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DISTINGUISHING METHOD, AND FLUORESCENT SENSOR
(567)  Fluorescent substances having similar peak

wavelengths for fluorescence excited by irradiation of ex-
citation light are to be detected in distinction. In order to
solve this issue, a UV_LED irradiates excitation light to
a leaf of paper, a first light-reception unit receives light
having a first wavelength range that includes the peak
wavelength of fluorescence excited by a fluorescent sub-
stance due to irradiation of excitation light, and a second
light-reception unit receives light emitted from the same
area as the area on the leaf of paper that emitted light to

be received by the first light-reception unit, said light hav-
ing a second wavelength range that is positioned near
thefirstwavelengthrange. Then, afluorescentsubstance
specifying unit specifies the type of fluorescent sub-
stance added to the leaf of paper on the basis of outputs
from the first light-reception unit and the second light-
reception unit, and an evaluation unit evaluates whether
the leaf of paper is genuine or counterfeit on the basis of
the result evaluated by the fluorescent substance spec-
ifying unit.

FIG.4A

FOUR-SEGMEN:HEsD PHOTODIODE

FLUORESCE'II\%CE SENSOR

‘_/

BANDPASS
FILTERS
116a,116b —Tt~—1+

11317 i

Uv cuT
FILTER
117

UV_LED
111
-

N\

UV REFLECTIVE ]
FILTER (
14—

WINDOW

112
UV TRANSMISSIVE FILTER

ZPAPER SHEET

FLUORESCENT-SUBSTANCE-CONTAINING INK
(BROAD INK OR NARROW INK)

Printed by Jouve, 75001 PARIS (FR)

(Cont. next page)



EP 2 549 445 A1

FIG.4B
FOUR-SEGMENTED PHOTODIODE
BANDPA(S6313FJ|6E1R) ------------ / 18
Wea~ I /////////// UV CUT FILTER
SR
i //4/////////// - FLUORESCENCE
%‘ \\\\\\\\\\\ | IRRADIATION AREA
115b \/§ ot ! L _115¢
. \ DETECTORYDETECT
‘\\\\\\\\Y\\
BANDPASS FILlljlggN\

(600£6 nm)

~~~~~~



1 EP 2 549 445 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to an authentica-
tion apparatus, an authentication method, and a fluores-
cence sensor that are used for determining authenticity
of paper sheets containing a fluorescent substance. The
presentinvention particularly relates to an authentication
apparatus, an authentication method, and afluorescence
sensor that can differentiate and detect fluorescent sub-
stances that, when excited by irradiation of an excitation
light, output fluorescent lights having peak wavelengths
that are near each other.

BACKGROUND ART

[0002] Authentication apparatuses thatuse atransport
mechanism to transport paper sheets, such as, gift
vouchers and an optical sensor that transmits and re-
ceives a visible light, infrared light, etc., to determine au-
thenticity of the paper sheets being transported are
known in the art.

[0003] In recent times, characters or designs have
come to be printed onto paper sheets with a fluorescent-
substance-containing ink which is not verifiable by naked
eye to prevent counterfeiting. When irradiated with a pre-
determined excitation light (for example, ultraviolet light),
the fluorescent-substance-containing ink emits fluores-
cent light having a peak wavelength that depends on the
type of the fluorescent substance contained in the ink.
[0004] This has led to presentation of authentication
apparatuses that make use of this characteristics of the
fluorescent-substance-containing ink. Specifically, a pa-
per sheet already having a latent image marking with an
anti-counterfeiting ink, such as, the fluorescent-sub-
stance-containing ink, printed thereon is irradiated with
an excitation light having a predetermined wavelength,
and the latent image marking is detected by an authen-
tication apparatus by photodetection of the fluorescent
light emanating from the fluorescent-substance-contain-
ing ink. Authenticity of the paper sheet is determined
based on whether the latent image marking is detected.
[0005] For example, disclosed in Patent Document 1
is a technology in which a barcode that is not visually
perceivable and that is formed with an anti-counterfeiting
ink containing a fluorescent substance of which peak
wavelength is between 800 nanometers (nm) and 900
nm printed on a printed matter is read to determine the
authenticity of the printed matter.

[0006] Specifically, in the technology disclosed in Pat-
ent Document 1, an excitation light is irradiated on the
barcode, and the barcode is read by detecting the fluo-
rescent light emanating from the barcode by using a de-
tector that detects a light in a predetermined wavelength
band that includes the peak wavelength (800 nm to 900
nm) of the fluorescent substance.
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[Conventional Art Documents]
[Patent Documents]

[0007] [Patent Document 1] Japanese Patent Applica-
tion Laid-open No. 2007-136838

Disclosure of the Invention
Problems to be Solved by the Invention

[0008] However, the technology disclosed in Patent
Document 1 cannot be used to differentiate and detect
fluorescent substances having peak wavelengths that
are near each other. The reason for this is that the tech-
nology disclosed in Patent Document 1 can only be used
to determine whether the certain fluorescent substance
is applied onto the paper sheet by detecting light, of which
peak wavelengths are within a detection range of the
detector, emanating from the fluorescent substances.
[0009] Therefore, if multiple fluorescent substances
are applied onto the paper sheet, and if the peak wave-
lengths of lights emanating from these fluorescent sub-
stances are near each other, the technology disclosed
in Patent Document 1 cannot be used to identify the flu-
orescent substance among the multiple fluorescent sub-
stances detected by the detector.

[0010] Because there are also cases where multiple
fluorescent substances are applied onto a single paper
sheet for an additional anti-counterfeiting measure, a
problem arises as to how to differentiate between the
fluorescent substances emanating lights of which the
peak wavelengths are near each other.

[0011] The present invention has been made to pro-
vide a solution to the problem posed by the conventional
technology, and it is an object of the present invention to
provide an authentication apparatus, an authentication
method, and a fluorescence sensor that can differentiate
and detect fluorescent substances that, when excited by
irradiation of an excitation light, output fluorescent lights
having the peak wavelengths that are near each other.

MEANS FOR SOLVING THE PROBLEM

[0012] To solve the above problems and to achieve
the above objects, according to an aspect of the present
invention, an authentication apparatus that authenticates
a paper sheet with a fluorescent substance applied ther-
eon includes an irradiation unit that irradiates an excita-
tion light on the paper sheet; a first photodetector that
performs photodetection in a first wavelength band that
includes a peak wavelength of fluorescent light excited
from the fluorescent substance by the irradiation of the
excitation light; a second photodetector that detects a
light that emanates from the same area on the paper
sheet from which the light to be detected by the first pho-
todetector emanates and that is in a second wavelength
band that is located near the first wavelength band; an
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identifying unit that identifies, based on an output of the
first photodetector and an output of the second photode-
tector, a type of the fluorescent substance that is applied
onto the paper sheet; and an authenticity determining
unitthat determines authenticity of the paper sheet based
on an identification result obtained by the identifying unit.
[0013] Inthe above aspect, the first photodetector and
the second photodetector are arranged on the same
plane so as to perform photodetection of the fluorescent
light excited from the same area on the paper sheet.
[0014] In the above aspect, the identifying unit identi-
fies the type of the fluorescent substance applied onto
the paper sheet if a comparison value obtained from the
output of the first photodetector and the output of the
second photodetector is greater than or equal to a pre-
determined threshold value.

[0015] In the above aspect, the identifying unit identi-
fies the fluorescent substance applied onto the paper
sheet as a first fluorescent substance if a comparison
value obtained from the output of the first photodetector
and the output of the second photodetector is less than
a predetermined threshold value, and as a second fluo-
rescent substance emanating a narrower bandwidth
spectrum than that of the first fluorescent substance if
the comparison value is greater than or equal to the pre-
determined threshold value.

[0016] The authentication apparatus further includes
a third photodetector that performs photodetection of a
light that emanates from the same area on the paper
sheet from where the light to be detected by the first pho-
todetector emanates and that is in a third wavelength
band that includes the first wavelength band and the sec-
ond wavelength band. The identifying unit identifies the
type of the fluorescent substance after correcting the out-
put of the first photodetector and the output of the second
photodetector based on output of the third photodetector.
[0017] In the above aspect, the identifying unit identi-
fies the type of the fluorescent substance after correcting
the output of the first photodetector and the output of the
second photodetector based on a comparison result ob-
tained from the output of the third photodetector and a
previously set reference value.

[0018] In the above aspect, the identifying unit identi-
fies the fluorescent substance applied onto the paper
sheet as a first fluorescent substance if a comparison
value obtained from an output of the third photodetector
based on a light from an area where the fluorescent sub-
stance is applied and an output of the third photodetector
based on a light from an area where the fluorescent sub-
stance is not applied is greater than or equal to a prede-
termined threshold value, and as a second fluorescent
substance having a narrower bandwidth spectrum than
that of the first fluorescent substance if the comparison
value is less than the predetermined threshold value.
[0019] In the above aspect, the identifying unit identi-
fies the type of the fluorescent substance applied onto
the paper sheet based on a first evaluation value that is
the comparison value obtained from the output of the first
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photodetector and the output of the second photodetec-
tor, and a second evaluation value that is the comparison
value obtained from the output of the third photodetector
based on a light from an area where the fluorescent sub-
stance is applied and the output of the third photodetector
based on a light from an area where the fluorescent sub-
stance is not applied.

[0020] According to still another aspect of the present
invention, a method for determining authenticity of a pa-
per sheet having a fluorescent substance applied thereon
includes irradiating the paper sheet with an excitation
light; photodetecting, of the lights emanating from the
same area on the paper sheet by the irradiation of the
excitation light, a light in a first wavelength band that in-
cludes a peak wavelength of a fluorescent light excited
by the excitation light by a first photodetector, and a light
in a second wavelength band that is located near the first
wavelength band by a second photodetector; identifying
a type of the fluorescent substance applied onto the pa-
per sheet based on an output of the first photodetector
and an output of the second photodetector; and deter-
mining the authenticity of the paper sheet based on an
identification result obtained by the identifying.

[0021] According to still another aspect of the present
invention, a fluorescence sensor that detects a fluores-
cent substance applied onto a paper sheet includes an
irradiation unit that irradiates the paper sheet with an ex-
citation light; a first photodetector that performs photo-
detection of alightin afirst wavelength band thatincludes
a peak wavelength of a fluorescent light excited from the
fluorescent substance by irradiation of the excitation light;
and a second photodetector that performs photodetec-
tion of a light that emanates from the same area on the
paper sheet from where the light to be detected by the
first photodetector emanates and that is in a second
wavelength band that is located near the first wavelength
band.

[0022] In the above aspect, the first photodetector in-
cludes afirst photodetecting element and a first filter that
allows to pass through, from among the lights emanating
from the paper sheet, only the light in the first wavelength
bandthatincludes the peak wavelength ofthe fluorescent
light excited from the fluorescent substance, the second
photodetectorincludes a second photodetecting element
and a second filter that allows to pass through, from the
light emanating from the paper sheet, only the lightin the
second wavelength band that is located near the first
wavelength band, and the first photodetecting element
and the second photodetecting element are arranged on
the same plane so as to perform photodetection of the
fluorescent light excited from the same area on the paper
sheet by irradiation of the excitation light.

[0023] Thefluorescence sensorfurtherincludes athird
photodetector that performs photodetection of a light that
emanates from the same area on the paper sheet from
where the light to be detected by the first photodetector
emanates and that is in a third wavelength band that in-
cludes the first wavelength band and the second wave-
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length band.

[0024] The fluorescence sensor includes a frame
made of an electrically conductive material and that hous-
es a core unit that includes the first photodetector, the
second photodetector, the third photodetector, and the
irradiation unit.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0025] Accordingtoan aspect of the presentinvention,
an irradiation unit irradiates an excitation light on a paper
sheet, a first photodetector performs photodetection in a
first wavelength band that includes a peak wavelength
of fluorescent light excited from a fluorescent substance
by the irradiation of the excitation light, a second photo-
detector performs photodetection of a light that emanates
from the same area on the paper sheet from which the
light to be detected by the first photodetector emanates
and that is in a second wavelength band that is located
near the first wavelength band, an identifying unit iden-
tifies, based on an output of the first photodetector and
an output of the second photodetector, a type of the flu-
orescent substance that is applied onto the paper sheet,
and an authenticity determining unit determines authen-
ticity of the paper sheet based on an identification result
of the identifying unit. Therefore, the fluorescent sub-
stances that, when excited by irradiation of an excitation
light, output fluorescent lights having peak wavelengths
that are near each other can be differentiated and de-
tected.

[0026] According to another aspect of the present in-
vention, the first photodetector and the second photode-
tector are arranged on the same plane so as to perform
photodetection of the fluorescent light excited from the
same area on the paper sheet. Therefore, photodetection
of the fluorescence from the same area on the paper
sheet by the first photodetector and the second photo-
detector is made possible with a simple structure.
[0027] According to yet another aspect of the present
invention, the identifying unit identifies the type of the
fluorescent substance applied onto the paper sheet if a
comparison value obtained from the output of the first
photodetector and the output of the second photodetec-
tor is greater than or equal to a predetermined threshold
value. Therefore, among the fluorescent substances
having the peak wavelengths that are near each other,
the fluorescent substance having a narrow bandwidth
can be differentiated and detected.

[0028] According to yet another aspect of the present
invention, the identifying unit identifies the fluorescent
substance applied onto the paper sheet as a first fluo-
rescent substance if the comparison value obtained from
the output of the first photodetector with the output of the
second photodetector is less than the predetermined
threshold value, and as a second fluorescent substance
emanating a narrower bandwidth spectrum than that of
the first fluorescent substance if the comparison value is
greater than or equal to the predetermined threshold val-
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ue. Therefore, even if the fluorescent substances having
the peak wavelengths that are near each other are ap-
plied onto the paper sheet, the fluorescent substances
can be differentiated and detected.

[0029] According to yet another aspect of the present
invention, further included is a third photodetector that
performs photodetection of a light that emanates from
the same area on the paper sheet from where the light
to be detected by the first photodetector emanates and
that is in a third wavelength band that includes the first
wavelength band and the second wavelength band, and
the identifying unit identifies the type of the fluorescent
substance after correcting the output of the first photo-
detector and the output of the second photodetector
based on an output of the third photodetector. Therefore,
the fluorescent substances having the peak wavelengths
that are near each other can be differentiated with greater
accuracy.

[0030] According to yet another aspect of the present
invention, the identifying unit identifies the type of the
fluorescent substance after correcting the output of the
first photodetector and the output of the second photo-
detector based on a comparison result obtained from the
output of the third photodetector and a previously set
reference value. Therefore, the fluorescent substances
having the peak wavelengths that are near each other
can be differentiated with greater accuracy.

[0031] According to yet another aspect of the present
invention, the identifying unit identifies the fluorescent
substance applied onto the paper sheet as a first fluo-
rescent substance if a comparison value obtained from
an output of the third photodetector is based on a light
from an area where the fluorescent substance is applied
and an output of the third photodetector based on a light
from an area where the fluorescent substance is not ap-
plied is greater than or equal to a predetermined thresh-
old value, and as a second fluorescent substance having
a narrower bandwidth than that of the first fluorescent
substance if the comparison value is less than the pre-
determined threshold value. Therefore, even if two types
of the fluorescent substances having the peak wave-
lengths that are near each other are applied onto the
paper sheet, the fluorescent substances can be differen-
tiated and detected.

[0032] According to yet another aspect of the present
invention, the identifying unit identifies the type of the
fluorescent substance applied onto the paper sheet
based on a first evaluation value that is a comparison
value obtained from the output of the first photodetector
and the output of the second photodetector and a second
evaluation value thatis a comparison value obtained from
an output of the third photodetector based on a light from
an area where the fluorescent substance is applied and
an output of the third photodetector based on a light from
an area where the fluorescent substance is not applied.
Therefore, the fluorescent substances having the peak
wavelengths that are near each other can be differenti-
ated with greater accuracy.
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BRIEF DESCRIPTION OF DRAWINGS
[0033]

FIGS. 1A and 1B are a set of drawings showing an
overview of an authentication procedure according
to the present invention.

FIG. 2 is a block diagram of an authentication appa-
ratus according to an embodiment of the present in-
vention.

FIGS. 3A and 3B are a set of drawings showing spec-
tral characteristics of a narrow ink and a broad ink.
FIGS. 4A and 4B are a set of drawings showing a
structure of a fluorescence sensor.

FIG. 5 is a drawing showing a structure of a photo-
detector circuit of the fluorescence sensor.

FIGS. 6Ato 6D are a set of drawings showing output
of a four-segmented photodiode.

FIGS. 7A to 7C are a set of drawings of an example
of an operation performed by a fluorescent-sub-
stance identifying unit.

FIG. 8 is a drawing of an overall structure of the au-
thentication apparatus.

FIGS. 9A and 9B are a set of drawings showing a
structure of a recognition and counting unit.

FIG. 10 is a flowchart of a fluorescent-substance
identifying process according to the present embod-
iment.

FIG. 11 is a flowchart of another process procedure
performed by the authentication apparatus accord-
ing to the present embodiment.

FIGS. 12A and 12B are a set of drawings showing
a structure of aframe unit of the fluorescence sensor.
FIG. 13 is a drawing of a structure of a core unit of
the fluorescence sensor.

FIG. 14 is a drawing showing how the core unit is
housed within the frame unit.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0034] Exemplary embodiments of an authentication
apparatus, an authentication method, and afluorescence
sensor according to the present invention are explained
in detail below with reference to the accompanying draw-
ings.

[0035] Prior to explaining the present embodiment in
detail, an overview of an authentication procedure ac-
cording to the present invention is explained first with
reference to FIGS. 1A and 1B. FIGS. 1A and 1B are a
set of drawings showing an overview of the authentica-
tion procedure according to the present invention. FIG.
1A is a drawing of an overview of a fluorescence sensor
and FIG. 1B is a drawing of a determination method of a
narrow ink and a broad ink used in the authentication
procedure according to the present invention.

[0036] The term "narrow ink" refers to a fluorescent-
substance-containing ink that contains a fluorescent sub-
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stance that produces a narrowband fluorescence spec-
trum when irradiated with ultraviolet light. In contrast, the
term "broad ink" refers to a fluorescent-substance-con-
taining ink that contains a fluorescent substance that pro-
duces a broadband fluorescence spectrum when irradi-
ated with the ultraviolet light.

[0037] As shown in FIG. 1A, there are cases where,
from the viewpoint of prevention of counterfeiting, a flu-
orescent-substance-containing ink that is not identifiable
by naked eye is applied onto paper sheets, such as, gift
vouchers. Such a fluorescent-substance-containing ink,
when irradiated with a predetermined excitation light (for
example, the ultraviolet light), emits fluorescent light hav-
ing a peak wavelength that depends on the fluorescent
substance presentin the ink. Conventionally, the fluores-
cent-substance-containing ink applied onto the paper
sheet is detected by detecting a light having the peak
wavelength.

[0038] However, there are casesinrecentyears where
a broad ink and a narrow ink that are fluorescent-sub-
stance-containing inks having peak wavelengths that are
near each other are applied onto the paper sheets. In
such a case, the conventional technology cannotbe used
to differentiate and detect the broad ink and the narrow
ink respectively.

[0039] Itis well known that a bandwidth of the fluores-
centlight excited from the narrow ink is narrow compared
to the bandwidth of the fluorescent light excited from the
broad ink. Accordingly, in the authentication procedure
according to the present invention, the broad ink and the
narrow ink are differentiated and detected by detecting
a difference in the bandwidths (that is, degree of steep-
ness of the peak).

[0040] Intheauthentication procedure according to the
present invention, as shown in FIG. 1A, the light excited
from the same area on the paper sheet by irradiation of
the excitation light is caused to be detected by a first
photodetector via afirst filter and a second photodetector
via a second filter.

[0041] Specifically, the first filter is a bandpass filter
that allows to pass through the light having a first wave-
length that is the peak wavelength of the broad ink and
the narrow ink (see (A-1) of FIG. 1A); the second filter is
a bandpass filter that allows to pass through the light
having a second wavelength that is located near the first
wavelength (see (A-2) of FIG. 1A).

[0042] Thatis, in the authentication procedure accord-
ing to the present invention, the first photodetector per-
forms photodetection of the light having the first wave-
length that includes the peak wavelengths of the broad
ink and the narrow ink, and the second photodetector
performs photodetection of the light having the second
wavelength that is located near the first wavelength.
[0043] The fluorescent light excited from the fluores-
cent substance is known to diffuse over a relatively wide
area by its nature. In the authentication procedure ac-
cording to the present invention, this property of the flu-
orescent light is exploited, and by arranging the first pho-
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todetector and the second photodetector within an irra-
diation range of the fluorescent light excited from the
same area on the paper sheet, photodetection of the flu-
orescent light from the same area on the paper sheet by
each photodetector is made possible with a simple struc-
ture.

[0044] Inthe authentication procedure accordingtothe
present invention, the types of the fluorescent substanc-
es applied onto the paper sheet can be identified based
on an output of the first photodetector and an output of
the second photodetector.

[0045] Specifically, as shownin FIG. 1B, the bandwidth
of the fluorescent light excited from the narrow ink is nar-
rower than the bandwidth of the fluorescent light excited
from the broad ink. Therefore, the difference between a
spectral intensity of the peak wavelength and a spectral
intensity of a near-peak wavelength would be greater for
the narrow ink compared to the broad ink. That is, when
the narrow ink is irradiated with the excitation light, a com-
parison value (for example, the difference value) ob-
tained from the output of the first photodetector and the
output of the second photodetector would be greater than
that of the broad ink.

[0046] That is, if the comparison value obtained from
the output of the first photodetector and the output of the
second photodetector is greater than or equal to a pre-
determined threshold value, the fluorescent-substance-
containing ink applied onto the paper sheet is identified
as the narrow ink, and if the comparison value is less
than the threshold value, the fluorescent-substance-con-
taining ink is identified as the broad ink. In the authenti-
cation procedure according to the present invention, the
authenticity of the paper sheet is determined based on
an identification result of the fluorescent-substance-con-
taining ink.

[0047] Thus,inthe authentication procedure according
to the present invention, from among the lights outputted
from the same area on the paper sheet, the first photo-
detector detects the light belonging to a first wavelength
bandthatincludes the peak wavelength of the fluorescent
light excited from the fluorescent substance by irradiation
of the excitation light and the second photodetector de-
tects the light having a second wavelength band that is
located near the first wavelength band.

[0048] Furthermore, in the authentication method ac-
cording to the present invention, the type of the fluores-
cent substance applied onto the paper sheet can be iden-
tified based on the output of the first photodetector and
the output of the second photodetector. Accordingly, the
fluorescent substances that, when excited by irradiation
of an excitation light, output fluorescent lights having the
peak wavelengths that are near each other can be dif-
ferentiated and detected.

[0049] In the present case, the position of the second
wavelength is merely specified as near the first wave-
length; however, it can be more specifically specified
based on spectral waveforms of the narrow ink and the
broad ink. For example, in the authentication procedure
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according to the present invention, the wavelength for
which the comparison value obtained from the output of
the first detector and the output of the second detector
is greatest between the narrow ink and the broad ink can
be specified as the second wavelength. Consequently,
the narrow ink and the broad ink can be differentiated
with greater accuracy.

[0050] Intheauthentication procedure according to the
present invention, a third photodetector that detects a
light in a wavelength band that includes the first wave-
length and the second wavelength is provided. An output
of the third photodetector is further used in the authenti-
cation procedure according to the present invention to
improve an accuracy with which the fluorescent-sub-
stance-containing ink is identified.

[0051] An embodiment of the authentication appara-
tus, the authentication method, and the fluorescence
sensor in which the authentication procedure is explained
with reference to FIGS. 1A and 1B is explained in detail
below. A case is presented below in which two types of
ink, namely, the broad ink and the narrow ink, have been
applied onto the paper sheet that is an authentication
target. The paper sheet can be a gift voucher, a security,
a bond, a check, a banknote, etc.

[Embodiment]

[0052] A structure of an authentication apparatus 1 is
explained first with reference to FIG. 2. FIG. 2 is a block
diagram of the authentication apparatus 1. As shown in
FIG. 2, the authentication apparatus 1 includes a fluo-
rescence sensor 11, other sensors 12, a storage unit 13,
and a control unit 14. The control unit 14 includes a flu-
orescent-substance identifying unit 14a and a determin-
ing unit 14b.

[0053] Only the constituent elements that are neces-
sary for explaining the salient features of the authentica-
tion apparatus 1 are shown in FIG. 2. A more specific
structure of the authentication apparatus 1 is explained
later with reference to FIG. 8, etc.

[0054] Thefluorescence sensor 11 detects the fluores-
cent-substance-containing ink applied onto the paper
sheet by irradiating the paper sheet with the excitation
light. In the present embodiment, the narrow ink and the
broad ink have been applied as the fluorescent-sub-
stance-containing ink onto the paper sheet.

[0055] Spectral characteristics of the narrow ink and
the broad ink are explained with reference to FIGS. 3A
and 3B. FIGS. 3A and 3B are a set of drawings showing
the spectral characteristics of the narrow ink and the
broad ink. FIG. 3A is a drawing showing an example of
the paper sheet with the narrow ink and the broad ink
applied thereto. FIG. 3B is a set of drawings showing the
spectral characteristics of the narrow ink and the broad
ink.

[0056] As shown in FIG. 3A, the narrow ink and the
broad ink are applied onto predetermined areas on the
paper sheet. The areas to which the narrow ink is applied
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and the areas to which the broad ink is applied are pre-
viously stored as templates for each type of the paper
sheet in the authentication apparatus 1.

[0057] For example, in the present embodiment, as
shown in FIG. 3B, the fluorescent light excited from either
of the narrow ink and the broad ink has the peak wave-
lengths of 613 nm. While the fluorescent light excited
fromthe narrow ink exhibits a narrow peak thatis a narrow
(steep) bandwidth peak (see (B-1) of FIG. 3B), the fluo-
rescent light excited from the broad ink exhibits a broad
peak that is a broad (gradual) bandwidth peak (see (B-
2) of FIG. 3B).

[0058] The first wavelength band and the second
wavelength band shown in FIG. 3B correspond to the
wavelength bands of the lights detected by a first photo-
detector 111a and a second photodetector 111b, respec-
tively, that are explained later.

[0059] A structure of the fluorescence sensor 11 is ex-
plained with reference to FIGS. 4A and 4B. FIGS. 4A and
4B are a set of drawings showing the structure of the
fluorescence sensor 11. FIG. 4A is a schematic cross-
sectional view of the fluorescence sensor and FIG. 4B is
a drawing showing an arrangement relation of a four-
segmented photodiode, bandpass filters, and a UV cut
filter.

[0060] As shown in FIG. 4A, the fluorescence sensor
11 includes a UV_LED 111, a UV transmissive filter 112,
a UV reflective filter 113, and a window 114. The fluores-
cence sensor 11 further includes a four-segmented pho-
todiode 115, two types of bandpassfilters 116a and 116b,
and a UV cut filter 117.

[0061] TheUV_LED 111isalightsourcethatirradiates
the excitation light to cause the fluorescent-substance-
containing ink to emit fluorescent light. Specifically, the
UV_LED 111 irradiates ultraviolet light as the excitation
light. The UV transmissive filter 112 allows the ultraviolet
light to pass through but blocks the visible light, and is
arranged betweenthe UV_LED 111 and the UV reflective
filter 113.

[0062] The UV reflective filter 113 reflects the ultravi-
olet light that has been irradiated from the UV_LED 111
and passed through the UV transmissive filter 112, and
irradiates the paper sheet with the reflected ultraviolet
light. Furthermore, the UV reflective filter 113 allows the
visible light from among the lights emanating from the
paper sheet owing to irradiation of the ultraviolet light to
pass through and be detected by the four-segmented
photodiode 115. The window 114 allows transmission of
light and is arranged between the UV reflective filter 113
and the paper sheet.

[0063] That is, the ultraviolet light irradiated from the
UV_LED 111, after passing through the UV transmissive
filter 112, is reflected by the UV reflective filter 113 in a
direction so as to be perpendicularly incident on the paper
sheet, and reaches the paper sheet. The fluorescent light
that is exited by the irradiation of the ultraviolet light and
diffused by the paper sheet, after passing through the
UV reflective filter 113, reaches the four-segmented pho-
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todiode 115 via the bandpass filter 116a or the bandpass
filter 116b or the UV cut filter 117.

[0064] The four-segmented photodiode 115 is a pho-
todetecting unitincluding four photodetectors that are ar-
ranged in the form of a 2X2 square (see FIG. 4B). For
example, a segmented-type photodiode S5980 manu-
factured by Hama Photonics can be used as the four-
segmented photodiode 115. The segmented photodiode
can simultaneously detect light in the same wavelength
bands at four spots, and can be used, for example, for
position detection, laser light axis alignment, etc. All the
segments of this four-segmented photodetector are ar-
ranged on the same plane, as shown in FIG. 4B.
[0065] In the present embodiment, each of the photo-
detectors 115a to 115d can be made to detect the light
in a different wavelength band because of the arrange-
ment of the bandpass filter 116a or the bandpass filter
116b or the UV cut filter 117 over each of the photode-
tectors 115a to 115d of the four-segmented photodiode
115.

[0066] The bandpass filters 116a and 116b allow the
visible lights, which are different wavelength from among
the visible lights entered from the paper sheet to the four-
segmented photodiode 115 via the UV reflective filter
113, to pass through, and are arranged on the near side
and the far side, respectively, above the paper sheet sur-
face.

[0067] Specifically, the bandpass filter 116a allows to
pass through the visible light of the wavelength band (first
wavelength band) of 12 nm centered at 613 nm, which
is the peak wavelength of the narrow ink and the broad
ink; and the bandpass filter 116b allows to pass through
the visible light of the wavelength band (second wave-
length band) of 12 nm centered at 600 nm, which is near
613 nm.

[0068] The UV cutfilter 117 blocks the ultraviolet light,
and allows the visible light from all visible light bands,
including the firstwavelength band and the second wave-
length band, to pass through.

[0069] The four-segmented photodiode 115 includes
afirst photodetector 115a, a second photodetector 115b,
a third photodetector 115¢, and a fourth photodetector
115d. The bandpass filter 116a is arranged correspond-
ing to the first photodetector 115a and the bandpass filter
116b is arranged corresponding to the second photode-
tector 115b. The UV cutfilter 117 is arranged correspond-
ing to both the third photodetector 115c and the fourth
photodetector 115d.

[0070] With the above structure, the visible lights in
each of the three different wavelength bands are detect-
ed by the four-segmented photodiode 115. Specifically,
in the four-segmented photodiode 115, the first photode-
tector 115a detects the visible light in the first wavelength
band that includes the peak wavelength (613 nm) of the
narrow ink and the broad ink, the second photodetector
115b detects the visible light in the second wavelength
band that is located near the first wavelength band, while
the third photodetector 115c and the fourth photodetector
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115d detect the visible light of the entire visible light band.
[0071] In the fluorescence sensor according to the
present embodiment, the fact that the fluorescent light
excited from the fluorescent substance diffuses over a
wide area is exploited, and the four photodetectors 115a
to 115d are arranged within the irradiation area of the
fluorescent light excited from the paper sheet. That is, in
the fluorescence sensor according to the present em-
bodiment, the four photodetectors 115a to 115d are ar-
ranged on the same plane so as to be able to detect the
fluorescence that is excited from the same area on the
paper sheet. Thus, the fluorescent light excited from the
same area on the paper sheet can be detected by each
of the photodetectors 115a to 115d with a simple struc-
ture.

[0072] By having such a structure, there is no need for
arranging a lens to converge the fluorescent light that is
excited from the paper sheet, a beam splitter to project
the fluorescence that is converged by the lens, and such-
like. Consequently, a compact fluorescent sensor can be
realized and a manufacturing cost can be kept down.
[0073] A structure of a photodetector circuit of the flu-
orescence sensor 11 is explained below with reference
to FIG. 5. FIG. 5 is a drawing of the structure of the pho-
todetector circuit of the fluorescence sensor 11.

[0074] As shown in FIG. 5, signals outputted from the
first photodetector 115a are amplified by an amplifier
120a, converted to digital signals by an AD (Analog-Dig-
ital) converter 122a, and stored in the storage unit 13 as
613 nm band data, of which the center is at 613 nm.
Hereinafter, the 613 nm band data shall be referred to
as "output value A". Similarly, signals outputted from the
second photodetector 115b are amplified by an amplifier
120b, converted to digital signals by an AD converter
122b, and stored in the storage unit 13 as 600 nm band
data, of which the center is at 600 nm. Hereinafter, the
600 nm band data shall be referred to as "output value B".
[0075] Signals outputted from the third photodetector
115b and the fourth photodetector 115d are amplified by
an amplifier 120c, converted to digital signals by an AD
converter 122c¢, and stored in the storage unit 13 as entire
visible light band data. Hereinafter, the entire visible band
area data shall be referred to as "output value C".
[0076] AsshowninFIG.5, gain adjusters 121ato121c
that adjust gain values of the amplifiers 120a to 120c,
respectively, are arranged in the photodetector circuit.
The fluorescence sensor 11 appropriately elicits the out-
put values A to C from the photodetectors 115a to 115d,
of which photodetection conditions vary owing to the ef-
fect cast by the bandpass filters 116a and 116b, and the
UV cutfilter 117, by adjusting the gain values of the am-
plifiers 120a to 120c individually by using the gain ad-
justers 121a to 121c.

[0077] Returning to FIG. 2, the other constituent ele-
ments are explained below. The other sensors 12 are
sensors other than the fluorescence sensor 11 and are
used to authenticate the paper sheet. For example, the
other sensors 12 can be a tracking sensor that detects
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the passage of the paper sheet, a line sensor that ac-
quires image data of the paper sheet, a magnetic sensor
that reads magnetic information from the paper sheet,
etc. The storage unit 13 is a storage device that stores
therein the output values A to C outputted from the fluo-
rescence sensor 11.

[0078] The controlunit 14is a processing unitthatiden-
tifies the type of the fluorescent substance, and authen-
ticates the paper sheet based on the identification result.
The fluorescent-substance identifying unit 14a retrieves
the output values A to C from the storage unit 13, and
based on the retrieved output values A to C, identifies
whether the fluorescent-substance-containing ink ap-
plied onto the paper sheet is the narrow ink or the broad
ink. The fluorescent-substance identifying unit 14a per-
forms the process of transmitting the identification result
of the fluorescent-substance-containing ink to the deter-
mining unit 14b.

[0079] The determining unit 14b is a processing unit
that determines the authenticity of the paper sheet based
on the identification result of the fluorescent-substance-
containing ink obtained by the fluorescent-substance
identifying unit 14a and output results of the other sensors
12.

[0080] A fluorescent-substance identification process
performed by the fluorescent-substance identifying unit
14a is explained next with reference to FIGS. 6A to 6D
and FIGS. 7A to 7C. The results outputted from the four-
segmented photodiode 115 are explained first with ref-
erence to FIGS. 6A to 6D. FIGS. 6A to 6D are a set of
drawings showing the results outputted from the four-
segmented photodiode 115.

[0081] InFIGS. 6Ato 6D, photodetection results of the
fluorescent light excited from the narrow ink are shown
on the left side, and photodetection results of the fluo-
rescent light excited from the broad ink are shown on the
right side. FIG. 6A shows graphs of the output values A
(the 613 nm band data of FIG. 5), FIG. 6B shows graphs
of the output values B (the 600 nm band data of FIG. 5),
FIG. 6C shows graphs obtained when the output values
B are subtracted from the output values A, and FIG. 6D
shows graphs of the output values C (the entire visible
light band data of FIG. 5). In the graphs shown in FIG.
6A to 6D, the horizontal axis represents the position on
the paper sheet and the vertical axis represents a voltage.
[0082] As shownin FIG. 6A, as to the output values A
that is the output result for the first wavelength band, the
outputvalues A are high values in both narrow-ink applied
area and broad-ink applied area. This is because, as
shown in FIG. 3B, the fluorescent light excited from both
the narrow ink and the broad ink has the peak in the first
wavelength band.

[0083] On the other hand, as shown in FIG. 6B, as to
the output values B that is the output result for the second
wavelength band, the output value B of the narrow-ink
applied area is comparatively lower than the output value
B of the broad-ink applied area. This is because of the
difference in the degree of steepness of the spectrums
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waveform of the narrow ink and the broad ink. That is,
as shown in FIG. 3B, the spectral intensity of the near-
peak wavelength of the narrow ink is less than that of the
broad ink because the bandwidth of the narrow ink is
narrower than that of the broad ink.

[0084] Consequently, as shown in FIG. 6C, when the
outputvalues B are subtracted from the respective output
values A, the obtained values of the narrow-ink-applied
area are greater than the values of the broad-ink-applied
area.

[0085] The fluorescent-substance identifying unit 14a
identifies whether the fluorescent substance is narrow
ink or broad ink based on the comparison result of the
outputvalues A and the output values B. The fluorescent-
substance identification process performed by the fluo-
rescent-substance identifying unit 14ais explained below
with reference to FIGS. 7A to 7C.

[0086] FIGS. 7A to 7C are a set of drawings showing
an example of judgment performed by the fluorescent-
substance identifying unit 14a. FIG. 7A is a drawing
showing an example of judgment of a case where the
fluorescent substance is identified based on an evalua-
tion value 1, FIG. 7B is a drawing showing an example
of process of a case where the fluorescent substance is
identified based on an evaluation value 2, and FIG. 7C
is a drawing showing an example of judgment of a case
where the fluorescent substance is identified based on
a total evaluation value.

[0087] As shownin FIG. 7A, the evaluation value 1 is
a value evaluated based on the degree of steepness of
the spectrum waveform. Specifically, the evaluation val-
ue 1 is obtained by subtracting the output value B from
the output value A, and dividing the obtained remainder
by the output value C (see (A-1) of FIG. 7A).

[0088] If the evaluation value 1 is large, that is, if the
evaluation value 1 is greater than or equal to a predeter-
mined threshold value, the fluorescent-substance iden-
tifying unit 14a identifies the fluorescent substance ap-
plied onto the paper sheet to be the narrow ink. On the
other hand, if the evaluation value 1 is small, that is, if
the evaluation value 1 is less than the predetermined
threshold value, the fluorescent-substance identifying
unit 14aidentifies the fluorescent substance applied onto
the paper sheet to be the broad ink (see (A-2) of FIG. 7A).
[0089] Instead of using the value as the evaluation val-
ue 1 obtained by merely subtracting the output value B
from the output value A, the fluorescent-substance iden-
tifying unit 14a uses the value obtained by dividing the
subtraction result by the output value C that is the entire
visible light band data. Thus, in the present embodiment,
the fluorescent-substance identifying unit 14a identifies
the type of the fluorescent substance after correcting
(normalizing) the output value A outputted from the first
photodetector 115a and the output value B outputted
from the second photodetector 115b based on the output
value C of the third photodetector 115¢ and the fourth
photodetector 115d. Therefore, the comparison of the
evaluation value 1 to the predetermined threshold value
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can be performed with greater accuracy, and thereby the
differentiation between the narrow ink and the broad ink
can be made with greater accuracy.

[0090] Although a case where the output value B is
subtracted fromthe output value Ais cited as an example,
the presentembodiment is not limited to this. An absolute
value of a value obtained by subtracting the output value
A from the output value B can be used. Alternatively, a
value obtained by dividing the output value A by the out-
put value B or by dividing the output value B by the output
value A can be used; that is, a ratio between the output
value A and the output value B can be used. Itis sufficient
that the evaluation value 1 represents a comparison of
the output value A and the output value B.

[0091] Although a case where correction is performed
by dividing the comparison value of the output value A
and the output value B by the output value C is cited as
an example, the correction method is not limited to this.
For example, the comparison value of the output value
A and the output value B can be corrected based on a
comparison result of the output value C to a previously
set reference value.

[0092] Thatis, if the output value C is 2/3rd of the ref-
erence value, the fluorescent-substance identifying unit
14a can regard a value that is 3/2 times the remainder
obtained by subtracting the outputvalue B from the output
value A as an evaluation value 1'. This method can also
be used to perform the comparison of the evaluation val-
ue 1’ and the threshold value with greater accuracy, and
thereby differentiation between the narrow ink and the
broad ink can be performed with greater accuracy.
[0093] Although a case where the differentiation of the
narrow ink and the broad ink is performed based on the
evaluation value 1 that is the comparison value between
the output value A and the output value B is explained
above, the fluorescent-substance identifying unit 14a can
use solely the output value C to perform the differentiation
of the narrow ink and the broad ink. This is explained
below.

[0094] AsshowninFIG. 6D, of the output values C that
is the entire visible light band data, it is evident that, when
compared, the difference between a value of the broad
ink applied area (see (D-1) of FIG. 6D) and a value of
the adjacent area where the broad ink is not applied (see
(D-2) of FIG. 6D) is greater than the difference between
a value of the narrow ink applied area (see (D-3) of FIG.
6D) and a value of the adjacent area where the narrow
ink is not applied (see (D-4) of FIG. 6D). This is because
of the difference in spectral areas of the narrow ink and
the broad ink.

[0095] Thatis, as shown in FIG. 3B, a spectral area of
the narrow ink is less than the spectral area of the broad
ink. Therefore, a difference between the spectral area of
the fluorescent-substance-containing ink applied areaon
the paper sheet and the area of the paper sheet where
the fluorescent-substance-containing ink is not applied
will be greater for the broad ink. Consequently, the fluo-
rescent-substance-identifying unit 14a can also identify
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the fluorescent substance based on the output value.
[0096] Specifically, as shownin FIG. 7B, the evaluation
value 2 obtained from the spectral area is obtained by
subtracting the output value C of the adjacent area where
the ink is not applied from the output value C of the ink
applied area (see (B-1) of FIG. 7B).

[0097] If the evaluation value 2 is large, that is, if the
evaluation value 2 is greater than or equal to a predeter-
mined threshold value, the fluorescent-substance iden-
tifying unit 14a identifies the fluorescent substance ap-
plied onto the paper sheet as the broad ink. On the other
hand, if the evaluation value 2 is small, that is, if the eval-
uation value 2 is less than the threshold value, the fluo-
rescent-substance identifying unit 14a identifies the flu-
orescent substance applied onto the paper sheet as the
narrow ink (refer to (B-2) of FIG. 7B).

[0098] Thus, of the output values C (entire visible light
band data of FIG. 5), if a comparison value of the value
C obtained from the light in the fluorescent-substance
applied area and the value C obtained from the light in
the area where the fluorescent substance is not applied
is greater than or equal to the predetermined threshold
value, the fluorescent-substance identifying unit 14a
identifies the fluorescent substance applied onto the pa-
per sheet as the broad ink. If the comparison value is
less than the predetermined threshold value, the fluores-
cent-substance identifying unit 14a identifies the fluores-
cent substance applied onto the paper sheet as the nar-
row ink. Thus, differentiation between the fluorescent
substances having the peak wavelengths that are near
each other can be performed with a single light detector.
[0099] Furthermore, the fluorescent-substance identi-
fying unit 14a can also perform identification of the fluo-
rescent-substance-containing ink by taking both the eval-
uation value 1 and the evaluation value 2 into consider-
ation. Specifically, as shownin FIG. 7C, a comprehensive
evaluation value obtained by taking both the evaluation
value 1 and the evaluation value 2 into consideration is
obtained by subtracting a value obtained by multiplying
the evaluation value 2 by a weighting factor m2 from a
value obtained by multiplying the evaluation value 1 by
a weighting factor m1.

[0100] Because a more reliable evaluation value 1 is
used as the main evaluation value in the present embod-
iment, the value of the weighting factor m1 is set larger
than that of the weighting factor m2. Meanwhile, m1 and
m2 are both positive numbers.

[0101] Thus, the narrow ink and the broad ink can be
differentiated with greater accuracy if the type of the flu-
orescent substance applied onto the paper sheet can be
identified based on the evaluation value 1 and the eval-
uation value 2. That is, because the evaluation is per-
formed comprehensively by also including the evaluation
value 2, even in a case where the broad ink is likely to
be mistakenly identified as the narrow ink because the
evaluation value 1 is only slightly greater than the thresh-
old value, the ink is correctly identified as the broad ink.
[0102] As explained above, in the present embodi-
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ment, the UV_LED 111 irradiates the paper sheet with
the excitation light, the first photodetector detects the light
in the first wavelength band that includes the peak wave-
length of the fluorescent light excited from the fluorescent
substance by the irradiation of the excitation light, and
the second photodetector detects the light in the second
wavelength band located near the first wavelength band
and also the light that emanates from the same area on
the paper sheet from where the light to be detected by
the first photodetector emanates.

[0103] Furthermore, in the present embodiment, the
fluorescent-substance identifying unit identifies the type
ofthe fluorescent substance applied onto the paper sheet
based on the outputs from the first photodetector and the
second photodetector, and the determining unit deter-
mines the authenticity of the paper sheet based on the
identification result by the fluorescent-substance identi-
fying unit. Thus, the fluorescent substances that when
excited by irradiation of an excitation light, output fluo-
rescent lights having the peak wavelengths that are near
each other can be differentiated and detected.

[0104] An overall structure of the authentication appa-
ratus 1 is explained next with reference to FIG. 8. FIG. 8
is a drawing showing the overall structure of the authen-
tication apparatus 1. The authentication apparatus 1 ac-
cording to the present embodiment shown in FIG. 8 not
only determines the authenticity of the paper sheet (that
is, authenticates the paper sheet), but also serves as a
recognition and counting apparatus that also performs
counting of the paper sheets.

[0105] As shownin FIG. 8, the authentication appara-
tus 1 includes a hopper 24 where multiple paper sheets
P that are to be subjected to recognition and counting
are placed in a stack, a feeding unit 26 that feeds the
paper sheets P placed in a stack on the hopper 24 one
at a time into the inside of a housing 22 from the bottom-
most paper sheet P, and a transport unit 32 that trans-
ports, one at a time, the paper sheet P fed into the inside
of the housing 22 by the feeding unit 26.

[0106] A recognition and counting unit 34 thatincludes
the fluorescence sensor 11 according to the present em-
bodiment and the other sensors 12 are arranged in the
transport unit 32. The recognition and counting unit 34
is the recognition and counting apparatus that performs
the recognition of the paper sheet P, fed from the hopper
24 into the inside of the housing 22, by using the fluores-
cence sensor 11 and the other sensors 12. A structure
of the recognition and counting unit 34 is explained later
with reference to FIG. 9.

[0107] The feeding unit 26 includes a kicker roller 26a
that abuts a surface of the bottommaost paper sheet P of
the multiple paper sheets P placed in a stack on the hop-
per 24 and a feed roller 26b that is arranged on a down-
stream side of the kicker roller 26a in a feeding direction
of the paper sheet P and that feeds the paper sheet P
that is sent along by the kicker roller 26a into the inside
of the housing 22. A gate roller (reverse-rotating roller)
26c¢is arranged at a position opposing the feed roller 26b,
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and a gate unit is formed between the feed roller 26b and
the gate roller 26c.

[0108] The papersheets P fed along by the kicker roller
26a pass through the gate unit and are transported by
the transport unit 32 inside the housing 22 one at a time.
As shown in FIG. 8, the transport unit 32 forms two trans-
port paths at a place on the downstream side of the rec-
ognition and counting unit 34. One transport path is con-
nected to a stacking unit 36 and the other transport path
is connected to a reject unit 40.

[0109] After the paper sheet P goes past the recogni-
tion and counting unit 34, it is selectively sent to the stack-
ing unit 36 or the reject unit 40 by the transport unit 32.
An opening is provided on a front side of the stacking
unit 36 (right side surface in FIG. 8) through which an
operator can take outthe paper sheets P stacked therein.
Similarly, an opening is provided on a front side of the
reject unit 40 through which the operator can take out
paper sheets P’ stacked therein.

[0110] As shown in FIG. 8, a diverting unit 41 that in-
cludes a not shown diverting member and a not shown
driving unit therefor is arranged at the place where the
transport unit 32 is diverted into the two transport paths.
The diverting unit 41 selectively sends the paper sheet
P that comes to the diverting unit 41 from an upstream
side to one of the two diverging transport paths.

[0111] In the stacking unit 36, a stacking-wheel type
stacking mechanism 38 is arranged on a backside of the
housing 22 (to the left of the stacking unit 36 in FIG. 8).
The stacking-wheel type stacking mechanism 38 in-
cludes a stacking wheel 38a and a not shown driving unit
therefor. The stacking wheel 38a rotates in a clockwise
direction in FIG. 8 (in the direction of the arrow shown in
FIG. 8) about a shaft that is orthogonal to the sheet sur-
face of FIG. 8 and that extends in a substantially hori-
zontal direction. The stacking wheel 38a includes multi-
ple vanes 38b that extend outward from an outer periph-
eral surface of the stacking wheel 38a in a direction op-
posite to (in a counter-clockwise direction in FIG. 8) the
rotation direction. The vanes are arranged on the outer
peripheral surface of the stacking wheel 38a at regular
intervals, as shown in FIG. 8.

[0112] When the authentication apparatus 1 is in op-
eration, the stacking wheel 38a of the stacking-wheel
type stacking mechanism 38 is always driven clockwise
in FIG. 8 by the driving unit and the paper sheet P is sent
to the stacking wheel 38a, one at a time, from the trans-
port unit 32. The stacking wheel 38a receives the paper
sheet P that is sent from the transport unit 32 between
two vanes 38b, and sends the paper sheet P that is
caught between the vanes 38b to the stacking unit 36.
In this manner, the paper sheet P is sent, one at a time,
from the stacking wheel 38a to the stacking unit 36, and
multiple paper sheets P are stacked in the stacking unit
36.

[0113] In the authentication apparatus 1, a shutter 50
is provided that closes the opening on the front side of
the stacking unit 36. The opening on the front side of the
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stacking unit 36 is selectively closed by the shutter 50.
The shutter 50 is moved by a not shown shutter driving
unit that drives the shutter 50 between an open position
in which the shutter 50 is in a retreated state from the
opening on the front side of the stacking unit 36, leaving
the opening in an open state, and a closed position in
which the shutter 50 closes the opening on the front side
of the stacking unit 36. That is, when the shutter 50 is in
the open position, the shutter 50 is in a retreated state
from the opening on the front side of the stacking unit 36
and the opening is open, enabling the operator to access
the paper sheets P stacked in the stacking unit 36.
[0114] When the shutter is in the closed position, the
opening on the front side of the stacking unit 36 is closed
by the shutter 50, and the operator cannot access the
paper sheets P stacked in the stacking unit 36. In FIG.
8, the shutter 50 is shown as a solid line in the open
position and a two-dot chain line in the closed position.
[0115] Furthermore, as shown in FIG. 8, various types
of sensors are provided in the authentication apparatus
1. Specifically, a hopper left-over paper sheet detection
sensor 62 that is a reflective optical sensor and that de-
tects whether any paper sheet P is left behind on the
hopper 24 is provided in the hopper 24. A diversion timing
sensor 64 that is an optical sensor is provided on the
upstream side of the diverting unit 41 in the transport unit
32. Thediverting member of the diverting unit41 is shifted
to either a position whereby the paper sheet P is sent to
the stacking unit 36 or a position whereby the paper sheet
P is sent to the reject unit 40 at a timing detected by the
diversion timing sensor 64.

[0116] Ofthe two transport paths that diverge from the
place where the diverting unit 41 is arranged, in the trans-
port path that leads to the stacking unit 36 is arranged a
paper-sheet passage detection sensor 66 that is an op-
tical sensor and that detects the paper sheet P being
transported over the transport path. The paper-sheet
passage detection sensor 66 detects the paper sheet P
when the paper sheet P is being transported over the
transport path toward the stacking unit 36 through the
diverting unit 41.

[0117] A stacking unit paper-sheet detection sensor 68
that is an optical sensor and that detects whether the
paper sheet P is stacked in the stacking unit 36 is pro-
vided in the stacking unit 36. A reject unit paper-sheet
detection sensor 70 that is an optical sensor and that
detects whetherthe paper sheet P’ is stacked in the reject
unit 40 is provided in the reject unit 40.

[0118] Furthermore, as shown in FIG. 2, the control
unit 14 that controls all the constituent elements of the
authentication apparatus 1 is arranged in the authenti-
cation apparatus 1. Specifically, the feeding unit 26, the
transport unit 32, the recognition and counting unit 34,
the stacking unit 36 that includes the stacking-wheel type
stacking mechanism 38, the diverting unit 41, etc., are
all connected to the control unit 14.

[0119] The fluorescent-substance identifying unit 14a
ofthe control unit 14 identifies the fluorescent-substance-
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containing ink that is applied onto the paper sheet based
on the output result of the fluorescence sensor 11 ar-
ranged in the recognition and counting unit 34. The de-
termining unit 14b of the control unit 14 determines the
authenticity of the paper sheet based on the identification
result ofthe fluorescent-substance-containing ink output-
ted by the fluorescent-substance identifying unit 14a and
the output results of the other sensors 12.

[0120] The control unit 14 exerts control over the feed-
ing unit 26, the transport unit 32, the stacking unit 36, the
diverting unit 41, etc., by sending command signals to
these constituent elements based on an authentication
result of the paper sheet.

[0121] Furthermore, the hopper left-over paper sheet
detection sensor 62, the diversion timing sensor 64, the
paper-sheet passage detection sensor 66, the stacking
unit paper-sheet detection sensor 68, and the reject unit
paper-sheet detection sensor 70 are connected to the
control unit 14, and the output results of these sensors
are sent to the control unit 14. An operation/display unit
42 is connected to the control unit 14. As shown in FIG.
8, the operation/display unit 42 is an operation/display
device arranged on the front face of the housing 22. A
processing state of the paper sheet P processed by the
authentication apparatus 1, more specifically, informa-
tion, such as, denomination-wise number of the paper
sheets P counted by the recognition and counting unit
34 and total amount are displayed on the operation/dis-
play unit 42. The operator can give various commands
to the control unit 14 by using the operation/display unit
42.

[0122] A structure of the recognition and counting unit
34 shown in FIG. 8 is explained below with reference to
FIGS. 9A and 9B. FIGS. 9A and 9B are a set of drawings
showing the structure of the recognition and counting unit
34.FIG. 9A s a drawing of the structure of the recognition
and counting unit 34. And FIG. 9B is a drawing showing
an example of arrangement of the fluorescence sensor
11.

[0123] AsshowninFIG. 9A, the recognition and count-
ing unit 34 includes tracking sensors 301ato 301d, aline
sensor 302, amagnetic sensor 303, a thickness detection
sensor 304, and the fluorescence sensor 11. The tracking
sensors 301ato 301d, the line sensor 302, the magnetic
sensor 303, and the thickness detection sensor 304 cor-
respond to the other sensors 12 shown in FIG. 2.
[0124] The tracking sensors 301a to 301d detect the
passage of the paper sheet. Specifically, the tracking
sensors 301a and 301b are arranged on the upstream
side of the transport unit 32, and the tracking sensors
301c and 301d are arranged on the downstream side of
the transport unit 32. Upon detecting the paper sheet,
the tracking sensors 301ato 301d send a detection result
to the control unit 14. Following the detection of the paper
sheet by the tracking sensors 301a and 301b, samplings
from the fluorescence sensor 11, the line sensor 302, the
magnetic sensor 303, and the thickness detection sensor
304 are commenced by the control unit 14.
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[0125] The line sensor 302 acquires the image data of
the paper sheet. The line sensor 302 stores the acquired
image data of the paper sheet in a not shown memory.
The magnetic sensor 303 reads magnetic information
from the paper sheet. Similar to the line sensor 302, the
magnetic sensor 303 also stores the information read
from the paper sheet in the not shown memory.

[0126] The thickness detection sensor 304 detects a
thickness of the paper sheet, and similar to the line sensor
302 and the magnetic sensor 303, stores a detection re-
sult in the not shown memory. The determining unit 14b
of the control unit 14 authenticates the paper sheetbased
on the detection results of each of the sensors stored in
the memory and the identification result outputted by the
fluorescent-substance identifying unit 14a.

[0127] As shown in FIG. 9B, in the recognition and
counting unit 34, an LED light source 305 is arranged at
aposition opposing the line sensor 302 (see (B-1) of FIG.
9B). The line sensor 302 acquires the image data based
on a reflected light obtained from the paper sheet irradi-
ated by the line sensor 302 and a transmitted light ob-
tained from the paper sheet irradiated by the LED light
source 305 when the paper sheet passes therein.
[0128] Furthermore, in the recognition and counting
unit 34, an ultraviolet transmitted-light sensor 306 is ar-
ranged at a position opposing the fluorescence sensor
11 (see (B-2) of FIG. 9B). The ultraviolet transmitted-light
sensor 306 detects the ultraviolet light that passes
through the paper sheet when the ultraviolet light ema-
nates from the fluorescence sensor 11.

[0129] Concrete operations of the authentication ap-
paratus 1 according to the present embodiment are ex-
plained next. A process procedure of a fluorescent-sub-
stance identification process performed by the fluores-
cent-substance identifying unit 14a is explained first with
reference to FIG. 10. FIG. 10 is a flowchart of the fluo-
rescent-substance identifying process according to the
present embodiment.

[0130] As shown in FIG. 10, in the authentication ap-
paratus 1, upon detection of the paper sheet by the track-
ing sensors 301a and 301b (Step S101), the fluores-
cence sensor 11 commences irradiation of the ultra violet
light that is the excitation light (Step S102). Each of the
photodetectors 115a to 115d of the four-segmented pho-
todiode 115 detects, via the bandpass filter 116a or the
bandpass filter 116b or the UV cut filter 117, the light
emanating from the paper sheet by the irradiation of the
ultraviolet light. The output signals from each of the pho-
todetectors 115a to 115d are stored in the storage unit
13 as output values A to C after being processed, re-
spectively, by the amplifiers 120a to 120c and the AD
converters 122a to 122c.

[0131] Thereatfter, in the authentication apparatus 1,
the fluorescent-substance identifying unit 14a acquires
the output values A to C from the storage unit 13 (Step
S103), and calculates the evaluation value 1 and the eval-
uation value 2 (Step S104). The fluorescent-substance
identifying unit 14a then calculates the comprehensive
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evaluation value from the calculated evaluation value 1
and the evaluation value 2 (Step S105).

[0132] Thereafter, the fluorescent-substance identify-
ing unit 14a judges whether the calculated comprehen-
sive evaluation value is greater than or equal to the pre-
determined threshold value (Step S106), and if so, iden-
tifies the fluorescent-substance-containing ink that is ap-
plied onto the paper sheet as the narrow ink (Step S107)
and ends the process. However, if the comprehensive
evaluation value is less than the predetermined threshold
value, the fluorescent-substance identifying unit 14a
identifies the fluorescent-substance-containing ink that
is applied onto the paper sheet as the broad ink (Step
S108) and ends the process.

[0133] A case where the fluorescent-substance iden-
tifying unit 14a identifies the fluorescent-substance-con-
taining ink by comparing each type of evaluation value
calculated based on the output values A to C from the
four-segmented photodiode 115 and the predetermined
threshold value is explained above. However, the iden-
tification method is not limited to this. The authentication
apparatus 1 can, for example, match the output values
A to C with previously stored templates and determine
the authenticity of the paper sheet based on a match
result.

[0134] A process procedure of the authentication men-
tioned above is explained next with reference to FIG. 11.
Fig. 11 is a flowchart of another process procedure per-
formed by the authentication apparatus 1 according to
the present embodiment. The above-mentioned tem-
plates, which correspond to match judging data, are pre-
viously stored in a predetermined storage area of the
authentication apparatus 1 for each type of the paper
sheet.

[0135] As shown in FIG. 11, in the authentication ap-
paratus 1, upon detection of the paper sheet by the track-
ing sensors 301a and 301b (Step S201), the samplings
of the paper sheet by different types of sensors, namely,
the fluorescence sensor 11, the line sensor 302, and the
magnetic sensor 303, are commenced by the control unit
14 (Step S202). By this process, the fluorescence sensor
11 commences the irradiation of the excitation light as
described in Step S102 of FIG. 10.

[0136] Thereafter, in the authentication apparatus 1,
afterthe identification of the type of the paper sheetbased
on the output result from each sensor (Step S203), the
control unit 14 performs a binning process (Step S204).
In the binning process, sampling data from each sensor
is processed in blocks, each block being composed of
sampling data of a predetermined number of lines mul-
tiplied by a predetermined number of channels. Specifi-
cally, the control unit 14 performs calculation by regard-
ing a total value of sampling values of a predetermined
transport distance (for example, 10 millimeter (mm)) of
the paper sheet as a block value.

[0137] The control unit 14 can also perform normaliza-
tion by dividing each block value by an average value of
the calculated block values. When calculating the block
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value of the output value A or the output value B, the
control unit 14 can also correct the normalized block val-
ues of the output value A and the output value B by using
a normalized block value of the output value C.

[0138] Thereafter, in the authentication apparatus 1,
the determining unit 14b reads the template correspond-
ing to the identified type of the paper sheet from the pre-
determined storage area (Step S205), and calculates a
matching degree between the block value calculated
based on the output result from each sensor and the tem-
plate (Step S206). The determining unit 14b then judges
whether the calculated matching degree is greater than
or equal to a predetermined value (Step S207), and if so
(Yes at Step S207), judges that the paper sheet is a gen-
uine note (Step S208) and ends the process. However,
if the matching degree is less than the predetermined
value (No at Step S207), the determining unit 14b judges
that the paper sheet is a counterfeit note (Step S209)
and ends the process.

[0139] The fluorescence sensor 11 shown in FIG. 4 is
formed by housing a core unitincluding the UV_LED 111,
the four-segmented photodiode 115, etc., within a frame
unit that forms a housing. A more concrete structure of
the fluorescence sensor 11 is explained below with ref-
erence to FIGS. 12A and 12B, FIG. 13, and FIG. 14.
[0140] A structure of the frame unit is explained first
with reference to FIGS. 12A and 12B. FIGS. 12A and
12B are a set of drawings showing the structure of the
frame unit of the fluorescence sensor 11. FIG. 12Ais a
schematic diagram of the frame unit with the surface op-
posing the paper sheet faces downward, while FIG. 12B
is a schematic diagram of the frame unit with the surface
opposing the paper sheet faces upward.

[0141] As shown in FIG. 12A, a frame unit 11a is
formed by arranging the UV transmissive filter 112 and
the UV reflective filter 113 within an electrically conduc-
tive casing 118. As shown in FIG. 12B, the window 114
is arranged on a surface of the electrically conductive
casing 118 opposing the paper sheet. The electrically
conductive casing 118 is made of electrically conductive
plastic to prevent garbled data in the output values A to
C from the four-segmented photodiode 115 due to elec-
trostatic noise.

[0142] A structure of the core unit of the fluorescence
sensor 11 is explained next with reference to FIG. 13.
FIG. 13 is a drawing showing the structure of the core
unit of the fluorescence sensor 11. As shown in FIG. 13,
acore unit 11b includes the UV_LED 111, the bandpass
filters 116a and 116b, the UV cut filter 117, and a sub-
strate 119. The photodetector circuit (including the four-
segmented photodiode 115) shown in FIG. 5 is mounted
on a back side of the substrate 119.

[0143] FIG. 14 is a drawing showing how the core unit
11b is housed within the frame unit 11a. As shown in
FIG. 14, the fluorescence sensor 11 is formed to contain
the core unit 11b within the frame unit 11a. When the
core unit 11bis housed within the frame unit 11a, an open
part of the frame unit 11a is closed by the substrate 119
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fitted in the core unit 11b, substantially tightly sealing the
UV_LED 111, the bandpass filters 116a and 116b, the
UV cut filter 117, the four-segmented photodiode, etc.,
within the frame unit 11a.

[0144] In this manner, in the present embodiment, the
outputvalues Ato C fromthe four-segmented photodiode
115 are prevented from being adversely affected by the
electrostatic noise by housing the core unit 11b that in-
cludes the four-segmented photodiode 115 and the UV_
LED 111 with the frame unit 11a made of electrically con-
ductive material.

INDUSTRIAL APPLICABILITY

[0145] As explained above, the authentication appa-
ratus, the authentication method, and the fluorescence
sensor according to the present invention are useful for
differentiating and detecting the fluorescent substances
that when excited by irradiation of an excitation light out-
put fluorescent lights having the peak wavelengths that
are near each other, and are particularly suited for differ-
entiating and detecting the fluorescent substances ap-
plied onto a single paper sheet.

EXPLANATIONS OF LETTERS OR NUMERALS
[0146]

1: Authentication apparatus

11: fluorescence sensor

11a: Frame unit

11b: Core unit

111: UV_LED

112: UV transmissive filter

113: UV reflective filter

114: Window

115: Four-segmented photodiode
115a: First photodetector

115b: Second photodetector
115c¢: Third photodetector

115d: Fourth photodetector
116a, 116b: Bandpass filter

117: UV cut filter

120a to 120c: Amplifiers

121a to 121c: Gain adjuster

122a to 122c: AD converter

12: Other sensors

13: Storage unit

14: Control unit

14a: Fluorescent-substance identifying unit
14b: Determining unit

34: Recognition and counting unit
301a to 301d: Tracking sensor
302: Line sensor

303: Magnetic sensor

304: Thickness detection sensor
305: LED light source

306: Ultraviolet transmissive-light sensor
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Claims

1. Anauthentication apparatus that authenticates a pa-
per sheet with a fluorescent substance applied ther-
eon, the authentication apparatus comprising:

an irradiation unit that irradiates an excitation
light on the paper sheet;

a first photodetector that performs photodetec-
tion in a first wavelength band that includes a
peak wavelength of fluorescent light excited
from the fluorescent substance by the irradiation
of the excitation light;

a second photodetector that detects a light that
emanates from the same area on the paper
sheet from which the light to be detected by the
first photodetector emanates and thatisina sec-
ond wavelength band that is located near the
first wavelength band;

an identifying unit that identifies, based on an
output of the first photodetector and an output
of the second photodetector, a type of the fluo-
rescent substance applied onto the paper sheet;
and

an authenticity determining unit that determines
authenticity of the paper sheetbased onaniden-
tification result obtained by the identifying unit.

2. The authentication apparatus according to Claim 1,
wherein the first photodetector and the second pho-
todetector are arranged on the same plane so as to
perform photodetection of the fluorescent light excit-
ed from the same area on the paper sheet.

3. The authentication apparatus according to Claim 1,
wherein the identifying unit identifies the type of the
fluorescent substance applied onto the paper sheet
if a comparison value obtained from the output of the
first photodetector and the output of the second pho-
todetector is greater than or equal to a predeter-
mined threshold value.

4. The authentication apparatus according to Claim 1,
wherein the identifying unit identifies the fluorescent
substance applied onto the paper sheet as a first
fluorescent substance if a comparison value ob-
tained from the output of the first photodetector and
the output of the second photodetector is less than
a predetermined threshold value, and as a second
fluorescent substance emanating a narrower band-
width spectrum than that of the first fluorescent sub-
stance if the comparison value is greater than or
equal to the predetermined threshold value.

5. The authentication apparatus according to Claim 1,
further comprising a third photodetector that per-
forms photodetection of a light that emanates from
the same area on the paper sheet from where the
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light to be detected by the first photodetector ema-
nates and that is in a third wavelength band that in-
cludes the first wavelength band and the second
wavelength band,

wherein the identifying unit identifies the type of the
fluorescent substance after correcting the output of
the first photodetector and the output of the second
photodetector based on an output of the third pho-
todetector.

The authentication apparatus according to Claim 5,
wherein the identifying unit identifies the type of the
fluorescent substance after correcting the output of
the first photodetector and the output of the second
photodetector based on a comparison result ob-
tained from the output of the third photodetector and
a previously set reference value.

The authentication apparatus according to Claim 5,
wherein the identifying unit identifies the fluorescent
substance applied onto the paper sheet as a first
fluorescent substance if a comparison value ob-
tained from an output of the third photodetector
based on a light from an area where the fluorescent
substance is applied and an output of the third pho-
todetector based on a light from an area where the
fluorescent substance is not applied is greater than
or equal to a predetermined threshold value, and as
a second fluorescent substance having a narrower
bandwidth spectrum than that of the first fluorescent
substance if the comparison value is less than the
predetermined threshold value.

The authentication apparatus according to Claim 5,
wherein the identifying unit identifies the type of the
fluorescent substance applied onto the paper sheet
based on a first evaluation value that is the compar-
ison value obtained from the output of the first pho-
todetector and the output of the second photodetec-
tor, and a second evaluation value that is the com-
parison value obtained from the output of the third
photodetector based on a light from an area where
the fluorescent substance is applied and the output
of the third photodetector based on a light from an
area where the fluorescent substance is not applied.

A method for authenticating a paper sheet having a
fluorescent substance applied thereon, the method
comprising:

irradiating the paper sheet with an excitation
light;

photodetecting, of the lights emanating from the
same area on the paper sheet by the irradiation
of the excitation light, a lightin a first wavelength
band that includes a peak wavelength of a fluo-
rescent light excited by the excitation light by a
first photodetector, and a lightin a second wave-
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10.

1.

12.

13.

28

length band that is located near the first wave-
length band by a second photodetector;
identifying a type of the fluorescent substance
applied onto the paper sheet based on an output
of the first photodetector and an output of the
second photodetector; and

determining the authenticity of the paper sheet
based on an identification result obtained at the
identifying.

A fluorescence sensor that detects a fluorescent
substance applied onto a paper sheet, the fluores-
cence sensor comprising:

anirradiation unit that irradiates the paper sheet
with an excitation light;

a first photodetector that performs photodetec-
tion of a light in a first wavelength band that in-
cludes a peak wavelength of a fluorescent light
excited from the fluorescent substance by irra-
diation of the excitation light; and

a second photodetector that performs photode-
tection of a light that emanates from the same
area on the paper sheet from where the light to
be detected by the first photodetector emanates
and that is in a second wavelength band that is
located near the first wavelength band.

The fluorescence sensor according to Claim 10,
wherein

the first photodetector includes a first photodetecting
element and a first filter that allows to pass through,
from among the lights emanating from the paper
sheet, only the light in the first wavelength band that
includes the peak wavelength of the fluorescent light
excited from the fluorescent substance,

the second photodetector includes a second photo-
detecting element and a second filter that allows to
pass through, from the light emanating from the pa-
per sheet, only the light in the second wavelength
band that is located near the first wavelength band,
and

the first photodetecting elementand the second pho-
todetecting element are arranged on the same plane
so as to perform photodetection of the fluorescent
light excited from the same area on the paper sheet
by irradiation of the excitation light.

The fluorescence sensor according to Claim 10, fur-
ther comprising a third photodetector that performs
photodetection of a light that emanates from the
same area on the paper sheet from where the light
to be detected by the first photodetector emanates
and that is in a third wavelength band that includes
the first wavelength band and the second wave-
length band.

The fluorescence sensor according to Claim 12, fur-
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ther comprising a frame made of an electrically con-
ductive material and that houses a core unit that in-
cludes the first photodetector, the second photode-
tector, the third photodetector, and the irradiation
unit.
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