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| DENTI FI CATI ON SYSTEMS | NCORPORATI ON BY REFERENCE Thi s pate ' m' n
cl ai s pmmmﬂmmw"mwmm U. S, application serfial mnunmber 09/134 mm mlﬂm ”m)
August 14t the sane title, and U S. application serial gumrber

09/ 344, 758, +beobeed June 25, 1999 with the sane title, both of which were
assigned to the assignee of the present invention) and the contents of both

of which are incorporated r.ef her ej FI ELD The
invention relates to appl Aﬁhlgﬁﬁg\ﬁp% %%é%ml fication
(RF117) systens, and particul ar af Msystenms in libraries.
15 BACKGROUND OF THE | NVENTI O\IIBEQ:ﬂ%I%VPmi cxserpgur%ei | | ance ("EAS")
systens detect the presence of snall electronic devices placed on or in an
article or carri %@%@ @bﬁ%%ﬁéwsh and are often used in retail or
i brary environ U1 or ot her unauthorized renoval of
articles. These devi Clds patghiiapplication cleimmmiority frdom b\bn applicatiergssrig number ker s) have
in the 20 past C@@%ﬂ%&@m&wﬁt 04, Q5dBRLihQR: HROAILAD § NBpiiERASHRE Of an

item This information
number 09/344,758, filed June 25, 1999 with the same title, both of which were assigned

to the assignee of the present invention, and the contents of both of which are
incorporated by reference herein.
10
TECHNICAL FIELD
The invention relates to applications for radio frequency identification (RFID)

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

15 BACKGRO F 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



could be obtained by electronically interrogating the tag, either
intermttently or continuously. At |least four distinct types of EAS systens
have evol ved over the years, based on howthis interrogation was earned
out: magnetic, magnetomechanical, radio frequency (RF), and m crowave. O
these four, magnetic systens have provi.ded the 25 hi ghest |evel of security
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conmer ci al l'i"catlons. Smart cards be associated with a specific
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m crowave- based EAS tags. However none has substantially inproved thel r

per for mance as se uri t No., 5 517 al .
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frequency- and microwave-bascd EAS tags. However, none has substantially improved

their performance as security tags. U.S. Patent No. 5,517,195 (Narlow et al.), entitled
"Dual Frequency EAS Tag with Deactivation Coil,” describes a dual frequency



i nducing a voltage in the diode of the antenna circuit so as to disable the
di ode and the antenna, thereby deactivating the tag. Although useful for
sonme applications, the capacitor-based tag disclosed in Narlow et al. may

| eak el ectrical charge over tinme) which could cause the tag to becone
activated unintentionally. Radio frequency, EAS tags of the type disclosed
in U S Patent No. 4,745,401 (Montean et 31 .) include a rragnetl c el enent.
The magnetic elenment alters the tuning of theta when been suitably
magneti zed by an “%‘&‘%’55?‘% tag ARt fngludes anjantanna clrgjt rBY‘B%R ‘°?%é“draafgf‘?iv‘1“f’%quency
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Figures 1 A and 1 B are schematic illustrations of radio frequency

i dentification tags; Figure 2 is a schematic of a second enbodi nent of a
radio frequency identification tag; Figure 3 is a schematic top view of a
conbination tag; Figure 4 is a block diagramof an RFID interrogation
systeminteracting with an RFID tag; 7& Figures 5) 6, 7) and 8 are

i llustrations of conbination tags according to the present invention; and

Figures 9) 10,. 1.1 .12 3..and 14 are illustratio 0 arious enbodi nments
ot *the: pr esereiiRsn e al i BiSeie PR gt thied UBNIREN The
enmbodi ment s oferdafided i EsRIMtapplivdLdds| Ath 44asi6fanbed herein make use of RFID

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;



tags, and preferably of conbination RFID nagnetic security tags. Tags of
this type were disclosed in U S Application Serial Nunber 091093,120, filed
June 8, 1998 and entitled "identification Tag Wth Enhanced Security,"

whi ch was assigned to the assignee of the present invention and was

i ncorporated by reference into the U S. application fromwhich the present
application clains priority. A detailed description of the nmagnetic, RFID,
and conbi nation t agdgwessy] 6] T) and Ajateriiisirnionsvof dontbimatieitbgsdicerdihgtoahe t he
present invention is described in Section |I) below, and the enbodi ments of
the present i nR/&HBYEPEPL 2fen set forth in detail in Section 11 below. I.
Tads and El ements Hogurédse 18V 110 1 Enbadi me leSiliratidie ofRads@dmbbaivent bhe A t ag
used with the enbodi nents of the invention described in Section |1, bel ow,
may i ncor por at Fets8t HVeIBP_ct i dentification and effective security in a
single device. They preferably include an elenent that is responsive to a

magnetic interrogation signal, and an elenent that is responsive to a radio
frequency i nt cPESAEILRESERIHONOF THE THVENAIGkNt) t he
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i ndi vi dual el enents are descri first b of I'owe descrl ption of
a conbi nati on ¢niged Aéc'wﬁcqtlonEebﬁ«élhépbw@rﬁccumthe whireh oS n@m’sﬂ tOfihfﬂt he present

i nvention desc{sk:@ﬁéi df&e%?&t:ﬁt%e}nlon apcﬁlv%’Yncd?Ft%fat'e@G}l FfFentd ke BTy, RFI D

el enent al one, conbi nation of an I D el enent an(? magnetic security
el ement. A Th@pmgﬁ@frpmavhlwth@@p@mwnl@ammm pritisy. m&gﬁ@!qd@ascnynmeoefponsu ve
el enment is pr y
ferromagnet i cetfhng?g eY; sucﬁrdas t éﬁoﬁgt@é?%e\gqng é@g?oﬂ'ﬁﬁhgt%%gmggtg
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i ncluding U S. Patent Nos. 5,331, 313 (Koning) and 3,747,086 (Peterson), the
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available fro I J I ) t
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el ement may beprefetahlyinchidagh elemt:rathjtslsmspohsarb (sS4 abgrstic niep@gmongxgml, anle nature
of the article (0 e ks, as80¢i.at e l e, certain
ref erence bookan%l]%LI" %td?feé%&gv%% “Fél?  CBEN PGV g’f’" S'ﬁﬁ'a{ el>'('°wbr ary, and

t hus a si ngl e-sttatlineny ﬁmmaﬁeam’alﬂwratpabdr&)eldmkﬂm provided zl&lam:ysa fonudie calioe

whet her such book passe n, i nt.errogat, on Zory he t| cI es,

slch as comorTTeRLPePRE Hebh” IR e B RePSre giaee M et ofthl

dual - st at us negrisent inveardsr) khat tlﬁ@lehbr&tprmmnldﬂglb@d’ﬁ\foﬁh:&mh&&letbﬁﬁjbctléd ﬁmr ly
processed the marker be .a i ately deactivat rev nt detection
by the interr oﬁ’&f‘ﬁﬂf’f%‘ﬁ%%@tmwp@ﬁ S AT ‘fef‘if'rb 'ébtﬁ' Iy

provi ded t hr oughowddsbyadidripth 6ffa co@bihatNIagdf AdWid BedoneQBpapéntithy magnetic
material in proxi g‘é’{y tqg the I ow coercivity magnetic material) as, described

bel ow and in t$RPOLISERES Werb?é"cs%'ﬁf“VF’ﬁ'@BF’ﬁﬁF%ﬁdéﬂSWW s below, anay anshide eithelr ¢ ai n
nmagneti cal | y- rm&le\e@nﬁl@féewascohﬁmdnfm@hm El¥mén® asdM hEgdhetiP@aRTy C
orientation rap| dly when passed through a |ow frequency alternating
magnetic fiel 'm0 Hz to 100 KHz, for exanple), and to produce a

predeterm ned characteristic response that may be detected by the receiving
coils of a detector. The svvltchl ng functl on of the marker assenbly is
control | ed by the magnstiiseneion y: offElameat hi gh coercive force el enents,
or "keeper el ement I, t e

abi 11ty of the marhde™ na%ﬂg?ﬁﬁe*éﬁﬁe%&eiﬁ P BPORE conBle REE
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marker typically is not detected. Wien the keeper elenents are

demagneti zed, the marker can again performthe switching function, enabling
the interrogation source to detect the presence of the marker The keeper

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




The mar ker assenbly may al so include adhesive on one or both sides thereof,
to enable the marker to be bonded to a book or other article. The adhesive
| ayers) may be covered by a renovable liner, to prevent adhesion of the

mar ker to an uni ntended surface prior to application to the intended
surface. These and other features of theg marker assenbly are described in
the U S. Patent Nos. 3,790,945 (Fearon), 5,083,112 (Piotrowski), and

5, 331, 313 (Kopi , 1. NCOr . r ow
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two types of magmlssharmmemiaygdadatmayaequane dedhatatul otarker ssseniidy, setat whenh t hi s

i nvention As i i , i Lo S - Lve

el emont 10 €y Sop A ekl Berpr e RBE Bl Kl P o o RRNEY ALERRRIN © ) o
an ant enna 14revEhiedetastiegyahe thtegioggisintsoyree Dudbstatth@ngionsligy iy géngeatly i f i cat i on
function. It | 0 - GlLrcuit " oI=Tging tly store the
tag identifi é’%‘%\ﬁ#ﬁqgﬁ’ag blﬁlgé\@"goggo?g%gbé “:"h‘?ﬁéfﬁé“?f%‘ﬁ’? g%‘?@r'ﬂ?e plgnd process
commands r ec reaity toahe lohvecoervivily megratic ontehiar adwiescahedtebpomd it the r equest s f or

i nformation i.nterrogat ist the hardware in resolving
conflicts r e?té}eglbﬁd)a%t&'r’ﬁoﬁqr?tlg‘g)?ye'%&g%@es?308%%ondi ng to interrogation

simul taneously. Optionally, the integrated circuit may provide for updating
the information stqred in |t r ead/wite)  a e . ] ust

Feadi ng the. | nf or SarTameB b TEIBiaewlenels Pl Viap B SRR e lid UE1 ¢ (o
use i n RFI D maektetion rapidly when pisssiahmugh 4 labyl feeqiencyralieenetisg hagneticfirelh(58 (i n

their TIR S Tagxi | hne of ,products Phi l,ips .(i,n,their .l -Cod Mfare
b i tag 11 nz A8 KE o Exatini BT K hrpldes A ptedb Bnited ik edid eSS M
anong ot her s that nay datlaaned igabeeceivingoudls pf Ogeesctar e Thel eygehidg tunctidneof ttesi r ed

operating freguency of, the rtion of .the tag. For exanple, 2 45 Giz
(or sinilar) D2 Sﬁﬁély\}&)ﬁ?flggqe?ﬁ?@glTz\ﬁn?tﬁgfoﬂdgtea&g'i’ep}%%ewgﬁlvg M) such as
the |inear dielepleatspsrt“RespaselehiensToWhen thefei kgepeteldméhts € mhgietiied) eability pol e

antennas 14a shown attached .to the radi o frequency responsive el nt 1Ca
in Figure 1 e%m ‘WE'FB?a%%F‘Pﬁ“ihaB"%‘ f}*\’ﬁlf%ﬁtqﬁ@" 6 RHERALRE Taglsiic ‘i%aor coi
antenna 14b, ofitheSmerbgatibd 2shachlieRd ] 4n@ tiieashirier typRANMCIBAYt derR6ieO NWhirethel enment
10b in Figurg 2. In either ease) %he antenna 14 in er%epts the radio
frequency en&FERFT FISTIENIt &g def)agapiizet,ths PIgelicARpRARGFIEEN ¢ ?H‘V%Chg’ﬂg‘l‘fﬁ?"”bnergy
carries bot heRbiRg tiR M et QRATENSBIrce %o aa&tn@?rqséia@oﬁm fRfker eneiRber t he
RF-responsi ve el enent to absorb energy sufficient to power the IC chip and
t her eby pr oviclsmeptsanay be pravised indliffzseny Blayse asdgiknopin thepale char act eri stics of

t he antenna nust be matched to the systemin which it is incorporated. In
the case of tags operating in the high MHz to GHz range, the nost inportant
characteristic is the antenna Length. Typically, the effective length of a
di pole antenna is selected so that it is close to a half wavel ength or
mul ti ple half wavel ength of the interrogation signal. In the case of tags
operating in the lowto md M1z region ( 13 56 MHz) for exanple) where a
hal f wavel ength antenna is inpractical due to size |imtations) the

i nportant characteristics are antenna inductance and the nunber of turns on
the antenna coil. For both antenna types, good electrical conductivity is
required. Typically, nmetals such as copper or alum num woul d be used, but

e o, o o o



from for exanple, reference texts such as J.D. Kraus, Antennas (2d ed.
1988, MG awHi Il, Inc., New York). A capacitor 1 Gis often included to

i ncrease the performance of the marker, as shown in Figure 2. The capacitor
1 G when present, tunes the operating frequency of the tag to a particular
value. This is desirable for obtaining méxi num operating range and i nsuring
conpliance with regulatory requirenents. The capacitor may either be a

di screte conponent Th@mmikartaagmmtyed\yiatkbomﬂdﬁe admsueenmaomr(Bes\cs'rdiebteeted)fetoow. In

sone tag desi articul d ta op at .ve h
frequenci es, gﬂﬁf’ E mﬁrkﬁ‘st‘%-l%’;é ‘%8?91?18?@‘ ‘ga?g‘ﬁ{:i“tﬁ ?E gst é%tﬁt% %"rhe
capacitor is selepstisth &motd&&tlxner\/\ttqne\ﬁ‘cﬁumtettntdvtltehﬁarkdawgt@nﬁ@d@d ovi ded by

t he antenna t he resonant frequency of the conﬁfsme strycture, given by: 1

1. .=C 2~Su'faCE@%@@épleam"d‘éﬂ‘&d’i‘tﬁ’éjﬁéé"rfaF‘h segngother featureg ol tsnce (in
Fenr i es) cl 05%a¥keF'§JsExhﬂ§ aﬁehﬁscﬂ@e’ii'xﬁﬂfi@@eﬁa%nl R8s, Br720985 teardh), 51083, F2 D
system The capacitor @g%a so be a distributed capacitor as described in
U.S. Patent iotrawsigganri7s3 Y1547 (Keningg all)incgrmeratedbygelssacq abgye et al . ), which
are assigned to 3M Distributed capacitance is desirable to reduce tag size,
particularly thickness, and to m nimze manual assenbly. 1n operation, as
shown in Figure 4, Bsmserlamﬁ@qweneqnm»c@mbﬁiwypege sl!lﬂ]:ultsoﬂwd‘bﬁ@"bgat ed
by an EAS sec S | he point at
whi ch t he tag;'!i IEaEaelr;'t}eém’t %‘g%ﬁ%%(gwgf&'%gnd ?%nat‘)gltg% g@éty.y‘bfﬁ‘g{?gﬁgg’n%y etsest abl i shed
by pl aci ng spawpaftagetls@dditen, fanmbkysbadeadsstet aed waitivated morm doneenicoldyn i n V\lhl ch

the tagged art ar e K e
roni tored, or “PRECRYRR RaRlE don AN AR Rer EASHRIPLLT RGNS 0° o,
i nterrogati on teounere SQMIe(PoMpe aadehtyiniapdicatdinniGuch aﬂﬂxbmaesbsmeﬂeltlas or and an

anplifier) is nna 104 (sonetines described as a field
coil) for trancggry‘{?%n%ac S%ﬁﬁglfgﬁaﬁatl ng radio frequency field, or

interrogation signal, in the interrogation zone The system 100 al so
i ncl udes an ant enng T IR Do FAULLEERE IVI n I al (shown as antenna 104,
and sonetines desc e d detector 106 for

processing si gnal SRPEDtige exal bbyititeagsive Br p:hevd Anactivegad inaoiparatBean The

interrogation trans at| on n 200 whi ch may
be sel ected wi ?on%"ace"retgglsﬂurﬁe S ‘af?gé}tf '§ B‘ﬁ ‘%?scogn“‘["{%]’afhb YRFE red because
t hey do not i stwtd gpermits\adtiie Efmwagsapmtdateahd ammxtandnmmmtgnhieyvenmﬁpl y with
appl i cabl e gover. nnen)t tgg J | ans V\ge ﬁr]$d| 0 ency-res ive

el ement recei VEROM Mhers AT IR agalips, fadjo fregpency figld 15 u§a 85V BEnse code
si gnal 202 t haig das bé eaemued ghegtet Raga rM@nver, a:@4elan»dlytshmﬂsfenmé efthd 0 det ect or

106. The dete tor eco h ons ent | fi s the ta i,cally based
on informatio E te ﬁ“ %éﬁﬁﬁg{s’@r‘%%a?(ﬂ 6‘@\5‘%&’ g'é%?‘d 9%d” t akes
action based Qimwelfe@ O Pasioé @@&rw@ﬁh@@ﬁ&% x}éedddwgomdha‘aagﬁbmqmbs of the
illustrated system are gnown to those of skill 1n the art including, for

1

exanpl e, usi ndMeEsating radigtregysacydieldy and wigs thafreasrey PlraNemIt Sspensecodgob Yand t he

detector 106 infbdBlafp@he fmpelifhcSihb ahienmapr&tieto HinfeRBpating fibih | thtyyat ed. Modern
RFI D tabs al so provide significant ambunts of user accessible menory)

sonetines in tdulptnethesigtabiefectnd backtorthe eader antpnng o - Twe dheirgpigeys mesgt * nor e

preferably of fighkdOBdcacse pagive h@?ar@méféﬁe\i f&r%aﬁt?@ﬁﬁkﬁ%y thiA€mhiRder of e TENDI Y
by rewiting its contents froma distance. The anount of nenory pI’OVI ded

can vary, and dispyssigewilkbe qopfined forthisglngs ofdag Thpse skidled jxthjrrathewever, valhi t
poron of“an Bk A R g bt R 8 D e A e 1 12

menory can be pr econo or ex e an tag avall able from
Texas | nst r unenthghipinveiohas) Texas, under the desi gnation "Tag-it" provides
256 bits of user programmable nmenory in addition to 128 bits of nenory
reserved for itens such as the unique tag serial nunber) version and

nmanuf act uring i nf oAssitavarin Figme ltheashnvé(adloﬁemdn@r-teyponam &erhdnt 1 @ypsllyi | abl e

fromPhili ps. Se conduct ors of Eind th ands
desi gnati on " MESEMOSPRPPTAY: @Sﬁte%rlate c’ﬂi"f“'thlgétme%%wé 5%@%’&"\5&3{%
addi ti onal 12&nrhiltt;Soﬁmeiﬁe\/[ﬁﬁafyﬂﬂenhhﬁmaﬁ Qineisan Tl indledes soffvese fild crafiwy fﬁat i on.



Thi s user accessible nenory may be exploited to enhance the performance of
an itemidentification system deployed, for exanple, in alibrary

environnment. Presently, libraries identify items by scanning an opti cal
bar code. The unique identifier contained in this barcode is used to access
a circul ati on dat abase i ncl udi ng sof t wards provi ded by | i brary automation

vendors (LAV software), where nore extensive infornmation about the itemis
per manent | y nﬁ"ﬁmﬂwfeWl‘PlelGFﬁlﬁéld‘@yslﬂdeQWﬁéiSSl@b‘éIfnf(Pﬂ"gWP'y intespiel ¥¥ed and
works very ds{\cdMHRAd ARPL &3 drPIE hEYAY el yaRisages. First,
a connecti o\rll\eérgctsﬁce circul at‘?on ggt ak‘gérrg&%u’?))s{t Q@‘é ’égt ?1 ﬁﬂ’_cei to access the
i nf or mati on. imformationby the llulhleOMI andlabsist thy harflwaredn fesdlongecniisrs resbmgan it em
is at a |locaty an t econd, the
retrieval of 6'8'? "{uﬁ@[%tt%ﬁ r% ?B?] e @?’?05 &tsls'gurlltagéoml abé\? sh(?rretl mes
require an unaegsEiabtu rha:yrxgovxdmfer umtamtgnbuh&mhguodummdgn pemlemdxs' of heavy

use. By stori ertaln cri |te D tag, both
of i hove | 1 oA Y Bnsdstd 50 oo s o] AR ute R o), 8RR vt o coul d
i nprove the p@fcﬁwmmooﬁsean RFID ﬁiﬁr}(eﬁs theloté tfhbseaztvmtaalew&tmams Ihstpmeasnt on

the RFID ta beal n i.0 Thep) wit hout
accessi ng ag igm P éﬁ’f‘%onlﬂ%@éy) H? ﬁ?sad"ytlh Fﬁ&b&u at‘,’ﬁle/‘ %Pfgf
conveniently aqir&rumwmtwmﬂhm Mn@ﬁ@wmgsymaﬁmgl@w Anot her exanpl e
of information preferably present on an RFID tag itself woul d be a code
desi gnati ng whether the itemwas a book, a video tape, an audio tape, a CD,

or some ot her itetheIﬁ\Erﬁm%@Q:ﬁetﬁ%ﬁU‘érop@rﬂEs fpaiin8he @égxmrdp%ﬁuﬁ fediBitya type
code specified in the 3M Standard_Interch ange Pr ot ocol is avail abl e

from the assi ¢fitbeRID roféonsfdhcag. Farxampicon 4 @Mmﬁwlaal%ﬂp tagfow% t he
nmedi a type, ayhichiyadude a MpbRInfhndTRRAGENE MeaPYipdIe Medn@idakhb s WBgdrdbat an

i tem was bei n apprr{prl ately processed w thout incurring the delay and

i nconveni encel4for dhsrfelded di Pfde &"‘P@%l“é shawnaafiagliep dhthg sadipfieauencyr¢§B9ns¥E anpl es
of informati ofesdnt @B ighRN1B n&@ﬁ POWEA&%"{]M)Q{I‘@%&&% Labedhind: | be
apparent to those skilled in the art not her” area 1 n which lgFIDsystems
of fer an advaffilagEninidp. asahewrietasheddelths yadicofiegupney irgsperisve elgeenti b at i on of
mul tiple itenfg, ¥ Wshhg e%Pﬂb%ﬁtb&@t@%c’?&‘; awsd.alﬁgarehémygyRﬂd&maders
and markers cooperate to insure that all items I n the reader's

i Nt errogat i onAnABIGEORAIAN SQWEGEe SIS signgl emmarrquéenhmpwnrom@ cpmmapdséhthton by t he
operator. Thigg cqfn@ménh; ynasxlaam?@ rbdpBnsie LRIMRRITE Bsoftf enBig i BtEN WS ef ul

appl i cations |n the areas of inventory control, 1temtracking, and sorting
that woul d bePawer thedGichipgrd thefsby Biowidethe eespense torherdetefied-h Thiisr BB de- based
identificati Ofhaf¥RERIES of the ankénnemuditR nfRALY Rakd YRerh@Owhieh R AWK Pdratéd. gur es 3
and 5 through 8, the conbination tag 20 conmbi nés a magneti cal |l y-responsive
el ement with Ia\ﬁhﬂmswféwrmr@ensemmrﬁhhﬂﬂzm@k}wegq,mcwvwayés of bot h.
Thus, the two.fld $ [ ¥ ddle Alenhdie same
time, ther ebyc@egglé‘?frc\gs @gg?t%a%yh gg?l&m%, ?genéfgeg%oe?r‘g‘ hbe ﬁvﬁ afgl\eed Wwth a
pressure sensseldcted saithateis iswelose tovachalf dvapsiengthras myltiphe elflviamelengtivgfithth enabl es t he
conbi nation t e r c)%ﬁ l'i ner
has been renn@%gto qu&ﬁ's g{ihfenretq%%%og{t%n%?’gﬁ%e'n{ﬁehg\ﬁgge'}s‘fdt %% (H]%

magneti cal | y- Wkpfynsxamleewmmrathalﬁwawiengthhmm if iowpractiel duedp size
feduenCy ¢ R g ST M cHERCLRADGL LGBl 5ol GERRAS! 8 nShEH B ums hEN
used as an antenna, 'I'S e AR coup cfmfl PrHEr &

f requency- r es@othe amennelce!trelffrtr boﬁ)radtemyyms gasaq'elmbcaabcmdudnmtphy&iutred |y coupl ed

to the radio en onsive e |onta de
according to i- qg’f‘ Suc VeiPraR" %@"%WOH{J@FPB%%%S 'F{/\f)on\%‘gornaﬁ rst, the
RFI D i nt er r ogiatluding mogﬂecemmlslsabhuspenhaldwaré aleglateemablsdingned, in faa, request and
recei ve codes f n%é’he i nte ed Ci rcij This inf o\,ﬁatl on V\DAL,J fnd| cate)
for exanple) RfiE"F ﬁP‘i"PPs(?é "Hf’"‘t"ﬂe ‘a\sr‘t'?°df“8°%“f Hal e MRutmecqass 9t

associ at ed, afhd ssMreddlerchiphiaté@r thé éﬁfdah@éi)fb}%ﬂteﬂﬁm?ﬁlhﬂmﬁﬁl%ﬁgﬁﬁﬁ)sﬁecOnd a
magnetic interrqgation field would interrogate the tag to determ ne whet her

the magnetic Pédibenghiniormation aheit pripnnasis Kagymytoghpse a%«tr#'vey skifl it theastar ker
assenbly was active, the interrogation source would produce a response,
such as a notification chat the marked article had not been properly
processed. Because the magnetic interrogation is nore resistant to
shielding than the radio frequency interrogation, the nagnetic portion of
t he conbi nation tag woul d provi de enhanced security. Thus, the features of
both magnetic and RFID tags are conbined into a single conbination tag.



'I n a 'pr eferred enbodi ment, the conbination tag includes a

magneti cal | yresponsi ve el enent that also functions as the antenna in the
circuitry of the radio frequency-responsive elenent. To serve both
functions) the antenna material nust exhibit | ow magnetic coercivity and
very high magnetic perneability (to serv@ as an efficient security

el enment)) and noderate to high electrical conductivity (to function as an
ef fici ent ant dromafor examplel défercans textsrieclyasd b tkrgusohntenngs QdtedniPR 8 eGrawe
conpatible wt hons. In this enbodi nent, the antenna could, for
exanple, be fa Irlltigé’p\e%y??}c‘)% permal | oy, an alloy of nickel and iron -13 In
one enbodi nent, a 3M "Tattl e-TapeT"M brand security strip, or other

equi val ent nmagneti ¢ el enent,. .be used as a linear dipale antenna to
operate at 2.45 G—|§‘°8Pa°5°rsliGrf‘? g@% "Pf’ﬁtﬁ’ﬁdgpr'g‘ij%ﬁwp ‘H’“Ia'écﬁé’? He S and

t hi ckness of tshoven intFigupe B Ehes@piRdrad, Wienlpadsedl, L tiRPdpetatibig féquems ot i ng
frequency and other characteristics of the RFID chip used. Typically, the
strip woul d bdhagL #P%ﬂ%ér%ﬂ 1T 1y &mbreafsw OB RRORFTIUIE R Ces

i ncl udi ng Car paningiringRemplahéeywity regiNfory Repdtenehs. e chpadiedr mAyRither 86l name
"HyMu80") or an anorphous al] oy such as that available fromthe

Al liedSi gna) GHRSERPMEPNaYh OF INtBEGd Intrthe aisarsyas dessribpddelohatlp ome?®sn  and
its length wokgoCdrliREHeOddrndind op&ate afEWRrf KgfréfiEndesDsueRes o) . The
termnals of the integrated circuit woul d be physically connected to the
ends of the s&8i ptuningroapasitorps eqsreapiced. The sanseitamispelsciod sq thplehenceouplsd power
gain have est aplieSficiahdtoviii By fhe ARGAA! e reSbahirdALO) BFthe LoipATS
fundanental electrical characteristics as the copper or alumnum dipol e

ant ennas nor malMgugsgivEnYt h such a chip, and thus it woul d be expected to
perform both functions satisfactorily. W n magnet i cal | y-responsi ve
element is used as at |east part of the a@_ei for the radio

f requency-responsi ve el enent, the two are\@regtdCically coupled to each
other. Electri %al coupling may occur because of a physical connection

bet ween nul ti |3Y§r°el enents (as shown in Figure 5)) or, in the absence of a
physi cal connecti og,= dapadierite ghtFaeds)el ect romagneti c coupling (as shown in
Figures 6, 7, and 8).. n-contﬁlct. oupling can include parasitic coupling,
capaci tive coupl i ng," pgucianen fiy i??Besgoupl ing, and use such antenna conponents
as parasitic antenna elenents, reflector and director antennas) Yagi-Uda
antennas, or ofher sujtable .antenna confiqgurati . The nmbi nati on tag
shown in Fi gurcg’séy F‘ﬁ%"ﬁg]gesd%ﬁ’belglowﬁ‘t"}greﬂﬁ@gy ?ﬁhﬁﬁ@gﬁ@??‘cqﬁﬁf?ﬁ“ﬂ MY he t ag
could b\% fﬁrfafuaapuetﬁbaed&ﬁﬁtow&%sdrmgd iié\ay.is.rlgtheanNa@n,eama%smaUetal.l)e SECh as
1l4c in iC X ectors are. provided at_the.cqrners to inprove the
magnet i ¢ functaf“gﬂ’sgg%gl a Q@'-%“ﬁgﬁafw%@egfo :Wuﬁ's uf%@f’?ﬂ”ga% be

provi ded. The desnable fdited6ue tdgdike AArtihRW thidkndsh, GHd & rRinintifd sl agsemblysi cal
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

type described abowfopRta8ibn, as shbén iFEBighe 4 2RPHdRGrel@enk fesponsive tag 110is
magneti cal | y-responsive naterial) so that it may be seﬁ) ectively activated

and deact i vat dHeegaise by pREAR seruaty sestem L), whigh istrricalinloesptinernthe BAIBYH i n

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

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



6, however, is not physically connected to the integrated circuit 12 or the
di pol e antenna 23, but is nonetheless electrically coupled to the dipole
antenna by parasitic dipole coupling to provide a conbination tag 20a. The
di pol e antenna 23 nmay conprise either ma netically-responsive material or
non- magnetical I y-responsive material . Filures 7 and 8 illustrate

enbodi nents in which nore than one antenna 22 is provided to electrically
coupl e with afer Eeeeixias 2 3gnah (fHownes anteany kMt andespietimes dessabedAsigirergvingn t ag 20b
shown in Fi gu ¢ i !'bqﬁﬁ b, which
IS parasitica ﬂ%zgodtf&tcgg lgéoﬁg 'tcoggns%aéggéﬁ ph%%% gég@eg’rt%m {j]dg‘azg?é
magnetical | y-responsive nateri aI) and ant ennas) 23b may be made of

magneti cal | yresponsi onbi nat i pwn in Figure
8, aradio freque%yrggrﬁo Zmonvsé’“reC e“l‘r;rbetrrffns ? S PRE YV o H%wn | nw%}ggur i's
parasi tical | ybeedelected wirhinlcyrtaimkiphadreteneytizadiias a22prefeded wonae thePdo ame made

f ticall t | d be mad
mmgnet cal | y- PEEBIEIRAPE AR P Spdeinge FR: FPBr sk SRl SNEOAFRont s ar o

easi |y desi gnegulddims.owdiesdhk rddid RéquarG-rédporisive clemeirétaivesdn iitdgogationll d be as
smal | as possi, bla@;( to enable the tag to be_ inconspi cuo§sly pl aced .on or in
an article. HARSMALS 11§ gn fea@onwdbesr&bm # igerived Qh i e ekiteen t he
pages of a bogd.traffilubd td&te%?ﬂ@@bﬂh@d'ét@ctéﬁ"e@o&e?ﬁ\etr@ﬁoﬁs@'lﬂlenﬁﬂ&bl&f"tag0 prevent
easy detection by observing the end of the book Conventional |Cs may be
appr oxi mat el y('@ialiybasedomiplormation|siorsd,in aprmpues op9dernemary Henerdd8), a1d t he t ag
I's preferabl ytak&%ﬁtl&%@ed%ﬂ@ﬁécm&pai Qgétédn)\/an %Em&f?mbmto?% ih@@set this
invention may be provided in roll "form to ena he aut onated sequenti al
appl i cati on ofystemdre/knpya|to thﬁ%oﬁsb'“m*lh# ot msludimgifer eyampleaising penaeatg i s

descr i bed 11, k@ ARRl feroBickn A R0 e reald B BT O EENR © ot ol

| ndi vi dual conblnatlon ta? one or nore surfaces of which e covered
by an adhesi v@t%f@mé%'ésﬂa”p‘#@bﬁéure sensitive adhesive), nmay be renoved from
the roll and applied between two pages of a book, near its binding. A page
spreader may be provided to facilitate insertion of the conbination tag,
and ot her opti ons Madgn BEletegts@soswrwﬁed@écammgurpqusq:r@nceéslblwpmwS
conponent s 'nsmﬁmﬁymm@a B d,b RIQYF GBfl-oncé hEm3LEouf R fefelal) a0 1
bel i eved to have particul ar not exclusive, Use In the processing
of library maeffringthe us u_i:rbheabynmrenewaﬂlx upriatd thgmarmorRFbwrwraglgotﬁ ceri¢nss t ype

coul d be chec [ iAS54 st ance.
That is, the ﬁgﬁgrd?tﬁggmgﬁ% gﬁ'&%&ﬁ%ﬁ”&% qV%BI&ﬁRﬁe}WQ@;ﬂ%{]%gﬁ% articul ar
patron (who ment mher@tergramdwcwrpqamnmfaxa@r&tggcan@dy\Aaetv{verhé% bissigpdiry car d)
when the patr o) jasstal ity Be fiHiil AL AC EQ U AAEan RED ghecked back
in when the patron re- Eenter{j ; '?r%régj%&va ﬁf he ﬁ@l ?ans Tthée tag of the
i nventi on mayavallabe fieym Texas irﬁtmmmf@ayas@mg@n@wheamgmam yEdgst” by enabl i ng
l'i brary adm nj ! r y and

conti nuously. b@%g%teﬁg?fdg gglﬁgﬁ’q?%ga@ﬁgr%ees’g% ﬁ”!d?'nl\ﬁlre%dtq?tg%ﬂ%:g{lﬁ of " course, be
brought to beeserved fot ibews saghpls itheamiqonsg sgatiungdsr, ivertsion aed warvdacdiningg i n
stores, wareh a I ation

t ag coul d pr o@@’g%cma&% bgiﬁsls?'r“e{rrak‘éra" #BF’ |lggr1e gronqﬁhfhﬁsr (g)'%g &gmrrggnetl C
response (i ndoftZibdhogen\hiethkrdandg, hmdema:gtdﬁgnmxcfxeat(]mdeSproﬁdeshetsbazgoﬂuad been

activated or deactiyated) and.thr a radi ency. respons
(indicating, PRPEISIPERE"S gggdéqonélag?g'bsrre%?fvédg‘gfth\gur me 'f‘ﬁé’?estoﬁe dat abase
or the menor yinfommatdom. RFI D chip itself showed t hat the item had been
appropriately processed). The foll owm ng Exanpl es provide still further
information as to the tags used in the enbodi nents of the invention

descri bed in SectiTHis usés acbﬁ&nlﬁleeE!S@ﬁ?ﬁbr@e Q}ﬁm&d@@mhmmﬁmﬁmnmaﬂade in
accor dance vvlth theﬂfr esent E?Pf A%g Rer ma& duceld from an
al | oy avai | abl'en iSEMficaling systsm ERTI D A2 ?‘%GP‘Q'E of "W ng,
Pennsyl vani a bk idehfy esid 9 RArnMB an Wl%ﬂﬁrco\i@s'rl&tdrﬁfﬁ@ﬂﬂmﬁﬁér doritahsdd fixture
manuf act ured by Single Chip Systens (SCS) of San Diego, Californjia. The
strip neasuret® ‘Qﬁbﬁrégder'rh‘fséé) 1p agcags WC("@“%‘*W 'wweswﬂwareﬁw Y0 00l in)
thick by 10.16 cm (4 in) long. The test fixture consisted of a standard SCS
2.45 GHz antenna connected to an LED di ode. The device was desi gned so that
upon exposure to a 2.45 GHz field strong enough to power a typical SCS RFID
tag the LED woul d gl ow, providing an i mediate visible confirmation of the
proper operation of the powerreceiving portion of the device Upon repl acing
the standard SCS antenna with the



-16 prototype permall oy antenna, the LED illum nated at approximately the
sane field strength, confirm ng the successful operation of the prototype.
Exanple Two Figure 3 illustrates another enbodi nent of an antenna that is
believed useful with a 13.56 Mz RFID design. At this frequency, a

coil -type antenna geonetry is pref erred."!The spiral turns conprising the
coil are fornmed froma magnetic alloy such as permall oy, either by etching
(physi cal or chopw edpmatianendais iAVgitypredehsed more axtensive ifornatipadRit The
straight "arn" E COl V@ ] J

responsi ve el etrrhgﬁtg';'sﬁslcb%ﬁ?ﬁllfegt%as"?g}ﬁéd E@&%@‘e@ﬁ‘?ﬁgﬁ?% ﬁg@@?{&g\’?‘é&d{bﬁ& of these
met al | i ¢ el emewbsks very whil & gy mplicatiohs, tinay havetwefdisedtantagese §8stpé t he nagneti c
security portion_of. t device. In the enbodi t..shown in.Eigure 3, flux
col l ection el eheh c‘s'o'bl:&g}}? 8}e/c8%§?" ?aﬁaé’asg&uﬁér&seshgh‘égedﬁgé‘ﬁceﬁsd%%'d‘f ?rg’%ltf(ﬁ"e ant enna
coi |l to over cofiss hirhitsthe availdblity offthelihformnios twhet in itam 1S AoMlocdtion frengpae frord awoul d,

referably, include a c citor as previousl scri.bed to tune the
gper ati ngyf r eqtREATORYP “ﬁ'ﬁgatél?ﬂs% n% o'{éoﬁ'f: F.“é”‘bvr‘g%'g'ff?%a"'? &?'B rﬂ?eo%ré't%i“lf’ﬂ
frequency. Thedddbaseasi Somdities feqoife dniRacaspHNIBnEIRAE phitiedaryndiring peribdaoip| e

i characteristi@s of k own,antegn for radio
oRF

were conpared with th
frequen(r:rg i nt et Wk §Y StO0Ig eotaw cRlGHISI AL T HBEtonLtpe RF I 128+ holkof e o

simlar, it istheRlimaxemhstdiitie dvbRomaIt enna of this exanple would function
adequately in such an application The enbodi nents of the present invention
described bel ow may use either a tag having only an RFID el ement, or a
combi nation tag, bk RmpkbGHoffofGRER LARFINRRAY e pkiomTRALIRER O Lhe
Present Invention A RFID Device with Magnetic Capabilities. Because RFID
tags may be shidentifieaior systearif pigseaner e RF IR tag itsalfrivavidobet 4 libnary idgntifigation| j br ar y
patron, it is gfien TR ackQsi ' bot . ) o) bE asi rity
el enments in the taggqgmqulgﬁar? rra’?ég’aér)(?/azllﬁ%?se %‘&gf\gb}\%ﬁoﬁbrﬁgz{@g%qtgy When
the magnetic swdypivepientlyadetermingdbydinedly sserningsthe REEbel Ahctheriexampleofhe

sel ectively acfj, ol L.vat e . i i A hanged by
the application O\éﬁﬁg rgapég%ﬁf@gﬁ“e Cﬁ?{gﬂ?%%;&élf%@%'tb?a ognoceégkzaﬁﬂ on

oper ati ons sucWhesker theiitemiveas@ baok, @fvidee tapgranlaisdio tapy, arel arisathg oberatem. as books
and magazi nes, ef f.ects. o i i orded nedi a.
The i mvent i ve F eEBE R IAAE ding e 1RDSIEDp BIREHLER, I A0 LG o,
preferably w tStendarddnsgrchangs [Pya peohtwhioh id aviilableyfrost thé hssigpedoefitse pré@ntshown i n
Figure 9, an | D.dewl ce I8§. i pped to read information.froman D tag on
an item suchag‘ée?gonp\gyr'gﬁ‘ e@%&@, "gg'(r)‘%,‘heé?edgﬁweera[’rl%arf'grsi"éal e.mabrn%?aéfr’%n y, the

i nformation r egsterhs auidihairdcdhkiDntiag was bingGprapriaielyipgorassedwitbdut imedatriag t ype
(magnetic, pri r tical.. for example), which can be us fo insure the
proper subsequ@%\fiel%ragggnscg?vﬁam%cfe Ogﬁoé'suﬁ]tw&ﬂ ')etf'ﬂté °ﬁﬂ1‘13°8§%‘f‘ 8% §9’51 so equi pped
wi th a devi ce, exsmples af$nfoimeationbditablelfos ingor@dration @abt RFThiaba eiill beedppoent and
deactivation of {he urjty elenment portion of the itemtag. After the

RFI D device rex 'téosfﬂ(zl‘ee&ﬁf_he¥5g, the device transmts the item
identification information to a conputer having software provided by a

| i brary automation vendor, or LA nong approxi.mately 50 current LAV
sof t ware systens af‘@mhﬂ/ﬂfi&'f"Wh\'ﬁﬁi\%f‘}ﬁfy?eg\?Qﬁgraﬂﬁlagvaf"faéﬁ%)ﬁ‘rgﬁcf"éeéwsﬁfii brary
Services of Prgsens ibinahe idestiichtionloBmuliple ¢Bmb. SBRivsxigl saphiQichted safoARL

Cor por ati on of Denver Io%?do, aa‘gﬁ" DRA, " wtuch is avail able from DRA, of
St. Louis, M s¥eAhms, fgadgryang mg éPOEﬁ’a‘G\/&y'ﬁs“f"()‘hP‘raé{r\'jaeWFf“ hE2¢hF or mat i on
obt ai ned from iaRmbgalibh 6@ atesubRRIMMGemYRH MMholtMRertBiiof b%r MeQip¥iodsTiag t he
commands i nplenmented in the 3M Standard | nterchange Protocol (SIP). Another
woul d i nvol ve ‘fi_ﬁ?’ﬂ'@’ ‘?i’ﬁb’& @EF?VGWP@CYHQWWfMMﬁf{”éQP icatiqns gnytde ategs &fy ansmit t he
i nf om-at i on asanyefmowcoqfrbghamr@&aﬁgrQllaﬁsamﬁ%méﬁ%mefbagﬁaﬁ 6PHpostaer . These
and ot her techniques are well-known to those skilled in the art. In this
manner, the REMPemeRpdihberrpdebasedidentfisabon exstens. per f or ms t he functions
formerly perfornmed by an optical bar-code scanner, which may or may not
continue to be used with the device Thus, libraries may continue to use
their existing LAV software systeminterfaces and term nals while enjoying
t he added functionality and features provided by RFID technol ogy. The RFID
devi ce need not include a display if it would cooperate with an existing
LAV software system display to provide feedback to the operator.

Optionally, a display and ot her feedback nmechani sns nmay be included in the
RFI D devi ce as an integrated package.



I n devices having both RF and optical bar code reading capabilities, the
devi ce should be able to handle library materials tagged with RF tags, bar
code | abels, or bath. -Is In operation, the device would process an item
for check-in by scanning for an RFID tag, a barcode, or both, retrieving
the itemidentification code and, prefer&bly, the media type from one or
both of these tags, and passing this information on to the LAV software
system Wen the deviTbeCombipativadagot h an RFI D system and an optical bar
code scanni ng syst i . tags for
media that is only ahrowégraggwelgi??r{sE?%/thfdﬁg}?%’gse %:b?)@g’a&g'h é'%g{é&gb?g‘%lged) and

t hen t he i denmagiesicaliyegespansivie®lepeulevitsmddi-msmdsive ddmenh@mtproviderthé f i er)

dependi ng on system desi gn)..woul d be witten to.(recorded_.onto) the RFIZ7
(6 al ong w ¢ A e RpE i e ud e 1 Be bt EERIER PRl Re

i nformation redny tiee terdprddneing doét. STHelcwMmbifat oy $dganay Rl ppdvideg with atphaasuréredi a.
The RFID tag coul.d tlg‘an be ag(g{)i ed to L}p_e itgi%Th RFI D devi ce of hhe
present i nvenfiNSHVHAWERYEAIVSTEL P EpRY RS IRg . Which erables the corabipation (g 19 Ry
desensi ti zi ngadiferddi6 a SRGRE bi the @618 hkythe liRTBR R e fehRCE dn hidtilek br ary
materials. Wien the device reads the ItFID tag and transmts the

i denti ficati ofmPefimenelhs B8 uss thairrgpatigalygrsnrasve clameat 1sAY 2881 Itk can be
programed t orddgseéjuencyirtsfomiveieRflesatth®magietibaliR rdstRive Elembdd Wl usaat er i al
with which the RFID tag is associated. If the LAV software responds with an
i ndi cation t hatananenna dylestricalesorplpd fodhesiadiedieRyegcsEpapsiveslenent gedmay i zed
magneti zati onPReY AdtiaRB bk PhysREN cbafled BRENSEH ?r@cide)(éytr%%ﬁﬁl\?e%éﬁﬁgﬂ. a,
typically), then the device can activate only the systemthat perforns that
operation. For exanple, if the LAV software indicates that the RFID tag is
associ at ed W th anTas drfaioe heiRthrbihalo hifreRAPHeHRY A Ehocked out by
the requesting patron, then one magnetization system nmay be activated to
deact i vat e t heneregated two weysneist, tie BEHD atesgeation hourprawodlbuse radio fremencr ) i f
the LAV soft i di ' i N jqdeo
tape, for ex\g@n%% ég tla? h‘gﬁgtgﬁ%%ﬁ??g%ﬁ%ﬁg’i@#gﬁg ?’gﬁ?@{%{ggsﬁﬁ%gy’y& gaé)gltdi vat ed
t o deacti vat eindifetentoy meamiple, deadentificgtian) of therartickesithowkithede waigtivessdsiatedyi deo
tape. This di MRGhd I L ghte.l YO e, a
weaker magnet F%@%Fée?f'ecﬁlor gctkli‘ lfa?fb%&%ﬁ%éﬁ%@&k %%&t tﬁgédr“g’gii Aé%nietﬁlcqﬁtﬁlg&%mdi ate
vicinity of tKedswolfipeyogeatihes o duerame vdiephergbemagretioperbon of themarkeignet i ¢
nmedia rtsel f, | I etd Skl rity
tags in use. f)scel%‘e]ﬁgiq}r?gg%ﬁgtﬁgﬁ d&%?k%gqﬂgg?{g%ﬁ%f Weﬁrtg%@%%ne},onﬁﬁggggocedure
m ght i ncl udepiadhédn tespogseasich ana hadifigation that he marked asicisdid na bekarppeperiyagnet i ¢
medi a. -19 figclent 1nf i i he nmenory
o the RESD t BT Eas oty e h i bR HEL (Pl Bl R i ¢ ¢ hat
i nformation t cadichigequeney snsérragavian, the mdgrssin pomion eftble combietion tag wapldr opri at e
magneti zati on i : i i j i ove system
per f or mance, g@é’ﬁ’h?@‘ aﬂge\r/‘egr%ui%lyépfsm%?hee%‘gg% é@gzht%%éetgcahb Fﬁtely?gprr}égr esult. As
a mni num t heordihdd intag spglewrboibisstoneaga nedia type in the nenory of the
RFI17 el enent) but could as noted above include additional information.
This type of processing) w thout transm ssion back to a database separate
fromthe RF>D devi ne preferredednghodignt; the hemignationsgheghyiena magrietically-eal tine." An
advant age of : I I bed .| s. Lt may accept
and process i?%ﬂéégv&mpf %ﬁ?{ﬁég@t gg%@ﬁ%@ﬁ%%q%enﬂ?%g{ frn Qger(f'}ecﬁ'{rg{a ?{gﬁhﬁdgl ative to the
devi ce. Thus, frafuehcygbponsive dheraamy Trateeribaih fayiodsethp ratews setkribyman opt i cal
bar code scanngr,.only when the bar code.label is properl ositioned and

r eadabl e by tﬁe'bs"cgﬁ'%ﬂg,"g’zﬁ CB%rg'l‘("p)h‘g\givﬁ’a%g‘R TEEPYCPS 68153%56%5?%%?%3& tag may
be positi onedefficieht secuoing el@maner anginidderateup high eldayical caddetivty hiofilnctidneasneed to
carefully aligni a | abe ii,h.a scanner. This advantage of RF1D.systens
over conventi gﬁﬁfgg’@ﬁtﬁf’@%ag'aw&dgé{?“’é’?f&éo'g'i}g’t‘gg?f anieal 1PUSt PocompatBlg it e time
savings for pabth@eiend 1h ihiifeab¥dimbR] the antdihe codl € 36k &xANPE be faMcddg felirk T er ent
with different scanners, tags, and other conponents) but it is believed
that a read rBfgLlion %HW@EFH‘H’E@W“’ES centimeters (6 inches) would be
satisfactory. To facilitate reliable RFID scanning, however, it may be
desirable to position the RFID tags for various itens at the sane fixed
position relative to an edge of the item For exanple, 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 nunerous and
significant, and include having only a single station at which to identify,
resensitize, and desensitize Library nmaterials, the elimnation of operator
trai ning on and performance of different nagnetization operations,

i ncreased processing speed due to the reduction of orientation constraints

oy . S Y - L,



-20 bar-code scanners. These and other benefits and advantages wl| be
apparent to one of skill in the art. B Use of RFID Device with Miultiple
Items. Another benefit of an RF1D device is the ability to process multiple
itens at one time, as shown in Figure 10. \Wereas conventional devices

havi ng only optical bar code scanners cap.process only a single item
presented to the bar code scanner at one tine, a group of itens having
RF117 el enents rnay be processed essentially sinmultaneously. This nay be
achi eved by having nultiple RF1D interrogation sources (readers) nounted in
or on the device, &romenbadimsnt, adhi‘Tgttle-TapejH” boedseciRiystrip i ethet hat
possesses the Ll i L i Iy j Il greatly
reduces the tieﬁébélg@hﬁg}e‘%fég %‘rﬂe{ni @?}Iaﬁre?/[g%@e# ?’“Faya{?ra gé&?’é&&gﬁpﬁgﬁeg{ ?'%(Sem; To
avoi d havi ng tGidz deassimier pighfionueney g teepih 2aidihomd dipekmess bHthistshriptaré s

i nappropriate e - f ri jng. pr ssed, the
dovi ey be st Rt SR Gl 3o SR erk Py B0 BaRELBRIELPREST S, C1T
mat eri al s of RKIBrdhapi usedki Tygichlhyo tike strigrebuhiehg armide &em panallex@avqikey from apr esent ed

t ther, foll d |l .material f h kKind..(vi jot
For exarl ¢) . PR FEI P A MR AR LS AL £ AL BAoPEE 'Si150bt ai nod
from i ndi vi dualameFHMeB@yenirsanvinshobedlioy heh us it dvaibR dgmapantiddsipml materi al s

appropriately).and ca ronpt the uyser if. he, or has not) as .,shown in
B bure 15, 1 b Ceeng A RS Eb Y wfrahesiensio naNh st Tyerd i Bt
processi ng nediefvezh 638@nd YRE cio DO kisd @NFhHER) Ahie M@ Minalk Of the mbdgpd1€) circaind a
separate area for %roces i ng d(jza of anot her type (videg and audi o tapes,

me (
for exanple), W By RIyEraliseEt s At omdbdhetery SR, Elﬁféﬂcagé‘e?%wef"aﬂfy
performed as tdFiRpedBnddRh@pdvidr ganl RS e AQNHIGIRd IR sifth 8 Talfbit WEiB proviie ey f or
i ndi cati ng how many itens bearing RFI|I~ tags have been presented for
processi ng by SeRe idapes! elesineal phaacterigicrpsite sqpaeretr ARBINE GRAIGAVEMI or nat i on
from each it emophARRRECHH Qck REHFIGND GBs it ABNd BPEetied 3D eHbSPbAN filnBlidniidi cat e
that there were, for exanple, five itens present. An optical or other
det ect or coul datigfasgorile used to verify that the same number of items were
i ndeed present, so as to alert the patron or library staff' if an item
wi t hout an RFID tag had been inadvertently or intentionally included in the
stack of other nat &¥heglthe rgenetically-repoadtestomentis uted gs atygsat paeyof the@pigome t hose
described in ; | d ' [ | ka et
221 al.), fil gﬁ%ﬁ?ﬁ%," PPN Bl B ,%g%{;@%ﬂ;ﬁ%ﬁgéﬁ %Eﬁfor t he
Opti cal Det ectathss. Giecuigslcpyplieg meeersurdrecasedizt fhpsical conpdsliohbarweengaultiphed t o
t he assignee }: tion) e e h o "
i ncor por at ed %@@ég%gﬁ@gﬁ ner'%llvérelﬂéf et}r"“I g%ngég oar@g'ﬁ%agéalnﬁ%"ggeﬂy?ﬁ%s based on
wei ght (i n whicontattretecREINERNeEQEEpling 438 shievrein Kiguees6r Grand He NRMiCOMattag or t he
LAV software t [ d .ed [T e actual
wei ght of 1t ne ‘SapLE B hele Rk P SgEh R ou MY, HIBENE cbbpibp ", 2
det ect ed (as dsesuchawniarvotip@ientPas pmdsitil@ntedna 2@het9 GefleManandsdireatior ), t he
contents of vmain{:ehniss in_gﬁr %)‘r%téad b% re.fag‘genge herggin : sCorrpari son of the
nunber of itert 46 EX?% By £ REPH RS LRY PRI .r det ect ed by an
optical or other detector insures that the magnetic security elenments
associated with non;RF1D.tagged jtens_are .no eactivate i t hout .the item
al so bei ng chargedn%’ﬁfo'f%"aéﬂggﬁéé{“f"f"d“Bﬁf’rrcd’ri'.‘é"l‘ﬁéc‘aléwgé‘a BFERELS ¢t he
itens after a ettt EioThgicmhidbenfdeexatiplel 4 E35 Ml @adiRGhg i ft@nh achclire ve
itenms, for exanE}Ime%l',51 or after ap operator, ii%‘pstructs t he devi ﬁe t 0 process
the items, or SHEft BE MU 4K cOVRSIAs Anproyed alths cormsisde FRiPYSIAC RAENHG abl e
di spl ay may aduhdion ohe @RE0Med fypasoftiax tdlectsis day be lovidée oper ation. Anot her
enbodi ment of the inventive device is the ability to verify the content of
a package or case having nultiple itens inside, as shown in Figure 11 For
exanple, a set of adiQntiREs1ag2Y sRAMRREKEAYSIndRIE] f§ticdl Beindiod Single
case. To insure that only those tapes, and all of thodse tapes, are being
processed t ogeehegen therppterr12ly whighiy arrde efrmagaeicallytrgsponsive anasenal, andithe dent i f y
each of the t 1ASY thh t i
permtting thfamt(2 rtaleergi%{art 3Itzb%)gggiﬁg%%g@})e%rﬁtgdgt%ﬁa{ rgtrslgcil1 gﬁalglg) é;{oteag 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 fromthe ifZFID tag. Devices having the
ability to process nmultiple materials further increases the speed with
which materials may be checked into and out of a library. The device nay be
adapted to transmt only a single signal to the LAV software systemto
process nmultiple itens, and to receive only a single signal back fromthat
software in response.




_?z C. Portable RFID Devices For a nunber of applications, it is desi rabl e
to provide a portable, preferably hand-held, RFID device. The hand-held

RFI D device is capabl e of searching anong shel ves, bins) piles and library
carts. It can essentially search wherever it can be positioned close enough
to the itens. It is capable of identifyildg nultiple itens that are within
the range of the device. These and other features nmake the inventive

port abl e RFI Dmaybd applied todhamagnetichliynespopsiveoniteriakse that ivplay b sejectiyaly t abl e RFI D
devices w || . i first. in.fe e4 ng.:. operation,
and second i np 'é’gr{rgég%df&gglrv?‘lg{j@ ptﬂbs@?eu é“gﬁsrtl@{'sl %Eishgeoa%?eg? Qﬁn‘é{l h%ﬁs g:f’éa Bcsi ng
such devi ces. 6, ltoweger] inpotrthasitally eonnested to atintbdrated ciromiti 16 ros thedipoietanedsa
described hergin are equal | i cahl e t on-portabl e RELD.devi ces) and
that the funcﬁ’(gﬁts's 8?“%{96?"?\50 Sc?rfégl cclpwg%‘gmégeoé}gaf %’??"@? ¥8?{ﬁsét'°t%6p°ﬁeonportabl e
RFI D devi ces edupliy toiprevideya cdppinativaldg2(fa0 ThO dibalb hiterifa)2B nelg comprise eillive

di fferent functions and nmet hods have merelﬁaébjeen grouped together with the
type of RF117MagGhicallynespensiyr Matria) OF aon-gagneheadly-Fasednsve Ml on or met hod. 1
Conmponents and Operation. The hand-held RFID device of the present
invention preferably includes an RPID reader and witer, rrermréei, a power
source, and sof t wafiBren’ Bidylivstraia emboAimenyt B vihish noss themen apisars Heldcr i bed
herein. The Rﬁo@décﬁﬁcﬁéc{ﬁ%ll)lc%ﬁpllfgml\ slmergxassmtamsér&%{a&mﬂ% 120 13.56 Mz
|t FI D reader, manufactured by Texas Instrunments of Dallas, Texas. Menory,
pref erabl y i ncanthinatign tagPb shows ipligwe 7, ingraied cpeuvi2deeludsy dippleantestanpl e, a
"pal mtop" or £ ShupfY 0 Santa C ara)
Cal i fornia un?e‘?%eli%eaga?ggﬂ?i our})) p’gél) %n'ﬁ%!n?%%:{b' ?ﬁgé%{)prztgggﬁgﬁ%g%ut er may

i ncl ude an opmegelicady-sespeonsive matendankd -astenaés) 23t mpy teymadeef magretitally+ ons f or
devel opi ng usgr. .4 :9S SHIAL ' : B [ : lon. to
transfer data %dtn\%ggﬁlh?ﬁg ie@‘f’ g:oe énggﬁﬁg?ﬁ%%hgggﬁﬁjg%%ﬁ’ %’%g’%g’?&‘#&?ye ports to
connect per i ptespanbise tlemertef thatye sohd inlBigured i{ parshically dectrivilyDongetier ) and a
battery power ,gyppl % SOMEnBAE e MY & Snk el UL AL Bper T Pher al
such as a bar-code scanner. It may al So Ohtarn vari ous teedback syst ens)

i ncl udi ng | i gitena@uziconayrbd naddefsypigagtical Asresppssivei rigaeetiah bOwher, vatilteme ofar e a
number of optjaons far. transferring data between the hand-hel d device and
anot her pr oce!shgélﬁ&bg?'g}eptgﬁr%ﬁgﬂ%g ﬁ”ﬁ‘ﬁ(ﬁstati on approach can be used to upl oad
or downl oad data, as shown in Figure 14. This nethod coul d be used, for
exanple, to upload.itemjdentification.info ti prior,to rformng a
search to -23 fidl;lh(f otvﬁ%dslg"céﬁees%?tﬁﬁ%c?'?%em © ﬁgg}ﬁug{ekre aesfrg%ifsé’ogi'e)bm’?f) be to
downl oad dat aerfable tl@tegp & icohdpeodristyrplastd on @ns art drétle hBvrexlvewe tiestegl Wi t hi n
the library. The |in oul d. be i npl enent ed a docki.ng.station S
illustrated); mg)gbeagp\ﬁnh?ag‘f”g'sasdh%}ve(l:)gglleggﬁ a8t (%llsaadb Oé)g’ gr“ ’g%(isgagbléﬁ ‘génsa((g W rel ess
or cabl ed, r ethetdgithis ehough thpevepeeasy tharedniambly diatreing ehei ené ofithel baakot her

processor, or.in_an er nner. sui.tabl e for .transferring such data One
such exanpl e anvﬁ'%%%@t G]r?ﬁgea Wpfoé‘lnéai y ﬁ'glqlmé s({zé%tﬁlfg’o%d er?%f)rf’thechnol ogi es
of Hol t svi | | ethickisass ¥rhk 1ag Sy sefenBly leskihart 0163 Spac.o026m@)d al | ow nobil e users to
wi rel essly conmuni cate between nobil e devices and | ocal area networks. For
this operation, the nobile unit will typically include a conmmrunication
conponent to SuppOFhe combighiemIaps oNthisrinveationaity bs prividas inSyifomn, © enfbl@400
Wreless LAN PC Card. ,The user li nter(fg.ace.%Jog t he de icg 1S deagi ned both to
conmuni cat e t & 28PRpled sepentiaAppicehp of ifridyalipesdQaticles S5 24ngalyt's Yat a.
Ent eri ng dat adesenped i fardeanspld, PCHiPOBick i ME WO @7/ 60109 DeéRtle 1k, ).sear ch nodes

and entering dat pecific to a task (for. exampl.e, to check, out an item or
to put an iteﬁ\%lyﬁ"ﬁcﬂoﬂﬁb'" d#pecI0e Op MPFfSufacss °%“§\"B?yce)tf°afﬁl‘"§f°dp?yo‘\?i ded t hrough
a conbi nazI i ONadhksiveq(swolh,as b iptkdufe samdivagdie%é),a;ﬁay bEltemeNed Honytheayl baﬁijéI her beOI _
integrated into the unit or separated. \Wen separate, it can be designed in
vari ous mys,anPHMw twe pages laahiogll nser itfibingingy AtRIBE SREGHETBAYSsi |y vi eved
by the user. KobRéd toqhdiithte hsttB&H drlthedBRBHMENEe, Ahd SiEr dpmbsk-shal 4 sBlsbly devi ce
is as follows. A hand-held RFI]7 device is provided in which the RFID
reader, user forfleteesthe positinn o varigpsgamponentt ia thesystem per 8lsobe praYigedsof t war e ar e
all provided in a single integrated unit, as shown in Figure 13. By using a
hand- hel d conputer such as the Pal mPil ot described above, a nunber of

real -time functions of the type described bel ow can be achieved, in
contrast to systens in which the RFID device nust interact wwth a separate
conput er, database, software system and the |ike The software can al so
provide either limted or full-range capabilities for supporting functions
of the type described herein, as desired. The hand-held RFID device al so
preferably includes an integral power source, although it can be tethered
to a | arger power source of the type that m ght be worn around a user's

...... o e - o o "



A hand-held RFI)7 device can interrogate and identify RFID-tagged itens
whenever it is activated within range of the itens. Intermttent activation
can be provided by~, for exanple, a trigger associated with the device, so
that the el apsed tine for which power is required for the RFID device is

m ni m zed. The reading distance is a funddion of many factors) but is
expected to be between 15 and 45 centineters (6 and 18 inches) given
current technology and the likely frequencies at which the system woul d
operate. In some applicat.i ans, it rra‘z/dbe] desir.a Ielb‘o resir)iﬁﬂ.the ,
operating range of {HEOHUIAIERAZ]S beliayed g hayp partipyiraithgusl nod exghysiye,usg i

associ at ed W tife ploBé¥Bingbf [Rraey MaRfial§ aB@ry rhalerRIsm@Ving ASREID faf 6f thRngRst

avai l abl e range of operation will be desired. In other applicatiaqns, it nmay
be preferred tuiddechicked ipard ol minGe e3stynes haps Mitheyi humpmessisiancsi s tfe) to
pernmt |onger @Aediswaikbaueddiidhlyde chécRéd dub e PpriiRIaY pResikwhd Rty heredl r ange
w Il also be influenced by the design _of the antenna as well as the
orientation ofhaven REDMag assogiaedawitk ker fibragyicardy b ernihe patian nasrstiihgrugh 2

appreci at ed t Nafiatid\§etdc88fzdn@ A8 chdRed BREN in Wik (He pa@difirelnfefd hiRurBgtwi@en
battery recharges or replacenment are often dependent on each other. Various
tradeof fs can thematerslsi Dhedap ofihesiavention meycalggaassist duinegntap planagamem@nd or t he
device. In op i | | ¥ - evi ce

i s obtaining ?dré‘g] gtlél?%rr%C%R@%rl%ﬁ%ﬂ%%ﬁag@g{o;ﬂge eéﬁ%lkt%ref?nmg%'g?"Egdgggéebgﬁggganned
by the devi ce chhauobsly. Tleee dndrtheh &etirad@fihe avebioaicars of edfupsenteet irowghf toom t he
RFID tag) and gLt hel. | ] I | : 10t ] r,.i diately
di spl ays i nf orb%{&ocﬁhésrg@ g%f%&mgtsﬁfhﬂdsﬁjﬁke&%léh%-%hg 1§ Stg’é{/%é%(i ’?Ag rnr;%l ated to
the tagged itdike. This is in contrast to devices that nmust be docked with or
ot herwi se conmuni cate with a separate database of information before that
informati on can be displayed for the user. The hand-hel d device of the
present invention damogtiesemteliroantkxdconbingtion tag treildwreededualvstatus aladkesni t h a
separate database, if such features.are desired. 2 Functions. hods, and
Aopl | cati ons. agvaion a3 el HheiBueiott Wik bEE e RIS AR e
used for a nundfelie tag hddbeed dctinged oredchadsd)andlthaqigh iacadio Hefiendyrespasteng t he

f ol | owi ng. -25. The i.nventi ve handhel.d ItFI D device, has particul ar

Usef Ul ness. | n CTRISHRIRHED i Hec, P ERIBRHE STDHHER JEUPEAE AL B ogr ammed

Wi th specific ménhary omthe RFID dripitsdlfyshowedoBiat itied itemi Had lbBent dppiopeimelp prycadsal). W shes
to locate. The unique identifier for each desired itemwould be stored in a
reserved nenory |location in the handheld conputer. As the identifiers of,
for exanpl e, itens ThefdlonhgExempres grovigadill Byrhehigfonihationas & the €46 bsedirll d be
conpar ed, usi nﬂ stgt dar d ftware rqout,' nes kn,owglmgg t hose skilled in the
art, with the 'PfEPOGMGISHEIPGRRY qepcr SRR °Y%at ch occurred, the

device woul d then create one or nore visual, audio) tactile, or other

si gnal s indi ca%i n% tge presence of the item One application for this
function incl Codkting itens that are believed to be missing. Alibrary

typically maintai ng\ @mnbindfiorthg Wa$Hhdtdn hdcBffince WithAREpredefiiBvdniiad. Are expected
to be in the library, but cannot be found. erny downl oadi ng t hose m ssing
item identifi eregmaligy sthe praguerdfempargadioy awilablefeony the Camsptee heehpelesy t he devi ce
by itenms and bk - I S5d oliSMih S« g chaab her

QY rBbrati n?tﬁqua?cﬁltgr,]gt@ﬁ@yﬁanm unddr ik de&?rg.ﬂ[uglz %Wg‘g’gt“% &h

exanple is to locate itens have not circu n used wthin a
gi ven nunber oftestdvitursmanifpsivred byHangledehin Sysiears£S©$) af fer Piege ealifaruu| Thepe
downl oaded to band : i I I ! ;

circul ation co%‘ﬂfrg cand %@L%ﬁrﬁﬁggﬁﬁe@ﬂg%@bﬁghg% (t)'ﬁiestﬁrré@rgé 90’13‘1#- ytthlﬁtéhﬁFl D
tag. In this clsks cmdéntensd-Theltest thavtiecensidted of meandaedSCs 248 Ghzlantgthaany dat a
from anot her ¢ I h - ' YRR | D
menory data to&)gmgié E’f It? EWVEE (g}roidgesfillggé%é%% g%sﬁggés&)ﬁ g% ér(l:ﬁ to %ﬁéa %%de:r at or
based on the s@Hzfi¢lésirqngreaomehdéo powmattypinal $GHRPIDetag thediidy woddghwean be
either downl oaded ff om & bl AbNe d3E2, D856 hOHAE AR AGLE. Of,pbt ai ned
directly from* he  FE'E™M ag s Y07 TBCEREOT Pl REPTORET PR |"oraryp°t“hat have not
been checked iraceiving postionaif thetdeise Noponabgakgdhd standard SC Shatentut witinthe and t hen
downl oaded to the hand-held device or the RFID tag could maintain a nenory
| ocation to indicate the check-in status of an item Wen the RFID tag
menory indicates the check-in status, the hand-held device does not need
any data from an external database to performthe search. A natural
application of obtaining matching data directly fromthe ItFIDtag is to

| ocate itens that belong to different Library buildings or to different
library systens. For this application, the owning library is preferably
encoded onto the RFID tag and the hand-hel d device alerts the operator when
an RFID tag with a different owning library code is encountered. The

o~ o e o N T M



-27 anot her enbodinment, tire library places "location tags" on the shel ves
or other locations to be searched. These |ocation tags are first read by
t he hand-hel d device to indicate that subsequent itens read shoul d bel ong
to that |ocation and an alert is provided when a m smatch occurs. In

anot her enbodi nent, the hand-hel d RFI D d&vice may be used to enter data
into the device as to a specific item That information may be either
transmtted i RiptaiyRetRermalignantenngcbe LED illmingged anappseimately ehe spine figld be
transmtted s I IS reconnected to a
docking stati k&%gﬂ E#MP%SQU&E&&P gart%gto?%agﬁ%ﬁ&fme LAV software. For
exanpl e, when a user takes a library material fromits | ocation, the user
may i nput theEneW!siagus of the article into the hand-held RFID devi ce.
Because this on nust be entered into the LAV software eventually,
it saves the operRgoe 3 iliusreatésanbibersdnibediient ofdh aatrda tHat B belieatduseful wigtd y and

i medi ately a e 0, wai t . yuntil he qr she can access a

sof t war e systiﬁ?&@ﬁfﬁ AP depign. yé‘ttg‘ﬁ 899‘?@?”@%[)@”@}%“"3{5%“%#@’%@?@ devi ce
could be USEdTh@spﬁYéQW‘n@@o:ﬁ;S’tﬁlngltmh atg YoRhd¥EFonO madNelid alldy SRRk péralloyem once
the item has been obtai ne its RETD tag scanned by the RFID device. For
exanpl e, |i br &#Rer E‘f%ff'f‘"&@fd,’)’s&éll qrebgmigal), diejcutiag, on depoptiobthrrugh 2 ey Ihg ¢ he
library, and &?ﬁ%\tt‘Mﬁ%oHﬁB%ﬂtﬁé SillEADRE, sﬁh@.lasg’imaﬂpfeepdnmé)aeméntscm about
that materi al | ast checked it out; how often has it been used) or to
provi de infor &meeﬂntHO\ae\tsatﬂaﬂdaé@e@ length gEtheseanctaliiceelementsin bisigepme®i | es of
library mater i y e RF1D tags of
the itens as 'zlﬁletilmg?g&%&egg)? gg malgﬁ%c'? E&hyﬁ ?b@sméc"ég‘?%ﬂg t'?ehn the library
at whi ch t hey emeedimens sipwn/ig Figueerds flaw eolleasion elsments providedogs dhecaomersdaye al so

| ndi cat e fromulghgedife i WiSo GRASRURL MR PhS LNGIhGMBuh St OF
| ocations, entering a |ocation cod readi ng ocatl on m Tag" that is
associ ated wi ﬂgutewawom@@quzrew,amdmmmc:pm@s erleabllm}y describkd fodeee the or near
that | ocation ai n addi ti onal
i or mat onaBBe Brera ol hER By LAh Rt ahi b Bl En hEnBRYT O
Alternatively, if itens used in the I|brary are first placed on a book
cart, for exanple, : i %, the
|tems on the cart PE)J}%@%\E%“'Fﬁéélﬁr{]éj&#eng‘fa%gﬂcglr?s g’éa%] JbVO%L ﬁﬁ%ﬁl S par agr aph
are referred the chundinstiessokgqeepitengas'for rad@greiecibiercefaiadgirafitsaanfand- heI d
RFI'D devi ce agg.,pingk sQUﬁ)mci’e'?gm! et Uifitat h?.sﬁgfeuﬁiwathf L dnRGRS & thil B

qui ckly and accurate é to readi ng eac er or tiftle from
itens, the abMOPldfur‘!cooﬂg@tlumlbsléucitim adelwmwd i tem qui ckI y and then exani ne
items nore closely to locate itemof interest) the ability to quickly
identify itenms matching a given set of criteria (lost, not checked out,

mat chi ng speci fi c Eherambodiments of thk pesent @ventip) dapubet! heowlmayiuseseither dteent i fy
items that are ji.S- I ' 0 ct

| ocation for f‘ ?1\{'3“%5 Tens #ﬁlﬂse?e\i\n%ﬂ'{ Q'd?% %o@fb‘ﬁgn&? aéﬁgt}}(ﬁg{h%%# ‘%eg%ﬁf‘“gﬁé’cﬁen t he
col l ection being scanned. O her advantages include the ability to enter
transacti ons (illl recltsflnyodl %nqsgf%a ,L}@Srgg h\%lngmunlt when itens are | ocated, the
ability toid to scan a bar code or any ot her
mar ki ngs on the item such as author, title and call nunber, and the
ability to deternlne i f e\égg“}ng vyhere on a shelf on a library
can, in a bin, n—or-ra'bqlg—m—&reﬁ%g&-’&%ﬁee—*‘*ﬁ%se and ot her advant ages
will be appar ent Bezaish BFED adigs slay bé shieldeti BigheRintentidmally breuniritentiomallpppended
hereto, persons of ordinary skill wll ogn| that the itens recited
coul d be Ii brﬁﬁryry,pg{rgrp,.ndf gé{ Ry Wg”’%ﬂ&@%‘r%éﬁ ﬁ?gl"@ﬁ?"é‘c Stitf¥eti c or
optical nedi aclembls infike fapded ibraB mareris, préveraiely &etrhe SMEb Lt Wilenihe Blagieael
materials such as p kage | etters, tfi%ntl n el ectroni c .de all ces)

ani mal s, aut oSBT Elemeptis dual gatus, gean; hepy %Sé'ﬁ%‘“’SlB’ agtiaied an

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



-29 W claim 1. A nethod of interrogating a package bearing an 1ZFI D tag,
and nmultiple itens inside the package each bearing its own RFID tag, the
ItFID tag associated with the package including information about the 1ZFID
tags associated with the nultiple items, corrpr|S| ng the steps of (a)
interrogating the RFID tag associ ated V\ntﬂ t he package to identify the
package and the items in the packa interrogating the ItFID tags
associ at ed wi t # bogls artdmwws,tmecq@g@k@@en@bﬁ%eaﬁf' |"EB’P%V'°§b’rfﬁﬂ°f"{§Hé‘t‘}G‘§t y to

denti Ty the | $verB0ORID ot RERAR MAhdiD Bl JALAQDRLALAS Hhefebht P (2)

and (b) to veri e contents of package. The f claim1l ,
wherein the i trméuam invddvemneyt bydibery sitfEmegbersThe method of claim2 , wherein
the library materials are magnetic nedia. 4. The nmethod of claim3 ,
wherein the magnetic nmedia are audio tapes. 5. A nethod of interrogating a
package bearing amslsibwiintfagira@n RFID dédcenvtquipped tardd iifprmagiot ﬁempackage,

and nultiple i insid the ackage each hearin ag,

comprisi ng ¢ el el 83e" e FrbBrratg: ARG borle of pRPrai i AReb B NG W th ¢ e
package to ideiﬂfdntayndnheamﬁk&gawmehg nﬁdhﬁm ad&@hitmroenﬁﬁh%a&ﬂagnéthe itens in
t he package; |nterr 3at|%thelFl s assocjated wi,th the itens in

the package su A OPLEA OIS AT a BIG T €4 °t"6° it 1Sere e RIARET SYOSTANENt g (¢)

conparing the pratekingbf thditent PieFERIDI davisd RS0 équlpped (ith @Xetig, MRh &f the t he
contents of the pgcka ge. 6. The nethod of claimb5 wherein the iteng are

library mat eri @ilsdesignedrioenahle the actiyption and deagtivatiomelthe fecurix cement RPTIORAE er i al s

are nmagnetic ngdiem Jﬁettﬁ&tﬁm@e\q&er@to@wﬂmt BleRelicd MmsiROMERék Medi a
are audi o tapes. - . A nethod of sweeping RFID-tagged itens to

det ermi ne inf otdwﬁtftcefwndtfﬁ@eﬂm 19¢ @EWYEr bavingsefiveare proyided Bowilra¥i ng the steps
of (a) interr Oﬂ%rhﬂ%ntvgﬁdoRFolr DAVaQQﬁ&tg abFraRimAf gfyrSOQ:UrrBF LRV &adafe syQet @i N

information identifyi ng the items; (b) providrng the infornation
i denti fying there{Rymx.} vlish ischvailablfromoAmeritech Aihwans Servigps @fdtﬂb\@cUtahg'Caﬂ

information i dﬁ.l"St"vJ NdhPavhaibBle RAPEARD C%yp \Mtio Iaflt)E'ﬂfet fc%er B {(d)

provi di ng that ocatlonln ormation to tn ata abling the
dat abase to gewbplatsevalahlt:ﬁpmél%atfsprl@ﬁns,lbélsmhnhow often the RFI D-t agged
itens have been used. 10. The nethod of claim9 , wherein the location is a
| ocation in a library. 11. The nethod of claim9 , wherein step (c)

conpri ses sel ect i ngfherd apeanuncher 6fways do frarsmit gfe ifoueation nbtained from an RFID

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

the RFID device as an integrated package.

In devices having both RF and optical bar code reading capabilities, the device

should be able to handle library materials tagged with RF tags, bar code labels, or both.



12. The nmethod of claim9 , wherein step (c) conprises entering a |ocation
code. 13. The nethod of claim9 , wherein step (c) conprises reading a

| ocation RFID tag that is affixed on or near the location. 14. The net hod
of claim9 , wherein the itens are on a,gart, and the nethod further
conprises using a handhel d devi ce to interrogate the itens. 15. The method

of claim 14 Wnere in.th further usin he hel d
device to nmak® °Reafion,the \éggw @gﬂ%esf PR g’n&feﬁl? ?e{’rsbry :R?{é'lH] . The

met hod of anytagrebafdod€ lodbseh, Rtrieving e itérh @ieatificion, coddiaideprofel bl ihk maBiaar e
library materials. 17. The method of any one of clains 9 or 10 through 15 ,
wherei n the i &B§EOM OBE ¢rRokLefdbese tagg and mw\s&his Infgrmationgn 1 thedy AV, A AL

- A ANL. A& ALT sofivaRSPSerSWhkn 1he dbvice fckides both an RFID system and an optical bar code

scanning system, the device may also be used to create RFID tags for media that is only
bar-coded. First, the bar code would be scanned, and then the identifier (or an ID code
associated with that identifier, depending on system design) would be written to
(recorded onto) the RFID tag along with other data, such as media type and other
selected information returned from the LAV software system relative to that media. The

RFID tag could then be applied to the item

The RFID device of the present invention preferably also performs “smart”
resensitizing and desensitizing of the magnetic security elements attached to library
materials. When the device reads the RFID 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 material with which the RFID tag is associated.
If the LAV sofiware 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 software 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 1o deactivate the magnetic element
associated with that book. However, if the LAV sofiware 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 1tself, 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.
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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 carefully 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, especiaily 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
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bar-code scanners. These and other benefits and advantages will be apparent to one of

skill in the art.

B Use of RFID Device with Multiple Items.

Another benefit of an RFID device is the ability to process multiple items at one

time, as shown in Figure 10. Whereas conventional devices having only optical bar code
scanners can process only a single item presented to the bar code scanner at one time, a
group of items having RFID elements may be processed essentially simultaneously. This
may be achieved by having multiple RFID interrogation sources (readers) mounted in or
on the device, or by having a single high-speed RFID reader that possesses the multi-
item identification algorithms. This capability greatly reduces the time required for

library 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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al.), filed April 10, 1998 and entitled “Apparatus and Method for the Optical Detection

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 opcration,

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.
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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 enable various functions of the types described herein. The
RFID reader/writer could consist of a Commander 320 13.56 MHz RFID reader,
manufactured by Texas Instruments of Dallas, Texas. Memory, preferably in the form of
a computer, may be provided by, for example, a “palm-top” or handheld computer
available from 3Com Company of Santa Clara, California under the designation Pailm
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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coliection 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 {or 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 to support wireless

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

The user interface for the device is designed both to communicate the status of
searching and to allow the user to enter data. Entering data may inciude 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 sofiware 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
user’s waist. In the case of an integral power source, the source may or may not power
the processor, and may be recharged when connected to a docking station. When a

hand-held computer is used, it may include its own power source, and may be recharged
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when connected to the docking station to upload and/or download information, as

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 expected to be between 15 and 45 centimeters (6 and 18
inches) given current technology and the likely frequencies at which the system would
operate. In some applications, it may be desirable to restrict the operating range of the
device so that it only interrogates RFID tags associated with items at a closer range. In
other cases, the longest available range of operation will be desired. In other
applications, it may be preferred to restrict the output power (and thus the reading
range) to permit longer continuous operation from the battery pack. The read range will
also be influenced by the design of the antenna as well as the orientation of the RFID tag
relative to the antenna. It should be appreciated that the read range, battery weight, and
lifetime between battery recharges or replacement are often dependent on each other.

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

In operation, a particularly useful feature of a hand-held device is obtaining real-
time information regarding an item that has been scanned by the device That 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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The inventive handheld RFID device has particular usefulness in item location.

For example, the device could be programmed with specific information identifying
certain items that an operator wishes to locate. The unique identifier for each desired
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 misging 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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device could also be used to determine, as with the RFID device described above,
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 include 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 sofiware. 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 software 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 often has it been used) or
to provide information to a database that generates statistical profiles of library material
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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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 10 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. These 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 materials (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.
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1. A method of interrogating a package bearing an RFID tag, and multiple items inside the
package each bearing its own RFID tag, the RFID tag associated with the package including
information about the RFID tags associated with the multiple items, comprising the steps of: (a)
interrogating the RFID tag associated with the package to identify the package and the items in
the package; (b) interrogating the RFID tags associated with the items in the package
substantially simultaneously to identify the items; and (c) comparing the information obtained

in steps (a) and (b) to verify the contents of the package.

2. The method of claim 1 , wherein the items are library materials.

3. The method of claim 2 , wherein the library materials are magnetic media.

4. The method of claim 3 , wherein the magnetic media are audio tapes.

5. A method of interrogating a package bearing an RFID tag having information identifying
the package, and multiple items inside the package each bearing its own RFID tag, comprising
the steps of: (a) interrogating the RFID tag associated with the package to identify the package
and, from a software database, the items in the package; (b) interrogating the RFID tags
associated with the items in the package substantially simultaneously to identify the items; and
(c) comparing the information obtained in steps (a) and (b) to verify the contents of the

package.

6. The method of claim 5, wherein the items are library materials.

7. The method of claim 6 , wherein the library materials are magnetic media.

8. The method of claim 7, wherein the magnetic media are audio tapes.
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9. A method of sweeping RFID-tagged items to determine information concerning usage of
those items, comprising the steps of: (a) interrogating the RFID-tagged items with an RFID
reader to obtain information identifying the items; (b) providing the information identifying the
interrogated items to a database; (c) collecting information identifying the location at which the
item was used; (d) providing that location information to the database; and (¢) enabling the

database to generate a statistical profile of how often the RFID-tagged items have been used.

10. The method of claim 9, wherein the location is a location in a library.

11. The method of claim 9 , wherein step (c) comprises selecting a location from a list of

locations.

12. The method of claim 9 , wherein step (c) comprises entering a location code.

13. The method of claim 9 , wherein step (c) comprises reading a location RFID tag that is

affixed on or near the location.

14. The method of claim 9 , wherein the items are on a cart, and the method further comprises

using a handheld device to interrogate the items.

15. The method of claim 14 , wherein the method further comprises using the handheld device

to make a single pass by the items to interrogate them.

16. The method of any one of claims 9 or 10 through 15 , wherein the items are library

materials.

17. The method of any one of claims 9 or 10 through 15, wherein the items are packages.



