A READI NG DEVI CE ABLE TO | DENTI FY A TAG OR AN OBJECT ADAPTED TO BE

| DENTI FI ED, RELATED METHODS AND SYSTEMS CROSS- REFERENCE TO RELATED

APPLI CATIVDSo{1208kk Thi s application nakes reference topramgcehmionmsd he
benefit of priority of US provisional patent application 61/224,128, filed
with the United States Patent and Trademark O fice on July 9, 2009. The
content of said US provisional patent a EI ication 61/224,128 is
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readi ng devices. By way of exanple, enbodinents of the invention relate to

a readi ng device abl i M i jdentified,

rel at ed nmet hods and @?nggﬁ% %g@w&ﬂ?{%%] Recently,
use of al[ecegpetTlds fapplh&iatﬂ‘oﬁrmmrttafeférfcattb QﬂdWlﬁ@&E§ bbﬂ@ﬁtbﬁ%o\fﬂfrﬁbf &g ensi ve
and vital. This can be seen | secured articles which utilize
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tickets which typically use magnetic 1nks or etlc st r storing
encrypt e(ﬁlé?e?éulr%tlymcnmatad hemin t@taferenex &mlllqmrposei indts eatitatgount erfeit tags
whi ch use magnetic particles to create a random arrangenent which acts as a
magnetic fingerprint. In addition, nagnetic barcodes and nagnetic patterns
are al so gaining popul arity aESIRTHYOHE THESOWENTYONeat ures. [0004] Using a
magnetic field for jdentification is popular as it is an affordable formof
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require any additional power to function as the magnetic is an

i nher ent afl@b.teeﬂeb@ﬁd@héeMQn@dmthtdsenda{ssemS[ 0005] However means for
detecting magnetic fields in the area of security features have been very
limted. Most magnetic secured objects, in particular security cards and
docunent s, commnly adopt BACKGROUND OFRTHE IXNVENTIONol ves sliding the
obj ect s’ et ce into a slot to t ai arr&gnetlc signal. In such
swi pi ng E@gf zﬁqcﬁlﬁ »jyse i @ dnasnstie ;ﬁelfg {/i¢ation RMEPoses, fgs ibeet VB de
bet ween Teh@néﬂ'@ﬁidbﬂtamgﬂﬁﬁ@ﬁ RNeert a ﬁ@ﬂﬂﬁéf deBured articles which utilize magnetic

patterns or magnetic particles as their identification means. Some examples include security

documents such as cheques, credit cards or tickets which typically use magnetic inks or
magnetic strips for storing encrypted security information. Other examples include anti-
counterfeit tags which use magnetic particles to create a random arrangement which acts as
a magnetic fingerprint. In addition, magnetic barcodes and magnetic patterns are also
gaining popularity as magnetic security features.

[0004] Using a magnetic field for identification is popular as it is an affordable form of a
non-visible identification that can be read quickly and reliably. Besides, identification tags
which use magnetic fields generally do not require any additional power to function as the
magnetic field is an inherent feéture of the magnetic materials.

[0005] However, means for detecting magnetic fields in the area of security features have
been very limited. Most magnetic secured objects, in particular security cards and
documents, commonly adopt a detection means which involves sliding the objects’
magnetic face into a slot to obtain a magnetic signal. In such swiping applications it is
generally necessary to have a physical guide between the item being read and the reader in

order to ensure that the track of information being read is the intended track. Also, the
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order to ensure that the track of information being read is the intended
track. Al so, themechanical sw ping action can gradually wear down both the
secured oRpesi@edat he reader sensors or guides, as wel pcggcar@pbessebris
to becone trapped in the guides and scratches to occur on the secured
object. If the resolution requires high resolution reading the tracks being
read are thin and may require very accurate alignnment in order to be read
cor r ect | ynedieniealishening gcthnman ee@adl)swwrdom with the seaged olgecttahe thegsaleut i on
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[ 0008] Intern magnet 0- O reader & have been o ed by
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contain a flat, clean mirror-finish reflective surface.
[0007] Fortunately, altemative devices for magneto-optic detection exist. One solution is
to have the reflective surface as a part of the reading device itself, thus reflecting light
internally within the device. The reflective surface is brought into close contact with
substrate to be read such that the magnetic field from the substrate can influence the light
reflected off the reflective surface within the device. This means that the substrate being
read is freed from the constraint of having to have a flat mirror surface.
[0008] Internally reflective magneto-optical readers have been developed by many
groups for use in the field of storage devices, but their usages for identification purposes
are very limited. Some examples of magneto-optical readers are detailed below.
[0009] United States Patent Number 3,512,866 discloses a magneto-optical hand viewer.
The hand viewer is directed specifically to an apparatus constructed to operate using

magneto-optical principles for providing a visual representation of magnetic states in a
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[0009] United States Patent Number 3,512,866 discloses a nagneto-optical
hand viewer. The hand viewer is directed specifically to an apparatus
const r uctwg 20n/0p2eat e usi ng nmagnet o-optical princi pl esptoscpoowielisng a
visual representation of magnetic states in a. magnetic nedium such as a
magneti c tape. The hand viewer provides visual representation using the
Kerr and Faraday magneto-optical effects. The Kerr nmgneto-optical effect
produces Bagustiaied pnpsuchies ampgeaeticiiape ciliedvand viepst providss visnalagepreseatatioys of a
| i ght be efil.e d, fir el f B 0- i cal
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mar ki ng, capturing and decodi ng machi ne-readabl e matri x synbol s usi ng
nmagnet o- dptdiem; Fhagymegnetaoniicalbaad vipwer yagsen combipationeof thehGere iand) Faraday

machi ne-r. | e . ant 14 . d . e [i.al t
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advant ageeahr. t he nagnetic properties associated wth the matrix synbol

ovever , F reUmde daets et (e SOenes naetiy® dednetod LA (nEke ect i on
of Veri cedphfirg @hd %&ﬁﬁnmhm@-réaaalﬂahhaﬁﬂfskgibmswwhﬁgﬁ@&lgptw ifghasi ting

a viscous magneti c conpound. In addition, atent describes the

det ect i ofechpigteselderatent dolves sopanemBenechinasadable matrix symhobarlgngsconsi der
magnet - aRpdaR: fferiiihy theRRIRANOMAMeHSH bkl Snd ', SXATREP ik USe
i magi ng the 1 nherent randommess of scattered magnetic particles.” ['n dther
wor ds, t ta&ingeghebtage pf the magadis piopertine agsatiated withcthe mians sysybud adasking id t en

wi th magneti ¢ parti.cles. but does, not. read. i ndivi dual rticles and

consi der sfeatdhé}er matking, W P8s f 1 PagRetoroPsicy f%?glﬁga?pé’ém ch ﬁ'ﬁ’é‘fevf’rhetﬁ%rnéﬁh"d
possesseslesribed ik erepitail BaipBt d@lNwith thé GereE@IObUVERLdeRO L dthelUnhdiagk St at es
Pat ent Nunber 5,920,538 di scl oses a nagnet o-optical  readout nethod for

readi ng £839p TRRITLS, SYR DR GRRSie PWOAPPEILINS Rttt MHeatiicatriReuRdt RodditoR, maki ng
the sanepelpReaeSibed @RCHdEERN DI TR R AT QHH-'CS@&?&?F%OIQ qQd i chi'e(sg hgﬁdl ng

magnetically stored data for use wth a source o nati ng t having
a wavel eﬁg@&ﬂermgmmqs C@ptq'sgan non-symbology applications; for example for use

imaging the inherent randomness of scattered magnetic particles. In other words, the

magneto-optic reader in the patent recognizes symbols written with magnetic particles but
does not read individual particles and considers their random position in a fixed area such
that the area possesses a non-repeatable pattern in fine resolution.

- [0011] 'United States Patent Number 5,920,538 discloses a magneto-optical readout
method for reading stored data, a magneto-optical readout head and a method for making
the same. The patent describes a magneto-optical readout head for reading magnetically
stored data for use with a source of illuminating light having a wavelength. The magnetic-
optical readout head comprises an optically transparent substrate having a surface adapted
to face a magnetic storage medium, an optically transparent Faraday effect rotator, having a
Faraday coefficient Or disposed on said surface of said substrate and having a Faraday
effect rotator surface adapted to face said magnetic storage medium and an optically

reflective Kerr effect rotator having a Kerr coefficient Ok disposed on said Faraday rotator



readout head conprises an optically transparent substrate having a surface
adapted to face a magnetic storage nedium an optically transparent Faraday
ef fect rowetoryeobmei ng a Faraday coefficient QF di sposesgcwscasiopoessface of
said substrate and having a Faraday effect rotator surface adapted to face
sai d nmagnetic storage nediumand an optically reflective Kerr effect
rotator having a Kerr coefficient Q disposed on said Farada .

r ot at or suuffaess, wigh Ox apd Groheyingavsame aperatienab signaat MIW@ieéngfhtO%ml@

wavel engt. i ddllumnating light. [0012] In the field of

ant i -counlplél?‘;n(??'?é ﬁ%ll(l:thnol ogy, it is also found that it is highly
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transducer for sensing both optical and nmagnetic properties of an article,
f or exanphagnetc pansdecent arpdetededhalevency or ot her docunent havi ng both

vi si bl e f | C Ki t et r..read, an informati on-bearing
medi um si‘gtﬂ?’ﬁgﬂggﬁ at as?gr%éesclé)?%ﬁtnglj\? "tngbpeé fgi%%féiésﬁfosgsr rc\(émplinﬁé.(’p%"ﬁgl ag&l
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separat i % t he pol.es of the nagnetic core of tpe ,heﬁd a . got gel ectric

el ement EFRBICAP HIRTEA PARCT RETCRBART Pheniogmmshaaying ommg_ FRdEntErte the
head, 0ngnfkilgs & b tBRePEiiresd, @n GHBIAR R -HRErinSmbdiuf] KSR aPh @th- MbMidLaplre
poles at the gap, and the article is illumnated by a |ight source, so that
bot h magrietbecrqadoperthd dikeahbe dransduger peroprases | & snaghetichgensing jhehd hawipgbe

det ect ed s kg LWwe t of t] .t he
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char act erelenemobeihg dspossyt s thbaadlinnadighmentfvaith the gap dwside thethead oheside pf i nt ed
in nagnetﬁc ink in which.recognition is enﬂanch by, sensi n he cqanacters
with bot ARGaGIE: FRaGR OB pt 11t S10ST PEIRIRE dp dhe Rples Al dhe gan, ﬂ‘%a C ATV from
t he magnefthminkfed By GUERE s Wb ik ORI migheGOPRpBBIEs Wd SptRhl prefdtiestofshgnal
derived fromthe optical transducer output_ signal either at or prior to the
recogni t iagifle mayebe fgects) simmltanepusy Ausingrglasive mavement of thesardoe agd 4bs oses a
magneti c us‘,){ﬁiglggrpgy reader having a housing containing a polarized |ight
source whi cC Irects |ight through a magnetooptic sensor onto a reflector
whi ch re{00d} s Ungéd StagesPatent diugibet 5,87 m88jndiscdoseptai chametes tecogmtlon system

and method for recognizing characters printed in magnetic ink in which recognition is

enhanced by sensing the characters with both magnetic and optical transducers. At least a
signal derived from the magnetic transducer output signal is combined with at least a signal
derived from the optical transducer output signal either at or prior to the recognition stage.

[0015] United States Patent Number 6,745,942 discloses a magnetic symbology reader
having a housing containing a polarized light source which directs light through a magneto-
optic sensor onto a reflector which reflects light back through the magneto-optic sensor and
then through at least one analyzer and into at least one camera. A view finder allows the
user to monitor the image on the magneto-optic sensor as seen by a viewfinder camera
while a processor is coupled to possibly a second camera so that when an image is detected,
the image from the camera may be processed by the processor to output information
associated with the symbol to an extemnal source. The analyzer and polarized light source
provide contrast in the images detected by the sensor. A bias or erase coil located about the

magneto-optic sensor can enhance or erase images on the sensor.
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then through at | east one analyzer and into at | east one canera. A view
finder allows the user to nonitor the i mage on the magnet o-optic sensor as
seen by awwizewfdoszier canera while a processor is coupl edcrscrossizsy a
second canera so that when an inmage is detected, the inmage fromthe canera
may be processed by the processor to output information associated with the
synbol to an external source. The anal yzer and pol arized |ight source

provi de d60ta] asOne of theeedrkya@pagesdﬂ‘tmagnedcdﬂy x'ehdabhaeidsmiﬁcaﬁmbbasb@fomdése coi |

| ocat ed out, & he net.0- optJ SQor . nce.or er ' es on the
sensor. [0 a@fgﬁd %ﬂttgs gqg?ﬁgmgg% ifﬁ@e@{‘ %fe&&ﬁuwaﬁggg%]]g)a discloses

i denti fi ciabdhivle, Gpplidnee Bﬁtbﬁﬂhdv%é-binhﬁ%h&&y%ﬂ%aﬁé‘h@ﬂﬂe {deRbing IndiSia hidden
United States Patent Nunber 3,755,730 discloses a vehicle, appliance or
tool havili¥yam opgaue; protestye laer ﬁ’a‘ijln@?c paiab | Thei indinia gy by rpmhbmtbs: Riedefem by an
opaque, %ﬁ%ﬁ“e\égelj ayer such as paint. The indicia may be read by the use
of a magnetTc rea [0017] Another exanple is disclosed in PCT

publ i cat i[0M7hundeothth@Gxa0pk/ 6 IBEBSed MRCTH pihlication owmbérsWDR004/043 s Then and

an assoma dmstho OVi mar ki ng, of teri e applied.to
goods. ﬁ;ﬁgatg%lbsa ?Sysggbﬁ’éﬁnc”??ﬁfaé% ﬂl&il’% W%ﬁnﬁaﬁ“‘?ﬁ g‘ﬁﬂﬂ%‘i“’éf?ﬁ ned
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structured pattern may prOV| de an autonmaticall y sensible va
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[0018] FLhBtMQYid«pﬁ asor prdetemrineds Waablle@anagnwhenc thea magmatic omateroad isnapplied and

ticl f t d bed {n.t | ] - .[Q019] United
S at o5 pdP &APR B EH SRl B G ot st 1 0000 1 P A Betribsy hving. o
nmagnet i ¢ [00I8Pr divithel Pyior ar Qs aipBatatile dghetidTbyttéth SRCdcRehe ROt Articled of

mat eri al havi ngﬁnagnetl ani sotropy wherein the material at a plurality of
sel ect ed MARACTER areidesq ﬁtfqﬂ(;’ WiPgsically aligned with respect to a

ref er encgpd19¢ atuifdt Sraidf weqﬁNﬁrdi;&gﬁl@fys 561 h&cﬂeéseﬁ&hh@ RRUARASvidg! X €d
information pattern such as a code pattern useful for authenticating the
docunent m4gnetkoFecopding: daysr apawining antformintsbispersed gnaargtisales miatssiek havisgcuri ty
docunent [ t %

overl yi ng Et'?cg soct%ﬁ) r@{eéég.}l?glnee}?@teh% t'a elv?nfsahgﬁgp setlec?ﬁ%blgcgartll e% toﬁlefeﬁtiéf
| ayer is pﬂlgslcztllyeilllgﬂecbwdh meppedt to lafreihwate h)nat&mdotplmawd)et hafagnetically detectable

permanent fixed information pattern such as a code pattern useful for authenticating the

One

document.

[0020] United States Patent Number 4,081,132 discloses a security document having a
carrier and two layers of magnetisable material, one overlying the other, the carrier and
layers being all bonded together. One layer is for the recording of information and the other
layer has a magnetic structure which can be examined for verification purposes. The patent
discloses that a preferred method of making the structured layer is to deposit magnetisable
material to form the layer within the influence of a magnetic field from a recording on the
information layer which is of the form of the structure. The recording is erased when the
structured layer has been formed. The security document may be a credit card, a bank note
or other valuable paper.

[0021] United States Patent Number 3,803,634 discloses an apparatus and a method for
magnetic printing in which one or more perforations are formed in a base plate of a master

magnetic medium for magnetic pattemn printing, and one or more magnetizing elements
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| ayer has a magnetic structure which can be exam ned for verification

pur poses. The patent discloses that a preferred nmethod of naking the
struct ur eslol2ayiansi2s to deposit nagneti sabl e material toprCoseétmodayer
within the influence of a magnetic field froma recording on the
information |ayer which is of the formof the structure. The recording is
erased when the structured | ayer has been fornmed. The security docunent nmay
be a credpmehilystraiivelyrd peonanept megnety arg alispasddein phgpperforit@og WithUheir end St at es
Pat ent N r 3. 3 i e n.ap tus .and a neth for. magnetic
printi ng%e%v%rlgjcegg%ng sgi}a%rr%{rgt!gg%e?r?%r %,? [ %ﬁ%g%f) e eog?’rsgopqlgtﬁ‘ gg%ggécacﬁ I (gf?% of a
mast er magagiketic filre difunsldvermaggtie mediupa fdradopyidgi i tonmtac tedrtldsedy &vithr therefid

magnet i z;tn‘? el epentsformed illustratively of permanent magnets are di sposed
in the pdffesraft ihefRagietinng elsnents, and 8eetepe) wagnety Beld asimpigsssd dp ke f r om

the surf aegiapfed iRRIRRSEhPHALRd Jggaeédlg&a% at fem%gssﬁkﬂecmung@a@{t JF tfid ave
magnetic medi um for copyi ng is contacted closely with the end Taces of the
magnet i zimgnelizng glemenimeor By th relativel mosementi of faidembghetizingoelessetd with t he
cont acte t j red. efic.patterns.are.fornmed by the

arr angerrg ﬁ#’gétf tloﬁﬁge Slﬁggﬁlégﬁ? egflcnrggdé'lﬁ‘é%n%rn%o ygr%’ l%‘ci/atrﬁseultr éefl%tnlla\%enrrc‘n‘\’/%tﬁglﬁtareof said
magnet i zicopied loa ninhagnstit film e heclave tagh@icshali@nimagneti ¢ nmedi um f or copyi ng;
as ares sai d netic patterns are copied on the magnetic filmof the
o ave nadfiz2l o Wdostict b Numher ddtaded dscbrchtenumepo e canns

di scl oses @cofGUehicy 2RSSy thfddd &P ?iaﬁsbmte%a%ﬁ@ugﬂlea&; A8y hfahifie Jeriffabdd 11 P,
thread or planchette having at |east two nmachine verifiable security

f eat ur es se¢iBite aturemBerspn, g of whichals perpegetic materigh ivdiich mhy bh maagetigelly
magnet i cal I Rri I i pat.t.ern he.devi ce, and
a second%gké/dwﬁl?gﬁ&f:&s) 1%1%1 %ﬁeﬁ%?cugeﬁlﬁp er{ffﬁg?%l gfléndgﬁg -a?igya ) cgg(? gm%lcglr B netal .
The pr ovilemoeseht metednlakn Xeadyabesbeant coraemekal iThe ppovasionl 6 sevetah fegaires@r ease

i n docunent securit%/é’iii % 023% Uni t.ed States Patent Nunber 3,701, 165

di scl oseLnGAFHEREVitRS ﬁ“%?r‘ CIEEE AR AR $REFRY or stitching which carry a

subst anc ¢o0d8} eai@bidesthys PARSH Nuntbef S0 6918is€1636s GRSmenWICHICK AR a8tz ed
substance on the garnent part is detected in a process of making garnents,

subs eque MarkeTAEfthingawhigh carpep substapcedatersableby magretis dsteetingrdevirss.d¥betct i on

ubseque et e , _
ecure doRt i terd (sblectl HERARAN Bt KON TIRDccls (EHARR elinBfl"2 "0 oy

i ncl udi ngubsegent garmenf making etepsate hetuatedjinoresoapetovhe ddtectionvéhe stichmgnat i on
to the eYﬁ)’MrorUnel%(eangtla{eestpa?en?%ymf)esr 2,1&&%6‘? d?sfcloses a secure document that is

produced by securely attaching to a support, a body including a security feature and having

a shape which conveys information to the eye. For example the body is a layer of
magnetisable material having apertures of letters, numbers and the like. The document can
be examined by both magnetic and optical examination apparatus to cross-check that no
alteration has been made. A method of making a secure document and examination
apparatus is also described. The security feature may be a pattern of magnetic anisotropy
fixed into the material.

[0025] United States Patent Number 3,755,730 discloses a vehicle, appliance or tool
having a multiplicity of magnetisable identifying indicia hidden by an opaque, protective
layer such as paint. The indicia may be read by the use of a magnetic reader.

[0026] In creating the preferred anti-counterfeit magnetic fingerprints, magnetic particles
need to be aligned in a particular manner to give distinguishable signals. One approach is

disclosed in United States Patent Application Number 20060081151. The patent application
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magneti sabl e material having apertures of letters, nunbers and the I|ike.
The docunent can be exam ned by both magnetic and optical exam nation
appar at uswoeoowmws®2check that no alteration has been maser/sé20mtonads of

maki ng a secure docunent and exam nation apparatus is al so described. The
security feature may be a pattern of magnetic anisotropy fixed into the
material. [0025] United States Patent Nunber 3,755,730 discloses a vehicle,
appl i ancedigplosepaimatand ang appatetusi for ponting @ﬁ‘lngmmhk@atklsewldeenthmﬁeyuwg in ndl cia
hi dden by ChLV: S The | C|a na

read by th %Qlﬁ(gg)?ﬂ#g%i %%%@t?% lﬁléga ec?ude %%ﬁ%ﬁﬁ fpaﬁ‘?:Sr 3%1 e pr QR }éd

ant i - countaeinbleiflakesggirediticactiver dlekgar iThe Sp,ateli’ia@p‘;ﬂiclaﬁorparsbl diidlﬁ%e@&ﬁ(ippﬁathg
aligned in a particul ar manper to give %gstln w}sﬁable si gnal s.

appr oach 1a¥inga8 cRerg¥ §OUTRE RYen a8 ¢ haptouise fof temporay lﬁea{l%ﬁma%ew%beoos

1151. Thenpahfiy al@RReh CHithOMles GiBiEBe fuiTet hod and apparatus for printing
using paste like inks such as those used in intaglio printing, wherein the

i nks i ncllQBd] sphsinailaryméthed ean alge he é@lrﬁhnrlmltekirﬁt@tpﬁ Patahl Yumber 2047883} akes,
or diffr |cat|on Isod an .appar at us
havi ng ar‘:‘:(%eel{e}é(rQStgtésaika(?Gglt N-[lglgogﬁ%’ggﬂggﬁe 0%6359 & a? ednﬁga}%rsrleﬂlo Setggp Al ng the
Vi scosi t ynagﬁleﬁdﬁﬁakdsﬁndijdimi@‘, ldhgasnaninkOfehicheoi & plids viahitloitd ckdage optically 0027]

A simlar t hod can. al so_ be ;ffLind in. United States Patent Number |

7, 047, 88FAERF (12889 15 2. L18BAPErH [NTAHBRNENZOPEIEPR. dMmagqs BsPrakids SEaisY us and

rel ated Tedtiked ont MgRVhIB dHREME I Csuh 8l SSank hofesC Mdgdntlic MRKEN i ek | K

vehicle or a paint vehicle to create optically variable images in a

hi gh- s peeédignad yrine mpgnaty mnglmvémtmgmomrm?es%@mdmiaueng thermagnefieat ur es

on_hi gh- ‘@%ﬂf&n HOLATER bhies L{fl?m% gﬁﬂhm?gé%?cal @f%‘%g&e&lh ar %‘ﬁﬁsfo} bebfifivd Nk are

al i gned ng magnets 1n a [ near opera cted orient ation

of the rm;gsmuanqppgmmhsflakes can achi eve a varl ety of illusive optical

ef fects ar usef far corat V, i cati.ons 0028]
ronover TUBBL HouREr thort 18 Bl Brrtkt i mahevteidte St indoiaeinet nok f or

i dent i fyiidahtifRGS t425 o@bjbja&tssa@geattedmtlaenhﬁﬁeudfam&h ok G edu et idHt QUSRS of

sufficient security of verificatjon, i.e. in which the reliability of t he

i denti fi é’ﬁﬂﬁ%ﬁ‘o}lsl esulrwhléhémrpyawtwaﬂ{eo@e@qﬂcmoq ig sfficispflebighve of t he
d
present ygpggt ifpr ERO é&\éb@%f%Hggsfgsgge@%&%e oV bioFideS Leemreaﬁﬂx t%@%ﬁdﬁan g

Thi s obj ctlve ers, 1s s readi ng V|ce
syst em asydenh) meidlnbt}aod hEhis @bjsetivd, \aed |oﬂdaeq9emskdmd by ¢henwading dev1ce method

and system as defined by the respective independent claims.

SUMMARY OF THE INVENTION

[0030] In an embodiment of the invention, a reading device able to read magnetic and
optical information is provided. The reading device includes a reading element, the reading
element comprising a magneto-optical substrate adapted to read overlapping magnetic
identification features and optical identification features, wherein the magneto-optical
substrate is at least partially transparent. Note that herein where the prepositions “in” or
“on” are used to describe the location of identification features with respect to a tag or an
object we also consider the use of the other preposition (for example “in a tag” should also
be considered to be “on a tag” and vice versa). The reading device is configured such that a
first signal generated from reading the first set of identification features and a second signal

generated from reading the second set of identification features are independently used to

derive a first signature and a second signature for identifying the tag or object.

7



SUMVARY OF THE | NVENTI ON [ 0030] In an enbodi nent of the invention, a

readi ng device able to read magnetic and optical information is provided.
The readiwg 20emios22i ncl udes a reading el enent, the readipog/seenmnizsy
conprising a magneto-optical substrate adapted to read overl appi ng nagnetic
identification features and optical identification features, wherein the
magnet o-opti cal substrate is at |least partially transparent. Note that

herei n wi@oH]t hin pr &pther t ¢mppdlithent,' tigr Magmetosnpgicals eubstratedewunprisos & Hayer

| ocation of identification features w.ith respect, to a tag of _.an obj.ect we
al so conse}oncfélggrﬁﬁé’ Eﬂseel%g?r & 8{“ o mﬁir,‘\fgﬁsds%nt? thca{IY JPANRALT | © {asqa v %‘5&
shoul d al @atilelagarsiddekerhdiooatiz lapdt. Thd MPgnedibptidal Sub¥@its &jrthed Esnpriasih Ng
device is configured such that a first signal generated fromreading the
first setPrBﬁeCti“fngqrfi cation features and a second signal generated from

readi ng th¢323CAN f3@her Umblod S &gﬁ%&&ﬁ é&.ﬁhgﬁ%% ?aﬁi@ﬂ?l&%ﬂﬂg&%ﬂk ¥ngised to

derive a first signature and a sec signature for Tdentifyi he tag or
obj ect . [ Q@tidllyiraflectiver Thesecandivodiinglayer mayereflegtmetesstapioriaen ofdight twheten
conprises,a.layer arrangenent, the.Jayer, arrang nt includes:; a tically
¢ ranspar o 1gfiY s RRAREE berel S ihulap A2 o8 e oi ol ber
The magneitethbtdhrandtis t(f.atmefddldubelight 8ptt b86Sis alrcdhsigéred & nalidé any 0032]
In a further enbod'gienEnt, t he second coaéj g layer_ _is parti ;i;\lly t rapsparent
and par t i ‘4ght joures Which is ot wiile (b congeTwAch sybstanpally ﬁ?ﬁfﬁuqe@ﬁ @8 ongicolo¥hst a

portion qfr bin@hds wARAESIEN) DA Whhterhi®s BRBESHAIEAL irbdiati) HiRirPa defined

“monochromatic" l'ight source refers not only to a strict I?/ monochromati c
(i.e. onevavglength)rangey far exayople @ light squsceawvkioh ewits lightraf@ wayelengthofibetayeyn | i ght

source j i i j . . r whi.ch tantiall xcl yd t

| east 0\3?5@5) an‘F Qggmﬁgéng&lg\ﬁ& \?\gl\ilsé ege;agtt%ﬁ%)a Ié“r)\g C\lﬂiol cainmgf’rlﬁE % %hé rer g Svﬁr’ﬁ%ﬁgt iC
radi at i ora wiohddhioraatite greae digha s@iren it isualy gensidered ex aniid ct@edn ¢dfnns and ce

whi ch emi | i of a. el t h of .petween 450nm.and 495nmis ysually
consi der étaam- belnalme, Wb B, %E‘TIP%H‘?"”%}EFPE’@FIC B ceaitige GRR orat | ¢
green | i giithi® aypeRichified Wavdldng it RNSE, 46 &G, 8Fint 1idhe WHRATEoAIRE B BINE and ONM

In line with this definition of being nonochromatic when emtting radiation
wi thin a gremenderhiehols ampitied bygdight souie, in sy rapgepiphaswean AR9nm; apet5 7ipmdh

consi sts agsfeo p&ﬂé?de dtog HEEL n%i?xgcm@fn%ﬁc 'l%gm A§ i%goﬁ%r %x&rh%@the‘?aﬂrtﬁg thith the

range of tween 450nm and nmis al considered to be a nonochromatic
| i ght. Ad‘rmmothremaéclaspbecdnéined to dlimsictlesperttaloniootsrtonralso aichides amt kindofi ned

R isﬁl%zllblg Breeﬁgtgnaeld m(r:e?vlef%lr{étﬁ rgﬁjée, ﬁ)lrse())(arinp elédggxg —a;%nri%i i gogsfidered herein to
be a “monochromatic” light source. The second coating layer may comprise a dichroic
mirror or a dielectric mirror. The second coating layer may also be configured to change its
reflective property. In one embodiment, the second coating layer is a switchable mirror.
[0033] In a further embodiment, the second coating layer comprises at least two regions,
a first region for reading the optical identification features and a second region for reading
the magnetic identification features, wherein the patterned second coating layer comprises a
plurality of first and second regions arranged in an array of alternating first and second
regions.

[0034] In a further embodiment, the reading device is configured to generate an
alternating current to induce a magnetic field with the magnetic identification features. In a
further embodiment, the reading device comprises one or more magnets (these magnets
could be, for example, permanent magnets or solenoid magnets) configured to generate a

magnetic field in the region of the magnetic identification features.
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sui t abl e predefined wavel ength range, for exanple 600nm - 750nmis
considered herein to be a "nonochromatic" |ight source. The second coati ng
| ayer maywoaopwdosez2a dichroic mirror or a dielectric m pcosc:iineoesgond
coating layer nmay al so be configured to change its reflective property. In
one enbodi nent, the second coating layer is a swtchable mrror. [0033] In
a further enbodinent, the second coating |ayer conprises at |east two

regi ons, [8035]r s a fgthenerthbodimentdihegeddiregs dgptidecmimpiridesndrief daromdre dighf svatogs es and

a second region.for reading t magneti c i dentification, featur wherein
Che pat & B I R Taa Tl BybPoBoihsaiseTE NGRAln A pe o, iahe B
second r egbfyebroMatie NighlsighalaBeiag b8Y vaiveRhiBIdAPabIOBf hiodGing Al iHBEOGThe
regions. [0034] In a further enbodi nent, the reading device is configured
t o gener bsicanidgntification ifeaturesiapd 9t least prrigther éemgﬁgq iwavelength agpattle ohe
magneti c : | : : e 0 : g
devi ce codég(?l?&tédegfs %glélagg ofrgte)‘tﬁée% gﬁté% gd%flﬁgétge&n%g?ﬁg%éq%ﬂﬁpg ﬂ?)%aggfl %a(rg@@%rpl e,
per manentmomghsnstio sigeals emyi pasnthgreh s)potavizésn. ddiereid “hovayeleagtht & mot segthet i C

field in the reqgion of the magnetic identi.fication features [[0035] In a
furt her elHB'S?ﬁll tﬂgﬁ? Sing ewarvgg?agﬂdﬁé@gf;d‘??e@gﬁﬁﬁi“g ?StB?thoo SoHBF TPG"H‘][gngurces
conf i gur egavieRng@S &k abFroptiate G5! exaiiplTOR ALIVERAB? Cah 1aBB refek 30 MeSrandd of €ast
one of the two nonochromatic |ight signals being of a wavel ength capabl e of

pr oduci ngvaslengg &rogt 624 opiS0r@). | lderhin wordashdnas ‘ealasized” andd PalarizeiiSt one
otherbel ey fordPtdAhRAOLAALRBR, Bt WsolhAUHE bibGr R FRGS 1AL AS IR AP | ©

I denti fication features. t’hey at least two nonochromatic signals may
pass t hr cumghlanpqlatiztipz wheretdppldable: a wavel ength" is not strictly limted to

one si ngl velength of light: instead it is understood to also.include a
Pange of IGUE) et HehaSempnii Eaeaty Clomem JoBuHsE? G5 GutsBrGet St ol o
refer to fohpositsi@e Ot Mavelbaspichissubstrnie 6¥2 area’ SOMB)firsttRt 6f ldeicdGorsuch as
"pol ari zed" and _"pol ari zers" generally refer to |ljinear polarizatjon, but

al so i nciferierest Hisr eneggqraens releseana shbsiantighy swepnnds the magneip-optitah spbsiricon
wher e appiyeCaBhdmehPO38Ent i8 e&ehtHil NS mpHHRA P &D EhaﬁE RS glz%yggﬂelﬁ! tR0E M

conprises an engagenent el enment for positioning the nmagneto-opti cal
subst r at éhotagror ghjeat thareby formang an gteripekingfméagenthief angagament tlementmeay berhe

eng0CTe SRS BYBPLE0L 1 U UG BRSO3 o

engagenertast atwak 150midi@nétag, of at tdasedbout 208 ekyoriaeémionat lasst 250 idrombtcrsg

reans. Thleileeerrll gg%%xrégtn gler%'er%”rggg alrsrc?¥e lPoenno;-:d as a protrusion. The protrusion has a height
of at least about 50 micrometers, at least about 150 micrometers, of at least about 200
micrometers or at least 250 micrometers. The engagement element has in cross-section a
circular shape or a polygonal cross-sectional shape.
[0037] In a further embodiment, at least the reading element is adapted to conform to the
tag or object to be identified when brought into contact with the tag or object to be
identified. The reading element comprises a conformation element facilitating at least the
reading element to conform to the tag or object to be identified when the reading element is
brought into contact with the tag or object to be identified. The conformation element
comprises at least one spring, a sponge, a suction system, a hydraulic system, a pneumatic
system. The conformation element pushes at least the reading element against an area to be
read during reading and the conformation element is adapted to protect the surface of the

reading element from being damaged if the reading device is dropped or is brought against

a hard surface. The conformation element is also designed to allow the reading element to
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formed as a cavity or recess and the recess has a height of at |east about
50 mcroneters, at |east about 150 mcroneters, of at |east about 200

m cr onet ewe 2011/@b22keast 250 m croneters. The engagenent pefrsmeot/onege al so be
formed as a protrusion. The protrusion has ‘a height of at |east about 50

m croneters, -at | east about 150 m croneters, of at |east about 200

m cronmeters or at |east 250 mcroneters. The engagenent el enent has in
Cross-s ecsﬁrilobelawcthe denchrof shapEgagEmantpﬂémgﬁrnﬁlthe: r@aﬁrgsde:hém niglpustedp@he [ 0037]

hi a further. odi nent t .th adi n ele i s adapted tqQ conform
to the td§ g ?‘8‘&&‘3?‘8%3%" ﬁ‘?fl?vc? (18 gﬁtﬂfﬁl F‘HF’H ‘E‘?:?Ht‘g’&fn weﬁw Yt he
tag or objesten Fégeﬁ%lt}ﬁlﬁﬁftdgfdr%@pcfrﬂa%err@é%ﬂ'tlfwe %h&'ﬁ?ﬁﬂ% cIERBRPuIRS 1 reading
conformation ellenent facilitating at |east the reading elenent to conform

to the taderesnt objocthe sudacseotithonrer to belrepteritt lhast ﬂ@a@ﬂd‘lgg elemenhis digarigedught

I nto cont | nf or mat i on

el erment c%b%ﬁp Fﬁ@sééng %?fepégigp%%tnag%é thE: ?eala%sgpé:igrﬂéﬂt to gcgnfoninp (t:"o &19 tasg[ n%_]ec?

hydr aul i aobyateetrﬁechwkmebmughtmteysﬂthwﬂihhe gl objeet to ba 1<E|naﬁad]t pushes at

| east th ele ai nst an. area to be,.read.dugi readi ng.and the
cont or G o) Bkes Tt Sahse g P ROFRED, preading ey b r%ﬁﬂ@gr%%?

el ement faﬁlama@@mn&f&ﬁfmeﬁcls irodill&d. feﬁfé' RAdiAS Vd S kel ﬁcﬂHEbOQeIQa(ﬁﬁ Iefentb&@ught
agai nst a hard surface. The confornmation eléenment is al so desi gned to all ow
t he readicaBPEFagERAgNSIO-IPLCHSubsTrate éhe @egletmptl%b&é?ﬁ@%tgmmeselr@ﬂﬁ@hvelf t he

r eadi ng | vel of
the. engaguiebchtghBed3ARt: o FAT pbARH P Beft BT A lrat ol BGH B REYES Bpas 00

obj ect t chipegh eatdsondhgprengaf) daghmlwhéfea'xm&ret reflastiveslay dreandethel |tngs;mteambayer ont o
the surface of the area tﬁgﬁ At Ileast theiﬁreadln fe ‘ﬁB &

di st ance® FIBS FE™L AR YE tre%?'én@ﬁtov TPRPHE" (e er ERAY o> eT°aMBat ofh,

conf or m tfaghb: 5rﬂg)pﬂt’;alqbﬂoﬁﬁ£n(ﬁlq)flaﬁobjé@mt I fi ed when brought into contact
with the tag or. object to be identified. [0038] hi a second enbodi nent of

t he |nve|[ﬂq3gh Iy a i iembodisyang ef therinyeasian, ryrasdgacievice Srddenifyingla tag or

| nf or MR izQnt« ML be TR Maciitd CPhd Q&Jdmge&ev@cer fefknd . gk

conpri sing 2 magnet o- opti cal substrate, the magneto-optical substrat

i ncl udes etenrenf If@cmeaddaglaai}st setonf 1d§;ummubm featfiteclotated ﬁn ithest tag(mttilorobgcbt light,
and a tra a C hr ou ort.i on of
ant, | wAare, Bt died PR el B BRFRa! Ve P RPN VPP 1o
form an @Neemlagrtbtdsegm@n reddiigy elv@entaq 1600006 nghag-optpaubstate. Madeatingdot h

magnetic and o lcal |nforrrat|on of n obj ec 0039] In a third enbodi nent
of the i FEHp @%ﬁuas il SRS GMERt AleRent rnoagwmw[*ﬁ@e aging glerpgnt over an area

of the first set of identification features wherein the engagement element substantially

surrounds the reading element and the engagement element is essentially complementary in
shape to an engagement track in the tag or object adapted to be identified, thereby forming
an interlocking means. The engagement element is formed as a recess or protrusion.

[0040}] In a fourth embodiment of the invention, a method of identifying a tag or an
object adapted to be identified is disclosed. The method includes generating a first signal
from a magneto-optical reading of a first set of identification features located in the tag or
object adapted to be identified only, wherein a first set of identification features comprises
a disordered arrangement of magnetic or magnetisable particles included in an
identification layer of the tag or object. The first signal generated from reading the first set
of identification features as such is used to derive a first signature for identifying the tag or
object. The method also includes generating a second signal from reading a second set of

identification features, wherein the second set of identification feature comprises optical
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an object adapted to be identified is disclosed. The readi ng device
includes a reading elenent for reading a first set of identification
feature |Iwoabadhosm2t he tag or the object adapted to be ipdesiGeéiomdo2ssher ein
the reading elenent is a magneto -optical reading el enent, the

magnet o-opti cal reading el enent at | east one magneto-optical substrate. The
readi ng el enment includes an engagenent el enent for positioning the reading
el enent ddmtiﬁaaticalr &atupds, tahe thid fisst ssedf ofentifieation ffeatates cind fthatsewond sehef ei n

t he enga nt substanti al l surrounds the reading el enent and the
engagerre%&g’g 8%0& ¢ t’s‘reég’sagr# eﬁﬁtlpﬁn #é’nt ary in shape to an engagement

track in[edaa]t ag aofurth e@xﬂdodaﬁ@pttﬁadfs&d@edIaﬁeﬁgdrﬂeheslfmtgieﬁ@bymagtdﬁkme an
i nterlocking nmeans. The engagenent elenent is forned as a recess or

pr ot r usi cmmci!@me]pnms aplueliet of repderaly disiribyed megngtie\asmagoptisablernartiedgs. of
| denti fyi B BhreiElds 0 @%% aaféﬂﬂtfg%eagnta&aaﬂ%ﬁtahtfeﬁgntagnﬂcﬁﬁttm The

nmet hod 1 ncl udes ge erating irst signa rom’a magnet o-optI cal readi ng of
a first detromdgnetiemadtérat atri domafirsas iivasingomagretic i propentiest wghmra (obgltembusadapt ed
to be identifi ly, erei.n a first set. of identifi cat on.fe

conpri sed"&° WZ‘&F@@P’%&’ 0\34]5 R jRsYARablt MagRsisRraPeaties) ARt £ ‘QBtI‘Oé‘SS}[é tles
i ncl uded The feRomegRtit frhataddl G stissed fidn tHegrbag cofsit T MnBheCHTe! EﬁOSl gnal
generated from r eadi 2\? the first set of identification features as such is

used to Vn4s e M. Sofpht Iy, NG erraspensing gliayg amhendasgot)?e dbj €etSmrhe
met hod aI dsse Q set
of ident |c1§d|)c %&)&Jn fealgﬁfrags vﬁgrgfl%g ' ﬂgﬁhgﬂgtegtgtmg}ﬂ I?egg %H{j
feature cnngpctl@a&)mpgll‘@all?admh&fl cation features, and the f| rst set of
identif| nfe res secod |dent|f|cat|onfeture

at | east parhf f“g’ﬁgl Jtl?ﬁ i O%Wf REPPIEYD B HAERE 2 SEHE df%‘ﬁfder ed
ar r angengim &tidmggrse&dna s@foﬂMEbt&ﬁ;ﬁ%ﬂuﬁ@fTh&ﬁ@ﬁs@tﬁl@éﬂeﬁzﬂ&d Bomlreddad ty of

randomy di i but netic or nmagneti sabl e particles. The netic
parti cl edhs rSFts‘éfe’éleP‘ég“raP% erbyES, apdths pespnd signalngsnericdofieny nrét"gﬁg M eri al |

a ferronmagnghise ma&ltﬂﬁetmwfemh&sm@ ex@énwyrtgemgdtﬁ% g ﬁl?tt%%ﬁlt@&dvu thin a

conti nuous materi al i ncl udi ng voi ds CaUSI ng vari abl e n'agnet| C pr opert| es)
and conbisereni gigoa etﬂentlfvm the tagomebieet | dhersgcend sdt of gieseﬁwoedeamrcﬂm t he

group co f. Vh
corres po%gilnﬁ}déeg% cglfz% ana nc?% ;i[%g ofsg)lﬂ—al(g“%'zder &%Sné’t%ﬁc%cfnarwgo Th§ &,%I hhati ons
t her eof . réiio Gxquptwyidentifigition ofy @i a/é¢dnyacivbised inddmdrg chipn dhd \opticdhniRking is

comri i nguidl, \Fe and, B, 100421 \n 8 S her, shgdient (b pLhod f urther

conpri seé

DataMatrix, QR code and other open source or proprietary patterns that represent numeric

3‘:

or alphanumeric sequences) or a hologram. The optical marking may not be visible to the
naked human eye, but detectable in the ultraviolet or infrared regime of the electromagnetic
spectrum.

[0043] In a further embodiment, the first set of identification features and the second set
of identification features are located within an engagement track in the tag or object
adapted to be identified. The first set of identification features and the second set of
identification features may be on the same plane. Altematively, the first set of identification
features and the second set of identification features may be on different planes.

[0044] In a fifth embodiment of the invention, a method of identifying a tag or an object
adapted to be identified is disclosed. The method includes generating a first signal from
magneto-optical reading of a first set of identification features located in the tag or the

object adapted to be identified, generating a second signal from reading a second set of
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fromreading a second set of identification features. The first signal
generated fromreading the first set of identification features and the
second siwoabligeseeat ed fromreading the second set of ipdesGzbiomaizson
features are independently used to derive a first signature and a second
signature for identifying the tag or object. The second set of
identification features conprises a chip, a magnetic strip, a serial

nunber, odeztificapori faturesdodateryin thié agadithe olgject adapted td beeglarmited, wiersin thecat i on

tag or a t.act,- base nory chip. Jhe opti.cal. [ Ki is a,linear
bar code, tgr%{‘ ignal gyaerated onéggafgﬂgﬁxg ta?fgé)lt’fd%nnﬁﬁn%’olnxg%ﬁfeéoa&g t%‘% §&Rds a
Dat aMat r i signaQRerepsled fo6 reddigy thepetondiikt 6Lidenti fatdi fRhrésyarpatddeab Merildat

represent nuneric or_ al phanuneric se,aue,nc.es) or a hol ogram The opti cal
mar ki ng ¥yt State and & sqsped signatere forideniilnghe tager thegbieglet ect abl e in the

ul travi ol ri j ﬁﬁfﬁ;cm ' : . ] hi a
further e[%“osgi ntgﬁr{ea{nﬁ%dﬁ%’ﬁﬁgg}ﬁtg%ﬁgntl Icati g%kéggﬁﬁﬁg%%égrgﬁggsecond
set of i darangémendt ¢fomagaeticuoesmagretibabtatpadiolist ihe disoriegsgemapenmentof i n
the tag or_obj.ect adapt to .be identified. The first set qf identif.ication
f oat ur o Mbein 6 nlERyde buples sRPhsee ool ety fisysucRoRb care
pl ane. Aldremagaietivaley partibies.f THeSnag@dticQf articl@Ntdrhprisdt 4 rilm@@iatic afiatendl, hie
second set qf identjfication features nay be on different planes. TQO44] In
a fifth erbigromagnetiss matrgial, i defromaagnetic (faateral oF domains jafyyangng magpels an

object a t Q; i,d tfol i [1SE i :
generati gg%&%sr gztlmgli ga ngél%%n&lg%d rrrg%%r_gdtl oﬁ{mg%'?ﬂ%a@i?seggﬁ; s%%dgfﬂq gﬂl??@g etsl%t of
i dent i f i qaepestes) ead nogdinations ditréod. The fermomagnetibenabjidcts sabtated eftbro chbe

identifie eneratin e d.si f readi.ng, a nd set .
of aent | Aroup Rl BE ML ERRS i M0 (B! BE N %od GETR SadShantivg, pe
i denti fi etloyniel®iidesoliSe,fNif €b, SthgGa) Dgane camnbiafisithérestinngxthiplafy High set

of identification feaﬁlt ures .and the second signal _generated fromreading the
second s&PCGHVIY At ixapsodrmpuen MagRat comprisiag Nd Be gnd Bye a first signature

and a seqguyd] Si @NPAHAE di¥odiHER! tht Yirdt Sed $T8dEilic¥or REAR 88 the dOHDIet | N ONE
enbodi nent, the first set of identification features conprises a disordered

ar r angeneitidertifieadore fqaturey arealpsated seilie apaendagerent tick idi tortagosdbject
arrange QL o ar t (A | Lural fty of
Fandont y A REOREEEL THRAS! LA BeRRHH Iyl Bt S sPold 1eC L

parti cl esdexifipaticnefestufes nray e gnehé sanregtlatel Alternativedyithd Brst garafjidedtificatiad er i al |

o OIS ST S 1 HRTT O R MO0, TRONE L, g 1 within 2
[0047] In a sixth embodiment of the invention, an identification system for identifying a
tag or an object adapted to be identified is disclosed. The system includes a tag for
identifying an object to which the tag may be attached and a reading device for reading at
least a first and second set of identification features located in the tag or object adapted to
be identified. |
[0048] In one embodiment, the first signal obtained from the reading element is
normalized against a signal obtained from the same reading element in the absence of a
substantial magnetic field. The nommalization is achieved by subtracting the signal
obtained from the reading element in the absence of a substantial magnetic field from the
signal obtained from the reading element when engaged with the area to be read. The
normalization further comprises identifying portions of data in the signal being read which
may be less reliable than the other data because of damage or variations within the reading

element, said less reliable data being processed differently to the other data.

12



properties) and conbinations thereof. The ferromagnetic material is

sel ected fromthe group consisting of MiBi, CTe, EuQO C 2, MAs, Fe, N,
Co, Gd, DByo20owoosRpondi ng alloys and oxides of Fe, N, @or/s&2vi0@do2sdy, and
conbi nations thereof. An exenplary high coercivity material is a neodyni um
magnet conprising Nd, Fe and B. [0046] In a further enbodinent, the first
set of identification features and the second set of identification

f eat ur es [0049]] obah dalrthvdrtdmbodaentnba girsredigndl robedinddnfréhethé agadirg ebmeatis

adapted to be identif.ied he.first. set of idenfificatjaqn atyres and the
ARRIRE SN AR RS R F‘éé}i%ﬁl&ﬁﬁﬁ]@z“ﬂbés Hilorha pga*#%nffi Higstold 103
Al ternat i ygldefined Raluk! 8rSby $@loriff thd@i¥al fnld CAlLY %ﬂ)rfn%aadt'z{ %i%cl%ﬂﬁ%hﬁ@ phggond set

of identification features may be on different plranes. [0047] In a sixth
enmbodi nenossioningef thedata) ithat is abave thempridefived thmshaldst em for identifying a tag
or an obj adapt e | i fied.is.cdiscl d. Jhe system.includes a
tag for i[g&egrﬂ]i f@ll %g%g}ﬁgrogﬁgéé@g}%%& v&h‘f cl%ent%}qgat?oélggisgeym bfélgg "t SEHES e%r?ddézi[g

readi ng Ouotagemlediunr tadhicl atefdraastsighafure sbtaitied faes andfesaice @ading of the

identification features IqQcated in the t or. opj ect adapted to be
i dentifi ?nt{’ﬂjée%%] tag s Sﬂ@geﬁ%g‘?tﬁétﬁfa,ge E‘F‘Fgﬂ'f"ﬂ f%rttEE P reg BfefeRsSI$NaBIF t he

readi ng eken@n) stofagB Ghihh 28RN $sper S AN ke BRIPANRE, bF MY dBE s1BATE
readi ng el enent in the absence of a substantial magnetic field. The

nor nal i zangdwm| maybhivathin theyreadibg rdgeice ngelf hBhes defa sforagst mediva for dtn pise

readi ng e ] e f bst ant.i al net | i r he
si gnal Ob%t%?%g% e#eag%gﬁﬁg‘t&?eeggl?n% (13(1 3%&? @getlﬁg %}gggésg%‘m&th E& '? #gh‘gro ggc{ 0 be
read. TheAlnanatbelyz ahé dataf stotape rmeiumrios else ipdestotellytefigernper digmanse ahaydaé a i n

t he signal bejnhg, read ich may be less reliable than the other dat
bocause. dpeaishigas 85 Scralheqact mirags Mg 1 PEsRSTRGTE) AR G Mt
reliabl e gt a fed AgkPs AaAR<A, di RARS RBHLNK, i SndoheriOtaBelor eat@nliSiif Gptidad a

further enmbodinment, the first signal obtained fromthe reading elenent is
pr ocessedneas seahtas ggDhbarcegigros bitmaphe si gnal which is bel ow a predefined

threshol dpdsi 2 Y £IRHhAC Sl HitEn 0D YarBROKIAT I Saferiiin SRk 24881 N0
data (i nj? u5§|] ng tﬁe p ys|9I(r:1a?dlpogt:?tqlon(l1 r111g o% O{ﬁhtsa};slcfikg?a t rat |I§sma%gve t he
pr edef i nqootehsieg Hetick ren@dS 0jithhrespact torthé ecaderghdatiare mheretrhtheiddamirpédssing i on
system fuyther. c rises dat a, storage. nedi umin ich a reference.
= gnat ur AeSSEas AU Beot PR B RaRaR G OB ikt foef SF PG Vil | o
stored. Tihe peadteres referfee Kipkittrd) f Of thidembsdimsehtohe datashi@hgmediamgnaf bée i s a
data storage nmediumrenote w tE respect to the readi ng device, or the data
st or age located with, or be the same as, the remote data processing device.

[0052] In a further embodiment the reading device is used to obtain information about

any item which emits or can be made to emit a magnetic field. For example, magnetic

fields can be used to obtain information about crack or other flaws (e.g. inclusions and

voids) in structural objects or in electronic devices for example where electrical currents

produce localized magnetic fields — a practical éxample would be non-destructive testing of

electronic circuits.
BRIEF DESCRIPTION OF THE DRAWINGS

[0053] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following
description, various embodiments of the invention are described with reference to the

following drawings, in which:
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medi um may be within the reading device itself. The data storage nmedi um for
the prestored reference signature may be |ocated in the tag which is

at t ached wo 2oheostzpect. Al ternatively, the data storagepoegicamofoos2se he
pre-stored reference signature nay be located in the object. The data
storage nediumis a magnetic strip, a nmenory chip, a nedia disk, a hard
disk, a smart-card, a RAM nodul e, a nmagnetic tape or conventional optical
means sud00d$ aFI® bshovcda anti-dounterpit sysdaB b}ilizing a réaditghdavicen aciordante t he

i dentifi caiii on nsllifsdt'r%nﬁtfo r,t her (t;ortpri ses a data processing device renote
with respidyaygupqiimens olihe yEnione * wherein the data processing device is

adapt ed t[@053¢r f PIGO 2 slowdal fovpEIReEifiGstREink An Al AeftidalonTBio6 &s ubiag HRAGadihgnat ur e
with the pre-stored reference signature. In this enbodi mrent the data

st or age jca i %F&9r‘i%°q‘ﬁk§1a@1b€mm€?uﬁ@t&fﬂﬁelw%’él0§hne as, the renpote data

pr ocessi Vigr: kRO fur . i t e I i IS
Gsed to OSSP PR3 i0es 4 Qe UEIEE i ROMITRR. whllcur SABMARHES e 3
enmt a negvestipg; fiel d. For exanple, magnetic fields can be used to obtain

i nformati b cyack or other.flaws . Q...1.nclusions and voi,ds) .in

St et or 0080, Rt oS ordis i Rliona gy cF aSuialE Kspling L PERR PR EERT c
currents gaf oduce | ocalized magnetic fields - a practical exanple would be
non-destructive testing of electronic circuits. BRI EF DESCRI PTI ON OF THE
DRAW NGS [§0585 3] FIiGy 3A a0 FiG HB desppstively doaisenion vier: aad 8 PeBpedive viaw 9f r ef er
to the s : . ' [ : ' are not
necesaar T e Bauyley R nphlas i Geclldeh Bl P o o

i |1 ustraf0dsg] t NG roiAnaridoFis 63F shohedifferertnddnsitics bhmbgretit phitioles nseddesdag pt i on,

vari ous eilqbgcd%drentsitﬁf tehg '.nveg(%afi n. are. described with reference to the
fol 1 owi ng™ 8FRWMNGSY T A™ Wi 3‘%‘:"@ ﬁe BVEY°> shows an anti-counterfeit system
utili zi ngoeso] eadliG1y Alend FEG. TB e RhaE examglés efitagy ol identific#bibn tff¥ures
invention; [0055] FIG 2 %h ws a flowchart illustrating an authenti.cation
process URATRITIARES WEh R A epiefithe reio®ance with an enbodi nent of the

I nvent i opgoel POSAIG. Ao PIGNSIShEwS § 3eHs88edRUAICHeW bACES WIRRE fieMhidled
enbodi nent of the invention; [0057] FIG 4 shows a croSs-sectional view of

a sui t ablieformatifinagd epbead informeatied overlaps i or

[0062] FIG. 9 shows a cross-sectional view of a re'ading element in accordance with

another embodiment of the invention;

[0063] FIG. 10A shows a scan area of a tag with optical barcode and magnetic particles
where the reading element is a gray scale optical detector; FIG. 10B shows a scan area of a
tag with a blue green barcode and magnetic particles where the reading element is as shown
in FIG. 9;

[0064] FIG. 11A shows areading device where red light is being transmitted through the
second coating layer and through the protectivé layer in accordance with an embodiment
of the invention; FIG. 11B shows the reading device of FIG. 11A where green light is
being reflected by the second coating layer in accordance with an embodiment of the
inventibn;

[0065] FIG. 12A shows a top view of a tag with optical and magnetic features artificially
superposed in accordance with an embodiment of the invention; FIG. 12B shows a red-
spectrum image of the tag taken using a reading element in accordance with an
embodiment of the invention; FIG. 12C shows a green-spectrum image of the tag taken

using a reading element in accordance with an embodiment of the invention;
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art; [0058] FIG 5A and FIG 5B respectively shows a top view and a
perspective view of magnetic particles used in a tag in accordance with an
embodi mernwoabivds22envent i on; [0059] FIG 6A and FI G 6Bpshsa:2diofobesent
densities of magnetic particles used in a tag in accordance with an

enbodi mrent of the invention; [0060] FIG 7A and FIG 7B show further
exanples of tags with identification features in accordance with an

enbodi mereoesi tIEG. ilmAﬂdhbiw@la toﬂ GG afrddSwitB bptica] MdSmagietis ieitEreartificially
cross-sectional view of a tag where the nmagnetic infornation and opti cal

i nf or mat iSYPerBoE HpG- E%ebwweon glsrmnsoamtﬂlaﬁ%n%é@@.qfrﬁa1ag\;@l@w Y5ingaa

reading gl lehi%mafhc L HaRGS wlﬁlhmaaﬂwﬁﬁleﬁﬂwlﬁmemﬁ%m (A EREWON;

[0063] FIG shows a scan area of a tag wt optlc barcoean
magneti c qpacall wE asfonnetian fiom pedoiage of |thertapt taken aispgathe seading efenientilin

det ector; hows can . ar of. a reen arcode and
mgnet | ¢ FRITHEE NGl TR dnec inrafitt; EIGC RSy Eeid e Oooa)
FIG H Aisfoengtion fr@adh l}gagiﬁiﬂtli‘ﬁag\/t‘ﬁéﬁuﬁ@gjﬂielreﬁﬁng deinitng adcoaanes witeeh

t hrough the second_coating |ayer and through the protective layer in

accor danc&ogaineenhaf @aHYENIRIMt of the invention; FIG H B shows the reading
devi ce ofodgrf: M WASHEWELEBBicat BRlvidy obEY Qhét‘?% L&ﬁ%ﬁ&a@éfedtmcc%?emﬂ@éi

coating I ayer in accor ance enbodi I nventi on 0065]
FIG 12A vgﬂnmeraqu@pemléwheahvwnpagF G tlHBoquws almmdtlmvgrmw of 4 eaattlmat@s

artifi CI sy uecrgosed |$ acca dancebV\(% rrboden ﬁté # I nvention;
FI G -125 Fedd peSTONT i"ag® 81°% %‘e{‘ Slé‘éYm u‘%ﬁ‘n‘é aHNG %1 enent
i n accor denfigurividnhofd redbedélemait voliich eyl bevesetlite read—ihe. oplidsl @b Qitegnatic
green-spectrum i mage of the tag taken usin readi hg el enment in accordance
with an SHEBBRIAENYT d RN At6URMS VIt 3B exytediment 94 tgﬁdwsenaoq, Gl of a

tag W thppli 5RImARSr RARE ke HERE Hﬂé‘%éadﬁ{gtél@ﬂl&h%'fh?!(;slw@'hp&b%@ﬂandélxﬁth 13B
shows a configuration of an imging area of a tag taken using a reading

el enent ian eabedimbaheitheinvintion; enbodi ment of the invention;, FIG 13C shows

oP 2l ilhel CPTRIALERST AR RO, O S0ShAS WOKC, UabBBpEGETAL, 00,

magnet i ¢ ifagtion; FIG. 15B shows a datamatnx code in accordance with an embodiment of the

invention; FIG. 15C shows a superposition of the grid pattern from FIG. 15A and the
datamatrix code from FIG. 15B in accordance with an embodiment of the invention;

[0069] FIG. 16A shows an optical top view of a tag that is being produced in accordance
with an embodiment of the invention; FIG. 16B shows a magnetic top view of a tag that is
being produced in accordance with an embodiment of the invention (the grid pattern
associated with the optical datamatrix code is artificially superposed over the magnetic
view; FIG. 16C shows a configuration of a reading element which may be used to read the
optical and magnetic information on the tag in accordance with an embodiment of the
invention; FIG. 16D shows an image of the tag taken using the reading element of FIG.
16C in accordance with an embodiment of the invention;

[0070] FIG. 17 shows an optical and magnetic reading of a tag in accordance with an
embodiment of the invention,;

[0071] FIG. 18A shows a cross-sectional view of a reading element in accordance with
an embodiment of the invention; FIG. 18B shows direction of light travelling centrally

within the reading element in accordance with an embodiment of the invention; FIG. 18C
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information froman image of the tag taken using the reading elenent in
accordance with an enbodi nent of the invention; [0067] FIG 14A shows an
optical twp2viwsnt a tag that is being produced in accecdsceeowndlso an
enbodi mrent of the invention; FIG 14B shows a magnetic top view of a tag
that is being produced in accordance with an enbodi nent of the invention;
FI G 14C shows _a configuration of a reading el enent which my be used to

read the hpwp clight heinendeflested cfromr diffecant caeasnof ke magnéterontieadrsyhsteate Wit h an
enbodi ”e%c%ﬁ&%i%&ﬁéo&ﬂhﬁéﬁhe%@nﬁmm an imge of the tag taken using

the readi ng elenment o I'n"accordance with an enbodi nent of the
i nvent i 0rf0072006BIG.HYA shbba asstrovssseatigral diepad f £reading ebantamt itamcerdahdewaln

enbodi nent  of, the inyention; FlI shows a datamajirix code in accordance
W th an iSRRG 8 P iR ehfiv o A0 e 1@6“%%@# 0@&6@&5’&%"8 Bt the
grid pat tigE teddidMelonfent bad vk téRcat ABRL Bifferd® dReds’ OMufel ﬁia%ﬂé&o tical
accordance with an enpodi nent of the invention; [0069] FIG 16A shows an
optical tYpstiAteR ercorlapegywithan qnbodimeny ofrthelinventiany Fl6e dPHathows wi arbssan
e”bOd! ne%tectgnaf Q;?e %‘f?&éaﬁﬂi gllegl‘entl%?’ﬁ (}H\ﬁlc@ gﬁ&hg teH'?)o%{' %\A’t %ff tﬁ _tag
that is berng produced in accordance w an: emodi NERt 0 e 1 nvention
(the gri dnypatiber n associated with the optical datamatri x code is

artifici S ed er the netic view, FIG 16C shows a

cont 1 gur 10075 ° oG 03 %% svanf Bl revtinalyoits<bbin ebsncPisaenpef cal
and. magnef regdihf) ERAFRE AfINthEIR idtB@ctiAOwith 106 S5 dRpSIariMdt IEhath fIbRIdAEREL of the
i nvention; FIG 16D shows an inmage of the tag taken using the reading

el enent &0 embadimenof the iveptiefance with an enbodi nent of the inventi on;

[0070] FI @076157 ﬁ@‘ﬁfﬁtﬂﬁ@%it ie@%Qaan%\g%;oﬁﬁagmllgg\g{féﬁg ?\C}Sahg'gs IRsagHPT dance

with an iment o e i nvention;
cr oss- sectupapeded v ewoodance wihdh rgbetiarandbf the imencoudiic: 20Btshows aendeadi nent

of the invention: FIG. 18B, sh direction . of Ijght travelling ceptrally
wi thi n t RESHRIT Rg8e O i, 48 kG o e TS Sl5TERD Y FEPIaLE B o

i nvent i orembbtimeni 8B dventidry MIGD21 OGhdws 4 ﬁﬁtsgéctﬁfn@fﬁl&ﬂefoffﬂfe&% takEieasin®f the
magnet o- opti cal substrate in accordance with an enbodi nent of the

i nvent i orfTeidipgrelpmentdn aqugpdagppwith an empedimepefithgmvertiodw of a readi ng

el ement igp78F COFRANDEsHYWs: ABHBARIILARIY a Ag bG 16P RUHEQ usity SmakAfoShovs
light travelling froma light source wthin
optical reading element in accordance with an embodiment of the invention;
[0076] FIG. 23 shows a magneto-optical reading element and a tag in accordance with an
embodiment of the invention;
[0077] FIG. 24 shows a method of reading a tag on a level surface using a magneto-
optical reading element in accordance with another embodiment of the invention;
[0078] FIG. 25A to 25D shows a method of reading a tag on an uneven surface using a
magneto-optical reading element conforming to the tag surface in accordance with another
embodiment of the invention;
[0079] FIG. 26 shows a method of reading a fingerprint contained in a compliant label
using a magneto-optical reading element in accordance with an embodiment of the
invention;
[0080] FIG. 27 shows how a compliant label can assist when an item of value to which
the label is affixed, has a rough surface in accordance with an embodiment of the invention;

[0081] FIG. 28 shows a further compliant label formation in accordance with an

embodiment of the invention;
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the reading el enent and being reflected fromdifferent areas of the

magnet o- opti cal substrate in accordance with an enbodi nent of the

I nvent i onrwoRb{3/0032¢€ shows a crosssectional view of a readirsg2elomo®sd in
accordance with anot her enbodi nent of the invention [0073] FIG 20A to 20D
Is a sinplified graphical representation of sone conponents of a reading

el enment and their interaction with two sets of polarized light in

accor danqeosg]t hFEG. 299 stibwieadrosstset tishal Vieenifiaqhg cddfdibp aFifgerpdihfreglvavie a t op

view of a tag with optical .and netic features artificially superposed in
accor dan c@cﬂﬁ%ﬁwea‘ﬁlﬂé B GH’i%H‘é‘H’cenbgP Ny Rem Lo fe Z&PGLO"Z& B PéﬁbVEWan a tag
gr eens peCiydUfid gdRt RizidnNR ab@9d4nB G/t Y leRBodintcRpsi RO iRLRARAt | n accordance

wi th an enbodi ment of the invention; FIG 21C shows a red- $pectrum i mage of
the tag t[6083 uETGRMA slewdi mgtuetiempnar to engaging al avageetovopticad meadimgodémentt  of

the invention.,. 5]. FIG .22 shows a .hod. of . readi n,a | evel
sur f ace u‘g]iﬂga ﬂzlal[:]gga ﬁ!a ST Wil A ﬁ@gg(ilg’r?ﬁmfftpﬁ 1‘5’88@%(1?&&'2%%5“0‘%3
enbodi menhagietd-tygticalveadihg elementenify conlpress@Bagiians thckiabe eilen @gddinged tag eadi ng
el ement and a tag in ,accordance w th an enbodi nent of the invention; [0077]
FIG 24 s‘H&fi\%oréa"ﬁ‘ém&nG’Fan@“a‘Eﬁ“ﬁ‘\#t CIY§MEa | evel surface using a

magnet ooppagad ! (o} | | ' of the
q@os[agmrrﬁ@ 3ﬁ%&b@%dd%@&smg%nﬁg?lwg§%g EntS@RaR d%Y a

i nventi on; 8] FIG 25A to 25D shows a f reading a tag on an
uneven sunégicto-epdicalyeadingielpmeni-in pedosddnce withian gmbbdiment ofsbeinyentiong t o t he

tag surf hn nce W net her enbodi nent of ~the i.nvention: [0079]
F G 26 g FREEINEE Pubdof B IR the RN nght Sh SRR 3 et ant

| abel usiwigh an eralpdiment-of e if@dntioRaidng el ement in accordance with an

enbodi nent of t invention; [0080] FI 27. shows how_a conpliant | abel can
assi st V\H@?‘S}an ﬁe%rﬁ%cf?wamg amoaﬁog A oPigtidp beddenfifipg dpjacepudance w@agh
surface idh affoRlHaR6LhWidRnésh.ebodi nent of the invention; [0081] FIG 28

shows a further conpliant |abel formation in accordance with an enbodi nent
of the invention;[0082] FIG 29A sPEXRIPAIONs-sectional view of a tag

Cont Ly L "SSPSR, A0, 05 IBRES HNL b SRR Pl
described with reference to specific embodiments, it should be understood by those skilled
in the art that various 'Changes in form and detail may be made therein without departing
from the spirit and scope of the invention as defined by the appended claims. The scope of
the invention is thus indicated by the appended claims and all changes which come within
the meaning and range of equivalency of the claims are therefore intended to be embraced.
[0088] In an embodiment of the invention, a reading device is provided that is
able to obtain information from individual magnetic particles and considers for example
their random position in a fixed area such that the area possesses a unique pattern in fine
resolution. |
[0089] FIG. 1 shows an anti-counterfeit system 100 utilizing a reading device
104 in accordance with an embodiment of the invention. Note that although the system 100
shown here shows a basic reading device 104 communicating with a data server 108 via a
mobile device 106 (such as a mobile phone) or a computer 110, it is also contemplated that
the reading device 104 may itself be more elaborate and may, for example, communicate to
a database or data server 108 via methods such as using data cables, local area networks,
Bluetooth, Wi-Fi, Worldwide Interoperability for Microwave Access (WiMAX)
technology, or even including using a built in General Packet Radio Service (GPRS) chip
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and a fingerprint region in accordance with an enbodi nent of the invention;
[0083] FIG 30A shows a situation prior to engagi ng a nagnet o-opti cal

readi ng ewermentoosieh a thick | abel in accordance w th amrcersicadiormes of t he
invention; FIG 30B shows a magneto -optical reading el ement being
conpressed against a thick | abel when reading a tag in accordance with an
enbodi nent of the invention; [0084] FIG 31 shows a nethod of reading a

| abel wi tar 3 Unalvegahidobilé EelecomemuicatipnaSysegn@iM TS pehtip ¢aitselfmti png mebderent i n
accor danc i th an.enbodi ment of the,inventi.og; 008 El G sho a

met hod oftglre gﬁéodlllcngevécetwgﬁ grélg i’tgfaf’la% 3 ghedaty ﬁ%réerrplialghp[l? i a‘i‘%% 8rash g‘% WY %E%m
enbodi meribclade ntethdds vien diredt; conitudiOAR6] with Ghe J8ers Heexampl@@ icieed gidogve of
an object to be identified in accordance with _an enbodi nent of the

i nvent i orkeYbrasEmihishinegy llopatp ussite ead spd enteiin fosmation erethe readingdsiicrd0d been
par ticul adif %@Vélﬂti-%ﬂgntgﬁéﬁy}sgﬁgl?q I-r%y _riﬁa@c{]eem&si SRR gre%mg%%@t s, It
shoul d be understood by those skilled in the art that various changes in

f orm and Idét aimobilaydepiee 186l or &lvempirter Wi Kidub diptacammyni¢atiommdnes betiween and

f the i i fined h ded clainms, T f th
rvent | oot S REERR BT S ind i) SR g AR BTRE e e M i SRR ol o

come W t hioa dofprie®adtilegt anel sét afg@enbiffic gpni featuflC ot ekdifipled af ien@i@tion
t herefore intend&d to, . be enbraced, [0088] In an, enbodi nent of the .
i nvent i orfeatares inelide @ disardered array e {ypagnetic o magneatisable paitigles i MpgnetinFGPAmL | on

fromi ndiavgeﬂmqlunimgaﬁfobﬁcﬂa{a}mﬁ 8tha8q baROied aholdgfanexanpl € their random
position In a fixed area such that the area possesses a uni que pattern In

fine resd90 on. [ o08s)identidcationsieateesan shown incHihtleintloiles agiserdencd 0@ay

utilizin g i Vi 104..i:n rdance w th an _.enbodi t-of .t he
Mvent 1 ot HRES p AR IR D B58R GGtk M B ReF e e ke

readi ng deQiisettachéd ao mnushjeator g érh lofavatlat 2625 @r belidehfBed/ bf adapi@btid e devi ce
106 (such,as..a,mbil e phone) or a conmputer 110, it is also contenpl ated
that the lﬂeé’éléﬁﬁ'g?%maé@gl%ﬁ%{?“i toSFY I9ioreading ¢iisashPag getafaidppfication

exanpl e, fenRY InCkeral0102. dRt ARaAGRg Yeviat MASRLY e Ja%\?biﬁbﬁtcf@éd@g%ééﬂph as
usi ng data cables, |ocal area networks, Bl uetooth, -Fir, Worl dw de

| nt er oper2§hyrpted ﬁoplbreamrtbmqteofptég@g@:a(lw Kgasres to the mobile device 106 or the

computer 110. Encrypt-ed signals from the reading device 104 can be sent out to the mobile

device 106 or the computer 110 either through a wireless connection or a wired connection.
Some examples of wireless connection include Bluetooth and Wi-Fi and some examples of
wired connection include Recommended Standard 232 (RS232) and Universal Serial Bus
(USB). The computer 110 can be a personal computer, a workstation a laptop or palmtop.
The mobile device 106 can be a mobile (cellular) phone or a personal digital assistant
(PDA) for example. The mobile device 106 or the computer 110 can connect to a data
server 108 which may be a remote data server (or which may be linked to the remote
server), via the internet. The mobile device 106 connects via a local network using General
Packet Radio Service (GPRS) or 3G/UTMS technology, for example.

[0091] FIG. 2 shows a flow-chart 200 illustrating an authentication process using
the reading device 104 in accordance with an embodiment of the invention. Firstly in 202, a
reading device 104 is used to scan a first set of identification features and a second set of
identification features. The scanning of the first set of identication features and the second
set of identification features may be performed in a single step or in two steps. The first set

of identification features may include magnetic information such as a magnetic fingerprint
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technol ogy, or even including using a built in General Packet Radio Service
(GPRS) chipor 3d Uni versal Mobile Tel econmuni cati on System (UMIS) chip to
itsel f acwoasiiaosmbil e tel ephonic device to comuni cat e pro/sGhelogadzas ser ver
108. The readi ng device 104 may al so include nethods for direct

comuni cation with the user, for exanple a screen and a keyboard which may
allow the user to read and enter informati on on the readi ng device 104
itself. Theloarltlil aodulm eechrd Setsqfslﬂelmﬁm@omﬁganncﬁctnaﬂemdmdel @i@@l mfemiation 102, a

readi ng gl £ A BIIOEhBAHEHL SF AR Bl SRIPH Sl 0100, fliect

conmmuni catron rreans rea evice a a server f%)8

exi sts), ofbdrcadéscheiigarefiatd tgumenilly hod baEadahéra@)mﬁseﬂﬂinfg afelse fifst §cfaft one
set of id ntjficatjion featuyes. Soma(btx npl es .of identification features
i ncl ude a entifigatingy watumgsrang thy sqeapd aet of identification fealmesetakesy o pesqunt he

magneti c réltdﬁ{’é)BOS@tl(ﬁle{)f e AMTRELS 1&Bt199§tioﬁaéeatﬁfbrslﬂhqaa§6fpﬂ) @1% s@c&?ﬂrsepgﬁe or a

hol ogr am he identification features as shown in 1 includes a

di sor der edielmﬁpetwnofeatmgmeﬂﬂmueh thisgermideslescribas t4 dirsesset oxfnfenigrea bringiet i ¢

fingerprint ion 112 c 2.1s attached tq or an, item of
val ue 26??‘%16%’2 |({d1%nffc°f1 (tc])frfteagt ap?’eglgtot.%){El aa g’Fe’ftlhe r(f%'? ereraga i nghdew ce
104 is usgtk dfcféameeﬂneskguaiedclea@pemesaeﬁaﬂfe mtémhhngddcatl on features on the

tag 102. r eadi ng eV| e 104 h S the C bil]ity to send a signal
gener at eé‘mBSbm " eaditH Pntbe seading devirentOn checks o rehd SETHB 10 166 1 HY SHOBY | o

devi ce 1Q&, ge dét@&e&ﬁﬁﬂhutr@aﬁiuﬂglf’{fdﬁf}‘éﬁdiﬁé ﬁgméé DiRdetechy Q10 he 21630)80iadeVi ce
104 can be sent out to the nobile device 106 or the conputer 110 eit her

t hr ough @ miompl és thecusende chogsede eithel redg thorsaacof dhe. fisbaet ‘Efxlénl}ﬂf@stl@f
I i red
ot ol o5 ERINERHR0 LAShYAS RHEGERIN NGl Bl A0 M B Tl 11

Bus (USB)prothbwuxbnmmémr ﬂa@&nddﬁtah&nammeroﬁorlﬁﬂhemmhbeses tcacmmksmtuthm a
| apt op or ﬁal nt o nobi | e devi ce 110 nobil e (cel | ul ar Phone

can be a
or a per 98rdFangm ‘PBdt TSN O CBHRP < BT @%(B’P?H}Péed PHBANBEY cRICHERMe.! 106 or

t he conpuke datk hidirza heCRADBRS Hetife dr GBIPutel 'Reboatd GfothdxamplBBY PBarod& Pt €
data server (or which nmay be linked to the renote server), via the

i nt er net Mismgad, fsHseemasoPde tsehe barpederminpics inyrathse thian rese#r KL hesdafier, @ener al
Packet FI G
S Chove 200 e Beb Y bR G keaiich o s ARG, cROES] T

rocess using t
readi ng devimegnklid fimgeguonrmgion el M)t dre aenceypibald i Optitinaldy, thhesi'gmalsamid}m

1Y, i Bk FOAE 7 5E50LR DEAHRARn TR L o hofles
However, it is also encompassed in the present invention to encrypt the machine readable
signal using a different algorithm or key to that which may encrypt the human readable
identification features. This helps to protect the encryption from being compromised. In
208, the at least partially encrypted data are sent to a mobile device 106 or a computer 110
via a wired or a wireless connection. In 212, the mobile device 106 connects to a remote
data server 108 via the internet using, for example, GPRS or the computer 110 connects to
the remote server 108 through an internet connection.
[0093] In 214, the remote server 108 compares a stored signal (from a prior scan
of the magnetic fingerprint region and/or the optical information) on a database with the
scanned signal from the magnetic fingerprint region. In 216, the server determines if the
stored signal and the scanned signal can be matched (here a matching threshold is used to
determine if the data matches to an adequate degree of certainty or not). If the respective

signals do not match, in 218, a failed authentication notification is sent to the mobile device
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identification features. The scanning of the first set of identication
features and the second set of identification features may be perforned in
a singl e woepriomwsi2n two steps. The first set of identifipcatsicamofoeasar es may
i ncl ude magnetic information such as a magnetic fingerprintregion 112 and

t he second set of identification features may include optical information
such as a |inear barcode, 2D barcode, or matrix barcode such as a

dat amat ripo6(ed bohip@br 1YPeE @Bt ihRmmeeds adheg medzu,rae mebikedsid 106 as a
barcode herein). The scanning of the first set of identification features

and the <eBWHEETddP regeiveg ariursesilly smtahed matificationy Ehis ingtification dugi alsg ke
rel ati ve Lt i | 1 fi . j tion
Lo The o RObdrBe 8 addifiorlal frtbrmifion Aol A0S A T SMOETL bk H3he
descr i besiser. Notes thas et inoFIG.ehtiuisesnizaiphaedrtghtici readimgl devicee lEinmay bt noefre

features ing opfical in nature, the order. of reading or the type of

foat ur g SPEBERAN ragdsrt PEIBECE ol ey b RECIfaunsmet 1B08Bth: 204,
the readithgpeigphicsd réieCduR it Sor! ddehpulRJThis GG Seldbordi€ Ceadingadivicer 103" dagan be
detected in the readings. |f the reading device 104 detects error in 210,

- - . - D S
it provi dedude prksibrard gnd Kisplavescrees foRcrset eonmmpipasion, with thhasescaMNase t he
first set i | £l.cat:l,on . S t . o] ta fi cation
features ﬁél(r?ﬁe( itﬂaﬁ'Et]llgléetfelggsgelglftP eggfstrl%{afsl Sr@f?]g;[o t?gtd gﬁ%§9£tagﬁ03§g%e§gg&€mﬁp F%Jt esaerror
fl ag and -déewfdire ansgnab siagnfor lekamhple, bxs en indgrospeesenting dine imagreetini fedutehef dat a
transm ssjo the user may for exanple also be pronpted to manual ly enter
sone of ﬁ"neegmﬁ%‘bn‘t he nobi | e device or conputer keyboard (for exanple

if a baremdd)is m srE@l.3 $hB®s dSeidik@Pdevade! 1040n taydad 4nbe whirhrmaakebod i@ of i N
rat her than, resc_:ané_Ijﬂ Thereafter, in 206, at | east the signals_or data
f

gener at edh¥ PyRRtiRadihageadtng davicst 1 0depcludes; yeading clemens A 1 f-eatvitds! 16 Mo
magnet i ¢ 1{h DGR Mbdd BHONndil ZbrsA09, %lﬁ%c%ﬁtrol@%h%@"ibﬁ,)/a pdriiBleSlodRAl s or

data generated fromreadi ng the second set of i1dentification features are

al so encrywpred?4 pdveoramunicatianseledironice aud syftsare (for axanirde pBdeetenth impdalet i on t o
encrypt thepmachi ne dabl £ si usi.n ifferen | goyit hm or y to
t hat whi ch' lr:ﬁﬂ/n oglrllfc%r %st%?tn}?g eu%gg?%zagéqgf‘lg)'?g%entr ?a?}n%a%lle%ﬁ&f ga4t ur %Ssefl i's

hel ps t o rggdiiigesfirst e o€lientyfidation fdanoes dea fag 102 NPhcor@hdirgl clome0R 4 thoyeread | east

partial ncrypted data are sent. to a nobjle device 106 a conputer 110
via a w ¥’8§‘ YREneuG,ap PB%?%’%HHE%’PB%‘?W%S-Z%‘? SY }Cw]c?b’is U8 Agvagpg or

connect s deftRalfifTRicCredBh@ dSGty 204 1S nYdyabd PEsitictel A @hy Waitdle pbffioe@AP! €,
GPRS or the conputer 110 connects to the renpte server 108 through an

i nt er net cEyAPIECT AONGNIODSY thewreadipg deniseriéipTbe dEL éndicroy 128nprariees an st or ed

si gnal (fiﬁcﬂ.mﬁ%npcffitﬂé sBfiR'bf the reading device 104, for example, if it is on, reading data,
transmitting data, or encountered an error. Each microcontroller chip 122 is a single
integrated circuit, including a processing unit, input and output interfaces, a serial
communication interface, a storage device for example. The number of required
microcontroller chips 122 or LED indicators. 120 depends on the requirements of the
reading device 104. The portable power source 124 is typically a disposable battery or a
rechargeable battery for example (but if communication means such as USB are used, the
reading device 104 may be powered via the USB cable).
[0095] FIG. 4 shows a cross-sectional view of a reading element 134 based on
prior art. The reading element 134 in FIG. 4 includes an optical processing unit 136 and a
magneto-optical substrate 138. The optical processing unit 136 includes a plurality of
components, the components including a light source 140, two polarizers 142, 148, (if the

light source does not emit polarized light, then two polarizers as shown, may be necessary,

20



of the magnetic fingerprint region and/or the optical information) on a
dat abase with the scanned signal fromthe magnetic fingerprint region. In
216, the wervawoosi2zeermnes if the stored signal and thepsracaed/signal can
be matched (here a matching threshold is used to deternine if the data
mat ches to an adequate degree of certainty or not). If the respective
signals do not match, in 218, a failed authentication notification is sent
to the no¥ill 8 @egragUEupstagesspasshle 10 0se eie palarijenicombiaed srithnmpelhdaing i n
220, the ympi ' 0, er 1 [ ' (X || t ched
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Bl uet oot Hrawpafithe begip spditterd dth o tha e hesaspbtterr 14RIpabearwsihin dhe serigeofleasli ng
el ement 1. iﬁﬁle‘ieaﬁci JthFx i4gading a first set of identification features on a
T né el enel

tag 102. e readi ment 114 may read both magnetic and opti cal
i denti fi ¢¢09%6bn f eat Urhesmagieto-optidat sulistiitd 38 swdhpiices a tdptiasllyn grameparent

deacti vat i he. r eadi vice 104 and may be positi.oned at an i tabl e
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i ndi cat Orsedo?d cohty HeSr BB Anddd padkdctifie Clyef 160.St iritsus QhitdHe afr@adinesis deyi ce

104, for exanple, iIf it is on, reading data, transmtting data, or

encount ePeesitle, feF pxmple- 43 Hisplpsqd i dited Stases Rawens Nupber 8,920,834 dreeontiseldyr at ed

circuit, A&tk 8Shstafa! i MBhd -k AR i : wufh seri al

comuni cat | gﬂn I nt ersf gﬂge@?ﬁtbg%aggh%gwtgg&%or e;an%ili%% a%%&%ﬁ%gg?llg
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ferrite-garnet film), the second coating layer or reflective layer 158 can be a Kerr rotator

(comprising, for example, gadolinium ferrite), the second coating layer 158 may be further
coated with a reflective or transparent protective layer 160. |

[0097] The light source 140 may be a polarized source or a non-polarized source.
Some examples of a polarized source include certain types of lasers, and some examples of
a non-polarized light source include a light emitting diode (LED). Further, the light source
140 may be monochromatic, although other options such as a white light source may also
be suitable. Light from the light source 140 passes through a first polarizer 142 and is then
incident on the beam splitter 144. A significant proportion of the light is reflected by the
beam splitter 144 towards the magneto-optical substrate 138. This light is reflected by one
or more of the magneto-optic coatings 156, 158 and 160 and travels back towards the beam
splitter 144. A significant proportion of the light passes through the beam splitter 144,

travels through the lens system 146 and the second polarizer 148 before it reaches the
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rechargeabl e battery for exanple (but if comrunication nmeans such as USB
are used, the reading device 104 may be powered via the USB cable). [0095]
FIG 4 shwooa/msn3s-sectional view of a reading el ementciBé2mpeson prior
art. The reading elenent 134 in FIG 4 includes an optical processing unit
136 and a magneto -optical substrate 138. The optical processing unit 136
includes a plurality of conponents, the conponents including a |ight source
140, two qpoicalrdereetcs 158 2vhidiSaptiured art ineagk irghtseatative of theasagnetic felds preednar i zed

light, th t Wo | ari zer h , be nece ry,or i1t is in._certain
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1Vt - AR Chine Bebinecish 5 Gt # G Salaiey oy Mg BT geens 7

posi ti onitREplbrizdien RAIRAIa%SY aflet theAlght hikepdsSdisthaNigh &Y kG otaidePR42). The
i nterchanged or the polariZzer 148 can be placed I'n between the | ens system

146. Fur tseeqnd pobarzeink48 ey bewsedwith respert thihe pelasizaiontafiihelingoming light (or
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may be within the series ens wthrnt ens
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154 and a _plurali.ty of magneta-optic,.coatings such as . a first coating |ayer
156, "o sdBBRH hepis pregror BRe: Sa Eiaold madeicer yeal bt hoyar P ol ©

sui t abl e (add aihge Egme@ Bl sfteAABRkéed, witl0 iheLre8®f the @furdliirS 61de6 €6l alléw UNdat €d

St ates Patent Nunber 5,920,538, the optically transparent substrate 154 can

be a nondleByaication ofthe vaugusepatingJayeras a gadol i ni um gal | i um garnet whi ch may
further Win oth c t u I , i c i | ayer
or magnet o- ogti c fi Frnqelg%mér?rzgggblgyeg @z?ra aisc?d;?,?ﬁ{gart ?%gfr%sp{r |cé$&r?§ &?%)llr oy
exanpl e, maghetordptie-fijar &6 ahd |thy secdohé ceatingnthyenat reflpclivey bayend 5§ dfoleany ve

| ayer 158, can a _Kerr rotator. (C rl.si.ng, far. ex | e,, gadolini

forr t ey defite-dhe BritEidyal el P BFTREI Al Phat Hip EXAMR eh G5 GmpRd R

refl ﬁ‘“ i \cerblen (DLD) spaeedicdpil aindgihous chidye (tal®)) or [0RQY Jbe Tl sparghitsusipus ce 140
ey be a a u?nig{uln% g)gdg ?&285 b?lrt ng't srg)()lprﬁi[t)e%l. %E)Ie eigmse(s)su(gfc tﬁé protective layer 160 is in

the range of a few nanometers to a few microns, depending on the chosen material and its

internal stresses, but not so limited.

[0099] The components in the optical processing unit 136 and the layer
arrangement in the magneto-optical substrate 138 may have a fixed spatial relationship with
respect to each other. By this we mean that it is preferable that at least the main optical
components (for example the optical detector 150, the lens system 146, the polarizers 142,
148, the beam splitter 144 and the magneto-optical substrate 138) are all fixed with respect
to each other such that they may be considered as forming a solid unit or module, i.e. the
reading element, 134. Note that the reading element 134 utilizes magneto-optical reading
of the tag 102 wherein light is internally reflected inside the reading element 134 by
magneto-optical substrate 138. This means that the light being used to analyze the
magnetic fields does not reflect off the surface of the tag 102.
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Some exanples of a polarized source include certain types of |asers, and
sone exanples of a non-polarized light source include a |light emtting

di ode (LB®p.2ofwwosizer, the |ight source 140 may be nonoclkrcorsekow/ooess hough
ot her options such as a white |light source nay al so be suitable. Light from
the light source 140 passes through a first polarizer 142 and is then

I nci dent on the beamsplitter 144. A significant proportion of the light is
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pol ari zer i%%“ce'ﬁ'lne LN mpl)%’l 8¢ 1 dpvepygn. (ilo SR AMEY MREPRC %“éé&g“ 0 the
pol ar i zatpiaaftlesf176 Iaehighczﬁeﬂcn@tylm@hém( Milatevibld doveihS the xﬁagneﬁeﬁﬁgaer;sﬂnﬁ ré@or mum

i mage contra pend| on t magnetic fields bei ng measur ed. Note t hat
when a pdllé‘uSﬁelég%sdﬁ% Q@WS&ﬁPfym is sohrodfmeriy the dnagaetifeprrtigley 176mges

herei n argm@layep szﬁﬁi@vll&‘ted %@fwe%ﬁ%mg@layép@mnﬁé&eppiyblc@4 S’H@ﬁafs@tl;ﬁ'elshovm
in FIG 4 (and other figures) is often thickened with the rest of

figure ir9anércoves layerd @reeeqnetﬁélwefp@md Bemoflmsed myateniabuwitle det hase layalyers
[0098] T . .V, prt eat fi | | ayer
or magne!t’l gz g’l}ﬁ%ﬁ% il Sﬁ?é%g?or t%gﬁhgg&%?%ﬁtcf e(:So{aﬂit%l aﬁn‘& %Q(S‘Feré%ﬁ ??g%:otv:ﬂ@neg | ayer
158 frompmtyctﬁbarfmgleﬂle'lélnelrmmém(ahd ﬁaml abyauoan(]Ihsmkmilﬁm ericknassl of tiee dvaed t hin
coating such nd |ike car or  tetrahedral r us, car bon
(a0 TP 105 g Bt S0 DRndedtion Dituanitof HsyPoxiode SEAP ZEBRCEUD not so
limted. tHhendphétickpatsle®l76 fmlepgtf&lg@lt bV thel MYBHetid Ofk1d Ss IiRelf Refumange fof a few
nanoneters to a few m crons, depen on the chosen material and its

i nt er nal c¥PRI sefsthe yigmnagae g)@gqqtlﬁ@q%ado the magnetic particles 176, their size, the

orientation of the magnetic particles 176 and the direction of magnetism), the sensitivity of
the reading element being used to read the magnetic fields and the expected resolution of
the overall system. Herein it is understood that the magnetic particles 176 may be
distributed within a non-magnetic (or weakly magnetic) matrix material such as a
polymeric material, metallic material, glass mat.erial or ceramic material said non-magnetic
or weakly magnetic material providing one or more of: protection for the particles,
cohesion between the particles and the other layers present (i.e. the non-magnetic material
locks the magnetic particles in place — a form of adhesive, for example) and ease of
application of the particles to the base or cover layer. In such cases the “magnetic particles
176 is understood to include the non-magnetic matrix material where applicable. In
certain cases there may be no specific base layer 192 and the magnetic particles 176 may be

directly in contact with an adhesive layer at the base of the tag, or they may be exposed.
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[ 0099] The conponents in the optical processing unit 136 and the |ayer
arrangenent in the nagneto-optical substrate 138 nay have a fixed spati al
rel ati onswopowidobe2eespect to each other. By this we nmearctrsa20i0t000259
preferable that at |east the main optical conponents (for exanple the
optical detector 150, the lens system 146, the polarizers 142, 148, the
beam splitter 144 and the magneto-optical substrate 138) are all fixed with
respect f0@162Ch Ot heThesthagnéd:io Hartidiey 1 T®Rab) EnéladS a BedhecbeRsvityo idtenial. a0l i d
unit or nodule, j.e. the. reading elenent, 134. Note that the readin

el ement *3amplary highsoeraiyite mpteriahis Tagodymium mpsnst cORPrisiag Nﬁ@feMBeIEe i ght
IS inter n ptical
substr at gﬂ %éné q'{{lhglg;ne?gknlg ngti:?u d%ﬁgexf-ﬂ%%?a e@%tgﬁﬁs%déﬁgexgﬁn@ze tﬁtgn%agnet iC
fi el ds deefrmootagneticl materigdfdr ddnmnwoﬁmngfrnagnetxd agppﬂ:ﬂ@s Mifhi:ﬂ@]coﬁmwuse t he

magnet o-optical . suyhstrate 138 allo little to no ass

opti cal "’E?tﬁl?ara'ré’tnicﬁlﬁmlgo‘éoé SeSFUdRe X@%W%@c&m?%eé@g ‘btu Thus,
readi ng efiRMeRbmigdbtic Smakis4 iP Qblestad HIne tif %@ﬁptwﬁmmgaofcmm I’@ld“es qual of
optical and na netlc information if optic and magnetic information are

| ocat ed iG1Oe e Aeqo,(Gd.dy, ceveswa@pg ﬁB?YSoﬁndtQi‘QfleiOQ Fe, ANk £96 5 G8} enent

conpri si gsTels substrate configured to read both optical and
magnet i cqlﬁ’y ?nrnatfﬁ%%m?lgmva? fl n the scope of the invention and is further

di scusse@0103r exarrrlheqrde:rntotbﬁemdtabbl; ithet area oof a FdgGh02 kBbe 18xd aynd r2@ling 00101]

FIG 5A and FIG 5B respect w op a e ecti L ew of

mgnet | o ement frsdo178 E&#‘sﬁgﬁﬁ@ Eﬁ &aﬁ%fgi% andcggﬁ ‘f‘f}ﬂl ﬁ?@a n
ag | dRnS6&06 tii ch’} Rnbatd qQ bR tagd 02 It Heiead ih A

cl ear magnrét Q- opti Egazﬁ”ﬁ@gn:al particles lr1176e of high coegr@m vity may net i C

mat er | al SEBHFACAGVihan priprent of thy dnysation. FI&yi ¢h shovss 3 ey lﬂwb‘éﬁ af FG
5B shows {4t 1 R t6B high ' 1ok | ayer
sandwi ched Jé% 1 ergrllaal?lsS ?ﬁg galaij'/iet:'l 619%%§ﬁga‘%p>§olgesg&g§e0?lnﬁgﬂ%c he bﬁ?ﬁﬂ ayer
192 and dbth@rareaayéﬂlela@draac eagglaﬁietoabd iead gomteids fiocofevf mageetisfpanediesr 174l as wi t h
t he basela 192 [ A 8¢ SK orthemantl artic and
L base LBYEL e DG 2 SHRPRL bkl & IRO0That BB SE 55 15
abr asi on wﬁhﬁquely identififble RgSpring. Bhﬁllmy/ﬁ‘rthé at;eerofl&dra\tdﬂ@te tagamozb&) bsed i s

dependent on the strength of the ma netic fiel roduce t netlc
parti cl edeafiRpniaiRRtog TRy fppgnsHic PREICH dgriBt scmay ¢ %asf’t"%‘g‘l ?Y%ﬁgu SBfon, for

exanmpl e Qisot be diffTNRNGE adBERER| ARk Qﬁln@ér Bheagzag@ptwlql Rﬁ q%\bﬁyl RRntfifdle hei r
size, the orientation of the nagnetic particles 176 and e direction of

magnet i sfngempRatss drpsisequently/itag generally desirable to ensure that the tags 102 being used

have a suitable density of magnetic particles 176, for example it is possible to set a

threshold that all tags 102 used must have between 20 and 50 magnetic particles 176 of at
least a certain size. Tags 102 which either have too many or too few magnetic particles 176
can be rejected on the production line, for example at the time of first reading and storing
the signal.

[00104] Since most imaging chips (for example CMOS chips) are actually digital
representations of the image (i.e. they are pixilated), in some cases it is simpler to base the
acceptance criteria directly on the pixels of the image, as described hereafter. Assume for
example that the magneto-optical reading element is configured such that a more intense
magnetic field results in a brighter image and the imaging sensor records the brightness on
a scale of 0 to 255 (with 255 being the brightest). Then another way of ensuring that there
is a suitable magnetic fingerprint is to count the number of pixels which are registering a

brightness value above a certain threshold value (for example above a threshold value of
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the readi ng el enent being used to read the nagnetic fields and the expected
resolution of the overall system Herein it is understood that the nmagnetic
particl eswd?611mmy22be di stributed within a non-nmagnetic @om/Seeeiologo2smgneti c)
matrix material such as a polynmeric material, nmetallic material, glass
material or ceramc material said non-nmagnetic or weakly nmagnetic material
provi ding one or nore of: protection for the particles, cohesion between
the partiloBen thascadwf bolss).| Hpewusfiqens senber of pixelt e above uhagi[reshiold theri er i al

| ocks the, ma etlc rt| | ac a form of. adhesive | e)
and ease by Mg resimpy et GieEp 03 Bef SdneicR pohAR: S BERG Reter I ER ) -
such casdeast that thmﬁegﬂeﬁc patitles | S whith ard Sredenflge phRRGlatl) 14rg; b ABerk iea
non-magnetic matri x material where applicable. In certaln cases there may

be no spebfficient parien |of ke arswhighds meenstizgdlet O heaothes hand, werdﬁ’asp dtheck

di tl Q t he
my be oA EOMECTR St BpERbnBER! iy, BeEhor R pd I es PR ¢ Xen s GulRfeng B (1Y
coerci vi tcyecrkaiﬁletr nat|mordnhaaxempkiarym hinghercdfgriely mteyabnad: drei thieshad ésumdaxdi;ym um

magnet c I S Fe an The etlc ch es, 17 cl ude a
ferri mag nggﬁ"\’%&‘f E%‘f% tg?ltﬁhf’ %’%ﬁ%ﬁei’fﬂ H the, th%fS?‘&Ha

mat eri al s@ftalﬂl@ﬂ@dlm c&ftro‘l’@trey i éiﬁﬁ@&ﬁdt(a &h@ﬁ%ﬁ&ﬂlﬁ? piMeIshivaéia §&ﬁﬁﬂe§HémJS
mat erial (includi &g voi ds causi ng variabl e nmagneti c properties) and

conbi nat iAFhsutREdebpy arerataine puhelgefepixels hglasy Paﬁet thyeshelde dhuscensuring thiak gr oup

consi sti M]ﬁﬁ Gd, Dy,
corr espo% Cfgte llag?#%(&)l?/g%i%m X1 Segaggﬁe all)!':reesolgéd fe reSDy and conbi nati ons
t her eof .[OPUISZIOS] I n Eiﬁ;lérA tl BB showt falther, examelar efatagn 162 wath iﬁ&ﬁiﬂcatidae read
by a reading el enent may nt ai S e.density, art

o 1 o Tt i AP BT R FoooRisdeR o o i Eion, s Bl Brlieaber i i n
t he ar eageabires ptbvid%gﬁditﬁﬁaltsﬁcﬁ&y lbeaﬁommuaﬁcmﬁli@la:ﬁeﬁﬂﬂcbn@ﬂfeewb@dh@ew of
the invention, FIG 6A shows_a very |low densjty of Hg{let ic particles 176

whi | e FI edoried. sBese 05 Uessy a@ﬁl@?fla&eﬁgmtfvamn rfeajprst i inclpdy magnetic baodess  he
area of tBnavehafRst aHaghBdc tagalﬂﬁmﬁa@cd cﬁaaét@fsn%égaemf R CBO AL Copfth | Cl €s

176, as may be the case with it may be difficult to achlevealarge
nunber obatcades [licani ard @ndlqueftlynal,demludmabV?eﬂons nigdngsryi rstandarg@s niuchr by i f

the area g%&%%}gégvﬁagﬂgiéﬁ e | %tn ;%%%mé%rft a-tnaréscterg a\f1srrgl% mar| 911gfe e

particle e casenw SO be I'cult to
achi eve aot as gﬁumdnﬁeremhpleag& the 21024 rhhy trileech )Raddﬁﬁtet;%rﬁblldeﬂtiﬁ@@tﬁfrph nts.

ﬁgzequewl\b) cthl s sec ene so agﬁgér%%blﬁleté)rstebnggordg 1%2%% thter;eecot v 86 léjéel N9

may be printed using covert inks such as ultraviolet or infrared “optical” inks that cannot be
detected by the naked human eye but can be detected and read by using a suitably adapted
reading device 104 or by illuminating the tag 102 with one or more particular wavelengths
of the electromagnetic spectrum. Magnetic and optical identification features may be
positioned at the same position with respect to the scan area by means of using multiple
layers.

[00106] FIG. 7A shows a tag 102 with a magnetic fingerprint region 112. A
second two-dimensional barcode 186 is partially overlapping the magnetic fingerprint
region 112 and a plurality of magnetic alphanumeric characters 182 are positioned at the
four corners of the second two-dimensional barcode 186. Note that although the magnetic
fingerprint region 112 is shown in FIG. 7A and FIG. 7B, the fingerprint region 112 may
preferentially be situated behind an opaque cover layer that the second barcode 186 is

printed on. Therefore, a user may not actually see the fingerprint region 112. Furthermore,
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have a suitable density of magnetic particles 176, for exanple it is
possible to set a threshold that all tags 102 used must have between 20 and
50 magnetwo pawvdosbes 176 of at |east a certain size. Tags/sta@iowhish eit her
have too nmany or too few magnetic particles 176 can be rejected on the
production line, for exanple at the time of first reading and storing the
signal. [00104] Since nost inmaging chips (for exanple CMOS chips) are

act ual | y rdagpetiahnd epticelsieattizes imayveflan whilé placgel qni the samdendifferenplayérs af®d), in
some caseg '?](tnis sinpler to base the acceptance criteria directly on the

pi xel s of T he i mage, as described hereafter. Assune for exanple that the
magnet o- @o10Tal readfiy B shews al tigC2f Withr £echaghalt filgdmp@ntiRERni N2ense
magnetic field results in a brighter image and the inmagi ng sensor records
the bri gifesrRdstwyrfimensionab bagcode ?%6 sooverlgpring Sssmagnetig fingerppnt gioastl. Then
anot her gy QforANSiLdiRendisial bmweelgéis%uﬁaa&d@@'bg RO fiducd RARGRE RS 1S 1O
count the nunber of pixels which are registering a brightness valtue above a
certain tandesfist didveihlumarking 1 8k impositicaied \at tize tppreesight cormed ofthefm@Betn t he

scal e of ,O )a ol f suffici.en unber. of . pi xel s _are.above the threshold
Chani s Cards 4RO ik RoRith bofkiRE 100 B lnoBta B R peRECn 3RBEF Grermdhor: o
parti cl eshé é&ohdrfidatial aasiting 180. MughcicnaAghaiuin@rip @hhia6leRs 1807 freWysitidnad €

present are particularly large, (.e. there is a sufficient portion of the
area whi @ﬁlaantﬁ%l@ﬁéF‘ioiléé)de&“%@goltgﬁer hand, in order to check that the

tag 102 @oegs)not COMfRI Mhabic "BMcIBRYRE Lised AR folrfiing Sthd Ragrlelic HHEelFint
sufficient to check that not nore than a maxi mum nunber of pixel’s are above
t he thr egegibnl 1(2ian¢ nawdlly efhhighwoetcivitye tQngl foym cdfenichttigh codreivitngnagnetied ar ea
IS Wthi he. threshpl.d),., A further suitable quality control step is to
ensure trha’g{ncaescltgﬁ Saa}é\)akr?ﬁl% eo%’l%%’l s above a set threshold are surrounded by
a certaijponefiber of Ipinuglbs adeimageausti atrbadisheletient thttadedrebppige bhtittal

(osos) shEgatus s A b Bhe N Ame g e B derad o U °°
i denti fi gatnhdal 1hQAd rethel AmRCHES, Aap&EnYstd) ForLipOosK ERAtotRr. thRtidaN¥&Nt i ON.

As additional identification features provide additional security or
i nf or mat iAgnetia featust ef theetag 102 arayi overiep anuthe samepr WilfesersJexess oSl 08f t hese

bor der o, nSqRRANaES R Mbrc T Heffng AFLMEBIMANE I RUBRHES eallRIWEALE,
bar codes allbwsndar aasmbl2r dagrdf2.i tnabq prowddasdinog e@nrade sorreldtist bytwetmnbkar ds
iﬁg? agts e?@%g%%ﬁz{x@ﬁ@ﬁﬁéﬂ%tﬁ%é f%hgé{&{lgé b&%ﬁs‘% thg glgtiic%?%agllrgst]gs% rta%\rair&(a:fe:rc:-:nce

for fingerprint matching of the magnetic features, are physically closer to the magnetic

features. Such a reading element and related devices, tags, and methods are described in

detail below.

[00110] FIGs. 8A to 8E shows a cross-sectional view of a tag 102 where the
magnetic information and the optical information overlap. In FIG. 8A, the tag 102 may
include a cover layer 194 which has an optical barcode (not shown) (herein a “barcode” is
taken to include datamatrix codes and other machine readable optical information) printed
on its top surface, a magnetic fingerprint region 112 which may be in the form of a layer
positioned below the cover layer 194 and an adhesive layer 4210 positioned below the
magnetic fingerprint region 112. Note that a barcode is shown as the optical marking purely
for illustrative purposes. The description that follows for this figure and other figures

should be considered to be general and not confined to barcodes.
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not so limted, for exanple the tag 102 may include a Radi o Frequency

I dentification (RFID) chip, security inks or a hologram The first barcode
184 or thgoeti@nshkar code 186 may be printed using coveppristksiomyeRe as
ultraviolet or infrared "optical" inks that cannot be detected by the naked
human eye but can be detected and read by using a suitably adapted readi ng
device 104 or by illumnating the tag 102 with one or nore particular

wavel engiget1gf the etmtsmm%ei P oﬁa@i@ﬂt%é'\mofﬁ'ﬁgfbgtllog 6ptcPRifbm@tion in
identification features may be positioned at the sane position with respect

to the schefamefaarqedsd8s &wwhéliaﬁbeqnmmitqﬂ@ thegusfase of‘@m%]omn&be?sse@homs a
tag 102 gsprint region 112. A second two-di mensi onal
bar code %éo fllgetggrg{}?a‘}ﬁhé{ag ?'appi ng the magnetic fingerprint region 112
and a pl [00ai2]ty of nEKRMERC dumsmapuﬁagnbﬁc oleav aftthe s 1622 [fathe upeads tblened at

the four corners of the s nd t i mensi onal, . bar 1 te that
al t hough tiffe? FASREHS tmage R Fqgn BT £3 eh% t‘é’ﬁ@v@ﬁok nﬁﬁi?‘élﬁgfll@ SNETFI G
7B, the flh}l‘wqgﬂ)%d"&hercﬁﬁbﬂﬂnﬂaﬁﬁaﬁ'@lylWﬁlﬁefs%*tm@Hagnax% parddiatedo Refhdd an

opaque cover |ayer that the second barcode 186 is printed on. Therefore, a
user may wigtn thetmggnetic egerprifd régiemblri nt regi on 112. Furthernore, magnetic

ayers of Ia0" 10 ATRbSBIY phtligRic P80 0 0iBod Wocie SEALFHEN

fi nger pri‘eblorpgietvldrt 2re deserdigedrid thmmmlexmnﬁmedﬂadk fmlr wiicefigh6s. | Mlomoeen, appi ng

t he magne n rint ion 1 The second .t i Mensi o bar.code 186
is surrod&‘ﬂe‘iﬁ’fl %it %%ﬁ?fuf’%&ﬂ{? éﬁﬁﬁ%?rﬁ@“"l‘ﬁ@ 059%40 5ﬂ$}i‘trS§’t‘r°F th(ﬁ f%%rar ki ng
178 is p%bd'@@%@bp%ﬁléshﬂ' tHO RRdgnEloWplic A0fuBEKat &1 38 NEnd BRNGtcEl Reupasr (80. A

third fiducial marki n% 190 is positioned on the upper-|eft corner, adj acent

to the sdewkns ¢lpmert aFurberiorythegooloXhefiatensitaebihatightdstectechas 2 gasakt 61 182
Dot | 0 he
oot ¢ ‘hERREAR AREIEs k0 SRSCEaBich B Dol Sl bithe scpBh ¥l
ar e usuallayersof56hil ghambEilodueito yhe Oneefio pantioles 422(h Foi qtmmpdxeramovthtﬁyldmgylet ic
ticles 176 is a, fl ake ke net r 109] It may b dyant.ageous for
D i g St Riep B0 A PRIR R g0t B APedmmmi il b oo CF JaF GRBSRES | ho
tag 102. réMen.IThpRiragr IR0 hs ntbghétic fie?td (Encigttie? ffors) WY detMithel he iRABIty Ocat ed

in the sane area, superinposed, or_ on top_of each other. Optical and
of the light. Therefore the intensity of the light will vary across a magnetic particle 4220 as

the intensity of the magnetic field varies. Thus, the magnetic particles 4220 shown in FIG.
8C may vary in light intensity or color across each magnetic particle 4220 rather than being
uniform.

[00114] FIG. 8D shows a top view of the composite image (i.e. the optical and
magnetic features superimposed on each other). It is clear that when viewed from the top,
the barcode 184 and the magnetic particles 4220 overlap each other.

[00115] When tag 102 is scanned by é reading element capable of reading only
optical or magnetic features in a given area, FIG. 8E illustrates the resulting scan, wherein
one half of the magnetic fingerprint region 112 is scanned and the other half of the optical
barcode 184 is scanned. In the case where the opticai barcode 184 is a datamatrix code as
shown, scanning only half of the area may not necessarily be sufficient to fully interpret the
number (or the entire datamatrix information). Therefore it may not be possible to fully
interpret the optical information.

[00116] FIG. 9 shows a cross-sectional view of a reading element 167 in

accordance with another embodiment of the invention. The reading element 167 is adapted
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magnetic feature of the tag 102 nmay overlap on the sane or different |ayers
of tag 102. One advantage found herein of reading overlapping optical and

magnet i ¢ weabuwes22es it allows for a smaller tag 102. | calssoproosisges nore
accurate correl ation between the magnetic and optical features for matching
because the optical features, used as a reference for fingerprint matching
of the magnetic features, are physically closer to the magnetic features.

Such a readéadgmdi magretic a'nfoi*maﬁbatamﬂopt&al odamatiang 8t, tha saneidb.osorgrsaitalds cr i bed

in detail Gs t.o .8E sho Cros i onal w of a
L ag 100 vinbaTtlior B ralind R A7 oRel e R NPT 142 oo ST B o | ap.
In FIG %teﬁlhaat@seaﬁps%h&em44%hw&ﬁlg@etht@dsurb@m" 194 which has an opti cal
bar code énot shown) (herein a "barcode" is taken to include datamatri x

codes anl0btHer nacﬂnrfléler@él@ébn@toﬁitlﬁeséIsomnfltﬁhtraﬁﬂsw)hf?j#ghn'ﬁlécﬁfsirmatlsgtop

surface, e f a
I ;yer p05| t nggd{hﬁ%f%dv?/ﬂt %c%ﬁé,elr Fa er %ﬁp Hgéc(fhem IA@SL y r ‘ﬁg’i‘g
posi t i onedrfise eftht eg ﬂﬁgmﬁufﬁcrémtngmﬂpcmm hgbgwdh alkd De rhﬂ)eoeed fram @ leat code

h th Ki f | i :
dosor | pt FOePATIon Bf fearpsrotls e 05 apd Dasscpask apehy e et £
consi der gl bt Qaprfredyetha lopAicid d@@EtoP 9561 magk ik Oathadse @ P8 RionAF ikl isHefect&B shows

a top optical view of the ta Opt i cal information in the formof a

bar code fom (e snfape of Prectag d%? rﬁﬂédloé intemally geflegied withip rﬁeadﬂwgelmgltrﬂ&] be

f t
vt ow of - CRefinE iy RieHonldiE Jraf db0y s RIRIC. Ba e HRIGD LARPRONCL ! €
tag 102, (d:lhalwﬁmrblmd;natea’lsf efctlhe\uphyallhnodod‘étlmou@mottrhﬁeccavamcha@ehe d®ér and

t he optlcal ormat qn 184 and ."see" the net i cles 4 cpont ai ned
WPt R e A DPR ARt 1 80 il fifest a K paTanEh of B C AT RetRE B iDL o ¢
particl esndpde %ﬁ‘lr&%ﬁl’dph&d fafuiesi I ®nefenbo@Riidn@i Magne®dl Ptical Jub&r#OII@ S are
descrl bed in the context of the black and white figures. Mreover, the

col or" &%y spanpgbsaptialyptet snéire avidthoof readipgy @}ﬁleﬁrrtolr%flnvmw embeghimentour ce
140 is b%agﬁefd%%ﬁcaltshssd%éwﬁé Ma9%pm sdtEnfiR E%nﬁi%tgc&@'arealbtm%r @ér)z? %1?8, and

the optical” set-up of the reading element. Furthermore th

i nt ensi t pnofmbhdineng eadge demed 163 naayr @suprise obily (net slmgwétonr etlpasmic@ures; 4220
is al so ent. Qo the |n t Lon 156,
156 ana TR0TRUE bt Retpiorf st Fefut Sbd5ro b s Hest dRelO¥EHI e o
may 4220 of tag 102 to generate a magnetic ﬁeld (in such a case the preferred magnetic

materials are soft low coercivity magnetic materials such as iron-based ferromagnetic
materials). In one embodiment, reading element 167 may comprise magnets (not shown),
wherein the magnets may form a substantially uniform magnet field with respect to a scan
area of tag 102.

[00118] FIG. 10A shows a scan area of tag 102 with optical barcode 184 and
magnetic particles 4220 (from FIG. 8A) where the reading element 167 in FIG.9 involving
a grayscale optical detector 150 is used. In some embodiments, a monochromatic light
source is used. As can be seen in FIG. 10A, the result is a combination of the optical
barcode 184 and magnetic particles 4220. In the example shown in FIG. 10A, all optically
black regions do not reflect sufficient light and so are seen as being black whether or not a
magnetic particle 4220 is present at that location. However where the tag 102 is at least
somewhat reflective (i.e. the areas between the black markings) the reflected light appears
more intense (i.e. whiter) in the regions where a magnetic particle 4220 is present. This

occurs because the reflective areas reflect the same amount of light no matter whether a
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result in an intense (light) area while a south field may result in a dark
(or less intense) region. The strength of the nmagnetic field (anong ot her
factors) WPDI2011dw6222mi ne the intensity of the |ight. TheP€THG010MWEI2SNt ensity
of the light will vary across a nagnetic particle 4220 as the intensity of
the magnetic field varies. Thus, the magnetic particles 4220 shown in FIG
SC may vary in light intensity or color across each nmagnetic particle 4220
rat her tHB#ENSEE Rartigle 423F 1 Pesent 1 that pesitigDos RetwsHewess 152 avegpsticr pasticle
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i nf or mat iNlﬂe a6d afPin &Bér_ dxainpleseat 8épedding e tsPsRichI d&ﬁﬁgﬁr@ﬁ&f@&éﬂi dlthe
configuration, the reading elenent 167 includes a single polarizer 142,
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i nt er nal [oraftiaactosgsrand mero taatrllsgtiv artrrf e 128 audhrimagnetitainfomatighst
porti ons afhif hee UR% ARLkF RAUR ik Ngddr@. TR, heiamdarin &ldyerd néee
(clearly the black areas” of the optical barcode 184 will not feflect as
mich as tdilicult e interpesisipe to e prgsancalof deet wegnptic iBHmMAtidn Hrgeebe reflective
conbi nat aPdhs (&Iill thSz ih'bgi@fm@sss iﬁltltlee {n%%e,blyutttﬁg generally easy to overcome by methods
such as just setting a threshold of brightness and assuming that all pixels brighter than that
threshold are considered to be part of their reflective area irrespective of how bright they
actually are.
[00119] FIG. 10B shows a scan area of a tag 102 where the reading element 167 in
FIG. 9 is used in conjunction with a tag 102 which has a blue green barcode printed on a
reflective surface. Here the light source 140 is assumed to be a white light source. A white
light source is used in conjunction with a magneto-optical substrate 138 that is assumed to
respond best in the green-light domain. Thus, when white light is used, a magnetic region
appears as green to the optical detector 150 because of the properties of the magneto-
optical substrate. Although the scan area of tag 102 appears as various shades of green to
reading element 167, the shades of green will be represented by black and white figures.
Thus, it is seen that the magnetic particles 4220 appear to be bright spots and the optical

barcode 184 appears darker. Where there is a magnetic particle 4220 at the same place as a
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magnetic features and optical features. In one enbodi nent, nagneto-optical
substrate 138 may span substantially the entire wdth of readi ng el enent
167. 1 n owe2enimosizoent, magneto -optical substrate 138 way/S&pen/000259
substantially the entire scan area of tag 102. hi one enbodi nent, reading
el ement 167 may conprise coils (not shown) or other structures to conduct
an electric signal, wherein the electric signal would cause the nagnetic

particl e?oﬂtﬁﬁﬁbﬂﬁe 6rﬁﬁ:aﬂ-l§b¥cdd@ 19811B¢ gt B FBGPAEA] Garcb® B4(dnd oFUemagnease t he

preferre netic naterials are soft |low coercivity magnetic materials

such as | w2l Wil intey e farm fmﬂ@r.van@t}on phesere takigdhesake of kel ng
| t f
el ement 5‘1‘?’{% Gl ml%ﬁtsfm%@ pgﬁ &Q%lmo%h?r%%? shin. m&i&%@h}[@%g” m

a substanti orn1nagnet ‘W th respec a scan area o
102. [ 00Xéfling<lGneritDa7 shB¥GE. Qalsslsahasaheaxaniplé agth&ﬂékempmmqmdve ahd badowepde 184

and magnetic particles. 422 rom, Fl e re ng el. nent 167 in
21G 6o Indhs SrREP s T Loyt e qlemsal 187 G0 G-S %l SRl fik oy

enbodi NergefieralcdRANS BFSINRAEItE alli r8dting Bleheftsi (Partis@akly Aos6 SbAL S BRDS. im, FI G
10A, the result is a _conbination of the opti cal barcode 184 and nmg netic

particl e§8429é@nd PRt Hethasceasp itanasthsyad vanfaggogs to] @K a @ffpre@ﬁow‘@éﬁnlg@ o 1@;(

t I lLack
whot hor co trefiig iRl . Hhhe b sty GRRPRLALE. 3B ARG, R
However \Qﬂ@lneionhm tleg 4 Aomsinatan be asdd temammwnagméticenﬁ)rmmo(m whaile theaedar eas

i tor) (e T TR Bk S g e bt iR B mAec e B9 ¢

occurs b%ﬁ:@&@wbﬁllﬁ abpédr Bldck ethe r@Pdoni£h WaEk thdRh&rpaRs oMY Mﬂeeﬁvd Jugate NO
matter whether amagnetic particle 4220 is Eresent at that positign or not.

However (Yould sppgardirieht iethe imaage).4 A5 wished ghia kindrof sysiam gy heiimprovedh fusther he
l'ight issl p. a&mg tigal t uch
altered P?dﬁgﬂ%gﬁ)gggg&ﬁqggﬂgﬂugﬁeﬁggfarlze E%ﬁgﬁgnéﬁafﬁ%ﬁsﬂ%$e orglippear
as a bri ghtanggbforte@amhle wiptei tbalreddleglﬁ@t)mce isBft mbbrizﬂhfortehmspls@l@m(r
configurati best he ect 1,v re shiny
or " £r o ks TRAHEE SRR AT il B NG, STFE3aRhaubili Eef e
alter t heed)d)drﬁdm bﬁtheqmagé td heea biughiptibaltitnagg fitd ﬁﬂhﬂ\hﬂy&hagﬁauc irfelutatioh ae
ability oh he .readi elenent t g detect tg netic features. There are
many var iat Frdn gfor Srﬁ“% h o) Rure andp, e%n’?ﬂ ¢, 2580 t}te ErERsRye RohfoRsifeRAin ¢

li ght sow&egbsafuty FrPYat &OhTRIiSHRHe f8fnh QLS %Qbﬁéntﬁﬂ?%’% Of FgY &xblufpit
i nformati on on the surface of the tag 102 it sel here and in ot her

exanpl es altheughdepway @i ‘Ryreapticdmags freafromeny mpgnetid ipfprapiénnest alhdn rendity

CMOS imaging devices (for example) have some cross-talk between the red, green and
blue sensors such that these the “red domain™ from the imaging device does include some
input from the green and blue domains — this is a well known phenomenon and there are
various methods to try to minimize this by subtracting some portion of the green and blue
images from the red to render a purer red im‘age. So when saying a pure image it is
understood that absolute purity is something which is often not practically achievable,
however it is intended in the context of being “pure” for the purposes of use within the
context of the invention.

[00120] In another embodiment, a partially reflective second coating layer 158 is
used. FIG. 9 is also used as an example of a reading element 167 in this embodiment. By
tuning the amount of light that is reflected by the second coating layer 158 and the amount
of light that is allowed to pass through the second coating layer 158, the relative
contribution of the magnetic particles 4220 and optical features 184 on the final image
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pol ari zation of the magnetic particle 4220, it may be easy to nake the
magnetic particles 4220 appear as bright or dark areas, or (if a

conbi nat iwo 20f1/qsi2ar i zati ons are used) as varying bri ghiecarsg2ei@okoxsegi ons.
By using this configuration it may be easier to conpare the positions of
the magnetic features within the reflective area of the tag wwth those used
to create the reference signature. In this case the matching is only

concer neccaphukrdll BRGRE bpical MEREIALIS0 &P be asppiaiigidNJFb0exdulé, cih! EIG. 88, ar eas

of the tag and the magnetic information vvlthln t he dark (bl ack%tareas is

i gnor ed. TEStRJERsetVG Secopdeoating fayer 138 way ﬁeorrﬁﬁueedeﬁpfthqt@wghtl Foflestpr et
due to thgopt GRERER Htihd m%cmqn&agscoff EJH%tdnHQhe%BFee faBfes RS d&kiby Brar eas
will vary in brightness in the image, but th generally easy to overcone
by net hodbe :pmsmcasof thsunmttq pﬁg‘u@les br &ihmésd42ﬂ‘0 dmrelrlgt!mngsasbammdeasﬂﬂrd ag that

al | pixel.s r t han t hat threshol [e C ered to, be par f their
et 1 bet t veipls e BreslS et cabte I (ghe it iRt peie. B bkt i
10B s hOV\Epoaar&Qﬁgnﬁlﬁ{ @dhichfhas be@gordédedirh @hdthke ligiadiKich Gheh@Nits fdldridatior! G 9
is used in COI’lj unction with a tag 102 which has a bl ue green barcode

printed citesd Mf%&k%féogm%e@strﬁérlé&tm&lq%mth% st E@tmaéaxeél%wﬁbﬂ to be
a white | t r u 0 i h a
magnet o- OSE Sal CAEEolya 7458 plATEnERY Fflel S0l AL HSaRe et I il
green-1i ghfonddm will b ephanghd nomharee witlghther somseektiva buagarially refagtion
appears asngr een to the optical detector 150 because of the properties of

t he magner{l pﬁ*l cal substrate. Although the scan area of tag 102 appears as
various pioazigs of griaemother &fbstimegntshevaveleng fselettiee sldantEsoatihg GayeemssM | | be
represented by black and white figures. Thus, it is stgen that the nggneti C
part.c|e§saﬁoAa st mefhod do prhigy a sigaliensgiy seapningnef thy optical fepgwres

appears dag ‘ﬂ?é’ma%kﬁ& %axtnt!féﬁ 226 TRISRI PRt L £widdbhodtl sdidEive &WBnd! ace
as aportion of optical barcode 184, the green of the optical barcode
184 and @Damngelamglrﬁétqrcﬁltpasymem &ichroiponiiory andrdlelr:@mc ntigors oo xamenlbere
variatio fei1Qr th Kk f i

the i nveﬁ?l‘:ﬁoﬁr%Igl x?lne vgll#rzg ?%r?ssegfte%ér‘l’gvgl ﬁ%&h’t‘“ﬁﬁﬁ‘ | ﬁg?ﬁ‘ga‘fegg% g‘?’ﬂtlerrent
167 in F|aﬁow91g| theusthdr agaveleagthx aopbee tiansrhifted cthrmgh p:he anisrof.abowe ttandhdel ow)

t he conce s are not mt to the, reading el n 167 FI 9 and shal |
b comey aBipReNie e HBta ey d01 0P oRIE AR Sh e dn SRET 14 b Bl 1R ang o
(parti culpaidly fdrfineRratit® plrpbses h@he dxdact é&,ﬁg&&nomau dEPend!dh thBopticRasd it may

be advantageous to use a different wavel e pﬂth of ght for interpreting the

bar code, TIgr piopextigedesiigdt do berhikdS: 1541584 Gel%rtkesseﬁwé#@ram Jayen 458iip t he

assumed to be a wavelength selective mirror which reflects green light but allows red light

to be transmitted (FIG. 11A shows red light being transmitted through the second coating
* layer 158 and through the protective layer 160 (although the tag is not shown, the light is
being reflected off the surface of the tag), and FIG. 11B shows green light being reflected
by the selective second coating layer 158). Note that, as in all examples, although the
second coating layer 158 (or other layers) are described as being a single layer, this is for
illustrative purposes and it is assumed that this includes situations where the “layer” is in
fact a plurality of layers, e.g. in the case of such wavelength selective mirrors, each
wavelength selective mirror generally includes a series of layers. FIG. 11A and FIG. 11B
also assume that the magneto-optical substrate 138 is smaller than the optical viewing area
of the optical processing unit 136 — this is not necessarily always desirable and the

magneto-optical substrate may alternatively stretch across the entire front portion of the
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green domain, then that donmain can be used to read the nagnetic
information, while the red domain, for exanple, could be used to interpret
t he opti owb 20nfodszrRt i on (the blue green barcode woul d appesG2bloackessn t he
red domain while the other parts of the reflective surface woul d appear
bright in the image). If wished this kind of system nmay be inproved further
by using two different |light sources in the reading elenent - the green

| i ght souegding slepohtaThe ethef componais wathih tHeaeidif eletheht Thtars Gérsameias in ef t
unpol ari %ﬁd for exanple (FIG 20 provides a reading el enent configuration
sui tabl e % hi s). This configuration allows the red domain of the inmage
to be a pei:)opti calpigMma] b akdPRLHRVY a RO Iiith h@t)fﬁaaiils%d%a@kﬁc
Herein words 'such as "pure" and "free" and other absolute terns are not
consi der deatings #P24] artifipisldy supsrfosednFIGE 12B skows mntidespedtuen inpageof thegtag 102

"substanti.ally.free"). Fgr e |l e al t hoygh Y, a e, optical Jjmage

free f ror%‘?k éeﬁyl}/s%?‘néﬁdglgi q?r{)ler’ﬁr%;][ ioh (gﬁfcrgieﬁqn %?@Qf W%gw'n@?'ngdggvi ces

(for exarhbws a Breee-spaamciRgs of thekadksesing N adiag clegiedt 117 1as3diekdribed sENSor s

such that _these the "red dorrg)ig; from.the imagi r}g devi ce_does i nclude sone
A&By) ko L

i nput  f r St ALAGPEdHCa FiEnB ad FIG2G, thipprea REBgAmAERMSHENon and
there aregryad mQuRidlGhRApsbERatk Y8 mied ot 4 ¢ Ghite B¢ a?éﬁb&dfrtﬁ&hh wIREE
portion of the green and blue inages fromthe.red to render a purer red

i mage. Sdéhenmegnaterppiingl aubstrete 138pigerésent is markied ss 4620. t Nate thbtsidlithe eptpal ity is
sonet hi ng,_whi is pften t Araetically achi evabl e,.. h ver it is intended
T tho. o aslel s & Br kERuEh IBSHRER ofsd TR RtoSeinl WF R cebminialy o

of the i OMOSi @mhagih®OchZtl) ton aaquiteh dotte nthe dietde ndnd ahqoagrédnadpbmnefin?ﬂgéd }/e
second coating |layer 158 is used. FIG 9 | | so used as.an exanple of a
reading & poutlyy This 1t mcgu%%amsmwmerevf tiPhEreore tgﬁﬁm&%ﬁwmcgm t hat
i's refl egiagoed e HRQNES fARPhAECAIREE sbRSnS B Ll6r geiwmy ffy fighta t hat

is allowed to pass through the second coating | ayer 158, the relat ive

cont ri butfersrt of onpaedregmsingi phofnselli tioegregsgsmscphotacesand ene bluesenstug on t he

final i d. th 1 cal ‘ » . be iJ1. Z€ r
exanpl e%?ﬁggﬁqg%rhgwst% pa(r?.ltl)(f:)g\tl +‘§I?ra%ﬁ1%ec ive i:g%%%%éogavﬁ% S{Béésegrf@’ may be
conf i gur €btess) Gréemt Bhreolfghe bdeghtants ef fukk color ahapecthie Bignalsdas alf plidiecellk aak
mar ki ngs, of a.barcode and tt}gggfg re enabl es the.det.ection of the presence

r

of the mBgEePPEeLe fecrsalsthy RSB BOBOWT (LIS JPTT S SAP seprtate i o o

"parti al kyech@iffogtédcH @ tHee e 1dkal Fath ithtOrell r6dn ahd®lud %eétﬂﬁs%ﬁ&b@l%d to include a
reflective polarizing fil mwhich has been oriented such that the |ight
whi ch hd80 its p@b}seﬁhpg/atnp EJG. 12B, the area of the red-spectrum image (represented in

black and white) where the magneto-optical substrate 138 is present is not purely an optical
image, it also contains some brighter areas where the magnetic particles 4220 are present.
This is because even though the majority of the red spectrum light passes through the
second coating layer 158 and is reflected by the surface of the tag 102 (i.e. an image of the
optical markings on the surface of the tag 102.) the light nevertheless passes through the
first coating layer(s) 156 (both on the way towards the tag 102 and after it has been
reflected from the surface of the tag 102) and the polarization of the light is altered as it
passes through the second coating layer 158 due the presence of a magnetic field. This
means that where the magneto-optical substrate 138 is present the red-spectrum image is
actually a combination of the magnetic 4220 and optical 184 features. However, if
necessary, the magnetic features 4220 can be removed using the information from the
green-spectrum image (represented in black and white) as shown in FIG. 12C because the

green-spectrum image provides us with an image of the magnetic features 4220 without the
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altered by the magneto-optical substrate 138, particularly the first
coating |layer 156 and the second coating |layer 158, is preferentially

refl ect edvoBbios®ans that the magnetic information w | ipclrscenivanesl
conpared with other non-selective but partially reflective mrrors. [00121]
I n anot her enbodi nent, a wavel ength sel ective second coating |ayer 158 is
used. A further nethod to achieve a simltaneous scanning of the optical

f eat ur es dpBidaldfaatuteh inrthe aeeth iof thpamagretesptitalubsraten] 8 8)e Usngethia mesahads oho use a

| engt.h_sel.ect d i . 158 fil t | chr oi
b o SR Lt BRSNS U R e PSR 3P0 Bt
refl ect apsichleiGuefatuRy dlogNdieRa®i02 hhimpoptantl @ BHeespafial \pavieibe 08 tHeShaghtid €

al l owi ng the other wavel engths to be transmtted through the mrror. Note
t hat t he 4289 pedentical 1bigntyees sfidrespectto eacrotherts vey as@uaiply amasedn FIG H A
and FI G ar | : or, | rabi 3 r ﬁégg};

conf i,gurgﬂtdllg vmﬁl eegen O?IHX% t’eEl (Jtlglljf:%L lgn gﬁ%““’?@&?ﬁ‘?ﬁé‘g%f’@g’gea red. In
bot h Fl GmagnatiaAZ20FanG. ofitisal t8defestmrnrate pradnt mig alspgununi bBage(e.gs FiGed12B be a

wavel engt h I lwve-mrror which refl ect reen |jgh ut al.l red |ight
Lo be o P and MEE dRCYETBt i the BRlsiger B iy e ShEieed Rhetioritc AP045h « ne

second cc@tﬂ:zﬂglSmﬁamré&&emgﬁ&a%ﬂ%rtﬁg RERUER! & (pedrAfEimdR0 @Aakidmerigh the
tag is not shown, the light is being re Fected off the surface of the tag),

and FI G metepds ondebigye deHmp|tansoun sgappme of |the priirab jeafyies 184 and thg anagagtind
coating | i d
coati ng I%&Ees]f%gé gr %lt@ ﬁggg%{fﬁﬁg)&é@eﬂec??ségégﬁggﬁavgsh%tg?)zgggtt@?ﬁ%ﬁggf]ayer,
this is fwavelehigths)whild nog pplariping @theamavelengths. aElsamreding izmenhshownng [FliGe s

situatio ere the "layer” is in fact. | ural.i of layers, e.g. in the

case-of _S0h Nt Y S mpiels sne AL B RatoR b Pt HEBpel by 1 £ ror

gener al | yThind$ uddfiglily Seffdclise Ohedndyef SimiltdreodslyA raatlind Iagnktid aaldsop@abume
ghet o-qpti ¢ supstrate is.smaller than the orglt i cal view ng

that the. g% a*s 3 .
area of tHeTBtoncHRcepif JRe&ed sRpctpmiofthe light were ot nphinzee dhenste im3gngiGay s

desi r abl g.ands Wagidme rﬁ?ﬁ&né@@i@r&ﬁlma@'ﬁ%faﬁ%@ R I BHOR! fedBked sAEWRLED
across the entire front portion of thereading el enent. The other conponents

wi thin t FG: d38i would| netdat preseat, diee theheptisahrimags inside UG magndtoopda] amiaG  12A
Shove 2, AL OHCaE, bt WP b Aed B PSS Loy o
tag 102 tualgmiarizad tightds refledied g ffathe mapietd-éiticad sulagatei 188 dnd/or fag ®02,Hhdtvend FlI G
HB. FIG rg's%ﬁ'ing images, for example FIGs. 12B and 12C, may be used separately or combined so

that only the optical 184 or magnetic 4220 features are shown.

[00125] In one embodiment, a switchable mirror is used. FIG. 9 is also used as an
example of a reading element 167 in this embodiment. The second coating layer 158 is

made into a switchable mirror, i.e. a film which is able to change its optical reflectivity or
transmission properties based on an input such as an electrical field. One example of a
switchable mirror is described in “Proton Conductive Tantalum Oxide Thin Film Deposited

by Reactive DC Magnetron Sputtering for All-Solid-State Switchable Mirror”, K Tajima, Y
Yamada, S Bao, M Okada and K Yoshimufa, Journal of Physics: Conference Series 100

(2008) 082017 (d0i:10.1088/1742-6596/100/8/082017)”, however there are many examples

of different technologies being used as switchable mirrors, for example US Patent
6,647,166 and US Patent 7,042615 and US Patent Application 2008/0186560. By using a
switchable mirror the magnetic and optical information can be scanned (e.g. a picture

taken) at slightly different times but of exactly the same area. By switching the mirror
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shows a green-spectruminmge of the tag taken using a reading el enent 171
as described in FIG HA and FIG HB. In both FIG 12B and FIG 12C, the
area of twe 20nmgs220ut si de of the magnet o-optical substr ace/sEaBioiososmr ked as
4610 while the area of the i mage where the magneto-optical substrate 138 is
present is marked as 4620. Note that if the optical detector 150 is, for
exanple a CMOS i nage sensor then it is possible (for nost comrercial CMOS

i magi ng cjuigidy) bd:tweactpkingesubsmhertthmagesdit iapdssitie tcgtakerfu]sk [eatimages oftgds

si mul t aneousl,y. ,This i.s cause in, nos 0 sensors, the

i g RUES i Baghets GRETRRI HUGOE, HSTEIE BIRBH: oY, S SER!

sensi ng QigesCRIiPhlso PERIIAk] dnstietatl @k logiginal éﬁifc@ﬁief&énc@(k? i §fit HERS kife

phot ocel |, tvvo green-sensi ng photocells and one bl ue-sensing photocell.

This is Qopifionla) ﬂl@n@ﬂmfatbe tnn@ge' mgsmoexoﬁmgm,amddwnmﬂ@hﬂ@t &Ww hagmoRed,

G een, a full color image, the signals from
al | phot ogg’PPSEY:egﬁn Inotv%ﬁl ne %%rseate the full color spectrum however
it is | u[§012{£] €Hsyy, the s&@pd{m&tmgtlkm:rmdﬁercanﬁgmad wachangd hefleating paemdrtywi t h

t he red, n.and blue s ra, separ at . [00123] . As shown in FI 12B,
the area fre FLVE e‘?:fog‘?fg'cl“f t(?]'fﬂteF mBYe f’%ﬁ)?‘gﬁ?ﬂt@d 3 RL]BFE@Wnaﬂ?ﬂ’pm 8¢ hhere
t he magnelReRRbth GRdpettyD thiabisethb38cdnd @SR er Iﬁamter RiHiEH Mgt RAELS 8t
image, it also contains sone brighter areas where the magnetic particles

4220 ar e Pgsses tepgh trasied op polssigatipneorevavalepgth od ighth Exprjpdasi aljaysts qapeble af
spectr umal:lltugm R tﬁg l%ﬁg‘)é&uggtf%é]gﬂ'sg CANds C‘@%&@léh%}f&éal Jp%%rr%d bb?eﬁrcﬁf | ected

by the su aceto an | nage e optica gs on the
surface electrbchromgmlidyretchalignaholyasilme?, hﬁqipésl'&yptd%te% L130D(@193).he first

Coan 1B th R ertnd et . b ol R R RS st e BT Sl ine or ehe

l'ight issadon@icestingdayer 198989 DetufédUThe tdtons esARNg 1@@au5m@nhaﬁ&%esl~&§ e the
presence of a magnetic field. This nmeans that where the magneto-optical
subst r at dirst3gatng 3yerskafy i priterned sushotar sams Tegiges o§ thecupfasq of the cepgdftoat i on

of the ”%?H&Il kbstared 38k RALKRland 86nd SRR rentiIRY 254 shéw@?@gsv?e% ¥y the

magnetic Teatures 4220 can be renoved using the information m t he
gr een- spedeg L0 isrshgen (withpitseapticaleB4i aandbnagnktuaﬁ%lz%am&s agtgficgdlvsupemodelG. 12C

b d i
pecatse g 4 T ROSTHULTISRAICHAAED 7 1 Aok Bl b POt ©

magnet o- eyithi thalfirswoatii@layed B8) and/si thy sedtndl dvating thyeObéing aape®mBo mindr om t he
opti cal etector 150.is able to provide us both the nagnetic 4220 and
optical 1BEEELRiTWESS om the tag 102 and inportantly the spatial position

of the npeHic FIG. 13B shows a configuration of an imaging area of the tag taken using

the reading element. The majority of the image is a purely optical image area 5210. The

magneto-optical substrate 138 is partitioned into small square regions some of which are
dedicated to optical imaging 5220 and the others 5230 are dedicated to imaging the
magnetic features. The magnetic 4220 and opﬁcal 184 imaging squares are arranged in an
array across the area of the magneto-optical substrate 138. FIG. 13C shows just optical
tag information from an image taken of the tag using the reading element shown in FIG.
13A. The outline of the magneto-optical substrate 138 is shown as a thin line so that the
viewer can easily see the position of the magneto-optical substrate 138 with respect to the
rest of the image. Here optical information is obtained from the entire region 5210 and
also from the optical portion 5220 of the magneto-optical substrate 138. In FIG. 13C, the
magnetic portions 5230 of the magneto-optical substrate shown as pure white regions. The

same image captured by the CMOS sensor also contains the magnetic features 4220 that
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4220 and optical 184 features with respect to each other is very accurately
nmeasured. [00124] In another enbodinent, a polarizer 142 is used to tune
how pr edonDnrantdoy22omgneti ¢ 4220 and optical 184 featurepcarse2pnesesd in a
spectruminmage (e.g., FIGs. 12B and FIG 12C). That is, the polarizer 142
may be configured so that nmagnetic 4220 and optical 184 features are
enhanced and/or suppressed in a spectruminmage. A further nethod to achieve
a sinult %Bﬁ*@éib%n& EARB Intignétc ABingRELFS 5280 HeGRachSh-Fidall 18t RIS The
particles 4220 fromthe same area is to polarize a sel ected wavel ength of

| i ght (omortiond tey impgeds eieyernia)FighilpB. hbe optidahporsion gf detimegainibstdefjihs. The
readi ng i Fl G fi . r : -.opt.| cal
ot or mat A e Aa 88y Be'rettior e’ BloeE HRRRA: 6 EAHA MITHAERR I T ans
of si mul tshovelwuTheyouittiaclo Nty e meagned ioptiedl GuitiateCBI8 is slownatd thin ersoahatfthd he red
spectrum of the Ii?lht re not p(lgl arized then Lh% ma%ngéi ¢, features woul d
not i nf | (Y&WEE CEhEasTi¥ 3oy MEROSHP™ QF thenaeneitsontcahtubsEainde$ & 1hdatParide Bhown in
FIG 12Bry®uf@leMphgde present, i.e. the optical image inside the

magnet o-optical area, 4620, is "clean". This is also discussed in relation
to FIG [Q01291Aft er t¥rde it dlre sctunl amdgautekpo bathe CYI0S dneging chipfis eewaly of

t he magnet o- b . t h i | mages,
for ex an%{[ eesugf&tﬁgk‘ﬁ(gﬂg%g %ng’nlﬁnjgl;ﬁgg:;%aélga@%grggt gP@%%é:ﬁ%ﬁélﬁescP r}g%é t hat
only theimopdesaed spliBdo empliaipeehatcthed@itd) obamed fem thegostivmens tHe(Bihgbtanl be one

enbodi nent , SW t .mrror is used. FI used as an. exanpl e
of a reaé‘ie?fﬁgé

chab fi 9 is .al sg ra _
FRAFIRIY- 14715 1 R to dsiBar MentelativR @osition RE theoResnelp-oRfifal 158
is nmade isis@a®® 1961 wihARp&t i the WMOS. ithagigldhipnsviiegNss & iabind1d @ &iBREe its
optical reflectivity or transm ssion properties based on an input such as
an el ect Mhigy parfiensdof theemage glpte tofmagnstis doatps 4228 by By tag 102 5md ivch i n

" Pr ot on Ry ' Thi (R Fi j - |

vagnet 1 oft BB ST ROt SOP AT TaB o e SPlTRan EORHY gRAARRES,
Yarmada, $r Bpucal NM22R adgiomndf KeYmseaterppticall substrate b¥8 Blryesily St isCpossibicetice
Series 1Q0 .(,2008) 082017 (doi: 10.1088/1742-6596/ 100/ 8/ 082017)", however
there ar Beﬂé‘fh@%&%ﬁﬁ@s dS%m&i”f"r GB At BERFDP P‘éss"‘géi”ﬁdw g8 ea%uengﬂ?ec habl e
m rrors, nfaghetRXaiARing réffodat ent 6, 647, 166 and US Patent 7,042615 and US

Pat ent Aﬁ&l i cati on 2008/ 0186560, Bé using a swtchable mrror, the magnetic
and opt i[B830 nf or mat® G dIBrands ¥ d3C( Bhegopticahiapd gragnetig aprfion ok theght | y

di fferenty, héfg-%pﬁéﬁl s@bstOXAE3d WavieKee Esert[t6De Aﬁ}ﬁutsé{"’:qhﬁwr Qﬂ_tftl)e%"grea of the

m rrorqui ckly between taking subsequent 1mages, It i's possible to take full
ar ea i magatemefrixiriernents. This means that a portion of each datamatrix element is sampled and

that is sufficient to tell whether that particular datamatrix element is black or white (unless
there is substantial damage to the datamatrix element). This configuration provides a
simple way to achieve simultaneous reading of the magnetic 4220 and optical 184 features
of the tag 102 and provides ample information to decipher the datamatrix code and
accurately map the position of at least some of the magnetic features 4220 with respect to
the optical markings 184 on the tag 102. This method may provide less area for sampling
the magnetic features 4220 and therefore care needs to be taken when designing the system
that the tags 102 contain sufficiently dense packing of magnetic features 4220 such that the
user will have a very good possibility of sampling sufficient magnetic features 4220 to
allow accurate and reliable matching to occur. Similarly the optical information 184 is, in
parts, blocked by the magnetic imaging regions 5230 and therefore care must be taken in
choosing the tag 102’s optical features 184 such that they can be easily deciphered and the

image has a good possibility of having sufficient optical feature 184 sampling to ensure
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optical and nmagnetic information w thout additional conplexity. By
swtching several tines, it is also possible to ensure that the original
optical rwbeoemosfs) is still in the same position at tipeTsodowfoosdse | mage
acqui sition sequence, and hence that the device has not been inadvertently
noved during the process. [00126] Thus, the second coating |ayer may be
configured to change a reflective property. A reflective property includes,
but is ncﬁpcllrbim mepping of dhey mlagnéticafaabmesp2iPemith msmbct toneheetagnti2’s ppiogakrty.
That is, ggcond coating layer may alter which light it reflects or
passes thoug‘rﬁl )ased on pol ari zation or wavel ength of |ight. Exanples of

| ayers cgpadile of ackétevhadgh thiv Medbe et cdating eI 6, o fIHE Magseto-Spbidat habl e
optical po)arizer based on electrochroraismin stretch-aligned
pol yani | iSHestratenl3% anddpg the segend capting laysy 168 qfghe magpgtoopticl whrasnb®i nent |

a patter rsﬁé/omcft&lhv@%aytep@sd h{@%@%&ﬁ@&d ax ayeétﬁl?gao'i}? e dmltagﬁﬁ%&se&siuiioa“ ng

Iayer 158 may used he setond coati ng ecessary the
first codhg nguqaéy@agmésygwrs‘ Fheseeregivads shadhnothbe seomellrtkgi diffsactén chsesur f ace

of the 2t 0 cal s strate 8 are.reflective and .s are .

trans pa?gg{a%%zg%\tbﬁeﬂ% s %wémﬁgto ptiv?e Wesys Sy 159mp Ské‘ﬁng% a, 3ty o
optical I8Adaadithegasic echridled Qithudsessid biphbflitldgVapilePpdtRased techiigud ag 102
is to be Eq%ad wi th a reading el ement that has a magnet o-opti cal substrate
138 wi t h (oRExsmple} ingonsunaion Witk ong sEmeFpidift-p o atermmge webehemiea! Elghme. bei ng

a patt er ednnithifg (& ANBETe l&net&ﬁlﬁ%)s WrfeRGRplel Q%i@nﬁ]coﬁbﬁanﬁﬁﬁﬂgmv@

configuration of an Inaging area the tag taken using t eadl ng
el ement . MRmEonw ipréntipnpay he einplayed,iess. a patierabd switthablzlmimeadéota frallsRd 0. The

magnet o trate 138.i s one to are S sone
of whi ch%glrriﬁeéug!ltdﬁlclgzlS@1 Sof {’Ig: BpEsing |°%6?ande%g§é{)ﬂ%m&ﬁ€ﬁ§ 0 qtgroélg%élffghlﬁf
dedi cat edodting1aggil 56, thdﬂﬁofmtjf/’te]tayﬁ lfeoatust BSat 1ddseparagheiinpadat0 and Optl cal

i cross the area of th

184 i ma guares _agre arranged in an array
magnet O%Bﬁzial subsitier areqmany ways tq yee dhy %}“@s‘f eHERY deperibsg aibﬂYeoForratl on

from an ingReRIZ allfeeﬂlagrietfchﬁfohﬂ&ldiﬁérpg 4602 GAdH BE trd 6PRAL inFhialoh Bn ks 13A.
The outline of the nagneto-optical substrate 138 is shown as a thin line so

t hat t he tag eyt thisawe azegn that sheecontivel ipdermatiom pented ioa thetaget03-aapthiearkd to
substrat e

it or mat et niel s B Rberel KARLE B Hopbolio W0 Rerer ! SreRBh Blhe ap.

optical poztOoe k@l ofayt bee desmgbed belopt 'usmg asdashatakemaRehg ha thel &pticaBC, t he

reference.

[00133] FIG. 14A shows an optical top view of a tag 102 that is being produced.
There is a datamatrix 184 printed on the surface of the tag 102 and around the datamatrix
184 there are four optical fiducial markings 4710 radiating outwards. FIG. 14B shows a
magnetic top view of the same tag 102 that is being produced. Below the surface of the tag
102 there is a magnetic fingerprint region 112 including magnetic features 4220.

[00134] FIG. 14C shows a configuration of a reading element 173 which may be
used to read the datamatrix 184 and the magnetic features 4220 on the tag 102. On the
production line, there is at least one reading element 173 and this reading element 173 can
be used to obtain the reference reading of the tag 102 allowing the reference signature of
the tag 102 to be stored in a database. This reading element 173 has a larger scanning area
than the reading elements used to read the tags in the field, and furthermore it may be

configured differently. The majority of the scan area is dedicated to scanning magnetic data
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magneti c portions 5230 of the magneto-optical substrate shown as pure white
regions. The sane i mge captured by the CMOS sensor al so contains the
nmagneti ¢ weabuwms224220 thatcorrespond to the magnetic i magiscgosguases 5230
of the magneto-optical substrate 138. The portion of the inage is shown in
FIG 13D. The optical portion of the imuge is just left as pure white and
only the portion of the inage pertaining to the magnetic information is
shown. THecanutieh n4730) White jagnet periphtrak adress WI20 riat dedicdifed scalnimgn opsica t hi n
line so th’% the viewer can easily see the position of the magneto-optical
substrat é"PF8G% h respect to the rest of the image. [00129] Note that the

actual imegsst aken Wh&rhéhs@%ﬁn%@l%&'eﬂglﬁhé Plab& GCbpaFing. t&éﬁﬁ)zstldﬁﬁlﬁ)f)elﬁé‘e two
i mges shown in FIG 13C and FlI 13D. However the portions of the inages

are spl i tPreducedyghampgesuch as thehshowatin F&Gt W sscobiaingd. This ipaga maybe eded the

i mage ca o] do n e

posi ti onraggg? Hjeergrr%%glg gl o%)t[?‘lllt cafl){he ;ra%slt% ?‘a aetqggtéred Rilh drazag’ p%cg'lt P %Jng‘%

i magi ng ahe ﬁdmaalfmmkﬂmgs 8610 tard @isiblenthtomgh ahe périghead @ptiddl oiewing atean&hidé t he
i mage relate to etic features 4220 in the 2 and which relate to
the tag: THMEIOgHS COF s (o magHEt et A0 hine oL ST Ghot |
5230 or Q! fifiRlial AREnELL710N9d Me dMEndTRLY184 AreQRink&Iah tl%’é%ﬁier %%@pﬁﬁl{ rectly

it is possible to decipher the tag 102's datamatri x code even thou
port i ons agsf therefoge alignsd aowatlslyew’cﬂueesmt toreachwihise fiicc thaperp ¢y rﬁle@uboﬁ@uce[ 00130]

In FIG :l:?gxﬁ%oasgg)nFa!n@f:gg;é}%gtﬁﬁefeag}eg Gl c&ﬂﬁ%&gtgé‘ggg@g&%%@?@ f?x(agf‘: Qﬁ wpgnet o

-optical rate ve been chosen a qu he area
of the dat BhGt I4IXcal lenmsad s ac'Ebraselyrmapshdmttioa off e:sichi mapnefic fatine d2X0awigt r i x

elenent is sanpl.ed and t f|C|en to tell et her. that . partj cul ar
dat anat r FSEPETiaiiPor BoB oA e caticiaingrapi attes dr of 1 (et A<D o 'dlihmge. ¢ o
t he dat affﬂhélhkm@kﬁfgg Y} 0 anddSareRAk ikGHired 184MarP h@t\/dcgﬁﬁte%r $é1f£Bleew1‘ﬂiiﬁés1§th

achi eve si mJI t aneous readi ng of the magnetic 4220 and ogtlcal 184 features

of the t&Qcabathenct Hebiisalution apiical ames ael bowset ¢ measuphde relpivedhstancss ri x
code and DRapell
features aﬂ%%g t\E'/amat'n'?dhe){lrs g@%e%%ﬁthg%t% ﬁh&%mpéml% r%)ﬁaﬁﬁa s%g{m Ibelaﬁltra tagg;:’L1 Thi s
met hod nmgspprn@wﬂddataMJafeewedeMsanpl ing the magnetic features 4220 and

e, Uy PSRN SR I KR L I 5
t he user ralhtidn BAIGsA14L %Y 19D ABoROBFuNioht netifd Sairhicving thisf f Oteemktheagnet i c
features 1&%112&23 sgugzhmg separate images together — generally these separate images may overlap at '
least in some regions, but this is not strictly necessary. Yet another method is to use a
dichroic mirror on the magneto-optical substrate, this would allow simultaneous reading of
the magnetic and optical information even within the area covered by the magneto-optical
substrate. .
[00137] FIGs. 15A to 15C illustrates that a datamatrix code is actually well-suited
to act as a reference optical marking for mapping the position of the magnetic features
because it is based on a regular grid format. FIG. 15A shows a 14 x 14 element grid pattern
4910. FIG. 15B shows a standard 14 x 14 element ECC 200 datamatrix code 4920. In this
case the code 4920 represents the 16 digit number “1234567890123456”. FIG. 15C shows
a superposition of the grid pattern 4910 from FIG. 15A and the datamatrix code 4920
shown in FIG. 15B. It can be easily seen from FIG. 15C that the datamatrix code 4920 is

simply a grid pattern where certain of the elements have been filled in black and others are

left white. This means that such a datamatrix code 4920 can be used as a grid pattem for
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all ow accurate and reliable matching to occur. Simlarly the opti cal
information 184 is, in parts, blocked by the magnetic i nagi ng regions 5230

and t her ayeng1GRER2MUst be taken in choosing the tag 103c%/seRbio®as2sd eat ur es
184 such that they can be easily deci phered and the i mage has a good

possibility of having sufficient optical feature 184 sanpling to
ensur eaccur ate mappi ng of the magnetic features 4220 with respect to the

tag 102' smgipfingCahl nidhkiid) @aturdsO Thid ldxaipleds ichadenial it lblv%gnﬁﬁlmdtotdhaexfstaﬁ&t

coating |layer 156 of the nagneto- ogtl cal substrate 13 nd/ or the second

coating |heyerer; Baviltbecigar Fﬁh@afep@sl@ ¢d iaghe glmﬁsa@ pa¥ide y@Btaplyricalgpykiags i ve
layer 16Q .gay. e aQafetfﬁ'Eﬁl:%dﬁ{ J QUHORIHi R OIB%;%C% ﬁlﬁ'ﬁféh@g{e&‘a QCG4Y, 1 N the
ese al? n so snal FI

optical inmaging regions eg|ons S
di ffract iiowrpoéaises(usedli iy praghétemicatPed tveithin niye odptmhiesmlnmglreglsn)cmd be
standard_.lithographic techni ques such as using

i she f
:Cgﬁg}t)o: ;setxﬁ%qliéﬁﬁl(ﬁ? tfér RIS PR R af?étfeﬁgﬁn?g%l?&h‘ &Y in conjunction with

one or nmoe3g)f |ift-©rd. 184l $hews iah Gptidde topCHEWIoE 8 ltagtf 02NuBH as B oflE YhaBWasli Ng
(e.g. reactive ion_etching g\aﬁ for exanple. Various conbinations of the
y

abov ementsPeVB duiing i masyfac HbEIféﬁﬂﬂéy@dMDe gHlers thaitagelRelips dapn disemf
mrror. I |

Feat ur os 1ef; i reiduclal fiBfd SHOAAGLAREE 1P PG, TR 3R, BO IO fiBeny |

pr ot ect i \ead tizyedy 4 ahomtkimgereataidieget theantfacel dfythd wagrlﬁbwthaﬂatm[n@m&a]ie Ther e
are man s,to use the. readj.n ele nts descr.i bed ab i ze the
magnet i ¢ S0 onheT BB T TRl UG G % F e R eRs, pbMrdes A 8% t he
tag. By tdeb&ibe® ilRddtiohaFIGEEI4Di0l LA hasdceiied siRh thdtialttBsimapndiibGedtags 102
can be used to accurately 05|t|on t he %netlc features with respect to

sonme ref éép¥athincthaifingl @8 105 showy in F3G. haxe hern seanned dudag Beirplstenge| ow

using a ¢ atrix marking as the optical reference. [00133] FIG 14A shows

an optical top viewof a tag 102 that is being produced. There is a

dat amat r 001384 pri ntHE. dﬁBtSheWsthefrmgaetdﬁ top lveew afthé 6&natag 182 olhednagnetic

datamatrix 184 fhere Abs f tical duc rkin r.adiating

out war ds.ﬁ(nﬁf:@nﬁrfgl shov%/sls ﬁ’p‘fovgr P'§ \&K/E}J&? glﬁﬁ% aggr?glllfe X gfgg ﬁﬁ’é?

bei ng pr Qﬁhmﬁderoﬁehﬁgﬁe&lhq)aﬁune‘smeo @xflthﬁxheletrﬁ@n:kﬂa fihf@penti Isglan Ty Red bfe

fingerprint on 112 includi ng gnetic featur es 4220 00134 Fl G 14C
e 42 70 ke hysedn

shows a CBH e4ic; RATtIGIE & dasede K e 681 ¢ &1¢ ead
the dat amfirh9184dhd BRaABERELIIE cfmtsuf,@@oééz%q aae Iﬁég%eﬁagar@l&%s 483 the

allowing their position to be accurately mapped with respect to the optical datamatrix code
4920.

[00140] FIG. 16C shows a configuration of a reading element 171 to be used in
the field. Here the optical scan area 4930 is substantially bigger than the magnetic scan
area 4940. The outer perimeter of the optical scan area 4930 and the outer perimeter of the
magnetic scan area 4940 are marked. Having é smaller magnetic scan area 4940 than the
optical scan area 4930 can be achieved using a reading element 171 with the format shown
in FIGs. 11A and 11B, for example.

[00141] FIG. 16D shows an image of the tag 102 when the reading element 171 is
positioned centrally on the tag 102 shown in FIGs. 16A and 16B. The reading element 171
is able to scan both magnetic particles 4220 and datamatrix code 4920 from the tag 102
simultaneously. Again, the outer perimeter of the optical scan area 4930 and the outer
perimeter of the magnetic scan area 4940 are marked. As in FIG. 16B, the grid pattern
4910 from the datamatrix code 4920 is artificially superposed on the magnetic features
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production line, there is at |east one reading elenent 173 and this reading
el enment 173 can be used to obtain the reference reading of the tag 102

al | owi ng wbeorafosr2ence signature of the tag 102 to be strorsd20m/oaodat abase.
This reading el enent 173 has a | arger scanning area t han t he reading

el ements used to read the tags in the field, and furthernore it may be
configured differently. The majority of the scan area is dedicated to

scanni ng 428 méthincthe alaghaicadarbirea494(3 By wpelpdsing #le @idaRitte @16 arteficealyd 720 1S
dedi cated scanning optical information. [00135] Wen this readlng el ement
173 is ploRE&RP eﬁn?r&b’afafgr%nh&ailégombe P?ﬁa@oq of tbep}?gn%}cofa%re@a 22{hmaged & such

as that SiQydin oElu@taé%& bah BB NEA: willhihe bE'iBSx?of'BL‘ URCHathRRs 4833 ve the

ref erence signature of the tag 102 that 1Is tor a database. Here a
portion dfon the refethmeé adadimgraf |tlmgtsag4lmnl @ahewthe sighautemreuu@ fromethjsaeadiiger al

optical view ng are e the majori e shoms t.he netic

Fbat ures A5 TE e vl 46 s kel thhia Bhe rRrp Rt War ERREERET 0 and
t he dat aﬁﬂhﬂidﬁ(tojlﬁﬂ;saIﬂWlm)Qﬁlathﬁs beh:ﬁsﬁﬁzmmrdambmg step and are therefore
al i gned accurately with respect to each other (i.e. that one can rellably

deduce t88147si ti on “aberthsr r%q@lglgo%ftﬁheaqlg i%tm%l@gvntlﬁaﬁlt“cdr?pﬁegee Heading
d
at anat r 'asn;leﬁflgs potong i nggeg;gvtvl ) efegeat@o Ele%é %6—% 'ltqﬁr}egﬁnéjélgﬁlxeﬁtQS %SP&Ern?eFr@d y map

the position of ‘eac ature respect to the position of
t he opti end itdatcdated miith réspattuo g 128402, ngalhe theeduwien peaimetes iof ﬂto;mp@f:altShm
fiduci al 10.and .da X tures 18 re no C ura
reliable®W t“?fsl{)]espg1 et pggmﬁ{eg)gﬁélp maagnﬁ gﬁcapeagegl t r 8 IBB{‘“’@ a can
be used ue6D{@sitdepatism 4920t dny thet afdn@att € Sodub20Hk Srtﬁﬁafhllb@upkﬁﬁﬁbe& enrmp t he
position and orjentatjqon of each magnetic feature 4220 with respect to the
dat amat r MasP&Et t??‘é‘éesl %Eﬂ MRGHICIFER Aehe R¥HBIPRTNG Bear PRjicihe

r ef er encqo| TRAGCHAT JricRes déxﬂoﬁs?x’at%tgrmléaﬁy b {he ﬂ&ﬁﬁn%flﬁé%@@f@ﬁ@ fdafurkdISt One

met hod of achleV|ng this. O her ds include stitch |gg separate inmages
t oget her 422Q&neged| inythishesading eﬁathatt@ |1%gels hqegpnt@lpéqdl wpth dhe [pesiion jof throre

regi ons, nﬁ#et hfeﬁtu!ret% 49b il e J‘e¥ B e adh gf{%ttagrigﬁ nel h%%téﬂgq,}gg%nﬁo use a

di chroic ror he magnet o- Xrcal s"Swoul d
si mul t andetinedr faudi thip mﬁdﬁx@e:mﬂgn&hmpm@dnth%e aaferdnné eighmatiiteo (the vefbremse hi n

(1 2 ea,caterod R A0 raanet o K Oy PR 2SS 001 ha Gl L0 1°C
r ef er encehRphdwathatBvdal HOvdrP boSRRPRIgNEd FAingeSthé kRtenPls dbeo MBERREIyGipeat ur es
the position of the magnetic features 4220 that are being read to the reference reading.
Note further that the magnetic features 4220 being scanned in this reading are different
from the ones being scanned in the reading shown in FIG. 16D, but in both cases the
magnetic features 4220 being scanned were scanned in the reference reading (described in
relation to FIGs. 14A to 14D) where a much larger magnetic scan area was employed.
[00143] Therefore the reading in the ﬁéld can be sufficient for matching provided
that enough optical information is scanned such that the position of the magnetic features
4220 in the scan can be accurately mapped, and sufficient amounts of the magnetic features
4220 being scanned in the reading may also be scanned in the reference reading of the tag
102 such that a sufficiently accurate matching can be achieved. In the previous sentence
“sufficient amounts” and “sufficiently accurate” are subjective terms and are used only to
indicate that threshold levels may be set, e.g. “sufficient amounts” may be determined by

cumulative magnetic strengths or number of magnetic particles 4220 present in the scan
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because it is based on a regular grid format. FIG 15A shows a 14 x 14
el ement grid pattern 4910. FIG 15B shows a standard 14 x 14 el enment ECC

200 dat angbhoi/eeste 4920. In this case the code 4920 represenimdobixeo 16
digit nunber "1234567890123456". FI G 15C shows a superposition of the grid

pattern 4910 from FIG 15A and the datamatri x code 4920 shown in FIG 15B.
It can be easily seen fromFIG 15C that the datamatri x code 4920 is sinply

a grid paifré£ind “ShfficRnflg aé@irite’0fantHeen @teshddbS staauRab&afidédck i@ thei hatbhiagk and
others are lLeft white. This neans that such a datamatri x code 4920 can be

used as a’eﬁﬁh’rd pattern formappi ng the magnetic features. This exanple is

chosen agoidq)i SRY é'ﬂmf’}n ﬁlﬂg WRdRY RlagidicNRYRY f422btﬁ~dé+ lthe Rﬁdﬁl 6f"thd O

anyoneS|IIed|nt art t at"a wde variety of optic S can serve
as ref er dredd versuskthe gssfemncd’lreaﬁlnng,ht slwouldipe noted rwheey ket mmlcﬁleﬁramm§9280mhbe

t | at f {
gt ony ai Bt PRbSra AP plERaTPY Sf bF Hath: Kebiftierl SR el B by can
be used. sb€Ad3BdppilgGtepl MAy HbaI6EdedNfoP Pérly Gaturheinatp@. OAn @xdndsle H0zhistied as
the one that was shown_during its manufacture in FIGs. ' 14A to 14D. Here the

tag 102 1§5® Iawsdwe%mn@daﬁe t Rigr the@osifiening gr neERNizAden B7dpne RiRg theer o

shown in auﬂ&dd %Pigh |

r emai ni nggg%lt“#é&éﬁfro é?goo@agﬁéec?g(g&%% IS t%lg%(}%tﬁléa%gt r x&gclo %gggg) Let us

assune fare ubal th schiewi armbmer eccutatet posioning ovitncespeat ddi thg stired hefeteage 102 as

descri bed n reI 14A .t ceur u tha t he

monet i o asapieRbSDabR ik ener S0k T (R SRR R GE 07 Thinc bRt e

been scamyaidingd domglatibe of tle@ifclCebtiinallirorg thd &}ﬁibaﬁdosﬁioﬁngkfaﬁ thbRwRerithe

magneti c vi ew of tt{:e sanme tag 102, The magnetic fingerprint region 112
t

i s shown 0@%@6@% &ithe MAgasHG %@mé?ﬂ #2290 cancbe serpedelefis fighigp apdedoymyy o

numer ous v&IﬁHxP%tdeﬁaﬂ%Iéré}lcgsrm{J&ZQad%ﬁe?'e@cﬁ bep TROAGl GnfienGffebliéd b di @ ON 112
and one such %etlc particle 4220 is marked. FIG 16B al so shows

artifici abtajn thekestrpatelr.i Ihpawilballowiaccorate positidningief thenmaghsticclostares 4220
SUpPer posga 40l e@?to@e?%?ér%&ce%%ta@gé ?xﬁwé%é%,?a 1%11 lt ?‘M %mtongt Jf S g%int hgl%taé}[ 00140]

accurately nma amatrl X C
FI G 160dahcmm rausmn{setgubater mrlpmfzermttreecham mgbeeh@srﬁnb suchlantextenethasi dbsen t he
field. Here the optical : 30 .is substanti al

mgnet | ¢ CORSHGH BHh Hsrpte TR O AR e BT T aEn 4930
and the ©ui4¥] PRI daple Qﬁ)vdhhfére where a smaller magneto-optical scan area is used for

the readings in the field compared to the reference reading is by way of example only.
Virtually any required sizes and configurations can be used provided that there is enough
overlap in the magnetic features being read in the reference reading and the subsequent
readings such that a sufficient matching is possible.

[00146] FIGs. 18A to 18C show a cross-sectional view of a reading element 134. In FIG.
18A, the reading element 134 may include a plurality of components or optical elements,
for example a magneto-optical substrate 138, a light source 140, a first polarizer 142 and a
second polarizer 148, a beam splitter 144 and an optical detector 150 can be seen. The lens
system 146 which, in FIG. 9 for example are shown as just one element are now shown as
a plurality of convex or concave lens elements 5111, 5112, 5113, 5114 and 5115. The
components are housed within a protective tube 5120. Two lens elements 5113 and 5114
together with a pinhole 5140 are arranged within a housing 5130 which is movable with
respect to the other components (which are all fixed with respect to the protective tube

5120). This moveable housing 5130 allows the focus to be adjusted such that any
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magneti c scan area 4940 are marked. Having a smaller magnetic scan area
4940 than the optical scan area 4930 can be achi eved using a reading

el enent 1Wd 2eitvdosizbe format shown in FIGs. H A and HB, #Por/sezanpbeso[00141]
FIG 16D shows an image of the tag 102 when the reading element 171 is
positioned centrally on the tag 102 shown in FIGs. 16A and 16B. The readi ng
el enment 171 is able to scan both magnetic particles 4220 and datamatri x
code 492Qmiperdeativhedientg atmbly otdongoaats Hy notAgasdithe iageautbe popdy foraiedr of

the opticgl. scan area .4930 and the outer perineter of the nagnetic . scan
ar ea 494_3%@@% d‘}l%%*}en&nﬁf egsemBly s'he F?@Sﬁ&@?&ﬁwuﬁgienﬁs BiiRs
dat amat 5436 e it ciateddobipbh&ltdl day be YRGS Hﬁéﬁ%@mﬁl‘ pbdifor ROAMat the image
features4220 within the magnetic 'scan area 4940. By superposing the grid

pat t ern 40a isshaitf.i cially, one can denonstrate graphically how the position
of the ic,feat 220 . maged | hi.s, r,ead of th can be
correl at gPﬁ]t hAs[ ‘?1% SE%ISI |°@§1°%lfalﬁm%%emn%lgfr#é ?]%h?lg§? %@%éowéfztgf)g?p&%%f%%ém

r ef er encéer@adoligl, ok. & kmallggnidde 5140 eill hesolttinea Bairgenaleptheofifeld tegh & ibigm t hi s
readi ng ca ferenc i ure (th ference reading

d with th X
was descl gee-‘f 1%8r 3\5{%6«5?}“8@&11@91%@566‘1 leut 8§1§<'B T@hfa%ndﬁ %rei%é%ﬁe IPRgednay n a
dat abase pof QQQS%ghléoi Hﬁ%ﬁl_@ﬂié}ﬁ@éﬂr&@ n@td fo' Jsed HR¥tng Slaifapuhh Bf fdi&canl 7-

Here the reading element is poorly aligned with respect” to'the tag 102. The
readi ng dledmpertant in ¢rsigng sthererboth eptigal andimagnetiindermation isheigdoagedatithee t ag

per | ot oy e BB Wb e 8RR YL A6, TERMAIAC, YRP ANGedcdP P o'
grid pat tabsarbet93150f isoshowne ddalthasrid o >absoabl estd® 2phit Sthatr inafy i wasal thrpughliples posed
on the netic f es 4220 wi thi he netjic.scan area.. By syperposin
Che. ori o CRERRUART §Gho e U PCRRPRGT S bifbmad bectarisn Somay SpLaih oMo t he
posi ti on neftertal folBLHAGIIE BlLRFIUIER ifinet QvdlRBASHe bfbtdchive eI RO Gn@hotdhg: t a9

102 can be correlated with heagosition of the magnetic features 4220 from

th t .
t he ref ePdPQmay baiade taobe blpgk tp ggsorbstrayilight. how t he signature derived from

thi's reag| C - WM h . I ence
oadi ng oL CHICARHUBAS S haln 1P IRV AR Hork UYABLHE B e/l BOBSEE
i n a dat ddagmvellihg o showentetaf thevisamf splitteedy4.pdoidayt alpogivadofr thadighyss t he
systemis_ab to accur at el h 0si.Lj of th etic features 4220
Chat - ar e T8I RafS Y Bhgiclo PRl BbsRRR gk ReRpel! TR et s of et
magnet i ¢ pbRvhWwiesat 4igR0is befldafbd Paalo tRehrdsntht Besin kplaekr Agd af eastiafpbaioardf the om t he
ones being st%anned i 91 t he r.eadi nIg shown in FlI % 16D, hut in both cases the
light that reaches the beam splitter 144 passes through the beam splitter 144 and travels to
the optical detector 150 (light path 5172).

[00149] Light may not only travel in the central path shown in FIG. 18B. FIG. 18C shows

how light being reflected from different areas of the magneto-optical substrate 138 may
travel through the reading element 134 and be collected at the optical detector 150. The
basic optical imaging concepts and design of the optical elements to obtain a sharp image
are well-known in the literature.

[00150] This is merely one practical design for the reading element configuration and
many other configurations (some which do not include two polarizers, and others which do
not include a beam splitter) are feasible.

[00151] For example, FIGs. 19A-19C depict a cross-sectional view of a reading element
134 which does not include a beam splitter. Here the reading element 134 utilizes an off-
axis design. That is, the incoming light source 140 is shifted slightly off the central axis of

the tube. This particular embodiment may include two polarizers. Polarizer 142 is placed
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magnetic features 4220 being scanned were scanned in the reference reading
(described in relation to FIGs. 14A to 14D) where a nuch | arger nagnetic
scan ar eaypasiapieyed. [00143] Therefore the reading i pctRediopbhssan be
sufficient for matching provided that enough optical i-nformation is scanned
such that the position of the magnetic features 4220 in the scan can be
accurately mapped, and sufficient anounts of the nagnetic features 4220

bei ng scanmedt éfithé light'svarke 190, MRY1aAkGq 4R ¢ SIacHANE rohilot e opeLa&Bas: radi ng
of the tag 102 such that a sufficiently accurate matchi ngq can be achi eved

In the prigy§ Bygcwanembedimentnludpse Hrea fepsast tens A0, lens P20, caand | lgnsa k¥ at e”
are subj El‘iﬁﬂo\fe?s 140/ 458 %}&e@tﬁ&‘e th?ees’lz‘é”ql;é’ alfs&u{bﬂfﬁ' § abforddadt m[t))Q 5§50l 4 ét@d’ el's
may be set, SUffi clent ampunt det erm ned ctmulaf
magneti c te ﬂmaseghhsaxmusmonipenermsf ofhthg neetdmg ¢glamtntcl 3dsand X2€p plreasﬁmd irth¢ihe
scanarea and 'suffi.ci eﬂﬁz\l accur atae1 an b athre hold statis ﬁa
cont | dondBRESHERSSHETE N MeR SO e b LEgaPa Rroie TRETR iRy e

magnet i ¢ rRRdgUreBsnehe 234 rMdvbe dl@ﬁdiluﬁ}g dribddi@erdtd eih@lu&@rsﬁiéﬂeff faﬁd rl@lfg@f ence
reading, it should be not ed that the optical features 4920 can be used as a

first stappengorappicalhsulszatet 1dh siest h@uﬁthgfneﬁllie@aﬁléat gnleogiments) ipeludeytthe
di b i ng.
readi ngs and ?1% @%88”911)@@ R g ﬁélﬁg dmséd g {Jagxl% }ohf?{oné’% i pﬁgﬁ%ﬁ?pp' ng

An exanpl'e t WO s ep ‘nmappl exp ere:
posi t i onirespecito ﬁwrframltnﬁﬁszlrcndmgseldnﬂm%l ng the optical information 4920,

acni cve BOREH o HCk P anGuc FER APk tfo GBLct e TN R BR L forbnce

si gnat ur gifht@i Aed Jfrﬂwh@gﬁ&é@pw Subs@adi in Geddrdiree withest erhbsdinbvfitRg 102.
Thi s can be done by doing.a correlatjion of the match obtained fromthe

optical pRuptinniThg light pdisterepwtofrera the Hehtowmsrenttd- i Hrerpesesrthiongh theghist i c
feat Ures 3PetDerC 4D %ﬁla %gﬁmgg%lLﬂIet frofit! [GfMes 19P0 aRd 1%?6"%&%& ﬂ%ctg'x LEfELRL N

t ol eranc range an step the data can be corre again to
obt ai n t merbekiyemafithér maghéte-opti¢dl sabskraty 138¢ Un aome pmbpdi'n@ntsnglagﬁem-hmqahgneti c

features 4220 w respect tqg.the refer natur 2r 2 limt to
e e sttt AT mad 2RRe 4 Qichiife BERFERDRE B BORE 8o RRARLGE rbentdll L ¢
t he dat a opficddeubsirurd 38aloss!fdt iBsluxi iitroit lagdr. iTh sbmsembsmmeﬁ{saaulem yérhd t he

optical nmarkings 4920 and may incorrect. f |t| ve rratchl ng.
[00145] 18 t@ﬁ%%ﬁ?f@ﬂ@hw%%t%ﬁ%ﬁéﬂ e s ?déaw&to L2038 (ROAFhY N area is

used for Obf&]r%@érrtﬁé ish%ﬂédt&i' @ff‘ﬁ%ﬂﬁer%'éﬁ‘otaéh@r 5@6@5@&% theReE e i s by
way of exanple only. |rtua ly a required sizes and conf |gurat|ons can be

used pr oVigherpssdsdhrouglethe front Lqﬁmglr?ZO and 1910 again and through the pin hole 5140 to
the final lens 1930. The light then passes through the second polarizer 148 and onto the

optical detector 150. Thus, this embodiment is configured such that light reflected from the

magneto-optical substrate 138 is focused onto the surface of the optical detector 150. The
rotation of the second polarizerA148 with respect to the first polarizer 142 will influence the
magnetic versus optical components of the image taken by optical detector 150.

[00154] FIG. 19C shows a cross-sectional view of a reading element in accordance with
another embodiment of the invention. In some embodiments, the additional light sources
1950 and 1960 may or may not be fitted with polarizers. In some embodiments, the
polarizers fitted onto the additional light sources may not be oriented the same way. Light
sources 1950 and 1960 may be positioned in any suitable position within the reading
element 134. This arrangement is suited for use with a magneto-optical substrate with a

dichroic mirror.
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overlap in the magnetic features being read in the reference reading and

t he subsequent readi ngs such that a sufficient matching is possible.
[00146] RWO=011l@#e2b0 18C show a cross-sectional view of paTrseadiongo2sd enment
134. In FIG 18A, the reading elenent 134 may include a plurality of
conponents or optical elenents, for exanple a magneto-optical substrate
138, a light source 140, a first polarizer 142 and a second pol arizer 148,
a beamsplitter 144 and an optical detector 150 can be seen. The | ens
syst em 1{fd194)i Clii arl Bmbbdemeflt fmRludepaiMaicBralE enifBR Whe Qqsirdoﬂﬁianyéed@ig%@% are
now shown as a plurality of convex or concave |lens el enents 5111 112,
5113, 5 refleckinths g1ees to Phie veaygisasibnfay cxamplsohg allowilighi w the fﬂdoweien&téw ube
5120. Twq,l n re
art anged i g umAe nfoughodls Biflon iént Mkl hent; b FOhRRb o0 E1 0
conponentmldrizbd bj palaazal 1142fand ethdnt¢sha greaplat (1t€Q dyhe) ljghot E@ht seard¢es 1853 120) .

Thi a n 5130 al.l o t he focys.to be adju d such that
Ty oy 2 Reflo SR wE Al dRT ey S BireRe:  Shit e S et AR 1o be
poor |y f qfersst, athBhS otieRihingds Nk aBility ﬂ)gmaﬁ@naédﬂgl opasS Ak Yightisndidags f ocus

can be adjusted and the housgﬂg 5130 (and its associ ated corrponents) can be
set to tHer hsunagmens aad ppenal sgdngs.nHer expmnleliferepiciptensiessmay pe s¢ 9&17] As

in a sta | ar ORR
field tor}‘gla1r goﬁﬁ% eaél,a I{é@g a {slltr(r;gT’l plﬁ%ghﬁf%ﬂ)\?\?ﬁl&f}gg Pgliaerpge%pﬁchar ger
dept h of Hyi @lﬂdctedlegmem/ﬁhilg spctthnl BglB1ad. opfiwak wdormaationamhy e neprlesenved| by cut

off nore | eref et not .be as br.i ght pr br,i hter

ot soup it BAGeedRig HRAE ih s ARGt A Fec P Rura s PRteg o

i mport antobtdmldgsptgﬂaEuMﬁfaﬁobOtSh&nhﬂs@&i spREgL iR o Tarized 2 ISt iaffectedbpei ng
| maged at_ the sane tine exanpl e the configuration shown in FIG HA

and FI G thigprenigtionnef ths se&ﬁ@omie?zesﬂéé and the, gripntation; of that pelarzes anay e r ay
I h h { 5150
i ght  t hadho dB %o Rpithidd e Ud eh@ nﬁg%gﬁ@héﬁ 1s%as%gnm1;§f‘y Pt ﬁ%al r b 9@@ .

may be made fromany optica ng materi or exa
The innedighd | s of the prot ectlye tube 5120 and housi ng 5130 may be made to

be bl aCk[r!l)bi)?()jom (ﬁ 55‘& ge?glfxw el%O&' gﬁalnh LalGrLe res%ﬂs)thowsf a dﬂgtegeo etnE p170

travel li e ce SEUTR ARl & center
of the baacnrsmce t\xtlthranléﬁbodmaedteﬁsﬁe pregeart invertionf Ittiie bé @di'derslt(ﬁ)drtﬁitllﬂﬂsed

towards t net o- optical subs el th 5 t hereafter at
| east a &B?rf@ﬁar&fsw ed in g der t%fchg tﬁts@tat@&grb%{%r%%@/aﬁgo@l Qdigents of ghs ¢ ¢ o

and at | Qﬁ’@hti@n.pol“ﬁdsoﬂleofea&ﬂg element depicted in FIGs. 20A-20D may also contain

components depicted in FIG. 19C (for example lenses and other components are omitted
from FIGs. 20A-20D as they are not directly relevant to the discussion related to these
figures.). The relative positions of the components shown in FIGs. 20A-20D are for
illustrative purposes and may be different in other embodiments.

[00157] The embodiment depicted in FIGs. 20A-20D is configured to read optical and
magnetic information of a tag 102 without a mirror layer on the surface of the magneto-
optical substrate 138 (although the concept can also be used to enhance images with a
mirror layer present). In some embodiments, most of the light passes through the magneto-
optical substrate 138 and is reflected by the tag 102 under the substrate 138. In such
embodiments, a highly-reflective tag surface may be desired. If the surface of the tag 102 is
sufficiently reflective, light may be reflected from at least some portions of the surface of

the tag 102 and pass through the polarizer 148 to be captured by the optical detector 150. In
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light that reaches the beam splitter 144 passes through the beamsplitter

144 and travels to the optical detector 150 (light path 5172). [00149]

Li ght nmaywoabiiambayp2travel in the central path shown in PC@&sGi8B/iooikes 18C

shows how |ight being refléected fromdifferent areas of the nagneto-optical
substrate 138 may travel through the reading elenent 134 and be coll ected

at the optical detector 150. The basic optical imaging concepts and design
of the optical elenments to obtain a sharp inmage are well-known in the

l'i t er at urgierna@0el fbodtksts the FRERY-0PiiE:] BiRErhicCRIS HBEhIEbNRhret RS phrgiaty N
el ement configuration and nmany other configurations (some which do not
i ncl ude toxdulpomarar tightfrommdight $ares- whi ch do not include a beam splitter)

f ' R : i Cf - ' I
U ow of OIS | PRECR0ATAD SEHE deler 138 ind RpRLGkoR AR IBE N
t he r eadipotarzbeM8ntndl@ariderd 204 6 and Q02 fespecavele podtioned imfrontsy f atgaeeni lighom ng

|l ight source 140 is shifted slightly off the central axjs.of the tube. This
parti cul &PV B‘Hiﬁl?BWP?ﬁﬁ aj1eg fighes ‘%W{S‘GF él?‘?"?érg’."%ﬁ’f & Hifentipthe SEF 1 edi n
front of sthigelco®htm a8y dditibleRQIG PERFiz&4H010Sis RbAEALouRtef @R Ivisef wikihe
optical detector 150. Thi's particul ar_enbodi nent includes three |enses,

| ens 1910¢espeeiria theomentasind of elgrizeg3d8. Pelanear2024Q morotaird dogkmbtestith respectibe
5120 are ' . - ive tube 5120 is adapted to house the

vari ous é@hﬁ%&#gﬁ%&&%&fb%%ﬁﬁég I'ng el enent 134 and keep themfixed in their
respecti [00159silni 6. 20Byadreptanepdf qullarzatiat raft grebd8ligltv @030 tikerceated r e

front portion of the readi ng el ement 134; however | ternativye enbodi ments
ol e St PR oL B 160 Shgrig Ramer LeGas B B J8nC RERE o1
al t er nat itm@ugHTpeldAR M08 01 NSilitdRy,tthe plaae R larRRtlidr 8t redUsht 284@ isl&Fatbei Ng
pl aced in various positions and orientation with respect to the front of

t he readicingkwiseriiith respert t¢ geigimtatipsof polrizerolds a5 Grtred Hahiaassey thiovgh | i ght
source 1 ' e . hkf t t i cal
Substr at ST INENEEHEE ] ERIS S0tk HorRiSim oI A1APRLER

r adi at es aogle of tlenlightén fuaghion swlida BotigOessarily pergesest thhdoectionttha the hight is

ot hect | A arnEy R irrraenf et DEhe eyl Bupime Sllepurl 6 1,

sone enbpdierntis FIGRQVE! greaplipktadnd St sipkitatfect 3% thayag 102] uhder e GhaphEw0! C
mrror |layer. In sone enbodi nents the nmgnet og{)tical sgg trate 138 does not
i ncl ude A&PHEH substiatey b8 and fravshiowards iplanst 448- A magagtic om the tag 102

causes the plane of polarization of at least some portion of green light and red light to rotate
clockwise with respect to their initial planes of polarization 2030 and 2040 respectively.
After the rotation the new planes of polarization are depicted by arrows 2050 (for the green
light) and 2060 (for the red light). The rotations of the planes of polarization are not
intended to be to scale and could be exaggerated for illustrative purposes. Optical features
of the tag 102 alter at least some portion of both green light and red light (e.g. black areas
would absorb light whereas shiny areas would reflect it); thus, optical information is carried
by both.

[00161] FIG. 20D shows a graphical representation of the planes of polarization of the
green light 2070 and red light 2080 that passed through polarizer 148. A greater proportion
of the green light than the red light passes through the polarizer 148 because the green light
is better oriented to pass through polarizer 148. Specifically, in this embodiment, the
portion of green light better oriented to pass through polarizer 148 was oriented

counterclockwise due to polarizer 2010 and underwent clockwise rotation by the presence
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| i ght passes through nmagnet o-optical substrate 138 and is reflected off a
tag (not shown). [00153] After the light is reflected off a mrror |ayer,
tag, or awoanbiwmsiz2on thereof, the |ight passes throughptischoonbodsenses
1920 and 1910 again and through the pin hole 5140 to the final fens 1930.
The |ight then passes through the second polarizer 148 and onto the opti cal
detector 150. Thus, this enbodinent is configured such that light reflected
fromthe magneto -optical substrate 138 is focused onto the surface of the

opti cal_ditaSedsfbricl Bld of B 100! Pid 1IN o b RpREGR fﬂ%gﬁ}e%cﬁ{ibﬁ BF cabft Bigh¥ il espect

to the first polarizer I nfl uence the nmagnetic versus optical

conponentis able te ipess tenyshtpelesizen 4% pt Thaal assemingt greenl Bght dnd 0ed Aiphtrgn@red 9C

shows a c¢r - ti. | vl ew. of ' el ement ..Q.a anc it h
anotner Sepaarnam B Satbritolls Rros WGy oS IR o R AREE (LG o

| i ght so0te2] IHz0diffadniA6h theagrear ligha\and oéd hightfredching thé btiqabli@edtorzIB0s  hi
sone enbqdi nept s, tPe Bﬁl ari,zaﬁrﬂs fitted onto. the a,ddi%tinonal | i ght sources
may not B® UF4 dntaAlVERS AREcHagnd theymasagis ifermayen ontre1d8h nly st

POSi ti ONGehHoRintAYs, il 6p?i@£l%e%&§§r?li59%il’l‘ptr$ﬂe§'s Lien Ii?ﬁ?g?ge&ligﬁ%tfor%ﬁém%ﬂ_ hi's

arrangenment is suited for use with a magneto -opti substrate wth a

di chr oi ¢ chimebmpwonieg|and rred shanvish difermuationn dilende.nthe schdinsly miag beiusedto t he

mrror > designed to refl.e inethe.qgreen t | ue, wavel engt for
exanpl eﬁ%ﬂ??%%egw&ls?&; ﬁ% r%e%t ﬁ}éa%%l(éldﬁ \g\%@g}l%&ﬁ ﬂsrecfgg%éelt \}/l\g%%ﬁrﬁ%f) %’ed y e?ough

t he m rr dhagdsrmaniee esthisiledrenénhahdeembgnesit ok ogtidal SfiimeRioh4Berein ‘Romdineded by
pol ari zer 142 and .pr,oduces a green/.blu i.e , cyan) light. Light sources
1050 and LoSOTPHRILE He@nnBD BTact i cHiF o opF s 9%@1@&%@3;1?%355.@33& h a
confi gur gl foRMatRKOY b @B MbAERM thaQ a8 mdaRi siBBactddN 6r el Iviithya Lifkal DERREMANt | Y
optimze the lighting conditions for the magnetic and optical readi ngs. For
exanpl e, edugtion tepxtracheastay nfasmatien upeg bath sets efinfasmatipretageile)gr een and red
light s , L&l |Gl t J sant | ect ed
ar aon biLER], MEEAALERI A Sichl by B IR ROREE Al ek |

r ef | ect edeatwes 4220 sntifiphally giyperpdsid tinascoeddnod withrin dnitevdireeht b dled inventios.

primaril for obtaining opt.ical ,infaqrmti I nce this. red, spectrum
s ot paitts EOR T &R PR nate HZR Evee AR kP & FadE Sl

pol ari zens Yé&riBedid REGQ 208020101 FBGOR1€RBbwWH alréd-bpeRirui®ivnaBe 10IW6Ehe sy

optim ze the magnetic inage (which js basedéﬁrl mar i | é}aon t he pol ari zed cyan

light). [0%a%ks piies a roplpelpmest 3 dessrpied rin ddGer HPERI  Hepy R deweamebn of a
readi ng el Ii'i'f'er'f(naél{'l‘:to-optical substrate does not have a mirror layer and that the light is being

reflected off a shiny tag surface (except where the black optical markings are, where the
light is assumed to be completely absorbed). It will be apparent to anyone skilled in the art
that the idealized images shown in FIG.s 21B and 21C are highly dependent on the optical
set up, and very different images would be obtained if the optical or tag surface conditions
are changed.

[00164] In some embodiments, if the optical information affects the red and green light in
a similar manner, generating a difference image of green-spectrum image 102a and red-
spectrum image 102b may remove, or at least diminish, the optical features 184, but
enhances the magnetic features 4220. That is, green-spectrum image 102a and red-
spectrum image 102b similarly convey optical features 184, but the green-spectrum image
102a will have different values than the red-spectrum image 102b where the magnetic
features 4220 are located. Generating a summation image of green-spectrum image 102a

and red-spectrum image 102b may result in the optical features 184 becoming prominent;
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accordance wth an enbodi nent of the present invention. It is to be
understood that FIGs. 20A-20D are sinplified in order to facilitate a
better umslerstizmsizng of enbodi nents of the invention. Tirgs/SGheloroeesds ng

el ement depicted in FIGs. 20A-20D may al so contairn conponents depicted in
FIG 19C (for exanple | enses and other conponents are omtted from FI Gs.
20A- 20D as they are not directly relevant to the discussion related to
these figures.). The relative positions of the conmponents shown in FlGs.
20A- 20D ay#ilf Bécabde S ishidbriatién RHARONES rad(H i RoduREd 6} hf18f 8 mabRktR Bffires
enbodi ments. [00157] The enbodi nent depicted in FIGs. 20A-20D is configured
to read opR0cke tathe diffgreacs i yalwasrafdhe magneticafeaturgs #6820 W theareenzspastrundr

| ayer on imge?wafagﬁe}ed)_g E{}gmqglﬁgeef&%ptical substrate 138 (al though the
concept can~also be Used Lo enhance images with a mrror |layer present). In
sone enbfi®iladint One ofwtlinafy dkilbinl thglnt wilhasdesstirdr thatghore kempieg arilgkdpinhy bé

substrate 138 and i,s refl ected the tag 10 nder, t he substrate 8. In
o eabOUFRSHD IS aSpataly FpBE B ol fRfren PhR ey Pome oL E 47D 1 he
surface afort b@mpRY ghébh-dpSctiih fihﬁ%@rlbhé' 8T le8%hictRm &Y 10BY nh (atdigct ed

fromat |east sonme portions of the surface of the tag 102 and pass through

t he pol aripfoapatiopgthatgs gecopbinatipn @f e magnetn #220andpentisal ($¢ fegores whatetthe nat i ve
nbodi - ' b f
vt al 1 hggnefi P2t s eal 184 (6iflce UL S Gyter B B Ml Bl , 1

show opt i422D adetleemowith Bfjfoinh dghtegiat @-ioehsicalvasathmt indight iidéhsity loe cplot ari zer

148, -and pol ari zers 201Q. and 0 respectivel. sitioned.in front of a
oreen 11 GRIPESHFCBAPIRGE BRI RacRat APorth BT ehis ooy B ot ner
enbodi Mentsns ‘difkerédc@hbr SQAHMERIED hRTundBi¥toBE taE ludb icb@pleR n6RlifEar ef@dtdhé Zzer
2010 is rotated counterclockw se with respect to the orientation of

pol ar i zerto {'subtragigog r'adde imagesdo jeshange thedgiatbres bRIAE devesfigated: Eemeemplepittihe
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to t he orsuenaatheomages phyivar threrghouiSthgsdisdlesuge. dermost ghses phes Sghtinghwilubh
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Fot at eq crtkninDl, i, dap b 8o AiieaSinp Rehrihlef B g el o b al” e
red |ightthpadgess Sihon@hurifdnarighting 2628s bbbt e opfital iad Mhdghetic?BBra@fidbd he

arrows shown represent the polarization angle of the light in question and
do not ng»eg’gs'aﬁrwa%pr e‘?f-?mPﬁeasaﬁuP%élw dﬂerﬁ 5¢ tWhanaengli fqatures %Re/%qqal ng.

Botoht gr ?Qﬁhj%x%ﬁﬁ"ﬁela@geﬁﬁﬁl, drleQRhel deME lof HHRVIRAES (WHGe HRANDE Qas £BitHiRdss of
supstrate .
100 units) and one at the edge of the image where the light is less bright (assume a

brightness of 10 units). Assume that the background is subtracted from the image. For
simplicity assume that due to the magnetic features the magneto-optical substrate rotated
the polarization of the light such that an additional 10% of the light present passes through
the second polarizer. 10% at the bright area is 10 units of light, whereas 10% at the
dimmer edge is only 1 unit of light. Therefore the magnetic feature in the centre of the
image will appear brighter than the one at the edge of the image after the background has
been subtracted. Consequently, throughout this invention the terms ‘“summation”,
“combination”, “addition” and other mathematical terms are understood to include more
complex operations than just simple linear addition or subtraction.

[00166] FIG. 22 shows a method of reading a fingerprint region 112 on a tag 102

embedded on the level surface 268 of an item of value using a magneto-optical reading

element 114 in accordance with an embodiment of the invention. The reading element 114
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[00160] In FIG 20C, green light and red light reflect off the tag 102
under the magnetooptical substrate 138 and travel towards pol arizer 148. A

magnet i ¢ woebfl/fosam t he tag 102 causes the plane of pol apirgabi@moeke at
| east some portion of green light and red light to rotate clockwi se with

respect to their initial planes of polarization 2030 and 2040 respectively.
After the rotation the new planes of polarization are depicted by arrows
2050 (for the green light) and 2060 (for the red light). The rotations of

the plangs 3 Q{aggé{%)-l%ﬂlg %a'd&% e‘%n%en? Qhd L&}sﬁ&)d(ﬁﬁcéﬁg%go-{)ﬁi&?ﬂbgﬁﬁﬁ g3€ g‘gﬁ %b g ©
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red I'ight 2080 that passed through polarizer 148. A greater proportion of

t he greemndtslyfruch jag alunHeum)k gonimpgnetisaepsanics Ay plagfirst mecepigingircumstanas ibecause
t he green_ | i ' rj 4 .

Speci 11 cdl Fotible & Rk e ShdBro5F (G BAGE UbOAL REHE) bEEE 2 dpatine

ori ent ed elemepissedkly oaghetigodsathiszenn éhvh@norathe andgantie fieldobridge detbaed by skee due t o
pol ari zer %010 land upderwent cl ch\gix se rl(b?ati on béﬁ{dhe Er senceof a.
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light and red light entered polarizer 148 with equal brightness, green

| i ght exideEngeading it¢anbeqadyantageons torhayp wealdy|\magnetize gl gafing glemenf § & ent j al
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enbodi nemd be atshethqple otk noghe@cThis cibOnlvanté ther fiddé sing rdetented isglee tlensbuthed

light to for reen channe| . jnf tign and red channel inforpmation. Hence,
the chanfglo iS5G SBEeaL O M SHbuAeie S PLERrORTER WaRBitmt 1 o
and red efwmagheticnfled e Qith hhetRy i sxeaasfuftByr He COMlbiplat sORNBANCE.
magneti c ornﬁgtical informati on (herein "conbi ned" "conbi nati on" nean

any for mSRTRHVHEHRCAE BF adparagerntq make-vion §XaBpls ﬂégﬁgﬁ §tdej off Be feadingh, e. g.
" combi NedienfgRY 1 P 2 QcllR Al Bk a8 RLrigiRThahid Side W dhicAobinFAL This RGP whiphear
equation to extract certainh information using both sets of information
t oget her Yhe ha@e6sflukili@es imthe phowof thet wpgnet Gwedominanthyy and mayinndan dhatitlesal
ot BN AR AR ] 5 A5 RN L
reading element used). This may be used to ensure that different scanners may not be able
to read certain tags (since the fingerprints may not match). The left side of FIG. 22 shows
the reading element 114 before it is contacted with the magnetic fingerprint 112 and the
right side of FIG. 22 shows the reading element 114 in contact with the magnetic
fingerprint 112. The method of reading the fingerprint region 112 on the level surface 268
is achieved by first bringing the magneto-optical reading element 114 into contact with the
magnetic fingerprint region 112 and then activating a button on the reading device 104.
Once the button is activated, an image signal can be obtained and the reading procedure is
completed.
[00167] FIG. 23 shows a magneto-optical reading element 114 and a fag 102 in
accordance with an embodiment of the invention. On the left side of FIG. 23, the
components have been magnified so that it is easy to see how they can fit together. In one

embodiment, the sheath 2210 may act like an engagement element for positioning the
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FIG 21B shows a green-spectruminmage 102a of the tag 102 taken using a
readi ng el enent as described in FIGs. 20A-20D. FIG 21C shows a

red- spectwormimmge2102b of the tag 102a taken using a readiScgowlioesmsnt as
described in FIGs. 20A-20D. Here it is assuned that the magneto-optical
substrate does not have a mrror layer and that the light is being
reflected off a shiny tag surface (except where the black optical markings
are, where the light is assunmed to be conpletely absorbed). It will be
appar ent ﬁlagn@tay(slmalséﬁbét{a@éi13%¢ehen afch of RtmdgAgtid ﬂ;@g”e‘rﬁbﬁrﬁ@n'ﬂ@ﬁgﬁozﬁ.?.h&aw in
FIGs 21B and 21C are highly dependent on the optical set up, and very
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shown with uni.formli ol.or or intensi variation in light i.ntensity
or col or tgecfegg?geeé%ﬂerﬂggﬁg? iﬂ&e ?&tﬁﬁée ﬁaf’zi)g%rﬁ O%‘Srcﬁ YSICRY S(GR tf(%‘[re‘a'ldsne1 ere in
thi s di sghsdérofthd tag 108 oftabellbf ft@fi eh¢ue.or "summati on” are understood to
i ncl ude con‘l))l ex_non-|inear equations to "subtract” ier ) adg"ei nmages to
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enhance OALO8leFIG-24 thovig diofg5pding aHge 19z Hpt devel purfage 2e8 MG ot
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invention. The magneto-optical reading element 114 is able to slide within a protective

sheath 2210 via a conformation element 266 (shown as a simple set of springs). The left
side of FIG. 24 shows the reading element 114 before it is contacted with the tag 102 and
the right side of FIG. 24 shows the reading element 114 in contact with the tag 102. When
the reading device 104 is brought in contact with the tag 102, the reading element 114 is
pushed against the surface of the tag 102. The conformation element 266 ensures that the
reading element 114 exerts some pressure on the tag 102, but not so much pressure as to
damage the reading element 114 or the critical, fingerprint region 112 of the tag 102. This
is because the design of the conformation element 266 defines the maximum pressure that
the reading element 114 will exert on the tag 102, even if the reading device 104 is pushed
very hard, the reading element 114 will retreat into the sheath 2210 and eventually the
walls of the sheath 2210 will take the excess pressure. The conformation element 266 may

include a spring system, a sponge system, a suction system, a hydraulic system and/or a

48



such as the i mages shown throughout this disclosure hi nost cases the
lighting will be brighter in sonme areas than in others (for exanple

bri ght er wo 20hwos2ntre of the inmage than at the edges). rBusG2000mo0289 f Oor m
lighting éffects both the optical and magnetic information Being

i nterrogated. For exanple assune that there are two magnetic features of
equal magnetic field strength, one in the centre of the imge (where the
light has a brightness of 100 units) and one at the edge of the inmage where
the |ight_ ] S ' S ' 0 ok S)ats at the
backgr ouﬁ?ék?[g’lﬂg:u%?%%?lg% @om t E%@f%gigg&%raﬁ%‘%m |%1?%H y"“’?s"éh@g&? at Ldt;ue to
t he magnédtldanil alad tag 92 tth dbenmagnestant cophactodiring ths taading prodeas eckntifi¢he user

pol ari zation of the.light. such. that an additional 10% of the |ight present
passes t HPB PﬂnFYFé‘fg’é’Sglﬁﬂn%Bqa PPzer. 10% at the bright area is 10 units of
i ght, wWoe165S KR 23A td 250 ishdy a RYHBBd bEredding akag! 10X orPin hegbH surfibered or e
the magnetic feature in the centre of the inage will appear brighter than

t he one asingrremagnsio-eptiqahEeadinggderagnt d4tip acensdange ovifdanesher wabadingst phct ed.

Consequengd Xweﬁt{bglgglﬁ?%gnzs Elgir‘% 40 @%@l&dﬁ-ﬁé\ctahfeaaﬁg lr&enllleﬂ’ TT8h a small P i o

"conbi nati on", ematl c terns are der st
i ncl ude 267 ao dherplrexundingr @bicotie sheath 3216t Iis iadditien,| the esagnetdaiptica reating

subtracti gn. 016 FIG 22 sho t aof reading.a fjnge i regi on
115 o o cidtipnt Bb bl rustnnBied o feeeRtoiiip 08 /B iy leBibibPot, g
using a rRemple e PPhk GHMchhfiaf] B&h&h@g?%ﬂ&{’d R PERL tbBRGRsMV2EH pAFVide a

enbodi nent of the invention. The reading elenent_ 114is a _maglnet o-optic
readi ng SFE#BAeeranel cogrpensation gthep repdgiedhe magnatic fingeppat regios 1138r fsdagn

opti cal [ htade3Ss [ j . The

r eadi ng gibg%g?i‘tﬁ U?Ll%éléﬂirygkg urr ogtchgggdfflg Slg&?fhtggt ahiz})%fg&{\?ﬁltg 4%#%%%%%%\%

readi ng el witerthe fag4l 0Rr bnFEGNRTR,. thd meagstte atphicd 2¢@ling aleentrbide af skown in

non- nagnet.i terjal such_as non-nagpet.i cC | s (such as um

non- magn?%llbg 25&’ ésnl’rc?é‘g% t°g'i’ea§‘t Focrg*.mt I‘ﬂﬂ’chﬂ;ttggﬁtogﬁnc Ane esgraflf’(fen?égfg%ési rabl e
to make nhegnshaptibal 223ding @eninh@n4 doRPRNBNINoAE Mithéh e shzhth 2210 socadiong

el ement) weakly netic as this calq etic field be'56n

ma enhance the nmag
det et ed CHYOTRE ek H7 o1 haRgven patace 08 olp NS 25 anrkIG: 25D1 s e

magnet i Zggh SYChe I3l Wine o ah€ 14y8A0H6 85 Qlnpeh&itd FIME Rhdimene Y @R 112

I
have their "north pole facing the reading el ement 114 during reading it can
be advanimagaetg®ptieal raadheadaklidy(Fleg A8€C shews thesifuation nrjorfoeerntact and Fie. some
componen ear r j ) t i 114
appoar s Ea0pgoys e SRR EnE ToRec it WiE R (90, MOR HEPHE MeBERE M 11
det ect ed nsagnete: fiblds s thienmagnetic features within the fingerprint region 112 decay rapidly

with distance. Assume that two magnetic features are situated at the same depth into the tag
(that is measured from the tag surface) and that these two features have the exact same
magnetic strength and orientation of their magnetic fields. If one such feature is situated at
location 2510 on the tag 102 and the other at 2520, a reading of the tag as shown in FIG.
25D will result in the reading element 114 measuring a stronger contribution from the
magnetic feature at a location 2520 than from the magnetic feature at a location 2510 since,
because of the topography of the surface 268, the magnetic feature at the location 2520 is
physically closer to the reading element 114 than the magnetic feature at the location 2510.
Consequently the reading will actually be a measurement of the magnetic features of the
tag 102 convoluted with the topography of the tag 102 or surface 268. In some cases this
may be used as a powerful tamper-proofing or tamper-resisting mechanism since if the tag

102 is removed from one surface and placed on another the fingerprint reading_will change
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pol e of the reading elenent 114 will attract the north poles of the
features thereby warping the nagnetic flux lines such that they extend

further owb20f1/doke2p! ane of the tag 102. Alternatively ipbr&@8B01800259
advant ageous to nake, for exanple the left side of the reading el enent 114

a weak north pole and the right hand side a weak south pole. This may warp
the magnetic flux lines in the plane of the nagnet (predom nantly) and may
mean that the readings may be reader dependent (i.e. dependent on the

it . 4t
cnoure ¢ AR BEehgle loBlerddS R0l RUBIR QB Sheur ey Bl Rt B 1 D
the fingehprasetwherayagsaire irtialy) read fod 4 pfddustichelind pfid:iGo Bsing hgpliedttbehe eadi ng

el enent 114 before it js contacted with the mag print 1 and
the ri ght"Eifeisn lfﬂn@fj vabiesthis fuay ¢ause e@af Séncs@%elt@ aeagwgeémeéeﬁ iLéa th the

nmagnet i ¢ ghdynaR bidhVWelll with m%b%hmqeﬂhg;s%mmg e ahd f&gﬁé RbbghpKyegipn 112

on the levél surface 268 is achieved I rst bringing the nagneto-optical
readi ng eheneirpumptancésrit @anchmda@ntamouhtqm armwélmltdag i Anpghes miethodrmagy b 112

and then éé‘ﬁ%e Al (ﬁgwr?mf?%érf 62 m8[?1§& bg v%%ﬁelp%vgﬁ s %ngh Sl QYR ON 1S

act1 vat ed, can a hed an procedure 1S
conpl et edurf@da&nﬁﬂa:e FabﬁlledeB BT mermgneuda@mftmtagrshaﬂdngnah@nm Aril4 and

a tag 102 in ac or ance th a errbod ment of.  the invention. On the |eft
side of EKEPISHT sy AY be papult %taﬁé@‘m Piéﬂi R 1y adedsy 1o

see how tRglyedila éﬁﬁbEl@gﬁ%Q%gerbﬁntQ@Emﬁmﬁﬁlé FBAla theRfopiieia bl OvAGY act

| i ke .an engagenen ement for positroning themagneto-optical substrate 138
over an dheergd02tiparpliggnietthe ittmmeferabis, it is disated sueln ghat 6. thmoplastic yeger t o

m ni m ze poLep él@elst%fﬂnéﬁ%f Qhéthﬁgﬁ&cfi&gn fo éé&ﬁkeé%@&tﬁﬁo‘i‘b@lﬂ?”t 114, the

magnet o- opt | ca rea enent esl ow t he
surface [0011(11e lah;eamha@m meéthod of agpdig2a ﬁngcppmmtl 0?2 a@ntanddag al@inplanat

| east 50 ters thick the. recess . for by t he sheat nd readi ng
el oment 1br! RN & st de- R FORTR cIRr 1A R SHOTHOE FUb 4 FERPERE oar 1o
align thefﬂﬁaﬂvmmﬁl HeRhe $ddhplidit 141 L6WislhdwnTdi@cKaadiandtea] eNeitie 624 | i es
at | east about 50 mcroneters, at |east about 150 m croneters, of at |east

about 20baYing A sHetlaraosssegion; Dusito thsghanefdhpitan of vales 2@ deprefacendithiy t he
surface Qfyh ﬁ&ﬁ&b%ﬁtzﬁg (?:%1190 c&&%@gh& {oh&ga eh@%wﬂkstﬁg rééaingtéi d;ﬁemmlzss

designed to have a f ness o | east m croneters, be at
| east as Sh(hmkn e lnftsidetnf cheefigurt)a Put e itsl pemahmetthatsunfm orf é@dabnj 260 ésrent

(]:'I:Lf' CLimE;ts gﬁ & to \(/i/eftOIhtg t lzilrﬂa sCuEr'\fage]; \ Qr? ensgrz]ige& g'y gl%jf(e)adml\éoélgmgnqth i(:Qs s%g\%l%in e
right s1de of the figure). This allows good contact between the fingerprint region 112 of the
label and the reading element 114. It is important however that the label 260 is not so thick
or so compliant that the fingerprint region 112 is significantly distorted in the plane of the
label 260 during reading — significant distortion may allow the magnetic features within the
fingerprint region 112 to be displaced relative to each other and this may reduce the
matching between the stored fingerprint signal and the read fingerprint signal.

[00171] FIG. 27 shows how a compliant label 260 can assist when the item of value 262,
to which the label 260 is affixed, has a rough surface. The left side of FIG. 27 shows the
situation prior to engagement with the reading element 114. The label 260 conforms to the
surface of the item of value 262 causing the label’s surface to be undulating. In general, the
fingerprint 112 is first read on a production line where the label 260 is kept flat. If the

subsequent reading is made when the label 260 has an undulating surface, certain magnetic

features of the fingerprint region 112 may be further away from the surface of the reading
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effective physical alignment may be achieved by having only one side of the
sheath 2210 |ying above the level of the reading elenent 114, in this case
the |ip fwormed/doy22bhe sheath 2210 sticki ng above the | evelr/sehotoveoseadi ng
el enent 114 may be used to guide the edge of the reading el ement 114 to the
edge of the tag 102 or other physical step formed in the surface of the tag
102, or label, or itemof value. [00168] FIG 24 shows a nethod of reading
a tag 102 on a level surface 268 using a magneto -optical readi ng el enent

114 i d R nmbodi. f the. tion. Th .
Tagnet o GHTFEL S iblat el Rkl B acERmP S P B res BrnhSthiner PRk Ben Ml 1 ve
sheat h 2286 reddigdel eetOraByitlo Borgt prastire 2pHliddSON réflid: Slembhte] 19§ twitf a

springs). The left side of FIG 24 shows the reading elenent 114 before it
i s cont acewligrtilpbel RE0,tag ghovpp om he right side.ghe surfage of thedingerppint rgions! 124
readi ng 14 4 - iy :tati k3% ice
104 is b?ié’ﬁéﬁ?" |n€10 cé%'?%&c%gémﬂgtﬁle%ep% faﬂ%i%g‘gf %ﬁéta}ﬂé‘é?ﬁ%&%ﬁéﬁ%ﬁt 1 %/s
pushed aduigastint kegiopurlface of the tag 102. The confornmati on el enent 266

ensur es t eggi el ement 114 .exerts. sonme pressure qn the.taq 102,
but not @@ﬁﬁ]c %’eggu%}’gwﬁsaqo e&aﬁoé%‘af‘ﬁéal?eéa’gﬂﬁtpoé’l é’hear?forai‘}feo?mﬁl h%‘
critical ,enfbofm@npbf e ifive@tion Heke thflabdl 260 adohStAuctetindush iifat BRGALE® dffike desi gn
of the conformation el enent 266 defines the maxi mum pressure that the

readi ng dingg@rnt negipny} 12 is slightly rised rathy regpechto the yemainmg yefageefthp dabgbyi ce
104 is i e j : j.nt e
Sheath S2p)SanYSin At dnplidfind RAh 192 SALHNn e dhe Hobl SUELE B8P gt At
excess pragscheddo aTheitemof yrlwa2i63 priet tnegagdddit math thecdadihg edengqot il by thy st em
a sponge SsysSste a.sucti.on sys . a.hydraul.ic s m,and/,or ne tic
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114 and tddge bfighel GBel 26(EAd BhaNsh ahé lsfosidacdf FIG.i 28) duii@g rdgsicA@npRcess
even if the user applies uneven force duri 9% readi ng. [00169] FIGs. 25A to
25D showdi$4aree 31ogpsessehiadtan fiabist g surdase g thefinggmyhreginnslde 43 oompressehg a

magnet o- Qplik ¢Rker'ts gliycgl&leedﬁﬁ@ﬁﬁ-roﬂdmg Burfce O DGRk th AP S si RIGTARM ment

of the invention. 25A shows a magneto-optical reading el enent 114

hS\d/i ng a readind elgment2ld# and thé pressnre emxi@ﬂlwg the sadingi slemeiddf iduring ceading, )
tion. rE . _ a1
aheat h o7 BEAAS 0 Ahhh i piahE pilh o SsiiRAg Dbt Si'el e oEBANE L EG 1 07

Bot h t he fogprp#6iregiod’st snefacpis pnshedbelanhe sardahidingaurfake). T hielabd 260 dedgree of

conpensatd o e od S8h0b S RENELL St RSP ind 8 Qi Zledent 14 129
since all the pressure exerted on the reading element 114 is concentrated towards flattening
the surface of the fingerprint region 112, and if the other portions of the label 260 are
slightly raised (for example due to a burr or lip formed during die cutting, or due to
damage), or if the other portions have dirt on them, they will not have a marked effect on
the reading of the fingerprint region 112.

[00173] FIG. 29A shows a cross-sectional view of a tag 102 containing a fingerprint
region 112 in accordance with an embodiment of the invention. The tag 102 is embedded in
an object of value 262 (for example a ring) to be identified and a magneto-optical reading
element 114 in accordance with an embodiment of the invention. The surface of the ring
262 which contains the tag 102 has been flattened to ensure good contact between the
surface of the tag 102 and the reading element 114. The magneto-optical reading element
114 is brought into contact with the tag 102 for reading the magnetic fingerprint 112. FIG.

29B shows a plan view of the tag 102 and a fingerprint region 112 in accordance with an
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102 on an uneven surface 268. FIG 25A shows the reading elenent 114 prior
to engaging it with the tag 102. hi FIG 25B, the nagneto -optical reading

el ement Kd.208%0809Wn in FIG 25A, is brought to be in ¢piisgshiowbéRot he tag
102 on an uneven surface 268, the magneto -optical reading elenment 114 is

able to nove within the sheath 2210 so as to conformto the tag 102 on the
uneven surface 268. In FIG 25C and FIG 25D, the gap 267 may be repl aced
with a conpliant |ayer 269 to conpensate for the novenent of the

magnet o-opti cal re head .11 FI.G 25C shows the situafiion prior.

Cont act dpofiesnt oEihe SRUALOR IS e gas T GeR Rigg & S0 BLIts e RO AUSRe 102)
Not e thatont BR $ihg €@fabe. OThd hﬁlgei%giﬂetriagoxfxiﬁlzd% ah &1bEsHEIBRINVE JoRBENIRES
within the fingerprint region 112 decay rapidly with distance. Assune that
two magndingemiiatmatiessl. Hreaysalsa bg fsasible andmay heelesiegblantoinlate athis mesd lehat i s
cas mmgiebt oot L7 R A BEehuRiNG (P bobiR e IO BETRAE 88 p Fobilin 1O
such f eatringp—ifor exdmpat efthatringde goldaher2tht @laimgtdfah¢ aigg P62 camde ghld. dfier at

2520, a reading of the t as .shown in FIG 25D w || sult.in the reading
el ement PlAGLGE OiheTePLNEY ¢ a9AJe SeEEnior RBIGES 1B t‘i‘grm ?‘H{egﬂ%&{&tirﬁg‘?réé[%re at

a | ocati Gfyn? BRQnb et Abr hanpBabaichmhglfB8alchiEsion). Al RERirapnfedaid fIhace,
because of the topg}araphy of the surface 268, the magnetic feature at the

| ocat i on izGAGon i highlightediin thiz¢mbadimens: thaea singldiseaynen wifepre standardyseding e
magneti c tur t] 5 Lyt he, readi A

netual |y 8%t el dhad ApBAR | hbnd b bors Bl RES M s Ppla Bt b b

convol ut estastietl ho theesutrfapoof aphyetpbf ithias blgali®?2 Brovided theat he2bBidaildi regbmg cases

this may be u as a powerful tanper-prqofing or,tanper-resistd.n

nmechani s egﬁcﬁiggi(?ndtaﬁ ag T@%"qt‘é‘ggté%g?gmﬂr%%?%msﬂef ‘868“";?18“118?‘%?&6 on
anot her tifyge waﬁﬁfoﬁardf@ie f:0260r30 rdddidd 112N ReEMé Qn@?@ﬁﬁ%ﬁﬂgﬂ nischinggraphy
that it is placed on. In other circunstances, particularly in_the case

wher e t agt ageeptablg threshold viabigdt ismoangsesrantcihpos! E‘ierﬁélgﬁﬂ’FBF regipnpdihgredpsl i ed
to the s f gt | '

it ol R il T 4B Hporkl SRy R R R RS sahe ek o

r eadi ngs stidaddeeddagg de@Red0¢ of scap forope grithphyidevaristy o proidnetsinst ances it can

e g R % R AR el 205
of the suldnkme 1149hed r€addipPd tagdi 020n abevmdanee vithear Erabddiment! Hfake divedtioa. t ag
W S SN TR TR R T T
fingerprifiont@ARR REHRedd 0P R hARLIRNyARES JTRL Phinglmechhifiin 266, to the

sheath 2210. The intemal walls of the sheath 2210 are essentially complementary in shape

to a perimeter of a thick label 258 in which the tag 102 with a set of identification features

is positioned.

[00175] FIG. 30A shows the situation prior to engaging the magneto-optical reading

element 114 with the thick label 258. The springs 266 are in an uncompressed state. FIG.

30B shows the magneto-optical reading element 114 being compressed against the thick

label 258 when reading the tag 102. The protective sheath 2210 substantially surrounds the

thick label 258. When the magneto-optical read head 114 is compressed against the thick

label 258, the springs 266 are compressed and the magneto-optical reading element 114 is

pushed inside the sheath 2210. The internal walls of the sheath 2210 surround the label 258

and provide the user with a physical engagement mechanism to ensure that the reading

device 104 is correctly aligned to the label 258 (and therefore to the tag 102 and its
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the tag 102 is applied to the itemof value, it is heated such that the
thernopl astic layer nelts or at |east softens such that it nay conformto

t he surf awe 20fr/dob22i t em of val ue. [00170] FI G 26 showspaTse2iodoass r eadi ng
a findgerprint 112 contained in a conpliant |abel 260 using a

magnet o-opti cal reading elenent 114 in accordance with an enbodi nent of the
i nvention. Here the conpliant |abel 260 is shown attached to an item of

val ue 262 having a circular cross section. Due to the shape of the item of
val ue 26 . C f | | an L2 LS cal CUEV raor to
engagerreﬁqn teg?'ﬁw{ée&rglazgi ?\%J]%Ibglorr%gr%tm%fi‘e%tg?% % S%Igbgr? ft%ﬂig?lg#ge% gflg t he
figure). eRamplea squarecrphglentRangle e pslygbmdowelerting praferible’thet the skdpeds t 0

deformto a fla urface when engaged py the readipg element 114 shown
on the r gr@htcoglp_t@wwm L)t T shipe muegbaagﬁﬁn@a&nesﬁfle%@&atﬁ%e
fingerpriBiqife@ivit fohlo0dcatde leﬁibl‘:éLGpe@ﬂQ thB 9258 Nfhich LB 058 Lld shdath S

i nportant however that the |abel 260 is not so thick or so conpliant that
t he fi ngeR2pP configueagionns showvniis FAGg, dessaibed Yeldwst orted in the pl ane of the

| abel 26 i di.ng - signifi L d] st L o0 | 1 Qw magnet i c
features \(I)VI%I ﬁqigﬂf Slhr?gvgrapﬁlf%f) dr°£§$a§thngﬂ§abt% %E%‘gwa'gz%ﬂ %ﬁ%’g’errlttef%g?lﬁg o0 each
ot her andisinfgi & magyets-opticad réddingrelembntnDl 4ot aveerdandrewith ainedntadirgent @ifithd
signal and the rea i.ngerprint signal. 0171]. FIG 27 _shows how a.

conpl i ant™Y&RHeT- ﬁ‘@g'aéeé&(%és@i“?fnsvﬁ’i‘eﬁn‘?%ée‘; ATBRnLEEpIeE HExoversd i kit he

| 'abel 26Qo& 18ydr! P68 th SR 488105 Y12 & Bot sHB&! Shde i idRid@én bY e doheBhOWS
the situation prior to engagement with the reading el ement 114. The | abel
260 conf d#yes 16@). AhRats Matee darspde h36 pndelnnadn-seadable sesial pembdr1§2 areprinerk| ' s
surface t | at.j al the.fi b i [ T ad on
o 'br oduct TR U A b oyl AEAE00 Tl Afiaeb AoRsRd Bl fende

readi ng ifmgempeeat ovhéa libHeb284 hebmbiitibmsf anotdnd80 ah a hgusng 2&ceyroandihgon

magnetic features of the fingerprtint regi 112 furth way, from
The"sur  AUECGH 1§ M hegaiforicaL BRI slrert § Mo RS 288 0n & st 28EHEY b
However qWéd ROpfRaiki 40 idt@REREHGNBBins WAL thé Mithghe® dpgal Sle&dR telehieftt WM 4 lis SOmMe
pressure applied to the reading elenent 114) with a conpliant |abel 260, as

shown on browght upen thej kebel 244s thenpigh 280 on the housiier 323 Af theeypgistoraptica apl e
to conformt pn t i i | ; t
readi ng 6%9‘1%‘%;&&?}?%‘3?2& t eirdgg? %e%ﬁiFal[ g@?‘gg‘? Igzlfsgel If%&gﬂgg\%%gﬁg@ﬁgé@ ©
conpl i antorientaén 6Htherschmer witharspecttntbe lehel. KT enintarlockingwnimps$ theheser to

i tion,. t he | abel ,260..i t t t th . f th
et Ot PR oS 3Rk 3R PGRBR) G RSLab LR DR RREA

surface ®oté higat| thddbusing 282 may be a protective sheath as described with reference to

previous figures.

[00177] FIG. 32 shows a method of reading a tag 102 containing a fingerprint 112 in
accordance with an embodiment of the invention. The tag 102 is embedded in the surface
of an item of value 262. The item of value 262 has a protrusion or protrusions 3210
adjacent to the tag 102. These protrusions 3210 are designed to guide or interlock with the
housing 282 of the magneto-optical reading element 114. FIG. 32A shows the situation
prior to engagement between the reading element 114 and tag 102. FIG. 32B shows the
situation during engagement. Here the magneto-optical reading element 114 is moved
down such that the magnetic reading element 114 contacts (or at least is in close proximity
to) the surface of the tag 102. The protrusions 3210 act to guide the position of the reading
element 114 with respect to the tag 102. Note that protrusions 3210 may completely
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260 surrounding the fingerprint region 112. As shown on the right side of
the figure, when attached to a flat itemof value 262 prior to engagenent
with the weadimgpsebkenent 114, the surface of the fingerprisGeegoes 112 is
rai sed by a distance O X 1 above the surface at the edge of the | abel 260.
As shown on the left side of FIG 28, during engagenent this distance is
conpressed to X2, that is, the surface of the fingerprint region 112 is
conpressed to lie closer to the plane of the surrounding surface. Dependi ng
on the sRaRSuHAthS} f j ; ted on
t he reading el eﬂr;éelrtla:gell(%4mfjtg§ihggﬁge2% ﬁlﬁg&%&%@g@gﬁwwgmﬁﬁgﬁ pl ane
wi t h t he taaukQ2atselfiongn s labehtodielpoguida/the aliggaent.ve (i.e. the fingerprint

i on' ' hed, b t he. i f .. _Thi 260
desi on TOHTST g S BEER B o7 Uobe ki PR RGeFBrT S i gmBirts 2878ha e
readi ng ahebjet 283 4o bk dentidied ik REcARIRTE With aXembedimeft bNhel iBv@hiiog. Eheement

114 is concentrated towards flattening the surface of the fingerErint
regi on 1¥2s gha grgoverdd4dentibe tan 93 eansbesesed fie helppdien soreadias deyighi 94,08 aj sed

(for exagplfedng Ea% A2DRY [ &rsgrliﬂeﬁ iﬁloxrefﬁﬁgn qYPIRY 1%' %u&?tﬁltér&g&{e 4 guﬁ?g')t 0

damage), or if the other portions have dirt on them ey wll not have a
mar ked ehfemtagooust ifiche ebjidétrdp2oto tiehidertifregdrap monsuitalglgi flan sarfes po OdhiicH toFl G

29A shows_a,Cr 0SS- téonal, .view of. a t.ag.102 cont.ai ni f.ing i nt

egi on 1 1uRn 083 162 S@AbRisthS oBide Slifice SPRat oL PsleTRuBh 4’ 102

i s enbeddambve 126amlsdbhaCthe alivantddeeth26i? helpsrto el the dag 101 fromOmbéhahidant | fi ed
and a magpeto-opti.cal reading el ement 114 in accordance with an enbodi nent
of the i P7 GO e FaREctoYith A eptsngNatg shafthe grooyn £af eed iR kel 102
has been ophlratdRd edubP 2& BRMNENIAeS 380 AddprREbHeEs 4 Rar-SMlliPeRaRf setdif t ag

102 and the reading el ement 114. The rmagnheto-optical reading elenment 114 is
br ought depressiosrmaiche smiteblet he tag 102 for readi ng the magnetic fingerprint

112. FI o] [ t he 2 fingerpri region 112
- accoriURL RIS GR M@fon hEbh raiteul B P 108 Bl PR TR T el R

r ect angukpxrcificoembddimients, ithshosidalee uadmstb@bbe thoset dkdlladi ing theusrt aleae . varibwes
fingerprint region 112.is. an el ongateed.groove cont.ai ni ng, fingerprint

mat o | a1 Chinee B0 3 45 B Bp s iy TG EorTiap AR e LA HAgoeHs n

netal | ayetheOM@éntioRCast ®dind® Dyl tBE aPFHHBE CitmPUIIROEBHe OF Me BXBIMINEisttRus 00K
the sane _as the surrounding ring) - for exanple if the ring is gold then

the pl at indiase by e smpgndedaclaiams a9 albrhanzvpich) samenithby heymemigoend ng)

can al so i nar gion 112 fromthe
envir onmraaﬁll E%?%%@%%?g{hggﬁp%%ﬂ%&%ﬁgeﬁlyétgﬁob%)%% e|8'rrpor tant feature of
t he
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invention is highlighted in this enbodinent: that a single scanner with one
standard readi ng el enent can read fingerprint regions of various shapes and
si zes andwoanfiios2d in or attached to the surface of a wamrisetylombo2zse ens of
val ue. Provided that the standard readi ng device 104 (and associ ated

magnet o-optical reading elenent) is able to read a sufficiently |arge
proportion of the fingerprint region 112 in order to ensure fingerprint

mat chi ng above an acceptable threshold value it is not necessary that al
the fingerprint regiqgns 112 are the sanme shape and size. This is very

i mpor t ant @éﬁﬁgfﬁvgpﬁﬂ&because it allows the use of a standard reading
device 104 or scanner for use with a wide variety of products. [00174] FIG
30A and FI G ACEdidpalvive dsisreadifg mapgadtic\ané optical indoragio the ffalling deviceadi ng

el ement 114 when reading,a tag 102 in accqordance wi.th an enbodi nent of the
i nvention. TheOWRIHSEAIe#HRG elsMentetyirerding Qefaeht comBripiag a mageeindetcay a
protect i ve Shealiu@adidied 1 fafRabHR b ERlc [RAGIOFRH Khifted SacppACt ed by
means of a spring nechanism 266, to the sheath 2210. The Internal walls of
t he sheat h 22idéntiicetiensfeurdsavheremchp negeate-aptycal substratpds atdeast pretidllyet er of a
t hi ck | abel 25§.g§,which he tag 102 with a set of identification features
i's positionedx’f 1§§fpﬁF . 30A shows the situation prior to engaging the
magnet o-opti cal reading elenment 114 with the thick |abel 258. The springs

266 are in_an unconpressed state. FIG (gOB shows t,?ﬂ? magnet o- opt i cal
readi ng el @mehte readingdevics Qfsrasmds ¥bgreiyie agnstpoPtiral sROSASCPMPEELS\then

readi-ng the t@g hldnochiit, ROt §G AR R ESN: -substantially surrounds the
thick | abel 258. Wen the magneto-optical read head 114 is conpressed

agai nst the t hiaploptiedlbl trapggarentisebstiore; ngs 266 are conpressed and the

magnet o- opti cal i [ 114 is pushed inside the sheath 2210. The
internal walls aoégf%éi&g g&?@lo surround the | abel 258 and provide the

user with a physsecald wagaglpant nechanismto ensure that the reading device
104 is correctly aligned to the |abel 258 (and therefore to the tag 102 and
itsfingerprint region 112). The | abel 258 and sheath 2210 can be of any

sui t abl e sBapehe kR/inEIATR oF ctaiH P Mh@reid B kAl BoatinilARIIsDaRlalPOLUENT,
however it is preferable that the shape is not conpletely symetrical, i.e.

that the shapeangparejiang parépiinedlective. ori ent ati on of the readi ng device 104
or scanner with respect to the | abel 258. Such a | abel 258 and sheath 2210
configuration is shown in FIG 31, described below. [00176] FIG 31 shows a
met hod of Hedthergading ddbade A8lhimi3, wharvirathe gevord todtimgtlayeereflzots at leasta

portion of light, wherein the light is monochromatic.

5. The reading device of claim 3, wherein the second coating layer comprises a

dichroic mirror.

6. The reading device of claim 3, wherein the second coating layer comprises a

dielectric mirror.

7. The reading device of claim 2, wherein the second coating layer is configured to

change a reflective property.

8. The reading device of claim 7, wherein the second coating layer is a switchable

MmirTor.
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usi ng a magnet o-optical reading element 114 in accordance with an

enbodi nent of the invention. The | abel 284 contains an enbedded fingerprint
regi on 1Mocouansm2by a thin cover |ayer 160 (the fingerprisceon@gisn 112 is
not shown sinceit is hidden by the cover |ayer 160). A Data Matri'x barcode
186 and human -readabl e serial nunber 182 are printed on the surface of the
cover layer 160. To achieve a desired alignnent for reading the fingerprint
on the | abel 284, a conbination of a notch 280 on a housing 282 surroundi ng

or adjacent, ta the,.magneto-optical ,readin lenent 114 _ 222 on a
| abel 284 éanﬂﬁéef@%g?vécepﬁ%lﬂg?ggeﬁe dﬂé? %cglge AR &ﬁ%% N g%gctﬁ%gdr{rggnet 0
-optical readirbgp &ineizaRg oflalgblirdzatic®p@PErty pala wWheeldrgieprop&4;. t he not ch 280
on the housing 282 of the magneto-optical reading elenment 114 provide a

mechani cal guide to ensure accurate alignment and orientation of the
scanner Wt : . I ' Lg; to

205 St t he DapiaRRAle JAICII A3, whadh MOLAHIRUEL D RCRIpLS Khnbine
preferred al i gralematingoresnt treindudea thagnstin jeldspitnthy misgneticideattidieatiope sheat h
as described with reference to previous figures. [00177] FIG 32 shows a
net hod of reaeém?tﬁifs‘a tag 102 containing a fingerprint 112 in accordance with
an enbodi nent of the invention. The tag 102 is enbedded in the surface of
an itemof value 262. The item of value 262 has a protrusi og\For.éﬁ{ ot rusi ons

3210 adj acéht Thegeading deiceiqfzlaim s whepipithe eading devisqcompuisgRelrgAed Yt o gui de

or interlock whhhefiousing 282 of the nmagneto -optical reading el enent
114. FIG 32A shovvs t?’ule situation prior to engagenent between the reading
el enent 114 and tag 102. FIG 32B shows the situation during engagenent.

Here the to-optical r i.ng e .S at the
magnet i ¢ Fgggﬁheg“’% %‘ilceloi(}?aérgnf g&:‘?%ﬁ'(nﬁc}? }%’é mlgéigg}[ag?ssjm nélgcg:f)gésjg}g{?%xi mty
to) the surf agggmets dohfigirad tolgbAeraleesupstaitallyi unifornd Aiblgnat fiddwihirebpedthe
position of the reading.el enent 3#4 with respect to the tag 102. Note that
protrusi ons 3‘21’@‘%@%‘6%@&%“% PYEhd the tag 102 or the housing 282 and
protrusions 3210 may al so be fornmed on the tag 102 itself or on a label to
hel p guide the alignnent. [00178] FIG 33 shows a tag 102 containing a
magneti ¢ f ilAgBreneading davice of claingrlowherepthe srading dswice comppses pdighiesoptrent i f i ed
i n accordance wth an i i i : I f groove
264 for the t%(t)grf ﬁ%brﬁﬂéoagé%gagéuﬁ%ts% %I"h‘{e‘%“%ﬁ’y‘gﬂn{“tlﬁgt Srlga%ﬁ% %%\?lﬁ éga 104 or
scanner and tmondinasicilizhtidgals ik ofia walehdnigthncapablebfprod@ingSucimage gr oove
264 is also of the optical identification features or an image of the magnetic identification

features.

14. The reading device of claim 13, wherein one of the at least two monochromatic

signals passes through a polarized lens.

15. The reading device of claim 14, wherein the reading device is configured to generate
an image based on the image of the optical identification features and the image of

the magnetic identification features.
16. The reading device of claim 1, wherein the reading device comprises two or more

light sources, wherein a first light source is configured to generate a monochromatic

light signal capable of producing an image of the optical identification features and a
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advant ageous if the object 262 to be identified has no suitable flat
surfaces on which to attach the tag 102. Such objects include cylindrical
obj ects byb 0fib00s2! i Mted. Such a groove 264 al so has phesedy@phage that
it helps to protect the tag 102 from nmechani cal abrasion and inadvertent
contact with objects. Note that the groove 264 need not be an open-ended
trough as shown in FIG 33, any depression, e.g. a four-walled square
section depression may be suitable. [00179] Wiile the invention has been
particularly shown and described with reference tq.spegif] odi nents, it
shoul d be undesosd dight seyree ppeaabigried tuymMoRo¢ %ma%h@ﬁa’%g@&a %otlj‘gméhanges in
form and det ai | gggg- i 1 dnQedtiodgpaides.Nng fromthe spirit and
scope of the pr%d\yg%éiagﬁma et%%]ﬁlgel%{égflwtéﬁg appended cl ai ns. The scope of the
invention is thus indicated by the appended clains and all changes which

come within the nmeaning. an an f equi ¥ @E nlod6crabRhiiBligt © '

t her ef ore ﬂ?‘rt@ﬁd@"tﬂhﬁ%‘i]egé’eéﬁﬁmgg’.‘%}eé?lgild{sl\ég%tgﬁgmd Fe 1A readiﬂfng devi ce
for reading npgRRlacesMEowyhld foldrizedfeasmat i on, the reading device conprising
a reading elenment, the reading el enent conprising a nagneto-optica
substrate adapted to read overl appi ng magnetic identification features and
optical ideptlfication tearl,6817\IE6inThd RediiBaeetis optfighadd wighseratat e i s
at | east ngtthaelrf:%ﬁﬁ(ﬁg%vg%ﬁtfy tran’sparrent . 2. _l'ﬁg%e_ r eadi ngaéIHevi ce of .claim 1,
wherei n the nmgraEebepd oo die mabsefthe epticshisentfcatign fegfures ATE8ERE  t he

| ayer arrangenent copprisi.ng: optically transparent substrate; a first
coating Iayeﬁ?e&Hﬂmﬁmé@?Wﬁﬁg§E§?¥W%glayer. 3. The readi ng device of claim
2, wherein the second coating layer is partially optically transparent and
partially reflective, 4. The reading device.of.claj , £k Redille second
coating | aylérA resdingdeyicgifon rgading ma IPiaB%OBtF“F F‘g%%a%\/\ﬁélr%\{%%&t%eelli ght is
nnnochronaticanéTm- e reading device of claim3, wherein the second coating
| ayer conpriseslh I"Chroic mirror. 6. The readin devhfe of gla%ﬁkﬁ,
wherein the secorddingaleinegt doaypsisinggpranssopyical substrate, the magneto-0p

substrate comprising:
a reflective layer configured to reflect a first portion of light; and

a transparent layer configured to pass through a second portion of light;
wherein the reflective layer and the transparent layer overlap to form an
overlap region, the overlap region being capable of reading both magnetic and

optical information of an object.

20. The reading device of claim 19, wherein the magneto-optical substrate comprises a
layer arrangement, the layer arrangement comprising:
an optically transparent substrate;

a first coating layer; and

a second coating layer, wherein the second coating layer is partially optically

transparent and partially reflective.

21. The reading device of claim 21, wherein the second coating layer reflects at least a

portion of light, wherein the light is monochromatic.
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dielectric mrror. 7. The reading device of claim2, wherein the second
coating layer is configured to change a reflective property. 8. The reading
devi ce ofwol2aimmodz22wherei n the second coating |ayer is &cssiczeihabdse
mrror.9. The reading device of claim7, wherein the reflective property is
selected froma group consisting of a polarization property and a

wavel ength property. 10. The readi ng device of claim1l, wherein the reading
device is configured to generate an alternating current to induce a

magnetic field with the magneti¢.ident.ification f ises HN€ readi ng
devi ce of &-éﬁhmrqad}naﬂ%csiﬁg‘ﬂﬁ%g}’e%ﬂﬁ tlt?es\%%ngi c@Sr&;@ﬁé tldg%?om%ses
el ectrical | ycphdiictdingr.coil's. 12. The reading device of claim1, wherein

t he readi ng device conprises one or nore nagnets configured to generate a
substantially uniformmgnetic field with respect to the nmagnetic

identifica f eat ures. ] r L: | in€lagérBoprivézer ei n t he
readi ng de %"213‘368 i eé’écez]iO%Fllalgﬁ'?l’s‘gﬁ(ér;%:lgqé%ﬁ{?lgﬁoggm%o%enerpate at |east two
nmonochr omat i Qidledié médrginal s, the at | east two nonochromatic |ight signals
bei ng of a wavel ength capabl e of producing an i nage of the optical
identification features or an inmage of the magnetic identification

features. 34 1yERg.difP@iig demin20okhatiaitme sedondidvating layanie coffigura tat | east
two nonochromatic signals passes through a polarized | ens. 15. The reading
devi ce of cl ahange reflpeiveipronel®. r eadi ng device is configured to generate an
i mge based on the inmage of the optical identification features and the

i mge of the magnetic identification features. 16. The readin vi ce of
claim 1, whergidreidiss doad ofglamidcwheemihé sceand oasting 1%‘?‘éals}”§%fa gour ces,
wherein a first light source is configured to generate a nonochromatic

| i ght signal B8fPAbl e of producing an inmage of the optical identification
features and aT/ SG010/ 000259 second |light source is configured to a

nmonochromatic |ight signal capable of producing an i e qQf .t netic
i dentifi cat%oﬁhdxggiigg égx{ice of claFi)m 24, wherelel tﬁe retlective proper;r'%qs seﬁectedh ol 2Y

group consisting of a polarization property and a wavelength property.

27. The reading device of claim 19, wherein the reading device is configured to generate

an alternating current to induce a magnetic field with the magnetic identification

features.

28. The reading device of claim 27, wherein the reading device comprises electrically-

conductive coils.

29. The reading device of claim 19, wherein the reading device comprises one or more
magnets configured to generate a substantially uniform magnetic field with respect

to the magnetic identification features.

30. The reading device of claim 19, wherein the reading device comprises a light source
configured to generate at least two monochromatic light signals, the at least two
monochromatic light signals being of a wavelength capable of producing an image

of the optical identification features or an image of the magnetic identification
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17. The reading device of claim16, wherein at |east one of the
nonochromatic |ight signals passes through a polarized |lens. 18. The

readi ng dwwoi20e/0622¢l ai m 17, wherein the readi ng devi ce ipeTGoRbiogussg t o
generate an i mage based on the inmage of the optical identification features
and the image of the magnetic identification features. 19. A reading device
for reading magnetic and optical information, the reading device
conprising: a reading el enent conprising a nagneto-optical substrate, the
nagneto-optigal substrate conprising: a reflective layer configured to
reflect a fi " Bortion of light; and . a transparent |ayer configured to
pass through a second portion of light; wherein the reflective | ayer and

the transparent |ayer overlap to faorm.an overlap region, t rlap region
bei ng capabl.dheteadgdictige Bb¢ANHAY MU GRRO'IPE P@ﬁ"ffﬁm WP%%C?’?()&%{% an

obj ect. 20. Tp d@@@géﬁﬁmglﬁk Slatzefletd. M 19, wherein the nmagneto-opti cal
substrate co I'ses a layer arrangenment, the layer arrangenent conprising:

an optically transparent substrate; a first coating |ayer; and a second

coating |layer, whereip the_.seco oat.] i i i |y

t ranspar en?Z-dH8 T74ME ‘{él"}cﬁ ofglﬂnégﬁ’ivg/ e.”’"ﬁ%%’ lj‘?%%% ‘é%‘?ﬁeﬂg%d&?":“teg Tg?&}:ei%;% m 21,
wherei n the $g¢ans KRal e iBx@s offied dnichkidedtificetiet featupssrand dhe imege oight |
wherein the light is nmonochromatic.22. The readi ng device of claim 21,
wherei n the decoaghetioidentificatigpdeat¥ehpri ses a dichroic mirror. 23. The
readi ng device of claim2l, wherein the second coating |ayer conprises a
dielectric mrror.. 24. The readi ng device of claim?20, wherein the second
coating | ag®rTheseaiing dayiread clapn d A.awlpseip theepding AGECFOFPEIES WO MOFf o

g\?ﬁ? IC Rgbldgv Imfrlireg}lg;o_u(r:cleg,l v%e%éih avg}se(rh%hpso%pc% is g&ﬁ&r&lqatgkﬁwatk @Yrnotlromatic
light signal capable of producing an image of the optical identification features and a
second light source is configured to a monochromatic light signal capable of

producing an image of the magnetic identification features.

34. The reading device of claim 33, wherein at least one of the monochromatic light

signals passes through a polarized lens.

35. The reading device of claim 34, wherein the reading device is configured to generate
an image based on the image of the optical identification features and the image of

the magnetic identification features.

36. The reading device of claim 2, wherein the first coating layer is a magneto-optic

film.

37. The reading device of claim 2, wherein the magneto-optical substrate further

comprises a protective layer.

38. The reading device of claim 1, wherein the reading element comprises an

engagement element for positioning the magneto-optical substrate.
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26. The reading device of claim24, wherein the reflective property is

sel ected froma group consisting of a polarization property and a

wavel engtwopoopwsi2g. 27. The readi ng device of clai m 19pcuseneionoiie

readi ng devicte is configured to generate an alternating current to induce a
magnetic field with the nmagnetic identification features. 28. The reading
device of claim 27, wherein the readi ng device conprises

el ectricall yconductive coils. 29. The readi ng device of claim 19, wherein

t he readi ng device conprises one_or, nore nagne i [ugenerate a
subst ant i @9 yTheneddingdevicg F]iaEngﬁ’e‘f’IEFrW?}he T g%eecetn?taglfnlteﬂ&e%ﬁggﬁrﬁet?c

identificatign feal 4 esondB-opliPa sikadieng device of claim19, wherein the
readi ng devi Ce conpri sesgna | Tght source configured to generate at |east two
nmonochromatic |ight signals, the at | east two nonochromatic |ight signals
bei ng of a wayel engt h capabl.e. o 1c] B OseRéntti&@saiallg al

i denti fi catd-d ef%‘gg\ﬁrdégmg??%ﬁmf %%S{ah%g#?tlﬁgngn’%geﬁgtﬁi c identjfi ga%i onf eat ur es.
31. The readip@pRarhey @fshapeaban sigagamentsiak snhiedds arnbiest thPEE {OTIRS
monochromati ¢ signal s passes through a polarized |lens. 32. The reading

devi ce of cl anmmtedockiflBeR@f t he reading device is configured to generate an
i mge based on the imge of the optical identification features and the
image of the magnetic identification features. 33. The r.egdi ng ggvi ce of
claim 19, ahemeireadingedevisadit olgind 3%, whereip fisrsneageneRb SIsPemgy LTFGAT * sour ces,
wherein a first, light source is configured to generate a nonochromatic

| i ght signal Cé}ilﬁé‘f)‘%gce(‘?f‘ produci ng an i nage of the optical identification
features and a second light source is configured to a nonochromatic |ight

si gnal capabl e of producin n image of th LG ol lehst aBdUt 90
features. 32 Thereadingdrvifg é@f’@é‘lo‘gﬁﬂﬂﬁiﬂtﬁﬁ%&%@\%ﬁﬁgﬁﬁmg’?g{ 'gast one of the

monochr omat i ¢ )| c?'ﬁ'ét Si AL SbBRSSOmicRntah od apiehstiabaus 00 greromssrs of e

readi ng device 0o chaim 34, wherein the reading device is configured to
generate an ileagy@5@as@dmetarst he i nage of the optical identification features
and-the image of the magnetic identification features.

43. The reading device of claim 38, wherein the engagement element is formed as a

protrusion.

44. The reading device of claim 43, wherein the protrusion has a height of at least about

50 micrometers, at least about 150 micrometers, of at least about 200 micrometers or

at least 250 micrometers.

45. The reading device of claim 38, wherein the engagement element has in cross-

section a circular shape or a polygonal cross-sectional shape.

46. The reading device of claim 1, wherein the reading element is adapted to conform to

the tag or object to be identified when brought into contact with the tag or object to

be identified.

47. The reading device of claim 46, wherein the reading element comprises a

conformation element facilitating the reading element to conform to the tag or object
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36. The reading device of claim2, wherein the first coating layer is a
magnet o-optic film 37. The readi ng device of claim?2, wherein the
magnet o- owdi20Al00s12bst rate further conprises a protectivechagseol8aso The
readi ng device of claim1, wherein the reading el enment conprises an
engagenent el enent for positioning the magneto-optical substrate.39. The
readi ng device of claim 38, wherein the engagenent el enent substantially
surrounds the nagneto-optical substrate. 40. The readi ng device of claim
38, wherein the engagenent

enga | ement [s essentially conpler ry.in shape to
an engagenentto be ieRrti @W]Pfé‘t{e’ﬁﬁea 8§ Bf‘sﬁﬂﬁ‘@'}gg‘b 9%@%}13@%"% 8}rl ocki ng

nmeans. 41. Tho%jerc{a%.d[jeq@enql@i\é&ce of claim 38, wherein the engagenent el enent

is formed as a"cavity or recess. 42. The readi ng device of claim4l,
wherein the recess has a height of at |east about 50 mcroneters, at |east

about 150 nicroneters, of at.|egst ] Gl St Bfnpakesl a8 RSG5t 250
m cr onet er 43 Lhe reaging 4e(¥éf(§i°§§1 e\%?tweﬁ%%ﬂt&l%%%f%?ﬁmﬁgﬁ%n théﬁi eensgagement
el enent is f Qi EREAS aBpeHge! 4 siRtioNsystetn, aHydraukiasystgn, depnicamait systeal- m 43,

wherein the protrusion has a height of at |east about 50 microneters, at
| east about 150 micronmeters, of at |east about 200 m croneters or at | east

250 microngpeps. 4b. . JRG&e RRMiAA708NER 1B cotlferhiinids clewlort mishestaneagingagement
el ement has in crosssection a circul ar shape or a pol ygonal cross-sectional

shape. 46. Thie readnligripntayagainsban areatonhelre N TRAGME readi ng el enent is
adapted to conformto the tag or object to be identified when brought into
contact with the tag or object to be identified. 47. The readi ng device of
cl ai m 46, wher Ieadiﬁlgedé@ﬁﬁﬂ%@imlﬁnwhéremah@cdmfwaa'on@Wﬂhlataﬂ@rﬁedépenent

facilitating the reading el enment to.confarmto the tag. ' e
i denti fied whemteethe puEgE At Ir%arﬁjé?ﬁel?’gelﬁ?@ﬁb%?ng %%ag%gﬁtﬂa%@%ﬁgtﬁgﬁﬁe tag or

obj ect to be jdentidiedbrdtne gt £RMURGTARYI ce of claim 47, wherein the
conformati on el'enent conprises at | east

51. The reading device of claim 47, wherein the conformation element is designed to

allow the reading element to sink below the level of the engagement element if the

reading element is pushed.

52. The reading device of claim 47, wherein the reading element is housed below the
level of the engagement element when not in use but when engaged with the tag or

object to be read, the engagement element pushes the reading element onto the

surface of the area to be read.

53. The reading device of claim 47, wherein at least the reading element is dist‘anced
from the engagement element allowing the reading element to conform to the tag or
object to be identified when brought into contact with the tag or object to be

identified.

54. A method of identifying a tag or an object adapted to be identified, the method
comprising:
generating a first signal from a magneto-optical reading of a first set of

identification features located in the tag or object adapted to be identified only, wherein a
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one spring, a sponge, a suction system a hydraulic system a pneunatic
system 49. The readi ng device of claim47, wherein the conformation

el ement pyahes@krheast the readi ng el enent agai nst an apggcheoRgsead
during reading. 50. The reading device of claim47, wherein the

conformation elenment is adapted to protect the surface of the reading

el emrent from being damaged if the reading device is dropped or is brought
agai nst a hard surface. 51. The readi ng device of claim47, wherein the
conformation elenent is designed to allow the reading el enent .to sink bel ow
the |evel figdt sétwimgﬁgmm;featmeemmnsmaéﬁerdﬁ@édlpﬁ{jgf‘é‘%‘é‘ﬁ‘é agnete Ok hed. 52.
The readi ng device of. cl ai . rekd), 1. i eo\Btt, Weerbiiuled bel ow
the | evel n&?ﬁn‘ftﬁébléH@ﬁ‘ﬁgeﬁét}?@dég%nn%@e%%ﬁ{l%g%&?ﬁ&‘l%%aghtB%hen engaged with
the tag O%Qleigﬁatgeh@m&a fFopdfbadinh ehecgageokidentdficenemfeafyiestae sughHe U8 4Rl ng

el ement onto the surface of the area to be.read., 53. The readi ng devi ce of
cl ai m 47, daties &firt %lgnﬁtéfﬁg?“@ﬁélf)’lé‘&g?erfég &1 @Hﬁ‘ﬁ’t s distanced fromthe

engagenent ele | ot Life k6RAdkaEneh ¥end sdt of identifivation featunes, t ag or
obj ect to be iggﬁr%?tﬁgeadg%ﬂgn %{r%ought [ ntge(; contact w t.&F t.ge t ag agrr object to
be i dent i fviteekin Sk sedondesetafddatificatontfpatyiergmprsespPyralddentF dor WS ed to be

identified, the_ nethod c rising: r.ad id%e&nlisbSdf i@dntifidationfedtures
magnet o- optieEen ﬂ‘reél%{?fisﬁboﬁggglq%??s fese{ §8€(§ Pﬁeﬁt Ification features |ocated
in the tag, RhstPithaY oeeddpl ed to be identified only, wherein

aT/ SG2010/ 000259 first set of identification features conprises a
di sordered arrangenent of nmagnetic or nagneti sable particles included in an

| denti fi Ca},s% Ofhe A4S chlﬁhﬁszﬁ aheRiin QBidRGEderadheregeménh of fiagsticor gnal
generated fromreading t

e first set of identificatior fedatureﬁcas such is
used to deri vimagnefisabixt pasiiqeracompaisesor Plpealifit olrgn ﬁém?q’é“ée of &% et ; and
generating a second iilgag_gll fromreading a second set of identification
feat ures, whePagsupale BREGEY set of identification feature conpri ses
optical identification features, wherein the first set of identification

features and Hhe SRoenfusst s8R blethAALLOPuriaRs dhfihistl a bapsbatibry al |y

material.

57. The method of claim 56, wherein the high coercivity material is selected from the

group consisting of Neodinium Iron Boron alloy.

58. The method of claim 57, wherein the magnetic particles comprises a ferrimagnetic
material, an antiferromagnetic material, a ferromagnetic material or domains of
varying magnetic properties within a continuous material (including voids causing

variable magnetic properties) and combinations thereof.

50. The method of claim 58, wherein the ferromagnetic material is selected from the
group consisting of MnBi, CrTe, EuO, CrO2, MnAs, Fe, Ni, Co, Gd, Dy,

corresponding alloys and oxides of Fe, Ni, Co, Sm, Gd, Dy, and combinations

thereof.

60. The method of claim 54, wherein the first signal generated from reading the first set

of identification features and the second signal generated from reading the second set
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55. The nethod of claimb54, wherein the disordered arrangenent of magnetic
or magneti sable particles conprises a plurality of randomy distributed
magnet i ¢ Wo 20mgnsiesabl e particles. 56. The nethod of cleair®Gadlo/0edees ei n t he
magneti c particles conprises a high coercivity material. .57. The met hod of
cl aim 56, wherein the high coercivity material is selected fromthe group
consi sting of Neodiniumlron Boron alloy. 58. The nethod of claim57,
wherein the magnetic particles conprises a fepimagnetic material, an

ant | 1 err omagngt i fBkith iBhurcfat G HERAARY LéedBUSIVEAl fief sigiBe asl o1 varyi ng
magnetic propertres wthin a continuous material (including voids causing
vari abl e magretdnd signames for elentifmyg the tdgionabjeons t hereof . 59. The met hod of
claim58, wherein the ferronmagnetic material is selected fromthe group
consisting of vnBi, CrTe, EuQ Cr2, MAs, Fe, Ni, Co, &, Dy,

cor r espondigNOriR! haN&l dNdhivG4g@herin the optidal ideatifiGiipn Gapur&ycongmigescombi nat i ons
thereof. 60. The nethod of claimb54, wherein the first signal generated
from r eadi ng barede pr sholegiampf | dentification features and the second signa
generated fromreading the second setof identification features are

i ndependently used to derive a first signature and a second signature for

i dent i f yi ng2iTte realingdevidsjofctaim §4, wireinithe firstises pf identifination fGAhEesAnd  he

optical identjfication atures ¢ rises e 0 . The
readi ng devi d&e gfeor gﬁﬁ%%ﬁvﬂéﬁﬁpgﬁﬁﬁyﬁﬁﬂ?Fﬁg@ggﬁﬁﬂb %ﬁ%ﬁ%ﬁ%?gé%?ggﬁg
features and ¢her 562 adapi@t to Ok idedheifitd.f i cation features are located within
an engagenent track in the tag or object adapted to be identified. 63. The
readi ng device of claimb54, wherein the first set of identification

features agd HGeRfEOBLIRH RimiACHhikinGHl ifisd: oRiddhBRcaibR frurédundsane
pl ane. 64. e readi ng devi ce of claim54, wherein the first set of

i denti fi cati ohe fezahdisetof dentifidation &abres yepn Hfe ABEMANLi cati on features are
on different planes. 65. A nethod of identifying a tag or an object adapted
to be identified, the nethod conprising:

64. The reading device of claim 54, wherein the first set of identification features and

the second set of identification features are on different planes.

65. A method of identifying a tag or an object adapted to be identified, the method
comprising:

generating a first signal from magneto-optical reading of a first set of
identification features located in the tag or the object adapted to be identified,

generating a second signal from reading a second set of identification features
located in the tag or the object adapted to be identified;

wherein the first set of identification features and the second set of identification
features at least partially overlap; and

wherein the first signal generated from reading the first set of identification
features and the second signal generated from reading the second set of identification

features are used to derive a first signature and a second signature for identifying the tag

or the object.
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generating a first signal from magneto-optical reading of a first set of
identification features located in the tag or the object adapted to be

i denti fi eslo 20em@sRki Ng a second signal fromreading a secosd26®i00059
identification features located in the tag or the object adapted to be
identified; wherein the first set of identification features and the second
set of identification features at |east partially overlap; and wherein the
first signal generated fromreading the first set of identification

features and the second signal_ generajed.fromreadi t he.. t of

i denti fi ca66-d"lhefr@dtqsir(é§laﬂpg5u‘§]é%¥elpdh‘ﬂéﬁsf %‘%‘“’i gpr?e,r%g& gg‘é‘r{g?dtﬁé&g%gstgas econd

st gnature f ob,el fephLith AhulrBearidflc Modd\@gltl8RkarbP ofheadimd hodechd sitai m 65,
Si g

wherein the 1 nal generated fromreading the first set of

i denti fi cati ofiideanfication faatures dre gensraediatsheyspamne @aeer at ed from readi ng t he
second set of identification features are generated at the sane tinme. 67.
The met hod of claim65, wherein the first set of identification features is
posi ti onedgftria fdtici ofReSinte5OWhesh thé firss e ofiillesficatibn ifehtures i ipesitionsd
features is positioned at a second po§i tié)‘?. .68f The nethod aof ¢l aim 67,
further conprat sifirgpeshemandihe sesend pot of 1dspiLhqafig IGRTRS 1P RRSEEE034” posi ti on
before deri Visre]g)r@pfogiﬁ&tl signature and a second signature for identifying
the tag or theé object. 69. The nethod of claim®65, wherein the first set of
identification features conprises a disordered arrangenent of nagnetic or

magneti sabl e particles. .70. _-The net hod. i ﬁqlgﬁ; i tRd sor der ed
arr angernentsg'o??he M‘?%l%?‘% efgozﬁﬁlggﬁac%@gﬁlég%&np’r iogiélgng?ﬂp;‘l urality of
random y di stdepdidtRditicRBERE derivingmfimedigzalt eng astdood signatgre. forrhe et hod  of
claim 70, wherein the magnetic particles conprises a high coercivity
material . 72.idamiyipsthedas erthePlicth 71, wherein the high coercivity material
is selected fromthe group consisting of Neodiniumlron Boron alloy. 73.

The met hod of claim 69, wherein the nmagneti cﬁ&ar_ti cles corTFri ses a
f epi magnet i60. Tiatmethad of aimeéf, wWherein e fne et fidangfication fsatpres FYRRILKEE | ¢

material or d(ﬁg)ﬁ}'ldgrgd glfrangement of magnetic or magnetisable particles.

70. The method of claim 69, wherein the disordered arrangement of magnetic or

magnetisable particles comprises a plurality of randomly distributed magnetic or

magnetisable particles.

71. The method of claim 70, wherein the magnetic particles comprises a high coercivity

material.

73 The method of claim 71, wherein the high coercivity material is selected from the

group consisting of Neodinium Iron Boron alloy.

73. The method of claim 69, wherein the magnetic particles comprises a ferrimagnetic
material, an antiferromagnetic material, a ferromagnetic material or domains of
varying magnetic properties within a continuous material (including voids causing

variable magnetic properties) and combinations thereof.
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varying magnetic properties wthin a continuous material (including voids
causi ng vari abl e magnetic properties) and conbi nations thereof.74. The
readi ng dwwvi2ee/mb22¢l ai m 73, wherein the ferromagneti c metesicabioiososel ect ed
fromthe group consisting of MBi, CTe, EuQ C 2, MAs, Fe, N, Co, d,
Dy, corresponding alloys and oxides of Fe, Ni, Co, Sm Gd, Dy, and

conbi nati ons thereof. 75. The nethod of claim65, wherein the second set of
identification features conprises a chip, a nagnetic strip, a serial

nunber, or_an_opti_cal. narking. . .The thod of ¢l aim. Fnothe chip
is a radi o’4Abgiedng die?ﬂ’éﬁf’k‘lr’]g%gﬁdwefeéﬁm% e‘ﬁo%%lteg% 2 {;Qé‘é‘se‘é S%yﬁc?%@ﬁ% The
net hod of cl %'(ff@rg\ﬁ; cdf{eﬁﬁ;ggj@fmsi,mé,fmo,mogiM@A&S?eaNbﬂochdDmr a hol ogram
78. The met hod ©of claim65, wherein the first set_of ide%’tfi.cation
features and comespsedingalleysandpxiderafifier Nb 4o SA LdaPr 24 cMBMaFR%} ed wi t hi n
an engagerren;lﬁtﬁéogck in the tag or object adapted to be identified. 79. The

nmet hod of cl 5, wherein the first set of identification features and
t he second set of identification features are on the sanme plane. 80. The

met hod of cl ai m 65, erein_the first set,of pdentdf]. i f s and
the second’%dhegeth tC[aF‘PéétW freindhs grreRd st 8¥%ﬁ&%¢°€?§€%ﬁ@%ﬁlc§ﬁ%§ .E£81. An
i denti ficati qupgy§haghét suislantifltuiben of agogicabmadijeect adapted to be

identified, the systemconprising : a tag for identifying an object to
which the tag may be attached, wherein the tag conprises at |least a first

and second of Jdentificat] : [ id&ntifidstid ta®bi £Ct
adapt ed to7€gﬁ’led%eﬁ]?°%f9r}tac&l Jngﬁd%vgg?{élgtg% %ﬁzse%/%ggtig%gg{b ing to cl ai%

1. 010/ 000259 cBRtactTBueed ctémt i fi cati on system of claim 81, wherein the first
signal obtained fromthe reading elenent is nornalized agai nst a signal
obtained fromthe sanme reading elenent in the absence of a substanti al

magneti ¢ f helfhe B3hodlSreldiment whieat theBptisabinarking isalbarcod8ar a vlegremn t he
normal i zation is achieved by subtracting the signal obtained fromthe
readi ng el enent in the absence of a substantial magnetic field fromthe

signal - obt agngd f IO §18aifnc3d WRdret BEBRE s Mentification features and the

second set of identification features are located within an engagement track in the tag

or object adapted to be identified.

79. The method of claim 65, wherein the first set of identification features and the

second set of identification features are on the same plane.

80. The method of claim 65, wherein the first set of identification features and the

second set of identification features are on different planes.

81. An identification system for identifying a tag or an object adapted to be identified,
the system comprising :
a tag for identifying an object to which the tag may be attached, wherein the tag
comprises at least a first and second set of identification features located in the tag or
object adapted to be identified; and

a reading device according to claim 1.
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engaged with the area to be read. 84. The identification systemof claim
83, wherein the normalization conprises identifying portions of data in the
si gnal bevogorigmsk2ahi ch may be less reliable than the otberscdeatackseause of
damage or variations within the reading elenent, said |less reliable data
bei ng processed differently to the other data. 85. The identification
system of claim8l, wherein the first signal obtained fromthe reading

el enent is processed by setting all data in the signal which is bel ow a

predefined threshol.d to a predefined. val [ ' qded @ and only
storing da%% 1pf F@Pﬂg‘f%nts@e%ﬂgglﬁlgégl’pﬁls#%g%i%t S%@q%ﬂéﬁgg% g()%.lt hat is above
the predef i nedqilarefshiai & nodfaliZBaegdidantsignatetitaioed Symttensaote readinan 81,

further conprising a data storage me_d{ umin :ﬁ?* ch a reference signature
obt ai ned f r oelementindherhsenqcad gisnptantial Magnetie §€id i cation tag is stored. 87.

The identification systemof claim86, wherein the data storage nedi um for
the prestored reference signature is a data storage mediumrenpte wth
respect t ogi e ideadficgiodaysten of 813im $Phevhadein thef nasmalizHon {SAcaigy %% ai m 86,

further conprising a_ data processing.devi [ 1 t to the
readi ng devi GBbtr thers1g0q Ob&ﬂ?ﬁis%?rg(%esrff“ﬁgg ﬁ%&@n&éa%gﬁﬁgg?fo erformthe
dat a processiggkinfialhaetit @l h tehtgnabatstained framuthereading elemenpvkast or ed
reference signature. 89. The identification systemof claim86, wherein the
data storage engzﬁedmiﬁldhe@m@top‘?ee@%r ed reference signature is located in the
tag which is attached to the object. 90. The identification systemof claim
86, wherein the data storage nmediumfor the prestored reference signature

i s | ocat ed i THeligentifiic stixn. syStgm oflebith 83 nwhereiadhe pefmeljzationc8TPEISi m 86,

wherein the data storage nedjum i LG dSEHiEPmaf b REPFYiabiBiian @ nedi a
di sk, a hard 1@;@q@m%pgﬁ@p'f 9%’6# ,‘“‘3" %ﬂ@%@@%?@d a rraygrjlﬁgti c tape or
conventi onal QphincAdatdTBaASscDfdhmage ¢ vaRatirarsorithin the rérdingsgiement, said less

reliable data being processed differently to the other data.

85. The identification system of claim 81, wherein the first signal obtained from the
reading element is processed by setting all data in the signal which is below a
predefined threshold to a predefined value or by ignoring the data and only storing
data (including the physical positioning of the data) that is above the predefined

threshold.

86. The identification system of claim 81, further comprising a data storage medium in

which a reference signature obtained from a reference reading of the identification

tag is stored.

87. The identification system of claim 86, wherein the data storage medium for the pre-

stored reference signature is a data storage medium remote with respect to the

reading device.

88. The identification system of claim 86, further comprising a data processing device

remote with respect to the reading device, wherein the data processing device is
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adapted to perform the data processing in order to match the read signature with the

pre-stored reference signature.

89. The identification system of claim 86, wherein the data storage medium for the pre-

stored reference signature is located in the tag which is attached to the object.

90. The identification system of claim 86, wherein the data storage medium for the pre-

stored reference signature is located in the object.

91. The identification system of claim 86, wherein the data storage medium isa
magnetic strip, a memory chip, a media disk, a hard disk, a smart-card, a RAM
module, a magnetic tape or conventional optical means such as a 2D barcode or

bitmap.
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