A READING DEVICE FOR IDENTIFYING A TAG OR AN OBJECT
ADAPTED TO BE IDENTIFIED, RELATED METHODS AND SYSTEMS
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[0001] This apphcatlon 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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documents, commonly adopt a detection means which involves sliding the
maghfeeeptisdiereiiiete Pitoneaisting dinamasnaypelicisigionl. a detector is able

to é\é‘?‘éeﬁféﬁé‘ﬁf*é’dﬂ?ﬁgaﬁf‘eﬁﬁﬁ%itﬁé)ﬁﬁh’é@%@if%%d”&‘? eSO Wifrace. This

magnetic field signal to a‘fine level. This
system works well for DVDs due to their 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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Internally to the reading device itself. The reflective surface of the reading
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magneto-optical readers are detailed below. _ .
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



[0009] United States Patent Number 3,512,866 discloses a
magneto-optical hand viewer. The hand viewer is directed specifically to
an apparatus constructed to operate using magneto-optical principles for

providing a visual representation of4magnetic states in a magnetic medium
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making the same. The patent describes a magneto-optical readout head
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technologies for enhanced protection, for example, reading both magnetic
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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



[0013] 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 magnetic markings to be tested or read,
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eraL@qﬁ{a%é%i%ﬂachg%@(&Q from the magnetic transducer output signal is
combined with at least a signal derived from the optical transducer output
signal either at or prior to the recognition stage. 5 a magneto-optic sensor
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and then through at least one analyzer and into at least one camera.

Unijpsl Fiatser Biows thambser 3o/ Mohtor Wi riageish deamaghendopticsS,730
disSo0aPh FemERN %@éﬂaﬁ&"ﬁ%@f FAME A WG A BT RSHALIR QRIS dRifying

~ possibly a second camera so that when an image’is detected, the image
indfepnhitideadn ereonipdPfsriset s dayby s proetssorhe idipat i aatiehby

the IREFAHI MR he gymbol to an external source. The analyzer and
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sensor. A bias or erase coil located about the magneto-optic sensor can
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the structured pattern 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



[0017] 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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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
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together. One layer is for the recording of information and the other layer

dodgyaeeat maymeticcseditrive \wHiapkaapicher eikan derhde pepification purposes.
The patent discloses that a preferred method of making the structured
layer is to deposit magnetisable material to form the layer within the
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structured layer has been formed. The security document may be a credit
maglgFomaghaik MeHBR dtanagnateapapeprinting, 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.



[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 magnetlz g elements formed |IIustrat|ver of
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magnetic patterns are copied on the magnetic film of the slave magnetic
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magnetized substance on the garment part is detécted in a process of
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response to the detection of the stitching. [0024] United States Patent

Number 4,180,207 discloses a secure document is produced by securely
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layer of magnetisable material having apertures of letters, numbers and
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examination apparatus to cross-check that no alteration has been made.

A method of making a secure document and examination apparatus is

[0026do dHeseipane The suelpitydeantire iy iRita PasksticofiMggnEnEs, magnetic
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approach is disclosed in United States Patent Application 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



[0025] United States Patent Number 3,755,730 discloses a vehicle,
appliance or tool having a multiplicity of magnetisable identifying indicia
hidden by an opaque, protective layer such as paint. The indicia may be
read by the use of a magnetic readgr. [0026] In creating the preferred
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or printing using paste li se used in intaglio printing,
wherein the inks include specialty flakes such as thin film optically variable
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apparatus and related methods to align magnetic flakes in a carrier, such
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high-speed, linear printing operation. Images cah provide security features
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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 is stiggm@gf@f @)igqqﬂglgﬁw'ﬁqﬁyﬁ(em and method for

identifying tags or objects adapted to be identified which provides
(0039 ki che atigst amgodfvenifieathsriny entionyiiespdiesréaeisitifpiofignsifying a tag or

an iQ@QQ{ i%ﬂgﬁf%&st%ugécﬁgﬂﬁﬁ’gghfs 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 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



[0029] It is an objective of the present invention to provide such a reading
device, system, and method. This objective, and others, is solved by the
reading device, method and system as defined by the respective
independent claims. SUMMARY OFE THE INVENTION [0030] In a first
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identification features are independently used to derive a first signature
and a second signature for identifying the tag or object. [0031] In one
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ected inside the magneto-optical reading element. [0032] In a further
magpgisoeitiedt substraggmeto heptcalifsedimgiee redrtavhipriseh aeipegt ioneach
oth@ptical processing unit and at least one magneto-optical substrate. The at
least

[0034] 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 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.



one optical processing unit comprises a plurality of components, the
components 9 include: at least one optical detector, at least one lens, at
least one polarizer, at least one light source. The magneto-optical
substrate may include an optically rfnsparent (base) substrate, a first
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capturing system, a gaussmeter, a magnetometer, a fluorescence meter,
progeeedlupetescant] hierdinypesadarg 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.



[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 magneth-optical substrate. The engagement
ment is essenti ompl tary in sh n e t track in.
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object to be identified. The first reading element may comprise a
conformation element facilitating at least the first reading elementto
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arrdgadingelement 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
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reading elements are contemplated, particularly those where the
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as GORNGHIal@Msement, this layer arrangement and the components in the optical

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



11 [0038] In one embodiment, the reading device further comprises a
second reading element for reading a second set of identification features
located in the tag or the object adapted to be identified. The reading
device is configured such that a firsig%signal generated from reading the
irst set of identificatior: ures an C ignal f
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optical processing unit and at least one magneto-optical substrate. The at

least one optical processing unit may comprise a plurality of components,
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processing unit may also comprise at least one beam splitter. The
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second coating layer (for example, a reflective layer). The optically
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substrate may further comprise a protective layer. The magneto-optical

at lsaﬁsgmw_ciﬂﬁpiﬁém@tpréagt lﬂ?étcﬂm:lrnwrrlei@n@@mm@élafte@dﬂﬁ@bﬁut 200
midfiGRLficatien fRatires Inon AIgRMe éﬂ%ﬁéﬂéhﬁeﬁ%%%t%h%@%@tﬁﬂmed

to be identified. In this context, it is noted that each magneto-optical
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formed as a layer arrangement. [0040] In a further embodiment, the
The shgssaBsH iplemeyphitalpdesssisienit sHguHe hapheibaopabgonal cross-
seciBhsigig,bave 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
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arrangement and the components in the optical processing units can have

elemepidacdptaiageldaariship headinectiensat P aipiormato the tag or object to

be identified when the first reading element is brought into contact with the tag or
object to be identified. The conformation element comprises at least one spring, a
sponge, a suction system, a hydraulic system, a pneumatic system. The conformation
element pushes at least the first reading element against an area to be read during
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 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. 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



[0041] 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
capturing system, a gaussmeter, a magnetometer, a fluorescence meter,
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reading element comprises an engagement element for positioning t

contaagneiotbpticabsabpiate bvaleanfmda of the first set of identification
features. The engagement element substantially surrounds the
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shape. [0 | In a further embaodiment, the first reading element .
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reading element is brought into contact with the tag or object to be
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conformation element pushes at least the first re g element against an
as HIeEtd BePreldstiring 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
[004Shfdmadiyrle @ﬁk@@ﬁﬁ@eabgfgthednf@mi@w stk davieryfarddrantyéngiakag
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pushéd. The first reading element is housed below the level of the
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element onto the surface of the area to be read. At least the first reading
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_brought into contact with the tag or object to be identified.
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.



[0044] In a third 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 feature located in the fag or the object adapted to be

identified, wherein the first reading element is a magneto-optical reading

element, the magneto-optical reading element comprises at least one
[00&pkici processhgluminand dhéeastdine deagreetthoptivapsubist dte. thiheptical
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embodiment of the invention, a reading device for identifying a tag or an
object adapted to be identified is provided. Thus reading device includes a
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opening for a direct optical reading of optical features and/or alignment
unifnadyGnhattagt dmHedoisje & MEapedartorseGEdhatiad. [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
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device may include an optically transparent substrate, a first coating layer
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magneto-optical substrate may further include a protective layer (in line
magfighoreptigsbvebdistivbsure, the optically transparent substrate, the first
coating layer and the second coating layer can be provided as a layer

arrangement. 14
[0051] In another embodiment, the at least one opening that allows direct optical

reading of optical 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.



[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
[005éIn Joreditstbétrendptivakprodes sinthoshiinfdokg] garsfairtigen engbaldimoentthe
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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 marks™on the tag or the object adapted
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embodiment of the invention, a method of identifying a tag or an object
refeyanagdel tee lothpiemmbiedi neepro ofdad imateathod 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

[003Pe dagneesnbptiarsupse ansthaddofhdive Hifth grehadiaranfutirep ekl deatures

realble33i ARG APERING I0A A& nRticabigading olika4aniica! features on
the tag or the object adapted to be identified.

[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



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 be identified. The first set of identification features used in such a

method may include a disordered grrangement of magnetic or
realIRNRLFRR 'S PR IER IRCIain 0 e A AIBS RS 138 0 anarure

O]bj ct. The disordere arrangement of magnetic or magnetlsagle particles
for pdaptdompise tagoduiehijigcof randomly distributed magnetic or magnetisable

particles. The magnetic particles may comprise any high coercivity

material or any ferrimagnetic material, antiferromagnetic material,
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identification features relative to a reference reading used to obtain a
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information from both the magnetic features and opfical features are
Angpeanidel frbightisecseivieyimalga ahist dseagymraanbyagngprivartsee f¥d. Thand
B. 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

[00@’6?0'%99-flﬁﬁemsﬁb&ﬂﬂﬁféﬂé%eg%@ﬁ%ﬂ”ﬁlﬁﬁgﬁﬁﬁéﬂm’ésﬂgéﬂe?aun a second

magneto-optical reading of a first set of identification features located in

sigpak iginoicanipg tatheret ¥ 1€ ideifiedtion jeanereinha first segngd generated
frolHGREGGRIAN featres W[Hgﬁt?ﬁ%ﬁ%ﬁr%ﬁgegrﬁﬁﬁ%@‘@é@dﬁfdr@?z,ﬂﬂ?tgéﬁ’érated
ag or

magnetisable particles included in an identification layer of the
froppjerdinenideisseensheatqinideatilicatéon 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.



16 reading the first set of identification features as such is used to derive a
first signature for identifying the tag or object. [0059] In one embodiment
of this method, the disordered arrangement of magnetic or magnetisable
particles comprises a plurality of rapdomly distributed magnetic or
[00 jlgrigtés&l%}gnﬁlargl%lg di-rm:%trgf? gfpeeltﬁ%grﬂ{gﬁ,l%smrgﬁyolc{] gﬁggn?ifgin a.tag or an
efrimagnetic material, an antiferromagnetic’ material, a ferromagrietic
objesatedinited dorhairdsotifiedyingruigiadtid beopettied withides @entratimgsa first
- ial (i ' ids ' I} netic. pr i -
e T I BUAEI Y fogmed in
thettag grabe dyedisdapted MiRiidEnTidicEugEner@m\rseoRksiRnaCno G dedding a

secmﬁicgertr BIPRA &%QH&?X%@Q&Q@"%%&%& F}ﬁ’t‘ﬁé’ 8\% & g_b 2 Qﬁ'ﬂ)ted to be

combinations thereof. An exemplary nign coerci ty material Is a
idenebenwbetemeabadirsosrprisigenmdicddrand Badoas k| firatfegtidridentification

feafMROGIMERt LD SR %ﬁ@ﬁ&é@%‘?ﬁ&ﬁg@rﬁg%&oﬁ%%%?iﬂf%ﬂhﬁ%%on

reading a second setof identification feature rst signal generate
featvoen readidgpeiid eindyseseds i eletificatidh fesigneygnithe skeeoddsiigaare for

ideﬂt‘?ﬂ?ﬁ@tﬁfé [5 Ir%dég%gae 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

[0068MAHISE5A SR AARAIBEUR SR ARETRLNHROSE Ve GRHEA DA K res

The chip is a radio frequency identification tag or a contact-based memory
congpipseT he gpeeaierhrking Esadie sl barsvgc 20y barsves sthktrirapagtesdelhe

disQfaerbe Q%ﬁgémm?&Hﬂ&@h&ﬂ@%&i’}ﬂa@@(i%ﬁé’ﬁa‘fi?&@?ﬁ%yﬁ&%ﬁg Dpmamy

eye, but detectable in the ultraviolet or infrared regime of'the _ .
of gladovhiadinbtiuspseatagretioos1Reactifehla rrtdasmERe thagheitspagicles

ma}ﬁ@&ﬂﬁ?ﬂg%@?ﬁ%éﬁﬁeﬁ%%@t%&ﬁ?%%ﬁ%ﬁ%ﬂ%@ﬂé@@ﬂ%éﬁﬁ%?ér?gﬁlagnetic

cated within an engagement track in the tag or object adapted to be '
majgiptifEddomRein ses ety iR iTAEEEIH REARIFESSandLR deeopiényenpfmaterial

(inddRRHACRNAD é@@ﬁﬁ%%ﬁ%l@?n%c?d&?c%ﬁﬁ}gﬁ%ﬂ@{)%ﬁ'%ﬂ@w&%n@&léi@f The

set of identification features and the second set of identification features
feriorapanstin BiFerahtpiinbg. 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



17 [0062] In a seventh embodiment of the invention, a method of
identifying a tag or an object adapted to be identified is provided. The
method includes generating a first signal from magneto-optical reading of
a first set of identification features lgcated in the tag or the object adapted
1de}§ H&E PG reg%’ﬂﬁr té“s%é’b P f%'c?é?%!ﬁé&[“ Be%gl g&%%d Reiftrent
entification Teatures ocate |n t etagort ject a apte
plaigentified, 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
[0066dt digraterghtindcanbedondnsighaarenfenidentifyingltheé edgloptheindjedag is
prof1408] ¥hONGABRY HE%@E(‘}B&Q dﬁ@ %H‘%ﬂr%mﬁeﬂ[sﬁl%ﬁi A IRRHEAYQ R porarily
features comprises a disordered arrangement of magnetic or
physiagihetisghiengathicles. Wil disortegedraicantretieatofirsagphetio gntification
fea{&%@%yﬁ%ﬁ'ﬁﬂﬂ@ﬁl Sm%yeﬁ?mgrfﬁ%tas@lf)@lﬁ&?fff@ﬂfé)%”f%t%%@"? fises a
magnetic or magnetisable particles. The magnetic particles may comprise
diserdereinaigregienerited anagneiistitsrrargagiratidenpattinlss, safbaongathsetig on a
subRIRIAl oL omalng Pf ¥AYINg-cageis Rioperties within a continuous
matefial (incliding voids causing vafiable magnetic properties) and
combinations thereof. The ferromagnetic material may be selected from

[00&%3 9ip %&9&%&&%9{ MR Br-[l?ocﬁ lt'lipe ﬁ‘i'é%clv{ﬂﬁﬁell: &)rﬁﬂng:ég (@'Qﬁ%ﬁlng

corresponding alloys and oxides of Fe, Ni, Co, Sm, Gd, Dy, and

a S@@Fn@i%ﬁkﬁrﬁb@h@%ﬁ%@éb@émﬁ@ry%ﬁ(té@w|\ﬁl§pnfat@}¢al igcde reading a
secBEQAUNMAAANELEAMPHGIRY Ndafs 3R i%i%%ltl{%ao fR€dapted to be

embodiment, the second set of identification f res comprises a chip, a
ideptdigdetic 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.

[006%)e dptiedPrikieighadingst bas/isibrerasetHermskearhamts dye, Guthe object

adPeIgeARIe B ihgeHltraviolet 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

[006903EE MEH A ARIHEUIRR ARG ORISR ALAPIEhieHdR IdeRifiREcteHi St tag is

set of identification features and the second set of identification features
providgdhd B trthashiahrsse pageiag e lntheffipatteepbvith an adhesive layer,

preferably forming at least one alignment mark on the film of material indicating the
direction the tag should be read, forming a first set of identification features on the film
of material, wherein the first set of identification comprises a disordered arrangement
of magnetic or magnetisable particles, determining the magnetic field strength of the
disordered arrangement of magnetic or magnetisable 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.



18 identification features and the second set of identification features may
be on different planes. [0066] In an eighth embodiment of the invention, a
method of dispensing a tag is provided. The method includes locating an

alignment mark on the tag, tempor?éily physically engaging the tag with a

[00% di o%%}gﬁ‘ﬁjoﬁel%%ﬁ]tgo? @qgtrﬁg&%dﬂﬁg %@gg}ﬁgpe&ea%}%%%&%%tgfi rhg.éplgtc or
tag, wherein the first set of identification features comprises a disordére
magnesrsgeln antrofimvagoetici sgsniaghetisaplepartidios] adhgrihyttde magatia or

o » . . ‘ ) '
e A R bRt e R A IR maerial,
an sydifaremadrtiecrendiematievicéerThmagnstho domeyialsorfudiheriimclodevarying
' L Of | ificati Ires: inthe t t .
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magngistr atereries) paird ofoindirzagi onstbeotsécilhd aisteomegnetidentifiatil may be
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.

[0071] 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.

[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



[0069] In a ninth embodiment of the invention, a method of manufacturing
a tag is provided. The method includes providing a film of material with an
adhesive layer, preferably forming at least one alignment mark on the film
of material indicating the direction the tag should be read, forming a first

by %%t Qfégﬁmlﬂ%asﬂ%ﬁaie&%*aﬁ%(?cf’?ré%?t el matsll "e"l‘@l‘?éﬁ%'r‘lﬁ%é T8Ot o

entification cormprises a disordered arrangemefit of magnetic or
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beitgepfonesssidadifiereviiciishaieadateon 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. 19 [0070] In
[003mle dmisodintesit effpidimentiothahBraispigiatedbirraeidrmantt miagineticling
eleeMagNSHEANGIPRIICIES COMPHZESA M 3|ty AT FARAP TN AISH BUR e fined

magnetic or magnetisable particles. The magnetic particles may comprise

threshelvieatpesuie imatkriell caer antitrrorma gredidamarerialy atfsirgrdagrienduding
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material (including voids causing variable magnetic properties) and
combinations thereof. The ferromagnetic material may be MnBi, CrTe,

[00%7HO: Q% MA S s dNh &P (9 iAFRUESRANT FlAYEANhILES Pliata

Fe, Ni, Co, Sm, Gd, Dy, and combinations theréof. An exemplary high
stoageramwiimate Nl & retagharumenigiteptBmpiding NdiaRsesg Brading of
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comprises a chip, a magnetic strip, a seria number, or an optical marking.

SIS i dar Bl Sraia ey TameiivdtibretRgcofatbeneadingadedcmdmpdata
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~ora hologram. The optical marking may not be visible to the naked human
is a{achpitigetertablecin MHetainabletls darardarpegimmedipmeor the pre-stored

refGIGRECTAGRGHC SRGCHUMLIROS ZhiniR TuBfer. emkogme%ﬁtr%fiﬁ%cﬁﬁhpfis a
identification features is positioned adjacent the second set o
maghsHefisdtorfeRtares Admatisiatkbskeconardetiskide riifiddtierd. a RAM

molRAUES:2GHaPSEDE trstertafddrntifipglian fealWesich 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



[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 |dent|fy g a tag or an object adapted to be

to ti%’ l&ff%& '8&1%0}838%@@‘&? %“’1‘}?1&” MAER Er%%%déocro' E'E)é Qﬁ‘t’ﬁQf ding
ich the tag may be attached an area evice 10r rea ing at least
elemérrsaséttbtf ideretiéoatiothdecatgred e dhecsinfiive tdglor whjbog adkpead torigid
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talned rom irst rea ent is normaliz sta S|gna
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aresubstantial magnetic field. The normalization is achieved

BRIEF DESCRIPTION OF THE DRAWINGS
[0080] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with

reference to the following drawings, in which:

[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;



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 read. The
normalization further comprises identifying portions of data in the signal
(00881 FTRAGNICh FRY 88 le§ eéﬁ%%eé%ﬁ%@ s %*i‘c?\ryd%ﬁ?ab%?%%%‘ﬁ% view of
amage or variations within the reading elemeﬁ)t, said less reliable data
mapeitig procaesestdifferdnglyntoctredner widhoa ] GOMB]dimarfuetHbe invention;
embodiment, the first signal obtained from the first reading element is

processed by setting all data in the signal which is below a predefined
[0089eshie @aapreBEGN 9B whive diflyeigristingichotiategasidcaniyisteringed in a

' i e ical pasItigning. ata) that is above the
tagg@é%éﬁﬁe%%ggés old. Oogaéﬁ%ﬁgb%{r%ﬁ%ﬁ&%iment, the identification

system further comprises a data storage medium in which a reference
[00§" e QBIRINSHIEOM G %ﬂ%@%&%&ﬁ@% G, JAENIHCAHRR 3% ures in

stored. The data storage medium for the pre-stored reference signature is
accgrdangesvothge enelidmmeandtthoutyeridpeict to the reading device. The

data storage medium for the pre-stored reference signature may be

located in the tag which is attached to the object. Alternatively, the data

[00813raBECimddibicoF ke plOstbred Ferbianesssigiusi vy wehodaréintion
feallie ONISELTA SRR MARAIRVIRHILAR & AUIRAORIIGStrip. @ 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

[00NGeM oA me e HERHIGRILIRYRIAM fUHHEh S AT R5H %cféﬁl?ﬁﬁation

processing device remote with respect to the reading device, wherein the
feayaies Wroeeysitiyelaiibenscathasiserts leifonmy eiéieitita 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

[0093hsHlred 3AxEmBlSry E3Phsbawetarals hederhiniirtutes Biidtddenelication
feal BUETIHOVEHRA IBE IAONRNIGICAIYER GRRIRTISHRI HDE i, Set of

identification features, with the second set of identification features being
positioned near the first set of identification features (often directly on top

[0094 N RNtV @) AYRE). THFRBOWAUGRIHGIUES 1R P& Mg RINAME &ion
degree of compliance in them such that the tag itself may to some extent
feaggﬁﬁﬁlyaccordance 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;



21 to the surface of the reading element. This facilitates good contact
between the reading element and the tag even in the case where the
surface of the reading element is rigid and planar but the tag is attached to
rough (for example undulating) sur%ce or where a piece of dust may

oo R B PR A5 RS e R fEon o
subsgfeie coscebdrby tersgeamelaliy.réfier mathe sape pdethtiviogghounaghetic field

pard IS Y iﬁi%?e EP%Q%‘N%%?&J& PEPABSAIY L9 3¢ ﬁelt? &8 having a
Instead generally being placed upon illustrating the principles of the
magngdiatitinld npgreciadiowiary ideluripliore, whrides sebtvatimentswidaace with an

em%\(@&%ﬁpoqrﬁgﬁ%%%g;with reference to the following drawings, in which:

1] FIG. 1 shows an anti-counterfeit system utilizing a reading device
in accordance with an embodiment of the invention;

[0098] FIG. 18A and 18B show magnetic particles positioned in different

orientations in accordance with an embodiment of the invention;

[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;



[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; [008 FIG 4 shows a cross-sectional view

(00196} SRS GRAING eﬁ%@& bpse pz{' C%%LQ(?sé(lrﬁll% ﬁ?ﬁ‘o""éo%pham

cross-sectional view of a readlng e e nt in ance with
labelmisodirnent ofetiveciptien tiond QD 8BINKIG . 16 gm@awr@sshmwﬂmdrmwt of
the%@eﬂ?%qmg element in accordance with another embodiment of the
|nvenuOn

[00107] FIG. 27 shows how a compliant label can assist when an item of value to
which the label is affixed, has a rough surface in accordance with an embodiment of

the invention;

[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;



22 [0088] FIG. 8A and FIG. 8B respectively shows a top view and a
perspective view of magnetic particles used in a tag in accordance with an
embodiment of the invention; [0089] FIG. 9A and FIG. 9B show different
densities of magnetic particles used.in a tag in accordance with an

[ooﬁg‘[]b‘ifi‘&‘.e@%}if ts*ih‘f%viv%‘_’%”g?e&‘hé‘a% Fidoa 0oy taigé%isi‘h%Dtgh?W ﬁﬁamg’fé%&ic
of tags with identification features in accordance with an em%o iment o
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the TNRAHGR:

[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;



[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 accorgfnce with a further embodiment of the

[ ion; 5] FiG~154sh a a 0 tical
O T R e A M B e e
mag&Bisholvsraspe otideoatmab infovhishicanasp thoaitresding tlersrent ahde within
the T gneto-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
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an em.bo Iment oft e invention; FIG. 16B shows a scan area of a tag
anofftee gt dendm @idbvive énmealigned; 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; 23
[00124] FIG. 44A shows a top view 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



[0097] FIG. 17A shows a cross-sectional view of a single magnetic particle
on a substrate covered by a cover layer, the magnetic particle having a

magnetic field parallel to the plane of the substrate and FIG. 17B shows a
magnetic particle having a magnetig field perpendicular to the plane of the

ubstrate in accordance yith iment of the inyention; 8] FIG.
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fabricating a tag via extrusion and attaching the resulting tag to an object

t | tified. i it i .
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embpdbodirnelrthefisyeriioention; [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

[00121¥hBHCof 48Adihg estagcors adesiainal rface Ofiagerdieg wEawltidafccordance
witheafli g GAMmERL 'BrageoriantR NV e 951 QAERS NP RG DERI M iravelling
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



[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 Witgganother embodiment of the invention;
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Theheddingndiovice 104 may also include methods for direct communication with the
user, for example a screen and a keyboard which may allow the user to read and enter
information on the reading device 104 itself. The anti-counterfeit system 100 may
include at least one tag 102, a reading device 104, a mobile device 106 or a computer
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



[00107] FIG. 27 shows how a compliant label can assist when an item of
value to which the label is affixed, has a rough surface in accordance with
an embodiment of the invention; [00108] FIG. 28 shows a further
compliant label formation in accordgnce with an embodiment of the
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~with an embodiment of the invention; [00112] FIG. 32 shows a method of
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20@&%%9&&1@@&1(56 104 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



[00113] FIG. 33 shows a tag in a groove of an object to be identified in
accordance with an embodiment of the invention; 25 [00115] FIG. 35A
shows a method of method of dispensing tags with magnetic fingerprint
regions onto items of value adapteg to be identified in accordance with
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[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



[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. 38C3§hows a cross-sectional view of a
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(CCD), or a complementary metal-oxide-semiconductor (CMOS) chip which is able to
take an image). Note that configuration shown and described in relation to FIGs. 4 to 7
are merely for illustration and the exact configuration may vary, for example the
positioning of the polarizer 148 and the lens system 146 can be interchanged or the
polarizer 148 can be placed in between the lens system 146. Further, some of the lens
within the lens system 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-



[00122] FIG. 42A to FIG. 42E shows a cross-sectional view of a tag where
the magnetic information and optical information are positioned at the
same place within the tag; [00123] FIG. 43 shows a cross-sectional view
of a reading element in accordanc ith another embodiment of the
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magnetic features artificially superposed; FIG. 44B shows a configuration

58 bf2803maging 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
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on the tag in accordance with an embodiment of the invention; FIG. 45D
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a grid pattern in accordance with an embodiment of the invention; FIG
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enough to image the desired area of the magneto-optical substrate 138. Note further

also be

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.



27 read the optical and magnetic information on the tag in accordance
with an embodiment of the invention; FIG. 47D shows an image of the tag
taken using the reading element of FIG. 47C in accordance with an
embodiment of the invention; [001é§] FIG. 48 shows an optical and
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thea}ﬁa?ﬁ“@&?d&i'%%ﬂio%w‘éﬁ%'%@tP@%%@AFJAQNor, the lens system, the one or
more polarizer and the magneto-optical substrate (illustrated in Fig. 4 by the optical
detector 150, the lens system 146, the polarizers 142, 148, and the magneto-optical
substrate 138) are all fixed with respect to each other such that they may be considered
as forming a solid unit or module, i.e. the reading element, 134. Note that the reading
element 134 utilizes magneto-optical reading of the tag 102 wherein light is internally
reflected inside the reading element 134. This means that the light being used to

analyze the magnetic fields does not reflect off the surface of the tag 102.

[00140] FIG. S 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



[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 Withouggeparting from the spirit and scope of
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communicating with a data server 108 via a mobile device 106 (such as a
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communicate to a database or data server 108 via methods such as using

imagang ealwes |68k ahoay ks gpRletestls, Mbarivids. Ihue sparapititpagrmot
gen%ﬁﬁ?%%vﬁecessary 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. § 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



28 Access (WIMAX) technology, or even including using a built in General
Packet Radio Service (GPRS) chip or 30/Universal Mobile
Telecommunication System (UMTS) chip to itself act as a mobile
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ma§ARRECHABKAGISG RECABVBERMRY $ianHARd 2320R A2} QU IRNGESSh the

Serial Bus (USB). The computer 110 can be a personal computer, a

strapgiik tatisrine eastisplthl ramiadipretty ihsuneaetie@atelenh/ b Bambisngth of
the (REILHAR: RIPNEOF RIPEroRa] HIHR! mBﬁMeMBMA%ngmtion of

mobile device 106 or the computer 110 can connect to the remote data
the gapgaptiQBarislend Tieehsat sse hiopilenéiinge L 06 coriseis RagtiglRschi6 and
the%f%&ﬁ%a@%ﬁ@ﬂ,&%%@hﬁ%@ %F'ﬂﬂ@?e(a@iagglkﬁfeﬁp&ﬁyﬁed to read

technology, for example. [00133] FIG. 2 shows a flow-chart 200 illustrating

the apaguetisntrddtisrddiscegiceishis sl Foadh hasviall evsienaccordance
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

[00Tideth il i FeeticrdsrtiHessddAnmglofitisdiflrstaslies ersaeiéatigRaterial.  An
exeﬁ%ﬁlkﬂf?%%ﬂ%@éh@t?‘%ﬁ%ﬁaﬁ% of idemifisation featy E%%?_lgghgem, Fe and B.
|

performed in a single step or in two steps. The first set of identification

TheangrssiFraytinlandéhiaghBdudtorisatiBR Sirdis AR HdgHotRtHREerpRERetic
maféi@&@,rh#é%&ﬁﬁ’gﬁ&%@%%@ﬁﬁ%&%@ﬁﬁ{&ﬂéﬁﬁﬁgrf HERSMNEY)IOFIEEs within a

optical information such as a linear barcode, 2D barcode, or matrix
conSARIe B3Ik ARSI INEatNRIfal SHERNE P igblsartigBs!iSe iRt PeTtfEd and

cort®88n6HIMASR HRHCRIRRRE M ThaStaNnRefcthadistiRebRup consisting
identification features and the second set of identification features takes

of MrPickdift theQefatie Pdeitiontss the - {edoPderttiestRndiBaatoysmand
oxi@%ﬂPeﬁNﬁ@&Sﬁﬂ@@?lﬁt identiieation ipatuesof hen 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

[0013)Vides AR {ithRUSRE tRahewsade eihes rdrihaseanaiitiedestent
set of identification features and the second set of identification features or

may; LA e WHEBIT oGBS PARY TSIt e whth e G sheradibferent

derf$ARS OSSR K EHRMREECRORSRS AG/COMEITME A HTewaiadsarmemissiorad in
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
readina the cecond cet of identificatinn featiirace are alen encrvnted In



30 more elaborate and may itself be able to communicate with the remote
data server 108 without the peripheral mobile device or computer. This
more elaborate reading device 104 may include a keyboard and display
screen for direct communication with the user. Note further that the term
accg R SHPABRIRLIPIRAAR GRS e SRHIGIUa EaFRensity of
therefore a signal may, for example, be an image representing the
magnat)nexictidasurés whikeli{ge?Briioregiomefpdigujiengty3osmoagaeic particles
174eRding devise 041 o 0608 AL N RYER Mirict
A B MG PRI T AL Pices
17 Gezdingy dietherrasd 6/ith JHcAAL18 nowy big HitEmiltingadlogee (& EDYe number of

o | RGN _ e
e o I e
10Jvodelesad/Fenisiod e, BB meghwlécqraRisRs?| AodsiwpyThe thestasadivy FIG

9B,ek‘?fﬁﬁgt a8 i?euﬁﬁﬁéﬂft "RAAUERdIsY 3 eOL{'HﬁB‘éFiS@tlthsfel%‘_é” Piffiquely
tag 102. The first reading element 114 ntay be a magneto-optical readin
idepldinklat MBergBrEN & PoseiHgnEle it p e it yislesifar] eetacinguscsdedtier tags

' (fication featrps 19 }ggg : dread; t.. -
mzi%ﬂr%%fs %% Eggggode sc%n%%gr%{{fradio fregﬁgr?c%%%%%ti%zggggr?d%gl )Qte:é °

possabider, wichtractelddbaigritieasrtddercdmaptioaldieiye waplLandgdSysramtic
parAIAUFNALGL 1 2P AQRRIBMGIR! B U PIBSCRNGE MR hadd EHAUMSIEF RcFow

transponder. The switch 118 is used for activating or deactivating the
magagdptilisel 104k ivscisd poshiopredustigmlisgitable 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

[001d8hsinengniatainExenentibipedftfoierenlp LM @achingledrretsiaedty digital
repFieH it BRUSNEL 3 REQERSINGeY N IPRYLARY, Y R INIRIIeGeR &%ﬁfé?l%o base

communication interface, a storage device for example. The number o
thergggfipstnesicostrdifecEnips 1o pxespintieatvasa. 205 dégserbedoRarsatter.

AsSERAUITEMKAIRAL NS RN ARYIGH At L08 POIARIF ROVWGRAKES d2iS: a

typically a normal battery or a rechargeable battery for example (but if
MogpHtpRASiEABITISIRd Efel el B DB Brerusergenad dainy glagicentoyrecords

the HAYHRERPOVEIEG Mia ihe B%fp?@iﬁli%)%%ﬁlgﬁ@b‘}lgﬁ%w Fhen another way

cross-sectional view of a suitable reading element 134 based on prior art.
of queERgLhif Fél‘?é?at}iH@‘éFéPrln‘éﬁtaﬁgﬁt@rf&?ﬁ?ﬂﬂﬁ@?é%ﬁ@b@wmgwxels
whiBhFAESie8ilReAiBaY REAHLRDIRIALRHYSES 38 Hh it iRadingIBlemabidble

shown in FIG. 3. The reading element 134 in FIG. 4 includes an optical
abodﬁéééﬁ?ﬁb%iﬁ.lge ghd281on the scale of 0 to 255). If a sufficient number of

pixels are above the threshold then it can be assumed that the tag 102 has sufficient
number of magnetic particles 176 (or at least that those magnetic particles 176 which
are present are particularly large). On the other hand, in order to check that the tag
102 does not contain too many magnetic particles 176, it can be sufficient to check that

not more than a maximum number of pixels are above the threshold.

[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



a magneto-optical substrate 138. The optical processing unit 136 includes
a plurality of components, the components including a light source 140,
two polarizers 142, 148, (if the light source does not emit polarized light,

then either two polarizers as show%are necessary, or it is also possible to

. ; e it b ittor f
o O M S AT AU L P19
no mbfeF lﬁcm,ifuitcwikblméeappafreﬁpweanydmatskiIlé)d_ idpﬂseimm@tm agénérﬁﬂu@ial
magﬁ' 5# Eﬁ{&saeégéﬁﬁﬁ'ﬁdﬁ‘&m%@ﬁﬁﬁ%‘éd?ﬁ?&gﬁ‘%ﬁﬁ@&%ﬂ@%ﬁ% MR35 the

at least one imaging unit such as an opti etector 1 example

seca@qﬁ@@@bm@ﬂd@r@\li&@ (mD))z; @ngn@mgilbimemab}e (e.g. magne_tic inks) or
optf@ﬁiﬁ'{ﬁé&%léefﬂl‘i?&qﬂ& %CM%%E‘E WRITIR AR ke R IMA&Lond

Note that configuration shown an scribed In relation to FIGs. 4 to 7 are

fidynilenarbinijusifbsianicatiidtinexashe ontigue atichariayewamyn foegiranhplewhile
the_t%‘?sp‘?ﬁiﬁ%ﬁ”ﬂl%&% R9riZRIL48 ARG 'BRSHISIBRLIASEGAR bR 102 (e

interchanged or the polarizer 148 can be placed in between the lens
whigyssid i84%) Further, some of the lens within the lens system 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
[001483gAdfe- it shentsstrate 188 vothprisersehnwphienly ephepaneaiiqishseicters
185pRsHRAIG ARt AT RN R Q1 RBANSIRIRRIC G ARU R SURD AR Br PRk region

coating layer 156, a second coating layer 158 and a protective layer 160.

1T/ 4Heussstitablelenrdgeneresareporable. Poidexampie, audisdoded. inlhe
alph G RAlESRARY RRIMBE;e Bo0P8: e SRUCAIL FANSPRIRYhird fiducial
substrate 154 can be a mono-crystalline garnet (such as a gadolinium
magafii tPfaien vamieermagrinnde d@ﬁtgaﬁﬁoq%éh%mowbwts Yigahtasorient the
readfif QIR 108 WE&&?@&H?Sg‘iM@%Q [eR9AOsRREF flimER) 435 EE‘%H%@us&ng

Faraday rotator (comprising, for example, a ferrite-garnet film), the secon

magpeifihdgofayaeos ristibetivaagafbn1ng ¢ath Hasawenvnidtaldictdraptiementiof the
sanf¥ AP MUERIR ARYE! 3o datinui;a.cef ol At laipumiRiskeb @Rdre is then

cobalt with small coercivity or monolayers of GdFe or GdFeCo), wherein
useghio seeesiizedhtingtialermbe B/ thet firritcagrdBoith Wprotective layer
160. Other configurations of magneto-optical layers may be used, for

exam&le the first coatir;}g Ia%%r 156 may comprise a magneto-optic film or
[0014% s BkGy BY3 (redcll a1 ) B0, sbpwxseppaetiVehtieethd Geflwidive (Hyer amgally

reaf@B) P AR LEfIGL MR COAUBGHE PN ARIGhFOBIYR) vREBEIRG PRBRA set of
strength of the mirror layer a protective layer 160 may also be present.

idepfifigpbinvelexdrapr@siBtesuianhe gyl 8toin 39EHHE fihikearepretifaEagsyprint

regiorigheimetRGRSlf RRS«iTieehHR 3RS 7rie 2ERImBTe(2Q08)4 shown in
FI(%OOlB?] The light source 140 T&;@be a polarized source or a

oniparkised SoircksusB g ekanipids ngrrsbirrdingrinRrn bk dr adrcode

realRGa5EESSBAdAP RN QTG /ANy BOSEH Jirdided 2808 e ligb RIFIMGhtion
diode (LED) Further, the light source 140 may be monochromatic,

featyigd M SFEPRIStEISS BistPasadsnits ightBe e eday! 85 distamenetic

finddgftifraryibe ighy sprieeddRingsseptiroualy adirgtdaolarizeudde andisone
then incident on the beam splitter 144. A sli)&%ifican,t proportion of the light
empodiietet By iR¥BELm Ysitearingaesivaréhrentadinefobafsnds reader as the

secOHBSE A E 38 hbi% llaBtis sefipcteddoyuenani WA ehihe £Rabines k86,04 is
158 and 160 and travels back towards the beam splitter 144. A significant

actiyrierbrifdn BrRthegred s bestbatrgaHS benhsprtraidibaicers, LiS. once the

firstbRHGAB e B SiBEB Nk bardtslith EgBeicORAPEIMECEN kS8 R ilevice 104
reaches thgﬁ&)tical detector 150 which captures an image representative

Progidfie hPAgReNid RS hAss B Bl e FBRRg 1AL S 18% Migan iR ibat the

firsthatradidough i MG b bihedghipail isaaneialbhtepesartad BYvice 104
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
nolarizer 142\ The cecond nolarizer 142 mav be tiined with recenect tn the



[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 amorphpus carbon (ta-C) but not so limited.
is H08NEKnGSS RL UG IRIECHE AN O0.IS" 18 13908 QLA P Wevice 104 is
nanometers to a few microns, de endm&on the chosen material and its
repirsigimeidstressdshbunawteso imieprid3I¢aoms0] I hed dmdonertadingrement

11 a%&aéeegoﬁe&ﬂg%rynﬁi&?%%?ﬁﬂenm’%ﬁ\%@'%' PP ?gg%%lﬁ @henhe user

1
er arrangement in the magneto-optical substrate 1 may have a Tixe

pusbpatibe fevsitionsHipavithlicspdortttheachdotgete Boe ' fikddskphtiedd the magnetic
. i ToM sed in the context of the present invention it is meant
fm%ﬁ‘ﬁﬂ? Fsis %%arizlgl'e that at least the main optical components such as the
optical detector, the lens system, the one or more polarizer and the
(001370791 opfisal supiy A W yaiiated i, figc¢ By s orisaldaladar HR%tion
the lens system 146, the polarizers 142, 148, and the magneto-optical
featsu;rbsnm_e acgeydansall ﬁ‘_ii@éd @ntherebp_éimote@éh @mems'a@hqhgtMewddétwnal
idelggf{%%ﬂ%&?erﬁeﬂtﬁﬁe£0”8}8%esoﬁﬁdﬁ%ﬂﬁf ms%‘éH}ﬁy'-eofhelﬁ?&%'aﬂo‘ﬂ,e”l%ﬂhiple

4. Note that the reading element 134 utilizes magneto-optical reading o

iderfidicati OB WHeraRIGIR A ntednSInoAEtiest ibltieoté isadkgaiantenures
el TS TRETAGIC OB BRaysed G aaliEe IIATABNEIC (RlfScr

does not reflect off the surface of the tag 102. 0140] FIG. 5 showsa
magpeys-Sdudim ansikwopfisatdudnng s ehnent 18P Indaeopidiieipgtndape various

indGSAROIREHHO e 1Y %Hi&%ﬂ?ﬁg[%ﬁl@ﬂ lament hed sopaniathRiGAtric
both magnetic and optical information. The reading element 162 includes

chaggripiagirgPimiveiiiiesl betaelciolsnigehuseoDlells &igal EMDS dijide an
Raib%{%ﬁlg%gs%ﬁi@@ﬁ%@fc%{@@na@ﬁw%  QREIISR4,P1 lﬁ%‘inaejéiﬁS OfR first

magneto-optical substrate 138 for a direct optical reading of identification

bargegeureyt obr dhagamrdrherjede 289 daaptee RIpEdBsiiBeeD PrEfEYshRHCh as
ultdAEIEPECHN B IRY TP ACPXIARASIAFIQSH S LASRALINGY SR ING &ISNIATN cye

162 but the magneto-optic film 156 and the reflective layer 158 only cover

butigannfigdletedetiond g feadmpete mdabhsadredoiseding sla 648t or by

it AEhE raKs takscape g ardeste CéP‘%%@”?QRIB%&MW@Q%@&?%EB“e& the
adjacent to the magnetic fingerprint region 112. As mentioned before, the

elegirranensicatisgtiHeighMsgtiedse 7o |IRteatiod PHivpersiad ofaytarsg imay be
posaghRia@l theniobimdll assially HoedtheLotie areadmbsrigad (hathihatsing

be read magnetically and that to be read optically). In one embodiment,
muft{alp }aysEtive layer 160 may be transparent. [00141] FIG. 6 shows a

cross-sectional view of a reading element 166 in accordance with another

embaodiment of the invention. This reading element 166 is adapted to read

[0015dih KlSynht shrpsptiea Hdrmstigrmasnesdinggrarhetiand Hagirrond

twSARAEALERAIWRRS 4O 8848 69 phkiei fiisl GHUBH HORdswaaftder fingerprint region
magneto-optical imaging and the second column 169 is used for optical

113 melqusoégpﬁ&%m@g?%qgﬁ)@%émﬁ%rs 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.



34 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 portjon of the reading element adjacent to

o0 ST ST TRl R B
maguetsuhtgd ynthe gaegel énptywireleddd digatectinat flvdightnirokinghd $igland a

MR R AL ESE e R RER i o
1w eznondplittecidimanking 80 besanhelplitter usdn pasitisnviboviizghaeropiscal

reaﬁiiﬂé"é‘i’é%@ tx_chPeecWW{#@%&%@%@M%@?E&%H‘& Jr@%ﬂén%@%%l{zﬁgs for the

ing polarizers 142 and 148, but polarizers may not genera
anaheseeobahy foratrproptidathitaging wekneie-0pgcalndakngudhrisay iaresebwhich
. e ) 169 The i - i ‘
R A R, DR

elemme\s@plalgb thossithewn h@\l&IGeéatfatEIﬁfoMmeswm_al f@et_@é%&)r@ he tregond
fid%@%?'ﬂ&%%@q@b Lhe GOIHMAS I GRo kO hMAY SNBER AT R eI, SOMIGRre to

40 or it may be desirable to have separate light sources for each column.
catgimoifaidpdihgs cohilnnse1682189-anbis Havedapslareckins sysedigecdqerasf the

magfg\%’—%ﬁfc%!lt%ﬁm’f '81%?@_{1{“1@3/&4'{1?5&8 GORMOhEnSSYSIE ri%t_e!ﬁ%“a%]tuation

7 shows a cross-sectional view of a reading element 172 in

systegeovdeingrukitrearfuritier watbisditentlet iegiwenivianisiadreagiagent to be
accBISBENc ol adaRIEd @réﬁéﬁgﬁéﬁh@ﬁ%@“c and optical information.

The reading element 172 has alight source 140 and a first polarizer 142.
The reading element 172 has a similar arrangement as shown in FIG. 5

[001345 Neédas enagdiional light @%@‘%ﬂa‘éﬁe@ﬁdﬂ%&ﬂﬂiﬂ%g{@‘ﬂ‘fé‘! A second

detector 150 on the other side of the magneto-optical imaging column
twordsnarseonghbaisareel Ba0saprbisioned] wbreens te IBpmag)aiie liascmeintoiggion

112HEA0 &N SYRIEE RS AN R A6 MAY TGAMIER QUGFIAERARYSIRIRS: Th€ode

reading element 172 Is not limited to just two additional light sources 140
18618 sptiesndedeetotsacsme didway! intatdeco i) on st dighsialitpaikiagnt 78 is
pos‘%@&ﬁ@&saﬂﬁé‘%?&?ﬁ%' SiEGIasp 40 JeBRIGTAOR rAAHRRNENS. MiGmetic

magneto-optical substrate 138 has two openings 164 corresponding to the
alphyBeFisf RGBS 40capRpbisies| adiaceirso1 B, esendpicrigl rparking
18@llowing 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

[00134ra8 &4Q Ad Igask {or the 10aunREC;aRtSAL B Xingerprint 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



imaging column 168 in FIG. 7, is shown as being behind the reading
element 172. The small filled circles surrounded by the large empty circles
indicate that the light from the light source 140 is initially shining out of the
plane of the page towards the observer [00143] FIG 8A and FIG. 8B
iV t [ n P&Cliv C. parti
o IR IS 3 ARSI P PRI
feamcepndanc@igdithcarmath bodimdotdohene qfv@ntumwﬂ@ob@rﬂ@leb% process
[R:opiisate rticleshed offigh saerdity magnglic malkriay
opt o@r%%]gg t Oefgrgagbnegg R#r%%%rérl(ﬁ%}ezg?ontlﬁ shou% }é&teé’ggleg;.% F‘J“I;C%l . 8% ¢ gyer
195 hbwdaatvyahis Satsodizhemtihiseproagivetietigaltiokksl FY@formusddyslely as

t e . ;
e e e SR A ol R ane
do with thienbage lely¢hel Imyréagding supisait forkibe niddhetio ptiic| 9 derprint
mafRAINGOUER RNER L2, RERYIHNGRIYSEIAN AT, MO MO AR eneic

from abrasion. The maximum thickne the cover layer 1947that can be
fingpseding thepeirdéht.ohhthenageeigtioRtiprimhgrmaesfibldsgseotiiaced byathevith
sinfANHIERHIEES 1A H0S HCIBRNGRAINCHG ISR ISEHS (he cover

function, for example of the remnance magnetization of the magnetic
lay@fa\rmtlé'srtiﬂe dpeosisere othaherifintativmeblhcadigghvstitaperrtitdds ¢oeeang the
mafAR U RRUOMARIBARATST). the senAlIpiCh hadeading PIRTEB AP thubie

used to read the magnetic fields and the expected resolution of the overall
adhsyite deypaodaierres mragsetiepad dederigadayeintdn dec ansigitede dregamrint
regfBRLEN. ﬁf“lﬁl@r‘l@BryotHQhﬁQEﬁﬁé’A&Yoﬁ‘%g{ﬁ%és ANECANPILR SNAdEional

comprlsmg Nd, Fe and B. The magnetic particles 176 may include a
bargedfnidhatié mm@mn@nm%mgneﬁ@mat@raﬁméﬁémwﬁak@umbers
maBLSSifH O SAMRINSBhYPAIRGHBIINS DRI BRIt W'Ehg‘o?t‘?@d"qﬂéi%'%o In

material (including voids causing variable magnetic properties) and
thicEgbihatishsiaenstt rgcreripmaginatic] mitdeedtis! shreetbobraeatiheach two
dinf¥R4EaPBISHRY M Rs&q iRy FHPFEGOF M NASie kit M6Q§)pg‘ﬂ)ra¥d where

corresponding alloys and oxides of Fe, Ni, Co, Sm, Gd, Dy, and

the c@asibtdatitins tﬁ%ﬁé@ftqeolﬂiﬂs}qrpbwéﬁdo Ebl%una@h@&r@% s shepy from
resﬂ&%\t@ Bﬁﬁ%@e%?ef@‘?@@g e rB?'BI@%@%ﬁ%@ﬁb@(ﬁkﬁﬁ@l%@nﬂ%)ofnm the

particles. FIG. 9A and FIG. 9B show different densities of magnetic

resprefiieseRr BE AR NadeRithi? tHdhrdds optivel tayskine 19Ghear Ay ipabto ensure
tha@ﬁeoasﬂ@émwmr@&@@@g}%me[ﬁ&f&teecmﬁﬁg“QnFﬁhG 19R ghowg ayeMayers

low density of magnetic particles 176 while FIG. 9B shows a very high

1970 dditgoBtainamBtic qpaiert | 8xkrol P hie s vidHe eirlsfdgerbigin o tBnsé tag

102edgeomaing {99 r@%%%&%@'@i@s’e@n@%ﬂ}ﬁm ﬁ'ﬁ‘eﬁqfﬁ%ﬂbe thin
FIG 9A, it may be difficult to achieve a large number of tags 102 with

enquglyer) ahtraprenaie fisiftoishaipamcieten kaideavataloighvedpy the
read¥4 tQIBRIRAIIGHNAINS (RAYMRAY PALRBIC PAIGIegdL7 Ex A% MayoE i lene

case with FIG 9B, it may also be ditficult to achieve a l%ﬂ?e number of tags

tereplyshalate uﬁéﬁem@é?h.f?éméuﬁﬁebfpﬁtmg @phsegsanydt 19 genfiQr&WronS in
thid@siabiecigeneuee it the Frupvi0d hridHeed Apye %1gylﬁ%ee?@%ﬁwnc
at

of magnetic particles 176, for example it is possible to set a threshold

layeih 14giscreDRISed i RICHERIE batREdN BRPdrtist thisgHet bttt oFry

thitile@st BCOEtRIbRIZR. JRUS thiZ AYhiC Siigsnav_ e MaBy @aioR {8 Ating a
magnetic particles 176 can be rejected on the production line.

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

printing, for example. Alternatively a metal layer can be vapour deposited, for

example. If the tag 102 is going to be subjected to hard abrasion it may even by



[00146] Since most imaging chips (for example CMOS chips) are actually
digital representations of the image (i.e. they are pixilated), in some cases
it is simpler to base the acceptance criteria directly on the pixels of the
image, as described hereafter. Assyme for example that the
desTPRDSLOG %Bﬁgﬁ’é %‘:‘PR%S Bhs LOWlAr el YR 0L AMETe NGNS Tike
magnetic field resu rlg%ter Image and the imaging sensor records
cartion BAkineks. dorasvaleof 0 to 255 (with 255 being the brightest). Then
another way of ensuring that there is a suitable magnetic fingerprint is to
count the number of pixels which are registering a brightness value above

00156k rEl6: tﬂ.aés,mlammméufdrmmpm@@m@mgshgﬂdoamtofdmafmuon
feaEEx%ss‘}ﬁ"%% %Zé%ﬂ %f&ﬁ&%a“ %%P%%'%rﬁf&ﬁ%"%@e method of

en it can be assumed t e tag 102 has sufficient number of

makpag tegic [SErvoksesprBdtotaathieanetind thedesashin &G pdRicies HiG. iRKEHut
invéf?e?ﬁﬂﬁ%ﬁﬁ G RATGHA NG 'ﬂ{g@e&’lﬁ%r‘?ﬁ‘% 's?@e[%ﬁ?aié‘ QU NGEEEK 1ayer

that the tag"102 does not contaln too many magnetic particles 176, it can
andpeoygfiiegenilin discRabrprmotragape thign \alth@(mmnaﬁhb%rf@mm@aﬂeyer

19@%"?1@%?!@5&8"3 IO HIKLG 0B 00D FARRAGHUP EXRBMRET S B%QSoptlcal

102 with |dent|f|cat|on features in accordance with an embodiment of the
alphapentivie. Varieasisehtdicitofitsanireisdaydbéhieiesfisorateansteo Bnagyprint

regfiiR: TRPSUSALNARANaWIeRlog IRldne G902 8588 on a first

consists of at least one magnetic fingerprint region 112. The unique

prigtidnedbcingelprant 12gidrentin ddkeildBr Heemugaciisiblegermiddeigions 112
are WYELR GAMER %Zdﬂd%dﬂéh@eji%ﬁeﬁ'iQW%%I%%&%M&H&W BRIALESes. The

only a fingerprint region 112 and no other identification features. However

seceel tagheon ddexcindSfbored adirdefidueraitaidekingel 78 ahd dvseebmgnsional
barﬂg&kfé gRanine a8l e dinfitugiat markingr & and Hgnserend fiduaalon

marking 180 may be magnetically readable (e.g. magnetic inks) or

theofpmaaﬁhﬁéw&ammt#@kemrpﬂ&% nnhﬂl&nhéﬁralevoﬁls@nomn Fde op 196 is

perfBfRECRNELANCIAlMRKIRG &&Qésmﬁé%gemafﬁeﬂa?e%@% hiBRy include
fingerprint region 112 while the first fiducial mard:gg 178 serves to |dent|fy

the tjoptisiid inaibn 9 thdr¢alyvrod peasiphdnbsiteds USp. [ 48Yticed algignumeric
charRA¥S181ag 102 M SLRRY M%&%'ﬁ%@@fﬂmﬂ&m@%e%% 13D,

(second set of identification features) in addition to the magnetic
thetfgé fpgnPregipie 1y ¢hled ByremeMAgiibassacrsadhesyamyeriHifd fiftial

marking 190. The alphanumeric characters 182 may be optical or
magnetic readable. The third fiducial marklng 190 is an iBtlcal markln

[00T 33 c Aol tsENGnldR WhgitoometoshelrBtding Hevi 21@!!%@%1 \cation
feafGRYINDANS (@h d0%ithhe Seal BHPREMEEZ 48 NS MY IMRABNEFEANKA4A,

and is to be imaged using the magneto-optical reading element at the

magngHe HikiagtRatiyRHaRt ragidRagrots inkagad: Mistadhedvegrfishle layer
19§0fiW@rﬁab%HéﬁB yseaiostecaanize themerirmtpbal it thatis wittenaidtic

alpﬁgﬁlfgler}g 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



[00149] FIG. 10C and FIG. 10D show respective tags 102 with a first
optically readable barcode 184 and a second optically readable barcode
186 (second set of identification features) printed on the tags 102 in
addition to the magnetic fingerprint rﬁfgion 112 (the first set of identification
ures), readi Vi own in F [ to »
P T e L o A S R P
shorgndindhdevige 404 nidjlbe tdbfigUureiko rddb both-dorsofiidentificatidas 186,
t - ir r e bar 86 andt .
oD Th o ol D e e Hrings
19Gerpupricednrotie secbodindbnsive theniabémimier thedr dauing dieiomadags 190
ntaini . (116 |
T e o sy
perforragditthebiirgt Berdosieed 8hape thictke tthi0Baktodahrgde ontd Yhesfiretformed

sucg%%?%}%ﬂfn gd e90d RILRAR I 88E Laad fOIraGHY Hﬁersw%gg tag 102,

evice 104 provides a prompt (such as an audible beeping sound
It theepgndiCatingadat thdifirentbatbide (i@4cspnplsetdrid bl coeworss higsmore

preREENTERTA0Y HiF 9B IR IGYIGR: O il IRiFe Ay 167Rd Hi‘(‘]f)-c{ﬁ?c%'l‘fﬁ%e tab
fingerprint region 112. The reading device 104 is tepositioned to read the

1O%migrmi@ﬁdg@&minhyégniraligmpanﬂfﬁwmw@aww t@mrﬁeﬁwt@ﬂmg device is

corRIAFCEAS IR {RkE 2IBAGP Qfdhe NRINEHCHDYLEPHR regIN LIZWIAY, with

the User pushes the button 118 to indicate that the reading device 10

resmfélltﬁeaheth@am@wetfhlﬁﬁ@ﬁi@rimgbgiohliizﬁliﬁqkm th;plm_w& plipnment
meé}'i‘éﬂ%ﬁ&'fi'shﬂémﬁsﬂéﬁé%t&@%a\ﬁéfhﬂd&@tﬁ&%ﬁ%@ié‘ﬁ%%*&%% Hivention. Note

accordance with an embodiment of the invention. As additional

thajdeHsfitedibis fleaiarasedravidehasidrl shanseinapbeshformatioelisple/isual
cudds %@iﬁ%pﬂlmg%mﬁg%éﬁqg@%v§g%Qfdﬂﬂgsﬁ@%ti@fﬂﬁgrespect to the

identification features include magnetic barcodes, magnetic borders,

tag g tRadiph ananekisicAapstrr 4s kagheiEGdldtalthsarcsptighresive layers
19P860dRS HineAlaRd & iMmeOsiANah N AING AU RSN RS SRNORSHS tick

~ such as Data Matrix), optical fiducial mark, optical alphanumeric
linggHardlckeisstafsiigrpHes kergsobifchén 88 § , for example the tag 102
may include an Radio Frequency ldentification (RFID) chip, security inks
or a hologram. The first barcode 184 or the second barcode 186 may be
[0015fhidr g divrgl By BRITARE s tRFORS b EMQis1eRor Rfritaer! oisaiBafnfhiks fragneto-
optt@l @951?@“9&%@1?%936%5{1%%@ i@%_@&ﬂé@ fﬂ%tt%ﬁ 9%‘3@_&%@6‘%%68&1 scan is
read by using a sunabg’/‘éadapted reading device 104 or by illuminating the
PerfQEMRY2 SRS B Y- mbtesaitie iir WEDEIE gth SR ale TBTEkRE M ABhafiagnetic
fin SRBEHHTe VA9 @83@:&@ orticatigentifisatiomfeaitesaa g %%@ﬂ% the
at the same position with respect to the scan area by means of using
condigpipiionagietiee roading dendser itAsqrsnible tarf RSt anfaggststi¢o read both
theffﬁgﬁ{&’i@fi@mﬂ{%gﬁﬁ%ﬁg%ﬁ‘ﬁ’ﬂ'ﬁiﬂﬂﬂﬁ%@ﬁ&h&ﬁff@ﬁ@ﬁ 1Bf3S15A shows a
positioned on top of the magnetic finger rint region 112 and a plurality of
tag g AdtRied SR ARFTieRtcat daisrde 88 rahssimgsBet st iRgcranE segiay 112

rea@f dhguBRAREAE KVO-HIgenIBnal Rascodead o MNpitthatalihgughithean optical
magnetic fingerprint region 112 is shown in FIG. 11A to FIG. 11D, in

reagngdiGIIMEHNRABYIIR TEYIoN PIdCRIgy T feresiadailABerartbfePBERIHBA4H arca
220RALE GOMRIIRYSIopiG fagdsecshhRaicacgid &f iscaintebrdbrtherefaiethe
a user may not actually see the fingerprint region 112. ) )
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



39 [00152] FIG. 11B shows a tag 102 with a magnetic fingerprint region
112. The magnetic fingerprint region 112 is surrounded by second fiducial
marking 180 and a two-dimensional barcode 186 is positioned adjacent to

the magnetic fingerprint region 11243The second fiducial marking 180 may

colliPINE 6‘?‘%‘%‘1%@0@&5‘80@%9{1}%&0' BYCRhEEAdINg SIS e@fe%%ﬁ‘fcf'i% ere a
%urthermore this ma e useqa as re erencegmar INgs ]10 the ana ySIS O
bartioddingaignint data 112 tha readjngtolaptival iéaaing ed¢rhemt ishysawdl contact

- which i ahle fo.si ontical. |
i P SRR A B et area
224pehdaitabdentoelihimnhig secorstinigducinP Afadlingey80ccairihaaadat tolements,

sucﬁ”%"’tﬁ%“s‘eﬁé‘l%ﬂfl”ﬂlt ' .ti§°f%ti%ri(§9f§"_\{%ﬁ? tﬁ’e?ﬁgptfeocf [§adioB MRy vical

magneto-optical reading element is misaligned, of, If the magneto-optic

marb@@m@élqmmtis wdoippedwitmsbiamedorin mﬂnt@mgﬂlm&msmm,d to
read4f0 H}gﬁ'ﬁ .QNH@&B?tﬂégﬁ'gt?(ﬁ'%&ﬁ?iﬁ‘?ﬂ%?&%%BQ?%&%@&Qaﬁ‘fﬂ%Q& to
a rior to a reading | FIG.

to be accurately positione ‘areading being made. [00153
havplis sl haregdeoD8Ritnd miggabadifiggarprintegigivh212ad seudrdgeously

and WGHAIMBNSIQ0RER 1%?%%;{%}%%&08%%&9%@%@%}3&%.magnetic

fingerprint region e magnetic fingerprint region 112 and the
second two-dimensional barcode 186 are surrounded by a second fiducial

[0015kivgdesoriedistmtitisialteBHang 2 vBsispashivdieg & trectmbodimsnt of the
invERHRGE" %&%@?@E{%TFUB@M%&Q 18Q-Magngic, _Hw&rﬂ.c‘s) magnetic

characters 182 are positioned adjacent to the second fiducial marking

fingegprifygegopmch 2 s eRiiaca Preowith Homagn e nerpsiie fagiprint
regior? 1A FREPRS HONBEBEIeRA! BRLRFRNT 36 18 Hﬁ’éﬁ%%ﬁ[‘tffé@&%&@%i%nals

magnetic fingerprint region’ 112. The second two-dimensional barcode 186

mufd Siduirisdiby 2 seedefinfid dbrabhoddiialra.sdiae o sthiticiarpstdigan
ared /& 19 RASRAGH At thRiRPAETIgbtGoes b MAGNGHC WIS IER- 6F the

third fiducial marking is positioned on the upper-left corner, adjacent to the

invepidemdiGudiaBrbering 160 aRigpletitad|pthsn ihsaitedina deotsesia gsatigned.
FIGOT6engs adiacgsitaiinensacns diduciahmaring.1 80,4001 2w Ehﬁg]ﬁs@(ﬁﬁem

several methods of making tags 102 with identification features as shown

reagling| G PaERpatEd. itheslterietiBsaiedothralRgapsifedisle WatnaHag 102
codﬁﬁﬁﬁgﬁcrﬂégfé@é intdiRdians 31@ AR e R VRANINAY QNeWisRsPfeading
of t%%nr\rllggrtllgt?cafeatures of the tag 102 covers a reading area shown by 225, as shown
in FIG. 16A. This reading of the magnetic features is done on the tag production line,
or under other controlled conditions, such that reading area is well-aligned in order
capture all the magnetic features of the tag (for example the entire fingerprint region as
well as all the magnetic fiducial markings). The signal (or data) from this initial
reading is stored in a remote server and allows subsequently read signals to be
compared with the initially read signal in order to authenticate the tag 102 (as
described in relation to FIG. 2). However since subsequent readings of the tag 102 are
often done outside of a controlled environment by users who do not correctly align the
reading device with respect to the tag 102, it is possible for subsequent readings of the
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



40 labels. FIG. 12A to FIG. 12F show a method of making tags 102 with

identification features in accordance with an embodiment of the invention.

In FIG. 12A, process optical marks 190 are printed at a defined interval on

a first printa_ble adhesive layer 1924ghe base Iayer). Note that_in this
subBégﬁa?érQE&%% | RS éo?%%&ﬁ%eggié’ ely a%ﬁl%ﬂ%@g@eegﬁenﬁ ks'QSz?n‘}ﬁ{ eyere

production process (e.g. printing and die-cutting steps) anddo not form
the pagnef thfd firfadnaghel BRtiN extdinglG. deBparealgnetic thagegpaht AP4Akdrials the

ited adjace i r ' iC
e o L AP P P U RBE: oo
Whepaewitisiptharsdafibetomer@ ). andF1 C0LR G, pragsehtbdrintathie comparison
ve layer 194 (t I .Is furthe i e fi .

B o g e o this
repneﬁzrtmmbthheigipﬁlsaﬂamhek@asgmgmeb@eicmqoﬁﬁthbl@mési\ﬁ@atgg@rof the
taglﬁfb.seﬂéﬁssﬁéﬁ sc%fgéﬂﬁpﬁ?fﬁgﬁ%{ﬁéﬁé’ &I fcﬂ% %%%H@t@@%%éiﬁﬂﬁ{%%gs 178

regions 112. In FIG. 12D, other identification features, for example
hawwbemmmthhbav@bo@svm@l@h@@mrés@@m@ng Dpsﬁébleamhatmmmge the
imRTRGE1R 482 SEURIMPRRISHBRY b PIESeN 1 SeRond BINGARIRS w

layer 194, adjacent to the optical marks 190. In this regard, each magnetic
be ﬁﬁg‘brmmwibmithze@h@d;eﬁ t@ir@@ﬂméﬁeahﬁtbqtﬁlg/\ﬁd@ﬁfmﬁ@mépatures
witnﬂmﬁgqrﬂagﬁet%lﬁﬁgf RN bl Cindhe ) ﬁ%ﬂﬁ%ﬁ%ﬁ&wﬁ%%vgb%ve

the desired shape of the tag 102 is obtained. This involves cutting t

sonah e deiatiniashe tiigsholihtdiie |Hhrersd 9B, 20dayippeskinkha dhegsbeld also
dedsHiiRE09 %{Hiﬁ}u%t%{b%ﬁ%@%%mﬁ%@%%!ﬁt{a@e?eﬁ%hé%igtnme fApUGample

~marking 190 can be used to ensure that the die cut is correctly aligned.
if thgranind SUTING, 1insPI S verrthifetbs daagnsdidaliasrront 162l Gbrtkdnirighthethe

ovePRiicALMAHB 4008 ML ZRAAE A QLI %ﬁtﬁfé@lttﬁf“glfw\?ﬂ#%%dings

that it is important to choose the second printable layer 194 to be thin

to enarpghiaiabhoerapaiednibghdir HeldS%omiensh icrasheatisecd dugihatagading.
ALY EHGY 168 16IH0Y MBKVTH%@W RalRerisAdRRbIedaNelR (@lding

example polyethylene terephthalate "PET") which are suitably strong and
eleggata phloneed PoBOMTESIs IRLEAEKAIES SPPE) Saehay pim)sarigadugyiigments
sholRARAT(G VA A18 @!SP $HitaB|si PAlYISRLS VRIS $0T08 %8 BRIBIU tfon of optical

Cﬁrotecti\(e layer is needed but it is imperative to have it very thin, it can be
andyesigAlis fadysihrRiifigh Baydsitisisdriembe ramesehalsseitiethifgeiting to
FIGQN tﬂﬁAS{%StiﬁfG-. F%@X%mpf&éféﬂ”%ﬁl@di%ﬁf '”stE@'sx_QH OHd%{/ the deal with
.fln__gerpnnt region oré%[)qumenc coating may be applied by dip coating,

mi hdsofergaler phntrlgtiegr ExdiHateSAiénrthcepatindtaygheds also

corﬁéﬂﬂl@té’@&oﬂfr drPasia sfon SXABREI TibE (ﬁ&ﬂ@g%ﬁcgp IR R Breto-optical
subjected to hard abrasion it may even by 41 desirable to coat the

datfi 8RN FIRt A& RoRR ARRAt N aHRF P s e QM s eadighond-like carbon
(DLC) film, for example. [00156] FIG. 13A to FIG. 13D shows a method of
making tags 102 with identification features in accordance with another
[Oﬂ@mbaﬁﬁng}%ameeﬂﬁ%%ﬁﬁomérﬁéeﬁmé@h%rﬁ%ék?ngl%gggﬂfofzngerprmt region
11 CRreRRANgS Lo ihe dnatherydioalossichi B h o teobiGvily ARy Q@R les
rinting the barcode and magnetic material on separate areas of the base
17 é?érﬁrﬁ‘%@&‘?ﬁ@%tﬁ}y the fingerprint region 112 with a second adhesive
printable layer 194. In FIG. 13A, the optical marks 190, two dimensional
barcodes 186 and optical alphanumeric characters 182 are first Erinted

[00164} RLtediféy hagnate aigiapinndlegonstia singl Mmagrsiianartplsibep on a

subagireenktedhaQptgal RSP poyatirgtderniakieaghasivebarand@2f the
Next in FIG. 13B, the magnetic fingerprint re_zions 112 are covered with a

inveptahdFdGhddideshit TEAmagRSteaaiHeElr hAyhaYio b pragRsdicriigd parallel
to SRCpRAAdhenelayapstideness aet M. PrrBakiedayemisiiigic particle 176
two-dimensional barcodes 186 and optical alphanumeric characters 182
or serial numbers are printed on the first adhesive printable layer 192 in
FIG. 13A. In FIG. 13C, a die cut 196 is performed to achieve the desired
shape of the tag 102. The die cut region may include the optical mark 190,
the two-dimensional barcode 186, the optical alphanumeric character 182

or serial number and the magnetic fingerprint region 112. In FIG. 13D, the
final taada 102 can he revvealed by removina the eveece adhacive lavere



[00157] FIG. 14A to FIG. 14F shows a method of making tags 102 with
identification features in accordance with a further embodiment of the
invention. First in FIG. 14A, magnetic markings can be printed with

magnetic inks on a first adhesive pEiDrmtable layer 192. The magnetic

markin .hedn f 1,178 0r tic al [ .
e SO R T a6 in
accredioael witlosie atabioti nkne ohdynetientiarkings strsemegastfidugiall which is

r r ali ' ri annj '
e e T B S DM lon s shown
in §éPoslidl etweetvad vmeigaenics nferkiigs Trecia dlorigghe firggnetic field
perPANASIE RUMANRIANRLACE, (1R dERRSUPHIAGENG MR tese (NGRS is
agnetic fingerprint region 112. Then in FIG. 14C, a second adhesive
alscprima@l@may@ys@qr% @ep@bﬁe@qup @fatﬁelfﬂsrst’é@wg@ivéqjﬁmamé |dyasr the
ma%n? wga@@ﬁm&ow ?&Ei‘ﬁéné%?réﬁg%ﬁcﬁd MRIRIIARIS (Y i AR S INE Sag

s a cover and 42 protective layer for the magnetic fingerprint regions
substrateA2Sém maagpan@_gnvﬁwn@ra@l%d% @rﬁ_trv@iﬁgmosi@leaoﬂ_mtkmmtqmger
mafdiZkfi0h W GSAUMGARIANAL DA CAHRR 86 PREGR! AMRNANHMEN G CRAAHE Sne

82 or serial numbers and process optical markings 190 are printed on
shotja sedth(et ddidesivé BlitdBRy |Hytsr aomnphetioptidel aissidhgsiagatipne of the

magﬁagcfgaﬂi%lguitm ﬁl@@?‘?@&&gp‘?ﬁ%é&zﬁiﬁén légal?epi?ockﬁel%ga}%l of the

subsequently performed to obtain the desired shape of the tag 102. Here
magnetiieparitclod 16 petherivs pearetdiulie reshiinbeagl 1be mageeiespatbcle

17&%\?%_@&1%%9? Q%E%Qacﬁﬁ-%}f-‘ﬁf‘iﬁlé tﬁﬂér%@fzbftf&? {01218 MAGRA for FIG.

sufficiently thick (for example at least 50 microns, but more preferably at
171Feﬁl§6’11€¥0dlfi@@1ﬁﬂér%ﬁﬁ%eﬁﬁq@ﬁﬁéf@ﬁ@tn%tw$i@2%ﬂd% harticulaPtifestgh that
madAAEPARRILSTT 52 mRuSica RN meBlRaBH Tio D302 #hat DR important
reading device is correctly'mechanically aligned with respect to the tag
to sheossoraqsaaiiulanfickish Fé8padieh thee niggisticdhgdrptinptegibs 199n be
s Aad RfpRIGA! lienment SPRchaPRBHSHESF RGN MOIRidRIBic thei
m{i ater in th(gfgegpripti(%n of the inventigﬁ?Notﬁhat if the tgg 103 ié not %ls?etd -
Primary pragsriyt diiganesris RIEtRERIANS still useful as a visual cue to the user
indicating how the reading device should be aligned with respect to the
tag during reading (e.g. which direction is up). In FIG. 14F, the excess
[0018diheHivaaggatis poPicialdfe Fenibod dhei ¢B\adi Bife FinEpragPTe e Hor in-
plaffmpins-atached foig ai-Hickdingr Hntistis ieaPs: APRIGH R 3P @RIGEII Rk tc

be tagged. [00158] Tag reading normally involves two steps, an optical

partigles 440 Ahdighetorspiiasi stan torihisidanye oh Bstiag Cad Kopdddrae18B
shoWShapckadpaaNate-PRIicak R ASi R AR RN RBRAHRNHYALHAWENR wibh an

aligning the optical markings and magnetic fingerprint region correctly with

em ebtoPbdbp Hireitiand Fl rd8echoyvtha erensticatiaristetnd depfiitpned
pardBMia8 itdpRAsSiIméand auan-advaryagaaur) 1a $8athbeth.the. BREBicticle

fingerprint region and optical markings concurrently. FIG. 15A shows a tag

176 ppHaprd R PRIHGES pfcdh e h e Agthanti ftsSHRgRKI At &risany  the
cof@GieRidA2KBAG SHNENeSB shye AGhAOBSNAWS dherapREQYIMate-ASRust be

224 which an optical readinsi;P element needs to scan in order to read
thigkgrdhar habnerastiatash i himepalipesbos Wateh i3 Ftgnbid-ogiednethod o

achieddingeplaneatngedse ﬁfgﬁﬁ@bﬁfﬂﬁfﬁﬁﬁéaﬂtmmﬁg netig ERgatREAk] into
re%ion 112. The reading device 104 shown in FIG, 3 is able to
SO

rBhtR)Y Harf firepRARdE s KT R dgfreticv iR pigibMe1 ¢ 3t
tag 102 provided that the reading element 116 and reading element 114
are arranged to correspond with the spatial arrangement of the barcode
[001p34 g‘ﬂa}n%ﬁléqwsnﬁd%?ﬁm 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



43 region 112 of tag 102 (and of course providing that reading element
116 were a barcode reader). Note that the reading element 116 need not
be in physical contact with tag 102, instead it is only necessary to ensure

that it is aligned to read at least areg 224 while reading element 114 is

in 226. . i ; | - t .
e IG5 R 7 ey e Kot L0 FLATRIR P 83 i o e
caviaAdRgsTaechmagitiparifolendfiorhsimibitaneuirsly anel ahese miemaitanatrix

sed t 1 ote et own in FIG. .
malfiH A0S AR R o WA ML HAAG SRR B S8t i
solfihjedprimprebiotingl 2 xpashsineltiedobly gl congstutiveretingsipgay an
epo@c?r ?Qs%?%Iate%cb.'i'n%?&ta{';ﬁ‘a9R9$'ﬁ?‘§'§’éiﬁ-%Q%@L?Fﬁﬂ%ﬁ?&ﬁ?%%.reﬂﬁgc}ﬂat hetic
FIG. 2 a system according to an embodiment of the invention compare
partigadigtondimetiriromatcseh A4t thelcagsitndobjects) eanign s flidyehenwsition
: . ol : LS et o
(S0P 000 00 NARLL LI BB INTce e i
in hatbevitic3ied thectog 108 sigdie qmgomm_ ehitp Witkingtae pfieldefiﬁeﬁillustration
purtUEINAI YalieE fra 466 RIS estgdngan aea PLAGAE YsiB8ifed field
FIG

reading device in accordance with an embodiment of the invention. .

lineﬁw%&hb@gbahem@@bmlq@é %@?ﬁﬁﬁétré%mrig W@@Ps‘)@i@ﬁ@ﬁéﬂ. to the
tag 1621 RGyShQW SR RICaHY; Aautsionalsdiarhan tikialdgpsingidofhér). The

subsequent reading can be compared in order to authenticate the tag's
magx@ﬁqtﬁieldeééaaf%at@elm@@itaiﬁmg%@snhlﬁéttw@gié_iw rpyaridyeagPretad the
visHG A RAHINGS L AR A Sute BRI AT He (BRORRIE ISAIHEES B HBE @orient

102 covers a reading area shown by 225, as shown in FIG. 16A. This
thergnagngtist therisiagnaii® fé@@@él}s ddake &n méh_aglwode_@ﬁ@% li#es opointing
perpAiREAtRer LoRtrllgstconditions, stsh thatieadingRrsaaRivell-aligneddn is

order capture all the magnetic features of the tag (for example the entire
solighied peinsebdibrikes oetl ak am eRexakgaitieit settnen arkied ) iraeosigaal be
achiBVAPIR) BaSHSNIRINNA] rERANGRIRIOIRY P ALEMPle e @i iraloM Zonetic

~ subsequently read signals to be compared with the initially read signal in
fieldrdpatobgutibnticate theraya ohyashgeBrgnetanpatitlen to/friae2adequately
mabRIYEYE! RNGE SURSRIMEH I IGAEHSREH e {ap st AL AHERAONERHISE be

of a controlled environment by users who do not correctly align the
appgctinfcdevntslivraties peictths tmatdy To2terial gdSsitheritysupstpigie the
maé%ﬁlwa‘n@élﬁgq%&&9%&31@&@8%%@%{9 g il FRETHRHQN IS S WA Been
~ FIG. 16B, where the reading device is misaligned such that the magnetic
invegigdifep areaes3piBhihccolstdig s rtion S ihderh deipifietdificn babigdat the
rea@ily SEKIR Qicﬂiﬁiﬂg'i‘ﬂg‘%i@ fiducial Mardings lBidlGy P GhehdWsr layer 194.

graphically how the signals from the initial reading and 44 subsequent

Thissmging i he exnapeited@arislefet 16 slonsehtfcie cREctgxeabttitnaydyshose
witlig Slgnal iR IPmithe iRl teddingdsENBRERE Wilhthe signahife?12 of

from the subsequent reading. The overlap of the reading areas 1610 and

the 1i8od (&2 shBGH Axgrdty WHECoMpaingXissl¥igHans 4o o6 nbran @l Birotag

103tdedractien! dedipisthacampratigon dmerRpRiingieatdes GoURAINGEy should
within the overlapping area 1630. In this representation the signals can be

proyids Midkp B8 B ghtitredsoriie Widghtbtic features of the tag 102. The
shapes and spatial arrangement of the magnetic fiducial markings 178
have been arranged in such a way that there is only one possible W%}/ to
jt

[00144hnge the FRaYesdRitiRtSSechite SERTBIHEY (RRTERIHIAHS Fientappiited as
exchipfadllovidnsesitealsdaine Basilyneampanechiéil eaaa ailgictently over the
. determine whether the identification features within the magnetic )
lifefimye (rifrdtfohhatdHe¥cageqildteRlsr ARBRTRRLMITL RAADGE Sothgagnetic
maRideiesmiseddhies patddaencihestagsisl abihenticated I Recthrasholdhalshetic
determines a minimum amount of overlap area 1630 between the signals,
for example if the misalignment is so severe that the magnetic fingerprint

region 112 within the overlap area 1630 does not contain enough
identification features to allow the readings to be adequately compared,
then the tag 102 will not be authenticated by that reading. Although FIG.
16A to FIG. 16C show magnetic fiducial markings 178, if the reading

alement allowed both manneto-aontical and ontical (c1ich ac thoce readinn



[00160] The magnetic particles 176 used in forming the magnetic
fingerprint region 112 are usually of high coercivity. One form of such high
coercivity magnetic particles 176 is a flake-like geometry. [00161] FIG.
17A shows a cross-sectional view 9; a single magnetic particle 176 on a
._Substrate 23 v cover layer 194 | C nce with an., .
e B e B b o be
achiravidpatmagretivmislt pagake! w0 theoplasid ofithetag feubsrate 36 1antipted
reagépdejvzﬁ.s ‘{%Sa? %%?ﬁ'%%g @%rﬁ'&l%ﬂ e ﬁ?am\é'%%%ﬁarﬁ B(é Hgég bove its
perpendicular to he plane of the tag substrate 2367in accordance with an
Curenpouditrsmingf thevinvemionlsapeosidsnpmeggnetio sicnealthehiels isBapyico to
reaaﬁ%dmgpeas&gﬁ@g@uglt%ﬂgmdgrggéirable, perpendicular magnetization as
shéwn in FIG. 17B is usually advantageous for this. Therefore having a
magnetic field .perpendicular _rather t.han parallel to the plane of the tag .
[001947SFRE 26R §hBIIE NI D ASRITRAL %“Eag‘ £65101% JRL IR MAPNE R ing
particles 176 are chosen such that the magnetic particles 176 facilitate
thestﬁ@mlgim@e@gpwﬁemmulabjm&r@@met@f h%itkgtyﬁimttiatéczg@ag@taml_l an
emPRRENEHERAFGIRR A6, TS, ARISHORIE ANGAIRNSUPOARE FRADETZALOM e,
one direction over another. For flake-like particles such as the one shown
plamm.tm amr@dlw'gh imigZoensrnan ehest tﬁ_é myétapm@ﬁétiwaménside
the DAGNEHS RALICIR 519 allQWsHIPRASE 1Ag0GAaHRR MR AIELINGRIRNS 176
of the magnetic particle 176 rather than perpendicular to the plane of the
andn%g@ibﬁgapwhé_le)we. oh sotkredséd’a %nggsmﬁ-@ﬁq@%@m&gm&metw
parfiUiR 354 CAHMAEOTHIG JARD R R A Ben IR AERGYa T %@Fﬁtglgy 102

the geometry of the tag 102 is such that magnetic particles 176 are like

or, ¢ [[ewthendid e 30 hetagtsod bhemhaddedpoitant icehobsaliragprétd may
alsPBHIGRS ARG MEMAARAUSAISAHRPICH S GRMRE MACUER process

equally in any direction) or nearly isotropic, or, if they are anisotropic their

desgrihedrinrielghenicalbetidfAs way-br pliamed foonsTy WavaghestRxpaRrlelds is not
nectd QR FUsRApMNED BRI R KiraRIIEIeIRNGE el PIBNEPBNGIRA into a

then 1t is desirable to try to ensure that at least some of the magnetic

liquid e dyryalg e xiprien pergssadiandetseacpthnétbidispensin go formgmmple,
andL8f 304-L8EARAW MAINRYC RAHIBISHLORRSTICALBINAIELeN: a ceramic /

. orientations in accordance with an embodiment of the invention. FIG. 18A
SrepWORPASKhetic 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
[00150A ik Ji%t%w\sﬁbmf AhoN. digiBrane SHD ANENES AR o R REgHBE Aikees to
an D¥iStORsthicksy thanithat nesesstialed RYdhecanfiguatian stheW i itSn. In

18A. One method to achieve magnetic particles 176 aligned out-of-plane

FIGs ¢ futhrdand§RanniRiatBaansicreBrts fHasBreAvRgIon rdelssiarydedin
prif@VeLiREXRLenR WiRRLMBRIDEGHVRBN&! 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.



46 has a cavity 238 cut through it. A cover layer 194 is laminated over one

opening of the cavity 238. The magnetic particles 176 have been mixed

into a non-magnetic matrix material 240. The matrix material 240 is a

viscous liquid which can be set (th%is solidified) upon heating, exposure

to ultraviolet light or upon some other trigger; an epoxy resin, for example,

may work well as the matrix material 240. The magnetic particle 176 and
[001¢dtrilonkdferidl B40his tegpbshewittmihe duvina2a8igttisghepositiegiomy 12 is
incRERH{9F FXATRIG B SCIRETHRANI 349966 O TGS A1 O Diue

mix IS In the cavity 238, the tag 102 Is subjected to a strong magnetic
26Fob dius wation] pund bk thbatsakpdeitic Hidkiin: Hdpycrea digrb aratahgneeramic

subjsggt&s? ?ﬂé}ﬁ&?%%?ﬁ‘&%g | %1119198 ga%{) S?AIEIZMQ'TBQ&ﬁ%ﬁél&Q%O%%éginggude

magnet' 1910 is shown as being closest to the tag 102 it may a
anyaoteerfiurawdnnsterseld trhichesthdldokmhspalelisstld8enicThaetarig Hetividleldbel

25N Hae maonetc %‘ﬂ@i?%ﬂ%ﬁﬁQMY%?e%ﬁQﬁi&ﬂvﬁﬁ&Xﬁ 194 anhte reefpof

viscosity of the matrix material 240 plus the magnetic field combine tohe
intetdqu_ém ﬁélﬁimﬂnqnambl @s iz BbarentioMGLRY: iélmtham@mwrgiw@mm,
the PQINYRY Qﬁﬁ(y%dﬁld@ 10 IPRPENG.AF HsHia0 Mol R GAlGE N QBRIHE it to

material 240 is solidified or set (in the case of an epoxy resin this setting
congpigo|idifibatidansant bbcastiavesa-bptualingpthegrebimeantoss digkinty thesure that

2o &PORN AR AU b T HEM AN el IR L IOAY G, RHTHRISALIUROSHES ap (o

the magnetic particles 176 are adequately magnetized; however it is also

ensgphtbih flated sheli afsiasnigientrinaieetd 3isl doathgcoarapblidt Gfte?6 to 28 show
exa%‘i’ﬂ)iféisﬂs?ﬂ%}(l«%ﬁﬁﬁlfé&ﬁt%@ﬂﬁf}ﬂ%&g@g%gﬁ HaNS IR MBdNaiictag

particles 176 to a sufficient degree. No . 19 the tag 102 has
10%heehthevisadagedenisated with the other figures) nevertheless it is intended

as before that the reading occurs by bringing the reading element in

contact with the cover layer 194. This means that the magnetic particles

[00168¢ dipdd&i-1d e b6 VAL I1HYR YA HAGt HRetRBSASHieHIV ZREPFBS FReMBok) Jnimay
be fRYGIREIREPNARPLBHCE A e MAIREHE ENIBIPIN} b5 OTWIE 1Y LORpliant

These magnetic £articles 176 are largelyaligned out-of-plane of the ta
t

g
layqpymanbe intaehedtio igaut ashgiéane akisrcHimeigby Wit hdisiongexampies of
labHneyshould previds AP TY Aaanslig-Signalsa ke "eathl QLEALIN N Broduct

above description, high coercivity particles are contemplated as

“Pagamppiybndiegsse (HEpeEEMHEichieBPiasHERESichg 3athriensfy Note
thaPYeHbedifeimealidhestag 1QrHeweMah HSAIRe comiampiated thata 62

soft magnetic materials (low coercivity {qarticles) can be used in the tag
1

may b ured iR AbASEstherRlgricticthg pompliant tag.

[00169] In FIG. 21D, the tag 102 containing the magnetic fingerprint region 112 is
embedded in an item of value 262. Alternatively the fingerprint material 112 can be

directly embedded into the item of value 262.

[00170] FIG. 21E, the tag 102 containing the magnetic fingerprint region 112 is

positioned within a groove or recess 264 on an item of value 262.

[00171] FIG. 22 shows a method of reading a fingerprint region 112 on a tag 102
embedded on the level surface 268 of an item of value using a magneto-optical reading

element 114 in accordance with an embodiment of the invention. The reading element



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 above its4§urie point during service and also

AR L B P A e o

shows am ricating a tag
and102 vidiexdtprsicrssang aiadin g dnebresdiitindorary te2readingoblieveadapiedhe

Redgntifiedin aecordanee ity an SRRdsHent OLIe KVenton,PYindn,

rea{ﬁ% extrusion process pellets 250 of, for example, plastic rg}aterlal, are
elepmined Mithomadpatigepditicibsall @ & toppen246 fRmssurgriagidé¢hpaterial

sucﬁﬁ£%8%{§7§§§ri;§‘?ﬁ%‘fﬁ?ﬂéﬁst'&ﬁlﬁiﬁﬁ%t}ﬁ)f%gﬁ’-‘?ﬁ%ﬁé’{i‘gc%l%rﬁ?@sgi?é fastic. In

particles 1 y a solid piece of material 252 comprising plastic
cergomtairdng yiaageetic isadtisiedle76 isnektrubedshmé reSihify mri@msgnent
arofRl RE gﬂg‘?ﬂear%z&ﬁ‘ﬁ oeflé‘xﬁgﬁtf%a%g%%}%%‘ 49 ﬁ‘éc%?@n}%gétﬁ?éfrﬁg neitic

embedded into an item of value 254 (it may also be embedded into a labe

fieldHichns thvéeviatlixedl thearchéingotleana). The Piecessmplscribdbiiag 102 is
malFAHAR Q. BIGhACAMAYSENAHERIL AW RIS IBHAKATIRIE: 111 RRle heir

necessary to use pellets 250, instead the magnetic particles 176 may be

northim&eir@@iagi@ﬁdm@m@p%@ﬁ%gﬂaﬁ%m@@m&%e hepialyentogerus to
havlISPERFIN GG TRIG. ARtLRE Mat i Majetaheeethpohas ii}e%P'bH@‘?éading

but it can bea metal or a ceramic / "green" composite. [00166] FIG. 21A

elemﬁgtL El 1itals fhﬁfék@ﬁf@‘#@@ﬁ@ﬁ@ﬁs%ﬁé@%@t&@l@%fﬁﬁhm%3aﬁlagnet-
ThiRRISFLARZIR e igeniitierhih Recqrdante Wit R EPBRAVPER RLIR: element

invention. In FIG. 21A, thetag 102 containing the magnetic fingerprint

14 ayibatiract ihinenitepolsaopribgdgatmes tneebphe paime dhrapeigpsgqdlux lines
sucﬂtﬁ’lﬁh%WeQ&Hg%ﬁB&aMﬁ 262 ?f‘aﬁéig%éaﬁgl P Wﬁ%pﬁively it can be

self-adhesive for ease of attaching to the item of value 262. Some
advantaepnes b7 prfed vasaienpde thellefe vislelabdhs, madiig Ripernadd4 a weak
nor¥¢ [fAdRME: 'ﬂgﬁﬂ%aﬁhtﬁﬁéé%@eﬁé%\(ﬂﬂ%&@ﬁiﬁn%%%eﬁh%ﬁﬁa!%neﬁc flux
~ essentially a thin flat label which does not help to physically guide the
lingsgsitibniplgnst ehéhscangest Guiedomiamall o hElpYyiealyhek thesseadapgs may
be 22RBNICIQIBRIERS 1. EIGKBESTnt NenlaARE! 4RI PARSH BE the reading

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

clepprniyied)ialieis BraxHe mwgnietientneserimrtiFEgro RNy dipbleigbly to

realiRrRE l@?@'(s’)iﬁée 18 AL HNIR RS- ol Brdiag)lagrlOZ e oRi@BiRgdNe shows
magnetic mgerprlntér;?lon 112 is included in a thick label 258. The thick

the | sg5siing glRMeRn At RFHEEtH IR fiAFEHVEItE hemagiefic diagatneatol 12 and

thetRigk laBelsia%insiude mutilayeiimaterialemathl on esrpicaHPE! netic
plastics, extruded material or cast material. Thick labels 258 also include

finggiprithé i Forthoometatstiafeading dbealtnraEnEas tselen st ISoom it etk psriace
268hick-label 259 ﬂl@ﬁ’ﬂ?ﬁlgﬁ%ql?esrﬁa%]ﬁé’&j%@&g @E‘A@ﬂiﬁ"@f&ﬁé’tﬂiﬁwqm‘ﬂéﬁﬁtact

_a certain degree of interlocking with the scanner such as is shown in FIG.
witb3he peaspg e AN SFTRTIAL RGN the? 31109 sy eI Rgat S U84 ihasading

devii@m gacampliaifematesiak llewinei, tacontaunstedhecshane fithiged and the
magneto-optical reading element in order to ensure that good contact is

readityy; VREF e SATRECEESding element and the tag, this may help to
ensure that the magnetic fingerprint region 112 is read accurately. FIGs.
26 to 28 show examples of how compliant tags 102 may help to ensure

[001734 T d6miAd 5BRNESeR (R OroptisAl rdiRa dlkgrentnlddr 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



[00168] In FIG. 21C, the tag 102 containing the magnetic fingerprint
region 112 may be included in a label 260 with a compliant layer. The
label 260 with the compliant layer may be attached to a curved surface of
an item of value 262. Some examples of labels 260 with the compliant

nc 0 chas th mer r "P N
o PRI IS AL 0 08 S e A AR TRl By e
102thé\iwnmfardmretfzammme¢f poteigliantishergehercoheplizagoetofapacitbreading

ele%l@gtmﬁy H?ﬁe %&?8% %Xﬁréﬁﬁlﬁg%%rﬁéﬁp?ﬁ féQR'B%rHetﬁ h 8%?%]ﬂglow the

IG. 21D, t ontaining the magnetic fi gerprlnt egion 1
surgagtbeddéd isheatlitell6f vdlue 282. 1ARepmapartipithes findagplit? mratsrighast 50

mlc]rgsglét%& Qﬁl&ﬂrﬁ%l}(eggg T?j'ﬂ tfllgesﬂ %é‘i%' ‘éﬁ@%dﬁﬂ% %TQ%EA% 14 can

21E, the tag 102 contalnlng agnetlc ngerprint region
be pessitisrredhysikin aligrooeet oratbedds 264mmhamﬂ@rtpdﬂ@mbe21@2d{m@ment

114d Saﬂ%ztg%%? a pEIhod O Feadinghd NPgRrint ’&9{%3&?5‘6%59&1%?& at

embedded on the level surface 268 of an item of value using a
leash zdpauto lopticaicrenwises eleeanidsy pbadcaffanswmeiars epbadiersht250

mi@bHGIR GBI hPR rERURIELNAL AR the sheath 2210. Usually the tag 102

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

the surface of the tag 102, or label, or item of value.

[00173] FIG. 24 shows a method of reading a tag 102 on a level surface 268 using a
magneto-optical reading element 114 in accordance with another embodiment of the
invention. The magneto-optical reading element 114 is able to slide within a protective
sheath 2210 via a conformation element 266 (shown as a simple set of springs). The
left side of FIG. 24 shows the reading element 114 before it is contacted with the tag
102 and the right side of FIG. 24 shows the reading element 114 in contact with the tag
102. When the reading device 104 is brought in contact with the tag 102, the reading
element 114 is pushed against the surface of the tag 102. The conformation element
266 ensures that the reading element 114 exerts some pressure on the tag 102, but not
so much pressure as to damage the reading element 114 or the critical, fingerprint
region 112 of the tag 102. This is because the design of the conformation element 266
defines the maximum pressure that the reading element 114 will exert on the tag 102,
even if the reading device 104 is pushed very hard, the reading element 114 will retreat
into the sheath 2210 and eventually the walls of the sheath 2210 will take the excess

pressure. The conformation element 266 may include a spring system, a sponge



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 which protects the reading elg[tnent 114 from damage. The sheath
sysRRE0 FaDRARAdeIQm noRMAGRRIC MAIG 3l Sich SRARNMAANEHS, e
metals (such as aluminum), non-magnetic ceramics or plastic. In dertain
confironatistanbeseinig efesllabtethe magecthophedtte@Pherdol lbthed the tag 102 to
0 i I I ' '
b B R ST Lt T RS BRI force
duringire@dingxample 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
[0014b KK madfrietieciHe. r@aBinh e raenethod of serdmgonipori@at erean thieeven

surfgcaedm %ﬁﬂkegtr&é}g%%%'ﬁ%tl %%Jﬁ%d@%ﬁqu 141%&&98?1‘%@ 1t|i]1eaﬁother

south pole ofa magnet. This can enhance the field being detected since

embfrdisetobhe ofticeadiiG-AEMmehews 4 wHeatiaoPasRhiRD RSBt 14
ha SR SRR WATRING NG MARRKIE Bhixdines SHERENaS e, PXiRRMon, the

further out of the plane of the tag 102- Alternatively it can be

maa@ama@e@u@wimk@wemlélme'SIe@smt@@the rhmilmjl@le?ﬁé_aﬂtvia a
contdhANEH A Pale Rpd g sighthand SIdeaNGRARAN Pl JdHSind the
may warp the magnetic flux lines in the plane of the magnet
spripgeaieahitipily Loh dPraBidene Astabt treieeadingenmpayspiaieaefean reading the
maBFRRNARRLL ) td%g%}fj?ﬁ‘é QR the sRefiic sRagnglizatirfupfaihesading. 254

element used). This may be used to ensure that different scanners may

shorest the Eg8IEng eleareabittirPERy<¢singesing fingéhghntasrids ndonkdfeh3sB, the
madf@d&pide R 2rslhars the Jeadinonelamai 134Defons dusht o be in

contacted with the magnetic fingerprint 112 and the right side of FIG. 22
condpisithetheatiitigl B e rn 1dresoAtaRCHK it thelhf appastietragsigirieading

elerhbat THEINEBROM afseading: thadiogerrit e een 13 2 ndhs 16YRE %&gfﬁ‘@@ on
268 is achleve%ptg first bringing the magneto-optical reading element 114

thejips veontadecsothd rdénetr Gineb Idint 3eBidhe1aap 29d then ectrpltiergl avith
a cBHERARNING ressing dayeRs:R4 &P IRE e/ BHIAD 43 ﬁi%tiﬁ%%getéfb' 89€ead

signal can be obtained and the reading procedure is comf d. [00172]

head &1 D 81 ovADg e o ptitatiraapnieg éeraict Pachdd G 2§ ohaws the
sinBREAHaARE WHkaNneMRRdmend o] RedveRind s dhedethsifh aldilGrelds

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

of ra(PRgRetic tigetrRs Mithim BmbBamRERt, terhbbddoenoraradl v etifkaistnce.

AsSRSRgRmMent alament frpestigningua@dhe M@g&%@d%&i?%t%“@é“@é%that is
138 over an area of the magnetic fingerprint on the tag 102. Also in order

megsuisihitifsB phteftarbEAtaycth thel HifgRctyOptREIFe NG Blensangt same

madddidhgraaneirioptical#aading slemantichédCcanribe desigresutd ifature is
elow the surface of the sheath 2210. If a tag 102 or portion of a tag 102

sitjated pdeEiPm et tign tHersb s atishabi byt the srncing 25 1edag as

shok@RGRIEEMSID LlAIcanhe UseReasadhyitahaionmenhnaihad t© aloMser
the user to align the reading element 114 to the tagéfz. The reading

coniriipidon fiomidBeafMagRetih SRS MicfolAEtErs dPtéhsiabéinm he magnetic

feafiErAMEIBEai8hat 480stialOW2aRsmisrametspd aaphyeaskidQurface 268, the
micrometers, for example, below the surface of the sheath 2210. Usually

magnetis Jepgr . abihfologRtan Ly B adignisalty Aaver danharading: dleragd; 114
thaRQHIGEMEIeatid Malbeakieastas tuisksiquehthickertaamh®ill actually

distance that the reading element 114 lies below the surface of the sheath

be o ARy A dBRaRaghetimdeantes ofidbveBhl i Aomgtmrehgy the
topberashjayat oy havngrenlycoesidemabie sheathi? 210 vingabaye poderful

level of the reading element 114, in this case the lip formed by the sheath
2210 sticking above the level of the reading element 114 may be used to
guide the edge of the reading element 114 to the edge of the tag 102 or
other physical step formed in the surface of the tag 102, or label, or item
of value. [00173] FIG. 24 shows a method of reading a tag 102 on a level

surface 268 using a magneto-optical reading element 114 in accordance
with another embndiment of the inventionn The manneto-ontical readinn



51 system, a suction system, a hydraulic system and a pneumatic system.
The conformation element 266 allows the magneto-optical read head 114
and the tag 102 to be in constant contact during the reading process even
if the user applies uneven force during reading. [00174] FIG. 25A to FIG.
tanﬁ:%P OOM ao?‘t%ﬁﬁggr-orf 5%?1%' %3 ag0P iﬁ‘c@“ﬂf%ﬂ@‘{gg PPIRACEAOR ed from
smB a magneto-optical rea g element 14 accordance with another
oneesnifodimad pdicid dnanotion. thtG 1S rpEhbwednpaghetbaopticelthehdidpnge

[ | 7 i ti
or SRR A ST ST LRI A0 IR YR S0
tagganmavtédlorthd sheatr QR0 vialiaconfor teaionseiepiét Re6iefonrface of an

iterﬁmﬁl&?tﬁﬁr%%{g\g/%éa@igmeﬁgggn%eﬂg@aﬁfﬂ éﬁgiﬁge&%‘& 102 may not

mechanism 266 certain degree of compensation when readi
matple wedgmishicHingdssdnenegiahngsob th gt 20k o rodheunpogiBurfade such

cir@u%?stgd&s %?@aﬁ'%%"é{ﬁ%%{g@o‘ﬂf@%ﬂ?&eé&%éﬂﬁaﬁ{ i&g&%%&%%ﬁ i thE c.

tag 102. In FIG. 25B, the magneto-optical reading element 114, as shown
Angitergnetbad impydug wsbhéags dékRtadhightisane eagaldedoip drvméhain reverse

sidSUFRGRRER: s MAgReRCaneRld ?ﬁ&i%eeétﬁm%ﬁt 1A% AP IR MO Esurface

within the sheath 2210 so as to confofm to the tag 102 on the uneven

of tsb@rf@x:é@@si ARG, sEakd RPN fthech ap a6 Yo ayrn &¢ epridédaydtiag
with QQ{Q}H'%[M%Y%E?%%&%%PE%%J%J QJMV&JH‘SW ﬁiet_rfﬁlger_print region)

magneto-optical read head 114 (FIG. shows the situation prior to

magde ftaiet g IR 28 D gw@hh\éf@m_ﬁtmgj Lo i conteet wrthﬁtﬁemagf YoRg, it
is MNEtRAlhE AP PR MAIRRiC ISR I DRUNGLIG TERHTES: it may

within the fingerprint region 112 décay rapidly with distance. Assume that
confpghiadietie facaofdbarissirfatel@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

[00158d Ik Rénthirvissineahed af Teedifigri JBE0TOH 1hd KAgoraingsd necotaplant
labétt %%8%@115@&9"}9%%@%8&9&? SRQRN G gO P 1Wilkxesuliiuiige with an

reading element 114 measuring a stronger contribution from the magnetic

embedifieniatcl [beanisanPeno ean weraameinaghest #ofirebrwnodtgoad to an
iterhoFQ AMNCE6PRGAUHREQNA HPRRILARBY AT iR SWTARSRER SenAANIC alue

feature at the location 2520 is physically closer to the reading element 114

263nEN thetraghdiv Fenplianadahel RN P52 Y cbpret RprEAREFBANHY the
realiitbaqtyadly: e & measswenanihefthe ranelic EaleRidhs iR%dRPliance,

convoluted with the topography of the tag 102 or surface 268. In some
the sasfacerpd Fha}q@gl 1§5a51?,(§9\,g9ﬁ9|rr320 a flat surface when engaged by the

reading element 114 (as shown on the right side of the figure). This allows good
contact between the fingerprint region 112 of the label and the reading element 114. It
is important however that the label 260 is not so thick or so compliant that the
fingerprint region 112 is significantly distorted in the plane of the label 260 during
reading — significant distortion may allow the magnetic features within the fingerprint
region 112 to be displaced relative to each other and this may reduce the matching

between the stored fingerprint signal and the read fingerprint signal.

[00176] FIG. 27 shows how a complaint label 260 can assist when the item of value
262, to which the label 260 is affixed, has a rough surface. The left side of FIG. 27

shows the situation prior to engagement with the reading element 114. The label 260



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
corffgﬁ%%‘é%oﬁq!%“s‘%&ﬂ?{) (%} Qﬁéﬂﬂe%?%'te ai%é%%“é&%%ﬁ}gftﬁ‘é‘ 15%’%%%‘{1%%‘5& to be
this may cause problems since the initial reading of'the tag 102 may not
undnlatorgwelh githethb thebBegerenntddding§iof thadtag 4 pPoduetionthige where the
r ch ¢ ' t
T S A e MRS s an
undalgsn93wihich caride magdedcddsavesheirtheyEingepides figivith thg may be
rurfRPIAVER, ol SHTaGRINEY AT ARRIRH IO DRNEY ST NG IENLSHIIATECT, ot
the tag should remain planar. An example of such a tag 102 may be a
complilinay Brotagy ithual hauig gslgarcirongdaieat avithaiheinehshiygngl¢ayant (bklowith
sorfApHOASIRrIPRAIR) Made IR BBRIT NG MALMHRENHE B, as
10£|s applied to the item of valle, it Is heated such that the thermoplastic
sholapermildtsi ghtafea s oritéaes slichetimgemprayt cegiforrhlithebkuifaeentsirm to
the NEURY OfValie-1[PPLARIIR\C 20 Shaws A methosk ol RRiingraHingRIRLBEint
112 contained in a compliarit label 2607using a magneto-optical reading
reglarhbht 114 in accordance with an embodiment of the invention. Here the
compliant label 260 is shown attached to an item of value 262 having a
circular cross section. Due to the shape of the item of value 262, the

[0014{ThaEE(of B dumplianetitieroolislJobelrfemption 1 efrrasdmmentWitth an
emBoRitRAAIRE Glemedibld ﬁ%%e%@"lﬁb&%ﬁé?é&ﬁéﬂ%&é&%&gH{:ﬁ)t}ﬁ%ﬁr@ce of

its compliance, the surface of the label 260 is able to deform to a flat
thedirggerrinhegienddded Hieby razihdy slerpenect tithag hawm g surace ghithe

1abS1980T dhectigHIfd. hRi%AIAYWS AoRiGANTRst RRIWRRMG f{HQ‘%[QIEWEiE%%iEWhe

112 of the label and the reading element 114. It is important however that

figyre MbR 2Backed e softidiewr Wovabingianpieatehen SpgRAsSAhP gy bR 1epding
eleifesiOMificanllysdisierted Mdnemplapaef gdaRa2R0dNENG feadithice of X,

significant distortion may allow the maggetic features within the fingerprint

aboregytbp 1rees Be hrspiscerf rdriRRe G @Ach otherarmnttie Infy ot d Hee 28,
durfﬁ@t@ﬂi%%ogﬁgﬂ?%i@h@i%@éj fingsrpsiatsig n@a'télgg the readfingg LDt of the

~ signal. [00176] FIG. 27 shows how a complaint label 260 can assist when
fingpepriaregipaldd 262, wonitehethéddise IcheTisaffiee dl Hes ¥ rdgghrounding

surBREALR LA 18RIt AEHS of 4i5BANHOSUHALIOR RER 19£06Q9RMNGREsure

with the reading element 114. The label 260 53 conforms to the surface
exegiethantdin srdgslosal il ting Esnditsdfdpandvecttiatiige i plane

witHeRE Rlis dngerpintes &7 is frsheeashenia predusiienline wWheke fRerface is
label 260 is kept flat. If the subsequent reading is made when the label

pushed) belew ihenatiratingiae fadacoertas fbgindft designdacHitiesrgrps santact
betlRIR M 12y e fustbarawandram thaisyfacsoftheseadinge'e@entssure

114 if the label 260 is not compliant. However during reading

exegttha i srrdnthelRenFahding srenferiried ipnrrebrilatuisg he apritetabthe

ﬁng@ﬁﬂfﬁﬁqmﬁl@mah&lﬂ)ne/imr%nEBMfap@haa&@,z% ahowian thesed (for
right side, the surface of the fingerprint region 112 is able to conform to

examplfedefin bt 14p: aTmh | HeBidng G dcttidite rR4alimgest e I the
othfPEEFRERY Kagiofid 1 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



[00177] FIG. 28 shows another compliant label formation in accordance

with an embodiment of the invention. Here the label 260 is constructed

such that the surface of the fingerprint region 112 is slightly raised with

respect to the_remaining surface of5 e Ia_bel 26_50 surroun_ding the
omIDSERTIN 150 Br AR RROND ORdNe fighSde LIS IS and o

aftached to a flat item of value prior to engagement with the reading
maghetnentticali, rdadisgrieleanofithbl fingerpeirtrdegion Wikk isra¢selebBymgnt of the
. di f Xi e surf fthe .
e R o
ensi2, goatlisthiesuréavecof e sintperpeinthe gignl 02 2id ¢oesretsed rripat 114.
ThERAERIBIBERIANE ohiDe RHENNYIng. Sface: REPAIAING RNESARPR 9 ror

size of the ng element 114 and the preéssure exerted on the reading

reaéieménmengmqli;riﬁgg@admgl 1>221H1§_y wzsér@f(ie.nvm g@pqérﬁbam 2 and a
fin %&gﬁ%&@%&‘[@ﬁ%&r&d’ﬁ{&é‘%ﬁ e SoRR AN RN (SR SEHYIREE tag

ushed below the surrounding surface). This label 260 design facilitates

1O@M@Qngmrb@nﬁée)ﬁtﬁh@ﬁr@@g@r#@é&jﬁ@@;@@ﬁ@gr@r@aaiﬁgleléimiprint
regior FIPCR AlhERESERITE SXR eGP NS rﬁﬁgé?&ﬁﬁ?%ﬁ{&ﬁa%“ﬂ?may also be

concentrated towards flattening the surface of the fingerprint region™112,

feagihl ifnHeTsth&F sloriihéedpthiatabehzemelrs Blighty eaidedgol Ekéonphsthetic
purPHSLO R PELALIP (PIRRAAUUAGAIR BIUNG, PLEHE Qi3 MagRLAEIS the

~ other portions have dirt on them, they will not have a marked effect on the
ringaganlg o @@émiﬁf tbgmglﬁ.cga @Md@hlﬁmﬁl@gmtmm@ung)
canZio( QXIS R RIS '?82%%6%&%%@ 9107 AR E NS nment
element 114 in accordance with an embodiment of the invention. The
(fos grrarelef sHeihip26mdvisRICsEHthinS the TRy rioH ifaasuﬂéeﬁff@ﬁeﬁ@almon is
higRRSHI& IRCEOURABLARRNEENKAE sutiAce Uchadad 12 AR (hederdindding
element 114. The magneto-optical reading element 114 is brought into
clegishtaAWIRRAHEIELEPTIDD ForipRs dih g AHEYh aB R Fdgrsi g 1Pt med 9 or
attRREWSARIAGuYiEYE Yrtheviagd0BaRdha IOGIRINt regiRRdtd2it the standard

accordance with an embodimént of the invention. Here the tag 102 is

reagggAfyitar forfitanstassre st magngiametivalirading slfmgd) Theble to read a
sufﬁeg,-%tgr'm&geqm&%i%mrﬂhelﬁﬂg@fﬁﬁlﬁﬁ%gb}@quqtm?@eflweﬁeﬁwﬁnga rint
material. It may also be feasible and may be desirable to plate a thin mePa!
ma?sg@@@b@wm@twmébﬂ@rth&mdﬁu%mq&@ﬁ%@@aﬁﬁbreg%qaéketﬁl@gerprmt
regrSHY € l@saﬁtéed%%&i’ﬂfé‘%ﬁer g siser “?Hf&nibol%& heptRdds &ﬂ%@@ﬁl‘i@%eoause

~plating of the ring 262 can be gold. This plating (or other coating) can also
it adlowye theprtelf thes teitylarapdi T gerirmt dgRinstamfioMitise with a wide
Var@@yi@@@m@g&@pr example scratching and corrosion). An important feature

of the invention is highlighted in this embodiment: that a single scanner

with one standard reading element can read fingerprint regions of various

[001593PEF@NIBAZ @R AN COHAINH I AUraltachediq thr wuriice ﬁfjﬂ/@sﬁiyncal

of items of value. Provided that the standard reading device 104 (and
readingeleisd vl g neRstoisadin g edambRidnmrssordangietidrenda faxh ) the
inviafgshProportiapRidhshfiogerpsinh sesiomneht 21 M ofdan iR BRR & fNggRidtive

matching above an acceptable threshold value it is not necessary that all

shegil ARG dist RagiRsie- 2B At 3he Bl dhdpesopreeipd by Reany et a spring

melMRREIAND GOMNatEaliycharause it BHOWaERHSe MsacsitandalRRAMNI0 are
device 104 or scanner for use with a wide variety of products. [00179]

essgr)al BORO MR RS LAEY i1 SHARF dPod BSEBatsH Al s olrbdhaghEtavbisticthe tag

107eadingselemeehdAdndhieriaading sotagohlad. in accordance with an
embodiment of the invention. The magneto-optical reading element 114 is

surrounded by a protective sheath 2210. The magneto-optical read head
114 is connected by means of a spring mechanism 266, to the sheath
2210. The internal walls of the sheath 2210 are essentially complementary
in shape to a perimeter of a thick label 258 in which the tag 102 with a set
of identification features is positioned.



55 [00180] FIG. 30A shows the situation prior to engaging the
magneto-optical reading element 114 with the thick label 258. The springs
266 are in an uncompressed state. FIG. 30B shows the magneto-optical
reading element 114 being compressed against the thick label 258 when

oorCR SISO, T A S i
elewenipléssedhatwinbicindatisicR I8bdh258riings SiHtngs 266 mrmcompressddtate.

opfical o el . o t
L L SR S0 thhns
the ghaskidetitle2a8evheinreagingsibalten dageemmiedhenibanto Bhidusetistantially
su - . .. - 19 ( i | S
DGR S R el GO e
aga'zg»lolmﬂlbé éﬁ@hﬂé&it&tﬂ@sﬁg@e%@r axaenpleressefliang, t@t@ﬁgl@,to—optical
reafiR0 9IS RAVE NI &Yl‘?{iéfe'ﬁl%rﬁfg{lﬁpﬁfﬁ?tfﬂg SRARGIS A of the sheath

clo pletely symmetrical, i.e. that the shape uniquely defines the
22 I¢ienteeiond offthdveeld igd dendceorcoader Seanmier with réspbisienkhengdgsment

melRii Y eH @nL%*P@'tﬁ?@tﬁ’é‘%§5ﬁﬁ%“£ie%?c"e01‘6%”ﬂ%§9&’l;yi%1§ NI Gl oss
described below. [00181] FIG. 31 shows a method of reading a label 284

(anwmﬁgﬁfcmﬁgﬁrﬂ@ﬁa%amrem&éﬁxggrarma@@mébﬁb& e detral 218 riechsheath

22 L INRGHARRGE WL R e MROAMGHE of e BVRREAM D R JABE! @81y on,

contains an embedded fingerprint region 112 covered by a thincover layer
howgetitidgenseitaelgigrathe ibanstismenersintdabis yriaenien)-the didhe shape

unilfgy) d@fﬂ@ﬁl‘i@f}%i&ﬁf@ﬁ%ﬂdﬁ& %ﬁ@ I%Q&'iﬁg‘ '&@fi‘éée?@ﬁ%@sﬁﬁﬁg?éﬁw{gp%sﬂ@& to

are printed on the surface of the cover layer. To achieve a desire
the dneinFerd: ol aditip e firgerphivrtb 20 lepidi 2Batiencismbingtion BlG. 31,
desPRIgH 38R QN a housing 282 surrounding or adjacent to the

magneto-optical reading element 114 and a stub 222 on a label 284 can

be used to provide an interlocking means. As the magneto-optical reading

[001?8 £E134 B ARUBREHRRNINR 1aRE 28heinmncich 2R IREPRURIRG 222

of the magneto-optical reading element 114 provide a mechanical

usipg B SRigelcigastie S kignsaht dhincisentduess orithaseamadimgy of the
invERBRRCHIR NG, 13 R4 TRRIRIRIAC KNG RIRMRIR LS HSEILS GHIVES Biered by a

magneto-optical reading element 114 to the label 284 in a preferred

thinygren&ncINGte IRactREHAESIAY DEIrME) HROW ProBeeyé shddah By the cover

layS6SHRed Wt FEiRIRA0E RPTAMMIGUIERIaRE SHEACRIRIRR @M printed
value 262. The item of value 262 has a protrusion or protrusions 3210

on sbeaswitee fethsgcrusr These FrottifysBdet sfe HiesoNsaY tor gisreing the
findRipHAckWiththe.pousing 282%oh s magnstoropsical reasiog elengbing 282

114. FIG. 32A shows the situation prior to engagement between the

surruRfifg Qe Adiarent iodhe Rrpao it abradpg e e shiAdsr dukiy222 on

a |9RgageMentvdaigthe, magnatoapiigahraddiooelementsldft i%nﬁg%ﬁﬂoptical
down such that the magnetic readir;gﬁjlement 114 contacts (or at least is

reacing sensixi Aty PR SiRpcb o £84-1b2 1918 pRGtARiBR B ItE A8 of

thetGdidledhp masitiendisheicarcing elementdel 4 withcrRsRegt iaie t89ensure
102. Note that protrusions 3210 ma%l/ completely surround the tag 102 or
accifats AligngoE24dd PiehadRh 8340 MaysisdVé ithed dA Hie tdalodhe

intdiRsdk Rzt ehipRahioRelR @ WGestBAIABMeNbptical 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



[00183] FIG. 33 shows a tag 102 containing a magnetic fingerprint 112 in

a groove 264 of an object 262 to be identified in accordance with an

embodiment of the invention. The walls of a groove 264 for the tag 102

can be used to help align the readipng device 104 or scanner and tag 102

S C 2 I
s T B %aeﬁéﬁiﬁufa%‘ﬁﬁg%%@ﬂéﬁ?@5'%“ protrusions
32 durfjeesnbiv Witichetd tddie shertapioas 3Uth abjéetigird il gwindriotdrlock
t t t

D B P he
snua@ma@mnhoo@]lgawmmtebmmtmmé@gﬁnmtnbt%elulwt@@é:%ndE&G

r f I I
e R B £ T AR e
1 14appiyingdadeyn o hotkatdbeim@natiacontngraenvioh bitecontbddiment tsfast is
in Jﬂ)%é 89&89 It%)':d% sﬁflfag% ?BPé'l‘E%qroﬁei‘ﬂe34r%9rﬁ%ﬁ8ﬂé‘ Waﬂ'% §u1de the

magneto- opt cal'reading element The applicator head 3430 als

posgiapnamshe begddeckunairiel (hotighaesnychidthotiaghdZadiotiel drmitpranusions
32 105N MR RIS NRIPRR! bayaese 18R H&Q&?ngrﬁﬁg%t&cﬂ%%é%ﬂ‘s%mo

region 112 are réad before applying it to the label 284. The fingerprint
mayegiorbe forisedorstisieedd) hies ot ge grrind Feg)ion el duiditheadi Haesntthe

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)
[00183)] c A Hrn &S eskevial e O2 3Pt EnaZaamstslotgritheeMun bhthe fabulove
2023 ITAIRICh I 1R BONINBANR CIRRACNGIADE] Ziholdifient of the

applicator ‘head 3430 links the information which has been printed to the

invpsen2 dh¢i watheofetigrorirabddsio Ao taad Moersl hanibed Sade)pwatken the
reaéh‘% WRIMensipnal RALEane ﬂ%l%rﬂ@f L4860 Hikieg 102A5aEN3 2 such

t eflngerprlnt region 112. This Tinked information, that is the label's serial

a gavhepBind wridlBtacAumbaicabiocaRa Lt ksisisniine dcaea s widle flat
surfIE AT Rhiformadien @lthe thh 102-ATEhREM iR HR18 SRAVRAMINRR T’ not

be the remote server 108 (or may be linked to the remote server)

50 kisiiedheudn 3 B Erbohantherdy mtagashm kil los teediieteetihadne 102
froRNsigsiRal {UhRilRghA2 8RN ATHERSIPEG B teIateR i e Zroove

and a successful match occurs, the additional information sent to the

2641 ssle b e B ropspidsd TRt Hercih FlGuds e YRS siTle- 2. 2

fouRlWRRES 3ft2Reand pRderumbien3d4R sadhat the user may verify visually
that the numbers printed on the label match what is stored in the data

server. This linking of tag 102 and label 284 data also allows the system

[001@4&1@1@6%@%9%@8&8%%%%?@@W&@dﬁtg%saeueaezmﬁlae&mﬁm

the brand owner will maintain their database using their information

withripRedesrPasmsBel Sathara waiomolit IKEy mit ddsoapbcar iRfarmatith 1s
equiifedhe itwondimansipnahbarsade elumber 186 onibepachRs &kt 3430 also

fingerprint 112. In such an assembly line, the tags 102 are dispensed by

COnHNS ROGFF AN SSRSBRF IOVShIHY) 1Y RBAREJASpticda i %}Q%%Pg the
twol dthisnRienBeéddba otamuet thedrRading igmantairian 28810 eaa@Bli&ore

reading of the tag's fingerprint region whenever a tag 102 is being

apRiKapeHsiedte Habeleid: 28X AresriBust By e hhs '8 sy/uiam e fingerprint

regﬁﬁmnasmgtauas@ Bl sRNEh Rt 34 U EACEn IS tHISRENINEL AL DNABBalbRie 186
piston 288, the air suction column 290 and the magneto-optical reading

is RUBHRGANT TR MRPhistitrolias 4BRLAY S ReRtotdnl Tlse CORRRTAviBRNSEr (not

shoRf)aREkh PBhtdagsehInanthapplicataide acbadBRumayr varYOWIAehs 1ibENisg4
lﬂﬁgg;lard the process of the application and data I|nkln%may be varied, and
im

Ly Prisee BRI MRS e {Aib0R o ihiAbel 1 de riReraRRlEHSr Readert30

11n1&Uiﬁ'@QﬁfMdin@1Y neitldl @ M RUAAEHHING WotEeanBdimes gxpinheateial number
warranty information, calibration information, batch number and so on).

Note that the example given was that of a brand owner tagging a branded
item of value, but an example may also be that the data owner is an
organization or government body and the item or object being tagged or
labeled may be an identification document, license, financial instrument,

etc. For example another method to link the data is to read the tag
iNnformation firet thean attach the taae 102 to labele 2Q4 and finallvy nrint



the tag 102 and label information to be linked since the computer
controlling the printer may also have the read barcode number of the tag
102 on the label 284. Yet another method may be to have machine
readable label information on the I% els 284 (for example barcodes
rrespondin the serial 0 er [ dable
B R o R Py e
tag bidth st ofdmipiehshio fifgrapintiagiontiélabbiLBakedditfanetivn tht is the

b gl i, 2 AL PR AR v
fingremandisigamating ofi¢hddtgbldSears spddted duehethvar thbictagaObechtatsaiote
ser apgi%"(%}“ Iyg ({Eﬁé&i&’ 'E}l'%‘r}_é}ﬁ@e%fe}’é‘é%ﬁe%%ﬂﬁﬁl}é‘f iﬂ'?éla?ﬁ% daerel Peng

Ication pIus other Information as required) IS stored on the database.
FIG|&ar{hisel takngfodinthtomisamation wadinkedhat infohadtignlWhich ssagned as

desPRERECHN RIS oprie Bem,of yalye isall thR CANGERLS SRRVl tonal
relation to FIG. 35 described below. Or the item of value may use only the

infoagawitssiéritifititionbihel ddivietevarsomfvrisratibribabond wettesn ofclatisethe

1abSP A PIRIGHER ARG H213R858 AR PRSI MAARNS /ARG bR R ually
item of value itself. [00185] FIG. 35A shows a method of dispensing'tags

thaudzemmhﬁagrmtmeﬁhg@(ﬁmla;@im@mlmﬁtéﬁitsémgdofwdlﬁedasllsﬁrver- This

lin@HaRIEchie P identlied Bkaceqrdange nilametler amRodmeALO HiGhiessly
invention; FIG. 35B and FIG. 35C show the item of value 3510 before and

withfeeprand § Woer hadnvbase diepensed]er hnpe thobiaak e 8Ba0wsl s meintags their

dat%gg%fﬂgﬂl?eff‘%%ﬂﬁa'iﬁﬂ%ﬁﬁéﬁaéhi’i‘ﬂe%%@laﬂglhﬂf@%ﬂ?%ﬁ’@s’?'gkely not

information including the item's serial number 3420 and model humber

assgd4E. thiak infarkiagsto thethe river dameasasmd barsesie dorebgird§goairbettag
1023%21%@@&%@@%%&%%%9% fipgdnclyges sreiRods sUER By air

lot peen marking, laser marking and ink jet marking among others.
suchpB HtipBkp IHa MM STy ARfeesrT ey thalieadkiag alsimg lddiés mounted at
the (HRAVRNGY HERIIFANQM MR 439 FYELXANBIR. P@Jﬁﬁ‘ﬁ_%ﬁ?@ﬂ@'?&é _Oﬂ‘l‘%&j:?print
FIG. 35 the machine readable marking 3520 is read either immediately
fegblélf&be@ﬂ’ﬁfrﬁééﬂa@%ﬂ&ﬁéﬁwW§ﬁ?§-tﬁé%@’@@?%ﬁﬁﬁ@fféﬁ%fmﬁwé of a
systent 048U I8 AR RN IARRUTIFAHIAN IeRIW e8¢ HGriAg 102 E:BlRifRAG-ANSSIShe
allows the label ortag 102 to be linked in the database with the item of

Pisteay S &5the alcusE IRfePhERIbR AR IME IRk mTtisalusshng elsgent 114
ma{DQé%@LEb@eé%ﬁgawls RRIRSE SeRIQRIIMW R JAthd A2paRCORAING 40 102

the invention. FIG. 36B shows an isometric view of the same tag 102. The
andappHoImipitse S A garpriviegiifedt 2 htbis ctsgaisks denigrgtic of the
appPRHIA SafiX e rli%gisﬁgy HPQkRariamaiRrigiie & g.ROlHYeINRNEVaried

epoxy, for example), the mixture has been dispensed or screen printed

(nop hiifed Eaerrisd Aebsr rRiyE1036h 0HRbehaRIHdadY difdelsurRRCtHEng date

and TR RBH PRI SVAIRA8] IRESRRBIVRN WY BHAESPEAbLIEAGR, BER-ntitber and
cover layer 3610 is between 1 micron and 200 microns thick, but

50 pherAYAs{BEHfe PP sED Micrtié thit g RYAsH§eing 4 branded item
of RERENBADELC Matesial mirchRS dPalvathilenadewpithalate "BEInililton or

The cover I%yer 3610 also has both a machine readable marking 3640
OV AP ef Ahd B hilfTRANTe PAHE REAPGINGSES0 (6. dakelidmpay be an
ideRBITEIRANGHREHR AN G M D eMmaRsiad IivutRe R as&0¥R) eRalifHRUERRBeSHEhOd

markings are generally applied by printing for example ink jet or thermal

to lipnihs frladicegrrtithy Beimayieiapiddhsn Hisaigsslidh tadabels 284

and TR RNRBRHAIR Idiethad beR REthaiCopppriarsiaenmBlanthas®ms of
layer 3630 at least 10 micrometers thick, but more preferably between 100

valug rdpifizseriis Aok ERARIDIES 6f dbfridfalhaY IBgdeitatamadiately
prisvhighhargusdiaie fafieepaniagriicatiaimintuds thorere] s34 byifRagesiow
Corporation and the "Norton" range of foams made by Saint Gobain
Performance Plastics Corporation. The base layer 3630 material has a
thin adhesive layer (not shown) on both its upper and lower surfaces. After
the fingerprint material has been dispensed onto the back of the cover
layer 3610, the cover layer 3610 is laminated onto the base layer 3630.

The adhesive on the top surface of the base layer 3630 allows the cover
Iavver RA10 t0 be firmivy bonded to the hace |aver RRRN Aftar laminatinn



60 tag 102 attached to an item of value 3510 in accordance with a further
embodiment of the invention. FIG. 37A shows a tag 102 being attached to
an item of value 3510 according to a further embodiment of the invention.

In this embodiment the tag 102 an ttachment mechanlsm is adapted to

thepr%’ei%t%ﬁ‘&%g@ I‘ﬁéf%@% d%oﬁa RREXATIRLE e, ﬁ'@o b Ig the

from the item o on another |te
prifiteictiop alverivey ¢hibe tmar;béqycodﬂngrmbm ﬂfetll@ﬂtaédb()afcm Ghe3labear284. Yet

anoﬁlgéa% dﬁ%gﬁ’o 1 ﬁll???o KSR AR RIS | ﬂﬁ%&ﬁ%&é}r o@PBJéCf’att')%ﬁ 284

own wit OUt any magneto 0pt|C&| real ement to
(foremphdizbateatlis msremmm enthodiriehmit imos necelsgaryatidhttighine

readRGA hﬁ%?ﬂ%?ﬁt%é‘l 'W'ﬁeﬁ {Hé‘ge&e}%?%“a‘i?glfg&‘%rﬁleeﬂ 5% AMih

the applicat 373 spenser need not any tag or ngerprlnt
set?reédrrfgrmmqm(ﬁmylsnhﬁ@éxhwpl@hﬂ%ﬁn@ G o8 TheHegd§2)0mdyake read

andthl‘iﬁ&g ?ﬁ?ﬂé‘ia{ﬁ&i'Q@&%%x%@&?%ﬁ%%‘?a&%ﬁ(&'ﬁ% LR %F@aﬁﬁé!‘?ﬁéﬁ%‘?{her the

4. The bond strength between fingerprint region 112 and the cover
labvay?e341@r4tt§ptagpUé?emfyr@mgenmb@%fm@@@ﬂ@@eamethgtﬁa@ae&amméated
sucﬂ%é? &%t%(gﬁﬁﬂv(‘%%as&é?'234%5190%?‘88\!{}9%'3? iEefsigei b vﬁﬁég dnd the

droplet of adhesive 3710 (e.g. an epoxy) Is applied to the surface of
timgegndoflatgloé Bs1@rheatdmtelypateronhermaayiappiiceioircHere sored on the
auiReneing oA AR inuaeH QAiseenss ReopiE Aladhsee il been
While the droplet of adhesive 3710 is still substantially liquid,
direghhyliptititnd kadbe3r30 plLskes tkelfathBoRiserthe %M@sméeé@tl@l tPhEIG. 35
desgfﬂ)%lﬁagfo%ﬂf@ﬁ%@ RahO s cHiEd &%%%ﬁ?'fﬂ?e% RORAsHGIH LS and all

either while the application head 3730 is still in con act with the tag 102 or
releshotipfanapation appiicHifoticheall BIB0 IR RRGHaIRA . 0BiHie diabaserand bpt be
sholg aprlicaiRn hearRy R0 hichiipuehgs the tag 102 is substantially flat,

this ensures that the tag 102 remains flat after the application head 3730

is removed. The process is tuned to ensure that the tag 102 remains flat

[001R4F"IAESr 38R aADRRVEAROdDE SRRy IBRd Rt ihehbARgREBVES L rprint

the adhesive 3710 and the flngell&rlnt materialis stronger than the bond
regiatvédh HECHHGBYD DAt Yelyor 11D adiirtade oberifgpsiieddinpsgardance with

ancAHG BRIbSIMAGR 5p ARMNVE R 139G O35 B EIMRE.I135€" Hod Wik RRGHh AW Iue

while the fingerprint region 112 will remain firmly embedded in the cured

35 Ishbrienreand phtep b {agid§ ahge SedatiseepresfihBcoitannheraheidtdAtis shown
as MKW Aaeihanhadvaniagepiibis.mehedof allRehING.A08 1921 Ration

an item of value 3510 is that even if the surface of the item of value is

inclyding Hheascsnswriii prabsy A IHantdimesicensmiiséddes theemarungr on the
iterflagteruihe Mfﬁ@@n%@'&&ﬁ@%@@u%ﬂftﬁf&%merﬁ%& Mihé%larﬁ n:hgll@ekq part

ensure that the magneto-optical reading element 114 makes 1 good
ma H@@PW@E%H@%@%%GP@E@SM P@%@ﬂﬁ@%@}é?ﬁ%’@%&éﬁfﬂ@kﬁt marking

amBHECHNEN. AN RXAIINGI eI a dhis MNchRkas RIBEMRNEMRNIPASSg a radio

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

freqpgihidden e ign R iR HRits s oAl 1Ay de 2 xamnie tondetr ddssS the

matRghbnexan iarast.ERNdhe haiteianstlchand ibibe adheshiltely after
chosen correcéé%)he taraégoz will shear if the lid is opened (hence

disprpviRarigaats JreampErHSsithcelt AgTotnge ddentibientien feaure

of &Q&@gﬂqpt;e@st@m@%% antemperpae! sealiiserdole i9shevws indkla. id8he
described below. [00188] FIG. 38A shows a bottle 3820 sealed by its lid

datalpase PaihhStiaRIRE S BarHbandhEt 1atsmesien priaid riathed i A alue

35 @nbodiment of the invention. FIG 38B shows a plan view of the label 3830
which comprises a tag 102 and has a human readable number 3840. The
label 3830 is made from molded plastic and the tag is integrally embedded
into the surface of the label 3830. FIG. 38C shows a cross-sectional view
of the label 3830 in accordance with an embodiment of the invention. The
label 3830 may include a tag 102 (barcode) printed on a thin cover layer
3850. A fingerprint region 3860 attached to the underside of the cover
layer 3850. The label 3830 further comprises a notch 3870 situated
directly below the fingerprint region 3860 of the tag 102. One of the
bottom surfaces 3880 of the label 3830 is securely bonded to the lid 3810

while 3 cecond bottom <irirfface RQ0N ic ceactiraelvy hbonded to the hottle ”RQ20



[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 é:e tag 102 covers a reading area

h in FIG, . The fi [ | IS
on S4By 28 9T 1SS0 A DGRBITL ogon i o e
invehoovs dilbsedoBnsirending asemst8010iemdof RO sfmaagd 0DwHEretieg 102
) e 104 is misal ' : et
cor A AL, O B T O AT o o

viseenglipe) ires @ 251t e dee, apshovathineyareposth fosakigmett)i.¢he mixture
ither. 0 is ali irst readi

BT e Sk A FR N o e

curg@ sugdo it aReamd 3eN0 riardeleh agstet anenpRiiioniseligmenpedt theeach other.

ThdSAH/00 _1‘3?&0?6]1841&3 ERICIR CRRIMER ARG SRORRUGIRatiGS %[g%cferably

fingerprint region 112. This facilitates matching of the fingerprint readings

betmﬁiwé@hmiem%ﬁhﬁdﬁsm Wﬁ@wfrqaryao@ogumswtﬁgrm@ré@pﬁcabms a
pol 9Ly [N ARG ANGRRAFH LA 1L oS 1E5Seo8 MR SHEUIKHEIIRAchine

with"diameter of approximately 3mm, then if the magnetic reading areas

reaé?_blgfr@@ﬁlfmg aﬁﬂ@r(sign_ Et)bar@pﬁ_l@kimkemsmm oalefion mn_aﬂéyaﬁéﬁp (e.g. a
nudlHSALBRANEBIRIRIL O MdhampdrasiionRef Qfl%_tﬁkﬁc!@&&”&ﬁ'(‘itée&ﬁﬁlge?feguch

does not capture some features of the fingerprint region 112. It is also

magidvantaigeseie il thiskiid bfapproveis tousexaeple fowmief aligheerd ribbon
traﬂ?l%?k'ﬂﬁﬁt&fg[nﬁmoﬁl%ﬂ fhe 1pgi02 69 enfUreibaldng (aading, AR Heng if

always at least roughly aligned in the same direction, in other words to

appsppviait: sivsdefdARreiting eramsiteshe Formmdianytascoleved @D rdasst 10
midREYSE QAR QiieHBHOBrFHCR RIGBMREE MBle S e SRt N meters _thick.

algorithms simpler and provides a higher confidence in matching. [00190]

Exqmgle oA eiaptinot bos btystviae prbcadicd seathiabisd sinepstprintnlégaons
inchrbe %&Jﬁ\%’o&@@ﬁﬁ%%é@é@o&%&}ﬁtﬁm bedimenkatile %Ylgg@tm%{%rﬁlgag by

surface of the labéel 260 is not flat and where the label 260 is not

Saigy ety Pesiompmartad Basarelgoper dipradiwititnd st sidlcaysdal has a
thif"RENLI00RHER! (eAdIG GIETRNb i ﬁPb%Paa%% tRevabeh 48Q SUrfagR iSthe

not flat because the label 260 is attached to a curved item of value 262.

fingegprin MafRykights PrREPrEBREAFGE SUHArTRY PREKAGERprivvRaglayen B9 . ghe

cov@PRl BN M IRE RIS OtHES 8D EL2BA4S NAHIAL AR G20 APREESD Rurface
FIG. 40A. If the reading element 114 is contacted with the label 260

of terfarse, it F8eiOABtBBACE iR thi lakei e PPt 2be Hihc8Mserhdtety base

layS2RE30xiAliRe RER e rerdinehaleme n b4 rngithalaheh 288 sHHa68ividual
Since magnetic fields of small %%rticles decay rapidly with distance, such

tagy 2 akh IFdoeehndingicdpaly bRithdfigGaYint rediRfsakiiccater SRS the

indAN8uNeRE Lf sleplina Mt dhe issueo il ththecIRAMITEdRMICE S applicator,
equipped to "rock” the reading element 114 during reading of the

for frigarplent TdGidnar 20halse refVeiaEP ot sies Meis the pdBRRNG QR Hisnbottom
surfetd {emBRWMIRdIRQtRR PtHee wilied de-the Irdbandpmtbadight fifdce to

of FIG. 40B it is shown as it is rocked across to the right. Here the

whighgisrprint headidgsdandiosmes s sHimgo bR e ptirigpthid20 has a non-stick

coa'ﬂﬂ@ﬂﬁ@s%lﬂié@'sﬁl%@ dWiRghihe fReHngPiAceMe L SXARRMESHE Riyer 3630)
CMOS imaﬁgg chip (such as described in relation to FIGS. 4 to 7) is used

so ks Hi7imads feivicemyy edmudisNreagite during the rocking

motion to form one final image. An analogy to

[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



63 this continuous capturing method can be found in basic photography
where the photographer chooses to leave the camera shutter open for an
extended period such that the final image is essentially the integration of
all light which has reached the camera's imaging plane during the time the

e TSIAR2BEN {5 EPRariantnech A oeking Mg R MERE Biment of

Eensure that the ater§ movement (I.e. su?m%%%etween tEe reading

the gievaemon. 1EI&Gh BEhelR6G sutfacé(2 kepramtadindionadinng eheralue 3510
rogking, otherwise the i y.be lur It ' t

e e e BT S T L IR 88 102

anddiatfeeisiamdl nozsiiag (ive isvhdapieHeteopkingnis @spdnngandlouhoftige 102, for

e. ) ther.sche t f c

e s o e e S U i T er

iterglidling lbatwleaaethinetciing laﬂef«nethc 1 tengatprabBh 2605 rf@dq.ft[@idrzg;lf] FIG.

37K\ § &%%W%@a&a%ﬁéﬁpﬁst Lﬁﬁaad&g:%ior?&é ¢l B2 1Rl 08 i%head
4120 according to an embodiment of the invention. FIG. 41A shows the

3738 ds10@ windvitleoriarkinge anviesonidakecating elgmon kasmphasize that in this

an#@tﬂ@%&iﬂb%ﬂ%@dﬁ%‘&ﬂ'ﬁo‘? r&%%?ﬁ%ﬁi%ﬂ%%@%ét%@m%%o%hﬁ%?%‘?clude a

he tag 102 has a fingerprint region situated (hot shown) below the
magagtodptiesdisrndm G clenRrinen 1 Be 4polishisw kerdadiidg dediseesooneed not

ha\féoa{H?E;f‘téﬂﬂ AvAgRCORica ISRANAIR L e AT ASERANI PRI, the

element beinga barcode reader 4140, & button 4150, a transparent

tagsl%hmnlsofmhraﬁrwégiﬁg h@@rémtmbqyott@mm_feréiéwﬁiag@nmwr layer
194?'915‘1{9%%&%98%‘]% ResPAnd AR e Shere BRG $Z8Rf Eﬁ‘@dﬂ%ﬁlrl@é%iﬂ&h is

and this allows the user to align the reading device 4120 correctly with
purpespgho-saadoLbg whearesarmgtipretihgvp ARFRIGoROTE U ¢hecssively

strdfRINGAGYI 6 Sh2etiGUSEE BPITENSHAE @éﬂiﬁgtd&%?ﬁlé%}@@ FHOEtan

theé opening 4170 surrounds the insignia 4110. The button 4150 is then
epp e SERHIIY IR KieFreR oY dhssiteia phiedir TeHlepaedoid y@attie the tag

appRHERAE ABNS dRYHI NGFILNS 15 SURCES RUBK SARPIRIEH PR LY RIhesive

4150 is depressed further and the magneto-optical reading element 4130

3T iRoVe g wieneistatradheed venatn a1 elasubrientinity Hig!idl the @pplcation

hedd'8 798 SHRARHGEL ReLing IeMBAE 438 15 00 BRO-GRUASE YRR 3710 is
surface of the tag 102 the fingerprint region is read. [00192] FIGs. 5to 7

curgis (b sOksshEctivBerERRIg i diered) reden sdile7dsanRlidtienhsahete0 is
stil AcBRtcakiniorRRAtON 6 thesae dieedo Hﬁj@i&%@&&%iﬁﬁimﬁtwmwn,

these respective reading elements 162, 166, 172, the magnetic and

Singptitha infsieaatioh Bi¢ tiemicaigm dEadasar bEMeNrealcarRs UdGatge 102 is
subRRSHONE ¢ AdiaceBhiaeaeh.P el MaY ReadvanrgaeHO DPIRIEH? head

have a reading element such that the reading element allows for reading
373 ayrranevad d Isiiackolhiatierh R SRR taintee SrsckDd enagipe fisosadter

the AIRESIOP Pf RGN ptherPAlIR SaRed s nd Wi BAaROSIRAK B8 710 and the

~ provided as shown below. i ) )
fingerprint material is stronger than the bond between the fingerprint region 112 and

the cover layer 194, then if an attempt is made to remove the tag 102, the cover layer
194 will peel away while the fingerprint region 112 will remain firmly embedded in the
cured adhesive 3710, providing a good tamperproofing or tamper-resistant mechanism.
Another advantage of this method of attaching a tag 102 to an item of value 3510 is
that even if the surface of the item of value is uneven (as shown in FIG. 37A) the
adhesive 3710 serves to effectively flatten the surface such that the surface of the tag

102 which can help to ensure that the magneto-optical reading element 114 makes



[00193] FIGs. 42A to 42E shows a cross-sectional view of a tag 102
where the magnetic information and the optical information are positioned
at the same place (i.e. on top of each other). In FIG. 42A, the tag 102 may
include a cover Iayer 194 which ha ,an optical barcode (not shown)

20dd e f&& \9?1(5%%? %s{ﬁ'i‘ac’% taonéP%HS' HAmAL rnfr‘tol% ?b%”ﬂ 9L ctively. An

mac Ine rea tical Information) printe |ts to rface, a
examatmetieinderdnind refgiog attRhvindoh mixdgblmmcrglmbmel&lj@s if the tag

1028 ﬂb‘?{ﬁl%g E .{6’&’&’{ € ARG {T\Je%ﬁ andan afReRvR Iy b a? AR method the

positione ow the‘magnetic fingerprint region 112. t a barco
tagis(Showrbabohdedpticasnibekingvonrelgfiord betrnatnalpubptsesnd hd and if the

adh‘%@ﬁ%régt&%stél?éé%% ttl?({ @gﬁ@@&%%@ép Bélﬂld (F OBFR&P( %Ce providing

considered to be gen ral and not confine arco 00194 g 42B
tangieopve cdifgoo privakew Hithe) tagaber Optivdrinfermatl 67 mlantaecﬂdm@fwde

a PRGN S AL RS eRR AR G suiacR el e tag 102 may
en from the top view of the tag 102. [00195] FIG. 42C shows a top

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

[OOI%fSEhEFRQ 534 INBWSSr BRaYeLs33BIR A& BEUYEN ook GHOMENHRGIRAEY a

layer 194 and the optical information 184 and "see" the magnetic features

tampepgy eUneipke At hinagserdiagn etichivy enpritiveggionl 1he iNensienatkile 38B
sho%é%”ﬁ%f%?éw%% 01 IBLIEXREPICHiRE | ‘rf]!ﬂk'@é PAANGHS RAFHSS aNRifan

that the magnetic features 4220 are shown here as being of a certain

read@blérﬂumr G of bieelshelgAdti} feanardssinaponelddymasiiconmeheeighe is
intSRHIISE AL RO N 309 1B, PLORETHES YIS PIOPRIES Wt Ghows a cross-

magneto-optical substrate 138 and the optical set-up of the respective
sechoading Slepidheslaed 3566, m7aceerdtnsfivpie aibasIPadimkDs ob taezinvention.

Th& KBRS lieinclar @fa%tﬁf@@(a?&)tﬁ'é) E%Q@@P%ﬁ%@xf&sﬁ'}é}fﬁ% A

magnetic features 4220 is also dependent on the magnetic field in the

fingegiaRt JEgeN AR atsEhedda i 1B0dsEecrfhdenzyiestleeaddhds 4hpdabel

33 FPRAFHAFPRIHAUINAIGIA Mk BSUlh iR ITHERASE HIRW) 18> AFeRWME Rgion
south field maé/gresult in a dark (or less mten%)%gk region. The strength of

38 frifigiasicl IoQ&?n%é’%th‘étﬁ(fﬁbM)iWﬁl Branitietibehtéfiftysosesarely
borl i J RGrefgresthe nen s Al ih e Jabhnill YRy f0ss ?e&?&?%iﬁﬁ%%e

4220 as the mtensﬂ&of the magnetic field varies. This means that in the

botHg s Shwwhidh3B i@ igpxmeedatherabal 8 Pragaet tBarrkd 4570 taeby
des%%@ pdavedhrisame UnHRridght coI R RREY oM BYipeaRsistance for

idealized case and the reality may be a varied light intensity or color
he hotges3848h magnetic feature 4220.

[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



[00196] FIG. 42D shows a top view of the composite image (i.e. the

optical and magnetic features superimposed on each other). It is clear that

when viewed from the top, the barcode 184 and the magnetic

features/particles 4220 overlap ea(%z other. In the reading element 162,

>d 72 as inFIGs 5.t0 7. It. ear that readin 0.10
R b W e R A0 e 1o
captleeridhtiec16291k66, [t7RuRre0t Isidnut o isintegianddds Ve ddethsgeetimtching
ng.opti itioned in different (for I f
o L S S DD Ty R R or
thishppeading &léhtbnnkas aholnrganpric rég(whicl? hassheitiotlthe geanainggion
ar . : - i

SR ARl TR o e
dimWMnmémW@y@Ewhéréme hatfeof @H@\margsfét@ﬁr@éﬁrmfnl mm in
any %91‘9&19;&%é?o%%%ﬂ@?ﬂa%ﬁ&i@?&?ﬁﬁ?% Rl AbE,PUSALRRTGRAE A8RIRS of the

scanned. In the case where the optical barcode 184 'is a datamatrix code
finmmngimahhindtdmwﬁgm@mh@m mhghir_sokwéce%@aﬁryggé $offletepame
fortf SMEKBERS dhe RUIRE! (R AR IRIMREAR) T RELSIRE AN AR areas

be possible to interpret as accurately as required the optical information
are Migythat r@@p}e@%ﬂéqﬂdﬁg@eéléﬂn@mm,diI@st,iqrgzisrmhm mmﬂ_sgo Prevent
sublediRAeHELIRIS fPURaI0CNRIIbEIBSSIPryLISEL Fibe AR COHR e

~also to be used as an alignment marking with which to reference the
origiaitioh SUE thaligrigpetiaiden tbe, ek npaigosthnes dampratarthoeeyides a
higﬁacmg}{&qﬂrﬁ'f)&g&gﬂgorder to be used effectively as an aIignment

feature. If however the tag is arranged such that the datamatrix code and

the magnetic features to be read are arranged adjacent to each other and

[0013% reaeing e MR Fia! Q@Eﬁggf}@dtﬁé‘%%%g t@@r@ﬁﬂﬂ&etﬁéoﬂﬂgalprjnt region

strate covers at least part of the magnetic features while the optically

1T rahagabeh2op anmgdies o suresdmephal dhena vraraphatrhercothe mekace of
the PP PEAF ARG SR NRNFHIROWPR 1REII%Piih & R0 ML TGS RDHRIP Bi8nsure

43 are able to simultaneously decipher the optical datamatrix and read the
20qgh £gREsE Fedbutess e ties Peingagneleornseahe sl eamaainidtix Bt this
cas@eNRABEBS @AMV ANBEANGS [RE RARIOAINY RLMAENINGINEd item

magnetic S|fnatures with the reference signature. [00198] FIG. 43 shows

of valie 295 HondPdidviehliahis Abeney hésre it semiinadberdagri@ntHegion 112

of Anperserhrdimentahiaeinention. JHossaading slemest 16himarapiagda.
to read both magnetic information and optical information at the same

If theneeadinp@armsieddinl srarssiadishmtherabeh 79ErarfackHichosagdahveontact
withoMaRitheserding Slgme il G40l Basa2inoiR GRIMM ke TRE1GIO Slement

the reading element 167 only includes a single polarizer 142, 148, a '
114 apdntlom 1phisd 299t acss, Jipreamegphtiedicdds shdmadlrpeintiv desdpceapidly
with4Rscim@ddilians Ipe maenri: aRtigat aubs e d A8 HepSMoL LAY PRG. 40B

entire viewing area of the optical set up as there is an optically transparent
shogpsepisgrererddihdeating thethihg ittt opsealas psipnaedsaiesoeapepped to
“roBRticR defarirelaids anle RGaptRIthe MQB@@fﬁg@{?ﬂﬁ?ﬁﬂ ALAPTILAl On the

information simultaneously. If. for example, the optical detector 150 is a
leftesitse A 4Bt drekinp clemfebhbb & oP MmO S dosing el dsiptedted to

the dEIgRA(GRS RO IGCHIETOE40Baa ItsMAYNtake Maydiaveathesiap hrlfht.
the image as pure optical information and the bottom half as magnetic

HeghibihistrsindBhtranen iitta it Sptvar rotREe b XiraRtabietde aptieagio-optical
sighMbatiae 1R8)rasshowRiRKIGofZxample 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



[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 elerr% nt. Further it may potentially allow for
thism&;ﬁﬁ%%%ﬂrsatgag%rlri%lgzt'I%Qﬁg&wga%n ga‘?f'&‘lﬁ%”? o304 9 %‘Eé‘léigﬁl{yr%%%% the
matching since the optical features being used as a reference fo
phdingempirnichvaisshitglod b chmemnetics heditrepeis fonysicaligndiskperiodisach that
neRGMEHIRE AR BIeIRISLANRL PRI AASUIAS 10RRA) ,
' eme%m%’5 rﬁo%ri e}?ﬁ%ﬁt e r%acfl%gtaealgmen% aé%gﬁ()@vwn% ISGI%%%O Y%r?ém era s
imagigg #Bseduringttitectims pbetibatrenaisgopamelitil 3posantBesuLiiz, 1gking

im 18&"&%%5849%%81‘991@&@@%% ﬁtiﬁ%ﬁ}ﬁ%ﬂpﬁ@%ﬁﬁﬁ%}%m tB(L,a?ega%ling

or'example on top of each other) at the same time are shown below.

elefoor01 arsnkeenbaidimmdate thekfips teoaniy ayerdisBa e apthingeeibatvise

thquagé%aye&eéé%mmeedpmr - ﬂiﬁ‘serﬁ&%‘aﬁqgc%m IAMGILAT AR in

necessary the first coating layer 156) is patterned such that some regions
FIG¢ 4B siiirferrebsf wiednadghetduoptibalensbuirhodidseafberefiberivéhandeking is
ais§ iadiapeReGaerMARIGINHENRBIEH QRRAIRGR O Nehemes are
magneto-optical substrate. FIG. 44A shows a top view of atag 102is
congpipplatodtbuigh aptidangsucandnvrigneatie s dpone shareskingitoadigal with issues
suchURRIRARE eI fABLR2 P RE SR Yithh & I9a4iAgvRlement that has a
magneto-optical substrate 138 with the first coating layer 156 and/or the
second coating layer being a patterned mirror layer(s) on its surface. FIG.

[001%4P $1eWs ACanfigVialen 65 aimaging.ares &f 1sitag Jakampsing 184120

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

accgpding Theumaighedsnasprical Sishbtrardionglid@atkhkibrbevintdsrigl Klians the
mafEHANSFAN& Rirphich e deqipnipg 1 %Hﬁﬁhé!@tl%quéw RREAANG G0 4110

others 5230 are dedicated to imaging thé magnetic features. The
conigiynstic 20HAY bt Sthinfagid§sdaared1aesTRFANERZIIA aliuaiedy(not

shRHPHRING BeDALIR RAMLIFRPIIGABSURIIANE 18P IR 4G SRONS device

ust optical tag information from an image taken of the tag using the
414@ 49N ETER antagBNiA-IPITd . 1gading iedemsiing Io0ihe serideterdingcglement

beifYASABS AR 48NON0, a%HadbNAIN® 11 it palnShiiat NGy IEWERE3Pening

easily see the position of the ma%neto-optlcal substrate 138 with respect

419 WheheeReiéthe iNRagPeriBEdpHidaldpTiansdtiorriesebtariaes il iméhe shape

ancEAiESgioma2HA andis tineitsweriicalsepition S2aR QEilfe device 4120
magneto-optical substrate 138 (in FIG. 44C the magnetic portions 5230 of

corfrelpn ajHetsseptick Sib&teal@areherrerting hs Hogrisireraging. To use the
reaﬁﬂg;cuwcmq FAMR RegpRARHEaRN S0 ORUCH deteptendwhishhan fsing

a CMOS sensor) also contains the magnetic features 4220 that '
H b HEEpHHE (e sieihdd OmaBmbiatd S& 33 ¢hsn tHepsatfidetislibricxhich
actMURSIAE BadBodd1ecROEHAN A HReR@IRIHENVA ¥ Fihe 4 RoT herRtiagl is

portion of the ima&)e Is just left as pure white and only the portion of the

sucade yereammisetothse B Gnrorisrisersss EbRmah e thacseinrpptical

rea@ib R IIASKEI NPLCH| SUBSH AR IBBaERIP YR agadDim boesosthRiihg FIG.
viewer can easily see the position of the magneto-optical substrate 138

GyitHPacpdrs wRRtetRicHerige) o At I adtugrahLgatiokenity the
surth€ MRS nagingchiisphe: sedbafithedyvo 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

[00192DaEiEl. - 5T hisTsiRRRkEorep SinGe HagdinlatineRasitig of dae MadaetRuding
68
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 on the



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 choog'ng the magnetic 5230 or optical 5220

regions of neto-optical sybsirate correctly it is possihle
g F e SPAT B0 Cl ot SRS SAPSHRE By o
adwisibge gt derdlnagheticantading ¢egionssunbRi@T dyBeaduh & iB:ndeiC allows
| 0 eto- S -
o B AR fsed o
on ¢enudreachr hibeneainthehsaracpontionSutk acimdttadnanix edepevidigl as shown
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

(001957 U30R0US AEqFINGB BT (5 agnelic 4229.and \QQHP%'fl%?‘EJgafHée%vﬁéﬁé‘ SThe

tag 102 and provides ample information to decipher the datamatrix code

magpgiigdelfraralyomapditee swtitoinfoamiiat ainpesdfiohednagiresinfealaeedi.c.
on fg0r M EFRECT th RRORIER! fRatkings,134,PR MRiIBE L er 101 68S6hich

shown in Fig. 44 these optical fiducial markings 184 are in fact at least

hasm@@ﬂkibar@ﬁdhé_mm‘mm@@m ih thareadse u’_ﬁéadsptjidal_ inatadeatasamatrix
codSN4R3 @tﬂé&alﬁﬂaﬁﬁﬁ%WQJJ%B!@%B}E‘CQQHHHH&%%'ﬂﬁﬂ{g@%‘ﬁ‘?ﬂsf‘?ﬁﬁuéﬁtﬁface, a

and simultaneously act as the optical alignment markings with which to
magrefist tigarritohisgion thE2signel aesivbe fidhe finstset aflidennfickitimed below
the [RBHES&- 1A MAANSHC,IRRUNES], RPVIOYBIY IR BIRINAR IBY REOYdEnetic
_ less area’for sampling the magnetic features 4220. Therefore the system
finggrgasigieairsol iFat¥Rte thigs a4 breednamsBommicianthe eatsal paasing orurely for

illu%ﬁ@@@tiﬁuﬁ%%%@sﬂ%@eﬁ&fﬁﬁn“ﬁ”aWHﬁlB%%ef@rvﬁ{% Q%QeogﬁéiWHé{rofigures

sampling sufficient magnetic features 4220 to allow accurate and reliable
show]dibpierpssierceLio birafiaeRrtredopicamfnsthiaharcedesis, 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

[0018d¢idrerddthshote niapepiaekyfivicit bptieal Faniletial bagipitigron the
forRNSHIEARSHHAIEMINREROHAL the-MpaRRICIR Al e AR2 QIR GEPASE Ay be
the optical markings of the tag 102. Note that in this method the first
seepdEtinghayer 158" o the MadHéto-optical substrate 138 and/or the second
coating layer 158 of the magneto-optical substrate 138 and/or protective
layer 160 meal be patterned to allow optimal optical imaging to occur in the

[0019sicEilfm kg hedivAdon ResasEgiBiss HalhBe3o 158 sRES able to take
a nfifiaGtioR fRUSEMEQRI NG PIRDIRB M RAHE HVRAPE R EE IR AINIS GRIVBE” the

accomplished by a var[et¥ of standard lithographic techniques such as
covgsiyd pROWINbErapisel JatemmtigneP teerthice (1BE &xagnpis)fintures 4220
corRRKNGHARVIE AR REMAIRAIal Raftaminavyeiichemnical atehingaflires
dé}/ etching (e.%éhrea(;tive ion etching), for example. Note for all the
cane H

fighramss BnBd Hrgalsrasist opticialisatdrets 1hat fesrnaanetis feptures
422braeghdRe fiest a9atng layecdefinthe Riotertivedsier dbthanuabh&idteatures

least partially transparent if the opticaII%/ transparent opening is In the

22 dgnetb BpticadubSra i FA bt ClvE IAFEICAVESs the dpepfiFips of the
profRRRERbThermasRcmaspinAYaioise 1be sadinaplameisdesciiiadspective

above to normalize the magnetic information on a tag 102 based on the

reaging P RfdinRoN 6% thie Bipshey hrisyi Al ik the BbticalHidRmagisthe

“comsinted Rt yas 102 Gan kekised IR AcRHAQY PRSHISHIR Maanedialo is
features with respect to some reference reading of the tag 102. One

alsqflapairRbohthadeasnsts bstdvinubingesiaaahiheievrssitingy ds&radphtalue
to tiRfaieneid G020k B304B4 shavwsian RiealdamieweailaitaghifRibatlight)

being produced. There is a datamatrix 184 printed on the surface of the
tag 102 and around the datamatrix 184 there are four optical fiducial
markings 4710 radiating outwards. FIG. 45B shows a magnetic top view of
the same tag 102 that is being produced. Below the surface of the tag 102
there is a magnetic fingerprint region 112 including magnetic features
4220.



[00204] FIG. 45C shows a configuration of a reading element 173 which

may be used to reading the datamatrix 184 and the magnetic features

4220 on the tag 102. On the production line, there is at least one reading

element 173 and this reading elem nt 173 can be used to obtain the

eference readi ft allowin referen ignatuye of th
e R e of
the raagmetes diptidal svangintharefadivas) thalledattnyiele henistessty tofrehe light.
ThdPGJRIRID HELG Y RN H[%l? %ﬂ@é&t&“%?s% 30&2%{539 ?é%ﬁﬁ%”ﬂ!za NS the

majority of the scan area is dedicated to scanning magnetic data (scan
intearaty H130F whignetist epériptiesallaie ang729 tkhat énlidutedsscan oy opticBIG.
a2¢nfprmation. Yyhgn %géh%%g'?&ﬂ%@‘%%% e SPRGE L AL IR 18 12hiform

102 that Is being produced, an image such as that shown in FIG. 45D Is
lighsraloredr Thensmagemky deidedired devivanthéheeferbhcmeigbamuaddHight
intéﬂﬁti%% BR%IRFIRteAdR &9&%@@@?&1&8%9{)@9”‘0” 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

(0015 Prc/33ining.hal s idugalmaddiagatih0 anddheidatamaisy 184,

are printed in the same printing step and are therefore aligned accurately

magyihieespreioeRptmpEd(Pe. ahet ofierdali Felidisly etndenhdgyoxitispm the
top?fifd BBE&%QR%&%H&’%H rﬁﬁéﬁ&ﬁ&%ﬂ?&?&ﬁ&@é%ﬁ%&@a@o&&ﬁ BH¥ICm the

shown in FIG. 45D can be'used to accurately map the position of each

reagiiagkstiechiakte Upd Witks rdupeeindifespotaionongebsptieal that reading a
tagORIRH X TERBFES AGn il el ROIUQRMEHEfiduGi! PakiddFements

4710 and datamatrix features 184 are not accurate or reliable with respect
1630 Hafoh lothetea digigned dhitiomdpiicaushmenad caxpetisaudo mpeendufeatures
2 lve @i mﬂ;] t theyposition and
po%@%ﬁ?&f géi&ggr@n?agnetlcgggcr%ﬁ 220%%%%2%2% to the datamatrix
features 184. Note that the method of obtaining the reference image
[001 299&%@%@, RIPIOIHIBIE (St ARA G AR APQYR R IL ARG MEICAGhent 166
achieving this. Other methods include stitching separate images together -
shoyah iy dikfone s kispdratdahh o dBensesnaing lais aeledicatad s rranagidmeagnetic
infOAb 05 IS CERIORY ReAesSAR I WS A B AR R sHI®imay

a datamatrix code is actually well-suited to act as both the second set of

resydfefifcatioh Riatbrekinfhobeva rétekdeeBbticuherarkisghdf afgiinenpenetic

fing@@ﬁmgkeggﬁinﬁzvmq&mﬁe@%aeﬁﬁ signal can Be matshed.peaiestitness is
reference magnetic signal because the datamatrix is based on a regular

scagpigfifolin@e £ AdrsHbRSRfital baredenEntigri futenTizoerlefs shown,
scaffRIRSHAN h A StRRR A 44 45t RRERLE L SLARFARIRITH GPAE HR2RBer

this case the code 4920 represents the 16 digit number
(or-dsamapirgiaonainy). Hiesrofere §oms R050pdRss ol dnitesH pagerely

as QLR bfdcA6hraRRa JRIARK IX6ade AOZA ShWRiRRIG 66 BeH. 172
can be easily seen from FIG. 46C that the datamatrix code 4920 is Slmpg/the

shoygrith philetn wHEre/ cias WtBid Eprdiats I aley BEBH SHe SR bYse kA
datHNRFX RuEf White, Bhiseaeans hHiatsHeh adaamatiy Goseh4920r&andeanhe

used as a grid pattern for mapping the magnetic features. This example is
PostHOREATAE G RAGBHISIFIIE D aderaphid REWSERaMANIHERIEdersssarily be
im@g@mﬁieoﬂiwe@ i&thgearkff&ti@wd@ \ﬁr@%&ﬁ&&t@kﬁ@fﬂmaﬁﬁW&g is
as reference markin)as with which to map the magnetic features. Both

arrgpgsthSitbrihistheny #maashstdseaidrdbenmasnatic Jpaitapmigidigread are
arrdReaNdRd eXisanRIatanfUsidedhe fRitaatusesiuisids of thiadiegiQthcdat the

be used. This two dimensional interpolation or extrapolation mapping can,

ma&gp@zapﬁiﬁpé’ bt §Oes at least part of the magnetic features while the

optically transparent opening covers a sufficient part of the datamatrix code then the



71 using the methodologies described for one dimensional interpolation
and extrapolation mappings in international patent application WO
2007/133163 Al. [00206] 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
reaf3: SRR H°. 10 A0 NpLEL AP 04t SUEh AL RS Gl mArknOSere 1o
0 that were shown in FIG."45A are no longer present and’the only
simuptinabnsbyr klngpeenadimingpaenthikisorisce afdneadghtOmignhecd@amesrixhile

als§ P 4%%% t-ég%g E%P@%%Ql Qﬁ}:?éﬁ’n%ﬁ%%' %FStﬁ'@@t f@a‘%J%%&E %ﬁ%ﬁ%%ﬂlgga‘%hn gs

the tag 10 escribed in relation to FIGs. 45A to 4 as occurr
for poshithan ainhenmelynetibefeatenet st 20awiteri it tha a¢ ferg k@ Zi@hdwe. in
FIG. 47B) have been scanned during the reference reading. The

reference signature is derived from this reference reading of the tag.
[001928> FAG- 43 drByvslowessheetianrletic topl iavading eleannt 149 102ccPrdance

witNARIC HROSERASBIRE thbedshawn EQaﬁﬂlvgeélgﬁ%%@ti%%%*h%?é\l/%ifm read

area of the tag 102. There are numerous magnetic particles 4220 in
botthezaagietid dmepsipriandeypioen] Tiandiareat tlehsatag e Patikdabe2rading

eleliemarksds SiGw4 1R Ao shomsartifically awiberid Rate AR fimnty

the datamatrix code 4920 superposes on the magnetic particles 4220

hasapowirdethrsitupositibhetsfbee adberstadyng g padittore spéct ctidep pticangle
poldasamatsix cade 480 30208k FiGn ks ShEws A SRRAYRIoRIaYaHE R Heht

of the image taken by a CMOS (or other optical detection unit) of a '
soursadifg diemdsitiea.bbiciseatietoremiedal prbrérate bistidarsam apyar4hgoepsire

viewhstatally bigassitan e agnsle Seam assaAR¢Araip LU opening 170

_perimeter of the optical scan area 4930 and the outér perimeter of the
ad] peeifrfetib e degeaetr vl sebsHarke Hherefdregthesentifial dategistibd9ciarible to

capﬁﬁ?@tﬁ@‘%ﬁa@%@ot-%t%ﬁi‘%ﬁ‘!&%ﬁﬁcﬁieﬁ%ﬁﬁ%ﬁﬁ”sﬂﬁlﬁgﬂ&}i%ﬁﬁg& example,

reading element with the format shown in FIG. 43A and 3B, for

the o sl gtoceaipt Mabsiin GrorvacBYHANMsE-thédgragiméitendpeital (CMOS) or
chaé%‘é—%%%@éei? Rlaced eemsailwit raspestdahedsading eemant HARAR1 «op

shows an image of the tag 102 when the reading element is _
halp pfitidse magstrasyPoret P tsgl 108 SABHAN napfc e Patiwe bals. ahanagnetic

inf6RANG BlOMRNlP ARG IP#RAIRBIh MAGNBUGRAIGIRS A72P @Bdrate 138) as
N datamlglltgx 4czoFiJIe 4920 from the tag 102
snown 1n . .

[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 magnetic 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
[00261dgEddnethinredidingtothih & i g A0 g day bie 166r reldliedtwitiechedpasitiog lefer

' t ing of 02, 1.e..
RO R S A BTN AL o M
layeefedehee pignetedesitie thelesemeeregaddingivhs dededbed tharatagoatesoptical

substas 438 tﬁré‘%’ﬂé@é‘{z@ aasﬁ.ﬁe%ﬁé%‘?ﬁa&ﬁ dafa) a?&ﬁogfgig%&ﬁffm%arent

reading of the tag 102 is shown in FIG. 48. Here the readi entis
opapaegty valimetheviti gasiseeptic thsutesfertan dd te adihdg hiotaig) 4 0Opagiew of a tag

1028sgikeq U&’lﬁ? @i%gtﬁ?afiﬂszﬁﬁng o ﬁ@ﬁmﬁlﬁ’@%ﬁﬁ%’é DR EARR %an%[ﬁ%)ged.

Is rotated with respect to the reference reading of the tag 102. Agai
Thetagrlgerimnetdeotadevoiealesdiig alemag3db iy tienmaestpaninetepulfstrate

138NGMARDBHG SN §R 8196 RIRKE A L @gﬁnéﬁgyemﬁe%%égsgt%ﬂled

4910 from the datamatrix code 4920 is artificially superposed on

mirgeadmeticsiecnute sutas wWitlm M8 shametconlisupsanBy soperppsingrea of
the (R HIEPJULID 2 JrQaﬁ_[Hg Céf’e@bieﬁ'.‘%@%ﬁ‘i@ﬁﬂé%@@ graphically e Bifical

~ position of the magnetic features 4220 imaged in this reading of the tag
imapg2ageih d Gorretareszddto-tiél el stibsticatcahth risl e tposidiontefsimall square

re gLSﬁ% FERAE SIANRI S ACENE LAl RB HELP iGN §§Waﬂﬁtt}% t@t‘,ﬂﬁ}@h%abﬁ- are

10w the signature derived from this reading can be compared with the
dedigpspdnice Bipeaaréhgherensiendeataeding Wasageitibdd A rangtiontieal 184

ime{:glig’g %Rs4§@ gﬂa«ﬁl@@é l?l‘?eaﬂl%?lr?}d Héﬁgﬁtﬁ@aﬁ%a T@%ﬁ@%ﬂ%%—optical
even for very poorly aligned readings, that using the alignment marks the

subs{raterh3is: ﬂ@-té&éb@&twmﬁ% tsednionpEtRB Fragnetienastipeen of the

tag AR AL ALRIRE PR 1RAY WBH FESPREGIUING FRleeNER RigmME0-optical
further that the magnetic features 4220 being scanned in this reading are

subgtfrseehirsrihenotes thitndnedadiigd4f headhiitep SHOWR FRIrasilypee the
oMy BRI RIS el 0 R SNty e
Hewgspptigtletef Qrmatin |4y g1 IegnEaE stisncaits Wrasoenpityead THerdfya the
optiBa 8RR P figld A ReSHHICAN N MRIGRNG PPMSIeHC'Be magnetic
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 scar})lged in the reading were scanned in the
[ i S fficient. rate.m [
o SRR ST A ORI AR AL SRR
calilyafficiendly nediratedfdhe subjectivettermeagit tedenernt oAR2imticate 102

ancfh»%igﬁéﬂd%lb%e%ﬁ%'% 3H P8 %QSEC%%{%BHW%%W Péﬂ?ﬂ@?ﬁ"@%g%hoosmg the

determined by cumulative magnetic strengths or number of magnetic
magegtic|e232xapresb AR tisgisoanidieazacsufitientinbsicaraté8 cangmsly it
. I tisti i in the matchi t It is cl
e ST g B P o
Viswlﬁrdn_ts/t@ft&@féﬁ@gn@isig?maﬁjn@srﬁgéqnbeluM{%Bl&l}d@!ﬁrdﬂgmbe optical
and"1AR Qgc%(t_)l?&o%agp?ﬂ'g 1[1? 55 ?cglfr%gﬁgerqgglﬂg\)g H@@nf 'gig)sen to be

versus the reference reading, it should be noted that the optical features
abwgzoqs@rmeolﬁsb@l @zf@fa@ﬁébetémmt@p @Ilférpwtiéfdjli@fmﬁf@rma@fﬁeai@ortion of
eaclPANUAR AR O 'CAPNGE AR SRR RAPRING SIAR-MAYRS particular

needed for very accurate mapping. An example of this two step mapping
datm%iﬂ@mmés anleekherpadition{nglersndrenalisativbsisndiohelasipgptie the
datORUAR M ANARARERHIER ISE LA RER £PM BEHANE MBS IRGS reading

magnetic features 4220 are used to achieve a more accurate positioning

of {highmaspeies e sndrentretbriftdosigresure bBtaage R oMb PedEdescemple
infSRANRG: @8 Hk%iﬁ?e@tlﬁsﬁé%ﬁ%}@@dér Risi GRBLRAONEPYHA3GiGon of at least

correlation of the match obtained from the optical positioning step,
songgeretiRaptigachistiipbicihiade vithecaraghetidecmicasmakmead deon the tag

105 HPRREEE HGE héﬁaﬁg%%q QUEI BB A FRILAUD AOIARCY é@%g@iﬂ'}ﬁc@%{?feast

each step the data oe correlated again to obtain the best match. This
somgi parting aédhedatpaaltioninglbf thchnagprticrentised danppifitsepgserdual

funfQi TN AR SIADRMEE: HOVEYE BN A E AN UM AL INOYERENL UL the

each direction must be set in order to prevent the data to be movedto
OPUitH BEnaBh AR o SE& CHREIAtON Wit the aptichinnatiitgssaord dedved
froMay-GaseIPGALRAT IR PRSITING MAIChRImddhetic 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 element are now shown as a plurality of

\Yi r.c lens.ele p 1.1, 511 . The

e e i b8 o, Py of Y piod e
chepiitd stahBE] ondgettichiniicagpirdaoly & 140 cicbiagardge dxwitiplie. aNote for all
he MM igh i movable, Wi [eaPeghIn R AT CAIRONSHS through
e B e R 10 throue
the fiyeablmpbusingd51 86 allotseittreliveudt bosadjustdehsuphitinHy arapsparent

if (fOBEHEAIPASAYER Ys9h RERABENE ARt RV G NGAMANS Qi

' tt%; gooﬂqyfocusgg[. Tﬁio?mea s that g&%n%gthe ﬁ?é asssetrblh%%y steps?%m Ve

lay¢pcosasathbepajgted 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
[00242dwihtre dupthreiiielwapsbéocanerothed readingslgmginkoliesiibedyitbove to

norffiFitkth2 [ATAGE e RIR ARSI RN BRI 2h48e %BW&Y%BR)EH&%'& on

pinhole will cut off more light and therefore the image may not be as

the sigiht. Byathigvee | arer thapthopfisiglcaiosmipbrenth e shgriegvhetecan be

useflOl) eleaRka dﬂ@ﬁﬁl}ﬁ%&?‘ﬁﬂﬁ%@ﬁ“ 1805109 JMAIRA AL ING SAR U rence
(for example the configuration shown in FIG. 44A and FIG. 44B). An
reagipigcaf absorierl 926 ressiedTRIZYsH® dessorbedtgiMyhuti malptgrssrix

mafEfﬁ’é‘Q?tﬂ%eo gasRliite.444. The optical absorber 5150 may be made
from any opftically absorbing material, for example black felt. In general

the inner walls of the protective tube 5120 and housing 5130 may be

[0028509:1Q; 0 942<K 40 2RO U IREIPAF LA FAG AR ZNRWR A U 9ltbduced.

path 5170 traveling from the center of the light source 140 traveling to the
Thesenteriofighenseein pditiintad on fbgsturigeetioh BietHadigiisapshlaspegd the

dath YRS HXEASNLIRAPYSAL SURRIALE hag tighl Prsh Ay NIRIGATET dH1G.

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.
feages 4229 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 desi}gn of the optical
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concepts here. This is merely one practical des% for the reading element
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sigr?z?tlliltrtee rc))fatrltlaef?:fgSiP(l)% 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

Vls%ll%ngﬁ%h@latﬁ@a&}?éﬁég)ﬁt@Stllégﬁgigx%lﬁ!geg]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 first set of identificatio eatures and a second signal
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magneto-optical reading element. 3. The reading device of claim 1,
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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 clalms 5to 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 is 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, wherein the
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cavity or recess.
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 gulygelneaw erass-phwtiditnlofeapacx 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, Wherel‘éfhe first readlng element comprises a
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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

Ctme{(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

WikapissHetin@bisThe reading device of any of claims 21 to 25, wherein the
first reading element is housed below the level of the engagement
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read, the engagement element is positioned such as to push the first
reatfit RSInERE 6ARPEENSrface of the area to be read. 27. The reading
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tag or an object adapted to be identified, the method comprising:
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Ide\x?}}g;gidrf 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).p‘r reading the second set of
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methﬂdcu'fvcléim 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
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identification features IS positioned at a seécond position.

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,
Whdleindhdngistrdesad elaiamd & nmvdraroirtiagreetics drsalgighisabie least about
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partiglzsooieprises krdsigh domiaivingtaraterial. 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
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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 . The method of any of claims 28 to
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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
|dent|f|ed 42. The method of any o clalms 28 to 41, wherein the first set

tficat fi
SRR e %dzn?e?ﬁ%%“g?i%e%? SEOLEAn RO R A i
fwspgent@h@emmﬁaitmwemumslahﬂjsm@@wmf gmofidentifitations is

aggqaoq{eed%r{l dy'e[g J[%%I%g% 44. An identification system for identifying

or an object a ap e identified, the system comprising : a tag
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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 fclaim 45, wherein the normalization
is achieved by subtracting the signal obtained from the first reading
element in the absence of a 82 substantial magnetic field from the signal
ohtdimeonéthod ﬂfeaﬁystﬂeb@hmg%l@mf@nmhhmﬁ@hg agethdvigt tHederéditatben

reagl, ffred DSHIHRRUNIGAR0 SYStem.Qf ‘s‘ﬂ 141% BrEi N tical

normalization cgi)mprlses dentll%%ng port| ata |nt é signal’being
reathgvkio@. 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 0, y storing data (including the physical
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reference signature. 52. The identification System of any of claims 49 to
51,d4Herein 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 48, 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.



