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[0001] This application claims the benefit of priority of US provisional application No.
61/029,597 filed February 19, 2008 the contents of which is hereby incorporated by

reference in its entirety for all purposes.

FIELD OF THE INVENTION
[0002] Embodiments of the invention relate to field of reading devices. By way of
example, embodiments of the invention relate to a reading device for identifying 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 means. Some examples
include security documents such as cheques, credit cards or tickets which typically use
magnetic inks or magnetic strips for storing encrypted security information. Other
examples include anti-counterfeit tags which use magnetic particles to create a random
arrangement which acts as a magnetic fingerprint. In addition, magnetic barcodes and

magnetic patterns are also gaining popularity as magnetic security features.

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

power to function as the magnetic field is an inherent feature 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. Nevertheless, increased security

often requires the resolution of the magnetic field signal to a fine level. This
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magnetic field signal to afine level. T
system works well for DVDs due to thelr form factor (for example they are very

smooth and flat) and the fact that they are not generally subjected to harsh
environments. However security labels and markings may be subjected to severe
scratching and other harsh conditions during their service life. Therefore in the case of
security labels and markings, it is not always practical to use a reading method which
requires the substrate being read (for example the label) to contain a mirror-finish

reflective surface.

[0007] Fortunately an alternative magneto-optic detection method exists. Here the
reflective surface is part of the reading device itself and the light is reflected internally
to the reading device itself. The reflective surface of the reading device is brought into
close contact with substrate to be read such that the magnetic field from the substrate
can influence the materials or light within the device. This means that the substrate
being read is freed from the constraint of having to have a flat mirror surface. Other
detection methods involve use of Giant Magnetoresistance (GMR), Flux concentrator

for example.

[0008] Internally reflective magneto-optical readers have been developed by many
groups for use in the field of storage devices but their usages for identification
purposes are very limited. Some examples of magneto-optical readers are detailed

below.



encourages the development of new high-resolution detection means with
improved usability for users. [0006] An example of a high-resolution
detection method is a magneto-optical detection. In the case of

magneto-optical disks (for example3Sony's "MiniDiscs") and similar data
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example. [0008] Internally reflective magneto-optical readers have been
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magneto-optical readers are detailed below. 3
symbol marking to read the marking using a magneto-optic reading apparatus.
However, the method described in the patent mainly deals with the detection of
Vericode® or other machine readable matrix symbols made by depositing a viscous
magnetic compound. In addition, the patent describes the detection of a magnetic anti-
counterfeit symbols, but it does not consider magneto-optics for use in non-symbology
applications; for example for use imaging the inherent randomness of scattered
magnetic particles. In other words, the magneto-optic reader in the patent recognizes
symbols written with magnetic particles but does not read individual particles and

considers their random position in a fixed area such that the area possesses a non-

repeatable pattern in fine resolution.

[0011] United States Patent Number 5,920,538 discloses a magneto-optical readout
method for reading stored data, a magneto-optical readout head and a method for
making the same. The patent describes a magneto-optical readout head for reading
magnetically stored data for use with a source of illuminating light having a

wavelength. The magnetic-optical readout head comprises an optically transparent



100091 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 of4magnetic states in a magnetic medium
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at or prior to the recognition stage.

[0015] United States Patent Number 6,745,942 discloses a magnetic symbology

reader having a housing containing a polarized light source which directs light through



100131 United States Patent Number 3,612,835 discloses a combined
optical and magnetic transducer for sensing both optical and magnetic
properties of an article, for example, a piece of paper currency or other
document having both visible and n%?gnetic markings to be tested or read,
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transducer output signal either at or prior to the recognition stage. 5 a
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magneto-optic sensor and then through ‘at least one analyzer and into at
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source. The analyzer and polarized light source provide contrast in the

images detected by the sensor. A bias or erase coil located about the
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0161 One of the early usages of magnetically readable identification
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multiplicity of magnetisable identifying indicia hidden by an opaque,
prefetaBivis [BETTBU AR A8GYAIAtTOR R HRCRNARNSIECFEH d )R BTiRsEAHPY, across
the MBYCRHET SRR may provide an automatically sensible value. Magnetically

readable material may be provided as a predetermined, repeatable pattern, where the
magnetic material is applied to a surface with a resolution in a range of at least 10,000

to 100 dots per inch.

[0018] Further prior art on repeatable magnetic pattern on documents and articles of

manufacture are described in the following :

[0019] United States Patent Number 3,878,367 discloses a security document having
a magnetic recording layer containing uniformly dispersed magnetisable material
having magnetic anisotropy wherein the material at a plurality of selected locations is

differently physically aligned with respect to a reference location to provide a



100171 Another example is disclosed in PCT publication number WO
2004/013735. The publication discloses a system and an associated
method providing a marking of material to be applied to goods. In one
embodiment magnetic material is gpplied in a predetermined pattern. An
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document:
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 pattern printing, and one or more magnetizing
elements formed illustratively of permanent magnets are disposed in the perforations
with their end faces projecting a small distance from the surface of the base plate. The
surface of a magnetic film of a slave magnetic medium for copying is contacted closely
with the end faces of the magnetizing elements, and an external magnetic field is
impressed to the contacted portions. The desired magnetic patterns are formed by the
arrangement of the magnetizing elements or by the relative movement of said
magnetizing elements with respect to the slave magnetic medium for copying; as a
result, said magnetic patterns are copied on the magnetic film of the slave magnetic

medium.

[0022] United States Patent Number 4,183,989 discloses a security paper which
contains a security device e.g. a strip, thread or planchette having at least two machine
verifiable security features thereon, one of which is a magnetic material, which may be
magnetically coded or printed in a predetermined pattern on the device, and a second
of which is a luminescent material, an X-ray absorbent or a metal. The provision of

several features on one device provides a large increase in document security.



100201 United States Patent Number 4,081,132 discloses a security
document having a carrier and two layers of magnetisable material, one
overlying the other, the carrier and layers being all bonded together. One
layer is for the recording of informag'on and the other layer has a magnetic
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copied on the magnetic film of the slave magnetic’ medium. 100221 United
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contains a security device e.g. a strip, thread or planchette having at least
two machine verifiable security features thereon, one of which is a
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luminescent material, an X-ray absorbent or a metal. The provision of
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security. 7 100231 United States Patent Number 3,701,165 discloses
arments which are formed with marks or stitching which carry a '
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making garments, subsequent garment making steps are actuated in

apeashisdissiershstdeniirdod iesstitgenhg pplication Number 20060081151. The

patent application discloses a method and apparatus for printing using paste like inks
such as those used in intaglio printing, wherein the inks include specialty flakes such as
thin film optically variable flakes, or diffractive flakes. The patent application also
discloses an apparatus having an energy source such as a heat source for temporarily

lessening the viscosity of the ink during alignment of the flakes within the ink.

[0027] A similar method can also be found in United States Patent Number
7,047,883. United States Patent Number 7,047,883 discloses an apparatus and related
methods to align magnetic flakes in a carrier, such as an ink vehicle or a paint vehicle
to create optically variable images in a high-speed, linear printing operation. Images

can provide security features on high-value documents, such as bank notes. Magnetic



100241 United States Patent Number 4,180,207 discloses a secure

document 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 Iayegr of magnetisable material having
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security feature may be a pattern of magnetic anisotropy fixed into the

material. 100251 United States Patent Number 3,755,730 discloses a
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approach is disclosed in United States Patent Application Number
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for printing using paste like inks such as those used in intaglio printing,
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apparatus having an energy source such as a heat source for temporarily
lessening the viscosity of the ink during alignment of the flakes within the
ink. 100271 A similag g H R SOHIE IRWAN R I¢Nted States Patent
Number 7,047,883. United States Patent Number 7,047,883 discloses an
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high-speed, linear printing operation. Images can provide security features
readin s Jpoveib o sagmerdirstiest akidamiiisetian foriyrrstlecated in the tag or the
object adapted to be identified, wherein the first reading element is a magneto-optical
reading element and a second reading element for reading a second set of identification
features located in the tag or the object adapted to be identified. Note that herein where
the prepositions “in” or “on” are used to describe the location of identification features
with respect to a tag or an object it is also considered the use of the other preposition
(for example “in a tag” should also be considered to be “on a tag” and vice versa). The
reading device is configured such that a first signal generated from reading the first set
of identification features and a second signal generated from reading the second set of

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

signature for identifying the tag or object.

[0031] In one embodiment, light used for the magneto-optic reading is internally

reflected inside the magneto-optical reading element.

[0032] In a further embodiment, the magneto-optical reading element comprises at
least one optical processing unit and at least one magneto-optical substrate. The at least

one optical processing unit comprises a plurality of components, the components



flakes in the ink are aligned using magnets in a linear printing operation.
Selected orientation of the magnetic pigment flakes can achieve a variety
of illusive optical effects that are useful for decorative or security
applications. [0028] However there d’s still a need for a reading device,
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identified.”Note that herein where the prepositions "in" or "on" are used to
describe the location of identification features with respect to a tag or an
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"in a tag" should also be considered to be "on a tag" and vice versa). The
magagiirp deali culistiasn it e ve ehftkied amridtlsiglasiogeherated ficspect to each
othkgading the first set of identification features and a second signal

generated from reading the second set of identification features are

independently used to derive a first signature and a second signature for
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magneto-optic reading is internally reflected inside the magneto-optical

conggtisPErehgespde scanner, a radio frequency identification tag reader, a character

recognition reader, an optical image capturing system, a gaussmeter, a magnetometer, a

fluorescence meter, a residumeter and a transponder.

[0035] In a further embodiment, the first reading element comprises an engagement
element for positioning the magneto-optical substrate over an area of the first set of
identification features. The engagement element substantially surrounds the magneto-
optical substrate. The engagement element is essentially complementary in shape to an
engagement track in the tag or object thereby forming an interlocking means. The
engagement element may be formed as a cavity or recess and 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. The engagement element may also be formed
as a protrusion. The protrusion has a height of at least about 50 micrometers, at least
about 150 micrometers, of at least about 200 micrometers or at least 250 micrometers.
The engagement element has in cross-section a circular shape or a polygonal cross-

sectional shape.



[0032] In a further embodiment, the magneto-optical reading element
comprises at least one optical processing unit and at least one
magneto-optical substrate. The at least one optical processing unit
comprises a plurality of components, the components 9 include: at least
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transparent (base) substrate, the first coating layer and the second
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conformation element is adapted to push at least the first reading element against an
area to be read during reading. The conformation element may also be adapted to
protect the surface of the first reading element from being damaged if the reading
device is dropped or is brought against a hard surface. The conformation element may
also be designed to allow the first reading element to sink below the level of the
engagement element if the first reading element is pushed. The first 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 first reading
element onto the surface of the area to be read. At least the first reading element is
distanced from the engagement element allowing the first reading element to conform

to the tag or object to be identified when brought into contact with the tag or object to

be identified.

[0037] In a second embodiment of the invention, a reading device for identifying a
tag or an object adapted to be identified is provided. The reading device includes a first
reading element for reading a first set of identification features located in the tag or the
object adapted to be identified, wherein the first reading element is a magneto-optical
reading element wherein the first reading element is adapted to conform to the tag or
object adapted to be identified when brought into contact with the tag or object adapted
to be identified. Note that herein where the term “magneto-optical reading element” is
used, all forms of magneto-optic reading elements are contemplated, particularly those
where the magneto-optic reading element is configured such that the light being
analyzed to determine the magnetic field of the features is reflected internally within
the reading device — the configuration disclosed in United States Patent Number

5,920,538 provides an example of such a configuration.



[0033] In a further embodiment, the components in the optical processing
unit and the magneto-optical substrate may have a fixed spatial
relationship with respect to each other. [0034] In a further embodiment,
the second reading element is selected from a group consisting of a
oS Care.ennshamaniofenuensy dentlicatian RaBAIEr. £ CHAMACE ding
recognition reader, an dptical image capturing system, a gaussmeter, a
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of at least about 50 micrometers, at’least about'150 micrometers, of at
optigalsteadingt 2oDanicrometers or at least 250 micrometers. The
engagement element may also be formed as a protrusion. The protrusion
has a height of at least about 50 micrometers, at least about 150 '
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shape or a polygonal'cross-sectional shape. 10 [0036] In a further ‘
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IS brought into contact with the tag or object to be identified. The
opticahoiiaation Bl et nsalstatapAsirst feasns Hayieietfiep siieplasagmagneto-

optRPHNY) GrRPRNGE0 R SUCHAI FYFLE Mo J%%?}é"%%ﬁ@cfﬁv@'i%m.e’#ﬁéa&ﬁically

system. The conformation element is adapted to push at least the first
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first reading element from being damaged if the reading dévice is dropped
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the engagement element if the first reading element’is pushed. The first
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tag or object to be identified when brought into contact with the tag or

object to be identified.

[0040] In a further embodiment, the components in the optical processing unit and the
magneto-optical substrate have a fixed spatial relationship with respect to each other.
In case the optically transparent substrate, the first coating layer and the second coating
layer of a magneto-optical substrate as described in the present application are formed
as a layer arrangement, this layer arrangement and the components in the optical

processing units can have a fixed spatial relationship with respect to each other.



[0037] In a second embodiment of the invention, a reading device for
identifying a tag or an object adapted to be identified is provided. The
reading device includes a first reading element for reading a first set of
identification features located in thq ag or the object adapted to be
oolgniiednierein A iishrendiog. slamenhis  madnslo:oRtal rading.ouy
element wherein the first reading element is adapted to conform to the tag
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flupeesdimgeatestrenis enid woaterpibadtinsastidgtarly those where the
magneto-optic reading element is configured such that the light being
analyzed to determine the magnetic field of the features is reflected
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In a further embodiment, the magneto-optical reading element comprises
as aPKoAsstie bptiduPPrstEsSitfgaurttSi P hetdaatichewhagraterepatusp, at least
abot DA% AkeaPLARELRICA! PIRERSIDMALH RN ISP ficrometers.
plurality of components, wherein the components include: at least one
The stieageiataételcraens 2s dReclepssettieast sHEWH A aRe, ot Reastxsadigeoss-
seciBHEFEh{Rtionally, the optical processing unit may also comprise at least
one beam splitter. The magneto-optical substrate comprises an optically
transparent (base) substrate, a first coating layer (for example, a
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layer). The optically transparent (base) substrate, the first coating layer
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further embodiment, the components in the optical processing unit and the

elepenyEe8) disiea dsipngesiél Hhv écadine dlspisadr rd1aBprs R W RFPHEEp agptpst 2

har@ashftbernlh GRg6rhseRtidaihe R RAIe S HbatIeie tthaifiisteeatinglement
layer and the second coating layer of a magneto-o][otical substrate as
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can have a fixed spatial relationship with respect to each other.
when not in use but when engaged with the tag or object to be read, the engagement
element pushes the first reading element onto the surface of the area to be read. At

least the first reading element is distanced from the engagement element allowing the



12 100411 In a further embodiment, the second reading element is

selected from a group consisting of a barcode scanner, a radio frequency

identification tag reader, a character recognition reader, an optical image

captu_ring system, a gaussmeter, alrbpagnetometer, a quoresc_ence meter,
firs Ire%%'ﬁil néfeetl%%l?ﬂ% %&ﬁ?@l%? 0 q‘?er'tal r4 gﬂ‘é@t%of%retqgén?fﬁgg %Hé%%&ﬂ ht into

irst reading element comprises an &ngagement element for positioni
confaetiwaihyribecagnicelisubitizeedsundfiad area of the first set of identification

features. The engagement element substantially surrounds the
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shape. 100431 In a further embodiment, the first reading element .
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surfEMENHR GaRfoM i DG 1A At ORIACLHR b&g%%@ﬂ%‘? WRaILHe Irssentially

reading element is brought into contact with the tag or object to be
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conformation” element pushes at least the first reading element against an

as preeetd YePreldstiting reading. The conformation element is adapted to
protect the surface of the first reading element from being damaged if the
reading device is dropped or is brought against a hard surface. The
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element onto the surface of the area to be read At least the first readin
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also includes at least one opening for a direct optical reading of optical features and/or

alignment marks on the tag or the object adapted to be identified.

[0046] In one embodiment of this reading device the at least one optical processing
unit includes a plurality of components, wherein the components include: at least one

optical detector, at least one lens, at least one polarizer, at least one light source.

[0047] The magneto-optical substrate of such reading device may include an optically
transparent substrate, a first coating layer and a second coating layer. The first coating
layer maybe a magneto-optic film or films and the second coating layer may be a
reflective layer. The magneto-optical substrate may further include a protective layer
(in line with the above disclosure, the optically transparent substrate, the first coating

layer and the second coating layer can be provided as a layer arrangement.



13 first reading element to conform to the tag or object to be identified

when brought into contact with the tag or object to be identified. [0044] In

a third embodiment of the invention, a reading device for identifying a tag

or an object adapted to be identifieg4is provided. The reading device

includes a first reading element for reading a first set of identification

feature located in the tag or the object adapted to be identified, wherein
[0048¢ filst eoadéimepetbmenit i dhmagadimzogticakrethdingmimments, ihethe optical
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identified, thereby forming an interlocking means. The engagement

element is formed as a recess or protrusion. [0045] In a fourth
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object adapted to be identified is provided. Thus reading device includes a
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‘element also includes least one optical processing unit and at least one
unipnghiedeprcarslipdtedito TG elehidAPalBvincludes at least one
opening for a direct optical reading of optical features and/or alignment

marks on the tag or the object adapted to be identified. [0046] In one
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and a second coating layer. The first coating layer maybe a magnéto-optic
magnefereRfiaal sAstécsecond coating layer may be a reflective layer. The

magneto-optical substrate may further include a protective layer (in line

with the above disclosure, the optically transparent substrate, the first

[003bkatifyy frpEhearrmbrdsBeBhdioatidgryerc AR BEBroAH Sl Q¥sadhiget optical
rea@fE@NAIPERYL features and/or alignment marks on the tag or the object adapted to

be identified is formed by an optically transparent portion of the reading element

adjacent to the magneto-optical substrate.

[0052] In a fifth embodiment of the invention, a method of identifying a tag or an
object adapted to be identified is provided. The method includes reading both magnetic
features and optical features with a reading element. The reading element includes at
least one optical processing unit and at least one magneto-optical substrate; and the
reading element further includes at least one opening for a direct optical reading of said

optical features on the tag or the object adapted to be identified.

[0053] In one embodiment of this method the magnetic features include a first set of

identification features located in the tag or object to be identified.



14 [0048] In one embodiment of the reading device, the components in

the optical processing unit and the magneto-optical substrate may have a

fixed spatial relationship with respect to each other. In case a layer

arrangement of the optically transparent magneto-optic substrate, a first

coating layer and a second coating layer, this layer arrangement may

have a fixed spatial relationship with respect to one or more of the other
[005éimPdore fitstbétrenbptivakprotessinthohiinf0ok9] garefaitizen engbaldfmeentthe
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Substrate. This at least one opening may be formed by patterning the one
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optical features and/or alignment markson the tag or the object adapted
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reference to the other embodiments of the invention.

[0055] In one embodiment of a method of this fifth embodiment, the optical features

read are alignment marks and/or a second set of identification features.

[0056] In a further embodiment, the alignment marks may be used to determine the
orientation and position of the reading of the first set of identification features relative
to a reference reading used to obtain a reference signature of the first set of

identification features located in the tag or the object to be identified.

[0057] In another embodiment, the information from both the magnetic features and
optical features are obtained from the same image that is captured by an optical

detector. The optical detector used in this method may be an imaging unit.such as a

CMOS chip or a CCD chip.

[0058] In a sixth embodiment of the invention, a method of identifying a tag or an
object adapted to be identified is disclosed. The method includes generating a first
signal from a magneto-optical reading of a first set of identification features located in
the tag or object adapted to be identified only, wherein a first set of identification
features includes a disordered arrangement of magnetic or magnetisable particles

included in an identification layer of the tag or object. The first signal generated from



[0052] In a fifth embodiment of the invention, a method of identifying a tag
or an object adapted to be identified is provided. The method includes
reading both magnetic features and optical features with a reading
element. The reading element incIL{ es at least one optical processing unit
reafii 814578 Q0 MACRGHRARHCALSHSURE AN N TR H0A LT REN ignature
urther includes at least one opening tor a direct optical reading of sal
for agitidAylegtihetrgnithbjtat or the object adapted to be identified. 15
[0054] In a further embodiment, the method includes generating a signal

from the first set of identification features located in the tag or the object to
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particles. The magnetic particles’may comprise any high coercivity .
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continuous material (including voids causing variable magnetic properties)
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embodiment ot a method of this fifth embodiment, the optical features
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B. [0056] In a further embodiment, the alignment marks may be used to

determine the orientation and position of the reading of the first set of

identification features relative to a reference reading used to obtain a
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~tag or the object to be identified. .
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, matrix barcode 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.

[0061] 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. Alternatively, the first set of
identification features and the second set of identification features may be on different

planes.



[0057] In another embodiment, the information from both the magnetic
features and optical features are obtained from the same image that is
captured by an optical detector. The optical detector used in this method
may be an imaging unit.such as a OS chip or a CCD chip. [0058] In a
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particles comprises aplurality of randomly di magnetic or
featmesgrreti SaBeepuleitlesuseHeordaynatie Pasticienames dndladeepnd signature for

1de£‘?ff%'[ﬂ§%§%g'&afﬁ5'8i%]98 antiferromagnetic material, a ferromagnetic

lal or domains of varying magnetic properties within a continuous
material (including voids causing variable magnetic properties) and

[oo@wqwmném%%ﬁﬁieﬁb%ﬁﬁmg&%ﬁc fRaterig! %P%%‘ﬁﬁ&%ﬂéﬁo%amres
the group consisting of MnBI, CrTe, Eu0, Cr02, MnAs, Fe, Ni, Co, Gd, Dy,

comle@ﬁrresgmﬂ@gedn@wwmtd% GRFWICNS, @b Ismncmalniy paigicles. The
GMEPQH‘QII}QH;S&H&E?BF &Q&%@Bﬁ%@%ﬁﬁ%&%&%ﬂdﬁqﬁnse a plurality

neodymium magnet comprising Nd, Fe and
of randomly distributed magnetic or magnetlsable particles. The magnetic particles

may comprise 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. The
ferromagnetic material may be 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. An exemplary high coercivity material is a

neodymium magnet comprising Nd, Fe and B.

[0064] In a further embodiment, 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, matrix barcode 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.

[0065] 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. Alternatively, the first set of



100601 In a further embodiment, the method further includes 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 frgm reading the second set of
idehql%”ééft'fé%“f’e%éﬁ%@%”a{ﬁé AL %H%“E%EE' eHERIR %Xt%@%ﬁ%f@é‘é Uiffferent

and a second signature for | entlfylng the tag or object. The second set o
plaigentification 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
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Suﬂg{é}g@&gg\(ﬂg}ﬁgl{% ﬁ%&ﬂﬂ%@éﬁiﬁ tipn,features and the second set of
identification features may be on different planes. 17 100621 In a seventh
embodiment of the invention, a method of identifying a tag or an object
[0ogfEriadia beidanilisdds movidamhdr b Reied NAKGSR SARSEURE Anining
first signal from magneto-optical reading of a first set of identification
a sfaatares Ricthedsadig ey methEhsbjeethadapsd alsbdutbetifieelude reading a
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~features located in the tag or the object adapted 1o be identified, wherein
idetidiedst 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
[006%ld drsacBHEhsigprakadfTddhafiRg e 1A oS tharbbfetc 108631 the grfgect
ad-pResmemtRfibis method, the first set of identification features
comprises a disordered arrangement of magnetic or magnetisable
particles. The disordered arrangement of magnetic or magnetisable
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magnetisable particles. The magnetic particles may comprise a .
profafehabieiecthate Higludasapiad o dgHlficohatatsairlaveh s aghetive layer,

prefOASHARRAMAINS & ARG MBI SHCKEAPGHIEHHVEPIR AL MRS the
material (including voids causing variable ma nethgropertles) and
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corresponding alloys and oxides of Fe, Ni, Co, Sm, Gd, Dy, and
of BRisHAMs SR EHOM RKEH e RIgHEBE ity asRgHpdisistrength of the

disGRREBMiyMpadnst IMBHSNGNG FaaftBable particles, assessing if the

determined magnetic strength is within an acceptable value, depositing a cover layer

over the disordered arrangement of magnetic or magnetisable particles, forming a
second set of identification features on the cover layer and forming to a desired shape.
The cover layer may be in the form of a film which is laminated on top of the second
set of identification features or it may be a liquid or vapour coating layer such as an

ink, lacquer, vapour-deposited metal or ceramic coating.



100641 In a further embodiment, 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 Ilnea arcode 2D barcode, matrix barcode
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includes’locating an alignment mark on the tag, temporarily physically
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comprises a disordere rangemen of magnetic or magnetisable
particles, adhering the tag on a substrate, releasing the tag from the

[Oﬂﬁ?diﬂgadﬁl\f-{ﬁ@r embodiment, 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, matrix barcode 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.

[0072] In a further embodiment, the first set of identification features is positioned
adjacent the second set of identification features. Alternatively, the second set of

identification features overlaps the first set of identification features.

[0073] In a further embodiment, the alignment mark comprises optical marks or

magnetic marks. The alignment marks comprises arrows or alphanumeric characters.

[0074] In a tenth 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 set of identification features located in the tag or object

adapted to be identified.

[0075] In one embodiment of this system, the first signal obtained from the first
reading element is normalized against a signal obtained from the same first reading

element in the absence of a substantial magnetic field. The normalization is achieved



100671 In one embodiment of this method, the method further comprises

determining a scan area of the reading device. The method may also

further include reading a second set of identification features located in

the tag or the object adapted to bej'glentified. 100681 In a further
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acceptable value, depositing a cover layer over the disordered

IOO%I_an@e_mén_ttbﬂm@gh@ﬂiiér@nma@meﬂr§atﬂi§1pdrt¢&1@énﬁfdrrﬁmg ahg_aémﬁdrgeding
eleﬁ%ﬁeﬁt$F&%9&Beﬁw R328 he Gauelaxer GRtIONRIY 19 BHFR"E Predefined

shape. The cover layer may be in the form of a film which is laminated on
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ceramic coating. 19 100701 In one embodiment of this method, the
disordered arrangement of magnetic or magnetisable particles comprises
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magnetic particles may comprise a ferrimagnetic material, an
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combinations thereof An exemplary high coercivity material is a

is #EasHghgnihe alprat coriprsimeNd e date gorage medium for the pre-stored

reference signature may be located in the object. The data storage medium is a
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.

[0078] In a further embodiment, the identification system further comprises a data
processing device remote with respect to the reading device, wherein the data
processing device is adapted to perform the data processing in order to match the read

signature with the pre-stored reference signature.

[0079] In an eleventh embodiment of the invention, structures for tags are considered.
Exemplary such structures preferably include a protective layer covering the magnetic
features comprising the first set of identification features, with the second set of
identification features being positioned near the first set of identification features (often
directly on top of the protective layer). Further, such structures may be formed to

have a degree of compliance in them such that the tag itself may to some extent comply



100711 In a further embodiment, 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 Ilnea barcode 2D barcode, matrix barcode

to {BE AIRIOIEF e ﬁgd?rP“SFé' TaAL« s”%@ﬁ Qte? SRS ?{%%t%‘é%%‘e“}@a%ﬂng

eye, but detectable in %he ultraviolet or |n rare reglme 0
eleml@mma@mmg:e@paowhe 43O 72letn almmm@r:ewﬂ)tbdlmedmghﬂeﬁmsmm vgid

and O[HJ \i %ea%ths 9(? {Hol%ﬁ%haﬁ%ﬂ Fe%%ﬁ%?ﬁ d’éﬁg}t g.[rface or where a

entl catlon features. ernatlve e second set 0 cation
plecealﬁ@bveﬂaﬁhqh’eisﬁws@mﬁf ientfidatioel fowmniréom 007 812 |nvarfartheable
mbodiment, the alignment mark comprises optical marks or magnetic
marks. The alignment marks comprises arrows or alphanumeric

chargqters 1OWEEEE§QRHTEE&NrﬁHF1ﬂHE@MMMGSan
[00&0FNlicAon Sy dl%@élféﬂrég anlad ?ér@"%&?éﬁﬁ Adagieg tﬁlp%ame arts

identified is disclosed. T e system includes atag for identifying an objec
thrwghm&rﬂnh eltbigramayy isavattaldhe drawdnasresxling deciseafdy rensiaty aenepiutsis

1nsf%zﬂf? <Rl %%ﬂ{g A (arju ‘ﬂ%d&ﬁﬁl-&tdt A0 SPIRST AdaRIST t‘I’n the

be i entlfle 100 1 In one embodime Is system, the first signal
followtuigedenaintine, f|V§t1|<éE§d|¢f§‘ié1éméﬁt5|s<}foth¢aﬁ2‘éﬁlagalr?é@ adsigptiied  with

ref&@ﬁ@@tﬂ@f@lmiﬁg%&;ﬁg?ﬂlmch:

[0081] FIG. 1 shows an anti-counterfeit system utilizing a reading device in

accordance with an embodiment of the invention;

[0082] FIG. 2 shows a flow-chart illustrating an authentication process using the

reading device in accordance with an embodiment of the invention;

[0083] FIG. 3 shows a reading device in accordance with an embodiment of the

invention;

[0084] FIG. 4 shows a cross-sectional view of a suitable reading element based on

prior art;

[0085] FIG. 5 shows a cross-sectional view of a reading element in accordance with

an embodiment of the invention;

[0086] FIG. 6 shows a cross-sectional view of a reading element in accordance with

another embodiment of the invention;

[0087] FIG. 7 shows a cross-sectional view of a reading element in accordance with a

further embodiment of the invention;



element in the absence of a substantial magnetic field. The normalization
is achieved 20 by subtracting the signal obtained from the first reading
element in the absence of a substantial magnetic field from the signal
obtained from the first reading element when engaged with the area to be
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reliable data being processed differently to the other data. [0076] In a
further embodiment, the first signal obtained from the first reading element
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ata (inc e physical positioning of t ata) that is above the
predefined threshold. [0077] In a further embodiment, the identification
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signature obtained from a reference reading of the identification tag Is

accgrdeade Thth gatenshoagerhetiibenfoentienyre-stored reference signature is
a data storage medium remote with respect to the reading device. The
data storage medium for the pre-stored reference signature may be
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the object. The data storage medium is a magnetic strip, a memory chip, a
media disk, a hard disk, a smart-card, a RAM module, a magnetic tape or

(00621 VEREONR ORECRIAEREP SHOR AT teRRREIOAGIGhPIBRYith identification

features in accordance with an embodiment of the invention;

[0093] FIG. 13A to FIG. 13D shows a method of making tags with identification

features in accordance with another embodiment of the invention;

[0094] FIG. 14A to FIG. 14F shows a method of making tags with identification

features in accordance with a further embodiment of the invention;

[0095] FIG. 15A shows a tag adapted to have an optical barcode and a magnetic
fingerprint region read simultaneously and FIG. 15B shows respective areas in which
an optical reading element and a magneto-optical reading element may need to scan in
order to read the respective optical barcode and the magnetic fingerprint region in

accordance with another embodiment of the invention;

[0096] FIG. 16A shows a desired scan area of a tag using a reading device in
accordance with an embodiment of the invention; FIG. 16B shows a scan area of a tag
when the reading device is misaligned; FIG. 16C shows graphically how signals from
an initial reading and a subsequent reading can be compared in order to authenticate

the tag’s identity;



[0078] In a further embodiment, the identification system further comprises
a data processing device remote with respect to the reading device,
wherein the data processing device is adapted to perform the data
processing in order to match the reﬁd signature with the pre-stored
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[0099] FIG. 19 shows a method to align flake-like particles out-of-plane of a tag in

accordance with an embodiment of the invention;

[00100] FIG. 20A shows a method of fabricating a tag via extrusion and attaching the
resulting tag to an object adapted to be identified in accordance with an embodiment of
the invention; FIG. 20B shows a resultant tag in accordance with an embodiment of

the invention;

[00101] FIG. 21A to 21E shows different embodiments where a tag is attached to an

object to be identified in accordance with an embodiment of the invention;

[00102] FIG. 22 shows a method of reading a tag on a level surface using a magneto-

optical reading element in accordance with an embodiment of the invention;

[00103] FIG. 23 shows a magneto-optical reading element and a tag in accordance

with an embodiment of the invention;

[00104] 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;

[00105] FIG. 25A to 25D shows a method of reading a tag on an uneven surface using
a magneto-optical reading element in accordance with another embodiment of the

invention;



BRIEF DESCRIPTION OF THE DRAWINGS 100801 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 belng placed upoy) illustrating the prln(:|p|es of the
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the ﬂ'f georgance with an embodiment of the invention; 100821 FIG. 2 shows
ow-chart illustrating an authentication process using the reading device
in accordance with an embodiment of the invention; 100831 FIG. 3 shows
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1 FIG. 4 shows a cross-sectio ement
whishség babglrigradftxed, has a rough surface in accordance with an embodiment of

the invention;

[00108] FIG. 28 shows a further compliant label formation in accordance with an

embodiment of the invention;

[00109] FIG. 29A shows a cross-sectional view of a tag containing a fingerprint region
in accordance with an embodiment of the invention; FIG. 29B shows a plan view of a

tag and a fingerprint region in accordance with an embodiment of the invention;

[00110] FIG. 30A shows a situation prior to engaging a magneto-optical reading
element with a thick label in accordance with an embodiment of the invention; FIG.
30B shows a magneto-optical reading element being compressed against a thick label

when reading a tag in accordance with an embodiment of the invention;

[00111] FIG. 31 shows a method of reading a label with an alignment feature using a

magneto-optical reading element in accordance with an embodiment of the invention;

[00112] FIG. 32 shows a method of reading a tag containing a fingerprint in

accordance with an embodiment of the invention;

[00113] FIG. 33 shows a tag in a groove of an object to be identified in accordance

with an embodiment of the invention;

[00114] FIG. 34 shows a method of applying a tag on a label in accordance with an

embodiment of the invention;



100851 FIG. 5 shows a cross-sectional view of a reading element in
accordance with an embodiment of the invention; 100861 FIG. 6 shows a
cross-sectional view of a reading element in accordance with another
embodiment of the invention; 22 [(%988] FIG. 8A and FIG. 8B respectively
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before and after a tag has been dispensed in accordance with another embodiment of

the invention

[00116] FIG. 36A shows a cross-sectional view of a tag in accordance with one
embodiment of the invention; FIG. 36B shows an isometric view of the tag shown in

FIG. 36A;

[00117] FIG. 37A shows a process of a tag being attached to an item of value in
accordance with a further embodiment of the invention; FIG. 37B shows a tag being

attached to an item of value in accordance with a further embodiment of the invention;

[00118] FIG. 38A shows a bottle sealed by a lid and being straddled by a tamperproof
label in accordance with an embodiment of the invention; FIG. 38B shows a plan view
of a label which comprises a tag and a human readable number; FIG. 38C shows a

cross-sectional view of a label in accordance with an embodiment of the invention;

[00119] FIG. 39A and FIG. 39B show one method of dealing with misalignments
between the scanner and fingerprint region of a tag in accordance with an embodiment

of the invention;

[00120] FIG. 40A and FIG. 40B show the process of reading the fingerprint region of
a label according to an embodiment of the invention where the surface of the label is
not flat and where the label is not sufficiently compliant to ensure good contact with
the flat surface of a magneto-optical reading element in accordance with an

embodiment of the invention;

[00121] FIG. 41A shows a tag that is adapted to be read by a reading device in
accordance with an embodiment of the invention; FIG. 41B and FIG. 41C show a

scanning device in accordance with an embodiment of the invention;



[0090] FIG. 10A to FIG. 10D show examples of tags with identification
features in accordance with an embodiment of the invention; [0091] FIG.
11Ato FIG. 11D show further examples of tags with identification features
in accordance with an embodimen gf the invention; [0092] FIG. 12A to

Es. S hog, of making, tags with identification features j
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magaiichowsmatosethod oftmakintptagsiovithridpesificatidrafebeurasdplace within
thedS: ordance with another embodiment of the invention; [0094] FIG. 14A to
FIG. 14F shows a method of making tags with identification features in
accordance with a further embodiment of the invention; [0095] FIG. 15A
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erprint region read simultaneously and FIG. 15B shows respective
ancghenembadieenanfdpeicay seaeling element and a magneto-optical reading
element may need to scan in order to read the respective optical barcode
and the magnetic fingerprint region in accordance with another
[0012dhddinedd Af shewsvenigpnyview of a tag with optical and magnetic features

artificially superposed; FIG. 44B shows a configuration of an imaging area of a tag
taken using a reading element in accordance with an embodiment of the invention;
FIG. 44C shows optical tag information from an image of the tag taken using the
reading element in accordance with an embodiment of the invention; FIG. 44D shows
magnetic tag information from an image of the tag taken using the reading element in

accordance with an embodiment of the invention;

[00125] FIG. 45A shows an optical top view of a tag that is being produced in
accordance with an embodiment of the invention; FIG. 45B shows a magnetic top
view of a tag that is being produced in accordance with an embodiment of the
invention; FIG. 45C 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. 45D shows an image of the tag taken using the

reading element of FIG. 45C in accordance with an embodiment of the invention;

[00126] FIG. 46C shows a grid pattern in accordance with an embodiment of the
invention; FIG. 46B shows a datamatrix code in accordance with an embodiment of
the invention; FIG. 46C shows a superposition of the grid pattern from FIG. 46A and
the datamatrix code from FIG. 46B in accordance with an embodiment of the

invention;

[00127] FIG. 47A shows an optical top view of a tag that is being produced in
accordance with an embodiment of the invention; FIG. 47B shows a magnetic top
view of a tag that is being produced in accordance with an embodiment of the

invention; FIG. 47C shows a configuration of a reading element which may be used to



[0096] FIG. 16A shows a desired scan area of a tag using a reading
device in accordance with an embodiment of the invention; FIG. 16B
shows a scan area of a tag when the reading device is misaligned; FIG.
16C shows graphically how signals,from an initial reading and a
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Ows a magnetic particle having a magnetic field perpendicular
to the plane of the substrate in accordance with an embodiment of the
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a tag in accordance with an embodiment of the invention;

[00129] FIG. 49A shows a cross-sectional view of a reading element in accordance
with an embodiment of the invention; FIG. 49B shows direction of light travelling
within the reading element in accordance with an embodiment of the invention; FIG.
49C shows light being reflected from different areas of the magneto-optical substrate in

accordance with an embodiment of the invention.

DESCRIPTION
[00130] While embodiments of the invention have 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.

[00131] In an embodiment of the invention, a reading device is provided that is
able to read individual magnetic particles and considers their random position in a

fixed area such that the area possesses a non-repeatable pattern in fine resolution.

[00132] FIG. 1 shows an anti-counterfeit system 100 utilizing a reading device
104 in accordance with an embodiment of the invention. Note that although the system
100 shown here shows a basic reading device 104 communicating with a data server
108 via a mobile device 106 (such as a mobile phone) or a computer 110, it is also
contemplated that the reading device 104 may itself be more elaborate and may, for
example, communicate to a database or data server 108 via methods such as using data

cables, local area networks, Bluetooth, Worldwide Interoperability for Microwave



[00100] FIG. 20A shows a method of fabricating a tag via extrusion and
attaching the resulting tag to an object adapted to be identified in
accordance with an embodiment of the invention; FIG. 20B shows a
resultant tag in accordance with an embodiment of the invention; [00101]
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reading element in accordance with another embodiment of the inventio
110 (if no direct communication means between the reading device 104 and data server

108 exists), and a remote data server 108. Each tag 102 comprises at least one set of
identification features. Some examples of identification features include a disordered
array of magnetic or magnetisable particles, a magnetic strip, a serial number, an
optical marking such as a bar-code or a hologram. The identification features as shown
in FIG. 1 includes a disordered array of magnetic or magnetisable particles forming a
magnetic fingerprint region 112. Each tag 102 is attached to an object or an item of
value 262 to be identified or adapted to be identified. The reading device 104 is used
for reading at least one set of identification features on the tag 102. The reading device
104 has the capability to send a signal generated from reading the set of identification
features to the mobile device 106 or the computer 110. Encrypted signals from the
reading device 104 can be sent out to the mobile device 106 or the computer 110 either
through a wireless connection or a wired connection. Some examples of wireless
connection include Bluetooth and Wi-Fi and some examples of wired connection
include Recommended Standard 232 (RS232) and Universal Serial Bus (USB). The
computer 110 can be a personal computer, a workstation a laptop or palmtop. The
mobile device 106 can be a mobile (cellular) phone or a personal digital assistant
(PDA) for example. The mobile device 106 or the computer 110 can connect to the
remote data server 108, via the internet. The mobile device 106 connects via a local
network using General Packet Radio Service (GPRS) or 3G/UTMS technology, for

example.

[00133] 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 identification features and



24 1001061 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' 1001071 FIG. 27 shows how a
compliant label can a55|st When an, em of value to which the label is
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sucﬂ]c Jl?eai%/a%gtmirix (all such types of barcodes being referred to generally as a
barcode herein). The scanning of the first set of identification features and the second
set of identification features takes into account the relative position of the first set of
identification features in relation to the second set of identification features. Then in
204, the reading device 104 checks the read signals to see if any errors can be detected
in the readings. If the reading device 104 detects errors, in 210, it provides a prompt to
the user to choose to either redo the scan of the first set of identification features and
the second set of identification features or (in the case the error is not fatal) to proceed
with the error flag and data transmission. If the user chooses to continue with the data
transmission, the user may for example also be prompted to manually enter some of the
data using the mobile device or computer keyboard (for example if a barcode is
misread, the user may opt to type the barcode number in rather than rescan).
Thereafter, in 206, at least the signals or data generated from reading the first set of
identification features (i.e. magnetic fingerprint region 112) are encrypted. Optionally,
the signals or data generated from reading the second set of identification features are
also encrypted. In 208, the at least partially encrypted data are sent to a mobile device
106 or a computer 110 via a wired or a wireless connection. In 212, the mobile device
106 connects to a remote data server 108 via the internet using, for example, GPRS or
the computer 110 connects to the remote server 108 through an internet connection. In
214, the remote server 108 compares a stored signal (from a prior scan of the magnetic
fingerprint region and/or the optical information) on database with the scanned signal
from the magnetic fingerprint region. In 216, the server determines if the stored signal
and the scanned signal can be matched (here a matching threshold is used to determine
if the data matches to an adequate degree of certainty or not). If the respective signals
do not match, in 218, a failed authentication notification is sent to the mobile device
106 or computer 110. If the information matches, in 220, the mobile device 106 or
computer 110 receives a successfully matched notification. This notification may also
be accompanied by additional information about the tag or object that may be of use to

the user. Note that as in FIG. 1, it is contemplated that the reading device 104 may be



1001101 FIG. 30A shows a situation prior to engaging a magneto-optical
reading element with a thick label in accordance with an embodiment of
the invention; FIG. 30B shows a magneto-optical reading element being
compressed against a thick label when reading a tag in accordance with
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features of the fingerprint region.

[00134] FIG. 3 shows a reading device 104 in accordance with an embodiment of the
invention. The reading device 104 includes a first reading element 114, a second
reading element 116, a switch 118, two light-emitting diode (LED) indicators 120, two
microcontroller chips 122, a portable power source 124 and communication electronics
and software (for example a Bluetooth module, Wi-Fi module, USB module or RS232
module). The first reading element 114 is used for reading a first set of identification
features on a tag 102. The first reading element 114 may be a magneto-optical reading
element. The second reading element 116 is used for reading a second set of
identification features on the tag 102. The second reading element 116 may be a
barcode scanner, a radio frequency identification (RFID) tag reader, a character
recognition reader, an optical image capturing system, a gaussmeter, a magnetometer, a
fluorescence meter, a residumeter or a transponder. The switch 118 is used for
activating or deactivating the reading device 104 and may be positioned at any suitable
position on the reading device 104. The LED indicator 120 provides an indication of
the status of the reading device 104, for example, if it is on, reading data or
transmitting data. Each microcontroller chip 122 is a single integrated circuit, including
a processing unit, input and output interfaces, a serial communication interface, a
storage device for example. The number of required microcontroller chips 122 or LED
indicators 120 depends on the requirements of the reading device 104. The portable
power source 124 is typically a normal battery or a rechargeable battery for example
(but if communication means such as USB are used, the reading device 104 may be

powered via the USB cable).

[00135] FIG. 4 shows a cross-sectional view of a suitable reading element 134 based
on prior art. Note that this reading element 134 or any of the reading elements shown
in FIGs. 4 to 7 may be suitable to be used as the first reading element 114 shown in

FIG. 3. The reading element 134 in FIG. 4 includes an optical processing unit 136 and



1001151 FIG. 35A shows a method of method of dispensing tags with
magnetic fingerprint regions onto items of value adapted to be identified in
accordance with another embodiment of the invention; FIG. 35B and FIG.
35C show the item of value before gnd after a tag has been dispensed in
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within the lens s3’lstem 146 may be positioned in front of the beam splitter 144 or that

the beam splitter 144 may be within the series of lens within the lens system 146.

[00136] The magneto-optical substrate 138 comprises an optically transparent (base)
substrate 154 and a plurality of magneto-optic coatings such as a first coating layer
156, a second coating layer 158 and a protective layer 160. Various suitable
arrangements are possible. For example, as disclosed in United States Patent Number
5,920,538, the optically transparent substrate 154 can be a mono-crystalline garnet
(such as a gadolinium gallium garnet which may further contain other components
such as scandium), the first coating layer or magneto-optic film(s) 156 may be a
Faraday rotator (comprising, for example, a ferrite-garnet film), the second coating
layer or reflective layer 158 can be a Kerr rotator (comprising, for example, multiple
layers of platinum or cobalt or platinum-nickel and cobalt with small coercivity or
monolayers of GdFe or GdFeCo), wherein the second coating layer 158 may be further
coated with a protective layer 160. Other configurations of magneto-optical layers may
be used, for example the first coating layer 156 may comprise a magneto-optic film or
films of (Y,Bi);(Fe,Ga,Al)sO;, for example, while the reflective layer 158 may be any
reflective coating (such as chromium). Depending on the strength of the mirror layer a

protective layer 160 may also be present. Illustrative examples of suitable magneto-



1001211 FIG. 41A shows a tag that is adapted to be read by a reading
device in accordance with an embodiment of the invention; FIG. 41B and
FIG. 41C show a scanning device in accordance with an embodiment of
the invention; 26 1001221 FIG. 42A to FIG. 42E shows a cross-sectional
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58c(dee3gectional view of a reading element in accordance with another
embodiment of the invention; 1001241 FIG. 44A shows a top view of a tag
with optical and magnetic features artificially superposed; FIG. 44B shows
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suitable. L?ght 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 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
optical detector 150 which captures an image representative of the magnetic fields
present at the coating layers 156, 158, 160. Note that although in FIGs 4 to 7 the light
path is generally represented by a single arrow, this is not intended to imply that the
light only travels along that single path, generally the light may be over an area wide
enough to image the desired area of the magneto-optical substrate 138. Note further
that the second polarizer 148 is rotated with respect to the polarization of the incoming
light (in FIG. 4 the “polarization of the incoming light” means the polarization
immediately after the light has passed through the first polarizer 142). The second
polarizer 148 may be tuned with respect to the polarization of the incoming light (or
vice versa) to ensure the maximum image contrast depending on the magnetic fields

being measured. Note that when a polarized source is used, only one polarizer is

needed.

[00138] The protective layer 160 serves to protect the first coating layer or magneto-
optic film 156 and the second coating layer or reflective layer 158 from any damage.
The protective layer 160 may be diamond like carbon (DLC) or tetrahedral amorphous
carbon (ta-C) but not so limited. The thickness of the protective layer 160 is in the
range of a few nanometers to a few microns, depending on the chosen material and its

internal stresses, but not so limited.



1001251 FIG. 45A shows an optical top view of a tag that is being
produced in accordance with an embodiment of the invention; FIG. 45B
shows a magnetic top view of a tag that is being produced in accordance
with an embodiment of the invention; FIG. 45C shows a configuration of a
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analyze the magnetic fields does not reflect off the surface of the tag 102.

[00140] FIG. 5 shows a cross-sectional view of a reading element 162 in accordance
with an embodiment of the invention. This reading element 162 is adapted to read both
magnetic and optical information. The reading element 162 includes an imaging
unit/optical detector 150 such as CCD chip or a CMOS chip. The reading element 162
also includes openings 164 on both sides of a magneto-optical substrate 138 for a direct
optical reading of identification features on a tag 102 or object 262 adapted to be
identified. Preferably, the protective layer 160 extends across the base of the reading
element 162 but the magneto-optic film 156 and the reflective layer 158 only cover the
middle section of the reading element 162. The openings 164 allow the light rays to
escape in order to capture any optical image positioned adjacent to the magnetic
fingerprint region 112. As mentioned before, the arrows indicating the light path are
for illustration purposes only and in general the light will actually flood the entire area
to be read (both that to be read magnetically and that to be read optically). In one

embodiment, the protective layer 160 may be transparent.

[00141] FIG. 6 shows a cross-sectional view of a reading element 166 in accordance
with another embodiment of the invention. This reading element 166 is adapted to read
both magnetic and optical information. The reading element 166 has two separate
columns 168, 169. The first column 168 is used for magneto-optical imaging and the

second column 169 is used for optical imaging. In this asymmetrical arrangement, the



1001281 FIG. 48 shows an optical and magnetic reading of a tag in
accordance with an embodiment of the invention; 1001291 FIG. 49A
shows a cross-sectional view of a reading element in accordance with an

embodiment of the invention; FIG. §§B shows direction of light travelling
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random position in a fixed area such that the area possesses a
imagrgreqluatabeSpateen nafife vewapalsizers 142 and 148, but polarizers may not

generally be necessary for the optical imaging column 169, and as such they are not
shown for the optical imaging column 169. The imaging unit/the optical detector 150 is
depicted as a single (shared) detector in Fig. 6. It is however also possible to have
separate two more optical detectors in the reading element. The columns 168, 169 may
share a single light source 140 or it may be desirable to have separate light sources for
each column. Similarly, the columns 168, 169 may have separate lens systems 146 as

shown or alternatively they may share a common lens system.

[00142] FIG. 7 shows a cross-sectional view of a reading element 172 in accordance
with a further embodiment of the invention. This reading element 172 is adapted to
read both magnetic and optical information. The reading element 172 has a light source
140 and a first polarizer 142. The reading element 172 has a similar arrangement as
shown in FIG. 5 but includes an additional light source 140 and an additional optical
detector 150 on the other side of the magneto-optical imaging column 168. The light
source 140 and optical detectors 150 may include their own built in lens system (as
shown) or may require external lens systems. The reading element 172 is not limited to
just two additional light sources 140 and optical detectors 150 but may include only
one or a plurality of light sources 140 and optical detectors 150 depending on
requirements. The magneto-optical substrate 138 has two openings 164 corresponding
to the number of light source 140 and optical detectors 150, each opening 164 allowing
light to pass through the magneto-optical substrate 138 for a direct optical reading of
identification features on a tag 102 or object 262 adapted to be identified. Like the
reading element 166 in FIG. 6 the light source 140 at least for the magneto-optical



1001321FIG. 1 shows an anti-counterfeit system 100 utilizing a reading
device 104 in accordance with an embodiment of the invention. Note that
although the system 100 shown here shows a basic reading device 104
communicating with a data server 8 via a moblle device 106 (such as a
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Serial Bus (USB). The computer 110 can be a personal computer, a
workstation a laptop or palmto The mobile device 106 can be a mobile

00164 T4 phessts Dpdidenal Hgitarusichids A rspexiriplansial. An
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server 108, via the intemet. The mobile device 106 connects via a local
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illustrating an authentication process using the readlng deV|ce 104 in
consipuontaribasith dHelliBaineis oS el Eirsagnatiso Prapratiathgand

corfiSisgohdthisdstedie e diistisel atidenilortirn fatvigs & Rconsisting

second set of identification features. The scanning of the first set of

of M@ﬁifl(%fr@n Eul 680sn MnAs, Fe, Ni, Co, Gd, Dy, corresponding alloys and

oxides of Fe, Ni, Co, Sm, Gd, Dy, and combinations thereof.

[00145] In order to be suitable, the area on a tag 102 to be read by a reading element
may contain a suitable density of particles. FIG. 9A and FIG. 9B show different

densities of magnetic particles contained within the areas of two tags 102 to be read in



29 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 region 112 and the
second set of identification featureg may _include optical information such
acc??ﬁgnl&%ﬁl?%cg Soé%é%ﬁr%f’%%i%gﬂﬁgg P?&%%sﬁ%% RE& Dr%? G
all'such types of barcodes being referred to generally as a barcode
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e L0 8 L R L At b B e R
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o 2RA NG S§EP SEHRIASNTERIOP fae%&éé@%%ﬁ';%ﬁb% ‘f@gse 108 SIEAI EfiRlely

fatal) to proceed with the error flag and data transmission. If the user

idenﬁﬁ@@@sﬁ@g@mﬂme%mqm@dwaitr'@r@nmlbhd@h@abéﬁmqm &mmléags
10%‘5?&1&6&@{71{%‘?9 d0RABHANRIET, PO @tf@%ﬂﬁ@e’ﬁs_i%,ﬂf&m%}%ﬁle it is

evice or computer keyboard (for'example If a barcode is misread, the

posgEude mavt@xﬁlt@%wié thet bﬁr@@@lé%ﬁﬁb@tﬂhﬁé@ﬁbﬁ%ﬁ@s&md 5_0 magnetic
partiOREEREES eIt 708: ALIeash he.SipNRls ¢ dalRanaiaiedd “[88?1{1%?}9'5%9t6%efew

first set of identification features (i.e. magnetic fingerprint region 112) are
magpRitg et cloplidnany, b eckigivdl obihgatededitnaiatr from reading the
second set of identification features are also encrypted. In 208, the at

least partially encrypted data are sent to a mobile device 106 or a o
[001¢46in prinse 1mOsfiaeagiiredebing ﬁ@él@ggr@elrmgéflé}s_ |¢h23§2, affe %@Bl_lé( digital
repARUIRGIHAS GPONEHSJL @ LM ARG, HOSHR HEIEINE TG0 BEse

example, GPRS or the computer 110 connects to the remote server 108
thetjaesapianss iptdenet eopetbetion tha prelshel omagsyvey toscubashhrseafer.
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the optical information) on database with the Scanned signal from the
moFadpisasie MageeHadtadgivnlthin pedrigbteeiage afiihin 833LthS spregrecords

the BERRLRAE S SCRINGESIINBLCRANE BB ISR @ NG UHERRP! ay

is used to determine if the data matches to an adequate degree of '
of st st Hiswe If theuide SIRENSIHARS O HEtIFrate AU, theguanharef pixels
whRMBARNHCAURR AP HGAUARSSENH LR NP BURAS Vir8sAOR QAR Bk ample

110. If the information matches, in 220, the mobile device 106 or computer

aboyerrBuenheddavalpc eéskailyomaenalaffitdton Phid hostEasisatmagder of
pix@iIsaReBscomRaMedHYAddIignalinfernatide Al e 48 05 ohiesh thaknt

may be of use to the user. Note that as in FIG. 1, it is contemplated that
nuphst 0 g eaTtigle AP Ker 8blaistdhelaherstBasie s RPHeERsHE Apdiich
areIBrEQRMYRIsAGWIER fharrmote dair Sevehdad Wb thedetpeiathe tag

mobile device or computer. This more elaborate reading device 104 ma

102,49ER1BO4 IYBBARP APRNYISINSHLHE RUH 358 difSet i RAUTHEAHIS At At that
not4isfe Matefihanthahilearor phignadrospsignalsiieiante. the data read

from identification features - therefore a signal may, for example, be an
image representing the magnetic features of the fingerprint region.

[00147] FIG. 10A to 10D shows examples of tags 102 with identification features in
accordance with an embodiment of the invention. Various identification features may
be incorporated onto a tag 102. To be used in an anti-counterfeiting field, a tag 102
essentially consists of at least one magnetic fingerprint region 112. The unique

magnetic fingerprint region 112 can either be made visible or hidden under a cover



1001341 FIG. 3 shows a reading device 104 in accordance with an
embodiment of the invention. The reading device 104 includes a first
reading element 114, a second reading element 116, a switch 118, two
light-emitting diode (LED) indicator3$7120, two microcontroller chips 122, a

1 -~ ation alectroni
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no ptbdqi_éym_ﬁﬁeaﬁim feaidirey. diorwentrithd tqgjééa ﬂgeséadmgcamsa $estofiducial
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a magneto-optical reading element."The second reading element'116 Is
secorédibraiehdiatkmngebihdrest of iestifiteaidy feadabbs Gretheraayelio2inks) or

opt}TcQﬁf?&a‘?ﬂi}j)E‘??g}”&%? > 18 DARY 86 AiBRGRAGSEAINE. AIRDR: second

requency identification (RFID) tag reader, a character recognition readetr,
fidemabprivkingdge seqyrurindebystdentha gailissneétdre Anpepnetoregiter, 142 while
the IHRICRARLGE l’ﬂ&‘x‘iﬁh%a 1o§1dUMEISE QaaKANRORPRT s SYFIER ]r&% 02 (i.e.

used for activating or deactivating the reading device 104 and maybe
whisbsitithedia any suitable position on the reading device 104. The LED

indicator 120 provides an indication of the status of the reading device

104, for example, if it is on, reading data or transmitting data. Each

(00Tt Jkpir BB iays1224s A0S nuithintegiateueihsuinrinbigmgnaric characters
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interface, a storage device for example. The number of require

on(érstorroneridpipdicaonar fEDidicadre 100 depdirial omadeng 190. The
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typically a normal battery or a rechargeable battery for example (but if
magghtmiAf catioh PRESRls BadHs to SBlwaa e dheheses avivg) degicdologent the

realfidy B& RN NG E'%Qd‘r@ﬁ}fé‘%%ﬂg)} OPHRL A IS 2is printed using

cross-sectional view of a suitable reading element 134 based on prior art.
magpstectiyal tid redailg dergehtussr dhanyagngie-setemdaidine stemsew the
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shown in FIG. 3. The reading element 134 in FIG. 4 includes an optical
usegriscessry g Siaimbcy A dits-vptitea eudwriage 1038, The optical

processing unit 136 includes a plurality of components, the components

incIU(lj?i%% a light source 140, two polarizers 142, 148, (if the light source
[00148% s St M ansti Zd G iR BitFrsPefiby poldgizd 1 a Bh o Airgréptically

reaBBAIESEAARY itd% AP PAsSihla GHSeIRNERAIBIZELLYMDINGS WithhAd set of
polarizing beam splitter, for example) a beam splitter 144, a lens system
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regfYODe gkillegsinsthe pLhthatidaeniahrasserier otlansalemaninmManhe in
needed to achieve a good qualité image) and at least one imaging unit

FIGy 3 Hisadapieshirciaadetecidras Ogdf Beatpinadrertingectanpibd eiadarcode
real&CRe0h 2aMPlesvrRtaM MmelpbovidasericeNdHe s HIEMOS) iahiRification

which is able to take an image). Note that configuration shown and

feapyget {id shareRifiohtolrE Sarrede b38 wietBRy RIFGRdstrkiforiathdhhanagnetic

fin@BHENEARHA AN BV VA (S X%2M8BIA thEPesitieming oftiRRAUANZEI one
148 and the lens system 146 can be interchanged or the polarizer 148 can

empedinee @iihsdrverticihdhe ferdingalsyicss! (A rontrindpnbarepde gsrgier as the

sechiithiRdbm bR BaieM 46 dvai daecaositiRnask i iantief teaiheanesrRlittels is
144 or that the beam splitter 144 may be within the series of lens within

actiypiadn¥ &by uesadohe 81t PRECpRs g b Serenddpstadesio, once the

firsEYAHRHSES 8 SiPticAycHRNSRAEM (BASR) RdBsibrtec iS4t aiurabitycef 104
magneto-optic coatings such as a first coating layer 156, a second coating

Profyget #5IRR: AWt 14JEq SRR it olBaliSh Jatiakaat the
firsP@aEiblR For exaimplRons Bischzerit HdniteenStale s iaientdNumbatvice 104
5,920,538, the optically transparent substrate 154 can be a
mono-crystalline garnet (such as a gadolinium gallium garnet which may
further contain other components such as scandium), the first coating
layer or magneto-optic film(s) 156 may be a Faraday rotator (comprising,
for example, a ferrite-garnet film), the second coating layer or reflective

layer 158 can be a Kerr rotator (comprising, for example, multiple layers of
nlatintim or cobalt or nlatintim-nickel and cohalt with emall coercinvityy or



32 optic films are provided by T. Aichele et at Cryst. Res. Technol. 38, No.
7-8, 575 - 587 (2003). 1001371 The light source 140 may be a polarized
source or a non-polarized source. Some examples light sources include a
laser, an incandescent lamp, an argslamp, a metal halide lamp and a light
. emitting diode (LED). Furthey, the light source, 140 : : :
e ngefpll e, A Mg doviee 104 i
repajsoonedsidtadaié thégha froictiie digihtiso negen 40 hassbthehfiosighaal fingelement
11 PpIBHasldaAndS IRERINGIR o e PRam.RItErbAd: A sianifisan
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pushesgihetbudiotichl $ubstrdiett3IBaTthis figgiding iddiactetDBysalk rondnderodghetic

fi fings g ?‘ B and 160 and travels back towards the beam splitter
m‘?l%ﬁ. A s? r%lcant proportion of the light passes through the beam splitter

144, travels through the lens system 146 and the second polarizer 148
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representative of the magnetic fields present at the coating layers 156,

featige; 100, aueredenar altidughnin FnGedimeny thé light parhnsggenéligdditional
ideFRMERRINC Y ASINGR, AW HifISHAPT I1ENAS 1BMPhIHAkRE ihiiple

only travels along that single path, generally the’light may be over an area

idepfifieasionighttscinragieth @@@éﬁfbéamﬁfth%%é@iﬁi@nﬁbﬁqcafwﬁgnététures
inchioR: Mo dMEhsLakthesaaond nalaiaer h%&ﬁgtaiﬁﬂéﬁﬁﬂléﬁ%p%ﬁ&%&’cters,

the polanization of the incoming light (in FIG. 4the "polarization of the

magiethingurghtmeTsanptine parasiceidmpnniadidtdiyngreionas ligtiufag various
ind8§t§§§‘s@'aﬁafé}k19 Ribe StsbRalaizeTdAéhthe RARIACRARNIZEE LS M Bferic

tunéd with respect to the polarization of the incoming light (or vice versa)

chagg@ersuresthle masinenPimagiesediided. dependimyeonetieen8gneticifielade an
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polarizer is heeded. 1001381 The protective layer 160 serves to protect

bargeddirk§t @itithg 188FOMEr bAtrgdetd Bptieatihc1 BBHeH Wt8evisdt coktintich as
ult/AMBIePTorefgRivE layRl- 1P fIRManyAamageddba R ok ehly %é%}{%fhhﬁ%n eye

may be diamond like carbon (DLC) or tetrahedral amorphous carbon

butgathy detrstesh iditeddrhe Hiidena $31ibithe laediteatiysdesvss iR4He by
iIlurARREY adRw pRNOHEteradp JiRW SRICIRAS depRRHNg ARATRREHASeRS the

material and its internal stresses, but not so limited
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.

[00151] FIG. 11A shows a tag 102 with a magnetic fingerprint region 112. A second
two-dimensional barcode 186 is positioned on top of 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. 11A to FIG. 11D, in reality the fingerprint
region 112 may preferentially be situated behind an opaque cover layer which the
second barcode 186 is printed on, therefore a user may not actually see the fingerprint

region 112.



331001391 The components in the optical processing unit 136 and
magneto-optical substrate 138 (or the layer arrangement in the
magneto-optical substrate 138) may have a fixed spatial relationship with
respect to each other. By "fixed spg, ial relationship” as used in the context
h senginyention if i nt that it is prefer t at t
T T SR e ek .
maghetenéngemord pegemizét 2ng shisawadpdeby-optivad Sudvsirdtadikusg dft dnd a
i i 4 1[0) t e izer: .
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tag 102. 1001401 HIG. 5 shows a cross-sectional view of a reading
clemienmisesiichem ithegc shdamcam Willaf embtainane shitdlinention). filis second

fidfERNNARIGT9Rb 180 IBAdanad W IEAIHRON) RAGNRIG ANTHARHSA! software to

information.”The reading element 162 includes an imaging unit/optical
catefefectspdiBgsswbil ashe opgsisio-opacaM@Siehipl cTsatrsadilsgl eedent, 16 2he
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8 for a direct optical reading of identification features on a tag 102 or

systsisie ctols madkapgs dngy the e tifisdioprdie rabictheoptistd dageinglement to be
accBXIRN¢ &%Bﬁ%&'b‘?i@@&?a%&!&%%ﬁ%%&%@em 162 but the

magneto-optic film 156 and the reflective layer 158 only cover the middle
section of the reading element 162. The openings 164 allow the light rays
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magnetic fingerprint region 112. As menfioned before, the arrows ‘
twardieatingitebnstndsatf it Fori R abAs U $be BARN ek fin grapepi region
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magnetically and thatto be read optically). In one embodiment, the

I8¢ pstentiveundest hpe psagdelidapiahanaritneobi®A fires fglypighaarking 178 is
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embodiment of the invention. This reading element 166 is adapted to read
alphtmsaig it astophidamn it Ttaceddmdhsisrsend b piad fmsking
1g@eparate columns 168, 169. The first column 168 is used for
magneto-optical imaging and the second column 169 is used for optical
imaging. In this asymmetrical arrangement, the 34

[00154] FIG. 11D shows a tag 102 with a magnetic fingerprint region 112. A second
two-dimensional barcode 186 is positioned on top of the magnetic fingerprint region
112. The second two-dimensional barcode 186 is surrounded by a second fiducial
marking 180 and a first fiducial marking 178 is positioned at the upper-right corner of
the magnetic border 180. A third fiducial marking is positioned on the upper-left
corner, adjacent to the second fiducial marking 180. Magnetic alphanumeric characters

182 are positioned adjacent to the second fiducial marking 180.

[00155] There are several methods of making tags 102 with identification features as
shown in FIG. 12 to FIG. 14. These methods are normally applicable when the

magnetic fingerprint regions 112 are formed on what may otherwise be conventional



first column 168 has a similar arrangement to that as shown in FIG. 4. The
second column 169 includes a clear window or other such optically
transparent opening 170 instead of a magneto-optical substrate 138. The
window 170 is thus formed in a porf;fon of the reading element adjacent to
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as shown. circles
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server. Each of the first column 168 and the second column 169 has its
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etector 150 is depicted as a single (shared) detector in Fig. 6: It is
fingrapravieregionpdsdibldeorrans e przeerning regiad didahtespaests dnatievith
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40 or it may be desirable to have separate light sources for' each column.
lay@iriisafiythiee demﬁi?@ﬁ 188 thedimhphaipblsepdiete teftyey Stdinscongiag the
magﬂé’[ AR RAHME BBV BRY HAIR B FORMATSRBY TR0 H2thtable

IG. 7 shows a cross-sectional view of a reading element 172 in- ‘
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The reading element 172 has a light source 140 and a first polarizer 142.
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detector 150 on the other side of the magnetd-optical imaging column
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reading element 172 is not limited to just two additional light sources 140
the dpsisgstichppretelibes 80! Bt AP iBrb el biflyivrRl 68 pltirglithorhign from
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magneto-optical substrate 138 has two openings 164 corresponding to the
respRiBe PHRTNE davite 1040 Bt dbscantiteBiansingd 8 1am cgﬁelﬂﬁ%@ tpggnsure
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direct optical reading of identification features on a tag 102 or object 262
197 d3gisantaipmsidistivietécal mate ¥ atAg et 6 sh el ebtainHagidiel tag
10B0NtRe U at [easiforihe MaReie-erlical3rdrpaainslClyan 1438 bdGhin

7, is shown as being behind the reading element 172. The small filled
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the observer. 1001431 FIG. 8A and FIG. 8B respectively show a top view
terephthalafsrspECiNeNhiRh GFsnativblic parnesed 2eedrersiddly) of Migmicrons in
thidRAGREtICRRTsMIBIPSIefhiNm a2 1BoR6c Prdanr Wit aBetIe isteRtric

of the invention. To obtain a clear magneto-optical signal, particles 176 of
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particles 176 form a layer sandwiched between a base layer 192 and a
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_for the magnetic particles 176 and the cover layer 194 providing protection
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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. 1001441 The magnetic particles
17A mav inchiide a hinonh coercivityy material An evemnlary hicoh coercivity



1001451 In order to be suitable, the area on a tag 102 to be read by a
reading element may contain a suitable density of particles. FIG. 9A and
FIG. 9B show different densities of magnetic particles contained within the
areas of two tags 102 to be read in 4§6 accordance with an embodiment of
he_jnvention. 9A very, low sity of [c_particl 76
e S Sl A A L Ll S
carbped REthefibve fagexayple2 to be read contains too few magnetic particles
176, as may be the case with FIG 9A, it may be difficult to achieve a large

number of tags 102 with uniquely identifiable fingerprints. Similarly if the
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achieve a large number of tags 102 with uniquely identitiable fingerprints.
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the production line. 1001461 Since most imaging chips (for example
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directly on the pixels of the image, as described hereafter. Assume for
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sensor records the brightness on a scale of 0 to 255 (with 255 being the
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has sufficient number of magnetic particles 176 ior at least that those
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magnetic particles 176, it can be sufficient to check that not more than a

the fipgj r‘i@ﬂrh&%tﬁﬁbé? srisekarecaryvRL Hie wreasadhesorlayerFi@2.104 1o
10D shows examples of tags 102 with identification features in
accordance with an embodiment of the invention. Various identification

10017 FIG i G IR abe whioraethadiobn i pgedfia wih identification

feafilsGRURIRNEIHRY fiald aaring JQZnBeasntially corsiste Al IPRSE ANRIG. 14A,
magnetic fingerprint region 112. The uniqgue magnetic fingerprint region
magngiig ApAgiings BN haRE VRIDMBIIaB iRkieehacBudpdhesive printable layer

192. The magnetic markings can be in the form of symbols 178 or magnetic
alphanumeric characters 182 which can give an indication of the magnetic fingerprint
region 112 orientation. The magnetic markings can serve as fiducial marks or
alignment guides during the scanning or matching of the fingerprint information. Next
in FIG. 14B, the magnetic material is deposited between two magnetic markings 178,
182 along the first adhesive printable layer 192, the deposited magnetic material
forming the magnetic fingerprint region 112. Then in FIG. 14C, a second adhesive
printable layer 194 is deposited on top of the first adhesive printable layer 192. As

mentioned earlier, the second adhesive printable layer 194 serves as a cover and



layer. FIG. 10A shows a tag 102 which incorporates only a fingerprint

region 112 and no other identification features. However the tag 102 does
incorporate a first fiducial marking 178 and a second fiducial marking 180.
The first fiducial marking 178 and the second fiducial marking 180 may be
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orient the readi vice 104 when reading the tag 102. The seria
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region 112 is imaged. Pattern recognition software is then used to o
103 «gogprizesedeaserinhyiticabetiggRentiistwettercost tadhalgtho 2cadng 4gyice is

corFelg%lglglgcﬁQgin%r %%B«éﬁ‘%tf??@&%ﬁv%aﬂé 102 with ﬁé?é%?&%ﬁ?w, with

readable barcode 184 and a second optically readable barcode 186
respsecdndtbet opsHEfiEagerPTEdtuREi)prirtdd Brithkirtg el ohypiead dismmesnt
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The reading device 104 shown in FIG. 3 is adapted to read such tags 102

thaffif{besiaboril teagielamenhisicasali purcptimetndeat iSsieh useldding visual
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(for example the first barcode 184 or the barcode 186 and the magnetic

tagfihgiavp Fradiagicngl I i uRaiebiisHp) ohbBHG nidF b eagass ddhemredayers
194n100e,RMBAIRER AlVEE tRVEHIPTMN®SSRRING ARVER 104 ROMRIAIRGEstick

~ barcode reader as the second reading element 116 is configured such
linghapipHels tAdeanaling deotebied te BefReged, it is ready to read the first
barcode 184 or the second barcode 186, once the first barcode 184 or the
second barcode 186 is read correctly the reading device 104 provides a
[00158) mpegstradiag aezalildmebsing o uienstodhoRdeH iseitafing tharasecto-
optilst Rarcadpit8tyonihe aesrhd Parpeds ARl as been readhandiifal scan is

reading device 104 38 is ready to read the magnetic fingerprint region .
performefihahsadiispthievitlo weuss Rpabginadhs rRpitsthanrikgstiend magnetic

findgarRrintedion i andithefispbreadincalenant likt praapedsiQtake the
an image of the magnetic fingerprint region 112 when the user pushes the

condisriion @tdhnaradiaas e Feldn @&/ (dad overrRdy raiaganis hiagrrdiboth
the IRGSIBEN R AR gion and optical markings concurrently. FIG. 15A shows a

tag 102 adapted to have its optical barcode 186 and its magnetic fingerprint region 112
read simultaneously. FIG. 15B shows the approximate area 224 which an optical
reading element needs to scan in order to read barcode 186 and the approximate area
226 which a magneto-optical reading element needs to scan in order to read the
magnetic fingerprint region 112. The reading device 104 shown in FIG. 3 is able to
concurrently read the barcode 186 and magnetic fingerprint region 112 of tag 102
provided that the reading element 116 and reading element 114 are arranged to

correspond with the spatial arrangement of the barcode 186 and magnetic fingerprint



1001501 FIG. 11A to 11D 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 f%’jltures may be adopted. Some of
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may be printed using covert inks such as ultraviolet or infrared
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an mea%s of using muItipIleayeg?ss 1%01511 FIG. ﬁﬁﬁsho&vs a tag 102 with a
magnetic fingerprint region 112. A second two-dimensional barcode 186 is
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fingerprint region 112 is surrounded by second fiducial marking 180 and a
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position the magneto-optical reading element correctly, furthermore this
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identification software to cater for readings while the magneto-optical
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may be used to allow the magneto-optical reading element to be
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rea8MRWVSE 18R d Q7 With-AMMaGReRLS fingerpiNyegidtdiehth $850NHanals to be
two-dimensional barcode 186 is positioned adjacent to the magnetic
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compjehrivitheionaitiol B ggnthsignab HBtiesh drprttherfisata 1theaketid? (as

desef6eAdnivpdimes se0abhartodetBeiate siyaHRAe bRy R:59Fend fiduoRkhre
marking 180. A first fiducial marking 178 is positioned at the upper-left
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tag 102 to be highly misaligned. This situation is shown in FIG. 16B, where the
reading device is misaligned such that the magnetic reading area 232 only covers a
portion of the fingerprint region 112 and only some of the magnetic fiducial markings

178.  FIG. 16C shows graphically how the signals from the initial reading and



1001541 FIG. 11D shows a tag 102 with a magnetic fingerprint region
112. A second two-dimensional barcode 186 is positioned on top of the
magnetic fingerprint region 112. The second two-dimensional barcode 186
is surrounded by a second fiducial marking 180 and a first fiducial marking
i itjone t [-{i rner of m ic.bo :
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are printed at a defined interval o rst printableadhesive layer 19
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le-cutting steps) and do not form part of the final tags 102. Next in FIG.
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fingerprint regions are spaced apart with similar defined interva
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~magnetic fingerprint regions 112 but not the optical marks 190. The
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identification features, for example two-dimensional barcodes 186 and
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190. In this regard, each magnetic fingerprint region 112 is located directly
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obtained. This involves cutting the shape from respective printable IaYers
andy gpendicHidyesalsig iigapay Raitsehify threpwposeredesspbegvia relation to
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that the die cut is correctly aligned. After die cutting, in FIG. 12F, the
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corlit QIO Ot dNRifinpl dags k92 olNote ot bisHmpRitankif chagreptical
second printable layer 194 to be thin er;‘(f)‘ggh such that the magnetic fields

datp i yartlares Ay Hdbandes srRssanad hieabngsading element.
Typically polymeric printable layers (for example polyethylene
terephthalate "PET") which are suitably strong and are around 10 - 50
1001604 r s imasRRie S8R shyie NP B) Enmingiminagesio frsgmyateregion
1128430 siitakie PalymesisRysr v ierexanpiRch MelAeIKaiPHRIzisNe9HRsLes
but it is imperative to have it very thin, it can be desirable to use a thin-film
T ispolntsnlifegseBs4ther than laminating a film on the substrate. For
example an ink may be printed on top of the fingerprint region or a
polymeric coating may be applied by dip coating, spin coating or screen
100164 hiEEGrol ek aRtie 2aterrafcdnral revarhyeieanBaepsHo Rt OItERN 2
subiraexanplviriiierad t6v:is1gping 99 heubiasied (0ithai aRiRRIAAh MY he

even b
invention. %‘IG. 17A shows the magnetic particle 176 having a magnetic field parallel
to the plane of the tag substrate 236 and FIG. 17B shows a magnetic particle 176



41 desirable to coat the fingerprint region 112 with a hard film such as a
diamond-like carbon (DLC) film, for example. 1001561 FIG. 13A to FIG.
13D shows a method of making tags 102 with identification features in
accordance with another embodlm tof the invention. The method of
k| 2 n cl =
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D, the final tag 102 can be revealed by removing the excess '
maamﬁysmma% g @gathzgahqongmdm@allmtt@ Plenci af-tp snasacHfehskdcle
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embodiment of the invention. First in F . 14A, magnetic markings can be

17B g dovitHTraak ﬁ@tﬁ?h&ﬂé@oﬁ@lﬁ@r%ﬁw@ﬁl\%%ﬁm tagdng 992 Theuch that
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alphanumeric characters 182 which can give an indication of the magnetic
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nformatlon Next in FIG. 14B, the magnetic material is
Prllaéﬁbglﬂéaeé@tdlé@ﬁlﬁ%srﬁ'abﬁ%ﬂ@mark|ngs 178, 182 along the first
adhesive printable layer 192, the deposited magnetic material forming the
magnetic fingerprint region 112. Then in FIG. 14C, a second adhesive
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particles 176 are aligned perpendicular to the plane of the tag 102. FIG. 18A and 18B
show magnetic particles 176 positioned in different orientations in accordance with an
embodiment of the invention. FIG. 18A shows a magnetic particle 176 positioned
parallel to the plane of the tag substrate 236 and FIG. 18B shows a magnetic particle
176 positioned perpendicular to the plane of the tag substrate 236. Clearly the
configuration shown in FIG. 18B means that the layer of magnetic material must be
thicker than that necessitated by the configuration shown in FIG. 18A. One method to

achieve magnetic particles 176 aligned out-of-plane is to put the magnetic material into

some form of cavity or recess and then cover the recess with a thin protective layer.

[00163] FIG. 19 shows a method to align flake-like particles 176 out-of-plane of the

tag 102 in accordance with an embodiment of the invention. Here the substrate 236



protective layer for the magnetic fingerprint regions 112. A

semi-transparent view is as shown on the right side of FIG. 14C. In FIG.

14D, two-dimensional barcodes 186, optical alphanumeric characters 182

or serial numbers and process opti%éal markings 190 are printed on the
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indicating how the reading device should be aligned with respect to the
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remains attached to a non-stick liner until it is to be applied to an object to
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firstand a magneto-optical scan is performed subsequently. However, by
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device, it is possible (and even advantageous) to read both the magnetic
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reading element needs to scan in order to read the magnetic fingerprint
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providing that reading element 116 were a barcode reader). Note that the
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while reading element 114 is reading area 226. However certain readinl(:l;
the dpgridiis TR g e RBGIESIA T @resliseelis abaned, E-afiafes 96 the tag
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and these elements may be used to read the tag 102. Note that the tag
proyisle arging mesrctics s Rdeiseessarily need to have its optical

barcode 186 and magnetic fingerprint region 112 read simultaneously and

consecutive readings may be appropriate in_certain applications. 1001591
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predefined threshold value. FIG. 16A shows a desired scan area of a tag

using a reading device in accordance with an embodiment of the
invention. FIG. 16B shows a scan area of a tag when the reading device is
misaligned. FIG. 16C shows graphically how signals from an initial reading
and a subsequent reading can be compared in order to authenticate the

tag's identity. Here a tag 102 containing a magnetic region 112 and
mananetic fidiicial markinae 172 A firet readina of the mannetic faatiirece nf



44 subsequent reading can be compared in order to authenticate the tag's
identity. Here the signal 1610 from the initial reading is compared with the
signal 1620 from the subsequent reading. The overlap of the reading
areas 1610 and 1620 is shown as Q( 30. When comparing the signals from
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identification features to allow the readings to be adequately compared,
plastieingiertaly a0 2wl chottberagtvsistieatesdedy thanrehongr AkbdtigksmiGinside

the JeQ‘ﬁ‘JQ(ﬁ ﬁla\].:ﬁﬁesf@éwc Qﬁ@g{lﬁ{écpfﬂglﬂﬁl % rﬁ@&}(mgﬁnjfﬁe iHQ&E‘?ﬁ%Qgides 176

element allowed both magneto-optical and optical (such asthose reading
ande|Bpadiitst shdidn DicFI QR I5aEIEl 2PthermptisHlgidlriar nsarkigeoraagnetic

parfROPRIRNQf Rk B ReaeRstia fidHg{e) sparings Juay Reusest iPr¢ o2
purposes described in relation to FIG. 16A to FIG. 16C. A further

or, @l dntiovAAB. Hew tsdearittbadidedidninentdesndelseabed2it (it may
alséecl@tél%‘o%@@‘nﬁg ANhehie Ry highkisials e CRMEeBINAIRE) IS TRk tfﬁ%cess

initial scans for one or both of the optical and magneto-optical data to

desggbedaitarejatieedn Blen 304 Tryseb satiedmtynantrgs, 100860mpThdt is not
nedRANEHC RRTEIRS 17 URREI FRring: HRe MAgRats TRgeHRYM o 3® a

_are usually of high coercivity. One form of such high coercivity magnetic
liqidraedyriyalis S¥taKaonBraersn ety iooaBaced ot dixngising.ofor example,
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. cov’g-:-red by a cover layer 194 in accordance with an embodiment of the
SIRFHe PP PIES: 17A shows the magnetic particle 176 having a magnetic
field parallel to the plane of the tag substrate 236 and FIG. 17B shows a

magnetic particle 176 45 . ' '
[00166] FIG. 21A to 21E shows different embodiments where a tag 102 is attached to

an object 262 to be identified in accordance with an embodiment of the invention. In
FIG. 21A, the tag 102 containing the magnetic fingerprint region 112 is included in a
printed label 256. The printed label 256 is attached to an item of value 262. The printed
label 256 may be self-adhesive for ease of attaching to the item of value 262. Some
examples of printed labels 256 include roll labels, die-cut labels and self-adhesive
labels. In the case shown in FIG. 21A, the label 256 is essentially a thin flat label
which does not help to physically guide the positioning of the scanner. Such a label
256 may typically be less than 250 micrometers in thickness. The label 256 may form
part of the substrate under the magnetic fingerprint material 112, or it may be part of
the cover layer, or, the magnetic fingerprint region 112 may be embedded into the label

256.



having a magnetic field perpendicular to the plane of the tag substrate 236
in accordance with an embodiment of the invention. As a strong magnetic
signal which is easy to read with a reading element is desirable,
perpendicular magnetization as shown in FIG. 17B is usually
advantageous for this. Therefore having a magnetic field perpendicular
rather than parallel to the plane of the tag substrate 236 is preferred. It is
[0016ED imJdGard tBedfotegHALt ventragnetih pantighetid T61geepeindsegieudi 2 is
inclldNE ARICTiGARSSEIopL 1R RIS 00, U5 AR R Fatue
plane of the tag substrate 236. Certain magnetic particles 176 are

262anfsuropieand-aiibihitkdabes Rz netizdtionifiloye dirtetiah wee or ceramic
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FIG.178B, h of t

It IS common that the crystal orientation € magnetic particle

any|qballws sfomgershadathizatohipbrasiehtdare Hlamecofitistcrnagribik label
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176."In such cases ong out-of-plane magnetization such as Is
intedaehiag YGHFIG se7Binaychaslifiguin adhlEV3T Adwtrévitlther in addition,
thedRIMEIDLRAINE BAOZ S AU AHMATACHC RAIEIRS hAR AP IHBWIR I o

in the planeof the tag 102, then it is Important to choose magnetic
corﬁ@mﬂitr@s_ﬂleiﬁhﬁmchf_a&@ m@gn@nc@_msiq@btqf@éieg@?é.e@ant ba m_dghéiiz_'@aure_ that
zodRALEHID RN AHEREHO SEAPRL ASRITAP CieRledt Uiy e ARISAIORIR HEID 1o

primary magnetic direction is out-of-plane. 1001621 If magnetic particles
ensyrsthgbthe st gieicn dnermiatsisiag pidiéreersbaniiatplinBlfaadifetisA$ show

exaARBRAIF HER %‘i’ﬁ%}ﬁ%{ YAAQ Q08UIE I A PR FOMS G NG INANREHE the tag

particles 176 are aligned perpendicular to the plane of the tag 102. FIG.
102 gn ghriragBrgHIveiEgnetic particles 176 positioned in different

orientations in accordance with an embodiment of the invention. FIG. 18A

shows a magnetic particle 176 positioned parallel to the plane of the tag

[00168hsiimtd 638 Hndtim g i snlpinsnmbgnagensatifiece s ipbsgited] 2 may

be RRIRAPGIGHIATI0NEoRIANG Of tagniAgSURSHAIE R3BHCICRY WA the compliant
configuration shown in FIG. 18B means that the layer of magnetlc material

layen ey Baricretothih artar vt ssdieeerf BY tancohfiglitadon umpdes of
1abdBA60NEi el IRAGRIEVS dRA g liE PRI ES LK 6.8 I80 el AHIPE RIgRB duct

is to put the magnetic material into some form of cavity or recess and then

“Pasglerseld facdagaiiRpmapritectirongyepo et Eceapry o lenes. Note

thatropg A 6PVaTlaven 194S IRURRIEHOURNONE CBRRINE! hekavibm 262
238. The me%inetlc Eartlcles 176 have been mixed into a non-magnetic

mayb ARG eI D80 b KERafikhmetardiUtrs a viscous liquid which can
be set (that is solidified) upon heating, exposure to ultraviolet light or upon
some other trigF er; an epo%resin,'fqr example, may work well as the

10016l A fari A P4 dher e n 94 rroncaupgcibe manriitERge s fagpaplit2 is
emBERRIBH IR IR SN 238t HRROSHIP IS OGHW TR RXAMMAIE2 RYn be
_ screen printing, squeegee or dispensing). Once the mix is in the cavity
direptly ¢ ?Q@eﬂ(}?ti’st%ﬂ%@&%‘fﬁ%gt%ng magnetic field. For illustration
purposes the magnetic field is depicted by a bar magnet 1910 and its
associated field lines 1920 (although the north pole of the magnet 1910 is

100150811 Ss Bdfig e dest 9heoniginte ithRaragastise iRgeuBhAgeiRRidd 2 1s
posBibseawihere the SAU RRI]IS6IPse N Tibs rangliodield draws the

magnetic particles 176 towards the cover layer 194 and the viscosity of

the matrix material 240 plus the magnetic field combine to help to orient
[001thE MAEneE pRsticles héfyerdcalydiabisindhshair lesiegst exisioeinting 02

erpendicular to the plane of the tag 102, Thereafter the matrix material

embodsied eiidhfider o LEtAGR €98 €548 BERPENBNY MRS thiBasdtiRgPBtical reading

clesRidificatpncandagcachiayes Mywadin@iher erinn c6aEsHINKHRG dheRPeMYhent
to form a solid). The magnetic field may be sufficient to ensure that the
magnetic particles 176 are adequately magnetized; however it is also
contemplated that a stronger magnetic field may be applied after
solidification of the matrix material 240, thereby magnetizing the magnetic
particles 176 to a sufficient degree. Note that in FIG. 19 the tag 102 has

been inverted (compared with the other figures) nevertheless it is intended
ac hefare that the readina occiire by brinaina the readina element in



47 field is applied to the tag 102 prior to it being read on each occasion.
This can be achieved with a permanent magnet or a solenoid and may
form part of an adapted reader device. This approach has the advantage
that the tag 102 may be used abov;%its Curie point during service and also

L A e e R R B B S e 138
andtzg 1PRicah poressiong amdt ditachimapihedrésitimg thy koding abeoisject 14. The
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magnetic particles 176 nally a solid piece aterial 252 comprising
cerilistiy @unsiinieg mhagrdsiughdetittesakes theeshratde d2Thd oesultimgcomponent
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can itself be embedded into an item of value 254 (it may also be

fieldnilseniietttioniod Rabéhovhiradinatrendfikdd fo Hatitemamplalifelhaiag 102 is
maBRRGESE dRFCHRRAAD %L%%%ﬂé%é%‘t‘ére@l% MRS YBHAA LBAM WAk e [Reir

example, it is not necessary to use pellets 250, instead the magnetic
norgafidie Sat e ey oedmixsteinedtalliduithong|igedintkdtesarubioadyrstagepus to

havOCR8ySRIRGSH VIR AIERERS RAN{CHEX ARG ARG DX BRI cading

need nct be a polymer but it can be a metal or a ceramic / "green’
clewsnipditeuchobasde malina plementH bheneedisieadst 2paboundlers uhegact.

Thid 138 iR TR R B AL ORIRC AP 2 1e0R dARRIIE I RCER e Wil nt
an embodiment of the invention. In FIG. 21A, the tag 102 containing the

I 4rvidhetradiigenniih redtorofite et iebs prme disanaseetindux lines
sucRMARdHEP etk 18, AHRFGE 52 A1 MOy %‘éetgg@of.hﬁl%}ﬁ&%@é;b@ éaPoe

may be self-adhesive for ease of attaching to the item of value 26Z. Some

advanptagenes bt prakedoasarms thellefe vuleiabdhs, ereding rRiperpad4 a weak
norfR i AR UR IAbRIS AR CASE SRR &@Tﬁ%n&@%%‘%@l%ﬁﬁd%netic flux

essentially a thin flat label which does not help to physically guide the

lingsgsitibaiplgnst ohéhscangest Guiedomiapel PE& ey piedlyhek thesseadipes may
be %é&h@?iq&;pﬁﬁ@ﬁ$ iﬁ.wiG%Bgﬁ&eJh&I%gl g}i@i@i@mﬁ) RRAGS BE the reading

substrate under the magnetic fingerprint material 112, or it may be part of

clegprntgsed)lallis BraXHe megnetiensRee R HiFEgmh Scranersy i dinbbelgbly to
reall@rihR l@g?'(ﬁﬁ@e 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.

[00172] FIG. 23 shows a magneto-optical reading element 114 and a tag 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

on embodiment, the sheath 2210 may act like an engagement element for positioning



48 1001671 In FIG. 21B, the tag 102 containing the magnetic fingerprint
region 112 is included in a thick label 258. The thick label 258 is then
attached to the item of value 262. Some examples of thick labels 258
include multilayer material, metal of ceramic substrates, plastics, extruded
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good contact between the tag 102 and the reading element. 1001681
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compliant layer may be attached to a curved surface of an item of value

usedd@r gusrinaaxbarisiegnsdapdryve a0hdknese eomh MR yeiesdmdtads and may
be H?%A%tséécﬁlﬁz% %8?%%?&?'?}% Qﬁléj ‘Eﬁstpf?éé’ rfhzﬁoéﬁieb%ﬁl Bement 114 lies

Corporation, silicones, polyurethanes, polyethylenes. Note that if the item

belpf/Hleswéresdistie @@ﬁﬂﬂnazﬂlmen MriccHimpiimsedan thiscitariasendfective
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the tag 102 containing the magnétic fingerprint region 112 is embedded

aboy Hegriorlalithesoadinglamealy lthe fimdeiperienfadimlfanpeddyyhe sheath
2@ r&%f&fﬂ?’%@@@@ﬁ{% IRIR{Be Hemalivaltemae HOGhLD DR 4D ﬁ'as {%edge

102 containing the magnetic fingerprint region 112 i$ positioned within a

of Hrotspding essatoblida Hie itdas of vhpue 202 P@@ilﬁjphy@caéz@ﬁoﬁ%r&d in

the@lﬁ'ﬁ'ﬁ@é’&ﬁﬁ%@gg‘mé fiRgsserint iRgirsr13z.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
[Oﬂlﬁd'ﬁﬁﬁlgm%‘éws 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



49 114 is a magneto-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 Whicplprotects the reading element 114
sys I3 TGRSR ZRAEAN DS Ee i OAGNEL S MRlE ol
such as non-magnetic metals (such as aluminum), no%-magnetlc Teramics
condpiphasiio. ¢levenald cirbiomsthncesgitd® dggicablead maké themshtwttn22900 to
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durglgrreadinigl 4. 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
[00 17 h IRl hadfriketieckiHe.rédRinhaisrmentcthod of serdmgoniporiéat erean thiecven
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south pole of'a magnet. This can enhance the field being detected since
embodisaanhopdhe ofbietisadibg-c18mehewi 4 witigagteroptivansading Kerofihél 4
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further out of the plane of the tag 1027 Alternatively it can be

magerfarRagedusdingiisionematblélthdsesoanssted the feadimpdictiéht via a
confohANsRa ARt pale Apdhaighthand SIdedeASAHI LYl J8¥Sind the

may warp the magnetic flux lines in the plane of the magnet
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element used). This may be used to ensure that different scanners may

shoriest the Eering eteacabittdrPrRysi¢singeging fingéhphntagrid? ndonkdfehysSB, the
madf8JSIhSIAe Rlailf 2rshaws the Jeadinonetama. 1140efons duisht o be in

contacted with the magnetic fingerprint 112 and the right side of FIG. 22
congpingithetheatiit gl Bferpe i 1 qKcso Avatack i thehf agaetetfrpbigalincading

elerhbat THEITNEBROM Al seading: thd Qe e gieR 13 2 dhe 16YRE %&gf@% on
268 is achlevec’i%pt:‘*)‘/| first bringing the magneto-optical reading element 114
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signal can be obtained and the reading procedure is completed 1721

head| 14 $EonASE gt tdoptitaliraapling dersatct bAd G 13§ ohaws the
sinRAGeArdaRRE Withan.amhadimendef e dnuentinnsadhedethside ldiGrelds

23, the components have been magnified so that it is easy to see how

of frrefnaanetic tbgetrrsrMikhom BmBaarnet treighdbiriooanrariglyeritkgiginee.
As&RS2geMEN alapent faRRSIIgRIRGURRd 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



the magneto-optical substrate 138 over an area of the magnetic fingerprint
on the tag 102. Also in order to minimize potential damage on the
magneto-optical reading element 114, the magneto-optical reading
element 114 can be designed to lie pelow the surface of the sheath 2210.
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physical alignment may be achieved by one side of the sheath
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may be used to guide the edge of the reading element 114 to the
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reading a tag 102 on a level surface 268 using a magneto-optical reading
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sheath 2210 via a conformation element 266 (shown as a simple set of
condpringe thy sarfasesideheficrcobyalifows 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
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ensures that the reading element 114 exerts some pressure on the tag
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design of the conformation element 266 defines the maximum pressure
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the sheath 2210 and eventually the walls of the sheath 2210 will take the
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pneumatic system. The conformation element 266 allows the
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reading. 1001741 FIG, 25A to FIG. 25D shows a method of readin%tag
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shows a magneto-optical reading element 114 having a small gap 267 to

regifig dléréRnlingsplotedtivirikedth oot R aartiths thaxiaghetohsptiaiehing

betiRRdiNg: elereg Mnenastihlddaaonaastedde theaheaiRigddo via a
conformation element 266, for example a spring mechanism. Both the gap
267 and the spring mechanism 266 provide a certain degree of
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on an uneven surface 268. FIG. 25A shows the reading element 114
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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 tan 102) Note that the <trenath of the mannetic fielde of the



52 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 with the change of topography that it is placed on. In other

circumstances, particularly in the case where tags are initially read on a
coftASHIOMING RUEY {8 BRnaapRlied.indnesullach AL IBI-21XAE (o be

this may cause problems since the initial reading of'the tag 102 may not
undnlatorgwelh\githethb thevBagerpnntddding Sinsf thedtag 2 02oduetionthise where the
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the tag should remain planar. An example of such a tag 102 may be a
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fingerprint 112 contained in‘a compliant label 260 using a magneto-optical
regtemdily 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,

[00E stifaee28f thevesoripsiihet lepaphiantidabrlo fetmatbprior decondpyeneith an
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to its compliance, the surface of the label 260 is able to deform to a flat
thedijiggerrinhegienddded Hietiby raawihy slerpenect trthgg gnanim s suachghithe
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112 of the label and the reading element 114. It is important however that

figure wiben aBacked de soflafidledr GovabinBifgnbaeaterRngpgRnsAhP gy ida tepding
cletgRgNiCaRUYsdisiered Rdhsplapa i thgabal2R0dNEnG feadiRthice of X,

significant distortion may allow the magnetic features within the fingerprint

abgyiBa Trfees Be thrspricelf drilrketa ehchotheramniis nfysidaatdthe 28,
durii@tching. aapyeanithaistared fngsmpirtiand and e "eadiingemietor the

signal. 1001761 FIG. 27 shows how a complaint [abel 260 can assist '
finggrasintnecgiom bt Ydusoppressshienliheletse| oothes Rifneaf Hhg aweRigHling

surBlddaeRpd g lg balde Afhale of §iShFHDSalHAIBR AR 19£3889RMS Esure
exezgcri] (t)thetlgg ?gz;g?ng leelrer:]rgglgt 111411. gﬂ?n??gd%fg 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.

[00178] 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



53 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_yndulating surface, certain magnetic
res.of the fingerpsin i9n,1 further away fron 2
e e Jhiee ﬁﬁ. O SRS hEN e icd and o
magimiveopticlirirg degdielgnieny dddmenaedonddns ¢ e adih gasl egmdodimdnivitf’ the
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an§6%3,) as ghgcsi&\&/ivna(?ﬁ ?he ﬁgﬁtgs?cfe,%%u?lgce ng %ﬁeegﬂgg?rpﬂn%?%#%n 1%%%& °
ensattectydonfonet tetiveare duingdiementiel B ath8Pebydffutlitaaitiggaplement 114.
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another comp lant formation in accordance with an em
reaghagi themighctieraghmiand 126 016¢ 3ABtrhiotas pkin tharthé tharfegdgfand a
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urface of the label 260 surrounding the fingerprint region 112. As shown
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ingerprint region I12 is raised by a distance of X1 above the surface at
feagtucetitfbrofyHee |deBrabdo (nplatsowthiormplelléfy side of thrgagd 0durngesthetic
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~ fingerprint region 112 is compressed to lie closer to the plane of the '
ringifgnifdheg SinRlenpebbsding ebkansprapeldr §b:1é PR (Oadihgr CQatlng)
carCiRIDRBRLLS ARdldhedhias Hr@z%ﬁf_tﬁﬁﬁgﬂomﬁ}@ ding plameant g, dHtRgent
reading, X2 may be zero (i.e. lying in plane with'the surrounding surface)
(fop eatianlaetrativlifite atle dhigesionht régloinpetimicécripastiethpelbventien is
highHPIRLAdRG N TacehdlRn{2a8h200 SesionariitatRHoRt CORREt reading
between the fingerprint region 112 and the reading element 114 since all
clegprnpeagsigas diegeserivh paicBadinyeEier shenauasdoores midteentanedds or
atrdiRle N IHb e itacsrof heifinostriithiesiom bt aphifiig atheuRotiansrd

of the label 260 are slightly raised (for example due to a burr or lip formed

readingriép iee cLfignérengsiticdaniagelo opiape B et Haw hite grad a
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region'112. 54 embedded in an object of value 262 (for example a ring)

mafehie AR AR ceRR) h S dirldaryas didg rabrssptspy bl dha digsrprint
regW¥iil pvembedingnt gidhednyepionhihg seracseithe famo2imiiatcause

_contains the tag 102 has been flattened to ensure good contact between
it afevsutheclsst the tAgEPdaradHErdadivty HldreercannerTige use with a wide
var[BRAIEIR@Rtical 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
[00159YPqdicnend KT Aha IRYeNtB HRER theiRG PR haIrestanaviar R finvithdpseal
space available on the ring surface. The fingerprint region 112 is an

readipg Glamanyrblt & bemisasirtg frigerhimihistaricanfenalp M spaadingsleof the
invéfdomayiRe Hesiablegadhlateadithincegialtlayer aventRRiasdley Phrotective

aesthetic purposes (for example to look the same as the surrounding ring),
sheaiy 2 Amphe FHEFIAPLRIGAId MRS bldilgPassFhdLercaah Pedgdiiing
mediURi RRTINGS (0l0ther 4RAIND20AN JiR $RBMERA0 RiedthadaghddB ando are

fingerprint region 112 from the environment (for example scratching and

CSSERAOSIGRIMPIATIIBRZM: YeaRaIe BPFEMRIRE G MkiGHIRHRR) i tHich the tag
102wiapdissest i doat Acinglerssanias patiienedstandard 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.



1001791 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 surroundedsg)y a protective sheath 2210. The

-ogyi 114 j f ' .
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pressed against the thick label 258, the springs 266 are compressed

22 Idhgurreundgihetdabstical Feaningreradreiha 1uBés puished plydeahergresment
medfadsni 16 IGahwalls oEihe shRath2edd swonupgying Jabek 282801 258

provide the user with a physical engagement mechanismto ensure that
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10 can be of any suitable shape, for example a square, rectangle,
hovwigspgibidpisdiyadls, thetles shdpesipreferaiatedy syasiapeals ifptthat the shape

uniﬁ&%@éﬁ%§%ﬁ%ﬁ%ﬁ&? omteﬂﬂ@d&%p@&mgq%w &%%%ép%th respect to

orientation of the reading device 104 or scanner with respect to the label
thedglelSiich auelbal pbel 2 stdatheatin 82doneepfigtietion shahera md16a 31,
desHBBelipef Relow. 1001811 FIG. 31 shows a method of reading a label 284

with an alignment feature 222 using a magneto-optical reading element

114 in accordance with an embodiment of the invention. The label 284

[0013371316; 281 ARG AdGHANAPHRNBL IRYIAN bR BOVGHRE V-3 SRINSR Ve {BY¥en2

(the fingerprint region 112 is not shown since it is hidden by the cover

usipg dmagngiapphistixwdres slenestaid Huasaatdanerapidhstiambvedipeny gbthe
invBhEEINRd epdhesuiaseint the %%%H&Meﬁng&ﬁﬁm%%i@@%ﬁ &vered by a

alignment for reading the fingerprint on the label 284, a combination of a

thith geeRrI8Ecs e HBLESHY B Si9ft dURdMEPs sRIaCERE ¢ itighidden by the cover
laySPRONGIRORNERL TEALIE AISNERT RlMANFEAIEBIO <22 0Mh kel 2846 inted

be used to provide an interlocking means. As the magneto-optical reading
on dheniuRiagq AfsthrotRr uldyR thEdRsdios atdesHs R pgosAttHerhisading the

ﬁné’&ﬁrﬁftthﬁl mRgngtRioplsal Jeading Riement 114 pravide@ pechadicahg 282
guide to ensure accurate alignment and orientation of the scanner with

SUrFRUpUIBETAGIAER) o Hie iRtegnsERIABt SR AaEina & lemsintol ddjid thefub 222 on
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alignment. Note that the housing 282 mag/ébe a protective sheath as

rea@’é‘é’(ﬁlﬁ’é’&%i%‘*’&@@ﬁé@&%@ Bll@ﬁb% gthe 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.

[00182] 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



56 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 sh Ws the situation prior to engagement
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situation auring engagement. Here the magneto- Op'[IC ea |ng e men
32 INadjgasrdedhdang ScH tieat thetmsignefic e adinlysimed it guidcontasmdock

wuﬁo{h%thgl?s%gi@z%?ﬁﬁep O{%ﬁ%%‘ig 11:'3&%5!&5%1% 2 RI0G (PG, f?GTﬁ‘fA shows the

protrusions 3210 act to position ofthe reading element 114 wit
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embodimentof the invention. The walls of a groove 264 for the tag 102
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advantageous if‘the object 262 to be identified has ho suitable flat
maygtiadessformeiien teedazd At head griora Sibheh todjelrsudsubie dytimmdatl

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
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section depression may be suitable. 1001841 FIG. 34 shows a method of

invepiiindg e taglioofie greme 2684 ientrofaadde with baeiwdbedisierign the
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magneto-optical reading element 114. The applicator head 3430 also

a grsiaitdshdpecly yragemis(Hohe nbios) 283d bberidpetidefshitiengisp dahlg flat
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region 112 are read before applying it to the label 284. The fingerprint
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not visible. The applicator head 3430 also contains a printer (not shown)
264 meR prhis asamsnendediongh anghoibdedémBdr smclenerdorner. a

fouf SehiBMeRiHEN IR d [¥ipmae gt do the label 284. The

applicator head 3430 links the information which has been printed to the
label 284 (i.e. the serial number 57

[00184] FIG. 34 shows a method of applying a tag 102 to a label 284 in accordance
with one embodiment of the invention. In FIG. 34, the applicator head 3430 is
equipped with magneto-optical reading element 114. The applicator head 3430 also
contains a barcode scanner (not shown), and both the tag’s identity 3410 including the
two-dimensional barcode 186 and the magnetic fingerprint region 112 are read before
applying it to the label 284. The fingerprint region 112 is not shown as the fingerprint
region 112 is situated below the cover layer on which the two-dimensional barcode 186
is printed and so is not visible. The applicator head 3430 also contains a printer (not
shown) which prints a serial number 3420 and a model number 3440 on the label 284
immediately prior to applying the tag 102 to the label 284. The applicator head 3430

links the information which has been printed to the label 284 (i.e. the serial number



3420 and model number 3440) with the two-dimensional barcode number
186 on the tag 102 and reading of the fingerprint region 112. This linked
information, that is the label's serial number 3420 and model number 3440
and corresponding barcode and fin %rprlnt information of the tag 102 are

t
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the tags 102 are dispensed by air suction and piston movemeht. T
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region whenever a tag 102 is being dispensed. The labels 284 are moved
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magneto-optical reading element 114 may be controlled locally or
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and data linking may be varied, and thé type of data may also be varied
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information, batch number and so on). Note that the example given was
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and the item or object being tagged or labeled may be an identification
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to labels 284 and finally print information on the labels 284 and appi
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printing the mformatlon on the label 284, this may allow 58 the tag 102
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284. Yet another metho may be to have machine readable label
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35 described below. Or the item of value may use only the tag as its
identification and all relevant information about the item of value may be
stored on the database and not be shown on the label or on the item of
value itself 1001851 FIG. 35A shows a method of dispensing tags 102
with magnetic fingerprint regions 112 onto items of value 3510 adapted to

be identified in accordance with another embodiment of the invention;
FICc R and EICGC *REC chnw the item of valiie RE10 before and after a tan



59 1001861 FIG. 36A shows a cross-sectional view of a tag 102 according
to the invention. FIG. 36B shows an isometric view of the same tag 102.
The tag 102 comprises a fingerprint region 112 which consists of magnetic
particles mixed into a viscous polyq]geric material (e.g. a polyurethane or
epnoxyafor e) ixture has i d ar screen. prin
e A R I R SO Sl e e
primteagneticpartisiestheersat o pdsitionhwitofabpdag ttldaoh bethrbatis4. Yet
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ribbon transfer printing, but may be applied by other means such as laser
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Performanceé Plastics Corporation. The base layer 3630 material has a
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layer 3610, the cover layer 3610 is [aminated onto the base layer 3630.
relevhat dafesloBplratdResirace viltrerprisbaaieicdenohdidaisbase aadarot be
sho@¥el3PL Qain P fimiy: brnds e thehase layer 3630. After lamination,

the laminated films are die cut such that the individual tags 102 are left on

the liner 3620. This liner 3620 is a disposable carrier so that the individual
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applicator, for example). The liner 3620 also serves to ensure that the

regipitie bhie HaHEBBHBMValiIfade R tanehtgobri Kishtifiesh Bb apeardanss with
andfiRa@iQR iR APHied iavhqisH TREE. 185BUGh BIBUSEEQREWREPREY of value

formed is strong. Typical% a liner 3620 has a non-stick coating on its
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attached to an item of value 3510 in accordance with a further
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In this embodiment the tag 102 and attachment anism is adapted to
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function - hence the "tamperproofing". On the left side of FIG. 37A an
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emphasize that in this and other embodiments it is not necessary that the

dispgstieaibe a3kt ehadundghdodblrast pasdslsg Eiation: fatre

of the aRplicatey hradaad3stharHispansed nRethpat have amp tag & fingedriinthe
reading functionality In the example shown in FIG. 37, the tag 102 has the

datgbaserpiih RoltiTaVahisda Shab R dieia UrantiHeovR gy M 94 value

3510he bond strength between the fingerprint region 112 and the cover layer
194 is purposefully chosen to be of moderate strength, for example not to
be excessively strong. Also shown on the left side of FIG. 37A, a droplet
of adhesive 3710 (e.g. an epoxy) is applied to the surface of the item of
value 3510 immediately prior to the tag application. Here a dispensing
nozzle 3720 is used to dispense the droplet of adhesive 3710. While the
droplet of adhesive 3710 is still substantially liquid, the application head
3730 pushes the tag 102 into the adhesive 3710. The droplet of adhesive
3710 is cured (or cooled if a thermoplastic is used) either while the

application head 3730 is still in contact with the tag 102 or shortly after the
annlication head 2720 ic withdrawn <ince the <iirface of the annlication



61 good contact with the tag surface and reads the fingerprint region 112

effectively. An example where this kind of tag attachment method is

particularly useful is if the tag 102 is bonded across the junction between

a bottle and its lid. Using this methg the tag 102 can be bonded across
o018 URRéCrsieriacs bervisan the ollle and lidAQd (IR ATESNGIR, o e

chosen correctly the tag 102 wi Fs ear if the lid is opened (hence
invpnoviging Gndsd pshofin gpor isampotiaesistant heAsmticeragxafpld lof dagg 02

cor R SR oSl M AR RNE ThkEt f «
vis@8H0plodinte B aviatithb(eegtantpeyprotdialab et 3888Yinfaccxatapled, Whithraxture
hasj‘éﬁ%ﬂﬂé%%@ﬂée‘i’f 6?%&&%%%'{?1%5 'ci?l%%ﬁ%%%‘ﬁ’%ﬁap@()e iﬁd%?fg%'m Ih%%%gen

mprises a tag 102 and has a human readable number 3840. The
curisheydgdatisha athehadin pasidied ptast mntel pheitiay withtieenrdh entachdsler.

in 8 . SS-SECtj '
grbaCAo e RS i R e S R i
betiagrsl 3830hraynmwioiiethichgnd B (badedden primadmgretivimmetsrea jayeh as a

pol %916%4 i@%ﬂ&'&ieﬁ%g‘?ﬁﬁg%@rﬁ“ﬁ@@% tlQ?eV %%?bsﬁ&q{awgo(fﬁ\éeﬁqachine

ayer 3850. The label 3830 further comprises a notch 3870 situated
readipdetipakiow 30éGikgerpribtiengionasden b teegdebbe oaekofaR®50 (e.g. a

nuPQYCM N RAAH A8 INflpYel 38R0 R Seruial-BRudsH IR BRAd3818,h

while a second bottom surface 3890 is securely bonded to the bottle 3820.
markings|iar s s esbmuisdHy | et Be30s Hears i thknistcRragronakriablon

tra&?@ttr%}q%@eﬁ{{{gﬁ{%ﬁrﬁé%ﬁ &S pyovides [amnerrieRiing flser marking if
tamper-resistance for'the bottle 3820. 1001891 FIG. 39A and FIG. 39B

appsppiiRisnd htethdd &F darling witbritieaRgpeatiat e daeie Jedlipiglcast 10
mid¥IERAOMhRAR BROSHBRNLIRAURH 1D QKRIA9 46212950 dRBRSIENAhick.

embodiment of the invention. A first reading of the magnetic features of

Exapwleigof opmplians bapedaisy maserishowh ¢y 2o sutabde doureartEcppdisations
incllfae APGRIPrRjIiagiathld] BARBHRRA hamaredonBich i sid Rlathdhade by

reading area 225. FIG. 39B shows subsequent reading areas 3910 and

SaigtSpbrin Rgyfeonaner X éise schrptrinte Tou basaikbargridd O mmgirgial has a
thiPXRIMRIC LYy ”Bﬁeﬁgﬁﬂgit@fﬁgge?*%{h AR 3920 A& Of heter the

same dimension as the first reading area 225, however, as shown the
finggpuptHIniERY Had been rlipRissd s Boberks efighegasthaYwisso10, the

coV&a{RY PER 2 ImMARHIONVE YRS 53RES.1N8 FPaerPHOLARE: bhats &ipalleface
thanthe readlng areas 225, 3910 62
of the base layer 3630 allows the cover layer 3610 to be firmly bonded to the base

layer 3630. After lamination, the laminated films are die cut such that the individual
tags 102 are left on the liner 3620. This liner 3620 is a disposable carrier so that the
individual tags can be handled easily (e.g. rolled into rolls and fed into a tag applicator,
for example). The liner 3620 also serves to ensure that the adhesive on the bottom
surface remains in good condition so that when the tag 102 is applied to the surface to
which is must bond, the bond formed is strong. Typically a liner 3620 has a non-stick
coating on its upper surface (i.e. where it contacts the adhesive of the base layer 3630)

so that the tag 102 can be easily removed from the liner 3620.

[00187] FIG. 37A shows a process of a tag 102 being attached to an item of value

3510 in accordance with a further embodiment of the invention and FIG. 37B shows a



and 3920, in each case, even with misalignment, the reading device 104
is able to capture all the magnetic features of the fingerprint region 112.

This facilitates matching of the fingerprint readings taken. An example of
dimensions which may be suitable for this approach are: If the magnetic

tag MHOCIREOLIPE %Jh]ff"e %Féﬁm%%%‘:'&%% e&'%tﬁ"&"f%@%eé%b%dlmem of
mm

apprOX|mater en if the magnetic readi ing areas are of square
thedimvenision &16pFroXintately Hran H25hemgitttehelldov anisaigroheatseoBilo

accHTB AN HSRUCDBEIANS IRE JPAANGHEFERHING e I06SINRLGARIMTE 102
some features 0 he ingerprint region 112. 1tis alsoa vantageous In this
anckinitholimppronethtmisse soaderfmdntof pityantelampenkingsidr thettas HiR, for
exaﬁrﬁg %%&(g FH54S éi}l%ty‘éheff%d{ﬂgl SRS RWAYS Qﬁées&%%@&p%other

ned in th

same |rect|on in other words to prevent subseqguent
iterreadingl arekongerb@rotaed bgfng@ theemmprmfmgheqnéhﬁelaﬂl agle of FIG.
I | C
R T S e R S UBP B head
3740B shovinthathwotess ofagetinepticalfirngdipgisl vegivriol ¢mpliasikehdlap GO this
an@&&%&d«%ﬁ%ﬁlﬁ&&@‘m&'%?Hé&fsEQ?Y'ﬁlV‘?@HQQ WhEIR MR RUERE AP clude a

label 260 is not flat and where the Tabel 260 is not sufficiently compliant to

magpeigrengicat ieadirze oleiteth amdthe dapkicatar hragnttdloptidiinensdingeed not
ha\félﬁ %&%Aakﬂﬁn‘@%&l}g 1&9&5&% TGS 1800k Féi@%ﬁ%ﬁ%ﬁ%@ 37, the

abe IS at ed to a curved item o value 262. FIG. 40A highlights
tagth@2phep |t fmeeminintetenfihblmiiredegiiola vadsrsidated] 2 Gomerarettayer

194§uﬂ?ecﬁoﬂfdt9§ l@é@é@lﬁﬁ{eﬂﬂh hes6e17 1P Rl ﬂ@@bxjémgyer 194 is

reading element 114 is contacted with the label 260 surface, it does not

purpepradixvithoea datte RibelozBotyHaereBut fﬂét@mﬂaﬁa@@xr@t brtoveespively
stréﬂfg RAJINAHIENBENHL drenddRE PRe! 3R S&Hﬁﬁﬂa%@%%ﬁ@é&%%%b%@@ an

small particles decay rapidly with distance, such gaps can reduce the

epoxduspbedie Hiryaiast rddbmidermics, vi0E F5d R dremedisiahoprise to the tag
appiRaing. WithherissugihiereAhe 36apningsdevice s evipred § j[?le’f%cfﬁ\?swe

reading element 114 during reading of the fingerprint region 112. On the

3718t Wibideothe | drontss ok adbadiiegdlEinis it h aupstmbiakhyiniftdi podigigppiication
heaRENAFIBEHIQ the 128t AdipR the Henisideof i1, 40R Mids éﬁ%@s@%'@ 10 is

rocked across to the right. Here the fingerprint reading is affected b

curgd AR GOOKIY HaptilisHy aplashiadhuteddsader signla H@rﬁf@’iﬁé&@%l&ﬁ@i 3730 is

stil PIReBRBF Yi@@IRIE 102 GNRRIMARNHERIRH (RUEBARAESEI YT Mithdrawn.
relation to FIGS. 4 to 7) is used to capture an image then it m

Singgnthsussiyceaptut@sdiimhl aréorodIsag r%%nwblfarrrpaﬁﬁn%qrﬁ%el% is
sub@%'l%gl/yt@laﬁgtﬁm%ﬁﬁﬁ%‘ YRMSIEARIBNG Methed oal becfomwadhipRasien head

hotography where the photographer chooses to leave the camera shutter

AseRFletipragsie ibirael orat e i dhiag 80 waauntdlny ayen after

the'ﬁ&%@éﬁt@mmﬂ HaRIaWPiEhi Bas tRache dJhe CANEsR ShiMARIRG BIBMA) and the
during the time the shutter was open. It is important in such a rocking

fingeragiigMaindd o epRgre s the W&%?@rﬁ%fﬁ%ﬂg}?&h@gﬁ&v&éérﬁnd
thetbvt@asNRe Blamast ﬁ&%ﬁéﬂ%ﬁ%%ﬁ@d@%%&&z&@ﬁ% 1RA1IIINIRBdver layer

during the rocklng otherwise the image m é/become blurred. Although

194prdlhmesh aa iy aBlerihR BRecamiseng i Exslliemain dymbeciasidedinsthe
curearﬁsh@mwmq%f Wing &i-8o MNERSHEIrHRFHID B ISR HQi8RH GHEHatIem.

plane of the page). Furthermore other schemes are contemplated such as

Anether §4VRBRERRIUS Vi qRShadrdfgaliRe hiekih (o ikalwith issu 08 ¥alkls 4910 1s

thaSiE0 ipehyeskite (ﬁ&ﬁhﬂg@iﬁme&m&él4samb{@heda%6§h§wﬁaﬁeﬂ@039A; the
FIG. 41A shows a tag 102 that is adapted to be read by a reading device

adhgibis AELERARE I U ARSI SRR isvehEtRet AAoAsuFghrghthe tag

102aght and by MAKINGS eRaitsiu facactbheptiaalRAdIag @lement 114 makes
padlock-shaped insignia or logo 4110 containing a datamatrix barcode.

The tag 102 has a fingerprint region situated (not shown) below the
barcode region. FIG. 41B and FIG. 41C show a reading device 4120
comprising a magneto-optical reading element 4130, a second reading
element being a barcode reader 4140, a button 4150, a transparent
sheath 4160 with an opening 4170 at the bottom. The opening 4170 is

Aeciaonead to clocelvy correenond to the chane and <ci17ze of the inciania 4110



1001921 FIGs. 5 to 7 disclose respective reading elements 162, 166, 172
for reading magnetic and optical information at the same time from a tag
102. For use with these respective reading elements 162, 166, 172, the

magnetic and optical information orglthe 64 tag 102 that are being read are

itioned. adj £l ther. t
2oL e L ai it (it § S R SHER . an
exarppltinghraghistisiad o bpticattisionertionthoiiteemmerhiace (ikis if the tag

10°HPBHRe S ‘é’é ggéé%ﬁc‘?fo‘?%aﬁé‘[&é%%% aLine 31?&“1‘?5@9@1‘%1 ﬁ%@ﬁéjd the

may be provide hown below. 1931 FIGs. to 42 ows a

tag dids sascletibnnd viewwropathrgaorewineciane batpestidérforieativhlmnanthid the
ical i i iti : . (i. .

e e g A TR i
tanm@mm@mrd@d@e(hmsﬁt@mm). (Ag;@éh@racxmmbdef aignken adqmm approvide
a SRBAIGHERrRS 2BdatemachinG feadahi.eplicaldaiymation) printed

on its top surtface, a magnetic fingerprint region 112 which may be in the
form of a layer positioned below the cover layer 194 and an adhesive

[001R¥ErELORASIoNed DM ING FAAREIE HNGRIPIINS £58/9Ri A 2 NRIRHBY o

a barcode is shown as the optical marking purely for illustrative purposes.
tanTpigepteddapebmbtthirfaewd doeahidthigorenzhmd vasar afthe nshvivn bEIG 38B

shotgidetRd 10,PS BRNETAbANSsAR! CANINEGHBRACAdES 10P1341hE0ArEnan

shows a top optical view of the tag 102. Optical information in the form of

reagaplyrdvebeB 4 8¢Richlihasahed 3 prthisdundeheosurfaeldest Mlastiyand2thsaipg is
int&?a?@em% a8 \ﬁf'ewsﬁﬁg?:f% @Qtilgzlaﬂyglo 18%4. ﬁjﬁ}.dfg&sgf?&%aat%?oss-

magnetic view of the tag 102. If the user is able to take a magnetic image

sechpHak Yiyv1oDthndahekp $a8yibacspldancaffsitivislyeiobRAitRest g thadreeusion.

ThdAYBEILB AL ARNES {Qéofﬁtaﬁm_&aﬁé)&lﬂ_ﬂ&'é@%_ﬁt@%fﬂ%@@ﬁa@%@%@é. A
4220 contained within the magnetic flng?@rmt region 112. Note that the

fingaeyHdtie sianudelcalindordeiathglanBersitividube reRigidayPattiefbsTgotebel
38§6aﬁﬁlfl?em@cgﬁﬁﬂgegeQtﬂ@§h4gg@0a§ﬁﬂﬂé’dvﬁi%'f§ra‘§ew%Qfﬁl%%fﬁmt reﬁion

"color". The "color" of the magnetic features 4220 is a figment of what light

33adhafcdha sazid Bt sidht 8qiopertieacss tA8SOrop dhselsalsltA830 is securely
borlHAREIACRICH 1IRBAE J3BRNIMEPREGELSaRYP Rf b&iT W& to the

reading elements 162, 166, 172 as shown previously in FIGs. 5to 7.

bottte AR EPndbibatid T8 s semeeditiotabrl R§AP qBtaktad the RoteBUIE o thereby
desTRIREURIGRIVERS 1249 7S PO sleRridantRe s dnag e tiafipld 1asihtince for

region of the layers 156, 158 and 160 due to the magnetic features 4220.
the pgttiedfiPle a north field may result in an intense (light)

[00189] FIG. 39A and FIG. 39B show one method of dealing with misalignments
between the reading device 104 and fingerprint region 112 of a tag 102 in accordance
with an embodiment of the invention. A first reading of the magnetic features of the tag
102 covers a reading area shown by 225, as shown in FIG. 39A. The fingerprint region
112 is confined to an area which is smaller than reading area 225. FIG. 39B shows
subsequent reading areas 3910 and 3920 of a tag 102 when the reading device 104 is
misaligned. In this example both the subsequent reading areas 3910 and 3920 are of the
same dimension as the first reading area 225, however, as shown they are both
misaligned, i.e. neither 3910 nor 3920 is aligned as the first reading area 225 was.

However since the fingerprint region 112 is smaller than the reading areas 225, 3910



65 area while a south field may result in a dark (or less intense) region.
The strength of the magnetic field (among other factors) will determine the
intensity of the light. Therefore the intensity of the light will vary across a
magnetic feature 4220 as the inten&%y of the magnetic field varies. This
in.t a S n.in, Fl C,le. where all the ety
oo T SR S et SIS FALE AR
captusy dethnndealitic dease soicthdingafityint ageien d V2B ditieilitatassitgtoning
lor ic fea . : W,
o B e o A PRI o
thisgprariashasedl brhe avigotherfingdspeiearegian whe s issweidhtty m divelepregion
. the. ' i
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dimpasidye dl@apthaimetsdingramagy 19pmudhragytlid oneskigntie KR I4PMm in
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o e e A s otk ol Slp e SHACRAIREE P e
fingpoprexaraplenadijdedhts &Jéasf,téff@tageqw_m@mgqndA@%appé@a‘oh éxaifplome
forf %%@9%1"[9%1{1‘ PRS- RCAMGLRYARG 1HAA0 6 RALHAGERMN AR LG Leas
(which has half of the’scanning area dedicated to scanning magnetic
are@ﬂmw@deaﬁdfmldm@hgmﬁd@dtbatm étra_mrmg ma@l_fr@tiwords to prevent
suHéH&&E‘ﬁ?ti%QAmT - RN e@l}d&@éq};yﬁgyoﬂag E%‘E WQ‘M It@e %gt reading
“where one half of the magnetic fingerprint region 112 is scanned and the
origittagionalbefitrdispneal agket dhegmatcburh alagrivivmtie daxdokadenides a
higﬁaﬁgﬁhﬁ)@éﬁé’éjﬁl %@d%'ﬁhqg(_thamatrix qople as shown, scanning only half of
the area may not necessarily be sufficient to interpret the number (or
datamatrix information). Therefore it may not be possible to interpret as

[0013BFUIAE]Y A" SAUTPACNS P URBLNIR RLLL WiinGa i ¢/ S SR BGon

elements 162, 166, 172 shown in FIGs. 5 to 7. However this format is

11 7he{artpesb 36V appreing) i v cabasimeit eddbeidnyeign pEhgepthaseihace of
the A4GAMEHLMAKING WithwrRichie rafereree dhsRRsiqrsRf (bepiadPefiensure

features, since not all of the datamatrix need necessarily be imaged in

goqskgenterha iiBdhceflecivdprashn Blignsiertféamureadimeonensntid 4aglis this
cas@HiRNGSE M thaldbg datamalix rrReerRNIOS RRENRC IRty 8 IRVRE item

read are arranged adjacent to each other and the reading element can be

of ¥yadZUEHIh 40 th& gl phétchsptrobl supstsf B e st BY rfasieRel 12
of Magietp oAt e White dhe ARHGaHY BBDSIP AR HRRERINOHONRISIA FIG. 40A.

It tlslg fIieczzligirlllEgpe‘rjllgtrnoefntth?lglaitsag?)ﬁgéecg gv?tltlhglg tllglge?g@ surface, it does not contact
with the entire label 260 surface but instead gaps exist between the reading element
114 and the label 260 surface. Since magnetic fields of small particles decay rapidly
with distance, such gaps can reduce the accuracy of the fingerprint reading. FIG. 40B
shows one method of dealing with the issue. Here the scanning device is equipped to
“rock” the reading element 114 during reading of the fingerprint region 112. On the
left side of FIG. 40B the reading element 114 is shown in its position of being tilted to
the left and on the right side of FIG. 40B it is shown as it is rocked across to the right.
Here the fingerprint reading is affected by continuously capturing the magneto-optical
signal during the rocking process. For example if a CMOS imaging chip (such as

described in relation to FIGS. 4 to 7) is used to capture an image then it may

continuously capture during the rocking motion to form one final image. An analogy to



reading elements shown in Figs. 5 to 7 and with reference to Fig. 43 are

able to simultaneously decipher the optical datamatrix and read the

magnetic features, while also being able to use the optical (datamatrix or

other) features as alignment markings for positioning and matching the

. IC signatures wi reference si ure. 100 43
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mon lens system 146, a beam splitter 144 and a si ght source
clemaot I Aduititabetd Orsgfretois peighlosastranenBdudogs notastves, thierwise
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opening 170 adjacent to the magneto-optical substrate. Therefore the
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complementary metal-oxide-semiconductor (CMOS) or charge-coupled
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suctngsIORAgR 33 R oRticaldnfounation anddheRetionohalfas.magnetic
information (converted into an optical format by the magneto-optical
substrate 138) as shown in FIG. 42E. 1001991 Note that it may be
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rom the same area of the tag 102 at the same time because it allows a
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correlation between the magnetic and optical features for matching since
confgenpigtidafl atanates mensgdesethadag réflrdiae cafGinEatRE Y FRavatchHivrjesk (not
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therefore it shall be more accurate. 1002001 A method of modifying the
417¢ seimgreem entrassriowntisrF reslingsteraskt FIG043 sersiéhenagiag clement
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magnetic and optical information from the same place (for example on top

4175 €bR beomat e orsnangrd Hrésrsignaseiowiossn 002 eprid éhhe shape
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158 may be patterned. The second coating layer 158 (and if necessary

corfretlrayigh Aty thyeths s Patrdre desdarets Soasenayicrsion tHe use the
readHifass REthe magpelQ-optigabayhst atgdl38 fradeflestive anthithile opening

adjacent areas form opticall trans%arent openings within the

70 dyrenyepiibariasigsiratt 191 raputinByi 0tdh Vresvdsprctagd1behidy which
actSRAWNIWIha S apticalidB4 @ndin aghetie A2biRal eRAHECIalY Once that is

superposed. The tag 102 is to be read with a reading element that has a

suckesdfHeio ptRisted igrhtitamd thiséenretsed g saydd 156 BRERsineptical

rea8REOBRERATIRYIBYRILDEINGL A PRHRIN QI Tl a%eHR) Aris:s W6 FHGFIG.
44B shows a configuration of an imaging area of the tag taken using the

41GeadiRgCeBimBIE R FREf B ME HRRE s AR optRAIS 3y the

surfkd Qf Tihermpagnaie- oplicah shbeisalg 384, partitioned into small square
regions some of which are dedicated to optical imaging 5220 and the
others 5230 are dedicated to imaging the magnetic features. The

[00 1R AETs43 2@ angi sisalBAdRUAOU SIUAKESALS forandgrd inafoFeéing
acrgss the area of the magneto-optical substrate 138. FIG. 44C shows

magRAigikhP A5 thiB IS A BN S ARSJEMERENTDR 198 tHf uERIgseVith these
respeaNRG QlEMenieahn b2 FlGe, 44A, hhanuiing ahthepmagnetenapticalon the
substrate 138 is shown as a thin line in Fig. 44 C 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. 44C the magnetic portions 5230 of

the magneto-optical substrate are just shown as being pure white
reainne) The eame imane cantiired by the ontical detector (\which can he



68 optical substrate 138 with respect to the CMOS imaging chip is fixed.

So it is simple to calibrate which portions of the image relate to magnetic

features 4220 in the tag 102 and which relate to the tag 102's optical

information 184. Note that by choo ng the magnetic 5230 or optical 5220

h net ti corre ly, it is RO e
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bels@mpled and that is sufficient to tell whether that particular datamatrix

element is black or white (unless there is substantial damage to the

datamatrix). This configuration provides a simple way to achieve
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tag 102 and provides ample information to decipher the datamatrix code
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less areafor sampling the magnetic features 4 20 Therefore the system
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sampling sufficient magnetic features 4220 to allow accurate and reliable
shordtbpierpsislenasiio Sranaerpkaaddpticamnfirediatarcagesis, in parts,

blocked by the magnetic imaging regions 5230. Therefore the optical

features 184 of the tag 102 are chosen such that they can be easily
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the optical markings of the ta . Note that in this method the Tirst
seepdrtinghayer Yoo srfthe Fﬁ&dé}%to -optical substrate 138 and/or the second

coating layer 158 of the magneto-optical substrate 138 and/or protective

layer 160 me%/ be patterned to allow optimal optical maglng to occur in the
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accomplished by a varlet)( of standard lithographic techniques such as
covgsilkyd pRbINGSaptifel jatsmmtignes feerthiqe (B xgnpiis)fpatures 4220
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least partially transparent if the optically transparent opening is in the
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properties of the magneto-optical substrate 138 and the optical set-up of the respective
reading elements 162, 166, 172 as shown previously in FIGs. 5 to 7. Furthermore the
“color” or intensity of the light detected as a result of the magnetic features 4220 is
also dependent on the magnetic field in the region of the layers 156, 158 and 160 due

to the magnetic features 4220. For example a north field may result in an intense (light)



1002021 There are many ways to use the reading elements described
above to normalize the magnetic information on a tag 102 based on the
optical information on the tag By this we mean that the optical information

printed on the tag 102 can be used6go accurately position the magnetic

areLe }ﬁfg 2 ‘é"dﬁ%%‘%?ﬁ& %&% reiE iﬁlegeﬁgﬁg ?orrglggéqgtglgé[%ﬁré%(%%o 2T engtren%h of
method may be described below using a datamatrix marking as the optical
therofegonte. 10020810REGthEA fehions arilbptitainopeviboy ftensity td2thhakight.
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there is a magnetic fingerprint region 112 including magnetic features
light2dor1 00 ROais FYGnas5 B stioideadi zasheiensranid ihefraaléayoimy diermeatied 3ight
intdHE} o?"@&{&%é{%ﬁﬂe@cﬁ%gg%%ﬁl?‘Pe%?e”@%.‘_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
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the tag 102 to be stored in a database. This reading element 173 has
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he majority of the scan area is dedicated to scanning magnetic data
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tag 102 that is being produced, an imagé such as that shown in F
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positidiad i%QﬁﬁQPén'ts(%PE%gd{]fFé Jaiakasra iR 6ee RAL@R Of the fiducial
markings 4710 are 70 visible through the peripheral optical viewing area,
while the majority of the image shows the magnetic features 4220 of the

(00168 182 Assudtingihpidhg fidugighmarkings 40 ppd dhe-datamattindd4 66

are printed in the same printing step and are therefore aligned accurately
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shown in FIG. 45D can be used to accurately map the position of eac

resyiaghatiecihRirdh2 Emdiitheespartibn & pBshibrrofome blficli the magnetic
ﬁngg}fmmgitﬁﬁtprﬁsl%dflgaea&ﬁia%ﬁée&ﬁaitiﬁﬂpﬁmcﬁ [BAIMANGS 184 is

0 and datamatrix features 184 are not accurate or reliable with respect

yil
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orientation of each magnetic feature 4220 with resgect to the datamatrix

(or daftumat izgnfoupasianat ThstsfatrdbbrbBRiRmRPHID e feririe@ishagaccurately
as GRUDSRBFRLAlITIMTIRS: dRAy I ARRRPAVE isaus L athashof 66, 172

achievi@ this. Other methods include stitching separate images together -

shoyahdpalil st deparatbomegiediisafosnatidp aersadihissonrayragioms, if the
datBibihis d8 ook HHEHY BeeseSaLYan M0RRIF sk ARAWRAR M dHUstFeReR tbakhe

a datamatrix code is actually well-suited to act as both the second set of
posigionsmiatisraghstissarss sipsferohdd GbibsidramataX seedigirsesarily be
imdpeikin @} &gainPewhich direciagpelcaaignaharnodrMmatched fgairstiiReag is

reference magnetic signal because the datamatrix is based on a regular

S >
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this case the code 4920 represents the 16 digit number

magpSOIeREYHPSUBES" eNSTa8C [SAWRH Ripdip IR tRYRF pihtidfnthe
optft211§ amfakentdRang tiedatlanaitierdardt R2aehayimatiiGAHBBhéh the
can be easily seen from FIG. 46C that the datamatrix code 4920 is simply
a grid pattern where certain of the elements have been filled in black and
others are left white. This means that such a datamatrix code 4920 can be
used as a grid pattern for mapping the magnetic features. This example is
chosen as it is very simple to understand however, it will be clear to

anyone skilled in the art that a wide variety of optical markings can serve
ac refarence markinae with which to man the mannetic featiiree Roth



71 using the methodologies described for one dimensional interpolation
and extrapolation mappings in international patent application WO
2007/133163 Al. 1002061 FIG. 47A shows an optical top view of a tag 102
such as the one that was shown dyring its manufacture in FIGs. 45A to
reaﬁ@%ﬁe‘%%%&ges %Oﬁlf?%p s %odﬁ'gﬁj& %\L}ﬁﬂ Ii@%rgﬁ%ef '%1 Cf?#.nl?fkipeg%ble to
that were shown in FIG."45A are no longer present and’the only
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the tag 102 as described in relation to FIGs. 48BA to 4 ccurr
for poshithman @it enmelgingtibfoatenet 4si 20awiterd nvitle tha a¢ ferg e i@hdwa. in
FIG. 47B) have been scanned during the reference reading. The

reference signature is derived from this reference reading of the tag.
[001D802B¥G. A shorB showss-estmpgnativ tobaviesdioithiswanid édgn accordance
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area of the tag 102. There are numerous magnetic particles 42

botthesgaghetid dmepsipriandeyioee] ifandicrreas teh siag e patticteearading
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the datamatrix code 4920 superposes on the magnetic particles 4220
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171 of the image taken by a CMOS (or other optical detection unit) o '
sougsadife dierdshtien.bhieiseatietreniadal Hdrae bisticarsdam spavar4dscegire
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_perimeter of the optical scan area 4930 and the outér perimeter of the
ad] peefrfetib e degeaeta vl b sHarke fh¢reidregthesentifal dategirstitocirnble to

cap%?@tﬁgz%ga%}fk@o%ﬁt%tli%@8@30@1@%&%&&?&%@%@%}%@?@9& example,

reading element with the format shown in FIG. 43A and 3B, for
the é)i&?ﬁ@ﬁél‘{&@wpﬂ $arsing groiea e sE-thdderagmatondptitasl (CMOS) or

chai%%%g folp RIARRJ CeTHRIMAYI r&ﬁB?%é%ﬁ%é 6Ading RIRMARY have the top

2091 FIG. 47D shows an image of the tag 102 when the reading '
halg|efnéit ignsesititin Sy e ATTAMR omiprangiipn omdhBinbiptons shally msmapagnetic

infé%%ﬁgﬁ?J&ﬁ@ﬂgdqm%Uﬁtﬁgﬁéﬂrﬁﬁ% heth Rl RETICRR#42A33) as

and datamatrix code 4920 from the tag 102
shown in FIG. 42E.

[00199] Note that it may be advantageous to be able to scan both optical and magnetic
information from the same area of the tag 102 at the same time because it allows a
smaller tag 102 to be used while still being read simultaneously by the reading
element. Further it may potentially allow for more accurate correlation between the
magnetic and optical features for matching since the optical features being used as a
reference for fingerprint matching of the magnetic features is physically closer to the

magnetic feature and therefore it shall be more accurate.

[00200] A method of modifying the reading element as shown in FIGs. 4 to 7 and
FIG. 43 such that the respective reading element 134, 162, 166, 172, 167 allows for
reading magnetic and optical information from the same place (for example on top of

each other) at the same time are shown below.



72 simultaneously. Again, the outer perimeter of the optical scan area

4930 and the outer perimeter of the magnetic scan area 4940 are marked.

As in FIG. 47B, the grid pattern 4910 from the datamatrix code 4920 is

artificially superposed on the magngtic features 4220 within the magnetic

scan area 4940. By superposing the grid pattern 4910 artificially, one can

demonstrate graphically how the position of the magnetic features 4220
[0020d4gbddnethisredidingt ofth & s g d0ih g daybe | O6r reldiedtiwitiethedpwsitiog lefer
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reading of t e tag 102 is shown in FIG. 48. Heret e read ntis
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4910 from the datamatrix code 4920 is artificially superposed on
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position of the' magnetic Teatures 4220 imaged in this reading of the tag
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how the signature derived from this reading can be compared with the
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even for very poorly aligned readings, that using the alignment marks the

subsyraterh’ié dlfe-idd4cehparelvhapivn esHiGrFing frigraterastireean of the
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further that the magnetic features 4220 being scanned in this readin are
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scanned in the reference reading (described in relation to FIG. 45A
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portions 5230 of the magneto-optical substrate are just shown as being pure white
regions). The same image captured by the optical detector (which can be a CMOS
sensor) also contains the magnetic features 4220 that correspond to the magnetic
imaging squares 5230 of the magneto-optical substrate 138. The portion of the image is
shown in FIG. 44D. The optical portion of the image is just left as pure white and only
the portion of the image pertaining to the magnetic information is shown (again 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). Note that the actual image taken by the CMOS imaging chip is the sum
of the two images shown in FIG. 44C and FIG. 44D. However the portions of the
images are split to emphasize that the data obtained from the portions of the image can

be treated separately. This is easy to do since the relative position of the magneto-



a) that enough optical information is scanned to accurately determine the
alignment markings such that the position of the magnetic features 4220
in the scan can be accurately mapped, and b) sufficient amounts of the
magnetic features 4220 being scanned in the reading were scanned in the
f i f t S fficient. rate. matehi
op e e A A S o
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versus the reference reading, it should be noted that the optical features
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eac@ﬁ&%ﬁﬁé&zgéﬁlmtﬂ r&ﬁ%mﬁaﬁﬁqlﬁlsﬁ%ﬂ%ﬁpmqglﬁ%@lpem@rytﬁﬁ particular

needed for very accurate mapping. An example of this two step mapping
datpgnesitaiplethbierds apleskherpasitionitglesndreralisatvpsisndichedasingetite the

datﬁﬂgﬁ‘&zpﬁﬁ@@&mgﬁga?t%nuﬁ?&ﬂﬁgggﬂqp%%% Q@hﬁ’&%esiﬁﬂﬁ{&%%s reading

magnetic features 4220 are used to achieve a more accurate positioning

of fhithmagpeles 2 andrentretbrirtdosigresurt bistaisetORomd pedeidercemple
inf5ﬁﬂgm)91, ?3 me%@je?tfﬂg%%ﬁg&ggdg Qfﬁl %@E‘u?ﬁe(w %BBfl{é%giﬁon of at least

correlation of the match obtained from the optical positioning step,
songgerelRanaigachistsipBchTEge Biithecaraghieideciipabmakmead deon the tag
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each step the data e correlated again to obtain the best match. This

songi|parién aédhedatpositioniiiglbf thdhpsgprtitctentisrd slapaifirseegpetdual
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each direction must be set in order to prevent the data to be moved to
optigat i BEneeh A Rep Seshcuirhtionawitst the aptfehingrkitgssigpd derdved
fromayrGavseIPGALRATJRIRE PRSIING MAIChRImdshetic features). Obviously this
method may provide less area for sampling the magnetic features 4220. Therefore the
system is designed so that the tags 102 contain sufficiently dense packing of magnetic
features 4220. A user will thus have a very good possibility of sampling sufficient
magnetic features 4220 to allow accurate and reliable matching to occur. Similarly the
optical information 184 is, in parts, blocked by the magnetic imaging regions 5230.
Therefore the optical features 184 of the tag 102 are chosen such that they can be easily
deciphered and the image has sufficient optical feature 184 sampling to ensure accurate
mapping of the magnetic features 4220 with respect to the optical markings of the tag
102. Note that in this method the first coating layer 156 of the magneto-optical
substrate 138 and/or the second coating layer 158 of the magneto-optical substrate 138
and/or protective layer 160 may be patterned to allow optimal optical imaging to occur
in the optical imaging regions. These regions shall not be so small that diffraction
causes reading problems. Patterning of these regions can be accomplished by a

variety of standard lithographic techniques such as using a photolithographic patterning



elements, for example a magneto-optical substrate 138, a light source

140, a first polarizer 142 and a second polarizer 148, a beam splitter 144

and an optical detector 150. The lens system 146 which, in FIG. 4 for

example are shown as just one eleent are now shown as a plurality of

\Yi r.c lens.ele 1.1, 511 . Th )
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lay¢pcosasathbepajigted and the housing 5130 (and its associated
components) can be set to the optimal position such that the image focus

is sharp. 1002131 As in a standard optical arrangement, the pinhole 5140
[00292dwEhere depthmsitield apsbéocanerolhed réadingsralgmgitihofes1ibedyibove to
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pinhole will cut off more light and therefore the image may not be as
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or example the configuration shown in FIG. 44A and FIG. 44B). An
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mamfﬁ’é‘gg‘tﬂéeo g sAliite.144. The optical absorber 5150 may be made
from any optically absorbing material, for example black felt. In general

the inner walls of the protective tube 5120 and housing 5130 may be
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least a portion of that light is reflected back towards the beam splitter and
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path 5172). Light may not only fravel in the central path shown in FIG.
feaiyes 4248). 49C shows how light being reflected from different areas of the
magneto-optical substrate 138 may travel through the reading element

134 and be collected at the optical detector 150. The desiqgn of the optical
[002d e EMertSGosBBAIR S4HEY WiRiyelia iaiRAGIFMRNtHE fitvPaehraanbgiused

to TORNHOHRRINGRRINRTY 49 Slabgrais.fitherembasieontigakidaging?. On the
concepts here. This is merely one practical design for the reading element

progyfigifatfonlarirairgastac dediEe aliar b e xadiBle KaiesaRcab 173
canB IN6HAR WOLRRIARZ GEFeRALCHBRIMYIVERIROROT IDSIUAB RPEAM reference
sigl?eiljtlllltrtee rgfatrltlaef?e?gSIPOI% to be stored in a database. This reading element 173 has a
larger magneto-optical 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 (scan area 4730) while just a peripheral
area 4720 is dedicated scanning optical information. When this reading element 173 is
placed on top of the tag 102 that is being produced, an image such as that shown in

FIG. 45D 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 markings 4710 are



76 CLAIMS What is claimed is: 1. A reading device for identifying a tag or
an object adapted to be identified, said reading device comprising: a
first reading element for reading a first set of identification features located
in the tag or the object adapted to he identified, wherein the first reading

Vis%lﬁngﬁ%h@atﬁ@%?éﬁég)ﬁtigftliégﬁgiggli%!geq]rgg,t;v%ﬂ?e the majority of the image
shows the magnetic features 4220 of the tag 102. Assuming that the fiducial markings
4710 and the datamatrix 184 are printed in the same printing step and are therefore
aligned accurately with respect to each other (i.e. that one can reliably deduce the
position and of the optical features that comprise the datamatrix 184), the image shown
in FIG. 45D can be used to accurately map the position of each magnetic feature 4220
with respect to the position of the optical datamatrix features 184. If the relative
position of the fiducial markings 4710 and datamatrix features 184 are not accurate or
reliable with respect to each other, a high resolution optical camera can be used to
measure the relative distances and this can be used to map the position and orientation
of each magnetic feature 4220 with respect to the datamatrix features 184. Note that
the method of obtaining the reference image described in relation to FIGs. 45A to 45D
above is just one method of achieving this. Other methods include stitching separate
images together — generally these separate images may overlap at least in some

regions, but this is not strictly necessary.

[00205] FIGs. 46A to 46C illustrates that a datamatrix code is actually well-suited to
act as both the second set of identification features and as a reference optical marking
(or alignment marking) against which the magnetic signal can be matched against the
reference magnetic signal because the datamatrix is based on a regular grid format.
FIG. 46A shows a 14 x 14 element grid pattern 4910. FIG. 46B shows a standard 14 x
14 element ECC 200 datamatrix code 4920. In this case the code 4920 represents the
16 digit number “1234567890123456”. FIG. 46C shows a superposition of the grid
pattern 4910 from FIG. 46A and the datamatrix code 4920 shown in FIG. 46B. It can
be easily seen from FIG. 46C that the datamatrix code 4920 is simply a grid pattern
where certain of the elements have been filled in black and others are left white. This
means that such a datamatrix code 4920 can be used as a grid pattern for mapping the
magnetic features. This example is chosen as it is very simple to understand however,
it will be clear to anyone skilled in the art that a wide variety of optical markings can
serve as reference markings with which 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. This two

dimensional interpolation or extrapolation mapping can, for example, be carried out



a second reading element for reading a second set of identification
features located in the tag or the object adapted to be identified:;

wherein the reading device is configured such that a first signal generated
from reading the flrst set of |dent|f§qt|on features and a second signal
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magnetic features 4220 within the final tag 102 (shown in FIG. 47B) have been

scanned during the reference reading. The reference signature is derived from this

reference reading of the tag.

[00207] FIG. 47B shows the magnetic top view of the same tag 102. The magnetic
fingerprint region 112 is shown to cover essentially the entire area of the tag 102.
There are numerous magnetic particles 4220 within the magnetic fingerprint region
112 and one such magnetic particle 4220 is marked. FIG. 47B also shows artificially
how the grid pattern 4910 from the datamatrix code 4920 superposes on the magnetic
particles 4220 allowing their position to be accurately mapped with respect to the
optical datamatrix code 4920.

[00208] FIG. 47C shows a configuration layout 171 of the image taken by a CMOS
(or other optical detection unit) of a reading element to be used in the field. Here the
optical scan area 4930 is substantially bigger than the magnetic scan area 4940. The
outer perimeter of the optical scan area 4930 and the outer perimeter of the magnetic
scan area 4940 are marked. Having a smaller magnetic scan area 4940 than the optical
scan area 4930 can be achieved using a reading element with the format shown in
FIG. 43A and FIG. 43B, for example (except that in the case shown here the magneto-

optical substrate is placed centrally with respect to the reading element).

[00209] FIG. 47D shows an image of the tag 102 when the reading element is
positioned centrally on the tag 102 shown in FIGs. 47A and 47B. The reading element
is able to scan both magnetic particles 4220 and datamatrix code 4920 from the tag 102



6. The reading device of claim 5, wherein the first coating layer is a
magneto-optic film or a plurality of magneto-optic films. 77 7. The reading
device of claims 5 or 6, wherein the second coating layer is a reflective
film. 8. The reading device of any 07f claims 5 to 7, wherein the
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4220 within the magnetic scan area 4940. By superposing the grid pattern 4910
artificially, one can demonstrate graphically how the position of the magnetic features
4220 imaged in this reading of the tag 102 can be correlated with the position of the
magnetic features 4220 from the reference reading of the tag 102, i.e. how the
signature derived from this reading can be compared with the reference signature (the
reference reading was described in relation to FIGs. 45A to 45D) that has been stored

in a database.

[00210] A further reading of the tag 102 is shown in FIG. 48. Here the reading
element is poorly aligned with respect to the reference reading of tag 102 as described
in relation to Fig. 45. The reading element is not centered and it is rotated with respect
to the reference reading of the tag 102. Again, the outer perimeter of the optical scan
area 4930 and the outer perimeter of the magnetic scan area 4940 are marked. As in
FIG. 47D, the grid pattern 4910 from the datamatrix code 4920 is artificially
superposed on the magnetic features 4220 within the magnetic scan area. By
superposing the grid pattern 4910 artificially, one can demonstrate graphically how the
position of the magnetic features 4220 imaged in this reading of the tag 102 can be
correlated with the orientation and relative position of the reference signature derived
from the reference reading of the tag 102, i.e. how the signature derived from this
reading can be compared with the reference signature (the reference reading was
described in relation to FIG. 45A to 45D) that has been stored in a database. This
shows that even for very poorly aligned readings, that using the alignment marks the
system 1is able to accurately map the position of the magnetic features 4220 that are
being read with respect to the reference reading. Note further that the magnetic features
4220 being scanned in this reading are different from the ones being scanned in the
reading shown in FIG. 47D, but in both cases the magnetic features 4220 being
scanned were scanned in the reference reading (described in relation to FIG. 45A to
45D) where a much larger magnetic scan area was employed. Therefore the reading in

the field can be sufficient for matching provided:



10. The reading device of claim 3, wherein the magneto-optical substrate
comprises at least one opening for a direct optical reading of identification
features and/or alignment marks on the tag or the object adapted to be
identified. 11. The reading device 3{ Lany of claims 1 to 10, Whereln the
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number of magnetic particles 4220 present in the scan area and “sufficiently

accurate” can be a threshold of statistical confidence in the matching result. It is
clear to the person skilled in the art that instead of a single reference signature, a

plurality of reference signatures may be used.

[00211] Regarding the mapping of the magnetic features 4220 from the reading in the
field versus the reference reading, it should be noted that the optical features 4920 can
be used as a first step to map the position of the magnetic features 4220 in both
readings and a second mapping step may be needed for very accurate mapping. An
example of this two step mapping is explained here: after the positioning or
normalization is done using the optical information 4920, then a second step can be
done where the magnetic features 4220 are used to achieve a more accurate positioning
with respect to the stored reference signature obtained from a reference reading of the
identification tag 102. This can be done by doing a correlation of the match obtained
from the optical positioning step, thereafter the obtained image of the magnetic
features 4220 can be stepped left, right, up and down within a certain tolerance range
and after each step the data can be correlated again to obtain the best match. This will
allow accurate positioning of the magnetic features 4220 with respect to the reference
signature; however a limit to the amount of movement in each direction must be set in
order to prevent the data to be moved to such an extent that it loses correlation with the

optical markings 4920 and may cause incorrect false positive matching.

[00212] FIG. 49A to 49C shows a cross-sectional view of a reading element 134. In
FIG. 49A, the reading element 134 may include a plurality of components or optical



78 16. The reading device of claim 15, 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. 17. The reading
device of any of claims 12 to 14, wherein the engagement element is
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the engage ent element has In cross-section a circu ora
are gulygonaltrass-photibimlodhegpeex or concave lens elements 5111, 5112, 5113,

5114 and 5115. The components are housed within a protective tube 5120. Two lens
elements 5113 and 5114 together with a pinhole 5140 are arranged within a housing
5130 which is movable with respect to the other components (which are all fixed with
respect to the protective tube 5120). This moveable housing 5130 allows the focus to
be adjusted such that any imperfections due to assembly or components do not cause
the image to be poorly focused. This means that during the final assembly steps, the
focus can be adjusted and the housing 5130 (and its associated components) can be set

to the optimal position such that the image focus is sharp.

[00213] As in a standard optical arrangement, the pinhole 5140 allows the depth of
field to be controlled, i.e. a small pinhole 5140 will result in a larger depth of field than
a big pinhole 5140. However a small pinhole will cut off more light and therefore the
image may not be as bright. Having a larger depth of field can be important in designs
where both optical and magnetic information is being imaged at the same time (for
example the configuration shown in FIG. 44A and FIG. 44B). An optical absorber
5150 is shown. This is to absorb stray light that may pass through the beamsplitter
144. The optical absorber 5150 may be made from any optically absorbing material,
for example black felt. In general the inner walls of the protective tube 5120 and

housing 5130 may be made to be black to absorb stray light.

[00214] FIG. 49B shows a light path 5170 traveling from the center of the light source
140 traveling to the center of the beam splitter 144. At least a portion of the light is
reflected towards the magneto-optical substrate 138 (light path 5171), thereafter at least
a portion of that light is reflected back towards the beam splitter and at least a portion
of the light that reaches the beam splitter 144 passes through the beam splitter 144 and
travels to the optical detector 150 (light path 5172). Light may not only travel in the
central path shown in FIG. 49B. FIG. 49C shows how light being reflected from
different areas of the magneto-optical substrate 138 may travel through the reading

element 134 and be collected at the optical detector 150. The design of the optical



20. The reading device of any of claims 1 to 19, wherein at least the first
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. 21. The
reading device of claim 20, Wherelgfhe first readlng element comprlses a
nformat lement. f ti he i 1 I
e e b e o ey Eourl ey ot be
ne@m@w@imoramfauh@nmrbesua@pwﬂjmmﬂgecmmme@z.Thtsels merely
ond *BHIGCAPVIER BHCIAIP! fls WOISID (RFe RNTOARAN GHRMCRAGOMRHF®S ther
ast one member selected fronTthe group cons tmg a spring,
conefmmgeorss itﬁ@ml@ﬁasyptemommydr@hhdcsymémmcm Aphevtaarersystahnthers
wh?cﬁ doh?o{‘?fi‘a |§1% géﬁ %I a%él‘t% whereln the conformation
ementis a apte to push at eastt eflrst reading element against an
area to be read during reading. 79



24. The reading device of any of claim 21 to 23, wherein the conformation
element is adapted to protect the surface of the first reading element from
being damaged if the reading device is dropped or is brought against a
hard surface. 25. The reading device of any of claims 21 to 24, wherein

Cﬁ%e{(ﬁ?formation element is designed to allow the first reading element to
sink below the level of the engagement element if the first reading element

Wikapisstiaan@bisThe reading device of any of claims 21 to 25, wherein the
first reading element is housed below the level of the engagement

elemen WhEANRLIRYSERHEMED RYRAR NN the R &Y QDIBCEERRE said

read, the engagement element is positioned such as to push the first
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tag or an object adapted to be identified, the method comprising:

gehtseireariae Slsmant6on wadingretecophiesl padent et ondeddres

lo@%%?i;ﬂﬁgié%g‘%@%@%h%@&%@ﬂféd% tRARntggbject adapted to be
identified,
wherein the reading device is configured such that a first signal generated from

reading the first set of identification features and a second signal generated from
reading the second set of identification features are independently used to derive a

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

2. The reading device of claim 1, wherein light used for the magneto-optic reading

is internally reflected inside the magneto-optical reading element.

3. The reading device of claim 1, wherein the magneto-optical reading element
comprises at least one optical processing unit and at least one magneto-optical

substrate.

4. The reading device of claim 3, wherein the at least one optical processing unit
comprises a plurality of components, the components include: at least one

optical detector, at least one lens, at least one polarizer, at least one light source.

5. The reading device of claim 3, wherein the magneto-optical substrate comprises
a layer arrangement, the layer arrangement includes: an optically transparent

substrate, a first coating layer and a second coating layer.

6. The reading device of claim 5, wherein the first coating layer is a magneto-optic

film or a plurality of magneto-optic films.



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 signal generated from reading the first set of identification features
and the second S|gnal generated f g)_;h reading the second set of
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first set of identification features and the second signal generated from

reading the second set of identification features are generated at the
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9. The reading device of any of claims 4 to 8, wherein at least some of the
components in the optical processing unit and the magneto-optical substrate

have a fixed spatial relationship with respect to each other.

10. The reading device of claim 3, wherein the magneto-optical substrate comprises
at least one opening for a direct optical reading of identification features and/or

alignment marks on the tag or the object adapted to be identified.

11. The reading device of any of claims 1 to 10, wherein the second reading element
is selected from the group consisting of a barcode scanner, a radio frequency
identification tag reader, a character recognition reader, an optical image
capturing system, a gaussmeter, a magnetometer, a fluorescence meter, a

residumeter and a transponder.

12. The reading device of any of claims 3 to 12, wherein the first reading element
comprises an engagement element for positioning the magneto-optical substrate

over an area of the first set of identification features.

13. The reading device of claim 12, wherein the engagement element substantially

surrounds the magneto-optical substrate.

14. The reading device of claim 12 or 13, wherein the engagement element is
essentially complementary in shape to an engagement track in the tag or object

thereby forming an interlocking means.

15. The reading device of any of claim 12 to 14, wherein the engagement element is

formed as a cavity or recess.



31. The method of claim 30, further comprising comparing the first position
with the second position before deriving a first signature thereby using the
second set of identification features as an alignment mark for identifying
the tag or the object. 32. The methggd of any of claims 28 to 31, wherein
the first set of identification features comprises a disordered arrangement
of magnetic or magnetisable particles. 33. The method of claim 32,
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wherein the high coercivity material is a Neodinium Iron Boron alloy. 36.
The method of claim 32, wherein the magnetic particles comprises a
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material (including voids causing variable magnetic properties) and
combinations thereof

18. The reading device of claim 17, 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.

19. The reading device of any of claims 12 to 18, wherein the engagement element

has in cross-section a circular shape or a polygonal cross-sectional shape.

20. The reading device of any of claims 1 to 19, wherein at least the first 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.

21. The reading device of claim 20, wherein the first reading element comprises a
conformation element facilitating at least the first reading element to conform to
the tag or object to be identified when the first reading element is brought into

contact with the tag or object to be identified.

22. The reading device of claim 21, wherein the conformation element comprises at
least one member selected from the group consisting of a spring, a sponge, a

suction system, a hydraulic system, and a pneumatic system.

23. The reading device of claim 21 or 22, wherein the conformation element is
adapted to push at least the first reading element against an area to be read

during reading.



37. The reading device of claim 36, wherein the ferromagnetic material is
selected from the group consisting of MnBi, CrTe, Eu0, Cr02, MnAs, Fe,
Ni, Co, Gd, Dy, corresponding alloys and oxides of Fe, Ni, Co, Sm, Gd,
Dy, and combinations thereof 81 38. The method of any of claims 28 to
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marking is a barcode or a hologram.

25. The reading device of any of claims 21 to 24, wherein the conformation element

is designed to allow the first reading element to sink below the level of the

engagement element if the first reading element is pushed.

26. The reading device of any of claims 21 to 25, wherein the first 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 is positioned

such as to push the first reading element onto the surface of the area to be read.

27. The reading device of any of claims 21 to 26, wherein at least the first reading
element is distanced from the engagement element allowing the first reading
element to conform to the tag or object to be identified when brought into

contact with the tag or object to be identified.

28. 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 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 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 the object.

29. The method of claim 28, 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.



41. The method of any of claims 28 to 40, 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. 42. The method of any ogoclaims 28 to 41, wherein the first set
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idethifisgtond position before deriving a first signature thereby using the second set
of identification features as an alignment mark for identifying the tag or the

object.

32. The method of any of claims 28 to 31, wherein the first set of identification
features comprises a disordered arrangement of magnetic or magnetisable

particles.

33. The method of claim 32, wherein the disordered arrangement of magnetic or
magnetisable particles comprises a plurality of randomly distributed magnetic or

magnetisable particles.

34. The method of claim 33, wherein the magnetic particles comprises a high

coercivity material.

35. The method of claim 34, wherein the high coercivity material is a Neodinium

Iron Boron alloy.

36. The method of claim 32, 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.

37. The reading device of claim 36, 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.



45. The identification system of claim 44, wherein the first signal obtained
from the first reading element is normalized against a signal obtained from
the same first reading element in the absence of a substantial magnetic
field. 46. The identification system o f claim 45, wherein the normalization
is achieved by subtracting the S|gnai obtained from the first reading

element in the absence of a 82 substantial magnetic field from the signal
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reathavkisl 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.
39. The method of claim 38, wherein the chip is a radio frequency identification tag

or a contact-based chip.

40. The method of claim 38, wherein the optical marking is a barcode or a

hologram.

41. The method of any of claims 28 to 40, 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.

42. The method of any of claims 28 to 41, wherein the first set of identification

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

43. The method of any of claims 28 to 41, wherein the first set of identification

features and the second set of identification features are on different planes.

44. 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; and
a reading device as recited in any one of claims 1 to 27 for reading at least a first

set of identification features located in the tag or object adapted to be identified.

45. The identification system of claim 44, wherein the first signal obtained from the
first reading element is normalized against a signal obtained from the same first

reading element in the absence of a substantial magnetic field.

46. The identification system of claim 45, wherein the normalization is achieved by

subtracting the signal obtained from the first reading element in the absence of a



48. The identification system of any of claims 45 to 47, wherein the first
signal obtained from the first 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 opJy storing data (including the physical

positinning. of t ' ve.the predefi r . The
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reference signature. 52. The identi tem of any of claims 49 to
51,d#teerein the data storage medium for the pre-stored reference
signature is located in the tag which is attached to the object.

48. The identification system of any of claims 45 to 47, wherein the first signal
obtained from the first 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.

49. The identification system of any of claims 44 to 123, further comprising a data
storage medium in which a reference signature obtained from a reference

reading of the identification tag is stored.

50. The identification system of claim 49, wherein the data storage medium for the
pre-stored reference signature is a data storage medium remote with respect to

the reading device.

51. The identification system of any of claims 44 to 50, further comprising a data
processing device remote with respect to the reading device, wherein the data
processing device is adapted to perform the data processing in order to match

the read signature with the pre-stored reference signature.

52. The identification system of any of claims 49 to 51, wherein the data storage
medium for the pre-stored reference signature is located in the tag which is

attached to the object.



83 53. The identification system of any of claims 49 to 51, wherein the
data storage medium for the pre-stored reference signature is located in
the object. 54. The identification system of any of claims 49 to 53, wherein
the data storage medium is a magn tic strip, a memory chip, a media
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medium for the pre-stored reference signature is located in the object.

54. The identification system of any of claims 49 to 53, wherein the data storage
medium is a 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.



