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VERIFIABLE HOLOGRAPHIC ARTICLE

Field of the Invention

This invention relates to security articles

comprising a hologram.

Background of the Invention _

Holograms have been commonly used as .
authenticating or security devices because they have
been considered difficult to manufacture and to
reproduce or copy. Holograms are records_of an
interference pattern formed by light at a recording
location and can be manufactured by first illuminating
an object with a coherent light beam, e.g., a laser
beam. Light reflected from the object is allowed to
strike a light sensitive recording medium such as a
photographic f£ilm or plate, and, simultaneously, a
reference beam (comprising a portion of the light from
the light source) is directed so as to bypass the
object and to strike the recording medium directly.

(Thus, the light incident on the :ecording medium is

- the sum of the light reflected from the object and the

reference beam.) When the recording medium is later
illuminated by coherent light (i.e., a laser beam or
sunlight), an observer sees a virtual image of the
object, which appears to exist in 3D space. Some types
of holograms are visible even in non-coherent light
(e.g., diffused light).

Holograms have commonly been incorporated into
credit cards and the like as anti-fraud devices, with
the idea that forgers do not have the requisite
sophisticated equipment for manufacturing the
holograms. However, forgers have developed
counterfeiting methods. One response to the increased

prevalence of counterfeiting has been to produce
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holograms of increaSing complexity; but this has also

led to increased cost. Other approaches have relied

upon the use of covert images and special
authentication or verification equipment, e.g., a

laser, to enable the detection of-éuch images, but such

equipment has often been expensive and difficult to
use. Thus, there is a continuing need in the art for
secure holographic articles that are extremely
difficult to counterfeit, that can be cost—éffectively
produced, and that can be easily and inexpensively
authenticated or verified under field conditions.

Summary of the Invention

Briefly, in one aspect, this invention provides a
verifiable holographic article COmﬁrising'a substrate
compriSinq (a) at least one hologram; and (b) at least
one covert image that is convertible to an overt image
using a decoding sampling device, e.g., a photocopier,
that produces an aliasing or moire effect. Preferably,
the covert image is a high frequency image that is
substantially imperceptible to the human eye, and that
is created by first removing the frequency components
of an ofigihal, overt image that are greater than half
the sampling frequency of the decoding sampling device
and then mirroring the remaining frequency.components
about the axes that correspond to half of the sampling
frequency.

The verifiable holographic article of the

invention cost-effectively provides both "first line"

(hologram) and "second line” (covert image) security
features, thereby increasing the difficulty of
counterfeiting (which requires sophisticated knowledge
in fields beyond holography) and improving the level of
security of the holographic article. Yet the article
can be easily, quickly, and safely verified or
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authenticatéé&hsing a photocopierhgf other simple
sampling device, without the need for, é.g., expensive,
difficﬁlt to use, and potentially dangerous laser
detection equipment. _

5 In other aspects,“this invention also provides a
security label or security laminate comprising the
verifiable holographic_article of the invention and a
kit comprising the article and a decoding sampling
device.

10

Brief Description of the Drawingg_

These and other features, aspects, and advantages of
the present invention will become better understbod with
regard to the following description, appended claims, and

15 accompanying drawings, wherein: _

Figures la and lb show top views of an embodiment of
the verifiable holographic article of the invention
before and after, respectively, application.of a decoding
sampling device to convert the covert (hidden) images of

20 Figure la to the overt (visible) images of Figure 1b.

These figures, which are idealized, are not drawn to

. scale and are intended to be merely illustrative and

nonlimiting.

25 Detailed Description of the Invention

Reference Numerals

1 Verifiable Holographic Article
30 5 Substrate
10 Hologram ,
15 Covert Images (Fig. la); Overt Images (Fig.1lb)

The verifiable holographic article of the invention

35 can be better understood by reference to the accompanying
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drawings, where Flgure la shows an embodiment of the
article 1 of the 1nventlon whereln a: substrate 5
comprises a hologram lo,anq eovert images 15. . The
hologram 10 can be of any of the types known in the art
to be viewable or reconstructible without the use of a
monochromatic coherent iight:source, e.g., a laser. Such
types of holograms (sometimes termed "sunlight-viewable"
or "white light-viewable" holograms) include, e.qg.,
reflection, transmission, true color, and composite
holograms. The substrate 5.can be of any of the

materials known in the art to be useful for producing

.l and/or incorporating such types of holograms, e.g.,

photopolymer films, photographic films, photochromic
glasses/crystals, dichromated gelatin, thermoplastic
materials, photorefractlve crystals, embossable _
reflective materials (e.g., metallized papers, metallized -
polymers, and metal foils), and the like, and '

combinations thereof. Useful holograms and substrates
therefor include, e.g., those described in U.S. Patent

_No. 4,856,857 (Takeuchi et al.).

Preferably, the hologram is a transmission hologram
{(more preferably, a ralnbow hologramx, and the substrate
is a reflective substrate, e.g., metal foil, metallized
paper, or metallized polymeric film. More preferably,
the substrate is metal foil, most preferably, aluminum
foil. The foil preferably has a thickness of less than
about 10 microns, so that it is extremely difficult to
remove the foil from a security article to which it has
been applied, without at least partially tearing or
destroying the foil. :

The covert images 15 are hidden images that can be
converted to overt (visible) images using a decoding
sampling device, e.g., a digital copying device or
photocopier, that produces an aliasing or moire effect.

Preferably, the device produces an aliasing or moire

-4-



-

10

15

20

25

30

35

W0 0021033 - CeEaLn PCT/US99/18793 -

effect for a sufficient number of freauencies of the
covert imaggﬁ_to make the images at least partially
visible'(moégﬂpreferably, substantigily visible) to the
human eye. The covert images can be produced by screen
angle modulation techniques. However, the covert
images are preferably created by first removing the
frequency components of one or more original, overt
images that are greater than half the sampling
frequency of the decoding sampling device and then
mirroring the remaining frequency components about the
axes that correspond to half of the sampling frequency.

The covert images 15 are more preferably prepared
by a method comprising the steps of (a) determining the
Fourier transform (converting from the spatial domain
to the frequency domain) of at least a portion of an
original, overt image that has been sampled or
generated by, e.g., a computer; (b) removing all of the
frequency components of the Foufier transform that are
greater than half of the sampling frequency of a
decoding sampling device that is selected for the
décoding of that portion of the image; (c¢) mirroring
the remaining frequency componehts of the Fourier

transform about the axes that correspond to half of the

" sampling frequency:; and (d) determining the_inverse

Fourier transform (converting from the frequency domain
back to the spatial domain) of the resulting mirrored
frequency components.

Covert images 15 prepared by this method can be
converted to overt images 15 (shown in Figure 1lb) using
a decoding sampling device that samples at twice the
frequency on which the above-described removal and
mirroring steps were based. Such a sampling device
will (according to the Sampling Theorem) be unable to
reproduce the frequencies of the covert image that are
greater than one half the sampling frequency of the
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device and will instead produce an aliasing effect by
which these frequencies arg'again'mirrofed about the
axes cqrresponding to'half-the sampling frequency. The
frequencies are thereby shifted into the frequency

range that is visible to the humanféje (spatial

'frequencies of less than about 250 cYcles (or dots) per

inch (2.54"cm) at a viewing distance of about 1 foot
(about 30 cm)), converting the covert image to an overt
image. | )
Digital copiers or laser scanners can be used in
this manner as verification or authentication devices
that "under-sample” the covert image, produce an
aliasing effect (whereby the covert image is converted
to an overt-image); and.reﬁroduce the overt image on,
e.qg., a sheet of paper. (If desired, a correlation
analysis, or-comparison of the resulting overt image

‘'with a stored version of the original image on which

the covert image was based,;can'alsélbe carried out.)
Alternatively, however, any simple optical device that

enables the human eye to sample in the spatial domain .

- at a particular sampling frequency can also be utilized

"for verification. Such a~device-mi§ht, e.g., be as

simple as a polymeric sheet (e.g., a substantially

- transparent polymeric sheet) comprising a pattern or

array of elements (produced, e.g., using a diffuse
printing technique) haVing a selected, preferably
substantially regular, spacing that-prqduces a desired
sampling frequency function.

Reproduction or copying of the covert images,
rather than conversion of the covert images to overt
images, can occur if the sampling frequency Qf a
particular diQital copier is high énough to meet the
requirements of the Sampling Theorem for those covert
images. However, as will be recognized by those

skilled in the art, such reproduction or copying by
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commercially available digital copiers (that scan at

spatial frequencies of from about 400 to about 600

cycles {(or s) per inch (2.54 cm)) can be prevented

by the propér selection of the frequency on which the

above-described removal and mirroring steps are based.
The hologram 10 and the covert images 15 can be

arranged in any desired manner, but are preferably

either adjacent to each other or arranged such that one

- surrounds the other, More preferably, the covert

images are integrated into the hologram (e.g., by
including the covert images as one of the angular views
used in constructing a 2D/3D hologram). Incorporation
of the hologram and the covert images in the substrate
5 can be carried out by any of the methods known in the
art for producing or copying holograms. Preferably,
embossing techniques are utilized. If desired, an
overt image can be superimposed on the covert image,
provided that any frequencies of the overt image (e;g.,
high, non-visible frequenc1es) that can substantlally
interfere with the decodlng of the covert image are
first removed. _ .

Objects and advantages of this invention are
further illustrated by the following examples, but the
particular materials and amounts thereof recited in
these examples, as well as other conditions and
details, should not be construed to unduly limit this

invention.
Examples
Example 1

This example describes the preparation of a
verifiable holographic article comprising an embossed

metal foil.
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Two original digital images (one to be used for
producing an overt hologram, and the other to be used
for producing a covert image) were created, arranged in
a selected paﬁtern (wherein the-imaﬁés were adjacent to
each other), and recorded in an original pattern file
usihg.IllustraﬁorTM'sdftware (available from Adobe
Corporation, $an Jose, California, USA ). Next, using
the same soft&are, five differént'high resolution
graphic files were created from thejbriginal pattern
file. EBach of the five graphic files contained a
different requisité view of the original image that was

'.destined to become the overt hologram (for each of five

different vieﬁing angles), but the view of the second
original image (destined to become the covert image)
was the same in each of the five files.

In parallel, a two-dimensional fast Fourier

transformation was carried out on the Illustrator™ file

. containing the'original image'destined to become a

covert image. The mirroring axis for each dimension

was positioned at 1/2 of the Sampling_frequency of a

selected decoding sampling'device. For each dimension,
the frequencieé that were higher thah the mirroring
frequency were dropped. The frequencies that were
lower than the mirroring frequency were then mirrored
into the high freQuency area. Since an overt image was
not to be used to mask thé covert image, there were no
frequencies added to the area below the mirror
frequency. Finally, a two—dimensionél inverse Fourier
transformation was effected to produée a covert image
file containing the covert image in the spatial domain.
- The covert image was then pasted over its
corresponding overt image in each of the five graphic
files. Each of the five files were printed using a
very high resolution output device onto a transparent

film as a black and white negative image.
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A photo-resist plate was created using the five
negative films by exposing the plate in.such a manner
that the reéﬁ%ting rainbow holograi would have
specified color shifts with variation of the viewing
angle. The photo-resist plate was then used to make an
embossing tool (or shim) by a nickel electro-forming
process. The shim was reproduced by this process so
that enough identical shims were available to cover the
surface of a master embossing roll. ’

The master embossing roll was used to heat emboss
a hot stamping foil (a standard aluminum hot-stamping
foil commonly employed for embossing holograms) borne
on a 19 micron thick polyester (polyethylene
terephthalate or PET) carrier. The final result was a
web comprising a 19 micron polyester carrier bearing a
5 micron thick aluminum foil layer comprising the
embossed images.

The aluminum foil layer bearing the hologam and
the covert image was hot-stamped to the surface of a
security paper. The security paper bearing the
embossed hot-stamping film was used as a substrate for
printing security documents using security printing
fechniques. The authenticity of selected security
documents was verified by first observing the
holographic image (first line inspection) and by then
using the decoding sampling device (second line
inspection), which made the covert image visible by

producing an aliasing effect.

Example 2
Example 1 is repeated using a hologram image that

has the geometry of a washer-shaped circular band.
The hologram image and the covert image are arranged
such that the covert image is located in the center of,

and surrounded by, the hologram image.

-9-
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‘Various modifications and alterations of this
invention will become apparent to those skilled in the
art without departing from the scope and spirit of this

5 invention.
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"What Is Claimed Is:

1. A veérifiable holographic article comprising a
substrate comprising (a) at least one hologram; and (b)
at least one covert image that is convertible to an
overt image using a decoding sampling device that

produces an aliasing or moire effect.

2. The article of Claim 1 wherein said covert
image is created by a process comprising the steps of
(a) removing any frequency components of an original,
overt image that are greater than half the sampling
frequency of said decoding sampling device, and (b)
mirroring the remaining frequency components about the
axes that correspond to half of said sampling
frequency; wherein said hblogram is viewable or
reconstructible without the use of a monochromatic
coherent light source; and wherein said substrate is.
selected from the group consisting of photopolymer films,
photographic films, photochromic glasses/crystals,
dichromated gelatin, thermoplastic materials,
photorefractive crystals, embossable reflective
materials, and combinations thereof.

3. The article of Claim 2 wherein said covert
image is prepared by a process comprising the steps of
(a) determining the Fourier transform of at least a
portion of an original overt image, (b) removing all of
the frequency components of said Fourier transform that
are greater than half of the sampling frequency of a
decoding sampling device that is to be used for the
decoding of said portion of said image, (c) mirroring
the remaining frequency components of said Fourier
transform about the axes that correspond to half of
said sampling frequency, and (d) determining the

-11-
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frequency components; wherein said hologfam is selected
fromsthé group consisting of reflection, transmission,
true color, and composite holograms{}ahd wherein said
substrate comprises an embossable_rqgléctive material.

4. The article of Claim 3 wherein said hologram is
a transmission hologram; and whereiﬁfsaid embossable
reflective material is selected from ﬁhe group consisting-
of metal foil, metallized paper, andﬁmétallized polymeric
film.

- 5. The article of Claim 4 wherein said embossable

" reflective material is metal foil.

6. The article of Claim 1 wherein said covert

- image is integrated into said hologram.

7. A verifiable holographic'article comprising a
substrate comprising (a) at least one rainbow hologram;
and (b) at least one covert image that is prepared by a
process comprising the steps of (i) determining the
Fourier transform of at least a porti@n of an original,
overt image; (ii) removing all of'the-frequency
components of said Fourier transform that are greater
than half of the Sampling frequency of a decoding
sampling devi¢e that is to be used for the decoding of
said portion of said image; (iii) mirroring the
remaining frequency components of said Fourier ,
transform about the axes that correspond to half of
said sampling frequency; and (iv) determining the
inverse Fourier transform of the-résulting mirrored

frequency components.
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8. The article of Claim 7 wherein said substrate
comprises an embossable reflective material and wherein
said holograﬁﬁénd said covert image are embossed on

said substrate.

9. A kit comprising (a) the article of Claim 1;

and (b) a decoding sampling device.

10. A security label or security laminate

10 comprising the article of Claim 1.
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