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 application 61/224,6128 is
¢ ENTF

i ncor por at ARBRAPIN VICEARLEJL'Q 10 ¥k B2 OR AN @BJEGT ABAPTED ELD OF
THE | NVENTI ON [ 0009 BEADENTRFRED, BELAKED MEEHQODS ANDS¥STEMSe fiel d of
readi ng devices. By way of exanple, enbodinents of the invention relate to

a readi ng device abl [ M ' Q{ | denti fi ed,

rel at ed nmet hods and @?nggﬁ% %%@E‘Fwﬂ %03] Recently,
use of al[ecegpetTlds fappﬂléhtifoﬁrmaldb@rtéfef‘érﬁattb QﬂdWlﬁ@&B§ bR tRIFPHORY B f &8 ensi ve
and vital. This can be seen | secured articles which utilize

magnet i ¢ AaYisienals Pé‘ienmi’ﬁﬁhﬁt{?gpﬁ?f/g‘éﬁ’ll(%% ﬁéedt meihy thedPpited iStates Bateneands. Sone
exanmpl es pRfdntitie o i Foly gW@ﬁécéﬂﬁlﬂ o?%aﬁh?g ?&vm&]iaq a{enf:?ﬂd)gﬁat%n .

tickets which typically use magnetic 1nks or etlc st storing
encrypt e(ﬁlé?e?éuerStlymcnmatad hemin t@taferenex &Jmlllqmlpcrseé indts eatitaty.count er f ei t

tags which use magnetic particles to create a random arrangenent which acts
as a magnetic fingerprint. In addition, magnetic barcodes and magnetic

patterns are al so gai ni ng popEIELD OF FHE®OVENTEONecurity features.
[0002] Embodiments of the invention relate to the field of reading devices. By way of
example, embodiments of the invention relate to a reading device able to identify a tag or

an object to be identified, related methods and systems.

BACKGROUND OF THE INVENTION

[0003] Recently, use of a magnetic field for identification purposes has been very
extensive and vital. This can be seen in a myriad of secured articles which utilize magnetic
patterns or magnetic particles as their identification meahs. 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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[0004] Using a magnetic field for identification is popular as it is an
af fordable formof a non-visible identification that can be read quickly
and rel i aRbyoriBRsides, identification tags which use nmaggaeisic8oio/o6d8s
generally do not require any additional power to function as the magnetic
field is an inherent feature of the magnetic materials. [0005] However,
means for detecting magnetic fields in the area of security features have
been ver ym¢dhanicad$wiNbg ectipagmae gradusliscweadlowtn) tedh the securghobjeat ahditheseader i ty

d d : I d . ' whj ch | I
ST di ng rOOGETERNEs, SRR AR FRESTE; bR TE IR aleE MAGHEIS R, gnat

I n such sosti digthepptiredibbetts Iftthd feselation adduires Bigh F8INticnOrellENE thR tRdaksi cal
gui de between the itembeing read and the reader in order to ensure that
the trackdCy Teat gfie il B M IRguire Ry AsCurHe a{igRBeRidp order & be rgad sorreqily.
mechani c L AL i . t he: : | ect
and the. Peadn BBkl e aRty SRAFGhRK (PR AR Mok Eic R LRSI 1
trapped ianfinehlevelulde snconthgse thatdehedspment of oew high-tebduti@careedetedtiosateans f t he
resol utiQn..requi re«(eisusetlgig&fresol ution reading the tracks being read are thin
uf

and may rvg(t:]hu]in} ém(/lery Accurat’&™al | gnnent in order to be read correctly.

Nevert hel[@®s] iA¢eemgae o aighirkiohitfoheiRtdc 6 ne®Dd 2 na8EAb-BplicD dakctone
magnetic field siognal to a fine level. This encourg{gﬁes t he devel opnent of

new hi gh-lR dibFaFio8magnei-opsicalcdipcsranfesimiar datt stopasee lpdteer dhbmagngjo-pBEC user s.
[0006] Argepx@diPlsechievéd B 8budc HihRA 1%?& 6fd RAeRhtk escc)jiiathe magﬁca}o- .

magnet o-optical detection. In the case magnet o- opti ca SCS simlar
dat a st ooatjeal désgi cEBle pelhezatian edtthe mfletted dight ot ¢hangédsdurctoi the edesbycebafinci ng
pol ari zed ] ight.Qff refl (Y urface of th net o-opt, cal disc. The
pol ari za?}l1 a rrllg% ﬁ(%i%élt &e%rg%%d[e%% rffﬂl%(f] At Slugﬁcc:?lggﬁa%raﬁﬁgggfogatpﬂéﬁ g}ee%oé?{&zéﬁ%* a
magnet i c if idat do ahe @agacwoptic tKar refetRcBl iResurihgale chgigerial potarizatien,rpt ati on
of the paolarization is due to the gneto-optijc Kerr effect)., By mneasuring
the chang& FRT Forbleit9 et grimeasurgerfoe sirength ff) the mpegetic feldeaihe eetlsrtivhe

st rengt h s@ffadeNehigRYNEH ivorkd QLB badautd6f theTdiR &t MR R4S @ECand T3LSd)SHd tugm wor ks
wel | because of the disc's formfactor (flat and round) and the ?eneral |y

beni gn egeRerghirbenign emeranments te dlissesresubiertedto. Hbpwerer ssewnityilebely ael s and
mar ki ngs Ay, sem%#} meeﬁﬁgtehﬁlﬂ%g\yﬁé Scrafehf Cg}fdn(gthanﬁi%rgﬁ Q&{ditﬂ)%rs Sajlﬂngg ri'lgelixt I ons
ITe. y Ia

during therr Service erefore 1n tthe case of securit I's" and
mar ki ngs senviceilde. Adieredd redry theprasecafi sealrity dabebeand markidps)dt immbhaldaydpradticabqui r es

t he substrate being read o5 exa e the lapel) t ont ai flat, clean
e ror ot i RERE AR Weh ST B s Beind il P apla g ot cos
f or magnebmampl i, dehesimoeinRK réflectit@uragé ution is to have the reflective
surface as a part of the reading device itself, thus reflecting |ight

i nt er nal [4P0%) t Hiorfueaielyqaligmagive rcqsder magneieoRlif deirstion gxibty Qnsrelutiol & cl ose
contact ¥ hivesihstidhide QRS &R Fa Yfind hliide GevRIARIE fhul | PhELhE ffhi Ne

substrate can influence the 1ight reflected off the reflective strface
Wi t hi n t herally cathiithes devegsTheheeflecting surfase risitbeousghi nigfor dost ¢antdet odth f r om

t he constr.aint .of havin o.have a f.lat nirror surface. [0008 nternally
Forl ot Vol 8 oo 1ot 18 o 8RB dhelie B C bR e SHbREGn iR BPOERE" o
use in t helebied|odf te Bilevtivgsudass wiglsin thelHetibe i ThivmR@BSthhtOhe istlgdratel betidt | On

purposes are yery limted. So exanpl es of nmagneto-optical readers are
det ai | ed“f?@l%&l?“{mgie %ﬁ?tfaé’éfr%thﬂlég?qﬂéﬁvéﬁtﬂaﬁl%‘érrsugF‘Z‘Be12, 866 di scl oses a

magnet o- RS alm@RRy ieB¥&Give hRgnAABFticAl G¥&erd Dath hRE} HvaRRA b %ﬂgy to an
appar atus constructed to operaté usihg nagneto-optical principles for
provi di ngreapy iferuese in ¢ Beld miatorage dsivicendmethair wiageseforiidentification 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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magneti c nedi um such as a nmagnetic tape. The hand vi ewer provides visual
representation using the Kerr and Faraday nagneto-optical effects. The Kerr
magnet o- owbi2ealoosf2bect produces a rotati on of the maj or pdirrseadiomno2sd

pol ari zation of the rays of a |light beamreflected froma nmagnetic surface.
The Faraday magneto-optical effect produces a rotation of the major
direction of polarization of the rays of a |light beam passing through a
nmagnet i ¢ egficligimediven suel e vanagpeticiape. idndand sigsier ppwides visvalemetenationf t he

Kerr and t Q- j f r Qv i mli tMde of
ot at Lon "SR KERORRE Puably S o LRALY dfioR) TN 1RGP HUMIBRIRY HHE D0
5, 742, 036 radwees asostian net the dndjar direotioh nef, padajrtation g thé daydecfodlilight beam

nmachi ne-r eadab. matri x synbal s i net o-optj C_ i i ng techni ques. The
patent i ﬁ\‘?@?c\%j]sg%lﬂﬁdﬁﬁgq‘fﬂg Fi‘é‘%"r‘??nﬁ“r @"gﬁfg’gl agﬁlg{or-ggpcglﬁ{g‘ggp paes ﬁgrgtag?P
subst r at e fikd BhjordFedidn bhfolasithtibh ONthe rayTRIAeeh SR Ep ABh L Hrélgh 2 Aihetiben, at

a later time, taking advantage of the nmagnetic properties associated with
the mat r iedymbbhe maeretagpticnl haadl vieer varske agmbmatien af thegiher endFaraday eadi ng

appar at u I W I ent i nl al,s,with

t he det egltl?éggw%#%\%lr%%gﬁﬁ &’M?ed%? ﬁgedrug?rr%g%llr&ﬁéprgfe% a{'t?ﬂe()frrr{%lt I%P’ %(logglr?ialglhg made
by depositeamng a vi scous magneti c conpound. In addition, the patent

descri be det ection of a netic i-counterfeit s ols, but it does
not cons i%@a r rra@_tﬂgf"ﬁ)_-ﬁbtf? c%at%n?ﬁﬂ@éeri ] %ér%gyﬁ%ﬁﬂﬁféya a‘Bf)tI‘};g‘E a’le dﬂ%r!g‘nﬁor
exanpl e fc@puHfi@ ahdeietdiing fachiABesAMle rrﬁ&tﬁg!ﬁ@%&mshﬁgﬁﬁ%ﬂa&@pﬁmﬂ@@g
particles. In other words, the nmagneto-optic reader 1n the patent

recogni z&&haigyps | The\patant dnpyolyes snhangingt meching-repdables mstrix syebo! markingsaen

i ndi vi du i apgt.der f ok Si 1 [ j area
such that% L?ﬁ%{éa{rn%%ﬁ%lg?ggtshge@ggﬁoﬁéle gg?%ggl]g%gé% éra}lnJi i(?}npenf %ng I%llggs(gﬁ'ﬁti on.
[ 0011] UrtakingladStantags oPthicendgnblimpeperfied 260& 28d dvithcthe sexsrixa symsgih etakiogtd cal

readout nethgd for, .readi ng stored data magnet 0- opti.cal readout head and
a met hod rFash ﬁlr?amaﬂa“% Wém§amagﬁﬁg)'??é‘t°efﬁa%8§s%’ﬂa@g§“ a rlfg’dY‘Fé{?ro- ?)tq“‘ctg?f

readout kieadibbdlin tleapitag mEgReddatalvity tBé deReichbBVEREodé@CoMbthér Madiiny ce of
illumnating |ight having a wavel ength. The magnetic-optical readout head

g ! 0!
conpri s eéeaéi’ﬁbl_ﬁ rS’E‘?tEéISWb?]F APRYS et fPORiBS frdtceuh AR icacosponad enaaddiiced t o
face a mpanghidf RLQIRINIEIELBh A1 a&gdeaelaw-cbﬁlﬁ&%aagﬁ%oaﬁ%ru@ egfn;)?ct _
rotator, having a Faraday coefficient” OF disposed on said surface of said
subst r at cormder hmegnetp-epticar fat aipe ah f mant-symbodngyr applichtéane; detaprample dof asee sai d
magneti c . i opti eflective Kerr effect rotator
naving o Rehe e FRiCkoAl ARGRR-C8E sCllerch EARE pARAEE I, Gt Sonly P
w th OK amgnéb-opav reagjeninstharpatopereedgnives syrmbgls waittes avith mwagtrtie paitidlesbusai d

illumnating light. 001 I.n the field of .anti-counterfeit technolqQgy, it
is also Faiﬁn%?tf?fg’t infpich? Mﬂﬁx%ﬁ‘f‘ﬁrﬁ fiErndonRostighi Adikrdasagpch

t echnol ogld thef #¢a RRVANE AthoRrefablePatternGh 8% 26BIuBon ! €adi Ng bot h magneti c
data and optical data. Sone exanpl es of conbi ned optical and magnetic

t r ansduc 041 dnited s Ptateg BasensWNumber 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



[0013] United States Patent Number 3,612,835 discloses a conbined optical
and magnetic transducer for sensing both optical and magnetic properties of
an articlwo 2bowooseanpl e, a piece of paper currency or obboescdewowossd having
both visible and magnetic markings to be tested or read, an )
i nformati on-bearing nmedium such as a data-recording tape to be read, or the
| i ke. The transducer conprises a nmagnetic-sensing head having a transparent
gap separsitipery withe Gohed @f havieg magpmest pperational ofgnt hesdid aavelengthoefosdidct ri ¢
el ement kA ng. 'Ogﬁgﬁed in the head in alignment with the gap. Qutside the
head, one si de e article contacts or is in close proxinmty to the

Eol ﬁs at [0012] gakp, thenfleld hef a:jti-b@in&rfela tethnotogyatie ds ]lcalsoﬂfohhcghhatlsioug Qﬁghtl)}so t hat
oth magnetic properties and optical properties of the article nmay be

det ect ed A4VARIrgeaRS B LTe CARARHIGS of chhalofisy Earemhaaed rateson; Grexamtale he
transducggadih P ddl Magdetd datALEP of S HataNGTRRS exanipl&: IBorbindd and
character recognition system and nethod for recogni zing characters printed
i n magnetmagnenktransdygercare detadeshbedown i s enhanced by sensing the characters
wi t h bot neti.c a Pty r an t least a signal derived from
t he rragni?qig’gt reﬂa{rrl\lg uc%geiarté)so?jfl %ﬁ{ %@ﬁ%%??’%&@wﬁkg Wikt ﬁoék’gf‘ga%p?lc%l sa‘? (gnal
derived frapietih eratqducerafor tsemsinsy] bodr oplichlparid Siaghdic propéreies af adrartipld,oort o t he
recognition st‘?gg& [q(%OlS United St tea%(iPatenE3 Nunger 6,.745, 942 di scl oses
a magnet iCAEDIEHBIPHGY o PR CUEITHET AhALEURSIE Btiag RPHgVisiblsAnd pasagts | ght
sour ce Whi&Ringd foosel 8stéd Gftead, Iﬂﬁ%ﬁnﬁioﬁﬁﬁ%é’m@&hh&u@ﬁ RSP latRNcOrdingd fapd ect or
which reflects |ight back through the nmagneto-optic sensor and then through
at | east torke madl grdhe dikek The draasducers sempriges o magacticAsepsingy feadh dwaring| 2 ows

t he user it I h -0ptijcC S a
i uf nad R g8 PR AP B Bl BP P BIERRICORYL SrRERRM, o BREled D e s
so t hat whsienabeihgrdgposed idthicdeidh, aligheentrveigetht rgapn Olteide redhead, way side of
processed, by the processor.to output inforpati pn associate ith.the synbol
P o ol OIS ST it g PRIBI (IharpFecH 1 Re <O e BHL0 e
contrast jihiminBRd ibFadeht SRires; 6 thab YothiRaghei® prop eied bitBoticaByras@ti&lthd ocat ed
about the magneto-optic sensor can enhance or erase inmages on the sensor.

[0016] Ofeicde mayebedetpsied simydignesushypdyring relativg mevgmept ef theeatticle iapdtthon can
be found &d@%xt ed States Patent Number 3,755,730. United States Patent
Number 3,75%,7 0 discloses a vehicle, appliance or tool having a

mul ti pli §001¢] of Uniterh Staics Fatent Ndeber 3,37M981 disélosea ahnhddeter gogmtiapagiee
protective,layer, such as.paint. The indicia may be read by the use of a
manet | ¢ P ARRCa T Crboidt RharedS APt Rl SR Wty B8R on
nunmber WenR4H34d 63t 3ending the ehirudibris Gaith Byth chagatis afl eptR)iStraitaeth. AR lassHci at ed
met hod providing a_ marking of nmaterial to be applied to goods. In, one
enbodi merignahdsgived flemthe aragngtic; tensdisey Pyt igalis sombwedwibt pattiaasignal an

accunul atgeRPed oA KAl tfﬁt:.(ﬁfc:lﬂ%ut#)tﬂ sfEn&l &&Eﬁﬁb@?ﬁ@ﬁto@ﬁé ReSerhidin stdgeuct ur ed
pattern may i)r ovide an automatically sensible value. Magnetically Teadable

mat eri al [(MH$] be UnitediStases Batent Numobrs 661481948 dlisclaspreamasheticpambelogy Tedder e t he

TRneL ! © Bl L PN R WS TN g 0

r epeat ablopticragiset anto padfieeton whithdeflemeligis basidthevuigh chemagietovepticf sandoramd ar e
described in ,the followng : [0019]. United States Patent Nunber 3,878, 367
di scl osedhen brughaf iﬁa&om?@ﬁl%amdr@waatdﬁa@hew Eal?%‘éofrg‘d’i‘% lng%&lO&éﬁ][‘%i ni ng

uni form y,séi @PRsSRA HRGNSSE StitlcemABicts-btic LAV SRANBLA Gied/EndQt EARYa
wherein the material at a plurality of selected |ocations is differently
physi cal Iwhilgla pyeegsopiit ¢pupled pepessibly asqcendeamere s¢ gahwheran image ivdetrsted,

magneti c t ahl.e. per n I B Rfo i t S code

pattern 3&%%&?& %?ﬁlag}ehcen elric{ a&{lslnge E’kge%g%g% lr} %%@3&909&5&% Sileue o
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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[0020] United States Patent Number 4,081, 132 discloses a security docunent
having a carrier and two | ayers of magneti sable nmaterial, one overlying the
ot her, thwocarwdosr22and | ayers being all bonded together pcOse20@ye0259s f or
the recording of information and the other |ayer has a magnetic structure
whi ch can be exam ned for verification purposes. The patent discloses that
a preferred nethod of nmaking the structured |layer is to deposit

magnet i sd00k6] naOpe ioéilithet earlyousapdshe thagpeticalliyt aadubtendentifidatiencan bé faamddgnet i ¢

field fr recordin n_1he infar ionp.) a which.is e fqrmof the
structur g&‘%‘i‘eﬁf’tgﬁ ’tﬁ‘l%nlgmf’&erg‘ﬁe@omgﬁe‘fﬁ@t%ﬁ;ra%’f kﬁ‘@’&?ef %\’%Srs Ldisglessh
formed. Theehsde, upplisnce OEtOGERAviNERY mORipHcE Gﬁhh]gﬂéﬁmﬂe RcRdiagNAdicia Biddeh her
val uabl e paper. 1())021] United Stat espgat}gnt Nurnber 3, 803, 654 di scl oses an
appar at usPYaf ORaqyst REective langyseeh e painatihsgndisiampy thegrad by thepse of a
perforatigng.al fahgr med in a base plate of a master magnetic nmedium for
magnetic pattern printing, and one or nore magnetizing el enents f or med

il lustratl08dd]y Ahotheraamplet is disglvetdsindtET gulsljpasadnumbdri& OR008 1 31350he Wi t h

their end C rojecting a |1 distance.fromthe rface of the base
ot ¢, CabBETpniRloRe s A i astasi iR e pd S vidiE e ot R 0
copyi ng ite HpPHedRE gsbds! BSeHeYenMoldindniemBiikdtit desiiaPls igphicd O R PhddéicAtined

el enents, and an external mafgneti c field is inpressed to the contacted

port i ons.PattRE. ddis pqcumulaign cafi magnstie anaterialip qngr orisatabipn tageosa the figitsed  of

t he magnedigiNg t : [ [ et Lzi ng

el oront s b e L BRI & RloRiichll] SLEIAL G, MUBIRD Y Yead ) mRHRChE

resul t, dwipdovideshas a pregetetneners repreatablogiatemowheteeheranggmdticandteriahnisodpplinké sl ave

magneti c pedi yum_ [.0022] United Stat at ent 4,183, 989 discloses a
security ‘BASEF %‘@haﬁ%%l{lﬁ he' aara%%ec‘ﬁ?’lf Fﬁsﬁ@iﬂ()@lgg‘z(?%@%p?tw , thread or
plhanc het t[mnls;av}mvmgﬂlat ﬁﬁeﬁaﬁ dniveepemab1E igagrietid li)h@év\?hh Ebnﬁ@&bluhiegté dndadrtcles olfI

t hereon, one_ o ich is a nagnetic material, ich may be magnetically
coded or Wuﬁﬂcgﬂeﬁdﬁ%ﬁ’éﬁ&n@F%ﬁ?&H%éttern on the device, and a second of

whi ch i s [go1loym DfEReHhrclPaRh Rumbah3 X78,8¢7 ARSBEREN techfity2ddBinght halilfg a
provi sion of several features on one device provides a’large I ncrease in

document magmeid rgcording) 2gjer (9ehtasdnsSuniiermlpPatismersediunignetigbleOmatesisl Hiageg oses
garnents m: 2. al. i r i.t-chi i.Gh.carr ubst ance
detect able g‘t‘]%%%%é{#g%{éﬁ‘:?&n%@ %easl[.?1 ‘t’{ﬂ@wﬁé&’@ﬁ&gﬂ%ﬁ‘i"‘z‘% (gigsrse t?nce on
t he gar mphysipadlyt aligaediwith céspectitt aaefpreaceksatia topkovide g aragesiicslly detlasabdeient
garnment nmaki ng steps. are actuated in response to the tection of the

Ir Lo ndenn Bt pREh R BPh Pt Ehes RipptE P abeub Pra i b S ec ur o
docunent dobahedts produced by securely attaching to a support, a body

including a security feature and havi n]g a shape which conveys information
to the e?@.m]:orU@i@én%P@s PrenhHhumbes4,981, 53% diselpseyeryprepfityadsicemgrit kavingl 2 havi ng

aper tur egaffer I g\% %ayewﬁpgl%gn&ﬂ%lé BeatdrlaK Sone IR ARG URE Binef afe Remigx 34 Ned by

bot h nmagnetic and optical exam nation apparatus to cross-check that no
al t er at i dayehsbeitgealhbandda togathee tOnedayef isfakthegemrdieg of mfaoatioeaid thadther

A et RBRE uEh3yE SRmR ST ! SIS RS

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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[0025] United States Patent Nunber 3,755,730 discloses a vehicle, appliance
or tool having a nultiplicity of magnetisable identifying indicia hidden by
an opaqueyopootmsizove | ayer such as paint. The indicia wray/sSoeonmassby t he
use of a magnetic reader. [0026] In creating the preferred anti-counterfeit
magnetic fingerprints, magnetic particles need to be aligned in a

particul ar manner to give distinguishable signals. One approach is

di scl osedormed dlusteativelyafesrmaneahmagynty are alisposedNortheperfoasos svithstheir The

atent a l.catj.op | sl ac et had appar at us .faor -printd ng usi ng
Paste || paedstbledthhe, o bl B3ERC ol (8 GBS BRRRL Bt b’ TRE e bthL] i

i ncl ude spagetd iy fdf akdsvestagneds mddium forl JopedEiis abdityctvdcliosddy evithl thkesd or

diffractiyve fl akes. The patent application also discloses an apparatus
havi ng arfg‘éeﬁe?fg‘?es‘%ﬁn@%m%@%%tsa aRd A0 %’%S‘E}Fgemﬁg%etl’ﬁe‘%%ﬁ%ﬂmPS‘fsﬂe@s‘%éh‘? ng the

Vi scosi t YeoRfacteld gao.i‘tmﬁs.d’f'ﬁé Bkl IntMpERE p&ferﬁshﬁefft%éﬁsb%ﬁﬁeh&ﬁn%%ﬁn%dg I’H‘f‘thé 0027]

A simlar nethod can also be found in United States "Patent .
7, 047, 883nagyqiizingl elmentss oPhy dhe relatitsemovenan @oRidiimaghatizing elemaptsawight us and

rel ated ' netj.c fdakes.in a_carrier., such.as an ink
ventcl e QrPacyS b s AleSRR R in PRESL o 5 Bl St MO 8¢
hi gh- speedpiel ion @ migrietit filg oOhe shive elagndtitagaliur@an provi de security features

R TR BN LG T O T TR LR
of the MaORshiG dVEERIY. of diAKEfirca@dr PEALRUR KhvHR dtatakt 8o hlabhial Veripapid cal
effects that are useful for decorative or security applications. [0028]
However tSRerisy fegtuses therean,rane o f dvichais aeraetinatic m@(nﬂ@-é whighsmayrbemagmasichlbd f or
N Y ] B0 9 O5h3cBOARLE R B HSEIALLGH YL BEMACR
i dent i fi demhinestensmstefibl, an Shxtdyyablortyént or a metal. The provision of several features on
one device provides a large increase in document security.
[0023] United States Patent Number 3,701,165 discloses garments which are formed with
marks or stitching which carry a substance detectable by magnetic detecting devices. When
the magnetized substance on the garment part is detected in a process of making garments,
subsequent garment making steps are actuated in response to the detection of the stitching.
[0024] United States Patent Number 4,180,207 discloses 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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[0029] It is an objective of the present invention to provide such a

readi ng device, system and nethod. This objective, and others, is solved
by the resdizog/msakce, method and system as defined by trhe/scespaodisye

i ndependent cl ai ,s. SUMVARY OF THE | NVENTI ON [ 0030] I n an enbodi nent of the
invention, a reading device able to read nmagnetic and optical information
is provided. The readi ng device includes a reading el enent, the reading

el ement cbgleses p mepthpdranghanperagist fot atintinghusingpesta g inkd such aethdseovsed limppi ng
magneti c .identifi [ r pt i ifgentification features,
wherein tlhggﬁi&%gﬁ%é’op{;?%gﬁ&g u@gi ?}% uéi% i %eéﬁ?i Yy efgag > 6%& f‘salﬂTu;l/ I{hrnao L{ffﬁﬁ}ént .
Not e t hatvahiebleiflaked) eradifftaetipe dplbosi The patent pplivatiom Also atielasse dn tappatgasr i be
the | ocation of identificatjon features with res_B,ect to a tag or an. object

we al so dBXUBABENEIRY SPIUES $Hichaf @ heptnenrcs frdeaperapy lesssring ghescesty of the ¢ ag”

shoul d al;gpdh LARAMIRT FTthd PakRE withih e iRY" and vice versa). The reading
device is conf idgured such that a first signal generated fromreading the

first sef0@7]i désimiflargaetherhcdnealsq be dounddindUnited o¥ates Patient Ngmherr A04568%3 om
readi ng t f bhbcation features are in endent | ¥ used to
derive a T‘F&ﬁtregt%? és%%g%a}% g\gl @ﬁgggh‘é’g%%%dgfegs ﬁlgta & %?ndler !aaﬁ%dlelg ?/tlﬂ(r)fgsq? ﬁ}élgrf ag or
obj ect. mhd¥8dd flikesan faucdrtiay sembadinniktvehicheonapaiat eeltipleito akeatdubigticaly e
conprises a layer arr angemant the | ayer arrangenent includes: an optically

t r anspar SRRl E0RRss 18, 2 Bighrpeed dipgen AGYng, AReTaltl- dnagssotil RIBNIEF REC Ry er .
The magngtfaRPlonCiabh-SHRS tdodhBerdtbll SRR asCRRR MRS Madheid FakdsVH thRYiRk -ard 0032]
In a further enbodinent, the second coating |layer 1s partially transparent
and part iaigned ysig megnojein aHeeas prigHug eperafiony Sekepied origptatied pbthe magnetast a
portion qQf_ /|1 rei.-n i i il tic. i .
"nmonochr g’fﬁ%{‘%“g%ﬂ‘?s\é‘vﬁf aglg%ecgyarAgbg&sﬂlh%Yérgoﬂr}%%n%fg&%ﬂsl tralr%jﬁ{e?;u 1#%%%)68 rrmd‘r’retatt iC
(i.e. onersadtyripplicgiohs.source but is also considered to include any |ight

sour ce ' is,not white .(i.e. sources which substantially exclude at

| east o\rll\,gdoggl oﬁ?o%?vebéﬁﬁ?ie o‘g s\?bﬁv%l“@ﬁ tfﬁ%)a %ﬁ‘g‘“ eé’}?eeﬁi'stt%me%gc?‘fe’tl}ﬁ‘ggf%ti c
radi at i O_Tidéﬂtiﬁ!ihh%j' tads GRfobRRt MAYRHab HehidémiTee, whiek pfosddR! afftiddt GBdurisPur ce
which emts |ight of a wavel ength of between 450nm and 495nmis usually
consi der d6nfi¢atig, ig- ifowbich therrakigbility|of the idepidicatinm is suffigicaehigha monochr omati ¢
green |i OYf Ce i S I i der e 4 - 570nm
In |ine ng]st EI{ gsegiéﬁb#i% P ?%r?\f c}ﬁgl@%sggt ﬁrrlgﬁrgg)ﬁrgg rtoigc;ﬁfe&ﬁgﬁ aer?nesdaltﬂlgﬁ%g#%’di ation
wi t hi n a system,) dwlf mphdd wilvie lobjegtive, mad gtherd, dy saxahpy ¢he wyding degh¢, méthah
consists _of blue a en and which,is emtted by a |light source in the
range of agéfﬁgeenhasdf%giﬁ%ﬁqgﬁQ‘eg‘ﬁyﬁ\?{‘x?‘fesmgﬁpg%&%ﬁlg}naser ed to be a monochromatic
i ght. As another exanple herein the term "nonochromatic" is not confined
to classical spectral col oussMMARY 6F THE INVENTEIONKI nd of suitable
predefi ned wavel ength range, for exanple 600nm - 750nmis considered herein

to be a "nonochromatic" |ight source. The second coating |ayer may conprise
a di chr ol®3f} r dpangmbediment of the mventiang e reqting dedemable darsadgnisages anday al so

be confi geTop : 1.1 fr s . I . 1 he
cecond ¢ SHER b ABRACoh el PIRERIANE ADHOPRE L A haRilE RERAC ulETRkoind
enbodi nertemenheompusingl ac oagnatgroptiged rsubsirapr ndageedato Iresdsovarlapping ghagnstic a
first region.for reading the optical.Jdentification features and a.second
ogron § erRgcon AR D SpE | NIRRT a0 o o beTF B I g hoR Ul

pat t er neguissa@RNd af Rkl PtidlBY @inspHERL. INRS that RErémAlvhénd tBE phdpbsSitiodndn’sg£ond
regions arranged in an array of alter nat,lqr;g first and second regions.

[0034] | now #gusecbio deserihsi the facatiomaf identfiqagon deatwres with cesmestgn adag phan
gener at eoﬁj(}gﬁx%vlé ?ll'é@%ﬁslflﬁr gkéfdss%ffﬂeoqdrllé}%vgﬁrs@ﬁg?ﬁg%%g?l kel fleae tdbuld Bso

magnetic 1 cation features. ment, the readi ng
devi ce corponssiesedondedon atagd andgivetversg) [Eeaeadgmddviceds vbrdfigheed shicr thexanpl e,

SR s S T e A R

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.
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100351 In a further enbodi nent, the reading device conprises one or nore
l'ight sources configured to generate at |east two nonochromatic |ight

si gnal s, wo 2beams220ne of the two nonochromatic |ight sigoalss2b@iongsof a
wavel engt h capabl e of producing an inmage of the optical identification
features and at |east one other being of a wavel ength capable of producing
an i mage of the magnetic identification features. One of the at | east two
nmonochr ort@@31d skngra IﬁsTthIp@signcm,r dhey hanpiol-cmtlpzle substigte ecomprisese dayengt h”

is not strictl [ one si ngl vvavee f ead is
under st ooadTa?‘é IX?Asfomr nc?ude angemﬁm 2 E’d BV el %%ﬂ%q aé‘spf’g? SBir’SR?f%e a(P’c?&

exanpl e, ébatit«@l&@ém@taf’secdlﬂrboaﬂnsg)layﬁf Ehie m@gﬂdﬁﬁoptﬁﬁgﬁlb@tfratﬁ\/ﬁlt&ﬂeﬁé@ﬁﬁlfsei pom
620nm - 750nm),. Herei n words such as "pol arized" and "pol ari zers" general ly
refer to BPKedYe B%rari zation, but also include other forms of polarization
such as | a efhe BPRd Gakh r

enbodi rne(r?t";:Q hehrgg%ﬁéézﬁﬁﬁggeﬂ?t%ﬁcgﬁprr sgs an gl%fjcpqﬁg%?ﬁg)( ﬁ{a}%grand

poSi ti onrmglftllfye’eﬂmcglwetﬂle@p@qndwloamgobYW&n@ roflect apleastragwriadn efflight,iwhsteiset of

dont) 11 55l Lo Rl BB P BB iR AU LAY sy Ryl RO the
conpl emensridtly mamﬁ:hmtqul AroneRYGRUEMRH: sbuird€ but ¥ alsdd&ohsigered tcpthrcﬁﬁé ahﬁer eby
i nt eIe nt may be forned as a

form ng nrnterlo ns. . The enga
cavity oral tcrailtlwt V@B@s(lse 1HaurCss W rcgﬁrb%ma pedude’sy tonsc;olour

i cr omet frSpan@t oi} avdle tan315thfEhC&91't"seEI%E§omﬁgneﬁ$ rh@3Rn FRAM a28%ined
m cronmeters or at |east 250 mcroneters. The en?agement el enrent may al so be

f or ned aswvavelsngthrrarge for exeraplpradishtishuere \Mlash amite glrttof@fwaaztelenethytf betwsen 50
m cromet eA{SBnmaatnd 4@?&&55$9§1§gy él%l({nr t%rf)%t ocﬁron?tnc b &tsﬁ%]? ourct,ei 291%reals n

m croneters or at mcrorre ers. e engagenen

Cr 0SS- sedt monochramiticu preen sﬂgapemmEe & ﬁxmlaug@nﬁilde}éd)m eB@iChdtweal 483mapand 100371
In a furt enbodj. nent t the reading el enment is adapted tq conform
to the ti?(%w "ﬁ e pih be{Re MEPSGRIEF Alish <ot gLTagie090 ¢ he
tag or okjigfik at(ﬁrey&ﬁhétfv‘ﬁﬁi/é(lér%ﬂl ra};@@ foea@inpee, 8V ANEIH: WhERHRIOhSISS ofblue and
conformation el ement facilitating at |east the readi ng el enent to conform

to the tegeesrangpylieh isteanitied byle dight soserevindhe 1enge plbeivery 450amemd S78nBripught
into contagt ceﬁqswérédh?% “o@ga WorBPhSitatid qlg'il? 'Q?%bﬁlkﬁ%x 4?!@ if24h %Q%ﬁr?”

el enent conprises at |east one spring sponge, a suction system a
hydr aul i C‘nmpsclarnmam seurmmﬁuedsgpstlmcarrdpectcadmbbmm also eichrdeman)phatheﬁ at

R AT e

el ement fyeoarBOhoireiaatRg dibht olrbe Tleadsca@i deatingClayér 18P PRAFrIRS a uschbﬁ@ught
agai nst a hard surface. The confornatign elenent Is alsq desi gned to all ow

the readi™iforPE#Hdislectrs mingr.nkheerend qasting ayen mey alsbe eandigyeinchasgeffent i f
the readipgecslEpRPEMY. SRR REModilE:, HRAGL O &Jaﬁﬂ?ﬂ&eﬂ i$ 2 BRHSRSINRIRY t he

| evel of the engagenent el ement when not In use but when engaged with the
tag or oli§i331 tlo lrthermbadireendige genond coasingriayer cpmprises at h@strtwadrgt@sel ement
i st anced PrURERRd L v 8RRl g e BT SRR,
conf or m tthe mbgletnagdsnnﬁehioacféatmes eh e EHel ﬁattexde&\:ﬁtﬁ,ﬂnd)émgﬁllaybmmplﬁ& act
with the ta object to be identified, .[0038] I second enbodi nept of
the inverﬂthfr 7 of ‘rbljé'aen%@eca FRgioms Arapged hgp ﬁﬁ@h@? akernpiipeofit g second

i nf or mat 'r@éloﬁss provi ded. The readi ng device includes a reading el enment
conprising a magneto-optical substrate, the magneto-optical substrate

i ncl udes [@D34Ef | lacei ﬁaeheraymbod;mm,g@pemdmgr«tervrcects aonfigused porgepemateotn | i ght

and a trapghane 4‘% Ae%%’ %f 'r%?%%ﬂc tﬁ%ld%?lﬁthe'}né;gxl@{‘ %eﬁfﬁ%{}gn Pe%utrésof}aap ‘o

l'i ght, whereéern e re |ve er Jand t arent layer  over

form an (fmelrdraqmtroagnm,, tht: headmvgdé\a@e c@fprines lmaemg rﬁa'eabdgﬁe@f(ﬂreeamaggetbot h
magneti c agﬂt optr caI or mati on of an ob 00353 ?(f hi rd enbodi nent
of the ik9 Pﬁ@‘“’&@i’z‘r pasnetyon 9 Ptdrw CP%[‘Sg“cS PSR S

adapt ed tn?ag%tld Eélﬂﬂﬁ{ﬂe?- ibSofths plags&l iddliEichfetredevi ce i ncludes a
reading el ement for reading a first set of identification feature |ocated

in the tag or the object adapted to be identified, wherein the reading

el enent is a magnet o-optical reading el &nent, the magnet o- opti cal readi ng
el enent at | east one nagneto-optical substrate. The readi ng el enent

i ncl udes an engagenent el enment for positioning the reading el enent over an
area of the first set of identification features wherein the engagenent

el enent substantially surrounds the reading el enent and t he engagenent

el enent is essentially conplenmentary in shape to an engagenent track in the
tag or object adapted to be |dent|f|ed thereby fornrng an |nterlock|ng

o o - rc o ~NN AT



identification features, and the first set of identification features and
the second set of identification features may at | east partially overl ap.
[0041] | rwe 2burdobme enmbodi nent, the di sordered arrangemeat/schommgeestic or
magneti sabl e particles conprises a plurality of randomy distributed
magneti c or nmagneti sable particles. The magnetic particles conprise a
ferrimagnetic material, an antiferromagnetic material, a ferromagnetic
materi al [0035donki enﬁmthér maquimgntnﬂ@rreading eviqearotmpeis esvrtenirmare dight sonrtesis

material (inclu v0| vari.abl e netic. properties n

conbi nat i%’ﬁgg‘t‘rﬁ er‘fﬁ@t fh‘ﬁg 8?‘?1’50%‘%&&5 signalse af {east ‘H’ef%fc}ﬁ‘? ¥ group

consi sti ngom‘chMﬁEanc lightl ggnﬁyeemgiboa waVeRigth@patlik of ﬁ%du@iﬂg ak¥magddof the

correspondi ngl al | oq;;lsa and oxi des of Fe, N, Co, Sm Dy, and conbi nati ons
X

t her eof . idewifigatjomfesnresy and jay lagt prg eﬂiealbeing Qaf nawughengin csnghleof
conpri si rﬁn %‘3 of[tHQf]ﬁls%n'eHc E}d%n WEEAR & &Y of f‘féaPPi’wé urther
gene a r se

conprise tl ng secon omreadling a secon

i dent i f i onencchroimeat wigesls nyepabs tthstughmgmhinzgerié:tramé‘d wavelength’a ti nog stribey f i r st
set of |f| cation feat d, t he second na d from eadi ng
t he secoﬂﬂn %k to gpe F‘&glr‘?t‘?’afvelée g'?‘@%nlggtamfeég s é‘“&‘i{%@%‘{aﬁ’dag 1“§a'71 g%@ﬂa“tgf)o erive
a first sifREnYhS a8RPpRphige QRH SKatPRL th Qvadvelenie bk falko Nefek h@ the2hné obj ect .
The second set of identification features conprises a chip a magnet i c

strip, a véicleapthp diopep20ng: — 3 0wH).-i cléﬂemwwiﬁguclrme R?Fﬁfﬁ?re‘i iPaAngers”
frequency, ehgr’ﬁﬁ b CRUIRGr %&lgnﬂgoga@g%ids%qgmlg SFEJ@%%%I&Z %u@lptaﬁ cal

mar ki ng |s a near barco st an mat ri x
bar code (csmularm;larazaﬁaJuaNaJterapnhchR code and ot her open source or proprl etary

P01 ) 0 G ATl AT AR BB g ™

det ect ablfer pskitidiengiht maagnedoedptiosl subtfatd 6¢briaadiréio Dihetfite et 6Cidemimanéat i C
spectrum [0043] In a further enmbodi nent, the first set of identification
feat ur es ffres-hEhes engaaemes elospent qubntantintly sponnds dhe, megnetpoplicl sutesiralk ¢ hi n

an engagefiing Oge%%t HBmbASs b&Gn @iy WhpmAEaP i thdpe P &n 'e{g?iéteméﬁtetﬁck e

first set of entification features and the” second set i1dentification
features thmagtms object thereby demph g ae intgxlocking an¢aps| Ihe anigageniens tlement miy be

i dentifi r n nt|f on features may
be on dif ren ﬁ%t\'lrﬁ%glsreﬁﬁgﬁé?ﬁﬂe e H?Staﬁﬁ %ﬁo& menstt ao?u%tshén TIVEN |o?1 a
met hod ofledsdaboiut 150 miprémétag, of at El?d’asl(ﬂbjoﬁCIOOaﬂﬁmrﬁdel’s or biddeasti2fid mfidremlete .

di scl ose The rretho i ncl ude rating a first signal fro

mgnet o o OEMEeRIEAUHAGERHS g OF Tudied GF o bieiHa JhE OO e edeidbt at e
in the taF #NedshBbdRi50CthicAHRRES att RafGibbte0 fli@Eme@RNSE at 1436t sboaesend
signal fromreading a second set of identification features located in

the tag GRICIOmetyDPEat lead 250 aricrommdbers. Heenerngpgenent \earent Ras mecrossrssetion fnal
gener at equfcﬁ]]gpg @g;ﬁg)dg, %aférﬁ?s—gét%nap%]habgent' fication features and the

second signal geherate romreadi ng the second set of identification

f eat ur es [@0138] usladt fhoharemnibedingent,i at $daststhe ratlingesleamoht & sleptod b sindorat tortke f or
I denti fyitglgg o% r(])%jegzta % Be iElehn%ﬁ%Hj \%:etn' 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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[ 0045] In one enbodinent, the first set of identification features

conpri ses a disordered arrangenent of nmagnetic or nmagnetisable particles.
The di sorwered/msrangenent of nagnetic or magneti sabl e peariSiceRl®®HOEIMPri ses
a plurality of randomy distributed magneti'c or nmagneti sable particles. The
magneti c particles conprise a ferrinmagnetic material, an antiferronmagnetic
material, a ferromagnetic material or domains of varying nmagnetic

pr opert i esnknbélbwnthe lehtof nhio esgagaineriti eléméntni€ [thiel reag ingodlekaent aisl pustgdy The abl e

275l ootBRg HPENS PR PEBHC el Ro eI BReme e E RIeBDR 1 WRAST Fo,
N, Co, Gphenldhgage@riftSte i Dbkt B2 r@%ﬂﬁ Itl@f‘}én@@g%n%t E18meddipuse’ ﬂ?e%:érl;dlgﬁl Dy,

and conbi nations thereof. An exenplary gh coercivity material

neody i uraleracph entoctberswifasiernd thejaregéo bqreead. Atdeass thel 1eading glentsat isaiiaonedrent |
the first of _I L 4 j . res.an el of .
identifi Cﬁé. I E)hr? %&%&%&%&g t::fae{r}lgﬁq %@ﬁ%ﬁj \g\nr%?f% %ﬁ‘;‘%ﬁgt‘zg‘g%%ﬂ §Q[ Erhgg?g ?rnObﬁ% tag
or obj ectto ddajehtfied whdrebrodghn inté ceatact Zth thé tagtor ®bjectad b ddentifiéd.cat i on

features the second set.of i tification features y he on the sane

pl ane. Nl@g*ghaﬁweﬁeﬁ?mf FRbGdimgpt %336 rventias, aitpading fepe fggfii@@g magctihe

second sedd AfpticAieRibrdatioh i@ prbAaldlr SheRYdRE ARl hiRE&NE RABRESledAP47] 1N
or

a sixth enbodi ment of the jnvention, an identification system '

i dent i f yicREPHESIngG§ TBFEngle-GHicalcubsitisg thaimegneteopiirahsubsiretd includgs satflestie The
system i I i fvi . } i be
attachedrl ﬁgg@éﬁ%ﬁ%é‘g%{/%?gﬁ%g{t%be%gg?ﬁtgg% gﬁérési)gr eﬁﬁf’i?‘lf}sciong%%&gteo ond set
of i dent ithioogh iaacdndapartiers of tight, evherein theereflactiver lapdyj andt tha deapipacknt daybe

identified. [004 I n one .enbodi ment, the first signal obtagined fromthe
| adi ng GBS 4 3P TG R e oVEHER GHEPT SR b Criceaae Ji
readi ng ehAeRY andbptibs idosRMod oTfan dbebpst anti al magnetic field. The
normal i zati on i s achi eved by subtracting the signal obtained fromthe

readi ng 1Bfkntinjathird embsdisirat obthednvanysr.aideding fayine fercdentidyige priagrox he
si gnal obfajyed a.ti5z}9& 1% AaHARE @'cﬁmted.""ﬂg@ r&AFRIE i ﬁlgluh&eaal'%ﬁgn o be
read. The nogmall at1on f6urther conprises identifying portions o ata in
t he si gnalenisai ey readidg whiicsh setagf ilentifission dhataisl locatbdim theetagt drethe dbjeat

because qf, daymage .or variations, within the readin | enent aid | ess

ol 1 b o uttE B finalB BB Tnd el eleepl S Bn e Rt rsody HemeTe o
further g}nﬁgﬁdgxmb' ptidahfeelzafd;ijﬂgsélembxgrbﬁlle&bbaé ]mﬁ%étbﬁmiwgullsmc& H@e&gﬁiﬁagﬁf tdi S
processe setting a ata in the _signa [ i s. bel ow a predefine

t hr eshol &lﬁﬂénamﬁiueiagﬁ FREFEFAFRIe|SPenh fori Ry Bion bheesdineplemet HFVANSYER i ng
data (i nelyrd Hebr seh8f RIABiEAlonPRAIdsONh&EinOthe! BBagiRicdt elditht kshs@lnaXify t he
predefined threshold. [0050] In a further enbodinent, the identification
syst em f gumorads gwrrpadingclementeand the engagrmens dlement i epdenddllycomplemenitare in

si gnat ur t.Ai r f. ' i I ' 3 is
st or ed. %ﬁgdgtag%g%%?a Iglgll)etatﬁiaatc ilﬁ%l%p g O{ﬁgg‘!ﬁ% gglg{:%{ror;? lfi e eregh%lgl%é# g‘%ﬁ%‘?e is a
dat a st oragdeenmdingmeansvite engigdenteas¢leménttiofdrined aeackcesy odprotmeipnor t he dat a

st orage fum may_ be within the reading .device itself. The data storage
medi um f ﬁﬁﬂbﬁe Iﬁr“yefoé‘f%reé’emdé‘?“@’rtéﬁrc eé’i“@fﬂﬁ?ﬁr%“ﬁ&ﬁ?db‘gj ﬁdB%thtjg"é‘é 3 8t et ag

whi ch i s oBfeb@sdaBrdt6 bk h@er®ilc@ s disdibiedl MRS nedlod intligesdRharatii®h 38K siidi um f or
the pre-stored reference signature may be located in the object. e data
st orage o umagaeta-optiepl deadingsefa first set of ideniifiedtiop featunge iicated jin the tag pmr d

di sk, a < . : i : ' i cal
reans cudh e 2Pl B SEHLAREUNT, wherBRANGS) ot pEREn R B YARROOMarREN | PT

i denti f i @atdisordeseds tapmmgemdniteof coagnetis esr anaatetisgblco qastiilesg intdwdede in eant e

with respect..tq. the readi ng devi.ce, .wherei.n the dat r ocessi evice is
et oa PETGHis Rt tede B S EE LTI i an e e BT iR PR ATt v e
Wi th theopi®ntficHieh féa8ies &Neh & Wedtd/d&ivel dfirkt\diSn A0 &sH i0®MAifyihH ehetlad 8r

storage nedium may be |ocated with, or be the sane as, the renote data
processi ,quegié\,]‘l@erpethod 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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[0052] In a further enbodi ment the reading device is used to obtain

I nformati on about any itemwhich emts or can be nade to emt a nagnetic
field. Fowoesampb®m2 magnetic fields can be used to obtaipaTischenmadzson about
crack or other flaws (e.g. inclusions and voids) in structural objects or
In electronic devices for exanple where electrical currents produce

| ocali zed magnetic fields - a practical exanple would be non-destructive

t esti ng dflentifigationofeiatures, aodiithes firsBREEST BDIEBORE4E6h Gbht@ies TalE (DRAMIoNESe{ 6053] | n
the draw.ngs.. |ike.reference characters generally refer to the sane parts
throughod?gﬁﬁ%mﬂ¥%$@P§ﬁPmyﬁg“§§pfﬁ@hﬁPé gs are not necessarily to scale,
enphasi s (0043} edld QRARERIMBOdIRINAGhPHiBEA6red RABndeneBbf Bhdnebc bPRa@idibbld! es of
the invention. In the follow ng description, various enbodiments of the

i nvent i oPagictes $OBWFIPEsePMralify w%aeqam igtabytad nfaghetis\dr ippgaetEsablsparticles. whi ch:

0054] FI | =€ rfejt. . iLi:Zi ' Vi ce
1 actor dq e BarleEDikp AUl fircie KBIEH, b ahii iRy B3 AGLIE T ©
f | ow charferrothagnstic andtertpl am dontairesnef eayingnmpgretie yopesiiesgwithia zIG eaxéiinugusjevi ce
[ d i t n enbodi nent of .the invention; [0056], Fl shaogws a

- oadi g RO UrHOAREGTIA KAUPTE YAl BRebIc A TBI) BRL ST YA AT 005 7)
FIG 4 sinsfeRombh@ietic SRAbhD 1Rl t8IVidn teSablpRbasidiRadiMUnBl, arre! EResed on

rior art;
P CrO,, MnAs, Fe, Ni, Co, Gd, Dy, Nd corresponding alloys and oxides of Fe, Ni, Co, Sm,

Gd, Dy, and combinations thereof. An exemplary high coercivity material is a neodymium
magnet comprising Nd, Fe and B.

[0042] In a further embodiment, the method further comprises generating a second signal
from reading a second set of identification features. 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 independently used to derive a first signature and a
second signature for identifying the tag or object. The second set of identification features
comprises a chip, a magnetic strip, a serial number, or an optical marking. The chip is a
radio frequency identification tag or a contact-based memory chip. The optical marking is
a linear barcode, 2D barcode (such as PDF416 standard), matrix barcode (such as a
DataMatrix, QR code and other open source or proprietary patterns that represent numeric
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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[0058] FIG 5A and FIG 5B respectively shows a top view and a perspective
view of nmagnetic particles used in a tag in accordance wth an enbodi nent
of the inwenbiwms220059] FIG 6A and FI G 6B show diff eremtscdensiizses of
magnetic particles used in a tag in accordance with an enbodi nent of the
i nvention; [0060] FIG 7A and FIG 7B show further exanples of tags with
I dentification features in accordance with an enbodi nent of the invention;
[ 0061] Fligent@ation fen@resdicatdrbincsthe tagrayghe shjettiadagted Wi banidehtiffed; aferaincthe t he

cr a0s- sech bR A<Bbe A st udfl bl TR o UG BB e e dhoomapd 0

enbodi mermgrmi gértgated omtreading (HRQGSIndefof illOHY FAAUS faanisdie akdido Aeride h ag
W th optlfg‘S bar code and magnetic particles where the reading elenent is a

gray scal#@stpsnagys arbe et Slg‘thﬁe fqlt}éefﬁ}fﬂ%ﬁlf@&ahthaﬁb@%f atag with a

bl rc t S as
ohown'| n IR CRARCRHORBAGR! hE g3 b o iBendHOBidh foBrds TRt BRFALrad °, 2D

bei ng traamngtm@d ofhrm}lggtth loe meglmuwb(t@atarttujpsl aﬂ&r dandietddr eugigetient of

V18, ShowdIHELY BnPREGaUF EROE Eep i A RINaIY G redlorny g ElmRges

ref | ect ecbriviagiedsbRC mc@@ﬁhm&agﬁaﬁrpwﬁbléﬁe&ﬁmcae fortibnRg@dtic afedilmant  of
the inventi [0065] FIG  12A s top view of a tag with optical and
magnet i ¢ %‘W’E’gnﬁ%“t piesiah)| 4 eriqpegng b duaterial .oic demane OTWaring MeagnAsBeli nent

of the i rﬁ{-@ﬁﬁ&n withtiGa l&ﬁnﬁgwﬁeﬁﬁd%ﬁﬁﬁﬁg%@n%ﬁ?‘%g% Vtg#l?f{l%] %’Véﬁ? i on:

using a reading elenent 1 n accordance _
FI G 12C psopersesh agd exombiptions theréafadbe (ﬂ:rr«nm@teag matkral insickgted freadhag

el ement | r1]fou Cgé)nrsgs ncef Wln.é} 6”r ’E?Rfi&'c’)'},tNP pe Ilhmte tddo rby, corresponding
alloys and oxides of Fe, Ni, Co, Sm, Gd, Dy, and combinations thereof. An exemplary high
coercivity material is a neodymium magnet comprising Nd, Fe and B.
[0046] 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. Alteratively, the first set of identification
features and the second set of identification features may be on different planes.
[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.
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[0066] FIG 13A shows a top view of a tag with optical and nmagnetic
features artificially superposed; FIG 13B shows a configuration of an

i magi ng aweaonfoosezkag taken using a reading el ement in acreGdenmeoxs th an
enbodi nent of the invention; FIG 13C shows optical t'ag i nformation from an
i mge of the tag taken using the reading elenment in accordance with an
enbodi nent of the invention; FIG 13D shows nmagnetic tag information from
an i mage [0049] helnt aduitlad embodinint.t the firgadgnud obtadmsdnfrom nthaceadingagiegemiish an

enbodi nent of the invention; [[0067]. FI. G, .14A shows an ti | top view of a
tag that PECHnbY aﬁ&a%.&@ﬁ%%%é&%l&aﬂc%h%t@a o ROBEABR %afr‘sthpﬁ‘_eto a
i nvent i onprefdfited JARSHOME ighofBY RS idstat £ d&ilf"é’%d?fng?dét@@in_ maﬁlglF tflea BelaEhl

produced i n accordance with an enbodi nent o he i nventi on; 14C shows

a conf i gupasitioomg@f the datal dhat ¢ abowerthepredafined theeghdld. used to read the opti cal
and magnehhdn,i N.Or { he t i.n_accor dan Wi an_enhodi nent, of the
vent D oP03l ¢l RSN, cBllodint A8 iBeREERIA Nidend! dind IR Koty

el ement oftorkgdcomediif innwhich ar e e Wignatuad obtained i frommta referdnbe réadingndfi the;

[ 0068] FI, A.shows a gri ttern in accordapce with_an enbodi nent of
the i nvedﬁ%"&#ﬁa@rﬁag 155%0’%10&]%43 ‘i““ﬂé‘f’éﬁgﬁé‘%"rﬁi‘%“ &g dhe PFF'%WEM#SFHE@ Weraran
embodi meng ;0datd Qt%rdfg\&ﬁ&ﬁﬁxﬁ%mﬁe@viﬂﬁ&pé&%ﬁh@r&ﬁﬁ@d&%e} bPtheatd t6ragti d
pattern fromFI G I5A and the datamatrix code from FIG 15B i n accordance

with an endidinnpax befwithie thenteading slevicg 0669] TiR data semagehoediuanfop phd pret t op
. ‘ M : . . :
Phe i nver 88 rbfthol SigBEtS Rl 26 Rl Tin FE Mo NI M WlachBs RIRRETBREL, 0

produced Alterastivelydahe eatai stbrage) medodi foenhe ete-sthedi rRfeerice odigriahire muyi de
pattern gssoc'at d wthﬁlté‘{]‘f ogti cal datamatrix code is artificially,.

super poseQ°BFeP PHIfHY aa JPrage mefiEm B @cnagisiie SEPR MEPGDY SEp-Grngtie o
readi ng eligMMardliskha SB¥rtRard) SERAMOmMOEAE, 5 MeagABid fapl oRRENVEREAIR bftical
information on the tag in accordance with an enbodi hent of the invention;

FI G 16D BemsucdrpsiaZileareddetorbitigp t aken using the reading el enent of FIG
16Cin a ange. W th ' of fhe.1n L Hrthd:O - shows
an opti ciﬁ‘ﬂgﬂdn%aanet I %ra?%lggdéqﬁlgh{g?ﬂ% 1(?%1élbﬁpﬁld§cg}§rg%%nce f\[/{,1 tmdéﬁ@er%b%%iznent

of the i rprecessing)defiGO®bjotd-n@h régecistoahs readorpodsiee phewmathe datvprodessing eadi ng

el ement. | L RSCoLANGS, Wl Al SIBOdLIRAL O oL RN O HleSinASaT OV

directio
the pre-stored reference signature. In this embodiment the data storage medium may be

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:

13



within the reading el enment in accordance with an enbodi nrent of the

I nvention; FIG 18C shows |ight being reflected fromdifferent areas of

t he magnewo-20ptdiosek substrate in accordance with an enbedirsentiomboztshne

i nvention; [0072] FIG 19A shows a cross-sectional view of a reading

el ement in accordance with an enbodi nent of the invention; FIG 19B shows
light travelling froma |ight source within the reading el enent and being
ref | ect ed0854dm HIG f ke shons mr@as:oometﬂaie systéegn @tibziog tireallin gsddyidterin taecordance
accordance. W th f the invention; FIG 19C shows a

cross- sec‘ﬁlb?fb?m%démenfoqgl ‘E‘édﬁ‘ﬂﬁ el ement in accordance with anot her

enbodi meneoss| t FEG.i 8heiisia0low-OkhéSilusttdtng 20 AuthentZAton frodess bk itlid @eding
graphi cal representation of some conponents of a reading el enent and their

i nt er act i dsMicHiR prepignaseyith of egbndimpnted the igKention; accor dance with an
embodi ”eg(?](zfgpmtﬁﬁ;' BVEBHs O re it ﬂ%:wgé S:Tl LoV it énogm‘ﬁbMeﬁ{ of thég Wi th

opti cal gnetic features I crally superposed 1 n accordance with an
enbodi nenbvastionhe i nvention; FlI G 21B shows a green-spectrumimage of the

t t ak ' di I d h t .of th
mvent i R3] P ERERS SR B pel YRt TR UR o P e St BB COSRE &
readi ng ekenent i n accordance with an enbodi nent of the invention. [0075]

FIG 22 shows a nethod of readi ng a tag on a level surface using. a
magnet o- dYt58Lal F%aﬁzﬁ Ard EFGn%ﬁtrespﬁcta/@byofilwﬁcaetow vieW apd @ psEREGHYAtVIRH of he

e TS8Pl S FRRE RO e BT o < o
[0059] FIG. 6A and FIG. 6B show different densities of magnetic particles used in a tag
in accordance with an embodiment of the invention;

[0060] FIG. 7A and FIG. 7B show further examples of tags with identification features
in accordance with an embodiment of the invention; '
[0061] FIG. 8A to FIG. 8E shows a cross-sectional view of a tag where the magnetic
information and optical information overlap;

[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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[0077] FIG 24 shows a nethod of reading a tag on a |l evel surface using a
magnet o- opti cal reading el enent in accordance w th anot her enbodi nent of

t he i nverwoan1/qo82Z8] FI G 25A to 25D shows a net hod of pcesdi2zagoacsag on an
uneven surface using a magneto-optical reading element conformng to the
tag surface in accordance with anot her enbodi nent of the invention; [0079]
FIG 26 shows a nethod of reading a fingerprint contained in a conpliant

| abel usi[0@s6p NEORABA- hpivs @adp meazdifragagewﬁﬂeﬁﬁcail Bn PG getio fehured drtificiblly
enbodi ment of the_invention; [008Q] FIG 27 shows how a conpliant |abel can
assi st wiidReraesedt ERGof3B shews £ soppewntiomel i epeing arcpraf,actag thikes upingotigh

surface 'r@a(ﬁﬁé: Qfeﬁféﬂpﬁl !Mctoﬂiaﬁ&: wmogﬂ BRPSdiREnd H€thle e&&lbﬁnngoi)ﬁéls n@b@ 28

shows a further conpliant label formation in acco ance wth an enbodi nent
of the i mptniliteg; mfop@@liml] fieGan Jgage lof ke sagctaliss -usimgt thonehding eloneht an t ag

cont ai ni ng a.fingerprint ion. i corda odi nent .of th
i nvent i orffI %&Cez%‘?sﬂbvﬁé“b&gﬁ’ﬂ%’ﬁ ‘8‘1( gw dpvept ?%(g%‘%ld 13?% Hb s JPasRetic dag on in
accor dan(iﬁfoWh&tlbnaberﬁ‘ ah aHagersTtheothg tdken Lsiig theireatling 108t nEhéaordiﬁ& wiiows a

situation prior to engaging a magneto-optical reading element with a thick
| abel i n cEodieaheEthgARVENUeT enbodi ment of the invention; FIG 30B shows a

magnet o- qjerf 2l FicCadiango Rk G4 Vﬁﬁb%“&eﬂ%%ﬁ?@%ﬁ&% ﬁ@.ﬁ%ﬁﬁ)ﬁu@edtlﬂ'a%n{aﬁp@l when

reading a tag in accordance I nventi on 0084]
FIG 31 stitwe embrslihed ocﬁtherlemntlng, EI(PM shaivs la neagnati¢ tpprieew of tiguhat isisi ng a

RO e ME TR N T R

fi nger pr icohfiguratmcer daéhdﬁlngléxher&nnlﬁﬁl’ﬂﬁfﬂyr&l’lﬁsedfto tr&&l thewupritalamd rdpgetic
information on the tag in accordance with an embodiment of the invention; FIG. 14D
shows an image of the tag taken using the reading element of FIG. 14C in accordance with
an embodiment of the invention;
[0068] FIG. 15A shows a grid pattern in accordance with an embodiment of the
invention; FIG. 15B shows a datamatrix 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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[0086] FIG 33 shows a tag in a groove of an object to be identified in

accordance with an enbodi nent of the invention. DESCRIPTION [0087] Wil e

enmbodi menwe 20f1/dobe2i nventi on have been particul arly showorscdogesesy bed

with reference to specific enbodinents, it should be understood by those

skilled in the art that various changes in formand detail may be nade

therein wi thout departi nfgpfromthe spirit and scope of the invention as
&

def i ned bowRlighs feige tefl nomTHifesant pseasf of e imegaetoiopticl ssubstrate in

i ndi cate JorgTeT=Tl ' .| .changes which come within the
meani ng gar? yrfigﬁr}géﬁg? equl \(/lgr{]%{rt\gthg%eﬁ{ed)%l ains are therefore intended to be
enbr aced.[0072008BIG. 19 Aashosvstroctosseset timfal viesy 6w svadingrelenzent dnaticoglanevwitle i S

rovi ded that, i.s able to obtain_intornmation fromjndjvidyal nagnetic
barti cl e POl abihe Pk FHGr 1% A e H@Yﬁlb&frwa lg‘&ihsoa?qei W ar ea
such thatth§ RBadiie R1ARHE ARE Moy WHAKE Rkt 8ffRrdnd drlddof @ROMAEAGS optical
[0089] FIG 1 shows an anti-counterfeit system 100 utilizing a readi ng
devi ce 1CubstipteicacaEieee With nzambodisoent ad the gtventian; iFlGe A0 Cahownst wosshat
al t hough Jolindl Mot 90 SN el 31 A rBurld8 Nt "HBAEN LrBENER 104ne

conmmuni cati ng w t ta server via a nobi evi ce such as a
nobi | e phoveationr a conputer 110, it is also contenplated that the reading

device 104 may i f b re el rate and may, far exanple, communi.cate
to'a dat J07BL b Ao GBLs S omRbhel anhErl s bientaen ALsare HRRONEUB P,

| ocal ar edren@hyvelekfent &ldUBEie Htbractilir With W EdtsIWF PSlati I AP RS aRbidahok i

M crowave Access (W MAX) technol ogy, or even including using a built in
Gener al PARcRbodiagt of the iyepdor GPRS) chip  or 3G Uni versal Mobile

Tel eco j-aat i t I}@EUS,) ' ' : ' .el.ephoni ¢
device t ggﬁrmﬁz%%i é;i s;ﬁgh tg He défgmggg%ﬁgvltqgg{lgajr%g&?e gi %g& erj\elsleaé{éﬁlllglg}h may

al so i nclsup@pesed mw dscofdancelivith @b eooriimmrine af therinwintibn;t Fi6. 24 Brshofvor gescanpl e a
screen and a key.boar d \Aﬁ‘:ﬁcp r‘r?ﬁ\{( al | ow theeé]Hser o read and .enter .

i nf or mat i BRTBHY 1RESF iRy e e e @ LRAME HEEDh Y - EOUNENFT HP Wstem
100 nmay ieffHodiheendbf the dBlen@itt FIGY21023ho s 4 RAKPBENGE haR of Ok ta@talBLdify devi ce
106 or a conputer 110 (if no direct communi cation nmeans between the reading

devi ce 1G4°%HE ﬁ%’f’%ntsi’éﬁ?iﬁfdaf%wgkﬁgte@}’?di%& %1f th%mﬁfgioéat a server 108. Each
tag 102 ¢wyB[ | sBG. a2 {Hedsta RRMod R erIdiﬂ%jg%é bh %?1(34/69 uig@t Wik a nﬁ%qﬁtgbnet e

exanpl es of identification features include a disordered array o
or magnetoptied readpigreléradng in acgomdangeevitcarsembgslimentsd thiedhventiotier , an opti cal

mar ki ng f(ﬂﬁgl ASFrG. Q@rshg\%jg m%éneqo-gséic%ﬂe%g 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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[ 0090] The identification features as shown in FIG 1 includes a disordered
array of magnetic or magnetisable particles formng a magnetic fingerprint
regi on 1Mo 2Bmetsizag 102 is attached to an object or anpctrsezefi/ovesue 262
to be identified or adapted to be identified. The reading device 104 is
used for reading at |east one set of identification features on the tag
102. The reading device 104 has the capability to send a signal generated
from r eadDof2]t hPIG£29 A fhovdedrodsiseefidrahvib @aiflares cdr@aihing aniHgelpeindfigiondn 106 or

the conputer 110. @%égﬁ)g , SCIB nal.s fromthe reading device 104 can be sent

out to _thaézcﬂ’iS‘B’I‘qee‘fV 8k o the iyRyoRe 161 39B; PEE atPHFOUGH of AR el ess
connect i OfhdQf firfseWirin fbfdd 1R GEor®ihce WAl BN R¥BORInRR; Of th¥dyehGis connecti on

i ncl ude Bluetooth and W-Fi and sonme exanples of wred connection include
Recomend@e83bt aRtar A s wsREsiBatiompriorUnicngageg a Smgheid-oBtcal (¢a8Big. eldhent

conputer 110 _can . persanal conmputer, .a workstation a r_pal ntop.
The’ mobi 12 tha Rk MheRibEI AR GOTRY abosenlBERE Hshiod 1P 3EB Bt 8

di gi tal assiretasyticaledding elementebditgecompréssedifaist 8 hiclclabél Geheredditgy Lragput er
110 can c,onnecia to a data_s _rver%flg&whi ch may be a renote data server (or
whi ch rytBecariske withgnembodimept of the fygRionsyi a the internet. The nobile
device 1 nn S3Vl : Sj : i rvice
Rk A S AR o Sl N S L s e R T O
200 i | | usnagnetoneptignl rgading eleineritin aecoptance with s iemyodiment efithe myenton; ce 104 in

accordan g € .men he .invention. . Firstly in 202 a.reading

v co. 100088 (R RBMLTER G0 of RaalnBir ek flinitd & Fidsrb iy precdudeif”.

second setitloén érdiesdiméntedtticanvéntiahunds. The scanning of the first set of

i denti cat&%r)ﬂfeﬁ#r es and the second s identification features may be
a

t of,. . .
per f or med glesheps 3 tag In ; eragye g?@bg{neq’iﬁg bejidentitied in ageordgacq Vith cat i on
f eat ur es FBYnHoRfhehd B thRGNRhiign.1 Nformati on such as a magnetic fingerprint
region 112 and the second set of identification features may include
optical information such as a |ineBES6RIEIION 2D barcode, or matri x barcode
such as amat ri x I p f. j .
general | 30 ‘g“?i a bar co‘géﬁ%g?@?ﬁ%e%hgﬁghgalﬁgﬁ?gggg% E’E&?P?@? lhglg\% %g?‘%) and
i dent i f i clasdribed fwatht rafeesnca i spchdicssatwd ey, ittdhoulddrtundes@bd by thesatskitled t akes

into accaunt the relativ osi.tion of, the . first se f identificati.on

f ont uros e i tha S DrRES db S S AR e Bide Berst FahoYERIRE | nough
thi s exanpnetidapaitiaie Scopelof fifetinSditiof s HeRied 9Ihd Gipeaddirganis! Thasspaosecond
set of features being agptical in nature, the order of reading or the type

of  f oat urthSnyPRiaR s tus indietiod by thecpprrded sfaimsgndall changes Waishdame 106U 1A

204, the tﬁ@ﬁgggﬂ% SRMafise J&guﬁ%ﬁg}f?i{tgﬁ%ﬁ St l%.iﬁtgn{egjo gg efbpacéd. " O S

can be detect n the readi ngs. readi ng devi ce etects errors,
in 210, 4088} ovi des Ia aur onipidimenttdfethe sention, chzedieg tdeviee tihprovidedghathie scan
of the first, set .of. identiflicat.ion.features. and.the second set of

i denti fi Ca%fel té)n(%taelgtlﬁf;ogga or %?r% he lgl@ﬁgg’a%ezlcepra?%cﬁeﬁ %n%nco ns'ﬁﬁ‘isa‘tﬂ ¥Rl oceed
Wi t h t he their pidéma@siiod idatfixet rapgasstics $hadithe arka pbedssLh ufilqae patterh tn Gaat i nue
with the data transm ssion, the user nmay for exanple also be pronpted to
manual | y Teit%¥ioNs o e of the data using the nobile device or conputer

keyboar d4gs9] exanplgrd.f1 shd@r &P dski-LSundriie@lient 160 Hﬁﬁfin%%ﬁegcﬂhg taeyitype the
barcode nunber in rather than r_escangf. Thereafter, in 206, at |east the

si gnal s di04daeecorianes with @n embadimeatioithe invention: Notesthat althoughethe isysterad Pdn
features (] ; net i N rint. r.egi 2) .. .eNnc d. tionally,
t he si gnasfléw%%l elggsg 3‘%%8%3‘1?13? %?h%r%erﬁcf e@ icﬁg "ééc)agg%g’ﬁ% as%%(?%%v?rdlggtvilq‘?cati on
f eat ur es nstdlealesioe 06 (syph eda midbilepkine) b a tEmpULSIO] 100 &t A4118S Serhplatedd thapr esent

i nvention to encrypt e machi ne readahl e sigpal using a different
al gorit hﬁ%ﬁea&eﬁ deyeq L‘g‘% man fsal O@rfifﬁv&te LAY, R XA £ GpTUNLCate to

i denti fi Gaddiasd 284tk SSver TUsSvil fdfods Qui & &Gl 88 VI, YRSl Aka bAIBIRET Ng
conprom sed. In 208, the at |least partially encrypted data are sent fo a

mobi | e ddlieteothp6WaFia Wordwider Inteeoperability wifore Mirowiavsi rideess (oiM&X) i on.
In 212, th il e devic 06 nnects. to a n i t ag sery 8.via the
it o et "GapREE S BRI W SARATH G ol PRI 1B For kY il

renote server 108 through an internet connection.
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1009311 n 214, the renote server 108 conpares a stored signal (froma prior

scan of the magnetic fingerprint region and/or the optical information) on

a dat abaswowntiimosize scanned signal fromthe magnetic fi pgesgronioossgi on. | n
216, the server determines if the stored signal and the scanned signal can

be matched (here a matching threshold is used to determne if the data

mat ches to an adequate degree of certainty or not). |If the respective

si gnal s du 3gUniversehMobile 2¢lgcomambicition Systeme@iMETS) clop tmoselff ict ag 2 owbile sent

to the il eyice 1 (.computer 110, he i nformati mat ghes, in
220, "t he Bl it o opEnicaRIRHK Ee terher DB, T g HERES PR 5T ¢ hed
noti fi catinclade Tidtiodedbi idireat commuirEiyatdhSwith 6h@ GeaiaNEehply adstidehi Midah

i nformation about the tag or object that may be of use to the user. Note

that as ikFypeasd whichimay gloggie Bfesitiread 2phartet information siythaecadeng deviee Mty be
nore el ahpept Q“h@’&ﬁti-%ﬁv)(ntbltféﬂ}fﬁteﬁl?lﬁ@hﬁrﬁ&lﬁmgﬂs%’ﬁ@ta 108 4 ﬁ‘iqjﬁlg MRlige dat a

server 108 without the peripheral nobfle device or conputer. S nore

el abor at el Meaaiabgle device 04 01 a gagnpirtec [1 10 € f o kdingbtocomemarichtivh Ipéany betweeren f or
direct c nipcati on whih the user. te further that the termsignal” or
"si gnal saﬂlr]g g?gtdgv?ﬁgb%ﬁ?‘%d%%gﬁv?rrléﬁo s 1 ac%?moé%&aft%ﬁrﬁ?rglggl E?C;tfg(?%f ore a

si gnal men02 dodpriessdtleBt ohe sa@ b fiidegific it RaRrdsi Semé keamFlgNef identiRation es of
the fingerprint regié%g. iQ@O{g{gﬂ FI 3 shows a reading device 104 in |

accor dandgAies frehKlcertitrisrech aran ok masn eHe on Paghetisatle PRdigles rymagnstie stripp 4

i ncl udes Acrgtfiinidr %%?E&Il nfatiing %&%B%Qr-mgor%‘fﬁlzdf%&mt -em tting di ode

(LED) indicators 120, wo microcontroller chips 1272, a portable power
source 120098hd commibieddentidigatedrefsamimsias shewnlinsB¥G.\laineludésor disord enpdl erray

Bl uet oot (-Fi . ul e. dul e _or .R$232 nodul ). adi ng
ol orent P orhidsen B o BB L BBl SRR e IRE kB 21 Bach i o
tag 102. IDReis ragached go ednesgedt ot lah @y dfeatheb2d2ntobe idshtifiedibel ad@itedc &l be
identificatian features. The switch 118 is ysed for activat] or .

deact i vatlél‘ﬂ’é'%?ﬁeﬁﬂee&’ﬂﬁ‘ﬁé draisec 4_1‘64”5%30%%7315‘8 *1_5&%45{ PBh & ‘J&g’l‘ﬂf{“éﬁ‘?lf abl e
posi tion fedires dnaike! Ag ar2ermeneming dWick NM4r BadinJcalanilise tol %éhd Th§enaFD

i ndi cator 120 provides_an indication of the status of the readi ng device
104, for 2enefais drom feading the gef, ofr idenfifivgtiom features inthaimetilsledige d 06 r the
encount er, JHL G ral . [ i.hal.e. ] rat ed
circuit, C:‘a’ﬁ‘é’ﬁﬁéﬂ% gcai oggé%%g%&gﬁe,rgédﬁp%g&gérﬁOé%%u? S?nrgt%('gr atgeeisn?fnggseri al
comuni cateiioa 10moethe acreputer t0ogithgethdergh @evitaess esameptien orfheiredicdr@ectmh.

iredJm | hi 22 . i ndj. cat 120 d d h
qui r omSHPE Snpics OF wieRt tRReER nt TheRRb BV B Sk strRea ok s
typi cal | wigeddionpesioh|iecli®t Rée€joynnidndad ISemb ard PB2h(RS2DAY 4rr WnilesaleSeriapBes ( but

i f communication neans such as USB are used, the reading device 104 may be
pover ed \HaBy-nhesomputss| 149 can bpgpprspral compishs Worksigtian 3 daptomorapalmiopw of a

readi ng efenBMilel@4iRAFRANbO L Bbbif gceu{ﬁ'aﬁ pieadiopg ﬁé@ﬂ%ﬂhigﬁéﬂaésﬁtaﬁ{ G 4
i ncludes an optical processi n.?ﬁ unit 136 and ‘a nmagneto-optical substrate
138. The (BRA) der exampde sHiengobiti devi@s10Meot teesompytdruilf)l ¢anyconheat dopodatmt s,
t he conpqnen i ncl wdi ng,a |ight source 140 olari.zers 142 14 (if
the |1 onoay o MitChRg o8 o tele A St o mhith 8 SeuBRES re tre b
shown, mayrvbe, viedrda®imet. 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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or it is in certain circunstances possible to use one pol arizer conbi ned
with a polarizing beamsplitter for exanple) a beamsplitter 144, a lens
syst em 14§0(alwdoszzgh just one lens is shown in the FI G péy/siceomiobé2sdpe
apparent to anyone skilled in the art that, in general, a series of |ens’

el ements may be needed to achieve a good quality image) and an opti cal
detector 150 (for exanple a charge-coupled device (CCD), or a conplenentary
met al - oxirdgier il and ke secondneal)f identificativore feahmesatmap incdudeajicahinformgtigon  Not e

that the configurati S nd described in relation t LGs.. 4.9, 11,
18 ant 1990 s U baPGISDOMABRE of FRGE B LI dlodfls FTin o 21
for exanpif®afchéespeigirefened @ génetdily apalbarcodehertiéh Tiedcidntng cflse Bkt 6T 146

can be interi%gange or the polarizer 148 can be placed jn between the | ens
syst em 14gentifgatfqncieatusss and dhe secand seifddgitilication fraturesniakesiatooprceuts thay be

posi ti ongdajivk h&Lin Of the sO&RTY %ﬁniiﬁ&ﬁfo?%ﬁﬁférs iﬁrfatatiédqﬁ)lgxg%%o%ﬁl det ber 144

may be within the series of lens wthin ens system . [ 0096] The
magnet o- ogentifigationy festures: eAltilB8 gl othisr exaeplerdespibies ad ffigstt searnd plzatwres ket rat e
154 and | ural i f n -optihc. coati ngs such as first ,coati | ayer
156, "o soutbiiCad ¥ sPopf3HSt Saths veu e d0R ST B2 ofier b RogfiBr 0
sui t abl e tgig difgmieNpRsdit th OB SdsPéctive b@ma X ipletchaggeddi scl osed in United
States Patent Nunber 5 920,538, the optically transparent substrate 154 can
be a rmné‘l@ystm i ¥ 2Py there s 1&“@3&%% A% antl mﬁegéf%tem ch may
further caNbauBeQEDS the MBS N theSdadin@ 8eAcATH dlcts &fEs,fih D86, iCMBLidRY | ayer
or magneto-optic film 156 may be a Faraday rotator (conprising, for
exanpl e, aapmowpt ite ghegugende chogsayto qither sadodthel seanof thy firsy eet oridentificaden ve
| ayer 15 K rotator .. rasing,  f.or, e e dol. ini
ferrite) ,%eat & %gdc%ﬁ gc:?%gtsgnogg(ﬁ)egl;t/lgg&% e%ah%ggéhﬁ tﬁlrl er goeﬁoggg ’3&%@"“2{8
refl ecti peoosed imithnsparantagmndtdatt tranemissipar 11Hh6 us¢rGhodded lecdntighe withulicce 140
may be a pol arized source or a_.non- oLeari zed source. Sone, exanpl es o£ a

o R fa

pol ari zedA@JARERISSINR) g STy e boppmpted io magially ggiehsgmago

non- pol aihe? @stal st HEOMOBR: HBGLAIGE Briphhtkeghodd i(RY SHadgR (LEBhrcolibiid her ,
the light source 140 may be nonochromatic, although other options such as a
white | i ghsread ihecuseriypy apise tyne thepargedeaumbey iy rathep hiap frscan) g Hkhesesfies i 140
passes t L L | zEr j i pGi Q0

o tter Gt he kihalblh A G8fratcn AR scddg BE Br B8 oty b TR
beam spl i(te. emagnktic t ivgermimt t legionati et e oplciypadd. sOfrsinaly, ethe3€gnalhios datght i s
reflected by one.or nor.e of the et o= ..Cc .coatipngs 156,, 158 and ,160 and
ravel s BERED P RliRe dhe ecu Htch IR ECa RS e RRR AR st e8P of ¢ e
| i ght pashesevef b alkotdicoheasedsial thé prRsent 4dventiom weberypl g igAcHiferdaddbe Syst em
146 and the second pal ari zer 148 hefore it reaches the optical detector

150 whi ciiedalesiees dafferepteigoritipradentarthateviich may spgpmé thechyman adghlesent
at the MagREEEsHOR! bSO A ThhelRY B prottaBhe 1r&yptidDomUethgl daipréthisbpugh in.
FIGs. 4, 9, 11, 18 and 19 the light path is generally represented by a

si ngl e arPByih¢ atrleast paially pesmpted gatmes)S,ent toi asmbb,ilerdﬁviqeri@ém)de@ompuﬁerrb{@ t hat
the Ti ghtviaoap lv&Xret ro?‘\éevlvl‘?elaslsocrc])gnetcggltl I‘Esli ﬂgl ﬁlepnal‘glple S |6|(%mt1e%?s tloi rQ:trnortm‘y be
over an area w de enougﬁ to 1 mage the desi red area of tnhe magne o-op‘fi C
subst r at dath38rveNDOSvihulid feindt sihgf foe esanladGPRS ar theebmpdfdr il 50 c@inatteed Wi t h

respect to the pol ariéﬁ ion of .the incom ng light (in FIG 4 the

"pol ari z&4#5 r_SWOE?fserﬁél Qth@“I“?tﬁlF?f’t'cot’i‘B%’é’ the polarization i mediately
after t hmobsght has 1235 a8 tMA SvEiR8! dohiarR @ Rrbd SibnAI4Bdm alporsesPnd
polarizer 148 may be tuned with respect to'the polarization of the incom ng
| i ght (oof thecmagnetis fingewpriahzagian andéorrthg ioptieal iimfageatonh on asdatabeprewithiee on t he

magneti c fj . bai . : pgl.ar] e..s used,
ont'y. one *bisfied Signt Ron BE R, SRRk el aR AgPeTelvep et inid:
exanpl e, stobel sipgih ehd thepichiet signbis¢ ancieematohstn(here dn@ichihg(thrshodd ewsed tgur es)
o o el e ety os S edrind) SPhod G e Rptise”

signals do not match, in 218, a failed authentication notification is sent to the mobile device
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[ 0098] The protective |ayer 160 serves to protect the first coating |ayer or
magnet o-optic film 156 and the second coating |ayer or reflective |ayer 158
from any wermpeosibbe protective |ayer 160is preferentialpcy/sag2tmaodozshi n
coating such as dianond |ike carbon (DLC) or tetrahedral anorphous carbon
(ta-C), or it may be transparent such as al um ni um oxi de (Al 203) but not so
limted. The thickness of the protective layer 160 is in the range of a few
nanonet eret & dorhfiter il €0.0Sthe daRBMEID ntiiches) €inC PG ehe MAKIE &dvi@NU06 S
internal stresses, but not so limted. [0099] The conponents in the opti cal
processi fgMpHier 118accsinss erwceessfully aratched apiifieation. This neafention ot dleabe
substrat gﬁﬁp . | XROmah r J ] it ach

ot her. B;e/(1 Ct I szﬂi‘?wéefl gﬁdlﬂlig% It s%%rag Igrtg{a)?&eé %‘z{lédgttﬁ\%terg?{ gfﬁgﬁ%at%ﬁhgpti cal
conponentuser, Note HratiapineFIGiel, opisi coatenppddtel that tht56adinghdeien4smey bemiot6, t he

pol ari zers , 142, 148, th eamsplitter.144 t he magnet o- opt i cal

bt r at GBS aniay SRf PE AP Do mIBRIEE: YET DecrOrn s STLT RPNy ey
be consi dré Eéxiﬁfereﬁ QhéBiRIeFice Wrl cbmipitdr. Dhis T6H| efabotat redifg deadi g Ahgnent ,
134. Note that the reading element 134 utilizes magneto-optical reading of
the tag Hodudtharkeyboard gpd displayngcagenafor wineets cuupurication; Wish ithe usesadiNaie

el enent 'u e al « bl i g . : i.ght

bei ng uséfgél%ég){%nai yz%{?t ﬂgﬁér%ag#les?%&%&f i'e ggﬁgggtIE%% ﬁ?lﬂg&g%lﬁg%t#&lt aetﬁﬂggrface
of the tagtht@fre a0 by 005 222R01¢/ BCAHD 10AR0RPESeHDQ DD nBewdio Seatutes of
magnet o-qﬁtjgcal rilsrtjgbst.rate 138 allows little to no light to pass through,
optical Tt OTEERTHAE'Gtat ed on the surface of tag 102 cannot be read. Thus,
readi ng @ieeapnt 134 FIE. 3| howb Qtreianaddveceol04h Q8¢itd #de ¥ibominidindngoal of
optical and nmagnetic information if optical and magnetic information are

| ocat ed ithe inyeitiopndhg reading device 10ddneludes ippdige cleagent dd4. answitshl 19910 enent
conpr i si ngnaeARGNEISIOREISAhdE MR I8! fvotRihd GHEEkrRips §28 ARfhipRRYWeal and
magnetic information 1s wthin the scope of the invention and 1s further

di scussedourtol 24 radpimmuninatidneclebtronics pnd seftwire HoGexanige a Blyetogthl nidulef 00101]
FIG 5A gpd.Fl G, 5B ectj vel w p~vi ew.and r ctiv | ew of
magnet i c%glélr:lt |m&d lélg” }%‘3’5 %ﬁr %e?ragﬁﬁgfm ‘%P%ﬁ lr;%%‘r?]% ?lt,g %lgrgg%eti \P/ﬁai/s) uslfgef\éri n a
tag 102 ireadigrofigass ef idehfificunior faades@ni tagf10R Ehd tewding tlementTd 4ahdyadend a

cl ear magnet o-opt.ical signal, .particles 176 of high coercjyity. mgnetic
mat or i al 2OHLP : ctaﬁ%omg’ﬂ&{eflegﬂtlﬁaé?a&rﬁﬁt %P’\_’eg‘i"%“r? ll]lfz‘sélﬁ%t%& afialBear Fi G
5B shows dehidtvaiitl tHal Ra@RPASVIERND4 ahdend(PEBbdiGorRa  dt Iahl Q8itdblS pbafidh ot ayer
sandw ched between a base |ayer 192 and a cover |ayer 194. Tﬁe base | ayer
192 and E3%@ple| ayergonayichpe L%%FR@#’@BI%PVfcérlr%dTWé{ﬁﬁ indigatasf 1 2Qeprayidey an wj t h
t he base. rLovi.di f e et c - tL.Gh: 6 and
t he coverlﬁ(ﬁéa%?]o%éﬂpsﬁysgdgﬂ g%?eﬁrﬁg] %gcge[vlﬁcg nﬁ%trz g‘%? HeE (iak hbilr ﬁdgﬁé’ntegglﬁg d trzdbm

abr asi on trafhémittirex dataot khodunessl ah drive. Eacle mitray@rtrolled chipat2x anabsnglsed i s
dependent._on ?e strength.of the magneti ¢ f.i eltds ro&i}uged t%x t he magpetic
parti cl ede&Etef fEculy TECHHIIAS oF HIRRESSHE G doptefy O8PHE JRIFISESt Gnd¥Hon, for
exanpl e ebmiliRidagsm aintefabBORektbragt | @vieS fohexampret T Pafdbe | oS régifted t hei r
size, the orientation of the maﬂ_et ic particles 176 and the direction of
magnet i s mjicrocprirallep ships 122y oo LEDL indicatars 140 depmdst oh dhen ipaysegenty of dbey t he
magneti c fj did4h i feob rein
Bl R U e N O S D A e S At
a non- nagemdargealfle battern Kdryexamphetbiut if qoatmunicatian erdans sushcly USB arepskdithe i ¢
material, netallic terial, qglass jal,qr ceramc material said

non- mgné?qdén%4evb°\§5 ?’%ﬁr?&"?ﬁe r’?‘é?g‘?it[%é fﬁb&cji di ng one or nore of:

protecti guokpr the AQ.i4€RNs LOBSSIONoMENNRIEOS b Readpr élebas 3ar¥hsédien ot her
| ayers present (i non- nagnetic nmaterial | ocks the magnetic particles

i.e. the (
in place pnoaam-or(l}hedﬁada%@grp%,ﬁ & FlGahpichydes apjopticabrrgeessing it 43¢ vl df t he
particle hebas r s ot : e y Next, ticles
16 s o b YpaR> kel OB ThEXRlicel flobiitils SBRPTG TRIudER APl P St
appl i cablcempbnents; theadompasws incheting adightseurre 190cvvd paatizesel 422\ 48, (ifgke and

e TSR} S5 T L oL o . S
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[ 00102] The nmagnetic particles 176 may include a high coercivity material .
An exenplary high coercivity material is a neodym um nagnet conprising Nd,
Fe and B.woheiwmmgnetic particles 176 nmay i nclude a ferripgageeoionossd eri al ,
an antiferromagnetic material, a ferromagnetic material or domains of
varying magnetic properties wthin a continuous material (including voids
causi ng variabl e magnetic properties) and conbi nations thereof. The

f er r omagri¥itit & eRcEANAIcHRsigrges pogsible tonsa ore polenigsr combinsd Wil apolpiahg Cr Te,

Eu0, CO0 | . , r i | i of Fe,
N o ey B obipoigiincth sifer . KR SARBY A8 (B pERS: B EESS

sui t abl e,shoive iathe FI16h 4ait txald) bd Bbarent eanryeae skilledhinrtbaalit thgit, éh gereRrdl, ayiesont ai n
a suitabl e density of rticles. FI.G 6A and F| G, 6B show different

densi | e TR Bl RereRieda Bk heaoALHIH TRE) SHLHS oBled deerans 102
to be reado foRerafplans hivst Bodled ARALE rr@g)g,o‘f% H’goﬂEPI&ﬁﬁ%ﬂa{%n merdl GxideA shows

a very low density of magnetic particles B 'shows a very

hi gh densemjcopugieidGAMPE) ¢up whichds alilg ¢o take ap frmage).e Nogf thatthe gonfigapsionsng 102
to be re ' 1 00. T ew. i C A . \ e wth
F o on o R hghAT b (AGPRIAGE 4 Y, £8 B 10 oSl HEsGn GRE

uni quel y thelexdct Eordighentibh cgerayi for exarbpleithapbsitioding bfthaperiaér 148eand Wk age
tag 102 to be re contains too n netic _particles, 176, as be the
cage wi t N 1 IpEa LS inlerobynged o e POHEEt 8GR PE pLCE ohrebyece dhlers of
tags 102 syitbid 1BI Buteley, dodRNdfi the k& ¥ithitlQhH 1nDlsFstefrAA8 GRYEBY bokitidned $n

general ly desirable to ensure that the tags 102" bei ng used have a suitable
density dfontrafhetiean splittardpé or tpsthefhgpmesp Biten 1d4imay ke wiskiaithg seriepoflens a

t hreshol d; 4 102 used nust have between 20 and 50 magnetic
particles 1&7 {hg?é astsglflglgs}t 9'a certain size. Tags 102 which either have too
many or {@96f ew magridtei magats-opticat shbbracar3® ecompriset enl apnicslhye trpngpdreat i on

line, for a at, the tinme.of first. readin nd st.oring.the sigpal.

[ 00704] SHERERROLE it FbhTh S ekl ortie L R ot A BB posing uf 3T,
digital rseqha@sentint :a9&s]1 93 adde piot@eie (dyef 160.NEVardi shitabld air@tbemehtd asdMe
cases it is si gtgl er to base the acceptance criteria di rect% on the pixels
of the i Pagubledfer eraapls, 3e displepedan Linted ReatesnRatens Nugibspp020.53h the opgically

magnet o- QahiGak: S@RHRRY 5% GHBRL ndnd:OR il SnR &m e
magnetic fi eﬁlagén%esul ttIsa isﬁ a br.iaghﬁgfgﬁgn%gfé%and ?ﬁ%cyangéigﬁgag{éﬁgc%%@gﬁor ds

t he bri gigemet whiph may duthsr gént@int sha5®npaneits 36¢h aesoagdinmy, the ifigsttewstiig Then
anot her i that i S i.t abl gheti.c fingerprint is to
count -t hatSkr i R0 e IR 1R A% Fariel B0 TOARS I, DB L pove o
certain tforriesgarnhet filml)uhe cthd @vatiny Ryabaweflectivenarhabgl cxabeia Kdr 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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128 on the scale of 0 to 255). If a sufficient nunber of pixels are above
the threshold then it can be assuned that the tag 102 has sufficient nunber
of magnetwo 2pavdosbes 176 (or at | east that those magnetict/sgactoioodss 176
which are present are particularly large, i.e. there is a sufficient
portion of the area which is nmagnetized). On the other hand, in order to
check that the tag 102 does not contain too many nagnetic particles 176, it
can be sudptical detdctard 50 tvedéh ¢dpairenat inmge eepirbsentad verak theumagnetid 8eldoprepinc el s

are above the threshold (simlarly, this | d actually ch that th

magnet i zetl B Igﬁgqeg"wtlcrﬁogt%%y‘frﬁrlég’ hlg %dﬁéf(\fﬁ\lqtﬁ 31% @ll?h@é]l‘ t“hﬁﬂés Jud L §,§
control sin@M9i the lighCpsn li@%édaaatnyaremgeh?édrbw SRgle a@iow{o? 2R AVErowsSSines),
t hreshol d are surrounded i‘lbaa certain nunber of pixels below a set

t hr eshol dhistihnet ialgaded tegmphathadthe dight enly &gvdn slong that sipglepgth; epresalbrthet i ve
of spati e I El 7 7B.s fur r _exanpl es
of tags ?W vléa?ﬁ@% éé‘gegt%lf %%%W %ene4oglg€f8$e1§la nthéa?%eggg%ﬁgg %}mﬂplﬁ ngaﬁ}l %ﬁg)gﬁlc ment
of the i roubsttatoh38.ASotadiithé¢rothal thedeodnd pelatizenri 48aiatrotaed witlo véspectaddhé i onal
security or infor ion, multiple_identifjcation features may. be adopted.
Sone. of ” HAZAG R Rpigdiabt fi E16 Biher g it QTN MET MG HBR o8 codes,
magnet i ¢ (ROpélaFSatioNRARRHIafelPARN FLINEH: hes SRAIARIRER the B Wldrizef 14CTAL mark,
opti cal barcodes (linear and 2-di nensional, including various industry

st andar dsseeandtpolasizemt48vaey bactunedsyith gespedt iteitheipalariagtion, of ¢y ineeming lightletmer i ¢

char acter IS} I . . LM . 102
may inclu %e %?r%?é %S%égh% ént9 éef ;éoglztil!talétorﬁﬁb %réﬁ%%[ E“ﬁ?%%?z"cﬁaﬁi %/&llg%ks or
a hol ogr aneasified. Notesthatbahend @oladided sourbe issesednonlyameqadariz86 isnmeedéd Adl i nt ed
using covert i.nks such as ultraviole r infrared.” ical" inks a
ot - S ROt Reschlsk B0 PRI Sy B Lo LR S AR d P chd by
using a uid athky figaap) B feqaHicRéned vits thelfét Of theYfiguré iMTbRRE k1 @lld@1dang 102
with one or nore particul ar wavel engths of the el ectromagnetic spectrum

Magnet i ¢ dsAdrcgpen ekthe verigsicpatiiglpvsss-f eat ures may be positioned at the sane

osi ti on yd I eSpectt a [ P ers.
00106, HI0o8E oo athd 8 ré’té&%zq%%tr hf@aﬁgﬁﬁ@ﬁt%g&e@p@%@%% i %ﬁe 135 A

second t weagietoepsic oflal 15@rasddee $86nd soptirg laykt yr oaflectivp piyeg 1§ dromagmet i ¢
fingerprint region 112.and a.pluraldty.. net.i ¢ _al phanuneric ¢ acters
18075 b iRt ArSbrabdp RdeyD PO Bt TR Blb oRlR el FefiePeRdRkES: Code
186. Not e,afjbhﬁt(mJCI) hﬁugﬂrﬂ]aﬁe?fal ARGRLHoLS chibog €apT), PF it 8@V cuaftilahap drént lSs:aawgs in

FIG 7A and FIG 7B, i ngerpr.int ion 112 preferentially be

si t uat ed Henpip aﬂgaﬁé'aﬁé bt P o e, (R dessSy RBrobETiYD erl_é@ylﬁé“ _
printed Qe rahBE6LE B nafdnkI&S td R Yo RlicrBhd, Wepdndinyesh thBehddeNGSitdal Bhd €91 On
112. Furthernbre, magnetic and optical features may overlap while placed

on the santemg} stegsfes.rugnet sodipeited. of a tag 102. [00107]FIG 7B shows a tag
102 wi t h[(ﬁ)ﬁ?gnet' ¢ lfﬂenggﬁlf}(gﬂeﬂ{s LE%hE nop]ti:l:gl' p'?bcessing 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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second two-di nensi onal barcode 186 is overlapping the nmagnetic fingerprint
region 112. The second two-di nensi onal barcode 186 is surrounded by a
second fiwocebaloosmeki ng 180 and a first fiducial markingcta820m/0pesdtioned
at the upper-right coner of the magnetic border 180. A third fiduci al
mar king 190 is positioned on the upper-left corner, adjacent to the second
fiducial marking 180. Magnetic al phanuneric characters 182 are positioned

adj acent [000008]he secoBétahiedte kneteblsiiciy sdfiGrate[ 138 LB Nie M GAEIghE taddsé | Cl es
176 used |n formng the ma,gnetlcfln erprint region 112 are usuall%uof hi gh
coer ci vi trougheontisahindormagion lpsagad & SWifacy Qfa‘ﬁﬁeltoizccaﬁﬁ?tt bered. 17as s a

flake- 11 kgadif0 MRieHt 1i439s199<1 hbt E&iﬁbl@%f%%&%ﬁggg ?&b&%ﬁ SerlaP BE bPkaf hfidrENt to

read overl appi ng optical and nagnetic features o tag 102." Overl appi ng
and si m |magnete mdoraraion of dwculradérnsigccmb informeton hrededtated mrﬂletdamesamna(l ar ea,
superlnpose

Cag 105" Rastarae off bR 1% B Someal aibrishers Mnrag e e

advant age;oflﬁglﬁéd heread be{h ol Afd QHAneaP PhdEnaWnl Balvithindtheegopsd iof theat ur es
is it allows for a smaller tag 102. It _al so provi des nore accurate

corr el at ilBYFIHER ek fy ﬁﬁ@‘#fé?q dorgxamples incthe d?sé‘anéﬂ“é%fﬁI@s HadAnddObecause
the opti gghofjeat ur esprc!sed aa¢ FiG! %he{e%%&ﬁvé@rs I)\'Vnagf'o%p&lle&t?ng:% EQ’sﬁ'&ngé the

magneti c features are physically cl oser tot etic res uch a
readi ng edl%weﬁmaawdcmﬂtlateedwéw%@bly Qfatgs; magnetlpreod:rodsy)aused de&tagllﬁému n

det ai | beI oWy 00110 8A t ross-section t ag
102" wher SRS GRa e RP PP it AP T G RRH FR PlaBRReroBli oo, P

FIG 8A, pfahibldsag6 l)@Blgﬂﬁ:}éeﬂcMﬂyUﬁhgnandl@M%hals&b’ﬁmé.9143 idpnetic BAgenstihtegtiscal
bar code (ngt stlgwn) (herein_a "barcode" |s taken to_include datamatrix
d1otshe cfg

codes an PEPhe TG b shoavsgpat Bahisi sibodiatitol HaePrierritfes 19 t op

surface, fgm{rRINRE h&ldﬁﬂxé]ﬁ@rblé{we% arlﬁgé 949e11ﬂ9?2 Wai &Eb\}%ﬁl/ay&ewﬁ Tﬁ?bd‘s@'i;i}?epf a
| ayer positioned bel ow the cover 194 and an adhesive | ayer

posi ti ond§2mad @WftrHeyqrrdQﬁ@m genrerarlﬂgéy lpmdwfrome@m rofm&enahow@h thechase ldyar code

1510 38 R GBlPRL S RBALE rl DYGRLIE B 20

consi der edoteariobdraye ferealiramdern ahd Gromf dbnasibrl. oTharrm@nhmm tlnckness of the cover
layer 194 that can be ﬁsed is dependent on the strength ‘of the magnetic fields produced by
the magnetic particles 176 (the strength of the magnetic field is itself a function, for
example of the remnance magnetization of 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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WO 2011/ 005222PCT/ SG2010/ 000259 [00111] FIG 8B shows a top optical view of
the tag 102. Optical information in the formof a barcode 184 which has
been pri mvedonimosize surface of the tag 102 may be seen Promscziw/obexso vi ew of
the tag 102. [00112]FIG 8C shows a top magnetic view of the tag 102. |f
the user is able to take a magnetic image of the tag 102, the user can
effectively |l ook "through" the cover layer 194 and the optical information
184 and [opees] t he nepheeiagnddiogaitidl@s1 724y AL BakhWedehdivitt ARtdrRDNSi i C
fingerprint region 112. [00113] Although the magnetic particles 4220 are
descri bec*a@Plssy high speraivity majgripl 1cpneodymivm magastseupapias Mes £ apd 8- The t he
cont ext YImUD| i : r , P por |
magnet i 09};1)%%&1? ﬁ%PAergglEEZO | épgﬁ:& S%g%%ﬁﬁg? é\{%hrg?t\éﬁi{lgﬁ% gﬁ%ﬂ?&%ﬁ%@%g{eb% ng
used, the ferropmptdtiesmatkridlhe dvagiet of vgrying ahagnatis properied 38thimadonteoopt i cal
set-up of the reading el.enent. Furthernore. the "color’ or.intensjt f the
i ght " dereiea (et ey Caing fyarishle, maghelic pippaira and sopbnaton dhertedpendent
on the megRefetmbi®itid miteidl6s et fdim Hiegloay @ofsidg, of IMEBANCrTE6Budye to
the magnetic particles 4220. For exanple, north field may result in an

le, a i .
i ntense (g 1 6 NinCe.Od Ry, seresponding gHoysr wdpxides of Fe. ik kcog 8, Gds s
I nt ense) | he h of the nagnetic field (anong other factors)
will det eﬂr}%gjrll(gg?lﬁ%ln?%@éﬁ% of the light. Therefore the intensity of the
| i ght wij00183ry acr dssorderntegbresuitableattia alee o422 Bagas02 ebe meadnlsy tyreading he
magnetic field varies. Thus . the. netic p Lcles 4 wn i.n. Fl G 8C
o var y 9P B cPRER AT GEls R R Patistst e b g BT S tfietehbho
rather thiefsifdi@i S¥omuigh ekio rpatticlddCcbhblideld GritlBh tBd ames af to@ tabseM20b HehRad aposi te

i mage (i.e. the optical and . . .
accordance with an embodiment of the invention. FIG. 6A shows a very low density of

)

magnetic particles 176 while FIG. 6B shows a very high density of magnetic particles 176.
If the area of the average tag 102 to be read contains too few magnetic particles 176, as
may be the case with FIG 6A, it may be difficult to achieve a large number of tags 102
with uniquely identifiable fingerprints. Similarly if the area of the average tag 102 to be
read contains too many magnetic particles 176, as may be the case with FIG 6B, it may
also be difficult to achieve a large number of tags 102 with uniquely identifiable
fingerprints. Consequently it is 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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magneti c features superinposed on each other). It is clear that when viewed
fromthe top, the barcode 184 and the nagnetic particles 4220 overl ap each
ot her. [OQ®LBIMbsn2t ag 102 is scanned by a reading el emect/scap@bb@sof
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 i s sdaBmadhe bqald ¢ ©56). Wifer s ffidient apmbend ;ﬁmls:aadabd%thbshrashdhithmat rix

Ui i o et Cbovs Rt R e 10Abeh oniBEEn Bibot oY ahahe s Bbalomt 14 (7 o

i nf or mat iled) thatltheseathefmRtit parfielys M8 whRh I@.ﬁb%ﬁrbibh@af‘e@aﬁiéhl'aﬁy 1S Bl tBEretie
optical i nf ormation. [00116]FI G 9 shows cross-sectional view of a
readi ng ShEieignt p@mrpn. tl&f‘c@é‘% whishds maghetwqé)t hén heiedyr hend ierdente ¢hedlent i on.

The r eadi bR plPcHRR (¥ mat P pla e AL LROMCH Gn ol IR €41 and

optical in ormalon at t esarret | me one ‘sui t conf i gur
readi ng ehedkethat i@ mom chandemazinginn glumbgodfgrikele arelabdye fik8hreshald fsimilatdyens

ey NENTL R IEERT R o E TENE

sultable quality control step is to ensure that a certain number pixels above a set threshold
are surrounded by a certain number of pixels below a set threshold, thus ensuring that
discrete regions exist being representative of spatially resolved features.

[00105] FIG. 7A and 7B show further examples of tags 102 with identification
features in accordance with an embodiment of the invention. As additional identification
features provide additional security or information, multiple identification features may be
adopted. Some of these additional identification features include magnetic barcodes,
magnetic borders, magnetic alphanumeric characters, magnetic fiducial mark, optical
barcodes (linear and 2-dimensional, including various industry standards such as
DataMatrix), optical fiducial mark, optical alphanumeﬁc characters, visible markings but
not so limited, for example the tag 102 may include a Radio Frequency Identification
(RFID) chip, security inks or a hologram. The first barcode 184 or the second barcode 186
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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| ayer 156, the second coating |ayer 158 and the protective |ayer 160.
Assum ng that the surface of the tag 102 is sufficiently reflective, |ight
wi || al sovbeorahbret ed from at | east some portions of tirerseémmersd the
tag 102 and pass back through the reading element 167 to be captured by the
optical detector 150. That is, at least a portion of light is reflected
fromthe surface of the tag 102 and not intenmally reflected within reading
el ement IB3gneks sndontigak faattires mayeystlapwhilé plasedoin thihearhagr diffRreshlaywrs pfia FI G,
8A are sqff'wi'ently reflective (clearly the black areas of the optical
barcode 1824 W1l not reflect as nuch as the other areas), the optical

det ect or [00507]wi | | deRES:t 7B showbianagi 02 @itht hendghehd fingerpintefegidnby12t e
magneti c features_and optical features. In one enbodi nent, nagneto-optical

subst r at €°920d teydiggayional, batcads {80 1soverlapring theemagnetin fogemeaticgipnel nent
167. In ofie s@%ﬁ%@eﬁﬁenmswé&omf@%ﬁ&?@%& %ﬁr% skdShd cgﬂ)ﬂﬁrking 180

substantially the entire scan area of t n one enbodi nent,” readi ng
el ement 8% avfirst idngal merkeng 138 {npositeimedrs) thy uppeneight tomert of te magnetnduct

an el ectrjc,si . ein the e tric.sigpal ,woul d cause the. magnetic
oo 11 ot e0oisB B SIS a8 g 1 OF s lekispoh weRAPef SR R et RIS Che
pr ef er r edh¢regiad i flubil aiardhg 180eMaghétic! SphAReiesit \bhhdcRRINES bk pRitRhédl S
such as iron- basg‘g ferrogmagnetic materials). In one enbodi nent, reading

el enent PRy 06 iprond didneighBe&ingl§0. shown), wherein the magnets may form

a Subst il V. uni MefeMiBOE pdriQb 196 [ed GEPERAInE MR AGARE EfeBlint 20
102. [O00118] FI G 10A shows a scan area of tag 102 with optical barcode 184
and magneegion Ja?2 tare luewally2oi0high reomciii@. (Bw) fowh erfesuch ehigle adérniyite Imagsatic 167 i n
FIG 9 inyQlvin . gr | e optical detector 150 is used. In sone

enbodi mﬁ%{caegq%gﬁ%%ﬁ%i%%giei%?gﬁf{grﬁt source is used. As can be seen in FIG
10A, thefoorea)l t is dt mapiberndtantapeois foha regling elembiy 16 eetel dBdapping opgpakt i C
particles 4220. |n_the exanple o] in FIG 1QA, all optically blac

regi ons d8 H&gn?tgffeétefesg{‘f?lm @s_éﬁ?- (AVGHEPRipRaos Bt lar CEBHAEL0 BE MR k

whet her @6 nitgh 18cA0REHhe CsaRR! drkL | sGpdinfibsktd T &S Bt offdach Niker! OGHdaPBnd
However where the tag 102 is at |east sonewhat reflective (i.e. the areas
bet ween tAgnplicy ertuse Pk thegiey 10Rangyvevesiep @i the geme gpdiffarentriayess phtagnldd. (i . e.
whiter) it ' whel: MBRHRST ' ' e This
occurs bg:haeuéslgla{thﬁgé ?Jg'?lp\éﬁ(}:t?%lge&ar easg roggrll%?y g]t #éﬁggrgrlgédr?gﬁﬁ[c %? l[&f‘éisg]‘r-{{] { no

mat t er whlowerfoma smedleettag 102r iti dbe pd@2desi mopr eserdte abrrélatdn petsickn ale or

not. However |if iC rticle 4220 is. present,. the | ari zati on of
the 11 ghr4eaets FEPLOA dr4 iR Sorapichg Beere g BRah b5ty LR 4 arrrentfor o
such al t gsefingdrpiit MBEYhing ST thd idp&tict RebR! arel FBkicAt cRiRer 1 the thipaeesf or e
appear as a bright spot. to the optical detector 150. Note that this system
| confi gd¢aEs Pushy? Redire slegrentard ralated devicesc tagscand raethodss arg desoribed iy e
shiny or j@iN9ew ke since if they are matt or otherw se scattering they can
alter the polarization of the light hitting them which may reduce the
ability [@011t0e readiKl§gseBANtnSEtshowetaccross-feetionad ividw of facag ul02swheFhdhe ar e

many variations. of this that can be.enployed,, e.g i noc mat i c

T aht s oeagRrRmb T ohd e R TR &g , i it B S TRy

i nfor Imat iuwﬁudzrad&daer E;yéxf E&Zlewlﬁ)if:]h hhead qg}cﬁpﬁarl;c:(_icﬁe(hét- s_hbl@'h)a(giaﬁerueaangcéd:” @ her
exanpl es that dependjng on the optical configuration chosen and the

pol ari zat3%6R o mclusls databes codssand ethsr masiyne feadghle oplical ydormagoppanted, ¢
magneti ¢ oRfstibf kifach 24 thaBRARMineFprid k&ibn 12 GRICK R4LESin AL il ofa layer |

conmbi nation of polarizations are used) as varying bright and dark regions.
By usi ngpositignedobelowuhecoven layer iy dnd amasdhesive daysoB 0 @ositiengdolilew dins  of
the magnetic featu wi t hinat reflective.area of .the. t ith those used
o or ext Saefiets B Meloh iz S8 ool 0b80mith otk R b bty

concer nedomillubtrathg ngirpases. Ty dedctiptiors @iat EBIoORd forOthisofigire dndf dthet figigear eas
of the tag%ﬁng thekfa netic information within the dark (black) areas is

i gnor ed. SEPHL Bg ERsidele 0 Re senaral rad petconfiedie Baredesdi fficult to interpret
due to the presence of the nagnetic information since the reflective areas
will vary in brightness in the inmage, but this generally easy to overcone
by methods such as just setting a threshold of brightness and assum ng t hat
al| pixels brighter than that threshol @%are considered to be part of their
reflective area irrespective of how bright they actually are. [00119] FI G
10B shows a scan area of a tag 102 where the reading elenent 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 |ight source 140 is assuned to be
a white light source. A white light source is used in conjunction with a
magnet o-opti cal substrate 138 that is assuned to respond best in the



portion of the optical barcode 184, the green of the optical barcode 184
and of the magnetic particles 4220 will interact to form another variation
of green,wbubiiiesbhe sake of better describing enbodi mpgiscehiofobeso
invention, the 'variations are not shown. Although the reading el enent 167
in FIG 9 is used as the exanple in the descriptions (above and bel ow) the
concepts are not limted to the reading elenent 167 of FIG 9 and shall be

consi der Fn)mﬂ gener aFIGC.8E S ARp! %Ju@ﬂ &lewafflth gctloagosharr%m)ﬁnamn in
(particularly those shown in FIGs. 9, this case it may

be advantthg&smofadarode é%whrcerhéﬁbemer@r@tﬂfe @rrfacpgﬁtheft@gmrmerlpﬁ@pn ng the
bar code, tical substrate works preferentially in the
green don%?ﬂhtheth%bgﬁh{ﬁg&o%gmﬁg can be used to read the magnetic

i nf or mat [(mmlz]whr | e tIREG.r8 € slibovsed wp rhagne X &iepl eﬁthemg Dbzbﬁﬂhsedertloabletter pr et

the optic informatjon (the bl ue green barcode woul d ck in the
red domail ?f(wrrnraent ifemAgR tﬁ%ratgsl% thenuser &1 GHEGHDE yslapl?p@eo sPf5Ear

bri ght i najdne ok BRAMe optibalthohasidi s dtlandedfths mgﬁ'éncwléta 4200 t:eﬂteﬁtea urt her
by using two different light sources in the reading elenment - the green

|'i ght sourléenrl@rmgnam fiegprpriit regiethplZe while the red light source is left
unpol ari or exa Vi eadi t. C ration
sui t abl eﬁ)?glrglt hi s) . |°su%l?:ol%f g e?c%a}rfﬁgﬁss 2 a? gpsrggg‘l’fo%enﬁaem offqIl f%g l?m&tge
to be a puslerppid @ddrs |ama@c1ﬁbedenfthcommﬂsm oIﬁﬂgl’lﬂhdlCaﬂdn\iIhltd‘rﬁguréﬁ’l Isforedlér,

Herein woyd ugh ure" and "f ot her | ute ter .aJ e not
consi der dtf Polarr 3 fhe. BBt Ge ooien B30 is 8 MnrpRar o Jebtrsgpe (D i béink
" subst antysed, | the fpkfRrtles Jfathe W%ﬁttxh@u&ﬁtmss%@m ti%aloretJuﬁ ajJf themge

free fromany magnetic information at all”, in reality i magi ng devi ces

(for exarpadie elgmpents o Furthermere thy|“roloBt eiciatensifeok the hggf detertedhep zbrqgelt eénsors
such tha %I@ng i e C sone
i nput rtolrlr% t 5 etfcgg‘rﬁmg%g‘l ue (rl*}sorra glgﬁeﬁp?ﬂrtg@?lggget&eeﬁﬁﬁn oﬁ%hl%ﬁhgndoﬂgﬁon and
there ar éaycasr 15(61.l$58rmd’llﬁbdltedo ttlteymagxetifc pamiclee 42241 §<‘obyxamprbet ragotth rf@lcbnnaye

portion of i e 0 he red urer

i mge. S3° Qgﬂ}%} S ngg ﬁouﬁ’sg%}hd%?yste Ei gta‘q(ag’sgffs t“éte‘bﬁﬁ |ty i's
somet hi ngeg/tbm qthels&enﬁjﬂt eﬂthe (ﬂ'iagﬁétﬁﬁﬁdl@ fdnhoh gasiidr @acadik pwillndee@m@de thé intdhsityt ended
in the context of bel for the purposes of use within the context

of the i rNé&tlieds. Tlremﬁ%*ifr wteaﬁat pkthe dghowilhany acrgssypmagnetic partigh 4229 py e
second cqm! infhisikyfhe hofink S8 Yarids! Fousd tlemAlRfc el A ARNATRIFGO! 8
readi ng el enent 167 1 n this enbodi nment tuni ng the anount of ght t hat
is refl ec&(bmabyawwehgletootquwwtcphga¢ra§seeac 58gneitd nanelefﬁc?@rraﬂlglfthm bgng t hat
is allo L9, pass t hrough the second coating |layer 158, the relative
contribution of the magnetic particles 4220 and optical features 184 on the
final in@gel4]capt ur dd)8D eovapi itdpa{nedectfethéobmjaBQterm;angl@phé Bpticatl and=or

exanple, in Fl 8A, a partia flective second cpatin 158 may be
cont | gur GRFESERG rabrs sRGAIGheT FIRties Yoo ol et Shanueged RS e e

mar ki ngs 10f bacdaarn8Ndsd MRAndgAeHE i8Nl RerlifGacHBiREL | On of the presence
of t he netic particles or features 4220 overl apping a barcode. Here a
"partial f08115df | ect i W¥heretagntP2cis seammgd [baya read 8@ elemens rapable obiradingiondy ude a
reflecti I t

whi ch ha\séﬁﬁ(p Oﬁgd h&ﬂaéfr rﬁgf‘r%& Fg‘?"é‘gﬂ gﬁﬂnggtgse o%ostl)l!tﬁ%slc wetrate
138, par torne hhlzﬁbf ﬂtetm@nfetw ﬁhgmpamu mgjioh aye lis %ﬁl&alrmhdtt]neeomeclmfnﬂoﬁihabpmtgl | ayer

158, is ially reflected. This neans netic.information
Wil bo DHEANEL banpiea Tt ot nre bR bR 1S AIRBIArIOHERT ect | ve
m FFOF S sll&%?sé&inﬁhgad}ﬂ& Hﬁfo?ﬂﬁb@f@awnot ﬁe&é@é&hﬁb‘&i&fﬁé@ﬁt&&%ﬂﬁn@ﬂ&@ﬂﬂe
coating layer 158 is used. A further method to achieve a simnultaneous
scanni ng ngmbenordhe iertie dagamaiie infomaationy Thesefprggin ardycngy detnossibls a Aoy f r om

t he sane. ﬂ%@%t%ﬁlcﬂsiﬁfo%%\ﬁe' ength sel ective second coating |ayer 158 or
filter syst roic mrrors and dielectric mrrors, for exanple, are
thin filonéarors tHAG.refdhest @ csedsesettthalvaneat leghrreodmglegdsther(toM?r ange of
wavel engt hs) whil e allow ng the other wavelen tran tted hr ough
e 1 apoorigiee ok SfbaBett ofdhs BER . She R e FkmeGr 1hH e ot up
showmn in FIG 11A and FIG 11B are again purely for |IIustrat| ve purposes
and the exact configuration will depen@7on the optical and mrror
properties desired. In both FIG 11A and FIG 11B, the second coating |ayer
158 is assuned to be a wavel ength selective mrror which reflects green
light but allows red light to be transmtted (FIG 11A shows red |ight
being transmtted through the second coating |ayer 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 Irght ber ng

T 1 o o o, o o o, . o A N\ T 2 a



readi ng el enment. The ot her conponents within the reading elenent 171 are
the sanme as in FIG 9. [00122]FIG 12A shows a top view of a tag 102 with
its optiomb208408m2d nmagnetic features 4220 artificiallypsuperposeessFl G

12B shows a red-spectruminage of the tag 102 taken using a readi ng el enent
171 as described in FIG 11A and FIG 11B. FIG 12C shows a green-spectrum
i mge of the tag taken using a reading elenent 171 as described in FIG 11A
and FI G tdid&d both inegreti& iffornia?iBn andl optical infAmativiet the eamofimehb oreagiakielt si de

of the magngt o-opti,cal substrat 38.is marked gs.46 Ll e the ea of
Che. 1 g @ RRERh de teadhi DetRe o] Mo rinels ROTBIAEE 1o dabfs b omER B as
4620. Notsgstbialde] £ bdaiesplifttr LAl and QtsefplPlight 36urt$14d.0r exanpl e a CMOS i mage
sensor then it is possible (for nost comercial CMOS |g$g%| ng chips) to
acqui re W8LKIt he redn enscembedirgensedt-lspst somartighirnatses direnght hadisststoptinghi s i s
because i1R,fTsh TR At 5eS $00 88 el NG AR08, AROLAGEhLS @lispdr OuPed
into clusters of tour photo S each sensing one tolor, generdlly ey

fol | ow a shdacensf the tan @02 edsudBeisnthgraflectiag dight, willvalsg be anflesisfrom pHedsocel | s

and one bl ue-sensin hot,ocel This.is,co |y kn as .t he " !
ont L gur AP RO AT LR ARt el D42 1025 BT O Jhe Bttt s
full col a5 bt ¥BSIAredtBYEthE IoBficH] AeletP1 8. TRROKLOKALsE a pBRIACLIANKPIREedtad

recreate the full color spectrum however it is juSt as easy to separate
t he spectiom theosrtage of diechiag 193 endawtt intpmally Fefleced wighie sepdingdelpmert iect r a
separ at el ] ), . f < -um i mage
(repr’eseﬁ%/S glclfk?l%]tﬁ%aaﬁ%agtﬂ% dls'? g@e\iﬁ%%éﬁ? }h&‘emnggﬁlg?o@o%{e!gggcheg&zgﬁetgﬁlgénl38 i's
present i(slemit theubladkyaram ofpthe oplicalregede 1884 avitlonat oeflak s nachs bhé gtheer
areas where magnet.i c particl.es, 4220 are.present his is because even
hougn« AEek s PRgrap reErB ) Sufl el PRt R ate SRbOa, R PRE BB e
coati ng hnapaeticl Rdtuadithnd optiedl| fegtsl 1aYonk RboUimeAE enahetobdticalsubftdatd 138. an
i mge of the optical mar [Ei ngs on the surface of the tag 102) the |ight
never t heM&ysspsaswbstappally,ths qoige ryidl o adinggelpmendy 165) Tn see( grabedipentt he way
t owar ds i i j i cg, of the
g 102) " Eoptod A | A mal P oA R e e LORCR ” gh
t he secowde emhodingnt, ageadingld@nentd 67 meayprosapeise goidy (nat sheymg torr othier efrebturghi s
means t hat re the magneto-optical ;substrate 1 i S_Rpresent.the.
e spectt oA Cap T R iR OB siRol? MaRH Gy eoole BT R i Bty
optical 4320 fofahgir@3. toHpneres a miagnedc eiddi(in, suchea BagNthti prefefrad unifmed220 can
be renoved using the information fromthe green-spectrumi e (represented
in black %w%%&eeio%séovg O Eﬁ@etliz@tsge‘adg@l eﬁérﬁ%fé@%&fﬁ% 9 mege
provi des migerild) N 1R Bné BRBSIIRAENTL RAAIBUEIGhESR 169 My Renptidd haphdt ik shdign),
optical featurés (in the area of the nagneto-optical substrate 138). Using
thi s net Wdgreinthe magigls-maolormfar syhstapitallypmiforn mignetdiedd withgespsctdplascan
provi de ‘dr%al?)‘??{; ltd%e magneti c 4220 and optical 184 features fromthe tag 102
t

and i nportant e spatial position of the magnetic 4220 and optical 184
f eat ur eg00118) r espe®IG. d0Aastowat hiscani srew of ytagn ¢ 62U mathedpticak havoded 184 BiL24] | n

anot her enbodi nent, a | ari i.s used to tune h r L nant|

mgnot | ¢ astRaeet 20 onaTe AT brelfE Spp et 18 BHEAEY Mg e
(e.g., Fla?’ﬁys@ﬂ@ opiibal Fdefoctor 26D. is Thad. IS sorhb @mibeliden&Sh mMdbchRnafE light
configured so that magnetic 4220 and optical 184 features are enhanced

and/ or sEPHFe&sBEd] nAn cahbe searmp (g el 04y the respliis geombination 9 khegrtical
sinmultan i £ . i e '

particl e?g%g%%?ﬂ]%ir%qgﬁ%eg% &131?%35@5. I{ngﬁ%oo agﬁlle;-%%g% ggnggt'(la %ﬁ%tgﬁl& h of

| i ght (oblackmegorafdowet etfengsuiBienttighe ambso pelsesn asi beggdtlémdr whahezloengt 1s. The

readi ng el enent s Ln.FIG 19C. for exanpl e, can read, magnet o-qptj cal

e ror g, Funrs paBCRanl i preent byt Msabut Mevever Bhefere s 00 b IR “pans
of si mul semewhs!ryldctiael (i HEBFERH v nth® BlatE alarkifgs) tHeRlehodted ligt@ppéard he red
spectrumof the Iight were not polarized then the magnetic features woul d

not i nfl| Gesedntense egwhitgihin tie ragiongpherenmagnetic RagiRe ¢220 fseprespnbsTihown in

FIG  12B.uqil GF&%e fe rggg%ﬁgitagea% g?ﬂeeact Iﬂf‘e é%ﬂ{e' Sifibunl 'EWE%E A5 bfied Bfiether

magnet o- opti cal area, Nt Phis T e al soodi scussed 1h relation
to FIG 19C After the polarized and un-polarized light is reflected off

t he magnet o-optical substrate 138 and/ @8 tag 102, the two resulting inmages,
for exanple FIGs. 12B and 12C, may be used separately or conbined so that
only the optical 184 or magnetic 4220 features are shown.




[00125] In one enbodinment, a switchable mrror is used. FIG 9 is also used
as an exanple of a reading elenent 167 in this enbodi nent. The second

coati ng NQer111BR22s made into a switchable mrror, i.ePCE/SGROWO0MMELH |s
able to change its optical reflectivity or transm ssion properties based on
an input such as an electrical field. One exanple of a switchable mrror is
described in "Proton Conductive Tantal um Oxi de Thin Fil m Deposited by

React i ve IXEIRHY Raticls238 s PEseH gt that pasitiorser pet SHawevesif @ argpttis Mriidler ", K

Cont er enc’d B PRt A Yey DR I e AT bRy BB TN P31 -

however tsegpemaresuninaljerek ghttineay ks tirédghrtbepolaszdnridB and will therefiuye apdr as
switchable mrrors, for examl e US nt .6, 647,166 and .US Patent 7,042615
2nd Us. PabIeRppe: s SRISD 98rets ASBototsyrat iiystm (oG RuBIen eV MK  ne
nmagnet i ¢ RECGwRAT the dbfldcitO bidad bPheGaY) aldShif 6B Hrdr ik sirRe Rf ey bR hakep) at
slightly different tinmes but of exactly the sane area. By swtching the

mrror qURERisy sseitepagthey kit altes fhe @qlﬁémtianm@@@,liahf hitting, ghegy whicht way ake
full areg,} : ' L C ] j '

addi t | ongraRadts aflo e RAUE e TRARE he o A TRILAE TS M many ¢ 1,
ensur e t hatiatids odthigittradkcarold eroployed; feqy. @miag msonotleosiati¢ lightrsotfees stvaeioposi ti on

at the end,of the im acgui sition sequence, .and hence at t devi ce has
ot ' been ol Ve (PR RET A el p et e ouie r et TihEecond
coating teherd@id BEothe txaMples thak Qepehding ®nahd &tlcaCdonfiBurkfi (P&Hokdh anf the
reflective property includes, but is not limted to, a polarization

pr oper t y Peiizationaeicthe meagRetsy pastele 226 Hamay de qapy toswakntie dpagnpliqPAHYEY may
alter whi | It : (] I or
wavel engt%agfab?%% ha!ts.brrlggghg?g% %?@3’33’3? g%gg%ﬁté&ﬁﬁ ’eg?:ﬁ‘ﬁzed\?@lﬁg ateﬁlestsehgrg e known
i n the anaryisgibhghasind Saikiregiahs. e Byptsingathispminfigiragon Bas®dboeasier ectomywine oni sm

in stretch-al igned.polyanilipe" l.. .Phys. .lLett. , .1307 (,2003) . .[00127]
I one: eitoaris of B8 mRed B s e Weur? plep ot gt PRFSRAL an o1
t he seconrgeatOthkirB@rdnay eigndth. MYhidEasd I matthihgSie @aNdconoahed ¢ithawghedd8 (and
if necessary the first cpatigg | ayer 156) is_ _patterned such that sone

regi ons dRIofRgion gortespongine; ty %@é@fﬂ‘@- Bpisi lathe dagdnd- e anagagficainOrmationct i ve
and some &ty {h@BSRAHRR) afdaGis I3dra!OWbnledulitly | Y dfanBirh@thal 0% kdrshown
with its optical 184 and nmagnetiC 4220 features artificially Superposed.

The tag Hitfichk te interprat dae tevithenprgsaneadf thy whgnetintinformatidnagines thagefectivopt i cal

substr at A the first. j C i ng
ayer berigS itlyidh Mighilert in TS LS obpBullEhsl o MERICRNRRRE, LT
shows a coaeH agjustakitiong acthrealivld vhbfigignas aad adsuinirey thaigall pikelsn brightagthtuh éhat eadi ng
el enent. Th jority of the inma is a purely optical. i e are 210. The
magnet o- SPE? I e, ppatifsed tolggp%%‘ﬁ&m BTG ¥on Grempghe g@&w gns@gt?@hs some
of whi ch sgralgadi cated to optical imaging 5220 and the others 5230 are

dedi cated to 1 magi nglat he magneti c features. The magnetic 4220 and opti cal
184 i magif81Yquar es HiGe 18Bsheyeaisqan agae of prtag 1 Qowhers therfeadingelementtlgé in

magnet o- i tr . : i i .nf ormati on
o s 0% ubedi cpithfidoibhiot e 104 wAR R bbbl 800 GltodeHnidd! g ) 31
The out | ireffectfe surfacanlartthe bgltisomce $4bstasatnsedltd Be iasvistedight smre. tAwhitd i ne so
that the,viewer can sily. see th osition af th to-aptical

subst r at SEREEWREIR UrelaRsRIUPE oI B SFaenporqREcs] HRMRIE LD It prsimed to

i nf or mat iregpohd bepirdithie @lech 1Mk HEQaANTHLS, WIRG WRiteDIREH? isxivdd 2d Magreiie Rditie

optical portion 5220 of the magneto-optical substrate 138. In FIG 13C, the
nmagnet i c appras 8h&rsR3o the optieal Pgtpator dS8heceuse ofube Preneries ifihe aagpelpe whit e

regi ons. o}ﬂ@al %matfggga%o%ggw & Dealo?eagNFuppeRs 86 vALGR SR Bk Brech RS

magneti c Teatures
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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correspond to the magnetic imagi ng squares 5230 of the magneto-opti cal
substrate 138. The portion of the image is shown in FIG 13D. The opti cal
portion olothe/dormge is just left as pure white and onl pcrise2pornbisn of the
i mage pertaining to the nmagnetic information is shown. The outline of the °
magnet o-opti cal 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 tridneo MesSbptiRhl bdidde T84 ahe F@&l@ﬂh@%ﬁcﬂ Badcodd EB4agiH WEkhe HBGRHE aken
by the CMOS imaging chip is actually the sumof the two images shown in

FIG 13C p&ﬁtflw‘%mmt! in Ve formnanogher tviag atdonpef green, bk dersthe sekesof battet o
enphasi zet hafnd P@p@h@&b&%@%&ﬂ&?ﬁ“ &Q?vaﬁ%éxhsgé}?erﬁg shin.! %&?ouggr{g e ‘he

treated separate s is easy to do since tive positil

magnet o- opddiggdlemensd 67 an FIG.IBiswis¢dasrths peamiplé i thé desChpionis i@givagnd belpw) s
fixed. So it is sinple.to caljbrate ich t of t i mage relate to
mgnet i o s i 3oplied uhe a0 B3 e Sl eI ond T bR 8"
opti cal igeh@halnEdncests ifplyinblab alltrbatind YlemRRQSpadcllady FREASkdwn R2BIGa19pt i cal
5220 regi ons of the magneto-optical substrate 138 correctly it is possible
to deci pH&r191aed 28y Inthiscage itanat be advarfageoss Emusetiolifferepoveielmsthorf light ar e

not vi si . : tJ Ged Malog I ] . . nd
fre 13 o nielifh ibaARAET, b hTRHER GRICIS b bk telohlly

subst r at eréedglohming theadinat dhmemrrab be beedaboerd the gugndtierinfofmitiva, whdathefred he
datamatrix elenents. This ns that. a portion of each dat i X el enent
o aampl damiie o gramele.pf B s Don{BIE (hecieR Rmaps (e gl ercen

dat amat r ib4rceli@ Bl appedd bk iPthe Wi ddindib! Mhls the diRérDatts 0SB SfRBEVedurlaerage t o
the datamatrix elenent). This configuration praovides a sinple wa

t
achi eve $Yawd wpRerdirieht Butbe Haees) (haivhed teis kind oS srstem alaa&s:ih@movg@ﬁmglat ures
of the tag Jie dfff'e?éﬂtqﬂggt WS s at’ﬁf@lehfénfjﬁ%é’%?ée{ltﬁﬁt dalR0RL ri X

code and accurately nap t position of east sone he” magneti c
f eat ur es palapigedifor lexamplecwdtilet the rédelighttsoemt inkftkinpgkriz@ifopexarhpgle (BEG.1UR. Thi s

met hod ma ovide. .l ess _area f.or sanpl.| he .nmaghetic features 42 and
her ot or Sl 4eing PRm3nCPabBlrGRTR B G TRES SSubERiithiiorR I ags
102 cont atdhd@bdih iof theniklage Gebhs £ ppraiptiog ithgdfrgd GbinCanfyanidneas indddtisnah t hat
the user wil] have a very good, possibilify of s ling sufficient magnetic
features aﬁv-lzibfet"b WOFYSGHCR 8% UMEE e Feprddihe aols i RS B° BRCOPSIgEdT ar | y
the opti galir WAbRA R AP Butl 84 ah SndiHiveabine (1.0! ‘Rak&shAMy te”BIRG! LGnipl@gi NY
regions 5230 and therefore care must be taken in choosing the tag 102's
optical fbbaugheye spg4 “puretpptinaimagreljecipmisay smpsnetic inbenpiiesr #@ll3id reaiey | mage
has a go i lity. ' j.clent tJ t L 8 ing to
ensure ggﬁ?étﬁ{ggﬁgp&p%ﬁgé g?aé%%gpn@;frlé{ei g(? e%rtggsr{gg(a izl g&w{ilteﬁrecr}’eé B‘ng%p d to the
tag 102" $hepenwoad suchrikitnlyse thOGeBddmiaing ftolmthei imaging slentet doeh ihtledd sonsd
coating lir?p‘(x? rfrorlr15t(?1engreetnhaendrml?engotrrolz_lil(ﬂ3 t—Itl('fi{glis 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 image. 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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substrate 138 and/or the second coating |ayer 158 of the magneto-optical
substrate 138 and/or protective |layer 160 may be patterned to all ow opti nal
optical iwagbngosr2occur in the optical imaging regi onspCTiseaeoeesons
shall not be so small that diffraction causes readi ng probl ens. Patterning
of these regions can be acconplished by a variety of standard |ithographic
t echni ques such as using a photolithographic pattem ng techni que (for
exanpl e) daptueahpyinké opticalideltcond S0rmapbe dptinlizddt - B ep@iplErini FIG. 8A, a

wet - chem cal etching, or dry ﬁéﬁhin reactive ion etchi;g% for

exanpl e. REEHAIRUElecvRpeaRd Erren a}ieﬁ%é%é% Be fioHieredee thavaorendielt rlgcibe
enpl oyed, sb8vé theBarPRIJrERNBIEc IS WAHGRR U 1S BirE &rmdmérgfoié)énaﬂtek tﬁéqt t%cti'?ré1 é)f 102

configurations where one is seeing optical features 184 from
t hr ough tthe pfaserse afathe inmgnétmypartidleGor fdatirpy $220covevlepping erbai®de nudkereba at

| east parti al t panspar ent 00132] Ther.g, are n s.to use the reading
el enent s (?gglc?bybrggecgﬁ'gv%ec?%d ﬁg?tﬁ’&l f%’gr ﬁﬁg ie] ﬁ%’oﬁﬁ%opﬁg’fi%ﬁ TEHHVE ag 102
based on pgoeizf fildivhichfHak beéd oendédl &ueR thaghe ByhitWihish W& Rakiks fdla@izatibe
optical informatjon printed on the tag 102 can be _used to _ accuratel

posi ti on altseedhyghemegngtegptisabsubgiraty 13dgpeicularly the fiest peatiae dayver 13¢a; tﬁ@ of
the tag t e tmed i N d rd ki ng
s tho opt s vuE, URe ToY. T B TRFRA MY PR, YRl et TR bR 2
tag 102 tih@rmateporpwilhye pnbaged dompired evitls othed avmseleative b8 papialintreflective t he
surface OHH%QF tag 102 and around the datamatrix 184 there are four optical
fiduciallﬁarﬁrngs 4710 radi ating outwards. FIG 14B shows a magnetic top

Vi ew 81‘2 mﬁezgama tagnilaﬂathbha’;lbé(ﬁmbﬁﬂ, agva%&dgmegélecg% m?ﬁd;&)@iugﬂ@@ewd t he
tag 1 there is_a magnetic fingerprint region 112 includi.ng magnetic
f eat ur es 1935%9: 4 Bgthenethed tq aehigyrogsingplREFAS geRnngopt e Oaﬂ?agafentwgs &$%nent

173 whi chngewe ﬁ%ﬂgg@gg@leﬁ aogh £O8 (HalANBIEd % td 86 ARAVALEHRIREUL Gechi@t Ur es

4220 on the tag the production line, there is at” | east one reading
el ement Fpatingnldyartis§ or didter sygteat. Eidnoic migrosaandpbielggue ntigomsbfoa e xamite are

reference, i || owi t f nc L gnat ur f_ the
g 107 aBf ehl fabad et REn LT RehGOERBRES PR uhle, o0,
scanni ng allow@ingt benothee wavaldhgiths abd e miassmisted thupke atle trhgror.alyete that hike f i el d,

o T e o o8 AT A P LA W TR, 1 5L oo
purely for illustrative purposes and the exact configuration will depend on the optical and
mirror properties desired. In both FIG. 11A and FIG. 11B, the second coating layer 158 is
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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(scan area 4730) while just a peripheral area 4720 is dedi cated scanning
optical information. [00135]Wen this reading elenent 173 is placed on top
of the tagok0/dbak i s being produced, an i mage such aspchaG2ehoeeson Fl G
14D is obtained. This image may be used to derive the reference signature
of the tag 102 that is stored in a database. Here a portion of the fiducial
mar ki ngs 4710 are visible through the peripheral optical view ng area,
while t heearm:hg)élbmyntofrhé bthet cogO e W thil therfegiint ElemkeI Il £8 tht23Meqk id he tag
102. Ass ﬁ that the fiducial markings 4710 and the datamatrix 184 are
printed | e same printing step and are therefore aligned accurately with
espect jopi£Ach of Narid iz shbah NGR atl | E0hith HEOHES! I 9PurRGfldERn_ and
of the optlcal features that conprise the datamatrix 184), the |1 mge shown
in FIG ZYamuread2Xeartifedlly supeaosedaf@Gy 128 phavrea pdsipeétom ohagead thertaghéd i ¢

feature 20 with respect to .t osi t i,on .of p

f eat uresz% 4.1 3 (g Bl rf’?/%t 1p s‘fgt b(f’al h‘glt(’f‘]elc}%c qcﬁkﬁr ﬁﬁgﬁgﬁ_’?& and
dat amat r |sxovaeagtee@spéo&4nﬂmga Oftha(t&‘gutralaérﬁusm{g 4 Qadﬁ@ leenyént 17 I 8sdesdibed @ €ach

ot her, a hl&ﬁh resgl ution _opti c%l canera can be used to neasure the relative

di st ancedIGhd1Ammnd FiG, 11B. " lachoth BIGo2B pnd Blfsi $2(oihe:prge of theinags osids each
magnet i c ff%?etﬁllé?mefjozgﬁlc‘ﬁ'l ms{rﬁéﬁ %Es kb 8s d@f & it afr&da&ﬂ{ﬁ@ﬁﬁég%he e

[00136] Note that the method of taining the reference 1 mage described in
rel ati on theomag@o-ontical sebst4® Bi8ois eréssntj ig gnarkerk and#62bdNofe thethifehe ogficahi s.

O her net h| epar at e | e. ner aI |y, t hese
separ at o UiaRe LSy P sBhmlE 8 MOS AR Reos RANE BB R Ty mef @R el
strictly Gmosssxﬁaging Ya&ﬁpsanmt hequireetodd the ted- Used ahdi ga@ﬂhospecuﬂnﬁ rMagem t he
magneto-o i.cal bsifrate, this would allo nul t aneous, readi ng of the
magnet i c S aasquEya& S B%cﬁa%e.laﬁl%mwwfvﬁﬁ%se&?@at Bireasing MptacRls

magnet 0- QRi 416 edSHQSéh!is@ér? of M%ﬁ&bf&l@%mh@ﬁslﬁ? onfolbt, lgé'1§etr£1@ttﬁ§y foly 3

datamatri x code i s actual y well -suited to ac as a reéeference Optl cal
mar ki ng f@?narraémnﬁged B@sm«ssthom@nll,oiqu greemragnsingi photasgils) ped on@blmwnsmg is

pat ter . $0BEAE s Aichhup T Rhow e 3GGHD G fhitich ¥t A for Kot

pattern 38(18 EI% g@ Shows & X emnen 0 afratrl X
code 492@redm) Gréxins BhmsH thdesec odsts 419?1]) colepimreapenths signels ondaly pliotouetib esn
"1234567890123456". FIG 15 hows a su gositi.on .of the grid pattern 4910
from FI G°° FBRPHNY ¢ FeTeflt é’ﬁg’(‘ﬁ |°S%1068%f§“118‘25 YRYRAT 1S HUTE a8 casyig sepqralg Ahe e
easily Sﬁﬁ&tlﬁrﬁbﬁ’ﬁﬁcﬁow@dﬂ@lMﬁ%&%ﬂ%@éﬂrdﬁb@w@e&&?&phﬁte B.nply a grid

pattern ere certain of the elements have been filled I n bl'ack and others

are | ef tOQRde. Thi Hsibaws it K- B fhearemebthared-speebes imegegrepasheried sed as
a grid pgidgLid lte) 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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mappi ng the magnetic features. This exanple is chosen as it is very sinple
to understand however, it will be clear to anyone skilled in the art that a
wi de var iwoyoofoospei cal markings can serve as referencepoasiGzagsosst h whi ch
to map the magnetic features. Both’ interpolation (usually for magnetic
features within the optical marking region) and extrapolation (usually for
features outside of that region) can be used. [00138] FIG 16A shows an
optical tappicalifeatuss (ia thagred 02 teunhgrem-opiabnbstritatl 38 Pssigatis nkthadagne t s
manuf acture | 5 14A to 4D, et tag 102 has been dle

That  the PRl Soin S Ry o iR S.ablE L Adineion BoRcRe Saabe 28 afn e
present ajpticils4dbdtiired foht e tAR162 Bl n@iBRiaily theCpatidl Pobitibh S theGhadnbic t ag
102 is the datamatrix code 4920. Let us assune for the discussion here that

t he ref erd2ABend epfifichlp4features withgespest ta sacheasheriiprely ppcurdelymegsured Fl Gs. 14A
to 14D h | , t] h

f nal t IBgC S chitiRhefl b JdMEAE A3 S CuskE A UHEE KOS Brelbinlhafiey 1O
readi ng. I{l@&@@ﬁHO&ndlcﬁmcalhtﬁﬂsfeamms raaegpe’sem in eppeitenm ohageHe gs IhEst b@ 102.
Th t 112 tt

enti r o et T ARES . Thhins RO bR 42 mangs Soafebhat 1Bl Barererado 5

wi t hin t hgtisagret fe@tufrésn%r&ﬂlhl'fﬂedrQﬂ}’di’nsuﬁél%ss%ﬂdmozﬁ\%pmm m&g&et IAC fiehet | Cl e
4220 is marked. FIG 16B al so shows artifijci alli; how the grid pattern 4910

from t he TeRfhoghis fohicvg esimpligneanp aiapaiag o1 dhe opiéca g5 84 and the maagngbo
|l owi |
ot vt NS P RS RAGE BELE SRAERA Myl 2Rk fPoiIEED o2

datamatri'x co : OWs a co eadi ng
el enent MWeaveleogths) \ulmhechdt poltaneint ioted wakielengthd eThtepding ekevmnt showa 14 ¥EG. | s

SRR T R S B L TR T e
area 4940k 6s nzarﬂigdy ¢HB¢ting BedisBbf SimilR@BAIslC eakiy anhfmedO4dt bpdtal he
o amaler etk oh: SIS he e R el "
i mage of fdgrel 3QubOtot MR B TEATHAE £ 28 MRA khel faint inPagnetic features shown in

FIG. 12B would not be present, i.e. the optical image inside the magneto-optical area,

4620, is “clean”. This is also discussed in relation to FIG. 19C. After the polarized and

un-polarized light is reflected off the magneto-optical substrate 138 and/or tag 102, the two

resulting 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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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 4920wbronvdobe2t ag 102 si nmul t aneously. Agai n, the owcerscpenjoeser of
the optical scan area 4930 and the outer perineter of the nagnetic scan
area 4940 are marked. As in FIG 16B, the grid pattern 4910 fromthe
datamatrix code 4920 is artificially superposed on the nagnetic features

4220 wi t urckiyhbetwaemedking sibsaquenrtamadd4 . is Pyssshlpas phsifald) atdaamgpésdo fitath er n
4910 artifi.ciiallly, one cap denonstrate graphjcally .how the position of the
magnet | ¢ PHSHL Amdsag e (IRRgREY, vitioy oAl CHRPIEHE  t By SYhig,syEral
correl at @indy iths hise pp&Ié tPEnsBfe ﬁlh‘@th%ﬁgﬁtai 6pticaPfefir@ifced? 20stll @thé Bfine
ow the signature derived fromthis

reference reading of the tag 102, i.e. » _
readi ng @gpitipe abgwmdeqfﬁhptmagmcqwﬁma@e@mﬁwhﬁnée then éher dgvigedris @0t eadi ng

was descrge?g%ﬂ%nr&ﬁ#lﬁgoggh&%gglﬁ‘@n%mg% to 14D) that has been stored in a

dat abase. ther of the tag 102 is showmn in FIG 17. Here
t he readj0fi2d| eftent the seqood cdatingl laypn echybietchnfigspd it chiangd h eefleatiyed@periyhe
reading elengnt. is not centered ,and it is.rqtated wth respect to the tag
102, Agaith, RSV ATBRCriyG FIeHeiegy DY 15 AEt BEHfed ol o ARatipRion sBRBe dod HE. out er

peri met eryRtleh At imasfa,aﬂlease&aa_dﬂc%é@ldgara9eﬁm5>kﬂder wiscH RgiftliGefld@Por t he
grid pattern 4910 fromthe datamatri x code 4920 is artificrally superposed

on the migsses thougihasgd 8 palrpigatigngaiiwpveleasthed Heht Exeawiesafdayersgippaileaf posi ng
the grid . 9 ifici , e ca i ow t he
posi '?i on aglﬁgilﬁéqﬁég%gt% eglt H@e?"éﬂ% f‘sfmg‘é’g%@tﬁf’g‘;a?ég’wgi g?ée%iﬁ%ﬂ‘t ag

102 can kEcgochrehsteid stetch-atigmedpodyanilion”, ofprl RhysHomne 83,302 62008 ks 4220 from

the ref readi nqg ,of,. the taq, 102, i.e. hpw.the si ture der,v from
s T oA 15 25 uimelf 4P fietteuminier g RS 81 So il ket Foailar ence
readi ng Wesondesainglegtrilng flydeiugéd. t ThEkddnd ¢dAink Qaykf DI (ahatif MtR&sshgaie St or ed

in a database. ' This shows that even for very poorlﬁ@all ned_readi ngs, the
syst em i dirgispatinglagercipoaisshajteragyd spelethabagmq tsgiogs of ¢feff the maghelpes 4220

that are opﬁ&{l] Guisaad 189 af VR AERHE BN ESné £ MaflSDardP . m@%w% ?ﬁaﬁ) Jiél:??f
erent fromthe

magnetic features 4220 being scanned in this reading are di
ones bei ndags t@hissliown Witheity e alnP4sindvnagnatid-#220 feamresizatifidiallyouperpesedes t he

magneti c feat ures. 4220 bei ng scanpned were scanned in the reference reading
(acscr i odYERe 18T 088 v Wil SO W HRE R SATR Rindghelso o RANELETT
scan ar eavithathe eiigal copeng 14ye80 151683 hrddier dik Geconldn@ atigg thyegbéing talpattbined chigein be

suf ficient fg)r mat chi ng provi ded that enough optical information is scanned
such t hat®¥eH od’o‘ésistul"fléﬁe'of the magnetic features 4220 in the scan can be

accur at goy128gpped, 6. 19BShGhERLorfHRMNoA 0@hin ‘irﬁ%iﬁ@%@bf thet8HaKELSsif2 20
in

bei ng scanned in the reading muy al so be scanne 1 the reference reading
of the t &l reading glemenh diheamajority| ofjtheyihggeas @uruaely opticad inage eram SBY. athd eved.

e T T T I e
may be sdtdicged).to "optifdli magintg a220Uabd tharathelye 523 ereniletichtdaly toc immaging ithee
BNt C e T Rl AR i A 1St e P e Sl By L1 Scan

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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area and "sufficiently accurate” can be a threshold of statistical
confidence in the matching result. 1001441 Regardi ng the mappi ng of the
magnet i ¢ weabuwr®s224220 fromthe reading in the field versuscriw/oneber ence
reading, it should be noted that the optical features 4920 can be used as a
first step to map the position of the nmagnetic features 4220 in both

readi ngs and a second mappi ng step may be needed for very accurate mappi ng.
An exanplcgrédpohdicstht Mgﬁétemﬂ@agls@&résssz%etatenﬁaﬂgnee%ucafshartratéte8 The
positioning or normalization I's done using the optical information 4920,
then a sdevion @ttleﬁt)m@%ﬁ ip ghogania Klige18D: Pﬁbe ARtigsbportion eAtherimege Bpstdefeauised t o
achi eve 0 t t 0 nce

si gnhat urg) Fgg?gttﬁégaj m g%ﬁdenr gih{g% l\ﬁqe iP5 eﬁ&ﬂ tﬂe glt%tﬂgt?l {élg aﬂf, aSe 102.
Thi s can shewslofike bltythﬁloofltge magﬂftb@batal@ﬂbsnﬁtetm 1§ralto®h1 abt dimled 9‘ortbzmthehe
optical positioning ste thereafter t he Obtalﬂ % &ﬁOf t he rragnetlc

f eat ur es VY56 CELRAHY Se¢ HsRogttipRof theymagneto-opsicahpby PR Tespeetdp th n

t ol er anceedi 8Nlie imae: af t er each step the data can be correlated again to
obtain the best match. This will allow accurate positioning of the magnetic
feat ureslOAIZH) wit h MNdparat theoactyad megeetaéméyéh@ﬁg{% amagipgwehipris actalhi t to

t he anmou i t S d 0 vent

t he dat a%%eosg%]e%égeﬂgg%ﬂ%u %g}lngleli nl;j %?%lgtﬁh'qﬁg'sglé“)gg?rq}é é‘{nllérhso\?\nﬁ% t he
opti cal mmages mgssspm 2P eraplihsive that ahks éata nbtemeécﬁtonf ﬁmlespertpms iof thedmapé cdn bry.

1001451 The sh here where, a rral net o-.gpti cal scan area is
Coed Ter S SalRslys "R B 16 Siofe Heckiaiye Panes oL BESn A < by
way of exatph@ 188! With Mspdd @ thé @NDS' igfiging&hipS is2B&d 256! itGO Binpld faddliBfage can be
used prow ded that there is enough overlap in the magnetic features being

read in tdchy Effre%snefetheelattgﬁgelahdom@r@%@émeﬁﬂwbauthﬁg@g d02 1and rrdrichy

ff
cross. sobt 7SS M A 107RARS MBmaddiata] Ryfmantl/ Abfiedd (e Shigete s200 |
el enent 284phea) SZEQIragienaaof)thxr mlaglteyo-olbtmablstﬂmtmtwt k380coruqytlyoalls possintos, for

exanpl e n 0 e 138, | i rce a,fir

ol af 1 7o Ao HiecR 1025 SrtemiaaT gt Gveny e Epafiahs SO ot Vi b Tie

opti cal dfatg@athmagﬁ@regatmsbe seen. The lens system 146 which, in FIG 9 for
exanpl e are shown as just one el epent are now shown as a Iur ality of

convex dPOBOhcave | dnF1G- ddBnand F1¢q 13€ the opticph an%m%nat*rdperi@ss ofrfthe
CONPONENt, S A8 oBRLL %Qbéﬂ'até"lﬁ ﬁav@rl%reﬁ(\chbééﬁ th lbgeabétllzg) qu;-x!_’(@ JfERS afch SFRHY S 5113

and 5114 together with a pinhole 5140 are arranged hin a housing 5130
whi ch i s datematixeclesherts. (ldépmeansttbattaporaethef ea@brdptan@m&el@mmtch sappedind fi xed
w th respe t housi

al [ ovs t a?;sostugﬁscu%lﬁ t(g[e?l \gﬁ ‘?I(llatg ﬁ%faﬁg%targﬁtl;lx elleq}-l)en? sbbl ?ko%rswlapeg(u?l%ss
assenbl y thzte mmb@ﬂﬂﬁiISdaﬁh’thOb thads@amiatiix &lemeet).t oTtbts mﬁghxymtnocpumdis alhi s

means t hat ur| ng e final asserrb st the. f S gan b gglj usted and
t he hous?‘r‘Rf £V & Vetsgmétgaes%ltsatﬁ %8 rRAgREYC opia tl fRESht i mal
posi ti onesukd tdhab2 tah@ proges hRpws mfamsd&aﬁpto dQPkr thePdatamaiixS EarRdad
optical arrangenent, the pinhole 5140 allows the depth of field to be
cont r ol | @efurately map thampsition afiefl leass sarme wf the maegngtie fqapres 4?a2ﬁ)geth wapschtoof

[ gt angR P ARnRARE 180 81 i 108 Pis Tl b pRARAG g Bbafipind ™ ©

sour ces Headagnetid atisesdd22bland ﬂgrefotea:tageueedem&etaltenfwledncﬂesgningehd syslent ant i n
desi gns e bot tjcal nd netic.information.is be i ed at the
et i P b PR R P PG A Pe P F AT e S 1)

An opt i CaleraifloNdvera w9 ool poba¥ility erh'sa'in]blﬁtgt alfﬁaaﬁr@agﬁteﬁaxfedmghmzm; may

pass through the beansplitter 144. The optical absorber 5150 maéh e made
f r om any abp iaeauraty apd sddiablerigatalping o atcurf ymilagly the eptisabigformation 1&his, imner

wal | s of e bl ack
to absor Ballgst?r g{?ﬁt“?g#‘%’ @8%§§i§é%agq€%%ﬂ0@b%dﬁﬂé&ﬁ@¥ ﬁmgp%ta%(%a\glel l'ing
f rom t he clhasingrthofagt 102’ dpgihal features d 84 4@cht thatvthéyt camg)eteasrﬂytdaeoqﬂretedrandfthd he
beamsplttter 144, ortion,of the I| |slreflei:tedtowards t he
magnet o- 4P %‘H@t? ff?éé’f?‘P‘(‘Bﬁtsufﬁfq‘?t S’Rtﬁ)l e*t"t‘f&r S4remplng 19 gasure 5
portion of that light is reflected back towards the beam splitter and at

| east a portion of the light that reacBes the beamsplitter 144 passes

t hrough the beamsplitter 144 and travels to the optical detector 150
(l'ight path 5172). 1001491 Light may not only travel in the central path
showmn in FIG 18B. FIG 18C shows how |light being reflected fromdifferent
areas of the magneto-optical substrate 138 may travel through the reading
el ement 134 and be collected at the optical detector 150. The basic optical
|rrag| ng concepts and de5| gn of the optical elenents to obtain a sharp inage

-,




1001501 This is nerely one practical design for the reading el enent
configuration and many ot her configurations (sone which do not include two
pol ari zerwo 28neghosizber s whi ch do not include a beam spli presG2en@oinasi bl e.
1001511 For example, FIGs. 19A-19C depict a cross-sectional view of a
readi ng el enent 134 which does not include a beamsplitter. Here the
reading el enment 134 utilizes an off-axis design. That is, the incom ng

li ght sowcewatt4napping jof fthe thaghétishfdatnres #220hwitbemspeat toattiestagf 102he optidaé. Thi s
particul a}n%&{lg%gdl ment may include two polarizers. Polarizer 142 is placed
in front € light source 140. Polarizer 148 is placed in front of the
optical e13ntor 15MNotdllias irpthis mEtba theeibosbatiBn laybNIcUstaBe Hag@eo-bHIMIES,

| ens 1910, |ens_ 1920, and | ens 1930. Pinhole 5140 and a protective tube
5120 ar e SHPERtS 38 apdior thersseend: caasing Jver 558 fj the apngpetewptisal rybseaty h38

vari ous I 4 t: i their
Faspact | oo By laygl ol A bRaRELF etk ol 1RE0 (REFRE o Sur B 0
front porthé optical imhging aeglonsg Tbb@rmgton&3hall hotby 60 small tthatndiffracgore mwdé rrent S
i ncl ude srrradller emsI arger. mg ‘ﬁ tlcal su strate g}ég sj zes. F
alternative Wt s T PHETHE ST RESTEIRRs &2B 018 assemelipd, &Y & ‘ia§’§yb8 ng

pl aced i rgtanamuquﬁoga@;sn& iteAfigasdsuehi SNiskid @photolithogBpRRCHatietind echhigid Of
the reading el enent 134. [00152] FIG 198 shows |ight emanating fromlight
sour ce 14@)% c} Brqopingy r’fwglmoa? pr BB -l papemimge Webghratienl sihingal
subst rat grigp, aaﬁﬁg@@@%acwv& RorPARADO ﬂirfsﬁa}hpref Vhfius! c%%ﬂ{ahe& ofk éaﬂdvght

radi ates out” fronmthé |ight source 140. It passes throug I rst

pol ar i zementigneshigvertions may bggmpidyed,fergaratpattens@SWll@@bleamon_Qicne boefati tlee

reflecti opt ca tr

sone enbggmr%urr\?t Ob'grvrvagfﬁee - 1cs)ﬁ i C%le tlcag?cf %e%‘ggoﬁadﬁelaﬁcf&a% oéfg%?llehg%

mrror | aysting lhybrssscehepﬂamdtwelraya ltﬁbenumgaatleasopdmam{ trandpatntat e 13ﬁ does
not i ncl mrror_| aye I n some enbodi nment s east sone |ight passes
t hr ough !ﬂgﬁﬁﬁt 0- opt IThaTe STGLTARL PEYY 46 Ui dhs Seatie 3&@@&5 Sfeseribed gho{s i

shown) . heRd&3E o fn@énéd&%fohﬁsﬁod én hedd et %C&)BB tﬁ’e BpiidaPinford4Bbn ohqEh OF a

conbi nation thereof, the |ight passes through the front |enses 1920 and
1910 agaitag- amy thir wegean hleatphmomabmmno@pnh@dfanm tdgel2 cr93®.usghto | i ght

t hen pas ect or
150, Phuscouiiy o M RAGRNE AR LA el B RmP Rl lthe 5P U O T
magnet o- dp2.i Oat msethst mnyebela&cnbed behsedsmgltwdathlaamurmmtkmyﬁs theeomjehl cal

det ect or %tso The rotation of the second polarizer 148 with respect to the
first polaric2& 142 will influence the nmagnetic versus optical components
of the ipem3]t aken IBIGHNIAGRbwS ah epticHl top>PiewdTAYad 1 0F kifat islBins podced.

cross-sectional view of a reading elenent in accordance w th anot her

enbodi merdthessis prlatamalien $oprinted, o8 gheesustepe af therieg 102 prd argund theslatamatrght

sour ces f; | a e nme
enbodi m&*%tg f%ﬁgeﬁﬁg?@glrﬁsﬁﬁcf? %{%ﬂﬁgﬁgtogltd Fg&%ﬁg@"’bl or?H{g FS t{?%a%o?vé:aormy

not be omagnetedop Niswselithe same tag il ghthas sihegpradised. aBdlowgﬁé)sur@pe béthedag t i oned
in any s bI e position-within the di,ng. el enen arr angenent
i s sui tegb% °I¢ 18 & WaepRUc fingerprint 66%?)1{ il?glflc@g’ﬁgfr}aﬁl%u%\ﬁl?tﬁreéxg#(ghr oic mrror.

[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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[ 00155] In an enbodi nent including a dichroic mirror, the mrror may be
designed to reflect in the green to blue wavel engths for exanple, but allow
| ight in wbeonadsaravel engths to be transnitted through Phe/sc2enmno2sén one
enbodi nent, the first light source 140 is polarized by polarizer 142 and
produces a green/blue (i.e., cyan) light. Light sources 1950 and 1960,

whi ch are not polarized, may be red |ight sources. Such a configuration
provi des,(sanoagao413®) whilegaest b hgeripheral tayed @720 diepaeddeindd wcampingnopkcal he
Iighting.anditions for the magnetic and optical readings. For exanple,
differenanHPgﬁgities may be selected for the blue/green and red |ight

sour ces, [goitss)ei N MRONBEA thid RAGAFBIemER 1M8)s PRcdER! B 8Nt daddho2r Bhtie6d:
green/ bl ue spectrumlight and optical information nmay be Tepresente

ref | ect edroduged gadmeganuch ghthat shewnhin FlenbH ismbtaingd) dhisdmaggpmey bemsed so
primarily f I ni | caliq r. Lan. 9 this . trum
s ot palefPE thegelepctil el it 6810 U bl 23Rt e ! B3R GF

pol ar i zenhd A8udaidnarkmge 17 &M tast visibleothrdugh tthg périphiezad optidal vieviag asanwhide A
optim ze the magnefic.i mag ich is based prjmari on th ol.ari.zed cyan
i ght). [t%%&lg@r%w%b? g %B%e 'aa%qeﬁlﬁff?wsg“%@%ﬁf%éﬁg Wép?\éﬁém&fhabn_ of a
readi ng @heABmtial MhrBRELHABNRE thY d RaridiriR TRY HePRitedh R\ ANRPIEAE stepURNT | ON.
It is to be understood that 1FIGs. 20A-20D are sinplified in order to

faci | i t ataee tergéare aligned deewetahydviiyrespece rebessh wiher §-eothat pree ¢apvreliablodedudus t he
r eadi ng e i .n.1F - . i C

Gopi ot ad T eD B AB e ool teares B SRR BuaRaER el MEMBENRIE | o
from Fl Gin FPGAIID Exrdse dshé yo aucerarsdy map theqidsition elf eachnmhagnetit featutlé $220seiton
related to these figures.,). The relative_.positigns _.aof the conpone shown
0 G, roBRctI0BeoaitpE o1 i RO Bipiat el S ol iy RO BT SRS

ot her enifadiiaBmbkings 4910 4d ddten KRR GAWTBNT 4080 b6t Reurkid or kéHabledPifi Rofect S
configured to read optical and magnetic information of a tag 102 w thout a
mrror | &yeichetherpehigh resalugion ppiqabeamgymetmbope dameayssthe sel@ivezistanges hough
t he conc > : s ] It ] .
present) 4 SiEGme ek, HaFhe bBuERN AR HiondtRHET el [l 1M

magnet o- ogpeadd theulbtnragiefei®8sdiRd. i s refl ected by the tag 102 under the
substr at . Ins enhodi nent s ighly-reflective.ta urf.ace.my be
desir ed.[st:%?he sur ?kg’?%etg% &‘ﬁemte%‘ dl‘%‘zgl?tgm mecfeg?ff?v Prg?q%ei‘fslc{}%:d I ght
may be r edlhtst @FIGsO13 Ato 14D Sbo &ORGu @bt nWisododf dchRvingIthis.C eOther inbtolig 102
and pass.through the pol arizer 148 to be %@?tured by the optical detector
150. | n RaldehichngSRBS dmARTTese e sTRgARY Hhespiopaiie iiget PaY eVereB 2hay be
confi gur dhsf & RM feloh, Wk thib!hid Hotr@tﬁétgf ndck Sy, F MM aRothbOREHSE Y fPusel £0158]
FI Gs. 20A-20D show optical detector 150, the magneto-optical substrate 138,
t he pol adichegic migor emidie prigaeto 2ptisal 30hratey thip wR0ldrablopesimitfaiegupgeding ohed i n
front of | i . SOL not ) r [ e
shown) . (1% SRR shBbuaP R4 R o AURIRY BPard cofed Wi Me BOMESotRL )
col or. Peltmtiaeer 2010 is rotated countercl ockwi se with respect to the

orientat] f pol arj zer 148. larizer 202Q is rotated clockwi se with
r espect [Pg{}pﬁe ori er“ltI i b%“ B’flgr?gflg'\sfritﬁ? thaly .gatf“ﬁétféé’f’ﬁ? k8 y?@@jsuit?f{e pl ane
of pol ar kg akd fNa AfeBhE&EHptidal Mardfs Gorl ﬁaﬁxﬁlﬁ%tﬂ%jpm 8f fleOfliMetE Mintrbs

respect to the orientation of polarizer as the green Ilght.fasses

t hrough petaups i ésbasghen a giglar grid Jormah FIG. 454 shewpol4Kils gloment gid patgm | ght
2040 is t ' ' r t i ' hzer 148
s the r SO PG SSBSHISE bt B33P RENehth i3 200 SRt A ol 4B H WBEE 20D
t he arr owsseshovelerddp0 eqaedentshiee polgitinnatbenl 23A5648901234h6”. IKIGh15Cshauest i on
and do not necessari represent ir jon . .that the light i

ravel| | AgPEBEIgh 8bihg Fihpetin 4008 forhlict Ahgord Birefandlis code 4920

nmagnet 0- gRiw¢ &l FIRGIDSH. at BanlikBeaslP 9dedGonh FIE! $5C 24 thedi@Mttik B6de 40120 i ed
light reflect off the tag 102 under the na%gfto-optlcal Substrate 138 and
travel té&y8 gpdirattemarhereigertam ofethp elementsihave beandiitedre blagly andothemusses t he
pl ane of L ZAt: ] f S t) r ' r l'i ght
o rot at IR Mafl o ucE SRt RO BRICHOR, Oh v31BET ot L 3R ARG, |
2030 and 2040 respectively. After the rotation the new pl anes of

pol ari zation are depicted by arrows 2088 (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 |east sone portion of both green
light and red light (e.g. black areas woul d absorb |ight whereas shiny
areas would reflect it); thus, optical information is carried by both.
[00161] FIG 20D shows a graphical representation of the planes of
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of a magnetic field of tag 102. The bold arrows represent the proportion of
each light which is able to pass through pol arizer 148. Thus, assum ng
green |i gRb0nthosed | i ght entered pol arizer 148 wi th eqpgly/ser@biess,
green light exits polarizer 148 brighter than red Iight. 1001621 The
differential in the green light and red Iight reaching the optical detector
150, is used to analyze the optical and the magnetic information of tag

102, In sk ihe GhdPRBiS featud. Ths ckaplak RRSRA al 30is Wy siﬁﬁﬁcﬁﬁﬁd%ﬁﬁd‘ I ght
and red light to formgreen channel information and red channel

i nf or mat itoWeveleHull beiedeas tpaanyene skiligd Bahe aw that 8 wide variemagiecertisalyawrkivgs gr een
channel info i.Qn e nel. i i |.Rg y

conbi ned ({% gen anagereﬁégg%%t ?}:aﬁgﬁé%optlfhcah?{ﬂr:?%r%g? itig%%?ﬁ%dreg? nﬁﬁtgg‘%nbiﬂr@a" or
" conbi natihwerpolatiean(uwmallyf dormmmagnetit famats cdthiophe adptioal mavddhy i ragjootahd set s
of infor mahi on .e.g. "cgnbg%ned" rra%éfal@g mean, subhtracted, or used wth a
li near ors*HeRRptaRdEiually forfeaiHres guiside ok that regjon)F#h §eted nat i on usi ng bot h
sets of joofisgmati on FrYacAShhws 2RSpRH tdp! Few HFA tHhM0MSsush hPthe \thEHaPHvasd t ag
102 with optical features 184 and Y]rr%gnetlc features 4220 artificially

super pos SHOVR dytieg itg appna fagiure, g KlGwidddi toekdD.of Hengdhe fageliRi ha been die-cpip

: ) . ! .
ol oot Suiffia? BREAL I ERERes 7D G OB shB0n HEFIGOKER sbehGouBel GRERED, -
102b of tand theamplyl Oftival seckingisimining orethdisncface dfivtentag 492 iethe datbmetrixwolié Gs.

nave a mit7hr HhYLRSE DR CREsHIGRTE T R iR sk b B A tag

surface (R¥aBRd inRtRnitHFICEALK RPIIERAs sRKeEfehakhR alMAEmAghdHe fbdred 1S
assunmed tq be conpletely absorbed). It will be apparent to anyone skilled

in the ar®2¢ wathin e fingleiag i19% (shpya g Flenlh) haye peen ssanned dyripg theaefgreacsi ghl y
dependentrcégiqhgﬁ]he optical set up, and very different images woul d be
obtained If the optical or tag surface conditions are changed. 1001641 In
sone enbi@@13tint s, i fFiGhd6Bphoesiheinmdzoetratop omevadfthe sang tag 102dTherdagyeeen

l'ight in sim]ar. er eneratin di f ence image of gr ~spectrum
| mage 103nedRint Bl el RS e0dsty b SREDET sFAIR ReudiOF IR oh.

t he opti add nimabuy magiddié pattitleser?bardtin theansmgtie fingerpimtrdgion 14220d oddrat i s,
green-spectrum i nage 102a _and red-spectrum i mage, 102b sim | arly convey
optical e mag%etlfsma,mﬂﬂat“?ﬂé_s rasist: $Gc (LoBnlsonalrs gdicialy | honade &4 f er ent
val ues t Baflerh 910 aFbm? AR HatdMairBERe 14920 swﬁ@rP@semﬁ HBGRGhEGe pRALNE 952220
are | ocated. Generating a sunmation i nnwiae of green-spectrumimge 102a and
r ed- spectatayingfagierasition e acewrately mepnef avidprepresgt tofthe ppiicat dat@matia seds ng
prom nentyy,gpartly because the summation inage may result in reduced or

nul lified nmagnetic features 4220 due to the difference in values of the
magnet i cl0DB#Jur es 4FIG.i116Ct shewg racmnfigmation ofiairealie dlé@antaltd tbed-wpedt r um

i mage 102b. 0165] One of . ordinar kill in the art wll understand that
ror o comieitln AR5 15 Faiah SFah 3Dy subsithutaliE pbteyr ot he BRERRC 3B ca

f eat ur es add49a0d The@uisRgb@hter 8¢ bpRsl $bdd AreaPOB0 xR lobter fEBBReSHRES F UM

i mage 102a and red-spectrumimge 102b may contain information that is a
conbi nat MAgNSC 988 appRtdPiase matkydaHavipp i srallen Busnatistsar areaiafQ thap ghe
magnetic ofggaq s@dﬂdargaoégé ©%an %@%cﬁlgx?ehq{sﬁ@ aoﬁé?&ih%gﬁen%ﬁ{ {8 ith ﬂlletm Qh(ﬂf!'rl the
magnetic Teatures 4220 are shown w th-unitor I'ght color or intensity,

vari at i onn FHG$.i1§Atand A Bn®ireyamplecol or across each magnetic feature 4220 may

occur. ith el se in,this disclasure e.ter,ns "differe ".or
ot | DA S 6h" oo fn e SR P DA SR iR HERFRNT S

" subt r actposifibnedadfiirally BOBS t4g01 62 ¥A3WE e FIEs. 1AL AHdEHBY The Seallimg@fdmeaaat gd. For
exanple, it is usually not practically possible to i mages w

it , et th
conpl et el aRJpite s¢am bty magnefcpmtsles %ﬁat%atpﬁéoa?réa%% fremothe tagh i @ghout

this dis ; S #:I@,-ﬂg' i ki [ (g ar eas
than in gltlﬁg{réégo(ufskp gggﬁlrrbﬁ% ﬁ?? terét%nhéﬂttﬁg Oygh%lr%%?{e'ta%%%?naggghfggqgr at the
edges). $Peauimeronf thei megnetit isgint amag 484F et marfied.h Ashie KIiG. 168, thengtidpatest | ¢

i nformati ei ng i nterragat ed. . ex e assune .that there .are two

manet 1 c Piadtrbde P aniaR todtorf s G SRRETRS Ghibel AoRES dHIFS of

the image (where the light has a brightness of 100 units) and one at the
edge of the image where the light is |88s bright (assune a brightness of 10
units). Assune that the background is subtracted fromthe inage. For
sinplicity assune that due to the nagnetic features the nagneto-optica
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 dinmer edge is only 1 unit of
light. Therefore the magnetic feature in the centre of the imge wl|
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is a magneto-optic reading el enent and consists of a nagneto-optical
substrate 138 and an optical processing unit 136 conbined to formthe
readi ng everrentooizd. The reading el ement 114 is surrounsed/segom/osipsat h 2210
whi ch protects the reading el ement 114 from damage. The sheath 2210 can be
made from non-magnetic material such as non-nmagnetic netals (such as

al um num), non-magnetic ceramcs or plastics. In certain circunstances it

i s desirafabe withinbk enagh@icsb@irea 22400 Kypsupipdsing G gm0 Rtificadllyof , the
r eadi ng elenent weakly magnetic as thiis can enhance the magnetic field

bei ng det’BEC&Y HyoltSHétergé%tﬂtq@&yan%PO%ti%l offtBe magassi featres fhed imaged gp i s
nmagnet i zegls sdiath toh@ﬁe h P 0IBGNSL dofrefs ?égt\yﬁl?ﬁlegt)sﬁlgﬁof ﬁt@%ﬂrgﬂéﬁcnlfeat guosy 112
have their nort pole Tacing the reading elenment 114 Ing reading It can
be advantﬁ@gedusefemnhaWutgaiﬂﬂye tmg it i.z ddwtthe sigeadten@ﬁebcbﬁemﬂlmrdadmg sone
conponent n ar t he rea ment 114 su t t he readi ng .el ement 114
Cpoar s 8N B8 <omir o) e SrEHRRE, sikBrtafifl reBimis Feadte MROCFEEPS Bei ng
det ect ed rslametotltm;sswttb Pm)ehAthad B&nrsﬁﬂdi NG @taba&nt 114 will attract the
north pol es of the feat ures t hereb |ng t he naggetlc flux _lines such

that the0dend furd Athesggad Htgtih% ;Stga @&rsltonelp G 7. Here edsading| y it
can be a t I

cenent - Lo ar HIRRY AeREn Hape RIAIR, e 1P IR fEaBhE BcRin R ol SANED
Thi s may andiftps tdta;edmgthetsp@ctftbttwﬂafg e iAgatmehqadnaﬂ@euinetdn@f thegupéital scan

dom | di
(" o G Rt Bh it TERRE1eRShups B Sy v ot DAL SRLBARRY BFOREIS Lseq)
Thi s may 16D, uﬁ%dxdtpmtems«me fion@ theCt sk dnedten todeC40P0dS artifidiallp Qtipdigosedog thed I ead

certain t%%s (s%nce the fingerprints may not match). The left sjide of FIG
22 shows MagRCI AR H28nwAtin theympgnelie o afe. CBmSaeqra%Fl% §iePafhet i ¢
f1 nger pr gl ekl dulak EHnshy: hidaliPhogans hRorld1end RAgHond calgent 114
in contact With the magnetic fingerprint hod of "readi ng the

fi nger pr #A20 imagedniniths wadinpeof| the dig 402 fcar dbe2@srelatedawith etbembymi iof $1te

bri ngi ng i e e c

magneti c a?ﬁgg?%?tﬁ] %bl%ﬁhﬂ I%(Pér thrlggdma%%)lf\g}éeﬁa%% glnélg\r,t\qg%’ e readl ng
devi ce 1@dérivednfremt thés twdimgrcansbeammpamcbdmhathelraﬁgecs |s@naﬁ1rec(athe beferehéeni ned

and the readi ng procedyre is.co te 00167 FI 23 shqus
magnet o- ?5‘? as ‘{-f? "éf"éﬁﬁ’ﬁttg%lfﬁ aﬂ‘{ﬁg" f‘é@& e%[’c%tﬁteaé’?tégatﬁl"tsﬁ' an
enbodi rrerttns%ot/h ehat BMAMTh Wity pbdtly A8k tdadsigs eth@&ystnﬁs 2Bk tolabGurseRAGENT S
have been magnified so that It is easy to see howthey can fit together. In
one enbodienigsition; pfethe Hazanstio feptures §22(% thaf precbeing &47g g che eferepemiaading or

t : £
posi ti onipg, hﬂ&ehgﬁtgggé %ng%klcféétuéyb@é e tgls%m}i% tﬂl@prg'{xgl?ﬁ ofe difigrefiRONEtiC

fingerprint on t in order o mnimze I al nage on
t he magnéoo thet ercalbenga@amg:delhethe meadirigl shavime imElGe1 @D oliti iodloth easets itige

el ement 1%ﬁ elq;q . egkgged to léf beIOM/tQ urfﬁfe of %he(%hea h12210

a tag 102%P 60?? on PGPS Mt EaE EES LS PR the
recess f gdlik toWIGREl 4ah@aUD) 3dtt: andcH Ragtr RGghdtRea ardd dacafplogedised as a
physi cal alignnment nmethaod to allow. the user to aljgn the reading eIenent
114 to tl H@@ig 102. Thrrefore e reading éhihigificld gan b%elfﬁtwmefa%mt&bwtpr% ed

M cromet g{,$ entﬂfghlo%ﬁéﬁl ﬂﬁ?fﬂ&tlojtﬁlg B @ TBHehSe the' oﬁttlolll %?—f’ﬂe Iﬂp@llé{lc £08hres

m cronmeters or at | east 250 mcroneters, for exanp e, below the surface of
t he shea#B2®@m1he sdas gah bg acchratelnmappel, astewfﬁcipnttdmcsmnmf themdgnetiq frathireso have
a thickn f. a ast 50 ntcronet | east ;.as ick if not
Chi oker e DonESeanERERBe BRI Hir RRafENAl Hee BBl B B

surface 002 kivh thheathffitizhily ablirfte @dhind caLbé athievedr huetppades whifefed | ve
physi cal gnment may b laglev§g by having only one side of the sheath
2210 1yi n@lfé AMQYRLS eav& s ?@amt%garese%ﬁtveltws I FHPL dg%tq he Iip
formed b&hdtuﬂt?e &Q@&téthaat&eﬂ fnﬁtf ibB QetaG%v estmeAtea\ﬁﬁtunef’ hd}eod EAGEkS S TENt
114 may be used to guide the edge of the reading el ement 114 to the edge of
t he tag mmubnvwmenetpmn@m os nembéne pdgnetic thagiclesr 4220 epresfent inethe sgan1 02, or
| abel , or item of value. 1001681 FIG 24 shows a nethod of reading a tag
102 on a level surface 268 using a nagneto-optical reading elenent 114 in
accordance wi th anot her enbodi nent of the invention. The magneto-opti cal
reading elenent 114 is able to slide w3®hin a protective sheath 2210 via a
conformati on el enent 266 (shown as a sinple set of springs). The left side
of FIG 24 shows the reading elenent 114 before it is contacted with the
tag 102 and the right side of FIG 24 shows the reading elenent 114 in
contact with the tag 102. When the readi ng device 104 is brought in contact
with the tag 102, the reading elenent 114 is pushed agai nst the surface of
the tag 102. The confornatlon el ement 266 ensures that the readlng el ement
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[00169] FIGs. 25A to 25D shows a nethod of reading a tag 102 on an uneven
surface 268 using a magneto-optical reading elenent 114 in accordance with
anot her egbodimeizof the invention. FIG 25A shows a mpghic8o0phise!
readi ng el enent 114 having a snall gap 267 to the surrounding protective
sheath 2210. In addition, the magneto-optical reading elenent head 114 is
connected to the sheath 2210 via a conformation el enent 266, for exanple a
spring nmeededidsRuffiSRhily abwrgépcadthé amtbshdle of Phatisial@alidaiceih #RGnatang de a
certain degree of conpensation when reading the magnetic fingerprint region
112 or tH@S“tltag 102 on an uneven surface 268. FIG 25A shows the reading

el enent ri L } 1 ot t;

magnet o-@gﬁ@alpégeagg? %ggﬁgﬂgﬁn%%% toﬁaet ngg&gﬁo%mgm?egzﬁzgrﬁd%% © ?esra@ig olgg'h% to be
i n cont adteldwérsust the refagnded@ading aih showdd, be netad filzat ¢he2@Bical featurmdi9@0 campe i cal

readi ng el epent .1 is able to .move.mithin the she 2210, so.as to, conform
o the t 5B B! im R AR e woeiPPy Sesimpeneny BrlfS et gt f @i §he gap
267 may hecdndphapat sitp hag be arpdddaot vérgyuecural Inipping0 "RE Rsahsle bOMhis ko
novenent of the magneto-optical read head 114 (FIG 25C shows the sjtuation
prior to StBrbaRping iexplamediirs: s pictsthe pesipipng of darmrlizatien valong veingithé, t he
tag 102). : t adm‘gﬁ’ i | - 1 iC
features O\Rnh?%ﬁlﬁ)t elo%xim%g’r%‘%?%%éaﬁgjgls%&fllZ etge‘{g/h efrr%gﬁ%g[?aygﬁ \é/\tnlct%ﬁafggtg g%z:e.
Assune t hat usedo taraghietd @ hemt acemta pesigitingtvath agsptdictosthrestateptrbfeiento t he

tag (that.is nmeasured.fromthe tag,surface .hat these.,two features
nave. t he s e QRSN aRRATRleRGit BhgP ot A R Rl om0 s o pEZRES
fields. Iblydofig sdeeieldtionbithe mactsobtaindEtlonithd Gkl suitidikg sep, thbRaft@ghe 02 and
the other at 2520, a reading of the tag as shown in FIG 25D wl]l result in
the readioREISHASE of the Magheftq fgiuiess 10ty be SitPPedolt 5i8h% MBndndndoWiagnet i ¢
feature &iufn lhQeRhinOBIctaR0 rhifRNardd" S8 lAth SRPNBL idGtal GRAIBY &rtlard bRt ON
2510 since, because of the topography of the surface 268, the magnetic

f eat ure abtaiththebgetanaten Bdowilballow adcurdte positiansng of the niagnetisaldatnegs 422hent

114 than t.he t r . I tk O NS§4 tly. th

readi ng v‘élﬁll re%? {Jltglt%’{/re%%%aclér?g%l%hlrr‘;é%ﬁvte 9%1% lhqutoﬁglé%g}oﬁ% eal{%{r}lglslylgfea e tag
102 convdirattech midt be séten bajeo gr petgnt die daetottegnd@d to suchuanfexeat hasit Idses some
cases this be. used as .a powerful t er-praofin t anper-resij sting
mechani SEPEFALER Wit feopiicy bings 492045 Gbpiaabin IBrrar et Plog 2es HFUBERREY on
anot her [obe45)i NORS dXainPle sHRAAI Hge Whbde LEANEL maphnbd-dphi€al0ANERa & ude@FOHT aphy
that it is placed_on. In other circunstances, particularly in the case

wher e t adle pdingsin the figld comparsd tg the sferencoreaingds biiway ebexapigyoalypl i ed
to the sy 1 1em) Qf ' I hC

i al AR R R Al aurk(tnd o Ko BRHFFODIARR IR} RRoblt

r eadi ngs owérlaphim thegndgdeticl features beieg raydoigrthp mgference saadingcindgherstizegest it can
be advant ageous to,use conpliant tag..Another nethod may be to use tags
102 whi cﬁeaglglrgsB%Chﬁg%c?esd‘?@%erﬁgn\fé&iuf‘?elflpg?sét{}%r se sides fit with the contours
of the sjgof4n}e RIGRY184 €0 8D khdd alcthss-bestduarviéw of & FadingSlenicat €340 1n FE. t ag
shoul d remain planar., An exanple of such a tag 102 may be a multil ayer tag
wi th a hdfd preasatiog pisment bifemay ineluds apueling P hepmrapshts opoptel elegents,
fi nger pr ighit exh 831 ha RS op i kb strbte 9B AsHelsGurlBY 86 | Ahrst JHvet 1 S0, 102 i's
applied to the itemof value, It Is heated such that the thernoplastic

| ayer nelsesond poktiz¢rd48t a besim splistes iddhandimtopticaldgiecton i 6@ can beoseemeThaulehsnice of
the item_of valude..[001 G 26 shows a nmethod of, reading a fingerprint
112 cont Sl T i PG P so S 88 SRR R auh eeBBReT daf sholif g

el ement  hlglutalitya6L osri@R @@ cohédvedbnCelbmehts®Nnl1,0511206113)vHENYi04.51HH6r Thd he
conpliant | abel 260 is shown attached to an item of value 262 ha in? a

ci rcul ar °EFBRweNECATe hgpsed pYjENR 8 PrHECTHRApRe D20 HEV? {@elsmepisAUd3 282 51 the
surface gfociie i@ Phinfble 4130%ke 26fhded vAHHD 2 HOLVRE SREH Whichlis SRAABEWEH Wi th
the reading el ement 114 (as shown on the left side of the figure). Due to
its conplréspeeieo thhethsucompenenfs (vhich aigedll 8861 withaespsct v tefpootastive tmbd | at
surface en ed b he readi enment 114 (as _shpwn on the right side
of the 1 Patey " Tas HotReplsodsfiy £ AT s, fbds, E s FHUGe Boebrfhef 88 o115
of the | abel and the reading elenent 114. It is inportant however that the
| abel 260 is not so thick or so conplidfAt that the fingerprint region 112
is significantly distorted in the plane of the | abel 260 during reading -
significant distortion nmay 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 conpliant |abel 260 can
assi st when the itemof value 262, to which the |abel 260 is affixed, has a
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[00173] FIG 29A shows a cross-sectional view of a tag 102 containing a
fingerprint region 112 in accordance with an enbodi nent of the invention.
The tag Mo 0ns/msehedded in an object of value 262 (for exasghelaosdsng) to
be identified and a nagneto-optical reading elenent 114 in accordance with
an enbodi rent 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 tdmpadtianddiche aseadilynor @ngoaeits dd 4ot clise the dradeto dptpbody focasdi ng

el enent 4 is brought. into.contact with the tag 102 for reading the

magnet | c?ﬁh’%ﬁ‘@?‘ﬁrq?ﬁ%uﬂéﬁ‘ﬁ a%Q‘BLB'hS(S?_FE’ ﬁeg‘i’%ﬁ%ﬁl S\/a@PStF‘i{lén‘f'éﬁ%iW%nd a
finger priggo (£l iRhssbbiatddtoRpPRERHNGE b¥kiho AME optiklRP fbdiBeH suh tafthel iﬂl\égélt ion.
Here the tag 102 is rectangular to fit with the space available on tThe ring
surface. fusisshagerprint region 112 is an el ongated groove contai ni ng
fingerprj terial . 1t may. also be f ible a be, desir 0 plate
a thin n‘é’tﬁ %fﬂ?a’gselrn aldos\asaénrd ta‘fdhoéx %glg%fﬂée%egf’%gee% %IF gg“%%ﬁ%ﬁ%‘%% O?P%(ﬁ%#)m e to
| ook t he beasvatralied:, hie. sumatlyinkdlg 51401g)ll resulirinex kingdralepth dthield ithgr & Higol d

then the plati of the ring 262 can, be d. This plati or_ot her
coat i ng) Pg‘&}‘?_i"ai] i2g é@W%ertaafr%P@eée e Viesut g_ﬁj ryise Lghgpfit a_sfé% é’ﬁfm?%’g‘f‘@h 112
from t he ;3pYd &UHPRD bor bfihte e tledd follcNBe@NhviRY 4 ARPRIpth HPGITRA t ant

feature of the invention is highlighted in this enbodiment: that a single
scanner \kietimpertant it dasieas wheredwitneptishleandmagngiic inderthatiph iprepre imagedegitemns  of

vari ous ' [ned j.n.or at S of a
vari oty Sfirpoeis SR pR Ae RO ol iRirE; 1RE1Y i1k 1B HLbARE 0,
(and assabsabeds Ifgizesimvapt | CRllis e adiabgpre| g nlighti thatablag pass rieddgla the
sufficiently |ar rQportion of th i ngerprin egion 112 in order to
onsur e 1 BRBIREAL 4 e AR en ) L B Clemee, i Bes) agablampit ot
necessar ¥ndtdial, @t bxdnkifle blaoR FEIRITHatinAR GV MR I pRRR VO QIbeHTR0 Shd RBusdkld Si ze.
This is veirs/a/ HTBortant commercially because it allows the use of a standard
readi ng @439 may bomade toskehlpek tofabsorbsteayidlighy a wi de variety of products.
[00174] 3 = - i Vi -

rmgnet o- o8l A G 14B el dnF WY 750 RSt AR Ine! e flneiaht souree. e
with an drABauivelbing tofthd hentemeethei tmam FHitenddheAolapt a paltionealdihadight esrent

114 is surgo ed a protective sheath ..Th el o-optical read
nead 114 Al Rt di, PopisTpaie SSEIE 158 then TH TS ahee 80 nl Rapir
2210. Theoitivhefrisdt lighd ik seflctedRicls inakds B bPara klites a8d ki 13t ¥ porival ofilNt ar y
i n shape perimeter of .a thick |label 258 in which the tag 102 with a

set of i&%ﬁ? {ipd Teaatien her g, fplikey Wpssies ityruaeh ﬂlﬁ@@i%?ﬁtrcqrd““@%si\trgmw t he

Si tuat i opndddiehl deRc®I90 (108G hhR 5w\%net o-optical reading element 114 with
the thick | abel 258. The springs 266 are in an unconpressed state. FIG 30B

S EOWIS< ][ H@OT@djné&idltomyi ned bnkydeadelig the @H’EaitpaﬂmmlwminglGthﬂ-éESem@gMMﬁst t he
( ) i .
subst ant Aar P2 PEPEHENERH, B AfloRLatRe ot ANCGRERPRRIHE SRAFRE d38y e

head 114 tiagelahivpple sieedadiggicieaient h34 il b& colddeadd 425k optival deedtongESRG6Bhear e
conpressed .and.t he magnet o- opti ¢al .reading el nt 114 is .pushed .inside the
sheat h 223 Om‘Fé’Tf‘m SrenerRlp |ag<? 8?51%%9 @ﬁ@&f‘ﬁﬁf ngs forabiaiRy 2 ShEP 1RAgq 258
and provipgdexdinRndiaehn the fifdrau@hysi cal engagenent nmechani smto ensure that
t he readi an device 104 is correctly aligned to the | abel 258 (and therefore
to the tlA815002 Tvidisi merely pneorasticd tdesigni fon thel ppdinghdemeny confggatigndansheat h
2210 can [ e :
n%%y%g]egg%nég%héﬁ%ﬁé sordd3Rfeh B&ﬁ?t%ag&e @ﬁcﬁ%g g?{{ SHLAYH; th do

triangl e or n,” however 1t 1S prefera ape 1sn
conpl et elnyt myldeh beadbplitier)are féasiblet he shape uni quel y defines the

orientat] f the readi deyi c 4.0r scanner With respect. to, the | abel
258. Su cl]ﬂm;ﬂﬁaﬂ‘lé’lf eﬁ@@ﬁnﬁﬂiﬁn géf‘ﬂ%é‘?lg‘@“&c?n?r?ﬁc?ﬁ&‘t“?% Viey f?oWﬁélf‘% clement 31,
descr i bed3ejtm dde9 Qb7 Blkiik @ bedh HRAYS HRrd'RichoslitY clemeti NG RillaPal o£84 Wi th
an alignnent feature 222 using a nmagneto-optical reading elenment 114 in
accor dan@siswesign.afhatnh dleri imeemmgflighhsouraeykdftis shiftedrplightlslodf the gentrabagiaphs an
enbedded { | -8l . o] hi ver. l.aver,1 e
fingerprfﬁﬁE@%dﬁ%%B%Eéﬁ%%mﬁ%%%éﬁgaﬁséﬁg%@XF?O%ghﬁ?dge?0%5%¥ﬁ§2§gggé&rayer
160). A Data Matrix barcode 186 and human-readabl e serial nunber 182 are
printed on the surface of the cover |ag¢ér 160. To achieve a desired
alignment for reading the fingerprint on the |abel 284, a conbination of a
notch 280 on a housing 282 surrounding or adjacent to the magneto-optical
reading el enment 114 and a stub 222 on a | abel 284 can be used to provide an
i nterlocking nmeans. As the nagneto-optical reading elenment 114 is brought
upon the | abel 284, the notch 280 on the housing 282 of the nagneto-optical
readi ng el ement 114 provide a nechani cal guide to ensure accurate alignnent
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[00177] FIG 32 shows a nethod of reading a tag 102 containing a
fingerprint 112 in accordance with an enbodi nent of the invention. The tag

102 is enpeddadhoszt he surface of an item of val ue 262. pEhgchiRMueke val ue
262 -has a protrusion or protrusions 3210 adjacent to t-he tag 102. These

protrusions 3210 are designed to guide or interlock with the housing 282 of
t he magneto-optical reading elenent 114. FIG 32A shows the situation prior

t o engageangoht HRh¥EgH soliRke126.dPoidriSdra@® 7S pladedl iAHdnt 86thd Bpticaliépectd2B oS hows
the situation during e gagerrent Here t he nagneto-optical readi ng el enent

114 i s noBHPHEaHas gebodimsnt inglides iiea lepsese leas 1§18 lepe A P20 1amd depst 53305 (or
at | east PuﬁldéQS 400ag aFHrQI)é!:tmg M?%}?DZOtal?g ?]§6‘ Hcﬁ?l@? ObrddavE fibe 5920 1s-|;1|a§ptci b with

protrusions 3210 act to osition of the reading elenent
respect tto hvhe thagarid@id. cohtpbnemhaf thpneﬁdumélmnsnt%ﬂ(hnddgee}mdrem Bteell i thanr r ound

the tag 102 or the housing 282 and trus ns 3210 mm so be fo d on
Lhe (o) Tepeivenosiigs oh Mhehegapoce SHBist o vER dte it ARt boraanisly Fy G

33 shows rgadity elddrent Or¥42i Hyvitgerd dIRBNNEYVE CerhbdaUBEMRS | iREludel Znalled a8d OlaM@r 264 Of
an object 262 to be identified in accordance with an enmbodi ment of the

i nvent i oAnagnpie-aRsirals swstrateq d Y \aizep6 4 Fughen, hadternagve ogmbashiments iselade dhfhel p
align th i e 0 des

rel ati onq?{%ﬁ%?é}giﬁ gﬂgucﬁgrgﬂgr %%@%@%%al S garx{owaé]\gﬁlr? iga&elgus |?th ‘Ee 0 ject
262 t o beespdeno ilfei feooht hfithe meading dleddne 184.at surfaces on which to attach the
tag 102 C clu I|n rical qbjects b ot so limted. Such
S cow BRI e e atihe G HehE Sdes J4g Moinec it E5 105

f rom mec Rigfire@! aredd roar&h@ﬂlagmﬂow@mgﬁﬁsﬁﬁtfe ifi QB¢ cH@anceiviith &DEABdEmen¥Qifehd hat
the groove 264 need not be an open-ended trough as shown in FIG 33, any

depr essi dventony Thetlight rmtwewtsf&mrthe Light sayrced kgt e Bnasyes hipughe the filshib| e.
[00179] g'ela!n%ext e i ﬁl@y Rxgu%gﬁlebﬁ&ﬂ e E'ul?g(b %&Mﬁ@%%(r)%gﬂb%&ﬁéff*?ﬁé’ Wi t h

reference to speC| nts, 1t s be under st ose skilled
in the ammbhhtwexvdrth@mgmttaﬂgwl isubstratenh38&n dn dema ienbpdipnebts, mageeta-bpticel n

the appentoil bt ie? el 8 Bichsic Aor FRR, BLioE criiEMeh iy the

appended opticdl BBbsaaet 1318l doed asrgacuddra etirreolaRerilh Rote emdodiRAisNg leadsonxnge of
equi val enc of the clains are tafﬂﬁfore i ntended to be_ _enbraced. What is

clai med ilight passes thraugh masnei/pRucal sbstrate 43% endys geflecied offtag Gaqt shgwn).

i nf or matjo@fs3)t h@ftérQﬁQ'h@Ht Herléﬂé‘c%‘ecp&ﬂmrﬁlﬁfd?gaﬁrrﬁédéﬁzgc@xh&%t‘iﬁn thtR6E, gadi ng
el ement conprising a magnet o-opti cal substrate adapted to read overl appi ng

magnet i c lugh@ﬂsmﬂ@@ug}oﬂleffem Lfme@ 1970 app i P thigaingansk though theann helgtslfe &
wher ei n Hes RYOGt R8P iiEAignt WA JAkS ddudt tet@8ind? ik Al 1¥s 9RF b3t/

transparent.
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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2. The reading device of claim1l, wherein the nmagneto-optical substrate
conprises a |layer arrangenent, the |ayer arrangenent conprising: an

opti cal | ywonrangpsaent substrate; a first coating | ayer; ramgcaosmoesg
coating layer. 3. The reading device of tlaim2, wherein the second coating
| ayer is partially optically transparent and partially reflective. 4. The
readi ng device of claim3, wherein the second coating | ayer reflects at

| east a portion of light, wherein the light is nonochromatic. 5. The

readi ng fheesse Iﬂfalﬂk:ﬁlbﬂdlﬁlent/\hﬁhﬂhfg 4 ARhERE AMietof QRS infigol MG bLCARRNES RS A
dichroic mrror. 6. The readi ng devi ce of cl ai m3 wherein the second
ag

coating ITafjest mthesreeade bliegyavelsagths Orerample, but allow light n the red wavelengths
to be transmitted through the mirror. In one embodiment, the first light source 140 is

polarized by polarizer 142 and produces a green/blue (i.e., cyan) light. Light sources 1950
and 1960, which are not polarized, may be red light sources. Such a configuration
provides, among other things, the ability to independently optimize the lighting conditions
for the magnetic and optical readings. For example, different intensities may be selected
for the blue/green and red light sources, wherein magnetic information may be represented
by reflected green/blue spectrum light and optical information may be represented by
reflected red spectrum light. In this embodiment the red spectrum is primarily used for
obtaining optical information. Since this red spectrum is not polarized it is not affected by
the orientation of the second polarizer 148 and the orientation of that polarizer may be
chosen to optimize the magnetic image (which is based primarily on the polarized cyan
light).

[00156] FIGs. 20A-20D is a simplified graphical representation of a reading element in
accordance with an embodiment of the present invention. It is to be understood that FIGs.
20A-20D are simplified in order to facilitate a better understanding of embodiments of the
invention. Thus the reading 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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7. The reading device of claim2, wherein the second coating |layer is
configured to change a reflective property. 8. The reading device of claim
7, wher eiwotzhe/msenend coating |ayer is a sw tchabl e m rroriSG2810/00é239 r eadi ng
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 claiml, wherein the reading device is configured to
generate an alternating current to induce a magnetic field with the

nmagnet i C Ald@ativd tmBddiMBnts 8Bt Haleto-bptical IEbst:aRAIZRANSENE Ehfighred @ bRRidly
wherein the readlng.deV|ce conprises electrically-conductive coils. 12. The
readi ng devilbemgtordight om a lightsasres- t he readi ng devi ce conprises one or nore

magnet s @%T%ﬂg%ﬁ‘ik. E@A%i’og{h%.e "i’ica%%?etc%?tlk Uiy m%&a{;)&ﬁ)%ﬁ?%‘i b€ 158 Ghel Wi th
respect to tHe magnetic i enti FIcaton f earur es. . e reading device of
claim 1, poheized M8 el pedarilers20d 6\ahd 2020Dneppecaedy poditigied is frontoef agpedni lipht ed t o

Tonochr orfaFE RSIGHEVE) G Peoh PG BF=< ek Fa1 Blg o s ABPeNBEa e $BUBHhg an
i mage of shinge @Blor Gdy bRy sditabRL dAY. PERKYECT)10N is 3btatedBDBnREcIdRisTBGREL | C
i dentification features.

respect to the orientation of polarizer 148. Polarizer 2020 is rotated clockwise with respect

to the orientation of polarizer 148.

[00159] In FIG. 20B, the plane of polarization of green light 2030 is rotated
counterclockwise with respect to the orientation of polarizer 148 as the green light passes
through polarizer 2010. Similarly, the plane of polarization of red light 2040 is rotated
clockwise with respect to the orientation of polarizer 148 as the red light passes through
polarizer 2020. Note that in FIGs. 20B-20D the arrows shown represent the polarization
angle of the light in question and do not necessarily represent the direction that the light is
travelling. Both green light and red light travel towards the magneto-optical substrate 138.
[00160] In FIG. 20C, green light and red light reflect off the tag 102 under the magneto-
optical substrate 138 and travel towards polarizer 148. A magnetic field from 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

44



14. The reading device of claim13, wherein one of the at |east two
nonochromati ¢ signals passes through a polarized |lens. 15. The reading

devi ce ofwol2aimmoizr2 wherein the readi ng device is confi gorsd20wog@ser at e an
I mge based on the inmage of the optical identification features and the

| mage of the magnetic identification features. 16. The readi ng device of
claim1, wherein the reading device conprises two or nore |ight sources,
wherein a first light source is configured to generate a nonochromatic

l'ight si gfalmdpababhid of ap 199 UPAd b1 Brrd WREBredbnt iEpBPSrticRbS LR Mhd Witigth | on
features and a second |ight source is configured to a nonochromatic |ight
si gnal capabledo passpthovhghipedpriger 14fagellos, assemmegogreen bghtomdtred light ¢ngered
features. . e JL.eadin ' 1 aj .16 . wherein .a ast_one of the
ronochr otz P BERRAERUCEE fdeniehl (R o8 Fsdbuhe) 687 1M

readi ng [evé2le Tife diffedemidlin thehgreai highthad rehtigh geathingake bpticabdéteqgor €50, t 0

Ind t he. gl of PRGShln GPPER: HEh i Fasbrtn HemtRso B8, 101 oliaMIES devi co
for readichhodRARR! He PhdaltRtdctR 150 M PiEesOfreert NEnt RN IAGY G green

channel information and red channel information. Hence, the channels may be used to

form images based on green channel information and red channel information. These

images may be combined to enhance magnetic or optical information (herein “combined”

or “combination” mean any form of mathematical operation involving both sets of

information, e.g. “combined” may also mean subtracted, or used with a linear or non-linear

equation to extract certain information using both sets of information together).

[00163] FIG. 21A shows a top view of a tag 102 with optical features 184 and magnetic
features 4220 artificially superposed in accordance with an embodiment of the invention.
FIG. 21B shows a green-spectrum image 102a of the tag 102 taken using a reading element
as described in FIGs. 20A-20D. FIG. 21C shows a red-spectrum image 102b of the tag
102a taken using a reading element as described in FIGs. 20A-20D. Here it is assumed
that the magneto-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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conprising: a reading el enent conprising a nmagneto-optical substrate, the
magnet o- opti cal substrate conprising: a reflective |ayer configured to

refl ect awbizostooprzeti on of light; and a transparent | ayecTtsondioguesg to
pass through a second portion of light; wherein the reflective |ayer and
the transparent |ayer overlap to forman overlap region, the overlap region
bei ng capabl e of reading both magnetic and optical information of an

obj ect. 20. The readi ng device of claim 19, wherein the nagneto-optical

subst r at ep£BEdaBRSthS shaRlkioR imhaGIREFE Rsult tifl Qedu¥Ebr ALINIBEY BIXBAcHBARIEE Si NQ:

4220 due to the difference in values of the magnetic features 4220 in the green-spectrum
image 102a and red-spectrum image 102b.

[00165] One of ordinary skill in the art will understand that more complex analysis may be
necessary to adequately resolve the optical features 184 and the magnetic features 4220.
For example, green-spectrum image 102a and red-spectrum image ‘102b may contain
information that is a combination of the magnetic 4220 and optical 184 features where the
magnetic 4220 and optical 184 features overlap. Further, although all the magnetic features
4220 are shown with uniform light color or intensity, variation in light intensity or color
across each magnetic feature 4220 may occur. As with elsewhere in this disclosure, the
terms “difference” or “summation” are understood to include complex non-linear equations
to “subtract” or “add” images to enhance the features being investigated. For example, it is
usually not practically possible to get images with completely uniform lighting conditions
such as the images shown throughout this disclosure. In most cases the lighting will be
brighter in some areas than in others (for example brighter in the centre of the image than at
the edges). Such non-uniform lighting effects both the optical and magnetic information
being interrogated. For example assume that there are two magnetic features of equal
magnetic field strength, one in the centre of the image (where the light has a brightness of
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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an optically transparent substrate; a first coating |ayer; and a second
coating |l ayer, wherein the second coating layer is partially optically

transpar epp 2enhoparti ally reflective. 21. The readi ng deyirgeeio/osddd m 21,
wherein the second coating |ayer refltects at |east a portion of |ight,

wherein the light is nonochromatic. 22. The readi ng device of claim 21,
wherein the second coating | ayer conprises a diclupic mrror. 23. The
readi ng device of claim?21, wherein the second coating | ayer conprises a

diel ectr ii§; a maﬁﬁa&'optic reading element and consists of a magneto-optical substrate 138 and an

optical processing unit 136 combined to form the reading element 114. The reading
element 114 is surrounded by a sheath 2210 which protects the reading element 114 from
damage. The sheath 2210 can be made from non-magnetic material such as non-magnetic
metals (such as aluminum), non-magnetic ceramics or plastics. In certain circumstances it
is desirable to make the sheath 2210 (or other component around, or of, the reading
element) weakly magnetic as this can enhance the magnetic field being detected by the
reading element 114. For example if the tag 102 is magnetized such that the magnetic
features of the fingerprint region 112 have their north pole facing the reading element 114
during reading it can be advantageous to have weakly magnetized the reading element 114
or some component near the reading element 114 such that the reading element 114 appears
to be a south pole of a magnet. This can enhance the field being detected since the south
pole of the reading element 114 will attract the north poles of the features.thereby warping
the magnetic flux lines such that they extend further out of the plane of the tag 102.
Alternatively it can be advantageous to make, for example the left side of the reading
element 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 magnet (predominantly) and may mean that the
readings may be reader dependent (i.e. dependent on the specific magnetization of the
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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24. The readi ng device of claim 20, wherein the second coating |layer is
configured to change a reflective property. 25. The readi ng device of claim
24, wher ewvo 20twos2eond coating |layer is a swtchable m prosc2e6H/0005e
readi ng device of claim24, wherein the reflective property is selected
froma group consisting of a polarization property and a wavel ength
property. 27. The readi ng device of claim19, wherein the reading device is
configured to generate an alternating current to induce a nagnetic field

with the mageetégichidabitdhd £ WP ah 83h YF S maBetid REgdm@fdiondhaay 102 Afo cl ai m
27, wherein the readi ng device conprises electrically-conductrve coils. 29.
The r eadiip@rémtp deingnize [patentialodamygge roai the mprgneteiting Weding slemsapd 1% dBe one or

. ' - \ o field
wth rosquiefetlik gl AREAZT\E, Be IUBLAN LE bbby L HRELL OPGIShL T ©
devi ce of22¢Daifa taf | Obepation dfetap d82lisng 1eheviCriccangeissleisk delreqghd fosmed ce

cont 1 0Ur o4 L0 BEIerh S, Bl hea. L0 PR Ompll € LLORl SLanal s e, o

produci NGIIgW théBee tP4lighlBe RAGIE RlenledEN14 ikl Q02 FERIVIES QEmaht 1188ge Of

the magnetic identification
at least about 50 micrometers, at least about 150 micrometers, of at least about 200
micrometers or at least 250 micrometers, for example, below the surface of the sheath
2210. Usually the tag 102 used for this may be designed to have a thickness of at least 50
micrometers, and may be at least as thick if not thicker than the distance that the reading
element 114 lies below the surface of the sheath 2210. Note that in certain circumstances
effective physical alignment may be achieved by having only one side of the sheath 2210
lying above the level of the reading element 114, in this case the lip formed by the sheath
2210 sticking above the level of the reading element 114 may be used to guide the edge of
the reading element 114 to the edge of the tag 102 or other physical step formed in the
surface of the tag 102, or label, or item of value.

[00168] FIG. 24 shows a method of reading a tag 102 on a level surface 268 using a
magneto-optical reading element 114 in accordance with another embodiment of the
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
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features. 31. The reading device of claim30, wherein one of the at |east
two nonochromatic signals passes through a polarized | ens. 32. The reading
devi ce ofwol2aimmo822 wherein the readi ng device is confi gorsd20wog@ser at e an
i mage baséd on the inmage of the optical identification features and the

| mage of the magnetic identification features. 33. The readi ng device of
claim19, wherein the reading device conprises two or nore |ight sources,
wherein a first light source is configured to generate a nonochromatic

|ight si %@&dn&?oo tefn O{hep{]o%maﬂ&a @fénlemasﬁe Qﬁo&meolasé,fe?d-%at Gl Ineay | on
features "and a second 11 ght source I's configured to a nonochromatic [ight
si gnal cdpdhing tld tapri®duoibegn @nnstamgentadt dunmgrthe neatling prokest evdncié theouser

features. 34. The rfgadi ngPdevice of claim 33, wherein at |east one of the

monochr ofRPHES URFYRoee ghHpE T34 08es t hr ough a pol ari zed | ens. 35. The

readi ng @oY691e FAGSCRPA 1o 23D sHAVRY £mBthbl Sf FeddiRGal €0 6ifarl SnetONEUrfAbE 268 t O
generate an image based on the inmage of the optical identification features

and the iusiger BRgnckEoptisgh&aling dement lilé dn jageprdase wyidsanoger embedimeatiphg
device ofy£l3bdion: FIESEE thdwit& hbdito-GAR% Rdin@%Rimedn? 1 P4 ARIES Sm@PLhys T11 M
267 to the surrounding protective sheath 2210. In addition, the magneto-optical reading
element head 114 is connected to the sheath 2210 via a conformation element 266, for
example a spring mechanism. Both the gap 267 and the spring mechanism 266 provide a
certain degree of compensation when reading the magnetic fingerprint region 112 or the tag
102 on an uneven surface 268. FIG. 25A shows the reading element 114 prior to engaging
it with the tag 102. In FIG. 25B, the magneto-optical reading element 114, as shown in
FIG. 25A, is brought to be in contact with the tag 102 on an uneven surface 268, the
magneto-optical reading element 114 is able to move within the sheath 2210 so as to
conform to the tag 102 on the uneven surface 268. In FIG. 25C and FIG. 25D, the gap 267
may be replaced with a compliant layer 269 to compensate for the movement of the
magneto-optical read head 114 (FIG. 25C shows the situation prior to contact and FIG.
25D shows the situation during contact with the tag 102). Note that the strength of the
magnetic fields of the magnetic 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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37. The readi ng device of claim2, wherein the nagneto-optical substrate
further conprises a protective layer. 38. The reading device of claiml1,

wher ei n t\We 208a@5n9 €l ement conpri ses an engagenent el epeiischefoop@soti oni ng
t he magneto-optical substrate. WD 2011/005222PCT/ SG010/ 000259 39. The

readi ng device of claim38, wherein the engagenent el enment substantially
surrounds the nmagnet o-optical substrate. 40. The readi ng device of claim
38, wherein the engagenent element is essentially conplementary in shape to

L T L R S

I s formedhasasa \El&mt tagsaare lirdtigiBSread on a production line prior to bemg apphed to the
surface of an item of value, this may cause problems since the initial reading of the tag 102
may not match well with the subsequent readings of the tag 102 due to the topography. In
such circumstances it can be advantageous to use a compliant tag. Another method may be
to use tags 102 which can be molded to have their reverse sides fit with the contours of the
surface they are applied to, however the front surface of the tag should remain planar. An
example of such a tag 102 may be a multilayer tag with a hard planar front layer and an
underlying layer (below the fingerprint region) made from a thermoplastic material. When
the tag 102 is applied to the item of value, it is heated such that the thermoplastic layer
melts or at least softens such that it may conform to the surface of the item of value.

[00170] FIG. 26 shows a method of reading a fingerprint 112 contained in a compliant
label 260 using a magneto-optical reading element 114 in accordance with an embodiment
of the invention. Here the compliant label 260 is shown attached to an item of value 262
having a circular cross section. Due to the shape of the item of value 262, the surface of the
compliant label 260 is also curved prior to engagement with the reading element 114 (as
shown on the left side of the figure). Due to its compliance, the surface of the label 260 is
able to deform to a flat surface when engaged by the reading element 114 (as shown on the
right side 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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42. The readi ng device of claim4l, wherein the recess has a height of at
| east about 50 mi croneters, at |east about 150 mcroneters, of at | east

about 200woizeriameizer s or at | east 250 microneters. 43. Phe/sceediongsgevi ce
of claim 38, wherein the engagenent elenment is fornmed as a protrusion. 44.
The readi ng device of claim43, wherein the protrusion has a height of at
| east about 50 mi croneters, at |east about 150 mcroneters, of at | east

about 200 m cronmeters or at |east 250 mcroneters. 45. The readi ng device

chape-or Sy Fbree e 200 BT Ehap RufaRavette durfle 50 GRSl Ol
1, wher eithe rd@ingedéherd 1aUem@Nborhs pasiant afplicd ©ohE eEdtidgOelehent! AG) Gfithod) ect
to be identified when brought into contact with the tag or object to be
i denti fi ¢@mpliant label 260, as shown on the right side, the surface of the fingerprint région 112 is
able to conform to the reading element 114, thereby facilitating an accurate reading of the
fingerprint region 112. |

[00172] FIG. 28 shows another compliant label formation in accordance with an
embodiment of the invention. Here the label 260 is constructed such that the surface of the
fingerprint region 112 is slightly raised with respect to the remaining surface of the label
260 surrounding the fingerprint region 112. As shown on the right side of the figure, when
attached to a flat item of value 262 prior to engagement with the reading element 114, the
surface of the fingerprint region 112 is raised by a distance of X; above the surface at the
edge of the label 260. As shown on the left side of FIG. 28, during engagement this
distance is compressed to X», that is, the surface of the fingerprint region 112 is compressed
to lie closer to the plane of the surrounding surface. Depending on the shape or size of the
reading element 114 and the pressure exerted on the reading element 114 during reading,
X, may be zero (i.e. lying in plane with the surrounding surface) or even negative (i.e. the
fingerprint region’s surface is pushed below the surrounding surface). This label 260 design
facilitates good contact between the fingerprint region 112 and the reading element 114
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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47. The reading device of claim46, wherein the reading el ement conprises a
conformation elenent facilitating the reading elenment to conformto the tag

or obj ectwol011iafRsizdentified when the reading el ement i s ppir@dahioobsdss
contact with the tag or object to be identified. 48. The readi ng device of

claimd47, wherein the conformation el enent conprises at |east one spring, a
sponge, a suction system a hydraulic system a pneumatic system 49. The
readi ng device of claim47, vvherei n the conformation el enent pushes at

| east the readin Iemsnt a to b d
The readiSTp° %’W‘gg @F“&YCQP a}?é% e’?ﬁ%‘g@@ﬁ ‘%?‘?Tgf {u}& SBF‘r‘ge?ﬁvlaﬁ %’l%dapt ed
to protech uenpyrfifase. o’rhé m‘hgéﬁﬁﬂt r}e%]lsﬁ enents fah OSbMEKA gfRVE AR taiding he

readi ng device i S drop Eﬁ I's brought against a hard surface 51. The
readi ng dngewainbmatskial. thady, alsmber @aﬁbhewed @@ﬁfb@mrab@wtomlgﬁemm mgtaldayefned to
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if the r&adi I Ng
ring) — for example if the ring is gold then the plating of the ring 262 can be gold. This

plating (or other coating) can also serve to protect the tag 102 and fingerprint region 112
from the environment (for example scratching and corrosion). An important feature of the
invention is highlighted in this embodiment: that a single scanner with one standard reading
element can read fingerprint regions of various shapes and sizes and contained in or
attached to the surface of a variety of items of value. Provided that the standard reading
device 104 (and associated magneto-optical reading element) is able to read a sufficiently
large proportion of the fingerprint region 112 in order to ensure fingerprint matching above
an acceptable threshold value it is not necessary that all the fingerprint regions 112 are the
same shape and size. This is very important commercially 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 FIG. 30B show cross-sectional views of a magneto-optical reading
element 114 when reading a tag 102 in accordance with an embodiment of the invention.
The magneto-optical reading element 114 is surrounded by a protective sheath 2210. The
magneto-optical read head 114 is connected by means of a spring mechanism 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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52. The readi ng device of claim47, wherein the reading elenent is housed
bel ow the | evel of the engagenent el enent when not in use but when engaged
wi th the wegonroosfzpect to be read, the engagenent el eneprCTpeafi@soize

readi ng el enent onto the surface of the area to be read.” 53. The reading
device of claim47, wherein at |east the reading elenent is distanced from
t he engagenent elenent allowing the reading elenent to conformto the tag
or object to be identified when brought into contact with the tag or object

to be identifi 4., I dent i fyi r._an obj eGt ted to
be identitieed," %F ﬁeéisoﬁfle% @3'3?%%%%?1%5%%%‘:% brlebef %g(r)lg?éﬁ% |9 r?g ag§?‘fs llu?a?%e %‘.aﬁ‘?&ﬁpf rom a
nmagnet o- aixhinpiela sq@ad] regtafleptrfahgls or pelygod, Hottendr it isqatietubled that te ekapkdecat ed

in the tag or opject adapted to be jdeptified onl wherein a WO
2011/ 005 298 PeTPIID PURBB1SS o rt@tt_ eshye g _Yﬁ%ﬁ%&% B ERttiPROf Bhpri ses
a di sor detgfh Al EARRIRIIES scRindiRabelelfecPlo MBI 5@ Rh RAKbd D58 Sinll Reduded in

an identification layer of the tag or object, wherein the first signal
gener at e®219 oenfiguzationds shewnfin FI6. 3bdesskibedibelowf i cati on features as such is

used to [5§46{¢ AIC. F15hoSs W ALEOE o Wadisf R 1uk L8P Wit ot A%nRenCRLEES 202N

using a magneto-optical reading element 114 in accordance with an embodiment of the
invention. The label 284 contains an embedded fingerprint region 112 covered by a thin
cover layer 160 (the fingerprint region 112 is not shown since it is hidden by the cover
layer 160). A Data Matrix barcode 186-and human-readable serial number 182 are printed
on the surface of the cover layer 160. To achieve a desired alignment for reading the
fingerprint on the label 284, a combination of a notch 280 on a housing 282 surrounding or
adjacent to the magneto-optical reading element 114 and a stub 222 on a‘label 284 can be
used to provide an interlocking means. As the magneto-optical reading element 114 is
brought upon the label 284, the notch 280 on the housing 282 of the magneto-optical
reading element 114 provide a mechanical guide to ensure accurate alignment and
orientation of the scanner with respect to the label. The interlocking prompts the user to
adjust the magneto-optical reading element 114 to the label 284 in a preferred alignment.
Note that the housing 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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generating a second signal fromreading a second set of identification
features, wherein the second set of identification feature conprises
optical iwenviffdiosebi on features, wherein the first set eoCTisdeatjobéesati on
features and the second set of identification features at |east partially
overlap. 55. The nethod of claimb54, wherein the disordered arrangenent of
magneti c or nmagneti sable particles conprises a plurality of randomy

di stributed nagnetic or magneti sable particles. 56. The nethod of claimb55,

wher ei n tsﬂﬁo%&ﬁ@ﬁgﬁ@%ﬂth@h@&siﬂ%)ﬁ@ ARESrofudtb ik B2A06hE) Mid Ye FREE bR lthe 57

The nmethod of claim56, wherein the high coercivity terral 1s selected
from t he tag B2ptselbos pu & labgl otheljepydd athealignmagnt.Bor on al | oy. 58. The met hod of

cl aim 57 r e e, magnet i articles conpri.ses a ferrimgneti

v er | i IPOLT B 23 SO e 102 R e mBSHER PR {12 mARERva bt

domai ns ah obfecy D6 térbg édnitigied i® REEdrd @Se Wrthhir e@bédiflehNoPthe ifGdn@ibh.alhe

(i ncl udi ng, voi ds causj ngf vari abl e magnetic properties) and conbi nations

t her eof . “8Ys oTREoRYEHG4 Tox the|tag 9% ean Rghesed it helpealign thesteading dpvicerd®4es al i s

sel ect ed ;1,08 bR 1@l AP 2C ANRsSiteddin Ol MBBito ¥FGTa8. BY 0% Mxé% e N,
Co, d, E)y cor resagondi ng al Isoys and c?xi de% of Fe, N‘Igl, a%, §m ,a Doy, and
conbi nat iadyantageous if the object 262 to be identified has no suitable flat surfaces on which to

attach the tag 102. Such objects include cylindrical objects but not so limited. Such a
groove 264 also has the advantage that it helps to protect the tag 102 from mechanical
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] While the invention has been particularly shown and 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.
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thereof. 60. The nethod of claimb54, wherein the first signal generated
fromreading the first set of identification features and the second signal
gener at edwbronasrdi ng the second set of identificatiorcrsabonssosy e

i ndependently used to derive a first signature and a second signature for
identifying the tag or object. 61. The nethod of claim54, wherein the
optical identification features conprises a barcode or a hologram 62. The
readi ng device of claimb54, wherein the first set of identification
features ﬁ@ﬂPEhe secgnq set of identification features are located within
an engage Isclaef sy e tag or object adapted to be identified. 63. The
readi ng device of claimb54, wherein the first set of identification

features and Ahexdsgcddvitedeireafing apihdtiagabpival infedination, the feading dbdcs ame
pl ane. 64. The readi ng devi ce of é%ain154, wherein the first set of
i denti fi cat i ofPRESINGATSading elements the gpagngatlerpent coBRTFipg & Magpsiorebtdlr es are

on different phaRRSadapted to read overlapping magnetic identification features and optical
identification features, wherein the magneto-optical substrate is at least partially

optically transparent.

2. The reading device of claim 1, 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.

3. The reading device of claim 2, wherein the second coating layer is partially optically

transparent and partially reflective.

4. The reading device of claim 3, wherein the second coating layer reflects at least a

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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65. A nethod of identifying a tag or an object adapted to be identified,
the nmethod conprising: generating a first signal from magneto-opti cal

readi ng ovoaofioosiz2set of identification features |ocatedTiSG20t@oizag or the
obj ect adapted to be identified, generating a second signal fromreading 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 |east partially

overl ap; and .wherein e first sianalyg gener fr ' t he
first set gf Theasedivg %‘%th?eo(?#craéna’tfﬂwggregln efﬁ‘g(gg%‘éecporﬁ‘%gg'i g F‘\%Fet%‘g%g?g? ed from
readi ng the sge@NebnsBiin@bf 4 saidafibe ploperty hvbd waederatiepropady.t o derive a

fL_rst signature and a second signature for identifying the tag or the
obj ect .

10. The reading device of claim 1, wherein the reading device is configured to generate
an alternating current to induce a magnetic field with the magnetic identification

features.

11. The reading device of claim 10, wherein the reading device comprises electrically-

conductive coils.

12. The reading device of claim 1, wherein the reading device comprises one or more
magnets configured to generate a substantially uniform magnetic field with respect

to the magnetic identification features.

13. The reading device of claim 1, 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

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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66. The nethod of claim65, wherein the firs [
_ _ m 65, \ t signal generated fr [
the first set of identification features and the secogd si gnal geg(ranr ;'?Zgl "

from readypaoiRsmecond set of identification f
_ eat ures
safre time. 67. The nethod of claim65, wherein the f'rrs?tS/estm‘(i)%?m{;2g§I at the

I dentification features is positioned at [ iti

_ on _ _ a first position and the secon
se%hog identification features is positioned at a second position. 68. ?he
nmet hod of claim 67, further conprising conparing the first position with

the second position before der|V| n a first

Zggn%ure f orsedonid dightsppreg it ¢rafigagd am&°§ﬁf‘8e‘?°nﬁ%'gs‘%‘?ﬂ%q%el gfo:logg claim

arran er el,? é)hgducfnrﬁsa[‘l n?ig% &fthé ﬁlﬁgﬁétlf:iidﬁtiﬁ@éilohmﬁﬂéﬁs conpri ses a disordered
gemen magneti sabl e particles. 70. The method of claim

69, wherein the d| sordered ar rangerrent of ma [ [

\ gnetic or magnetisabl e
particles co i ses L ural j Y58 ’
magnet i sabllér%‘&r’?ard&‘}ge‘?%“’?f? lﬁ‘e‘f{ gﬂ%ﬁ Xﬁtg#l%%ﬂgmﬁv(ﬁgtﬁ ei naﬁlg@rﬁggrgnet i C
particles conp,R%asRs threliphGaRidized tepsmat eri al .

18. The reading device of claim 17, 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.

19. A reading device for reading magnetic and optical information, the reading device
comprising:
a reading element comprising a magneto-optical substrate, the magneto-optical

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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72. The nethod of claim 71, wherein the high coercivity material i
sel ected fromthe group consisting of Neodigni um lron Bgron al | gy. | ?3 The
nmet hod ofwol2aimmos22 wherein the magnetic particles conpmbsss;zam/ooozsf
ferrimagnetic material, an antiferromagnetic nmaterial, a ferromagnetic
material or domains of varying magnetic properties wi thin a continuous
material (including voids causing variable magnetic properties) and
?g?tr)loxélng?'s the{ eof. 74 Tlhe readi ng device of claim73, wherein the

ic material is sel ected from,t he ar.oup.. AN '
Eu0, Cr02, 2ZpThs readine V}ce(éi?‘at‘%l?ED‘?}“‘E&BF*}eeSS%‘g“rﬁiaﬁ%%’?gg{a?éﬁéh’g%%&%x :vgg.s, 019 Eg
Ni, Co, Sm Gibhd¥ migdhd conbinations thereof. 75. The nethod of claim 65 ,
wherein the second set of identification features conprises a chip, a ’
(r:r}aginrent |7§ strip, a tSﬁrl alh_ nunber, or an optical marking. 76. The rrei hod of

, ein e, chi p .S '-M Inf héd I

cont act - baéggﬁi‘?ﬂ?aﬁi}ngﬁvmfﬁéC%elﬁﬁg’g‘g%%el%I ai ma%}?lco'ﬁ%gaﬁﬂ?ﬁighg%ﬁ 2gl O:m?ki n
i s a barcode d¥lecribpli®et am ?

24. The reading device of claim 20, wherein the second coating layer is configured to

change a reflective property.

25. The reading device of claim 24, wherein the second coating layer is a switchable

Mmirror.

26. The reading device of claim 24, wherein the reflective property is selected from a

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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78. The nethod of claim65, wherein the first set of identifi [

features and the secpnd set of identification features are Ioggtggnmﬁthin
an engagewenbivgsxnk in the tag or object adapted to be ipdensGziio@do2sy9. The
nmet hod of cla|n1653 wherein the first set of identification features and
the second set of identification features are on the same plane. 80. The
nmet hod of cIa|n1653 wherein the first set of identification featureé and
the second set of identification features are on different planes. 81. An

identificatign systemfor identifying a tag or an ob

_ ifi ent j ect adapted to be

i dentified, ? é&sten1conpr|5|ng : a tag for identifying anpobject to
whi ch the tag may be attached, wherein the tag conprises at |east a first

and second set of |dent|f|cat|on features | dint
adapt ed t 03lhdhe ceadmigiderige ohelaing 30, eIy O ‘ﬁ ‘38%%&6‘? ﬂlén%c%% %‘F%bjled 82.

The Identlflc%hﬂggﬁﬁé§&&ﬁkﬂg %L@&&lﬁﬁs wherein the first signal obtained

from the readl ment orna | zed a
. gai nst a signal obtained fromthe
same readi ng elenent in the absence of a substantial magnetic field.

32. The reading device of claim 30, 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.

33. The reading device of claim 19, 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
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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83. The identification system of claim 82 [ i
_ ( _ , Wherein the normalizati i
achi eved by subtracting the signal obtained fromthe reading elen%g? :ﬁ t he

absence ofoaosubsianti al nmagnetic field f i :
: _ romthe signal p m
readi ng el enent when engaged with the area to be regd. 82?E$%g@dm&mm the

identification systemof claim83, wh i K i

_ RN ) _ , erein the normalization co [
|d$ntLry|ng portions of data in the signal being read which nayngglfgzs
reliable than the other data because of danmage or variations within the

readi ng el enment, said |ess i apl i i
ot her dat &39. Sthe rqading deyiseiof fr’]g’lé’lﬂ Sg’n"%%"g%%’%fﬁb%;gg ngern?nglg%,gﬁt\%ﬁg%tgtﬁn?ﬂtel ?‘/i £ gt the

SnIThe o unanit e b A R 1 8 e o % predel Snod val uo
_ : ne resho to a predefi
or by ignoring the data and only storing data (including th gh;gfgaralue

osi tioni i {
Pdent 1 11 coft-ghe saieege o it B M e e e e tor age mod
. . ( , sing a t i
| 3 whi fC_h a I ghRpRARAtaE @RBIPHE aﬁbhgdgamdntftraohﬁlathpézi&qrgﬂ?éf‘ét 3‘@%8? i et rr:gdl o
identification tag is stored. 87. The identification system of claim86

wherei n the dniriedecknggBeaedi um f
: or the pre-stored ref [ i
data storage nediumrenote with respect Po t he eterence signature s a

41. The reading device of claim 38, wherein the engagement element is formed as a

cavity or recess.

42. The reading device of claim 41, wherein the recess 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.

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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readi ng device. 88. The identification system of claim 86

conprising a data processing device rem)%/e W th respect tb Iﬁtrat ngdi ng

devi ce, weeneimosize data processing device is adapt ed pro/speofomoensh he dat a
processing in order to match the read signature with the pre-stored
reference signature. 89. The identification systemof claim&86, wherein the
data storage mediumfor the pre-stored reference signature is iocated I n
the tag which is attached to the object. 90. The identification system of

claim 86, wherein the data st d f
signature ist bealeé@ﬁqu‘”]ﬁ%éﬁﬁgﬁragg'ﬁ egflny*rpr}i’ég‘igﬁt’r??‘? ?‘Tn °t§ %Vgt{ﬁ%geytsg Iéler;r g? Cgl ai m
86, wherein t%ﬁecfi@tbgl&én‘&fﬁ%’e mediumis a nagnetic strip, a nenory chip, a

medi a di sk, a smart-card, a RAM nodul
_ e, a magnetic tape or
convent i onal optical neans such as a 2D barcode or bltmalpg P

48. The reading device of claim 47, wherein the conformation element comprises at least

one spring, a sponge, a suction system, a hydraulic system, a pneumatic system.

49. The reading device of claim 47, wherein the conformation element pushes at least

the reading element against an area to be read during reading.

50. The reading device of claim 47, wherein 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.

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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first set of identification features comprises a disordered arrangement of magnetic or
magnetisable particles included in an identification layer of the tag or object, wherein 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; and

generating a second signal from reading a second set of identification features,
wherein the second set of identification feature comprises optical identification features,
wherein the first set of identification features and the second set of identification features

at least partially overlap.

55 The method of claim 54, wherein the disordered arrangement of magnetic or
magnetisable particles comprises a plurality of randomly distributed magnetic or

magnetisable particles.

56. The method of claim 55, wherein the magnetic particles comprises a high coercivity

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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61.

62.

63.

64.

65.

of identification features are independently used to derive a first signature and a

second signature for identifying the tag or object.

The method of claim 54, wherein the optical identification features comprises a

barcode or a hologram.

The reading device of claim 54, wherein 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 reading device of claim 54, wherein the first set of identification features and

the second set of identification features are on the same plane.

The reading device of claim 54, wherein the first set of identification features and

the second set of identification features are on different planes.

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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66. The method of claim 65, 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 generated at the same time.

67. The method of claim 65, wherein the first set of identification features is positioned
at a first position and the second set of identification features is positioned at a

second position.

68. The method of claim 67, further comprising comparing the first position with the
second position before deriving a first signature and a second signature for

identifying the tag or the object.

69. The method of claim 65, wherein the first set of identification features comprises a

disordered arrangement 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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74.

75.

76.

77.

78.

79.

80.

81.

The reading device of claim 73, wherein the ferromagnetic material is selected from
the group consisting of MnBi, CrTe, EuO, CrO,, MnAs, Fe, Ni, Co, Gd, Dy,
corresponding alloys and oxides of Fe, Ni, Co, Sm, Gd, Dy, and combinations

thereof.

The method of claim 65, wherein the second set of identification features comprises

a chip, a magnetic strip, a serial number, or an optical marking.

The method of claim 75, wherein the chip is a radio frequency identification tag or a

contact-based chip.
The method of claim 75, wherein the optical marking is a barcode or a hologram.

The method of claim 65, wherein 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 method of claim 65, wherein the first set of identification features and the

second set of identification features are on the same plane.

The method of claim 65, wherein the first set of identification features and the

second set of identification features are on different planes.

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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The identification system of claim 81, wherein 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 identification system of claim 82, wherein the normalization 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 identification system of claim 83, wherein the normalization 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.

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.

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.

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.

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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