerdieifmb am)emaﬁbrahe rdibt ai n

ref erence boo in libraries are{‘ e rempved fr mth rary, and
e anor o o teahdhou RV BsBET, MR ear e e b 1 dellpat o o o
whet her such gpré&emkinvemionethaivhe Hbrﬁen&ﬂ’omﬂéﬁhﬂ’emgﬂklnﬁ'&n?aﬁﬁ@whéﬂtdTlBJI’ecl&Hoiaﬁl es,

such as comon library materi cqmuer cj al ire a

dual - st at us WR@P"%&E‘&WE?‘”"?@@ &5 &HHEE ltel?g‘e%% ?TC%F%?" “Hg’gtfj? Yor oper | y
processed t he foRivedby Ad¥schftichiTa @ahbimtioh Vagd A@GHIl beRbel appardat, @eent det ecti on
by the interrogation source. Dual status _tunctionali té is generally

provi ded t hr ouiRodiments atfie prssent investion deseribed in Sectigndf. belows Y inclypdeitiffet i ¢

material in praRrmb e¥mbR ddie, draWohBifdivh bF iVRIETBEMG chCandBlRighélc se@giydescr i bed
bel ow and in tpe Ptet erson patent iIncorporated by reference above.
cliemen

A. The Magnetically-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 sold by



Certain magnetically-responsive el enents have the ability to sw §chRER 2003
magnetic orientation rapidly when passed through a | ow frequency
alternating magnetic field (50 Hz to 100 KHz, for exanple), and to prQduce
a predeterm ned characteristic response that nay be detected by the
receiving coils of a detector. The switching function of the marker
assenbly is controlled by the nmagneti zation state of the high coercive

force el ement e e eI e
magneti zed, 1@%@#5?0‘&{ ﬁﬂﬁg @Hz\ﬁraﬁ’g};agtg?"gy&] onvrpa%(gftsbﬁcﬁl F (t‘%{ts?‘@a%ﬁgand forth
within the aIthedmngnmgmr‘fﬁ@ﬂ@LEéMﬂEM’dbmﬁd ftie. irhéselsmpga)t markerza:smmtﬂn& al tered,

demagnet | zed. s SO IRV PR RS AGE] EoPtcRE e S A PURGC IO enabl i ng

t Ihe interr ogqtcbmng)smusczg7 086 gve]te]?@h) iHéQoﬁlEnﬁ§@fWﬁcthrT( tnb@pmtreyh refeFice keepeg
el enents may ovidea, i n | erentwas S nown, In the. art. ~
F~a ac3 The HP&WE rgmﬂvycmveafp% h'ataeﬁ'&éblﬁtaﬁegq%wﬁ mgigal ar"ctaet h sides

thereof, to qrARIBY (IWGck¥RrdLAlo))OatdnidhPRAEhah& a%obmlss%al@m%s fotd Cl e. The

adhesi ve | ayers be covere rennvable liner) to prevent adhesion
6%!'%

of the nar keravv?sbl&rfromﬁhﬁﬁanél%anaé 1y 9 Masristewn, Apridenthe designgianhe i nt ended
surface. Theq@e@ggzﬁsmagndfm&%w@ﬁmgf the marker assenbly are described in
the U S. Patent Nos 5 (Fearon), 5,083,112 (Piotrowski), and

5,331, 313 (Koning), all incorporated by reference above. Because | ow
frequency magnet i englgaRntyPEspbid nf Be Siref Lif from
detection, they may begqgffe%t|S\B$e£y‘,§l(jisebeﬁ%ongaevx}§ én\/%l'tér%tzghéjorsd?hl%ta%s when
security is idepradingien the natuseieff the @rnylewnbwhmwet@bmmawsm@d Fand reacti vat ed
IO, Sopvent obbite, iRl AlBlol nodath ERRALE bbb AHIRS Ko hedRRROUANO 01 NeT
EAS technol ogl es, mnore suitable for use In certaln applications
(such as I|bﬂMla@g)glqm%u%(npmdglcnwwmmcﬁmmdd alwaysiindidate whether aishe. B. The
Radi o Freque | ve I r ive or

passi v, - an- oy PR ¥ o EHREh o BUPRSEERAT BIRTAR Y20k as a
battery, intmatéralstaagomoersial grods, oy réduirsa duskstgips mdaeczesqnwym;d thataghenve RFI D
tags to crea I 1,Qns where
the i nterr ogis aads birtaahrbydly RS LERERRAS, bR R bAh RIS RETD
tag can be dereveniaiitestonhysht wtermogaige sourendivel statsfenatighaityi iv géngralinor t
lifetime of t t f ddition, the
battery ad dstpP(?aneﬁ lnr%ﬂ 1tité dnadﬁﬁon o??ecﬂgxg o'fl'u%lk cgeA(? Vit xp aﬁ,\létﬂ?wgiéérge?fl ves the
ener gy neede@erm)mhe lbbve:omag'ltf magnetitimatieri], GIIS de@abadrbglowaidd o the equency

field, and u sponse codes by nodul ating the

i rrpedance thz)%gen%on%hem?go Or{tgd t%fr%{lﬁghal artf gerrogatl ng field, thereby

nodul ating the signal reerct ed back to the reader antenna . Thus, their
range is nore |i assive tags, ar I r

appl i cati ons, thgb%ggtﬁpg ee?gas"?' ?Sﬁ%"s Fé’%us’g? l(’)ar‘fe\;ﬁ‘vlela ?{ﬁo gﬂ'gﬁo this
class of tag onfxttm rs;kdlytwtadn passddhhroaglta)lotv(ﬁ\wcy almmatmgrmgogruﬁcki (Ghat these

two types of nd t hat with this
i nvention. Aﬁl a‘ﬁé\%’ﬁ&?‘rﬁ f@f‘lfré’ a"§ °p%{8(§1°%P?@‘%ﬁf@'@?éﬁtﬁ%“ﬁ%&?"t'é%";%’é‘?fs| ve

el enent 10 t yimt o;y by détextddigabe temvnmg)asqﬂmatetﬁe&moanThe“ﬁvaghmg fadctonrof thet 12 and
an antenna 14, Theln rate Lreuit rov:des t r entification
function. It "% c‘t’ﬁ%fs'g‘t’%%f%’{t}éatfg%%  SABLIF] SPlS Or}%fg"ql—‘ e'¥wﬁ3§>

per manent | y slefiestst dr&kéeper dldill&mtsl”f What thess kadper edéhents alemagnatived, thmihﬂnyrat i on,
interpret and ﬁ\gocekss commn d fromtg %nterro ation, hﬁl war e,
respond to r QftEdRar °Irb°rmFEH‘FB fw' ‘ij‘at‘ﬂ&'thﬁt* ¥ thg alfegpating mpgngtieied ¢ e
har dware in Ibeﬂﬁhmrﬂﬂ@aﬁ@ﬂidnb@staﬁeﬂ’e@&ldﬂ ltulemgma‘erl SPicani it hdildetettagsWhasmenm ng io
i nterrogation si t aneou ona , the jnt e it. nay

provi de for B?P&fFﬁ‘Qe’t‘snaéeaﬂ%/%f‘%F » &R g éﬁi‘qgﬁmipﬁgg'ﬁb‘}tﬁ k‘\" te) as
opposed to | ¢adblih@aedifdrdghor dame mdt&f‘th@khtes&tf:@@iqh@ﬂhr]@r ﬁhakaaenat ed
circuits suitable for use in mar ker s i ncl ude those available from
Texas | nst r ugiSHmests may be W@i"\dedl'lnlﬂt@"ﬁ‘t waysgasiig knopdn e atr oduct s)) Philips (in
their I-Code, Mfare and Hitag |line of products), Mdtorola/lndala, and
Single Chip Systens, anong others. The antenna geonetry and properties
depend on the desired operating frequency of the RFID portion of the tag.
For exanple, 2 45 GHz (or simlar) RFID tags would typically include a

di pol e antenna) such as the linear dipole antennas 4a shown in Figure 1 A
or the fol ded di pole antennas 14a shown attached to the radi o frequency
responsive elenment 1 Ga in Figure 1 B. A 13.56 MHz (or simlar) RF1D tag
woul d use a spiral or coil antenna 14b, as shown attached to the radio
frequency responsive elenent 10b in Figure 2. In either ease) the antenna
14 |nt er cepts the rad| o frequency energy rad| at ed by an |nt errogatl on



13 FEB ~uG3 -9 from for exanple, reference texts such as J D Kraus)
Antennas (2d ed. 1988, McGawH ||, Inc., New York) A capacitor }J 5ffB qgggan
i ncluded to increase the perfornance of the mar ker, as shown in Figure

The capacitor 1 G when present, tunes the operating frequency of the tag
to a particular value This is desirable fior obtaining maxi num operating
range and insuring conpliance with regul atory requirenents. The capacitor

may either be a diwm&eer@@ﬁmlpmy,als@snciuaé gihesecsh dndtod bbtheidesthe@esiatoas
descri bed below, In sone articularly tags desig oper at e

S,
at very high FRBGHRERAES t°§eéwda%9 @E@lﬁ‘hefa?”ﬂ%‘hl g hﬁ&é.‘%ﬁﬂ@y ot
required The @&Q%'b&grreh&aﬂ%lhﬁ&tt%%ré\@mtalaﬁésronw&@ nﬁﬂ&épll@gx UnfudnB& 1 nduct ance
provided by the anténna, the resonant frequenc e conposite structure,
given by. 1 1 sigfage-prior|to appliatiowic-the aerdd a!ﬁf@@ (Ii};lﬁseliaaﬂ@&@) feptuees pHifitict ance (i n
|-lenries) cl Qéﬁcleé’as%tﬁgﬁé d%&ﬁyeﬁ%ﬂh"egﬁs %;‘% Ald19, 7b6 6%@%%@05 ofNA2RFI D
y al so be or

system The capacitor stri ut ed capaci §’dedcribed in
U. S Pat ent No€Piotoveh8, aiie, 31413 (Feaning), a)l ingngpornted 1@ refBugngeRpYe. et al . ), which
are assigned to 3M Distributed capacitance is desirable to reduce tag
size, particularly thickness, and to mnimze nmanual assenbly. In
operation, as shovﬁedameﬂb\glﬁnqyemy nodgeeticattments Déﬂpiseym@rc éﬁ"pohnmi shigldtfeogn | 10 i s
i nt errogated e&l nErﬁS saeclyeréﬂ%é{wﬁgu g 100 Wht ltS t csacluln ocat ed near
the point at & g efrAVEE Uisd CRdnTiorEgY oRitemY, er"r gati'on zone may
be establi shedn;iwytaml anndrgucmpa:epnla)dmmmvamd paneicivated mese cohenientlyf s from t he
roomin which th d artlc es_are t ed) carrying
items to be r’rﬁ?ﬂ“ﬁ%‘?'a (SFpef"ﬁ%yIqaﬂglarklgﬁﬁ@pﬁ’é'l"ﬁo fgé§??fﬁmg tiyt:'aglm}‘?ay al so be
used. An int euireﬁgﬂmb@mtabwmse th@2ri4ih ypplicailohy/(shohalks tibkiari€s) avhete kthiee osci | | at or

and an arrplifi&r% is.c.o?{{)g}\ﬁé to an antenna 104 (sonetinmes described as a
field coil) f&Pr{eRisuss IRl t ernating radio frequency field, or

interrogation signal, in the interrogation zone. The system 100 al so
i ncl udes an antenn 1 Lu ~3,-10 for receiving a signal (shown as
antenna | 04, and s®1 o ivsRegnansive Elemert ng coil) and detector 106

for processing si gREICStags &dbe eid\ebé’ct{fva@spahd'bet Re adiive @dglif@atdraes anone.
additional energy source, such as a battery, into the tag construction. This energy
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 to 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 to 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 two 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 circuitry to



The interrogation source 102 transmts an interrogation signal 223, ﬁ@ig&
may be selected within certain known frequency bands that are pr ef d‘\*'3
because they do not interfere with other applications, and because they
conply with applicable government regul ati ons. Wen the radio
frequency-responsi ve el enent receives aﬁ'interrogation signal it transmts
its own response code signal 202 that is received by the antenna 104 and
transnitted tPsTeRBeRtlytskre todag endifieptipn andoythes desialde infdrmationsisisrset anfl dent i f i es
the tag (typ'pqédelssycopﬁﬁgﬂjs 1R&kiveR FRNTRE i'rx%Fa}g i8h Reld 5're,are§é>3m)f6tr@ yelts £t her

menory device 108), and takes action

: , ' | on the code signal detected
Vari ous nodi finfoematiomby b intereogalor,asd psgistable lwéwa!mm@lwiwt@ reshlong of skil |

| ntorrogat | o EbieRRe S AR E LR SERIMAL ST RARIES, B8 i 15

ant enna 104 tiftegrated cirduitusayrpad adt. folvipdaing tiRFhOnbaigs sakeddn jor memate si gni fi cant

anount s of user .ac. i bl e no .SOmet L.es. i n e i'ox oi '~ ead-onl
menory or wi&ggéwﬂgei%sn%pr%wj%ﬁﬁg y%%?%‘“%?’t%?‘é%l%ﬁ ﬂfﬂ‘deq"ﬁll)i‘gf%ﬁ%atf?ser t he Y
ahility to rejpedtsadiapledpcat én RAD maEkos yiclbde thessnidilablg froimTegaThgmimentt r om a

di stance. The. a f nor. ovi ded can vary, and jnfluepces the size
and cost of ?Wé%ﬁ%gaf g%?"é,’b/ec‘ﬁji'pf"dﬁﬁgt PRpsdi ‘é‘%{( IFé‘.’dled{dE[}%.a" &ﬁ‘?&:‘ﬁ\el Y,

bet ween 128 Wifprodastsh, Sbrorblallsdaldf arddSirle mswm%@g ofefavi ded economical ly.
For exanple an RFI|~ tag avail able from Texas Instrunments of Dallas) Texas,
under the designation "Tag-it" provides 2S6 bits of user programrmabl e

nmenory in addi ti omhé ghtdnd® gbbhdiryQhd PRV defHBIoH @it deQfed oh&BTmeSHGlerdy t he
uni que tag serial_ nunber) version and manufacturing infornmation, and the

like. Sim | adfjhe REDRERISN ChPedititionpapier it PRE (erpmiboRiBAasctls of

Ei ndhoven, Neyhiamy #imge a ipgieanteflR, S854sIRAIHM Uipdie {iilRas B'sRWEFigdR4 bi ts of
user menory along with an additional 128 bits reserved for the

af or enent i onedh- Py hedoldsd dinplepraanssdra shpwn attached todbe wdisifisaeensefesRopsivay be
expl oi ted to £ARANMR i RgulRGB! O MPYOAHS (or &ihilad) RFID ¢Iduld G@lisgifel Sy St em

depl oyed, for exanple, in a library environment. Presently, libraries

i dentify iterf8ilByeanedibianghonn aipehied i thomdiodguenthiesrapiyueenert it inj er

contai ned i n fifirs2 NAERIAABask She!SRGnE M ARFESS 1R rFdid FEduRLdyQRerfRtaRRI By

i ncl udi ng software provided l)_ﬁ/ .13 FEa 2CG3 |ibrary automation vendors
(LAV sof t war € IngiFREaRONsopEce o s sigha) eneruy camignbath powgs gid comraands ©rihé s

per manent |y rra% Nf1RiaARAna RBIEShE RF-Fespohail €ALNAR 1 PRRED RhGR) MintiR¥elooped and
works very well in nanglieglﬁgl ications) it may have two di sadvantages. First,

a connect i on Poyef the IGF ershy RavidaIherespanss tohe detegtedy| Thepdbe t 0 access t he

i nformation. chira&eristitd dfShd dhendd Rlidt BOinhdeiied tethetsgs&‘em RfveHidrat i fRoMbRRdan item
is at a location renote froma connection to this database. Second, the

retrieval of InHresAsea tags opsraingtimibe pigh MijzdoiGHiz rangeatha gestimporiadhet i nes
require an u ] A0Gnk i . ' : j 1} heavy
use. By stor ?ﬁgﬁgg‘?sﬁgi%{hiri ti%:aepﬁglt‘g@g&%%e%%ﬁr\r’gﬁ ﬁggﬁs?hlgq%ﬁﬁa%bt ag,

bot h of thesdelested sodhataris clesariolgdalbwevelsogth oOmultiple alp wevelsngihof themat i on whi ch
coul d inprov : i I ifd ! . if present
onthe RE) D racresatSh BTG ke &ies Bi@hihe (RPN o3l VAR SUEH O 96, T

wi t hout acce dorexamplabeikase a hall Wavelpigth dritenmels impriactialydue dusize be qui ckly and
conveniently 1 i i I exanpl e
of informti é%g%ﬁée@etygg?@% B@ecg%h%{er%ﬁggﬁe a&%ﬁ ‘?‘é‘gl‘:ﬁ"?%ieﬁgﬁ ﬁé\/\'/gjlr}fB EP%%S code
desi gnati ng wnahdantenndhenili tForbathgntennb ks, gandvilaamalt capductivity isediieedt ape) a CD,
or sone ot her | i Q d, for ex | e 0 S dia type
code specifi él‘ %cglmt ﬁ%%%ﬁ%tagﬁa%?ﬁ&ﬁ}, TETChY lgé;BW%g’gbgg&?\ervﬁ%Pé:%argeavai | abl e
from the assiinphaiingahaghéiie metassich ad peoealiby, @re al@Byacteprabidiand ereyin faegwi ng t he
nmedia type, a Ifj bra}r 's materj.al rranagerreart .S sterTB coul d insure that an

i tem was bei MG ORTRASES ‘gfdﬂi? Ereuan 4t {ji2sA GEROMapR the By HEPSEEIca 9t and

i nconveni encehédelected U Liip Agtch thedinpddance iof the lastbhrad Fordadxamas enerdylth@kferexanpl es
of information suitable for incorporation into the RFID | abel will be

apparent to tMdiond infermation aboupanteanss is knqyp e thosgr f ordinardilbin ther 7 syst ens
of fer an advantage over barcode-based systens is in the identification of
multiple itens. By using sophisticated software algorithnms, RFID readers
and markers cooperate to insure that all itens in the reader’'s
interrogation zone are successfully identified without intervention by the
operator. This capability enabl es the devel opnent of nunerous usef ul
applications in the areas of inventory control, itemtracking, and sorting
that would be dif~rcult of inpossible to inplenment with barcode-based
identification systens. 1 3 FEf3 ~uC3 -12 C. The Conbi nati on TaQ As shown
in Figures 3 and 5 through 8, the conbination tag 20 conbi nes a




magneti cal |l y-responsi ve el enent wi sh an FtF-responsive el enent to provide

t he advantages of both. Thus, the two el enents can be appliediygszBq@, of
interest at the sane tine, thereby reducing cost. The conbination tag HG§
be provided with a pressure sensitive adhesive covered by a renovabl e

| i ner, which enables the conbination tagSo be adhered to a surface of the
article when the |iner has been renoved. In another enbodinent) the tag
uses the magnditong &bl example pefarsnoedexed sopfeast] RAKrars, Amewnanédfedr [ 38BSMcGrdive
frequency-res ive,el t. The magnetical l y-responsive el enent, when
used as an anﬁﬁﬁﬁﬁ??wg”gggctrically coupled to the radio
frequency-responsive elenent, and may or nay not al so be physically coupled

to the radi o frequency-responsive elenment. The conbi nati t ag, made
according to the p?‘e‘*‘é’é?ﬁm’f E@éﬁ%‘?"d?fz?‘ﬁjﬁg/mo’é‘”f*?‘?? gPIPB "é&cet‘\(’)\g’e\/%@‘éef’ %®irst, the
RFI D i nt er r ogahévaminFogtir€ . Weldapbclisral 6 RRdnQrése ROMBRGNe eBifing Seduendy@fuest and

recei ve codes fromthe i,rlﬁégbrat Pﬂ‘f Gircuit. This infornmation would indicate,
for exanple, (a8 Rnparticulanyvplug, Thys it grsirable fop pRiaipipg maiMpRIOPERRUNG TARES; S

associ ated, angd MgidpompiBcanii ffatb3FefBeRerdd ORRIchpacSGRHLRRG begcOoNd, a

magnetic interrogation CGeld would interrogate the tag to determ ne whet her
the nmagnetic pHcrEieRPMPPNent, o intagraiedrinty shecantenga Msscaéqdﬂ\?l@w- 1p spmtagmr ker
assenbly was L ALE i i u ponse,
Stch a5 a not (1 At Pesictfrl Maf RRAR) odfleatl 6y MR EhuRRAR Rk & LESPPY
processed. Bed3m e tunieg oapasier is sotiremuised ofwtcaragitords setecied sethas when coupled
shi el ding tha i I r i i rtion of
Che. combi nat | oa e e o e A an e Lo e AP oS U e of
bot h nmagneti c stmefwRFdITEbygs are conbined into a single conbination tag. In
a preferred enbodi ment, the conbination tag 'ge#udes a
magneti cal | yresponsi ve el enent that algpziuhﬁ.ﬂans as the antenna in the
circuitry of the radio frequency-responsi ¥@rgy&@ent. To serve both
functions, the ,antenna material nust exhibit | ow magnetic coercivity and
very hi gh magi@T% perneability (to serve as an efl'tcient security

el ement), and nodeicat eaphditatidedin Falaggt ri cal conductivity (to function as an
efficient antenna), In additdi'gﬂé the geonetry of the antenna nust be
conpatible with bott PEHEAMFHHIIE) hi's embodi ment, the antenna could, for
exanpl e, be fabricated from permall oy, an alloy of nickel and iron 13 FAQ
~~G3 -13 In on nbodinmept, a 3M"Tattl e-Tape' r'=" brand, ,security strip, or
ot her equi val é’ﬁﬂsgmﬁ’bﬁ 'Be desizgfnpprat qB%ﬂ%gg‘ae §§IDaSyF‘|eWeﬁ'° 8?%8‘% Mt enna
t(r)\' oEer ate ?t aﬁs_o‘bs a@d_zﬁboredaa;ﬁizilmrhadeé&ﬂbgminfw.sqmmmoi h,65_9b,e:7\®('1|'iit evalgt h and

t hi ckness of thi r re cted to match the particul ar operating
freduency and 8¢ EQ%E%{;‘” é&f‘eﬁ'gﬁq’f%§r%¥s'¥w “REMD é%r?%tqgscémcnwﬁ Scal ly, the
strip woul d belegadR tb FedGtensy 7| paculadly BHidkabs anll FOMInAnifiIRAl Bdemblyur ces

i ncluding Carpenter Specialty Alloys, Reading, PA under the trade nane
"HyMu80") or an anorphous alloy such as that available fromthe

Al l'i edSi gnal Conpamy offatityhlas sRbWAMIFighYE 4, e Ao ﬁé&ﬁerﬁ?—%sg@ﬂv_\e% 12§@5M and
its length woul d be between 6. 35 ané 16.5 cm (2 5 and 5 inches). The
terminal s of tHeTegeteddyap EASEpouaiyisystem L Whish sHyricadylocated Bren e PR #o t he
ends of the Sl thytap! 4rk B befthd@fibrel Cah iME&ARMRTBR rﬁa;DJe dsiRRAanse and power
gai n have established that such a nmagnetic strip provides the Sanme
fundament al elpasingispased dtection panelp aqrpss sheagxits fiem theppem inorhiell thertaggadh di pol e
ant ennas nor it WoP ' e ted to
per f or m bot hn%bﬁl%etsilégeﬁgcaggt Jliksafggt“\é Pf%ﬂg’%?%q% {92% 2@6‘&%@??&5&@% 'eiélglgflsi ve

el enent is usddldasteation desists muyralso bé usethe Anterogatidnaourch £02 (Gpically

frequency-responsive el eme two,.are electrical C each
ot her e ect  METNEC B1F R ey Mol Ei bl o S tnE SR Bnhe £o

bet ween mnul ti plescribédasarfieR] dod)sfostramemitting akiafemainSyadicoffequeney fibld, @bsence of a
physi cal connection, by npncontact electro netic coupli (as_shown in
Bl gures 6, 7. MigoRsion N ARe iroBBiap oy DA IR0l 410 edes PR p | ng,

capacitive coupling, or inductive coupling, and use such antenna conponents
as parasitic antenna elenents, reflector and director antennas) Yagi-Uda
antennas, or other suitable antenna configurations. The conbination tag
shown in Figure 3 includes coil turns nmade from magnetic material. The tag
could be, for exanple) a 13.56 MHz tag having an antenna structure such as
14c in which flux collectors are provided at the corners to inprove the
magnetic function of the tag. Other types of flux collectors may be

provi ded. The conbination tag 20 shown in Figure 5 includes a physical
connecti on between the antenna 22, which is nmade of magnetical |l y-responsive
material, and the integrated circuit 12. One or nore keeper elenents or the



13 FEQ iuG3 -14 may be applied to the magnetically-responsive material, so
that it may be selectively activated and deactivated to providdg 3 F:[L[;alngg
status tag. The antenna 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 thel!%ipole antenna by parasitic dipole
coupling to provide a conbination tag 20a. The dipol e antenna 23 may
conpri se ei t Herregiingt signsl (showreasaniernal4,rmad spmetimepdescribed as a receiving

non- magnet i cal v [ L& al) o Bl gur - 811

enbodi nment s iacr?hm??%{égrr@?g@ﬂﬁg%ﬁ%@aﬁn@%%&dg%dh?ag?'c?\%lh%l#g{cfprt%g&g#’ggr{efi cally
couple with antennas 23b and 23c, respectively. In the conbination tag 20b

shown in Figure 7,.integrated circuit |2 includes.di pol nt enna 23b, which
's parasi tically dBEMERERISTIRTsn[Brosht A ERRLTSE 200 WaHLy

magnet i cal | y-beedpaedswitin tarfaidrkinadvn fraqidndyidh i3 niees hrepodlerred\betssawheledoafot
magneti cal | yresponsi.ye material. In the conbination ta 0c shown in Figure
8, a radio fr"é‘ﬁ'@‘“éﬁ é’%bﬁ’é’[’%o’é‘k ﬂﬁé’ﬁ‘faub"f‘gﬂfé’ p‘?é'ng"’r%gﬁ‘ig]ieﬁoﬁ”&ﬁ"é 2 s
parasitical | feglatiohs.i Waed tie 0idHeqéentyRresitn i @émeAl feceiidaff iéfogdidsn are nmade
of magnetical | y-responsive material, and antennas) 23¢c nmay be nmade of

3 y
magnet i cal | y-SEBYPORAISRES ieaverTesponsecpifeyenyldle dhat Briccetyrd pywS aneMBAl! ment s are
easily desi gngg urlfi@etab dbikctbiMos K TS 8ot QlorldBSdEOMPleRtink O Mehtitks B2Qay d be as
smal | as possible, to enable the tag to be inconspicuously placed an or in
an article. Hbpicalysbasedeon infaematige stpigyd inpecoapier ecothgr mememndeico d08Hetndeen t he
pates of a bagles ;&R taledon 1HE34E idudnoliarloRl B GO RGO P event
easy detection [‘;)f/ observing tne %ﬁép"égeg‘fﬁ?@g%% : ogoﬁi%z\i/teoﬁ’g?fotnafn ' Cs may be
appr oxi mat el ysyQers arerkno@n o2thpse)of skill wikhe aanidcluding, & examile, usingteperse of t he tag
is preferably, ; : ' abinat | s of this
i nvention naym%%rf%'}\}?gg%"?%&ro gﬁ&%olg%ﬁn%@gﬁg‘gﬁeﬁtg %ﬁlg%t%gn%tsg\ggs equenti al
appl i cati on @ntepnad]Ofithiatad illustrigged-t 0 articles. This general systemis
described in, for exanple, PCT Publication No WD 97/36270 (DeVale et al.)
| ndi vi dual conbination tags, one or nore surfaces of which may be covered
by an adhesive (sMddessRIADprasabsopwvilesighifi¢aparsaihtsof yss) accasiplegremasyoved from
the roll and gpekh&d, PELYWGEH, LWL [ - Dook [ i ngl A page
spr eader nay be _f)r%vrgeé t]o”feaa\gﬁnptanl;t%’zjrﬂ{s‘grr"tp fagér% %ﬁ%e‘?%@%’%ipﬁgtr% t ag)
and ot her optdfigring hawber sl abiblydorepedteriyetdeicttha memqopby temvoitingits soaren§us
conponents i . e i ~3 - . i nation
Cag 5 bel | ews F GRRIE ThER o PEn AR pRYIUEF Ehn o, e HoaP AR, 12
processi ng ofcoptidftherigtepratee rircait portion bf zwRFTRdage r Tyalcaliyhbetveep 1328 biFaD t ag of
this type coud he £BE5K i . j | AR thout human
assi stance. That Qfeg ﬁ:]egrgn% g?%ﬁé%ﬂ%ngﬂ?g%t}?%gﬁ 3‘/’3}3% checKed out to a
particul ar peveitahlefiomoTexas/Insinmmeatsiof Pallze TemasRmder the destgosiansi ‘Tegd” wi t h her
|'i brary card) . S N zone, and
checked back plrér{]‘{t?%gﬁgp ﬁdg&%ge? P Bo%?a?rgﬁglﬁli%&gﬂgiﬁgé‘q@@rtéﬁgﬁ g\ﬁ“ﬁﬁ%ﬁr‘tghprmt erials.
The tag of t lreserveddortiieons suvhys the suiqestsg sriali nomberyemtior andmmanagemerg  and
anal ysis, by. i l,i,,.brar ye.adm ni tors t ePpt.f: of ials
i nst ant aneou§ﬁ§ﬁggﬁlgﬂ’gagﬁlttl¥%rlllgéuss'r"gmyﬁnzlyerﬁéﬁ%av&l%leer ?’gg}t‘lﬁlp%(egs%mbﬁongﬁteog{ nvention
can, of cour s EindaovenpNehdrlands, bhderthodesighdion “hpded” padviden3y4 susofives nateri al s
handling in stores,, warehouses., ang the lik [.,n _anot her odi rent) t he
conbi nat i on tREUHALEE Bﬁ}b(’ﬂ “tﬁ'@'&ﬁ@ﬂ&‘i“ﬁﬁf&”ﬁi@k&? afoﬁ?r%‘?”ﬁ%’feggﬁ’e%{rﬁ t hr ough a
magnet i ¢ respafoasationndi cati ng whet her the nagnetic features of the tag had
been activated or deactivated) and through a radi o freduency response
(i ndicating, through the use of appropriate software, whether the database
or the _mermlry on g u?ég:h&e%]lﬂd}?éx?cfﬂnﬁy BJWGEX ecltth&tmﬁmb@ghgbamm&_ a e][aeanh
appropriately pr.Qcessed). e foll ow ng Exanpl es provi de st urt her
i nf or mat i on d&cR\’ ?wﬁ&atwé@@lcmsdéalom @ﬁ@‘%@@iaﬂgﬁ%e’\’.‘!fmwt'i G¥ALY on
described in jippeies Rentifyl kenRy @¥nning an optical barcode. The unique identifier contained

in this barcode is used to access a circulation database including software provided by



Exanpl e One A conbination tag was nmade in accordance with the present
invention A permalloy strip produced froman alloy available fromthe

Car pent er Technol ogy Corporation of Reading, Pennsylvania undet 3t heB 203
designation "HyMi80" was attached to a test fixture nmanufactured by Single
Chip Systems (SCS) of San Diego, Califorhia. The strip neasured
approximately 1.6 nm (0.62S in) wi de by 0.0254 nm (0.00l in) thick by 10.1
G cm (4 in) | dihegry aprenatien vendprg (¥ seftyyase)s whefe bregextengivriafosmaog abouss g - j z
ant enna conne : I THhe: i j upon
xposure o o bipntEpfateafl Auifes FRRIARKREonl 48 pEASI I SR AE) LPD" g
t he LED woul d vgirlswerypradhin diamgapphcationsgdinay baveitwo tibadvaooages.r Fiest.iaon of t he
proper operation of th 0 receivin rti.gn .of . the devi.c n
repl aci ng the 9 "aegta)é'rt%ﬁ@%gx\lg;rﬂo@%%gba\?ﬁ 'gﬁspt% REME “@°9‘°~@§°%&%“‘-%E’€H§‘?ot ot ype
per mal | oy ant erhisdimits the akdtdabilitylofi the mddrevti@t whdnpan dxh edt @ lgcatidveresiaredromiael d

strength, confirmng.the successful ;operation.of the prototype. .Exanple Two
i gure 3111 uPPErED o GABRE St i e Ar iriion ek be PR eved
useful with ad&?bﬁ@c%&mﬁﬁﬂ@r&@%}e@rﬂunaé\iepiahliyﬂionfgrtiﬁﬂ,uﬁiﬂlwh larl@d?@iﬁpeﬁydiefagt fenna
geonetry is preferredq, The spiral tyrns conprising t i r or me rom
a magnetic al %*grwe&%rfa%orbléﬁ ' wlfﬂétff%gﬁ%ﬂ%*eagv H@‘?%Fﬁﬁm @%}ﬁOf)r

chem cal ), di ehdgekirhitafigns cah béleResIel on t hrough a mask. The straight "atnf
portions of the coil serve also as the magnetically responsive elenents in
this design. However, the reduced length of these netallic elenents in this

geometry limts t h@n@é%ﬁ?kio‘(’ﬁnﬂﬁﬁ§tidﬂfwtﬁéﬂecoﬂiﬁgrﬁﬁrbi/ecth§S&HfrhwceB% kbt Of the
device. In the enbodi nen l'ux col |l ection elenents

Thoc shown in Figure 3, f . on ele
provi ded at th@"@ﬁfﬁm%Sth@M@fﬁé@rﬁ)"&adgﬁDtteﬁ itsalé wawld &p A Libient identificayorer cone
this limtati QQmbefNeh&ORRhddGLd R b N BLOURE, B0 JH & fleab! Y,
i ncl ude a capaclinteo'r as’ prev#qugfg&%aeg\gﬁsgeqa ltltmglsl)t ﬁ?\@e mgrg%%rat?i(ﬁﬁ Prequency
of the ant ennand epnvénieny determiingd &ty sinmply seanping the RFLP dnhele dnpthiehexample of
characteristig : RP#FLal ' I .conpared with
t he charact erﬁ@?%g&lﬁfé{}h@kﬂ&%ﬂ? grgﬁ\as ftgkn?eg@i' om?géga&qégggy nﬁ{ngbr at ed
circuits, and vwethentheitennwsea vk avdentaps acaidiveare, & CHi, basomeidther gemel | eved
that the ante i S e £i.on e .y o uch an
application. ?‘ﬁ% cgéfbgggfldh@ﬁté’g‘q@e‘ f(\ﬁ% n%e?%mgﬁﬁ@% :tyr?\%%gi sg%% gs’%‘rhlegléﬁ bel ow may
use either a tStapdivdnterghanpé BroamgolRFhibh is lerilebie fromthecassgebiofidie iprsent ag) bot h of
whi ch are desg[ ] b 1 Enbodi ments..of the., Present .l.n t A RFID
Device with l\/g'(e‘)ﬁ@%g'cg&g%’ﬁgi%lw FEO&"‘ e%réqﬁcgaetyﬁﬁla bfa%gmﬁtﬁvhb"\e/a%g%}ngﬂded ei t her
i ntentional | y systemsbwltl @1strie diahih ipenbwascbelnglapproyriqody processedtwithsutohdueimgi npor t ant
to provide bo I n netic securit | enent.s i n.the ged library
material) pr e]E“EerJagglV )E/)n dgiﬁgq"ﬁg s"g?r%fccto rz'asélﬁm%\ﬁé%m(f?%%'mﬁ%é?\"e‘h‘%)asscecchkﬁ?qt y elenent is
dual status) reauplagf infognaticn snigablelfer is@irmeitionddty the®HAID ddbeldwidiibd appasot | vat ed)
its status istct) iec lI(}/inci{geaan ed by the application of a nagnetic field to
that el enent. E;ﬁse P28 1% ‘operations such as this have no effect on
library materials such

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

implement with barcode-based identification systems.



1 3 F~f3 ~~C3 as books and magazi nes, but can have harnful effects on
magneti cal | y-recorded nedia. The inventive RF1D device with rrﬁgngté'gc,\n
capabilities solves such problens, preferably w thout any invbPv néUCBy
library stafi' menbers. As shown in Figure 9, an RFID device is equipped to
read information froman RFID tag on an-i2tem such as a patron card, book,
or other material. Preferably, the information read fromthe RFID tag

i ncl udes a desi gndt. dhe Gombigation Teg pe (magnetic, print, or optical, for
exanpl e)) which ca i (o) . Sk rocessi ng of
the item The RFi rf{QS dﬁ‘g}”@‘eﬁ%‘}’gﬁ js%%g(r:fﬁfo%gﬁ%q%cfgﬁl%ﬁ@@a?%%?&gngc pags the coil,
desi gned t o emagletcdlpeespartsive alemem vathchn REaresponsivieietemeof totphwvidedieur i t y el enent
portion of the itemtag. er.the ItFID device.reads.the.RFLD t t he
Flovi ca 't r ansnivaMeRs of b, 1B Pebresh SRPOmRLE B renar B A B ot ng
sof t war e proviadrdintey thareby fedadilyg @isf. OIma coibinalion thg may ®e ptoAided Al A Gressure

approxi mately 5Q.current LAV software systens are "Dynix," which is

avai | abl e fr offPites3dpestys cpyssFdina rS@PYﬁbEg’cho‘f’mﬁf?i\?Blfs spmbinapon g [ ke \hi ch
is avail abl e {dhersd t\Rburfaoé PRKAAiOE whtn HEMELTas b6 remaetd, 1RfdthePRA, " W uch is
available fromDRA, of St. Louis) Mssouri. There are a nunber of ways to

transmt the $PHOSIMSEitoiagBicathsderepstiGrily drsprasivD elemgnicas ab penpafer diest em  One
woul d i nvol veradidi fguéndf rspEnIRe eRmbMP T8ERitestallyrebdtRsiddbiShan ddesludedt €r change

Protocol (SIP). Another would invaolve using an electronic devi ce known as a
"wedge" to trfedntenta B detgply-cqupledhtodle rmdio frequspeygiespande dlemspt and may
conventional QahaOde aRE BEPISEicall) RESHeddD the RhdAEH ReQURRedfeReme! | - known to
those skilled in theaart. I nlc% Ei S mannere, tlhéecglg:'ls‘cg c%npor?er?t eof the RFTD
device performs the functions fornerly perforned by an optical bar-code
scanner, which ”Hy_r&rcommmtza%ﬂmc'a@éb?diﬁ@ol?ﬁe ;t‘és%\ﬂx iMNehtlon Mify td€Vi Ce Thus,
libraries may continue to use their existing LAV software "systeminterfaces
and t er ni nal sintgopatednyoyivag Firiehe BEEYinferragatipo sparget wouddhse fadipt frageencyr ovi ded
by RFID techn R Ledevd fi ral ey ¥n Whulit Wwoul d
cooperate w tﬁéﬁﬁxg‘i@ﬁtng L,CA_V 58?%13’?‘3‘“%5‘% réi'}%;_] ?rglgﬁa?"sﬂgégéagvﬁ] de 't eedback
to the oper at wdicatgyfor exampleythe wenifispicayl tdrigieveth whichdbaek isrtesobigtad.sns may be
i ncluded in the fhR GRYHER 133 béd phdbe p midgReSHL AR dAYI N9
both RF and opti cal lrog“ré code rea ipn% @ggggqsgft?%é?&?h%dgﬁ%vi cerpé;gat(')ul d be

abl e t o handl eeld wonldnnternater hetag (q detggeute wibether [ maggstic peationeb the maghsel s, or
bot h. 1 3 ~ 1.8 | I | 68 e o dar item
for check-in %sse@b(ﬁﬁsl Ancgt;'% J?”‘gﬁ'ﬁﬂéf BQ%]T&%{ Qgs agtz%ég]gé, orgq%&(;‘tsﬁl?rgfgg‘?ﬁevi ng

t he item i denprioflicsatrespanseonieh ayranotifeatibe thatihgnarkpdanieldhad oy pren prapenllone or
both of these [ i s 1nf.ar maf | e Qf twar e
system Wen ?Jﬁ_g&geg\'/?c}gau?%@iébﬁgnsetngg?ﬁ%%%fi%rgg?g g’r’# tgﬁhlgglﬁb@g? ?hcal bar
code scanni ngradipdregnency heerpgsticnetharmagrelis porbien efskaicombingtieraegweeld| D t ags for

medi a that i S?l’??i:dg?a}ﬂf?ﬁéeﬁgggq% ?hgssme féaﬂﬁemggﬁwgﬁm%@@ tﬁgsaa ed, and

then the iden or an | odé assocl ate that 1dentifier,
dependi ng on eymbimediniesisigely combihationeagwritten to (recorded onto) the | ZFm
tag along with other data, such as nedia type and ot her sel ected
information returned fromthe LAV software systemrelative to that nedia.
The ItF11.7 tag cdelagreféread embodimenti el conbinatien fag dwlufitss mRignBicallyyi ce of t he
present inveng| . J " WflLzi.ng and
desensi ti zi ng'te(gjl?ﬁs F‘Eéeaér’géﬁg{a%g@s@%@?{%Qﬁeﬁr%%%tng%tcfrg@ﬁggﬁ %‘ %}aﬁliobr ary

mat eri al s. VhEequehay-rdgponsie depreds Tdrerve beth Burktans,ahel ariterma swietia niulsie
identificatiop,Laformation o .the LAV softwar t he LAV software can be

pr ogr ammed toexrhébér}dgﬁg‘ a&ﬁ'e?'ﬁcéeﬁc'flﬁaﬁnggfr?’oﬁng}a 56 '%p?r{/"ﬁ%blng}' (‘??%nr'e\z,i\ér%fg mat eri al
wi th whi ch t heffiét€rit Sedueity eleteas sand inaidexdte té high dectiodlcandidiminy @o fuegonss wit h an
i ndi cation that fhe tagged jmterial is sonettung for which a specialized
magnet i zat i on*bPEFEY P’b‘gﬂf‘)s lf’éaﬁi’?%ﬁ’e(@ﬁ%{@ﬂ@t"?8’5??&?!%@8? eﬁ?mﬁﬁtg’?"a‘?mh
typically)) thsanfinigondeW g emBodimedt] ii@drenféonld, iR eRansle bt fabridated @iomor s t hat
operation. For exanple, if t,g% LAY software indicates that the RFID tag is
associ at ed wi PMAIPYeIANRBPLNEEHd ARG t hat the book may be checked out by
t he requesting patron) then one magnetization system nmay be activated to
deacti vate the magnetic el enent associated with that book. However) if the
LAV software indicates that an ItF117 tag is associated with a video tape)
for exanple, then a different nagnetization system may be activated to
deactivate the magnetic security el enent associated with that video tape
This different magnetization system m ght involve, for exanple, a weaker
magnetic field or a field confined to the region in the inmediate vicinity
of the security elenent, so as to prevent damage to the nagnetic nedia
itself, depending on the detailed characteristics of the security tags in

N Y



Preferably) suffcrent information may be stored in the nenory of the RF) Q7
tag itself that the interrogation source need not transmt that information
to the LAV software, and can instead i nvoke the appropriate mag«w:t gﬁgm?
systemdirectly. This enbodi ment would likely inprove system pe v
because fewer steps are required to reacfy the sane result. As a m ninmum
the RF)D tag should store a nedia type in the nenory of the RFm el enent,
but could as noted above include additional information. This type of
processi ng, w thout transm ssion back to a database separate fromthe RFm
device, is referreth chnca ehabocﬁmmtamma’rﬁpem'rqgw ’rbrklrrdead:urityismm ‘or stheadvant age of
anRFIDdewcesue nlg i % qt}) ;S i}{ ] %/{ g& z%quocess
items with |e§%‘1"a"‘ ﬂeﬁ‘ﬁ%e %CS'He“t HEY e 5P oeh P‘iabﬂ'p?’éf‘ F16 &° YRS Y RE “devi ce.
Thus, al t houglGH driabyingifay higi frequicady n’ayleb@h pﬁuﬂl@@ﬁ&&ﬁtkb@és eMmhiepiripaed bar code
scanner only he bar, K code |abel is er ositioned and readabl e by
t he scanner, mﬁ%‘&ﬁf@ﬂ’éﬁﬁ‘d&%ﬁﬁ‘ﬁlﬂﬁfqﬂdg 8 "ﬁ&ﬁ’icbﬂ’a’ia&@"ﬂ‘ﬁ/oﬁg posi ti oned
with front CORBID ehibhsid. uppxemydmmw%mdumworﬁ?amam@qa&aﬂam@mﬁ wlly
aligning a label with a sca RFI D_syst e over

Th ad
convent i onal BPPPLE L souxess B‘&(‘]‘g'éﬂagér%é}é't%’ d é’gg’ly‘i %‘ei‘dr‘f‘gcg’ﬁs‘?'ﬂér pirgdes i me

savings for paihe©ngyMaEd jbxﬁrn%h%rp%b@sfaﬂloy-rﬁx@h ad tﬁﬂ@vixﬁﬂ@ﬂomWAM@dﬁﬂgﬁlf erent
with different scanners, .tags, and other conponents, but it is believed

that a read r ﬁg@arafof&\ﬁﬁwaszww‘éwdwwﬂsnam &105M; gnd itsdenethy wawdbed be
satisfactory. pdivet& s hideless &neld 2hli® sRRoHEY)S TROAGdals MM@MéEaatedtclrmy be
desirable to position the RFID tags for various itens at the sane fixed
posi tion rel atopld kephysicathyepsnesteditp ghejepdsraf thegecusinasi. Elecricpbneasyementovi ded
on library bogkggZhgl afilpbwRPeMAPRIVE b@eﬂaﬁg\e@th'amlaﬁ§ n@@f@ﬁ@stﬁfﬂﬁro@ﬁgtﬂéﬂ of the
book. The benefit's of the inventive devi ce are nunerous and

signi fi cant) asfee funddmente! @@c@mak@a@mpwas aslt'wgdoepgtoaalwoxnuratd ipefe antennagy
identify, res S r ation
of oper at or ¢ Faly 66 oA ARRRSbAd B Wl B LB Bldornt 06 Bl

oper ati ons) i satsBa®ely. pr ocessi ng speed due to the reductl on of orientation
constraints present in bar-code only systens, and decreased |ikelihood of
repetitive stress injury to operators. Another benefit is that it is faster
to scan RF)mtags Whamthemageidaly-risponspediemensspeed a4t ieadt part obbesnterinat ar e

i nsi de the coyer user need
not | ocate an\g&érﬁo&d%% %CSLBE%EF onli %eea%ni\é"p ”&e%vg%reoe?cncgﬁl %B';l?i?d ltotl?(%'w cost one
because RFLD péudejibctaq:adaccmptn@ha'(bctw bemse df e$bysiclalauom’rccmntpemdeonmmmbe ~ 3
FEa a~3 _20_ hes.e..and ot her eneflts nd a yant ages
will be appar enpeﬁg?agr%@% 'giufels’i o M agsefm p%‘és'cal fl VI Ce with

Mul ti pl e |t emsonténeletteomdpeciefcobpliog (?anhdaﬁ)nDanenes 6,7, arigl ) hdNoadsbhiadty t 0 process
mul tiple |terrsméfﬁ]. one .t ilr’(rje, as.shOV\{n in Fi.gure%pio. V\h(gr as _conventj onal
devi ces havi nGOUNS SBIPTERIPBEYC LERYBPRHHEF SOWIAS OF BERLIYE EAPYIE A gl e

i tem present edsd mch Arterda corfmuient S Ssiariitic Aiterdi lefnbmi®; refldctor and[@iredtor t ens havi ng

RF) D el ement s rocessed esse tially sinmultaneously. This may be
achi eved by hﬁ(‘/tle%& ﬁ{ﬂ%tﬁﬁ? A eyRRSHO; ¢ P‘r"@b‘&f’?t&'ﬁ’as‘ﬁ [BURBLORS eaders) mounted in
or on the device, or by having a single high-speed RFID reader that

possesses the nult ern identification algorithns. This capability greatly
reduces the tine rgh‘iﬁ ombipatigyy tag f'l??’*’ér”yp'g‘trémal'“d“fiﬁs ‘i?l"é‘if%%‘gadrenf'iom BiEEet% ens.  To

avoi d havi ng hh&ndlevnheeagmanmé Wbﬁexﬂﬁﬁl@ehtl|325@tN{Hﬂla@mN1§gtanﬂteBk@§tmbtﬁre
i nappropriate for one or oup .of materials being processed, the

devi ce nmay beS%é’ﬁtlé‘bl‘“t“ﬁ“%rﬂwFﬁ@c‘ﬁfsﬁﬁs@&‘g@dt“b‘h@ﬁ@mﬂéEé’r'mrpé‘ﬁ’ﬁéget Wgehat al |
materials of FureBbd &the tlé% néth@b@@éﬁ%t’ﬁaﬂﬂcoﬂ&%?hﬁ?ﬁe prE\QEedeanm e} be presented
together) followed by alT matefials of another” kind (video and audio tapes,
for exanple). The RFID reader can determ ne fromthe information obtained
o nual Rk GheRilea P ROGH it AifrkS S, MERaPEahedol N materf al s
appropriately, and can e user e or as not, as shown in
Figure 12. | nbeimsehibe ammaa rneh is mhde qiemgmécallmesnd@ye owntsrialy v theor

processi ng ne f p n )and a
Separate area %{rﬁedr%@ggyn@né«?ﬁ?&?k%pg eV?ﬂﬁ’ts 0{ «tayp fg'gsﬁ'@;c%ﬁg%&a‘sgl 0 tapes)
for exanple). The proper magnetization operati on may then be reliably
performed as to each material. The device nmay al so include a display for

i ndi cati ng how many itens bearing RFmtags have been presented for
processing by the device. That is) the RFI|I~ reader would obtain
information fromeach itempresented to the device, and update the display
to indicate that there were, for exanple, five itens present. An optical or
ot her detector could also be used to verify that the sanme nunber of itens
wer e |ndeed present so as to aI ert t he patron or I|brary staff |f an item

o, -\ A = . e .



13 FEa ~QC3 -21 al.), filed April 10) 1998 and entitled "Apparatus and

Met hod for the Optical Detection of Miultiple Itens on a Pl atfoi?"raﬂi\@a i's
assigned to the assignee of the present invention, the content OF‘: FeH s
i ncorporated by reference herein. O her detectors may include ones based on
wei ght (in which the i'ZF117 reader can-ldetermine fromthe RFID tag or the
LAV software the weight of the itens detected, and conpare it to the actual
wei ght of t hemawhbesapphédtophemegnetsal)y-responsiveomatendheo thaf it mag besdectielenent s
detected (as SCI | 0. U Pat. ent woen, 20690 t al . t he
contents of \Aﬁl'é’iﬁe‘% gs)"%?dr?%%'rvggir?‘%’tpé%\;"geya drugf WL Fléeraé‘feﬁu‘%ﬁ%“é’} 'ingl f the
nunmber of it efihodreterds act physidalhecorhécizdne ddantegmed tiroaitnambee dipeleaatemth by an

optical or other detector insur that th netic security.elenments
associ at ed V\A%E’Wdflg?ﬂfh efsaeéeﬁgﬁgfyt% eda‘roéﬁ%%?‘gﬂgﬁ?ﬂ"ﬁ??w%ﬁ%dmﬁ’ t the item
al so bei ng chevugkg t6 Provide scosP@gichitsg AL MO dipdib entelidi2g enafRdmiso eidtes t he
itenms after a predesern‘i ned nunb%r of itens have been presented (five
itens, for exBAPeRsAlly-gesPafisive matghal G BOnmagnelicidy-Faspqnsive Ratedalvi ce to process
the itens, or automatically w thout any operator intervention. A suitable
di splay may advise_the operator as to the status of the operatiaon. Another
enbodi nent  of t he Figniesnt andd itusirate ambadimends ig phjch impre hany ape anignpa igont ent  of
a package or £338ed\d\lddthicAt dolyflt Gith hilhal Tl Af 23 A FespdlOVEY, 1R yfe gure 1 1 .
For exanpl e, gr%se% of auc??iz)&l ta;ges_l rray&Eg pacaﬂaged t%?)ge%e_r itnsi de a single
case. To i nsueambiration Bal2Pb shewsen Figped, inprdted cirewif 12tinadydss dippleanteniee bei ng
processed togethet: r I '{if%qtif identify
each of the t?&éghlﬁﬁgsitbggstl@y (?g@geg l%nrg&rrr‘% C 't%é#%gr%ﬁ?nt%?@gggfejfore
permtting theagnatiaily-adsporsiye heteo cand @utemnals) £3b maypmt maie ol megrketidallyd t ag on t he
case may incl e | nfor j 10 con . th e, or that

i nformation n%&%ﬂébeg?gtr@éﬁ F‘ﬁ% gdgnbﬂ%\'/gnst(g%? %asﬁ‘gwégn?f& l%’(':rgfésas%g'o?r % %eﬂ h t he

i denti fi cat i owsponfive ererhénd of bbtype shednfin Biguie Ras parBiticaly eRevicdlysoty@ed tag t he
ability to pr | t,i pl rials further,increases the speed with

whi ch materi a%ge%ﬁrréasy 'e%%é‘%?ggé?ﬁ %dea%tdm&ﬂ 'c%}}y'rﬁs‘)loln “Fea"rui}?mﬁﬁré‘j)devi ce may be
adapt ed to tramesna(s) 23cimayde siadgdfenagnginaly-regpobdive nabdriab oD thevamsatopsodfem t o
process - mul ti!?]LS%eim e%,emggd 49 Beesg,e]i e only a single signal back fromthat
software in responsg. AL TR . Portabl e RFID Devices For a number
of applications, it is desirable to provide a portable, preferably

hand- hel d, RFI D devi ce, e hand: hel d RF'.I D devi i s cgpabl e.of searching
anmong shel ves, binse Ob/frfill;gﬂ%ﬂ?fs ?QE‘?%‘VV”@&?'{t'ggg}lot“%gba?r‘?sérgggﬁtpf’%ﬂbf’tosearch
wherever it cemblbehepasiotticomedspthasly ptacedighortinant drdcie.t Borexarhiile, itie te@pabl e of

i dentifying |tiple.ite hat are wthin the range.of th evi ce These
and ot her fea zf?%téegap %ﬁgew'gﬁ%ﬁ’fshv&g%fv FV’Q“%B" c‘cé%‘l agmﬁgl%gc’féf/?eélé%g’q\‘?éqaggbl e

l'i brary t ool .thEmg thinepdugbitd prevepoeasiaddtetiRiF-byDoidaving @ end bf thbeoakescri bed fi r st

in ternms of their co nent s and operat ion d second,i.n ter of various
useful functi %"sye'ft'c?l"ﬁg i E%%Pgméf"%geg éié)"g‘h@ﬁd}d@\}ﬁ&gsapd}hteo?’%ralrsrrportant to
not e that t hethfckmess bfthstagiis prefedasig &sckbacs 61sadmii@ozs m).ar e equal |y applicabl e
to non-portabl e RF1D devices) and that the functions or nethods described
above in reference to nonportable RFID devices are simlarly applicable to

portabl e RF1D deviThesomBihatiotitdgh of didtinvkntivhinha s prvidiedwiob dsmh@d\eaatiier el y been

grouped together with the type of RFID device nore often used to perform
That funct | or6PUARERA asnbiaraisaien o mdireliaedp egicies Tis Bl 8FH "Re) D
devi ce of t heddsdriveé i, forexild, BOT Publfcaticliy WO ohmeE® @elalREtldD) r eader and
witer) nennr%. 3 Power  Sour ce, and software. to enahl e varjous functions
of the types HEVEPHISEEORRAIGY 7ES Opf Q" RRFESUHREAYRT YR PR PecBtAT Wdltsi st of a
Conmander  320adhé&ivesuvhizs Rptebureaasintive admREIve) atdyleqembied TRirake doliahd ument s of
Dal | as, Texas. &%g§r prefera&jy in the formof a conputer, nmay be

provi ded by) #PBle pawo gagenofi qhopkpeardis bHdinan &1 rse P reYeai | abl e from
3Com Conpany  gbvi®@toFacHt@e fserlicH dfftRr RinBinktiiahe, bioH&SdptiBiish s Kedsans Pi | ot .
The portable conputer may include an operating system a touch-screen

di spl ay, sevelpdetepihe postion®f valieyetospionants ip dhersystem ey alsebe previdedchar ge
station, a docking station to transfer data between the device and anot her
conputer, one or nore ports to connect peripherals to the hand-held device
(such as an RFID reader) and a battery power supply. Sone units nay al so
include a built-in peripheral such as a bar-code scanner. It may al so
contain various feedback systens, including lights, audio and a display. As
descri bed above, there are a nunber of options for transferring data

bet ween t he hand-hel d devi ce and anot her processing station. A docking
station approach can be



used to upload or downl oad data) as shown in Figure 14. This net hfS' E@gi}fj‘ﬁa
be used, for exanple, to upload itemidentifccation information prior-to"’
perform ng a search to 13 ~~a 20c3 -23 find those specific itens. Another
exanpl e woul d be to downl oad data following a collection of itens that have
been used within the library. The link co¥l d be inplenmented as a docking
station (as illustrated); as a wireless or cabl ed downl oad and/ or upl oad;
as a wreless or cabled, real-tine Iink between the hand-held device and
anot her processor) .or in.any other manner suitable for transferring such
it e, One. such: exatdf eomumlbh eirted ko parkrirvathSiaturh P St inco
Technol ogi es  akhe piobdssing bl BraryN@UverT). K.ibriy siatdifalsihbkify Al TFIBREEH thigBpeal | ow
nobil e users to wire] essly comruni cate between nobile devices_and | ocal
area networ ks.c® mbetc ckedjp atdyt S197 $aply, PRSEAPE WithoHthumpn ssiptgnsec AP, thSc) ude a
comuni cat i on HHEMBARIUN duPorFERRRILE cHick &l RSB B LPUMBARY BaFdnQWho fid¢ Rergef Synbol ' s
LA 2400 Wreless LAN PC Card, The user interface for the device is designed
both to conmuriPtatneRERdagassacipdedoyithshen ibrpry sardhtyhen tBe patTopwasseethipegh 2t o enter
data Entering v dbktidmontldRd eMickeabalOin WhEn B8 phicsh RIERRE NAktrRY g ear ch
modes and entering data specific to a task (for exanple, to check out an
item) or to puhe matenialenfhgagaditep invembenypaycilsotagsist ireinyentary manageraéns aedh| y

provi ded thro Lnati : | -0l i spl ay
may either be%?%lygsgggtgqéhm%rl# %P&f %‘émﬁﬁﬁ?& %)lro Hs? %g?%‘%ggﬁaﬁﬂﬂgﬁ‘g‘ég%ﬁog{’gfﬂ” can
be desi gned i reonanuoodls Thasesand iortet fealureg ofitbe mveénea cah bEtoudie sislbagughttat can be

easily viewed . I . I 0 e

ot hel 4 Rey S ol 3o Op 3 il ol nhBfElath AR e Ers"dtﬁ'?”ovi ded in
whi ch the RIrlliBer eader) user interface, power source, antenna, processor,
and software are all provided in a single integrated unit, as shown in
Figure 13. By using a hand-held conputer such as the Palm Pil ot descri bed
above, a nunber of Inrsathet emwdinenn elie combinationttiipecauldyeoddesdual-fatds inadkerw can be
achieved, in contrast,to systens in. which the RFEID device nust interact

W th a separ atdoRuiRh b 17 d Bedhcdspbits aficsny BpFRe R fBUEhS

sof tware can alfsie tpg indibden aetitdie orldesttivael) @nd thedulgh & 2adiyefra@@pairdspbrises f or

supporting functions of t t ype. descri bed herein, as desired., The

and-hel o RF1REisoH B PiaE sy BERGANF e e e e sour ce,

al though it caienivey bethh BFED chipitself shovgrthap thedtemsiad bea approplitely proeessddnt nmi ght
be worn around a user's waist. In the case of an integral power source, the
source nmay or nmay not power the processor, and nay be recharged when
conlnegt ed to a dochha@llswmgs?mplzsmﬁwic& shmaﬁlmﬁﬁihﬁmﬁﬂnspui rthe aagsissedin i t \Arrzy
include its o r sour.ce) an e .recharge 1 ~ FEQ 20&3 -24 en
connected to ﬁﬁ%g@§®WFﬁﬁ°§ﬁ§WP3W“Wg%%ngdH§§W8?gvgﬂ@%ﬂload i nformation, as
shown in Figure 14. A hand-held RFIr3 device can interrogate and identify
RFI D-t agged iggns Egenever it is activated within range of the itens.
Intermttent %€n can be provided by, for exanple, a trigger

associ ated W th the @abingfon t8OwhHdidetinfcOldARe Sfthithe WekeRlinvbhigrh Howver i s
required for the RFID device 1s mnimzed. The reading distance is a

function of nmeSMAIqEsEP Brodused fom amafieravadpbledragethe Cpatneater Heshnalogyss
cent i met er s ( Eoaiétaddd of REAH) PEHRYHANE WhdeP e deREANO MBOL whllft1akheddh

frequenci es at ich the system vou operate. I n sore_applications, it my
be desirabl e tadest &xtwre reanufaplared by Singlefdin Sysgms G3C9E Saelieed GaliformmtThet onl y

i nt t i i i : . thi th
nterrogat s Bl hlafE FRRRGHALPT oW [ 4dsalsy i oft 36K (1 N9R bRupL e

cases, the lon ran oper be desireé I " ot her
appl i cations) 10t16emy/4 i3 lgnge fTae tesfiuse pansisted of 2 stindagg RGHLA 46He entgnmad t hus
the reading r A Lo hon i i attery
pack. - The T ead ranel® BED liole 3R GRENLUGHIPRIA A b kiR 40 00
as wel | as t hélbe fiddsteong erough ta proveRE lyDicaldif S RFIB tay the LED wanldiglownna. | t
shoul d be_appreglaheh ibalia Wil atshand o AL S Yol peddflel. oL TE
bet ween battery recharges or repﬁ acenent are 'often dependent” on each other.
Var i ous tr adeagtdesinggortive o€theideviom ddpon bepdeetig therstanied SES tanteoaawithappl | cat i on
for the device. In operation, a particularly useful feature of a hand-held
device is obtaining realtine information regarding an itemthat has been
scanned by the device. That is) the hand-hel d device obtains information
fromthe RFID tag) and either imedi ately display that information, or

i medi ately displays information stored within the hand-held device that is
related to the tagged itemThis is in contrast to devices that nust be
docked with or otherw se conmuni cate with a separate database of

i nformation before that information can be displayed for the user. The
hand- hel d device of the present invention can also be docked or can

o . o T [ o T T



2 Functions. Methods, and Applications. The hand-held RFID device of the
present invention can be used for a nunber of functions, method$3d &&8 70C3
applications, including the foll ow ng. ~ 3 ~Ea Q03 -25 The inventive
handhel d RF1D devi ce has particul ar usefulness in item/location. For

exanpl e, the device could be programred-Mtth specific information
identifying certain itens that an operator wi shes to |ocate. The uni que
identifier fopromape peaamiloeatinhgtheddi diulminaset ar eprdximaely ths samveefitldrenor y

| ocation in the hﬁnd?gl d cg ut er lAs t.he Lgenti fiers of, for exanple,
items on a sh¥fepEn,goptmyung.the BIccqspul queratian gitpe PIRPE Ul d be compared, using
standard software routines known to those skilled in the art, with the |ist
of items stored in penory. When a nmatch occurred, the device would then
create one orAWEﬂ:#%ual , audio, tactile, or other signals indicating the
presence of the iFgm 3 QrafRRhdtkR BNt of Bl shtdnHihhi i9 Belieéal udefasvithacat i ng
items that are believed to be mssing. Alibrary typically maintains a |ist
of missing itEh MBzREIR designaditthinfreavercyex prilctypepnieanbeeomeiry Berefsrisfary, but
cannot be fou a t 1 S5l [ [ b Jod he
hand- hel d dev—iﬂﬁ:kes,p ﬁ?ﬁgqgg%gﬁ,g 'g?gjgacﬁfpgrgsf%ﬁga gledv'f'%gé tlf?/d(ﬂ?# %J%Qg%gh zg]lg%’ai n

f eedback wheneithenysat¢hing (plyswalios ckemicalndie cettinghnoddpesitianchrepplea maskk dhe ocat e
items that h ok cih t r. S 1.1 hi ' : .of nmont hs
again. the 1 LA aoie PEHb Bt RIS Thhdbibab Spt Sy e 1 TR
devi ce for sethisdesigng. HAvdver, natredvetdiengiinef oese aetatlicieements tnrthis geametipe

mai nt ai ned di¢ect n.the nory of. the . REII7 tag. .In this case, the

hand- hel d devllmclzleS ‘h%‘é’i“‘r%" csﬁé)nglge tm:l‘)‘g?f(t)'\?\ngﬁcfﬂﬁ pgﬂvnag&&dfvr’%mq'é?%t her conputer
system The hemibdimsntdshdemiicBgonByflxaoiiaties eliRhénD previdedyt detcames hest abl | shed
criteria and proyi ack t he oper.at or .based on .t he sel ed
paraneters Anlg%eﬁé?ﬁgi%&'glggg% o gor%'eﬁgfng?}(‘fsglﬁmg?go%i Py \?\m"osgg‘g'g{hf rom a

| i brary dat a Bgwe 3tveouldygrefeaabll; inelude oeapaditoakn@evidlislyaletdriped toometthee RF1D t ag

is to locate (i)tega% ifrrel uteﬂe Ifi lg%ra%[%natlha%e have eﬁOt: bee{'ln nc};eeckecd in. Alist of

i tems not cheEEEPEHCREIPLIE BIPH b IR PHNCHEMPLLTNE Y0 the hand- hel d
device or the RF1D tag could maintain a nenory location to indicate the
check-in status ofyan,itemhen (e KGR LAY TRAOLY LA COLER LG Fneck- 1N
status) the hand- heled"HaUFEECSFELYE RSP EEHOERD B PE™PIESTH QPR e PHal

dat abase to pwekmramtdrizgessE &ichn Atanadsdsratdia ipduicodtinegraed cohiigiand ng mat chi ng
data directly fromthe RFID.tag is to |ocate itens that belaong to different
library bui | dP558%e gosy ghat |°Ef'%"rcgﬁ' SRR 2 TIVE éﬁ?f?fegﬁ%at Q’Sra"&emasdg’ﬁ% FRE i on, the
owni ng | i br ar yould fipxedrerdadplaielyensatl@d apgpiicaionhe RF>D tag and t he hand- hel d
device alerts the operator when an RFID tag with a different owning library
code is encountered. The hand-held RFID 1 3 FCQ 2~~3 -26 device could

al so be used to delterembodimeasoinhé preieheintdnbpDdddaibed belole sy uigsithaloage,

whet h |1 nmb f f [ di . : her,
w th the t apatiti a8 S & B8Rl haPEn abvRieR SR tree BB *°

i nvention could also be used to verify the order

Il Embodiments of the Present Invention

A RFID Device with Magnetic Capabilities.

Because RFID tags may be shielded either intentionally or unintentionally by a
library patron, it is often important to provide both RFID and magnetic security
elements in the tagged library material, preferably on the same tag. When the magnetic
security element is dual status, meaning that it may be selectively activated and
deactivated, its status is typically changed by the application of a magnetic field to that

element. Magnetization operations such as this have no effect on library materials such



of materials on a shelf. In this node, the device is scanned acrqs% e 963
more rows of itens. The device reads each itemand indicates, to the -
operator, which itens are not shelved in the correct order. As input, the
device has access to the shelving algorithmused by the library for the
section being scanned. Possible algorit hig" i ncl ude. Dewey Deci mal order,

Li brary of Congress order) and Author last nane/Title order. O her. nmethods
of sorting, as?sdepksyarmagazings ducsinhaysharpiul ediegs ppgapnstigallyxergtdsd ezt hod of
establislung sfigl ifwe’nE&mtdeQEb Wwith RgRAS Ophidifes SR shdnGotinisNpréfetByat i on.
Shel f | ocations can be as specific of as general as the |ibrary deSires.

For exanpl e, awigsneanyinvainement|bydbranosefhnehiters ncl ude all "Adult Fiction
titles." A nore specific shelf Location mght be "Adult Fiction, Authors AA
- AB." In the preferred enbodi nent, the shelf location for an itemis
encoded directly iAs shinen RFigL® €, ag RFEDoevwcefioequiphat toireagnmforwmtiomffemiang syst em
may al so be u t 0o save. nenory) .so that hort, code n S ed to

i ndi cate a she ‘88 8¢ f"b'rtlenl'—*é?‘:h@%ﬁ ‘Ir%], ca{%ﬁo%%%tper a@%’iﬁ‘rgg? E;'rafrgrf)‘tr)lé’stee?lt Adul t

Fi ction, the niufooestiod redftoth the RFES agtinclldeenddsigndtion bl media gped(nsagnais, The

amount of rrermrri/ needted Eo storki ab.ll shg)lf l.ocat i or]ie d(ge)g)en%s on he nunber
of |ocations Wit ORI 5FSFPPId bRl sandeuseditamiyre the FOPeEBPs§MH he desir ed
shel f | ocat i onprbéesstmgioflthddikent. yThd RFAD @seicern alsd iR ippedwith odelidehwsiead theat i ons as
part of the trar,]sger 0 datrﬁf)o t.he, hanéi- held.de%? ce Wien itens are

associ at ed wi t Filadesigasd tojehble poartivalipnand deartvatioefdhesseuay elpment R el can
use the hand- h@t deleasl ek he REAAHSidelrOI® 1HelFHID 8 tHe MedibrafEifiné Rgat | on.
Two processing nethods can be used to determ ne which shelf location is

currently bei nigerifigatioadtermetionde asempeesiaying pofware proxided b a bramn- mat chi ng
l'ocations. 1n QRém&RSRIEHIBE BE LAVN AR afsbximbiely 50lc0eaf LAV dofiwaiisphdad by
reading several |tFID tags and heuristically processing the data to infer a
| ocation. For ¥%aRpie, which tsﬁéa'lpl?lFffH“d%W%@h{é’mSW[@@rq FrevonUtebeiCadt | ags
that are indexgd-tidhiCavAtilelrohl CARLEoRIoRAbN biSerREY CoRr48 R @DRACYT amed to
alert the user when non-Adult Fiction itens are encountered. In 13 FCQ
203 anot her entteh isemailable ffem OR4Y. 9F $t. hpwisddissopbeat i on tags” on the shel ves
or other |l ocations to be searched. These l|ocation tags are first read by
the hand-hel d device to indicate that subsequent itens read shoul d bel ong
to that |ocation arkheggrres eimbes af waysi ternaminie infermetigmeliteineddtasmnsRFIDn
anot her enbodi GER] e LAY HABA- BRL oo YRS N Rikrl O R 48 agfat a

p i nfor may b

into the device as to a Specific item That n~atio y be either
transmtted i nbteedamd kategchangs Pagtecadt ($15). t Anctiee woly inyolve weingan edactrapiy deyice
transmtted s fi ng-hel. d Ce il oSe 0 a
docking stati g%% gﬂg@gomggg@graﬁ\ﬂ@t pﬁ?@?‘%b&oﬁqﬁggﬁ%ﬁﬁﬁﬁg t\%{%’?@@ For
exanpl e, when barepgde scanageeThese dridmtisar yechniques prgiwelltkoowi tasthbsgshitledoin thetate user

may i nput the 1] I ﬁge | I.D devi ce.
Because this |fr;1&1§)é)y? ﬁn’%ﬁ%?%@?%@%ﬁ#&@@% O(Ieplﬁ'gep gg’?@\xgﬁmevent ual 1y,
it saves the ofoenertygerfoimed by en geicallbarcdde scanckircaliieh mini & nsayapecaatinugde | y and

i medi ately a it antil_he or e . n LAV

sof tware syst Zbrﬁqﬁgér)%ﬁﬁ%fae\}"\% %Fﬁgg%{' Se"?”éﬂ@%?%e‘ﬁ? ?{l{r%g&ﬁ%ﬁ‘ -hel d devi ce
coul d be used tofiwaresystele ingatfices iandeermingif ohiteeenjoging secuddedfumgpienlify andi t em once

the item has bgen obtai.n its RFID,t anned by the ItEl D dgyice.
For exanpl e, I[f%?)t?"@ff §’°¥td§?e€“§?2§ e3neiogy qﬁﬁ?‘gﬁ‘g‘ivgePﬁ%@t%ﬁggédebae‘gﬂ’%ds@g in the
I ihbr ary, a_ndI SW%d bf@sﬂtd\cﬁtﬁziegk@g&A%%ﬁﬁ& Q}?&Emid&pﬁpt@rbgﬂ@femém about
that materia o | ast_checked. it out; ho en has it en ed) or to
provi de i nf or nBE PBFPH %Ptﬂaeﬁlé’t?a‘gﬂ’tlacyk?ﬂéo érnf\é\(?dgi“é‘s‘“%“;}%ﬂ‘ﬁ"?t“?aé F'“ﬁﬁ'aﬂd‘}'es of

i brary naterimbwmg@icqua,{m&g\-ﬁte‘m@cmﬁ@rator sinply reads the RFID tags of
the itens as they are collected fromthe various |locations in the library
at which they were used. As itens are collected) the operator can al so

i ndi cate from wher qn4éfces hRTHE bOBSRICM| pRLAE BarRYdSRARSE dapPbilftie Theddelicet Of
| ocations, enteri n% a location code or reading a "location RFID Tag" that
£

i s associ at ed shpuld be ple ta haadie litsary armterials tasgedowidi RF tags.papeodafabels o betB. or near
that location. In this way, the library staff is able to obtain additional

i nformati on about where in the library such materials were used.
Alternatively, if itens used in the library are first placed on a book
cart, for exanple, the hand-held device could nmake a single pass by the
items on the cart to record them The functions described in this paragraph
are referred to herein as "sweeping " 1 3 FEQ ~o00~ -28 The benefits of a
hand- hel d RFI D device are nunerous, and include the ability to



| ocate itens nore quickly and accurately conpared to reading each call
nunber or title fromitens, the ability to "get close" to desi{r$d-iR e8]
qui ckly and then examne itenms nore closely to |ocate itemof interest, the

ability to quickly identify itens rratct]h{lg a given set of criteria (lost,
not checked out, matching specific circulation values, etc.), and the
ability to i entif%o i thegs.that 1BLe m s-.she ve;ld and i ndi.caFe, E}gld he
operator, thdP@BFPHAR: hE §eVIGe; ViopiG Rrpeesy Al itemdRtcheaksinby Seanfune fXEP (&% i t ens t hat
don' t bel ong thg) abaRode) bt WM, ir@fieVasd theitdtidBmisidatiolcbd andrefetablg e mddih ude t he
ability to enter_transa tior}s directly into _t&\f hand- hel o&wuni when itens
are | ocated, tWFeﬁ%PWqW§P°E"c9 theesieess sndpassingdbis WFArmeHAR 9340 gAY scan a bar

code or any %ﬂ@ﬁre@?ﬁ_éﬁi. Wlisen QR delige inbIEd%s beM @R REED §l4fchiol ah bphidal BaPebdeal |
nunber, and the ability to determne if a given itemis somewhere on a

shel f, on a |sctnningyystent, the depicesmpy #iso bswsed tp gtsiete REID ¢ags forimedip thatfisonlyThese and
ot her advant S~ ks t | bk s da t he

cl ai ns appen?ggé%dgp'et%%?’eﬂﬁ%%gﬁ% uqétgoreépﬁlzgdygi%ﬁﬁ tlh\l’;ﬂe{&léeggoég&?]gg&?hat t he

i tems recit echssoiated Wit that lleaufier,rdapendingbs systemalesigh) rwpulsideikvwittepde i odi cal s,
magnetic or i ' i I | et ed

unrel at ed nat pércf)'gd?é Og@g‘hggﬂﬁpgétﬁgg%&ﬂk&é%rtaggas ?”%Eég’r??ﬁ%gg?%ﬁ oggiﬂjoni C

devi ces, ani nsalested mfttnparmnirkiesied HbmylelLlesV saftwasngystem helativette st médias alhee. ~ 3
~~Q 2003 -29 d RFI D device, conprising as an

| ai . A h - hel
i ntegrated uni .th%omé‘ ‘é%%ﬁg‘?eg‘?ﬁ‘f“%m antenna to transnit commands

between an RFID tag and an RFID reader; (c) an RFID reader for reading
identification i 3}10 t('hon fé m ul ti Pl e RFI% %{Xe[nsnt suhstanptially
si nul t aneousl y; 8% Xeare g‘F RipsenbinvepHan WAISEON S8 PR ¥ te of claim I,
further conpriesensi@zing @i devansnizird ofthe nffnétio GechifigRiemehis aidgthedfodibraat i on to an
RFI D el ement for. st U2de, t her ei an E R};IiBe haréd- hel .d .IdD evice of claiml,
furt her Conpr'f‘gtFrl‘?gff en the device reads the tag and transmits the identification

information to the LAV software, the LAV software can be programmed to respond

with an indication of the type of library materiai with which the RFID tag is associated.

If the LAV software responds with an indication that the tagged material is something

for which a specialized magnetization operation is required (magnetically-recorded

media, typically), then the device can activate only the system that performs that

operation. For example, if the LAV sofiware indicates that the RFID tag is associated

with an ordinary book, and that the book may be checked out by the requesting patron,

then one magnetization system may be activated to deactivate the magnetic element

associated with that book. However, if the LAV software indicates that an RFID tag is

associated with a video tape, for example, then a different magnetization system may be

activated to deactivate the magnetic security element associated with that video tape

This different magnetization system might involve, for example, a weaker magnetic field

or a field confined to the region in the immediate vicinity of the security element, so as

to prevent damage to the magnetic media itself, depending on the detailed characteristics

of the security tags in use. Depending on the detailed design of the device, the

procedure might include inhibiting automatic activation so as not to damage magnetic

media.



(d) a data transfer systemfor transferring data fromthe RFID device to a

separate database. 4. The hand-hel d RFID device of claim3, wherdih kB 2003
data transfer system conprises a connection for operatively coupling with a
docking station. 5. The hand-held RFID device of claim3, wherein the data

transfer system conprises a cabled data tlPansfer connection. 6. The

hand- hel d RFI D device of claim 3, wherein the data transfer system

conpri ses a Wwir el eskrefgeably, suflicresf information eny b storEthin themdmhmeylof tHRRFID dzavi ce of

claim | wher e}l ag o6 So BELNAERed bl I S8H ot BRUERIGQUIRS 4. The

hand- hel d RFI D device 0 , erern e conpu I's a achabl e
hand- hel d conpusdfware, @nd ddnénstead thvbielthk dbtdprisie wagmeetigdtion lsgstem drectiheFlas n t he

comput er include ower soyrce separate fromthe source of power.for the
ot nder of ¢ Aabaryng would TEEH, FrRE BRI Soss et P RO PRI oL o
of claim8, whesrhdhthdwandetsalhabh minkauit theRKIDasINLEIsteOMEdS BPe i the
connection for operatively coupling with a docking system 11. The
hand- hel d RFI DHBOIE therRED gferien, B 69 ok T YedTchge wadioral information

This type of processing, without transmission back to a database separate from the

RFID device, is referred to herein as happening in “real time.”

An advantage of an RFID device such as that described is that it may accept and
process items with less dependence on their orientation relative to the device. Thus,
although a library material may be processed by an optical bar code scanner only when
the bar code label is properly positioned and readable by the scanner, a book having an
RFID tag or combination tag may be positioned with front cover either up or down, and
without the need to caiefully aligning a label with a scanner. This advantage of RFID
systems over conventional optical and bar code systems results in considerable time
savings for patrons and library staff The “read range” may be different with different
scanners, tags, and other components, but it is believed that a read range of
approximately 15 centimeters (6 inches) would be satisfactory. To facilitate reliable
RFID scanning, however, it may be desirable to position the RFID tags for various items
at the same fixed position relative to an edge of the item. For example, RFID tags
provided on library books might all be positioned 2 inches above the bottom of the
book.

The benefits of the inventive RFID device are numerous and significant, and
include having only a single station at which to identify, resensitize, and desensitize
library materials, the elimination of operator training on and performance of different
magnetization operations, increased processing speed due to the reduction of orientation
constraints present in bar-code only systems, and decreased likelihood of repetitive
stress injury to operators. Another benefit is that it is faster to scan RFID tags than to
read a bar code, especially for codes that are inside the cover or case of the item, in
large part because the user need not locate and align a bar code. Lastly, the system also

is a low cost one because RFID readers are expected to cost less than high-performance



(d) an information input systemfor providing information to the EFH?B\
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Tibrary staff to process multiple items.

To avoid having the device perform a magnetization operation that is
inappropriate for one or more of a group of materials being processed, the device may
be adapted to provide a message to the user requesting that all materials of a certain
kind (books and magazines, for example) be presented together, followed by all
materials of another kind (video and audio tapes, for example). The RFID reader can
determine from the information obtained from individual RFID elements whether the
user has segregated the materials appropriately, and can prompt the user if he or she has
not, as shown in Figure 12, In another embodiment, the device includes one area for
processing media of one type (books and magazines, for example), and a separate area
for processing media of another type (video and audio tapes, for example). The proper

magnetization operation may then be reliably performed as to each material.

The device may also include a display for indicating how many items bearing

RFID tags have been presented for processing by the device, That is, the RFID reader
would obtain information from each item presented to the device, and update the display
to indicate that there were, for example, five items present. An optical or other detector
could also be used to verify that the same number of items were indeed present, so as to
alert the patron or library staff if an item without an RFID tag had been inadvertently or
intentionally included in the stack of other materials. Optical detectors of this type may
include those described in U.S. Patent Application Serial Number 09/058,585 (Belka et
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of Multiple Items on a Platform,” which is assigned to the assignee of the present
invention, the contents of which is incorporated by reference herein. Other detectors
may include ones based on weight (in which the RFID reader can determine from the
RFID tag or the LAV software the weight of the items detected, and compare it to the
actual weight of the materials presented), or the number of magnetic elements detected
(as described in U.S. Patent No. 5,260,690 (Mann et al.), the contents of which is
incorporated by reference herein). Comparison of the number of items detected by the
RFID reader and the number detected by an optical or other detector insures that the
magnetic security elements associated with non-RFID tagged items are not deactivated
without the item also being charged out to a specific patron. The device may process
the items after a predetermined number of items have been presented (five items, for
example), or after an operator instructs the device to process the items, or automatically
without any operator intervention. A suitable display may advise the operator as to the

status of the operation.

Another embodiment of the inventive device is the ability to verify the content of
a package or case having multiple items inside, as shown in Figure 11. For example, a
set of audio tapes may be packaged together inside a single case. To insure that only
those tapes, and all of those tapes, are being processed together, the RFID reader can
identify the case, and identify each of the tapes inside the case, and match the identities
before permitting the materials to be checked out to a patron The RFID tag on the case
may include the information as to the contents of the case, or that information may be
stored in the LAV software and accessed through the identification information obtained
from the RFID tag

Devices having the ability to process multiple materials further increases the
speed with which materials may be checked into and out of a library. The device may be
adapted to transmit only a single signal to the LAV software system to process multiple

items, and to receive only a single signal back from that software in response.



104| 104| 104| 6F10%| & ()- 10%| & ()- yl0%| & ()-H ""#aBbC,
10t t! S10%WE' ()-nl10%&' () -
109K () - u! <9s10%&' () - 9s10%VE& () - 10%V&' () - #$$% Y Y&dJEbC, 13 FEB 2003
10tt!S -109%v& ()-/10%wK ()- *10%vK ()- @5(109%v& ()- ' 109%V& ()- 10%W& ()-&
EVBE&EE&&XMDC, 10tt! 3% 0% ()-G 10M 10M2Z-
10M610%VE& () - S410%VE&' () - Ss310%v& ()-110%v& ()-&& )'{'"' "' dEmbC,
10tt! " s109& () - 1@xR. (PormblediED DevicaDoR' () - 109%&' ()- &
1 Tk
10%& () % . d%gpg:number of applications, it is desirable to provide a portable, preferably
hand-held, RFID device. The hand-held RFID device is capable of searching among
shelves, bins, piles and library carts. 1t can essentially search wherever it can be
positioned close enough to the items. It is capable of identifying multiple items that are
within the range of the device These and other features make the inventive portable
RFID device a valuable library tool. For simplicity, portable RFID devices will be
described first in terms of their components and operation, and second in terms of
various useful functions for or methods of using such devices. It is important to note
that the functions or methods described herein are equally applicable to non-portable
RFID devices, and that the functions or methods described above in reference to non-
portable RFID devices are similarly applicable to portable RFID devices. The different
functions and methods have merely been grouped together with the type of RFID device

more often used to perform that function or method.

1 Components and Operation. The hand-held RFID device of the

present invention preferably includes an RFID reader and writer, memory , a power

source, and software to cnable 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 be
used to upload or download data, as shown in Figure 14. This method could be used,

for example, to upload item identification information prior to performing a search to
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7, 1$@O0%& () - &nd those specific items. Another exampie would be to download data following a
collection of items that have been used within the library. The link could be
implemented as a docking station (as illustrated); as a wireless or cabled download
and/or upload; as a wireless or cabled, real-time link between the hand-held device and
another processor, or in any other manner suitable for transferring such data. One such
example is a Spectrum24 wireless LAN system, from Symbol Technologies of
Holtsville, New York. Systems like the Spectrum24 allow mobile users to wirelessly
communicate between mobile devices and local area networks. For this operation, the
mobile unit will typically include a communication component 1o support wireless

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

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

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

A particularly 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, as
shown in Figure 13. By using a hand-held computer such as the Palm Pilot described
above, a number of real-time functions of the type described below can be achieved, in
contrast to systems in which the RFID device must interact with a separate computer,
database, software system, and the like The sofiware can also provide either limited or
full-range capabilities for supporting functions of the type described herein, as desired.
The hand-held RFID device also preferably includes an integral power source, although
it can be tethered to a larger power source of the type that might be worn around a
vser’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 computer is used, it may include its own power source, and may be recharged
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shown in Figure 14.

A hand-held RFID device can interrogate and identify RFID-tagged items
whenever it is activated within range of the items. Intermittent activation can be
provided by, for example, a trigger associated with the device, so that the elapsed time
for which power is required for the RFID device is minimized. The reading distance is a
function of many factors, but is expecied to be between 15 and 45 centimeters (6 and 18
inches) given current technology and the likely frequencies at which the system would
operate. In some applications, it may be desirable to restrict the operating range of the
device so that it only interrogates RFID tags associated with items at a closer range. In
other cases, the longest available range of operation will be desired. In other
applications, it may be preferred to restrict the output power (and thus the reading
range) to permit fonger continuous operation from the battery pack. The read range will
also be influenced by the design of the antenna as well as the orientation of the RFID tag
relative to the antenna. It should be appreciated that the read range, battery weight, and
lifetime between battery recharges or replacement are often dependent on each other.

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

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

features are desired.

2 Functions, Methods, and Applications. The hand-held RFID

device of the present invention can be used for a number of functions, methods, and

applications, including the following.
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item would be stored in a reserved memory location in the handheld computer. As the
identifiers of, for example, items on a shelve were read by the RF reader, each would be
compared, using standard software routines known to those skilled in the art, with the
list of items stored in memory. When a match occurred, the device would then create
one or more visual, audio, tactile, or other signals indicating the presence of the item.
One application for this function includes locating items that are believed to be missing.
A library typically maintains a list of missing items — those items that are expected to be
in the library, but cannot be found. By downloading those missing item identifiers to the
hand-held device, the operator can pass the device by items and obtain feedback when a

missing item is encountered

Another example is to locate items that have not circulated or been used within a
given number of months Again, the identifiers of those items could be downloaded to
the hand-held device for searching. Alternatively, the circulation counts can be
maintained directly on the memory of the RFID tag. In this case, the hand-held device
does not need to download any data from another computer system. The hand-held
device only compares RFID memory data to established criteria and provides feedback

to the operator based on the selected parameters

Another example of where data can be either downloaded from a library data
base to the hand-held or obtained directly from the RFID tag is to locate items in the
library that have not been checked in. A list of items not checked-in could be obtained
and then downloaded to the hand-held device or the RFID tag could maintain a memory
location to indicate the check-in status of an item When the RFID tag memory
indicates the check-in status, the hand-held device does not need any data from an
external database to perform the search A natural application of obtaining matching
data directly from the RFID tag is to locate items that belong to different library
buildings or to different library systems For this application, the owning library is
preferably encoded onto the RFID tag and the hand-held device alerts the operator when
an RFID tag with a different owning library code is encountered. The hand-held RFID
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whether all members of a set of associated items are present together, as with the tapes

in a books-on-tape case

The RFID device of the present invention could also be used to verify the order
of materials on a shelf. In this mode, the device is scanned across one or more rows of
items. The device reads each item and indicates, to the operator, which items are not
shelved in the correct order. As input, the device has access to the shelving algorithm
used by the library for the section being scanned. Possible algorithms include. Dewey
Decimal order, Library of Congress order, and Author last name/Title order. Other

methods of sorting, as determined by each library, are possible.

Another method of establishing shelf information is to associate each item with a
location. Shelf locations can be as specific or as general as the library desires. For
example, a general shelf location might inctude all *Adult Fiction titles." A more specific
shelf location might be "Adult Fiction, Authors AA — AB." In the preferred
embodiment, the shelf location for an item is encoded directly in the RFID tag memory
for that item. An indexing system may also be used to save memory, so that a short
code number is used to indicate a shelf location For example, the number 1 could
represent Adult Fiction, the number 2 could represent Juvenile Fiction, and so on. The
amount of memory needed to store all shelf locations depends on the number of
locations within a library. Another embodiment is to obtain the desired shelf location
from a library database and then download those locations as part of the transfer of data

to the hand-held device

When items are associated with a shelf location, by either method above, the
operator can use the hand-held device to locate items that are in the wrong location.
Two processing methods can be used to determine which shelf location is currently
being processed in order to search for items with non-matching locations. In one
embodiment, the correct shelf location is obtained by reading several RFID tags and
heuristically processing the data to infer a location. For example, if the RFID device
reads a certain number of tags that are indexed to the Adult fiction area, the device can

be programmed to alert the user when non-Adult Fiction items are encountered. In
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another embodiment, the library places "location tags" on the shelves or other locations
to be searched. These location tags are first read by the hand-held device to indicate
that subsequent items read should belong to that location and an alert is provided when

a mismatch occurs.

In another embodiment, the hand-held RFID device may be used to enter data
into the device as to a specific item. That information may be either transmitted
immediately and directly to the LAV software, or may be transmitted subsequently when
the hand-held device is reconnected to a docking station and downloads the information
to the LAV software. For example, when a user takes a library material from its
location, the user may input the new status of the article into the hand-held RFID
device. Because this information must be entered into the LAV sofiware eventually, it
saves the operator time to be able to indicate this state directly and immediately as

opposed to waiting until he or she can access an LAV software system terminal,

In yet another embodiment, the hand-held device could be used to provide
additional information about a specific item once the item has been obtained and its
RFID tag scanned by the RFID device. For example, library staff may collect materials
that have been used in the library, and scan those materials either to obtain more
information about that material (who last checked it out; how ofien has it been used) or
to provide information to a database that generates statistical profiles of library matenial
usage, or both. The operator simply reads the RFID tags of the items as they are
collected from the various locations in the library at which they were used. As items are
collected, the operator can also indicate from where the items was collected by selecting
from a list of locations, entering a location code or reading a "location RFID Tag" that is
associated with that location and would preferably be affixed to or near that location. In
this way, the library staff is able to obtain additional information about where in the
library such materials were used. Alternatively, if items used in the library are first
placed on a book cart, for example, the hand-held device could make a single pass by the
items on the cart to record them. The functions described in this paragraph are referred

to herein as “sweeping ”
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The benefits of a hand-held RFID device are numerous, and include the ability to

locate items more quickly and accurately compared to reading each call number or title
from items, the ability to “get close” to desired item quickly and then examine items
more closely to locate item of interest, the ability to quickly identify items matching a
given set of criteria (lost, not checked out, matching specific circulation values, etc.),
and the ability to identify items that are mis-shelved and indicate, to the operator, the
correct location for the items. This would include items that don’t belong in the
collection being scanned. Other advantages include the ability to enter transactions
directly into the hand-held unit when items are located, the ability to identify an item
without having to scan a bar code or any other markings on the item, such as author,
title and call number, and the ability 1o determine if a given item is somewhere on a
shelf, on a library cart, in a bin, on a table or even in a pile. Th;ase and other advantages

will be apparent to those of skill in the art.

In the claims appended hereto, persons of ordinary skill will recognize that the
items recited could be library matenials (including books, periodicals, magnetic or optical
media, and the like), or could be other completed unrelated materials such as packages,
letters, paintings, electronic devices, animals, automobiles, bicycles, or any other items

of value.



10
1088! F(10%g9& () - 3! F10%g& () - A06aBr S4! F, STO%& () - ! YI0%HH& () - 94.9%HER()pr3

s10%4& ()-3
S10%4& () -&10%H& ()-6_@ 10% & () -! 10‘%%/5_&' ()-3&10%& ()-fod0% & ()-3 10H 10H
10HF. &10%4&' () - 5S(uV7!f Cl0% o&' ()-10% o&' ()-ynml0% o&' ()-%10% o&' ()- 10zz
10zz 10zz!10%z& ()-(~_@10%& ()-Ynl0%& ()-%A0% & ()- 10'o 10'0 10'0
"10% o0& ()-! . .

10% o' 0& WeclaaB~ @!10%& ()-S!' &10% ] & ()-Ss9" 10%& ()-s9° 10%& ()-s9 10%
& () -

f10%& ()-g}"?~ @# ! 10%& ()--YM 10%& ()-S: 10%& ()-!:!1109%X& ()-f:!110%&
"()-flriobg] & ,ﬁjﬂa@qlbeﬂ\ﬁfll)_l_@flce, comprising as an’integrated unit:

(a) acomputer;

(b) an antenna to transmit commands between an RFID tag and an RFID reader;

(c) an RFID reader for reading identification information from multiple RFID
elements substantially simultaneously; and

(d) adisplay.

2. The hand-held RFID device of claim 1, further comprising:

(d) an RFID writer for transmitting information to an RFID element for storage therein.

3. The hand-held RFID device of claim 1, further comprising:

(d) a data transfer system for transferring data from the RFID device to a separate
database.
4, The hand-held RFID device of claim 3, wherein the data transfer system comprises a

connection for operatively coupling with a docking station.

5. The hand-held RFID device of claim 3, wherein the data transfer system comprises a

cabled data transfer connection.

6. The hand-held RFID device of claim 3, wherein the data transfer system comprises a

wireless data transfer system.

7. The hand-held RFID device of claim 1, wherein the device includes an integral power

source.

8. The hand-held RFID device of claim 1, wherein the computer is a detachable hand-held

computer.

9. The hand-held RFID device of claim 8, wherein the computer includes a power source

separate from the source of power for the remainder of the device.
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11. The hand-held RFID device of claim 1, further comprising:
(d) an information input system for providing information to the RFID device other

than by radio frequency interrogation.



