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(54) INFORMATION RECORDING BODY, PRINTED ARTICLE, AND READING DEVICE FOR
INFORMATION RECORDING BODY

(57) The present invention addresses the problem of
providing: an information recording body which can be
easily read and deciphered by a typical reading device
and for which reproduction or the like is difficult; and a
reading device or the like for said information recording
body. This information recording body 1 comprises a
substrate 2, a bright ink layer 5 formed from bright ink
on one surface of the substrate 2, a colored ink layer 3
formed from colored ink, and a transparent ink layer 4

formed from transparent ink, wherein: the colored ink
layer 3 forms a first pattern 100; the transparent ink layer
4 forms a second pattern 200; the entire areas of the first
pattern 100 and the second pattern 200 are superim-
posed, in plan view, on the region where the bright ink
layer 5 is formed; the second pattern 200 includes in-
formation that can be converted into a specific code; and
at least part of the second pattern 200 is superimposed
on the first pattern 100.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an information
recording medium that is difficult to counterfeit, and an
anti-counterfeiting printed material that includes such an
information recording medium.

BACKGROUND ART

[0002] Conventionally, electronic watermark technol-
ogy has been used, in which information that cannot be
visually recognized by the human eye is embedded in
printed materials and the like. This technology allows the
embedded information to be read by a reading device
without compromising the aesthetic appearance of the
printed material.
[0003] Patent Document 1 discloses a printed material
utilizing electronic watermark technology, in which an
information recording medium is provided with a compo-
site image including an image printed on a lustrous layer
and another image formed on the image and printed as a
transparent layer. With this information recording med-
ium, the two images are printed with inks that reflect
different amounts of light in accordance with the obser-
vation angle, allowing one of the images of the composite
image to be recognized depending on the observation
angle. The image printed on the lustrous layer is an image
with regularity in the feature points in the spatial fre-
quency domain, while the other image printed on the
transparent layer is an image where the feature points
in the spatial frequency domain are arranged in positions
that disrupt this regularity.
[0004] Patent Document 1: Japanese Unexamined
Patent Application, Publication No. 2016‑93895

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0005] In this case, by adjusting the observation angle
of a dedicated reading device, the image information
printed on the lustrous layer of the printed material, which
has regularity in the feature points in the spatial frequency
domain, can be read and decoded. However, in order to
decode the information embedded using electronic
watermark technology, the reading device generally
needs to be equipped with a decoding application pro-
gram with a dedicated algorithm, which could make it
difficult to easily use a general-purpose reading device
such as a smartphone. Furthermore, the appearance of
the image information to be read on the printed material is
difficult to visually recognize, making it hard to visually
determine where to read the image information, which
could affect convenience. On the other hand, examples
of codes that can be read by general-purpose reading
devices include OCR characters, barcodes, or two-di-

mensional codes. However, these codes are easily du-
plicated or counterfeited, and using such codes as-is may
cause problems in determining the authenticity or ensur-
ing the security of the printed material.
[0006] The present disclosure has been made in view
of such circumstances, and aims to provide an informa-
tion recording medium and a printed material that are
easy to read and decode with general-purpose reading
devices and are difficult to duplicate or counterfeit, and a
reading device for the information recording medium.

Means for Solving the Problems

[0007] The information recording medium according to
an embodiment of the present disclosure includes: a
base material; a first printed layer formed by a lustrous
ink on one surface of the base material; a second printed
layer formed by a colored ink that is not a lustrous ink, on
the same side as the one surface; and a third printed layer
formed by a transparent ink on the same side as the one
surface, in which the second printed layer forms a first
pattern, the third printed layer forms a second pattern, in a
plan view, an entire region of the first pattern and the
second pattern overlaps with a region where the first
printed layer is formed, and the second pattern includes
information convertible into a specific code, with at least
part thereof overlapping with the first pattern.
[0008] In the information recording medium according
to another embodiment of the present disclosure, the first
printed layer may be formed either as a solid print, half-
tone dots with a halftone dot area ratio of 80% or more, or
lines.
[0009] In the information recording medium according
to another embodiment of the present disclosure, the
second pattern may be composed of a plurality of partial
patterns.
[0010] In the information recording medium according
to another embodiment of the present disclosure, only
part of the plurality of partial patterns may include infor-
mation convertible into the specific code.
[0011] In the information recording medium according
to another embodiment of the present disclosure, the
second pattern may be composed of a plurality of partial
patterns, each including one or more finder patterns, and
all of the finder patterns may be two-dimensional codes
arranged at edges of the second pattern.
[0012] In the information recording medium according
to another embodiment of the present disclosure, the
second pattern may be composed of a plurality of partial
patterns, and when the plurality of partial patterns are
defined as a first partial pattern, a second partial pattern,
and a third partial pattern sandwiched between the first
and second partial patterns, a first finder pattern ar-
ranged on a side of the first partial pattern facing the
second partial pattern and a second finder pattern ar-
ranged on a side of the second partial pattern facing the
first partial pattern may compose at least two finder
patterns of the third partial pattern, and the third partial
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pattern may compose dummy information inconvertible
into the specific code.
[0013] In the information recording medium according
to another embodiment of the present disclosure, the first
pattern may include information convertible into a spe-
cific code different from the specific code of the second
pattern.
[0014] In the information recording medium according
to another embodiment of the present disclosure, the
third printed layer may be composed of the transparent
ink that emits visible light when excited by infrared or
ultraviolet radiation, an ink containing an infrared-ab-
sorbing material, or an ink containing a polarizing materi-
al.
[0015] The printed material according to another em-
bodiment of the present disclosure may include the in-
formation recording medium according to any one of the
aforementioned embodiments.
[0016] A reading device that reads the information
recording medium according to any one of the aforemen-
tioned embodiments of the present disclosure includes:
an illumination light source; a reading unit; and a control
unit, in which the reading unit is capable of reading
information of the first pattern of the information recording
medium by turning on the illumination light source at a
first light intensity including an off-state, and is capable of
reading information of the second pattern by turning on
the illumination light source at a second light intensity
greater than the first light intensity, and the control unit
activates the reading unit, turns on the illumination light
source at the second light intensity while the reading unit
is in a readable state, causes the reading unit to read the
information of the second pattern while the illumination
light source is turned on, and converts the information of
the second pattern read by the reading unit into the
specific code.
[0017] An authenticity determination device including
the reading device according to an embodiment of the
present disclosure further includes: a storage unit that
stores comparison information for determining authenti-
city of the information recording medium; and an authen-
ticity determination unit that compares the specific code
with the comparison information, and determines that the
information recording medium is authentic when both
match, or determines that the information recording med-
ium is not authentic when both do not match.
[0018] In the reading device according to another em-
bodiment of the present disclosure, the reading unit is
capable of reading information of the first pattern of the
information recording medium by turning on the illumina-
tion light source at a first light intensity including an off-
state, and information of the second pattern by turning on
the illumination light source at a second light intensity
greater than the first light intensity. When the specific
code is defined as a second specific code, the code
identification unit may further include a position identifi-
cation unit that converts the information of the first pattern
and the second pattern read by the reading unit into a first

specific code and the second specific code, respectively,
and identifies a position of reading the second pattern by
the first specific code.
[0019] The authenticity determination device accord-
ing to another embodiment of the present disclosure may
further include: a storage unit that stores comparison
information fordetermining authenticityof the information
recording medium; and an authenticity determination unit
that compares the second specific code with the compar-
ison information, and determines that the information
recording medium is authentic when both match, or
determines that the information recording medium is
not authentic when both do not match.
[0020] An authenticity determination system according
to another embodiment of the present disclosure is an
authenticity determination system, in which the reading
device and a server are communicatively connected to
each other, and the server may include: a storage unit
that stores comparison information for determining
authenticity of the information recording medium; and
an authenticity determination unit that compares the
second specific code read by the reading device with
the comparison information, and determines that the
information recording medium is authentic when both
match, or determines that the information recording med-
ium is not authentic when both do not match.
[0021] A method for reading the information recording
medium according to an embodiment of the present
disclosure includes the steps of: reading the information
of the first pattern of the information recording medium
that can be read by turning on the illumination light source
at a first light intensity including an off-state; converting
the read information of the first pattern into a first specific
code; identifying a position for reading the second pattern
based on the first specific code; reading the information of
the second pattern of the information recording medium
that can be ready by turning on the illumination light
source at a second light intensity greater than the first
light intensity; and converting the read information of the
second pattern into a second specific code.
[0022] A program for causing a computer to determine
the authenticity of the information recording medium
according to an embodiment of the present disclosure
may read the information of the first pattern of the in-
formation recording medium when the illumination light
source is turned on at a first light intensity including an off-
state, convert the read information of the first pattern into
a first specific code, identify the position for reading the
second pattern based on the first specific code, read the
information of the second pattern of the information re-
cording medium when the illumination light source is
turned on at a second light intensity greater than the first
light intensity, convert the read information of the second
pattern into a second specific code, compare the second
specific code with comparison information for authenti-
city determination, and determine that the information
recording medium is authentic when both match, or
determine that the information recording medium is not
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authentic when both do not match.
[0023] A method for determining the authenticity of the
information recording medium according to an embodi-
ment of the present disclosure further includes, in addi-
tion to the aforementioned reading method, the steps of
comparing the second specific code with comparison
information for authenticity determination, and determin-
ing that the information recording medium is authentic
when both match, or determining that the information
recording medium is not authentic when both do not
match.

Effects of the Invention

[0024] According to an embodiment of the present
disclosure, it is possible to provide an information record-
ing medium and a printed material that are easy to read
and decode with general-purpose reading devices and
are difficult to duplicate or counterfeit, and a reading
device for the information recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a plan view and a side view of the informa-
tion recording medium according to a first embodi-
ment;
FIG. 2 is a diagram illustrating the difference in
appearance of the information recording medium
depending on the observation angle;
FIG. 3 is a configuration diagram illustrating the
structure of the reading device and the authenticity
determination device of the information recording
medium according to the present disclosure;
FIG. 4 is a flowchart related to the code identification
and authenticity determination of the second pattern;
FIG. 5 is a plan view of the information recording
medium according to a second embodiment and a
diagram illustrating the difference in appearance
depending on the observation angle;
FIG. 6 is a plan view of the information recording
medium according to a third embodiment;
FIG. 7 is a configuration diagram illustrating the
structure of the reading device according to a fourth
embodiment;
FIG. 8 is a flowchart related to the code identification
of the first pattern;
FIG. 9 is a flowchart related to the code identification
of the second pattern;
FIG. 10 is a configuration diagram illustrating the
structure of the authenticity determination device
according to the fourth embodiment;
FIG. 11 is a flowchart related to the code identifica-
tion and authenticity determination of the second
pattern;
FIG. 12 is a plan view of the information recording
medium according to fifth and sixth embodiments;

FIG. 13 is a plan view of the information recording
medium according to a seventh embodiment;
FIG. 14 is a plan view of the information recording
medium according to an eighth embodiment;
FIG. 15 is a plan view of the information recording
medium according to ninth and tenth embodiments;
FIG. 16 is a plan view and a side view of the printed
material including the information recording medium
according to an eleventh embodiment;
FIG. 17 is a plan view of the information recording
medium according to a twelfth embodiment;
FIG. 18 is a table illustrating the performance com-
parison of the halftone dot area ratio of colored ink;
and
FIG. 19 is a diagram illustrating a method of calculat-
ing the halftone dot area ratio of colored ink.

PREFERRED MODE FOR CARRYING OUT THE IN-
VENTION

[0026] Hereinafter, an example of the information re-
cording medium, the printed material, and the authenti-
city determination device of the present disclosure will be
described with reference to the drawings and the like.
However, the information recording medium and the like
of the present disclosure are not limited to the embodi-
ments and examples described below.
[0027] The various drawings illustrated below are
schematic representations. Therefore, the sizes and
shapes of the respective parts are appropriately exag-
gerated for ease of understanding. In the drawings,
hatching indicating the cross-sections of components
is omitted as necessary. The numerical values of dimen-
sions and material names for each component described
in this specification are merely examples in the embodi-
ments and are not limited thereto, and may be selected
and used as appropriate. In this specification, terms used
to specify shapes and geometric conditions, such as
parallel, orthogonal, vertical, and so forth, are intended
to include both the strict definitions and the substantially
same states.

1. First Embodiment

[0028] A first embodiment of the information recording
medium according to the present disclosure will be de-
scribed. FIG. 1(a) is a plan view illustrating an information
recording medium 1 according to the first embodiment,
and FIG. 1(b) is a side view thereof. The information
recording medium 1 includes a base material 2 and a
lustrous ink layer 5 formed by a lustrous ink on one
surface of the base material 2.On the same surface side,
a colored ink layer 3 formed with colored ink, and a
transparent ink layer 4 formed with transparent ink that
has a property of reflecting different amounts of light
depending on the observation angle, both partially cover-
ing the lustrous ink layer5, are provided on a surface side
of the lustrous ink layer 5 facing opposite to the base
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material 2.
[0029] When the information recording medium 1 is
viewed in plan from the thickness direction, the entire
areas of the first pattern 100 formed by the colored ink
layer 3 and the second pattern 200 formed by the trans-
parent ink layer 4 overlap with the area where the lustrous
ink layer 5 is formed. The second pattern 200 includes
information convertible into a specific code, and at least
part of the second pattern 200 overlaps with the first
pattern 100. The lustrous ink layer 5, the colored ink layer
3, and the transparent ink layer 4 are examples of the first
printed layer, the second printed layer, and the third
printed layer, respectively.

(a) Configuration of Information Recording Medium

[0030] The base material 2 has printability and coating
suitability for forming the lustrous ink layer 5, the colored
ink layer 3, and the transparent ink layer 4. Any film base
material is used for supporting these layers. Examples of
the base material 2 include polyester films such as poly-
ethylene terephthalate films, polyethylene films, polypro-
pylene films, polyfluorinated ethylene films, polyvinyli-
dene fluoride films, polyvinyl chloride films, polyvinyli-
dene chloride films, ethylene-vinyl alcohol films, polyvinyl
alcohol films, polymethyl methacrylate films, polyether-
sulfone films, polyether ether ketone films, polyamide
films, tetrafluoroethylene-perfluoroalkyl vinyl ether copo-
lymer films, and polyimide films. The base material 2 may
also be a paper sheet such as paper for use in seals and
labels.
[0031] The base material 2 may be opaque or trans-
parent, and may be colored or colorless. In the present
embodiment, the base material 2 is, for example, colored
white. The thickness of the base material 2 can be
arbitrarily determined depending on the intended use
of the information recording medium 1, and may be thin
enough to have moderate flexibility or thick enough to
have almost no flexibility. In the former case, the thick-
ness can be set to, for example, between 0.1 µm and 1
mm inclusive, and in the latter case, the thickness can be
set to be thicker than 1 mm.
[0032] The lustrous ink constituting the lustrous ink
layer 5 may include, for example, an ink containing a
lustrous material that exhibits a silvery color, bluish-gold
color, or reddish-gold color, such as powder of aluminum,
copper, zinc, or tin, or ferric phosphide. The lustrous ink
layer 5 with such lustrous ink mainly has a property of
diffusely reflecting light when receiving white light or the
like from an illumination light source.
[0033] On the other hand, the colored ink constituting
the colored ink layer 3 is composed of printing ink used in
general design formation printing and the like, and any
non-transparent color that allows process colors to be
visually recognized as a pattern or design is sufficient.
The colored ink does not contain lustrous materials. The
colored ink layer 3 need only camouflage the patterns of
overlapping the transparent ink layer 4 to some extent by

allowing the colored ink layer 3 itself to be visually re-
cognized or perceived. Examples of such inks include
inks formed by mixing organic or inorganic coloring pig-
ments such as titanium oxide, phthalocyanine, and car-
bon black into resins such as acrylic, polyester, polyur-
ethane, or epoxy. The colored ink may be of various
types, such as ultraviolet-curable, oxidation-polymeriz-
able, permeable, heat-dryable, or evaporation-dryable.
The reflection properties of the colored ink layer 3 includ-
ing such a colored ink when receiving white light or the
like from an illumination light source are also influenced
by the surface texture of the colored ink layer 3, but
usually, the property of diffuse reflection tends to be
dominant.
[0034] The transparent ink constituting the transparent
ink layer 4 can be, for example, a transparent varnish, ink
varnish, transparent ink, or medium ink, all of which do
not use coloring pigments. The transparent ink may be of
various types, such as ultraviolet-curable, oxidation-
polymerizable, permeable, heat-dryable, or evapora-
tion-dryable. In the case of receiving white light or the
like from an illumination light source, the transparent ink
layer 4 with such transparent ink has a property such that
the ratio of emitted light to incident light varies in the
direction of specular reflection, in which the incident
angle and the exit angle are substantially equal. In other
words, the transparent ink layer 4 reduces the ratio of
emitted light to incident light in the direction in which the
relationship of the exit angle with respect to the incident
angle from the illumination light source is specular reflec-
tion.
[0035] This is because the light absorption by the
transparent ink layer 4 increases under the conditions
of specular reflection. On the other hand, the transparent
ink layer 4 allows most of the incident light to pass through
in the direction in which the relationship of the exit angle
with respect to the incident angle of the illumination light
source is not specular reflection. Therefore, in this case,
the incident light almost never attenuates while passing
through the transparent ink layer 4, and the light emitted
upon reflection from the underlying lustrous ink layer 5 or
colored ink layer 3 is almost entirely emitted from the
transparent ink layer 4.
[0036] The printing methods of forming the lustrous ink
layer 5, the colored ink layer 3, and the transparent ink
layer 4 may include gravure printing, wet offset printing,
dry offset printing, letterpress printing, waterless litho-
graphic printing, flexographic printing, screen printing,
intaglio printing, or inkjet printing, and electrostatic print-
ing. Melt transfer or sublimation transfer using an ink
ribbon may also be employed.
[0037] The lustrous ink layer 5 is uniformly formed in a
predetermined area on one surface of the base material 2
without forming any particular pattern. The lustrous ink
layer 5 may be formed, for example, as a solid print. On
the other hand, the colored ink layer 3 and the transparent
ink layer 4 respectively form the first pattern 100 and the
second pattern 200, which are predetermined pattern
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images, and are formed in positions overlapping with the
lustrous ink layer 5 on one surface of the base material 2.
As a result, although the appearance varies depending
on the observation angle, a predetermined pattern image
300, which is a composite of the first pattern 100 and the
second pattern 200, is formed on the one surface of the
information recording medium 1.
[0038] In the present embodiment, the first pattern 100
is composed of a pattern with the characters "ABC" as the
smallest unit, which are continuously arranged in the
horizontal direction and further repeated in parallel in
the vertical direction. On the other hand, the second
pattern 200 is a two-dimensional code. Specifically, the
first pattern 100 is a pattern that can be read visually,
while the second pattern 200 is a pattern that is readable
by a general-purpose reading device equipped with a
two-dimensional code reading function and convertible
into a unique specific code. The specific code refers to a
representation architecture for useful information neces-
sary for the user, which can be converted by the reading
device or the authenticity determination device described
later.
[0039] The first pattern 100 need only be visually read-
able as characters or recognizable as some kind of de-
sign, preferably in a manner that moderately hinders the
visibility and readability of the second pattern 200. On the
other hand, the transparent ink constituting the second
pattern 200 should preferably be difficult to visually read,
ensuring greater difficulty in reading.
[0040] The cell size refers to the length of one side of a
square referred to as a cell, which is the smallest unit that
constitutes a two-dimensional code. A two-dimensional
code forms a pattern corresponding to a specific code as
a whole by arranging or not arranging the cells in a matrix
pattern. For reference, in the case of a QR code (regis-
tered trademark) of Model 2, Version 25, with an overall
size of 20 mm square, the corresponding cell size is
approximately 0.17 mm, and for Version 30, the corre-
sponding cell size is approximately 0.15 mm.
[0041] In the case where the lustrous ink layer 5 is
formed using an ink containing a silvery lustrous material,
the layer is preferably formed with halftone dots with a
halftone dot area ratio of at least 80%, or lines, and more
preferably formed with halftone dots with an area ratio of
100%, namely a solid print. The halftone dot area ratio of
80% or more improves the visibility of the first pattern 100
and the machine readability of the second pattern 200,
while the area ratio of 100% further enhances such
effects (visibility and machine readability). The halftone
dots of the lustrous ink layer 5 are, for example, regular
halftone dots such as consistent halftone dots, as op-
posed to irregular halftone dots such as those found in an
FM screen image. The halftone dot area ratio represents
the percentage of the area occupied by the halftone dots
within a unit area in a halftone dot scale. An example of
the method of calculating the halftone dot area ratio is
described later.
[0042] The colored ink layer 3 that constitutes the first

pattern 100 may be composed of white ink, black ink, or
gray ink obtained by mixing or overlaying these inks.
Alternatively, the ink may be composed of process color
inks such as yellow (Y), magenta (M), cyan (C), and other
black or spot color inks, selected and mixed or overlaid as
appropriate. The colored ink layer 3 is a layer composed
of a non-transparent, colored ink that is either achromatic
or chromatic, in which the colored ink used to form the
colored ink layer 3 is preferably formed as halftone dots
with a halftone dot area ratio between 35% and 55%
inclusive, and more preferably formed as halftone dots
with a halftone dot area ratio between 40% and 50%
inclusive.
[0043] The table 80 in FIG. 18 illustrates the halftone
dot area ratios of the colored ink. The table 80 in FIG. 18
illustrates the halftone dot area ratios of the colored ink in
the rows, in which the halftone dot area ratios range from
25% to 60% in increments of 5% points. The table 80 in
FIG. 18 illustrates various performance metrics in the
columns, including the machine readability of the two-
dimensional code in the colored ink, the machine read-
ability of the two-dimensional code in the transparent ink,
the visibility of the colored ink, and the anti-copy proper-
ties. The intersections of the rows and columns represent
the evaluations in three levels, in which the performance
is rated as good (o), intermediate (Δ), or poor (×). The
symbols "o", "Δ", and "×" represent "good", "intermedi-
ate", and "poor", respectively. In view of the table 80, no
performance evaluations are rated as poor within the
range 81 of the halftone dots, in which the halftone dot
area ratio falls within the range between 35% and 55%
inclusive. The performance evaluation is even better
within the range 82 of the halftone dots, in which the
halftone dot area ratio falls within the range between 40%
and 50% inclusive. The optimal dot area ratio is around
45%, in which all performance evaluations are rated as
good. In the case where the colored ink (first pattern 100)
is not intended for machine reading (only for the function
of camouflaging the second pattern 200), there are no
poor ratings in which the halftone dots fall within the
halftone dot area ratio between 30% and 55% inclusive.
[0044] Here, the halftone dot area ratio of the colored
ink was measured using the following two measurement
methods.

(Method 1)

[0045] Equipment: Portable spectrophotometer (eX-
act Advance) by X-Rite

Measurement lighting condition: M1 (compliant with
ISO 13655)
Color calculation parameters: D50/2
Measurement was conducted on the portion where
the colored ink is overlaid on the lustrous ink. Cyan
(C) was used as the colored ink, and the cyan value
was read from the CMYK color (K: black) in the
measurement (measurement of halftone dot %). ->
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The above equipment was placed at the desired
measurement location, the density was measured,
and the measurement result was recorded as the
halftone dot %.

(Method 2)

[0046] Equipment: Microscope (Keyence MHX500F)
Halftone dot density was measured and calculated based
on the pitch and size of the halftone dots (actual mea-
surement). The printed material was printed at 150 lines
per inch with a resolution of 2400 dpi. In Method 2, as
illustrated in FIG. 19, the halftone dot area ratio can be
calculated based on the size of the halftone dots 92 within
the 150-line pitch area 91, surrounded by the lines 90a at
150 lines per inch on the printed material 90, which is the
measurement medium.
[0047] By setting the halftone dot area ratio of the
colored ink within the aforementioned range, the amount
of light reflected from the underlying lustrous ink layer 5
passing through the gaps in the halftone dots of the
colored ink can be increased with respect to the amount
of light incident from the outside. Consequently, a greater
contrast can be achieved between the transparent ink
layer 4 constituting the second pattern 200 and the under-
lying lustrous ink layer 5 and colored ink layer 3 under
specific conditions, thereby improving the readability of
the second pattern 200 by the reading device. With the
halftone dot area ratio of the colored ink within the latter
range, the readability of the second pattern 200 is further
enhanced, leading to stable readability that is less af-
fected by individual differences in the illumination inten-
sity and other factors of different reading devices.
[0048] On the other hand, there are no particular con-
straints on the two-dimensional code of the second pat-
tern 200 illustrated in FIG. 1(a), and the cell size is
preferably as large as possible while keeping the overall
size of the two-dimensional code as small as possible.
For reference, in the case of a QR code (registered
trademark) of Model 2 with an overall size of 12 mm
square, the version is preferably 10 or lower, and more
preferably 3 or lower. This is to improve the readability of
the second pattern 200.
[0049] Assume that the second pattern 200 is a QR
code (registered trademark) of Model 2. In this case, the
outer contour of the second pattern 200 is approximately
square, and three corners are arranged with finder pat-
terns 200p, each composed of a small square sur-
rounded by a slightly larger outer square. The finder
patterns, also known as position detection patterns,
are used to determine the position and orientation of
the pattern when read by the reading device.
[0050] In the present embodiment, the first pattern 100
is a visually readable pattern, and the second pattern 200
is a two-dimensional code. Therefore, only the second
pattern 200 is convertible into a unique specific code by
the reading device. However, the first pattern 100 may be
a random or meaningless pattern that cannot be visually

read, or may be a design intended solely for aesthetic
purposes. The first pattern 100 need only provide the
minimum effect of camouflaging the presence of the
second pattern 200.
[0051] Next, how the pattern image 300 formed on the
information recording medium 1 appears depending on
the observation angle will be described. FIG. 2(a) illus-
trates a situation where the information recording med-
ium 1 with the pattern image 300 formed thereon is
placed on a flat surface (not illustrated) and white light
is emitted from an illumination light source 21 arranged at
an angle to the direction normal to the main surface of the
information recording medium 1. The exit angle of the
light fromthe illumination light source 21 is an angleαwith
respect to the direction normal to the main surface of the
information recording medium 1.
[0052] In this case, when observed from a viewpoint
22a at a position P1, which is tilted at an angle β1 smaller
than the angle α on the opposite side of the illumination
light source 21 with respect to the normal direction, the
pattern image visually recognizable on the information
recording medium 1 is the pattern image 300a illustrated
in FIG. 2(b). That is, from the viewpoint 22a at the position
P1, where the observation angle is β1, only the first
pattern 100 is visually recognizable clearly.
[0053] The portion of the underlying lustrous ink layer 5
diffusely reflects light regardless of the observation an-
gle, as described above, and the first pattern 100 formed
by the colored ink layer 3 also tends to diffusely reflect
light in almost all directions, although not as much as the
lustrous ink layer 5 does. Therefore, light incident at the
angle α will also be reflected at the exit angle β1 different
from the angle α. On the other hand, the second pattern
200 formed by the transparent ink layer 4 allows most of
the incident light to pass through at positions that are not
near the observation angle corresponding to the exit
angle of the specular reflection. Therefore, the second
pattern 200 is difficult to visually recognize under these
conditions.
[0054] When observed from a viewpoint 22b at a posi-
tion P2, which is tilted at an angle β2 approximately equal
to the angle α on the opposite side of the illumination light
source 21 with respect to the normal direction, the pattern
image visually recognizable on the information recording
medium 1 is the pattern image 300b illustrated in FIG.
2(c). That is, from the viewpoint 22b at the position P2,
where the observation angle is β2, both the first pattern
100 and the second pattern 200 are visually recogniz-
able, with the second pattern 200 being particularly
clearly visually recognizable. As described above, the
portions of the lustrous ink layer 5 and the first pattern 100
formed by the colored ink layer 3 diffusely reflect light
regardless of the observation angle. In contrast, the
second pattern 200 formed by the transparent ink layer
4 has a reduced ratio of reflected light to incident light
near the observation angle corresponding to the exit
angle of specular reflection compared to other observa-
tion angles, resulting in sufficient contrast between the
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second pattern 200 and the portions of the lustrous ink
layer 5 and the first pattern 100.
[0055] When observed from a viewpoint 22c at a posi-
tion P3, which is tilted at an angle β3 larger than the angle
α on the opposite side of the illumination light source 21
with respect to the normal direction, the pattern image
visually recognizable on the information recording med-
ium 1 is the same as the pattern image 300a illustrated in
FIG. 2(b). That is, the appearance is similar to that ob-
served from the viewpoint 22a at the position P1, where
the observation angle is β1. The reason for this is the
same as when the observation angle is β1.
[0056] Assume that the pattern image 300b formed on
the information recording medium 1 illustrated in FIG.
2(c) is read by the reading device from the viewpoint 22b
at the position P2. Here, among the light reflected from
the information recording medium 1 and entering the
reading device, the reflectance of the light reflected at
the portions of the lustrous ink layer 5 that serves as the
background of the pattern image 300b and the first pat-
tern 100, with respect to the original white light from the
illumination light source 21, is denoted as Re21 (%). The
reflectance of the light reflected at the second pattern
200, with respect to the original white light from the
illumination light source 21, is denoted as Re22 (%).
The reflectance of the light reflected at the portions of
the lustrous ink layer 5 with respect to the white light is
denoted as Re211 (%), and the reflectance of the light
reflected at the first pattern 100 with respect to the original
white light from the illumination light source 21 is denoted
as Re212 (%). Normally, Re211 is greater than Re212.
Re21 represents the reflectance including both Re211
and Re212.
[0057] In this case, the threshold value Re23 of the
reflectance for the binarization processing by the reading
device is set to be smaller than Re21 and greater than
Re22, in which pixels with an incident light reflectance
equal to or greater than this threshold value are deter-
mined as 1 or white, and pixels with an incident light
reflectance below this threshold value are determined as
0 or black. Through such processing, the reading device
recognizes the portions of the lustrous ink layer 5 serving
as the background of the pattern image 300b and the
portions of the first pattern 100 as 1 or white, and recog-
nizes the portions of the second pattern 200 as 0 or black.
This allows the second pattern 200 to be extracted with
good contrast and converted into the specific code ac-
curately.
[0058] When the colored ink forming the colored ink
layer 3 is formed as halftone dots with a halftone dot area
ratio between 35% and 55% inclusive, the lustrous ink
layer 5 is slightly exposed through the gaps in the halftone
dots of the first pattern 100 that serves as the background
of the pattern image 300b. Therefore, the local decrease
in reflectance in the portions of the first pattern 100 may
not hinder the reading of the second pattern 200. The
foregoing has described that the pattern image 300 may
appear in two ways as the pattern image 300a or 300b,

depending on the relationship between the position of the
illumination light source 21 and the observation angle;
however, such differences in appearance can be created
even without changing the relationship between the po-
sition of the illumination light source 21 and the observa-
tion angle.
[0059] For example, in FIG. 2(a), observation is made
from the viewpoint 22b at the position P2, which is tilted at
the angle β2 approximately equal to the angle α. Here,
the illumination light source 21 is turned off, or the illu-
mination light source 21 is turned on by significantly
reducing the light intensity. In this case, the information
recording medium 1 is predominantly illuminated by dif-
fuse light, with no strong parallel light incident, so most of
the incident light passes through the transparent ink layer
4. As a result, the second pattern 200 is not visually
recognizable, and only the portions of the lustrous ink
layer 5 and the first pattern 100 are visually recognizable
due to the effect of diffuse reflection. That is, the pattern
image 300a in FIG. 2(b) is visually recognizable.
[0060] On the other hand, under the same conditions,
when the illumination light source 21 is turned on at
sufficient light intensity, relatively strong parallel light is
incident on the information recording medium 1 at the
angle α, allowing the second pattern 200 to be clearly
visually recognized along with
the portions of the lustrous ink layer 5 and the first pattern
100. That is, the pattern image 300b in FIG. 2(c) is visually
recognizable. This is because most of the incident light is
absorbed by the transparent ink layer4, reducing the ratio
of emitted light.
[0061] As described above, by keeping the light inten-
sity of the illumination light source 21 constant and chan-
ging the observation angle, it is possible to cause the
pattern image 300 on the information recording medium 1
to appear in two ways as the pattern images 300a and
300b. Similarly, the same visual effects can be achieved
by changing only the light intensity of the illumination light
source 21 between an off-state and an on-state, or chan-
ging between the on-state at low intensity and the on-
state at higher intensity, without changing the positional
relationship between the illumination light source 21 and
the observation angle. The above description holds even
when the arrangement of the illumination light source 21
and the observation angle are both aligned with the
normal direction in FIG. 2(a), that is, when both of the
angle α and the angle β2 are 0°.
[0062] The transparent ink layer 4 constituting the
second pattern 200 need only have sufficient transpar-
ency to satisfy the above conditions based on the ob-
servation angle. Specifically, the transmittance of visible
light with a wavelength between 380 nm and 780 nm
inclusive is preferably 50% or more, and more preferably
80% or more, under conditions where the incident angle
of the light from the illumination light source and the
observation angle are not in a specular reflection condi-
tion. With a transmittance of 50% or more, the first pattern
100 becomes more easily visually recognizable from the
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outside, thereby enhancing the effect of camouflaging
the second pattern 200. Furthermore, with a transmit-
tance of 80% or more, the second pattern 200 formed by
the transparent ink layer 4 becomes more difficult to
visually recognize, thereby improving security.
[0063] As a result, on one surface of the information
recording medium 1, the first pattern 100 is easily visually
recognizable, while the second pattern 200 is difficult to
visually recognize unless the incident angle of the light
from the illumination light source and the observation
angle are in a predetermined relationship. Therefore,
the presence of the second pattern 200, which contains
information convertible into a specific code, can be kept
hidden from third parties, thereby enhancing security.
Furthermore, when the pattern image 300 on one surface
of the information recording medium 1 is copied using a
copier, the illumination light source of the copier differs
from the fixed-position constant light irradiation, making it
difficult to extract the second pattern 200 formed by the
transparent ink layer 4. As a result, only the first pattern
100 is likely to be extracted due to the contrast between
the diffusely reflecting portions of the lustrous ink layer 5
and the first pattern 100. This achieves an anti-copying
effect, making it difficult to replicate the information re-
cording medium 1, which further improves security.
[0064] By turning on the illumination light source at
sufficient light intensity and arranging the reading device
at an observation angle that satisfies the specular reflec-
tion condition with respect to the incident light from the
illumination light source, even a commercially available,
inexpensive reading device with a basic two-dimensional
code reading function can easily extract the second
pattern 200 and decode the specific code.
[0065] In this case, when the illumination light source is
turned off, or turned on at reduced light intensity, the
surrounding light will be predominantly influenced by
diffuse light, making only the first pattern 100 on the
information recording medium 1 clearly visually recog-
nizable to the reading device, while the second pattern
200 becomes difficult to read. Therefore, unless the
reading conditions are appropriately set, the second
pattern 200 cannot be read, which significantly enhances
the reliability of authenticity determination and security of
the information recording medium 1. By making the sec-
ond pattern 200 smaller than the first pattern 100, even if
there is a slight misalignment between the printing posi-
tions of the first pattern 100 and the second pattern 200
when overprinted, the machine readability will not be
affected.
[0066] However, the second pattern 200 may be pro-
vided in a size approximately equal to the first pattern
100. That is, the outer contour of the second pattern 200
may be set to substantially match the outer contour of the
first pattern 100. As a result, the area where the second
pattern 200 is arranged can be easily estimated using the
visually recognizable first pattern 100 as a guide, thereby
simplifying the alignment of the reading device. The outer
contours of the second pattern 200 and the first pattern

100 may also partially match, and this configuration also
provides the aforementioned effect.

(b) Configuration of Reading Device for Information
Recording Medium

[0067] Next, the configuration of the reading device for
reading the information from the information recording
medium according to the present disclosure will be de-
scribed. The reading device 30 includes an illumination
light source and a two-dimensional code reading func-
tion. As illustrated in FIG. 3A, the reading device 30
includes a reading unit 33 such as a camera, the illumi-
nation light source 21, an operation unit 35 for various
operations, and a display unit 36 that is a display screen
for various displays. The reading device 30 includes a
control unit 31 for inputting and outputting operation
instructions and information for each of these compo-
nents, and a storage unit 32.
[0068] The reading unit 33 may be a CCD camera or
the like, in which a color CCD sensor is arrayed in a plane
corresponding to a captured image in each pixel unit. The
reading unit 33 can output gradation information in 256
levels from 0 to 255 for each of the RGB colors to the
image acquisition unit 44 for each pixel depending on the
amount of incident light. The illumination light source 21
may be an LED light or the like with the light intensity
being adjustable. The display unit 36 may be a liquid
crystal display (LCD), an organic EL display, or the like,
and the operation unit 35 may be a capacitive touch panel
integrated with the display, allowing necessary opera-
tions by swiping a finger on the touch panel. The reading
unit 33 may also be a monochrome CCD camera or the
like, and may output gradation information in 256 grays-
cale levels from 0 to 255 to the image acquisition unit 44
depending on the amount of incident light for each pixel.
[0069] The control unit 31 includes a CPU or MPU and
an input/output interface with various components, exe-
cutes various calculations and determinations, and in-
puts and outputs information including instructions to
various components. The control unit 31 includes: an
illumination control unit 41 that controls the on/off state
and the light intensity of the illumination light source 21;
an image acquisition unit 44 that acquires images cap-
tured by the reading unit 33; and a code identification unit
45 that identifies a specific code from a two-dimensional
code image or the like acquired by the image acquisition
unit 44. The storage unit 32 is a storage area such as a
semiconductor memory device for storing programs,
data, and other information necessary for the control unit
31 to execute various processing. The storage unit 32
stores a program storage unit 38. The program storage
unit 38 stores programs for executing various functions of
the control unit 31. The program for executing various
functions of the control unit 31 may be composed of a
single program or a plurality of programs. The program
may allow for being embedded in other programs.
[0070] The reading device 30 may be composed of, for
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example, a personal computer or server equipped with
the functions of the control unit 31 and the storage unit 32,
a CCD camera being the reading unit 33, the illumination
light source 21, the operation unit 35, and the display unit
36. Each device may be communicatively connected to
each other via cables, or may be communicatively con-
nected to each other via a network such as the Internet.
The reading device 30 may also be a device integrated
with the aforementioned functions, such as a smart-
phone. A computer refers to an information processing
device equipped with a control unit, storage device, and
other components, and the reading device 30 is an
information processing device equipped with a control
unit 31, a storage unit 32, and other components, falling
under the concept of a computer.

(c) Method of Reading Information Recording Medium

[0071] Next, the method of reading the information
from the information recording medium 1 according to
the present embodiment will be mainly described with
reference to FIG. 4. First, the reading device 30 activates
the reading unit 33, such as a camera (Step S401 in FIG.
4). Next, the reading device 30 positions the pattern
image 300 of the information recording medium 1 within
the field of view of the reading unit 33.
[0072] Subsequently, the illumination control unit 41 of
the reading device 30 turns on the illumination light
source 21, enabling the reading unit 33 to capture not
only the first pattern 100 but also the second pattern 200
from the pattern image 300 of the information recording
medium 1. By turning on the illumination light source 21,
strong parallel light from the illumination light source is
incident on the information recording medium 1, and by
directing the reading device 30 at an appropriate obser-
vation angle, the reading unit 33 can receive specular
reflection light from the information recording medium 1.
In this case, in the reading unit 33, the light reflected from
the transparent ink layer 4 of the information recording
medium 1 is reduced compared to the light reflected from
the lustrous ink layer 5 and the colored ink layer 3. As a
result, the contrast between the portions of the lustrous
ink layer 5 and the first pattern 100 of the colored ink layer
3, which serve as the background, and the second pat-
tern 200 of the transparent ink layer 4 becomes clear.
[0073] As a result, a large amount of light reflected from
the lustrous ink layer 5 is incident, and a smaller amount
of light reflected from the colored ink layer 3 is also
incident. That is, the reading unit 33 can effectively
capture the second pattern 200. In this state, the image
acquisition unit 44 acquires the image of the second
pattern 200 from the reading unit 33, and the code
identification unit 45 converts the image into a specific
code (Step S402).
[0074] In a case where the reading device 30 is a
smartphone, the illumination light source 21 and the
reading unit 33 are provided at substantially the same
position in many cases. In this case, the illumination light

source 21 and the reading unit 33 should both be posi-
tioned to face the direction normal to the main surface of
the information recording medium 1. In general-purpose
two-dimensional code reading application programs
available for smartphones, the threshold value for binar-
ization processing to extract the two-dimensional code
from the captured image is usually automatically ad-
justed to optimize the reading of the two-dimensional
code. In this context, the threshold value refers to a
reference luminance value used to distinguish between
the background image that is determined as 1, and the
two-dimensional code image that is determined as 0.
[0075] Here, if the conversion to the specific code by
the code identification unit 45 is successful, this is dis-
played on the display unit 36 of the reading device 30
(Steps S403 and S404). On the other hand, if the con-
version to the specific code fails, this is also displayed on
the display unit 36 (Steps S403 and S408). This com-
pletes the flow of the reading method illustrated in FIG. 4.
In the former case, further processing can continue
based on the code identified from the second pattern
200. For example, the identified specific code can be
considered an authentication number for a financial
transaction, allowing the transaction to proceed if the
code is deemed authentic. In the latter case, the informa-
tion recording medium 1 may be determined not to be
authentic, and the processing can be terminated.

(d) Configuration of Authenticity Determination Device
for Information Recording Medium

[0076] Next, the configuration of the authenticity de-
termination device for determining the authenticity of the
information recording medium 1 according to the present
embodiment will be described. As illustrated in FIG. 3B,
an authenticity determination device 60 differs from the
reading device 30 in that a control unit 31a further in-
cludes an authenticity determination unit 46, and a sto-
rage unit 32a stores authenticity determination informa-
tion 53 in addition to the program storage unit 38. The
authenticity determination unit 46 has the function of
determining whether the code converted and identified
by the code identification unit 45 from the second pattern
200 in the reading device 30 is authentic through com-
parison with the authenticity determination information
53 stored in the storage unit 32a. That is, the authenticity
determination information 53 serves as comparison in-
formation for determining the authenticity of the informa-
tion recording medium 1. A computer refers to an infor-
mation processing device equipped with a control unit,
storage device, and other components, and the authen-
ticity determination device 60 is an information proces-
sing device equipped with a control unit 31a, a storage
unit 32a, and other components, falling under the con-
cept of a computer.
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(e) Authenticity Determination Method for Information
Recording Medium

[0077] Next, the following describes the method of
determining the authenticity of the information from the
information recording medium 1 according to the present
embodiment, as the steps following the reading method
described above in FIG. 4. After successfully converting
to the specific code by the code identification unit 45 and
displaying this on the display unit 36 of the reading device
30 (Steps S403 and S404), the authenticity determina-
tion unit 46 executes authenticity determination of the
code identified from the second pattern 200 by the code
identification unit 45 (Step S405). If the code is deter-
mined to be authentic, this is displayed (Steps S406 and
S407), or if the code is determined not to be authentic, this
is also displayed (Steps S406 and S409), and the pro-
cessing ends. If the second pattern 200 cannot be con-
verted into a specific code (Steps S403 and S408) and
the processing proceeds to processing A, the processing
also ends after Step S409.
[0078] Here, the authenticity determination informa-
tion 53 stored in the storage unit 32a may be a value
that matches the code converted from the second pattern
200, or may be a value encrypted with a predetermined
encryption key. In this case, the authenticity determina-
tion unit 46 may be equipped with the predetermined
encryption key, calculate the value decrypted with its own
encryption key from the value of the referenced authen-
ticity determination information 53, and compare this with
the code identified from the second pattern 200 to de-
termine authenticity. This reduces the risk of the authen-
ticity determination information 53 being illicitly read or
tampered with from outside.
[0079] The authenticity determination information 53
may be stored not in the storage unit 32a of the authen-
ticity determination device 60 but in the storage unit of a
separate management server. In this case, the authen-
ticity determination device 60 is preferably equipped with
the function to communicate with the management ser-
ver via the Internet or a wide-area network for mobile
phones.
[0080] The reading device 30 and the authenticity de-
termination device 60 correctly extract the required spe-
cific code from the information recording medium 1 and
determine authenticity. This allows the correct informa-
tion to be securely identified from the information record-
ing medium 1 and used as a condition for financial
transactions, making it easier to detect forgery or un-
authorized use of the information recording medium.
[0081] The authenticity determination device 60 may
be composed of a personal computer or server equipped
with the functions of the control unit 31a and the storage
unit 32a, a CCD camera being the reading unit 33, the
illumination light source 21, the operation unit 35, and the
display unit 36. Each device may be communicatively
connected to each other via cables, or may be commu-
nicatively connected to each other via a network such as

the Internet. In this case, the authenticity determination
device 60 constitutes an authenticity determination sys-
tem where each device is communicatively connected to
each other.The authenticity determination device 60 may
also be a device integrated with the aforementioned
functions, such as a smartphone.

2. Second Embodiment

[0082] Next, the second embodiment of the informa-
tion recording medium according to the present disclo-
sure will be described. The stacked configuration of the
information recording medium 1a according to the sec-
ond embodiment, illustrated in FIG. 5(a), is the same as
the stacked configuration of the information recording
medium 1 according to the first embodiment illustrated in
FIG. 1(b). This also applies to other embodiments and
modifications described later, except for the twelfth em-
bodiment.The information recording medium 1a includes
a pattern image 301 superimposed on the lustrous ink
layer 5 on one surface side of the base material 2. The
pattern image 301 includes a first pattern 101 formed by
the colored ink layer 3 and a second pattern 200 formed
by the transparent ink layer 4.
[0083] With the information recording medium 1a of the
second embodiment, the first pattern 101 constituting the
pattern image 301 is not a pattern composed of char-
acters or the like, but both the first pattern 101 and the
second pattern 200 are two-dimensional codes, which
differs from the first embodiment. In other words, a gen-
eral reading device equipped with a two-dimensional
code reading function can individually read both the first
pattern 101 and the second pattern 200 and convert them
into unique specific codes.
[0084] The transparent ink constituting the second
pattern 200 is preferably difficult to visually recognize,
and the alignment when reading with a machine (e.g., a
camera) is executed while visually checking the first
pattern 101 that is easily visually recognizable. With this
configuration, alignment can be easily executed while
visually checking through the machine.
[0085] The colored ink layer 3 constituting the first
pattern 101 may have the same configuration as in the
first embodiment, and the colored ink used to form the
colored ink layer 3 is preferably formed as halftone dots
with a halftone dot area ratio between 35% and 55%
inclusive, and more preferably formed as halftone dots
with a halftone dot area ratio between 40% and 50%
inclusive. This is because the same effects as in the first
embodiment can be expected even when the first pattern
101 is a two-dimensional code.
[0086] Assume that both the first pattern 101 and the
second pattern 200 are QR codes (registered trademark)
of Model 2. In this case, both of the patterns have an
approximately square outer contour, and finder patterns
101p and 200p, each composed of a small square sur-
rounded by a slightly larger square outer frame, are ar-
ranged at three corners. In particular, in a case where the
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first pattern 101 needs to be converted into a specific
code, the two patterns are preferably arranged such that
the finder patterns 101p of the first pattern 101 do not
overlap with the second pattern 200. This improves the
readability of the first pattern 101.
[0087] Next, how the pattern image 301 formed on the
information recording medium 1 appears depending on
the observation angle will be described. The following
describes a situation where the information recording
medium 1a with the pattern image 301 formed thereon
is placed on a flat surface (not illustrated), and white light
is emitted from an illumination light source 21 arranged at
an angle to the direction normal to the main surface of the
information recording medium 1a.
[0088] In this case, when observed from the viewpoint
22a at the position P1, which is tilted at the angle β1
smaller than the angle α on the opposite side of the
illumination light source 21 with respect to the normal
direction, the pattern image visually recognizable on the
information recording medium 1a is the pattern image
301a illustrated in FIG. 5(b). That is, from the viewpoint
22a at the position P1, where the observation angle is β1,
only the first pattern 101 is clearly visually recognizable.
When observed from a viewpoint 22b at the position P2,
which is tilted at an angle β2 approximately equal to angle
α on the opposite side of the illumination light source 21
with respect to the normal direction, the pattern image
visually recognizable on the information recording med-
ium 1a is the pattern image 301b illustrated in FIG. 5(c).
That is, from the viewpoint 22b at the position P2, where
the observation angle is β2, both the first pattern 101 and
the second pattern 200 are visually recognizable, with the
second pattern 200 being particularly clearly visually
recognizable.
[0089] When observed from a viewpoint 22c at the
position P3, which is tilted at an angle β3 larger than
the angle α on the opposite side of the illumination light
source 21 with respect to the normal direction, the pattern
image visually recognizable on the information recording
medium 1 is the pattern image 301a illustrated in FIG.
5(b). In other words, the appearance is similar to that
observed from the viewpoint 22a at the position P1,
where the observation angle is β1.
[0090] Assume that the pattern image 301a formed on
the information recording medium 1 illustrated in FIG.
5(b) is read by a two-dimensional code reading device
from the viewpoint 22a at the position P1 or the viewpoint
22c at the position P3. Here, among the light reflected
from the information recording medium 1 and entering
the reading device, the reflectance of the light reflected at
the lustrous ink layer 5 that serves as the background of
the pattern image 301a, with respect to the original white
light from the illumination light source 21, is denoted as
Re211 (%). The reflectance of the light reflected at the
first pattern 101, with respect to the original white light
from the illumination light source 21, is denoted as Re212
(%). That is, the same definitions as in the first embodi-
ment apply.

[0091] In this case, the reading device executes binar-
ization processing for each pixel, based on the amount of
incident light on the CCD elements. The first threshold
value Re13 is set to be greater than Re212 and smaller
than Re211, in which pixels with an incident light reflec-
tance equal to or greater than this threshold value are
determined as 1 or white, and pixels with an incident light
reflectance below this threshold value are determined as
0 or black. Through such processing, the reading device
recognizes the portions of the lustrous ink layer 5 serving
as the background of the pattern image 300a as 1 or
white, and recognizes the portions of the first pattern 101
as 0 or black, thereby allowing the first pattern 101 to be
extracted with good contrast and converted into a specific
code accurately.
[0092] Similarly, assume that the pattern image 301b
formed on the information recording medium 1a illu-
strated in FIG. 5(c) is read by the reading device from
the viewpoint 22b at the position P2. Here, among the
light reflected from the information recording medium 1a
and entering the reading device, the reflectance of the
light reflected at the portions of the lustrous ink layer5 that
serves as the background of the pattern image 301b and
the first pattern 101, with respect to the original white light
from the illumination light source 21, is denoted as Re21
(%), as described above. Re21 includes both Re211 and
Re212. The reflectance of the light reflected at the sec-
ond pattern 200, with respect to the original white light
from the illumination light source 21, is defined as Re22
(%).
[0093] In this case, the second threshold value Re23 of
the reflectance for the binarization processing by the
reading device is set to be smaller than Re21 and greater
than Re22, in which pixels with an incident light reflec-
tance equal to or greater than this threshold value are
determined as 1 or white, and pixels with an incident light
reflectance below this threshold value are determined as
0 or black. Through such processing, the reading device
recognizes the portions of the lustrous ink layer 5 and the
first pattern 101, which serve as the background of the
pattern image 301b, as 1 or white, and recognizes the
portions of the second pattern 200 as 0 or black. This
allows the second pattern 200 to be extracted with good
contrast and converted into a specific code accurately.
[0094] Although the lustrous ink layer 5 is slightly ex-
posed through the gaps of the first pattern 101 that serves
as the background of the pattern image 301b, as de-
scribed above, the cell size of the two-dimensional code
in the first pattern 101 is sufficiently small, minimizing the
risk of the lustrous ink layer 5 hindering the reading of the
second pattern 200. The foregoing has described that the
pattern image 301 appears in two ways as the pattern
image 301a or 301b, depending on the relationship be-
tween the position of the illumination light source 21 and
the observation angle; however, such differences in ap-
pearance can be created even without changing the
relationship between the position of the illumination light
source 21 and the observation angle. This aspect is
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similar to the first embodiment.
[0095] As a result, on one surface of the information
recording medium 1a, the first pattern 101 is easily vi-
sually recognizable, while the second pattern 200 is
difficult to visually recognize, whereby the presence of
the second pattern 200, which contains information con-
vertible into a specific code, can be kept hidden from third
parties, thereby enhancing security. Furthermore, when
the pattern image 301 on one surface of the information
recording medium 1 is copied using a copier, the illumi-
nation light source of the copier differs from the fixed-
position constant light irradiation, making it difficult to
extract the second pattern 200 formed by the transparent
ink layer 4. As a result, only the first pattern 101, com-
posed of the colored ink layer 3 on the diffusely reflecting
portions of the underlying lustrous ink layer 5, is likely to
be extracted. This achieves an anti-copying effect, mak-
ing it difficult to replicate the information recording med-
ium 1a, which further improves security.
[0096] In the present embodiment, both the first pattern
101 and the second pattern 200, which constitute the
pattern image 301, are patterns that can be read by a
general reading device equipped with a two-dimensional
code reading function under predetermined conditions
and can each be converted into a unique specific code.
The first pattern 101 is provided solely for camouflage,
and the specific code converted from the first pattern 101
may be a meaningless dummy code. In this case, as in
the first embodiment, the second pattern 200 can be read
under predetermined conditions, converted into a spe-
cific code, or used for authenticity determination.
[0097] However, the present embodiment is not limited
to the above configuration; for example, the reading
device may be configured to read the first pattern 101
constituting the pattern image 301 under a predeter-
mined first condition, and to read the second pattern
200 constituting the pattern image 301 under a prede-
termined second condition. In this case, if the first pattern
101 and the second pattern 200 are each converted into a
specific code, and the codes respectively match the two
types of authenticity determination information 53 stored
in the storage unit 32a, the pattern image 301 may be
determined to be authentic. In this case, the predeter-
mined first condition may be when the illumination of the
reading device is turned off, and the predetermined sec-
ond condition may be when the illumination of the reading
device is turned on.

3. Third Embodiment

[0098] Next, the third embodiment of the information
recording medium according to the present disclosure
will be described. The information recording medium 1b
according to the third embodiment, illustrated in FIG.
6(a), includes a pattern image 302 superimposed on
the lustrous ink layer 5 on one surface side of the base
material 2. The pattern image 302 includes a first pattern
101 formed by the colored ink layer 3 and a second

pattern 201 formed by the transparent ink layer 4. The
second pattern 201, which is formed by the transparent
ink layer 4 on the information recording medium 1b,
consists of a plurality of partial patterns 201a, 201b,
201c, and 201d, which are separately arranged at four
locations: the upper left, upper right, lower left, and lower
right. This aspect differs from the information recording
media 1 and 1a of the first and second embodiments.
Each partial pattern is arranged in a matrix of two vertical
columns and two horizontal rows.
[0099] In the present embodiment, all four partial pat-
terns constituting the second pattern 201 are the two-
dimensional codes of the same pattern. That is, when a
general reading device equipped with a two-dimensional
code reading function can separately read each of the
partial patterns constituting the first pattern 101 and the
second pattern 201, the reading device can convert the
patterns into unique specific codes. The partial patterns
201a, 201b, 201c, and 201d are each converted into the
same code.
[0100] The four partial patterns are arranged at pre-
determined intervals so as to be oriented in the same
direction. Specifically, the finder patterns 201p of the
plurality of partial patterns are arranged so as not to
overlap with each other, with the finder patterns 201p
being arranged at the upper left, upper right, and lower
left of each partial pattern.
[0101] Thus, the information recording medium 1b of
the third embodiment incorporates all the features of the
information recording media 1 and 1a of the first and
second embodiments, while also including the second
pattern 201 that is formed by the transparent ink layer 4
and consists of a plurality of partial patterns separately
arranged at four locations. Furthermore, each partial
pattern is converted into the same code.
[0102] This configuration of the information recording
medium 1b can improve the quality of the information
recording medium 1b and enhance the adaptability to
different reading environments. In other words, in cases
of manufacturing defects such as a missing part of the
second pattern 201 formed by the transparent ink layer 4,
or excessively intense illumination of the information
recording medium 1b by the illumination light source,
halation may arise in part of the second pattern 201.
Even in such cases, as long as any one of the four partial
patterns can be fully read, the correct specific code can
be decoded. Therefore, the reading conditions of the
reading device can be relaxed while still ensuring accu-
rate authenticity determination.

4. Fourth Embodiment

[0103] Next, the fourth embodiment of the information
recording medium according to the present disclosure
will be described. The configuration of the information
recording medium 1c according to the fourth embodi-
ment, illustrated in FIG. 6(b), is almost identical to that of
the information recording medium 1b according to the
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third embodiment. The information recording medium 1c
includes a pattern image 303 superimposed on the lus-
trous ink layer 5 on one surface side of the base material
2. The pattern image 303 includes a first pattern 101
formed by the colored ink layer 3 and a second pattern
202 formed by the transparent ink layer 4. The second
pattern 202, formed by the transparent ink layer 4 on the
information recording medium 1c, consists of different
partial patterns, with each partial pattern capable of being
converted into a different specific code, which is distin-
guished from the third embodiment.

(a) Structure of Information Recording Medium

[0104] The plurality of partial patterns 202a, 202b,
202c, and 202d, which are separately arranged at four
locations constituting the second pattern 202, all have the
same arrangement of finder patterns 202p but are differ-
ent two-dimensional code patterns. Therefore, when
read by a reading device, each partial pattern is con-
verted into a different specific code. For example, the
partial patterns 202a, 202b, 202c, and 202d are conver-
tible into "XYZ67890", "ABC11111", "ABC22222", and
"ABC33333", respectively. Meanwhile, the first pattern
101 is convertible into "ABC12345".
[0105] With this configuration of the information re-
cording medium 1c, four types of different information
can be stored in the second pattern 202, and by associat-
ing these pieces of information with each other, the
security related to the reading of the information record-
ing medium can be further enhanced. For example, the
configuration may allow only the code converted from
partial pattern 202a to be the authentic code, while the
codes converted from the other partial patterns 202b,
202c, and 202d are all dummy codes. The reading device
may be pre-configured and stored with application data to
determine which of the four partial patterns contains the
authentic code, or the code converted from the first
pattern 101 may include the arrangement information
and specific information on the correct partial pattern.

(b) Features of Reading Device of Fourth Embodiment
of Information Recording Medium

[0106] Next, the configuration of the reading device
30a for reading the information recorded on the informa-
tion recording medium 1c of the present embodiment will
be described, focusing on the differences from the pre-
viously described reading device 30 (see FIG. 3A). As
illustrated in FIG. 7, the reading device 30a differs from
the reading device 30 in that the reading device 30a
includes a storage unit 32b, and the storage unit 32b
stores first pattern position identification information 51
and second pattern position identification information 52,
in addition to the program storage unit 38. The reading
device 30a also differs from the reading device 30 in the
following. Specifically, the control unit 31b includes a first
pattern position identification unit 42 that identifies the

position and range for reading the first pattern 101 by
referencing the first pattern position identification infor-
mation 51 in the storage unit 32b. Furthermore, the
control unit 31b includes a second pattern position iden-
tification unit 43 that identifies the position and range for
reading the second pattern 202 by referencing the sec-
ond pattern position identification information 52.
[0107] The storage of the first pattern position identi-
fication information 51 is optional, and is applicable to a
case where the first pattern 101 of the information re-
cording medium 1c is separately arranged at the plurality
of partial patterns, each of which is convertible into a
different specific code. In this case, the first pattern
position identification information 51 includes the ar-
rangement information of the partial pattern containing
the authentic code. In the present embodiment, this in-
formation may not be necessary, since the first pattern
101 is convertible into a single code. The second pattern
position identification information 52 includes the ar-
rangement information of the partial pattern containing
the authentic code among the plurality of partial patterns
constituting the second pattern 202 of the information
recording medium 1b. For example, the information in-
dicates that the partial pattern 202a arranged in the upper
left is authentic.
[0108] The reading device 30a may be composed of,
for example, a personal computer or server equipped
with the functions of the control unit 31b and the storage
unit 32b, a CCD camera being the reading unit 33, the
illumination light source 21, the operation unit 35, and the
display unit 36. Each device may be communicatively
connected to each other via cables, or may be commu-
nicatively connected to each other via a network such as
the Internet. The reading device 30a may also be a device
integrated with the aforementioned functions, such as a
smartphone.

(c) Method of Reading Information Recording Medium

[0109] Next, the method of reading the information
recorded on the information recording medium 1c of
the present embodiment will be described, primarily
based on FIGS. 8 and 9. First, the reading device 30a
activates the reading unit 33, such as a camera (Step
S421 in FIG. 8). Next, the reading device 30a sets the
pattern image 303 of the information recording medium
1c within the field of view of the reading unit 33. Here, in a
case where the first pattern position identification infor-
mation 51 is stored in the storage unit 32b, the control unit
31b references this information, and the first pattern
position identification unit 42 identifies the position and
range of the first pattern 101 that needs to be read within
the pattern image 303 by the reading unit 33 (Step S422).
In the present embodiment, this operation is unneces-
sary since the first pattern 101 is a single two-dimensional
code, and the finder pattern 101p can be used to identify
the position and range for reading the first pattern 101.
[0110] Next, the illumination control unit 41 of the read-
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ing device 30a turns off the illumination light source 21,
such that the reading unit 33 can capture only the first
pattern 101 from the pattern image 303 of the information
recording medium 1c. By turning off the illumination light
source 21, no intense parallel light is incident on the
information recording medium 1b from a specific direc-
tion, and the information recording medium 1c predomi-
nantly receives diffuse light overall. As a result, in the
reading unit 33, the light reflected from the lustrous ink
layer 5 of the information recording medium 1c increases
relative to the light reflected from the colored ink layer 3,
thus the contrast between the lustrous ink layer 5 and the
first pattern 100 of the colored ink layer 3 becomes clear.
This allows only the first pattern 101 to be captured well.
In this state, the image acquisition unit 44 acquires the
image of the first pattern 100 from the reading unit 33, and
the code identification unit 45 converts the image into a
specific code (Step S423).
[0111] The state in which the reading unit 33 can cap-
ture only the first pattern 101 from the pattern image 303
of the information recording medium 1c is not limited to
the case where the illumination light source 21 is turned
off. For example, such a state is also feasible in a case
where the illumination light source 21 is turned on by
significantly reducing the light intensity.
[0112] Here, if the conversion to the specific code by
the code identification unit 45 is successful, this is dis-
played on the display unit 36 of the reading device 30a
(Steps S424 and S425). On the other hand, if the con-
version to the specific code fails, this is also displayed on
the display unit 36 (Steps S424 and S426). In the former
case, the processing proceeds to processing B, where
the position and range for reading the second pattern 202
are identified based on the code identified from the first
pattern 101. In the latter case, the processing proceeds to
processing C.
[0113] In the processing B, the second pattern position
identification unit 43 of the control unit 31b references the
second pattern position identification information 52
stored in the storage unit 32b. Then, from among the
second pattern 202 read from the pattern image 303 by
the reading unit 33, the position and range for reading,
specifically, the position and range of the partial pattern
that needs to be read, i.e., that should be acquired by the
image acquisition unit 44 are identified (Step S441 in FIG.
9). In the present embodiment, when reading the four
partial patterns 202a, 202b, 202c, and 202d of the second
pattern 202, the partial pattern 202a arranged in the
upper left is identified as a partial pattern that should
be acquired by the image acquisition unit 44.
[0114] Next, the illumination control unit 41 of the read-
ing device 30a turns on the illumination light source 21
such that the reading unit 33 can capture only the second
pattern 202 from the pattern image 303 of the information
recording medium 1c. By turning on the illumination light
source 21, intense parallel light from the illumination
source is incident on the information recording medium
1c, and by orienting the reading device 30a at an appro-

priate observation angle, the reading unit 33 can receive
the specular reflection light from the information record-
ing medium 1c. In this case, in the reading unit 33, the
light reflected from the transparent ink layer 4 of the
information recording medium 1c is reduced compared
to the light reflected from the lustrous ink layer 5 and the
colored ink layer 3. As a result, the contrast becomes
clear between the second pattern 202 formed by the
transparent ink layer 4 and the background consisting
of the portions of the lustrous ink layer 5 and the first
pattern 101 formed by the colored ink layer 3.
[0115] Consequently, a large amount of light reflected
from the lustrous ink layer 5 and the colored ink layer 3 is
received, while a smaller amount of light reflected from
the transparent ink layer 4 is received. Thus, the reading
unit 33 can capture the second pattern 202 clearly. In this
state, the image acquisition unit 44 acquires the image of
the partial pattern 202a from the second pattern 202
through the reading unit 33, and the code identification
unit 45 converts the image into a specific code (Step
S442).
[0116] If the conversion to the specific code by the code
identification unit 45 is successful, this is displayed on the
display unit 36 of the reading device 30a (Steps S443 and
S444). On the other hand, if the conversion to the specific
code fails, this is also displayed on the display unit 36
(Steps S443 and S445). In the former case, the other
processing as described above can be continued based
on the code identified from the partial pattern 202a of the
second pattern 202.

(d) Configuration of Authenticity Determination Device
for Information Recording Medium

[0117] Next, the configuration of the authenticity deter-
mination device 60a for determining the authenticity of
the information recorded on the information recording
medium 1b of the present embodiment will be described,
focusing on the differences from the previously described
authenticity determination device 60. As illustrated in
FIG. 10, the authenticity determination device 60a differs
from the authenticity determination device 60 in that the
authenticity determination device 60a includes a storage
unit 32c, and the storage unit 32c stores the first pattern
position identification information 51 and the second
pattern position identification information 52, in addition
to the program storage unit 38 and the authenticity de-
termination information 53. With the authenticity deter-
mination device 60a, the control unit 31c includes a first
pattern position identification unit 42 that identifies the
position and range for reading the first pattern 101 by
referencing the first pattern position identification infor-
mation 51 in the storage unit 32c. Furthermore, the con-
trol unit 31c includes a second pattern position identifica-
tion unit 43 that identifies the position and range for
reading the second pattern 202 by referencing the sec-
ond pattern position identification information 52. The
storage unit 32c stores the authenticity determination
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information 53 as comparative information for determin-
ing the authenticity of the information recording medium
1b.
[0118] The authenticity determination device 60a may
be composed of, for example, a personal computer or
server equipped with the functions of the control unit 31c
and the storage unit 32c, a CCD camera being the read-
ing unit 33, the illumination light source 21, the operation
unit 35, and the display unit 36. Each device may be
communicatively connected to each other via cables, or
may be communicatively connected to each other via a
network such as the Internet. In this case, the authenticity
determination device 60a constitutes an authenticity de-
termination system, in which each device is communica-
tively connected to each other. The authenticity determi-
nation device 60a may also be a device integrated with
the aforementioned functions, such as a smartphone.

(e) Method of Determining Authenticity of Information
Recording Medium

[0119] Next, the method of determining the authenticity
of the information recorded on the information recording
medium 1c of the present embodiment will be described,
primarily based on FIGS. 8 and 11. As described above,
the authenticity determination device 60a executes the
steps from activating the reading unit 33 (Step S421 in
FIG. 8) to identifying the code by reading the first pattern
101 (Step S424), and displays the result (Step S425).
This is similar to the method of identifying the code from
the first pattern 101 by the reading device 30a. Next, the
authenticity determination device 60a executes Steps
S461 to S464 as illustrated in FIG. 11, corresponding
to Steps S441 to S444 for the reading device 30a as
illustrated in FIG. 9.
[0120] Subsequently, the authenticity determination
unit 46 determines the authenticity of the code identified
from the partial pattern 202a by the code identification
unit 45 (Step S466). If the code is determined to be
authentic, this is displayed (Step S467), or if the code
is determined not to be authentic, this is also displayed
(Step S469), and the processing ends. If the first pattern
101 could not be converted into a specific code (Step
S424 and Step S426 in FIG. 8) and the processing did not
proceed to the step of identifying the code of the second
pattern 202, the processing also ends after executing
Step S469.
[0121] The information recording medium 1c of the
fourth embodiment can be read such that the first pattern
101 formed by the colored ink layer 3 is convertible into a
specific code. The second pattern 202 formed by the
transparent ink layer 4 consists of four partial patterns
202a, 202b, 202c, and 202d, each of which can be read
so as to be convertible into a specific code. Furthermore,
at least one of these partial patterns is convertible into a
code different from the others. Here, the first pattern 101
is convertible into the first specific code, and the specific
partial pattern 202a is convertible into the second specific

code. The first specific code includes information on the
position and range of the specific partial pattern 202a
whose code should be identified, within the second pat-
tern 202.
[0122] Thus, the first specific code can be first ex-
tracted by reading the first pattern 100, then the position
and range of the specific partial pattern 202a to be read
within the second pattern 202 can be identified based on
the code, and the second specific code can be extracted
from the specific partial pattern 202a. The second spe-
cific code may be any one of the partial patterns 202a to
202d, or may be a combination of codes read from the
plurality of partial patterns.
[0123] With this configuration of the information re-
cording medium 1c, the first pattern 101 and the second
pattern 202 are difficult to correctly read separately.
Furthermore, even if the first pattern 101 and all of the
four partial patterns of the second pattern 202 are read
using a general-purpose reading device, it is difficult to
determine which of the codes identified from these pat-
terns represents the authenticity of the information re-
cording medium 1b. This enhances the security provided
by the information recording medium 1c.

5. Fifth Embodiment

[0124] Next, the fifth embodiment of the information
recording medium according to the present disclosure
will be described. The information recording medium 1d
according to the fifth embodiment, illustrated in FIG.
12(a), includes a pattern image 304 superimposed on
the lustrous ink layer 5 on one surface of the base
material 2. The pattern image 304 includes a first pattern
101 formed by the colored ink layer 3 and a second
pattern 203 formed by the transparent ink layer 4. The
configuration of the information recording medium 1d is
almost identical to the first pattern 101 and the informa-
tion recording medium 1b of the third embodiment, ex-
cept that the orientation of the plurality of partial patterns,
separately arranged at four locations of the second pat-
tern 203 formed by the transparent ink layer4, differs from
that of the second pattern 201.
[0125] Specifically, the four partial patterns 203a,
203b, 203c, and 203d, separately arranged at four loca-
tions of the second pattern 203, are all the same two-
dimensional code pattern. However, when the informa-
tion recording medium 1d is viewed in plan from the one
surface, the partial pattern 203b is arranged as rotated
90° clockwise relative to the partial pattern 202a.
[0126] Similarly, the partial pattern 203c is arranged as
rotated 90° counterclockwise relative to the partial pat-
tern 203a. Furthermore, the partial pattern 203d is ar-
ranged as rotated 180° clockwise or counterclockwise
relative to the partial pattern 203a. Consequently, the
partial pattern 203a is arranged with the finder patterns
203p at the top left, top right, and bottom left thereof, while
the partial pattern 203b is arranged with the finder pat-
terns 203p at the top left, top right, and bottom right
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thereof.
[0127] The partial pattern 203c is arranged with the
finder patterns 202p at the top left, bottom left, and bottom
right thereof, while the partial pattern 203d is arranged
with finder patterns 203p arranged at the top right, bottom
left, and bottom right thereof.
[0128] In other words, the second pattern 203 of the
information recording medium 1d is composed of a plur-
ality of partial patterns, each having at least one finder
pattern 203p, with all finder patterns 203p arranged at the
edge so as to face outward from the second pattern 203.
Conversely, within each partial pattern, the finder pat-
terns 203p are oriented so as not to face the center of the
second pattern 203.
[0129] In the present embodiment, each partial pattern
has three finder patterns 203p, but this can also be
applied to a case where each partial pattern has only
one finder pattern. In this case, the finder pattern of the
top left partial pattern is arranged at the top left, and the
finder patterns of the top right, bottom left, and bottom
right partial patterns are positioned at the top right, bot-
tom left, and bottom right, respectively.
[0130] This configuration of the information recording
medium 1d can improve the quality of the information
recording medium 1d and enhance the adaptability to
reading environments. Specifically, depending on the
adjustment of the illumination light source, when the
illumination of the information recording medium 1d is
too intense, the central area of the second pattern 203
may experience significant halation (phenomenon where
areas being hit by intense light appear white and blurred).
In such cases, in each partial pattern constituting the
second pattern 203, part of the partial pattern near the
center of the second pattern 203 cannot be read by the
reading device.
[0131] However, the finder patterns 203p serving as
reference points for detecting the position of the partial
patterns are arranged along the periphery of the second
pattern 203, allowing for reducing errors in reading by the
reading device detecting the positions of the partial pat-
terns.
[0132] On the other hand, since two-dimensional
codes have a certain redundancy in their information,
even if areas other than the finder patterns are partially
missing, the error correction function often allows the
code to be restored. Therefore, with the information
recording medium 1d of the present embodiment, partial
patterns can be reliably read even in suboptimal reading
environments.
[0133] The information recording medium 1d may be
configured such that the first pattern 101 is convertible
into a specific code, and some or all of the four partial
patterns 203a, 203b, 203c, and 203d constituting the
second pattern 203 are convertible into different specific
codes. In this case, the information recording medium
combines the functions and effects of both the present
embodiment and the fourth embodiment, and the reading
devices 30 and 30a, as well as the authenticity determi-

nation devices 60 and 60a, can be applied to such an
information recording medium.

6. Sixth Embodiment

[0134] Next, the sixth embodiment of the information
recording medium according to the present disclosure
will be described. The information recording medium 1e
according to the sixth embodiment, illustrated in FIG.
12(b), includes a pattern image 305 superimposed on
the lustrous ink layer 5 on one surface of the base
material 2. The pattern image 305 includes a first pattern
101 formed by the colored ink layer 3 and a second
pattern 204 formed by the transparent ink layer 4. The
configuration of the information recording medium 1e is
similar to that of the information recording medium 1d
according to the fifth embodiment, except that the second
pattern 204 formed by the transparent ink layer 4 includes
a plurality of partial patterns separately arranged at nine
locations, rather than four.
[0135] Specifically, the plurality of partial patterns
204a, 204b, 204c, 204d, 204e, 204f, 204g, 204h, and
204i, which constitute the second pattern 204 and are
separately arranged at nine locations, are all the same
two-dimensional code pattern. These partial patterns are
arranged in a matrix of three vertical columns and three
horizontal rows. When the information recording medium
1e is viewed in plan from the one surface, the partial
patterns 204a, 204c, 204g, and 204i are arranged at the
corners of the substantially square second pattern 204,
specifically at the top left, top right, bottom left, and
bottom right corners, respectively. The partial patterns
204b, 204d, 204f, and 204h are arranged between the
partial patterns 204a and 204c, 204a and 204g, 204c and
204i, and 204g and 204i, respectively.
[0136] Each partial pattern includes three finder pat-
terns 204p arranged at each corner. Among these, the
partial patterns 204a, 204c, 204g, and 204i, which are
arranged at the four corners of the second pattern 204,
have their three finder patterns 204p arranged along the
outer perimeter of the second pattern 204.
[0137] The other partial patterns 204b, 204d, 204e,
204f, and 204h of the second pattern 204 are oriented
in the same direction as the partial pattern 204a, with the
finder patterns 204p thereof arranged at the top left, top
right, and bottom left. However, the partial patterns ar-
ranged in locations other than the corners of the second
pattern 204 may be arranged in any orientation.
[0138] The same configuration can be applied even in
a case where each partial pattern has only one finder
pattern. Furthermore, the number of partial patterns con-
stituting the second pattern 204 is not limited to nine
locations, and may be increased to sixteen, twenty-five,
or any other number, and the rows and columns may be
arranged differently in number.
[0139] As described above, in the information record-
ing medium 1e according to the sixth embodiment,
among the partial patterns of the second pattern 204,
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the finder patterns 204p of the partial patterns arranged at
the four corners of the second pattern 204 are arranged at
the edges along the outer perimeter of the second pattern
204. This configuration of the information recording med-
ium 1e can further improve the quality of the information
recording medium 1e and further enhance the adaptabil-
ity to various reading environments.

7. Seventh Embodiment

[0140] Next, the seventh embodiment of the informa-
tion recording medium according to the present disclo-
sure will be described. The information recording med-
ium 1f according to the seventh embodiment, illustrated
in FIG. 13, includes a pattern image 306 superimposed
on the lustrous ink layer 5 on one surface of the base
material 2. The pattern image 306 includes a first pattern
101 formed by the colored ink layer 3 and a second
pattern 205 formed by the transparent ink layer 4. The
configuration of the information recording medium 1f is
similar to that of the information recording medium 1e
according to the sixth embodiment. The second pattern
205 formed by the transparent ink layer 4 includes partial
patterns arranged at the four corners. The second pattern
205 includes a total of nine partial patterns including: four
partial patterns interposed between the first and second
partial patterns, sharing the finder patterns 205p; and a
partial pattern arranged at the center (third partial pat-
tern).
[0141] When the information recording medium 1f is
viewed in plan from the one surface, the partial patterns
205a, 205c, 205g, and 205i are arranged at the corners of
the substantially square second pattern 205, specifically
at the top left, top right, bottom left, and bottom right
corners, respectively. Furthermore, dummy patterns,
which cannot be converted into specific codes or are
not intended to be converted, are embedded between
the partial patterns 205a and 205c, between 205a and
205g, between 205c and 205i, and between 205g and
205i. These dummy patterns share the finder patterns
205p of the partial patterns arranged to the left, right, or
above and below, thereby forming dummy partial pat-
terns that artfully disguise as a two-dimensional code.
[0142] For example, dummy partial patterns 205b,
205d, 205f, and 205h are formed between the partial
patterns 205a and 205c, 205a and 205g, 205c and 205i,
and 205g and 205i, respectively. A dummy partial pattern
205e is also embedded in the center, surrounded by the
partial patterns 205a, 205c, 205g, and 205i. The partial
patterns 205a, 205c, 205g, and 205i of the second pat-
tern 205 are convertible into specific codes, with 205c,
205g, and 205i being convertible into the same specific
code, while 205a is convertible into a different specific
code.
[0143] In the present embodiment, the second pattern
205 of the information recording medium 1f appears to
include nine partial patterns. However, in reality, only the
partial patterns 205a, 205c, 205g, and 205i arranged at

the four corners are two-dimensional codes convertible
into specific codes, while the others are merely dummy
partial patterns that cannot be converted into specific
codes. Furthermore, the four partial patterns include
patterns convertible into different specific codes, with
only the partial pattern 205a being convertible into an
authentic specific code.
[0144] In order to create the print data for such a
second pattern 205, first, the dummy patterns that form
portions other than the finder patterns of the dummy
partial patterns 205b, 205d, 205e, 205f, and 205h are
created and laid out in a predetermined area. Then, the
patterns, including the finder patterns of the partial pat-
terns 205a, 205c, 205g, and 205i, are overwritten onto
the dummy patterns. Specifically, when a partial pattern
overlaps with a dummy pattern, the data of the former is
preferentially adopted. By creating the print data for the
second pattern 205 in this manner, the partial patterns
205a, 205c, 205g, and 205i can be reliably read.
[0145] Thus, with the information recording medium 1f
of the seventh embodiment, each of the partial patterns of
the second pattern 205 is divided into partial patterns that
can correctly be converted into specific codes and dum-
my partial patterns that cannot be converted into specific
codes. Therefore, even if the pattern image 306 of the
second pattern 205 is captured, it is difficult to distinguish
between the correct patterns and the dummy patterns.
Moreover, even if a plurality of partial patterns that can be
correctly converted into codes are identified, it is difficult
to determine which one is convertible into an authentic
code.
[0146] The information recording medium 1f of the
present embodiment may be modified such that the
finder patterns 205p of the partial patterns arranged at
the four corners of the second pattern 205 are arranged at
the edge along the outer perimeter of the second pattern
205, similar to the information recording medium 1e of the
sixth embodiment. Alternatively, all the partial patterns
arranged at the four corners of the second pattern 205
may be the same pattern, or may all be different patterns.
Naturally, the information recording medium 1f can also
be applied to the reading devices 30, 30a, and the
authenticity determination devices 60, 60a.

8. Eighth Embodiment

[0147] Next, the eighth embodiment of the information
recording medium according to the present disclosure
will be described. The information recording medium 1g
according to the eighth embodiment, illustrated in FIG.
14, includes a pattern image 308 superimposed on the
lustrous ink layer 5 on one surface of the base material 2.
The pattern image 308 includes a first pattern 102 formed
by the colored ink layer 3 and a second pattern 208
formed by the transparent ink layer 4. The configuration
of the information recording medium 1g is similar to that of
the information recording medium 1f according to the
seventh embodiment. The second pattern 208 formed
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by the transparent ink layer 4 appears to be two-dimen-
sional codes arranged in a matrix of three vertical col-
umns and five horizontal rows, consisting of a plurality of
partial patterns and dummy partial patterns. For exam-
ple, in the topmost row, a dummy partial pattern 208a, a
partial pattern 208b, a dummy partial pattern 208c, a
partial pattern 208d, and a dummy partial pattern 208e
are sequentially arranged from left to right.
[0148] Here, the partial patterns and the dummy partial
patterns each include three finder patterns, but the ad-
jacent partial patterns and dummy partial patterns share
their respective finder patterns 208p with each other in
the horizontal direction. Furthermore, only the non-ad-
jacent partial patterns 208b and 208d are convertible into
specific codes, while the dummy partial patterns 208a,
208c, and 208e are meaningless patterns except for the
finder patterns 208p and cannot be converted into spe-
cific codes. The same applies to a dummy partial patterns
208f, a partial pattern 208g, a dummy partial pattern
208h, a partial pattern 208i, and a dummy partial pattern
208j, which are sequentially arranged from left to right in
the second row of the second pattern 208. Similarly, the
same applies to a dummy partial pattern 208k, a partial
pattern 208l, a dummy partial pattern 208m, a partial
pattern 208n, and a dummy partial pattern 208o, which
are sequentially arranged from left to right in the third row.
[0149] In the present embodiment, among the partial
patterns 208b, 208d, 208g, 208i, 208l, and 208n, all
except 208b are of the same pattern, with only 208b
being a different pattern. Thus, in the present embodi-
ment, the second pattern 208 of the information recording
medium 1g appears to include fifteen partial patterns.
However, in reality, only the partial patterns in the second
and fourth columns from the left are convertible into
specific codes, while the rest are composed of mean-
ingless dummy patterns. Moreover, some or all of the six
partial patterns convertible into specific codes are con-
verted into different codes, thereby making it even more
difficult to extract and correctly read only the authentic
code. For example, in the present embodiment, only the
partial pattern 208b is convertible into the authentic code.
[0150] However, the plurality of partial patterns, other
than the dummy partial patterns, may be of the same
pattern. As a result, while it remains difficult to extract the
partial patterns convertible into the authentic code, the
conversion to a specific code can be achieved as long as
any one of the plurality of partial patterns is correctly read.
This increases the convenience of operation by reducing
the performance requirements of the reading device.
One example of a dummy partial pattern is a finder
pattern having a defect. When a finder pattern has a
defect, the dummy partial pattern cannot be identified
by the reading device.

9. Ninth and Tenth Embodiments

[0151] Thus far, embodiments have primarily been
illustrated where both the first and second patterns are

two-dimensional codes. However, the first and second
patterns of the information recording medium according
to the present disclosure are not limited to two-dimen-
sional codes; a case where at least the second pattern
contains information convertible into a specific code by a
reading device is applicable. As examples, the ninth
embodiment, where the first and second patterns are
barcodes, and the tenth embodiment, where the first
and second patterns are alphanumeric characters, will
be briefly described.
[0152] The information recording medium 1h accord-
ing to the ninth embodiment, illustrated in FIG. 15(a),
includes a pattern image 307 superimposed on the lus-
trous ink layer 5 on one surface of the base material 2.
The pattern image 307 includes a first pattern 103 formed
by the colored ink layer 3 and a second pattern 206
formed by the transparent ink layer 4. The configuration
of the information recording medium 1h is such that the
first pattern 103 includes a barcode formed horizontally
and continuously arranged in the vertical direction, mini-
mizing the exposed portions of the surface of the under-
lying base material 2. Superimposed on this, the second
pattern 206, which is a horizontally formed barcode, is
arranged in two locations as partial patterns 206a and
206b in the vertical direction. Both the first pattern 106
and the second pattern 206 are barcodes of the CODE39
type.
[0153] Similarly, the information recording medium 1i
according to the tenth embodiment, illustrated in FIG.
15(b), includes a pattern image 309 superimposed on the
lustrous ink layer 5 on one surface of the base material 2.
The pattern image 309 includes a first pattern 104 formed
by the colored ink layer 3 and a second pattern 207
formed by the transparent ink layer 4. The configuration
of the information recording medium 1i is such that the
first pattern 104 includes an alphanumeric combination
"ABC12345" written horizontally and continuously ar-
ranged both horizontally and vertically, minimizing the
exposed portions of the surface of the underlying base
material 2.
[0154] Superimposed on this, the second pattern 207,
which is a horizontally written alphanumeric combination
"XYZ67890", is arranged at two locations as partial pat-
terns 207a and 207b in the vertical direction. Both the first
pattern 107 and the second pattern 207 are created using
the Century font, but other fonts or OCR characters may
also be used. Such information recording media 1h and 1i
can also achieve the same effects and functions as
described in the first embodiment and other embodi-
ments.

10. Eleventh Embodiment

[0155] Next, as the eleventh embodiment of the pre-
sent disclosure, an example of a printed material includ-
ing an information recording medium will be described.
Printed material including an information recording med-
ium refers to, for example, tickets or admission passes for
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movies, concerts, amusement parks, etc., or cards, to
which the information recording medium is attached.
Printed material including an information recording med-
ium has monetary value in itself, but copies made by color
photocopying or similar means naturally do not have any
monetary value. An example of the printed material in-
cluding the information recording medium may include
the printed material 10 being an admission pass illu-
strated in FIG. 16(a). The printed material 10 includes
a sheet 11 and the information recording medium 1 of the
first embodiment, where part of the sheet 11 is regarded
as the base material 2. The sheet 11 has a printed portion
12 formed with printed information indicating the type of
ticket, purchaser, serial number, etc.
[0156] Here, the sheet 11 is the base material of the
printed material 10 and is typically a white paper sheet,
but may be high-quality paper or coated paper as well,
and may also be made of plastic other than paper. Alter-
natively, the sheet may be a composite or stacked ma-
terial of paper and plastic. In any case, the sheet 11 need
only be capable of supporting the information recording
medium 1 and carrying various printed designs indicating
ticket types, etc.
[0157] The printed material 10 including the informa-
tion recording medium 1 has a layered structure as illu-
strated in the cross-sectional view of FIG. 16(b). FIG.
16(b) is a cross-sectional view of the printed material 10
illustrated in FIG. 16(a), taken along the A-A line passing
horizontally through approximately the vertical center of
the information recording medium 1, and viewed from the
lower side.The information recording medium1 is formed
on one surface of the sheet 11 of the printed material 10,
with the sheet 11 regarded as the base material 2; and the
lustrous ink layer 5, the colored ink layer 3, and the
transparent ink layer 4 are sequentially stacked from
the side closer to the surface of the sheet 11. The colored
ink layer 3 and the transparent ink layer 4 respectively
form the first pattern 100 and the second pattern 200, as
described above.
[0158] The printed material including the information
recording medium is particularly difficult to forge or mis-
use through copying with a photocopier. This is more
cost-effective in terms of materials and processing, and
easier to deploy, as compared to holograms with equiva-
lent anti-counterfeiting effects. By using a general-pur-
pose two-dimensional code reading device, it is possible
to easily read specific codes and execute authenticity
determination while maintaining high security, thereby
improving convenience. The printed material including
the information recording medium of the present embo-
diment is also applicable to cases of replacement with
any one of the information recording media according to
the embodiments other than the first embodiment or the
modifications thereof.
[0159] The feature described in the first embodiment is
common to all the second through eleventh embodi-
ments, where the first pattern of the information recording
medium is easily visually recognizable, but the second

pattern is difficult to visually recognize, and the presence
of the second pattern containing information convertible
into a specific code is difficult for a third party to recognize,
thereby enhancing security. The same applies to another
feature, where the second pattern formed by the trans-
parent ink layer is difficult to extract when the pattern
image of the information recording medium is copied by a
photocopier, and only the first pattern formed by the
colored ink layer that is likely to diffusely reflect is easily
extracted, thereby achieving an anti-copying effect.

11. Twelfth Embodiment

[0160] Thus far, the information recording media, in
which the lustrous ink layer 5, the colored ink layer 3, and
the transparent ink layer4 are sequentially stacked on the
base material 2, have been described. However, the
essence of the present invention is not limited to such
aspects. As an example of another aspect, the twelfth
embodiment will be described, where the first pattern and
the second pattern are combined with a basic pattern that
forms part of a separate code, allowing the entirety to be
read or authenticated as a specific code.
[0161] The information recording medium 1n accord-
ing to the twelfth embodiment, illustrated in FIG. 17(a),
includes a first region and a second region on one surface
of the base material 2, with the entire surface forming a
pattern image 311. In the first region, a basic pattern 511
is formed on one surface of the base material 2 using, for
example, black-colored ink. The basic pattern 511 con-
stitutes part of a two-dimensional code that can be read
as a specific code in its entirety. On the other hand, in the
second region, a lustrous ink layer 5 is formed over
almost the entire surface of one side of the base material
2, and a first pattern 111 is formed thereon by the colored
ink layer 3 using colored ink, such as blue or red, different
from that in the first region. The conditions of the lustrous
ink layer 5 and the colored ink layer 3 in this case are the
same as those described in the first embodiment.
[0162] The first pattern 111 alone cannot be read as a
specific code, but can be read as a specific code when
read together with the basic pattern 511 as a whole. The
basic pattern 511 and the first pattern 111 form, for ex-
ample, a two-dimensional code as a whole. While the first
region was described as having the basic pattern 511
directly formed on the base material 2 using colored ink or
the like, the same configuration as the second region can
also be applied, where the lustrous ink layer 5 is formed
on one surface of the base material 2, and the basic
pattern 511 is formed thereon using black or other colored
inks.
[0163] On the other hand, another information record-
ing medium 1p according to the twelfth embodiment,
illustrated in FIG. 17(b), has a third region and a fourth
region on one surface of the base material 2, with the
entire surface forming a pattern image 312. In the third
region, a basic pattern 512 is formed on one surface of the
base material 2 using, for example, black-colored ink.

5

10

15

20

25

30

35

40

45

50

55



22

39 EP 4 534 299 A1 40

The basic pattern 512 is configured in a manner similar to
that of the information recording medium 1n as described
above. In the fourth region, a lustrous ink layer 5 is formed
on one surface of the base material 2, and a second
pattern 212 is formed thereon using the transparent ink
layer 4 without interposing a colored ink layer or other
layers. The conditions of the lustrous ink layer 5, the
colored ink layer 3, and the transparent ink layer 4 in this
case are the same as those described in the first embodi-
ment.
[0164] The second pattern 212 alone cannot be read
as a specific code, but can be read as a specific code
when read together with the basic pattern 512 as a whole.
The basic pattern 512 and the second pattern 212 to-
gether form, for example, a two-dimensional code as a
whole.
[0165] The reading and authenticity determination
using these two types of information recording media
1n and 1p can be executed as follows. First, as described
in the fourth embodiment, the illumination light source of
the reading device is turned off, and the pattern image
311 of the information recording medium 1n is read. In this
case, the basic pattern 511 in the first region and the first
pattern 111 in the second region correspond to the con-
ditions where the incident angle and the observation
angle of the illumination light source result in diffuse
reflection. As a result, each pattern achieves good con-
trast with the underlying base material 2 or the lustrous
ink layer 5, allowing the patterns to be read together as
one specific code that is a composite of the patterns.
[0166] Next, the illumination light source of the reading
device is turned on, and the pattern image 312 of the
information recording medium 1p is read. In this case, the
basic pattern 512 in the third region and the second
pattern 212 in the fourth region correspond to the condi-
tions where the incident angle and the observation angle
of the illumination light source result in specular reflec-
tion. As a result, eachpattern achieves goodcontrast with
the underlying base material 2 or the lustrous ink layer 5,
allowing the patterns to be read together as one specific
code that is a composite of the patterns.
[0167] As described above, by reading both the in-
formation recording media 1n and 1p, while changing the
conditions of the illumination light source of the reading
device, only in a case where the specific codes read from
each are correct, authentication can be executed to
determine that the information recording media 1n and
1p are authentic. Alternatively, only in a case where the
codes obtained from both the information recording med-
ium 1n and the information recording medium 1p are
input together, the necessary information corresponding
to the codes may be allowed to be accessed. By using
such two types of information recording media 1n and 1p,
a system can be constructed where the correct reading of
the codes is only possible when the conditions of the
illumination light source of the reading device are appro-
priately changed. In other words, since the information
recording medium 1p cannot be correctly read under the

conditions where the incident angle and the observation
angle of the illumination light source result in diffuse
reflection, the reliability of authenticity determination
can be enhanced.

12. Modifications

[0168] Although not illustrated, the following describes
information recording media according to modifications
of the first embodiment of the information recording
medium 1 of the present disclosure. However, the follow-
ing modifications are not limited to the information re-
cording medium 1 of the first embodiment but also ap-
plicable as modifications of other embodiments.

(a) First Modification

[0169] The information recording medium 1j according
to the first modification is configured by mixing an authen-
ticity determination material that emits visible light when
excited by infrared or ultraviolet radiation, into at least
part of the ink used to form the transparent ink layer 4j,
thereby creating the transparent material ink. Specifi-
cally, when the ink forming the transparent ink layer 4j
is irradiated with light in the infrared or ultraviolet wave-
length range, the electrons in the luminescent material
contained in the ink become excited, and when the
excited electrons return to their ground state, the elec-
trons release excess energy as visible light. The infrared
wavelength range can be, for example, between 0.78 µm
and 1 mm inclusive, and the ultraviolet wavelength range
can be, for example, between 0.01 µm and 0.38 µm
inclusive. However, the ink need only emit visible light
regardless of whether wavelengths are longer than infra-
red radiation or shorter than ultraviolet radiation, such as
terahertz waves, millimeter waves, X-rays, or gamma
rays.
[0170] Materials that emit visible light when excited by
infrared radiation are also known as up-conversion lumi-
nescent material. Examples include materials containing
at least one rare-earth element selected from the group
consisting of erbium (Er), holmium (Ho), praseodymium
(Pr), thulium (Tm), neodymium (Nd), gadolinium (Gd),
europium (Eu), samarium (Sm), terbium (Tb), dyspro-
sium (Dy), and cerium (Ce), with the base material of the
phosphor particles being a halide or the like. Some of
these materials overlap with those disclosed in Japanese
Unexamined Patent Application, Publication No.
7‑297475.
[0171] Examples of materials that emit visible light
when excited by ultraviolet radiation include fluorescent
dyes such as fluorescein-based, coumarin-based, and
rhodamine-based fluorescent dyes. Examples of inor-
ganic pigments include europium/manganese-activated
barium magnesium aluminate, manganese-activated
zinc silicate, europium-activated yttrium oxide, euro-
pium-activated yttrium sulfide, zinc oxide, manganese-
activated zinc germanate, and europium-activated
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lithium vanadate yttrium.
[0172] Thus, by configuring the ink used to form the
transparent ink layer 4j of the information recording med-
ium 1j with a transparent material ink that emits visible
light when excited by infrared or ultraviolet radiation, the
following effects can be achieved. Specifically, the accu-
racy of the anti-counterfeiting function of the present
disclosure, which utilizes the difference in appearance
between the first pattern 100 composed of the colored ink
layer 3 and the second pattern 200 composed of the
transparent ink layer 4j due to the relationship between
the illumination angle and the observation angle of visible
light, can be improved and supplemented.
[0173] In addition to the difficulty in reading and dupli-
cating the second pattern 200 under visible light illumina-
tion conditions, the visibility of the transparent ink layer 4j
can be enhanced only when irradiated with infrared or
ultraviolet radiation in a specific wavelength range, al-
most without being affected by the lustrous ink layer 5 or
the colored ink layer 3. This ensures even greater diffi-
culty in reading and duplicating the pattern. The trans-
parent material ink may also be configured by mixing both
materials that emit visible light when excited by infrared
radiation and materials that emit visible light when ex-
cited by ultraviolet radiation. This allows the visibility of
the transparent ink layer 4j to be improved with any one of
the two types of invisible light, thereby enhancing con-
venience.
[0174] Furthermore, in the manufacturing process of
the information recording medium 1j, it is difficult to
visually confirm whether the transparent ink layer 4 cor-
rectly forms the predetermined second pattern 200. How-
ever, in the present embodiment, the transparent ink
layer 4j emits visible light by irradiating the transparent
ink layer 4j with infrared or ultraviolet radiation during or
after forming the transparent ink layer 4j, whereby the
presence of the second pattern 200 can be easily con-
firmed. Therefore, this contributes to quality improve-
ment of the information recording medium 1j.

(b) Second Modification

[0175] Next, the information recording medium 1k ac-
cording to the second modification is configured by mix-
ing an infrared-absorbing material, which serves as an
authenticity determination material, into at least part of
the ink used to form the transparent ink layer 4k, thereby
creating the transparent material ink. Examples of or-
ganic dyes with absorption property in the infrared wa-
velength range include polymethine, phthalocyanine,
azo, and anthraquinone compounds, while examples
of inorganic infrared absorbers include antimony-doped
tin oxide and tin-doped indium oxide.
[0176] Thus, effects similar to those of the first mod-
ification can be achieved by configuring the ink used to
form the transparent ink layer 4k of the information re-
cording medium 1k with a transparent material ink that
contains infrared-absorbing materials. Specifically, the

difficulty in reading and duplicating the second pattern
200 under visible light illumination conditions can be
ensured. In addition, the second pattern 200 in the trans-
parent ink layer 4k can be clearly recognized with mea-
surement means, such as an infrared camera, only when
irradiated with infrared radiation in a specific wavelength
range, almost without being affected by the lustrous ink
layer 5 or the colored ink layer 3. This can further ensure
the difficulty in reading and duplicating the pattern.
[0177] Furthermore, in the present embodiment, by
irradiating the transparent ink layer 4k with infrared ra-
diation in a specific wavelength range during or after
forming the transparent ink layer 4k, the state of absorb-
ing or reflecting the infrared radiation can be visualized
through an infrared camera or the like. Therefore, the
formation state of the transparent ink layer 4k, which is
difficult to visually confirm with the naked eye, can be
easily checked through an infrared camera or the like,
contributing to improving the quality of the information
recording medium 1k.

(c) Third Modification

[0178] Further, the information recording medium 1m
according to the third modification is configured by using
a transparent material ink containing a polarizing materi-
al, which serves as an authenticity determination materi-
al, in at least part of the ink used to form the transparent
ink layer 4m. Examples of such polarizing materials in-
clude absorption-type polarizers, such as those made by
impregnating polyvinyl alcohol with iodine or dichroic
dyes and then stretching to orient the molecules, absorp-
tion-type polarizers obtained by orienting dichroic dyes
on an alignment film, reflective circular polarizers ob-
tained by orienting cholesteric liquid crystals on a base
material, and reflective polarizers formed by stacking
birefringent multilayer films. In addition to these, any
element that can extract polarized light components in
a specific direction from reflected or transmitted light can
be used.
[0179] The transparent ink layer 4m containing the
polarizing material as such can be formed using methods
disclosed in, for example, Japanese Patent No. 6519582.
First, an alignment film solution is prepared, in which a
resin for an alignment film is dissolved; this solution is
applied to the base material 2 using a micro-gravure
method, with masking to cover areas other than the
intended pattern image, thereby forming a coating film.
Next, the coating film is rubbed along a predetermined
direction using a rubbing cloth to achieve alignment
treatment, thereby forming an alignment film. Addition-
ally, a polarizer solution is prepared by adding a dichroic
dye to a UV-curable liquid crystal.
[0180] Subsequently, the polarizer solution is applied
over the alignment film to a predetermined thickness
using the micro-gravure method, thereby forming a coat-
ing film. Them, annealing treatment is executed on the
coating film, followed by UV irradiation in an oxygen
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atmosphere to cure the coating film, thereby forming the
transparent ink layer 4m, including the polarizing function
with a transmission axis aligned in a predetermined
direction. Alternatively, after forming the transparent
ink layer 4m over the entire surface of a predetermined
region of the base material 2 without masking, a laser with
a specific wavelength can be used to irradiate the areas
without pattern images to thermally disrupt the liquid
crystal molecules in the areas, thereby imparting the
polarizing function only to the areas with pattern images.
[0181] Thus, effects similar to those of the first and
second modifications can be achieved by configuring the
ink used to form the transparent ink layer 4m of the
information recording medium 1m with a transparent
material ink containing a polarizing material. Specifically,
in addition to the difficulty in reading and duplicating the
second pattern 200 under visible light illumination con-
ditions, the visibility of the transparent ink layer 4m can be
enhanced only when a specific polarizing film is used,
almost without being affected by the lustrous ink layer 5 or
the colored ink layer 3. This ensures even greater diffi-
culty in reading and duplicating the pattern.
[0182] Furthermore, the transparent ink layer may be
configured to include any or all of the materials described
in the first through third modifications. For example, the
ink used to form the transparent ink layer may include
both materials that emit visible light when excited by
infrared or ultraviolet radiation and infrared-absorbing
materials. Alternatively, the ink used to form the trans-
parent ink layer may include both infrared-absorbing
materials and polarizing materials. This allows for an
increased number of verification methods for authentica-
tion, further contributing to ensuring the difficulty in read-
ing and duplicating the pattern.
[0183] In the present embodiment, the formation state
of the transparent ink layer 4m, which is difficult to visually
confirm with the naked eye, can be easily checked using
a specific polarizing film during or after forming the
transparent ink layer 4m, thereby contributing to the
quality improvement of the information recording medium
1m.
[0184] The authenticity determination device 60, which
executes the authentication of the information recording
medium 1 described in the first embodiment, can fulfill the
functions of the authenticity determination device 60 by
causing the control unit 31a to execute a predetermined
program. Such a program, executed by the computer of
the authenticity determination device 60, reads the in-
formation of the first pattern of the information recording
medium when the illumination light source is turned on at
the first light intensity including the off-state, and converts
the read information of the first pattern into a first specific
code. Based on the first specific code, the program
identifies the position of reading the second pattern,
reads the information of the second pattern of the infor-
mation recording medium when the illumination light
source is turned on at the second light intensity greater
than the first light intensity, and converts the read infor-

mation of the second pattern into a second specific code.
Furthermore, the program compares the second specific
code with comparison information for authenticity deter-
mination, determines that the information recording med-
ium is authentic in a case where the codes match, and
determines that the information recording medium is not
authentic in a case where the codes do not match.

EXPLANATION OF REFERENCE NUMERALS

[0185] 1, 1a, 1b, 1c, 1d, 1e, 1f, 1g, 1h, 1i, 1j, 1k, 1m, 1n,

1p: information recording medium
2: base material
3: colored ink layer
4, 4j, 4k, 4m: transparent ink layer
5: lustrous ink layer
10: printed material
11: sheet
12: printed portion
21: illumination light source
22: viewpoint
22a: viewpoint at position P1
22b: viewpoint at position P2
22c: viewpoint at position P3
30, 30a: reading device
31, 31a, 31b, 31c: control unit
32, 32a, 32b, 32c: storage unit
33: reading unit
35: operation unit
36: display unit
41: illumination control unit
42: first pattern position identification unit
43: second pattern position identification unit
44: image acquisition unit
45: code identification unit
46: authenticity determination unit
51: first pattern position identification information
52: second pattern position identification information
53: authenticity determination information
60, 60a: authenticity determination device
100, 101, 102, 103, 104, 111: first pattern
101p: finder pattern
200, 201, 202, 203, 204, 205, 206, 207, 208, 212:
second pattern
201a, 201b, 201c, 201d, 202a, 202b, 202c, 202d,
203a, 203b,
203c, 203d, 204a, 204b, 204c, 204d, 204e, 204f,
204g, 204h,
204i, 205a, 205c, 205g, 205i, 206a, 206b, 207a,
207b, 208b,
208d, 208g, 208i, 208l, 208n: partial pattern
200p, 201p, 202p, 203p, 204p, 205p, 208p: finder
pattern
205b, 205d, 205e, 205f, 205h, 208a, 208c, 208e,
208f, 208h,
208j, 208k, 208m, 208o: dummy partial pattern
300, 300a, 300b, 301, 302, 303, 304, 305, 306, 307,
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308, 309,
311, 312: pattern image
500p, 501p: finder pattern
511, 512: basic pattern

Claims

1. An information recording medium, comprising:

a base material;
a first printed layer formed by a lustrous ink on
one surface of the base material;
a second printed layer formed by a colored ink
that is not a lustrous ink, on same side as the one
surface; and
a third printed layer formed by a transparent ink
on the same side as the one surface, wherein
the second printed layer forms a first pattern,
the third printed layer forms a second pattern,
in a plan view, an entire region of the first pattern
and the second pattern overlaps with a region
where the first printed layer is formed, and
the second pattern includes information conver-
tible into aspecific code, with at least part thereof
overlapping with the first pattern.

2. The information recording medium according to
claim 1, wherein the first printed layer is formed either
as a solid print, halftone dots with a halftone dot area
ratio of 80% or more, or lines.

3. The information recording medium according to
claim 1, wherein the second pattern is composed
of a plurality of partial patterns.

4. The information recording medium according to
claim 3, wherein only part of the plurality of partial
patterns include information convertible into the spe-
cific code.

5. The information recording medium according to
claim 1, wherein the second pattern is composed
of a plurality of partial patterns, each including one or
more finder patterns, and all of the finder patterns are
two-dimensional codes arranged at edges of the
second pattern.

6. The information recording medium according to
claim 5, wherein

the second pattern is composed of a plurality of
partial patterns, and
when the plurality of partial patterns are defined
as a first partial pattern, a second partial pattern,
and a third partial pattern sandwiched between
the first and second partial patterns,
a first finder pattern arranged on a side of the first

partial pattern facing the second partial pattern
and a second finder pattern arranged on a side
of the second partial pattern facing the first
partial pattern compose at least two finder pat-
terns of the third partial pattern, and the third
partial pattern composes dummy information
inconvertible into the specific code.

7. The information recording medium according to any
one of claims 1 to 5, wherein the first pattern includes
information convertible into a specific code, different
from the second pattern.

8. The information recording medium according to any
one of claims 1 to 5, wherein the third printed layer is
composed of the transparent ink that emits visible
light when excited by infrared or ultraviolet radiation.

9. The information recording medium according to any
one of claims 1 to 5, wherein the third printed layer is
composed of an ink containing an infrared-absorbing
material.

10. The information recording medium according to any
one of claims 1 to 5, wherein the third printed layer is
composed of an ink containing a polarizing material.

11. A printed material comprising the information record-
ing medium according to any one of claims 1 to 5.

12. A reading device that reads the information record-
ing medium according to any one of claims 1 to 5, the
reading device comprising:

an illumination light source;
a reading unit; and
a control unit, wherein
the reading unit is capable of reading informa-
tion of the first pattern of the information record-
ing medium by turning on the illumination light
source at a first light intensity including an off-
state, and is capable of reading information of
the second pattern by turning on the illumination
light source at a second light intensity greater
than the first light intensity, and
the control unit activates the reading unit, turns
on the illumination light source at the second
light intensity while the reading unit is in a read-
able state, causes the reading unit to read the
information of the second pattern while the illu-
mination light source is turned on, and converts
the information of the second pattern read by the
reading unit into the specific code.
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